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ABSTRACT

Purpose: To investigate the influences of regular sub-maximal aerobic and resistance
exercise trainings for 3 months on plasma homocystenie level and other CVD risks (lipid
profile, body mass index, etc.) and compare the effects of these two different types of exercise
training on these parameters.

Method: Thirty-eight individuals mean aged 21.68+1.38 years were included. Participants
were divided into three groups as aerobic exercise (AE) (n=13), resistance exercise (RE)
(n=13) and control group (CT) (n=12). Exercises were done four times a week during 12
weeks. CT (n=12) didn’t do any exercise. Blood analyses (plasma homocystenie, vitamin and
lipid levels) and anthropometric measurements were performed, maximum aerobic capacity
was assessed.

Results: It was found that plasma homocystenie level and lipid profile didn’t change
in exercise groups and CT group after 12 weeks (p>0.05). Body mass index and waist
circumference decreased in both exercise groups (p<0.05), maximal aerobic capacity didn’t
change (p>0.05). Homocystenie level has positive correlation with waist circumference
(r=0,392,p=0.22) and waist-to-hip ratio (r=0,501,p=0.02),and has negative correlation with
folic acid level (r=-0,447,p=0.01). Folic acid level was the essential factor for homocystenie
level respect to multiple regression analysis (p=0.03,R?>=0.60).

Conclusion: Sub-maximal aerobic or resistance exercise training didn’t change homocysteine
level when folic acid level at normal values in blood. Independent from the type of exercise,
chronic exercise didn’t considerably change lipid profiles in normolipidemic individuals.
Aerobic capacity didn’t change after 12 weeks exercise training whereas body composition
improved.
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OZET

Amac: 3 aylik diizenli sub-maksimal aerobik ve direngli egzersiz egitiminin plazma
homosistein diizeyi ve diger kardiyovaskiiler hastalik riskleri iizerindeki (lipid profili,
beden kiitle indeksi,v.s) etkilerini arastirmak ve bu parametreler iizerindeki etkilerini
karsilastirmakt.

Gere¢ ve Yontemler: Yas ortalamasi 21.68x1.38 y1l olan 38 birey calismaya alindi. Bireyler
direngli egzersiz grubu (DE) (n=13), aerobik egzersiz grubu (AE) (n=13) ve kontrol grubu
(KT) olmak tizere 3 gruba ayrildi. Egzersizler haftada 4 giin 12 hafta siireyle yapildi.
Kontrol grubu (n=12) egzersiz yapmadi. Egzersiz dncesinde ve 12.haftanin sonunda; kan
analizleri (plazma homosistein, vitamin ve lipit diizeyleri), antropometrik dlgiimler yapildi
ve maksimum aerobik kapasite degerlendirildi.

Bulgular: Egzersiz ve kontrol gruplarinda 12 hafta sonunda plazma homosistein diizeyinin
ve lipit profilinin anlamli olarak degismedigi bulundu (p>0.05). Her iki egzersiz grubunun
beden kiitle indeksi, bel ¢evresi ve bel-kalga oranlar1 azaldi (p<0.05), maksimal aerobik
kapasite degismedi (p>0.05). Homosistein ile bel ¢evresi (r=0,392,p=0.22) ve bel-kalga oran1
(r=0,501,p=0.02) ile olumlu yonde, folik asit diizeyi ile olumsuz yénde (r= -0,447,p=0.01)
korelasyon bulundu. Yapilan ¢oklu regresyon ¢oziimlemesi sonucunda homosistein diizeyi
tizerinde etkili temel faktoriin folik asit diizeyi oldugu belirlendi (p=0.03,R?>=0.60).
Sonugclar: Folik asit miktar1 kanda normal sinirlarda iken sub-maksimal aerobik ve direngli
egzersiz egitimi homosistein diizeyini degistirmedi. Kronik egzersiz, yapilan egzersizin
tipinden bagimsiz olarak, lipit profilini, normal degerlere sahip bireylerde degistirmedi. 12
haftalik egzersiz egitimi sonrasinda aerobik kapasite degismezken; beden kompozisyonu
gelisti.

Anahtar kelimeler: Homosistein, lipitler, egzersiz.

Cikar Catismasi: Yazarlarin ¢ikar ¢atigmas: bulunmamaktadir.
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Introduction

Regular exercise decreases resting hearth rate, blood
pressure, low density lipoprotein (LDL) cholesterol
level, plasma insulin level, improves physical fitness [1-
5] and minimize the risk factors of the cardiovascular
diseases (CVD) [1-3].

