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Abstract We investigated whether regular aerobic
exercise could affect plasma total homocysteine
(tHcy), and whether there were sex-related or racial
differences in tHcy changes. Data were available for
816 black and white men and women, aged 17-65
years, 711 of whom completed a 20 week aerobic
exercise training program. The tHcy concentration
was measured in frozen plasma samples by an HPLC
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method. In Blacks, tHcy did not change with exercise
training [men —0.5 (SD 3.7) umol/l, women 0.0
(2.2) pmol/l) but increased significantly in Whites
(men +0.3 (1.7) pmol/l, women +0.2 (1.6) umol/l).
No sex-related differences were found in either
racial group. Changes in tHcy correlated negatively
with baseline homocysteine (r=—0.40, P < 0.0001).
Homocysteine levels of the “High” (hyperhomocy-
steinemia) (>15 pmol/l) group (n = 30) decreased sig-
nificantly with regular aerobic exercise from 23.1
(12.1) to 19.6 (7.6) umol/l. Homocysteine levels of the
“Normal” group increased slightly from 8.2 + 2.2 to
8.5 £ 2.4 ymol/l. Men exhibit racial differences for
tHcy responses to exercise training. Regular aerobic
exercise has favorable effects on individuals with
hyperhomocysteinemia, but tHcy slightly increased in
individuals within the normal range.

Keywords Aerobic exercise training - Sex -
Homocysteine - Hyperhomocysteinemia -
Racial differences

Introduction

Elevated plasma total homocysteine concentrations
(tHcy) are thought to contribute to atherosclerosis and
thrombosis in several ways: (a) endothelial cell injury
and endothelial dysfunction, (b) increased vascular
smooth muscle cell growth, (c¢) increased platelet adhe-
siveness, (d) enhanced low density lipoprotein oxida-
tion and deposition in the arterial wall, and (e) direct
activation of the coagulation cascade (Fonseca et al.
1999). Epidemiological studies have shown that ele-
vated tHcy are independently associated with an
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increased risk of coronary artery disease (Langman
et al. 2000; Ridker et al. 1999). Further, several obser-
vational studies have found that lowering tHcy was
associated with reduced incidence of heart attack and
strokes (Homocysteine Studies Collaboration 2002;
Boushey et al. 1995; Schnyder et al. 2001).

Little information is available on the effect of exer-
cise on tHcy. Although a few studies on endurance
trained men (Konig et al. 2003) and untrained young
women (De Cree et al. 1999) have shown that a single
bout of intensive exercise acutely increased tHcy, long-
term (6 months) regular exercise may be associated
with a reduction in tHcy in young overweight and
obese women (Randeva etal. 2002). These studies
were, however, too small to provide conclusive evi-
dence for an effect of regular exercise on tHcy.

An epidemiological study (Ganji and Kafai 2003)
showed that both sex and race were important predic-
tors of tHcy. The difference in tHcy between men and
women was explained by alcohol consumption and
blood concentrations of folate, vitamin B, (cyanoco-
balamin), creatinine and cotinine. On the other hand,
racial differences are thought to be partly accounted
for variation in allele frequency at the methylenetetra-
hydrofolate reductase gene (Cappuccio et al. 2002). To
our knowledge, no data have been reported on race or
sex differences for the changes in tHcy in response to
exercise training. Therefore, the purpose of this study
was to investigate the effects of relatively long-term
regular exercise on tHcy in a large sample of black and
white men and women.

Methods
Subjects

The HERITAGE Family Study was designed to define
the role of the genotype in cardiovascular, metabolic
and hormonal responses to aerobic exercise training.
The aim, design and measurement protocol of the
HERITAGE Family Study has been previously
described in details elsewhere (Bouchard et al. 1995).
The present study is based on baseline data from 816
sedentary subjects, who were recruited and studied at
four clinical centers. They came from families that
included parents (aged <65 years) and adult offspring
(aged >17 years). They were required to be sedentary
at baseline, with a body mass index (BMI) <40 kg/m? (a
few cases with BMI >40 kg/m2 were included with
sufficient clinical justification), resting systolic blood
pressure <160 mm Hg, resting diastolic blood pressure
<100 mm Hg, plasma total cholesterol <350 mg/dl, and

