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ntroduction: Despite recent meta-analyses suggesting that homocysteine is an independent predictor of coronary heart disease (CHD),
here is debate regarding whether elevated homocysteine may be deleterious only in the presence of other risk factors, with which it acts
ynergistically to exert a multiplicative effect on CHD risk, emerging only as a CHD predictor in patients with pre-existing risk factors.

The Prospective Epidemiological Study of Myocardial Infarction (PRIME) Study is a multicentre prospective study of 10 593 men from
rance and Northern Ireland, investigating cardiovascular risk factors. We investigated: (1) whether higher homocysteine is associated with

ncreased CHD risk in the PRIME case-control cohort; (2) whether homocysteine interacts synergistically with pre-existing CHD risk factors.
ethods: Homocysteine was measured in 323 participants who had developed CHD at 5-year follow-up and in 638 matched controls.
esults: There was no significant difference in homocysteine between cases and controls (p = 0.18). Homocysteine was significantly higher

n current smokers (geometric mean �mol/l (interquartile range �mol/l) 9.45 (7.43, 11.75)) compared with non-smokers (8.90 (7.32, 10.70);
= 0.007). There was a significant interaction between homocysteine, smoking and CHD risk (χ2 = 10.29, d.f. = 2, p = 0.006).
onclusions: These findings suggest that elevated homocysteine is significantly associated with CHD risk in current smokers.
2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

CHD is responsible for 50% of all mortality in developed
countries [1]. Classic risk factors such as smoking, male gen-
der, hypertension and hyperlipidaemia do not fully explain
the risk of developing CHD [2]. There is a large difference in
incidence of CHD between Northern Ireland and France that
is only partly explained by classical risk factors [3], indicat-
ing that novel risk factors are likely to play a role in CHD
aetiology [4]. The PRIME study (Prospective Epidemiologi-
cal Study of Myocardial Infarction) was set up to investigate
possible reasons for the difference in CHD incidence between
Northern Ireland and France. There are four centres: three in
France (Lille in the north, Strasbourg in the East and Toulouse
in the southwest) and one in Belfast, Northern Ireland.

Homocysteine is a sulphur-containing, non-proteino-
genic, amino acid derived from the metabolism of the
dietary protein methionine [5]. The normal concentration
of total homocysteine in fasting subjects is between 5 and
15 �mol/l [6]. Most retrospective case-control studies sup-
port the hypothesis that homocysteine is a risk factor for CHD
[7] which has been confirmed by meta-analyses [8–11]. How-
ever it has been suggested that hyperhomocysteinaemia is not
a primary risk factor for CHD, but instead acts synergistically
with pre-existing CHD risk factors to increase the likelihood
of clinical CHD in subjects with atherosclerotic disease [7],
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were collected on tobacco and alcohol consumption and phys-
ical activity during clinic attendance.

The London School of Hygiene Cardiovascular (Rose)
Questionnaire for Chest Pain on Effort and Possible Infarc-
tion [12] was also administered.

2.3. Clinical examination

Baseline investigations included a standard 12-lead
electrocardiogram, and standardised blood pressure mea-
surements using an automatic sphygmomanometer (Spen-
gler SP9). Anthropometric measurements included height,
weight, and waist and hip circumferences. From these mea-
surements, body mass index (BMI) and waist-hip ratio
(WHR) were calculated.

2.4. Pre-existing CHD

Subjects were considered to have CHD at entry if they
reported at least one of the following events:

(i) Myocardial infarction (MI) and/or angina pectoris diag-
nosed by a physician.

(ii) Electrocardiographic evidence of MI.
(iii) A positive answer to the Rose questionnaire.

There were 9758 subjects without evidence of CHD at
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hus only emerging as a CHD risk factor in populations with
re-existing disease and/or CHD risk factors.

The aim of this study was firstly to investigate prospec-
ively whether there was an independent association between
levated homocysteine concentration and CHD risk in
ealthy middle-aged men; secondly, to determine whether
omocysteine interacts with pre-existing conventional CHD
isk factors, e.g. smoking, hypertension and hypercholestero-
aemia, to exert a multiplicative effect on CHD risk.

. Methods

Recruitment and examination methods have been
escribed previously [3]. Participation was voluntary and all
ubjects signed a consent form.