Homocysteine (Hcy) is a sulfur-containing nonprotein-
forming amino acid and intermediate in the metabolic
pathway of the dietary essential amino-acid methionine
[6]. Homocysteine is a metabolic product of methionine
[5,7-10] and its metabolism has two pathways which
requires folate+vitamin B, and vitamin B, [11]. For
the last 20 years hyperhomocysteinemia (blood Hcy
concentration equal or higher than 16 pumol/L) is
a commonly accepted independent risk factor for
cardiovascular diseases [5,8,12-18]. It’s thought that
the increase in Hcy levels causes atherosclerosis and
thrombosis through several ways [1,10,11,18-20].

Physical activity, folic acid and/or vitamin B-B , levels
can influence Hcy methabolism [11,13,21]. Either an
inefficiency of certain enzymes or anutritional deficiency
of the vitamins can lead to hyperhomocysteinemia
[20]. The correlations between Hcy and gender, genetic
conditions, age, medication and lifestyle factors such as
nutritional deficiencies (folic acid), smoking, nutrition,
alcohol intake and physical activity were determined in
several studies [15,19,22]. The Hordaland Homocysteine
Study is the first large population based study that
examines the relationship between physical activity
and blood Hcy concentrations [6]. They found that
physical activity was negatively associated with blood
Hcy concentration whereas some researchers found no
association between physical activity level and Hey [23-
25].

In chronic exercise studies it was determined that Hey
level decreased in patients with high Hey concentrations
[26] or low physical fitness levels [10,27]. There’s still
equivocal results for effects of sub-maximal aerobic
exercise training [5,9,26,28] and limited information
about the effect of resistance exercises [10,27] on
Hcy levels in sedentary individuals. For the last two
decades, the American College of Sports Medicine
recognized resistance training as a significant
component of a comprehensive fitness program
to improve cardiovascular functions in adults [29].
Resistance exercise training would contribute to the
reduction in Hcy levels, although the mechanisms of
the effect of chronic exercise on Hey levels, particularly
resistance exercise is not clear. It’s showed that exercise
affect amino acid and protein metabolism and uptake/
production of Hey is influenced especially in exercises
which increase metabolic demands and may necessitate
the conversion of Hcy to succinyl-coenzyme A as
a means of increasing energy production from the
trichloroacetic acid cycle [27]. From a different point
of view, it’s reported that aerobic exercises may not
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improve people’s perception that they can undertake
heavy work, whereas resistance training has been found
to improve self efficacy for strength related tasks [30].
Furthermore, Hcy levels correlate with anger whereas
resistance exercise is associated with decreased anxiety
and improved emotional health [27].

There are plenty of studies investigate the effect of
physical activity on CVD risk factors (high triglyceride
(TG) levels, total cholesterol (Total-c) levels and blood
pressure) in sedentary individuals. It’s accepted that
physical activity lowers these parameters [3,31].

The results of the studies investigating the effects of
chronic exercises on plasma Hcy level are inconsistent
and there’s still no clear consensus [5,8,10,22,23,26,32-
34]. In our knowledge there’s no study that investigated
the effects of two different types of exercises on Hcy
levels and compared them.

A 5 umol/L increment increase in total plasma Hey levels
was found related with a 60% to 80% increased risk for
coronary heart disease. American Heart Association
stated that Hey lowering treatments such as vitamin B
supplement may be inefficient to prevent recurrent heart
attacks and stroke [18]. In order to elicit lower Hey levels;
changing the lifestyle of the people with proper diet
and exercise programs are thought to be more effective
solution. We consider that determining the most effective
exercise program which can influence Hcey levels would
considerably help hyperhomocysteinemia treatment and
it would be helpful for health professionals to encourage
variety in the prescription of exercise and development
of effective intervention programs, as well.

According to this literature knowledge the aims of this
study were investigating the influences of sub-maximal
aerobic and resistance exercise trainings on plasma Hcy
level and other CVD risks (lipid profile, body mass
index, ect.) and compare the effects of these exercise
trainings on these parameters.

Material and Method

Participants

Thirty-eight healthy participants (30 Female-8 Male),
mean aged 21.68+1.38 years were included the study.

Approval ~was obtained from University of
Dokuz Eylul, Human Ethics Committee (Date-
number:06.09.2005-190) before commencing this study,
and the written consent was taken from all participants.

