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Abstract Background Age-related changes in blood
coagulation and fibrinolytic factors are associated with an
increase in risk of thrombotic events. The purpose of this
study was to assess the effects of age, regular aerobic
exercise and detraining on blood coagulation and fibrino-
lytic factors in men. Methods Initially, 41 sedentary and
42 physically active men (20-64 years) were analyzed for
plasma levels of coagulation and fibrinolytic factors.
Twelve sedentary men were then subjected to 16-week
aerobic exercise training and subsequent 2-week detrain-
ing. Their blood samples taken at rest were assayed for
activity levels of prothrombin, coagulation factor (F) V,
VII, VIII, IX, X, XI and XIII, antithrombin III, protein C
and plasminogen, and for antigen levels of fibrinogen,
prothrombin fragment 1 + 2 (F1 + 2), FIX, protein C, tis-
sue-type plasminogen activator (tPA), plasminogen
activator inhibitor 1 (PAI-1) and tPA/PAI-1 complex.
Results Plasma levels of most coagulation factors, par-
ticularly for fibrinogen and FIX antigens as well as FXIII
activity significantly increased with aging in sedentary
men, while that tendency disappeared in physically active
men. By the exercise training, plasma antigen and/or
activity levels of most blood coagulation factors except for
prothrombin and FIX decreased. These training-effects,
however, disappeared after detraining, and in some cases
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even rebounded to higher levels than those of pre-training.
Plasma antigen levels of tPA, PAI-1 and tPA/PAI-1 com-
plex decreased with the training and remained low even
after detraining. Conclusion Regular aerobic exercises
give complex effects on expression of hemostatic factors,
overall favoring the hemostatic balance to less thrombotic,
partly cancelling out the age effects.

Keywords Aging - Exercise - Coagulation system -
Fibrinolytic system

Introduction

Plasma concentrations or activated forms of most blood
coagulation factors gradually increase with advancing age,
while fibrinolytic and anticoagulant factors stay more or
less constant or even slightly lower [1-3]. This disparity
between procoagulant and anticoagulant/fibrinolytic activ-
ities apparently results in age-related increase in the overall
blood coagulation activity, and the first molecular mecha-
nism presumably responsible in part for this phenomenon
was recently discovered [4]. Age-related changes in
coagulation and fibrinolytic factors may be associated with
an increase in risk of atherothrombotic events [5-7].
Thrombosis plays a critical role in the pathogenesis of
cardiovascular diseases including acute myocardial
infarction, unstable angina and sudden cardiac death [5-7].

Cross-sectional studies with large patient cohorts indi-
cated that physically active people have lower plasma
concentration levels of coagulation factors [8], and higher
concentration levels of fibrinolytic factors [2, 9], than those
of sedentary counterparts. However, these cross-sectional
analyses failed to make a meaningful correlation of the
differences observed among groups with regular physical
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exercises, separating from the effects of lifestyles or con-
stitutional and genetic influences. Several interventional
studies carried out to date with middle-age and elderly
subjects actually produced inconsistent results, either
positive [9—-11] or none-positive [3] effects of aerobic
exercise training on coagulation and fibrinolytic factors in
relation to lowering the risk of cardiovascular diseases. To
our knowledge, impacts of regular physical activity on
several coagulation factors (i.e., V, X, XI, XIII) have never
been extensively studied.

In this study, by taking cross-sectional and intervention
experimental approaches, we tested our hypothesis that
regular aerobic exercise training may attenuate age-related
adverse changes in coagulation and fibrinolytic factors in
men. We also tested whether short-term detraining mod-
erates the effects obtained through training on blood
coagulation and fibrinolytic factors.

Methods

Subjects of study

In a cross-sectional study, 41 sedentary and 42 physically
active men (20-64 years of age) were included. Men with at
least 30 min of moderate intensity physical activity, more

than 2 times per week, were defined as a physically active

Table 1 Characteristics of subjects in the cross-sectional study

subject group. Sedentary and physically active groups were
age-wise divided into three subgroups including 20-34,
35-49, and 50-64 years of age. Their physiological charac-
teristics were shown in Table 1. Twelve sedentary healthy
middle-age men (50 + 3 years of age) were also subjected to
an interventional study. All subjects were normotensive
(<140/90 mmHg) and free of overt chronic heart diseases as
assessed by medical history and physical examination. All
subjects were non-medicated. All subjects gave their written
informed consents for participating in this study, which were
reviewed and approved by the local Institutional Review
Board before commencement.

