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ABSTRACT

The purpose of this investigation was to examine white
blood cell counts (WBC), immunoglobulin (IgA, IgG, IgM)
levels, and T-cell proliferation following acute resistance
training in 9 untrained (UT) and 6 trained (TR) women. Re-
sistance training on 7 Universal machines at the subject’s 10
repetition maximum (10RM) was performed at 89 6 5% for
UT and 88 6 3% for TR. Blood was analyzed for WBCs and
Ig levels pre-exercise, immediately postexercise, and 1.5, 3,
and 24 hours postexercise. T-cell proliferation was deter-
mined pre-exercise and 3 hours postexercise through re-
sponse to phytohemagglutanin (PHA). WBCs were signifi-
cantly elevated in the UT subjects 1.5 and 3 hours postex-
ercise compared with pre- and immediately postexercise; no
differences (p , 0.05) were observed in TR subjects. No sig-
nificant differences were found for Ig levels either between
or within groups, although there was a trend for decreased
IgG following exercise. T-cell proliferation was significantly
decreased in the UT at 3 hours postexercise (0.27 6 0.06
units) compared with pre-exercise (0.41 6 0.06 units), where-
as the proliferative response in TR was not significantly dif-
ferent from pre-exercise (0.48 6 0.04 units) to 3 hours post-
exercise (0.34 6 0.06 units). These data indicate that UT sub-
jects experience an increase in WBC counts and a decrease
in T-cell proliferative ability after acute resistance training,
whereas TR subjects experience no significant change in
these parameters.
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Introduction

The human immune system is a multifaceted array
of cells, including various proteins and compounds

that respond sensitively to a variety of stimuli, includ-
ing various stressors. Exercise is one stressor that can
affect immune-system function. There is evidence that
moderate-intensity aerobic exercise training can en-
hance immune function and reduce the incidence of
certain diseases, such as upper respiratory tract infec-
tions (17, 22). Conversely, either a single bout of stren-
uous resistance exercise (21) or a period of excessive
training (25) can actually impair many aspects of im-
mune function. The immune system’s response to ex-
ercise varies greatly with the intensity of effort relative
to the individual’s maximal performance and to the
individual’s training status (21, 25, 26).

Most published research has focused on the effects
of, and relationship between, aerobic exercise and im-
mune function. Research examining the effects of
acute high-intensity resistance training on immune
function is limited and conflicting (1, 13, 20, 21, 24).
Nieman et al. (20) found no significant difference in
the proportion of natural killer cells and natural killer–
cell cytotoxic activity in trained (TR) and untrained
(UT) men performing acute resistance training. Addi-
tionally, in another study, Nieman et al. (21) observed
that natural killer–cell cytotoxic activity was decreased
by 40% from pre-exercise levels, and there was a
strong leukocytosis, lymphocytosis, and lymphocyto-
penia in TR men who performed repeated sets of 10
repetitions at 65% of 1 repetition maximum (1RM) to
exhaustion. Similarly, Kraemer et al. (13) observed a
significant increase in total leukocyte counts in TR
men who performed 8 sets of leg press at 100% of their
10RM. Both Bermon et al. (1) and Rall et al. (24) found
no significant differences in immune-system function
at rest following 8 weeks and 12 weeks of resistance
training, respectively.
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Table 1. Physical characteristics of the subjects in exper-
iment 2 (mean 6 SEM).

Trained
(n 5 6)

Untrained
(n 5 9)

Age (y)
Height (cm)
Body mass (kg)
Fat-free mass (kg)

22.8 6 1.6
164.8 6 3.4
60.4 6 2.6
46.7 6 1.4

22.9 6 0.9
164.8 6 1.8
59.4 6 1.3
47.3 6 1.4

Limited information exists examining the effects of
high-intensity exercise on immune-system function in
women. Nieman et al. (19) found that highly condi-
tioned elderly women had superior natural killer–cell
and T-cell function compared with age-matched con-
trols. Moyna et al. (15) had 32 men and 32 women
perform 3 consecutive 6-minute work periods at 55, 70,
and 85% of peak oxygen uptake. The decreases in T
cells and B cells and increases in natural killer cells
and natural killer–cell activity observed during exer-
cise were independent of gender. Zelazowska et al. (27)
had 9 women exercise for 20 minutes in the morning
and evening in an effort to examine the effect of cir-
cadian rhythm on T cells, B cells, and natural killer
cells. Despite differences in baseline cell counts, the
overall exercise-induced response in most lymphocyte
subpopulations was similar at both times.

