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ABSTRACT

m A sedentary lifestyle, which is a known risk factor for several diseases, including

Received: 15 Nov 2023 cardiovascular disorders, is associated with elevated homocysteine levels. Studies have

Accepted: 08 Jun 2024 demonstrated that physical training can influence homocysteine levels in the body. The present

Available Online: 12 Oct 2024 study aimed to investigate the effect of aerobic exercise on homocysteine and lipid profiles in
adults.

A systematic search of English and Persian articles published in PubMed,
Web of Science (WOS), Scopus, Scientific Information Database (SID), Noor Mags, and Magiran
databases was conducted up to June 2024. The mean difference and 95% confidence intervals
(CIs) were calculated using a random-effects model. Heterogeneity was assessed using the |2
statistic, and publication bias was evaluated through visual inspection of the funnel plot and
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Cardiovascular ITPE A total of 19 studies comprising 511 adults were included in this meta-analysis. The

diseases, results indicated that aerobic exercise significantly reduced homocysteine levels [WMD= -0.915,

Homocysteine, 95% Cl: -1.427 to -0.403, P= 0.001], LDL [WMD= -8.934 mg/dL, 95% Cl: -13.555 to -4.314, P=

Lipid profile, 0.001] and total cholesterol (TC) [WMD= -7.390 mg/dL, 95% CI: -13.881 to -0.900, P= 0.026]
compared to control groups. However, no significant changes were observed in triglycerides (TG)
[WMD= -3.418 mg/dL, 95% Cl: -9.466 to 2.611, P= 0.266] and high-density lipoprotein (HDL)
[WMD= 1.940 mg/dL, 95% Cl: -0.920 to 4.799, P= 0.148].
m This meta-analysis suggests that aerobic exercise in adults is associated with reduced
levels of homocysteine, total cholesterol, and low-density lipoprotein (LDL). Therefore, it can be
recommended as a practical and non-pharmacological strategy to help prevent cardiovascular
disease and diabetes.
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Introduction

besity is caused by environmental and

genetic factors and can be considered a

serious  condition  associated  with

cardiovascular problems [1]. Nowadays,
cardiovascular disease is recognized as one of the
leading causes of death in the world, and many factors
are involved in the development of this disease. The
most important risk factors for these diseases include
insulin resistance, high waist-to-hip ratio [2], low-
density lipoprotein (LDL) and very low-density
lipoprotein (VLDL) [3] and high-density lipoprotein
(HDL) [4], total cholesterol (TC), triglycerides (TG)
[5], lipid disorders and their oxidation, inappropriate
dietary concentrations, inactivity, obesity, smoking,
high blood pressure, and increased homocysteine
levels [3, 4,.6].

Homocysteine is an amino acid in the blood that is
formed from the demethylation of methionine and is
known as a homologue of cysteine. Epidemiological
studies have indicated that high levels of
homocysteine in blood plasma are a risk factor for
coronary artery disease, heart attack, and peripheral
vascular disease, and cause atherosclerosis in three
ways: 1) damage to the inner wall of the arteries, 2)
interference with the work of blood clotting factors,
3) oxidation of LDL [7]. The reduction of
homocysteine levels decreases the risk of heart
attacks and strokes [8]. Plasma homocysteine levels
increase with age, which has been shown to be more
common in women [9]. Factors contributing to higher
total homocysteine concentrations in adults include
low serum folate concentrations and an increased
prevalence of vitamin B12 deficiency as a result of
malabsorption of these vitamins from the intestines in
adults [10]. Many studies have revealed that the
association between homocysteine levels and
atherosclerosis is even stronger than the association
between atherosclerosis and cholesterol. On the other
hand, increased homocysteine concentrations are
themselves an independent risk factor for coronary
artery disease [11].

