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Abstract We assessed the inXuence of recreational physi-
cal activity in young healthy women on homocysteine, a
potential risk factor for cardiovascular disease (CVD). Par-
ticipants were 124 23-year-old normal-weight Italian recre-
ational athletes (performing 8.7 § 2.46 h week¡1 exercise)
and 116 controls. Median blood homocysteine, folate and
lipid markers did not diVer between athletes and controls.
Elevated homocysteine levels at CVD risk ¸12.0 and
¸15.0 �mol l¡1 were not diVerent between groups. Contin-
uous homocysteine was inversely related to folate
(P < 0.001), positively associated with age (P = 0.009) and
creatinine (P = 0.033), but not associated with hours of
exercise, body mass index, and lipid markers. Women with
folate depletion (<3.0 �g l¡1) were 4.5-fold more likely to
have homocysteine ¸15.0 �mol l¡1. Recreational physical
exercise does not adversely impact homocysteine levels
among young women. Only low folate signiWcantly

increases the risk for hyperhomocysteinemia in young
women.

Keywords Female athletes · Homocysteine · Folate · 
Cholesterol · Sport activity · Recreational exercise in 
women · Cardiovascular risk

Introduction

In recent years, elevated plasma homocysteine (HCY) has
emerged as a novel cardiovascular biomarker. Of interest, a
large 24-year follow-up study performed in Swedish
women demonstrated that elevated serum HCY at enroll-
ment is an independent risk factor for myocardial infarc-
tion (Zylberstein et al. 2004). High levels of HCY have
been related to endothelial damage, venous thrombosis,
atherosclerosis, cardiovascular diseases (CVD), abnormal
collagen cross-linking, oxidative stress, preterm birth, oste-
oporotic fracture and several disorders of the central ner-
vous system (Herrmann et al. 2007; Kuo et al. 2005;
Refsum et al. 2004; Scholl and Johnson 2000; Wald et al.
2006). However, the exact role of HCY in CVD is still
debated, a recent study performed in middle-age white US
women showed that the risk of incident cardiovascular
events attributed to elevated HCY might be substantially
lowered after adjustment for traditional risk factors and
socioeconomic status (Zee et al. 2007). HCY is an amino
acid derived by dietary methionine. HCY levels are nor-
mally maintained within a narrow range by the activity of
the remethylation and transsulfuration pathways (Refsum
et al. 2004). HCY is an attractive target for CVD preven-
tion strategies, because its metabolism can be inXuenced
by dietary habits and lifestyle factors, such as smoking,
alcohol and coVee consumption (Refsum et al. 2004).
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There is evidence that HCY is inversely related to folate
and vitamins B6 and B12 (Quinlivan et al. 2002; Refsum
et al. 2004). However, folate more than vitamin B12 sup-
plements may reduce HCY plasma levels and vascular risk
(McNulty et al. 2008; Wang et al. 2007). Mainly, low
folate and vitamin B12 levels impair the methylation that
converts HCY into methionine. Although there is some
evidence of beneWcial eVects of physical activity on reduc-
tion of plasma HCY concentrations, the results are not con-
sistent throughout studies and the interpretation of
pathways involved in exercise modulation of HCY is not
conclusive (Herrmann et al. 2003; Okura et al. 2006; Unt
et al. 2007).

It is well established that physical activity is a key com-
ponent of good health and disease prevention (Pedersen and
Saltin 2006). Increasing evidence suggests that physical
activity reduces the risk of CVD, although the precise
mechanisms are not well understood.

