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ABSTRACT High plasma homocysteine is a risk for cardio-
vascular disease and can be lowered through supplementation
with 6 g/d of betaine. However, dietary intake of betaine
is �0.5–2 g/d. Therefore, we investigated whether betaine sup-
plementation in the range of dietary intake lowers plasma ho-
mocysteine concentrations in healthy adults. Four groups of 19
healthy subjects ingested three doses of betaine or placebo
daily for 6 wk. A methionine loading test was performed during
run in, on d 1 of betaine supplementation, and after 2 and 6 wk of
betaine supplementation. Fasting plasma homocysteine after
6-wk daily intakes of 1.5, 3 and 6 g of betaine was 12% (P < 0.01),
15% (P < 0.002) and 20% (P < 0.0001) less than in the placebo
group, respectively. Furthermore, the increase in plasma homo-
cysteine after methionine loading on the 1st d of betaine
supplementation was 16% (P < 0.06), 23% (P < 0.008) and
35% (P < 0.0002) less than in the placebo group, respectively,
and after 6 wk of supplementation was 23% (P < 0.02), 30% (P
< 0.003) and 40% (P < 0.0002) less, respectively. Thus, doses
of betaine in the range of dietary intake reduce fasting and
postmethionine loading plasma homocysteine concentra-
tions. A betaine-rich diet might therefore lower cardiovascu-
lar disease risk. J. Nutr. 133: 4135–4138, 2003.
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A high plasma concentration of homocysteine is considered
a risk factor for cardiovascular disease. Both fasting homocys-
teine and the increase in homocysteine concentrations after a
methionine loading test are predictors of cardiovascular dis-
ease risk (1–3). Homocysteine concentrations can be lowered
through increased remethylation of homocysteine into methi-
onine. Betaine (trimethylglycine) or 5-methyltetrahydrofolate
serve as methyl donors in this reaction. Alternatively, homo-
cysteine can be degraded through vitamin B-6–dependent
reactions. The effect of betaine supplementation on plasma
homocysteine concentrations has mainly been investigated in
clinical settings. Only doses of betaine �6 g/d lower plasma
homocysteine in hyperhomocysteinemic patients with genetic
defects in homocysteine metabolism (4–6) and hence lower
doses of betaine have not been used in clinical settings (7).
Studies in healthy volunteers showed that 6 g/d of betaine
lowers fasting plasma homocysteine by 10–15%, and postme-
thionine loading homocysteine concentrations by 40% (8–
10). Folic acid lowers fasting homocysteine more than betaine
(11,12), but it does not lower homocysteine after a methionine
load, whereas betaine does (9).

Dietary intake of betaine is estimated at 0.5–2 g/d (personal
communication, Prof. Steven Zeisel, University of North
Carolina at Chapel Hill). The main food sources of betaine are
spinach, beets and wheat products (13). Our primary objective
was to investigate the effects of betaine supplementation at
doses in the range of dietary intake on fasting and postmethi-
onine loading plasma homocysteine concentrations in healthy
adults. Furthermore, we tested whether the effect of betaine on
fasting and postmethionine plasma homocysteine concentra-
tions requires an adaptation period. Therefore, we included
homocysteine measurements on d 1 and after 2 wk of supple-
mentation. Lastly, we expected that betaine supplementation
would increase remethylation of homocysteine into methio-
nine. Therefore, we also measured the effect of betaine sup-
plementation on methionine concentrations.

SUBJECTS AND METHODS

This study was conducted according to Good Clinical Practice
guidelines at TNO Nutrition and Food Research (Zeist, the Nether-
lands). The protocol was approved by the local medical ethics com-
mittee. Subjects were recruited from the pool of volunteers registered
at the institute and by advertisements in local newspapers. All gave
written informed consent. Eligible subjects were healthy as assessed
by a general health and lifestyle questionnaire, blood pressure mea-
surement and blood analyses of hematology, homocysteine, B-vita-
mins, liver enzymes, creatinine, glucose and lipids. Plasma total
homocysteine concentrations were �25 �mol/L. Participants had no
history of cardiovascular disease and had not used vitamin B supple-
ments more than once a week in the 3 mo before entering the study.