The lack of information on how high-intensity ex-
ercise, specifically resistance training, influences the
immune system in women warrants further investi-
gation. The purpose of this investigation was to deter-
mine if there was a difference in white blood cells
(WBCs), immunoglobulin (IgA, IgG, and IgM) levels,
and T-cell proliferation following a high-intensity re-
sistance exercise session in TR and UT women.

Methods
Approach to the Problem
Severe muscle damage can occur with unaccustomed
exercise, and because this may result in a subsequent
inflammatory reaction, the researchers used 2 different
groups of subjects. In experiment 1, 14 women were
used to predict the training load to be used in exper-
iment 2. This preliminary testing was necessary in or-
der to prevent an immune response by the UT subjects
to the resistance-training exercise session. In experi-
ment 2, 15 different women participated in an acute
resistance-training session. Venous blood was collected
prior to and following the session in an effort to assess
immune function in response to the exercise. All sub-
jects were nonsmoking, healthy, eumenorrheic women
taking oral contraceptives and no other medications.
TR subjects were regularly participating (3 d·wk21) in
a resistance-training program for at least 3 months pri-
or to testing, whereas the UT subjects had performed
no resistance training for at least 3 months prior to
testing. Subjects completed a health history question-
naire and provided written informed consent in ac-
cordance with university guidelines for human exper-
imentation before any testing occurred.

Experiment 1: Prediction of 10RM
Subjects
Seven college-aged TR women (body mass, 59.1 6 2.7
kg; fat-free mass, 45.3 6 1.7 kg) and 7 college-aged UT
women (body mass, 57.4 6 2.8 kg; fat-free mass, 44.2

6 1.5 kg) participated in a preliminary investigation
designed to predict from total body mass their 10RM
for 7 different exercises. Subjects reported to the lab-
oratory between 0800 and 1000 hours after a 12-hour
fast. Total body mass was recorded from a calibrated
scale. Fat-free mass was determined from skinfold
measures performed 3 times at each of 3 sites (triceps,
suprailiac, and thigh) by the same research technician.
Percent body fat was determined with fat mass and
fat-free mass calculated accordingly (12). The 10RM
testing was performed on 7 Universal resistance ma-
chines (Universal Inc., Cedar Rapids, IA). The exercises
alternated between lower- and upper-body exercises
and consisted of leg press, bench press, leg extension,
overhead press, seated rows, leg curls, and biceps
curls. Subjects performed sets of 10 repetitions with a
3-minute rest between each set. The load for each set
was increased until the subjects reached 100% of their
perceived 10RM. Thereafter, 2.5 kg were added for
each set until the subjects could not perform 10 repe-
titions with proper technique. This was accomplished
within 5–7 sets for each exercise. The resistance for the
last complete set of 10 repetitions was considered the
10RM. For each exercise the maximum resistance lifted
for each 10RM was divided by the subject’s body mass.
The corresponding coefficient (10RM/body mass) was
used to determine the resistance for each exercise per-
formed by the subjects in experiment 2.

Experiment 2: Acute Resistance Training
Subjects
Nine UT and 6 TR women participated in experiment
2. The physical characteristics of the subjects are
shown in Table 1.

Data Collection
Subjects reported to the laboratory for testing between
0700 and 0800 hours following a 12-hour fast. Subjects
abstained from caffeine, alcohol, and exercise for 24
hours prior to testing. Upon arrival at the laboratory
the subjects rested for 15 minutes in a supine position,
after which a blood sample was collected (see Blood
Collection and Blood Chemistry Analysis). Total body
mass, fat-free mass, and fat mass were determined us-
ing the methods described in experiment 1. The sub-
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jects then completed a resistance-training workout
identical to experiment 1. For each exercise, subjects
performed 2 warm-up sets at 50% of their predicted
10RM and 3 sets of 10 repetitions at 100% of the their
predicted 10RM. The workout resistance for each ex-
ercise was determined by multiplying the subject’s
body mass by the 10RM/body mass coefficient. If sub-
jects were unable to complete 10 repetitions, the resis-
tance was lowered by 2.5 kg. Subjects were given 3
minutes rest between each set and between each ex-
ercise. Total training volume for each subject was de-
termined by multiplying the number of sets times rep-
etitions per set times resistance. The determination of
the 10RM for each subject in experiment 2 occurred
between 7 and 10 days after collection of the 24-hour
blood sample. The 10RM was determined using the
methods described in experiment 1. The exercise in-
tensity for the resistance-training workout was then
calculated as the percentage of maximal resistance lift-
ed for each of the 7 exercises.