Some studies have directly compared the eVects of
physical activity on plasma HCY concentrations, and these
studies have been mostly limited to men or over 45-year-
old women (Herrmann et al. 2007; Mora et al. 2006; Unt
et al. 2007; Zee et al. 2007; Zinellu et al. 2007). Few
papers investigated factors modulating HCY concentra-
tions in pre-menopausal women (Cauci et al. 2008; De
Cree et al. 1999; Randeva et al. 2002), although knowl-
edge of factors inXuencing HCY levels in young healthy
females of reproductive age have potential implications for
early prevention of venous thrombosis, CVD and adverse
pregnancy outcomes (Refsum et al. 2004). In addition,
HCY levels in young women are an important serum
marker for clinicians to decide whether a woman can
safely use hormonal contraception (Cauci et al. 2008).
However, most studies examined lifestyle eVects on HCY
concentrations in post-menopausal women, because
plasma HCY levels increase with natural menopause sug-
gesting a close relationship between HCY levels and
increased CVD risk in older age women (Ridker et al.
1999; Vanuzzo et al. 2007).

Recently, scientists have called for an eVort to reduce
the rate of CVD not only in the elderly population but in
young adults as well (Lloyd-Jones and Tian 2006). To this
end, the evaluation of factors modulating traditional and
novel risk biomarkers for CVD in young women may
prove useful.

So far studies on HCY in young recreational female ath-
letes belonging to a homogeneous ethnic group are missing.
To provide more information, we measured levels of
plasma HCY and serum lipid markers, total cholesterol,
low- and high-density lipoprotein (LDL and HDL) choles-
terol, and triglycerides in young healthy white women. We
sought to evaluate the association of recreational physical
activity with novel and traditional CVD biomarkers.

Methods

Subjects

Healthy white Italian women (age range 18–35 years) were
consecutively enrolled at Udine University campus, from
June 2006 to November 2007. The study was conducted
with the approval of the Ethics Committee of the Udine
University Hospital. Written informed consent was
obtained from all study participants. The methods used in
this study were in accordance with the Helsinki Declaration
of 1975 as revised in 1983.

Before entering the study, each woman was interviewed to
determine whether she fulWlled the inclusion criteria: non-
pregnant woman, without thyroid diseases, infections,
chronic inXammatory diseases or major diseases such as dia-
betes and malignancies. The participants completed question-
naires on physical exercise activity, demographics, medical
history, and lifestyle factors. Women taking supplements con-
taining exclusively folate and/or vitamin B12 or who used
any continuous and quantitatively relevant supplementation
of folate and/or vitamin B12 were excluded. No woman was
vegetarian. Most of the recreational athletes were enrolled at
Sport Sciences, University of Udine. Athletes were perform-
ing more than 4 h week¡1 of regular physical exercise includ-
ing training and competition. Controls were women not
practicing sport activities. Out of 263 women enrolled, 15
were not meeting inclusion criteria because of ongoing dis-
eases, 8 did not completed questionnaires, thus 240 subjects
were eligible for the study, of these 124 were recreational
athletes and 116 were sedentary controls.

Self-reported body height and weight were obtained
from the questionnaires and used to calculate body mass
index (BMI, deWned as weight in kilograms divided by the
square of height in meters).

Measurements

Venous blood samples were drawn after overnight fasting
from seated subjects in the morning as described (Casabel-
lata et al. 2007). Women were required to avoid exercise
24 h prior to the blood donation (Di Santolo et al. 2008).
Personnel executing the collection and measurement of sam-
ples were blinded to clinical, demographic, and habit data.

To determine HCY, whole venous blood was collected in
tubes containing ethylenediamminotetraacetate (EDTA),
immediately put on ice and centrifuged within 30 min, at
2,500g for 15 min at 8°C. HCY concentrations were mea-
sured by a Xuorescence polarization immunoassay
(AxSYM Homocysteine, Abbott Diagnostics, Chicago, IL,
USA), with automated Abbott AxSYM system. Detection
limit of the assay was ·0.8 �mol l¡1. Intra- and inter-assay
imprecision CVs% were 2.3% (at 8.0 �mol l¡1) and 3.2%
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(at 8.0 �mol l¡1), respectively. Reference interval found
by the manufacturer for the female population was
4.6¡12.0 �mol l¡1. In addition to this manufacturer’s upper
threshold, we used the ¸15.0 �mol l¡1 and ¸30.0 �mol l¡1

cutpoints as high HCY levels at risk for CVD based on
previous clinical studies (Refsum et al. 2004).

