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Abstract

Context: The purpose of this study was to investigate the research framework on the effect of physical activity on cardiovascular
markers (C-reactive protein (CRP) and Homocysteine (HCY)), and to conduct an optimal compilation to present better information
from previous studies.

Evidence Acquisition: In this study, a number of articles were searched in specialized databases and 30 articles were selected based
onentryand exit criteria. Then the responses to one bout of aerobic activity and one bout of resistance activity and adaptability with
aerobic training and resistance training were studied.

Results: Various studies have shown a reverse and significant relationship between regular physical activity and inflammatory
indices, and reported that those who are physically more active and have better physical fitness have lower levels of inflammatory
indices.

Conclusions: The present study showed that regular physical activity has a beneficial effect on the prevention and treatment of
coronary artery disease. Regarding the anti-inflammatory effects of physical activity, regular exercise and regular physical activity
play an important role in reducing inflammatory indices, and aerobic exercises can be a useful and appropriate strategy for coping

with inflammatory and cardiovascular risk factors.
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1. Context

Cardiovascular diseases are one of the leading causes
of mortality in today’s world. Cardiovascular diseases are
responsible for one third of deaths in people over 35 years
of age. About 45% of deaths in the developed societies and
25% to 45% of deaths in the developing countries are due
to cardiovascular diseases. In Iran, cardiovascular diseases
account for 46% of deaths, which is 369 people per day (1).
The most common cause of heart disease is coronary artery
bypass grafting. The main cause of coronary artery disease
is atherosclerosis or clogging of the arteries by depositing
lipid and accumulation of lymphocytes in the area, and
blood clots in the damaged endothelium (the inner sur-
face of blood vessels). As a result, this process involves the
formation of fibrous-lipid plaques that increase as age in-
creases, causing narrowing of the vein and thickening of
the intima layer, and eventually complete vein cramps (1).

One of the manifestations of the phenomenon of
atherosclerosis is coronary artery disease. Atherosclero-
sis is referred to as hardening or stiffening of the arteries.
Low density lipoprotein particles penetrate the artery wall.

Oxidized cholesterol initiates active inflammation in the
artery wall.

Inflammation is an essential element in the formation
of coronary artery disease. The smooth muscle cells of
the artery wall are enlarged in response to inflammation
and form an inflexible cap on an inflammatory plaque.
Plaques narrow the coronary arteries and reduce blood
flow. These plaques cause angina (chest pain) which occurs
due to the lack of oxygen-rich blood to the heart muscle.
The plaques make up the clot (thrombosis) and, as a result,
a small blockade turns into a large one. Ultimately, it is
the clot that blocks the artery and causes blockade of the
artery of the heart muscle cells that require oxygen-rich ar-
terial blood. Increasing homocysteine HCY and CRP and
pro-inflammatory cytokines (TNF-a-IL6-IL1) beyond opti-
mal and favorable amount are strong predictors of the in-
cidence of atherogenic events associated with cardiovascu-
lar risk factors (2).

A group of risk factors for coronary artery disease have
been identified. In this paper, the C-reactive protein (CRP)
as an inflammatory marker and homocysteine (HCY) as a
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risk factor for heart disease which independently show the
multiple cardiac problems of atherosclerosis risk and the
effect of physical activity are investigated.

