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Abstract
Purpose. Homocysteine is a non-protein amino acid and elevated blood levels are often caused by inappropriate lifestyles, 
leading to atherosclerosis and cardiovascular diseases. The aim of this study was to determine the levels of homocysteine after 
a 9-month training program.
Methods. The group studied consisted of obese and overweight women, as well as women with normal body mass. During 
the training program, control examinations were carried out four times and the following parameters were analyzed: homocysteine 
blood levels, body mass, BMI, a single 10-minute exercise at a workload of 100W and the VO2max measured using the 
Astrand–Ryhming method.
Results. The highest homocysteine levels were found in obese women and the lowest in lean women. Higher levels were observed 
in older women (aged over 50 years) compared to younger women (aged below 50 years). The differences were clearly visible in 
obese women. Homocysteine levels decreased after the 9-month training program. A single exercise performed every three 
months during the training program resulted in an increase in homocysteine levels or no changes.
Conclusions. Higher homocysteine levels in the blood after a single exercise are likely caused by faster metabolism of this 
amino acid. Exercise of moderate intensity leads to a decrease in homocysteine levels in the blood, especially in obese women. 
Regular physical activity should therefore be recommended not only to prevent and treat obesity but, most importantly, atherosclerosis.
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Introduction

Homocysteine (HC) is a non-protein, highly reac-
tive sulfur-containing amino acid which is vital in 
methionine metabolism. It is metabolized by methio-
nine remethylation, in the pathway known as the ‘ac-
tive methyl pathway.’ This leads to the formation of 
methyl groups used in the synthesis of different com-

pounds, such as neurotransmitters, phospholipids, 
hormones, nucleic acids and polyamines. Homocyst-
eine has been recognized as an independent, non-li-
pid risk factor for atherosclerosis.

HC was discovered by du Vigneaud in 1932, but 
not until the beginning of the 1960s the first article 
was published on its pathological significance in pa-
tients with homocystinuria [1]. In 1969, a link was 
noticed between homocysteine levels and thrombo-
sis and embolus formation. McCully, the author of 
this finding, later developed a theory called ‘the homo-
cysteine theory of atherosclerosis’ [2]. In 1986, a rela-
tionship was found between homocysteine levels and 
coronary artery disease, and 2 years later a link was 
found between homocysteine levels and myocardial 
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infarction [3]. The relation between HC and stroke, 
the third most common cause of death, has also been 
shown [4]. However, only recently has there been an 
increase in homocysteine research in the context of high 
morbidity and mortality due to cardiovascular diseases 
caused mostly by an unhealthy lifestyle. 

Homocysteine metabolism and synthesis results 
from complex biochemical pathways such as remethyla-
tion, demethylation and transsulfuration. Remethyla-
tion is a process leading to methionine being recreated 
by a methyl group being attached to methylenetetrahy-
drofolate (MTHF). This process occurs in all tissues, 
and cofactors – vitamin B12 and folic acid – are neces-
sary for this. This is the dominant direction of the re-
action when methionine supply is low. Methionine de-
methylation leads to the formation of homocysteine 
via the formation of important indirect metabolites: 
S-adenosyl methionine (SAM) and S-adenosylhomo-
cysteine (SAH). SAH is hydrolyzed to homocysteine 
and adenosine. SAM and SAH levels determine the 
direction of the reaction – homocysteine synthesis or 
catabolism. Transsulfuration is another important 
pathway which takes place when there is an excess sup-
ply of methionine from the diet. This occurs mainly 
in the kidneys and liver and partly in the intestines and 
pancreas. Here, HC is condensed with serine and is 
irreversibly converted to cysteine, then excreted from 
the body with urine. Vitamin B6 as a cofactor is nec-
essary for these reactions [5–7].

All three directions of methionine/homocysteine 
conversions are regulated by enzymes whose genetic 
defects lead to metabolic disorders of both amino acids 
and result in hyperhomocysteinemia. The severity of 
the disorder depends on homocysteine levels.

HC levels in the blood reflect the rate of methionine 
conversion, the activity of enzymes participating in its 
conversion, and the number of cofactors – vitamin B6, 
vitamin B12 and folic acid. Low supplies of B vitamins 
and renal failure may lead to a significant increase in 
homocysteine levels. Thus, other important factors mod-
ulating HC levels in the blood are the diet and physi-
cal exercise which changes the rate of HC conversion 
and vitamin status [7, 8].

Normal HC levels in the blood are 10-12mmol/L, 
although this depends on sex, age, health status, life-
style, hormonal status, renal function and medication. 
HC is lower in children than in teenagers or adults. It 
is lower in women than men of all ages [5].

