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The objective of this study is to examine the effect of exercise on the blood levels of homocysteine,
hemoglobin and hematocrit in middle-aged sedentary individuals.
A total of 24 middle-aged (35-55 years) sedentary individuals (12 females and 12 males) living in Batman
province voluntarily participated in this study. Body weight, body mass index, Homocysteine, Hemoglobin
and Hematocrit blood levels were measured before and after a walking exercise scheduled for 6 weeks.
Walking exercise was administered 4 days a week for the 6 weeks. Initially, the walking exercises started
as 40 min and increased to 60 min towards the end of the program. In the exercises, walking tempo was
kept higher than normal and in parallel to the overall health levels of the subjects. The data obtained
were then analyzed through the SPSS 25.00 package program.
It was determined that there were statistically significant differences in the pretest and posttest
parameters of body weight, body mass index, and Homocysteine values. Additionally, it was determined
that, after the 6-week exercise program applied to the female and male participants, there were
statistically significant differences between the pretest and posttest parameters of body weight, body
mass index, hematocrit, hemoglobin, and homocysteine blood levels.
As the conclusion, it was determined that, after the 6-week exercise program applied to a total of 24
participants (12 females and 12 males), there were statistically significant changes in the values of body
weight, body mass index, hematocrit, hemoglobin, and homocysteine blood levels. It is suggested for
further studies to apply nutrition programs and exercise protocols on young people regularly doing
exercise and active athletes in different branches in order to contribute to sports science.
sedentary, exercise, homocysteine, hematocrit, hemoglobin.