Individuals who aren’t smokers and have Hcy level
lower than 15 pmol/L, Total-c level lower than 200
mg/dL, systolic blood pressure (SBP) and diastolic
blood pressure (DBP) lower than 140 and 90 mmHg
respectively, no history of injury related to extremities,
no history of cardiovascular disease and performed no
regular exercise for the last 6 months were included the
study.
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Study design

Forty-eight healthy individuals included the study.
Participants who didn’t match with inclusion criteria
were excluded following initial blood analysis. Thirty-
eight participants were randomized into three groups
as resistance exercise (RE) (nl=13), aerobic exercise
(AE) (n2=13) and control (CT) (n3=12) groups. Table
of random numbers was used for randomization. CTs
didn’t do any exercise. Maintaining of habitual dietary
intake and weekly physical activity of all groups were
controlled by phone interview at the end of each week
[26]. All assessments were done in the beginning and
at the end of 12 weeks. This study was conducted in
School of Physiotherapy and Rehabilitation, Dokuz
Eylul University.

Measurements
Demographic information

Age, gender, weight and height, body mass index (BMI)
of the participants were recorded.

Anthropometry [35]

Waist circumference; was measured with the tape
placed perpendicular to the long axis of the body above
umbilicus and horizontal to the floor and applied with
tension without putting pressure on the abdominal wall
and recorded as centimeters.

Waist-to-hip ratio; was calculated by the waist
circumference divided by the hip circumference.
The measuring tape placed horizontally around the
maximum circumference of the buttocks. Measurement
was read at the level of the tape to nearest 0.1 cm and
recorded as centimeters.

Maximum Aerobic Capacity

The maximum aerobic capacity was measured with UKK
2 km Walk-test (Urho Kaleva Kekkonen Institute for
Health Promotion Research (UKK), Tampere, Finland)
[36].

Blood pressure (mmHg) and heart rate (beats per minute
[bpm]) was measured on the right upper arm (over the
brachial artery) [13]. Heart rate was monitored with Polar
Heart Rate Monitor (S610i,Polar Electro Oy,Finland).
The following formula was used to predict estimated
Vo, (ml/kg/min) [36];

Women

116.2-2.98xTime for 2 km in seconds—0.11xHeart rate at
the end of the test in bpm—0.14xAge in years—0.39xBMI
(Weight in kg/[Height in m]?)

Men

184.9-4.65xTime for 2 km in seconds—0.22xHeart rate at
the end of the test in bpm—0.26xAge in years—1.05xBMI
(Weight in kg/[Height in m]?)

Fitness categories according to VO, for both genders
(aged between 20-24 years) are defined by UKK Institute
[36].
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Blood analyses

Blood analyses were evaluated in main laboratory of
Faculty of Medicine in Dokuz Eylul University. To
eliminate the possible effect of the hormonal status on
Hcy, blood samples of female participants were collected
during the first 10 days of their menstrual cycle.

The blood samples were collected between 8-9 a.m.
following a 12 hours overnight fasting. For Hcy
measurement, blood samples were collected in EDTA-
containing tubes and they were centrifuged within the 10-
20 min. at 4°C, 4000 xg for 10 min. Blood samples were
stored on ice until centrifugation. The plasma fractions
were kept at -20°C until measurements. Plasma Hcy
levels were measured by the competitive immunoassay
method (Intra-assay CV % = 0.98 %, Inter-assay CV % =
1.60 %) (DPC Immulite,Los Angeles,USA) [8,23]. Lipid
analyses were done immediately after blood collecting.
Total-c, triglyceride (TG), HDL-cholesterol (HDL-c),
LDL-cholesterol (LDL-c) levels were measured with
colorimetric/enzymatic method by a chemistry auto
analyzer (Roche,DP Modular System,Tokyo,Japan).
When the TG level was lower than 400mg/dL, LDL-c
calculated using the Friedewald formulae: {Total-c}-
{(TG/5) + HDL-c }[28]). All methods were daily
controlled by internal quality system and were certified
by NEQAS external quality control system.

Exercise training

12 weeks exercise program was done for 4 times/week,
under physiotherapist supervision.

Aerobic training included warm-up (10 minutes [min])
period, sub-maximal aerobic exercise (25 to 55 min)
and cool-down (10 min) period. Warm-up and cool-
down periods consisted of stretching exercises for
musculoskeletal system and low-intensity exercises for
cardiopulmonary system. Aerobic exercise program
performed on treadmill (Advance 4200,USA). Exercise
training started with the intensity of 55% Target Heart
Rate (THR) for 25 min in the first week and finished
with 75% THR for 55 min [26]. Heart rate was monitored
with Polar Heart Rate Monitor and also checked from
the monitor on treadmill. The progression model for
aerobic exercise training is illustrated in Table 1.