According to multicenter study results, an increase 
in homocysteine levels by 1mmol/L increases the risk 
of coronary artery disease by 3–4% and of stroke by 
about 6% [9]. Other data suggest that an increase by 

5mmol/L leads to a 1.6–1.8-fold increase in the risk of 
these diseases [10]. On the other hand, other research has 
shown that a decrease in HC levels by approximately 25% 
diminishes the risk of coronary artery disease by 11–16%, 
stroke by 19–22% and deep vein thrombosis by 25% 
[9, 10–12]. Elevated homocysteine levels are also linked 
to lifestyle factors such as smoking, excess coffee con-
sumption, lack of physical exercise and low supply of 
dietary folic acid [13, 14]. Additionally, Sawaki et al. [15] 
showed that psychological stress not only influences 
systolic blood pressure and heart rate, but also increases 
blood HC levels under standard conditions.

The apparent association between HC and cardio-
vascular diseases [1, 4, 9], and the possibility of regu-
lating HC synthesis through vitamin B6, vitamin B12 
and folic acid supply and regular physical exercise 
support taking preventive measures [16]. It is also 
important as elevated HC levels correlate with insulin 
resistance [17, 18], markers of oxidative stress [19, 20], 
and inflammatory markers [21], which coexist with 
obesity and diabetes, and can be reduced through regu-
lar physical exercise.

The association between homocysteine and obesity 
is not well-documented but in light of the above-men-
tioned data, it seems apparent. Papandreou et al. [22] 
estimated homocysteine levels in relation to blood pres-
sure and obesity in 524 children. They found out that 
blood pressure and body mass index (BMI) do not af-
fect HC levels.

While examining 37 obese girls and 19 boys, Gal-
listl et al. [23] found following the results of a program 
aiming to reduce body mass, that HC levels are linked 
more with lean body mass (LBM) reduction than with 
fat content. Sanlier et al. [24] examined 355 students 
with different body mass indexes (BMI) and noticed 
a weak correlation between HC and body mass and 
adipose tissue content.

The aim of this study was to examine whether  
a 9-month training program of moderate intensity 
lowers HC levels in women, and whether HC levels 
depend on the subjects’ body masses. The additional 
aim of this study was to determine how homocysteine 
levels change after a period of single acute physical 
exercise undertaken every three months during the 
9-month training program.

Material and methods

The studied group

75 women aged 45.6 ± 11.3 years participated in 
the study. The aim of training was to reduce body mass 
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and to improve cardiorespiratory fitness. The women 
taking part in the study had different body masses, 
therefore they were divided into three groups on the 
basis of their BMI values: BMI  30.0 obese women (O); 
BMI = 25.0–29.9 – overweight women (OV); BMI < 25.0 
– lean women with normal body mass (N).

There were a few exclusion criteria such as, diabe-
tes and thyroid diseases, any medications taken by the 
subjects affecting lipid parameters, tobacco smoking, 
and irregular participation in control tests. The aver-
age age of group O women (n = 25) was 46.3 ± 10.6 years, 
the average age of group OV (n = 24) was 47.7 ± 9.9 
years and of group N (n= 26) was 43.2 ± 9.6 years.

During the training period, the women were not 
asked to change their original eating habits. Their diets 
were assessed quantitatively and qualitatively dur-
ing the 9 months of training on the basis of their own 
prepared menus. Before training, the average protein 
consumption in all groups was at the level of 0.88 ± 
0.18 g/kg body mass (0.92 ± 0.13 g/kg after training, 
n.s.), of fat at the level of 0.86 ± 0.3 g/kg of body 
mass (0.81 ± 0.2 g/ kg after training, n.s.), of carbo-
hydrates at the level of 2.75 ± 0.64 g/kg of body mass 
(2.95 ± 0.48 g/kg after training, n.s.) and of fiber at 
the level of 17.51 ± 5.38 g/day (21 ± 3.20 g/day after 
training, p < 0.05).

Due to the wide age range of the subjects within 
the main groups (O, OV, N) formed on the basis of 
their BMI values, each group was further subdivided 
into groups of older and younger women. Those aged 
under 49 (32–49 years old) constituted the group of 
‘young women’ and those aged  50 (50–63 years old) 
belonged to the group of ‘older women’. The upper 
age limit was 50 years as this is the average age when 
menopause appears in women in Poland [25]. As a re-
sult, the following groups were formed: obese young-
er women (OY), obese older (OO); overweight younger 
(OVY), overweight older (OVO); normal younger (NY) 
and normal older (NO). All the participants were in-
formed about the aim of the research, test procedures 
and the hazards involved. They started performing tests 
only after signing written consent, and the study pro-
tocol was approved by the Senate Ethics Committee 
for Scientific Research of the University School of Phys-
ical Education in Wroclaw, Poland.

