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THE OPPORTUNITY FOR PRIMARY

prevention of cardiovascular
disease (CVD) begins during
childhood.1Specifically,earlyle-

sionsofatherosclerosisarepresent inthe
arteries of children and adolescents2;
some children display moderate to high
levels of physiologic risk factors3; and
childhood levels of physiologic risk fac-
tors may predict adult levels.3-5 Recent
studies suggest that plasma homocyste-
ine concentration may be an indepen-
dent and modifiable risk factor for CVD
in adults.6 A meta-analysis found for ev-
ery 5-µmol/L increase in homocysteine,
the odds ratio for risk of coronary artery
disease was 1.6 (95% confidence inter-
val [CI], 1.4-1.7) for men and 1.8 (95%
CI, 1.4-2.3) for women.7 Although con-
clusive evidence for a causal association
with CVD in adults is lacking,7-17 the po-
tential for prevention provides a strong
rationale for understanding the deter-
minants of homocysteine in children.
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Context Although evidence suggests that homocysteine is a risk factor for cardio-
vascular disease in adults, little information exists on homocysteine levels in children.

Objectives To describe the distribution of serum homocysteine concentrations among
children and to examine the association between homocysteine levels and several char-
acteristics, including serum levels of folic acid and vitamins B12 and B6.

Design Cross-sectional analysis.

Setting School-based cohort from California, Louisiana, Minnesota, and Texas.

Participants A total of 3524 US schoolchildren, aged 13 and 14 years, from the Child
and Adolescent Trial for Cardiovascular Health (completed in 1994). Measurement
was conducted in 1997.

Main Outcome Measure Nonfasting serum total homocysteine concentration.

Results The distribution of homocysteine values ranged from 0.1 to 25.7 µmol/L
(median, 4.9 µmol/L). Geometric mean homocysteine concentration was significantly
higher in boys (5.22 µmol/L) than girls (4.84 µmol/L); blacks (5.51 µmol/L) than whites
(4.96 µmol/L) or Hispanics (4.93 µmol/L); nonusers of multivitamins (5.09 µmol/L)
than users (4.82 µmol/L); and smokers (5.19 µmol/L) than nonsmokers (5.00 µmol/
L). Serum homocysteine was significantly inversely correlated with serum levels of fo-
lic acid (r = −0.36; P = .001), vitamin B12 (r = −0.21; P = .001), and vitamin B6 (r = −0.18;
P = .001). Serum homocysteine was not significantly associated with serum lipid levels
or family history of cardiovascular disease and was only weakly related to body mass
index and systolic blood pressure. After multivariate adjustment, homocysteine re-
mained independently associated with sex, race, serum folic acid and vitamin B12 lev-
els, and systolic blood pressure.

Conclusions The distribution of homocysteine levels in children is substantially lower
than that observed for adults; however, a small percentage of children are still poten-
tially at elevated risk for future cardiovascular disease. Serum folic acid may be an im-
portant determinant of homocysteine levels in children.
JAMA. 1999;281:1189-1196 www.jama.com
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Homocysteine is a sulfhydryl amino
acid formed during the conversion of
methionine to cysteine.18,19 Its main
metabolic pathways require folic acid,
vitamin B12, and vitamin B6. Serum ho-
mocysteine is inversely correlated with
dietary intake or serum levels of vita-
mins B6 and B12 and folic acid.20-26 More-
over, homocysteine levels respond rap-
idly to nutrient supplementation with
reductions as great as 40% due to folic
acid supplementation alone.7,27,28 In
adults, increasing age, being male, and
cigarette smoking are associated with
higher homocysteine levels.25,26

Few studies have examined homocys-
teine levels and their predictors in chil-
dren. The largest study, among 756 Nor-
wegian children aged 8 to 12 years,
identified serum folic acid and family his-
tory of premature CVD as important cor-
relates of homocysteine levels.29 A study
of South African children (n = 433) aged
7 to 15 years found significantly higher
homocysteine concentrations in black
children from the Venda tribe in South
Africa (5.8 µmol/L) compared with white
children (5.1 µmol/L).30 Vilaseca et al31

reported that plasma homocysteine lev-
els increased with age in cross-sectional
samples of infants aged 2 months to
adults aged 18 years residing in Spain.
The few studies of homocysteine levels
in children have either been conducted
with relatively small or homogeneous
samples or lacked information on a com-
prehensive set of predictors. To date, no
data have been reported on large, mul-
tiethnic samples of healthy children liv-
ing in the United States.

In the present study, we describe the
distributionof serumhomocysteine lev-
els among 3524 US schoolchildren aged
13 to 14 years. Furthermore, we exam-
ine the association between homocys-
teinelevelsandavarietyofdemographic,
physiologic, and behavioral variables.