Serum folate concentrations (3.0–12.5 �g l¡1 reference
interval) were determined using a chemiluminescent micro-
particle folate binding protein immunoassay on Architect
system (Architect Folate, Abbott Diagnostics). Detection
limit of the assay was ·0.8 �g l¡1. Intra- and inter-assay
imprecision CVs were 3.0% (at 3.0 �g l¡1) and 5.4% (at
3.0 �g l¡1), respectively.

Serum concentrations of creatinine were evaluated on
Modular analyzer (Roche Diagnostics, Mannheim, Ger-
many) by compensated alkaline picrate assay (Roche Diag-
nostics). Concentrations of triglycerides, total cholesterol,
HDL cholesterol, albumin, and glucose were measured on
Modular analyzer (Roche Diagnostics) by appropriate
reagents (Roche Diagnostics). LDL cholesterol was calcu-
lated from total cholesterol, triglycerides, and HDL accord-
ing to the Friedewald equation.

Statistical analysis

The Kolmogorov–Smirnov test was used to assess the nor-
mality of data distribution. Normally distributed variables
were presented as mean and standard deviation (§SD). For
skewed markers, median (25th to 75th percentile, interquar-
tile, IQR) values were reported and non-parametric tests
used. The t test or Mann–Whitney U test was used for com-
parison of continuous variables, as appropriate. The diVer-
ence of proportions between athletes and controls was
assessed by chi-square or Fisher’s exact test, as appropriate.
Univariable odds ratios (ORs) and 95% conWdence inter-
vals (CIs) were evaluated for categorical variables. In addi-
tion, logistic regression was performed to evaluate the
diVerence in HCY levels ¸12.0 or ¸15.0 �mol l¡1 between
recreational athletes and sedentary controls after adjust-
ment for age, folate, creatinine, smoking, ¸2 coVee cups
day¡1, hormonal contraception and BMI. Bivariate rela-
tionships for continuous values of the biomarkers were
evaluated by Spearman rank correlation coeYcients (rs).
All tests were two-sided. P values <0.050 were considered
statistically signiWcant. Statistical analysis was performed
using the Statistical Package for Social Sciences (SPSS for
Windows, version 11.0, SPSS Inc., Chicago, IL).

Results

A total of 240 subjects were examined, 124 were recrea-
tional athletes and 116 were sedentary controls. All study

women had a middle-class socioeconomic status, nearly
all (95%, 227/240) were in the normal-weight range
(BMI ¸ 18 and ·25 kg m¡2). The mean age was 23.4 §
4.53 years, and BMI was 20.8 § 1.97 kg m¡2. Sport disci-
plines practiced by recreational athletes are described in
Table 1.

The comparison of demographic and lifestyle character-
istics of the 124 recreational female athletes and 116 seden-
tary control women are described in Table 2. There were no
signiWcant diVerences between athletes and controls for
most variables. Athletes had less frequently a university
education level (P < 0.001), and were more frequently
smokers (P = 0.001) compared to sedentary women. How-
ever, frequency of heavy smokers (¸10 cigarettes day¡1)
and coVee drinkers of ¸2 or ¸4 espresso coVee cups day¡1

did not diVer between athletes and sedentary women. Ath-
letes tended to use more frequently nutritional supplements
(not signiWcant, P = 0.05). However, athletes and sedentary
controls did not diVer in alimentary habits with regard to
meat, Wsh, vegetables, carbohydrate and alcohol consump-
tion (data not shown).

Comparisons of continuous values of the blood markers
measured in athletes and sedentary controls are illustrated
in Table 3. Values of biomarkers did not diVer signiWcantly
between the two groups, with the exception of creatinine.

