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Abstract
AIM: To investigate the effects of exercise on healthy 
individuals of both genders. 

METHODS: This study lasted 6 years and involved 
about 800 healthy people. Individuals were divided into 
females and males and further sub-divided into two 
groups; in the first group individuals run (or skied in 
the winter time) and then rested for 3 h, whereas indi-
viduals in the second group intensely cycled for 5 min. 
The status of health was determined by measuring the 
sedimentation rate and the intensity of exercises by 
measuring the heart rate. Blood samples were collected 
before and after exercise. 

RESULTS: We observed that in the first group a signif-
icant increase of the total white blood cells, segmented 
neutrophils, band neutrophils, eosinophils and to a 
lesser extent lymphocytes but not monocytes in the 

blood circulation. However, all cell types were increased 
in the circulation after 5 min intense exercise. No dif-
ferences in the pattern of cell increase were observed 
among the genders. Activated partial thromboplastin 
time (APTT) and D-dimer were also measured in the 
blood of individuals who cycled intensely for 5 min to 
determine the coagulation and fibrinolytic activities in 
the blood. APTT is reduced and D-dimer values signifi-
cantly increased after intense exercise. However, APTT 
was statistically lower in males than females, whereas 
no differences in the D-dimer values were observed 
among the genders. 

CONCLUSION: Our results indicate that exercise whether 
leisure or strenuous affects leukocytosis and hemosta-
sis in both genders. A major advantage of this study is 
the high numbers of individuals involved and the inclu-
sion of both females and males values.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Recreational exercise is now part of  everyday life style 
because it is important for maintaining cardiovascular fit-
ness. Emphasis is on improving cardiac input and activity 
as well as manipulating the immune system for a better 
and prolonged life. Hence, several studies were dedicated 
to examine the blood hemodynamic and hemostasis after 
exercise whether being leisure, intense or strenuous. The 

Effects of exercise on leukocytosis and blood hemostasis in 
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total number of  white blood cells (WBCs) was increased 
during and immediately after exercise[1], and both leukocy-
tosis and thrombocytosis occurred in the first 10 min of  
high-intensity exercise[2]. In 16 male volunteers (average 
age 30 years), all leukocytes except basophils and eosino-
phils were increased very early after resistance exercise 
but declined after 15 and 30 min with the exception of  
neutrophils[3]. About 5 h after exercise, there was a marked 
increase in the numbers of  blood granulocytes and mono-
cytes along with several inflammatory cytokines and che-
mokines for both well-trained and untrained runners[4]. 
Another study examined leukocytosis in 10 female soccer 
players and observed neutrocytosis but not lymphocytosis 
after one bout of  intense exercise “at 75% maximal heart 
rate”[5]. Upon comparing the immunological parameters in 
age and gender different groups it was observed that ex-
ercise induced significant increases in total leukocytes and 
lymphocytes in 11 girls as compared to 13 boys studied[6].

Neutrocytosis may depend on the duration rather 
than the intensity of  the exercise, which also depends on 
the release of  adrenocorticotropic hormone[7]. Intensive 
short-term exercise resulted in increased leukocytosis 
which included lymphocytes, granulocytes and mono-
cytes concomitant with alterations in plasma catechol-
amine levels[8]. A 30 min exercise in 8 male volunteers 
resulted in increased catecholamine and leukocytosis, 
whereas another round of  exercise 3 h later also resulted 
in enhanced leukocytosis “neutrophils and lymphocytes” 
and increased cortisol levels[9]. It was proposed that cat-
echolamine increases the number of  circulating leuko-
cytes, whereas cortisol which has a later effect maintains 
this increase in the vascular compartments[10]. Similarly, 
a short period of  recreational vigorous exercise induced 
significant leukocytosis, which could be due to the release 
of  adrenalin[11]. In contrast to these results it was re-
ported that neither the total increase nor the subsequent 
decline in plasma cortisol concentration after exercise in 
7 healthy male volunteers is important for leukocytosis[12]. 

