Influence of age, sex and vitamin
status on fasting and post-methionine
load plasma homocysteine levels

SIMONETTA SASSI, BENILDE CosMI, GUALTIERO PALARETI,
CRISTINA LEGNANI, GABRIELE GROSSI,* SERENA MUSOLESI,
SERGIO COCCHERI

Cardiovascular Department,*Division of Angiology; Central
Laboratory; University Hospital S. Orsola-Malpighi, Bologna,
Italy

Background and Objectives. To investigate the effects of
age, sex and vitamin status on total plasma homocys-
teine (tHCy), both after fasting (FtHCy) and two hours
post-methionine load (PML-tHCy). The secondary aim
was to determine the reference values for FtHCy and PML-
tHCy.

Design and Methods. A cohort of apparently healthy vol-
unteers underwent blood sampling for FtHCy, PML-tHCy,
creatinine, serum folate, vitamin B12 and vitamin B6
(pyridoxal-5-phosphate, PLP).

Results. In 147 subjects (M/F= 82/65, age range: 14-
94 years), FtHCy was significantly higher in men than in
women. In men, age and folate levels explained 20.5%
and 19.0% of FtHCy variance, respectively. In women,
age and vitamin B12 accounted for 22.6% and 17.8% of
FtHCy variance, respectively. PML-tHCy was similar in
men and women. PML-tHCy was negatively correlated
with folate in both sexes, and with vitamin B12 and age
in women only. Folate accounted for 20% of the variance
of PML-tHCy in men, while in women vitamin B12 and
PLP explained 40% and 20% of variance of PML-tHCy,
respectively. The reference values of FtHCy and PML-tHCy
were: 19.63 and 40.18 umol/L, respectively, for men
under 45 years, 14.26 and 28.31 wmol/L, respectively,
for women under 45 years, 28.38 and 36.48 pmol/L for
men above 45 years, and 22.49 and 44.06 wmol/L for
women above 45 years.

Interpretation and Conclusions. Age, gender and vita-
min status influence both FtHCy and PML-tHCy in nor-
mal subjects. Reference values should be calculated
according to age and sex.
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amino acid which originates from demethy-

lation of dietary methionine. The metabo-
lism of HCy involves remethylation and transsul-
furation pathways. The remethylation pathway
requires vitamin B12, as a cofactor of methionine
synthase (EC 2.1.1.13), and folates as co-enzymes.
The transsulfuration pathway requires vitamin B6
(PLP) as a co-factor for cystathionine p-synthase
(EC 4.2.1.22) and cystathionine-y-lyase (EC
4.4.1.1). Genetic disorders and vitamin deficien-
cies can lead to increased concentrations of HCy
in plasma.t-5 Elevated HCy plasma levels have been
independently associated with an increased risk of
atherosclerosis and thrombosisé-® although a
causal role of HCy in cardiovascular disease has
not been firmly established yet.®10 Fasting total
HCy (FtHCy) concentration has been shown to be
a function of age, gender and vitamin status in
healthy subjects by several authors.34-13 The me-
thionine-load (ML) test is a measure of HCy con-
centrations after ingestion of a single dose of me-
thionine (0.1 g/kg).12 In these conditions increased
HCy synthesis occurs, thus challenging the activ-
ity of the HCy catabolic transsulfuration pathway.
ML is a screening test for detection of subjects
heterozygous for cystathionine p-synthase defi-
ciency. These subjects may have a normal FtHCy
but their HCy levels may increase after ML.1415 Few
authors!6-18 have evaluated the factors of variabil-
ity of the response to a methionine load in normal
subjects. As a result, limited data are available on
the influence of folate, vitamin B12 and PLP on
the response to a methionine load in different geo-
graphical areas.

The main purpose of our study was to evaluate
the determinants of fasting and post-methionine
load tHCy with special regard to age, sex, creati-
nine, folate, vitamin B12 and PLP. A secondary aim
of this study was to establish reference values of
both FtHCy and post-ML-tHCy taking into account
the influence of their biological determinants.