The eVects of physical exercise on categorical values of
elevated homocysteine are shown in Table 4. ConWrmatory
with Wndings described in Table 3, physical exercise was
not associated with high HCY levels ¸12.0 or ¸15.0 or
¸30.0 �mol l¡1 as evaluated by crude and adjusted ORs.

Table 5 shows two-tailed Spearman correlations of con-
tinuous concentrations of HCY with other biomarkers
among the 240 study women. We found no association of
HCY with BMI, hours of exercise per week and lipid mark-
ers. As expected (Refsum et al. 2004), HCY had an inverse
correlation with folate (P < 0.001) and a positive associa-
tion with age (P = 0.009) and creatinine (P = 0.033). We

Table 1 Sport disciplines practiced by 124 female recreational ath-
letes

Sport discipline Recreational 
athletes (n = 124)

Volleyball, n (%) 76 (61.3)

Soccer, n (%) 17 (13.7)

Martial arts, n (%) 6 (4.8)

Basketball, n (%) 5 (4.0)

Running, n (%) 4 (3.2)

Skiing, n (%) 2 (1.6)

Skating, n (%) 2 (1.6)

Track-and Weld sports, n (%) 2 (1.6)

Others, n (%) 10 (8.1)
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found no correlation of HCY with number of cigarette
smoked, number of coVee cups and other lifestyle factors
(data not shown).

Finally, we explored the frequency of elevated HCY
levels in study women with deWcient folate (<3.0 �g l¡1)

versus non-deWcient folate (¸3.0 �g l¡1), and folate below
(<5.0 �g l¡1) and above (¸5.0 �g l¡1) the median folate
value (Cauci et al. 2008) (Table 6). Only three women had
HCY levels ¸30.0 �mol l¡1, therefore this cutpoint was not
further examined. Women with deWcient folate were at

Table 2 Demographic and 
behavioral characteristics of 116 
sedentary controls and 124 
recreational athletes

Characteristic Sedentary women 
(n = 116)

Recreational 
athletes (n = 124)

P

Age (year), mean § SD 23.3 § 4.74 23.6 § 4.33 0.67a

BMI (kg m¡2), mean § SD 20.6 § 2.01 21.0 § 1.92 0.17a

Exercise (h week¡1), mean § SD 0.9 § 1.11 8.7 § 2.46 <0.001a

University education, n (%) 100 (86.2) 79 (63.7) <0.001b

Married, n (%) 10 (8.6) 9 (7.3) 0.70b

Nulliparity, n (%) 112 (96.6) 123 (99.2) 0.20b

Hormonal contraception, n (%) 34 (29.3) 30 (24.2) 0.37b

Smokers, n (%) 14 (13.9) 36 (29.0) 0.001b

Cigarettes/day in smokers (n), mean § SD 4.3 § 3.50 4.5 § 4.73 0.90a

¸10 Cigarettes day¡1, n (%) 2 (1.7) 4 (3.2) 0.69b

CoVee drinkers, n (%) 98 (84.5) 104 (83.9) 0.90b

CoVee cupsc day¡1 in drinkers (n), mean § SD 1.7 § 0.99 1.9 § 0.92 0.21a

¸2 CoVee cupsc day¡1, n (%) 34 (29.3) 44 (35.5) 0.31b

¸4 CoVee cupsc day¡1, n (%) 3 (2.6) 2 (1.6) 0.68b

Nutritional supplement used, n (%) 9 (9.8)d 23 (19.7)d 0.05b

a P comparison between athletes 
and controls by two-tailed t-test
b P comparison between ath-
letes and controls by two-tailed 
chi-square or Fisher’s exact test, 
as appropriate
c Espresso coVee cups
d Data were available for 92 
controls and 117 athletes

Table 3 Comparison of blood 
markers between sedentary con-
trol women (n = 116) and female 
athletes (n = 124) groups

Measure Sedentary women 
(n = 116)