.1. Population recruitment

A total of 10 593 men aged 50–59 years were recruited
rom industry, various employment groups and general prac-
ice between 1991 and 1993. The sample was recruited to

atch broadly the social class structure of the background
opulation.

.2. Personal history

Each subject completed self-administered questionnaires
n demographic, socio-economic factors and dietary habits.
esponses were checked by medical staff, and additional data
tudy entry, 7359 in France and 2399 in Northern Ireland.

.5. Case-control selection and follow-up

Subjects were contacted annually by letter and asked to
omplete a clinical event questionnaire. Coronary events
ere defined as the presence of at least one of the follow-

ng: non-fatal MI, death from CHD or angina pectoris [13];
hese were independently validated by a Medical Commit-
ee, comprised of one member from each PRIME centre and
hree independent cardiologists. Medical information from
roposed cases was reviewed by the Committee and assigned
code according to a strict protocol.

Five-year follow-up has been completed. The total number
f new CHD cases identified was 335. Each case was matched
o two controls who were study participants of the same age
±3 years), recruited in the same centre on the same day as the
orresponding case (±2 days) and were free of CHD on the
ate of the ischaemic event of the case, giving 670 controls.

.6. Laboratory measurements

Venous blood samples were collected after a 12-h fast and
entrifuged within 4 h. All measurements were performed
lind to the investigating centre and samples from all four
entres were included in each analytical run.

Measurement of total and HDL cholesterol, triglycerides,
poB, glutathione peroxidase (GPx), fibrinogen, apoA1 and
p(a) were performed at the start of the study on all subjects.
lucose, bilirubin, cystatin C, B12, folate and homocysteine
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(tHcy) were only measured on subjects involved in the case-
control study.

Plasma for lipid analysis was sent weekly at 4 ◦C to
SERLIA-INSERM U325 (Pasteur Institute, Lille, France),
the coordinating laboratory. Methods used to measure base-
line lipid parameters, GPx and fibrinogen have been described
previously [3].

Bilirubin and glucose was measured using automated col-
orimetric assays (Sigma Diagnostics, UK; Randox, UK).
Homocysteine was measured by HPLC with fluorescence
detection according to the method of Ubbink and colleagues
[14]. Serum folate and Vitamin B12 were measured simulta-
neously by radioassay (ICN Pharmaceuticals, USA). Cystatin
C was measured by immunonephelometry (Dade Behring,
Reuil-Malmaison, France).

2.7. Statistical analysis

Variables with a skewed distribution (bilirubin, glucose,
fibrinogen, ApoB, folate, B12, Lp(a), homocysteine and
triglycerides) were logarithmically transformed and results
summarised as geometric mean and interquartile range. Pear-
son correlation coefficients were used to investigate the asso-
ciation between homocysteine concentration and other CHD
risk factors separately in cases and controls.

One-way ANOVA and independent samples t-tests were
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tors but also factors linked with homocysteine: namely B12,
folate and cystatin C. Statistical significance was assessed
using Wald’s test or by comparing the fits of the nested
models using likelihood-ratio tests. To test for differences
between countries in the relationship between homocysteine
and CHD, interaction terms were added in the conditional
logistic regression model.

In addition, the results were tested for interaction between
homocysteine concentration and smoking category regarding
CHD risk. Within each smoking category, a test was per-
formed to determine whether the differences in risk between
fifths of homocysteine deviated from a linear relationship.
This was done by comparing the fits of a model specifying a
linear relationship with one permitting any form of relation-
ship. These tests were then pooled over the three smoking
categories to give a composite test for deviation from linear-
ity in the relationship between homocysteine and CHD risk.

In order to justify the assumption of linearity in the trend
within each smoking sub-group, the fit of a model specifying
linear relationships was compared with one permitting any
form of relationship to give a likelihood-ratio test for non-
linearity.

Statistical significance was assessed as p < 0.05. All odds
ratios are quoted with 95% confidence intervals. Analy-
ses were performed using SPSS 11.0 software (SPSS Inc.,
Chicago, IL, USA) and STATA 8.0 statistical software (Stat-
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sed to examine the associations between homocysteine con-
entration and centre, smoking and alcohol intake separately
n cases and controls. Comparisons between cases and con-
rols for continuous variables were made using ANOVA,
djusting for case-control triplets by the inclusion of terms
epresenting triplets in the model; comparisons were sum-
arised as a difference in means between cases and con-

rols, adjusted for triplets; p-values are given. For variables
equiring log transformation the data were summarised as a
atio of geometric means in cases and controls, adjusted for
riplets. Conditional logistic regression was used to exam-
ne the relationships between smoking, alcohol intake and
hysical activity and case-control status.