I Iomocysteine (HCy) is a sulfur-containing
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Design and Methods

Subjects and study criteria

We investigated healthy volunteers from among
the staff working at S. Orsola-Malpighi Hospital of
Bologna, Italy, and from among medical students.
They were all living in the area of Bologna, northern
Italy. All subjects gave their informed consent to par-
ticipate in the study. The study subjects were select-
ed according to the following criteria: clinically
healthy and free of overt disease; no history of meta-
bolic disorders; no clinical symptoms or electrocar-
diographic signs of cardiovascular disease; no hyper-
tension (either treated or untreated). Exclusion cri-
teria were the following: age less than 14 years,
known thyroid, liver or kidney disease, diabetes or
glucose intolerance, lipid disorder, gout, obesity (BMI:
>30 kg/m2), alcoholism, chronic disorders requiring
medication, pregnancy and regular intake of multi-
vitamin supplements. A standardized interview was
conducted by trained personnel with regard to smok-
ing, physical activity, and use of alcohol.

Materials

L-methionine for human oral use, was purchased
from ACEF (Piacenza, Italy). All other chemicals
were of analytical reagent grade. Ethylenedi-
aminetetracetic dipotassium salt (EDTA 2K*) was
obtained from Carlo Erba (Milan, Italy).

Commercial chemiluminescence assays for vita-
min B12 and folate were obtained from Chiron
Diagnostics, East Walpole, MA, USA.

Investigational procedure

Subjects were asked to fast from midnight. At
8.00 a.m. blood samples for measurement of tHCy
and PLP in plasma were collected into tubes con-
taining 4.4 mmol/L EDTA 2K* and immediately
placed on ice in the dark. Platelet-poor plasma
(PPP) was then separated within 1 hour by cen-
trifugation at 3000 x g for 20 min at 4°C and mul-
tiple 0.8 mL aliquots were stored at —80°C. Blood
samples for measurements of folate, creatinine and
vitamin B12 in serum were collected into empty
glass tubes. The ML test was carried out in a sub-
group of 97 subjects. L-methionine (0.1 g/kg b.w)
was administered orally in about 200 mL of fruit
juice, followed by a light, standardized breakfast
(coffee or tea and protein-free dry cookies). Blood
sampling for post-load tHCy was performed two
hours after methionine administration.

Validation of the abbreviated oral
methionine loading test

Among the ML test subjects, 39 volunteered for
a pilot study aimed at validating a 2-hour ML test
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and comparing it with the 4-hour test. In these
subjects blood samples were collected for deter-
mination both 2 and 4 hours after ML.

Laboratory analyses

tHCy concentrations were measured by high per-
formance liquid chromatography (HPLC) according
to method of Araki and Sako®® modified by Sassi et
al. (personal communication). The plasma PLP con-
centration was measured by HPLC according to
Sassi et al.2° The concentrations of HCy and PLP
were both calculated from the peak-area by apply-
ing the method of external standard. Serum folate
and vitamin B12 were determined using a com-
mercial automated chemiluminescence assay sys-
tem ACS-100 (Chiron Diagnostics, East Walpole,
MA, USA). Serum creatinine was determined by a
commercial automated assay (Roche Diagnostics;
Indianapolis, IN, USA). After the ML, tHCy was
expressed as the following: 1) absolute increment
of FtHCy (PML-tHCy); 2) absolute difference
between PML and FtHCy (AtHCy); 3) percentage
difference over FtHCy, (%AtHCy: [(PML-FtHCy) x
100/FtHCy)].

Statistical analyses

Log transformations were used for skewed vari-
ables and these data are presented as geometric
means (GM) and 95% confidence intervals.

Pearson’s and Spearman’s correlation coefficients
were calculated to analyze the relation between
2- and 4-hour PML-tHCy.