Recreational 
athletes (n = 124)

P

HCY (�mol l¡1) 9.20 (7.85–11.69) 9.14 (7.72–11.39) 0.61

Folate (�g l¡1) 4.60 (3.50–6.18) 5.10 (3.83–6.40) 0.22

Total cholesterol (mg dl¡1) 169 (150–191) 171 (151–190) 0.88

HDL cholesterol (mg dl¡1) 74.0 (62.0–84.0) 71.7 (64.3–83.0) 0.86

LDL cholesterol (mg dl¡1) 81.0 (68.0–98.8) 82.0 (69.0–98.0) 0.62

Total/HDL cholesterol 2.35 (2.07–2.59) 2.36 (2.07–2.55) 0.98

LDL/HDL cholesterol 1.13 (0.91–1.40) 1.17 (0.90–1.39) 0.84

Triglycerides (mg dl¡1) 60.0 (46.5–86.5) 63.0 (50.0–80.0) 0.80

Albumin (g dl¡1) 48 (46–50) 48 (46–50) 0.19

Creatinine (mg dl¡1) 0.88 (0.81–0.97) 0.96 (0.89–1.05) <0.001

Glucose (mg dl¡1) 84 (80–89) 84 (80–88) 0.74

Results were presented as 
median (IQR). Comparison 
of controls and athletes groups 
was performed by two-tailed 
Mann–Whitney U test

Table 4 Relative risk of female athletes (n = 124) compared to sedentary controls (n = 116) for elevated HCY thresholds estimated by OR
(95%CI)

P by two-tailed chi-square or Fisher’s exact test, as appropriate
a Adjustment was made for age, folate, creatinine, smoking, ¸2 coVee cups day¡1, hormonal contraception and BMI
b Adjusted OR was not calculable because only three women had HCY ¸ 30.0 �mol l¡1

Measure Controls 
(n = 116) n (%)

Athletes 
(n = 124) n (%)

Crude OR 
(95% CI)

P Adjusted 
OR (95% CI)a

P

HCY ¸ 12.0 �mol l¡1 26 (22.4) 28 (22.6) 1.01 (0.55–1.85) 0.98 0.92 (0.46–1.85) 0.82

HCY ¸ 15.0 �mol l¡1 7 (6.0) 11 (8.9) 1.52 (0.57–4.05) 0.40 1.64 (0.53–5.13) 0.39

HCY ¸ 30.0 �mol l¡1 1 (0.01) 2 (1.6) 1.89 (0.17–21.07) 1.00 b b
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increased risk of having HCY ¸12.0 and ¸15.0 �mol l¡1

(2.5- and 4.5-fold, respectively). Notably, also women with
folate in the normal interval, but <5.0 �g l¡1 were 2.5-fold
more likely to have elevated HCY ¸ 12.0 �mol l¡1.

Discussion

Physical exercise is widely recommended as healthy behav-
ior to reduce the risk of several diseases such as cardiovas-
cular diseases, metabolic syndrome, insulin resistance,
diabetes, osteoporosis, breast cancer and other clinical or
subclinical disorders (Pedersen and Saltin 2006; Verloop
et al. 2000). However, it is not yet established the exact
mechanism by which exercise is beneWcial against CVD
and other diseases.

It is well documented that elevated HCY is a risk factor
for CVD in women, although the exact role of HCY is still
debated (Herrmann et al. 2007; Lippi et al. 2007; Ridker
et al. 1999; Zee et al. 2007; Zylberstein et al. 2004). There
is also an increasing evidence that physical activity is able
to reduce the risk of CVD (Mora et al. 2007; Sesso et al.

2000). In addition, physical Wtness has been suggested to
down-modulate HCY in females but not in males (Kuo
et al. 2005; Ruiz et al. 2007). Thus, an intriguing hypothe-
sis is that one of the mechanisms by which physical exer-
cise may reduce the risk of vascular thrombosis and CVD
in women is the reduction of HCY. This hypothesis is of
great interest for the female population because it has been
observed that in elderly women when HCY levels raise the
CVD risk increases.