Nowadays, the positive effects of exercise and
physical activity for the primary and secondary
prevention of cardiovascular diseases have been well
established. Exercise and physical activity are
generally associated with a healthy lifestyle [12].
Physical activity improves homocysteine and several
biochemical variables that can affect the homocysteine
metabolism pathway. Oxidative stress may play a
more critical role in this regard. Several studies
investigating the effect of physical activity on
cardiovascular risk factors support the use of aerobic
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activities, such as light jogging, mountain climbing,
long-distance walking, and swimming. The results of
these studies show that aerobic exercise reduces
plasma homocysteine levels [13, 14]. In a meta-
analysis, researchers examined the effect of aerobic
exercise alone in 22 studies involving 520 subjects and
reported that aerobic exercise increased plasma
homocysteine levels [15]. On the other hand, Silva et
al. (2020) reviewed a systematic review of 22 studies
and reported that exercise training increases plasma
homocysteine levels [16].

Elevated homocysteine levels, especially in individuals
with a sedentary lifestyle, are known to be a risk factor
for chronic diseases, including cardiovascular disease,
type 2 diabetes, and cognitive impairment. Moreover,
lipid profile abnormalities, such as increased LDL and
TG, and decreased HDL, are directly associated with the
risk of atherosclerosis and metabolic syndrome. Studies
have shown that physical activity, particularly aerobic
exercise, can play a significant role in modulating these
indicators [17].

Several physiological mechanisms have been
proposed to explain the beneficial effects of aerobic
exercise on blood homocysteine and lipid levels. In the
context of homocysteine, regular aerobic exercise may
reduce homocysteine levels by reducing oxidative
stress, increasing antioxidant capacity, expanding the
remethylation of homocysteine to methionine through
pathways dependent on vitamins B6, B12, and folate,
and increasing the metabolic utilization of methionine
[15]. On the other hand, aerobic exercise can reduce
TG, LDL, and TC and increase HDL by stimulating
the secretion of epinephrine and norepinephrine,
activating lipoprotein lipase, increasing enzymes
involved in lipid metabolism such as LCAT, and
improving reverse cholesterol transport. In addition,
increasing the utilization of fatty acids by muscles
during regular exercise is another pathway modulating
plasma lipids [18].

Given the conflicting findings in previous studies and
differences in design, type of exercise, intensity, and
duration of intervention, a meta-analysis seems
necessary to investigate the effect of aerobic exercise
on homocysteine levels and lipid profiles in adults.
The present study aimed to systematically analyze the
available evidence and provide an overall estimate of
the effectiveness of aerobic exercise on these
metabolic indicators in adults.

Materials and Methods

The present study is a systematic review and meta-
analysis conducted according to the Cochrane and
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [19, 20].
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A search was conducted in databases to retrieve
relevant research articles. To this end, Scopus,
PubMed, and Web of Science (WOS) databases were
searched for English-language articles up to June 2024
(without limiting the year of publication) using the
following keywords:

"Aerobic Exercise", "HIIT", "Interval training",
"Aerobic Interval Training", "Aerobic Interval”,
"Intermittent Training", "High Intensity Intermittent",
"High Intensity Interval Exercise", "High Intensity",
"High Intensity Interval Training", "Sprint Interval
Exercise", "SIT", "Moderate-Intensity Continuous
Exercise", "Homocysteine", "Lipid profile", "serum
lipids", "Lipid profile", "Adults".

In addition, a search was conducted in the Scientific
Information Database (SID) and Magiran databases for
Persian articles up to June 2024 using the following
keywords (in Persian):

"aerobic exercise", '"interval exercise", "aerobic
interval training", "interval training", "high-intensity
interval training", "sprint interval training", "moderate-
intensity  interval training", "moderate-intensity
continuous exercise", "homocysteine", "lipid profile",
"serum lipids", "lipid profile", and "adults."

Then, the reference lists of the retrieved articles and
the articles citing them were manually reviewed in
Google Scholar. The database searches were
conducted independently by two researchers.

To conduct the meta-analysis, articles with the
following characteristics were included in the study: 1)
Randomized clinical trials (RCT) and non-randomized
studies (NRS), published in Persian or English; 2)
studies conducted on adults; 3) studies investigating
the effect of aerobic exercise versus a control group; 4)
studies measuring homocysteine and lipid profile (TC,
TG, HDL, LDL); 5) those studies that included mean
and standard deviation data for the post-test and pre-
test of the variables mentioned above for subjects of
both groups (aerobic exercise and control). Exclusion
criteria involved animal studies, abstracts of articles
presented at conferences, theses, cross-sectional
studies, reviews, and meta-analyses. The initial
evaluation of the articles was conducted independently
by both researchers.

