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Abstract Betaine is a methyl derivative of glycine first

isolated from sugar beets. Betaine consumed from food

sources and through dietary supplements presents similar

bioavailability and is metabolized to di-methylglycine and

sarcosine in the liver. The ergogenic and clinical effects of

betaine have been investigated with doses ranging from

500 to 9,000 mg/day. Some studies using animal models

and human subjects suggest that betaine supplementation

could promote adiposity reductions and/or lean mass gains.

Moreover, previous investigations report positive effects of

betaine on sports performance in both endurance- and

resistance-type exercise, despite some conflicting results.

The mechanisms underlying these effects are poorly

understood, but could involve the stimulation of lipolysis

and inhibition of lipogenesis via gene expression and

subsequent activity of lipolytic-/lipogenic-related proteins,

stimulation of autocrine/endocrine IGF-1 release and

insulin receptor signaling pathways, stimulation of growth

hormone secretion, increased creatine synthesis, increases

in protein synthesis via intracellular hyper-hydration, as

well as exerting psychological effects such as attenuating

sensations of fatigue. However, the exact mechanisms

behind betaine action and the long-term effects of supple-

mentation on humans remain to be elucidated. This review

aims to describe evidence for the use of betaine as an

ergogenic and esthetic aid, and discuss the potential

mechanisms underlying these effects.
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Introduction

Betaine is a neutral zwitterionic compound, a methyl

derivative of glycine, and is a naturally occurring

byproduct of sugar beet refinement extracted from molas-

ses (Craig 2004). In addition to sugar beets, betaine is high

in other foods such as wheat bran (1,330 mg/100 g), wheat

germ (1,241 mg/100 g), spinach (600 mg/100 g), beets

(250 mg/100 g), and wheat bread (200 mg/100 g),

although exact values vary highly with different sources

and cooking methods (Zeisel et al. 2003). Betaine serves

dual roles in human physiology: as a methyl donor in the

transmethylation of homocysteine (Hcy) and as an osmo-

lyte maintaining fluid balance. The ergogenic potential of

betaine was first proposed by Borsook et al. (1952) after

poliomyelitis patients supplemented with betaine–guani-

dinoacetate experienced improvements in general strength

and endurance. Improvements in lactate metabolism and

hydration reported in horses exercising to fatigue (Warren

et al. 1999) and later human studies demonstrating

improvements in anaerobic metabolism (Armstrong et al.

2008) have led to several studies investigating the ergo-

genic effects of betaine on strength and power. Although

the emerging body of evidence demonstrates the potential,
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the application to specific performance tasks requires fur-

ther examination. The use of betaine in animal feeds to

improve lean meat yield in pigs and chickens (Eklund et al.

2005) has also led some researchers to investigate the

potential of betaine to improve body composition in

humans; however, data limited and the results are equiv-

ocal. Therefore, the present article aims to first review the

effects of betaine on performance and body composition,

and second to identify and discuss potential physiological

mechanisms underlying such outcomes.

Ingestion and absorption

Average betaine intakes in adult humans are approximately

100–400 mg/day (Cho et al. 2006). When betaine is

ingested by healthy subjects it is freely filtered in the

kidney, reabsorbed into the circulation, and either catabo-

lized via transmethylation or taken up and stored in tissues

as an organic osmolyte (Lever et al. 2004). Betaine con-

sumed from food sources and through dietary supplements

has similar bioavailability, although supplemental betaine

is absorbed approximately 33 % more rapidly (Lever and

Slow 2010). Plasma betaine concentrations at rest are

individualized, higher in men than in women, ranging from

20 to 70 mmol/l, and are mainly eliminated via metabolism

versus excretion in healthy subjects (Lever et al. 1994;

Lever and Slow 2010; Schwahn et al. 2003). Concentra-

tions of plasma betaine increase in a dose-related manner,

and reach new steady states within a few days following

changes in dietary intake (Atkinson et al. 2009). Betaine

excretion via urine is minimal and does not correlate with

plasma concentrations (Lever et al. 1994); however, sub-

stantial betaine can be lost in sweat (Craig et al. 2010).