Experimental procedures

All measurements were performed after an abstinence of
caffeine and an overnight fast. To avoid effects of acute
exercises, subjects were instructed not to perform any
training and other vigorous physical activities on the day
prior to that when measurements were done. After the
measurements of height, body mass, and body mass index
(BMI), phlebotomies were performed with minimal veno-
stasis. The first 6 ml aliquots of blood were collected in
three syringes containing 3.0 mg of EDTA-2Na, and used
for determining levels of plasma cholesterol and lipopro-
tein(a) [Lp(a)]. Blood sample for determining plasma

Sedentary men

Physically active men

Age 20-34 Age 35-49 Age 50-64 Age 20-34 Age 35-49 Age 50-64
n 12 15 14 14 12 16
Age (years) 27 £ 1 39+ 1 58+ 1 23+ 1 43 £ 1 58+ 1
Height (cm) 170 £ 2 171 £ 2 168 = 1 173 £ 1 172 £ 2 168 + 1*°
Body mass (kg) 67 £ 4 67+ 2 66 =2 67 £ 1 65 +2 65 1
Body mass index (kg/m?) 23.1 1.1 229 0.6 23.6 £ 0.7 225+0.5 22.1+0.3 233 +0.5
Heart rate (bpm) 59 +2 62+3 61 +2 51 +2°¢ 52 +2° 56 +2
Systolic BP (mmHg) 117 £ 4 118 £3 119 £ 4 114 +2 116 +2 121 £3
Diastolic BP (mmHg) 70 £ 3 74 +2 77 £ 2° 62+ 1° 73 + 2% 77 £ 2°
Mean arterial BP (mmHg) 87 +3 88 +3 91 +£3 82 +1 87 +2 92 +2°
Fasting glucose (mg/dL) 90 3 892 99 + 3% ° 92 +£2 95+3 94 2
Total cholesterol (mg/dL) 181 =8 188 + 6 204 + 8* 175 = 8 205 + 8* 214 + 10*
HDL cholesterol (mg/dL) 55+3 532 58 +4 66 +5 64 £5 59 +4
LDL cholesterol (mg/dL) 113 +£9 1125 114 £ 5 2+5 121 = 5¢ 127 = 8*
Lipoprotein (a) (mg/dL) 11.8 £33 14.0 £ 6.1 31.1 = 82%° 9.1+24 94 +20 9.8 +£2.0°
VO,max (ml/kg/min) 38312 332+ 1.3° 29.8 + 1.9° 52.6 + 3.2¢ 357 + 1.8° 313 +1.2°

Values are mean (SE)

? P <0.05 vs. Age 20-34 of same physical activity status
® P <0.05 vs. Age 3549 of same physical activity status
¢ P < 0.05 vs. sedentary same age-group

BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; VO,max, maximal oxygen consumption
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glucose was collected in 2.0 ml syringes containing 2.5 mg
of sodium fluoride and 7.4 mg of EDTA-2Na. Blood
samples for determining blood coagulation and fibrinolytic
variables were collected in 1.8 ml syringes containing
3.8% sodium citrate. Within 30 min of phelebotomy, all
blood samples were centrifuged for 20 min at 3,000g at
4°C. Serum and platelet-poor plasma samples were ali-
quoted and stored at —80°C until further analyses. After
blood sampling, hemodynamic variables and maximal
oxygen consumption were measured.

Measurements
Coagulation, anticoagulation, and fibrinolytic factors

Plasma activity levels of coagulation factors (F) including
prothrombin, FV, FVII, FVIII, FIX, FX, and FXI were ana-
lyzed by one-stage clotting assays according to the standard
methods with minor modifications [12]. Plasma antigen levels
of fibrinogen, FIX, prothrombin fragment 1 + 2 (F1 + 2),
tissue-type plasminogen activator (tPA), plasminogen activa-
tor inhibitor 1 (PAI-1) and tPA/PAI-1 complex were analyzed
by enzyme-linked immunosorbent assay (ELISA) as described
[13, 2]. Plasma activity level of FXIII was measured by a
photometric assay using a synthetic substrate [14]. Plasma
activity levels of plasminogen and antithrombin IIT (ATIII)
were analyzed by using a chromogenic substrate assay [15, 16].
Plasma protein C (PC) antigen and activity levels were mea-
sured by a latex agglutination immunoassay and activated
partial thromboplastin time method, respectively [17].