2. Homocysteine (HCY) as a Cardiac Risk Factor

One of the most important modifiable risk factors
is homocysteine (HCY) (with a molecular weight of 135.2
DL). Homocysteine is a sulfur-containing amino acid
that is produced during methionine metabolism and
converted to cysteine and methionine via the Beta Syn-
thase[Tetrahydrofolate Reductase/Methyl/Cystathionine
enzymes during this metabolism. High levels of homo-
cysteine in the blood can directly damage the lining of
coronary arteries and are likely to cause atheroma, and
expand formation of blood clots (1). If the production of
homocysteine increases or its metabolism is disrupted, its
concentration increases in the cell and it enters extracel-
lular fluids and provides the basis for the emergence of
coronary artery disease (2). High levels of homocysteine
in the blood plasma can cause atherosclerosis in three
ways: damage to the interior arterial wall, interference
with blood clotting agents, and oxidation of low density
lipoproteins (3). Homocysteine along with TNF-« has a
cellular damage effect by creating free radicals and as
an inducer of apoptosis (scheduled or physiologic cell
death) (3). Clinical studies suggest that the increase in
homocysteine in the amount of 5 micromoles per liter
is similar to an increase in total cholesterol of 20 mg/dL.
Many studies have shown that the relationship between
total homocysteine levels and atherosclerosis is even
stronger than the association between atherosclerosis
and cholesterol (4, 5). Homocysteine catabolism disorders
cause its accumulation in the bloodstream and effectively
initiate inflammatory and atherosclerotic processes (6).
One of the mechanisms through which homocysteine
makes its pathologic effects is the increase in oxidative
stress that may be produced for other causes, including
physical activity in cells (2). In other words, homocysteine
is self-oxidised in plasma, thereby exacerbating oxidative
stress by elevating production of reactive oxygen species
that causes damage to endothelial cells and LDL oxidation
(6). Several factors affect the concentration of serum
total tHCY homocysteine, including genetics, smoking,
hypertension, creatine levels, total cholesterol and serum
protein, and nutritional factors such as vitamin Bi2, B6,
and folate deficiencies (1).

3. Inflammatory Marker of CRP as a Predictor of Car-
diovascular Risk

One of the main ingredients of the process index is the
acute phase response in the blood of the Creactive pro-

tein or CRP, which is part of the plasma that is made in the
liver and its production is responsive to inflammation or
tissue damage. The blood levels of CRP in healthy people
are very low, but it increases in blood with any inflamma-
tion in each part of the body. Therefore, CRP represents the
body’s response to inflammation and is a good marker of
the presence of inflammation (7).

The C-reactive protein is a member of the pentraxins
family, which consists of five subunits of 23 kilodaltons.
It is derived from the liver and endothelium of the coro-
nary arteries and by increasing the emergence of PAI 1, re-
ducing nitric oxide activity, stimulating LDL consumption
by macrophages can increase the risk of atherosclerosis
(8). Measuring CRP is the best test for arterial inflamma-
tion and its measurement can predict heart disease. The
blood level of 1 mg per liter of CRP represents a low risk of
heart disease. The values between one to three milligrams
per liter indicate a moderate risk and values above 3 mil-
ligrams per liter indicate a high risk. People with the high-
est levels of CRP are 7 times more likely to develop cardio-
vascular disease than those with the lowest CRP levels. Re-
cent studies indicate that CRP is a stronger marker in pre-
dicting cardiovascular events than LDL (9).

Epidemiological studies suggest that increased serum
homocysteine (HCY) and C-reactive protein are indepen-
dently associated with the risk of coronary artery disease
(7). Plasma levels of CRP are closely correlated with obesity,
diabetes and metabolic syndrome (10). Studies have also
shown that the inflammatory system is increasing in obese
people and is more likely to be affected by cardiovascular
disease (7). Obviously, obesity triggers a chronic inflamma-
tion and increases the secretion of pro-inflammatory cy-
tokines from adipose tissue during obesity, which includes
TNF-ov and its soluble receptors (TNFR1 and TNFR2) and IL6.
These cytokines cause the liver cells to secrete CRP. There-
fore, in such individuals, the level of CRP rises, and weight
loss reduces CRP, TNF-cy, IL8 and increases the insulin sen-
sitivity and adiponectin (11).