Information on study type, first author, year of
publication, randomization or non-randomization,
sample size, subject characteristics including age,
gender, and exercise protocol (type of intervention,
length of intervention, number of sessions per week,
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and exercise intensity) was extracted [21-24]. If there
was insufficient data to perform the meta-analysis, the
corresponding author was contacted via email, and the
data required for the present meta-analysis were
obtained. Moreover, if the corresponding author did
not respond or did not receive the article, data were
extracted from the article chart using the Get Data
software [21-24].

The quality of studies was assessed using Pedro's 9-
question checklist [21-24]. The evaluation criteria
included the following: 1) clarity of the eligibility
criteria for subjects, 2) random assignment of
participants to different groups, 3) participants to be
not familiar with their groupings, 4) similarity of the
subjects in terms of body weight in different study
groups, 5) blind assessment for the primary research
variable (blinding of all assessors), 6) dropping out of
less than 15% of participants of the study, 7) intention
to treat analysis, 8) reporting of statistical differences
between groups for the primary research variable, 9)
reporting of the mean, standard deviation, and
significance level (P-value). All questions on Pedro's
checklist were answered with two options: yes v or no
x. The minimum score was zero, and the maximum
was 9, where a higher numerical value indicated a
higher quality of the study.

The present meta-analysis study was conducted to
compare the effect of aerobic exercise on
homocysteine and lipid profiles in adults. In this study,
mean, standard deviation, and sample size were
employed for statistical analysis. Data analysis was
calculated using a random-effects model, and the mean
difference and 95% confidence interval were
considered. To determine the heterogeneity of studies,
the (I?) test was used; according to the Cochrane
guidelines, heterogeneity was interpreted as less than
25% = mild heterogeneity, 25-50% = low
heterogeneity, 50-75% = moderate heterogeneity, and
higher than 75% = high heterogeneity [21-24]. It is
worth noting that a random-effects model was
employed to analyze the data. In the absence of
heterogeneity, sensitivity analysis was performed
using the leave-one-out method with (12) less than 25
as the criterion. Publication bias was also assessed
using a visual interpretation of the Funnel Plot. If bias
was observed, Egger's test was used as a secondary
deterministic test, with a significance level of 0.1
considered significant for publication bias [25].
Statistical analysis tests were performed using CMA
(version 2.0) software [25].
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Results

Based on a search in scientific databases up to June
2024, 182 articles were found. After removing 85
duplicate articles and screening the titles and abstracts
of the remaining articles, 43 were finally selected for
full-text evaluation. After screening the full text of the
articles, 24 articles were excluded from the present

July 2023. Vol 29. Issue 4

meta-analysis due to the lack of post-test data,
insufficient research variables, or the absence of a
control group [43, 44]. Finally, 19 studies were
included in the present meta-analysis. Therefore, there
were 19, 7, 7, 7, and 7 studies for the homocysteine,
TG, TC, HDL, and LDL variables, in respective order.

Articles found in the Articles found in Persian
English databases databases Magiran,
PubMed, Scopus and Web Noormags and SID
= of Science (number=40)
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Figure 1. Study selection flowchart

Table 1. Characteristics of subjects and exercise protocol

Length of
" intervention
erm?e Workt.:»ut in weeks Bo,d Yy mass Age . Characteristics Sample Study Type-
intensity duration index Variables . Ref.
. (Number of (Year) of the subjects (Gender) Country
(%) (min) - (kg/m)
sessions per
week)

Running HIIT Exercise .
training at an Exercise: (14 people): Homocysteine
intensity of ] 8 (3) 29.50£4.50 24.20+4.80 Ig Polycystic ovary 28 RCT —Iran MOha'g?;sd' etal.
50% to 100% Control: Control (14 syndrome females

_ HDL [26]
of maximum 31.40+2.60 people): LDL
aerobic speed 22.90+5.30
Cont!nuous Exercise (15
running Exercise: people):
training at an § . Porsesh et al.

