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A

 

BSTRACT

 

Background

 

The Food and Drug Administration
(FDA) has recommended that cereal-grain products
be fortified with folic acid to prevent congenital neu-
ral-tube defects. Since folic acid supplementation re-
duces levels of plasma homocyst(e)ine, or plasma
total homocysteine, which are frequently elevated in
arterial occlusive disease, we hypothesized that folic
acid fortification might reduce plasma homocyst(e)ine
levels.

 

Methods

 

To test this hypothesis, we assessed the
effects of breakfast cereals fortified with three lev-
els of folic acid, and also containing the recommend-
ed dietary allowances of vitamins B

 

6

 

 and B

 

12

 

, in a
randomized, double-blind, placebo-controlled, cross-
over trial in 75 men and women with coronary artery
disease.

 

Results

 

Plasma folic acid increased and plasma
homocyst(e)ine decreased proportionately with the
folic acid content of the breakfast cereal. Cereal pro-
viding 127 

 

m

 

g of folic acid daily, approximating the
increased daily intake that may result from the FDA’s
enrichment policy, increased plasma folic acid by
30.8 percent (P

 

�

 

0.045) but decreased plasma homo-
cyst(e)ine by only 3.7 percent (P

 

�

 

0.24). However, ce-
reals providing 499 and 665 

 

m

 

g of folic acid daily in-
creased plasma folic acid by 64.8 percent (P

 

�

 

0.001)
and 105.7 percent (P

 

�

 

0.001), respectively, and de-
creased plasma homocyst(e)ine by 11.0 percent
(P

 

�

 

0.001) and 14.0 percent (P

 

�

 

0.001), respectively.

 

Conclusions

 

Cereal fortified with folic acid has
the potential to increase plasma folic acid levels and
reduce plasma homocyst(e)ine levels. Further clini-
cal trials are required to determine whether folic acid
fortification may prevent vascular disease. Until then,
our results suggest that folic acid fortification at lev-
els higher than that recommended by the FDA may
be warranted. (N Engl J Med 1998;338:1009-15.)
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FTER Hibbard and Smithells suggested a
possible association between low folic acid
levels and congenital neural-tube defects,

 

1

 

seven subsequent epidemiologic studies
supported the proposition that periconceptional fo-
lic acid supplementation may reduce the occurrence
of neural-tube defects.

 

2

 

 Moreover, results of double-
blind trials of primary

 

3

 

 and secondary

 

4

 

 prevention
demonstrated that periconceptional daily intake of
0.8 mg and 4 mg of folic acid, respectively, reduced
the incidence of neural-tube defects. The intake of
folic acid derived from food by women of childbear-
ing potential in the United States may be as low as
110 to 140 

 

m

 

g per day,

 

5

 

 which is well below the rec-
ommended dietary allowance (RDA) of 200 

 

m

 

g per
day.

 

6

 

 Consequently, as of January 1 of this year, ce-
real-grain products in the U.S. food supply are being
fortified with folic acid to prevent neural-tube de-
fects.

 

5,7-9

 

It has been estimated that the level of folic acid
fortification recommended by the Food and Drug
Administration (FDA) (140 

 

m

 

g per 100 g of cereal-
grain products) would increase folic acid intake by
80 to 100 

 

m

 

g per day in women of childbearing po-
tential and by 70 to 120 

 

m

 

g per day in adults older
than 50 years.

 

5

 

 Since folic acid supplementation re-
duces levels of plasma homocyst(e)ine, or plasma to-
tal homocysteine,

 

10-13

 

 which may be elevated in 13
to 47 percent of patients with arterial occlusive dis-
eases,

 

14-18

 

 we hypothesized that nationwide fortifica-

A
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tion of food with folic acid might reduce plasma ho-
mocyst(e)ine levels. To test this hypothesis in patients
with coronary artery disease, we assessed the effects
of breakfast cereals fortified with three levels of folic
acid and the RDAs of certain vitamins, including B

 

6

 

and B

 

12

 

.