Metabolic risk factors

Fasting plasma levels of total cholesterol, LDL-cholesterol
and glucose were determined by standard enzymatic
methods [18]. Fasting plasma HDL cholesterol level was
evaluated by a synthetic polymer method [18], while Lp(a)
was measured by using a latex immunoassay [19].

Hemodynamic variables

After at least 15 min of supine rest in a quiet, temperature-
controlled room, electrocardiogram and brachial blood
pressures were simultaneously measured with a vascular
testing device (form PWV/ABI, Colin Medical Technology,
Komaki, Japan).

Maximal oxygen consumption

Subjects were subjected to an incremental-graded cycling
exercise for 2 min at 20 Watt followed by 15 Watt

increase every 1 min, until they reached 85% age-predicted
maximal heart rate (208-0.7 x age) [20]. Oxygen con-
sumption and heart rate were monitored with an online
computer-assisted circuit spirometry and electrocardiogram
(AE300S, Minato Medical Science, Tokyo, Japan). Maxi-
mal oxygen consumption (VO,max) was estimated by the
age-predicted maximum heart rate and the linear regression
line between heart rate and oxygen consumption during
cycle exercise as we previously described [21].

Aerobic exercise training and detraining intervention

Interventional studies were carried out by subjecting sed-
entary men to 16 weeks of aerobic exercise training and
subsequent 2 weeks of detraining. Subjects were first pro-
vided with an orientation, followed by exercise training on
their own. During the first 2 weeks, subjects performed a
relatively low intensity exercise training composed of brisk
walking or jogging with 60% heart rate reserve, 30 min/
day and 3-4 days/week. Thereafter, exercise intensity and
duration of training were increased to 75% heart rate
reserve, 45 min/day and 4-5 days/week. Exercise intensity
during the training was monitored using a heart rate
monitor (Polar, Tokyo, Japan) and physical activity logs.
All subjects reported these records to us by e-mail. Subjects
were instructed not to perform exercise other than sched-
uled trainings during the training period, and to limit other
exercises to daily living actions during the detraining
period.

Statistical analysis

To assess the results obtained from the cross-sectional and
interventional approaches, two-way ANOVA (age and
physical activity) and repeated measures of ANOVA were
used. All data are reported as mean (SE). Statistical sig-
nificance was set a priori at P < 0.05 for all comparisons.

Results

Age cross-sectional study

Physical characteristics

As shown in Table 1, heart rates were lower in physically
active men than those of sedentary peers. VO,max signif-
icantly decreased with aging in both sedentary and
physically active men. The youngest physically active

group showed a significantly higher VO,max than their
sedentary peers. Significant increases in plasma levels of
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total cholesterol and fasting glucose with aging were
observed in sedentary men. In physically active groups,
plasma total cholesterol and LDL cholesterol significantly
increased with aging. Plasma levels of Lp(a) significantly
increased with aging in sedentary subjects but not in
physically active men.

Coagulation variables

As summarized in Fig. 1, resting plasma antigen levels of
fibrinogen, F1 + 2, FIX and PC, and activity levels of FIX
and FXIII showed significant age-related increases for
sedentary men, while physically active men showed sig-
nificantly lower levels of plasma FX and FXI activity than
sedentary men (ANOVA: P < 0.05 for both). Particularly,
plasma level of FX activity was significantly higher in
physically active men aged 35-49 than physically active
men aged 20-34, whereas that in physically active men
aged 50-64 was significantly lower than their sedentary
peers. Plasma activity level of FXI was significantly lower

Fig. 1 Effects of aging and
physical activity level on
coagulation and fibrinolytic
Factors. Values are mean + SE.
*P < 0.05 vs. Age 20-34 of
same physical activity status,
TP < 0.05 vs. Age 35-49 of
same physical activity status,
1P < 0.05 vs. sedentary same
age-group
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in physically active men aged 20-34 than those in their
sedentary peers and in physically active men aged 50-64.
Plasma FVIII activity significantly increased with aging in
physically active men but not in sedentary men. Significant
effects of aging were not observed in plasma activity levels
of prothrombin and ATIIIL.