+ +
intensity of 20 to 35 8(3) 30'20_3'?0 AL R Homocysteine Non-athlete =L RCT —Iran 2022
65% to 75% of Control: Control (15 females [27]
maximum 28.80+4.51 people):
45.50+8.12

heart rate
Trea(_imlll 20t0 35 8(3) I-.HI.T HIIT Exercise Homocysteine Cardm\_/ascular 32 males RCT - Iran Avazpour et al.
running training: (11 people): patients and 2021

—
10
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Length of
. intervention
errm?e Work:.:ut in weeks Bo.dy mass Age . Characteristics Sample Study Type-
intensity duration index Variables ) Ref.
. (Number of (Year) of the subjects (Gender) Country
(%) (min) sessions (kg/m)
per
week)
training at an 28.30+£1.40 54.60+3.70 females [28]
intensity of Control: Control (11
70% to 100% 28.70£2.10 people):
VO2peak with 57.80+3.40
an activity-to-
rest ratio of 15
s to 1 min
Walking Exercise (15 .
. . Homocysteine
exercise at an Exercise: people): Tc Silva et al
intensity of 27.21+4.32 69.68+11.30 . 33 .
60% to 70% of E e Control: Control (18 J[()iL LESZiciees females eIr=(eeel 2[(;;;)
maximum 28.74%4.40 people): LDL
heart rate 67.61+6.00
Exercise bike
workout: Ten
1-minute
!ntervz.als atan Exercise (15
intensity of Exercise: people): Mohammadyari et
o N : : ’
85% to 90% of 32.10£1.93 23.9413.14 Homocysteine 1\ eight and al
maximum 20 8(3) HDL 30 males RCT —Iran
Control: Control (15 obese 2018
heart rate and LDL
1 min recover 31.42+2.61 people): [13]
recovery 23.18+2.36
at an intensity
of 50% to 55%
of maximum
heart rate
Aerobic Exercise (20 )
- . Homocysteine
exercise at an Exercise: people): TC Tofighi et al
intensity of 31.00+5.98 32.00+1.05 40 .
T RCT-I 2017
65% to 75% of B iE BE) Control: Control (20 € O females CIFIER g
, HDL [30]
maximum 31.65+5.75 people): DL
heart rate 31.008.67
Pedalling
exercise with . 16
. Exercise (8
an electric . females
bike at an Exercise: people): and males Karimi et al
+ + f f .
intensity of 30 8(3) 21.00£2.81 54.75%9.32 Homocysteine Hemodlaly5|s (11 RCT-Iran 2017
Control: Control (8 patients
40% to 70% of females [14]
maximum 23.04+1.79 people): and s
60.75+9.91
heart rate males)
reserve
rrua?nr}:\ngat an Exercise (13
intensi%y of Exercise: people): Aghamohammadi
23.164.17 21.41%£2.15 X Sedentary and etal.
9 9 2 1 2 -
i?a;i:sjn? 6 of 0to 38 0(3) Control: Control (13 Homocysteine obese 6 males RCT-Iran 2015
oxveen 22.16%2.28 people): [31]
g 20.66+1.82
consumption
Ruanlng or HIIT Exercise .
walking on a Exercise: (10 people): Homocysteine
treadmill at . ' TC . Almenning et al.
+ +
90% to 95% of 10 to 45 8(3) 26.10£6.50 27.20£5.50 6 Polycystic ovary 20 RCT - Norway 2015
. Control: Control (10 syndrome females
maximum HDL [32]
oxvaen 26.50+5.00 people): LDL
Y8 ) 27.20+5.50
consumption
R“T’".'”g Exercise (15
training at an .
intensity of Exercise: people): Heiazi et al
yo 25.59+1.95 41.46+3.10 : ) 30 €lazi et al.
60% to 75% of 60 8(3) Homocysteine Type 2 diabetes RCT —Iran 2013
maximum Control: Control (15 females 33]
oxvaen 26.60+1.95 people):
Y8 . 41.06+4.00
consumption
Bruce test
exercise: Exercise (14
running on a Exercise: people):
! Bahram et al.
+ +
Freadrmll atan 20to 35 8(3) 23.14£3.87 19.07£0.92 Homocysteine Non-athlete 28 males RCT —Iran 2013
intensity of Control: Control (14 34]
60% to 75% of 22.43%3.45 people):
maximum 19.21+1.53
heart rate