Subjects and design. Of 132 eligible subjects, 76 (44 males and
32 females) with the highest plasma total homocysteine concentra-
tions (range 8.4 to 22.2 �mol/L) were included in this double-blind
placebo-controlled intervention study. However, the mean plasma
homocysteine concentrations of the treatment groups were within
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normal range (Table 1). Subjects were stratified by gender, plasma
homocysteine concentration, blood pressure and smoking (yes or no),
then randomly assigned to one of four treatment groups (n � 19 per
group). During a run-in period of 7 d, all subjects ingested 3 g of
placebo (lactose; BUFA B.V. Pharmaceutical Products, Uitgeest, the
Netherlands) twice a day to familiarize themselves with the study
procedures. After a fasting blood sample had been taken on d 8, the
6-wk treatment period began. The treatments consisted of 0.75 g of
anhydrous betaine (BUFA B.V.) mixed with 2.25 g of placebo, 1.5 g
of betaine mixed with 1.5 g of placebo, 3 g of betaine or 3 g of
placebo. Twice a day (i.e., after breakfast and after the evening meal),
supplements were dissolved in a glass of water and ingested. Thus, all
treatments consisted of 6 g of powder and the daily treatment dose
was 1.5 g of betaine with 4.5 g of placebo, 3 g of betaine with 3 g of
placebo, 6 g of betaine or 6 g of placebo. Subjects ingested the
supplements twice daily so that results could be compared with our
previous study (9) and because ingestion of betaine twice a day is the
optimal regimen for maximal lowering of homocysteine (14). Betaine
has a bitter taste, whereas lactose is sweet. To preserve the blinding
of study results, 1 mg of quinine (chinine hydrochloridum, BUFA
B.V. Pharmaceutical Products) was added per 3 g of lactose during the
run-in period.

A methionine-loading test was performed on four different days
during the study, i.e., during the run-in period (d 3), on the 1st d of
the treatment period (d 8), after 2 wk of treatment (d 22) and after
6 wk of treatment (d 50). On d 3, 8, 22 and 50 a fasting blood sample
was collected from each subject; subjects then ingested 100 mg of
L-methionine (Methioninum apyrogeen; BUFA B.V. Pharmaceutical
Products) per kg of body mass dissolved in a glass of orange juice
(�150 mL). The methionine load was ingested with a standardized
low protein breakfast, and with half the daily dose of supplement
dissolved in water. A blood sample was collected at 6 h after the
methionine load. A lunch without restrictions was served afterwards.
The standardized breakfast consisted of several slices of low protein
bread with diet margarine, jam, colored sprinkles and/or honey. One
cup (�150 mL) of coffee or tea was allowed with the standardized
breakfast, but the amount had to be the same on all four measurement
days. Throughout the study subjects were asked not to consume liver
products more than twice a week, and not to consume �2 eggs per
week because eggs and liver are major sources of betaine and of
choline, the dietary precursor for betaine.

Blood collection. Venous blood was taken from the anticubital
vein in the forearm after an overnight fast on d 3, 8, 22, 45 and 50.
In addition, blood samples were obtained 6 h following methionine
loading on d 3, 8, 22 and 50.

For the analysis of total homocysteine, blood was collected in
vacutainer tubes containing EDTA, and for methionine analysis
blood was collected in vacutainer tubes containing lithium-heparin.
Samples were mixed and put on ice immediately after collection.
Within 30 min samples were centrifuged for 10 min at 2000 � g at
4°C. Samples were coded to hide the identity and treatment of

subjects, and were stored below �18°C. All samples obtained from
one subject were analyzed in the same run.