However, data gathered up to now on the eVects of phys-
ical activity on plasma HCY levels are contradictory. Some
researches highlighted an exercise-induced fall in HCY
concentrations (Randeva et al. 2002; Zinellu et al. 2007),
but many reports provided evidence that physical exercise
does not contribute to reduce HCY and/or that in some
instances it would even produce a HCY increase (Borrione
et al. 2008; De Cree et al. 1999; Herrmann et al. 2003;
Konig et al. 2003; Okura et al. 2006). Intense endurance
physical activity has the potential to worsen the HCY pro-
Wle, likely as a consequence of folate consumption follow-
ing exercise-induced metabolic demand (De Cree et al.
1999; Herrmann et al. 2003).

Women in fertile age are a population less investigated
in regard to HCY levels than post-menopausal women,
despite elevated pre- and peri-conceptional HCY levels are
a cause of public health concern, because of the association
with adverse pregnancy outcomes (such as spontaneous
abortion, hypertensive illness, preeclampsia, placental
abruption, intrauterine growth retardation (IUGR) and pre-
term delivery) and with newborn disorders (neural tube
defects and low birth weight) (Ronnenberg et al. 2002;
Scholl and Johnson 2000; Taparia et al. 2007). Addition-
ally, in fertile age women hyperhomocysteinemia has been
associated with amenorrhea, especially in female athletes
(O’Donnell and De Souza 2004).

In general, there is poor attention to the health status of
asymptomatic women performing physical activity at non-
professional level. Recreational athletes are not invited to
check and take care of their health status like elite athletes,
despite recreational athletes account for a much larger pro-
portion of the female population than elite athletes. To the

Table 5 Bivariate Spearman correlations (rs) of continuous HCY
concentrations with other biomarkers in 240 study women

Biomarker HCY (n = 240) rs P

Age (year) 0.168 0.009

BMI (kg m¡2) 0.040 0.54

Exercise (h week¡1) ¡0.054 0.41

Folate (�g l¡1) ¡0.259 <0.001

Total cholesterol (mg dl¡1) 0.081 0.21

HDL cholesterol (mg dl¡1) 0.084 0.20

LDL cholesterol (mg dl¡1) 0.064 0.33

Total/HDL cholesterol ¡0.012 0.86

LDL/HDL cholesterol 0.005 0.94

Triglycerides (mg dl¡1) ¡0.003 0.97

Albumin (g dl¡1) 0.098 0.13

Creatinine (mg dl¡1) 0.138 0.033

Glucose (mg dl¡1) ¡0.006 0.93

Table 6 Relative risk of study women with folate deWciency (<3.0 �g l¡1) compared to women with non-deWcient folate (¸3.0 �g l¡1) and with
low folate (<5.0 �g l¡1) compared to women with high folate (¸5.0 �g l¡1) for elevated HCY values estimated by OR (95%CI)

P by two-tailed chi-square or Fisher’s exact test, as appropriate
a P value for comparison of deWcient folate versus non-deWcient folate status
b P value for comparison of low folate versus high folate status

Measure DeWcient folate 
(<3.0 �g l¡1) 
(n = 28) n (%)

Non-deWcient folate 
(¸3.0 �g l¡1) 
(n = 212) n (%)

OR (95%CI) Pa Low folate 
(<5.0 �g l¡1) 
(n = 128) n (%)

High folate 
(¸5.0 �g l¡1) 
(n = 112) n (%)

OR (95%CI) Pb

HCY ¸ 12.0 �mol l¡1 11 (39.3) 43 (20.3) 2.54 (1.11¡5.83) 0.024 38 (29.7) 16 (14.3) 2.53 (1.32–4.86) 0.004