4. The Effects of Physical Activity

4.1. Response to a Single Bout of Aerobic Activity

Three important factors affecting the level of homo-
cysteine changes after a single bout of physical activity
are method (type), intensity and duration of exercise (9).
Through reactions methionine is converted to homocys-
teine during its metabolism. The produced homocysteine
has three fates: (1) Through reactions involving betaine
consumption and the production of dimethyl glycine, it
is again converted to methionine. (2) In the pathway of
remethylation, in which folic acid and vitamin B12 act as
a cofactor, it is converted to methionine. (3) During re-
actions, the trans-sulfuration pathway turns into cysteine
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amino acids. Since severe exercise is dependent on the
phosphogenic system, the production of required creatine
in the body results in an increase in homocysteine (9).

Gaume et al. showed that there is an inverse rela-
tionship between homocysteine and maximum oxygen
consumption (VO,max) (an important indicator in the es-
timation of aerobic power and cardiovascular fitness) in
women, while there is no inverse relationship in men (12).
Gelecek et al. studied the effect of one single bout of aer-
obic exercise program on the level of homocysteine in 61
healthy and unhealthy active adults aged 19 - 24 years and
showed that plasma homocysteine levels increased imme-
diately after one single bout of physical activity (13). Cheng
et al. showed that a fixed cycling program with 80% of
VO, max for 30 minutes had no effect on the level of homo-
cysteine in men 18 to 22 years of age (14).

Nikbakht et al. investigated the relationship between
physical activity and serum homocysteine concentrations
in active and inactive men and men with coronary artery
disease and concluded that physical activity reduces the
level of homocysteine in these groups, but it was not sig-
nificant (6). Murtagh et al. selected 50 inactive and over-
weight men aged 45 to 50 years to determine the effect of
a walking session on the levels of CRP and IL6. The sub-
jects performed at 60 to 70% of maximum heart rate for
45 minutes. The results showed that the level of CRP did
not change. In the studies conducted, the intensity of the
type of exercise, the duration of exercise, the amount of
muscle damage, and the size of muscle involved were ef-
fective in CRP response to physical activity. In the exercises
with less intensity and duration and hence lower level of
involvement of different muscle groups, the CRP response
was lower (15).

4.2. Response to a Single Bout of Resistance Activity

After resistance training, the level of homocysteine in-
creases due to elevated protein metabolism and the syn-
thesis of creatine for energy production. In the studies
that had a single bout of training over 60 minutes and
high intensity, homocysteine levels increased. It turns
out that high intensity trainings increase the transport
of methyl group, which increases homocysteine produc-
tion. Methionine is initially converted to methionine S-
adenosine. When methyl group transmitters increase in
any way, including intense exercise, homocysteine produc-
tion increases. During the exercise, the protein transfer
can modify the homocysteine concentration by increasing
methionine catabolism. Therefore, protein reduction can
increase the amount of homocysteine (7).

The mechanisms related to CRP after one single bout
of physical activity are not well defined. Exercise trainings
have a dual effect on CRP, which includes the acute effect
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of one single bout of exercise in increasing CRP for sev-
eral consecutive days and a chronic interruption in the re-
lease of CRP due to the continuation of intense exercise
(2). It should be noted that the type of exercise performed
has to be noticed. Increased muscle damage may be a rea-
son for increased levels of CRP after exercise. Several stud-
ies reported an increase in the amount of CRP after in-
tense anaerobic exercise activity, especially extrinsic exer-
cises (10).

Bizheh et al. investigated the effect of one single
bout of circular resistance training on blood homocys-
teine and C-reactive protein levels. The subjects included
23 healthy and inactive middle-aged men who were ran-
domly assigned to either experimental (12) and control (n
=09). The training program consisted of 10 stations, which
was performed at 35% of a maximum repetition of each
subject. Results showed a significant increase in homo-
cysteine and serum hsCRP levels after training in the ex-
perimental group (P < 0.05), but these variables did not
change significantly in the control group (8).