Continuous Exercise: Exercise (11 Homocysteine Healthy and Bizheh et al.
running 45 to 60 3 months (3) 27.43+2.78 people): TC inact\i/ve 21 males RCT —Iran 2012
training at an Control: 44.73+4.43 TG [35]
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Length of
. intervention
errm?e Work:.:ut in weeks Bo.dy mass Age . Characteristics Sample Study Type-
intensity duration index Variables ) Ref.
. (Number of (Year) of the subjects (Gender) Country
(%) (min) sessions (kg/m)
per
week)
intensity of 27.58%3.22 Control (10
75% to 85% of people):
maximum 41.16+8.03
heart rate
Treadmill
. . 18
running Exercise (9
. ) females
exercise at an Practice: people): and males Donoghue et al
intensity of - 00.68+00.7 . Parkinson's :
60% to 70% of 20to 40 6(2) Control: Control (9 Homocysteine disease (8 RCT — New York 2012
. females [36]
maximum - people): and 10
oxygen 00.68+00.8
. males)
consumption
Treadmill Exercise (10
running or e
. .g Exercise: 20 to 30 years X
intensity 34.0441.49 old 2 Taghian et al.
training at 30 to 45 12 (3) S Homocysteine Obese RCT —Iran 2011
60% to 75% of Control: Control (10 females 37]
. 35.59+2.47 people):
maximum
20 to 30 years
heart rate
old
Treadmill Exercise (15
runnin people):
trainins atan Exercise: 60 to 75 years Taghian and
. .
intensity of 20 to 60 16 (3) 26.2914.16 old Homocysteine Non-athlete 30 RCT —Iran Esfarjani
Control: Control (15 females 2011
50% to 70% of
31.25+4.39 people): [38]
heart rate
60 to 75 years
reserve
old
Rhythmic and Exercise (12
step exercises Exercise: people): .
Azarniveh et al.
at an intensity 32.63+3.55 21.81+2.40 . 24
of 65% to 75% EC B Control: Control (12 O s RLE=E females RCILlan 2[(;;;[
of maximum 30.58+2.32 people):
heart rate 21.50£2.56
Walkl‘ng Training (18 . 31
exercise on a Exercise: eople): Homocysteine females
treadmill at an 22,0041 5;9 2550‘12 2'8 TC and males Sabasi et al.
intensity of 30 8(3) SO T TG Inactive (18 NRC — Turkey 2009
Control: Control (13
70% to 80% of 21.50+1.42 people): HDL females [40]
maximum 21.7542.67 LDL and 13
heart rate males)
Aerobic
exerC|.se ina Exercise (14
standing Exercise: people):
iti ¥ | D b
position, 2556494  67.38+3.37 _ 24 Eehanle
increasing 15 to 40 8(3) Homocysteine Non-athlete RCT —Iran 2009
X X Control: Control (10 females
intensity at [41]
40% to 65% of 26.43+3.85 people):
. 67.30+4.73
maximum
heart rate
WaIklAng Exercise (22 . 40
exercise on a Exercise: eople): Homocysteine females
treadmill at an 22,0041 9'9 2550‘12 2'8 TC and males Gelecek et al.
intensity of 30 8(3) S o TG Healthy (23 RCT- Turkey 2006
Control: Control (18
70% to 80% of HDL females [42]
. 21.50£1.42 people):
maximum LDL and 17
21.75+2.66
heart rate males)

Internal Medicine Today

A total of 511 subjects were included in the present
meta-analysis, all of whom were adults. In addition, 261
subjects were in the aerobic exercise group with a mean
age of 42.45+4.23 years and a mean BMI of 26.77+4.27
years, while 250 subjects were in the control group with
a mean age of 43.08+5.99 years and a mean BMI of
27.26+3.64 years. All participants were inactive before
the start of the exercise protocol, and in all studies, the

control group did not engage in any physical activity.
The number of subjects in the studies ranged from a
minimum of 16 [14] to a maximum of 45 [45].