Training procedures

Training sessions were organized twice a week for 
9 months. Each exercise unit lasted for 60 minutes. 
Intensity of the training was at 50–66% VO2max. This 
intensity is typical for a conditioned exercise which 

enables obtaining energy from fat utilization. Training 
units were characterized by different efforts under-
taken by the subjects. During the first training unit, 
the method of Total Body Condition was used to build 
up muscle force, muscle endurance and flexibility. In 
the second unit, Fat Burning and Low Impact methods 
were applied to shape aerobic capabilities of the body. 
During training, heart rate was monitored using the 
Sportest (Polar, Finland).

During the training program, four control tests were 
carried out. The first one took place before the train-
ing started (0-baseline), the following tests occurred 
during the 3rd, 6th and 9th month of the training program. 
Each control test included: an anthropological study, 
physiological study (single exercise) and biochemical 
study.

Anthropological studies

In the anthropological study, body mass and height 
and body composition were measured, and BMI was 
calculated. The assessment of body composition pa-
rameters was carried out by spectrometry in near-
infrared (Near Infrared Light) using the FUTREX – 
6100/XL (Futrex Inc., USA).

Physiological studies

A single exercise consisted in a subject perform-
ing a 10-minute test on an Excalibur Sport (LODE) cy-
cloergometer at a workload of 100W and a pedaling 
frequency of 70–80 rpm. During the test, the content 
of the exhaled air was monitored by a Quark b2 (Cosmed) 
ergospirometer and respiratory parameters were meas-
ured. Among these, the following were recorded: the 
volume of oxygen consumption (VO2), energy expendi-
ture and the metabolic equivalent of task (MET) were 
calculated. During the test, changes in heart rate (HR) 
were recorded, and VO2max was determined using 
the Astrand–Ryhming method on the basis of steady 
state HR during exercise.

Biochemical parameters

Blood samples for biochemical analyses were tak-
en from fasted subjects between 8 and 10a.m. Then 
the subjects performed an exercise test after which, 
at the 15th minute of restitution, their blood was taken 
again. After serum was obtained, it was stored at –80°C 
until biochemical analysis was carried out.

Homocysteine was assayed using the FPIA method 
(Fluorescence Polarization Immunoassay), and an AxSYM 
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* p  0.001 – compared to examinations at 3, 6, 9 months in Group O 
** p  0.01 compared to Group N 
# p  0.05 compared to Group OV 
 p  0.05 compared to examinations carried out at the same time by women from Groups OV and N 

## p  0.05 compared to examinations at 3, 6, 9 months in Group OV 
 p  0.05 compared to examinations at 3, 6, 9 months in Group OV

Figure 1. Fasting serum homocysteine at baseline, and at 3, 6 and 9 months post-training for all groups

Homocysteine Reagent Pack (Abbott, USA) in an AxSYM 
analyzer. The reference values for women was between 
3.36–12.5 mmol/L.

Vitamin B12 – in its biologically active form hol-
otranscobalamin (cobalamin connected with transco-
balamin II) – was assayed using the MEIA method 
(Microparticle Enzyme Immunoassay), in an AxSYM 
analyzer, and an AxSYM Active-B12 (holotranscobala-
min) assay was used (Abbott, USA). The normal range 
was between 19.1–119.3 pmol/L. Folic acid was also 
determined by the MEIA method using an AxSYM 
Folate kit (Abbott, USA). The normal range for this was 
between 7.2–15.4 ng/ml.

Statistical analyses

Statistical analysis was carried out using Statis-
tica PL Stat Soft version 10.0 (Cracow, Poland). In all 
tests, the statistically significant level was p  0.05. 
All values were expressed as means ± SD. The fol-
lowing tests were used to analyze the results: The 
Shapiro-Wilk test was used to examine normality of 
distribution. If a variable was characterized by nor-
mal distribution, for further calculations one-way analy-
sis of variance (ANOVA) was applied and was preceded 
by Levene’s test of homogeneity of variance. If the null 
hypothesis of equal variances was rejected (p  0.05), 
the Duncan’s post-hoc test was used for further anal-
ysis. Spearman’s rank correlation coefficient was cal-

culated to evaluate the statistical dependence of the 
variables.

Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the 
Declaration of Helsinki, and has been approved by 
the authors’ institutional review board or an equiva-
lent committee.

Informed consent
Informed consent has been obtained from all in-

dividuals included in this study.

Results

The anthropological, physiological and biochemical 
parameters measured at the baseline, after three, six 
and nine months of training are presented in table 1.

After 9 months of training in all groups, homo-
cysteine levels significantly decreased compared to 
the base values (Figure 1). HC levels in women from 
group O were significantly higher than those from 
group N in each month of study during the training 
program. In all groups a significant decrease in homo-
cysteine levels was observed during the 3rd month of 
training and it did not reduce further during the exami-
nations after this.