Statistical analysis of tHCy, BMI, age and vitamin
concentrations was performed using log-trans-
formed data. Group means were compared by the
t-test. Correlations between variables are reported
as Pearson’s or Spearman’s coefficients. Separate
stepwise multivariate regression analyses were per-
formed for men and women. A two-sided 5% lev-
el of significance was considered significant for all
statistical tests; exact probability values are report-
ed down to p<0.01. Reference values were
expressed as 0.975 fractile of the reference distri-
bution with 90% confidence intervals as indicated
by the International Federation of Clinical Chem-
istry.2t Data were analyzed using the Statistical
Package SOLO (BMDP, Statistical Software Los
Angeles, CA, USA).

Results

Characteristics of subjects and biological
determinants of fasting total homocysteine
We evaluated 147 apparently healthy subjects
(M/F = 82/65, age range: 14-94 years, median:
M/F = 27.3/28.4 years). The biological characteris-
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Table 1. Characteristics of healthy subjects.

Al (14-94 y) n=147

Men (14-91y) n=82

Women (14-95 y) =65

median GM (95% CI) median GM (95% CI) median GM (95% Cl)

Age (y) 2750 31.93 (28.84-34.58) 28.40 32.41 (28.57-36.65) 27.30 31.32 (27.80-35.97)
BMI (kg/m?) 27.34 24.26 (23.55-24.44) 25.26 25.02 (24.65-25.59) 22.66 23.33* (22.92-23.97)
Creatinine (mg/dL) 0.80 0.76 (0.71-081) 0.86 0.82(0.74-0.90) 0.70 0.69° (0.64-0.75)
FEHCY (mmol/L) 8.60 9.00 (8.30-9.57) 943 9.89 (9.05-11.05) 7.80 8.008 (7.26-8.69)
PLP (nmol/L)* 29.80 29.06 (25.11-33.13) 30.40 32.13 (26.86-38.99) 28.80 25.64 (22.10-29.90)
Folate (ng/mL) 5.30 5.09 (4.83-5.44) 5.05 4.97 (4.63-5.43) 5,50 5.26 (4.80-5.74)
Folate (nmol/L) 12.00 11.53 (10.94-12.32) 1144 11.26 (10.49-12.30) 12.46 11.91 (10.87-13.00)
Vitamin B12 (pg/mL) 395.00 407.38 (383.71-432.51) 399.00  410.41(376.01-441.37) 39450  402.57 (363.08-435.71)
Vitamin B12 (pmol/L) 291.43 300.56 (283.10-319.11) 29438 302.8(277.42-325.64) 29106  297.02 (267.88-321.47)

GM = geometric mean; n = number of subjects observed. 95% CL = 95% confidence limits. PLP (pyridoxal-5'-phosphate); F tHCy (fasting total plasma homocysteine). *Signifi-
cantly different from men: p < 0.02; °significantly different from men p < 0.01; Ssignificantly different from men p < 0.01; #*values of 83 subjects: 46 men and 37 women.
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Figure 1. Correlation of 4-hour post-methionine-load tHCy
and 2-hour post-methionine-load tHCy concentrations
(n=39). Linear regression line equation: y=1.6238x - 7.307.
Pearson’s r=0.944, Spearman’s r= 0.945.

tics, FtHCy and plasma vitamin concentrations for
the whole group of study participants and sepa-
rately by sex are shown in Table 1. BMI and crea-
tinine were significantly higher in men than in
women (p<0.02, p<0.01, respectively). Current or
former cigarette smoking was reported in 29% men
and 33% of women (data not shown). Creatinine
and PLP concentrations were determined only in 83
subjects; lack of plasma aliquots was the reason for
the missing values. At baseline, FtHCy was signif-
icantly lower in women than in men (p<0.01).
Mean folate was slightly higher, and PLP and vita-
min B12 slightly lower in women, but the differ-
ences were not statistically significant.

Validation of the 2-hour methionine
loading test

Figure 1 shows the correlation of PML-tHCy after
2 hours and after 4 hours in 39 subjects (M/F:

15/14). The 2-hour tHCy concentration accounted
for 88% of the variability in the 4-hour tHCy con-
centration.