Van den Burg et al. reported a pathway for increasing
serum CRP levels through intense strength training and
anaerobic exercise (16). Saghebjoo et al. investigated CRP
as a predictor of cardiovascular disease following one sin-
gle bout maximal activity in the morning and evening. Sig-
nificant decrease in CRP levels was observed in the post
test of the evening exercise compared with the pre-test (P
< 0.008). However, CRP levels did not significantly change
after the morning exercise compared to the pre-test. High-
lighting the CRPresponse, they concluded thatitseems the
intensive exercise in the afternoon bout compared to the
intensive exercise in the morning was less risky and pro-
vided more safety (10).

Gaeeni et al. compared the effect of one single bout
of acute (short-term) exercise activity on plasma levels of
acute phase-reactive protein, alpha-factor and interleukin-
6 tumor in obese and non-obese boys. The results of
the study showed that the CRP values in the obese group
were significantly higher in comparison with the normal
weight group at all three times (before activity, immedi-
ately after activity and one hour after activity). Among
the mechanisms of activation of inflammatory pathways
through increasing fat mass, are increased stress receptor
and the mechanism of oxidative stress in obese people (17).

A cross-sectional study showed that strength training
atan intensity of 70% 1RM compared with aerobic exercise
at 65% (VO,max) along with consumption of vitamin E sig-
nificantly increased CRP in the training group (2).
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5. Adaptation with Exercise

5.1. Adaptation with Aerobic Exercises

Randeva et al. referred to the effect of 6 months of
regular aerobic exercise (running on treadmill) in 21 over-
weight young women on the reduction of total plasma ho-
mocysteine (18). Naghi et al. investigated the relationship
between regular aerobic physical activity and non-lipid
risk factors and the effect of physical activity on the level of
homocysteine and C-reactive protein, with high sensitivity
to hr CRP, and showed that regular physical activity could
significantly reduce blood homocysteine (19).

Taghian et al. studied the effect of 12 weeks of aerobic
exercise on aerobic power, body composition, serum levels
of homocysteine and CRP in obese women. Results showed
that homocysteine levels decreased significantly after 12
weeks of aerobic exercise (7). Bizheh et al. studied the ef-
fect of three months of aerobic exercise on hsCRP levels,
homocysteine, serum lipids and aerobic power in healthy
middle-aged active and inactive men and concluded that
after three months of aerobic exercise, aerobic power in-
creased significantly and homocysteine and hsCRP had a
significant decrease (P < 0.5). They concluded that signifi-
cant reduction of homocysteine and hsCRP as two emerg-
ing cardiovascular risk factors could be effective in reduc-
ing coronary artery disease in healthy middle-aged and in-
active men (8).

In Stewart et al. study, the effect of 12 weeks of physi-
cal activity in young and old women showed that serum
CRP levels decreased in 12 weeks of physical activity (20).
Hamedinia et al. examined the effect of 12 weeks of aer-
obic training on inflammatory factors in obese and lean
men. Findings showed a significant reduction in CRP lev-
els only in obese men. The risk of heart attack in people
with a CRP of over 2.1 mg|L is three times more likely than
people with a level not higher than 0.55 mg/L. It has also
been shown thatregular physical activity reduces CRP rest-
ing levels (21). Tokmakidis and Volaklis reported the effect
of increasing CRP and HCY on the development of coro-
nary artery disease by creating free radicals and triggering
planned death (apoptosis) in type 1 diabetes patients. They
reported improvement in disease after 8 weeks of moder-
ate aerobic exercise and also reported significant reduc-
tions in CRP and HCY (22).

5.2. Adaptation with Resistance Exercises

It has been shown that intense and prolonged exer-
cises alter protein metabolism and blood concentrations
of certain amino acids and reduce levels of methionine.
Reduced availability of methionine increases methionine
synthesis. It therefore leads to the accumulation of ho-
mocysteine. In this direction, the mechanism of protein

transfer increases the concentration of homocysteine dur-
ing long and intense exercises (7). Zuehlsdorff in a study
found that 12 weeks of daily physical trainings (including
trainings on muscular strength and endurance and cardio-
vascular endurance) could significantly reduce the level of
homocysteine in the inactive men and women with 32 to
50 years of age (23).

