Breakfast cereal fortified with folic acid, vitamin B-6, and vitamin
B-12 increases vitamin concentrations and reduces homocysteine

concentrations: a randomized tria
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ABSTRACT

Background: Highhomocysteineand low B vitamin concentrations
havebeen linked to therisk of vascular disease, stroke, and dementia
and are relatively common in older adults.

Objective: We assessed the effect of breakfast cereal fortified with
folic acid, vitamin B-6, and vitamin B-12 on vitamin and homocys-
teine status.

Design: A randomized, double-blind trial was conducted in 189
volunteers aged 50—85y. The subjects had no history of hyperten-
sion, anemia, asthma, cancer, or cardiovascular or digestive disease
and did not regularly consume multiple or B vitamin supplementsor
highly fortified breakfast cereal . Subjectswererandomly assignedto
consume 1 cup (0.24 L) breakfast cereal fortified with 440 ugfolic
acid, 1.8 mg vitamin B-6, and 4.8 g vitamin B-12 or placebo cereal
for 12 wk. Blood was drawn at 0, 2, 12, and 14 wk. Methionine-
loading tests were conducted at baseline and week 14.

Results: Final baseline-adjusted plasma homocysteine concentra-
tions were significantly lower and B vitamin concentrations were
significantly higher in thetreatment group than in the placebo group
(P < 0.001). The percentage of subjects with plasmafolate con-
centrations < 11 nmol/L decreased from 2% to 0%, with vitamin
B-12 concentrations < 185 pmol/L from 9% to 3%, with vitamin
B-6 concentrations < 20 nmol/L from 6% to 2%, and with ho-
mocysteine concentrations > 10.4 pmol/L (women) or > 11.4
umol/L (men) from 6.4% to 1.6%. The percentage of control
subjects with values beyond these cutoff points remained nearly
constant or increased.

Conclusions: Inthisrelatively heslthy group of volunteers, consump-
tion of 1 cup fortified breskfast cered daily significantly increased B
vitamin and decreased homocysteine concentrations, including post-

methionine-load homocysteine concentrations. Am J Clin Nutr
2004;79:805-11.
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INTRODUCTION

Severa studies have shown consistent and strong relations
between homocysteine concentrations and heart disease, stroke,
and other vascul ar outcomes (1-6). M ost recently, therehasbeen
agrowing interest in the association between homocysteine and
cognitive decline (7—10). Homocysteineisan amino acid that is
generated on the demethylation of methionine. It accumulatesin
the blood when thereis an interruption in major metabolic path-

ways. The breakdown of homocysteine to cysteine requires a
vitamin B-6—dependent enzyme. Remethylation to methionine
requires a vitamin B-12—dependent enzyme, with folate as a
substrate. The most common cause of homocysteine accumula
tion, therefore, isdeficiency or low availability of folate, vitamin
B-12, or vitamin B-6. The strong relations between these nuitri-
ents and homocysteine concentrations were clearly showninthe
Framingham Heart Study cohort, inwhom up to two-thirdsof the
cases of high homocystei ne concentrations were associ ated with
an inadequate folate, vitamin B-12, or vitamin B-6 status (11).

Evidence exists that low B vitamin intakes and high homo-
cysteine concentrations are common problems among older
adultsin the United States. In the original cohort (aged 67-96y)
of the Framingham Heart Study, 29% had hyperhomocysteine-
mia— defined as a homocysteine concentration > 14 pwmol/L.
Since 1996, cereal grain products have been fortified with folic
acid at 140 pg/100 g product. An analysis of data from the
Framingham Offspring Study (children and spouses of the orig-
inal cohort, aged 32—80 y) showed that folic acid fortification
decreased the prevalence of high homocysteine concentrations
(> 13 umol/L) in nonsupplement usersby almost one-half, from
18.7% beforefortification to 9.8% after fortification (12). Those
whose homocysteine concentrationsdid not respond tofolic acid
fortification may be responsive to supplementation with addi-
tional folic acid or to vitamins B-6 or B-12.