The correlation between AtHCy at 2 hours (2-
hour value, t=2, minus the fasting value, t=0) and
0 tHCy at 4 hours (4-hour value, t=4, minus the
fasting value, t=0) for the same subjects (n=39)
were: Pearson’s r =0.93 and Spearman’s r= 0.89
(data not shown).

On the basis of these results, for further calcula-
tions we considered the 2-hour results in all 97
subjects who underwent the ML test.

Results of the post-methionine load test

In the 97 subjects who underwent the 2-hour
ML-test, PML-tHCy and AtHCy were not signifi-
cantly different according to gender (Table 2). Only
the difference expressed in percent of baseline val-
ue (%AtHCy) was significantly higher in women
than in men.

Distribution of fasting total homocysteine
and post-load plasma total homocysteine
and vitamins

The frequency distributions of FtHCy and PML-
tHCy are shown in Figure 2. The concentrations of
both FtHCy (panel A) and PML-tHCy (panel B) cov-
ered a similarly wide range in men and women with
a skewed distribution to the right. The frequency
distribution was significantly different between
men and women only for FtHCy (p< 0.05).

The frequency distributions of age, BMI, folate,
PLP and vitamin-B12 in men and women were also
skewed (data not shown).
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Table 2. Concentrations of tHCy 2 h after ML test.

S. Sassi et al.

All subjects (n = 97) Men (n=53) Women (n = 44)
median GM (95% ClI) median GM (95% Cl) median GM (95% Cl)
PML (pmol/M) 22.10 22.16 (20.89-22.91) 22.40 234 (21.88-23.99) 21.60 20.75 (19.50-21.38)
AtHCy (umol/L) 12.20 12.21 (10.96-12.59) 12.20 1243 (11.22-12.88) 12.25 11.95 (10.72-12.59)
%AtHCy 13721 129.40 (114.82-138.04) 131.89 118.38 (107.15-128.32) 149.66 144.05* (128.88-154.88)

AtHCy: FtHCy-PML; %AtHCy: (PML-FtHCy) x 100/FtHCy. *Significantly different from men (p < 0.05).

Correlates of fasting total homocysteine

Correlation coefficients between log FtHCy and
other measured traits are shown in Table 3. Signif-
icant positive correlations were found between
FtHCy and age both in the whole group and sepa-
rately in men and in women. FtHCy was overall
negatively correlated with PLP, vitamin B12 and
folate, but not with PLP in women alone.

Smoking status, alcohol intake and activity lev-
el were not found to have any significant effect on
tHCy concentrations (data not shown).

Age was negatively correlated with PLP, vitamin
B12 and folate levels in the whole group (data not
shown). Following gender separation, the correla-
tions were confirmed in both sexes, except for age
with folate levels in women.

Within vitamins, the only significant correlation
observed was between folate and vitamin B12
(Pearson’s r: 0.257, p<0.01; r: 0.393; p<0.01) in the
whole group and in women, but not separately in
men (data not shown).

Correlates of total homocysteine after
methionine load

Correlation coefficients between log PML-tHCy
and log AtHCy and other measured traits are
shown in Table 4. Age positively correlated with
PML-tHCy and AtHCy in women only. No signifi-
cant correlations were found for BMI and creati-

nine. A significant negative correlation of PML-
tHCy and AtHCy was observed with folate, in both
sexes. A significant negative correlation of both
PML-tHCy and AtHCy with vitamin B12 and PLP
was observed only in women. %AtHCy was corre-
lated with age in men only (data not shown). The
correlation between FtHCy and PML-tHCy loading
in all subjects was also calculated (data not shown).
Significant correlations were observed between
FtHCy and PML-tHCy (r=0.79; p<0.0001) and
between FtHCy and AtHCy (r=0.405; p<0.0001).

