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Abstract Homocysteine is an amino acid produced in the

liver that, when present in high concentrations, is thought

to contribute to plaque formation and, consequently,

increased risk of cardiovascular disease. However, daily

physical activity and training programs may contribute to

controlling atherosclerosis. Given that physical exercise

induces changes in protein and amino acid metabolism, it is

important to understand whether homocysteine levels are

also affected by exercise and to determine possible

underlying mechanisms. Moreover, regarding the possible

characteristics of different training programs (intensity,

duration, repetition, volume), it becomes prudent to

determine which types of exercise reduce homocysteine

levels. To these ends, a systematic review was conducted to

examine the effects of daily physical activity and different

training programs on homocysteine levels. EndNote� was

used to locate articles on the PubMed database from 2002

to 2013 with the keyword combinations ‘‘physical activity

and homocysteine’’, ‘‘training and homocysteine’’, and/or

‘‘exercise and homocysteine’’. After 34 studies were

identified, correlative and comparative studies of homo-

cysteine levels revealed lower levels in patients engaged in

greater quantities of daily physical activity. Regarding the

acute effects of exercise, all studies reported increased

homocysteine levels. Concerning intervention studies with

training programs, aerobic training programs used different

methods and analyses that complicate making any con-

clusion, though resistance training programs induced

decreased homocysteine levels. In conclusion, this review

suggests that greater daily physical activity is associated

with lower homocysteine levels and that exercise programs

could positively affect homocysteine control.
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Introduction

Atherosclerosis is associated with a high rate of mortality

(Romaldini et al. 2004; Ito et al. 2013) and characterized

by fatty plaque accumulation in blood vessels (Gottlieb

et al. 2005). The main risk factors for the development of

atherosclerosis are related to diabetes, obesity, smoking,

high blood pressure, sedentary lifestyle, and poor diet

habits, all of which potentially increase total cholesterol,

triglyceride levels, very low-density lipoprotein (VLDL)

levels, low-density lipoprotein (LDL) levels, and decreased

high-density lipoprotein (HDL) levels (Gottlieb et al.

2005). The control of these variables has been elucidated in

the literature.

Homocysteine, another risk factor for the development

of atherosclerosis, is an amino acid produced in the liver

after methionine metabolism (Brustolin et al. 2010). Its

synthesis occurs in the transsulfuration of methionine

overload, but can also occur in demethylation related to

fasting conditions (Neves et al. 2004; Brustolin et al. 2010).

The increase in plasma levels of homocysteine is related to

physiological, genetic, and nutritional factors and can

cause atheromatous plaques to form (Neves et al. 2004).

Some mechanisms proposed to explain how homocysteine
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harms vascular endothelial cells are related to increased

production of several pro-inflammatory cytokines, vasodi-

latation impairment, and oxidative stress increases (König

et al. 2003).

Physical activity and training programs contribute to

controlling cardiovascular risk factors and reducing the risk

of atherosclerosis development (Prado and Dantas 2002).

However, the understanding and review of studies related

to the effects of physical activity and training programs on

homocysteine levels are rarely discussed in the literature,

despite being important knowledge for the diagnosis and

control of atherosclerosis. To reverse this trend, this study

conducted a systematic review to examine the effects of

physical activity and training programs on homocysteine

levels.

Given physical exercise induces changes in protein and

amino acid metabolism, it is important to understand

whether homocysteine levels are also affected by exercise

and to determine its possible underlying mechanisms.

Furthermore, regarding different exercise programs’

possible characteristics (e.g., intensity, duration, repetition,

volume), it becomes prudent to discern which types of

exercise reduce homocysteine levels.

Methodology

A systematic review was conducted of electronic searches

using EndNote� on the PubMed Central database. The

descriptors used for searches were ‘‘physical activity and

homocysteine’’, ‘‘training and homocysteine’’, and ‘‘exer-

cise and homocysteine’’. As shown in Fig. 1, 34 original

articles were identified in 31 peer-reviewed scientific

journals. Priority was given to studies published from 2002

to 2013 with samples of participants who engaged in

physical activity at least weekly, were performed with

humans aged more than 18 years, and with aerobic training

and resistance training lasting for more than 6 weeks.

Review studies were excluded, as well as meta-analyses,

theses, dissertations, and monographs (Table 1). The date
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of the last search of the literature was in April 2013.

Articles were grouped as either cross-sectional or longitu-

dinal studies. For cross-sectional studies, three analyses

were conducted based on correlative, comparative, and

acute effects of exercise, while for longitudinal studies

comparative analysis was performed.