In one study, daily supplementation with 1, 10, and 0.4 mg
folic acid, vitamin B-6, and vitamin B-12, respectively, was
shown to normalize mildly elevated homocysteine concentra-
tions within 6 wk (13). An alternative source of these 3 B vita-
minsisfortified breakfast cereal. We previously showed that the
intake of fortified breakfast cereal was associated with higher
plasmaconcentrationsof folate and vitamin B-12 and with lower
plasma homocysteine concentrations (14, 15). A study of pa-
tients with coronary artery disease found that daily intake of
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breakfast cerea fortified with 499 wug folic acid/serving in-
creased plasmafolate by 65% and decreased plasma homocys-
teine by 11% (16). In the current study we investigated, in a
double-blind, randomized, controlled trial, the potential for
breakfast cereal fortified with US recommended dietary allow-
ances (RDASs) of falic acid, vitamin B-12, and vitamin B-6 to
improve each of these vitamin concentrations and homocysteine
statusin agroup of relatively healthy adultsaged = 50y with no
history of heart disease.

SUBJECTS AND METHODS

Subjects

We recruited volunteer subjects through advertisements in
local newspapers, posters, radio, and mailing lists. Of 1705 per-
sonswho requested further information onthe study, 622 applied
for participation, and 603 were invited to participate. Of these
603 persons, 557 attended a screening session, at which they
were asked about health conditions and medication and supple-
ment use, were provided with details of the study requirements,
and wereasked to providewritteninformed consent. At that visit,
113 of these persons decided not to continue in the study, pri-
marily because of perceived time constraints but also because
they were either unwilling or unable to conform with the study
procedures. Another 205 persons were disqualified at screening
for the following reasons. an exclusionary health condition (eg,
digestive disease, cardiovascular disease, uncontrolled hyper-
tension, anemia, asthma, or cancer; n = 77), regular use of mul-
tivitamin or B vitamin supplements (n = 69), use of medications
that might interferewith B vitamin metabolism (n = 16), regular
use of highly fortified breakfast cereal or other dietary supple-
ment fortified with B vitamins (n = 32), current participationin
another study (n = 5), inadequate health insurance (n = 4), poor
venous access (n = 1), or alanguage barrier (n = 1). The re-
maining subjects, therefore, were generally healthy adults (aged
= 50y) who were not taking vitamin supplements.

Of the 239 subjects enrolled in the study, 24 werelost during
the protocol for thefollowing reasons: time constraints or |oss of
interest (n = 11), refusal to follow study procedures (n = 6),
development of amedical condition (n = 4), or supplement use
(n = 3). Two hundred fifteen subjects (93 men and 122 women)
completed the protocol, of whom 196 were non-Hispanic white,
12 were African American, 4 were Asian American, and 3 were
of another ethnicity. Of the subjects who participated, 26 had
missing data for one or more variables. Complete data for most
analyseswereavailablefor 93 subjectsinthetreatment group and
for 96 subjectsin the control group; 10 of these subjects refused at
least one methionine-load test, which left 89 subjects in the treet-
ment group and 90 subjectsin thecontrol group for theandysis. All
procedureswerereviewed and approved by the Tufts New England
Medica Center Human Investigations Review Committee.

M ethods

The study was a double-blind, randomized, controlled trial.
Theenrolled subjectswererandomly assigned to consume break-
fast cereal fortified withthe RDAsof folic acid, vitamin B-6, and
vitamin B-12 (400 ng, 2 mg, and 6 g, respectively) per 1-cup
(0.24 L) serving or an identical cereal without the addition of
these vitamins. Analysis of the ready-to-eat cereal after fortifi-
cation showed that the actual content was 440 ug folic acid, 1.8

Visit Week Measurements

Prescreening Background questionnaire

v

Baseline assessment 0 Food-frequency questionnaire
Blood draw
¢ Methionine-load test
Second baseline 2 Blood draw
Rand[mization of cereal
First follow-up 12 Blood draw
Final follow-up 14 Food-frequency questionnaire

Blood draw
Methionine-load test

FIGURE 1. Study protocol.

Completion of cereal intake

mg vitamin B-6, and 4.8 ng vitamin B-12 per serving. Both
cereals contained 100 kcal, 24 g carbohydrate, 1 g dietary fiber,
0.35 mg thiamine, 0.34 mg riboflavin, and 4.0 mg niacin per
serving. The study statistician (GED) randomly assigned the
subjects to 1 of the 2 groups. All staff members that interacted
with the subjects were blind to the group assignments.