Multiple regression analysis for fasting and
post-load methionine levels

Parameters with significant correlation with FtH-
Cy were entered as independent variables into a
backward multiple stepwise regression analysis.
Table 5 presents the results, separately in men and
women. Age was the major determinant of FtHCy
levels in both sexes and explained 20.5% and
22.6% of FtHCy variance in men and women,
respectively. The second major determinant was
different according to gender: folate accounted for
19.0% of FtHCy variance in men only, while vita-
min B12 accounted for 17.8% of FtHCy variance in
women only. The influence of creatinine (5.3% and
7.7%), like that of the PLP contribution, was small
and non-significant in both sexes.

A similar procedure was used for absolute post-

Table 3. Correlation between logio fasting tHCy (FtHCy) and biological variables in men and women.

FtHCy
Variables All subjects (n=147) Men (n=82) Women (n=65)
r p r p r p

Logio age 0.347 0.0000 0.389 0.0003 0.289 0.0194
Logw BMI 0.169 013 0.190 0.21° -0.003 0.99
Logso creatinine 0.193 0.092 0.244 0.18 0.025 0.89¢
Loguo PLP -0.241 0.02772 -0.247 0.00340 -0.187 0.27¢
Logao folate -0.472 0.0000 -0.495 0.0000 -0.439 0.0002
Logso vitamin B12 -0.403 0.0000 -0.412 0.0001 -0.445 0.0002

Pearson’s r:in parentheses the number of subjects observed. 2n=83 subjects; ®’n=46 men; ©n=37 women.

haematologica vol. 87(9):september 2002
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Figure 2. Panel A: Frequency distribution of FtHCy concentration in healthy subjects by sex. (p <0.05). Panel B: Frequency dis-
tribution of tHCy after the ML test, expressed as absolute increment (PML), in healthy subjects by sex. (p= non-significant).

Table 4. Correlation between logio total homocysteine after the ML test (expressed as PML and AtHCy) and biological vari-
ables in men and women.

PML PML AtHCy
Variables All subjects Men Women Men Women
r p r p r p r p r p

Logso age 0.1724 0.29 0.2041 0.17 0.4959 0.0011 -0.0557 0.71 0.4398 0.0045
Logzo BMI 0.2011 0.35 0.3159 0.13 0.2207 0.38 0.1781 0.41 0.1220 0.63
Loguo Creatinine 0.0972 0.56 -0.0316 0.89 0.1531 0.54 -0.0515 0.82 0.0526 0.84
Logso folate -0.0978 0.58 -0.5042 0.0003 -0.4356 0.0050 -0.3316 0.0228 03742 00174
Logwo Vitamin B12  -0.3815 0.0202 -0.0892 0.56 -0.4460 0.0039 0.0005 1.00 -0.4085  0.0089
LOguo PLP -0.2506 0.107 0.1486 0.48 -0.5188 0.0160 0.2490 -0.23 04928  0.0232

men, n=46; women, n=41; AtHCy=FtHCy-PML. Pearson’s correlation coefficient.

load tHCy values (PML-tHCy, Table 6). Table 6 pre- Discussion
sents the stepwise variable selection in men and The aim of our study was to evaluate the biolog-
women. Age had no determinant influence on post- ical determinants of fasting and post-methionine
load values (PML-tHCy) in either sex. In men, folate load tHCy concentrations in a cohort of healthy
levels explained 19.9% of PML-tHCy variance, with subjects in the area of Bologna, Italy.
no significant effect of PLP, creatinine or vitamin Our results confirm the influence of age and sex
B12. In women vitamin B12 explained a great pro- on fasting tHCy concentrations observed by other
portion of the PML-tHCy variance (41.2%), fol- investigators in other European populations.17.1822
lowed by PLP (19.0%) and creatinine (14.6%), while Age was correlated negatively with vitamins. How-
a non-significant effect was found for folate. Sim- ever, the increase in tHCy observed with increasing
ilar results were obtained for & tHCy (data not age is attributed not only to lower vitamin levels,
shown). However, for %3 tHCy, age explained the but also to the reduced efficiency of HCy metabol-
major percentage of variance in both sexes (data ic pathways and to the decline in renal function, a
not shown). critical factor for HCy metabolism 811121323 Estrogen
Reference values of fasting and post-load decrease after menopause may also be relevant in
homocysteine elderly women.824 Little is known about other fac-
Reference values for tHCy on the basis of sex and tors that affect HCy metabolism with advancing
age were calculated as the 0.975 fractile of the age.
reference distribution with 90% confidence inter- Women had significantly lower FtHCy concen-
vals? as indicated in Table 7. trations than men. The sex difference in FtHCy has
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Table 5. Percentage of log fasting total homocysteine (FtH-
Cy) sample variance explained by biological traits in a mul-
tiple-stepwise-regression model.*