Physical exercise also affects blood hemostasis since 
blood coagulation cascade was activated as demonstrated 
by shortening the activated partial thromboplastin time 
“activated partial thromboplastin time (APTT)”[13]. In 10 
healthy adolescents, APTT is shortened by about 15% 
immediately after exercise which returned to normal 
value after 1 h concomitant with a high increase of  fibri-
nolytic activity[14]. Similarly, activation of  the coagulation 
cascade is detectable after acute physical exercise in 10 
healthy subjects, which led to increased thrombin genera-
tion[15]. It was also reported that in 11 healthy male sub-
jects irrespective of  the type of  exercise they performed, 
alterations in markers of  thrombin and fibrin formation 
were pronounced after 1 h exercise. In this study of  high 
impact, it was suggested that prolonged exercise is neces-
sary for exercise-induced activation of  coagulation result-
ing in thrombin and fibrin formation[16]. 

In 15 healthy individuals who performed strenuous 
exercise for 15, 45 and 90 s, it was observed that this exer-
cise did not induce blood coagulation, whereas fibrinoly-

sis, e.g., generation of  tissue-plasminogen activator “t-PA” 
was increased after 15 s and remained high through the 
duration of  exercise. The release of  t-PA might be due to 
increased catecholamine concentrations and blood sheer-
stress, whereas no increase in D-dimer generation was 
observed[17]. In contrast, Gunga et al[18] observed that PT 
and APTT were both increased in 15 healthy individuals 
after 30 s exercise, and that t-PA and D-dimer levels were 
also elevated after the same period suggesting that short-
time intensive exercise shifts the homeostasis system into 
a higher equilibrium. The influence of  moderate exercise 
was also studied and it was observed that after 30 min ex-
ercise there was an increase in t-PA[19]. On the other hand, 
the levels of  APTT or D-dimer were not significantly 
increased during 15 min short-term extreme exercise, but 
APTT was decreased and D-dimer increased after termi-
nation of  the exercise[20].

Although these studies are informative, drawbacks 
include the small numbers of  samples included in each 
study (not more than 30 individuals at best). Therefore, it 
was difficult to draw a reasonable conclusion from these 
studies regarding the effects of  exercise. In the current 
study we combined monitoring blood leukocytosis and 
hemodynamic in about 800 healthy individuals, a study 
that lasted about 6 years and included comparison of  
both males and females.

MATERIALS AND METHODS
Physical exercise protocols
Healthy volunteers (age 19-44 years, average 23 years) 
were divided into two groups with different experimental 
designs. Individuals in the first group were instructed to 
run or go cross-country skiing for at least 1 h without 
any pauses. Blood samples were collected before exercise 
and 3 h after exercise, and all samples were analyzed im-
mediately after blood withdrawal. Individuals in the other 
group were instructed to use an exercise bike for 5 min at 
high resistance and with as high rpm as they could man-
age. Blood samples were collected before exercise and 
immediately after exercise. An overview of  the numbers 
of  individuals involved and the sort of  exercise they per-
formed are shown in Table 1.

Hematological tests
Duplicates of  total white blood cell counts before and 
after exercise were performed using coulter counter Z1 
from Beckman Coulter (Miami, FL, United states). Full 
blood was diluted with an isotonic salt solution and mixed 
with Zap-Oglobin II (Beckman Coulter) to lyse red blood 
cells. Blood smears were made from each EDTA-tube 
and stained using color rapid set from Lucerna-Chem 
(Lucerne, Switzerland). Differential counts of  at least 100 
WBCs were done on these smears. Triplicates of  hemato-
crit were measured before and after exercise to determine 
the changes in packed cell volume (PCV). Determination 
of  hematocrit was done by centrifuging the hematocrit 
capillary tubes in hematocrit centrifuges and then mea-
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suring on a circular micro capillary reader (Damon IEC 
division).

Coagulation tests
Vacuette sodium citrate tubes from before and immedi-
ately after 5 min intensive exercise were centrifuged for 
15 min at 2000 × g to obtain platelet free plasma. Plasma 
samples were then tested for APTT and D-dimer values. 
APTT was measured using DG-APTT kit and a Throm-
botrack coagulometer (Axis-Shield PoC AS Oslo, Nor-
way). D-dimer test was done using NycoCard D-dimer 
test kit and NycoCard READER II (Axis Shield PoC AS). 
The purpose of  this test was to determine the levels of  
D-dimer as an indirect measurement of  plasma t-PA. Cit-
rated plasma (500 μL) from before and after exercise was 
added to 0.1 U/mL thrombin (Sigma-Aldrich, St. Louis, 
MO, United states) and incubated for 5 min. A positive 
test was done from 500 μL plasma mixed with 0.01 mg/mL 
actilyse “recombinant t-PA” from Boehringer Ingelheim 
(Ingelheim am Rhein, Germany) and 0.1 U/mL thrombin. 
D-dimer concentration was measured using NycoCard 
READER. In these tests, the coagulation was performed 
on an independent set of  individuals performing only in-
tense exercise.

