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Abstract
Purpose The aim of this study is to investigate the effect of intensity and duration of exercise related to the leucocyte count.
Methods 25 male subjects completed all nine cycling sessions at 55 ± 5 rpm on a cycle ergometer for 10, 20, and 30 min at 
workloads that corresponded to 50, 60, and 70% of an individual’s pre-determined peak oxygen consumption ( V̇O2peak), 
in random order. Heart rate and V̇O2peak were monitored each minute during the exercise to ensure that the subjects were 
exercising at the given relative intensity. Blood samples were taken before and after the exercise.
Results The overall leucocyte counts and its subtypes including lymphocytes, monocytes, and neutrophils were significantly 
elevated immediately after exercise at all intensity and duration of exercise. ANOVA showed that the main effect of time (T) 
on leucocyte, neutrophil, lymphocyte, and monocyte counts increases over time. ANOVA analysis also showed that only 
exercise duration has a significant effect in overall leucocyte counts, including its subtypes. Additionally, this study also 
revealed that the overall leucocyte counts and its subtypes had a positive correlation with the duration of exercise using Pear-
son’s correlation coefficient test. However, only lymphocytes were positively correlated (r = 0.178) with exercise intensity.
Conclusions This study strongly recommends a re-evaluation of current views about the intensity and duration of physical 
exercise. A precise definition of an individual’s workload that consists of intensity and duration of exercise is crucial as it 
will affect blood viscosity and blood flow during and immediately after exercise.

Keywords Exercise intensity · Exercise duration · Leucocyte count · Peak oxygen consumption

Introduction

Moderate physical exercise is beneficial for an individual’s 
health but vigorous exercise may show the opposite effect. 
Generally, the total leucocyte count in the peripheral blood 

increases during and immediately after an exercise [1], 
indicating that physical exercise can trigger an elevation in 
blood viscosity. Previous studies reported that an increase 
in blood viscosity resulting from the elevated leucocyte 
count was associated with a higher risk of cardiovascular 
diseases and atherogenesis [2–4]. The sensitivity of leuco-
cytes and their subtypes towards the intensity and duration 
of exercise is varied [5]. Studies revealed that the changes 
in leucocyte counts are linked with the exercise intensity 
and duration. For example, Abdossaleh et al. [6] reported 
that high-intensity exercise increased the total leucocyte, 
lymphocyte, monocyte, and neutrophil counts in college 
judoists. These findings are further supported by a more 
recent study in which a greater increase in the leucocyte 
count after high-intensity exercise in physically healthy and 
active young males compared to low-intensity exercise and 
no exercise [7]. McCarthy and Dale [8] also reported that 
leucocytosis is approximately proportionate to the intensity 
and duration of the exercise performed.
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To date, most studies investigating the exercise intensity 
and duration only focused on a single variable at a time, 
which often limited with a subjective description of the 
duration and intensity of exercise [6, 7, 9, 10]. Additionally, 
a previous study investigated the effect of high and low exer-
cise intensities on the leucocyte count with a limited number 
of participants [7], but the influence of a shorter duration and 
moderate-intensity exercise towards the leucocyte counts, as 
recommended by the American College of Sport Medicine 
[11], is inconclusive. Therefore, this study aimed to deter-
mine the association between moderate intensity (50, 60, 
and 70% of peak oxygen uptake) and short duration (for 10, 
20, and 30 min) exercise on the leucocyte count, including 
its subtypes such as the monocytes, lymphocytes, and neu-
trophils. We hypothesised that moderate-exercise intensity 
for a short duration may increase the leucocyte count in an 
individual.

Methods

Subjects and pre-study screening

Research was conducted using a quasi-experimental design 
with a repeat measure of a single experimental group. 60 
healthy male volunteers between 20 and 30 years of age 
were recruited in the Kuala Lumpur area for this study. Each 
volunteer provided written informed consent. The ethics 
approval for this study was obtained from the Universiti 
Kebangsaan Malaysia Medical Research Ethics Committee 
(reference no.: UKM 1.5.3.5/244/PPP2).