FtHCy
Variables Men (n=82) Women (n=65)
Percentage p Percentage p
explained explained
Logio age 205 0.0007 226 0.0027
Loguo Creatinine 5.3 0.062 1,7 0.06
Lo PLP 15 0.32 04 0.68
Loguo folate 19.0 0.0010 17 0.38
Logsovitamin B12 10 0.42 17.8 0.007

an=46 men; ®"n=37 women. *Model included: age, creatinine, PLP, folate and
vitamin B12.

Table 6. Percentage of log total homocysteine after the ML-
test sample variance explained by biological traits in mul-
tiple-stepwise-regression model.*

PML
Variables Men (n=46) Women (n=41)
Percentage p Percentage p
explained explained
Logio age 15 0.54 0.6 0.67
Logyo Creatinine 23 0.44 14.6 0.0400
Logo folate 19.9 0.0300 0.0 0.98
Logi vitamin B12 0.8 0.64 412 0.0020
Loguo PLP 36 0.28 19.0 0.0200

*Model included: age, creatinine, PLP, folate and vitamin B12.

been ascribed to various factors. These include the
presence in women of a smaller muscle mass as
indicated by lower creatinine levels, limited crea-
tine phosphate synthesis, and different hormonal
status with a lowering effect of estrogens on
homocysteine levels.18222425 Estrogens seem to have
an up-regulatory effect on the hepatic enzyme
betaine:homocysteine methyltransferase,? anoth-
er pathway in HCy remethylation, which can
decrease FtHCy in women.

In our multiple regression analysis, after age, the
second major determinant of FtHCy variance was
folate in men (but not in women) and vitamin B12
in women (but not in men). This gender-related
difference in the influence of vitamins on FtHCy
has been observed by other authors,18242527.28 ht it
remains partially unexplained. Men may have a
higher folate requirement than women because of
a greater need of methionine for creatinine for-
mation, as previously suggested by Mudd and

haematologica vol. 87(9):september 2002

Poole.?® The latter authors suggested that the me-
thionine cycle may differ between men and women
because of different demands for labile methyl
groups. Remethylation of HCy, which is dependent
on folate and vitamin B12, determines fasting tHCy
levels. Men may have higher requirements of
methyl groups from N-5-methyl-tetrahydrofolate
for HCy remethylation in connection with higher
levels of creatinine synthesis in proportion to the
greater muscle mass (the metabolically active tis-
sue as creatinine levels reflect muscle mass). It was
also surmised that more rapid cycling in women
may result in a greater proportion of HCy being
diverted to cystathionine in women than in
men?5303t thus decreasing fasting tHCy. In our
study, the influence of creatinine showed a strong
trend in explaining FtHCy variance both in men and
women, although it did not reach statistical sig-
nificance, possibly because of the missing values.

After methionine loading, PML-tHCy and AtHCy
were higher in men than in women, although the
difference was not statistically significant. This
result cannot be attributed to different body size
(weight or body surface area) as suggested by some
authors,173233 3s it was not correlated with BMI
either in the whole group or separately in men and
women. It is likely that differing body composition
(greater proportion of body weight as fat in
women) could account for this feature.