Heart rate and sedimentation rate 
Heart rate was measured before and after exercise at 
the same time blood was collected for the two different 
groups. For sedimentation rate (SR), blood was drawn in 
BD Vacutainer glass seditainer tubes, and SR was meas-
ured in a seditainer manual ESR stand (BD Diagnostics, 
Plymouth, United Kingdom) from all individuals involved 
in these experiments.

Statistical analysis 
Data was collected over a period of  6 years from anony-
mous individuals reporting only gender and physical con-
dition. All statistical analyses were determined utilizing 
Graphpad Prism program (San Diego, CA, United States), 
and significant values were determined using the two-tailed 
Student’s t test. A P value < 0.05 was considered to be sta-
tistically significant. 

RESULTS
Hematological evaluations 
Individuals were divided into females and males and each 
were further sub-divided into two groups; individuals in 
one group run or skied for 1 h and then rested for 3 h, 
whereas those in the other group cycled at a maximum 
intensity for 5 min. Fitness levels ranking from 1-4 were 
investigated, where 1 indicates lack of  training and 4 indi-
cates athletic “training sports at a national level” (Figure 1). 
Only 4 subjects in total reported fitness level 1, and that 
group was not further analyzed. Blood was withdrawn 
before and after each exercise. A total number of  795 
females were examined for SR, and those who showed 
20 mm/h or more were excluded from the evaluation 
(Figure 2A). Heart rate measurement was important to 
determine whether individuals optimally followed the 
instructions, particularly with the intense exercise (5 min 
cycling). As can be seen pulse (heart rate) was higher af-
ter 1 + 3 h exercise and was more pronounced after the  
5 min intense exercise (Figure 2A). There was no effect of  
1 + 3 h exercise on PCV of  females, but an increase was 
observed after the 5 min intense exercise. Exactly similar 
pattern was observed with males; those who had SR 
15 mm/h or more were excluded from the evaluation. In 
addition heart rate difference between before (B) and after 
(A) exercise was more pronounced with the 5 min intense 
cycling. Similar to females, PCV was not increased after 
the 1 + 3 h exercise but increased after the 5 min intense 
exercise (Figure 2B).

Leukocytosis examination after 1 + 3 h exercise 
A significant increase in the number of  WBCs was ob-
served in the blood of  females who run (or skied) for 
1 h and then rested for 3 h (P < 0.0001 when compared 
to the number of  WBCs before exercise, Figure 3A). 
Both segmented and stab (band) neutrophils numbers 
were also significantly increased after this mode of  ex-
ercise (P < 0.0001 for both cell types, Figure 3A). There 
was a significant increase in the number of  lymphocytes (P 
< 0.04), albeit it was much lower than neutrophils. Mono-
cytes number was not increased, whereas the number 
of  eosinophils in the blood circulation was significantly 
increased after exercise (P < 0.002). Similar findings were 
observed with males blood where the numbers of  total 
WBCs, segmented neutrophils, stab neutrophils, lympho-
cytes and eosinophils, but not monocytes were increased 
as compared to the resting state (P < 0.0001, P < 0.0001, 
P < 0.0001, P < 0.03, P < 0.0001, and not significant, re-
spectively; Figure 3B).