Blood Collection and Blood Chemistry Analysis

Under sterile conditions, blood samples were collected
from the antecubital vein using a Vacutainer and nee-
dle set-up pre-exercise, immediately postexercise, and
1.5, 3, and 24 hours postexercise. Twenty milliliters of
blood were collected into heparinized Vacutainers, and
5 ml of blood were collected into a Vacutainer con-
taining no additive. Hematocrit and hemoglobin were
immediately analyzed in triplicate and used to calcu-
late changes in plasma volume (6). Hemoglobin was
determined using a commercial kit (525A; Sigma Di-
agnostics, St. Louis, MO). Hematocrit was determined
using a microcapillary method. Blood samples collect-
ed pre-exercise, immediately postexercise, and 1.5
hours postexercise were immediately analyzed for lac-
tate concentration ([La]) using a Yellow Springs Instru-
ment 1500 Sport L-lactate analyzer (YSI Inc., Yellow
Springs, OH). Plasma creatine kinase (CK) was mea-
sured pre-exercise and 24 hours postexercise in dupli-
cate using a commercial kit (CK10; Sigma). The indi-
vidual samples from each measurement time were av-
eraged together for data analysis. Total WBC counts
were obtained using a hemocytometer after lysis of
red cells using 0.1% acetic acid.

Analysis of Antibody Levels

Blood was allowed to clot and then kept at 48 C. The
next day serum was harvested and subsequently an-
alyzed for IgA, IgG, and IgM levels. A standard sand-
wich ELISA procedure, as previously described (2),
was used for the quantification of immunoglobulin
isotype levels. Briefly, 96-well microtiter plates (Dynex
Technologies, Chantilly, VA) were coated with affinity-
purified, isotype-specific goat antihuman Ig antibody
(Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA). After overnight incubation, wells were

washed and blocked with 0.1% gelatin in 0.1 M
NaHCO3 for 1 hour at room temperature and then
overnight at 48 C. Samples (100 ml) of Ig standards
diluted (in 0.1 M Tris, pH 8.2, 1% BSA, 2 mM CaC12,
0.02% NaN3) and unknown samples were added to
selected wells. Unbound material was removed 16
hours later, followed by the addition of secondary an-
tibody conjugated to alkaline phosphate (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA).
Optical densities at 410 nm were determined using an
EL311 Microplate Autoreader (Bio-Tek Instruments,
Inc., Winooski, VT) and Delta SOFT II software
(BioMetallics, Inc., Princeton, NJ).

Analysis of Cell Proliferation
Mononuclear cells were obtained as previously de-
scribed (3). Briefly, cells were isolated from peripheral
blood immediately pre-exercise and 3 hours post-ex-
ercise using Ficoll-Hypaque density gradient centri-
fugation (Pharmacia, Piscataway, NJ). Cells were seed-
ed into a 96-well tissue culture plate (Corning, Corn-
ing, NY) at a concentration of 1 3 105 cells per well
and treated with 10 mg·ml21 phytohemagglutinin
(PHA; GIBCO BRL, Gaithersburg, MD). Cells were in-
cubated for 72 hours at 378 C in a humidified CO2

incubator. Proliferation was assessed using an MTT as-
say (Mit-T-kit; BCD Labs, Lawrence, KS). The amount
of MTT converted was measured at 570 nm using an
EL311 Microplate Autoreader (Bio-Tek Instruments,
Inc., Winooski, VT) and Delta SOFT II software
(BioMetallics, Inc., Princeton, NJ).