The volunteers underwent a pre-study screening test, 
which included a physical examination by a qualified medi-
cal officer, lung function test using a peak flow meter (Clem-
ent Clarke, UK), body fat analysis using a body fat monitor 
(Omron HBF-302, Japan), an electrocardiogram test (Mor-
tara Rangoni, Italy), blood pressure measurement (Digital 
BP monitor, Model T8, Intellsense, Japan), and height and 
body weight measurement using the SECA (Germany).

Volunteers were excluded based on the following crite-
ria: (i) taking antioxidant supplements (e.g. vitamin C, vita-
min E, selenium, and carotenoids), other supplement use 
(performance enhancing or herbal-type products), and any 
medications that might interfere with the test; (ii) abnormal 
cholesterol, triglyceride, or glucose levels, anaemia, haemo-
globin level < 12, systolic blood pressure ≥ 140 mmHg or 
diastolic blood pressure ≤ 90 mmHg; (iii) drinking alcohol, 
smoking, or being a vegetarian or having other restrictive 
dietary requirements; or (iv) presence of a medical illness 
such as cardiovascular disease, respiratory problems, cancer, 
and diabetes mellitus.

Volunteers underwent a symptom-limited maximal exer-
cise test to confirm their sedentary status, as recommended 

by Wasserman et al. [12]. The subject was classified as 
sedentary if their measured peak oxygen uptake ( V̇O2) was 
less than the predicted peak V̇O2 or if they performed any 
physical activity 1 or 2 days per week for less than 20 min 
each time.

Determination of V̇O2peak

The V̇O2peak was determined with a 1-min incremental 
exercise protocol using a cycle ergometer (Ergometrics 900, 
Ergoline, Germany), as previously described [12]. Subjects 
exercised on a cycle ergometer while measurements of gas 
exchange data were obtained breath-by-breath using the Cor-
tex Metamax 3B (Germany). Heart rate was recorded using 
a heart rate monitor (Polar Electro, Inc., Woodbury, NY, 
USA). Briefly, subjects were requested to cycle for 3 min 
with unloaded pedalling at the beginning. An increment 
was then added at the start of each minute. The subject was 
encouraged to continue and maintain the cycling frequency 
between 50 and 60 revolutions per minute (rpm) until voli-
tional exhaustion (i.e., the subject could not sustain the 
workload for a period of > 30 s), when the cycling frequency 
could not be maintained, or when the subject decided to 
terminate the incremental exercise. A respiratory exchange 
ratio > 1.1 was used as an additional criterion that maxi-
mal  O2 uptake had been reached. The results were used to 
estimate a workload corresponding to 70, 60, and 50% of V̇
O2peak for each subject based on the regression line of the 
 O2 uptake compared to the workload from the incremental 
exercise test. The subjects were classified as sedentary if the 
measured peak V̇O2 was less than the predicted peak V̇O2.

Exercise schedule and haematological profile

All the maximal exercise test and exercise sessions were 
performed in a temperature-controlled room (21–23 °C). 
The test workload that corresponded to their relative exer-
cise intensity (%V̇O2peak) and the exercise target heart rate 
 (HRtest) was determined based on the results of the maximal 
exercise test.  HRmax during maximal graded exercise testing 
was used. The  HRtest for each subject was calculated using 
 HRmax formula  (HRtest = exercise intensity × HRmax × 1.15). 
The V̇O2 and HR were monitored each minute to ensure that 
the subject was exercising at the given intensity.

The exercise task consisted of a 3-min warm-up on a 
cycle ergometer, immediately followed by the exercise tests 
at the given workload. Subjects cycled with the estimated 
workload for a given duration while V̇O2 and HR were 
measured using the Metamax 3B (Cortex, Germany) and a 
polar heart monitor, respectively. Gas exchange data were 
obtained breath-by-breath and were recorded. Calibration 
of the system was performed before each test. The subjects 
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were encouraged to continue and maintain their HR at the 
 HRtest for the given duration.

To ensure that the observation represents the differences 
resulting from the effect of different exercise intensity and 
duration instead of the training effects, the subjects were 
given at least 3 days of rest after the maximal exercise test, 
and between the exercise tests. Subjects were required to 
maintain their activity level throughout the experimental 
period. The subjects were requested to refrain from exhaus-
tive physical activity, eating, and drinking for at least 2 h 
prior to exercise and to dress in attire suitable for all tests 
including the maximal exercise test.