HCY ¸ 15.0 �mol l¡1 6 (21.4) 12 (5.7) 4.54 (1.55–13.3) 0.010 12 (9.4) 6 (5.4) 1.83 (0.66–5.04) 0.24
123



116 Eur J Appl Physiol (2009) 105:111–118
best of our knowledge, our study was the largest cross-sec-
tional investigation to assess the prevalence of elevated
HCY in recreational young adult white female athletes with
respect to matched sedentary women. It is to note that most
of the women we enrolled never assessed their HCY, folate
and lipid status prior to this study. We found that as much
as 1 over 5 recreational athletes (23%) have HCY levels
¸12.0 �mol l¡1, which are at risk for CVD, and nearly 1
over 10 (9%) have HCY levels ¸15.0 �mol l¡1, which are
at high risk for CVD. However, these rates of elevated
HCY were not statistically diVerent to those found in sed-
entary control women. Thus, we assessed that in young
non-obese women the rate of elevated HCY cannot be
reduced by recreational physical activity, on the other hand
recreational sports do not worsen the HCY proWle.

As expected, we found that HCY concentrations posi-
tively correlated with age, and inversely correlated to serum
folate. Of interest, our study showed that serum folate lev-
els below which young women are at risk of hyperhomocy-
steinemia are not only those below the reference range
(<3.0 �g l¡1), by deWnition considered “folate deWciency”,
but also folate concentrations into the reference range but
below the median value of 5.0 �g l¡1.

A limitation of our study is that we did not assessed
other vitamins of the B complex, however, it is demon-
strated that vitamins B6 and B12 inXuence HCY concen-
trations with a lesser extent than folate (McNulty et al.
2008).

The positive correlation we found between HCY and
creatinine is an association that has been extensively
observed, although most studies were performed in middle-
age or elderly populations. The reasons and signiWcance of
the positive correlation of HCY with creatinine remain still
unclear (Elshorbagy et al. 2007). Inadequate folate status
was associated with higher HCY levels independently of
the creatinine levels. Interestingly, in our study trained
women exhibited a marked elevation of creatinine.
Although athletes and controls did not diVer in BMI,
increased creatinine could partly be due to larger muscle
mass in athletes, since creatinine is produced from creatine,
which is stored in muscles. Consequently, it is assumed that
the increase of muscle mass rather than a subtle impairment
of renal function makes serum creatinine to increase in ath-
letes (BanW et al. 2006). However, our observation that cre-
atinine is positively associated to HCY, a venous
thromboembolism risk factor, highlighted that the increase
of creatinine in young female athletes could have poten-
tially some adverse consequences; further studies are
required to clarify this issue.

The strength of our study is that we examined an ethni-
cally homogenous population of white Italian women, in a
rather narrow interval of age (mean § SD, 23.4 § 4.53 years)
and BMI (mean § SD, 20.8 § 1.97 kg m¡2). On the other

hand, as ethnic diVerences were noted for HCY and folate
(Ganji and Kafai 2006; Okura et al. 2006; Scholl and John-
son 2000), our data could not take into account eVects of
physical training on adult healthy female populations
belonging to other ethnic groups, and/or of older/younger
age, and/or with lower/higher BMI. Another limitation is
that our study was cross-sectional in design, and hence
causal relationships cannot be inferred.