Statistical Analyses
Mean and standard error of the mean (6SEM) were
calculated for all dependent variables. A 2-way (train-
ing level 3 time) repeated-measures analysis of vari-
ance (ANOVA) was used to identify significant differ-
ences for the dependent variables. Significant F values
were followed up with unpaired and paired t-tests for
between and within group differences, respectively.
Unpaired t-tests were used to identify significant dif-
ferences between groups for exercise volume and ex-
ercise intensity. Significance was set at p # 0.05 for all
statistical tests.

Results
Experiment 1
The subjects in experiment 1 did not differ in age,
height, and weight (data not reported). The 10RM/
body mass coefficients for determining the resistance
used in experiment 2 for the UT group were as fol-
lows: leg press (2.08), bench press (1.00), leg extension
(1.18), overhead press (0.90), seated rows (1.13), leg
curls (1.00), and biceps curls (0.60). For the TR group,
the 10RM/body mass coefficients for determining the
resistance used in experiment 2 were as follows: leg
press (3.06), bench press (1.13), leg extension (1.41),
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Figure 1. The whole blood lactate response to a
resistance-training exercise session in resistance-trained
(crosshatched) and untrained (solid) women. The asterisk
indicates significant differences from corresponding pre-
exercise and postexercise measurement points (p # 0.05).
The double asterisks indicate significant differences from
corresponding pre-exercise measurement (p # 0.05). No
significant differences were observed between groups for
any of the time point measurements (p . 0.05).

Figure 2. The plasma creatine kinase response prior to
and following a resistance-training exercise session in
resistance-trained (crosshatched) and untrained (solid)
women. The asterisk indicates significant difference from
pre-exercise (p # 0.05). The number sign indicates the
significant difference between groups at 24 hours
postexercise (p # 0.05).

Table 2. White blood cell counts (cell·mim23) prior to and following an acute resistance-training exercise session (mean 6
SEM).

Pre-exercise
Immediately
postexercise

1.5 hours
postexercise

3 hours
postexercise

Trained
(n 5 6) 6,940 6 830 7,849 6 871 8,745 6 513 8,555 6 995

Untrained
(n 5 9) 7,091 6 413 7,178 6 314 8,086 6 445* 8,150 6 461*

* Significant difference from pre-exercise and immediately postexercise (p # 0.05).

overhead press (0.90), seated rows (1.30), leg curls
(1.31), and biceps curls (0.60).

Experiment 2

There were no significant differences between the TR
and UT groups for age, height, body mass, or fat-free
mass (Table 1). Subjects in the TR group had been per-
forming resistance training for 8 6 1 months prior to
beginning the study. The TR group was significantly
stronger than the UT group for all exercises except leg
curls (data not reported). The total exercise volume
was significantly higher for TR (7,170 6 358 kg) com-
pared with UT (6,097 6 166 kg). The UT group exer-
cised at 89.2 6 4.6% of their 10RM for the 7 exercises,
whereas the TR group exercised at 88.5 6 3.3% of their
10RM. There was no significant difference between the
groups for exercise intensity.

Plasma volume significantly decreased by 4.9 6
1.9% and 4.2 6 1.6% from pre-exercise to immediately
postexercise in the UT and TR groups, respectively. By
1.5 hours post-exercise, plasma volume had returned
to pre-exercise levels, and there was no significant
change in plasma volume at 3 and 24 hours postex-
ercise. Subsequently, only the immediate postexercise
blood parameters were corrected for changes in plas-
ma volume.

There were no significant differences between
groups in [La] prior to the resistance-exercise session
(Figure 1). For both groups, exercise significantly in-
creased [La] at the immediate postexercise measure-
ment. By 1.5 hours postexercise, [La] had decreased in
the TR group to resting levels, whereas in the UT
group [La] remained significantly elevated above pre-
exercise levels.

No significant differences were observed in CK lev-
els between groups prior to exercise (Figure 2). The
24-hour postexercise value was significantly elevated
for the UT group compared with pre-exercise values
and those of the TR group. No significant difference
was observed from pre-exercise to 24 hours postexer-
cise in the TR group.

No significant differences in WBCs were observed
between the groups prior to exercise. For UT there was
a significant increase in WBCs at 1.5 hours postexer-
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Table 3. Immunoglobulin levels (IgA, IgG, IgM) (mg·ml21) prior to and following an acute resistance-training exercise
session (mean 6 SEM).