Fibrinolytic variables

Effects of aging and physical activity on fibrinolytic factors
were shown (Fig. 1). Plasma antigen levels of tPA and tPA/
PAI-1 complex increased with aging in sedentary and
physically active men. However, physically active men
showed significantly lower plasma antigen levels of tPA
and tPA/PAI-1 complex than those in sedentary men
(ANOVA: P < 0.05 for both). Plasma PAI-1 antigen level
did not change with aging in sedentary and physically
active men. Plasma level of plasminogen activity was
significantly higher in physically active men aged 35-49
than physically active men aged 20-34, whereas that in
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physically active men aged 50-64 was significantly lower
than their sedentary peers.

Interventional study
Physical characteristics

As shown in Table 2, body mass and BMI significantly
decreased by exercise training, and remained low even
after detraining. VO,max significantly increased by exer-
cise training. With exercise training, systolic, diastolic and
mean blood pressures and plasma levels of LDL choles-
terol and total cholesterol tended to decrease, albeit not
significantly (ANOVA: P < 0.10 for all). Heart rate and
plasma levels of HDL cholesterol and Lp(a) did not change
significantly throughout the observation period. Fasting
plasma glucose levels significantly increased after the
training program, and remained at significantly elevated
levels even after the detraining period.

Coagulation variables

As shown in Fig. 2, coagulation factors showed significant
changes with exercise training and detraining. Plasma
activity levels of FV, FVIII, FX, FXI, and FXIII decreased
significantly by exercise training. After detraining, FX and
FXI activity levels returned to the pre-training levels,
whereas FV, FVIII and FXIII activity rebounded by

Table 2 Characteristics of subjects in the intervention study

Before After After

training training detraining
Age (years) 51+3
Height (cm) 169 + 2
Body mass (kg) 66.6 +35 65.0+32" 64.7+3.3"
Body mass index (kg/m?) 234+ 1.0 22.8+0.9* 227+ 1.0
Heart rate (bpm) 57«2 52+2 55+2
Systolic BP (mmHg) 118 + 4 114 £ 4 114 £ 3
Diastolic BP (mmHg) 76 £ 3 72+3 72 +3
Mean BP (mmHg) 90 + 4 86 +3 86 + 2
Fasting glucose (mg/dL) 91 +2 97 £ 2° 98 + 2
Total cholesterol (mg/dL) 213 £ 12 187 £ 9 205 + 8
HDL cholesterol (mg/dL) 63 +3 61 £3 61 £3
LDL cholesterol (mg/dL) 127 £ 10 113 £7 117 £7
Lipoprotein (a) (mg/dL) 21.5+£78 21.0+7.0 21.9+79
VO,max (ml/kg/min) 327+15 358+15%

Values are mean (SE)
# P < 0.05 vs. before training

BP, blood pressure; HDL, high density lipoprotein; LDL, low density
lipoprotein; VO,max, maximal oxygen consumption

detraining reaching levels significantly higher than the pre-
training levels. The plasma FIX activity level increased
significantly by training and returned to the pre-training
levels after detraining. Although the plasma prothrombin
activity level increased significantly by training and
remained high even after detraining, plasma F1 + 2 con-
centration did not change significantly. Plasma protein C
activity showed slight increases with training and detrain-
ing. Plasma levels of FVII activity and FIX antigen showed
no significant changes with training, but rebounded to
significantly higher levels after detraining. FIX activity
showed an increase and stayed elevated even after
detraining, although the latter level was not as high as that
of the FIX antigen. Plasma levels of fibrinogen, PC antigen
and ATIII activity did not change significantly either with
training or detraining.

Fibrinolytic variables

In Fig. 2, changes in fibrinolytic factors by exercise train-
ing and detraining were also shown. Plasma antigen levels
of tPA, PAI-1, and tPA/PAI-1 complex significantly
decreased by training, and remained low even after
detraining. Plasma plasminogen activity level significantly
decreased by exercise training, and returned to the baseline
levels after detraining.

Discussion

In spite of significant studies including these, few com-
prehensive studies have been done on the impacts of
regular physical activity on other coagulation factors in
relation to age [2, 3, 8—11]. Particularly, no systematic
studies have been done on coagulation factors, FV, FX,
FXI and FXIII. This situation explains the current limited
understanding of age-related influences of aerobic exercise
training on hemostatic factors of middle-aged and elderly
people. In the present studies, we carried out inclusive
studies aiming to make a comprehensive understanding of
effects of physical exercises on hemostatic parameters.

