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ABSTRACT
The present study examined the effects of progressive exercise (pyramidal) short-term program
on plasma fibrinogen, lipid profile and blood viscosity in untrained young men. Changes and
imbalances in homeostasis lead to cause of heart attacks. There is conflicting information about
the effect of exercise on these factors. 19 young healthy untrained men were randomly assigned
to the exercise group (n = 10) and controls (n = 9) groups. Exercise training group with
increasing severity of heart maximum 25 to 100 percent began to run the practice (pyramid) in
42-minute sessions, 3 times a week, for 4 weeks. There was no significant difference between the
parameters of body composition, control, and training groups. Levels of total cholesterol and low
density lipoprotein density and viscosity of the blood significantly decreased in the training group
compared with the control group (p value, respectively is 0.001, 0.001 and 0.035). The changes
in the concentration of fibrinogen, high-density lipoprotein and triglycerides in both groups are
not significant in both groups (p value, respectively is 0.645, 0.993 and 0.421). The present
results show that it is possible that progressive training (pyramidal) short-term program changed
the levels of cardiovascular risk factors by reducing blood viscosity.
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INTRODUCTION
Cardiovascular is a hazardous and lethal

problem in the industrialized world today.
One of the most important heart diseases -
coronary common is atherosclerosis (1).
Studies have shown that inflammation plays
a pivotal role in the progression of
atherosclerosis. It can also lead to increased
inflammation, coagulation factors including
fibrinogen levels, which stimulate
prothrombin and causing the development
and progression of atherosclerosis (2). The
research suggest that there are some
fibrinogens as a cofactor for platelet
aggregation and thrombin specific
substances in blood coagulation, and it plays
a central role in the initiation and
progression of cardiovascular disease (3).
Fibrinogen is not only considered as an
indicator of inflammation (3), but as a part
of the process depending on homeostasis and
thrombosis which has also been noted (4).
Homeostasis body system imbalance can
lead to a form of sudden and often dying of
blood clots (5). Several factors such as
hypercholesterolemia, hyperlipidemia, and
increased lipoprotein can stimulate or
increase deformed inflammation (2). One of
the main mechanisms triggering
inflammation, low density lipoprotein levels
may change as the main cause of damage to
the endothelium and vascular smooth muscle
is known (6). Also low density lipoprotein in
the presence of fibrinogen deposition
appears to be related to the vascular wall (7).
On the other hand, it is believed to improve
cardiovascular index of high-density
lipoprotein. Lipoprotein lipase activity,
fibrinogen, homocysteine, and blood
viscosity prevent heart disease, which are
directly related to cardiovascular disease (8,
9). Clotting factors in the blood stream and
spread cardio - vascular problems associated
with it are important (10). Blood viscosity
depends on blood viscosity and thickness.
One can say hematocrit, viscosity and blood

viscosity are directly correlated with each
other and plasma volumes are inversely
correlated with plasma volume (11).
Increased hematocrit, blood viscosity
increased and thus the amount of blood flow
velocity decreases and thus reduces the
oxygen supply to the tissues (11, 12). In
addition to the increase in blood hematocrit,
increased friction between adjacent layers,
as a result, leads to the progress of heart-
vascular disease (11).

Although the acute exercise have a no
effect (13) or results in a blood coagulation
increase (14, 15); exercise training,
particularly aerobic exercises by reducing
lipid levels, high-density lipoprotein levels,
reduce oxidative stress and improve clotting
factors, which can enhance the performance
of cardio-vascular causes (15-17). However,
studies have shown that improving the
physical fitness of exercise, especially after
aerobic exercise has a significant positive
effect on blood clotting time leaves (17, 18).
Hence, aerobic exercises can be as a tool for
treatment and prevention of heart-vascular
disease (17, 18). Borer et al. reported that
after 15 weeks of endurance training
fibrinogen levels significantly increased in
postmenopausal women (19). While, the 12-
week walking exercises (20 to 30 minutes of
fast walking, three times a week, on with
moderate intensity during daily activity)
were not associated with a significant
decrease in fibrinogen levels in women (20).
Fibrinogen levels in adolescent boys are off,
but after an exhaustive session up and down
stairs, (The alternating rhythmic activity of
one minute and 30 seconds of rest) they
mean no significant change (21). The
research results indicate the effects of
different variables such as subject number,
type, severity, duration, acute and chronic
exercise on inflammatory protein response.
Although some of the benefits of physical
activity may be due to its effects on
homeostasis system; but increased
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cardiovascular events and sudden death
occur during or immediately after exercise,
to further investigate the relationships
between physical activity and the demands
of homeostasis (22). Very limited research
on the effect of increasing aerobic exercise
(pyramidal) on plasma levels of fibrinogen,
especially in young people is done.
Therefore, this study was conducted. The
present study investigated the short-term
effects of 4 weeks (pyramidal) on
fibrinogen, blood viscosity and lipid profile
in untrained young men.