 

METHODS

 

Subjects

 

The subjects were recruited from cardiology and primary care
clinics associated with Providence St. Vincent Medical Center, in
Portland, Oregon, and from a cohort of patients discharged from
Providence St. Vincent Hospital with a diagnosis of ischemic
heart disease (

 

International Classification of Diseases, 9th Revision,

 

codes 410 through 414). The study population included 81 un-
related white men and women, 45 to 85 years of age at the time
of the initial interview. Subjects were excluded if they had a his-
tory of wheat intolerance or were taking medications that may
influence plasma homocyst(e)ine levels (e.g., methotrexate, anti-
convulsant agents, bile acid sequestrants, folic acid, or multivita-
mins). Two subjects were excluded because of misinformation re-
garding previous medications, and four dropped out after having
a stroke (one subject), having rectal bleeding (one), not being
able to attend scheduled appointments (one), and “feeling ill”
during the washout period (one). Two subjects who answered
“unknown” to the question of whether they had a history of di-
abetes or hypertension were included. Subjects were advised to

continue with their regular medications and diets, except for eat-
ing the breakfast cereal provided (see below) throughout the trial.
The study was approved by the institutional review boards of
Providence St. Vincent Medical Center and the Oregon Regional
Primate Research Center.

The subjects had been found more than three months previ-
ously to have histories of acute myocardial infarction, angina pec-
toris documented by a cardiologist, percutaneous transluminal
coronary angioplasty, or coronary-artery bypass graft surgery.
The subjects reported having no history of stroke, intermittent
claudication, or peripheral arterial revascularization.

 

Study Design

 

All the participants signed an informed-consent form, complet-
ed a medical-history form, and were randomly assigned to one of
three groups (groups A, B, and C) for entry into a double-blind,
placebo-controlled, crossover trial (Fig. 1). Thirty-gram packets
of wheat-based, ready-to-eat cereals were prepared by the food-
research laboratories of General Mills (Minneapolis). All the ce-
reals contained, except as noted, the RDAs of the vitamins and
minerals listed in the legend to Figure 1. Three experimental ce-
reals were used; the mean (

 

�

 

SD) folic acid content per 30 g of
cereal was 127

 

�

 

11 

 

m

 

g in the first cereal, 499

 

�

 

6 

 

m

 

g in the second
(Total, General Mills), and 665

 

�

 

48 

 

m

 

g in the third; they all con-
tained pyridoxine (1.8

 

�

 

0.1 mg per 30 g) and cyanocobalamin
(6.1

 

�

 

0.3 

 

m

 

g per 30 g). The placebo consisted of breakfast cereal
without added folic acid, pyridoxine, or cyanocobalamin; the
naturally occurring quantities of these vitamins were 10

 

�

 

0.9,
0.11

 

�

 

0.02, and 0.13

 

�

 

0.02 

 

m

 

g per 30 g of cereal, respectively.

 

Figure 1.

 

 Diagram of Experimental Design.
Subjects were randomly assigned to receive 30 g of experimental or placebo cereal daily during the
initial and final five-week periods. All daily portions of cereals contained the RDAs of vitamins C, E,
B

 

1

 

, B

 

2

 

, B

 

3

 

, B

 

5

 

, B

 

6

 

, B

 

12

 

, iron, and zinc; 25 percent of the RDA of vitamin A; and 10 percent of the RDA of
vitamin D. Three levels of folic acid fortification were used in the experimental cereals; the mean
(

 

�

 

SD) folic acid content per 30 g of cereal was 127

 

�

 

11 

 

m

 

g (group A), 499

 

�

 

6 

 

m

 

g (group B), or 665

 

�

 

48

 

m

 

g (group C). The placebo cereal contained the above-mentioned vitamins and minerals, except for
folic acid and vitamins B

 

6

 

 and B

 

12

 

. The naturally occurring amounts of these vitamins were 10

 

�

 

0.9,
0.11

 

�

 

0.02, and 0.13

 

�

 

0.02 

 

m

 

g per 30 g of cereal, respectively. Basal plasma levels of homocyst(e)ine
and vitamins were measured at visits 1 and 3; follow-up levels were measured at visits 2 and 4.