Catabolism of betaine occurs in hepatic and renal mito-

chondria, and involves a series of reactions resulting in the

transmethylation of Hcy to methionine (Met) via betaine-

homocysteine S-methyltransferase (BHMT), and the sub-

sequent generation of di-methylglycine (DMG: Williams

and Schalinske 2007). By transmethylating Hcy betaine

conserves Met for protein synthesis, detoxifies Hcy, and

supplies the universal methyl donor S-adenylmethionine

(SAM: Fig. 1). Betaine has been used to treat genetic

homocystinuria (Lever and Slow 2010), and has been

shown to attenuate a rise in plasma Hcy following a Met

load (Lever et al. 2004). Reported values for decreases in

Fig. 1 Metabolic pathways of betaine catabolism. Met metabolism

begins with its adenylation, via S-adenosylmethionine synthase

(reaction 2), to form S-adenosylmethionine (AdoMet), which donates

its methyl group to substrates via numerous methyltransferases.

Phosphatidylethanolamine N-methyltransferase (reaction 4) catalyzes

the synthesis of PC from phosphatidylethanolamine (PE) and

consumes 3 AdoMet molecules in the process. Guanidinoacetate

(GAA), formed in the kidney via L-arginine:glycine N-methyltrans-

ferase (reaction 1), is transported to liver and methylated by

guanidinoacetate methyltransferase (reaction 3) to form creatine.

All methyltransferases produce adenosylhomocysteine (AdoHcy),

which is cleaved by S-adenosylhomocysteine hydrolase (reaction 5)

to produce adenosine and homocysteine (Hcy). Hcy remethylation to

methionine occurs via methionine synthase (reaction 7) with the use

of 5-methyltetrahydrofolate [synthesized by methylenetetrahydrofo-

late reductase (reaction 6)] as the methyl donor or via betaine-

homocysteine methyltransferase (reaction 8), which uses betaine as

the methyl donor. Hcy may also be exported to the extracellular

space. Orn ornithine, Arg arginine, Gly glycine, Ser serine, THF

tetrahydrofolate, DAG diacylglycerol, DMG di-methylglycine.

Adapted from: Stead et al. (2006) with permission
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plasma Hcy and increases in DMG demonstrate that while

a small portion of supplemental betaine is metabolized to

transmethylate Hcy most is absorbed by the tissues (Lever

et al. 2004).

The ergogenic and clinical effects of betaine have been

investigated with doses ranging from 500 to 20,000 mg/

day (Atkinson et al. 2008; Abdelmalek et al. 2009; Bloo-

mer et al. 2011; Craig 2004; Schwab et al. 2002). Several

researchers have reported that 2.5–5 g/day is sufficient to

increase plasma betaine values (Bloomer et al. 2011;

Schwab et al. 2002) and 2.5 g has been shown to positively

affect performance (Armstrong et al. 2008; Apicella et al.

2012; Cholewa et al. 2013; Hoffman et al. 2009; Lee et al.

2010; Pryor et al. 2012). Based on rat hematology results a

supplemental betaine to dietary protein ratio as high as

.15:1 (*12 g/d betaine in humans) may be projected as a

safe range for human intake (Hayes et al. 2003).

Performance

Aerobic endurance exercise

Research investigating the effects of betaine on endurance-

based performance is limited. Betaine may improve the

NAD?:NADH ratio by accepting nucleophilic H?, yielding

DMG, CH4, and the oxidation of NADH to NAD?, thereby

attenuating cellular acidosis and improving glycolytic

metabolism (Ghyczy and Boros 2001). Armstrong et al.

(2008) investigated the effects of acute betaine supple-

mentation on running performance during mild dehydra-

tion in a hot environment in competitive distance runners.