Introduction1
As is now globally accepted by everyone, exercise is
an important factor in preventing many diseases. It is of
vital significance that individuals, especially in the middle
and advanced age groups, eat balanced and healthy foods
in accordance with the age, exercise regularly and turn
it into a lifestyle. Although this prevents many diseases,
it may also cause some blood parameters to change
depending on the type of the exercise.
Homocysteine (HCY) is a substance comprising of
methionine, which is an amino acid taken by our bodies
through the nutrients [1].
Methionine is found in foods that are rich in protein
such as meat, eggs, fish and grains that we consume in
order to sustain our daily lives. Homocysteine blood levels
elevate in the middle and advanced age groups depending
on many factors such as age, lifestyle, inadequateincorrect nutrition, vitamin deficiency (B6 B12 folate)
or a lifestyle without exercise, which ultimately causes
many diseases particularly vascular occlusion and stroke
in our body.
Homocysteine (HCY) is an aminoacid containing
sulfur obtained from the nutritional protein and is
an intermediate product formed during methionine
metabolism [2]. Elevated concentration of total HCY
© Nuri M. Çelik, Mehmet Soyal, 2020
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is an independent risk factor for atherosclerosis [2-6],
cardiovascular diseases, stroke, and other thrombotic
events [7-10].
Other vital factors affecting homocysteine include
smoking, coffee, alcohol consumption and physical
activity. It is reported that smoking, vegetable
consumption, alcohol and coffee consumption have a
strong relationship with plasma total HCY [11]. It was
also explained that aerobic exercise lowers HCY levels
compared to anaerobic exercise or a sedentary life [8].
Regular physical exercise is known to reduce the risk
of developing cardiovascular diseases. It is also reported
that the intensity and duration of exercise have different
effects on plasma HCY levels today [5, 7].
Exercise is now a must in the world concerning the
health. When it comes to living a healthy life or being a
healthy individual, the treatments and pursuits in medicine
are of course in the first place, followed by exercise and
sports activities.
Homocysteine Metabolism
Homocysteine is an aminoacid, which is formed
during methionine metabolism and which contains sulfur.
Homocysteine has several forms in human plasma. They
are bound to proteins, about 70-80% of which is mainly to
albumin, by disulfide bonds. The rest of the homocysteine
is oxidized, merging with dimers (homocysteine) or
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cysteine to form mixed disulfides. Homocysteine is free
to exist in circulation in a very small proportion (1%).
Today, there are many techniques that can collectively
measure different forms of homocysteine in plasma. With
these methods, the measurement results are given as total
homocysteine (HCY) [12].
The normal rate of HCY in the healthy population has
been reported in several studies between 5-15 µmol/L in
hunger. This ratio is influenced by many factors, including
being innate and acquired [13, 14].
In cases where methionine is surplus or Cysteine
synthesis is required, homocysteine undergoes the
trans-sulfuration. Here homocysteine combines with
serine (an amino acid found in protein nutrients) to
irreversibly form cystathionine through the enzyme
cystathionine b-synthase, which is dependent on vitamin
B6. Cystathionine is then hydrolyzed to cysteine. This is
converted into glutathione or metabolized to sulfate at an
advanced stage, ultimately being excreted in the urine
[15].
Causes of Change of Homocysteine in the Body;
Genetic Disorders in Metabolism
Homocysteine levels change as a result of genetic
errors in human metabolism and nutritional deficiencies
in cofactors such as vitamin B12, vitamin B6 and folate,
which are essential for HCY metabolism. Homocysteine
level is an important cardiovascular risk factor, and this
factor is being affected from other factors as well. Other
factors affecting homocysteine are age, gender, smoking,
coffee, alcohol consumption and physical activity [16].
Nutrition Disorders
Deficiency of vitamin cofactors (BI2, B6 vitamins,
folate) essential for homocysteine metabolism in the
nutrition can cause hyperhomocysteinemia. Significantly
elevated homocysteine concentrations were also observed
in the dietary deficiency of the essential vitamin B12
cofactor and folate co-substrate [17]. There is a negative
correlation among serum vitamin B12, folate, vitamin B6
concentrations and plasma homocysteine concentration
in normal individuals [17]. It was suggested that
approximately 2/3 of patients with hyperhomocysteinemia
were accompanied by a deficiency in one or more of
the B vitamins. Although the addition of these to food
normalizes the high level of homocysteine, it is not
known whether this prevents cardiovascular mortality and
morbidity.
Other Causes
Some diseases affect homocysteine metabolism.
Plasma homocysteine concentration may rise 4 times
above average as the creatine level elevates in patients with
chronic renal failure [18]. Although plasma homocysteine
levels often decrease after dialysis, it is difficult to show
whether the increase in these patients is due to impaired
metabolism or decreased excretion. The acceleration of
atherosclerosis in renal failure in the terminal period can
be partially explained by elevated plasma homocysteine
concentration. In several publications, the relationship
between hyperhomocysteinemia and hypothyroid was
demonstrated, arguing that it has a role in increasing the
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frequency of vascular disease in patients [19]. Additionally,
although it is known that the level of homocysteine varies
by exercise, this change in homocysteine levels varies by
the duration and intensity of exercise [20].
Long-lasting high-intensity exercises increase protein
metabolism and alter blood concentrations of certain
amino acids. The reduction of available methionine also
increases the synthesis of novo methionine, decreasing the
accumulation of HCY. If there is enough folate, vitamin
B6, and vitamin B12 in the protein turnover mechanism,
HCY concentrations decrease during high-intensity longlasting exercises. Contrary to this reaction, glycogen
reserves are reduced by long-lasting exercises, which
increases the necessity of vitamin B6-induced reactions.
This results in an increase in the concentration of HCY
with increased protein turnover during long-lasting
exercise [21].
The fact that homocysteine levels are outside the
normal limits will have many negative effects on our
health. Knowing our homocysteine level, and if it is
not within the normal limits, taking measures such as
nutrition and exercise to balance this situation will protect
us against homocysteine-related diseases. Some of these
are serious diseases such as stroke and Alzheimer’s,
which are frequent in our age.
High concentration levels of homocysteine occur
as a result of genetic errors in HCY metabolism and
nutritional deficiencies in cofactors such as vitamin B12,
vitamin B6 and folate, which are fundamental for HCY
metabolism, and as a result of a lifestyle without exercise.
Homocysteine levels are an important risk factor for
cardiovascular diseases.
Previous studies demonstrated that regular physical
exercise reduces the risk of cardiovascular diseases.
However, when we examined the studies investigating
the effects of physical activity on HCY [7, 8, 20, 22-24],
it was also observed that the type, intensity and duration
of exercise have different effects on HCY.
Hemoglobin is a compound found in red blood cells
that transports oxygen from the lungs to skeletal muscles.
Increased blood volume means that hemoglobin, which
carries O2 to the metabolism, carries more oxygen to the
body. Therefore, the volume of hemoglobin and blood
is directly related to the amount of oxygen carried, and
therefore, it also determines the volume of the aerobic or
oxygen system. In an intensive and heavy exercise, the
transport of oxygen to skeletal muscle cells significantly
increases [25].
Hematocrit (HCT) part of the blood is generally
increased as a result of long-term aerobic exercises. The
reason for this is a small reduction in the serum portion of
the blood as a result of increased fluid loss during exercise.
Blood parameters affect the type and intensity of exercise,
similarly, exercise affects the blood parameters and it is
important concerning various blood pathologies [26].
During and after an intensive exercise, there may be
changes in hematologic values due to differences such as
training level of the individual, gender, age, environmental
conditions and nutrition. Hematological changes are
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observed in athletes due to long-lasting exercises.
In athletes, who practice intensive exercise programs,
the HGB and HCT values characteristically decrease,
which is also described as athlete anemia [27, 28]. This
is usually the case for measurements taken immediately
after training.
There are many studies on how exercise affects
hematological parameters. In fact, blood parameters
affect the type and intensity of exercise, similarly exercise
influences the blood parameters and it is important
concerning various blood pathologies [29].
In the light of all this information, the aim of this study
was to examine the changes in the blood levels of HCY,
HCT and HGB during a 6-week regular exercise in the
middle-aged group.
Material and Methods
Participants.
A total of 24 sedentary volunteers participated in the
study, including 12 women with an average age of 43.58±
.94 years and 12 men with an average age of 46.08 ± 6.82
years. The average height of women was measured as 162
±4 cm and that of men was measured as 175±4.75 cm.
All participants were informed about the exercises and
they were asked to sign an informed consent form before
participating in the exercises.
Research Design.
Certain features of the participant individuals such as
body weight, height, and BMI (Tanita, Body Composition
Analyzer, SC-240 Tokyo Japan) were measured before
the exercise program and blood samples were taken.
Blood samples taken by a specialist nurse before and after