A total of 19 studies were included in the present meta-
analysis, with a minimum of 20 min [13] and a
maximum of 75 min [29] for each session of aerobic
exercise. The exercise intensity for aerobic exercise was

Zafarmand O, et al. Effect of Aerobic Training on Homocysteine and Lipid Profiles in Adults: A Systematic Review and Meta-Analysis. 2023; 29(3): 6-20
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at least 40—70% [14] and at most 70-100% of maximal

oxygen uptake [28].

The analysis of data from 19 interventions indicated
that aerobic  exercise  significantly  reduced
homocysteine [WMD= -0.915, 95% CI: -1.427 to -
0.403, P= 0.001] compared to the control group in
adults (Figure 2). Heterogeneity was examined using
the (I%) test, and the results indicated that there was

Meta Analysis

July 2023. Vol 29. Issue 4

high and (P=0.001,

1’=88.841).

significant  heterogeneity

Analysis of the data from the seven interventions
showed that aerobic exercise significantly reduced TC
[WMD= -7.390 mg/dL, 95% CI: -13.881 to -0.900, P=
0.026] compared to the control group in adults (Figure
3). Heterogeneity was assessed using the (I?) test, and
the results showed no significant heterogeneity
(P=0.947, 1>=0.000).

Model  Study name Statistics for each study
Difference Standard Lower Upper
in means error  Variance  lmit limit

Mohammadi etal, 2023 0110 0.072 0.005 -0.251 0.031
Porsesh et al, 2022 -1.240 1.019 1039 3237 0757
Avarpour etal, 2021 -0.810 0542 0294 1872 0252
Sitva et al, 2020 -1.T20 2033 4135 5705 2265
Mohammadyarni et al, 2018 -2.530 0.988 0.976 4466 0504
Tofighietal, 2017 -2.960 0.337 0113  -3.620 2300
Wearimi et al, 2017 -8.980 4766 22718 18322 0362
Aghamohammadi et al, 2015 0150 0.083 0007 0012 0312
Almenning et al, 2015 -0.500 2263 5120 4935 3935
Hejazi et al, 2013 -0.180 013 0.M7 0437 0077
Bahram etal, 2013 0.350 2449 6.000 4451 &151
Bizheh etal, 2012 -0.140 0T3 0500 -1538 1.258
Donoghue et al, 2012 -0.900 1948 376 4T 2918
Taghian etal, 2041 -2.790 1.830 3348 12377 5203
Taghian & Esfarjani, 2011 -A.700 0.832 0.663 65332 -3.068
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Figure 2. Forest plot of the effect of aerobic exercise on homocysteine levels in adults.
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Figure 3. Forest plot of the effect of aerobic exercise on TC levels in adults.
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Analysis of the data from the seven interventions
showed that aerobic exercise did not significantly
change TG [WMD= -3.418 mg/dL, 95% CI: -9.466 to
2.611, P= 0.266] compared to the control group in
adults (Figure 4). Heterogeneity was examined using
the (I?) test, and the results indicated no significant
heterogeneity (P=0.909, 1>=0.000).

Analysis of the data from the seven interventions
showed that aerobic exercise did not significantly
change HDL [WMD= 1.940 mg/dL, 95% CI: -0.920 to

July 2023. Vol 29. Issue 4

4.799, P= 0.148] compared to the control group in
adults (Figure 5). Heterogeneity was assessed using
the I? test, and the results indicated no significant
heterogeneity (P=0.300, 1>=17.044).

Data analysis of the seven interventions showed that
aerobic exercise significantly reduced LDL [WMD= -
8.934 mg/dL, 95% CI: -13.555 to -4.314, P= 0.001]
compared to the control group in adults (Figure 6).
Heterogeneity was assessed using the I? test, and the
results showed no significant heterogeneity (P = 0.493,
1>=0.000).

Table 2. Assessment of the quality of studies.