METHODS
Study Participants

The subjects for this analysis were part
of a larger study, the Child and Ado-
lescent Trial for Cardiovascular Health
(CATCH). The original CATCH co-
hort (n = 5106 third-graders) was re-

cruited at baseline (1991-1992) from
96 public elementary schools located
in the 4 states of California, Louisi-
ana, Minnesota, and Texas.32 CATCH
was a multicenter field trial that evalu-
ated the effectiveness of an elemen-
tary school–based cardiovascular health
promotion program in 56 interven-
tion schools and 40 control schools
from grades 3 to 5 (1991-1994). The
design and results of the trial are de-
scribed in detail elsewhere.33

Physiologic, behavioral, and psycho-
social measurements were conducted on
the original CATCH cohort students
postintervention during grades 6 to 8
(1994-1997). At the eighth-grade (1997)
risk factor screening survey, 3714 co-
hort students (73%) had written paren-
tal consent to participate in all CATCH
measurements. The 3524 cohort stu-
dents (69%) with serum available for ho-
mocysteine analysis were included in the
present study TABLE 1. Complete labo-
ratory data, including serum levels of ho-
mocysteine, folic acid, vitamin B12, and
vitamin B6 were available for 3321 chil-
dren (65%).

Data Collection
All methods, training techniques, and
quality control programs of CATCH are
described in detail elsewhere.32,34 Data
were collected through classroom-
administered questionnaires and risk fac-
tor examinations. The risk factor screen-
ing profile included blood pressure (BP),
height, weight, and nonfasting serum lev-
els of total cholesterol, high-density li-
poprotein (HDL) cholesterol, apolipo-
protein B, total homocysteine, vitamin
B6, vitaminB12, and folic acid.Parents also
completed a mailed questionnaire on
family history of CVD and multivita-
min use, with telephone follow-up of
nonrespondents. Of the 3524 children
with homocysteine results, 3209 chil-
dren (91%) had a questionnaire com-
pleted by a parent.

Blood Pressure. Five recordings
(taken 1 minute apart) of seated sys-
tolic and diastolic BP and heart rate
were obtained after a 5-minute rest pe-
riod using the Dinamap automatic BP
device (Model 8100XT, Critikon Inc,

Tampa, Fla). Cuff size selection was
based on arm length and circumfer-
ence measurements. The average of the
last 3 readings was used for analysis.

Height and Weight. Height was mea-
sured using a portable stadiometer and
weight was measured using the SECA
Integra 815 portable scale (SECA, Ru-
milly, France). Body mass index (BMI)
was calculated as weight in kilograms
divided by height in meters squared.

Smoking Behavior. Current smok-
ers were defined as those children who
reported smoking on 1 day or more in
the past 30 days.

Family History of CVD. Children
were classified as having a family his-
tory of CVD if the parent reported ei-
ther myocardial infarction or stroke in
any biological relative and as having
premature CVD if an event occurred be-
fore age 60 years.

Intake of Multivitamins. Parents re-
ported whether their child usually took
a multivitamin as well as the brand
name and frequency taken.

Frequency of multivitamin intake was
categorized as: less than 1, 1 to 2, 3 to
4, 5 to 6, 7, or more than 7 tablets per
week. Children were classified as mul-
tivitamin users if they took 1 or more
multivitamins in a week. The majority
of users took multivitamin prepara-
tions containing 0.4 mg of folic acid,
2 mg of vitamin B6, and 6 µg of vitamin
B12 (87%, 75%, and 73%, respectively).

Blood Sample Collection
and Biochemical Analyses
Nonfasting blood samples were ob-
tained via venipuncture with the child
seated. Whole blood was collected into
serum separator Vacutainer tubes (Bec-
ton Dickinson, Franklin, NJ) and al-
lowed to clot in a covered container for
20 minutes at room temperature. Clot-
ted blood samples were then placed on
ice and centrifuged approximately 2 to
4 hours after blood collection. Based on
a pilot study of our blood handling pro-
cedure, we found a 5% increase in av-
erage serum homocysteine concentra-
tion after blood was allowed to clot at
room temperature for 20 minutes when
compared with immediate sample chill-
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ing. Serum was stored in Nalgene cryule
vials (Nalgene Co, Rochester, NY) and
shipped by overnight carrier on refrig-
erant packs to the central laboratory for
immediate analysis of total and HDL
cholesterol and apolipoprotein B. Se-
rum was frozen at −70°C and covered
from light until analyzed for homocys-
teine, folic acid, vitamin B6, and vita-
min B12, which was approximately 5 to
10 months after blood collection.

