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Abstract.  This paper presents our investigation of the effects of therapeutic exercise on the number of
white blood cells and on the T-cell activity, in the peripheral blood of chronic hemodialysis patients.  A
significant decrease in the number of lymphocytes, and a significant increase in the number of monocytes
were observed in peripheral bloods collected from patients before exercise training, as compared with
those from healthy persons.  No difference in the number of neutrophiles was observed between the
patients and healthy persons.  The number of monocytes, in the hemodialysis patients, decreased to a
normal level after exercise but the number of lymphocytes did not change after 3 weeks exercise.  A
significant reduction in T-cell activity, determined by the response to PHA, was observed in patients both
at pre- and post-exercise.  Significantly higher blastogenic responses were found in patients after exercise,
when compared with those before exercise, suggesting that the therapeutic exercise was effective at
increasing T-cell activity.  A higher rate of recovery of T-cell activity was observed in patients with low-
responding T-cells.  T-cell activity in hemodialysis patients was closely related to their usual daily
number of steps, but not to their exercising capacity.
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INTRODUCTION

There are many reports about the immunodefi-
ciencies of chronic hemodialysis patients1–4), and
the infectability of hemodialysis patients may be a
result of those immunodeficiencies 5, 6).

In previous papers, we reported that the de-
creases in the number of peripheral blood
lymphocytes and in the CD4/CD8 ratio of chronic
hemodialysis patients7).  A reduction of the
blastogenic response of lymphocytes to phytohe-
magglutinin (PHA) was also found in hemodialysis
patients.  We also observed a significant increase

in the concentration of immuno-suppressive acidic
protein (IAP) in sera collected from hemodialysis
patients, as compared with those from normal
healthy persons, in addition to the suppression of
the blastogenic response of normal lymphocytes to
PHA by the patients’ sera8, 9).  These results sug-
gest that helper T-cell activity is retarded in
hemodialysis patients.

Recently, rehabilitaion therapy, especially thera-
peutic exercise, has been used to try to maintain
the healthy condition of chronic hemodialysis pa-
tients.  A combination therapy of erythropoietin
and therapeutic exercise was observed to be more
effective on the recovery from renal anemia than
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that by treatment with erythropoietin alone10, 11).
We are studying the effects of therapeutic exer-

cise on the immune responses of patients and, in
this paper, we report the effect of exercise on the
number of white blood cells, and T-cell activity, in
chronic hemodialysis patients.

SUBJECTS

We treated 41 chronic hemodialysis patients (32
males and 9 females) who had been suffered from
chronic glomerulonephritis in Hidaka Hospital at
Takasaki, Gunma, Japan.  The average age of the
patients was 49.3 years old (21–69 years old) and
the mean duration time of hemodialysis was 96.8
months (3–222 months).  Peripheral bloods col-
lected from normal healthy persons at the same
ages were used as controls.

METHODS

Cell counts
Total white blood cells, neutrophiles, lympho-

cytes and monocytes in the peripheral bloods,
collected before dialysis were counted by routine
laboratory method in Hidaka Hospital with Sysmex
NE 8000 (Toa Medical Electronics Co.  Ltd.,
Kobe).

Determination of T-cell activity
Heparinized blood was collected from a shunt of

the hemodialysis patient just before hemodialysis.
The lymphocytes were separated from each blood
sample, and the blastogenic response of the lym-
phocytes to phytohemagglutinin P (PHA: Difco
Laboratories, Detroit) was determined as described
previously12).  Briefly, 0.1 ml of lymphocyte sus-
pension (1 × 106 cells/ml) were stimulated in vitro
with 20 µg/ml of PHA in a microculture plate for
72 hours at 37 C and labeled with 0.5 µCi/ml of
3H-thymidine (New England Nuclear Co., Boston)
in the final 4 hours.  The cells were collected on a
glass fiber filter with a mutiple automatic cell
harvestor and the uptake of 3H-thymidine into the
lymphocytes was determined by a liquid scintilla-
tion counter.

The stimulation index (SI) was calculated as fol-
lows:

SI={(dpm in lymphocytes with PHA)－(dpm in
background)}/{dpm in lymphocytes without
PHA)－(dpm in background)}

The culture medium
The lymphocytes were cultured in RPMI1640

medium (ICN Biomedical Inc. Japan, Osaka)
supplemented with 10% fetal calf serum (ICN Bio-
medical Inc.Japan, Osaka), 50 units/ml of penicillin
G and 50 µg/ml of streptomycin sulfate.