Biochemical analyses. Plasma homocysteine concentrations
were measured in fasting blood samples collected on d 3, 8, 22, 45 and
50 and in nonfasting blood samples collected on d 3, 8, 22 and 50.
The total homocysteine concentrations (sum of all oxidized and
reduced forms of homocysteine) were measured by HPLC with fluo-
rescence detection (15). Within- and between-run CV were 3.5 and
8.0%, respectively. Plasma methionine concentrations were measured
in fasting and nonfasting subject blood samples collected on d 3 and
50. Plasma for methionine analysis was deproteinized with sulfosali-
cylic acid. The supernatant obtained after centrifugation was analyzed
on an automated amino acid analyzer (Biotronik LC 5001, München,
Germany) using ion exchange chromatography and postcolumn der-
ivatization with ninhydrin. Within- and between-run CV were �2
and �4%, respectively.

Statistical analysis. All subjects completed the study. In the
group treated with 3 g/d betaine, 1 subject did not attend d 8 due to
logistic reasons. In the group treated with placebo, 1 subject did not
attend blood sampling 6 h after methionine loading on d 22 due to
illness. The data from these subjects were therefore not used in the
statistical analyses for these days.

For each individual the change in plasma homocysteine and
methionine concentrations was calculated by subtracting the value
obtained during the run-in period from the values obtained during
the treatment period (i.e., 1st d of betaine supplementation, after 2
wk and after 6 wk of betaine supplementation) (Tables 1, 2 and 3).
The means of all individual changes were calculated per treatment
group and were compared with the General Linear Models procedure
in SAS (ANOVA, SAS Software version 6.12; SAS Institute, Cary,
NC). If ANOVA indicated a significant overall treatment effect (P
� 0.05), a Student’s t test was used to compare treatment means
between betaine supplementation and placebo groups. The data from
two volunteers in the 6-g/d betaine group, and one in the placebo
group were considered to be outliers for statistical reasons only.
However, when the analyses with and without the data of these
subjects was performed the conclusions did not differ (data not
shown). Therefore, we show the data of all subjects in the results. For
plasma homocysteine analyses a one-sided significance level (�
� 0.05) was used and 90% CI calculated, because increases in plasma
homocysteine after betaine supplementation relative to placebo were
not expected (8–10). For plasma methionine analyses a two-sided
significance level (� � 0.05) was used and 95% CI calculated.

RESULTS

Fasting homocysteine. Plasma homocysteine concentra-
tions at baseline were similar among the groups which indi-
cates successful randomization (Table 1). In the groups that
ingested 1.5, 3 and 6 g/d of betaine for 6 wk fasting plasma

TABLE 1

Fasting plasma homocysteine concentrations in healthy adults before and after 2 and 6 wk of betaine supplementation1

Run in3 Wk 2 Wk 64

Difference from placebo2

Wk 2 Wk 6

�mol/L

Placebo 10.2 � 2.6 10.7 � 3.4 10.6 � 3.4 — —
1.5 g/d betaine 10.9 � 1.8 9.7 � 1.3 10.1 � 1.4 �1.8 (�2.6; �0.9)* �1.3 (�2.1; �0.5)*
3 g/d betaine 10.7 � 2.3 9.5 � 1.8 9.6 � 1.7 �1.8 (�2.6; �0.9)* �1.6 (�2.4; �0.8)*
6 g/d betaine 11.0 � 2.2 8.8 � 1.4 9.3 � 1.6 �2.9 (�3.7; �1.9)* �2.2 (�3.0; �1.4)*

1 Values are means � SD, n � 19. * Different from placebo, P � 0.01.
2 Values are means (90% CI).
3 Mean fasting homocysteine concentrations from samples collected on d 3 and 8. One subject in the group treated with 3 g/d of betaine did not

attend measurements on day 8. For this subject the values from d 3 were used in the analyses.
4 Mean homocysteine concentrations from samples collected on d 45 and 50 (after 6 wk of betaine supplementation).
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homocysteine was 1.3 (12%), 1.6 (15%), and 2.2 �mol/L
(20%) less than in the placebo group, respectively (P � 0.01)
(Table 1). The reductions in plasma homocysteine after 2 wk
of betaine supplementation were also significant (P � 0.01)
and the magnitude of the effect was comparable to that after
6 wk of betaine supplementation.