Subjects were actively dehydrated by 2.7 % body mass

then given 1,000-ml rehydration fluid (with or without 5 g/

day betaine) 45 min prior to running a performance trial

consisting of 75 min of treadmill running at 65 % VO2PEAK

followed by a run to exhaustion at 84 % VO2PEAK. Betaine

treatment increased plasma betaine; however, there were

no differences in heart rate, body or skin temperature,

sweat rate, or body mass loss. Betaine increased VO2

consumption and plasma lactate during the final sprint, and

although the difference in sprint time to exhaustion did not

reach statistical significance, a trend for an increase in

sprint duration was observed. While betaine increased

plasma lactate it is indeterminable whether this was due to

an increase in glycolysis or enhanced lactate clearance.

Thus, the osmolytic effects of betaine may have optimized

the cellular state by increasing biopolymer hydration and

cytoplasmic osmolarity, ultimately leading to enhanced

glycolytic flux.

The increased VO2 consumption during the final sprint

in the betaine group may have been attributed to increased

protein stability and muscle oxygen consumption.

Trepanowski et al. (2011) demonstrated 14 days of betaine

ingestion resulted in greater post-exercise muscle tissue

oxygen saturations compared to placebo. Betaine has been

shown to defend citrate synthase against thermodenatur-

ation, and thereby may have enhanced Kreb’s cycle effi-

ciency (Caldas et al. 1999). Therefore, the osmoprotectant

properties of betaine may enhance high-intensity fatiguing

aerobic performance in thermally challenging environ-

ments by extending glycolytic flux and improving tissue

oxygen consumption; however, more research is needed to

evaluate this hypothesis.

Strength-based exercise

Betaine has been suggested to enhance strength-based

performance (Craig 2004); however, investigations into the

effects of betaine are limited and have reported conflicting

results. Hoffman et al. (2009) demonstrated improved squat

repetitions to fatigue, but not bench press throw or vertical

jump with 15 days of 2.5 g/day betaine supplementation.

In follow-up study Hoffman et al. (2011) reported no

improvements in isokinetic peak force output, mean force

output, and change in force output following an identical

supplementation protocol. In contrast, Lee et al. (2010)

demonstrated improvements in vertical jump power output,

bench press throw power output, and force production in

the isometric back squat and bench press with 12 days of

betaine supplementation. Our lab (Cholewa et al. 2013)

demonstrated a trend for improved vertical jump with

6 weeks of betaine supplementation, and Pryor et al.

(2012) reported 7 days of betaine supplementation resulted

in increases in mean and peak power during four 12-s

resisted cycle sprints. Unlike Hoffman et al. (2011), the

subjects in Cholewa et al. (2013) and Lee et al. (2010) were

assigned standardized resistance training between testing

sessions. Detections in power improvements are compro-

mised when power movements are not a regular part of

training (Hoffman et al. 2006); therefore, it is possible that

the lack of robust improvements in muscular power may in

part be attributed to the absence of power-specific training.

These studies, however, provide evidence that betaine

supplementation may improve performance during high-

intensity resistance exercise protocols.

On the other hand, Del Favero et al. (2011) reported no

improvements in power output, strength, or body compo-

sition with betaine treatment. The authors suggested that

differences in fitness status (inactive vs. recreationally

trained), dose (2 vs. 2.5 g), and duration (10 vs. 15 days)

may have been a factor in the outcome. This differs from

previous reports (Apicella et al. 2012; Hoffman et al. 2009)

where increases in muscular strength were observed fol-

lowing 14 days of betaine treatment. The sequence of

testing in Del Favero et al. (2011) may have also influenced
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the results. Strength and power testing was performed 3

and 6 days, respectively, following the cessation of betaine

treatment in comparison to other studies (Apicella et al.

2012; Cholewa et al. 2013; Hoffman et al. 2009; Lee et al.

2010) where performance was tested on the final day of

supplementation and betaine was found to be ergogenic;

however, further research is needed to evaluate the sus-

tainability of adaptations following cessation of betaine

treatment.

The effects of betaine on resistance-based work capacity

are also conflicting. Betaine did not improve single-set

repetitions to fatigue at 75 % (Hoffman et al. 2009) or 3

sets of repetitions to fatigue at 85 % 1 RM (Lee et al.