*, 

*, ##

   

*, **, #
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Table 1. Chosen anthropological, physiological and biochemical parameters.

O
be

se

Parameters 0 Baseline 3 month 6 month 9 month

Weight (kg) 86.67 ± 12.15 83.81 ± 10.15 79.97 ±7.08* 76.47 ± 6.36*
BMI (kg/m2) 32.67 ± 2.43 31.59 ± 2.81* 30.83 ± 2.44* 29.54 ± 2.17*
FAT (kg) 35.82 ± 7.07 34.30 ± 6.49* 32.60 ± 5.06* 29.53 ± 4.44*
LBM (kg) 49.31 ± 4.77 49.20 ± 6.51 47.59 ± 4.07* 47.58 ± 4.36*
Cholesterol (mg/dl) 261.30 ± 34.91 212.71 ± 34.27 195.44 ± 26.94* 210.13 ± 33.32
Triglyceride (mg/dl) 135.23 ± 37.83 139.07 ± 45.21 104.78 ± 51.33 128.13 ± 30.76
Vit. B12 (pmol/l)	 before 
	 after

59.38 ± 8.64
66.73 ± 12.60†

56.85 ± 15.43
60.90 ± 16.32

73.85 ± 9.91*
75.76 ± 9.22

72.75 ± 9.75*
75.70 ± 11.99

Folic acid (ng/ml)	before 
	 after 

6.80 ± 4.25
8.45 ± 3.60†

7.81 ± 5.62
9.81 ± 4.52†

9.60 ± 4.23*
10.76 ± 3.86†

8.85 ± 3.25*
11.92 ± 4.52†

VO2max (ml/kg/min) 20.87 ± 5.79 23.63 ± 5.28* 26.01 ± 5.65* 30.23 ± 5.59*
MET (ml/kg/min) 6.51 ± 0.47 6.93 ± 1.06 5.74 ± 0.75 5.78 ± 0.63
BPs (mmHg) 127.79 ± 15.15 126.82 ± 14.37 131.43 ± 14.92 127.50 ± 10.61

O
ve

rw
ei

gh
t

Weight (kg) 71.79 ± 6.12 70.23 ± 5.61 69.83 ± 5.01 68.10 ± 5.13*
BMI (kg/m2) 26.98 ± 1.46 26.97 ± 1.29 25.75 ± 1.68* 24.46 ± 2.67*
FAT (kg) 25.59 ± 4.53 24.79 ± 2.79 25.18 ± 3.64 25.49 ± 5.25
LBM (kg) 46.36 ± 4.40 45.47 ± 4.42 45.95 ± 4.72 45.63 ± 4.13
Cholesterol (mg/dl) 206.75 ± 37.66 217.79 ± 33.51* 216.08 ± 36.89 204.80 ± 32.69
Triglyceride (mg/dl) 129.54 ± 49.79 115.24 ± 24.60* 109.38 ± 31.98* 120.07 ± 37.74*
Vit. B12 (pmol/l)	 before 
 	 after

53.00 ± 11.02
59.28 ± 13.25†

63.16 ± 16.81
65.93 ± 13.24

65.16 ± 16.98
65.93 ± 19.14

68.32 ± 13.25
71.59 ± 13.50†

Folic acid (ng/ml)	before 
 	 after 

9.11 ± 4.21
9.29 ± 3.40

11.73 ± 4.50
13.08 ± 3.70†

12.15 ± 3.70*
12.97 ± 4.20

11.83 ± 5.50*
13.33 ± 4.60†

VO2max (ml/kg/min) 25.01 ± 4.96 27.06 ± 6.38 31.04 ± 8.72* 29.13 ± 5.86*
MET (ml/kg/min) 6.69 ± 0.94 6.69 ± 1.18 6.70 ± 0.54 6.01 ± 0.97
BPs (mmHg) 127.10 ± 11.89 123.25 ± 15.24* 123.64 ± 15.67 122.50 ± 10.69

N
or

m
al

Weight (kg) 60.608 ± 5.36 62.18 ± 4.01 61.86 ± 4.13 59.67 ± 5.67
BMI (kg/m2) 22.68 ± 1.78 23.08 ± 1.83 22.58 ± 1.86 22.35 ± 1.85
FAT (kg) 17.84 ± 3.38 18.84 ± 3.00 18.60 ± 3.46 17.80 ± 3.80
LBM (kg) 43.05 ± 3.81 43.50 ± 3.04 43.71 ± 2.31 42.61 ± 32.31
Cholesterol (mg/dl) 191.50 ± 46.02 191.00 ± 37.59 211.00 ± 46.16 196.00 ± 42.85
Triglyceride (mg/dl) 84.50 ± 41.60 90.00 ± 31.63* 95.00 ± 29.58* 77.00 ± 34.65*
Vit. B12 (pmol/l)	 before 
	 after