Resistance training included 10 min warm-up, 45 to
55 min exercise and 10 min cool-down. One-repetition
maximum (IRM) was determined for Flexor muscles
of the hip, Gluteus medius muscle, Quadriceps femoris
muscle, Hamstring muscles, Rectus abdominis muscle,
Latissimus dorsi muscle, Deltoid muscle (middle
part), Biceps brachii muscle of each participant in the
beginning of the study. Resistance exercise program
consisted of the completion of three sets of 8 repetitions,
with 10 s of rest between each exercise and 60 s of rest
between each set, performed at 70% of each participant’s
predetermined 1RM in the first week then 10 repetitions
were done in the second week. Then the same procedure
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was performed for 2 weeks using the new 1RM, and so
on [10,37]. Free weights and exercise stations were used
for resistance [10].

Statistical methods

Variables were analyzed with SPSS 15.0 datamanagement

system. All variables were normally distributed.
Therefore, percentages, arithmetic means and standard
deviations were used for descriptive statistics.

Potential baseline differences among groups were
analyzed with One Way analysis of variance (ANOVA)
test.

Two way ANOVA with repeated measures with time
(within) and treatment groups (between) as factors was
used to test for time by exercise effects on participants
anthropometrics, maximum aerobic capacity, and the
results of the blood analyses. When significant changes
were observed in ANOVA tests, Tukey’s post hoc test
was applied to locate the source of significant difference
[38]. Absolute changes in the variables from baseline to
second measurements (A) were calculated.

B

The correlation between Hcy level and anthropometry,

Table 1. Progression of aerobic exercise program

Week 1. 2. 3. 4. 5.
Intensity
55 55 55 55 65
(%)

Time (minute) 25 35 45 55 25

vitamin levels, maximum aerobic capacity was
determined by using Pearson’s correlation analysis [38].
Then, multiple linear regression analyses were used to
determine the essential factor related with Hey level [38].
An extended-model approach for covariate adjustment
was set up with these models:

Model 1= BMI + Waist circumference + Waist-to-hip
ratio

Model 2= Model 1 + Vitamin B,, level + Folic acid level
Model 3= Model 2 + Maximum aerobic capacity

Model 4= Model 3 + Group (Both exercise training and
non-exercise)

The level of significance was set at p= 0.05.

Results

There were 9 females-4 males in AE group, 11
females-2 males in RE group, 10 females-2 males in CT
group. There was no significant difference for gender
distribution among groups (%*=1.10,S=2,p=0.58).

All groups were similar respect to their descriptive
and anthropometric variables at the baseline (Table 2)
(p>0.05).

6 7 8 €, 10 11 12
65 65 65 75 75 75 75
35 45 55 25 35 45 55

Table 2. The descriptive and anthropometric characteristics of the participants

AE group RE group CT group
n=13 n=13 n=12 P
XtS XtS Xt$
(Min-Max) (Min-Max) (Min-Max)
22.31 +1.80 21.00 +1.08 21.75+0.75
Age, years 0.48
(20-26) (19-23) (21-23)
. 168.23 +9.23 169.23 +6.77 163.25 + 6.11
Height, cm 0.24
(149-180) (157-182) (1567-177)
62.62 +10.03 61.92 +10.94 56.33 £8.72
Body mass, kg 0.64
(44-74) (53-94) (42-75)
22.05+2.62 21.55 +2.81 21.06 £2.37
BMI, kg/m? 0.12
(16.96-27.34) (18.34-28.38) (16.41-25.35)
Values are means + standard deviations, p <0.05
AE : Aerobic exercise, RE: Resistance exercise, CT :Control, BMI: Body mass index
Turk J Biochem, 2012; 37 (3) ; 303-314. 306 Subast et al.



Blood analyses

The repeated measures ANOVA test, which was used
to determine the group and time effect for biochemical
analyses, didn’t yield significant group or time
interaction for Hcy levels, lipid profiles and folic acid
levels in AE group (p>0.05) (Table 3). Only vitamin B,
levels was significantly different among groups after
12 weeks (F=7.03,p= 0.00). There was a time effect

for changing in vitamin B, levels (F=35.41,p=0.00).