Research examining the impact of physical activity on
blood homocysteine levels is equivocal, this could be par-
tially due to a lack of control for confounding variables that
aVect homocysteine (Borrione et al. 2008; Herrmann et al.
2003). Duration, intensity, and mode of exercise could
impact blood homocysteine levels diVerently, and may be
dependent on individual Wtness levels. Our results concur
with those of Mora et al. who found that among a large
cohort of mean 55-year-old US women HCY was only min-
imally correlated with either physical activity or BMI
(Mora et al. 2006). However, we observed a lower fre-
quency of elevated HCY levels than those found in a group
of Italian winter elite athletes, comprising 59 males and 44
females, where plasma HCY levels ¸15.0 �mol l¡1 were
detected in 41% of males and in 21% of females (Borrione
et al. 2007). The rate of hyperhomocysteinemia ¸15.0
�mol l¡1 in female elite winter athletes was almost twice
that we observed in recreational female athletes comprising
mostly volleyball athletes. Another study by Borrione et al.
(2008) comparing 23 female athletes (practising basketball,
swimming and soccer) with 30 female blood donors found
no diVerence in HCY concentrations, but a higher fre-
quency of hyperhomocysteinemia ¸15.0 �mol l¡1 in
athletes than in controls by unadjusted analysis. Unfortu-
nately, this study did not perform multivariate adjusted
analyses for variables known to inXuence HCY such as age,
creatinine and folate. In addition, rather surprisingly, Borri-
one et al. (2008) did not found an inverse correlation
between HCY and folate. Further studies are necessary to
assess whether the kind (aerobic vs. anaerobic) and/or
intensity, and/or duration, and/or altitude of sport activity
modulate HCY and whether there are striking gender diVer-
ences among athletes.

A limitation of our study is that the majority of our
female athletes were performing volleyball, an alternate
aerobic–anaerobic discipline. However, volleyball is one of
the recreational sports most frequently practiced by young
women.

Overall, our study did not Wnd negative eVects of physi-
cal activity on blood HCY, folate and lipid status in healthy
young non-obese women performing regular physical
activity at recreational level, meaning that recreational
physical activity should not be discouraged in young
female athletes with elevated homocysteine or unfavorable
lipid proWle. However, we failed to demonstrate beneWcial
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eVects of physical exercise, on these basis, recreational
physical activity should not be recommended to young sed-
entary women having elevated HCY with the aim to reduce
hyperhomocysteinemia.

Of concern, we found that a consistent percent of healthy
women in young age showed elevated HCY levels at CVD
risk. We observed that the risk of elevated HCY is associ-
ated to a suboptimal folate level, which is not only folate
below the reference range (<3.0 �g l¡1), but also below the
median value of folate (<5.0 �g l¡1). Interestingly, we
observed that in this population none of the studied lifestyle
factors—physical activity, smoking, dietary habits, and
coVee, tea, and alcohol consumption—was signiWcantly
associated with changes in HCY. In part, this Wnding could
derive from the fact that only six of our study women
smoked ¸10 cigarettes day¡1 and Wve consumed ¸4 coVee
cups day¡1, which are levels of smoking and coVee con-
sumption shown as able to increase HCY in women (de
Bree et al. 2001). Overall, our results suggest that in young
women HCY may not be reduced by lifestyle changes with
the exception of a greater folate intake. In this respect, our
Wnding conWrm observations performed in a study con-
ducted in male athletes (Rousseau et al. 2005).

Present Wndings highlight the importance of HCY and
folate monitoring even in young normal-weight healthy
women and supports the continuous eVort to increase folate
intake in fertile age women both for prevention of CVD and
adverse pregnancy outcomes (McNulty et al. 2008; Scholl
and Johnson 2000; Taparia et al. 2007).

Conclusion

Although the contribution of hyperhomocysteinemia in
pathogenesis and risk assessment of cardiovascular disor-
ders is still debated, raised levels of this sulfur-containing
amino acid might exert an atherothrombotic eVect, pro-
moting also adverse pregnancy outcomes. To date, con-
troversial evidence was provided on the association
between physical activity and HCY levels in young
women, who might be exposed to the risk of vascular
events in the periconceptional period. The present study
provides a clear evidence that recreational physical activ-
ity, which is traditionally associated with a lower risk of
venous and arterial thrombosis, does not chronically inXu-
ence a variety of cardiovascular risk factors (i.e. lipids
and lipoproteins), nor it causes an increase in HCY level.
This is a valuable support to the statement that a physi-
cally active lifestyle can be safely recommended in the
young female population.
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