61.55 ± 13.25
66.41 ± 13.63†

59.04 ± 12.46
61.81 ± 15.12

66.19 ± 13.55
71.12 ± 13.65†

74.33 ± 14.36*
76.62 ± 12.60

Folic acid (ng/ml)	before 
 	 after 

6.25 ± 4.00
7.21 ± 4.80†

8.67 ± 5.80*
9.31 ± 4.40

9.31 ± 3.60*
11.01 ± 3.30††

8.74 ± 4.40*
11.82 ± 4.90††

VO2max (ml/kg/min) 31.80 ± 7.97 33.32 ± 8.85* 34.55 ± 10.82* 37.11 ± 10.46*
MET (ml/kg/min) 7.22 ± 0.68 7.97 ± 1.48 7.20 ± 0.56 6.44 ± 1.21
BPs (mmHg) 126.34 ± 18.51 118.85 ± 12.43* 120.94 ± 9.35 121.67 ± 7.50

* p  0.05 compared to values at baseline; † p  0.05, †† p  0.01 compared to values before exercise

The 9-month training program resulted in a decrease 
in homocysteine levels in women from group O by 18%, 
in Group OV by 18.5%, and in Group N by 14.3%.

HC levels were higher in older women, aged 50 and 
over. This was especially noticeable in obese women. 
This was observed in that group at baseline, during the 
examination, and after 3, 6 and 9 months (Figure 2).

It was observed that after the single 10- minute exer-
cise, homocysteine levels either increased or were un-
changed (Figure 3).

The most significant changes after a 10-minute sin-
gle exercise were noticed in the group of obese wom-
en where homocysteine levels in the blood increased 
significantly after each test – by 11.8% during the 1st 
test (baseline), by 14.4% in the 2nd test (in the 3rd month), 
by 16.7% in the 3rd test (in the 6th month) and by 19.9% 
in the 4th test (in the 9th month). In Group OV, a signifi-
cant increase in homocysteine levels after each test 
was only noted during the 6th month of training (by 
17.2%), and in the 9th month (by 13.3%). In Group N 
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Figure 3. Fasting serum homocysteine and after 10 minute exercise at baseline, and at 3, 6 and 9 months post-training

Figure 2. Serum homocysteine in younger and older women at baseline and at 3, 6 and 9 months post-training

the values of HC only changed during the 3rd test were 
an increase by 18.1%.was noted.

An increase in homocysteine levels after a single 
exercise was most noticeable in older women. In wom-
en from Group O, a significant increase in HC level was 
only observed in Group OO. The overweight group 
was also characterized by a significant increase in 
HC levels in women from Group OVO, but only in the 
3rd and 6th months of training. In the groups of younger 
obese women and those with normal body mass, there 
were no changes in HC after a 10-minute test, how-
ever, in the overweight group, a decrease in HC level 
was noted during the 3rd month and in the 9th month 
levels increased.

In lean women with a normal body mass, the changes 
were not as marked as those in overweight and obese 
women. In the entire study group, a positive correla-
tion between HC level and BMI was noticed (r = 0.35) 
and a negative correlation with VO2max (r = -0.35).

Discussion

Here we show the lowest fasting HC levels were 
observed in the group of obese women. Although the 
mean value of HC levels noted in this group seems to 
be within the upper limits of the accepted norm for this 
method, it is thought that HC has adverse influences 
on the human body which can be apparent at the level 

* p  0.05 compared to values before exercise

* p  0.001; ** p  0.05 compared to younger women

Younger

Older

**
** *

*

*
*

* *

**
*

*
**

*
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Figure 4. Fasting serum homocysteine and after 10 minute exercise in younger and older women

* p  0.001 
** p  0.01 
† p  0.05 compared to values before exercise

of 10mmol/L, which is considered normal [26]. In the 
whole group of older women, HC levels often exceeded 
normal values. This was especially apparent in Group O. 
In overweight women before training, HC levels were 
a little higher than in lean women. The training pro-
gram resulted in a decrease in HC levels in all the 
groups studied. The initial results were evident after 
three months and throughout the entire training pro-
gram, HC levels remained low.