Study-year 1 2 3 4 5 6 7 8 9 Score
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al. 2023 [26] v v * * Y Y i Y Y °
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¥t NN A N N N A VA 7
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e v Vv x x v v x v v 2
Mohammadyari
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Figure 4. Forest plot of the effect of aerobic exercise on TG levels in adults
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Figure 5. Forest plot of the effect of aerobic exercise on HDL levels in adults
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Figure 6. Forest plot of the effect of aerobic exercise on LDL levels in adults

[34] reported a non-significant reduction in
homocysteine in non-athletic men [34]. These
differences may be due to insufficient training volume
in terms of intensity or duration, differences in fitness
level, and a lack of complete control of participants'

The results of Egger’s test indicated no significant
publication bias for homocysteine (P=0.363) and HDL
(P=0.060), as well as non-significant results for TC (P
=0.860) and LDL (P= 0.836).

nutrition.
Possible mechanisms of homocysteine reduction after
The results of the quality assessment of articles using aerobic exercise include reduction of oxidative stress
Pedro demonstrated that the minimum and maximum through  increased  homocysteine  methylation,
quality scores were 6 and 7, respectively. increased S-adenosyl methionine, and increased

antioxidant capacity. In general, regular exercise
training increases the metabolic requirement for
methionine, which leads to a decrease in
homocysteine, an intermediate in methionine
metabolism [15].

Aerobic exercise can affect homocysteine levels and

- . lipid profiles through various biological pathways. One
control group in adults. On the other hand, aerobic of the essential mechanisms for reducing

exercise did not change substantially TG and HDL homocysteine after exercise is to improve the function

compe?red to the? control group. o of enzymes such as methionine synthase and increase

Previous studies have alsg reported similar results; the consumption of cofactors of vitamins B6, B12, and
for example, Mohammadyari et al. (2018) showed that folate, which are involved in homocysteine
elg,ht_ weeks of low-volume, hlgh—mt'ensny mtervgl metabolism and are increased by regular exercise [15].
tralnlng reduced - plasma .hf)mocyst.elr%e levels in Additionally, chronic aerobic exercise activates the
overweight men [13]. In addition, Karimi et al. (2017) AMPK pathway, leading to an increase in B-oxidation
reported a significant reduction in homocysteine in of fatty acids in mitochondria, which in turn reduces

hemodialysis patients after eight weeks of aerobic blood lipids, including triglycerides and LDL [46].
training [14]. However, another study observed a non- Aerobic exercise also improves E e

ignificant rease in hom teine in inacti S . . o
stghttic decrease omocysteine chve antioxidant/peroxidase  ratio and inhibits the

overweight middle-aged women [27]. Bahram et al. degradation of compounds, such as homocysteine, by

Discussion

The present meta-analysis aimed to investigate the
effect of aerobic exercise on homocysteine and lipid
profiles in adults. The results of 19 studies with 511
subjects indicated that aerobic exercise significantly
reduced homocysteine, TC, and LDL compared to the
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reducing oxidative stress. On the other hand, the
increase in lipoprotein lipase in skeletal muscle and
adipose tissue after exercise leads to increased
triglyceride uptake and increased HDL [47]. These
biochemical pathways are key mechanisms in the role
of aerobic exercise as a non-pharmacological strategy
for improving cardiometabolic health in adults.