Vitamin B, significantly decreased (pl=p2=0.00) in
both RE group and CT group whereas other variables
didn’t change (p>0.05) (Table 3) (Figure 1). Changes
in B, levels were similar in both groups (p=0.77). The

interaction of time and group wasn’t significant (p>0.05).

These reductions of vitamin B, levels were higher than
the percentage of biological variation of vitamin B, in

both groups (http://www.westgard.com/biodatabasel.

htm).

There were no significant differences among three
groups with regard to Hcy (Figure 2) and all other
biochemical variables (p>0.05) (Table 3), there were
no time effect for any of those variables (p>0.05), and
the interaction of time and group wasn’t significant
(p>0.05). Table 3 shows the biochemical variables
at baseline and second measurements with absolute
changes and percentages.

Anthropometry

The BMI changes in each group were significantly
different (F=7.78,p=0.01). The interaction of time and
group was significant (p<0.05). It’s found that BMI
values decreased in RE group (p=0.01) and AE group
(p=0.02) whereas increased in CT after 12 weeks
(p=0.04) (Table 4) (Figure 3). Changes in BMI were
similar in RE and AE groups (p>0.05). There was no
time effect for changing in BMI (p>0.05).

Changes for waist circumferences among groups were
significantly different (F=5.30,p=0.01). The interaction
of time and group was significant (p<0.05). Waist
circumference decreased in both two exercise training
group (RE;p=0,02,AE;p2=0.01) after 12 weeks exercise
but didn’t change in CT group (p=0.36) (Table 4) (Figure
4). Changes in waist circumferences were similar in RE
and AE groups (p>0.05). The main effect of time was
not significant for waist circumference (p>0.05).
Waist-to-hip ratio didn’t significantly change in any
groups (F=1.17,p=0.32) (Table 4).

Maximum Aerobic Capacity

Estimated VO, changes were calculated for all
groups and no difference was found (p=0.61). Although
estimated VO,  seemed improved in AE group after
12 weeks exercise training, further statistical analyses

showed that this was due to time effect (F=5.93,p=0.02).

The interaction of time and group wasn’t significant
(p>0.05).
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The correlation between Hcy level and ant-
hropometry, vitamin levels, maximum aerobic
capacity, physical activity

Total Hcy level had moderate positive correlation
with waist circumference (r=0,392,p=0.02) and strong
positive correlation waist-to-hip ratio (r=0,501,p=0.00)
and moderate negative correlation with folic acid level
(r=-0,447,p=0.01). No correlation between Hcy level and
physical activity was found (p>0.05) (Table 5). BMI,
waist circumference and waist-to-hip ratio have positive
correlations with each other (p<0.01) (Table 5).

After correlation analyses, multiple linear regression
analyses were used to determine the essential factor
related with Hcy level. It was determined that the
folic acid level was the essential factor for Hey level
(p=0.03,R*>=0.60).

Discussion

We investigated the influences of sub-maximal aerobic
and resistance exercise trainings on plasma Hcy level
and other CVD risks and found that these exercise
trainings didn’t change the plasma Hcy levels, lipid
profile and maximum aerobic capacity but improved
body composition.

It’s well known that sedentary life style increases CVD
risks whereas regular exercise plays an important
role in decreasing these risks [1,2,4,5]. Although the
mechanism of relationship between Hcy level and
CVD risks is still not clear, hyperhomocysteinemia is
accepted as inducing atherosclerotic and thrombotic
events due to endothelial cell injury and dysfunction,
increased platelet adhesiveness, enhance LDL oxidation
and deposition in the arterial wall, and direct activation
of the coagulation process [1,10,11,18,19]. Endothelial
dysfunction occurs in reduction of the bioavailability of
endothelial nitric oxide (NO) and high Hcy decreases
the availability of endothelial-derived NO [1,11,20].
Preventive effect of exercise is told to be related to
increase in NO production (increase in both activity and
protein content) by vascular endothelial cells, therefore
increasing endothelial dysfunction [1]. It is reported that
endothelium-dependent vasodilatation occur as early
as 4 weeks exercise training depending on increased
availability of NO. Another possible mechanism
might be improvement of the antioxidant capacity of
the vasculature by exercise training [1]. However, we
found no change in Hcy levels after exercise training.
It’s accepted that the Hcy levels can change depend
on type and frequency of the exercise training [8,34].
Cooper et al. found no change for Hcy level with 6
weeks aerobic exercise program [39]. 6 weeks exercise
duration seems too short even for showing a change in
body composition, cardiorespiratory system and other
systems. In another study no change was reported in
Hcy levels after 17 weeks aerobic training with the
frequency of 2 days/week [40]. This frequency doesn’t
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Table 3. Biochemical variables of the groups