Leukocytosis examination after 5 min intense exercise 
WBCs numbers significantly increased in the blood circu-
lation of  females 5 min after intense exercise (P < 0.0001; 
Figure 3C). In this category, the numbers of  granulocytes, 
lymphocytes, monocytes and eosinophils were also sig-
nificantly increased after intense exercise (P < 0.0001 for 
all cell types). Similar results were observed with males 
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Table 1  Overview of individuals involved in the current study

Blood examinations Subjects Exercise Gender

SR 795 - F
506 - M

WBCs 241 Running F = 121/M = 120
273 Cycling F = 133/M = 140

Differential counting 241 Running F = 121/M = 120
273 Cycling F = 133/M = 140

PCV 241 Running F = 121/M = 120
273 Cycling F = 133/M = 140

APTT 291 Cycling F = 132/M = 159
D-dimer 279 Cycling F = 125/M = 154

SR: Sedimentation rate; PCV: Packed cell volume; APTT: Activated partial 
thromboplastin time; WBCs: White blood cells; F: Female; M: Male.
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blood where the numbers of  total WBCs, segmented 
granulocytes, stab neutrophils, lymphocytes, monocytes 
and eosinophils were increased when compared to the 
numbers of  these cells in the blood of  individuals at rest-
ing state (P < 0.0001 for all cell types; Figure 3D). Fold 
increases in the numbers of  WBCs after both bouts of  
exercise are shown in Figure 4.

It should also be mentioned that data based on fitness 
levels showed no significant differences among the vari-
ous groups on leukocytosis either after running or after 
cycling (Table 2). The only significant difference observed 
was the lower number of  WBCs circulating at resting situ-
ation between members of  group 4 as compared to those 
in group 2 (mean 5.8 × 109/L for group 4 and 6.6 × 
109/L for group 2) and also a larger change “after-before” 
numbers of  leukocytosis for members in group 4 (Table 
2). For those who cycled significantly higher changes in 

heart rate was observed after exercise for those in groups 
3 and 4 as compared to those in group 2. No significant 
differences were found when APTT and D-dimer were 
analyzed based on the fitness levels (Table 2). Further 
analysis showed that there was a significant (P < 0.0001) 
relationship between the number of  WBC’s and heart 
rate, i.e., increased heart rates are correlated with increased 
leukocytosis (Figure 5).

Hemostasis shifts into a higher equilibrium after 5 min 
intense exercise
Next, we investigated the influence of  short-term exer-
cise on the hemodynamic of  blood coagulation system. 
Both female and male healthy individuals cycled for 
5 min at high intensity. Blood samples were withdrawn 
before and after exercise and APTT as well as D-dimer 
values were measured. Results shown in Figure 6A dem-
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Figure 1  Fitness levels of individuals involved in this study. The numbers of white blood cells (WBCs) were counted according to the fitness levels of individuals 
(levels 1-4 from low to high intensity) in each group (those that run for 1 h and then rested for 3 h, and those that cycled for 5 min). The numbers of individuals in each 
category are shown. Also shown the numbers of WBCs before and after exercise. B: Before; A: After.

Table 2  Comparison of the exercise intensity levels among the various groups (mean ± SD)

Fitness level Exercise form (n) WBC increase 
(× 109/L)

Change in heart rate right 
after 5 min cycling

APTT (after-before)(s) D-dimer (after-before) 
(mg/L)

2 Running (78) 2.97 ± 0.24
2 Cycling (130) 2.44 ± 0.20 59.82 ± 2.35 -2.11 ± 0.22 0.459 ± 0.22
3 Running (118) 4.93 ± 0.41
3 Cycling (125) 3.54 ± 0.17 78.67 ± 2.34 -2.16 ± 0.19 0.631 ± 0.16
4 Running (31) 4.84 ± 0.27
4 Cycling (25) 3.80 ± 0.41 86.80 ± 5.30 -2.05 ± 0.31 0.959 ± 0.67

Individuals were divided into groups according to physical activities ranging from 1 (no activity) to 4 (high intense activity). The numbers of increased 
WBCs after 1 h run and 3 h rest (Running group), and after 5 min intense cycling (Cycling group) are shown. Shown are changes in the heart rates among 
the various groups. Also shown are the differences in activated partial thromboplastin time (APTT) and D-dimer measurements. WBCs: White blood cells.
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onstrate that APTT was decreased in females, i.e., short-
ened time after this type of  exercise. APTT is decreased 
after exercise and was significantly lower than before 
exercise (P < 0.0001). From the same blood, plasma 
levels of  D-dimer showed increased values after exer-
cise (P < 0.04). A high D-dimer level was also observed 
when the plasma from females was supplemented with 
thrombin and recombinant t-PA. Similar pattern was 
observed with the blood of  healthy males, where APTT 
was significantly shortened (P < 0.0001), and D-dimer 
significantly increased (P < 0.007) after 5 min intense 
exercise (Figure 6B). Curiously, the decrease in APTT 
found in males was significantly higher than those found 
in females (Figure 6C), whereas no significant difference 
was observed when D-dimer was compared among the 
genders (Figure 6C).