This was a repeated measures study, where each sub-
ject acted as their own control, and all groups underwent 
pre- and post-testing, with no control group exposed to the 

intervention. Therefore, qualified subjects visited the lab 11 
times inclusive of the maximal oxygen uptake test. During 
visits 3–11, subjects were asked to cycle for 10, 20, and 
30 min on a cycle ergometer at the given workload that cor-
responded to 50, 60, and 70% of their V̇O2peak (individu-
ally) in a random order, and the tests were conducted at the 
same time of the day.

Peripheral blood samples were obtained from the forearm 
vein of each subject using a BD  Vacutainer® tube coated 
with  K2EDTA before and immediately after each exercise 
session. A full blood cell count, haemoglobin, and haema-
tocrit values were obtained using an automated cell coun-
ter (Becker Coulter, Coulter Gen_s Sys, USA). Cell counts 
were adjusted for changes in plasma volume according to the 
methods of Dill and Costill [13].

Table 1  Subject characteristics 
(N = 25)

*Difference between measured and calculated V̇O2 peak significant at p < 0.05

Mean ± SE Skewness ± SE

Age (years) 20.4 ± 0.32 0.73 ± 0.464
Body mass (kg) 58.8 ± 2.39 0.83 ± 0.464
Body mass index (kg/m2) 20.5 ± 0.64 0.41 ± 0.464
Absolute value of measured V̇O2 peak (ml/min) 2152.3 ± 70.52* − 0.926 ± 0.464
Absolute value calculated V̇O2 peak (ml/min) 2771.1 ± 60.68 − 0.172 ± 0.464
Relative value measured V̇O2 peak (ml/min/kg) 36.6 ± 1.17* − 0.023 ± 0.464
Relative value calculated V̇O2 peak (ml/min/kg) 48.1 ± 1.10 − 0.702 ± 0.464

Table 2  Changes in 
hematocrits, red blood cell and 
haemoglobin concentrations 
after cycling at 50, 60, and 70% 
V̇O2 peak for 10, 20, and 30 min

N = 25; df = 24
*Significantly different from baseline at p < 0.05

Intensity (% V̇
O2 peak)

Duration 
(min)

Hematocrits (% total 
blood volume)
Mean ± SE

Red blood cell concen-
tration (× 103 cells/µl)
Mean ± SE

Haemoglobin (g/dl)
Mean ± SE

50 10 Pre 0.46 ± 0.005 Pre 5.44 ± 0.098 Pre 15.42 ± 0.207
Post 0.47 ± 0.006* Post 5.52 ± 0.509 Post 15.66 ± 1.081

60 10 Pre 0.47 ± 0.006 Pre 5.49 ± 0.124 Pre 15.51 ± 0.188
Post 0.48 ± 0.006* Post 5.61 ± 0.566 Post 16.01 ± 1.038

70 10 Pre 0.47 ± 0.006 Pre 5.46 ± 0.100 Pre 15.48 ± 0.194
Post 0.49 ± 0.006* Post 5.71 ± 0.509 Post 16.16 ± 0.931

50 20 Pre 0.45 ± 0.006 Pre 5.30 ± 0.090 Pre 15.12 ± 0.198
Post 0.47 ± 0.007* Post 5.44 ± 0.091 Post 15.50 ± 0.223

60 20 Pre 0.46 ± 0.005 Pre 5.34 ± 0.081 Pre 15.15 ± 0.188
Post 0.48 ± 0.007* Post 5.58 ± 0.106 Post 15.89 ± 0.214

70 20 Pre 0.47 ± 0.006 Pre 5.44 ± 0.115 Pre 15.47 ± 0.209
Post 0.50 ± 0.006* Post 5.73 ± 0.117 Post 16.37 ± 0.227

50 30 Pre 0.46 ± 0.006 Pre 5.39 ± 0.117 Pre 15.29 ± 0.161
Post 0.47 ± 0.006* Post 5.53 ± 0.101 Post 15.73 ± 0.170

60 30 Pre 0.45 ± 0.007 Pre 5.25 ± 0.112 Pre 15.10 ± 0.196
Post 0.48 ± 0.007* Post 5.53 ± 0.099 Post 15.91 ± 0.205