Results

This study examined the effects of physical activity and

training programs on PH levels. The characteristics of

articles (i.e., author, year, title, and journal) of cross-

sectional studies, their correlation of daily physical activity

with PH, and their respective results are presented in

Table 2. All of the presented studies (n = 4) revealed an

inverse association between daily physical activity and

homocysteine levels (Chrysohoou et al. 2004; Hellgren

et al. 2005; Unt et al. 2008; Loprinzi and Cardinal 2012).

The importance of daily physical activity level in PH

control was also addressed in five cross-sectional, com-

parative studies, which are shown in Table 3, along with

another three studies comparing PH levels in athletes to

sedentary participants. Regarding daily physical activity

levels, most of the studies (Dankner et al. 2007; Czaj-

kowska et al. 2008; Nascimento et al. 2011) addressing the

Table 1 Articles (n = 12) excluded from the study

References Title Journal Reason for exclusion

Wright et al. (1998) Effect of acute exercise on plasma homocysteine The Journal of Sports

Medicine and Physical

Fitness

Published before 2002

De Jong et al. (2001) Nutrient-dense foods and exercise in frail elderly:

effects on B vitamins, homocysteine,

methylmalonic acid, and neuropsychological

functioning

The American Journal of

Clinical Nutrition

Published before 2002

Hayward et al. (2003) Attenuation of homocysteine-induced endothelial

dysfunction by exercise training

Pathophysiology Non-human subjects

König et al. (2003) Influence of training volume and acute physical

exercise on the homocysteine levels in endurance-

trained men: interactions with plasma folate and

vitamin B12

Annals of Nutrition and

Metabolism

Study period \6 weeks

Herrmann et al. (2003b) Comparison of the influence of volume-oriented

training and high-intensity interval training on

serum homocysteine and its cofactors in young,

healthy swimmers

Clinical Chemistry and

Laboratory Medicine

Participants \18 years old

Gaume et al. (2005) Effect of a swim training on homocysteine and

cysteine levels in rats

Amino Acids Non-human subjects

Okura et al. (2006) Effect of regular exercise on homocysteine

concentrations: the HERITAGE Family Study

European Journal of

Applied Physiology

Participants \18 years old

Joubert and Manore (2006) Exercise, nutrition, and homocysteine International Journal of

Sport Nutrition and

Exercise Metabolism

Review study

Ruiz et al. (2007) Homocysteine levels in children and adolescents are

associated with the methylenetetrahydrofolate

reductase 677C[T genotype, but not with physical

activity, fitness or fatness: the European Youth

Heart Study

British Journal of Nutrition Participants \18 years old

Mishra et al. (2011) Exercise mitigates homocysteine–b2-adrenergic

receptor interactions to ameliorate contractile

dysfunction in diabetes

International Journal of

Physiology,

Pathophysiology and

Pharmacology

Non-human subjects

Hammouda et al. (2012) Effect of short-term maximal exercise on

biochemical markers of muscle damage, total

antioxidant status, and homocysteine levels in

football players

Asian Journal of Sports

Medicine

Participants \18 years old

Da Cunha et al. (2012) Physical exercise reverses glutamate uptake and

oxidative stress effects of chronic homocysteine

administration in the rat

International Journal of

Developmental

Neuroscience

Non-human subjects
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topic refer that subjects with higher daily physical activity

had lower PH. In one study (Murakami et al. 2011), this

relation was verified only in genotype (TT), while only one

other study revealed no differences in pH given changes in

daily physical activity levels (Czajkowska et al. 2011).

For those comparing PH in athletes to sedentary sub-

jects, two studies found lower values in athletes (Rousseau

et al. 2005; Joubert and Manore 2008), while another

reported no significant difference (di Santolo et al. 2009).

At the same time, Rousseau et al. (2005) described reduced

pH in athletes with greater energy expenditure.

All studies of the acute effects of exercise on PH

(Table 4) consistently reported increased PH during dif-

ferent types of exercises (Herrmann et al. 2003a, b; Gel-

ecek et al. 2007; Bizheh and Jaafari 2011; Inglesias-

Gutiérrez et al. 2012).

When searching for studies of training effects on PH,

four studies were found that used aerobic training programs

and another two that used resistance training programs

(Table 5). Results regarding aerobic training programs’

effect on PH had conflicting results; two reported no

changes (Randeva et al. 2002; Boreham et al. 2005), while

another two reported increased PH levels (Guzel et al.