Hubner-Wozniak and Ochocki, in a research conducted
on male and female wrestlers, reported that strength and
speed trainings in elite wrestlers significantly reduced the
levels of CRP and homocysteine HCY (24). Parsian et al.
investigated the effect of strength training on serum C-
reactive protein and plasma fibrinogen levels in untrained
young men, and showed that strength training did not sig-
nificantly reduce serum CRP in the untrained young men
(25).

Stanescu et al. reported a decrease in serum CRP levels
after 8 and 12 weeks of strength training (26). Naghizadeh
et al. investigated the effect of circular resistance training
with vitamin C on variations of homocysteine, C-reactive
protein and tumor necrosis factor alpha (TNF-«) in healthy
non-athlete men. The results showed that HCY in the sup-
plementation training group was significantly lower com-
pared to two other groups (P = 0.04), but the level of CRP
in the training group was significantly higher than that of
the supplementation and control groups. They concluded
that circular resistance training with vitamin C can reduce
cardiovascular disease (2).

6. Discussion

Rising levels of homocysteine have a major impact on
endothelial damage in the vascular cells (coronary arter-
ies). One of the pathophysiological mechanisms of inflam-
mation is the production of cytokines in response to stim-
ulisuch as oxidized LDL, macrophages with atherosclerotic
plaque and other risk factors such as homocysteine.

According to Mora et al., The effect of exercise on the
level of homocysteine can be influenced by the individual’s
readiness and body response to stress. These findings indi-
cate that type of physical activity and its magnitude have a
direct effect on homocysteine changes in blood (27).

Physical activity may help reduce homocysteine by var-
ious means, such as improving body composition, increas-
ing the absorption of vitamins in the intestine, increas-
ing the activity of the relevant enzymes, increasing the
transport of protein or methyl group, or through other un-
known ways. The intensity, type and duration of exercise,
age, race, levels of homocysteine and total cholesterol and
triglyceride are factors that affect the results. During ex-
ercise and aerobic physical activity, due to the increased
need for energy and catabolism, amino acids increase, one
of which is methionine, resulting in reduced methionine
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concentrations. In addition, regular physical exercises in-
crease the need for metabolic reactions to repair and re-
store muscle tissue. Because methionine is an amino acid,
increasing the need to it for energy and protein synthesis
reduces its concentration. Due to the fact that homocys-
teine is one of the methionine metabolism mediators, re-
duction of methionine leads to a decrease in homocysteine
(21). Aerobic exercises help to reduce the amount of homo-
cysteine and convert homocysteine to methionine and cys-
teine by increasing the absorption of effective vitamins in
the homocysteine cycle, especially the vitamins of group
B, and prevent its accumulation in the blood (28). Reduc-
tion of oxidative stress caused by regular exercise can also
reduce the level of homocysteine (29). Regular sports exer-
cises reduce the oxygen deficiency and reduce the reliance
on phosphagen system in the initial minutes of the exer-
cise. Since creatine production in the body occurs during
methyl transport reactions in which methionine by con-
verting to homocysteine causes the synthesis of creatine,
therefore the synthesis of creatine in the body is associated
with an increase in the level of homocysteine. Reduced
reliance on phosphagen system during oxygen deficiency
can reduce homocysteine (4).

Research has shown that regular physical exercise
reduces the oxidized LDL, consequently homocysteine
coverts into CRP (7). The C-reactive protein (CRP) is an in-
flammatory serologic marker that causes a risk of coro-
nary artery disease and is a risk factor that correlates with
the severity of CAD; also it is an indicator of inflammation
that results in atheroscrotic events such as plaque rupture
which is a symptom of the disease (8). The level of CRP is di-
rectly related to the risk of insulin resistance, so reduction
of CRP increases insulin sensitivity (17). There is a strong
reverse relationship between the baseline level of plasma
CRP and cardiovascular endurance; in fact, with increased
respiratory cardiac endurance, the baseline CRP levels are
reduced (9).