In the present study, our training—detraining program
successfully detected the effects of aerobic exercise train-
ing on plasma levels of coagulation as well as fibrinolytic
factors. Plasma levels of most coagulation factors, partic-
ularly for fibrinogen and FIX antigens as well as FXIII
activity show significant age-related increases in sedentary
men, but not in physically active men. In both cross-sec-
tional evaluation and interventional testing, men with
regular physical activities and aerobic exercise trainings
showed lower levels of plasma FX and FXI activities as
well as of tPA and tPA/PAI-1 complex levels. Exercise
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training also lowered plasma activity levels of FV, FVIII
and FXIII, although detraining resulted in rebounds, driv-
ing their levels to higher than pre-training levels.
Interestingly, physical exercises significantly lowered the
plasma F1 + 2 level without rebounding with detraining,
while prothrombin activity showed a training-dependent
slight increase. The reason for this apparent contradiction
requires further study.

We also found that age-related augmentation of several
coagulation factors, including plasma activity level for
FXIII, is significantly suppressed in physically active men.
Through cross-sectional evaluation and interventional
testing, we confirmed such suppressing effects of regular
physical activity and exercise training on plasma FX and
FXI activity levels. Similarly, plasma FV activity level was
also significantly lowered by aerobic exercise training in
the interventional experiment, while no significant differ-
ences were found in these activity levels between
physically active men and sedentary peers. This is the first

@ Springer

comprehensive study suggesting that the regular aerobic
exercise training may work to counter the age-related
increase in activities of coagulation factors such as FV, FX,
FXI, and FXIII.

Interestingly, FVIII and FIX activities showed a differ-
ent pattern from other coagulation factors. Plasma FVIII
and FIX activity levels were found in the cross-sectional
analysis to be significantly higher and lower in physically-
activity men than in the sedentary peers, respectively.
However, for sedentary middle-aged men in the interven-
tional evaluation, FVIII and FIX activities decreased and
elevated, respectively, by aerobic exercise training. These
findings support that each coagulation factor is uniquely
controlled in a specific manner in regard to physical
exercises, warranting further testing of effects of prolonged
and various intensity exercises on individual factors.

Plasma antigen levels of tPA, PAI-1, and tPA/PAI-1
complex in physically active men are lower than in sed-
entary peers, and similarly that plasma levels of tPA and
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PAI-1 antigens and tPA/PAI-1 complex significantly low-
ered by 4 months of moderate-intensity aerobic training
compared to the pre-training levels. These findings suggest
that regular moderate-intensity physical activities have
general effects of lowering plasma levels of fibnolytic
factors, supporting the previous cross-sectional observa-
tions reported by others [2, 9].

The training—detraining program used in this study suc-
cessfully detected the effects of aerobic exercise training on
plasma levels of coagulation as well as fibrinolytic factors.
Plasma FX and FXI activity levels, once decreased by exer-
cise training, are recovered by detraining to the pre-training
baseline levels. Decreased plasma levels of tPA activity, PAI-
1 antigens and tPA/PAI-1 complex antigen by exercise
training also showed a tendency of returning to the baseline
level by detraining. They, however, still remained at signifi-
cantly low levels than pre-training levels. Unexpectedly,
plasma levels of FV, FVIII, and FXIII activities and FIX
antigen rebounded by detraining beyond the pre-training
baseline levels. This may imply that habitual, and not non-
habitual, aerobic exercise or physical activity is important for
ensuring a low risk condition for cardiovascular diseases.
Specific mechanisms for inducing such effects of regular
physical exercise on coagulation and fibrinolytic factors
remain to be determined.

Our cross-sectional studies also showed that regular
physical exercises reduce age-related increases of plasma
Lp(a) level, an emerging important risk factor for cardio-
vascular disease [22]. More investigations of the effects of
regular exercise trainings on the plasma concentration of
Lp(a) are needed for clearing conflicting conclusions
described by others [23].

Together with the beneficial effect of regular aerobic
physical activities on cholesterol, these effects of regular
aerobic exercise observed on hemostatic factors may con-
tribute to lower the risk of atherothrombosis and
cardiovascular diseases. Importantly, moderate intensity and
brisk walking/jogging mode of exercise trainings examined in
our interventional studies are simple, safe, and practical for an
individual to continue for ling term, and easily incorporated
into an ordinary lifestyle as a regular exercise protocol.

In conclusion, through cross-sectional and interventional
examinations, we showed that regular aerobic physical
activities give complex, but mostly lowering effects of
plasma antigen and activity levels of blood coagulation as
well as fibrinolytic factors.
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