All serum samples were analyzed at
Miriam Hospital, Providence, RI. To-
tal cholesterol was determined by the
method of Allain et al35 on a Beckman
CX4 autoanalyzer (Beckman Instru-
ments Inc, Fullerton, Calif). High-
density lipoprotein was determined fol-
lowing precipitation with heparin
sodium and manganese chloride. Apo-
lipoprotein B was assayed by neph-
elometry (Behring Diagnostics Inc,
Westwood, Mass) using antisera raised
by injecting goats with low-density li-
poprotein. Total homocysteine was de-
termined by the fluorimetric method of
Vester and Rasmussen36 with the ex-
ception that 20% methanol was used in
buffer B in the high-performance liq-
uid chromatography procedure. Vita-
min B12 and folic acid were measured
by a solid phase, no-boil radioimmu-
noassay using a commercial kit (Diag-
nostic Products Corporation, Los An-
geles, Calif ).37,38 Vitamin B6 was
analyzed by a radioassay kit (ALPCO,
Windham, NH), which measures the
conversion of tritiated tyrosine to ty-
ramine by the vitamin B6–dependent en-
zyme tyrosine decarboxylase.39

Laboratory reliability was assessed by
taking blind duplicate blood samples
from a 10% random sample of sub-
jects. Intraclass correlation coeffi-
cients for serum lipids were 0.99 for to-
ta l choles tero l , 0 .98 for HDL
cholesterol, and 0.99 for apolipopro-
tein B. Intraclass correlation coeffi-
cients were 0.91 for serum homocys-
teine, 0.97 for vitamin B6, 0.96 for
vitamin B12, and 0.98 for folic acid.

Statistical Methods
We tabulated the percentile distribu-
tion of serum homocysteine levels for

all children by sex and ethnic sub-
groups. Mean homocysteine concen-
tration was calculated for the overall co-
hort and compared using the 2-
sample t test among the following
subgroups: boys vs girls; whites vs
blacks vs Hispanics; multivitamin us-
ers vs nonusers; family history of CVD
vs no family history; and smokers vs
nonsmokers. Mean homocysteine lev-
els were also compared for quintiles of
the distribution of serum vitamin B12,
vitamin B6, and folic acid levels. We cal-
culated Spearman correlation coeffi-
cients to assess the association of se-
rum homocysteine levels with serum
vitamin levels (folic acid, B12, and B6)
and physiologic cardiovascular risk fac-
tors (serum lipids, BMI, and BP).

Analyses were performed on the
natural logarithm of serum homocys-
teine and vitamin values to reduce the
positive skew in the distribution. The
antilogarithms of the transformed
means (or geometric means) are pre-
sented where indicated. We calcu-
lated the 95% CIs for the geometric

means by taking the antilogarithms of
the transformed 95% CIs.

The assumption of a linear dose-
response relationship between each con-
tinuous variable and homocysteine was
examined using an analysis of variance–
based test for linear trend.40 We fit a seg-
mented regression model to the rela-
tionship between serum homocysteine
and serum folic acid using nonlinear
least squares regression to estimate the
change point, defined as the point where
the relationship between homocyste-
ine and folic acid changes slope.

We conducted a mixed-model analy-
sis of covariance to evaluate the simul-
taneous influence of the various predic-
tors on serum homocysteine levels. Se-
rum homocysteine concentration was
modeled as the dependent variable. Sex,
ethnicity, family history of CVD, multi-
vitamin use, and smoking were repre-
sentedas indicatorvariables in themod-
els; age, BMI, BP, and serum lipids were
analyzedascontinuousvariables.Serum
vitamin levels were categorized accord-
ing to quintiles of their respective distri-

Table 1. Characteristics of Participants

Characteristic No. (%)*

Boys 1815 (51.5)

Race
White 2498 (70.9)

Black 449 (12.7)

Hispanic 454 (12.9)

American Indian 13 (0.4)

Asian 63 (1.8)

Family history of cardiovascular disease 2272 (71.1)

Multivitamin use 695 (21.7)

Cigarette use 529 (15.1)

Mean (SD)
Age, y 14.1 (0.5)

Serum lipids, mmol/L [mg/dL]
Total cholesterol 4.15 (0.74) [160.4 (28.6)]

High-density lipoprotein cholesterol 1.21 (0.3) [46.7 (9.9)]

Apolipoprotein B, g/L [mg/dL] 0.90 (0.21) [89.6 (21.5)]

Blood pressure, mm Hg
Systolic 114.2 (8.4)

Diastolic 56.0 (7.0)

Body mass index, kg/m2 22.1 (4.7)