Qualified subjects were asked to make 4 visits to the study
center in afasting (12 h) state (Figure 1). At the first visit, the
subjects completed a validated 126-item semiquantitative food-
frequency questionnaire (17) and had blood drawn for the mea-
surement of plasma folate, vitamin B-12, and vitamin B-6 [as
pyridoxyl-P (PLP)]. A methionine-load test was administered.
Subjectswereasked to drink apreparation that contained 100 mg
L-methionine/kg body wt suspended in apple juice. Blood was
drawn exactly 2 h later to measure the elevation of postload
homocysteine concentrations. After 2 wk, the subjects returned
to havetheir blood drawn for the second time. At that visit, each
subject was randomly assigned to a study group, provided with
the appropriate cereal, and instructed to consume one serving of
cereal with milk per day. The subjects were reminded to not
consume other breakfast cereals and to not use vitamin supple-
ments during the study; no other changes to the diet were re-
quired. The subjects returned to have their blood drawn for the
third time, 10 wk after the second visit. The subjects continued to
consume the cereal for another 2 wk and then made their final
visit tothe study center. At thefinal visit, the subjects completed
asecond food-frequency questionnaire that asked them to report
their diet over the previous 3 mo, had blood drawn for the fourth
time, and underwent a fina methionine-load test.

Subjects were asked to bring any remaining cereal and empty
cereal cartonsto thelast visit, asacheck on compliance. Ninety-
five percent of the subjectsreturned their empty boxes; 82% had
consumed = 95% of the allotted cereal, 94% had consumed
= 90% of theallotted cereal, and only 2% (n = 4) had consumed
< 85% of the allotted cereal.

Vitamin and homocysteine analysis

The cereal prepared with added vitamins was analyzed at the
headquarters of the Kellogg Company (Battle Creek, MI) to
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verify content. Vitamin B-12 was measured by comparing the
growth response of the samplein the bacteria Lactobacillus del-
brueckii with the growth response of a vitamin B-12 standard.
Folic acid was extracted in a basic solution of methanol and
water, cleaned on an anion-exchange column, and quantified by
HPL C with postcolumn derivation to produce an oxidized folic
acid derivative, which is detected by fluorescence. Vitamin B-6
was extracted in an acidic solution of methanol and water and
quantified by reversed-phase HPL C with fluorescence detection.

Plasmasampleswerestored at —80 °C until completion of the
study and were analyzed together at the Jean Mayer US Depart-
ment of Agriculture Human Nutrition Research Center on Aging
at Tufts University for al subjects with complete data. Total
homocysteine in plasma was measured with the use of an adap-
tation of the method described by Araki and Sako (18). The CV
for this assay in our laboratory is 4.0%. PLP was determined
enzymatically with the use of tyrosine decarboxylase based on
the principles described by Shin-Buehring et a (19). The CV for
this assay in our laboratory is 5.0%. Plasma folate and vitamin
B-12 concentrations were determined by radioassay with acom-
mercially available kit from Bio-Rad (Hercules, CA). The CVs
for these assaysin our |aboratory are 4.7% for vitamin B-12 and
4.3% for folate.

Statistical analysis

Subject characteristics, reported nutrient intakes, and plasma
concentrations of folate, vitamin B-12, PLP, and homocysteine
at baseline were compared across treatment groups with a two-
samplet test for continuousvariablesor with achi-sgquaretest for
categorical variables. Weaveraged the plasmameasuresfromthe
first 2 visitsto obtai n stable measuresof baselinestatusfor fol ate,
vitamin B-12, PL P, and homocysteine. Similarly, thelast 2 blood
measures were averaged for each analysis as the posttreatment
measures. Post-methionine-load homocysteine concentrations
were measured only at baseline and at the end of the study.
Differences in change in plasma measures across groups were
assessed with repeated-measures analysis of variance. To assess
thegeneralizability of thefull response, wetested theinteractions
between the plasma vitamin responses to the vitamin-fortified
cereal and 1) baseline plasmavitamin val ues (val ues above com-
pared with values below the median) and 2) age (> 65y com-
pared with = 65y). When theinteractionswere significant (P <
0.01), we repeated the anal yses separately in those with baseline
plasma vitamin values above or below the median and in the 2
identified age groups. All analyses were performed in SAS for
WINDOWS (version 8.02; SAS Ingtitute Inc, Cary, NC).