2010); however, 14 days of betaine supplementation

increased repetitions and volume during 10 sets of bench

press to fatigue at 50 % 1 RM (Trepanowski et al. 2011).

Our group demonstrated that betaine supplementation

improved bench press work capacity during cycles of high

(2 weeks, each of 3 sets of 8–10 and 12–15 repetitions,

respectively), but not low (4 sets of 4–6 repetitions) volume

training (Cholewa et al. 2013). The discrepancy in findings

may have been due to the sets and intensity prescribed:

betaine improved work capacity when multiple sets to

fatigue with\75 % 1 RM were prescribed (Cholewa et al.

2013; Trepanowski et al. 2011), whereas no improvements

were seen with 1 and 3 sets to fatigue at 75 and 85 % 1

RM, respectively (Hoffman et al. 2009; Lee et al. 2010).

Betaine may, therefore, pose the most ergogenic potential

in exercise protocols generating high levels of metabolic

stress, such as those employing shorter rest periods and

higher volumes.

In contrast to the improvements in upper body work

capacity, we observed that betaine did not improve work

capacity in free-weight back squats when compared to

placebo (Cholewa et al. 2013). These lack of differences in

back squat volume were similar to other studies (Hoffman

et al. 2009, 2011) whereby no differences in repetitions to

fatigue with three sets of 85 % of 1 RM, and no

improvements in mean or peak isokinetic power during 5

sets of 6 repetitions at 80 % peak force were reported.

Increases in upper body muscle mass and strength during a

12-week training protocol have been shown to occur at a

greater magnitude and earlier than do the lower extremities

(Abe et al. 2000). Thus, it is possible that improvements in

lower body muscular work capacity may have occurred

with longer study durations.

The mechanisms of action whereby betaine improves

performance have also yet to be identified. Due to the

increases in power and force production during short

duration exercises requiring high rates of phosphagen

metabolism and because dietary betaine supplementation

increases serum SAM availability in healthy men (Craig

2004), several researchers have suggested betaine may

improve performance via enhanced creatine synthesis

(Fig. 1, Hoffman et al. 2009, 2011; Lee et al. 2010;

Trepanowski et al. 2011). Betaine supplementation

increases muscle PCr in animals (Wise et al. 1997); how-

ever, 10 days of 2 g/day betaine supplementation did not

enhance muscle PCr content in humans (Del Favero et al.

2011). The subjects in Del Favero et al. were untrained and

instructed not to exercise, and it was likely that muscle PCr

metabolism and, therefore, the demand for additional SAM

to synthesize creatine were minimal. It is therefore possible

that the results reported by Del Favero et al. may have been

different had the subjects been prescribed an exercise

program relying on the phosphagen energy system, thereby

increasing creatine synthesis and ultimately resulting in

greater muscle PCr content.

The osmolytic effects of betaine may also be ergogenic

as an optimally hydrated cellular state can support

enhanced glycolytic flux during high-volume resistance

training. Metabolic stress results in the cellular accumula-

tion of inorganic ions and organic osmolytes including

betaine (Häussinger 1996). Betaine accumulation in cells

results in increased cytoplasmic osmolality, redistribution

of cellular water, biopolymer hydration, and has been

shown to help maintain biochemical function during

stressful conditions (Brigotti et al. 2003). Ion influx is

limited, however, due to the destabilization of protein

structure, enzyme function, and polarization (Petronini

et al. 1992). In contrast, betaine does not affect protein

structure or compromise enzymatic function, and can sta-

bilize cellular metabolic function under osmotic stress

(Dragolovich 1994). Betaine has also been labeled a

‘‘counteracting’’ solute for its role in enhancing protein

stability and countering the denaturing effect of urea

(Gilles 1997). Betaine has been shown to protect myosin

ATPase and myosin heavy-chain proteins against dena-

turation by urea (Ortiz-Costa et al. 2008) and attenuate the

reduction in the affinity of troponin for Ca2? by defending

against muscle protein dehydration (Suarez et al. 2003).