fasting plasma triglycerides <500 mg/dl. Subjects who
had renal, hepatic or cardiac disease, were diabetic, or
had hypothyroidism, or were being treated with lipid-
lowering, hypertensive or hypoglycemic drugs were
excluded. The study relies also on data from the
response to a 20 week aerobic exercise training pro-
gram in 730 subjects (90 black men, 159 black women
including 18 post-menopausal and 46 who were taking
hormones, 236 white men, and 245 white women
including 45 post-menopausal and 105 who were taking
hormones). The study protocol was approved by the
Institutional Review Board at each clinical center. The
aim and design of the study were explained to all sub-
jects before they gave written informed consent.

Measures

Body weight, height, waist and hip circumferences
were measured according to standardized procedures
(Wilmore et al. 1997), and BMI was calculated as body
weight (kg) divided by height (m?). Body composition
(fat mass and fat free mass) was estimated using the
hydrostatic weighing technique. Details of the protocol
of the hydrostatic weighing technique and body com-
position estimation are provided elsewhere (Wilmore
et al. 1997).

Resting BP was measured using Colin STBP-780
automated units before 11 AM in the post-absorptive
state (Rankinen et al. 2000). Subjects were asked to
abstain from caffeine-containing or tobacco products
for 2h before measurements were made. Subjects
rested for 5 min before the initial measurement. Blood
samples were obtained after a 12 h fast. Cholesterol
was determined in plasma by enzymatic methods
(Despres et al. 2000).

The tHcy (the sum of homocysteine, homocystine,
and homocysteine—cysteine mixed disulfides, free and
protein bound) were measured in frozen plasma sam-
ples (=70°C) by an HPLC method (Durand et al.
1996). The intra- and inter-assay coefficients of varia-
tion for tHcy are 3.0% (n=12) and 3.3% (n=50),
respectively. Plasma folate and vitamin B, concentra-
tions were determined by means of radioimmunoassay
using a commercial kit (SimulTRAC-SNB_B,,/Folate,
ICN Diagnostics, Orangeburg, NY). The intra- and
inter-assay coefficients of variation are 6.3% (n =20)
and 10.3% (n = 14), respectively, for folate, and 4.9%
(n=20) and 4.3% (n=14), respectively, for vitamin
B,,. Plasma vitamin B (pyridoxal phosphate) concen-
trations were also determined by means of a radioim-
munoassay using a commercial kit (Vitamin B, (*H)
REA, American Laboratory Products Company,
Windham, NH). The intra- and inter-assay coefficients
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of variation for vitamin By are 4.6% (n =9) and 10.2%
(n = 8), respectively.

Progressive maximal exercise tests to exhaustion
were conducted both before and after the exercise
training program on a stationary cycle ergometer
(Ergo-Metrics 800S, SensorMedics, Yorba Linda, CA)
connected to a SensorMedics 2900 metabolic cart.

Exercise training protocols

Each subject was trained three sessions per week for
20 weeks on stationary cycle ergometers that were
computer controlled to automatically maintain the par-
ticipant’s target heart rates corresponding to heart
rates associated with fixed percentages of the baseline
VO,,..x test (Skinner et al. 2000). The intensity and
duration of the training program was adjusted each
2 weeks. Training began at a heart rate corresponding
to 55% of each subject’s baseline VO,,,,, for 30 min
per session and progressed to an intensity of 75% for
50 min during the last 6 weeks. All training sessions
were supervised on site.

Subjects were asked not to change their eating
patterns (meals and supplement use) during the inter-
vention period.