In the field of lipid profile, Mohammadyari et al.
(2018) reported that eight weeks of high-intensity
low-volume interval training reduced LDL and
increased HDL [18]. Additionally, Tofighi et al.
(2017) demonstrated a significant decrease in TG,
TC, and LDL, along with a substantial increase in
HDL, in obese women after eight weeks of aerobic
training [30]. Elming et al. (2015) also reported a
decrease in TG, TC, and LDL, and an increase in
HDL, in women with polycystic ovary syndrome
after ten weeks of aerobic training [32]. However,
Sabasi et al. (2009) reported that they did not observe
a significant change in these variables in sedentary
individuals after eight weeks of training [40].
Gelecek et al. (2006) reported a significant decrease
in TC and LDL, and a substantial increase in HDL, in
healthy individuals [42]. These differences are likely
due to wvariations in training protocols and the
physiological and pathological conditions of the
participants. The mechanisms of TC, TG, and LDL
reduction, and HDL increase due to aerobic exercise
include increased epinephrine secretion during
exercise, which, via cyclic adenosine
monophosphate, increases the release of free fatty
acids from adipose tissue. This process occurs
through the activation of lipases [48]. Physical
activity appears to increase the skeletal muscle's
capacity to utilize fat instead of glycogen, leading to
a decrease in blood lipid levels [49]. The enzymes
involved include increased activity of lecithin
cholesterol acyltransferase (LCAT), which is
responsible for the transfer of esters to HDL
cholesterol, and lipoprotein lipase, as well as
decreased activity of cholesterol ester transfer protein
(CETP), which regulates the transfer of cholesterol
from HDL to other lipoproteins. These enzymatic
changes, together with improved fatty acid oxidation
capacity, reduce VLDL cholesterol and TG [50].

The present study has several strengths. Given that
differences in exercise type, duration, or intensity can
affect the overall results of the meta-analysis, the
exercise protocols of the included studies in this
meta-analysis varied, encompassing different aerobic
exercises. The limitations of the present study include
the small sample size. From the available study data,
it is clear that allocation concealment was not
adequately reported in all randomized trials, which
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may introduce selection bias into this assessment.
Additionally, none of the randomized controlled trials
included in this analysis reported blinding of outcome
assessors, which presents the possibility of potential
selection bias in this assessment of the study.
Therefore, further studies with larger sample sizes are
necessary to confirm and strengthen the findings of
the present study.

The results of this meta-analysis indicated that
aerobic exercise can significantly reduce plasma
homocysteine, total cholesterol, and serum LDL levels
in adults. However, no significant effect was observed
on HDL and TG levels. These findings suggest that
aerobic exercise can be used as an effective and
recommended non-pharmacological intervention for
improving specific metabolic markers associated with
cardiovascular diseases and type 2 diabetes.

However, given the heterogeneity in the type,
intensity, and duration of exercise in the included
studies, it is still not possible to propose a precise
and general prescription for aerobic exercise that
maximizes its effectiveness on lipid profiles and
homocysteine levels. Therefore, future studies with
more accurate designs, focusing on comparing
different types of exercise protocols (in terms of
intensity, duration, and kind of exercise), are
necessary to determine the most effective exercise
approach for the prevention and control of metabolic
and cardiovascular diseases.

The present meta-analysis has significant strengths.
One of the most important of these strengths is the use
of data from 19 studies involving a total of 511 adult
participants, which provided an adequate sample size
for analyzing the effects of aerobic exercise on
homocysteine and lipid profiles. Additionally, the
included studies encompassed a wide range of aerobic
exercise intensities and durations, thereby increasing
the generalizability of the results to various types of
aerobic exercise. A detailed analysis of the results,
including effect size (SMD/WMD), significance level
(P-value), and confidence interval range, increased the
transparency and accuracy of reporting the findings. In
addition, the examination of heterogeneity (I?) and the
absence of publication bias, as determined by the
Egger test, further enhanced the validity of the results.
Moreover, the quality of the included studies was
generally assessed as moderate to good.

However, this meta-analysis also has limitations
that should be taken into consideration. The
significant  heterogeneity = observed in  the
homocysteine  variable  indicates  substantial
differences between studies in terms of exercise
protocols,  demographic  characteristics,  and
participant physiological conditions, which could
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affect the accuracy of the results. Additionally, the
sample size of some included studies was relatively
small, which may limit the statistical power of
specific analyses. The lack of complete information
in some studies on dietary control, physical fitness
level, and other contributing factors is another
limitation. Finally, the lack of accurate reporting of
some methodological details, such as blinding of
assessors or allocation concealment, could increase
the possibility of bias.

Given these limitations, it is recommended that future
studies be conducted with larger samples, a more
systematic design, and more precise control of
confounding variables to provide more definitive
results and more accurate recommendations regarding
the type, intensity, and duration of aerobic exercise to
improve homocysteine and lipid profiles.
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