Pre-exercise
Immediately
postexercise

1.5 hours
postexercise

3 hours
postexercise

24 hours
postexercise

IgA
Trained (n 5 6)
Untrained (n 5 9)

0.77 6 0.13
0.81 6 0.21

0.77 6 0.14
0.71 6 0.09

0.60 6 0.07
0.76 6 0.14

0.77 6 0.24
0.68 6 0.08

0.55 6 0.06
0.73 6 0.12

IgG
Trained (n 5 6)
Untrained (n 5 9)

4.25 6 0.56
3.93 6 0.75

4.05 6 1.01
3.56 6 0.63

4.80 6 1.01
3.73 6 0.71

3.88 6 0.63
2.97 6 0.42

3.22 6 0.40
3.00 6 0.56

IgM
Trained (n 5 6)
Untrained (n 5 9)

0.36 6 0.06
0.46 6 0.04

0.40 6 0.06
0.49 6 0.04

0.37 6 0.05
0.46 6 0.04

0.39 6 0.06
0.42 6 0.05

0.37 6 0.05
0.42 6 0.06

Table 4. Proliferative response (optical density units) of T cells prior to and following an acute resistance-training exercise
session (mean 6 SEM).†

Pre-exercise
without PHA

Pre-exercise
with PHA

3 hours postexercise
without PHA

3 hours postexercise
with PHA

Trained (n 5 5)
Untrained (n 5 7)

0.27 6 0.02
0.23 6 0.02

0.48 6 0.04*
0.41 6 0.06*

0.23 6 0.04
0.28 6 0.06

0.34 6 0.06
0.27 6 0.06**

* Significant difference from pre-exercise without PHA (p # 0.05).
** Significant difference from pre-exercise with PHA (p # 0.05).
† PHA 5 phytohemagglutinin.

cise (614.0%) and 3 hours postexercise (614.9%) with
both of these values being different from pre-exercise
and immediately postexercise (Table 2). In the TR
group there was a trend for an elevation in WBC im-
mediately postexercise (613%), 1.5 hours postexercise
(626%), and 3 hours postexercise (623%); however,
these values were not significantly different from pre-
exercise. No significant differences were observed be-
tween the 2 groups for any of the time points.

No significant differences were observed either be-
tween or within groups for IgA, IgG, or IgM (Table 3).
However, both the TR and UT groups showed a gen-
eral reduction in IgG levels at 3 and 24 hours postex-
ercise (p 5 0.07).

At pre-exercise, there were no significant differenc-
es between groups in T-cell proliferative response prior
to stimulation with PHA (Table 4). Following addition
of PHA to the cell cultures, there was a significant
increase in the proliferative response of both the TR
(677%) and UT (678%) groups at the pre-exercise
time point. From the cells collected at 3 hours post-
exercise, there was no significant difference in the pro-
liferative response between groups prior to the addi-
tion of PHA. Following the addition of PHA, there was
a significant increase in T-cell proliferation for the TR
group (48%) at the 3-hour time point. Conversely, the
addition of PHA did not significantly affect the pro-

liferative response of the T cells in the UT group
(23.6%) at the 3-hour time point.

Discussion

Acute exercise has divergent effects on various param-
eters of the immune system. The magnitude of change
appears to be related to the intensity and duration of
the exercise (15, 25). What appears to be less clear is
the influence of training status on immune function.
This is particularly true with women. The major find-
ings of this investigation were that after performing a
high-intensity resistance-training exercise session, (a)
leukocyte counts and immunoglobulin levels (IgA,
IgG, and IgM) responded the same in UT and TR
women; and (b) the proliferative response of T cells
was significantly reduced at 3 hours postexercise in
UT but not TR women.

The pre-exercise leukocyte counts were not signif-
icantly different between groups. This supports pre-
vious investigators who found no differences in rest-
ing leukocyte counts in UT and resistance-trained in-
dividuals (20, 25) and in TR and UT women (7). In the
present study, following participation in an acute re-
sistance-training exercise session, the leukocyte levels
increased in both subject groups. The increase was not
different in the TR subjects and was most likely due
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to a small sample size and large SDs. Previous studies
(13, 19) have shown a similar leukocyte response in
male strength-trained individuals performing exhaus-
tive resistance exercise. For the UT subjects, the sig-
nificant increase was in agreement with past investi-
gations (7, 13, 19, 27). It is believed that the changes
in leukocyte levels following exercise are due to a re-
lease of leukocytes from marginal pools (9) or release
of immature leukocytes from the bone marrow (14).
Both of these mechanisms may be mediated in part by
epinephrine and cortisol (14, 18). Following high-in-
tensity resistance training, both epinephrine and cor-
tisol are elevated in the blood of women (16), and
therefore may play a role in leukocyte trafficking.