To assess the relationship between homocysteine concen-
ration and CHD risk, the subjects were divided into fifths by
uintiles of the distribution of homocysteine concentration
n the control group. Conditional logistic regression was per-
ormed to estimate the odds of CHD risk for each fifth of the
omocysteine distribution relative to the lowest fifth. Tests
or heterogeneity in CHD risk between the five categories
re presented. Tests for trend in CHD risk across the five
ategories were obtained by fitting linear terms in the condi-
ional logistic model. Tests were also performed to check for
on-linearity in the relationship between risk and the fifths of
omocysteine concentration. Two further conditional logistic
odels were then fitted. In the first model, the odds ratios for

omocysteine concentration were adjusted for classical risk
actors, namely WHR, diastolic blood pressure (DBP), smok-
ng, total cholesterol, HDL and triglycerides. In the second

odel, the odds ratios were adjusted for the classic risk fac-
corp, College Station, TX, USA).

. Results

Correlations of variables with homocysteine concentra-
ion are shown in Table 1. In controls, homocysteine was
ound to have a weak positive correlation with WHR and a
eak inverse relationship with Lp(a). In cases, it was posi-

ively correlated with both DBP and fibrinogen, and in both
ases and controls there was a strong positive correlation with
ystatin C (p < 0.001 for both cases and controls) and a strong
egative correlation with folate (p < 0.001 for both cases and
ontrols).

Homocysteine was significantly higher and B12 signif-
cantly lower in Belfast compared with France (Table 2,
< 0.001 for both), although there was no significant dif-

erence in folate between countries. Because controls are
atched to cases for centre of examination as well as for

ge and date of examination, this difference in homocysteine
etween Belfast and France did not have to be considered in
urther analysis.

.1. Smoking

Homocysteine was significantly higher in current smokers
ompared with non-smokers (never and ex-smoker categories
ombined) (geometric mean, �mol/l (IQ range, �mol/l); cur-
ent smokers 9.45 (7.43, 11.75); non-smokers 8.90 (7.32,
0.70); p = 0.007), although the difference remained signif-
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Table 1
Pearson correlation coefficients for the association between plasma tHcy concentration and other cardiovascular risk factors for cases and controls (cases;
controls: 638; 323)

Variable Number of subjects, controls; cases Correlation coefficients

Controls Cases

Age 638; 323 −0.011 0.057
BMI 638; 323 −0.009 −0.005
Waist-hip ratio 636; 322 0.080* 0.029
Systolic blood pressure 637; 322 0.034 0.078
Diastolic blood pressure 637; 322 0.019 0.111*

Total cholesterol 634; 321 0.054 0.076
HDL cholesterol 634; 321 −0.025 0.008
Triglycerides§ 634; 321 0.061 0.076
Glucose§ 577; 302 −0.028 −0.046
Fibrinogen§ 623; 311 0.070 0.172†
ApoB§ 634; 321 0.076 0.075
Folate§ 598; 304 −0.143‡ −0.221‡
B12

§ 596; 304 −0.058 −0.049
Lp(a)§ 632; 321 −0.084* −0.013
GPx 581; 301 −0.007 0.008
Bilirubin§ 414; 209 −0.008 −0.023
Cystatin C 635; 320 0.195‡ 0.316‡
ApoA-1 634; 321 −0.033 0.087

Significance indicated by *p < 0.05; †p < 0.01; ‡p < 0.001. §Denotes variables which have been log transformed.

icant only in cases (p = 0.02) but not controls (p = 0.88).
Folate concentration was significantly lower in current smok-
ers compared with non-smokers (geometric mean �mol/l
(IQ range, �mol/l); current smokers 6.67 (4.67, 9.81); non-
smokers 7.59 (5.47, 11.18); p = 0.001). Again this difference
remained significant only in cases (p < 0.001) and not in con-
trols (p = 0.54). There was no significant difference in B12
between current and non-smokers (p = 0.75), in either cases
(p = 0.58) or controls (p = 0.87).