A

B

C

0 5 10 15
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Each subject was requested to eat one 30-g packet of breakfast
cereal daily for five weeks, followed by a five-week “washout” pe-
riod during which the subjects consumed their usual diet. After
this, they were to eat one packet of breakfast cereal daily for an-
other five weeks (Fig. 1). The subjects were randomly assigned to
eat either cereal containing one of the three levels of folic acid
fortification or the placebo cereal for the initial five weeks and the
alternate cereal during weeks 10 to 15. The experimental and pla-
cebo cereals replaced other breakfast cereals eaten by the partici-
pants before entering the study. During the second and fourth
visits, all the remaining packets of cereal were returned and count-
ed for an assessment of compliance.

 

Laboratory Analyses

 

Venous blood from fasting subjects was drawn into Vacutainer
tubes containing EDTA. Plasma was separated within 30 minutes
in a refrigerated centrifuge at 4°C and frozen at 

 

�

 

20°C for anal-
ysis of homocyst(e)ine levels by high-performance liquid chroma-
tography and electrochemical detection as described elsewhere,

 

19,20

 

with minor modifications (interassay coefficient of variation, 9.1
percent; intraassay coefficient of variation, 5.0 percent). Samples
from all four visits were analyzed simultaneously. The plasma
homocyst(e)ine level is the sum of the homocysteine and ho-
mocysteinyl moieties of the disulfides homocystine and homocys-
teine–cysteine, whether free or bound to proteins. Hyperhomo-
cyst(e)inemia is defined as a level of homocyst(e)ine in plasma or
serum that is more than 2 SD above the mean value in control
groups. Additional plasma aliquots were protected from light and
frozen at 

 

�

 

20°C for radioimmunoassay of folic acid (coefficient
of variation, 7.8 percent) and vitamin B

 

12

 

 (coefficient of variation,
5.4 percent) (Bio-Rad Quantaphase II, Bio-Rad Diagnostics,
Hercules, Calif.) and for radioenzymatic assay of pyridoxal
5

 

�

 

-phosphate (coefficient of variation, 14.4 percent) (American
Laboratory Product, Windham, N.H., and Bühlman Laborato-
ries, Schönenbuch, Switzerland). Eleven samples with pyridoxal
5

 

�

 

-phosphate values 

 

�

 

83.6 ng per milliliter (500 nmol per liter)
were diluted and reanalyzed.

Blood cells were frozen at 

 

�

 

20°C for analysis of the C677T
methylenetetrahydrofolate reductase polymorphism, as described
elsewhere.

 

21

 

 The amplification-reaction mixture was subjected to
30 cycles of amplification at 94°C for 30 seconds, 62°C for 30
seconds, and 72°C for 30 seconds. The polymerase-chain-reac-
tion products were precipitated with ethanol and digested over-
night with 

 

Hin

 

f I (New England Biolabs, Beverly, Mass.); DNA
fragments were analyzed by 3 percent agarose-gel electrophoresis.

Twenty packets of the placebo breakfast cereal and of each of
the three folic acid–fortified cereals were analyzed for the content
of folic acid and vitamins B

 

6

 

 and B

 

12

 

 with the use of microbiolog-
ic assays

 

22

 

 (General Mills). The vitamin composition was coded,
and the study was conducted under double-blind conditions until
the code was broken for interim and final statistical analyses. The
plasma levels of homocyst(e)ine and of the vitamins were quanti-
fied without knowledge of the experimental groups or interac-
tions.

 

Statistical Analysis

 

The distribution of study variables was examined with the use
of standard exploratory analytical techniques for independent
subjects. Paired data (placebo vs. experimental) in each group (A,
B, and C) were analyzed separately. Basal and follow-up values
were measured at the beginning and end of each treatment phase,
respectively. Changes in homocyst(e)ine and vitamin levels asso-
ciated with the intake of breakfast cereals were calculated as ab-
solute and percent changes. The absolute change was calculated
as the difference between the plasma levels at the end of the ex-
perimental phase and those at the end of the placebo phase; these
data were used for correlation analyses. The percent change was
calculated as the absolute change divided by the follow-up values
after the placebo phase, with the result multiplied by 100; these
data were used for intragroup and intergroup comparisons. Log-

arithmic transformations of the variables were performed as need-
ed to improve normality. Adjustment for potential covariates was
carried out by using multiple linear and stepwise regression. Cor-
relations used Pearson’s product moment for parametric data and
Spearman’s rank-order test for nonparametric data. The P values
are two-sided. The statistical analyses were conducted with Excel
(Microsoft, Redmond, Wash.), SigmaStat (Jandel Scientific, San
Rafael, Calif.), Statmate (GraphPad Software, San Diego, Calif.),
and Stat 100 (Biosoft, Ferguson, Mo.) software.