Statistical analysis

General linear model analyses were used to test for
differences between men and women as well as
between the two ethnic groups. Paired t-tests were
used to assess differences between variables before and
after the exercise training program. Multiple regres-
sion analyses with the forward stepwise method were
performed to estimate the independent contributions
of age, sex, race, menopausal status, taking hormones,

BMI, waist circumference, body composition, VO,,, ..,
resting blood pressure, plasma levels of cholesterol,
folate, vitamin B4 and vitamin B, to the variations in
tHcy at baseline and changes in tHcy in response to
aerobic exercise training. The relationship between
two measurements was assessed by Pearson and Spear-
man rank correlation coefficients. Based on a position
statement of the American Heart Association, we clas-
sified subjects into two groups: subjects with tHcy in
the normal range (<15 pmol/l, “Normal” group) and
subjects with elevated levels or hyperhomocysteinemia
(=15 pmol/l, “High” group) (Malinow etal. 1999).
Probability values below 0.05 were regarded as signifi-
cant. The data were analyzed with the Statistical Anal-
ysis System (SAS), version 9.1.

Results

Physical and biochemical characteristics of subjects at
baseline are presented in Table 1 (n = 816). Detailed
values of anthropometric and body composition mea-
surements (Wilmore et al. 1997), resting blood pres-
sure (Rankinen et al. 2000), and plasma lipids (Despres
et al. 2000) were presented in previous reports. The
tHcy levels were higher in men in both ethnic groups,
and were higher in Blacks in both sexes.

For the whole sample (n = 711), the mean change in
tHcy was only +0.1 pmol/l from baseline (8.8 &+
4.4 ymol/l) to post-exercise training (8.9 & 3.6 umol/l)
(P =0.096). Table 2 shows that tHcy did not change in
Blacks but increased significantly in Whites. Vitamin
By remained unchanged, whereas vitamin B12
decreased significantly in all groups. Folate increased
significantly in black men only. When the changes were
compared between the two ethnic groups, we found a

Table 1 Comparison of baseline data between men and women, and between Blacks and Whites

Blacks Whites Race difference

Women Men Women Men Women Men

(n=191) (n=111) (n=260) (n =254)
Age (years) 33.0 (11.4) 32.9 (12.3) 35.1 (14.1) 36.2 (14.9) 0.089 0.028
Height (m) 1.62 (6.6) 1.76 (6.7)* 1.64 (6.4) 1.78 (6.3)* 0.041 0.01
Weight (kg) 74.4 (17.9) 84.6 (18.6)* 67.2 (13.6) 84.4 (16.2)* <0.0001 0.907
BMI (kg/m?) 282 (6.5) 27.4 (5.6) 25.1 (5.0) 26.7 (4.9)* <0.0001 0.218
Homocysteine (pmol/l) 8.5(4.2) 11.0 (7.2)* 7.7 (2.7) 9.4 (3.7)* 0.01 0.004
Folate (nmol/l) 12.0 (8.3) 12.0 (8.5) 16.6 (15.0) 14.1 (10.3) 0.001 0.034
Vitamin B, (nmol/l) 40.6 (38.0) 64.9 (59.4) 56.2 (63.0) 60.9 (51.9)* 0.0001 0.763
Vitamin B, (nmol/l) 332 (153) 328 (183) 286 (144) 289 (112) 0.0004 0.099
VOymayx (ml/min) 1,753 (365) 2,758 (490)? 1,912 (347) 3,026 (582)? <0.0001 <0.0001

Data are expressed as mean (SD)
BMI body mass index, VO,,,,, maximal oxygen uptake
& P <0.001 significantly different from women
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Table 2 Comparison of changes in measurements between men and women, and between Blacks and Whites

Blacks Whites Race difference

Women Men Women Men Women Men

(n=151) (n=287) (n=243) (n =230) P-value P-value
Weight (kg) —04(2.9)* —-0.8 (3.1)* —0.1(2.1) —-0.3 (2.1)* 0.224 0.252
BMI (kg/m?) —-02(1.1) —0.2 (0.9)* —0.0 (0.8) —0.1(0.7)* 0.279 0.376
Homocysteine (pmol/l) +0.0 (2.3) —0.5 (3.8) +0.2 (1.6)* +0.3 (1.7)* 0.407 0.04
Folate (nmol/l) +0.9 (9.6) +2.8 (7.9)? —0.7 (9.0) —0.3 (6.9) 0.111 0.003
Vitamin B (nmol/l) +3.3(27.6) +122(76.2) ~1.5(62.2) +6.6 (64.7) 0.299 0.521
Vitamin B, (nmol/l) —17 (71)* —14 (79)* —23 (62)* —18 (68)* 0.404 0.306
VOymayx (ml/min) +336 (151)? +411 (201)>° +349 (183)? +450 (236)*° 0.447 0.185