Immediately after exertion, homocysteine levels 
increased in all the groups studied. This was espe-
cially noticeable in Group O. However, there were no 
changes in HC levels in women from Groups OV and N 
at baseline and after 3 months of training. Our results 
were similar to those presented by Deminice et al. [27]. 
It is important to note that an increase in HC levels 
after a 10-minute exercise was higher in older wom-
en than in younger women. This may suggest a faster 
metabolic reaction in this group caused, for instance 
by a higher demand for products of homocysteine 
metabolism, e.g. methyl groups. A greater increase in 
HC levels in older women may also show that physical 
exercise modifies HC levels in the blood. These re-
sults are consistent with our own research. Men and 

women at different levels of physical performance car-
ried out a progressive test and it was found that fasting 
homocysteine levels and the values of post-exercise 
changes depended on the level of physical performance 
[28]. The authors demonstrated unequivocally that there 
was a negative correlation between homocysteine levels 
and the quantity of work done. The subjects in the 
study with the longest sports career had the lowest fast-
ing HC values and the biggest increase in HC levels 
after exertion – by 20%. An increase in homocysteine 
levels immediately after exertion was also observed by 
Wright et al. [29] in healthy, physically active men after 
a 30-minute run at an intensity of 70% HRmax, by König 
et al. [16] in trained triathletes and by Hermann et al. 
[30] in recreationally trained marathon runners. Their 
homocysteine levels rose by 64%, while there were no 
significant changes in athletes after a 120km mountain 
biking race and a 100km run. Homocysteine levels cor-
related negatively with the duration of the run. There-
fore, it can be assumed that the most important factors 
determining changes in HC levels are the duration 
and intensity of exercise [27]. While assaying homo-
cysteine after a half marathon race in elite and non-
elite runners, Benedini et al. [31] also observed an 

****

**

*

*

*
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increase in HC levels after a run lasting 75–100 min, 
and the pace of the run provoked an intensity close to 
the anaerobic threshold. In other studies, Subasi et al. 
[32] analyzed homocysteine levels after resistance exer-
cise but found no changes.

Ebenbichler et al. [33] observed bodybuilders dur-
ing different phases of their preparation for competi-
tions and noticed much higher values of HC levels 
during the muscle mass development phase, helping 
them reach the conclusion that a higher intake of ana-
bolic steroids during this phase stimulates hyperhomo-
cysteinemia, which intensifies mechanisms leading to 
greater coagulation promotion in this group of athletes.

Elevated HC levels in obese and overweight women 
suffering from hypertension were also noticed by Ka-
ratela and Sainani [34]. Similarly, the research by Sad-
eghi et al. [35] shows that homocysteine correlates with 
BMI, body mass fat and lean body mass.

During physical exercise, significant metabolic 
changes occur and the degree to which normal homeo-
stasis is disturbed depends on many factors connected 
with the exercise itself – its type, intensity duration – 
and also on systemic factors, level of physiological adap-
tation and, linked with this, the tolerance of homeo-
stasis disturbance in response to exercise.

An increase in blood homocysteine levels may be due 
to intensified activity by several mechanisms. It may 
be assumed that post-exercise changes are caused by 
an increased energy demand on the body during ex-
ercise as well as its demand for methyl groups whose 
donor is methionine – the precursor of homocysteine 
- and an increased protein turnover.

Homocysteine metabolism results from proper func-
tioning of a few cofactors. Amongst these, the most im-
portant are folic acid and vitamin B12, participating 
in remethylation, and vitamin B6, which is present in 
remethylation and transsulfuration. Vitamin deficiency 
may result in more intensive homocysteine synthesis. 
Methionine supply in a diet also plays a role. During 
an increased supply of methionine, the transsulfura-
tion pathway, which leads to the synthesis of cysteine, 
becomes dominant. When supply is low, remethylation 
becomes dominant and de novo synthesis of methio-
nine occurs. The main source of methionine in the diet 
is animal protein, the consumption of which results in 
an increase in homocysteine levels and is maintained 
in healthy people up to 24 hours after a meal [36].

Individuals who consume significant amounts of 
meat have higher homocysteine levels than vegetari-
ans [37]. However, in people with a vegetarian diet with 
a low supply of methionine and vitamin B12, a shift in 
the balance of the two metabolic processes in favor of 

methionine synthesis is possible, thus homocysteine 
levels can become higher [30]. If the diet is enriched 
with the B vitamins, the level of this amino acid may 
be low [38].

It has also been shown that a low supply of vitamins 
participating in homocysteine metabolism, in partic-
ular folic acid, leads to an increase in blood HC levels 
[8], therefore vitamin supplements are recommended 
for people with elevated homocysteine levels. Rous-
seau et al. [39] and Joubert [40] also claim that of all 
the vitamins present in homocysteine metabolism, folic 
acid in particular, fosters a reduction in resting homo-
cysteine levels in individuals who train intensively. 
Similar conclusions have been reached by other re-
searchers [16, 41, 42].