70 30 Pre 0.46 ± 0.006 Pre 5.44 ± 0.106 Pre 15.60 ± 0.187
Post 0.48 ± 0.007* Post 5.64 ± 0.125 Post 16.19 ± 0.234



 Sport Sciences for Health

1 3

Statistical analyses

All data are expressed as the mean ± standard error (SE). 
Data were tested for normality of the distribution using 
skewness, and the data sets showed a normal distribution. 
Therefore, further analysis was performed using parametric 
tests. Analysis of variance (ANOVA) with repeated meas-
ures and paired t tests were performed for all exercise ses-
sions, with time (pre- and post-exercise), exercise intensity, 
and exercise duration as the within-subject factors. Homo-
geneity of covariance or sphericity assumption of the data 
was verified using the Mauchly’s test.

Because the sample size for each factor level was equal, 
the concern about homogeneity of the variance was elimi-
nated. When significant interactions for intensity by dura-
tion over time occurred, the simple main effects of intensity 

and duration were assessed using paired t tests. Pearson’s 
correlation coefficient was used to express the relationship 
between all parameters measured for the exercise intensity 
and duration. A probability level of 0.05 was set for sig-
nificance. All statistical analysis was performed using the 
Statistical Packages for Social Sciences (IBM, USA).

Results

After a pre-study screening test, physical activity level anal-
ysis, and medical screening by a medical doctor, a total of 11 
participants were excluded. Only 49 participants were eligi-
ble for the next screening phase, which is the maximal exer-
cise test. After further assessment, 31 volunteers remained 
and were confirmed to have sedentary status, qualifying as 
a subject in this study.

Table 3  Leucocyte count after cycling at 50, 60, and 70% V̇O2 peak for 10, 20, and 30 min

I exercise intensity, D exercise duration, Post_Adj corrected for plasma volume changes using Dill and Costill (1971) method, V̇O2 peak peak 
oxygen consumption
*Significant at p < 0.05

Intensity (% 
V̇O2peak)

Duration (min) Leucocytes (× 103 cells/µl) Repeated measures ANOVA % changes (mean ± SE)
Status Mean ± SE I × D × T I D T

50 10 Pre 7.41 ± 0.394 F = 0.58 F = 2.21 40.45* 154.71* 8.6 ± 2.22
Post 7.99 ± 0.456 df = 3.23 df = 2.0 df = 1.4 df = 1.0
Post_Adj 8.04 ± 0.457* p = 0.65 p = 0.12 p = 0.00 p = 0.00

60 10 Pre 6.71 ± 0.219 19.2 ± 2.79
Post 7.95 ± 0.319
Post_Adj 7.98 ± 0.322*

70 10 Pre 6.76 ± 0.228 26.9 ± 3.31
Post 8.47 ± 0.304
Post_Adj 8.52 ± 0.310*

50 20 Pre 6.76 ± 0.244 128.2 ± 32.94
Post 7.21 ± 0.246
Post_Adj 16.08 ± 2.938*

60 20 Pre 6.63 ± 0.285 131.7 ± 26.20
Post 8.25 ± 0.354
Post_Adj 15.56 ± 1.734*

70 20 Pre 6.97 ± 0.288 183.7 ± 16.73
Post 9.29 ± 0.287
Post_Adj 19.16 ± 0.946*

50 30 Pre 6.66 ± 0.347 233.1 ± 35.97
Post 7.23 ± 0.360
Post_Adj 22.15 ± 2.555*

60 30 Pre 6.41 ± 0.234 264.6 ± 36.40
Post 7.57 ± 0.298
Post_Adj 22.61 ± 2.130*

70 30 Pre 6.98 ± 0.258 309.8 ± 51.71
Post 8.53 ± 0.242
Post_Adj 27.72 ± 3.166*
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This study used a repeated measures within-subject 
design (3 × 3 × 2) on a single experimental group, to deter-
mine the effect of exercise intensity and duration on leuco-
cyte and subtype counts. Of the 31 subjects, only 25 subjects 
completed all nine cycling sessions at three different exercise 
durations (10, 20, and 30 min) and three exercise intensities 
in a random order. Exercise intensity was an individually 
defined workload that corresponded to 50, 60, and 70% of 
their V̇O2peak. The power in this study was 1 − β = 0.95, 
calculated based on 25 subjects.