DISCUSSION
The numbers of  granulocytes, lymphocytes and mono-
cytes have been reported to be increased after exer-
cise[1-12], but the numbers of  samples in these studies 
were too small to come up with a consensus. In addition, 
effects of  exercise on gender differences are surpris-
ingly unclear. Avloniti showed that there is a significant 
increase in total WBCs of  elite female national-team soc-
cer players as well as increased their heart rates after ex-
ercise[5]. Also, a great weight loss occurred after running 
in both males and females[21]. However, no differences in 
the post-exercise systolic blood pressure or heart rates 
were detected among healthy young males and females 
after exercise[22]. These results were supported by the 
study of  Fernandez-Fernandez et al[23], showing no differ-
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Figure 2  Evaluation of blood and hearts. A: Sedimentation rate (SR) was measured in 795 female students (age 19-44 years, average 23 years old). Females 
with SR more than 20 mm/h were excluded from the evaluation (above the thick line). Packed cell volume (PCV) and heart rate (pulse) changes were calculated after 
exercise minus before exercise in 120 females who run or skied for 1 h and then rested for 3 h (1+3 h). PCV and pulse were also measured in about 135 females 
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Figure 3  Evaluation of leukocytosis before and after leisure exercise. A: Total numbers of white blood cells, segmented (seg.) neutrophils, stab (band) neutro-
phils, total lymphocytes, monocytes and eosinophils were calculated from 121 healthy females before and after 1 h run (or ski) and 3 h rest. Lines indicate the mean 
values. P values compared the differences in the numbers between after and before exercise; B: This is similar to panel A, except that 120 healthy males were exam-
ined. Each dot represents one individual; C: Total numbers of white blood cells, segmented neutrophils, stab (band) neutrophils, total lymphocytes, monocytes and 
eosinophils were calculated from 133 healthy females before and after 5 min of intense exercise. Lines indicate the mean values. P values compared the differences 
in the numbers between after and before exercise; D: This is similar to panel A, except that 140 healthy males were examined. Each dot represents one individual. B: 
Before; A: After; WBC: White blood cell.

ences among females and males heart rates during bad-
minton match play. Here, we examined a large number 
of  medical students whom we taught the blood course in 
the department of  Physiology at the University of  Oslo 
medical school between January 2007 and June 2012. 
The students were divided into two groups (males and 
females) and were further sub-divided into a group where 
individuals run (or skied during winter time) for 1 h and 
then rested for three h, whereas those in the other group 
cycled at a maximum intensity for 5 min. The intensity of  
the exercise was monitored by measuring the heart pulse 
after exercise and compared it to before exercise. PCV 
showed no difference in the group that run for 1 h and 
then rested for 3 h, but an increase in PCV occurred after 
5 min exercise. This could be due to the pressure exerted 
on RBCs during intense exercise due to blood sheer 
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stress and outward filtration of  plasma from vasculature 
into tissue space, among other factors. 

In the 1 + 3 h group, significant increases in the num-
bers of  segmented neutrophils, band neutrophils and eo-
sinophils were observed after this bout of  exercise. Lym-
phocyte numbers were also increased, although to a much 
lower extent than the other cells, whereas no increase in 
the numbers of  monocytes was observed. These results 
could be due to the recruitment of  cells from the bone 
marrow. It was previously observed that CXCL1/interleu-
kin (IL)-8 is increased in the blood circulation of  female 
soccer athletes performing exercise[6]. This chemokine is 
also increased in the blood of  16 male volunteers 5 h after 
exercise[3]. Increased CXCL8/IL-8 concentration could 
explain the higher numbers of  neutrophils observed after 
this bout of  exercise. However, the numbers of  eosino-
phils could not be explained by increased CXCL8/IL-8 
levels, since these cells do not express CXCR1 or CXCR2, 
receptors that bind CXCL8/IL-8. Instead, the results may 
be due to increased cortisol levels which peaks after 3 h 
of  exercise and which maintains cells in the vascular com-
partments, as shown by others[10]. Alternatively, the levels 
of  eotaxin/CCL11 may also be increased which could be 
responsible for the recruitment of  eosinophils into the 

circulation since these cells express CCR3 that binds this 
chemokine[24-26]. One can also exclude the possibility that 
MCP-1/CCL4 is released at this stage, since it is the major 
chemokine recruiting monocytes which express CCR2 
that binds this chemokine[24-26]. Lastly, no differences were 
demonstrated in the patterns of  cell accumulation in the 
blood circulation after 1+3 h exercise between females 
and males.