Serum total homocysteine, µmol/L 5.3 (1.9)

Serum vitamins
Folic acid, nmol/L 41.9 (20.6)

Vitamin B6, nmol/L 47.3 (48.2)

Vitamin B12, pmol/L 396.1 (164.6)

*Total number of participants was 3524. Denominators exclude participants with missing data.
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butionsandrepresentedasindicatorvari-
ables. The analysis was adjusted for the
fixedeffectsofCATCHfieldsiteandorigi-
nal CATCH intervention condition and
the random effect of CATCH school
within field site and intervention condi-
tion.Subjectswithmissingcovariatedata
wereexcludedfromanalyses.Therewere
nodifferences in theresults afterexclud-
ing 2 residual outliers. We used SAS sta-
tistical software for all analyses.41

RESULTS
Distribution of Serum
Homocysteine

Table 1 presents the characteristics of
study participants. The percentile dis-

tribution of serum homocysteine levels
for all children by sex and ethnic sub-
groups is shown in TABLE 2. The distri-
bution of values was positively skewed
and ranged from 0.1 to 25.7 µmol/L. Less
than 1% (n = 12) of the children had lev-
els above 14.0 µmol/L. The mean homo-
cysteine concentration for all subjects
was 5.29 µmol/L (median, 4.9 µmol/L).
The distribution of serum homocyste-
ine was shifted toward higher values for
boys compared with girls and blacks
compared with whites and Hispanics.

FIGURE 1 displays the percentile dis-
tribution of homocysteine values among
multivitamin users compared with non-
users. Among nonusers, the distribu-

tion was positively skewed with a long
tail toward high values; in contrast,
among multivitamin users, the distri-
bution was more symmetrical. Only
3.3% of children who took a multivi-
tamin exceeded the 95th percentile of
the overall homocysteine distribution
(8.5 µmol/L) vs 5.7% among nonusers
(P = .01; 2-tailed Fisher exact test).

Serum Vitamin Status
Serum vitamin levels ranged from 8.6
to 324 nmol/L for folic acid, 21 to 1747
pmol/L for vitamin B12, and 2.2 to 960
nmol/L for vitamin B6. None of the chil-
dren’s levels were below the minimum
of the laboratory reference range for folic
acid, but a small percentage were below
the minimum for vitamins B12 and B6

(1.7% and 3.2%, respectively). There
were significant positive correlations
between folic acid and vitamin B12

(r = 0.20; P = .001), folic acid and vita-
min B6 (r = 0.48; P = .001), and vita-
mins B12 and B6 (r = 0.16; P = .001). Boys
had significantly higher levels of folic
acid than girls (40.8 vs 35.1 nmol/L;
P,.001), whereas girls had higher lev-
els of vitamin B12 (379.8 vs 352.4
pmol/L; P,.001). Black children had
significantly lower levels of folic acid
and vitamin B6 than either white or His-
panic children (folic acid: 29.4 vs 40.1
and 36.5 nmol/L, respectively, and vita-
min B6: 26.1 vs 38.7 and 37.4 nmol/L,
respectively; P,.001) but higher lev-
els of vitamin B12 (402 vs 359.2 and
359.5 pmol/L, respectively; P,.001).
Multivitamin users had significantly
higher levels of all vitamins than non-
users, and smokers had significantly
lower levels than nonsmokers (data not
shown).

Factors Associated With
Serum Homocysteine Levels
In unadjusted analyses, we observed
significantly higher mean homocyste-
ine levels for boys than girls (5.22 vs
4.84 µmol/L; P,.001) and for black
compared with white or Hispanic chil-
dren (5.51 vs 4.96 and 4.93 µmol/L, re-
spectively; P = .001). Mean homocys-
teine levels were approximately 6%
lower among multivitamin users com-

Figure 1. Distribution of Serum Homocysteine
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Sample concentrations were taken from 695 students who took at least 1 multivitamin weekly and 2503 stu-
dents who did not take a multivitamin weekly.

Table 2. Percentile Distribution of Total Serum Homocysteine Levels Overall
and by Sex and Race*

Characteristic Mean (SD)