Therapeutical exercise
The number of steps taken during 7 consecutive

days was detemined individually by a pedometer
and the mean daily number of steps was calculated.
For the therapeutic exercise, each patient was
loaded with a number of steps 20% higher than the
mean number.

Physical determinations of the exercising capac-
ity and the effects of exercise were determined by
the walking distance in meters during 6 minutes
(6MD), PCI and %HR.  PCI and %HR were calcu-
lated as follows:

PCI ={(heart rate during walking)－(heart rate
at resting)}÷6MD

%HR ={(heart rate during walking)÷(expected
maximal heart rate)} × 100

RESULTS

1. Three weeks after beginning the therapeutic
exercise, the exercising capacity of the patients was
compared with that before the exercise.  As shown
in Table 1, the increase in 6MD after exercise was
small but statistically significant (p<0.02 by Stu-
dent t-test).  A significant decrease in PCI and
%HR were not found.  These results suggested that
the exercise in this study might have been effective
but was not enough (Table 1).

2. The numbers of total white blood cells,
neutrophiles, monocytes and lymphocytes in pe-
ripheral bloods collected from the patients were
compared with those from normal healthy persons,
and the effects of the therapeutic exercise on those
numbers were studied.

The numbers of total white blood cells and
neutrophiles in the peripheral bloods of the patients
were almost the same as those of normal persons
and the therapeutic exercise did not affect these
numbers (Table 2).

A significantly (p<0.05 by Student t-test) re-
duced number of lymphocytes was observed in the
peripheral bloods collected from the chronic
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hemodialysis patients as compared with those of
normal persons, and therapeutic exercise did not
increase the number of lymphocytes (Table 2).

In contrast, a significantly increased (p<0.05 by
Student t-test) number of monocytes was observed
in peripheral bloods collected before exercise from
hemodialysis patients as compared with those of
normal persons.  Moreover, the number of mono-
cytes had decreased to a normal level after 3 weeks
of exercise (p<0.05 by Student t-test) (Table 2).

3. T-cell activities of healthy persons and the
patients, before and after exercise, were assayed by
their blastogenic response to phytohemagglutinin
(PHA) as described above.

As shown in Table 2, T-cell activity was signifi-
cantly retarded in hemodialysis patients as
compared with normal persons (p<0.01 and <0.05
in patients before and after therapeutic exercise,
respectively).

A significant recovery in T-cell activity was ob-
served in the peripheral blood lymphocytes

collected from patients after the 3 weeks therapeu-
tic exercise, as compared with that from before
exercise.  However, even after the exercise, T-cell
activity of the patients was significantly lower than
that of normal persons and did not reach a normal
level.

These results suggest that T-cell activity is re-
covered by the exercise but 3 weeks exercise may
be too short for T-cell activity to recover to a nor-
mal level.

Table 3 shows the effects of therapeutic exercise
on patients with low-responding T-cells (SI<50:
mean SI=30.4 ± 13.2) and on patients with high-
responding T-cells (SI>50: mean SI=83.7 ± 26.3).
In low-respoders, the mean SI increased signifi-
cantly (p<0.05 by Student t-test) to 49.6 ± 28.1
after exercise as compared with that before exer-
cise, while no significant increase was observed in
high responders.

Moreover, as shown in Table 2, an increase in T-
cell blastogenic response was found in 12 cases
among 15 low-responders (80.0%) after therapeu-
tic exercise.

These results suggest that exercise may increase
T-cell activity in hemodialysis patients, especially
in patients with low-responding T-cells.

4. Hemodialysis patients were divided into two
groups: one usually walking more than 5,000 steps/
day, and the other walking less than 5,000 steps/
day.  T-cell activities of peripheral blood lympho-
cytes of each group were compared by their
blastogenic responses to PHA.  As shown in Table 4,

Table 1. The effect of exercise therapy on the exercising
capacity of chronic hemodialysis patients

Exercise Pre-exercise Post-exercise p value
(Student t-test)

6MD 478.9 ± 60.8 496.3 ± 71.9 p<0.02

PCI 0.44 ± 0.19 0.41 ± 0.16 p>0.05

%HR 67.4 ± 11.3 66.3 ± 10.2 p>0.05

Table 2. Effects of exercise on the number of peripheral blood cells and
T-cell activity

Patients
Healthy persons Before exercise After exercise

Cell counts
(× 102/µl)