Hyperhomocysteinemia is such an important health 
issue that in 1998 the Governments of the USA and 
Canada mandated that wheat flour was to be enriched 
with folic acid to a level of 140 – 150mg/100g. As a re-
sult, the risk of stroke decreased by 8–16% [5]. 

In our study, a slight increase in the levels of vita-
min B12 and folic acid was observed following a single 
period exercise. Levels of both of these vitamins also 
increased due to the training applied. Physical exer-
cise may lead to an increase in homocysteine levels 
during recovery, through its influence on protein catabo-
lism and, at the same time, on methionine catabolism, 
an increased demand for methyl groups, as well as 
changes in vitamins B6, B12 and folic acid status.

From a study by Venta et al. [43] it may be concluded 
that immediately after 30-minutes of exercise, there is 
an increase in homocysteine levels, and also levels of 
cysteine, vitamin B12 and pyridoxal 5’- phosphate (the 
most biologically active form of vitamin B6). On the 
other hand, Weiss [44] noted a 33% decrease in me-
thionine levels in students after a run of moderate 
intensity following 150 min of recovery. This demon-
strates that during exercise the transsulfuration path-
way becomes dominant and leads to an increase in 
homocysteine levels at the cost of methionine used dur-
ing exercise. Therefore, in response to physical exercise, 
elevated levels of vitamin B12 and folic acid are observed. 
As a result of this adaptive reaction, the organism 
strives to supplement its methionine deficiency, stim-
ulates remethylation and synthesizes the amino acid 
de novo. This mechanism may also function as a bio-
chemical adaptive reaction when an organism is sub-
jected to regular exercise. As a body’s methionine 
supply is constantly being depleted, there is a decrease 
in homocysteine levels due to training and HC being 
remethylized back into methionine, however only if the 
supplies of vitamin B12 and folic acid are sufficient. 
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Higher values of vitamin B12 and folic acid immediately 
after exercise were noticed in previous examinations 
after Wingate and progressive tests [45].

According to Hadj-Saad et al. [46], vitamin B6 lev-
els in the blood increase after 1 hour of an intensive 
swimming exercise in rats as due to its being shifted 
from a muscle deposit pool, however, levels decrease 
after 9-weeks of training [47]. Vitamin B6 is responsible 
for protein and amino acid metabolism and a cofactor 
for many enzymes participating in amino acid trans-
formation. During exercise amino acids are used in 
glucogenesis as a source of energy for muscle work and 
in the conversion of lactate into glucose. There are other 
enzymes also involved in processes where pyridoxal 
5’-phosphate is a cofactor. 

During exercise, vitamin B6 is also used to form glu-
cose 6-phosphate from glycogen breakdown in the mus-
cles and to produce energy [40, 48]. Therefore, insuf-
ficient supply of this vitamin in the diet and intensive 
physical effort may result in HC levels decreasing or 
remaining unchanged, as suggested by some authors 
[30, 32, 49]. As vitamin B6 is mainly used to provide 
energy for working muscles, it does not play a signifi-
cant role in homocysteine metabolism. It is also thought 
that small doses of vitamin B6 should be used to pre-
vent hypercholesterolemia because when administered 
in doses of 1.6 mg/day for 12 weeks, it causes a decrease 
in homocysteine levels [50].

Another reason why homocysteine levels increase 
after exercise may be associated with increased de-
mand for methyl groups. Homocysteine is a product 
of S-Adenosyl methionine, which is an important do-
nor of methyl groups used in many transformations 
such as the synthesis of DNA, RNA, creatine, phos-
phatidylcholine, adrenaline and carnitine [6, 51-53]. 
Creatine synthesis amounts for approximately 75% 
of daily homocysteine production [40, 54]. When the 
methyl group is transferred from S-Adenosyl methio-
nine to guanidine acetate, S-Adenosyl homocysteine 
is formed, along with a particle of creatine which is 
further converted into phosphocreatine used as an 
energy source for intensively working muscles. Crea-
tine is converted to creatinine, which is secreted by 
kidneys. Thus, it can be inferred that long, high-in-
tensity exercise which leads to an increase in crea-
tine levels later used for phosphocreatine synthesis, 
may contribute to an increase in blood homocysteine 
levels [55].

Venta et al. [43] claim that significant changes in kid-
ney functioning during exercise are the main cause of 
elevated levels of thiol amino acids in the blood after in-
tensive physical exercise, rather than metabolic changes. 

There seems to be a close relationship between glomeru-
lar filtration and homocysteine levels in the blood, which 
is shown by numerous studies presented by Van Gul-
dener [7]. Other research shows that approximately 
20% of the daily production of S-Adenosyl methio-
nine takes place in the kidneys [52]. All these mech-
anisms could provide an explanation for an increase 
in HC levels which were observed in our study after 
intensive exercise undertaken by the subjects.