Percentile

Minimum 5th 25th 50th 75th 95th 99th Maximum

All 5.29 (1.85) 0.1 3.2 4.1 4.9 6.0 8.5 11.2 25.7

Sex
Boys 5.48 (1.90) 0.4 3.4 4.3 5.1 6.2 8.8 11.5 23.1

Girls 5.09 (1.78) 0.1 3.0 4.0 4.8 5.8 8.2 10.6 25.7

Race
White 5.20 (1.72) 0.1 3.2 4.1 4.9 5.9 8.3 10.5 24.6

Black 5.84 (2.35) 2.6 3.5 4.4 5.3 6.6 9.4 13.7 25.7

Hispanic 5.18 (1.89) 2.2 3.1 4.1 4.8 5.9 8.1 12.7 21.1

American Indian 5.58 (1.60) 3.7 3.7 5.1 5.3 6.1 9.9 9.9 9.9

Asian 5.44 (2.18) 2.5 3.1 4.0 5.2 6.2 8.7 14.3 14.3

*All data are presented as micromoles per liter.
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pared with nonusers (4.82 vs 5.09
µmol/L; P = .001). There was a signifi-
cant inverse linear dose-response rela-
tionship between serum homocyste-
ine and frequency of multivitamin use
(P,.001) (data not shown). Children
who smoked had somewhat higher
mean homocysteine levels than non-
smokers (5.19 vs 5.00 µmol/L; P = .03).
There were no significant differences in
homocysteine levels between sub-
groups of children with or without a
family history of CVD (5.04 vs 4.99
µmol/L; P = .40) or premature CVD
(5.01 vs 5.03 µmol/L; P = .80). In an
analysis of covariance that also ad-
justed for serum levels of vitamins
(TABLE 3), the difference in mean ho-
mocysteine levels between multivita-
min users and nonusers and smokers
and nonsmokers was attenuated and
nonsignificant; however, sex and eth-
nic subgroup differences remained.

We examined the correlation be-
tween serum homocysteine and sev-
eral physiologic CVD risk factors. Weak
significant positive correlations were
observed for homocysteine with age
(r = 0.06; P,.001), systolic BP (r = 0.08;
P = .001), and BMI (r = 0.09; P = .001).
There was no correlation with dias-
tolic BP or with serum lipids, includ-
ing total cholesterol, HDL cholesterol,
and apolipoprotein B. TABLE 4 shows
the results from an analysis of covari-
ance, adjusting for intervention group,
site, school, age, sex, race, multivita-
min use, smoking, family history of
CVD, serum total and HDL choles-
terol, systolic BP, BMI, and serum vi-
tamins. After adjusting for vitamins,
only the relationship with systolic BP

remained significant. The results did not
differ when apolipoprotein B was in-
cluded in the models instead of total
cholesterol (data not shown).

Serum homocysteine was inversely
correlated with serum levels of all 3 vi-
tamins. The correlations with homocys-
teine were somewhat stronger for folic
acid (r = −0.36; P = .001) than vitamins
B12 (r = −0.21; P = .001) and B6 (r = −0.18;
P = .001). The inverse relationship of ho-
mocysteine with folic acid appeared seg-
mented with an initial steep slope and
plateau at higher concentrations of fo-
lic acid (FIGURE 2). Based on the re-
sults of the segmented regression, a
change point was estimated at folic acid
levels of 30.6 nmol/L (95% CI, 28.9-

32.2 nmol/L), at which point the linear
relationship with a slope of −0.16 µmol/L
of homocysteine per 1 nmol/L of folic
acid changed to an apparent plateau.
TABLE 5 presents the association of ho-
mocysteine levels with serum levels of
vitamins according to quintiles of their
distributions. Mean homocysteine was
30% lower in the highest compared with
the lowest quintile of folic acid (4.48 vs
6.15 µmol/L; P,.001). Similarly, the ho-
mocysteine level was approximately 15%
lower in the highest compared with the
lowest quintiles of both vitamin B12 and
vitamin B6 (P,.001). Results from the
mixed-model analysis of covariance re-
vealed the association of homocysteine
levels with folic acid remained signifi-

Table 3. Sociodemographic and Behavioral Factors Associated With Serum Homocysteine Levels*

Characteristic
Unadjusted

Mean
P

Value
Adjusted Mean

(95% CI)†
P

Value
Adjusted Mean

(95% CI)‡
P

Value

Sex
Boys 5.22

,.001
5.44 (5.21-5.68)

,.001
5.54 (5.32-5.77)

,.001Girls 4.84 5.05 (4.84-5.27) 5.00 (4.78-5.20)

Race
White 4.96 4.93 (4.82-5.05) 5.01 (4.89-5.12)
Black 5.51 5.28 (5.07-5.49) 5.21 (5.01-5.41)
Hispanic 4.93 .001 4.94 (4.76-5.14) ,.001 4.94 (4.76-5.13) .008
American Indian 5.39 5.60 (4.70-6.67) 5.66 (4.82-6.66)
Asian 5.10 5.06 (4.66-5.49) 5.09 (4.71-5.50)

Multivitamin use
Yes 4.82

.001
5.13 (4.90-5.37)

.001
5.24 (5.04-5.44)

.50No 5.09 5.36 (5.14-5.58) 5.29 (5.06-5.52)

Smoker
Yes 5.19

.03
5.35 (5.10-5.60)

.008
5.30 (5.07-5.54)

.30No 5.00 5.14 (4.94-5.35) 5.22 (5.03-5.43)

Family history of
cardiovascular
disease
Yes 5.04

.40
5.25 (5.01-5.46)

.80
5.27 (5.06-5.48)

.70No 4.99 5.23 (5.04-5.48) 5.26 (5.04-5.48)

*CI indicates confidence interval. Geometric mean of total homocysteine is presented, and all values are in micromoles
per liter.

