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Introduction

Homocysteine is a sulfur-containing amino acid
formed during the metabolism of methionine. Homo-
cysteine can be converted back to methionine using the

Abstract

Objective: Betaine supplementation has been shown to be an effective agent for decreasing
plasma homocysteine in healthy adults. Studies in healthy volunteers show that 6 g/d of
betaine lowers plasma homocysteine concentrations by 5% to 20%. The purpose of this study
was to perform a meta-analysis of randomized placebo-controlled trials that used daily betaine
supplementation to identify the range in betaine’s effects on lowering homocysteine.
Methods: Five randomized controlled trials published between 2002 and 2010 were identified
using MEDLINE and a manual search. All 5 studies used health adult participants who were
supplemented with at least 4 g/d of betaine for between 6 and 24 weeks. A meta-analysis was
carried out using a random-effects model, and the overall effect size was calculated for
changes in plasma homocysteine.

Results: The pooled estimate of effect for betaine supplementation on plasma homocysteine
was a reduction of 1.23 umol/L, which was statistically significant (95% confidence interval,
—1.61 to —0.85; P = .01).

Conclusion: Supplementation with at least 4g/d of betaine for a minimum of 6 weeks can
lower plasma homocysteine.

© 2013 National University of Health Sciences.

enzyme methionine synthase, a vitamin B-12 and
folate—dependent reaction, or the enzyme betaine-
homocysteine methyltransferase (BHMT), a betaine
(trimethylglycine)—dependent reaction. Betaine do-
nates methyl groups to homocysteine, which in turn
is metabolized back to methionine. In the liver, BHMT
catalyzes up to 50% of homocysteine metabolism. !
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Betaine is found naturally in most living organisms
and is formed in cells as an oxidation product of choline
and can be obtained externally from foods such as
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spinach, beets, and wheat products. An inverse
association between dietary betaine intakes and
homocysteine concentrations has been observed in
the sixth examination of the Framingham Offspring
Study.? As well, low plasma betaine concentrations
have been shown to be related to an unfavorable
cardiovascular risk profile and an increased risk of
secondary heart failure and acute myocardial
infarction.* Plasma homocysteine concentration has
been associated with cardiovascular disease and
stroke,” as elevated homocysteine promotes athero-
sclerosis and stroke through increased oxidant stress,
impaired endothelial functions, and induction of
thrombosis.® Plasma homocysteine concentrations
are usually around 8 to 10 umol/L, with the 95th
percentile at approximately 15 umol/L.” Elevated
plasma levels of homocysteine greater than
15 umol/L are present in 5% of the general
population and in as many as 50% of those with
cardiovascular disease and stroke.®

Supplementation with betaine decreases plasma
homocysteine concentrations substantially in patients
with hyperhomocystinemia.® Studies in healthy
volunteers show that 6 g/d of betaine lowers plasma
homocysteine concentrations by 5% to 20%.°-2° The
purpose of this study was to perform a meta-analysis
of randomized placebo-controlled trials that used
daily betaine supplementation to identify the range in
betaine’s effects on lowering homocysteine.

Methods
Selection of studies

A comprehensive MEDLINE literature search was
performed to locate relevant randomized controlled
trials published between 1966 and August 2012. The
following headings were combined using the following
Boolean operation: (“betaine” OR “trimethylglycine”)
AND “homocysteine.” The search was restricted to key
terms located in the title/abstract and was also restricted
to studies published in English-language journals. Only
full-length original journal articles were considered. No
attempt was made to include abstracts or unpublished
studies. A manual search was also conducted by using
reference lists from original research articles and
review articles.

To be included in the meta-analysis, a study had to
meet the following criteria: (1) there was at least a
single-blind, random allocation of study participants to

either betaine treatment or placebo-controlled groups;
(2) the intervention was equal to or greater than 4
weeks and less than or equal to 24 weeks; and (3) the
study reported the mean plasma homocysteine changes
in both the treatment and control groups.