RESULTS

There were no significant baseline differences across treat-
ment group by age, sex, ethnicity, BMI, marital status, education
level, smoking status, al cohol use, or medicationuse(Tablel; all
P > 0.05). In both groups, the average age of the subjectswas 65
+ 9y, therewere slightly more women than men, and > 90% of
the subjects were non-Hispanic white. More than one-half of the
subjects in each group were currently married, and nearly 50%
had college degrees. Theaverage BMI (in kg/m?) in both groups
of subjectswasin the overweight category, 26—27. Few of these
subjects (3—6%) reported being current smokers, and their aver-
age acohal intake was low (< 6 g to =~0.5 drinks/d). Although
the subjects had been screened for seriousillness and for use of

TABLE 1
Subject characteristicst
Treatment group Control group
(n=93 (n=96)

Age(y) 65.4 + 9.3 65.1 + 8.8
Male (%) 41.0 48.0
BMI (kg/m?) 26.2+ 3.9 269+ 50
College graduate (%) 44.9 2.7
Married (%) 53.6 62.5
Ethnicity (%)

Non-Hispanic white 94.0 90.0

African American 4.0 5.0

Other 2.0 5.0
Smoking (%) 32 6.4
Alcohol intake (g/d) 40+ 65 55+81
Use of medications (%)

Heart disease 16 11

Hypertension 12.7 10.6

Estrogen 12.9 125

1 Variables were compared across groups by t test for continuous and
chi-square for categorical variables. There were no significant differences
between groups (P > 0.05).

2x + SD (all such values).

medicationsknown to affect B vitamin metabolism, 3 subjectsin
each group reported the use of heart medication, 24 subjectsin
thetreatment group and 20 subjectsin the control group reported
the use of antihypertensive medication, and 12 subjectsin each
group reported the use of estrogen.

Intakes of folate, vitamin B-6, and vitamin B-12 did not differ
significantly between groups at baseline (Table 2; P > 0.05).
Average daily intakes of folate and vitamin B-6 in the treatment
and control groups were 365 and 375 dietary folate equivalents
and 2.4 and 2.1 mg/d, respectively; intakes of both vitamins
approximated the RDA (20). Averagevitamin B-12 intakeswere
6.4 and 7.0 ng/d, respectively; these intakes are greater than the
current RDA (20). With test cereal replacement, intakes of these
B vitamins decreased somewhat in the control group (Table 2).
Although subjectsthat wereconsuming highly fortified cereal sat
baseline were excluded from participation, many of the enrolled
subjectswere consuming partially fortified cerealsat baseline. In

TABLE 2
Average daily vitamin intake*

Treatment group Control group
(n=93) (n=96)

Folate (DFE)?

Baseline 375+ 17 365+ 18

14 wk® 745 + 14 292 + 17
Vitamin B-12 (u.g)

Baseline 6.4+ 05 70+£0.7

14 wk® 9.8+0.3 6.1+ 05
Vitamin B-6 (mg)

Baseline 23+01 21+01

14 wk® 37+01 18+0.1

1 All values are X + SEM. There were no significant differences in
intake across groups at baseline by t test comparison (P > 0.05).

2 DFE, dietary folate equivalents, with naturally occurring food folate:
1 ng = 1 DFE for fortified foods and 1 ng = 1.7 DFE (20).