Data are expressed as mean (SD)

BMI body mass index, VO,,,,, = maximal oxygen uptake
 Training response (post—pre) P < 0.05

b P <0.01 significantly different from women

significant difference in males for folate and homocy-
steine. No sex difference was found for any of the vari-
ables. After exercise training, the mean (SD) values of
tHcy were 8.6 (3.4) umol/l for black women, 10.8
(5.4) pmol/l for black men, 8.0 (2.4) pmol/l for white
women, and 9.6 (3.4) umol/l for white men. Sex and
racial differences were identical to those at baseline.

We quantified the independent contributions of the
variables considered here to the variance in tHcy. At
baseline (Table 3), folate was the best predictor of
tHcy in both sexes, and both races. Age, ethnicity and
vitamin B, were also significant predictors of tHcy.
When exercise training induced changes in tHcy were
used as the dependent variable, baseline homocysteine
levels, and changes in folate were the strongest predic-
tors in the whole sample as well as in the sex and race
subgroups (Table 3). Although VO,,.. was not
selected as a significant predictor, increases in VO,
tended to associate with decreases in tHcy (P = 0.06) in
the whole sample.

Figure 1 illustrates the relationship between base-
line tHcy and change in tHcy in response to exercise
training. Changes in tHcy were negatively correlated
with baseline tHcy (Pearson correlation coefficient
= —0.40, P<0.0001 and Spearman rank correlation
coefficient = —0.25, P < 0.0001).

Figure 2 displays individual tHcy data for the High
group (n=30) at baseline and after training. Mean
values of tHcy decreased from 23.1 (SD 12.1) umol/l to
19.6 (7.6) pmol/l (P =0.01). After training, 21 (70%)
individuals (3 black women, 9 black men, 3 white
women, and 6 white men) decreased their tHcy. Eight
of the 21 individuals decreased their tHcy to less than
15 pmol/l. On the other hand, in the Normal group
(n=681), only 8 (1%) individuals (2 black women, 3
black men, 1 white women, and 2 white men) increased
their tHcy to more than 15 umol/l. The Normal group

had a statistically significant increase in tHcy from 8.2
(2.2) umol/l to 8.5 (2.4) pmol/l (P < 0.0001).

Figure 3 compares tHcy changes between the
Normal and High groups. A significant (P < 0.0001)
difference was observed between the Normal [+0.3
(1.5) pmol/l] and High [—3.5 (7.0) pmol/l] groups for
the tHcy response to exercise training. The difference
was still found after adjustment for age, sex, race and
baseline tHey (P = 0.0028). Folate levels increased sig-
nificantly (+1.1 £ 3.0 nmol/l, P < 0.05) during the exer-
cise training in the High group but remained
unchanged in the Normal group. Vitamin B, levels did
not change in the High group but decreased signifi-
cantly (—16.5 + 97.8 pmol/l, P < 0.0001) in the Normal
group.

Discussion

We found that the 20 week aerobic exercise training
program reduced significantly tHcy (—3.5 umol/l,
P =0.01) in those with elevated tHcy at baseline.
Moreover, a significant difference in tHcy changes
remained between the Normal and High groups even
after adjustment for age, sex, race and baseline tHcy
(P =0.0028). Boushey et al. (1995) have reported that
about 10% of the population’s coronary artery disease
risk was attributable to tHcy, and Ueland et al. (2000)
found that an increase of 5 umol/l in tHcy could be
associated with a 20% increased risk of cardiovascular
disease. Schnyder etal. (2001) found that lowering
tHcy from 11.1 to 7.2 pmol/l reduced significantly the
rate of coronary restenosis after angioplasty and
decreased the incidence of major adverse cardiac
events. In a more recent study, lowering tHcy by 25%
(3 umol/l) was associated with an 11% lower ischemic
heart disease and 19% lower stroke risk (Homocysteine
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Table 3 Results of multiple regression analysis

Independent Homocysteine at baseline Independent Homocysteine training response
variable variable
Beta F P Partial R*> Model R? Beta F P Partial R*> Model R?