Table 1 shows the demographic data of 25 subjects, 
which were normally distributed. Therefore, subsequent 
data analysis was performed using a repeated measures 
ANOVA, paired t test, and Pearson’s correlation. Paired 
t test analysis confirmed the sedentary status of the 25 
subjects, as indicated by a measured V̇O2 peak that was 

significantly lower than the predicted V̇O2 peak for both 
relative (36.6 ± 1.17 vs. 48.1 ± 1.10 ml/min/kg) and abso-
lute (2152.3 ± 70.52 vs. 2771.1 ± 60.68 ml/min) values 
(Table 1).

Since exercise was performed in a control cold room 
temperature (air-conditioned lab), this study was applying 
an exercise-induced hemoconcentration, and a hyperther-
mia. As indicated in Table 2, hemoconcentration occurred 
after cycling at 50, 60, and 70% V̇O2peak for 10, 20, and 
30 min. Therefore, leukocytes and its subtype cell count 
were corrected for plasma volume changes using a method 
by Dill and Costill [13].

This study shows that mean total leucocyte count 
increased significantly (p < 0.05) immediately after exer-
cise at all intensities and durations (Table 3), includ-
ing the neutrophil, lymphocyte, and monocyte subtypes 

Table 4  Neutrophil cell count after cycling at 50, 60, and 70% V̇O2 peak for 10, 20, and 30 min

I exercise intensity, D exercise duration, Post_Adj corrected for plasma volume changes using Dill and Costill (1971) method, V̇O2 peak peak 
oxygen consumption
*Significant at p < 0.05

Intensity (% 
V̇O2peak)

Duration (min) Neutrophils (× 103 cells/µl) Repeated measures ANOVA % changes (mean  ±  SE)
Status Mean  ±  SE I × D × T I D T

50 10 Pre 4.08 ± 0.403 F = 0.35 F = 0.90 29.04* 98.75* 5.8 ± 1.71
Post 4.31 ± 0.438 df = 3.1 df = 1.6 df = 1.5 df = 1.0
Post_Adj 4.34 ± 0.439* p = 0.79 p = 0.40 p = 0.00 p = 0.00

60 10 Pre 3.42 ± 0.185 13.6 ± 2.04
Post 3.88 ± 0.240
Post_Adj 3.90 ± 0.242*

70 10 Pre 3.44 ± 0.228 23.1 ± 5.65
Post 4.08 ± 0.249
Post_Adj 4.10 ± 0.252*

50 20 Pre 3.29 ± 0.177 135.2 ± 35.83
Post 3.59 ± 0.200
Post_Adj 8.05 ± 1.501*

60 20 Pre 3.50 ± 0.272 128.0 ± 27.01
Post 4.28 ± 0.333
Post_Adj 8.17 ± 1.049*

70 20 Pre 3.61 ± 0.229 156.5 ± 12.07
Post 4.40 ± 0.260
Post_Adj 9.06 ± 0.609*

50 30 Pre 3.53 ± 0.301 233.4 ± 36.90
Post 3.82 ± 0.315
Post_Adj 12.00 ± 1.724*

60 30 Pre 3.25 ± 0.194 258.4 ± 33.00
Post 3.81 ± 0.240
Post_Adj 11.22 ± 1.025*

70 30 Pre 3.59 ± 0.227 283.8 ± 44.21
Post 4.16 ± 0.240
Post_Adj 13.68 ± 1.811*
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(Tables 4, 5, 6). These findings were further supported by 
the repeated measures ANOVA analysis, which showed 
that the main effect of time (T) on leucocyte, neutrophil, 
lymphocyte, and monocyte counts was highly significant 
(Tables 3, 4, 5, 6).