†Means and P values are from a mixed-model analysis of covariance that includes age, condition, site, school, sex,
race, multivitamin use, smoking, family history of cardiovascular disease, body mass index, serum total and high-
density lipoprotein cholesterol, and systolic blood pressure (includes 3151 participants with complete data).

‡Adjusted for covariates and quintiles of serum folic acid, vitamin B12 and vitamin B6 (includes 2972 participants with
complete data).

Table 4. Association of Total Homocysteine With Physiologic Cardiovascular Risk Factors*

Characteristic
Unadjusted

% (SE)†
P

Value
Adjusted
% (SE)‡

P
Value

Adjusted
% (SE)§

P
Value

Age 5.23 (1.11) ,.001 2.32 (1.1) .05 0.01 (0.01) .31

Body mass index 0.51 (0.12) ,.001 0.33 (0.13) .01 −0.10 (0.12) .40

Systolic blood pressure 0.33 (0.06) ,.001 0.16 (0.07) .01 0.16 (0.06) .01

Serum total cholesterol 0.0003 (0.0005) .57 −0.00008 (0.0005) .90 0.0002 (0.0005) .63

Serum high-density lipoprotein cholesterol 0.00008 (0.001) .96 0.002 (0.002) .13 0.0007 (0.002) .58

*Percentage difference calculated as (eb−1) 3 100.
†Based on simple linear regression.
‡Adjusted regression coefficients and P values are from a mixed-model analysis of covariance that includes age, condition, site, school, sex, race, multivitamin use, smoking, family history

of cardiovascular disease, body mass index, serum total and high-density lipoprotein cholesterol, and systolic blood pressure (includes 3151 participants with complete data).
§Adjusted for covariates listed above and serum folic acid, vitamin B12, and vitamin B6 (includes 2972 participants with complete data).
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cant and unchanged after controlling for
levels of the other 2 vitamins simulta-
neously. The association of homocys-
teine with vitamin B12 was attenuated but
remained significant, whereas the asso-
ciation with vitamin B6 disappeared.

COMMENT
This is the first study, to our knowl-
edge, to report data on homocysteine
levels in a large multiethnic sample of
US children. Based on the distribution
of homocysteine levels, we have dem-
onstrated that a small percentage of chil-
dren are potentially at elevated risk for
future CVD, and there are important sex
and ethnic subgroups at higher risk. Our
results strongly support the impor-
tance of folic acid as a determinant of ho-
mocysteine levels in children.

The distribution of homocysteine val-
ues in our sample was substantially
lower than the distribution of values ob-
served in adults; median homocyste-
ine concentration (4.9 µmol/L) was ap-
proximately half of adult levels. Tonstad
et al29 found comparable median lev-
els (5.1 µmol/L) in a sample of 8- to 12-
year-old Norwegian children. The lower
homocysteine values in children are

consistent with an age-dependent in-
crease in plasma homocysteine con-
centration.21,22,25,26,31 Data from 195
Spanish children revealed a clear in-
crease in plasma homocysteine levels
with age; median homocysteine was 5.8
µmol/L for infants aged 2 months to
children aged 10 years, 6.6 µmol/L for
adolescents aged 11 to 15 years, and 8.1
µmol/L for adolescents aged 16 to 18
years.31 Nygard et al25 observed a nearly
2-µmol/L increase in average homocys-
teine concentration between ages 40 to
42 years and 65 to 67 years in adults.

Although the children’s overall dis-
tribution of homocysteine concentra-
tion was lower than that of adults, many
children are still at levels that may con-
fer elevated risk for CVD. In general,
the relationship between homocyste-
ine level and risk for CVD is graded and
continuous across the entire distribu-
tion of homocysteine values with no
evidence of a threshold level.7,13,14,21 For
example, Nygard et al14 demonstrated
a dose-response relationship for risk of
death among patients with coronary
heart disease within the range of 5 to
20 µmol/L, with a substantial increase
in risk even at levels below 15 µmol/L.