3 Intakeswerebased ontheanalysisof thefood-frequency questionnaire
for all foods other than the cereal and the B vitamins from the test cereal.
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TABLE 3
Plasma vitamin and homocysteine concentrations®

TABLE 4
Percentage of subjects with vitamin values below or above selected cutoffs

Treatment group Control group Treatment group ~ Control group
Variable (n=93 (n=96) (n=93) (n=96)
Folate (nmoal/L) %
Baseline, 0-2 wk 247+ 0.7 247+ 0.7 Folate <11 nmol/L
12-14 wk? 322+07 224 +0.7 Baseline 32 0
Vitamin B-12 (pmol/L) 12-14 wk 0 0
Baseline, 0-2 wk 296 + 10 292 + 10 Vitamin B-12 < 185 pmol/L
12-14 wk 354 + 13 290 + 10 Baseline 9.7 115
Homocysteine (wmol/L) 12-14 wk 3.3 11.5%
Baseline, 0-2 wk 79+0.2 78+0.2 Vitamin B-6 < 20 nmol/L?
12-14 wk 75+02 82+02 Baseline 54 7.3
Vitamin B-6° (nmol/L) 12-14 wk 11 9.4t
Baseline, 0-2 wk 51.8 +4.9 459+ 26 Homocysteine > 10.4 (women) or
12-14 wk 823+ 55 421+24 11.4 (men) wmol/L®
Post-methionine-load Baseline 12.9 104
homocysteine (wmol/L)* 12-14 wk 3.2 7.3
?ﬁkme gi; i 8? gig i 82 1 Significantly different from the treatment group, P < 0.05 (chi-square

1 All valuesarex = SEM. Thedifferencein change acrossthe treatment
and control groups was significant for all measures, P = 0.0001 (repeated-
measures ANOVA).

2 Average of measures taken at 0 and 2 wk (baseline) and at 12 and 14
wk for all variables except post-methi onine-load homocysteine, which were
taken at baseline and 14 wk only.

3 As pyridoxal-5’-phosphate.

4n = 89 for the treatment groups and 90 for the control group.

the control group, these partially fortified cereals were replaced
with cereals that had not been fortified with folate, vitamin B-6,
and vitamin B-12, which resulted in aslight decreasein intake of
thesevitaminsin the control group. None of the average baseline
plasma measures differed significantly between groups (P >
0.05) and were within currently defined normal ranges.
Despite the fact that these subjects had been consuming diets
fortified with folic acid for several years, there was asignificant
increase in plasmafolate in the treatment group (from 25 to 32
nmol/L) but a slight, nonsignificant decrease (from 25 to 22
nmol/L) inthecontrol group (Table 3). Thedifferencein change
across groups was significant (P < 0.0001). Vitamin B-12 con-
centrations also increased significantly in the treatment group,
from =296 to 354 pmol/L. In comparison, vitamin B-12 con-
centrations did not change significantly in the control group
(range: 290—292 pmol/L). Although the average baselinefasting
homocystei ne concentrations were relatively low in this healthy
group of older adults, they decreased significantly (from 7.9 to
7.5 umol/L; P < 0.0001) in the treatment group but increased
(from 7.8 to0 8.2 umoal/L; NS) in the control group (Table 3).
Thelargest treatment responsewasevident for vitamin B-6, on
the basis of PLP concentrations. PLP concentrations increased
almost 60%inthetreatment group, from52to82nmol/L, relative
to a decrease (from 46 to 42 nmol/L) in the control group (P <
0.0001). Although vitamin B-6 has also been shown to be asso-
ciated with fasting homocysteine concentrations, it has agreater
effect on the metabolic pathway that converts homocysteine to
cysteine and, therefore, is better reflected in the transient con-
centrations of homocysteine that increase and decrease after a
meal. For this reason, in addition to fasting homocysteine con-
centrations, we also examined homocysteine concentrations 2 h
after a methionine load (Table 3). As with the other measures,

test).
2 As pyridoxal-5’'-phosphate.
3 See reference 21.

therewasasignificant decreasein thismeasure of homocysteine
inthetreatment group relative to the control group (P < 0.0001).
Inthetreatment group, post-methionine-load homocysteine con-
centrations decreased from 22.7 to 21.3 wmol/L, whereas an
increase in the comparison group was observed. No significant
interactions were observed between treatment and age (> 65y
compared with < 65 y) for any of the plasma vitamin measures
or between treatment and baselinevaluesof PLP or vitamin B-12
above or below the median. However, the subjectswith baseline
plasmafolateval uesbel ow themedian of 25 nmol/L had agreater
response to the treatment than did those with initialy higher
plasmafolate concentrations (increases of 12.0 and 2.2 nmol/L,
respectively). Similarly, the subjects with baseline plasma ho-
mocysteine values greater than the median of 7.8 wmol/L had an
average decrease in homocysteine of 0.9 wmol/L after treatment
compared with a decrease of 0.4 umol/L after treatment in sub-
jects with baseline plasma homocysteine values below the me-
dian. When tested separately, the results remained significant
(P < 0.05) for each of these subgroups.