[All]

Folate —0.18 1181 <0.0001 14.2 142 B_homocysteine —5.36 72.8 <0.0001 10.5 10.5

Sex? —0.1 774 <0.0001 8.4 22.6 AFolate —0.04 21.5 <0.0001 3.0 13.5

Age 0.002 73.8 <0.0001 7.3 29.9 Age 0.02 7.9  0.005 1.1 14.6

By, —0.17 449 <0.0001 4.2 34.1 B_folate —0.78 89  0.003 1.2 15.8

Race® —-0.04 18,6 <0.0001 1.7 35.8 B_VO,,.« 0.0004 11.4 0.0008 1.5 17.3
AB12 —0.002 45  0.036 0.6 17.9
B_B6 —0.004 44 0.036 0.6 18.5

[Male]

Folate —-0.23  65.6 <0.0001 16.7 16.7 B_homocysteine —5.9 444 <0.0001 13.4 13.4

Age 0.002 483 <0.0001 10.8 27.5 AFolate —0.05 153 0.0001 44 17.8

By, —-0.16  14.6 0.0002 3.1 30.6 AB12 —0.004 5.7 0.018 1.6 19.4

Race —-0.05 134  0.0003 28 33.4 Age 0.03 41  0.044 12 20.6

Fat% 0.002 86  0.004 1.7 35.1 B_VO,.x 0.0006 59  0.015 1.6 222
B_folate -0.9 5.1 0.025 1.4 23.6

[Female]

Folate —-0.15 603 <0.0001 13.6 13.6 B_homocysteine —4.61 322 <0.0001 89 8.9

By, —-0.18 359 <0.0001 74 21.0 AFolate —0.03 89  0.003 24 11.3

Age 0.002 221 <0.0001 4.3 253 B_B6 —0.84 62 0.013 1.6 12.9

Race —0.03 6.8  0.009 13 26.6 AB6 —0.003 49  0.028 1.3 142
Age 0.02 53  0.021 14 15.6

[Blacks]

Folate —-026 509 <0.0001 17.4 174 B_homocysteine —8.0 61.0 <0.0001 25.0 25.0

Sex —-0.17 343 0.0001 10.3 27.7 AFolate —0.05 8.4  0.004 33 28.3

Age 0.002 219 0.0027 6.0 33.7 AB6 —0.006 54 0.021 21 30.4

B, —-0.17  14.6 0.0096 3.8 375

Cholesterol 0.02 42 0.041 1.1 38.6

[Whites]

Folate —-0.16 662 <0.0001 12.4 12.4 B_homocysteine —0.03 42.0 <0.0001 8.8 8.8

Age 0.002 613 <0.0001 102 22.6 AFolate 102 0.0015 2.1 10.9

Sex —0.07 450 <0.0001 6.8 29.4 Sex 92 0.0026 1.8 12.7

By, —-0.17 422 <0.0001 59 353 B_B6 9.8  0.0019 19 14.6

Resting DBP  0.002 7.0  0.008 1.0 36.2 B_folate 6.8  0.009 13 16.0
Age 121 0.0006 2.3 18.3
AB6 44 0.036 0.8 19.1

2 1 =men, 2 = women
b 1 = blacks, 2 = whites

Studies Collaboration 2002). Therefore, our observation
that tHcy can be lowered by regular exercise in those
with high levels is coherent with a number of studies
indicating that it may reduce significantly the risk of
events in individuals with hyperhomocysteinemia.