AE group RE group CT group
XS XtS$ XtS$
Hcy (pmol/L)
p 10.42+3.29 8.59+2.41 8.63+1.63
re
Post 10.61+3.01 8.94+2.32 8.86 +1.78
os
A 0.18+1.28 0.35+1.40 0.28+0.97
(% 2.94£12.05) (% 6.22+16.30) (% 3.39+11.00)
Vitamin B,, (pg/mL)
p 262.92+76.05 332.15+106.45 286.42+111.33
re
Post 245.92+97.04 224.77+77.94 231.83+98.62
os
A -17.00+£59.55 -107.46+72.98 -54.58+49.67
(% 6.81+22.77 ) (% 30.60+15.68 ) § (% 18.75+14,17 ) §
Folic acid (ng/mL)
p 6.73+2.38 7.19+1.70 9.74+3.47
re
6.70+1.19 7.16x1.69 8.29+3.01
Post
A -0.03+1.12 -0.03x0.11 -1,45+2.51
(% 0.31x 14.38) (% 16.20£31.31) (% 12.43+18.23)
Trigliserid (mg/dL)
P 64.00+20.12 67.85+24.30 79.08+29.81
re
Post 76.46+46.85 66.08+26.20 98.75+64.89
[
A 12.46+38.90 -1.77+10.30 19.67+45.85
(% 17.71+54.49 ) (% 2.91+11.78 ) (% 18.93+45.55 )
Total-cholesterol (mg/dL)
p 158.08+24.91 164.70+£25.87 162.83+19.40
re
Post 161.61+36.74 159.00+28.70 166.92+21.26
oS
A 3.54+19.93 -5.69+12.44 4.08+16.52
(% 1.63+11.70) (% 3.48+7.18) (% 2.85+10.26 )
HDL-cholesterol (mg/dL)
p 58.76+19.01 60.31+17.28 54.08+7.69
re
Post 59.69+17.99 59.23+17.00 54.08+9.94
os
A 0.92+4.94 -1.08+5.65 0.00+7.30
(% 2.42+8.16) (% 1.27+10.50 ) (% 0.24+13.17)
LDL-cholesterol (mg/dL)
p 87.15+20.87 91.76+23.06 92.92+17.92
re
Post 86.53+27.94 86.54+23.29 93.08+14.97
[
A -0.61+16.17 -5.23+11.67 0.17+0.97
(% 1.37+15.89 ) (% 5.25+11.05 ) (% 1.54+13.83)

A, absolute changes in the variables from baseline to second measurements. Percentages were showed in the parenthesis
§ Different from the first measurement to second measurement at p <0.05

Values are means + standard deviations

AE : Aerobic exercise, RE: Resistance exercise, CT :Control
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Figure 1. Vitamin B12 alterations in groups (mean). AE : Aerobic exercise, RE: Resistance exercise, CT :Control
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Figure 2. Hcy alterations in groups (mean). AE : Aerobic exercise, RE: Resistance exercise, CT :Control, Hcy:

Homocysteine

seem enough to elicit Hcy changes. Therefore, we
carefully designed our exercise trainings with suggested
intensity, frequency and duration [29]. Researchers
found that aerobic exercise training lowered Hcy
levels in patients with hyperomocysteinemia [32,34]
and it’s stated that Hcy levels can be lowered by some
interventions in people with hyperhomocysteinemia
rather than people with normal Hcey levels [1,26,32]. In
our study, the reason of ending up with no change in Hey
levels might be related with the normal Hey levels of our
participants. There are only two studies investigated the
effects of resistance exercise training on Hcy levels in
sedentary people [10,27]. Vincent et al. used low and

Turk J Biochem, 2012; 37 (3) ; 303-314.

high intensity resistance exercise for 6 months in older
adults and found 5,30% and 5,34% reduce in Hcy levels,
respectively [27]. In their second study, they explored
the effect of resistance exercises on systemic oxidative
stress, Hey levels and lipoproteins. They found that Hey
levels and oxidative stress decreased but Total-c, HDL-c
and lipoprotein-a levels didn’t change after 6 months
training [10]. All these studies were investigating the
chronic effects of aerobic or resistance exercises alone.
To the best of our knowledge; there’s only one study that
compares the acute effects of two types of exercises on
Hcy levels in sedentary people [41] and our study is the
first research that compares the chronic effects of these
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exercises on Hey. Although, our aerobic and resistance
exercise trainings were intense enough with proper
frequency and duration to elicit blood Hcy changes in
sedentary young individuals, Hey levels didn’t change
possibly due to normal Hcy levels of the participants.