Postmethionine homocysteine. After subjects had ingested
a single dose of 0.75, 1.5 and 3 g of betaine, the increase in
homocysteine after a methionine load was 4.4 (16%; P
� 0.06), 6.8 (23%; P � 0.008) and 10.4 �mol/L (35%; P
� 0.0002) less than in the placebo group, respectively (Table
2). Six wk of betaine treatment reduced the increase in plasma
homocysteine after methionine loading by 23, 30 and 40%,
respectively (P � 0.03). The effects of betaine on postmethi-
onine concentrations of homocysteine after 2 wk of supple-

mentation were significant (P � 0.02) and comparable to
those after 6 wk.

Plasma methionine. In the group that ingested 6 g/d of
betaine, methionine concentrations in fasting plasma and after
methionine loading were higher than in the placebo group
(P � 0.002, Table 3). The groups that ingested 1.5 and 3 g/d
of betaine also had greater methionine concentrations than in
the placebo group, but these changes were not significant (P
� 0.35 and P � 0.52, respectively).

DISCUSSION

This is the first placebo-controlled study that shows that
supplementation of betaine at doses as low as 1.5 g/d lowers
plasma homocysteine concentrations in healthy adults. Fur-
thermore, there seems to be an apparent dose-response rela-
tionship between betaine supplementation and plasma homo-
cysteine concentrations (Tables 1, 2).

Fasting plasma homocysteine was maximally lowered at 2
wk of betaine treatment and was maintained after 6 wk of
supplementation. We did not test the differences between 2
and 6 wk due to insufficient statistical power. Furthermore, a
single dose of 0.75 g betaine on the 1st d of supplementation
reduced postmethionine increases in plasma homocysteine by
16% and minimal adaptation occurred after 6 wk of betaine
supplementation. Our data support the hypothesis that betaine
is quickly available as a methyl donor (16,17), which results in
increased betaine-dependent remethylation of homocysteine
into methionine. This hypothesis is substantiated by our find-
ing that fasting and postmethionine load plasma methionine
concentrations were increased by betaine supplementation
(Table 3), as was also found by others (18). Betaine supple-
mentation increases remethylation through increased betaine
availability in the liver, increased activity of the enzyme
betaine-homocysteine methyltransferase (BHMT), or both.
Animal studies showed that BHMT activity is higher when
animals are fed more methionine or more methyl donors such
as betaine (19–22).

In rats and mice betaine administration increased remeth-
ylation and decreased the catabolism of homocysteine through
the transsulfuration pathway within a few hours and returned
to normal after 24 h (23). This is in line with the immediate
effects of betaine on plasma homocysteine after a methionine
load in humans (9).

TABLE 2

Increase in plasma homocysteine concentrations in healthy adults after methionine loading before, after a single dose,
and after 2 and 6 wk of betaine supplementation1,2

Run in Single dose4 Wk 2 Wk 6

Differences from placebo3

Single dose4 Wk 2 Wk 6

�mol/L

Placebo 29.0 � 11.3 28.5 � 10.4 29.9 � 14.0 28.0 � 11.2 — — —
1.5 g/d betaine 26.9 � 7.7 22.0 � 4.3 20.1 � 4.2 19.6 � 3.3 �4.4 (�9.1; 0.2) �7.9 (�13.7; �2.0)* �6.3 (�11.5; �1.2)*
3 g/d betaine 29.4 � 8.0 22.0 � 4.35 20.0 � 4.2 19.6 � 4.1 �6.8 (�11.5; �2.2)* �10.5 (�16.3; �4.6)* �8.8 (�14.0; �3.6)*
6 g/d betaine 29.4 � 18.4 18.5 � 4.8 15.9 � 3.0 16.6 � 3.4 �10.4 (�15.1; �5.8)* �14.6 (�20.3; �8.6)* �11.8 (�16.9; �6.6)*

1 Values are means � SD, n � 19. * Different from placebo, P � 0.03.
2 Increase in plasma homocysteine 6 h after methionine loading was calculated by subtracting the value obtained immediately before methionine

loading from the value obtained 6 h after methionine loading.
3 Values are mean (90% CI).
4 Betaine intakes were 0.75, 1.5, and 3 g.
5 n � 18.