Additionally, this study also observed that the overall 
leucocyte counts were increased across the duration of 10, 
20, and 30 min with an exercise intensity of 50, 60, and 
70% V̇O2peak (Fig. 1). When stratified to subtypes, similar 
data were obtained for the lymphocytes, monocytes, and 
neutrophils (Fig. 1). Moreover, Fig. 2 also demonstrates a 
similar pattern, where the percentage increment of leuco-
cytes, neutrophils, lymphocytes, and monocytes increases 
with an increase in exercise intensity from 50 to 60 to 
70% V̇O2peak at a 10-, 20-, or 30-min duration of exer-
cise, respectively. However, the percentage increment of 

leucocytes, neutrophils, lymphocytes, and monocytes dif-
fered significantly from 50% only for the 10-min exercise 
duration, indicating that there was no significant difference 
in the percentage increment of leucocyte, neutrophil, lym-
phocyte, and monocyte cells count between the intensity 
after exercising for 20- and 30-min durations.

The ANOVA analysis showed that the intensity and dura-
tion are independent factors that caused an increase in over-
all leucocyte counts and its subtypes (Table 3). However, 
there was no significant evidence to support that the interac-
tion of intensity and duration with the elevation in the over-
all leucocyte counts, including the subtypes (p > 0.05). Simi-
larly, the main effect of exercise intensity on leucocytes and 
neutrophils was also not significant, but it had a significant 
effect on lymphocyte and monocyte counts. However, the 
main effect of exercise duration was significant on leucocyte, 

Table 5  Lymphocyte cell count after cycling at 50, 60, and 70% V̇O2 peak for 10, 20, and 30 min

I exercise intensity, D exercise duration, Post_Adj corrected for plasma volume changes using Dill and Costill (1971) method, V̇O2 peak peak 
oxygen consumption
*Significant at p < 0.05

Intensity (% 
V̇O2 peak)

Duration (min) Lymphocytes (× 103 cells/µl) Repeated measures ANOVA % changes (mean  ±  SE)
Status Mean  ±  SE I × D × T I D T

50 10 Pre 2.39 ± 0.097 F = 1.08 F = 4.95* 43.40* 166.74* 13.8 ± 4.00
Post 2.66 ± 0.099 df = 4.0 df = 2.0 df = 1.5 df = 1.0
Post_Adj 2.68 ± 0.101* p = 0.37 p = 0.01 p = 0.00 p = 0.00

60 10 Pre 2.39 ± 0.088 28.5 ± 5.15
Post 3.00 ± 0.111
Post_Adj 3.01 ± 0.111*

70 10 Pre 2.40 ± 0.108 41.9 ± 6.45
Post 3.30 ± 0.134
Post_Adj 3.31 ± 0.136*

50 20 Pre 2.57 ± 0.095 122.8 ± 30.48
Post 2.70 ± 0.091
Post_Adj 5.90 ± 1.029*

60 20 Pre 2.26 ± 0.096 141.1 ± 27.75
Post 2.95 ± 0.153
Post_Adj 5.56 ± 0.668*

70 20 Pre 2.43 ± 0.104 231.8 ± 23.90
Post 3.73 ± 0.151
Post_Adj 7.77 ± 0.504*

50 30 Pre 2.29 ± 0.086 238.2 ± 35.36
Post 2.54 ± 0.102
Post_Adj 7.57 ± 0.751*

60 30 Pre 2.34 ± 0.093 278.2 ± 42.08
Post 2.84 ± 0.128
Post_Adj 8.61 ± 1.042*

70 30 Pre 2.47 ± 0.109 364.4 ± 68.81
Post 3.32 ± 0.143
Post_Adj 10.73 ± 1.270*
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neutrophil, lymphocyte, and monocyte counts, which means 
that the increase in leucocyte, neutrophil, lymphocyte, and 
monocyte counts is dependent of exercise duration.

Pearson’s correlation coefficient analysis showed that the 
overall leucocyte (r = 0.585), neutrophil (r = 0.599), lym-
phocyte (r = 0.539), and monocyte (r = 0.596) counts were 
significantly and positively correlated with the exercise dura-
tion (Table 7). However, only lymphocytes were positively 
correlated (r = 0.178) with exercise intensity.

Discussion

Leucocytosis was the most obvious and consistent change 
that occurred during or after exercise. This study revealed 
that the overall leucocyte counts and that of its subtypes 

were significantly higher after a short duration and a mod-
erate-exercise intensity among healthy and sedentary adults. 
This finding was consistent with previous studies where the 
number of leucocytes was increased in a group of children 
and in young male subjects after exercise was performed 
[7, 14].