 

RESULTS

 

Characteristics of the Subjects

 

The characteristics of the three groups of subjects
at entry (Table 1) were similar, although the number
of women in group A was larger than in groups B and
C. Mean basal homocyst(e)ine levels were lower in
the 16 women (9.1 

 

m

 

mol per liter; 95 percent confi-
dence interval, 7.8 to 10.5) than in the 59 men (13.1

 

m

 

mol per liter; 95 percent confidence interval, 10.8
to 15.4) (P

 

�0.001 by the Mann–Whitney U test).
No other variables, including responses to the exper-
imental cereals, were significantly different in the men
and the women. Low levels of plasma folic acid were
not overrepresented in our study population, since
mean plasma folic acid levels at base line were similar
to control data from 191 subjects without coronary
heart disease from Portland, Oregon, who did not

*Plus–minus values are means �SD.

†The body-mass index is the weight in kilograms divided by the square
of the height in meters.

‡Data for this variable were available for 74 subjects only.

§P�0.004 for the comparison with group A; other intergroup compar-
isons were not significant according to Duncan’s multiple-range test for
parametric values and Fisher’s exact test for nonparametric values.

¶Values denote the number of subjects who consumed five or more serv-
ings per week.

�MTHFR denotes methylenetetrahydrofolate reductase.

TABLE 1. CHARACTERISTICS OF THE SUBJECTS AT ENTRY, 
ACCORDING TO STUDY GROUP.*

CHARACTERISTIC

ALL 
SUBJECTS

GROUP A
(N�24)

GROUP B
(N� 25)

GROUP C
(N�26)

Mean folic acid — mg per 
30 g of cereal

— 127 499 665

Age — yr 64�10 64�11 66�8 63�12

Body-mass index† 27.9�4.3 28.5�5.1 28.8�6.1 27.5�4.4

History of diabetes — 
no. (%)‡

20 (27) 9 (38) 4 (16) 7 (27)

History of hypertension 
— no. (%)‡

42 (57) 14 (58) 13 (52) 15 (58)

Male sex — no. (%) 59 (79) 13 (54) 23 (92)§ 23 (88)§

Previously ate breakfast 
cereal — no. (%)‡¶

36 (49) 10 (42) 15 (60) 11 (42)

MTHFR C677T geno-
type — no.‡�

C/C
C/T
T/T

37
28
9

11
8
5

11
13
1

15
7
3
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take multivitamins (mean, 6.0�3.6 ng per milliliter
[13.6�8.2 nmol per liter]) (unpublished data). Com-
pliance with cereal-consumption instructions, esti-
mated from returned breakfast-cereal packets, was
similarly high for both the placebo and experimental
cereals, ranging from 97.4 to 97.7 percent. The prev-
alence of the C677T methylenetetrahydrofolate re-
ductase polymorphism, which influences sensitivity
to the effects of folic acid on homocyst(e)ine levels,12

was similar in the three groups.

Vitamin and Mineral Levels of the Cereals

The legend to Figure 1 lists the vitamins and min-
erals in the cereals. The average folic acid content of
the group A experimental cereal (127 mg of folic
acid per 30 g of cereal) approximated the FDA-man-
dated daily additional intake from fortified cereal-
grain products.5 The average folic acid content of
the group B experimental cereal (499 mg per 30 g
of cereal) was about twice the currently accepted
RDA of folic acid6 but similar to the composition of
available “100 percent”–fortified cereals. This amount
includes “overage,” the amount of vitamins above
the targeted level commonly added by the industry
to account for the random variation associated with
vitamin application and degradation during shelf-
life. The folic acid content of the group C experi-
mental cereal (665 mg per 30 g of cereal) was select-
ed to detect a potential threshold of effectiveness for
homocyst(e)ine-lowering, previously calculated at
about 400 to 500 mg daily.16

Effects of Experimental Cereals on Plasma Homocyst(e)ine 
and Vitamin Levels

The basal plasma levels of homocyst(e)ine (Table
2) and folic acid (Table 3) did not differ significantly
among the three groups before the placebo phase or
the experimental phase.