Five studies met the eligibility criteria and were
included in the meta-analysis.”!3 Although 17
potentially relevant studies were identified and
screened, 12 trials did not meet the eligibility criteria
for the meta-analysis. Major reasons for exclusion of
studies were as follows: not being randomized
placebo-controlled trials (5 trials), utilization of
patient populations with serious diseases such as
chronic renal failure and steatohepatitis (4 trials),
absence of data to calculate the net mean change in
plasma homocysteine (2 trials), and involvement of
methionine loading (1 trial). Fig 1 shows the number
of studies that were identified and excluded at
different stages of the selection process.

Data abstraction and statistical analysis

Information on sample size, participant characteris-
tics, study design, betaine dosage, duration, and
treatment results were abstracted from the 5 clinical
trials and entered into an EXCEL spreadsheet. To
calculate the overall effect size, each study was
weighted by the reciprocal of the variance for plasma
homocysteine. Variances for homocysteine were cal-
culated using the variances at baseline and at the end of
follow-up based on the methodology of Follmann et
al.2! In this method, a correlation coefficient of 0.5
between initial and final measures was assumed.
Within each trial, equal variance was assumed between
the control and intervention groups, as well as between
the beginning and end of each trial. For parallel and
cross-over ftrials, net changes in homocysteine were
calculated as (homocysteine at end of follow-up in the
treatment group — homocysteine at baseline in the
treatment group) — (homocysteine at end of follow-up
in the control group — homocysteine at baseline in the
control group).

Estimates of the mean effect of betaine on
homocysteine, as well as the corresponding 95%
confidence intervals (Cls), were calculated using
random-effects models. The assumption of hetero-
geneity implied by the use of the random-effects
model was plausible because of differences between
trials in such aspects as duration of the trial,
dosages used, and sample populations that differed
by age and sex.
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Studies found in
electronic database using
search phrase (n = 521)

Potentially relevant
studies (n = 17)

Studies excluded with reason:

1. Not randomized (n = 5)

2. Patients with serious diseases (4)
3. Methionine loading study (1)

Randomized controlled
trials that met criteria
(h=7)

Studies excluded with reason:
1. Lacking or inappropriate data (n = 2)

Randomized controlled
trials included in meta-
analysis (n = 5)

Fig 1. Study selection process for inclusion in the meta-
analysis investigating the effects of betaine supplementation
on plasma homocysteine.

Results

Participant characteristics and study designs

Participant and study design characteristics for the 5
randomized controlled trials included in the meta-
analysis are presented in Table 1. Collectively, the 5
trials that were conducted between 2002 and 2010
included a total of 206 participants (124 in the betaine
group and 119 in the control group). All of the trials
were conducted in adults, with an age range of 27 to 59
years. Women were the majority in 3 of the 5 trials, with
the pooled population being made up of 60.2% women.
Four trials had a parallel double-blind design, and 1
used a crossover double-blind design. The study
duration varied from 6 to 24 weeks, with a median
duration of 6 weeks. Betaine supplementation for 4 of
the 5 trials was 6 g/d, whereas 1 trial used 4 g/d. All 5
studies used participant populations with normal plasma
homocysteine levels, as the baseline plasma homocys-
teine concentrations ranged from 8.4 to 12.7 umol/L.

Net change in homocysteine

The individual trial results along with the 95% CI
and the overall pooled estimates of effect of betaine
supplementation on plasma homocysteine are shown in
Fig 2. Betaine’s effect on plasma homocysteine
illustrates that all 5 trials presented with an interven-
tion-related trend toward a reduction in homocysteine,
with 4 of the 5 showing statistically significant
reductions (P < .05) in plasma homocysteine when
compared with the control group (Fig 2). The overall
pooled estimate of effect for betaine supplementation
on plasma homocysteine resulted in a reduction of
1.23 umol/L, which was statistically significant (95%
CL —1.61 to —0.85; P = .01).