The strongest point of the present study is that it is the first 
to analyse the effects of exercise intensity and duration on leu-
cocyte counts and that of its subtypes in a systematic manner, 
and bias was minimised by having each subject act as their 
own control. The current study, which used moderate intensity 
(50–70% V̇O2peak) and short duration (10–30 min), revealed 
the percent increase of leucocyte counts and that of its subtypes 
were dependent on the exercise duration, but not dependent 
on intensity. Conversely, Pedersen and Hoffman-Goetz [15] 
reported that the changes in leucocyte counts and that of its 

Table 6  Monocyte cell count after cycling at 50, 60, and 70% V̇O2 peak for 10, 20, and 30 min

I exercise intensity, D exercise duration, Post_Adj corrected for plasma volume changes using Dill and Costill (1971) method, V̇O2peak peak 
oxygen consumption
*Significant at p < 0.05

Intensity (% 
V̇O2peak)

Duration (min) Monocytes (× 103 cells/µl) Repeated measures ANOVA % changes (mean  ±  SE)
Status Mean  ±  SE I × D × T I D T

50 10 Pre 0.45 ± 0.033 F = 1.08 F = 4.95* 43.40* 166.74* 9.5 ± 3.57
Post 0.47 ± 0.028 df = 4.0 df = 2.0 df = 1.5 df = 1.0
Post_Adj 0.48 ± 0.028* p = 0.37 p = 0.01 p = 0.00 p = 0.00

60 10 Pre 0.39 ± 0.020 14.8 ± 3.32
Post 0.45 ± 0.029
Post_Adj 0.45 ± 0.029*

70 10 Pre 0.39 ± 0.018 24.4 ± 4.83
Post 0.47 ± 0.022
Post_Adj 0.48 ± 0.022*

50 20 Pre 0.41 ± 0.017 116.2 ± 28.99
Post 0.42 ± 0.020
Post_Adj 0.91 ± 0.161*

60 20 Pre 0.38 ± 0.015 140.9 ± 28.24
Post 0.48 ± 0.022
Post_Adj 0.88 ± 0.099*

70 20 Pre 0.46 ± 0.028 156.5 ± 17.98
Post 0.54 ± 0.023
Post_Adj 1.10 ± 0.056*

50 30 Pre 0.40 ± 0.027 221.4 ± 33.05
Post 0.42 ± 0.022
Post_Adj 1.23 ± 0.120*

60 30 Pre 0.39 ± 0.016 257.0 ± 36.93
Post 0.45 ± 0.021
Post_Adj 1.33 ± 0.126*

70 30 Pre 0.40 ± 0.018 286.4 ± 42.47
Post 0.48 ± 0.027
Post_Adj 1.48 ± 0.143*
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subtypes are dependent on the intensity and duration of the 
exertion. A study by Neves et al. [7] revealed that increase 
in leucocyte counts was higher after high-intensity exercise 
(80% V̇O2peak) compared with low-intensity exercise (40% V̇
O2peak).

Additionally, our results demonstrated that the acute 
effect of moderate-intensity exercise for a short duration on 
leucocyte counts is neutrophil, lymphocyte, and monocyte 
dependent. A previous study also showed that exercise can 
elevate the circulating neutrophil levels and this increase was 
directly proportional to the intensity and duration of exer-
cise [16]. Moreover, Hack et al. [17] also showed that heavy 
exercise increased the number of leucocytes, lymphocytes, 
monocytes, and neutrophils in athletes. Thus, these findings 
indicate that exercise can elevate leucocyte counts and that 
of its subtypes in the blood.

Fehrenbach and Schneider [18] reported that hyper-
thermia, hypoxia, oxidative stress, hormonal stress, and 
mechanical stress resulting from exercise could also increase 
cytokine secretion that may induce an immune response and 
subsequently elevate leucocyte counts in the blood. How-
ever, because the increase in leucocytes after exercise in 
this study did not exceed the normal range of 12 × 10−3/µl, 

the response demonstrated in this study was not an overall 
inflammation response. The increase in leucocyte counts 
and that of its subtypes in this study could be caused by 
demargination, which occurs in response to adrenaline and 
noradrenaline hormonal actions [8].