the study program were analyzed in the Biochemistry
Laboratory of Batman Regional State Hospital.
Exercise Protocol.
Participants were asked not to do any activity above
normal level or take any medication prior to the tests. The
exercise program was scheduled to last 6 weeks. Walking
exercise was administered 4 days a week for the 6 weeks.
Initially, the walking exercises started as 40 min and
increased to 60 min towards the end of the program. In
the exercises, walking tempo was kept higher than normal
and in parallel to the overall health levels of the subjects.
During the study, the subjects were not given a nutritional
program.
Statistical Analysis.
The data obtained in the study were given as mean
and standard deviation. Independent t test was used for
inter-group comparisons and Paired t test was used for
comparison of intra-group pretests and posttests, and
the significance level was accepted as p<0.05. SPSS 25
package program was used in the statistical analysis of
the study.
Results
According to Table 1, the average age of the female
participants was 43.58±.94 years and that of the male
participants was 46.08 ± 6.82 years, while the mean
height value of the women was 162 ±4 cm and that of
men was 175±4.75 cm.
According to Table 2, the pretests of males and
females were compared and it was determined that there
were statistically significant differences concerning
the Body weight, Body mass index, and homocysteine

Table 1. Demographical information of the participants
Variables
Age

Height

Gender

N

X ±SD

min

max

Female

12

43.58± 5.94

35

53

Male

12

46.08 ± 6.82

35

55

Female

12

162 ±4

156

170

Male

12

175 ±4.75

169

183

Table 2. Comparison of the inter-group pretest values
Variables
Body weight
Body mass index
Homocysteine (HCY)
Hematocrit (HCT)
Hemoglobin (HGB)

Groups
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

n
12
12
12
12
12
12
12
12
12
12

X±SD
91.08±5.55
67.66±2.77
29.52±1.55
25.70±1.24
32.59±4.41
24.57±1.97
43.54±2.55
41.34±2.78
13.51±1.08
13.14±.45

*p<0.05
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t

p

13.072

0.01*

6.647

0.41*

5.735

0.02*

2.019

.056

1.106

.281
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(HCY) parameters (p<0.05), while there was statistically
no significant difference in the other parameters (p>0.05).
According to Table 3, the posttests of males and
females were compared and it was determined that there
were statistically significant differences concerning
the Body weight, Body mass index, and homocysteine
(HCY1) parameters (p<0.05), while there was statistically
no significant difference in other parameters (p>0.05).
According to Table 4, the pretest and posttest values of
male participants were compared and it was determined that
there were statistically significant differences concerning
the Body weight, Body mass index, Homocysteine and
Hemoglobin parameters at p<0.05 level, while there was
statistically significant difference in the Homocysteine
parameter at p>0.05 level.
According to Table 5, the pretest and posttest values of
female participants were compared and it was determined
that there were statistically significant differences
concerning the Body weight, Body mass index,
Homocysteine and Hemoglobin parameters at p<0.05
level, while there was statistically significant difference
in the Homocysteine parameter at p>0.05 level.