MATERIALS AND METHODS
This quasi-experimental study was

performed with pre-test and post-test model.
Subject. 19 inactive male students from

Maziar University of city of Mahmud Abad,
who hadn’t heart and cardiovascular disease,
renal and liver dysfunction, and tobacco and
alcohol consumption, and also were not
treated with steroid drugs, special diets, and
regular exercise, participate in the study

voluntarily. Written consent was obtained
from participants after preliminary
investigation and primary selection. Then
Eligible subjects were randomly divided into
two groups, the practice (n = 10) and the
control (n = 9).

Procedure. Height, weight, percent body
fat, blood pressure of subjects and body fat
percentage were measured using a body
composition analyzer. Training program
includes four weeks (three sessions per
week) of extension training (pyramidal) in
two 21-minute cardio, with 10 minutes rest,
between exercises, 42 minutes in total at an
intensity between 25 and 100 percent
maximum heart rate of subjects (Figure 1),
the maximum heart rate of each subject was
controlled using a polar hear rate monitor
(Model AXN300 made in Finland) based on
Karvonen Heart Rate formula calculation.
Each training session contains a warm-up
(10 min), main exercise (figure 1), and cool-
down (10 min) with light running and
stretching (23).

Figure1. Progressive pyramidal aerobic exercise steps

Blood sampling was conducted 48 hours
before the first training session and 48 hours
after the last training session. Subjects were
asked to refrain from consuming food 12
hours before blood sampling. In order to
maintain circadian rhythm and control
sampling time, samples were assessed before

and after 8 am. Right brachial vein blood
samples was maintained from the subjects
was 10 ml, the material in tubes containing
anticoagulant (EDTA) (Ethylene diamine
Tetra Acetic Acid) is quickly gathering
speed centrifugation and collected by
centrifugation (2000 rpm speed for 10
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minutes) and plasma samples were obtained
until the freezer at - 80 ° C. Fibrinogen level
measured by the analyzer were made in
Germany. Plasma viscosity was calculated
by the following equation (24):

Plasma viscosity = 1.352 + 0.0167  TC (mmol) +
0.0285  fibrinogen (g/l) + 0.0054  TG (mmol) +
0.00318  hematocrit – 0.03  HDL-C (mmol)

Concentrations in plasma lipid levels
(TC, TG, and HDL-C) were measured by a
device (Cobas Integra 400 plus Analyzer)
made in Germany. For LDL-c was
calculated by the following equation (25):

LDL-c (mg/dL) = TC - (HDL-c + TG / 5)

Statistical Analysis. Normal distribution
confirmed using Kolmogorov - Smirnov test,
ANOCOVA was used to statistical analysis
and comparison between groups, and
Pearson's correlation coefficient was used to

determine the relationship between the
variables. All data as mean and standard
deviation are presented in calculations using
SPSS16 and the significance level of the
tests was p≤ 0.05.

RESULTS
Physical and functional factors.

Physical and functional characteristics of
experimental and control groups are listed in
Table 1. Within the group of subjects, a
mean showed weight training 19/1%, and
body mass index of 14/1 were decreased, but
the changes were not statistically significant
(p=0.407) and (p=0.283). ANCOVA test
results also show that 4 weeks cumulative
pyramid in the experimental group than in
the control group had no effect on body fat
and lean body mass, the value of p is
respectively equal to (p=0.467) and
(p=0.320).