Discussion

This meta-analysis shows that supplementation of
betaine at 4 to 6 g/d significantly lowers plasma
homocysteine concentration in healthy adults by
1.23 umol/L or 11.8% of baseline values. A reduction
in plasma homocysteine of 5 umol/L is estimated to
reduce the risk of cardiovascular disease by 20% to
30% and stroke by 40% to 60%.22> Based on this
current meta-analysis, a person who consumes 4 to
6 g/d of betaine would have a 1.23-umol/L lower
plasma homocysteine concentration with an estimated
concurrent reduction in cardiovascular disease risk of
approximately 5% to 8% and a reduction in stroke risk
of approximately 10% to 15%.

The homocysteine-lowering effects of betaine can
most likely be ascribed to an increase in betaine-
dependent methylation of homocysteine into methio-
nine due to increased betaine availability and enhanced
activity of the enzyme BHMT in both the liver and
kidney. Betaine supplementation lowers plasma homo-
cysteine levels almost immediately, with maximum
results obtained within 4 to 6 weeks.!!-15-17.18 ]t has

Table 1  Population and baseline characteristics of the 5 trials included in the meta-analyses

Source and Sample Mean Male, Study Betaine Duration, Plasma homocysteine,
year (reference) size age, y % design per day, g wk umol/L

Schwab et al, 2002° 42 44 33 PD 6 12 8.4

Steenge et al, 2003 ' 24 445 42 PD 6 6 12.7

Olthof et al, 2003 "' 38 ND 58 PD 6 6 10.6

Olthof et al, 2006 "> 39 59 59 XD 6 6 12.0

Schwab et al, 2010"° 63 27 21 PD 4 24 8.8

ND, not determined; PD, parallel double-blind; XD, crossover double-blind.
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Fig2. Netchange (and 95% CI) in plasma homocysteine
associated with betaine supplementation. The overall

effect size is weighted by the inverse of the total variance
of each trial.

been shown that betaine doses of 3 and 6 g decreased
plasma homocysteine concentrations within 2 hours in
healthy adults. !’

No serious adverse effects were noted in any of the
studies; but it is important to note that, in 2 studies,
betaine supplementation significantly increased total
serum cholesterol and low-density lipoprotein (LDL)
cholesterol, which are both independent risk factors for
cardiovascular disease. '3 However, the changes were
small and of minor clinical significance, with increases
in both total serum cholesterol and LDL cholesterol of
approximately 5 mg/dL. These 2 studies parallel
another study that found significant increases in both
total serum cholesterol and LDL cholesterol of
approximately 10 mg/dL.'® However, in 2 other
betaine-supplementation studies, the authors did not
find any significant change in total serum cholesterol
and LDL cholesterol after betaine supplementa-
tion. 1019 No significant changes in high-density
lipoprotein cholesterol or triglycerides were noted in
any of the studies that reported these values. The
mechanism by which betaine might increase total
serum cholesterol and LDL cholesterol concentration
has been proposed to be the increase in synthesis and
export of lipids in very low density lipoprotein from the
liver into the circulation.?® Betaine is formed from
choline; and so betaine supplementation spares this use
of choline so that more is available for phosphatidyl-
choline biosynthesis in the liver, thereby making more
available for very low density lipoprotein formation.

In regard to the risk of developing cardiovascular
disease, it is important to point out that the unfavorable
effects on serum lipids with betaine supplementation
may undo the favorable homocysteine-lowering ef-
fects, as a 5- to 10-mg/dL increase in total serum
cholesterol can increase the risk of developing
cardiovascular disease by 3% to 6%.2* Therefore, in

patients with normal plasma homocysteine levels,
betaine supplementation may have a negligible effect
on cardiovascular health; however, for patients with
hyperhomocystinemia, the benefit of a homocysteine-
lowering effect outweighs the effect of any modest
lipid-related changes.