Discussion
In this study, changes in the blood levels of
Homocysteine (HCY), Hemoglobin (HGB) and
Hematocrit (HCT) were examined before and after a
certain exercise program in middle-aged (35-55 years)
sedentary individuals.
In the previous studies of the literature, a comparison
was made between middle-aged individuals, who were
doing exercise, and sedentary individuals, concluding that
the HCY levels were lower in exercise-doing individuals
compared to sedentary individuals [7].
In another study, 82 individuals were classified in 4
groups as sedentary, aerobic, anaerobic, and intermittent
exercise groups. It was determined that the aerobic exercise
group, where there was a high energy consumption, had
lower HCY levels compared to sedentary and intermittent
groups. A decrease was detected in the total HCY levels
with aerobic exercise [30].
In a different study, it was determined that there were
significant reductions in HCY levels in obese women
after a 6-month walking program. In this study, we see
that chronic aerobic exercise programs reduce the HCY

Table 3. Comparison of inter-group posttest values
Variables
Body weight
Body mass index
Homocysteine (HCY)
Hematocrit (HCT)

Hemoglobin (HGB)

Groups

n

X±SD

Male

12

87.33±3.89

Female

12

65.25±3.01

Male

12

28.33±1.68

Female

12

24.78±1.35

Male

12

29.67±4.85

Female

12

22.29±1.68

Male

12

41.90±2.08

Female

12

40.20±2.85

Male

12

14.66±1.05

Female

12

14.30±.52

t

p

15.530

.000**

5.690

.000**

4.979

.000**

1.666

.110

1.075

.294

t

p

3.469

.005*

3.575

.004*

7.380

.000**

**p<0.001
Table 4. Comparison of the pretest posttest values of the male participants
Variables
Body weight
Body mass index
Homocysteine (HCY)
Hematocrit (HCT)
Hemoglobin (HGB)

Groups
Male
Female
Male
Female
Male
Female
Male

n
12
12
12
12
12
12
12

X±SD
91.08±5.55
87.33±3.89
29.52±1.55
28.33±1.68
32.59±4.41
29.67±4.85
43.54±2.55

Female

12

41.90±2.08

Male
Female

12
12

13.51±1.08
14.66±1.05

*p<0.05 **p<0.001
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3.320
-3.372

.007*
.006*
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Table 5. Comparison of the pretest posttest values of the female participants
Variables
Body weight

Body mass index

Homocysteine (HCY)

Hematocrit (HCT)

Hemoglobin (HGB)

Groups

n

X±SD

Male

12

67.66±2.77

Female

12

65.25±3.01

Male

12

25.70±1.24

Female

12

24.78±1.35

Male

12

24.57±1.97

Female

12

22.29±1.68

Male

12

41.34±2.78

Female

12

40.20±2.85

Male

12

13.14±.45

Female

12

14.30±.52

t

p

3.469

.005*

3.575

.004*

7.380

.000**

3.320

.007*

-3.372

.006*

*p<0.05 **p<0.001
blood levels [31].
In different research studies, women between the
ages of 19-38 were divided into 3 groups and the first
group was only administered creatine for 8 weeks, the
second group was both applied resistance training and
creatine, and the third group was given resistance training
and placebo. Significant reductions were determined in
plasma HCY levels in the second and third groups both of
which underwent resistance training. In these two studies,
it was observed that resistance exercises as well as aerobic
exercises had positive effects on HCY [32].
In another study conducted by [20], it was found
that total HCY levels were significantly lower in the
physical activity group comprising of 118 middle-aged
subjects. Furthermore, a significant inverse relationship
was determined between plasma total HCY and aerobic
physical capacity.
In a different research [33], it was stated that the
4-week exercise program in healthy men reduced the level
of HCY, a different study [34] concluded that elevated
plasma HCY levels in the increased risk of CVD in the
elderly were partly related to lack of exercise.
Real et al. [22] determined a 19% elevation in postrace HCY levels of 26 professional and 26 amateur male
athletes between the ages of 23-49. In another study
[35], following a 6-month high intensity training, it was
determined that there was an elevation in the post-training
HCY levels of 327 healthy participants with an average
age of 48.9.
In a study conducted on healthy triathletes between
the ages of 19-34 [23], an increase was detected in the
HCY values.
In another research [8], it was observed in endurance
athletes that there were moderate hyperhomocysteinemia,
vitamin B12 deficiency, and low folate levels. In a study
conducted by [36], no change was detected in HCY
levels in the group performing an 8-week aerobic training