2012; Molina-López et al. 2013). Regarding resistance

training, another two studies described decreased PH

(Vincent et al. 2003, 2006).

Discussion

This systematic review primarily sought to understand

whether homocysteine levels are affected by exercise and

training, which could thus contribute to preventing blood

vessel damage. Since regular exercise influences total daily

physical activity and possibly induces chronic physiologi-

cal adaptations that could differ, at least in magnitude,

from those induced by training-oriented programs, this

review focused on studies addressing the association of

daily physical activity with PH.

In studies of daily physical activity and PH, two kinds of

analysis were identified: correlation and comparison.

Results from both kinds consistently report an inverse

association between levels of physical activity and PH

concentration (Chrysohoou et al. 2004; Hellgren et al.

2005; Dankner et al. 2007; Czajkowska et al. 2008; Unt

et al. 2008; Nascimento et al. 2011; Loprinzi and Cardinal

2012).

In these studies, participants with the longest moderate-

to-vigorous activity periods also had the lowest levels of

PH concentration (Rousseau et al. 2005), which suggests

active lifestyles may help to control PH levels. However,

given that subjects with active lifestyles tend to be more

conscious of other beneficial factors of health, such as

reduced alcohol consumption, balanced diet, and not

smoking (Paffenbarger et al. 1993), it is difficult to estab-

lish any causal relation between daily physical activity and

PH.

Understanding physiological adaptations to exercise

usually relies on two kinds of studies: the analysis of acute

changes given exercise and the assessment of chronic

adaptations to exercise and/or training.

Considering acute changes in PH during exercise, all

articles found an increase in PH (Herrmann et al. 2003a, b;

Gelecek et al. 2007; Bizheh and Jaafari 2011; Inglesias-

Gutiérrez et al. 2012). During prolonged exercise, skeletal

muscles increase protein and amino acid catabolism

(Rennie and Tipton 2000), a cortisol-dependent regulation

that results in simultaneous increased liver amino acid

uptake to induce glucose synthesis (Powers and Howley

2007). Concerning resistance and strength exercises,

mechanical contraction may also induce skeletal muscle

protein catabolism, which favors the pool of methionine in

Table 2 Results of articles (n = 4) using cross-sectional correlations between physical activity and plasma homocysteine

References Title Results Journal

Chrysohoou et al. (2004) The associations between smoking, physical activity, dietary

habits and plasma homocysteine levels in cardiovascular

disease-free people: the ‘ATTICA’ study

Inverse

correlation

Society for Vascular

Medicine

Hellgren et al. (2005) Inverse association between plasma homocysteine,

sulfonylurea exposure and physical activity: a community-

based sample of type 2 diabetes patients in the Skaraborg

hypertension and diabetes project

Inverse

correlation

Diabetes, Obesity and

Metabolism

Unt et al. (2008) Homocysteine status in former top-level male athletes: possible

effect of physical activity and physical fitness

Inverse

correlation

Scandinavian Journal of

Medicine and Science in

Sports

Loprinzi and Cardinal

(2012)

Interrelationships among physical activity, depression,

homocysteine, and metabolic syndrome with special

considerations by sex

Inverse

correlation

Preventive Medicine
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the blood stream. Moreover, the fate of amino acids

released likely differs between cells; skeletal muscles

oxidize more glutamate and branched-chain amino acids,

while the liver uses the remainder to produce ketone bodies

and glucose (Wu 2009). Liver methionine metabolism

pathways in the methionine cycle and transsulfuration

sequence include the conversion of methionine to S-aden-

osylmethionine that can, in diverse transmethylation reac-

tions, yield a methylated product plus S-

adenosylhomocysteine, the cleavage of which yields

homocysteine and adenosine (Brustolin et al. 2010). Since

increased homocysteine depends on methionine availabil-

ity (König et al. 2003), if an acute bout of physical exercise

increases methionine availability, then increased PH during

exercise may be partly explained by increased methionine

availability and transsulfuration activity. It is important to

note that such PH increase is transient and may return to

basal values in \24 h (Inglesias-Gutiérrez et al. 2012). As

such, it can be concluded only that acute exercise induces a

temporary increase in PH.

Regarding the effects of different exercise programs on

PH, two types of exercise were found: aerobic and resis-

tance. For aerobic training, decreased PH is expected, since

aerobic training increases protein turnover (Rennie and

Tipton 2000) and antioxidant capacity (Venditti and di

Meo 1997). In fact, aerobic programs stimulate liver glu-

tathione synthesis (Leeuwenburgh et al. 1997), which

favors a decline in homocysteine. On this point, however,

studies have reported conflicting results. While one study

reported decreased pH (Randeva et al. 2002), another

reported no changes (Boreham et al. 2005) and two others

reported an increase (Guzel et al. 2012; Molina-López et al.