Therefore, betaine may be ergogenic, in part, by facilitating

a hospitable environment for excitation contraction cou-

pling in the face of increasing osmotic stress. Because

betaine defends citrate synthase against thermodenatur-

ation (Caldas et al. 1999) betaine may have also increased

work capacity by improving recovery between sets via

enhanced aerobic energy production.

Another possible explanation for the enhanced perfor-

mance with betaine supplementation may have been psy-

chological. Armstrong et al. (2008) reported that betaine

reduced thirst and thermal sensations during the final

sprint, and Hoffman et al. (2011) reported that betaine

supplementation reduced perceptions of fatigue during

high-volume upper body exercise. Sensations of thirst,

perceived exertion, and thermal conditions have all been
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shown to impact performance by influencing motivation

(Knicker et al. 2011). Phosphatidylcholine (PDC) supple-

mentation has been shown to improve reaction time and

focus the following intense exercise (Hoffman et al. 2010).

Because betaine donates SAM in the synthesis of PDC

(Fig. 1) (Stead et al. 2006), betaine may has also been

suggested to reduce perceptions of fatigue via an elevation

in free choline and a subsequent increase in motor neuron

acetylcholine synthesis.

Body composition

The effects of betaine supplementation on body composi-

tion and hypertrophy in humans are limited. Schwab et al.

(2002) investigated the effect of betaine supplementation

on body composition and resting energy expenditure in

obese, sedentary subjects free of liver, kidney, or thyroid

abnormalities. Subjects were provided with a nutrition

program yielding a 500 kcal/day deficit and supplemented

with 6 g/day betaine for 12 weeks. Betaine did not improve

caloric restriction-induced decreases in diastolic blood

pressure, waist circumference, or fat free mass in obese,

sedentary subjects. Del Favero et al. (2011) supplemented

untrained young men with 2 g/day betaine, employed food

logs to maintain energy intake, and instructed subjects not

to exercise. Ten days of betaine supplementation did not

improve body composition.

Betaine is a common additive in animal feed and has

been shown to increase lean mass and decrease fat mass in

pigs (Fernández-Fı́gares et al. 2002; Huang et al. 2007,

2008; Rojas-Cano et al. 2011; Wray-Cahen et al. 2004) and

chickens (Xing et al. 2011; Zhan et al. 2006). Betaine has

been shown to exert the most influential effects on muscle

growth under conditions of metabolic or nutritional stress

(Fernández-Fı́gares et al. 2002). Given that the subjects in

Schwab et al. (2002) and Del Favero et al. (2011) were

restricted from exercising, we hypothesized that betaine

may improve body composition when combined with

resistance training. Experienced resistance-trained men

were divided into two groups, prescribed a progressive

resistance training program, and supplemented with 2.5 g/

day betaine for 6 weeks. Compared with placebo, we

demonstrated for the first time in humans that betaine

supplementation can significantly improve body composi-

tion by both increasing lean mass and reducing fat mass

(Cholewa et al. 2013). In addition, we observed an increase

in arm lean cross-sectional area that corresponded to

improved upper body work capacity in the betaine group.

The mechanisms of action whereby betaine improves body

composition require further investigation. The following is

an overview of proposed mechanisms that may have led to

increases in lean mass and/or decreases in fat mass.

Lean body mass

Homocysteine thiolactone (HCTL), a toxic metabolite of

excess homocysteine, is an inhibitor of the insulin receptor

substrate (IRS) leading to reduced Akt phosphorylation (Li

et al. 2008). Ultimately, HCTL inhibits insulin/IGF-1-medi-

ated mRNA expression and protein synthesis (Najib and

Sánchez-Margalet 2005) and has also been shown to denature

and inactivate the enzymes involved in protein synthesis

(Jakubowski 2006). Given that betaine reduces Hcy we

hypothesized that betaine supplementation may increase

muscle mass by reducing HCTL. Although betaine attenuated

a dietary rise in urinary HCTL, the pre-, intra-, and post-study

HCTL values in both groups were not high enough to have

negatively affected protein synthesis (Cholewa et al. 2013).