When compared with patients with lev-
els below 9.0 µmol/L, the adjusted odds
ratio for risk of death was 1.9 for those
with homocysteine levels from 9 to 14.9
µmol/L and 2.8 for those with levels
from 15 to 19.9 µmol/L. In our sample,
approximately 5% of children had ho-
mocysteine levels at or above 9.0
µmol/L. Furthermore, our data indi-
cate there may be demographic sub-
groups at higher risk; boys had higher
homocysteine levels than girls and black
children had higher homocysteine lev-
els then white and Hispanic children.

The inverse association between se-
rum homocysteine concentration and se-
rum levels of folic acid and vitamin B12

is consistent with several previous stud-
ies.20,22,24,42,43 The dose-response rela-
tionship appears to plateau at higher lev-
els of serum folic acid. We demonstrated
a plateau between decreasing homocys-
teine with higher levels of serum folic
acid at approximately 30.6 nmol/L of fo-
lic acid. Pancharuniti et al43 similarly ob-
served a plateau for decreasing homo-
cysteine concentration at plasma folic
acid levels of 12.5 nmol/L. This rela-
tionship with serum folic acid levels may
correspond to the plateau in homocys-
teine concentration observed in re-
sponse to increasing amounts of folic
acid supplementation. In a review of 9
intervention studies, reduction in plasma
homocysteine reached a plateau at fo-
lic acid doses of about 400 µg/d, be-
yond which homocysteine levels re-
mained stable even with increasing doses
of folic acid.7 Malinow et al44 found simi-
lar homocysteine-lowering effects with
cereals containing 499 µg or 665 µg of
folic acid per 30 g of cereal.

Our results suggest thatmultivitamin
intakeorsupplementationwithfolicacid
andpossiblyvitaminB12 mayreduceho-
mocysteine levels,especially forchildren
with extremely high levels. Among our
multivitaminusers, thedistributionwas
less skewedandonly23children(3.3%)
exceeded the 95th percentile for homo-
cysteine(8.5µmol/L).Shimakawaetal23

also observed lower levels of homocys-
teine among supplement users; plasma
homocysteine was 1.5 µmol/L lower
amongsupplementuserscomparedwith

Figure 2. Segmented Regression of Serum Homocysteine Concentration on Serum Folic Acid
Concentration
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nonusers. Inaddition,severalshort-term
intervention trialswithcombinationsof
folic acid and vitamins B12 or B6 have
demonstrated significant reductions in
plasmahomocysteine levels,particularly
after treatmentwith folicacidalone.7,27,28

In view of these findings, the recent for-
tification of the food supply with folic
acidmayhave far-reaching implications
for prevention of CVD. Effective Janu-
ary 1, 1998, the Food and Drug Admin-
istrationmandatedthatgraincerealprod-
ucts be fortified with 140 µg of folic acid
per 100 g of cereal or grain product.45

Althoughthisoriginally targetedwomen
ofchildbearingagetopreventneuraltube
defects, itwill affect all consumersof en-
riched grain products.46,47 The effect of
folic acid fortification of the food sup-
ply on children’s homocysteine levels
warrants investigation.

In the present study, we found no as-
sociation between serum vitamin B6 and
homocysteine levels independently of fo-
lic acid and vitamin B12. This finding is
consistent with our knowledge about the
metabolism of homocysteine. Nonfast-
ing homocysteine levels, as measured in
our study, are regulated mainly by the
remethylation pathway,6 which de-
pends on adequate amounts of folic acid
and vitamin B12. Conversely, the trans-
sulfuration pathway, which requires vi-
tamin B6, is thought to be more impor-
tant in regulating postprandial increases
in homocysteine levels.7

Unlike Tonstad et al,29 we did not find
a relationshipbetweenhomocysteineand
family history of CVD. Underlying ge-
netic defects in the enzymes regulating
homocysteine metabolism cause el-
evated levels of homocysteine48-50 that
may be inheritable and account for the
extreme values observed in our data.
Tonstad et al29 found that children whose
father, grandfather, or uncle died of myo-
cardial infarction or sudden cardiac death
before age 55 years had higher levels of
homocysteine (meanhomocysteine level,
5.92 µmol/L) compared with children
without a family history (mean homo-
cysteine level, 5.25 µmol/L). A lack of as-
sociation in our data may be due to our
less specific measure of family history for
which we included history of stroke or

myocardial infarction in all relatives.
In our data, most of the association of

smoking with homocysteine was attrib-
utable to lower serum vitamin levels.
Smokers tend to have lower intake of
fruits and vegetables and antioxidant vi-
tamins.51,52 We found that children who
smoked had significantly lower levels of
all serum vitamins. Nygard et al25 found
in 7591 men and 8586 women, aged 40
to 67 years without a history of CVD, that
current smokers had significantly higher
plasma homocysteine levels, and the re-
lationship increased almost linearly with
daily number of cigarettes smoked. We
could not adequately assess a dose-
response relationship due to the small
number of children who smoked and the
lack of sufficient variation in the amount
smoked per day.