WBC 56.2 ± 15.7 53.3 ± 13.0 52.4 ± 17.5
Neutrophiles 33.8 ± 11.1 33.7 ± 10.2 35.8 ± 14.7
Lymphocytes 18.5 ± 5.3 12.0 ± 3.2** 11.6 ± 3.7**
Monocytes 2.3 ± 1.2 3.8 ± 3.1** 2.2 ± 0.6++

T-cell activity
(SI) 105.7 ± 63.6 53.9 ± 33.0** 73.3 ± 42.8*, +

*p<0.05, **p<0.01 compared with healthy persons.
+p<0.05, ++p<0.01 compared with before exercise.
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Table 4. The relationship between number of steps/day
and T-cell reponse in hemodialysis patients

Number of Number of cases p (χ2-test)
steps/day SI<50 SI>50

<5,000 14 7
p<0.05

>5,000 4 10

in “Materials and Methods”, and T-cell activity
was determined by the blastogenic response to
PHA.  As shown in Fig. 2, there was no statistical
relationship between the number of lymphocytes
and the exercising capacity, and also between T-
cell activity and the exercising capacity (Fig. 2).

DISCUSSION

Therapeutic exercise plays an important role in
rehabilitaion therapy.  Recently, therapeutic exer-
cise was tried with chronic hemodialysis patients
and it was reported that exercise in combination
with erythropoietin facilitated an earlier recovery
from renal anemia than that by erythropoietin
alone10, 11).

There are many reports that immune responses
are enhanced by exercise and we also found re-
ports that immune responses were depressed by the
stress of the exercise13–17).  The immune responses
are markedly reduced in chronic hemodialysis pa-
tients, therefore therapeutic exercise might induce
severe immunodeficiencies.  Moreover there are
few reports about the effects of therapeutic exer-
cise on the immune responses of patients in
rehabilitation, so we began studying the effects of
therapeutic exercise on the immune responses of
chronic hemodialysis patients.

14 among 21 cases (67%) in the ‘less than 5,000
steps/day’ group  were low-responders, while only
7 cases (33%) were high responders.

In contrast, 10 of 14 cases (71%) in the ‘more
than 5,000 steps/day’ group  were high responders
and only 4 cases (29%) were low responders.

These results suggest that the number of steps/
day is related to the T-cell activity.

5. The exercising capacity of individual patients
was measured by 6MD, PCI and %HR as described

Fig. 1. The effect of exercise on the T-cell activity in
low-responder.  Lymphocytes were collected
from 15 patients with low-responding T-cells
and the effect of exercise on T-cell response
was determined by the blastogenic response
to PHA.  Each point indicates an activity of
an individual patient.

Table 3. The effect of therapeutic exercise on the T-cell response in
patients with low responding T-cell

T-cell response Therapeutic SI (Mean ± SD) p (t-test)
exercise

Low responder Before 30.4 ± 13.2
p<0.05

After 49.6 ± 28.1

High responder Before 83.7 ± 26.3
p>0.05

After 92.1 ± 59.4
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T-cell activity, determined by in vitro
blastogenic response to PHA, has been reported as
being markedly retarded in chronic hemodialysis
patients4, 7).  In this study, we found that the thera-
peutic exercise was effective in increasing T-cell
activity, however, T-cell activity did not reach nor-
mal levels after the 3 weeks exercise.  Compared
to usual therapeutic exercise loading of patients for
6 to 8 months18), the patients in our study were
loaded only 20% higher than their daily exercise
for 3 weeks, because we were afraid of depressing
their immune responses.

These results suggest that 3 weeks may be too
short a time for T-cell activity to recover to normal
levels, or that there may be a limit to the ability of
therapeutic exercise to increase immune responses
in hemodialysis patients.  These questions should
be resolved shortly.

In this study, we found that the number of mono-
cytes in the peripheral bloods of hemodialysis
patients was significantly larger than that of nor-
mal persons, and that the number reduced to
normal levels after exercise.  The existence of sup-
pressor macrophages that depressed the immune
responses of lymphocytes has been reported in
some patients3, 19).  We think the increased number
of monocytes in hemodialysis patients may be sup-
pressor macrophages and are now analyzing the
properties of the monocytes.

The optimal amount of exercise for the most ef-
fective recovery of immune responses in
hemodialysis patients and it’s mechanisms of in-
fluence on the immune responses, should be

Fig. 2. The relationship between exercising capacities and T-cell activity.  Lymphocytes were collected from hemodialysis
patients before exercise and the T-cell activity was determined by the blastogenic response to PHA.  Exercising
capacities of patients were assayed at pre-exercise as described in “MATERIALS AND METHODS”.

studied in the future.
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