Few of the healthy volunteers had vitamin concentrations that
were below clinical cutoffs for deficiency, but improvements
were seen in the treatment group (Table 4). At baseline, no
significant differences in the proportions of values below or
above the specified cutoffs were observed (chi-square test: P >
0.05); 3.2% of the treatment group and none of the control group
had plasma folate concentrations < 11 nmol/L. After the inter-
vention, noneof the subjectshad low folate concentrationsonthe
basis of this criterion. With the use of a concentration < 185
pmol/L asacutoff for vitamin B-12, 9.7% of the treatment group
and 11.5% of the control group had low plasmaconcentrations at
baseline. This proportion fell to 3.2% in the treatment group but
remained constant in the control group after 12 wk of interven-
tion. These values differed significantly after the intervention
(P> 0.05). Similarly, the percentage of treatment subjects with
plasmaPLP < 20 nmol/L decreased from 5.4%t0 1.1%, whereas
thepercentageof control subjectswithlow plasmaPLProsefrom
7.3%109.4%. Finaly, the 13% of treatment subjectswithfasting
homocysteine concentrations > 10.4 wmol/L (women) or 11.4
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umol/L (men) at baseline were reduced to 3.2%, relative to a

smaller percentage decrease, from 10.4% to 7.3% in control
subjects. Cutoffs for homocysteine were based on the 95th per-
centileof concentrationsfrom anationally representative sample
of adults aged 20-39y (21).

DISCUSSION

In this double-blind, randomized, controlled trial of fortified
cereal use, we found that one serving per day of breakfast cereal
fortified with approximately the USRDAs of folic acid, vitamin
B-6, and vitamin B-12 led to significant improvements in the
plasma concentrations of each of these vitamins and in both
fasting and post-methionine-load homocysteine concentrations.
To our knowledge, thisisthefirst study to show such aresponse
in postload homocysteine concentrations. These results were
seen in arelatively healthy group of adults aged 50—85y, who
had been consuming a diet fortified with folic acid for the past
several years.

These findings are important for severa reasons. First, the
evidence that elevated homocysteine concentrations contribute
totherisk of heart disease and strokeisstrong (1-5), and thereis
increasing evidenceof itscontributionto cognitivedecline(9, 10,
22). In addition, thereis also evidence that low normal concen-
trations of these 3 B vitamins may contribute directly to the
impaired health of older adults. Low folate status has been asso-
ciated directly with acute coronary events (23), with brain atro-
phy (24), and with memory impairment (25). Although therecent
fortification of the food supply has improved folate status tre-
mendously, our results show that there remains room for im-
provement in some persons.

We and others showed previously that low vitamin B-12 con-
centrations are common among older adults (15, 26, 27), and
thereis evidence that this may lead to avariety of cognitive and
neurologic consequences, even at levels formerly considered
borderline normal and in patients without anemiaor macrocyto-
Sis (28, 29). Studies of vitamin B-12 status among older adults
have consistently identified large segments of the population as
either deficient or “low normal” despite apparently adequate
dietary intakes of vitamin B-12. Because of the need for several
steps in the separation of vitamin B-12 from food protein and
preparation for absorption, which require an acidic environment
in the stomach, many older adults have difficulty absorbing vi-
tamin B-12. This problem, which has been estimated to affect up
to 40% of the elderly, is associated with impaired absorption of
protein-bound vitamin B-12 (30). Bioavailability studies have
shown that free cobalamin, asfound in vitamin supplementsand
intheform added to fortified breakfast cereals, isbetter absorbed
than is vitamin B-12 bound to proteins in food (31). For this
reason, the recently released dietary reference intakes by the
Food and Nutrition Board of the Institute of Medicineincludethe
recommendation that most of the vitamin B-12 intakein persons
older than 50 y should come from supplementsor fortified foods
(32). Our finding that vitamin B-12 concentrations improved
significantly after consumption of the fortified cereal supports
our previous observation that cereal useis associated with vita-
min B-12 status (15). Nonusers of supplements who consume
cereal > 4times/wk are50% lesslikely to havelow vitamin B-12
concentrations than are those who do not consume cereal or
supplements.