with vitamin intake, while there was an increase, though
not statistically significant, in HCY levels in the group
performing the aerobic training with placebo intake.
In a different study [37], it was determined that
there was no change in plasma HCY levels in 16 healthy
sedentary male participants after a walking program 30
minutes each day at least 5 days a week for a total of 6
weeks.
Apart from long-term aerobic exercises [38], after
a 6-month high and low intensity resistance trainings
applied to 60-80 year-old healthy participants, it was
determined that the serum HCY levels were lower than
the control group following both resistance trainings.
In another study [24], the effects of acute exercise on
plasma HCY levels were investigated on 20 physically
active healthy men between the ages of 24-39. As a result
of the study, it was determined that acute exercise did not
affect plasma HCY levels in healthy men aged 24-39.
Moderate hyperhomocysteinemia can often occur
among endurance athletes, accompanied by low levels of
folate and vitamin B12. In a study conducted by [39], it
was found that there was an increase in HCY levels in
women after exercise in parallel to the menstrual cycle.
A different research [40] detected significant increases
in hemoglobin values in subjects after an 8-week aerobic
exercise. In a study conducted by [41], it was determined
that there were significant increases in the hemoglobin
levels of the subjects in an exercise program at 60-80%
of max VO2. A different research [42] found a significant
increase in hemoglobin levels in sedentary individuals
after chronic exercise. Another study [43] conducted on
adults aged 18-29 classified as normal and supplementary
food groups, it was found that there were significant
increases in hemoglobin levels in both groups as a result
of an 8-week aerobic exercise. A different study [44]
examined the chronic effects of extensive interval training
on male athletes, determining significant increases in
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hemoglobin after an 8-week chronic exercise.
As a result of a study [45], in which 4 weeks of
intensive training was applied after a 2-week normal
training, it was determined that there were rhythmic
and meaningless reductions in hemoglobin parameters
at the first, second, and third weeks, while regular and
significant increases were determined at the fourth, fifth,
and sixth weeks.
In different previous studies, following an 8-week
aerobic exercise [40], after 6 weeks of a moderate exercise
on sedentary youth [46], and following acute exercise on
men aged 32 years [47], the significant elevations were
detected in HCT levels of the participants (p<0.05). It was
determined that there were significant increases in HCT
values of 10 athletes following a 20-day chronic exercise
[48].
In previous studies in the literature, it was determined
that following a 20-day camp period for 25 athletes, no
statistical changes were detected in HCT levels [49], a
6-week high interval training did not produce an increase
in HCT levels [50], or at the end of the 5-week training
program for 16 male and 8 female judo athletes it was
determined that there was a reduction in hematocrit values
[51] (p< 0.05).
In a study [52] conducted on 11 (7 males, 4 females)
Olympic athletes, the blood samples of participants
were taken after the season at high altitude, and it was
found that, at high altitudes, there were significant
increases in HGB, RBC, HCT, MCV parameters. There
were statistically no significant changes in WBC, PLT,
MCH and MCHC parameters. Similarly, no significant
differences were recorded in any parameters in the postseason measurements. In another research [53] conducted
on marathoners, it was determined that, following the race,
there were increases in erythrocyte count, hemoglobin,
hematocrit, MCH blood levels and decreases in MCV
levels compared to pre-race figures. In addition, reductions
were detected in the erythrocyte count, hemoglobin and

hematocrit levels after longer-term exercises such as the
20-day road race [54].
In another study, the subjects underwent a 2-hour
running exercise that resulted in a 4% reduction in body
weight, detecting a 12.2% reduction in plasma volume, a
6.3% reduction in erythrocytes, and a 9.6% reduction in
blood volume. On the other hand, in some other studies no
changes were determined in the volume of erythrocytes
[55]. The ratio of hematocrit is around 42-50% in normal
men, and around 37-47, 1 % in normal women [56].
In a different research, it was demonstrated that acute
submaximal exercise significantly elevated erythrocyte,
hematocrit (HCT), hemoglobin (HGB), leukocyte
and platelet levels compared to pre-exercise values,
concluding that these elevations are due to plasma losses
caused by exercise. It was suggested that short-term
exercise conducted until fatigue increases the number of
leukocytes, and that this event cannot be explained only
by the mechanism of hemoconcentration, and may also
be related to metabolic changes that occur during the
exercise [27].
Considering the studies in the literature, it is observed
that the responses of blood values to exercise vary.
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