However, different patterns of  cell accumulation in 
the blood circulation were observed after 5 min intense 
exercise. Blood samples collected from individuals that 
exercised intensely showed increased numbers of  all cell 
types including segmented and stab (band) neutrophils, 
lymphocytes, monocytes, and eosinophils. This increase 
could be due to potentiating the sheer blood flow that 
occurs during this sort of  exercise as previously de-
scribed[17]. It could also be due to the release of  catechol-
amine which was reported to be increased in plasma after 
intensive short-term exercise[8,11]. We also noted a similar 
pattern of  cell accumulation in the blood circulation of  
males and females performing similar activity, suggesting 
that there are no gender differences in relation to neutro-
cytosis, lymphocytosis or monocytosis after this type of  
exercise. A correlation between increased heart rate and 
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enhanced leukocytosis was also observed.
Our work also combined leukocytosis with hemosta-

sis. We observed that in both males and females a shift 
towards higher homeostasis occurred after 5 min intense 
exercise. Hence, both higher coagulation (shortened 
APTT) and D-dimer activation were observed. These re-
sults suggest that during exercise, the increase in coagula-
tion is offset by enhanced fibrin degradation. To this end, 
we observed that increased coagulation was significantly 
higher in males than females, albeit no difference was 
observed in their D-dimer activity. This may suggest that 
males might be more prone to higher coagulation after 
intense short-term exercise than females. The impact 
of  these findings on the exercise ability among genders 
has not yet been publicized but it might be important 
to distinguish the coagulation patterns among genders 
when one is planning exercise regiments. Collectively, our 
results support those of  Gunga et al[18] where both coagu-
lation and fibrinolytic cascades are increased in healthy 
individuals after short-term intense exercise. 

D-dimer is increased in patients with deep venous 
thrombosis and pulmonary embolism[27]. In this regard, 
elevated plasma concentrations of  von Willebrand fac-
tor, t-PA and PAI-1 could be predictors of  myocardial 
infarction and stroke incidence in older or in cardiac 
patients[28]. However, fibrinolysis is increased during 2 h 
triathlon where it neutralizes the increase in thrombin 
generation[29], and increased D-dimer activity in healthy 
individuals is a marker of  hydrolyzing the cross-linked fi-
brin by plasminogen which is generated from plasmin by 
t-PA. 

The advantages of  our study as compared to other 
published data are: (1) large numbers of  samples were 
examined; (2) comparison was done among male and 
female healthy individuals performing two different kinds 
of  exercise; and (3) both leukocytosis and hemostasis 
observations were included. Taken together, we observed 
that WBCs are accumulated in the blood circulation after 
5 min intense exercise or after 1 h run plus 3 h rest and 
that the mechanism of  accumulation is different among 
the two types of  exercise. The results also suggest that in 
both types of  exercise, changes in the hemodynamic of  
blood cells in the circulation took place, and the effects 
may not dampen the immune system but instead may 
potentiate it due to increased numbers of  immune cells 
in the circulation. Hence, although exercise may resemble 
acute inflammation regarding recruitment of  leukocytes, 
the effect of  exercise could be beneficial since most cells 
are recruited into the blood circulation rather than into 
inflamed tissues such as what happens during infections. 
Regarding hemostasis, our results continue to support 
others demonstrating a shift of  the hemostasis system 
into a higher equilibrium after exercise. It was previously 
suggested that changes in hemostasis during exercise may 
induced coronary ischemia and possibly sudden death[30]. 
However, based on the numbers of  individuals examined 
in our study and their gender status, we support the con-
sensus that short-term intense exercise or leisure exercise 

that may last up to 1 h is beneficial and should be contin-
ued particularly for healthy individuals.

COMMENTS
Background
Exercise is part of normal life. However, the effects of exercise in health and 
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