Vitamin B-6isimportant toimmunefunction (33, 34), and low
plasma concentrations are associated with heart disease, inde-
pendent of homocysteine concentrations (35-37). A study by
Friso et a (38) found that plasmavitamin B-6 is associated with
markersof inflammation. Associations have also been identified
between plasma vitamin B-6 and depression (39, 40). Although
vitamin B-6 is known to affect the clearance of postload homo-
cysteine(41), it hasnot been shown that improvementsin plasma
PL P viathe consumption of foodsfortified with vitamin B-6 can
lead to significantly lower post-methionine-load homocysteine
concentrations. Although much less is known about the health
effectsof sustained postload homocysteine concentrations, there
isevidencethat it hasnegative effectson platel et aggregation and
endothelial function (42, 43).

Sincetheintroduction of folic acid fortification of cereal grain
products, the associations between vitamin intakes and fasting
homocysteine concentrations have shifted from being primarily
dependent on folate status to being more dependent on the status
of vitamin B-12 and vitamin B-6. Although the prevalence of a
low folatestatuswasgreatly reduced by fortification, only ~50%
of those with high homocysteine concentrations (> 13 pmol/L)
fell below that cutoff after fortification (from 19% of the adult
population in the Framingham Offspring Study before, to ~10%
after fortification) (12). Theinclusion of vitamins B-12 and B-6
in fortified breakfast cereal is, therefore, likely to have an addi-
tional effect ontheremaining high homocysteineconcentrations.
We found that the combination of folic acid, vitamin B-6, and
vitamin B-12 together reduced the prevalence of high plasma
homocysteinein thisgroup of healthy subjectsfrom 13% to 3%.

The subjects in this study were purposefully selected to rep-
resent relatively healthy older adults and were not prescreened
for low vitamin status. These results should, therefore, be gen-
eralizable to older adults without known cardiovascular disease
or other major health conditionswho do not regularly usevitamin
supplements. However, in addition to not using vitamin supple-
ments for 2 mo before the start of the study, the subjects were
selected only if they were not regularly consuming highly forti-
fied (but not partially fortified) breakfast cereals. It islikely that
the reduction in plasma vitamin concentrations in the control
group was partially due to the replacement of the partialy forti-
fied cereas they may have been consuming before the study
began with the nonfortified study cereals.

Becausevolunteersfor intervention studiesaregenerally more
knowledgeabl e and motivated by healthissuesthanisthegeneral
population, it is likely that the general population has a greater
frequency of poor vitamin status and could benefit from regular
cereal consumption to an even greater extent than our study
subjects. Because many older adults choose not to take vitamin
supplements, the consumption of fortified cereal may be an at-
tractive means of obtaining required amounts of folic acid, vita-
min B-6, and vitamin B-12.

Together, theseresultsshowed that adaily serving of breakfast
cereal fortified at approximately the current RDAs of folic acid,
vitamin B-6, and vitamin B-12 can make an important contribu-
tion to improving the status of these vitamins aswell asto low-
ering both fasting and postload homocysteine concentrations.
Thisisimportant because, although vitamin supplement use ap-
pears to be increasing, data from the third National Health and
Nutrition Examination Survey (1988—-1994) indicatethat 59% of
non-Hispanic whitemen and 45% of non-Hispanic whitewomen
reported using no vitamin supplements. These proportions were
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greater for non-Hispanic blacks (70% and 58% for men and
women, respectively) and Mexican Americans (64% and 55%,
for men and women, respectively) (44). It is therefore possible
for large segments of the older adult population to benefit from
the consumption of fortified breakfast cereal. Because each of
these vitamins has been shown to have an important role in
protecting vascular, neurologic, and immune function and in
contributing to a reduction in homocysteine concentrations, the
consumption of fortified breakfast cereals may offer significant
health benefits to older adults. B
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