Table 1. physical characteristics of subjects

Variables Group Pre-Training
(M ± SD)

Post-Training
(M ± SD)

Age
(Years)

Experimental 18.70 ± 3.97 -
Control 18.56 ± 1.33 -

Length
(CM)

Experimental 176.80 ± 4.88 -
Control 175.33 ± 3.02 -

Weight
(Kg)

Experimental 67.10 ± 9.43 66.30 ± 10.13
Control 63.39 ± 13.09 62.50 ± 13.11

BMI
(M)

Experimental 21.43 ± 2.45 21.19 ± 2.82
Control 22.18 ± 3.84 22.32 ± 3.66

Percent body fat (%) Experimental 15.90 ± 6.26 15.06 ± 6.76
Control 17.07 ± 7.50 16.68 ± 7.18

The net mass of the body (Kg) Experimental 78.55 ± 4.94 80.02 ± 6.18
Control 78.20 ± 6.95 78.53 ± 6.64

Coagulation and cardiovascular
factors. The results from the concentrations
of measured variables are shown in Table 2.
Fibrinogen concentration after training in the
experimental group is 5.55% and in the
control group is 8.81%, however, the
changes between the two groups was not
statistically significant (p=0.246). Intergroup

study shows that the average level of blood
viscosity in the experimental group is 0.125,
which decreased, and there was no change in
the control group, but in between the two
groups were observed that the effect of
exercise on blood viscosity levels were
statistically significant (p=0.035). The serum
lipid profiles of measured variables are
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shown in Table 2. after 4 weeks of exercise
training increased the levels of triglycerides
and high-density lipoprotein pyramid was
not statistically significant, The p value
respectively was (p=0.421) and (p=0.993),

while no significant difference were
observed in levels of low-density lipoprotein
cholesterol in the experimental group than
the control, respectively, with the p value
(p=0.001) and (p=0.001).

Table 2. concentration of coagulation and cardiovascular factors

Variables Group Pre-Training
(M ± SD)

Post-Training
(M ± SD)

Blood viscosity
(mm)

Experimental 1.4648 ± 0.0201 1.4523 ± 0.01709*

Control 1.4462 ± 0.0984 1.4468 ± 0.0096
Fibrinogen

(mg/dl)
Experimental 246.06 ± 61.42 232.40 ± 63.01

Control 201.46 ± 11.64 183.70 ± 23.51
TG

(mg/dl)
Experimental 107.30 ± 35.33 97.40 ± 37.64

Control 87.44 ± 35.39 81.44 ± 27.69
TC

(mg/dl)
Experimental 166.10 ± 28.39 147.40 ± 24.29**

Control 143.88 ± 59.88 159.88 ± 24.31
HDL-c
(mg/dl)

Experimental 47.80 ± 16.65 47.60 ± 14.33
Control 41.55 ± 8.27 42.66 ± 8.48

LDL-c
(mg/dl)

Experimental 96.50 ± 17.31 79.90 ± 16.22**

Control 84.33 ± 17.88 100.44 ± 23.11
TG: Triglyceride. TC: Total Cholesterol. HDL-c: Cholesterol High Density Lipoprotein.
LDL-c: Cholesterol Low Density Lipoprotein. *: Significant difference between the
groups at p < 0.05. **: Significant difference between the groups at p < 0.01

Relationship of coagulation and
cardiovascular factors. To determine the
correlation between blood viscosity and
fibrinogen levels with other cardiovascular
parameters measured variables was used the
Pearson correlation analysis. As it can be
seen in Table 3, the blood viscosity changes
with LDL and total cholesterol levels were

significantly related to changes there. While
the viscosity of the blood, there was no
significant correlation between changes in
HDL and triglycerides. There is no
correlation between fibrinogen changes with
changes in cardiovascular parameters as
well.

Table3. Pearson correlation of coagulation and cardiovascular factors
Variables TG TC HDL-c LDL-c

Fibrinogen 0.048 -0.291 -0.213 -0.232
Blood Viscosity 0.445 0.611* -0.206 0.536**

TG: Triglyceride. TC: Total Cholesterol. HDL-c: Cholesterol High
Density Lipoprotein. LDL-c: Cholesterol Low Density Lipoprotein. *:
Significant correlation at p < 0.05. **: Significant correlation at p < 0.01