Our study also suggests that a 9-month health train-
ing program significantly decreased homocysteine 
levels in the blood, compared to a single exercise of in-
tensity above the anaerobic threshold. Similar observa-
tions were noted by other authors who claimed that 
physically active people have lower levels of homocyst-
eine compared with those who do not train [20, 21, 
28, 49]. These observations may demonstrate that reg-
ular aerobic training regulates homocysteine metabo-
lism in the blood, which could be used in the preven-
tion and treatment of diseases caused by hypokinesis.

In our research, a significant decrease in HC lev-
els following training was observed in all groups by 
the second examination, which was carried out after 
3 months of training. There was a decrease of 14.6% 
in Group O, by 11.7% in Group OV and by 10.5% in 
Group N, respectively, followed by only a small de-
crease in further examinations. A 9-month training 
program resulted in decreased HC levels by 18%, 18.5% 
and 14.3%, respectively. An improvement in cardi-
orespiratory fitness accompanied these changes accord-
ing to the VO2max, in each group studied. A negative 
correlation between homocysteine and VO2max seems 
to be a clear confirmation of a relationship between 
physical performance and homocysteine levels. Re-
search by Kuo et al. [56] also observed an inverse cor-
relation between VO2max and homocysteine levels in 
women. The authors claimed that HC level is a vital 
indicator of exercise tolerance in women and can be 
used as an indicator of improvement in cardiovascu-
lar fitness from training. Okura et al. [57], and Venta 
et al. [43], also showed in their research a negative cor-
relation between these parameters.

Lower blood HC levels after training may also be 
a direct result of the influence of peroxisome prolif-
erator-activated receptor – coactivator (PGC)-1a, on 
HC transformation in liver. Li et al. [58] showed that 
PGC-1a affects the genes of enzymes participating in 
HC transformation, and regulates its synthesis and 
remethylation. The study implies that physical exercise 
influences expression of PGC-1a in skeletal muscles. 
PGC-1a is one of the most vital factors regulating 
a body’s energy metabolism [59]. It stimulates mito-
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chondrial biogenesis, regulates fatty acid oxidation 
[60, 61], participates in blood pressure regulation, stim-
ulates cholesterol homeostasis, regulates inflammatory 
processes and stimulates the formation of brown adi-
pose tissue (BAT) [62]. During physical exercise the 
expression of PGC-1a is stimulated mainly by hypoxia, 
reactive oxygen species (ROS) or mechanical forces.

From our observations it can be concluded that train-
ing at intensity below the anaerobic threshold in the 
women participating in our study, was, in the case of 
homocysteine, a stimulus for adaptation which was 
particularly noticeable during the initial phases of the 
training, and in the later phases only stimulated to 
maintain the previously achieved HC levels. To induce 
further decreases in HC levels, exercise of much higher 
intensity at or above the anaerobic threshold should 
be applied (although such an outcome cannot be guar-
anteed). There was also a decrease in the physiological 
cost of work analyzed on the basis of steady state HR 
during each test.

Homocysteine participates in many adverse pro-
cesses within the blood vessels (oxidative stress, stimu-
lation of blood coagulation processes, endothelial 
damage, increased platelet adhesion, LDL oxidation 
and proliferation of vascular smooth muscle cells), but 
is often an underestimated factor in cardiovascular 
diseases and osteoporosis [63-67]. Disease risk increases 
when HC levels in the blood exceed 10 mmol/L [5, 68]. 
In our research HC correlated negatively with VO2max 
but there was also a positive correlation with BMI and 
cholesterol levels (data not shown). This observation is 
quite interesting as until now, homocysteine has not 
been thought to correlate with other risk markers for 
cardiovascular diseases.

In our study, we found HC also correlated with 
body fat percentage and mass in the group of obese 
women. A correlation with fat content in women was 
also noticed in our previous research [29]. The elevated 
homocysteine levels we observed, may be to a large 
extent a consequence of lowered levels of both vita-
min B12 and folic acid noted in the group of older women 
(data not shown). It is well known that levels of both 
these vitamins decrease with age and is often a cause 
of anemia or higher blood pressure in elderly people. 
Lack of both vitamins may also lead to a number of 
nervous system disorders and, most of all, to atheroscle-
rosis in later life, or even Alzheimer’s disease [69]. Due 
to these factors, both vitamins are used preventatively 
to lower high blood pressure and, as shown in recent 
studies, is successfully used in obese people with 
type 2 diabetes to improve glycemia and insulin sen-
sitivity [70]. According to Li et al. [58] suppression of 

PGC-1a in the liver could be used in the future as a pre-
ventive measure against hyperglycemia and as well as 
supplementation with vitamins B6 and B12, could be 
used as an alternative method of lowering HC levels.
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