The cereal containing an average of 127 mg of fo-
lic acid per 30 g of cereal and the RDAs of other vi-
tamins, including vitamins B6 and B12, reduced ho-
mocyst(e)ine by 3.7 percent (P�0.24). However,
cereal fortified with an average of 499 or 665 mg of
folic acid per 30 g of cereal reduced homocyst(e)ine
levels significantly, by 11.0 percent (P�0.001) and
14.0 percent (P�0.001), respectively. The homo-
cyst(e)ine-lowering effects of the group A cereal
were significantly less than those of the group B
(P�0.02) or group C (P�0.03) cereal; the homo-
cyst(e)ine-lowering effects of the cereals in groups B
and C were not significantly different from each oth-
er (P�0.53). One outlier (with a homocyst(e)ine
level of 66.8 mmol per liter) accounted for higher
basal levels in group C than in group A. However,
exclusion of this outlier did not significantly affect
the overall statistical results.

As compared with placebo, the cereal providing
127 mg of folic acid daily increased plasma folic acid

levels by 30.8 percent (P�0.045), whereas the cere-
als providing 499 and 665 mg of folic acid daily in-
creased folic acid levels by 64.8 percent (P�0.001)
and 105.7 percent (P�0.001), respectively. The ex-
perimental cereals provided the RDAs of vitamins B6

and B12 and increased the plasma levels of these vi-
tamins, as compared with placebo (for B6, 12.5 ng
per milliliter [75 nmol per liter] with placebo vs.
15.0 ng per milliliter [90 nmol per liter] with the ex-
perimental cereals; P�0.001; and for B12, 360 pg
per milliliter [266 pmol per liter] with placebo vs.
408 pg per milliliter [301 pmol per liter] with the
experimental cereals; P�0.001).

Homocyst(e)ine levels decreased linearly with in-
creasing folic acid content of the cereal (r�0.280,
P�0.016), whereas folic acid levels increased pro-
portionately to the folic acid content of the cereal
(r�0.330, P�0.004). The changes in plasma ho-
mocyst(e)ine levels were not significantly correlat-
ed with the changes in plasma vitamin B12 levels
(r��0.04, P�0.711) or plasma pyridoxal 5�-phos-
phate levels (r��0.03, P�0.799). In a stepwise re-
gression analysis using the change in homocyst(e)ine
levels as the dependent variable, the log of the change
in folic acid levels was entered in step 1 (r��0.48,
P�0.001) and basal homocyst(e)ine levels in step 2
(r�0.54, P�0.001). These two variables accounted
for 30 percent of the heterogeneity of the change in
homocyst(e)ine levels.

DISCUSSION

An elevated plasma homocyst(e)ine level is a risk
factor for arterial occlusive diseases that is present in
about 13 percent of patients with coronary heart
disease, 35 percent of patients with stroke, and 47
percent of patients with peripheral arterial occlusive
disease.14-20 Fortification of cereal-grain products
with folic acid, as mandated by the FDA to prevent
neural-tube defects, has the potential to reduce plas-
ma homocyst(e)ine levels in patients with athero-
sclerosis. Although the clinical benefit of reducing
homocyst(e)ine levels is unproved, it is hypothesized
that the rate of atherosclerotic events may be re-
duced accordingly.16 In the present study, the ho-
mocyst(e)ine-lowering efficacy of folic acid–fortified
cereals was tested in men and women with coronary
artery disease.

The high rate of compliance with daily cereal con-
sumption suggested that most subjects had changed
their cereal consumption during the study, since
only 49 percent had previously eaten five or more
servings of breakfast cereal per week. This suggests
that the general population may consume less forti-
fied cereal and accrue less benefit from cereal forti-
fied with folic acid than the subjects in this study.