Sex difference

The tHcy concentrations are known to be higher in
men than in women (Ganji and Kafai 2003; Carmel
et al. 1999; Fukagawa et al. 2000; Lussier-Cacan et al.
1996; Morris et al. 2000; Nygard et al. 1995). Ganji
et al. (2003) and Carmel et al. (1999) found that the
sex-related difference could be explained by alcohol
consumption, and concentrations of plasma folate,
vitamin B,,, creatinine and cotinine. Folic acid and
vitamin B, are involved as co-factors in metabolic
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pathways catalyzed by the enzymes 16,2methylenetet-
rahydrofolate reductase and methionine synthase,
respectively, whereas vitamin B, is a cofactor for cysta-
thionine beta synthase (Kang et al. 1992). A number
of studies have shown inverse relationships of tHcy
with plasma/serum levels of folate, vitamin By and
vitamin B;, (Robinson et al. 1998; Selhub et al. 1993).
Moreover, differences in rates of homocysteine
remethylation (Fukagawa etal. 2000) and estrogen
concentrations (Morris et al. 2000) may also contribute
to the homocysteine sex dimorphism. Remethylation is
one of the major pathways for homocysteine metabo-
lism. In remethylation, homocysteine is salvaged by
acquisition of a methyl group from N°-methyl-tetrahy-
drofolate in a vitamin B,, dependent pathway or from
betaine in a pathway occurring primarily in the liver
(McKeever etal. 1991). Fukagawa et al. (2000) and
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Fig. 2 Plasma total homocysteine levels in the High group at
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McKeever et al. (1991) found that the remethylation
rate was significantly higher in women than in men. They
concluded that the sex-related difference is partially
explained by homocysteine remethylation rates. Morris
et al. (2000) found that higher estrogen concentrations

wmol/L

P <0.0001

Normal High

Change in plasma total homocysteine

-6

Fig. 3 Comparison of changes in plasma homocysteine levels
between the “Normal” and “High” groups. Data are expressed as
means = SEM. *P < 0.01, within group difference (pre vs post)

are associated with lower tHcy, independent of nutri-
tional status and muscle mass.

In the Hordaland Homocysteine Study (Nygard
etal. 1995), tHcy levels were 19% higher in men
(10.8 pmol/1) than in women (9.1 pmol/l) in middle age
participants but only 11% (men 12.3 umol/l and
women 11.0 pmol/l) in elderly subjects. Although our
data also indicated that baseline tHcy was higher in
men than in women, there was no difference in exer-
cise-induced changes in tHcy between men and
women.

Racial differences

Several studies (Carmel et al. 1999; Ganji and Kafai
2003; Morris et al. 2000) have reported that Whites
have 7-8% higher tHcy than Blacks. For instance,
Ganji and Kafai (2003) found that tHcy was 8% higher
in Whites (10.4 pmol/l) than in Blacks (9.6 umol/l).
Carmel et al. (1999) speculated that the higher tHcy in
Whites might be explained by their lower vitamin B,
status compared with Blacks. On the other hand, the
third National Health and Nutrition Survey in the
United States (Jacques etal. 1999) found no racial
difference in tHcy.

The present study indicates that baseline homocy-
steine levels were higher in Blacks than in Whites, and
differences were also found for the training changes in
homocysteine levels between Black and White men.
Several investigators have reported that folate and
vitamin B, were predictors of blood homocysteine
concentrations (Koehler et al. 2001; Morris et al. 2000).
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Using multiple regression analyses, folate was found to
be the strongest predictor of homocysteine in the pres-
ent study. Our results also showed that folate levels
were higher in Whites than in Blacks although vitamin
B, levels were higher in Blacks.

The present study has some limitations. First, since
the primary goal of the HERITAGE Family Study is to
study the role of genotype in the responsiveness to reg-
ular exercise, a control group was not deemed neces-
sary. Second, subjects were asked not to change their
eating patterns during the 20 week intervention period,
but we have no direct assessments of folic acid, vitamin
B¢ and B, intakes over the duration of the exercise
protocol.

In summary, we have examined the effects of exer-
cise training on tHcy concentrations in both sexes and
in Blacks and Whites. Baseline tHcy is higher in men
than in women, consistent with previous studies. How-
ever, no difference between men and women was
found for the changes in tHcy levels as a result of regu-
lar exercise. Baseline tHcy was higher in Blacks than in
Whites, and in men, differences were also found for the
changes in tHcy between the two ethnic groups.
Twenty weeks of regular exercise reduced tHcy in indi-
viduals with baseline hyperhomocysteinemia, although
tHcy slightly increased in individuals who were in the
normal range of tHcy at baseline.
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