TABLE 3

Plasma methionine concentrations in the fasting state
and after methionine loading in healthy adults1

Run in Wk 6 Change
Change relative

to placebo2

�mol/L

Fasting
Placebo 21 � 4 22 � 4 1 � 3 —
1.5 g/d

betaine 19 � 3 22 � 5 4 � 4 3 (�3–8)
3 g/d betaine 23 � 5 25 � 4 3 � 5 2 (�4–7)
6 g/d betaine 20 � 4 32 � 15 11 � 16 10 (5–16)*

Postmethionine
load3

Placebo 502 � 79 505 � 78 3 � 51 —
1.5 g/d

betaine 470 � 97 495 � 113 25 � 51 22 (�11–54)
3 g/d betaine 519 � 85 541 � 83 21 � 48 18 (�14–50)
6 g/d betaine 471 � 108 527 � 108 56 � 50 53 (20–85)*

1 Values are means � SD, n � 19 per group. * Different from pla-
cebo, P � 0.002.

2 Values are means (95% CI).
3 Increase after 6 h was calculated by subtracting the value ob-

tained immediately before methionine loading from the value obtained
6 h after methionine loading.
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Homocysteine lowering after supplementation of 6 g/d of
betaine in this study is similar to the effect found in previous
studies (9,10). The new finding that low doses of betaine in
the range of dietary intake can substantially lower plasma
homocysteine suggests that a diet rich in betaine may lower
homocysteine. This is supported by the observation that
plasma betaine concentrations are negatively correlated with
plasma homocysteine in patients (22,24). Recent information
on the content of betaine and choline in various foods will
allow further investigation of the relationships among intake
of these compounds, plasma homocysteine and disease risk
(13). Choline is important because it is metabolized into
betaine in the body and might thus have homocysteine-low-
ering effects as well (25).

A reduction in plasma homocysteine of 5 �mol/L is esti-
mated to reduce the risk of cardiovascular disease by 20–30%
(26,27). Based on the current study, a person who consumes a
diet rich in betaine (�2 g/d of betaine) would have a 1.3
�mol/L (12%) lower plasma homocysteine concentration than a
person who consumes a diet poor in betaine (0.5 g/d). The
concurrent reduction in cardiovascular disease risk due to a be-
taine-rich diet would be �5–8%. However, it is important to
note that betaine supplementation might also increase serum
cholesterol, which could diminish the health benefits (10).

Whether homocysteine lowering results in a lower risk of
cardiovascular disease is still under debate, but evidence for a
causal relationship is accumulating (27–30). Ongoing placebo-
controlled intervention trials investigating the effects of ho-
mocysteine lowering by supplementation of a combination of
B-vitamins on disease endpoints will be reported soon (31).
However, these trials cannot separate the potential protective
effect of B-vitamins themselves, in particular folic acid, from the
subsequent homocysteine lowering. Comparing the effects on
homocysteine lowering of B-vitamin supplementation with those
of other metabolic pathways, such as betaine-dependent remethy-
lation, might help determine causality. Thus, future studies
should consider a two-by-two factorial design comparing betaine
and B-vitamins as homocysteine lowering food components.

We conclude that doses of betaine in the range of dietary
intake can substantially lower fasting plasma homocysteine.
Furthermore, it is likely that betaine tempers increases in
homocysteine concentrations after a meal. As new evidence
continues to confirm that plasma homocysteine is a cause of
cardiovascular disease, a diet rich in betaine might prove
effective in lowering cardiovascular disease risk.
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