Many studies to date have shown that dietary
supplementation with folic acid lowers plasma
homocysteine concentrations in participants with
either normal or elevated plasma homocysteine
concentrations, with reductions of plasma homocys-
teine of 10% to 20%.252¢ Therefore, a decrease in
plasma homocysteine of 3 umol/L (achievable by
daily intake of 800 ug folic acid) should reduce the
risk of heart disease by 16% and stroke by 24%.2>
When comparing betaine vs folic acid, it has been
noted that folic acid supplementation lowers plasma
homocysteine more than betaine supplementation.?’
However, it has also been shown that the association
of betaine with plasma homocysteine concentration is
more pronounced in participants with low folate
serum concentrations.2® Thus, betaine takes over as a
methyl donor and sustains methionine synthesis under
conditions of impaired folate status. Furthermore,
folic acid supplementation has been shown to
increase plasma betaine concentration by 15%,
which indicates that the 2 remethylation pathways
are interconnected. ??

Folic acid has no adverse effects on blood lipids; and
therefore, folic acid supplementation should remain the
preferred homocysteine-lowering treatment in healthy
humans.3° However, betaine may enhance homocys-
teine metabolism when the folic acid response is weak
because of genetic polymorphisms such as MTHFR
677C—T. This is a point mutation that leads to an
alanine to valine substitution in the enzyme methyle-
netetrahydrofolate reductase and is associated with
approximately 40% higher plasma homocysteine
concentration in carriers of the TT genotype compared
with those with the CC wild type.3! The allele
frequency of the MTHFR 677C—T mutation is 35%,
with a homozygous rate of 12%. Betaine supplemen-
tation may be a useful adjunct along with folic acid for
those 12% of patients who are TT homozygotes for the
genetic mutation MTHFR 677C—T. This may be
especially true in light of the possibility that patients
with this genetic polymorphism are recommended to
increase folic acid, but a few studies have shown that
too much folic acid may increase the incidence of
colorectal cancer.3?

The overall purpose of supplementing with betaine
is to decrease plasma homocysteine concentrations,
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which should ultimately lead to a reduction in the
incidence of heart disease and stroke. Although no
studies to date have concluded that betaine supple-
mentation directly reduces the risk of developing
cardiovascular disease and stroke, a recent review
concluded that the long-term consumption of betaine
may prevent cardiovascular disease mortality.3?
More importantly, if homocysteine is elevated in
response to a betaine insufficiency, it will not be
corrected by folic acid supplementation alone; and
this could help to explain why folic acid therapies do
not lead to the expected reduction in vascular
events.** Therefore, the elevated homocysteine
concentrations in these studies could be an indication
of betaine insufficiency; and hence, using folic acid
supplementation to lower plasma homocysteine
concentrations would not lead to a sufficient
decrease in plasma homocysteine to ultimately
reduce the incidence of cardiovascular disease. It is
important that future studies in this area control for
both the betaine and folic acid intakes with respect
to their influence on reducing the incidence of
cardiovascular disease so that the effects of one can
be carefully identified in relation to the other.

Limitations

One limitation in this meta-analysis is that all 5
studies used participants whose initial plasma homo-
cysteine concentrations before intervention were nor-
mal. It has been shown that the extent of the decrease is
smaller in healthy volunteers than in patients with
hyperhomocystinemia.?? Therefore, future short-term
studies must be conducted on patients with hyperho-
mocystinemia to assess the effects of betaine supple-
mentation on plasma homocysteine, with additional
long-term studies to assess the effects of betaine
supplementation on reducing cardiovascular disease
risk. Other limitations include that only one indexing
system was searched and thus it is possible that some
studies were not identified, and that only one author
performed the selection of the articles included in this
study and analysis of the data.

Conclusion

This meta-analysis shows that betaine supplementa-
tion of 4 to 6 g/d significantly lowers plasma
homocysteine concentration in healthy adults by
1.23 umol/L or 11.8% of baseline values. As new

evidence continues to confirm that plasma homocyste-
ine is a cause of cardiovascular disease, these results
suggest that betaine could be used effectively to lower
plasma homocysteine levels, which may potentially
lead to a reduction in the risk of cardiovascular
disease and stroke. However, there are few studies
that directly test the connection between betaine and
vascular disease, especially on patient populations
with hyperhomocystinemia. Finally, betaine supple-
mentation may be a useful adjunct along with folic
acid for patients who are positive for the MTHFR
677C—T genetic mutation.
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