We found that maximum aerobic capacities of the
participants were below average according to estimated
VO, . measurements. Some of the researchers found
lower Hey levels in people with high physical activity
levels [6,14] whereas others found no association
[12,23,25]. The relationship between physical activity
and Hcy levels is explained by the vitamin B ,, folic
acid and vitamin B, dependent pathway: where

Turk J Biochem, 2012; 37 (3) ; 303-314.

s-adenosyl-methionine donates its methyl group to
guanidinoacetate to form creatine and s-adenosyl-
homocysteine in order to produce energy. Creatine
phosphate is utilized within skeletal muscles to store
high-energy phosphate bonds. During the high intensity
exercise that is predominated by anaerobic system, the
creatine turnover is elevated. It was thought that the
alterations of the creatine synthesis might change the
Hcy levels due to formation of S-adenosylhomocysteine
(the precursor of Hcy) from S-adenosylmethionine
enhanced by high creatine synthesis [11]. Further;
physical activity influences plasma protein metabolism
and turnover and the concentration of amino acids
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Table 4. Anthropometric variables and aerobic capacity of the groups

AE group RE group CT group
X*8 XS X*8
2 p
BMI (kg/m?)

Pre 22.05+2.62 21.55+2.81 21.06+2.37

Post 21.94+2.75 21.39+2.85 21.23+2.43
A -0.11£0.22 -0.16+0.18 0.17+0.26 0.01*

Waist circumference (cm)

Pre 74.61+8.51 74.61+9.30 70.92+7.37

Post 71.19+7.42 70.42+9.20 71.17+5.45
A -3.42+2.78 t -4.19+£3.21 t 0.25+3.02 0.01*

Waist-to-hip ratio

Pre 0.76+0.07 0.75+0.07 0.74+0.04

Post 0.74+0.07 0.72+0.07 0.74+0.04
A -0.02+0.02 -0.03+0.03 0 0.32

Maximum aerobic capacity (ml/kg/min)

Pre 44.84+10.66 36.33+3.14 42.89+4.84

Post 47.81+15.16 38.80+4.22 43.69+4.73
A 2.98+6.40 2.47+4.86 0.80+4.44 0.61

A, absolute changes in the variables from baseline to second measurements.
Values are means + standard deviations

* 3 groups were significantly different at p <0.05.
T Different from control group at p <0.05.

AE : Aerobic exercise, RE: Resistance exercise, CT :Control, BMI: Body mass index

Table 5. The relationship of Hey level and anthropometry, vitamin levels, maximum aerobic capacity, physical activity

Hey BMI wcC WHR B,, FA Estimated VO, |
Hcy r 0,15 0,39 0,50 -0,30 -0,45 0,30
p 0,37 *0,02 *0,00 0,07 *0,01 0,07
BMI r 0,15 0,79 0,48 -0,28 -0,28 0,04
p 0,37 *0,00 *0,00 0,10 0,09 0,83
wcC r 0,39 0,79 0,86 -0,31 -0,24 0,28
p *0,02 *0,00 *0,00 0,06 0,15 0,09
WHR r 0,50 0,48 0,86 -0,41 -0,29 0,50
p *0,00 *0,00 *0,00 *0,01 0,08 *0,00
B,, r -0,30 -0,28 -0,31 -0,41 0,24 -0,19
p 0,07 0,10 0,06 *0,01 0,16 0,24
FA r -0,45 -0,28 -0,24 -0,29 0,24 -0,16
p *0,01 0,09 0,15 0,08 0,16 0,33
Estimated VO, | r 0,30 0,04 0,28 0,50 -0,19 -0,16
p 0,07 0,83 0,09 *0,00 0,24 0,33
Hcy; homocysteine, BMI; body mass index, WC; waist circumference, WHR; waist-to-hip ratio, Blz;vitamin B, FA; folic acid, Estimated
VO, .; maximum oxygen consumption.
* p<0.05
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such as methionine [1,16]. An increase in methyl group
turnover increases Hey production. In most researches
there’s a lack of investigating the vitamin B, ,/folic acid
levels or lack of carefully controlling and measuring
(objective measurements such as blood analysis) of
these parameters which alter Hcy metabolism. In our
study we measured these parameters by blood analysis
and controlled these parameters to avoid interfering the
results of exercise trainings. We didn’t find a correlation
between aerobic capacity and Hcy levels, but further
statistical analysis showed that the main factor for
Hcy levels was blood folic acid levels. We might not
have showed the effect of activity levels on Hey level
since the folic acid levels of the participants were
normal. Additionally, vitamin B , levels decreased in
RE and CT group at the end of 12 weeks study period
and these reductions were higher than the percentage
of biological variation (15%) [42] of vitamin B,,. This
might be indicating a change of dietary status. However;
the folic acid level is declared as the main factor that can
affect Hcy metabolism in great number of the researches
[11,15-17,19,21,23]. Our results supported these findings.
Furthermore; folic acid levels among all three groups
remained same during the study. For this reason, the
reduction of vitamin B, levels shouldn’t be considered
as responsible of unchanged Hcy levels.