DISCUSSION
The study found that 4 weeks of

growing pyramidal practice made no
significant changes in fibrinogen levels,
triglycerides, high-density lipoprotein;
however, they led to a significant reduction

in blood viscosity levels, total cholesterol
and low-density lipoprotein. There is a
disagreement about the effects of exercise on
plasma fibrinogen, blood viscosity and its
relationship with other metabolic
parameters. Some researchers have reported
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an increase or decrease in plasma fibrinogen,
which is contrary to the results of the present
study (19, 20). Increased levels of fibrinogen
reported by Borer et al. in postmenopausal
women after endurance training (19). While
Furukawa and colleagues observed decline
in middle-aged women that is contrary to the
results of this study (20). However, some
other researchers such as Hilberg et al. (26),
El-Sayed et al. (27) observed no significant
changes in plasma levels of fibrinogen,
which are consistent with the results of the
present study. Since a clear mechanism of
fibrinogen functions and its relationship to
other metabolic factors have not specified
yet, it is not possible to properly explain the
conflicting results of research. However,
studies have shown that among the
coagulation parameters, fibrinogen clotting
system is the best indicator of the final
substrate that is converted to fibrin by
thrombin and this process depends on the
amount of plasma fibrinogen. The findings
showed that the physical activity can be
influenced by human haemostatic system. In
some studies, the duration and intensity of
activities have stated as impacting factor on
fibrinogen (28-30). This slight decrease in
fibrinogen can be attributed to two factors:
the severity and duration. Since the duration
of action is relatively low, it is likely that
insignificant decrease in fibrinogen levels is
due to practice time. Other mechanisms for
changes in fibrinogen is increased by
activity of the sympathetic nervous system
and changes in lipid profiles of subjects (29,
30). In the present study, for subjects in the
aerobic exercise group, there is a slight
reduction in lipid profiles. Some slight
decreases fibrinogen can also be attributed to
the decrease in lipid profiles. Fibrinogen
levels associated with stress, obesity, low
density lipoprotein and high-density
lipoprotein has an inverse relation. . So,
high-density lipoprotein and low-density
lipoprotein and fat reduction is achieved as a
result of aerobic exercise, which can reduce

fibrinogen (31). One reason for the general
increase in fibrinogen levels in the body is
too much fat, because fat can cause
inflammation in the body. Thereby, reducing
the body fat can reduce inflammatory
processes and fibrinogen concentration in
the blood (32). Also, it is likely to reduce the
effect of aerobic exercise on cytokine
activity, while fibrinogen is decreased.
Fibrinogen synthesis is associated with
decreased risk of liver cells resulting in
muscle adaptation to aerobic training
including such as IL-1 cytokine activity
which may be reduced (33). Therefore, it is
likely that the exercise intensities of 50 and
75% heart rate Byshnh cytokine such as IL-1
for 4 weeks, which in turn can decrease the
hepatic synthesis of fibrinogen is also
impressive. Some researchers have
suggested a direct relationship between
changes in BMI with fibrinogen changes. In
the present study the possibility that BMI is
decreased as a result of aerobic exercise
followed by a decrease of high fibrinogen.
Plasma fibrinogen is a major determinant of
blood viscosity and flow. Based on
epidemiological studies, high levels of
plasma fibrinogen is not any increased risk
of blood clots, cardiovascular and other
diseases associated with vascular occlusion. .
Regular aerobic exercise, catecholamine
stimulation by increasing blood flow to the
muscles and increased blood volume
decreased fibrinogen levels and general
well-being. Decrease in plasma fibrinogen
has been insignificant in the experimental
group and the control group. One of the
possible reasons could be the low basal
levels of fibrinogen insignificance with the
control group compared to the experimental
one. In general, factors such as age,
malnutrition, decreased body weight,
physical conditions, daily activities, seasonal
changes, and hormonal status on the plasma
fibrinogen affect blood coagulation (34).

The most common lipid abnormalities
including elevated TG and low HDL, which
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is the last parameter of risk factors for heart
disease is a vessel. Associated with
increased triglycerides while increasing,
LDL particles are known as atherogenic
factors. Research suggests that the effect of
exercise on lipoprotein levels is not clear. It
also suggests that a relatively high amount of
regular exercise which can significantly
improve the overall lipoprotein profile is
created (35). Studies have shown that
triglyceride levels are inversely associated
with HDL levels. Overview of research on
the effects of aerobic exercise on lipid
profile shows some researchers rarely
exercise on Tc and LDL influence levels,
unless it can be combined with diet and
weight loss (36). Results of this study
showed a significant decrease of total
cholesterol reduction. Fat tissues are
autonomic with numerous capillaries and
nerves. Hence, all the metabolic actions of
thyroid hormones by sex and neurological
control and many of which are influenced by
physical activity that could be one reason for
the lack of change in cholesterol levels (36).
Insignificant reduction in triglycerides in the
present study can be answered by lipoprotein
lipase (LPL) which is attributed to exercise.
Lipoprotein lipase enzymes regulate the
breakdown of triglycerides in lipoproteins,
triglyceride, rich lipoproteins, and
triglycerides. However, studies show that
regular exercise is then inhibited decreased
hepatic lipase enzyme. Thus reduced
triglyceride content in LDL, and appeared to
be greater than the duration of the exercise,
more reduction of triglycerides (36). Also in
this study, there was no difference between
groups in HDL levels. Researchers believe
that HDL and LDL are hardly affected by
the practice. No significant change may be
sufficient in HDL intensity and duration of
exercise in the present study. The authors