Immunoglobulin levels were not significantly af-
fected by the acute bout of resistance training. These
results are similar to those of other studies examining
Ig responses to exercise in women (7) and in TR and
UT subjects (23). Eliakim et al. (7) found no significant
changes in Ig concentration among female gymnasts
following high-intensity aerobic exercise. Additionally,
Neiman et al. (23) observed no change in Ig levels be-
tween athletes and sedentary controls following a
graded maximal treadmill test. It has been suggested
that the cellular components of the immune system
may be affected more by high-intensity exercise than
specific humoral components such as the immuno-
globulins (7, 23).

Immediately following high-intensity, aerobic-in-
terval exercise (10, 11) and exhaustive aerobic exercise
(8), it has been demonstrated that mitogen-stimulated
T-cell proliferation is decreased but returns to pre-ex-
ercise levels within 2 hours. In the present investiga-
tion the UT subjects showed no proliferation of T cells
following the exercise session. The response of the TR
subjects was similar to that seen in a prior investiga-
tion employing exhaustive resistance exercise (19). The
results of the present study differ from the resting data
reported by Rall et al. (24) and Bermon et al. (1), who
found no difference in immune function between re-
sistance-trained and untrained subjects. The subject
population and training duration may be partly re-
sponsible for differences between previously reported
data and the data from the present study. Both Ber-
mon et al. (1) and Rall et al. (24) used elderly subjects
and trained them for only 8 and 12 weeks, respective-
ly. This is in contrast to the current investigation that
used young subjects who had been training for ap-
proximately 8 months prior to testing.

It has been demonstrated that cortisol (5) and epi-
nephrine (4, 27) inhibit mitogen-induced lymphocyte
proliferation. Although cortisol was not measured in
the present investigation, Mulligan et al. (16) have
shown cortisol to increase in women following resis-
tance training. We speculate that elevated cortisol lev-
els may have influenced the proliferative response of
the T cells from subjects in the present investigation.

The likelihood that higher cortisol levels were present
in the UT subjects compared with the TR subjects is
supported by previous research (13). This may have
contributed to the T-cell proliferative response occur-
ring in the TR group and the lack of a proliferative
response in the UT group following exercise.

Exercise intensity is believed to be an important
factor driving changes in the immune system (25). Al-
though the TR subjects exercised at a higher absolute
workload, the relative intensity was the same between
groups (TR, 88.5 6 3.3% 10RM vs. UT 89.2 6 4.6%
10RM). This is supported by the similar blood lactate
concentration observed immediately postexercise. This
may partially explain the similar response between
groups for both leukocytes and immunoglobulins.
What remains to be determined is how exercise-in-
duced muscle damage influences factors within the
immune system. CK, which has been used as a marker
of muscle damage, was significantly elevated 24 hours
postexercise in the UT group compared with the Tr
group. Nieman (22) suggests that damaged muscle fi-
bers may discharge filaments whose peptides are ca-
pable of being identified as chemotactic signals for var-
ious cells of the immune system that, in turn, aid in
the repair process of the damaged muscle. This pro-
cess may help the cells of the immune system be re-
distributed both during and following high-intensity
exercise. The TR subjects had no change in CK levels,
and this may have contributed to the observed results
in the present investigation.

In conclusion, training status appears to influence
T-cell proliferation in UT subjects following a high-in-
tensity resistance-training session. Total leukocyte and
immunoglobulin levels appear to respond the same to
this type of exercise regardless of training status. The
factors influencing these responses in TR and UT in-
dividuals deserve further investigation.

Practical Applications
The results of this investigation indicate that training
status must be considered when measuring immune-
system function in response to an exercise bout. Fail-
ure to do so may result in data that are not represen-
tative of true immune-system function. Furthermore,
resistance training may be an exercise mode that can
be used to enhance selected parameters of immune
function.
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