Most studies have found no associa-
tion between homocysteine levels and
clinical cardiovascular risk factors, in-
c luding serum l ip ids , BP, and
BMI.21,25,53,54 In multivariate analyses, we
observed a weak positive relationship
with systolic BP and no relationship

with serum lipids or BMI. A mecha-
nism for increasing homocysteine lev-
els with BP has not been described;
however, BP has been shown to be as-
sociated with diet. Specifically, a diet
rich in fruits and vegetables and low-
fat dairy products substantially low-
ered systolic and diastolic BP in both
hypertensive and normotensive adults.55

The association of homocysteine lev-
els with BP in our data may be due to
confounding by diet.

A limitation of our study is the cross-
sectional design. The simultaneous as-
sessment of various exposures and ho-
mocysteine levels limits our ability to
determine a true cause-effect relation-
ship. Serum levels of folic acid are also
not as reliable an index of tissue body
stores as red blood cell folate37,55-57; there-
fore, measurement error in serum folic
acid as a surrogate for tissue body stores
may have attenuated our estimate. Fur-
thermore, unmeasured factors, such as
diet, which simultaneously determine
levels of vitamins and homocysteine,
could explain the observed associa-

Table 5. Association of Serum Folic Acid, Vitamin B12, and Vitamin B6 With
Serum Homocysteine Levels*

Characteristic
Unadjusted

Mean
Adjusted

Mean (95% CI)†
Adjusted

Mean (95% CI)‡

Folic acid, nmol/L
#25.8 6.15 6.47 (6.19-6.75) 6.43 (6.14-6.72)

25.9-33.3 5.28 5.46 (5.23-5.70) 5.47 (5.23-5.71)

33.5-42.4 4.86 5.06 (4.84-5.28) 5.08 (4.86-5.31)

42.6-55.5 4.62 4.83 (4.63-5.04) 4.86 (4.65-5.08)

$55.7 4.48 4.56 (4.36-4.76) 4.65 (4.44-4.87)

Vitamin B12, pmol/L
#268 5.58 5.80 (5.54-6.08) 5.62 (5.38-5.87)

269-334 5.15 5.43 (5.20-5.69) 5.34 (5.11-5.48)

335-404 5.01 5.26 (5.02-5.50) 5.25 (5.02-5.48)

405-504 4.88 5.08 (4.86-5.32) 5.13 (4.91-5.36)

.504 4.63 4.89 (4.67-5.11) 5.00 (4.78-5.22)

Vitamin B6, nmol/L
#21.6 5.46 5.68 (5.42-5.94) 5.33 (5.10-5.57)

21.7-30.9 5.17 5.36 (5.12-5.62) 5.20 (4.97-5.43)

40-42.7 5.08 5.27 (5.03-5.53) 5.30 (5.07-5.53)

42.8-62.9 4.95 5.14 (4.91-5.39) 5.29 (5.07-5.53)

$63 4.58 4.82 (4.60-5.05) 5.19 (4.97-5.43)

*CI indicates confidence interval. Geometric mean of total homocysteine is presented. P,.001 for folic acid and vita-
min B12. For vitamin B6, P,.001 for column 3 and P = .40 for column 4.

†Means are from a mixed-model analysis of covariance adjusted for age, condition, site, school, sex, race, multivitamin
use, smoking, family history of cardiovascular disease, body mass index, serum total and high-density lipoprotein
cholesterol, and systolic blood pressure. Includes participants with complete data on covariates in the model for
serum vitamin levels of folic acid (n = 3117), vitamin B12 (n = 3116) and vitamin B6 (n = 2976).

‡Adjusted for covariates listed above and other serum vitamins including folic acid, vitamin B12, and vitamin B6 (in-
cludes 2972 participants with complete data).
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tions. Finally, the CATCH cohort is not
a random sample of US children. Ac-
cordingly, the distribution of homocys-
teine levels reported in our sample may
not be generalizable or reflect norms;
however, the distribution of other risk
factors, such as cholesterol and BMI, are
comparable with results from other large

and nationally representative studies of
children.58

Future research should determine the
relationship between dietary intake of
folic acid and homocysteine levels and
the longitudinal tracking of children’s
homocysteine levels into adulthood.
These data are important to the plan-

ning and evaluation of future preven-
tion initiatives that target dietary in-
terventions in youth.
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