Several researchers investigated the effects of exercise
training on lipid profiles and body composition which
are the factors for developing CVD in sedentary people
[3,28,31]. After long term exercise training skeletal
muscle lipoprotein lipase activity and mass increases,
capillary density increases, removal and use of fatty
acids improves (31). In Halbert et al.’s meta-analysis, it’s
found that the aerobic exercises decrease Total-c, TG
and LDL-c while resistance exercises increase HDL-c
and decrease LDL-c [3]. In another meta-analysis it’s
stated that aerobic exercises increase HDL-c along
with decreasing Total-c and LDL-c [31]. Okura et al.
reported that diet plus aerobic exercise improve lipid
profile and decrease Hey levels in obese individuals [22].
Researchers pointed out that regular exercise seems
more effective in hyperlipidemic people whereas it’s
difficult to make a significant change in people with
normal lipid profiles [3,31]. The reason of our failure
to show a change in lipid profile after aerobic and
resistance trainings in our study might be normal lipid
levels of the participants.

Obesity, especially android-type, is associated several
major disease risks [22]. One of the epidemic researches
showed that BMI and WHR have positive correlation
with Hcy levels [43]. Similarly, we found positive
correlations between Hcy-WC and Hcy-WHR. BMI,
WC and WHR correlated with each other but there was
no relationship between Hcy levels an d BMI. Body
composition can change according to exercise type.
Although moderate intensity aerobic exercise training
is mostly used to regulate total body composition and

Turk J Biochem, 2012; 37 (3) ; 303-314.

body fat [35], resistance exercises improve muscle
strength which would be helpful to accomplish activities
of daily living and tasks that require strength [29, 30]. In
our study both resistance and aerobic exercise training
improved BMI, WC and WHR. However; Hcy levels
didn’t change although there’s a positive relationship
between Hey and WC-WHR.

55 min sub-maximal aerobic and resistance exercises
for 4 days/week during 12 weeks didn’t change Hcy
levels. Although, our exercise training programs seemed
suitable to elicit blood Hcy changes in sedentary young
individuals, it can be said that these exercise trainings
may not be eligible to change Hcy levels when folic acid
levels and/or Hey levels are at normal values. The Hey
and folic acid levels of the participants were at normal
values in the beginning and at the end of the study,
and this result supports our explanation. Even though
aerobic and/or resistance exercises doesn’t change Hcy
levels, it’s determined that other CVD risk factors can be
controlled by increasing the physical activity.

Conclusion

Sub-maximal aerobic and resistance exercise training
didn’t change Hcy levels in young individuals with
normal Hey and folic acid levels. Hey level has positive
correlation with waist circumference and waist hip
ratio and negative correlation with folic acid level. Folic
acid is the essential factor that influences Hcy levels
and if folic acid levels are at normal values changing
Hcy levels with exercise training is difficult. Carefully
controlling of the factors that possibly alter Hcy
metabolism (vitamin B ,, folic acid, age) while designing
researches examining the effect of exercise on Hcy is
highly important. Both aerobic and resistance exercise
training didn’t change lipid profile in young individuals
with normal lipid profile. Neither aerobic nor resistance
exercise trainings improved aerobic capacity but
improved body composition. In the future; conducting
research on effects of exercise training in people with
hyperhomocysteinemia and/or low folic acid levels, and
people with cardiac risks is suggested.
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