Exercise stimulates the sympathetic nervous system by 
releasing the adrenaline and noradrenaline. Foster et al. 
[19] reported that the increase in sympathetic activity sub-
sequently increases the heart’s output and the speed of 
blood flow, which may contribute to leucocytosis. Moreo-
ver, the secreted adrenaline and noradrenaline may trigger 
vasoconstriction and venoconstriction. Vasoconstriction 
increases the blood flow to skeletal muscles and lungs 
while venoconstriction allows more blood to flow from 
the peripheral veins into the main circulation [20]. Both 
conditions cause leucocyte, lymphocyte, neutrophil, and 
monocyte cells to leave the marginal pool, thereby elevat-
ing their counts in the blood [15].

The increase in leucocyte count and that of its subtypes 
after an exercise has been reported to be beneficial against 
infection or inflammation [21]. The number of leucocytes 
and that of its subtypes that circulated in the blood after 
the exercise in this study remained within the normal 

Fig. 1  Percentage changes of total leucocytes, neutrophils, lymphocytes, and monocytes (% resting value) with exercise duration after exercising 
at 50, 60, and 70% V̇O2 peak. *Significantly different from 10 min (p < 0.05); Mean ± SEM; N = 25
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range, indicating that exercise at a moderate intensity (50, 
60, and 70%) for a short duration of 10–30 min could trig-
ger the immune response and enhance the efficiency of the 
body’s immune system. However, a prolonged resistance 
force exercise or repetitive heavy exercise could cause 
inflammation and that could disrupt the efficiency of the 
body’s immune system as well as cause an increase in 
blood viscosity, which has been associated with several 
health disorders including cardiovascular diseases and 
atherogenesis [2–4].

We also found that leucocyte counts and that of its sub-
types increased more than 200% following continuous exer-
cise for 30 min at all intensities, suggesting that there is a 

lower risk of heart attack when sedentary subjects in our 
study exercised for less than 30 min at a moderate inten-
sity. Similarly, a significant increase in leucocytes was also 
found among endurance and sprint athletes [22–26]. A pre-
vious study also reported that the number of leucocytes is 
increased even 3 h after exercise [7]. Nevertheless, leucocy-
tosis is temporary among highly trained male adults, with a 
subsequent drop 1–3 h after exercise [22].

Leucocytosis led to an increase in blood viscosity after 
exercise, which is associated with a risk of sudden cardiac 
death [27]. As the blood becomes more viscous, it will dis-
rupt blood flow to the heart [28]. Thus, exercise can some-
times increase the risk of a heart attack during and after exer-
cise [29, 30], which can lead to sudden cardiac arrest [31]. 
This will increase the mortality risk with exercise among 
sedentary individuals, older people, and patients with chronic 
diseases especially heart disease patients. Additionally, non-
continuous exercise, such as 10-min interval training at a 
moderate intensity, will provide the same benefit as continu-
ous exercise [32, 33]. Therefore, the duration and intensity of 
exercise should be prescribed accurately, systematically, and 
specifically according to the individual’s capacity.

Fig. 2  Percentage changes of total leucocytes, neutrophils, lymphocytes, and monocytes (% resting value) with exercise intensity after exercising 
for 10, 20, and 30 min. *Significantly different from 50% V̇O2 peak (p < 0.05); Mean ± SEM; N = 25

Table 7  Correlation between the percentage changes of leucocytes 
and its subtypes with the intensity and duration of exercise

*Statistically significant (p < 0.05)

Correlation coefficient (r)
Leucocytes Neutrophils Lymphocytes Monocytes

Intensity 0.117 0.073 0.178* 0.096
Duration 0.585* 0.599* 0.539* 0.596*
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Conclusion

In conclusion, a precise definition of the individual work-
load is important in exercise prescription to enhance the 
immune response in the body and to prevent development 
of health disorders because of a prolonged increase in 
blood viscosity. The findings of this study strongly suggest 
that current views about the intensity and duration of exer-
cise should be re-evaluated, and that the data are beneficial 
for establishing a putative protective threshold for exercise.
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