The accumulation of betaine in cells during conditions

of metabolic and ionic stress (Courtenay et al. 2000)

resulting in increased sarcoplasmic osmolality may also

have contributed to increases in muscle mass. The osmo-

regulated betaine transporter (BTG-1) is found in liver and

skeletal muscle, and readily takes up betaine to maintain

higher tissue to plasma betaine concentrations thereby

promoting cellular hyper-hydration (Slow et al. 2009). In

hepatocytes increases in cell volume are related to

increased protein synthesis and hypertrophy, whereas a

decrease in cell volume signals protein degradation (Stoll

et al. 1992). Häussinger et al. (1993) suggested a similar

mechanism may contribute to skeletal muscle protein

synthesis. Cellular swelling is sensed by sarcolemma

integrins coupled to g-proteins and transduced downstream

to initiate a series of cascades that result in protein syn-

thesis, gene transcription, and proteolysis inhibition via

mitogen-activated protein kinase activation (Häussinger

1996). In addition, cellular swelling also augments protein

synthesis via enhanced amino acid uptake (Low et al.

1997). Although it is well established that betaine induces

cellular swelling in hepatocytes (Hoffmann et al. 2013), the

degree to which betaine induces cellular swelling in skel-

etal muscle and its influences on protein synthesis in the

myofiber requires further investigation.

Betaine ingestion may influence body composition by

stimulating growth hormone (GH) secretion and improving

insulin and IGF-1 receptor signaling (Fig. 2). In pigs

betaine ingestion increases betaine deposition in the

hypothalamus. Betaine has been shown to promote growth

hormone releasing hormone (GHRH) gene transcription

and GHRH secretion by the hypothalamus, and ultimately

results in increased plasma GH (Yan 2001). In humans

Apicella et al. (2012) reported that 2.5 g/day betaine

ingestion for 14 days resulted in an increase in plasma GH

and IGF-1 and a decrease in exercise-induced cortisol

concentrations. Because cortisol inhibits GH release by

reducing the stimulator effects of GHRH (Thompson et al.
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1995) and increasing somatostatin (Barbarino et al. 1990),

the reduction in cortisol during and post-exercise may have

also contributed to greater exercise-induced GH release. In

addition, betaine has been shown to directly enhance

hepatocyte IGF-1 secretion (Lee et al. 2006).

In conjunction with elevated growth factors, betaine

supplementation has been shown to increase resting and

post-exercise Akt phosphorylation, while attenuating the

decline in P70 S6K pre- and post-exercise in humans

(Apicella et al. 2012). Betaine may have improved IGF-1

signaling at the IRS via increased availability of methyl

groups. Protein N-arginine methyltransferase 1 (PRMT1)

catalyzes arginine methylation and has been implicated in

insulin signaling in skeletal muscle cells (Iwasaki 2008).

Insulin-mediated tyrosine phosphorylation and internali-

zation of the insulin receptor are achieved when PRMT1

methylates heterogenous nuclear ribonucleoprotein, and

have been shown to positively modulate the Akt-mTOR

pathway of protein synthesis (Iwasaki and Yada 2007). By

regenerating SAM via Hcy transmethylation, betaine may

increase the availability of SAM groups for PRMT1, thus

increasing IGF-1 sensitivity. Betaine has also shown to

directly agonize IGF-1 receptors in vitro resulting in

increased myosin heavy-chain protein synthesis and myo-

blast proliferation and differentiation (Senesi et al. 2013).

Given that GH directly signals adipocyte lipolysis (Dietz

and Schwartz 1991), betaine induced GH release and the

subsequent enhancements in IGF-1 mediated protein syn-

thesis may have also contributed to the improvements in

body composition reported by Cholewa et al. (2013).