2013). Several aspects related to the type of exercise’s

duration and intensity, as well as supplementation, must be

considered. The exercise program used by Randeva et al.

(2002) involved fast walking for 20–60 min for 5 days per

week, which revealed significant changes in both PH and

maximum oxygen uptake. These results align with our

expectations, since aerobic training favors protein turnover

and increases the use of amino acids for the Krebs cycle

(via succinyl-CoA synthase) or glucose synthesis and

favors antioxidant synthesis. However, this study was

performed with a small sample size of overweight women,

which complicates result generalizability.

Boreham et al. (2005) also reported no changes in PH

after 8 weeks of exercise that consisted of bouts of

climbing 199 stairs (i.e., 90 stairs/min) at an increase of

one bout every 2 weeks. A brief analysis of this exercise

program revealed that subjects performed exercise about

2 min per day at the beginning, which at the end of the

program increased to nearly 9 min. This very brief period

of training thus induced physiological changes that could

or could not favor a metabolic pathway.T
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Meanwhile, the use of callisthenic exercises in a period

of 12 weeks, for 50 min, 3 times a week, induced increased

PH (Guzel et al. 2012). Interestingly, this study’s exercise

program induced changes in body composition—namely,

decreases in body fat and total body weight—as well as

decreased systolic and diastolic blood pressure. However,

since PH and nitric oxide (NO) increased, these results

contradict the proposal that hyperhomocysteine somehow

impairs NO bioavailability (Stühlinger et al. 2001).

Moreover, though PH increased with this exercise program,

those values remained in the normal range. Since the

sample studied consisted of 42 healthy middle-aged

women whose PH levels were usually lower than in men

(Cappuccio et al. 2002), these results are difficult to

explain. Nevertheless, a change in lipid profile is possible

to explain these changes in PH with this exercise program.

It has been suggested that hypomethylation associated

with increased homocysteine could be responsible for lipid

accumulation in tissues (Obeid and Herrmann 2009). In

fact, decreased S-adenosylmethionine or increased S-ade-

nosylhomocysteine decreases the synthesis of phosphati-

dylcholine, which is a major phospholipid required for

VLDL protein assembly and homeostasis (Olthof et al.

2005). As such, a reduction in VLDL would be expected.

Decreased plasma VLDL is frequently observed after aer-

obic exercise training (Halverstadt et al. 2007) and could

help to explain changes in PH, according to Guzel et al.

(2012). In Guzel et al. (2012), the probability of this

hypothesis increased once lipid parameters declined sig-

nificantly after training.

More recently, Molina-López et al. (2013) studied the

effect of 16 weeks of aerobic training in handball players.

This study alone used folic acid supplementation during the

first 8 weeks of training and was also the only study in

which volume and intensity of exercise were the concerns.

Though it would be expected that variations in PH clearly

related to aerobic training, PH increased despite folic acid

supplementation, while plasma folic acid concentration

declined. In fact, PH concentration markedly increased in

cases of folate deficiency, as well as in participants with

low-to-normal concentrations of plasma folate (König et al.

2003). It thus remains unclear why plasma folic acid

declined with aerobic training. A possible explanation

could be related to increased oxidative stress during this

type of training, which could partly explain folic acid

depletion, given folic acid’s importance as a liver antiox-

idant (Jacob and Burri 1996). Regarding lipid metabolism,

Molina-López et al. (2013) did not measure VLDL, and

though plasma LDL increased, plasma LDL remained in

the normal range.

To assess aerobic training’s effects on PH, the studies do

not allow any conclusion and, in turn, clearly demonstrate

the need for further research. In fact, it seems that exercise

duration is related more often to decreased homocysteine

and, by contrast, that intensity favors increased homocys-

teine. As such, research involving an accurate control of

exercise type, especially related to duration, intensity,

volume, and frequency, should be conducted. At the same

time, it is also important to study related changes in folic

acid concentration, antioxidant status, and VLDL

concentration.