The level of fortification proposed by the FDA is
estimated to increase average daily folic acid intake
by 70 to 120 mg in adults older than 50 years.5 In

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 



REDUCTION OF PLASMA HOMOCYST(E)INE LEVELS WITH FOLIC ACID IN PATIENTS WITH CORONARY HEART DISEASE

Volume 338 Number 15 � 1013

the present study, this amount of additional folic
acid (127 mg daily), in combination with the RDAs
of vitamins B6 and B12, was insufficient to reduce
plasma homocyst(e)ine levels significantly and in-
duced only moderate increases in folic acid levels. In
contrast, levels of supplemental folic acid intake four

to five times as high reduced homocyst(e)ine levels
11.0 to 14.0 percent and increased folic acid levels
64.8 to 105.7 percent. Further dose–response stud-
ies using 100 to 400 mg of folic acid per day may be
required to better delineate the interactions between
low levels of cereal fortification with folic acid and

*Plus–minus values are means �SD. 

†P�0.02 for the comparison between group A and group B; P�0.03 for the comparison between
group A and group C; P�0.53 for the comparison between group B and group C (by the Mann–
Whitney U test). CI denotes confidence interval.

‡P values are for the difference from 0.0 of the mean percent change by the one-sample t-test.

§Analysis of variance was performed according to the Kruskal–Wallis test by ranks for all basal val-
ues; P�0.58.

TABLE 2. EFFECTS OF BREAKFAST CEREALS ON PLASMA HOMOCYST(E)INE LEVELS.*

GROUP

MEAN 
FOLIC ACID

CONTENT HOMOCYST(E)INE LEVEL

MEAN CHANGE IN

HOMOCYST(E)INE LEVEL

(95% CI)†
P

VALUE‡

BASAL§ FOLLOW-UP

mg/30 g 
of cereal mmol/liter percent

A (n�24)
Placebo phase
Experimental phase

10
127

9.9�3.1
10.0�3.0

10.1�3.7
9.5�2.5 �3.7 (�9.9 to 2.6) 0.24

B (n�25)
Placebo phase
Experimental phase

10
499

10.7�3.3
11.4�3.4

11.0�4.1
9.7�2.3 �11.0 (�15.5 to �6.6) �0.001

C (n�26)
Placebo phase
Experimental phase

10
665

13.4�10.8
14.6�12.7

14.6�12.0
11.8�7.3 �14.0 (�21.2 to �6.2) 0.001

*Plus–minus values are means �SD. 

†P�0.012 for the comparison between group A and group B; P�0.001 for the comparison be-
tween group A and group C; P�0.171 for the comparison between group B and group C (by the
Mann–Whitney U test). CI denotes confidence interval.

‡P values are for the difference from 0.0 of the mean percent change by the one-sample t-test.

§An analysis of variance was performed according to the Kruskal–Wallis test by ranks for all basal
values; P�0.12.

¶To convert values for folic acid to nanomoles per liter, multiply by 2.266.

TABLE 3. EFFECTS OF BREAKFAST CEREALS ON PLASMA FOLIC ACID LEVELS.*

GROUP

MEAN

FOLIC ACID

CONTENT

PLASMA FOLIC

ACID LEVEL

MEAN CHANGE IN

FOLIC ACID LEVEL

(95% CI)†
P

VALUE‡

BASAL§ FOLLOW-UP

 mg/30 g
of cereal ng/ml¶ percent

A (n�24)
Placebo phase
Experimental phase

10
127

6.3�2.9
5.5�2.2

6.2�3.3
7.2�3.4 30.8 (0.68–60.97) 0.045

B (n�25)
Placebo phase
Experimental phase

10
499

8.9�5.1
7.4�3.7

6.9�2.9
10.3�3.1 64.8 (42.45–87.23) �0.001

C (n�26)
Placebo phase
Experimental phase

10
665

7.3�3.2
6.3�2.8

6.9�3.2
12.5�5.0 105.7 (58.22–153.2) �0.001
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the regulation of homocyst(e)ine levels. The reduc-
tion of homocyst(e)ine levels with folic acid supple-
mentation ranging from 0.2 to 15 mg per day with-
out apparent toxicity has been reported.10-13,16,23,24