Adiposity

The results from numerous animal studies allude to addi-

tional mechanisms underlying the reductions in fat mass

observed with betaine supplementation. Betaine provides a

methyl group to form trimethyl-lysine in the biosynthesis

of carnitine (Borum and Broquist 1977). Many researchers

have reported elevated muscle carnitine following betaine

supplementation (Zhan et al. 2006; Feng and Xu 2001;

Wang et al. 2000). This increase in intramuscular carnitine

would suggest that betaine may increase carnitine palmi-

toyltransferase I-mediated FFA translocation into the

mitochondria and b-oxidation; however, reductions in

muscle-type carnitine palmitoyltransferase I gene expres-

sion and activity have been reported with betaine supple-

mentation in pigs (Huang et al. 2009). More research is

therefore needed to clarify these responses in humans.

In addition to its lipolytic effects on adipose tissue,

betaine may positively influence body composition by

reducing TAG synthesis. Lipoprotein lipase (LPL) has

been identified as the rate limiting enzyme in chylomicron

and VLDL catabolism, and provides adipose tissue with

FFA for storage (Bonen et al. 2006). In humans, a rela-

tionship exists between CpG methylation, LPL gene

expression, and adipose cell differentiation (Noer et al.

2006). In broiler chickens 66 days of dietary betaine sup-

plementation decreased mRNA expression of adipose fatty

acid binding protein (A-FABP), LPL, and fatty acid syn-

thase (FAS: Xing et al. 2011). In addition, betaine

decreased the percent and change in pattern of CpG

Fig. 2 Schematic illustrating

the effects of betaine on the

insulin/IGF-1 pathway
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promoter methylation. This suggests betaine may improve

body composition by reducing lipogenesis.

A-FABP protein transports long-chain fatty acids into

the adipocyte and plays a role in adipose homeostasis.

Acetyl-CoA carboxylase (ACC) produces malonyl-CoA, a

critical substrate in TAG synthesis and inhibitor of lipol-

ysis, while FAS catalyzes the final step in the lipogenic

reaction (Chmurzyńska 2006). ACC is also a major regu-

lator of fatty acid synthesis, and is the rate limiting enzyme

of lipogenesis (Scott et al. 1981). Huang et al. (2008)

supplemented finishing pigs feed with 1.25 g/kg betaine

(yielding approximately 3.1 g/day betaine intake) for

42 days. Measurements were taken of lipogenic enzymes

and FAS complex activity, as well as the mRNA expres-

sion of both enzyme systems in subcutaneous adipose tis-

sue. Betaine supplementation significantly reduced ACC

and FAS activity, and decreased FAS mRNA expression.

Likewise, old broilers supplemented with betaine also

presented a decreased FAS gene expression (Xing et al.

2011). Therefore, betaine supplementation may improve

body composition by decreasing the ability of adipose cells

to extract, uptake, and synthesize FFA into TAG; however,

this hypothesis has yet to be tested in humans and requires

further investigation.

Conclusion and future research

The clinical use of betaine to treat conditions related to

homocysteinemia and nonalcoholic fatty liver disease is

well documented in the literature (Craig 2004; Abdelmalek

et al. 2009); however, less understood are the mechanisms

whereby betaine influences performance and body com-

position. While several investigations provide evidence

that 2.5 g/day of sub-chronic betaine supplementation may

improve metabolically demanding strength-based perfor-

mance, the effects of betaine supplementation on power-

based tasks are equivocal. Given that the majority of

improvements reported were in studies employing a stan-

dardized exercise protocol, future research is required to

investigate the interaction between betaine supplementa-

tion and varying training protocols on performance and

body composition. To the authors knowledge the studies

performed to date have all utilized 2–5 g/day of betaine

supplementation; therefore, additional research is required

to evaluate if there is a dose–response effect. Finally, there

is potential for betaine supplementation to enhance the

effects of resistance training in the treatment of sarcopenia

and age related functional decline; however, more research

is first required to evaluate the effects of betaine supple-

mentation on force output, body composition, and GH

secretion in older adults.
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