Only two studies, both conducted by the same

researchers and neither of which used any supplementation,

were found that address the effects of resistance training on

PH (Vincent et al. 2003, 2006). Different exercise inten-

sities were used in the studies, and even then, PH decreased

after the exercise program. These results can be explained

by increased skeletal muscle turnover induced by resis-

tance training, which may consequently decrease methio-

nine availability. Regarding the exercise programs

proposed by Vincent et al. (2003, 2006), it is possible that

some participants performed exercise at 50 % of the

maximum repetition. In this case, resistance training would

also depend on an oxidative pathway to produce energy,

which could, in turn, depend to some extent on increased

amino acid use. These events would not favor methionine

availability for homocysteine synthesis. Despite plausible

explanations for decreased PH following resistance train-

ing, more studies are needed to make reliable conclusions.

By extension, variables related to changes in body com-

position—namely, body fat and lean body mass—and

markers of protein turnover with resistance training should

also be assessed.

Altogether, this systematic review identified the neces-

sity of additional studies with different exercise programs,

with combined exercise programs (i.e., aerobic and resis-

tance training), with other samples, and with different

control variables in order to determine possible physio-

logical and biochemical mechanisms involved in homo-

cysteine control.

Conclusion

This systematic review underscored that an active lifestyle

(i.e., of high daily physical activity) can help to control

homocysteine levels and thus reduce risk factor for the

development of atherosclerosis. While acute exercise usu-

ally induces increased PH, no consensus exists regarding

the effect of aerobic training on PH, though duration seems

to reduce it and intensity could increase it.

Furthermore, though resistance training programs can

reduce homocysteine levels, further studies are needed.

Data suggest that participation in resistance exercise can

lower cardiovascular risk factors, yet while duration and

intensity seem to influence homocysteine levels after
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participation in an aerobic exercise program, no influence

was found for resistance training. It would therefore be

interesting to study changes in homocysteine induced by

combined exercise programs (i.e., aerobic and resistance)

either during the same training session or in separate

sessions.
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(2013) Effect of folic acid supplementation on homocysteine

concentration and association with training in handball players.

J Int Soc Sports Nutr 10:1–8. doi:10.1186/1550-2783-10-10

Murakami H, Iemitsu M, Sanada K, Gando Y, Ohmori Y et al (2011)

Associations among objectively measured physical activity,

fasting plasma homocysteine concentration, and MTHFR

C677T genotype. Eur J Appl Physiol 111:2997–3005. doi:10.

1007/s00421-011-1926-z

Nascimento CM, Stella F, Garlipp CR, Santos RF, Gobbi S et al

(2011) Serum homocysteine and physical exercise in patients

with Parkinson’s disease. Psychogeriatrics 11:105–112. doi:10.

1111/j.1479-8301.2011.00356.x

Neves LB, Macedo DM, Lopes AC (2004) Homocisteı́na. J Bras Patol

Med Lab 40:311–320

Obeid R, Herrmann W (2009) Homocysteine and lipids: s-adenosyl

methionine as a key intermediate. FEBS Lett 583:1215–1225

Okura T, Rankinen T, Gagnon J, Lussier-Cacan S, Davignon J et al

(2006) Effect of regular exercise on homocysteine concentra-

tions: the HERITAGE Family Study. Eur J Appl Physiol

98:394–401

Olthof MR, Vliet TV, Verhoef P, Zock PL, Katan MB (2005) Effect

of homocysteine-lowering nutrients on blood lipids: results from

four randomised, placebo-controlled studies in healthy humans.

PLoS Med 2(5):e135

Paffenbarger RS, Hyde RT, Alvin MA, Wing AL et al (1993) The

association of changes in physical-activity level and other

lifestyle characteristics with mortality among men. N Engl Jf

Med 328:538–545

Powers SK, Howley ET (2007) Exercise physiology: theory and

application to fitness and performance. Human kinetics, Cham-

paign IL

Prado ES, Dantas EHM (2002) Efeitos dos exercı́cios fı́sicos aeróbio

e de força nas lipoproteı́nas HDL, LDL e lipoproteı́na(a). Arq

Bras Cardiol 79:429–433

Randeva HS, Lewandowski KC, Drzewoski J, Brooke-Wavell K,

O’Callaghan C et al (2002) Exercise decreases plasma total

homocysteine in overweight young women with polycystic

ovary syndrome. J Clin Endocrinol Metab 87:4496–4501

Rennie MJ, Tipton KD (2000) Protein and amino acid metabolism

during and after exercise and the effects of nutrition. Ann Rev of

Nutrit 20:457–483

Romaldini CC, Issler H, Cardoso AL, Diament J, Forti N (2004)

Fatores de risco para aterosclerose em crianças e adolescentes
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