The mechanisms responsible for the inverse rela-
tion between maternal folic acid intake and neural-
tube defects are unknown. It is possible that this as-
sociation may be related in part to adverse effects of
homocyst(e)ine on fetal development. Several lines
of evidence support this proposition. Elevated ma-
ternal homocyst(e)ine levels have been associated
with pathologic outcomes of pregnancy,25,26 includ-
ing an increased risk of neural-tube defects.27 More-
over, among women whose children had neural-tube
defects, homocyst(e)ine levels were higher at their
first prenatal visit than among women whose chil-
dren did not have neural-tube defects.28 Currently
available data are insufficient to distinguish the pri-
mary effects of low maternal folic acid intake from
those of higher plasma homocyst(e)ine levels. How-
ever, if the beneficial effects of folic acid supplemen-
tation on neural-tube defects2-4 are related to reduc-
tions in homocyst(e)ine levels, it is possible that the
FDA-proposed level of fortification may not ade-
quately reduce the occurrence of neural-tube de-
fects.

The similar homocyst(e)ine-lowering effects of the
two breakfast cereals containing the highest levels of
folic acid (499 mg and 665 mg per 30 g of cereal)
support the concept that a near-maximal homo-
cyst(e)ine-lowering efficacy of folic acid supplemen-
tation is often attained at a daily intake of about 400
mg.12,16 It seems likely that fortification of breakfast
cereal with vitamin B12 may conceivably obviate the
potential risks of masking or exacerbating neurolog-
ic complications of vitamin B12 deficiency, as dis-
cussed comprehensively by Tucker et al.29 and Oak-
ley.30 Although all the experimental cereals contained
the RDAs for several vitamins and minerals, includ-
ing vitamins B6 and B12, several lines of evidence
suggest that the effects on homocyst(e)ine levels
were due to folic acid and not to the additional vi-
tamins. First, cereal fortified with 127 mg of folic
acid and with other vitamins and minerals did not
lower homocyst(e)ine levels significantly. Second,
linear and stepwise regression analyses demonstrated
significant effects of folic acid but not of vitamins B6

or B12 on homocyst(e)ine lowering.
The heat-labile variant of methylenetetrahydro-

folate reductase has reduced enzyme activity,31 and
the responsible DNA mutation has been identified
as a C-to-T mutation at nucleotide 677.21,32 Signifi-
cant effects of the methylenetetrahydrofolate reduc-
tase polymorphism and folate status on plasma ho-
mocyst(e)ine levels have been thoroughly discussed
by Jacques et al.33 and Rozen.34 Since persons ho-
mozygous for the C677T methylenetetrahydrofolate
reductase polymorphism are more susceptible to the

homocyst(e)ine-lowering effects of folic acid supple-
mentation,12 our study population was stratified with
regard to this polymorphism. The distributions of
the methylenetetrahydrofolate reductase genotypes
were similar in the three study groups and did not
contribute to differences in homocyst(e)ine lower-
ing among the three groups.

Conclusions

Fortification of breakfast cereals with folic acid
levels approximating the increased daily intake spec-
ified by the FDA’s enrichment policy for cereal-grain
products did not have a significant effect on plasma
homocyst(e)ine levels and had a moderate effect on
folic acid levels in patients with coronary artery dis-
ease. In contrast, fortification at levels four to five
times as high lowered plasma homocyst(e)ine levels
11.0 to 14.0 percent and increased plasma folic acid
levels 64.8 to 105.7 percent. Boushey and colleagues
predicted a substantial effect of folic acid fortifica-
tion of food on cardiovascular disease through the
lowering of homocyst(e)ine levels.16 They estimated
that an increase in folic acid intake of 350 mg per day
in men and 280 mg per day in women would poten-
tially prevent 30,500 and 19,000 deaths from vascu-
lar causes per year, respectively.16

High homocyst(e)ine levels are strong predictors
of death in patients with coronary artery disease,35

but it remains to be established whether lowering
homocyst(e)ine levels with vitamin therapy will de-
crease the risk of arterial occlusive diseases.36,37 Break-
fast cereals are an important source of dietary folic
acid,38 and their intake is an important predictor of
homocyst(e)ine levels.39 The results of our investiga-
tion have expanded those findings by assessing the
effects of different levels of folic acid fortification in
breakfast cereals. Whether breakfast cereals fortified
with folic acid will modify the incidence and out-
come of atherosclerotic diseases needs to be estab-
lished. Until these data are available, levels of forti-
fication higher than the FDA recommends may be
warranted.
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