The results of the studies showed that inflammatory
markers, especially CRP, increased after a session of aero-
bic exercise as well as intense anaerobic exercise, but this
increase was temporary and after an intense exercise ses-
sion it returns to the baseline state. Acute phase reaction
to exercise activity seems to be dependent on the size and
type of activity, muscle mass involved and muscle damage
(30).

Any factor that reduces inflammatory markers reduces
cardiovascular disorders. Findings show that the more aer-
obic power, the lower the plasma CRP level (31). By increas-
ing the level of maximum oxygen consumption, it can be
concluded that aerobic exercises, through the strengthen-
ing of the cardiovascular system, reduce the production
of pro-inflammatory cytokines from mononuclear cells. It
is possible that exercise by reducing the production of cy-
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tokines from fat tissue and increasing insulin sensitivity
reduce inflammation (31). The true mechanism of the ef-
fectof regularand controlled strength training on decreas-
ing the amount of CRP is unclear; this is probably a kind of
adaptation from regular physical activity that directly and
indirectly through controlling the production of glycopro-
tein CRP in the liver reduces the production of inflamma-
tory cytokines. The increase in CRP can be due to changes
in the amount of inflammatory markers in the early acute
stages of exercise and the type, severity and duration of the
exercise (25). Inflammatory cytokines, including CRP, in-
crease after acute exercise, and some hours and days after
exercise return to normal levels (7). In one-session stud-
ies, increasing mechanical stress and activating endothe-
lial cells caused by frequent foot-to-ground injuries may
be a factor in increasing CRP. Several studies have shown
that high levels of CRP are closely related to obesity. It is as-
sumed that the secreted interleukin from fatty acids con-
tributes to the increase in CRP observed in obesity (Inter-
leukin 6 has sometimes increased the CRP synthesis up to
100 times (7). It has also been observed that CRP has a pos-
itive and high correlation with fatty tissue measurement
indices, such as BMI, waist circumference, and circumfer-
ence to hip ratio (3). A large correlation between the level
of CRP and the early stages of atherosclerosis has been ob-
served in children (7).

7. Conclusion

Various studies have shown a reverse and significant
relationship between regular physical activity and inflam-
matory indices, and reported that individuals who are
more physically active and have better physical fitness
have lower levels of inflammatory indices. Several stud-
ies have examined the effect of physical activity on plasma
levels of new cardiovascular risk factors and observed that
plasma levels of cardiovascular risk factors are affected by
intensity, duration and type of exercise protocol (10).

A review of studies shows that at least 8 weeks of
regular exercise at various intensities can reduce the C-
reactive protein (CRP) and reduce atherogenic processes.
Physical activity by reducing fat and leptin and increas-
ing adiponectin and insulin sensitivity decreases IL6 and
TNF-o and thus reduces CRP. Some studies support the
impact of physical activity on cardiovascular risk factors
through aerobic activities such as soft and light running,
mountain climbing, long-distance walking, swimming,
etc. Regular aerobic exercises are effective in improving
cardiovascular health and reducing the risk of atheroscle-
rosis by increasing aerobic power, reducing body mass
index and reducing cardiovascular risk factors including
triglyceride, homocysteine and C-reactive protein. Regu-
lar physical activity has a beneficial effect on the preven-
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tion and treatment of coronary artery disease. Physical ac-
tivity can have a direct positive effect on the cardiovascu-
lar system through several mechanisms, such as increased
blood volume, decreased viscosity, increased stroke vol-
ume, decreased blood pressure, increased antioxidant de-
fenses and altered blood lipids. Also, regarding the anti-
inflammatory effects of physical activity, regular exercise
and regular physical activity play an important role in re-
ducing inflammatory markers, and aerobic exercises can
be a useful and appropriate strategy to cope with inflam-
matory and cardiovascular risk factors.
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