demonstrated that the mechanism of HDL
changes following training complex.
Enzymes such as lipoprotein lipase (LPL),
hepatic TG lipase (HL) and cholesteryl ester
transfer protein (CETP) play an important
role in HDL concentration. LPL hydrolysis
of plasma triglycerides and HDL
concentration are the most important factor.
The increase in LPL activity after exercise is
not responsible for raising HDL. HDL levels
immediately after exercise may be
associated with decreased CETP activity.
CETP molecule is responsible for
transporting lipids in HDL and other
lipoproteins have been reduced after
exercise. Loss of license for which CETP
catabolism of HDL (increased half-life) and
finally increases HDL levels (36). The
findings of the present study showed a
significant decrease in blood viscosity
increased after 4 weeks of the pyramidal
exercises. According to Pearson's test
results, this change was associated with
decreased plasma levels of LDL cholesterol.
The mechanisms involved in the reduction
of LDL can be said practice, most of which
will affect the lipid profile of higher baseline
TG or LDL or low HDL. Participants in this
study are relatively high of initial levels of
HDL LDL, TG and Tc and why they were in
the normal lipid parameters did not show
significant changes (36).

CONCLUSION
The results of the present study were

observed after 4 weeks of growing pyramid,
reduce blood viscosity following plasma
LDL cholesterol levels. According to the
findings of this study, it can be stated that 4
weeks of growing pyramid can prevent the
development of atherosclerotic increased
pyramid.
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فیبرینوژنلیپیدي ورخنیمسطوحفزآینده برهرمیتمرینتأثیر
نکردهتمرینجوانمرداندرخونو ویسکوزیتهپلاسما،

سید مرتضی طیبی ،3مصطفی بهزاد خامسلو2،عباس قنبري نیاکی1

.ایرانبابلسر، ، بدنی و علوم ورزشی، دانشگاه مازندراندانشکده تربیت،استاد گروه فیزیولوژي ورزشی. 1
.ایرانساري، ، واحد ساري، آزاد اسلامی، دانشگاه اي سماءآموزشکده فنی حرفه، کارشناس ارشد فیزیولوژي ورزشی. 2
.، ایرانتهران، علامه طباطباییدانشگاه بدنی و علوم ورزشی، دانشکده تربیت،استادیار گروه فیزیولوژي ورزشی. 3

چکیده
19تعداد. بودخونویسکوزیتهوپلاسما،فیبرینوژنولیپیديرخنیمسطوحبرمدتکوتاه)هرمی(فزآیندهتمریناثربررسیحاضرپژوهشهدف

یکبههفته4مدتبهتمرینیگروه.شدندتقسیم) نفر9(کنترلو) نفر10(تجربیگروهدوبهتصادفیطوربهسالمغیرورزشکارجوانمرد
تفاوت. پرداختندهفتهدربار3جلسه،هردردقیقه42خودشان،قلبضربانحداکثر% 25-%100هايشدتبا) هرمی(فزآیندهتمرینیبرنامه

طوربهخونویسکوزیتهوLDL-Cو) TC(کلکلسترلسطوح. نشدمشاهدهکنترلوتمرینیگروهبینبدنیترکیبپارامترهايدرمعناداري
گروهدوفیبرینوژنو) TG(گلیسیریدتري،HDL-Cهايغلظتتغییرات. یافتکاهشکنترلگروهبامقایسهدرتمرینیگروهدرمعناداري

ازاحتمالاًراعروقی-قلبیفاکتورهايریسکازبرخیتواندمیمدتکوتاه) هرمی(فزآیندهتمرینبرنامهکهدهدمینشاننتایج. نبودمعنادار
.دهدتغییرخونویسکوزیتهدرکاهشطریق

.لیپیديرخنیمخون،ویسکوزیتهفیبرینوژن،هرمی،فزآیندهتمرین:واژگان کلیدي
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