Only when the post-load values are expressed as
the percent rise in tHCy levels (%AtHCy) can a sta-
tistically higher figure be found in women than in
men, as also seen by other authors.t”18 Various
explanations for this finding have been proposed.:8
If absorption of methionine is assumed to be sim-
ilar in men and women, women may receive an
overdose per kg of lean mass (the metabolically
active tissue) which is lower in them than in men.
This suggests that in future research it may be
advisable to standardize the methionine dose to
lean body mass rather than to body weight and
protocols based on lean body mass are therefore
worthy of further study. Another explanation may
be a greater efficiency of the transulfuration path-
ways in men than in women. However, as far as we
know none has been described.

We found a significant correlation of PML-tHCy
and AtHCy with age only in women at the univari-
ate analysis. This finding could be attributed to the
effects of age-related differences in estrogen in
women.?8 Several investigators have drawn atten-
tion to the need to consider age and gender dif-
ferences in the response to the ML test.12161831-33
However, in our stepwise regression analysis there
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Table 7. Reference values of FHCy and PMLHCYy.

FtHCy (umol/L) 0.975 percentile  PLMHCy (umol/L) 0.975 percentile
(90% confidence interval) (90% confidence interval)

Men <45y 19.63 40.18
(16.59-22.91) (32.36-48.53)
>45y 28.38 36.48
(22.39-35.38) (30.62-43.05)
Women
<45y 14.26 28.31
(12.39-16.11) (23.99-33.06)
> 45y 2249 44.06
(16.22-30.90) (31.26-50.70)

was no significant influence whatsoever of age on
post-load Hcy values in either sex.

With regard to associations of vitamin status and
post-methionine load tHCy levels, our data show
that folate levels are determinant for post-load val-
ues in males, while vitamin B12 and PLP levels are
the main determinants in females. It was suggest-
ed that the transsulfuration pathway could be less
efficient and more dependent on vitamin B6 and
vitamin B12 in females.17:3334 Moreover, it has also
been surmised that the vitamin B12-dependent
remethylation pathway, activated by the transient
post-load increment in tHCy, could be more impor-
tant in females than in males.2*

Our PLP values are lower than those reported in
other studies. This can be attributed to the differ-
ences between our HPLC method?® and other com-
monly used methods, such as radioenzymatic
assays,® both in pre-analytic and analytic variables.

So far the majority of authors have provided FtH-
Cy and post-ML-tHCY reference values without
considering the biological determinants of tHCy. Our
observations indicate that differences in age and
gender should be taken into account in establishing
reference values of fasting and post-load homocys-
teine levels. Recently some investigators have also
recommended that tHCy reference values be estab-
lished in populations with apparently adequate vit-
amin status.3-333637 However, the adequacy of vit-
amin status might be difficult to determine as it
varies widely across different populations, due to
different nutritional habits and lifestyles.

Regarding the vitamin status, our data empha-
size the predominant influence, on the fasting and
post-load homocysteine levels, of folate in males
and vitamin B12 and, to some extent, vitamin B6
in females. The differential influence of vitamins
according to gender may have practical implica-
tions in the diagnosis and treatment of increased
levels of fasting and post-load tHCy in subjects

with vascular disease. Isolated increased FtHCy lev-
els may warrant the determination of folates, vit-
amin B12 and creatinine in both men and women,
while an isolated increase in PML- tHCy may war-
rant the determination of folate alone in men and
creatinine, vitamin B12 and PLP in women. High
fasting tHCy levels are usually treated with folates
alone in the presence of adequate vitamin B12 lev-
els. In the case of an isolated increase in PML-tHCy,
treatment with folates may be more relevant in
men, while women may need treatment with PLP
and vitamin B12.
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What is already known on this topic

Elevated homocysteine plasma levels have been asso-
ciated with an increased risk of atherosclerosis and
thrombosis. Fasting homocysteine concentration seems
to be associated to age, gender and vitamin status.

What this study adds

This study evaluates the determinants of fasting and
post-methionine load total plasma homocysteine with
regard to age, sex, creatinine, folate and vitamin B12.

Potential implications for clinical practice

Age, gender and vitamin status influence fasting total
plasma homocysteine levels and two-hour post-methio-
nine load. Reference values should be calculated
according to age and sex.
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