Homocysteine was significantly correlated with the num-
ber of cigarettes smoked in cases (r = 0.18; p = 0.05) and cases
and controls combined (r = 0.13; p = 0.03), although not in
controls alone (r = 0.06; p = 0.43). Folate was not signifi-
cantly correlated with quantity smoked in combined cases
and controls (r = −0.03; p = 0.67), or in cases (r = −0.03;
p = 0.74) or controls (r = 0.01; p = 0.93) alone. There was
a significant association between serum B12 concentration
and quantity smoked in cases (r = 0.18; p = 0.05), but not in
controls (r = 0.00; p = 0.97) or combined cases and controls
(r = 0.08; p = 0.18).

Tables 3 and 4 show comparisons of baseline risk factors
between cases and controls, adjusted for the triplet grouping.

Cases had significantly higher BMI, WHR, SBP, DBP, total
cholesterol, triglycerides, cystatin C, glucose fibrinogen and
ApoB and lower HDL cholesterol, bilirubin, compared with
controls. There was no significant difference in homocysteine
concentration between cases and controls (p = 0.18).

3.2. Homocysteine and CHD risk

There was no significant difference in CHD risk between
fifths of homocysteine concentration (Table 5) when assessed
using either a test of heterogeneity between the five cate-
gories (p = 0.98) or a test for linear trend (p = 0.57). Adjusting
for both classical risk factors (WHR, DBP, smoking, total
cholesterol, HDL cholesterol and triglycerides) and variables
traditionally linked with homocysteine (B12, folate and cys-
tatin C) did not significantly alter the relationship between
fifths of homocysteine concentration and CHD risk.

3.3. Interaction with CHD risk factors

There was no significant difference in the odds ratios for
CHD risk in never smokers and ex-smokers (Table 6). How-

Table 2
Comparison of homocysteine, folate and B12 in France and Belfast

V

H

F

B

ariable Centre (number of subjects)

omocysteine (�mol/l) France (567)
Belfast (394)

olate (ng/ml) France (540)
Belfast (392)

12 (pg/ml) France (540)
Belfast (390)
Geometric mean (IQ range) p-Value

8.66 (7.04, 10.44) <0.001
9.70 (7.90, 11.65)

7.25 (5.00, 10.79) 0.84
7.31 (5.27, 10.66)

570 (423, 797) <0.001
478 (346, 680)
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Table 3
Comparison of baseline risk factors between cases and controls by analysis of variance with inclusion of terms for triplet in the model

Variable Number of case;
controls

Cases, mean
(S.D.)

Controls, mean
(S.D.)

Adjusted difference
between means (95% CI)

p-Value

BMI (kg/m2) 335; 670 27.30 (3.63) 26.66 (3.52) 0.64 (0.18, 1.10) 0.007
Waist-to-hip ratio 334; 668 0.970 (0.062) 0.956 (0.059) 0.013 (0.006, 0.021) <0.001
Systolic blood pressure (mmHg) 334; 669 140.0 (21.8) 133.8 (18.3) 6.2 (3.7, 8.7) <0.001
Diastolic blood pressure (mmHg) 334; 669 86.5 (12.2) 83.5 (11.9) 3.0 (1.5, 4.5) <0.001
Total cholesterol (mmol/l) 333; 666 6.03 (1.01) 5.78 (1.07) 0.25 (0.12, 0.39) <0.001
HDL cholesterol (mmol/l) 333; 666 1.14 (0.33) 1.22 (0.33) −0.08 (−0.12, −0.04) <0.001
Cystatin C (mg/l) 331; 664 0.81 (0.15) 0.78 (0.14) 0.03 (0.01, 0.05) 0.001

The data are presented as crude means (standard deviation (S.D.)) in cases and controls and then as the difference (case minus control) adjusted for the
case-control triplet. The p-value is quoted for a comparison of the adjusted differences; nmax = maximum number.

Table 4
Comparison of baseline risk factors between cases and controls by analysis of variance using logarithmically transformed data with inclusion of terms for
triplets in the model

Variable Number of
cases; controls

Cases, geometric
mean (IQ range)

Controls, geometric
mean (IQ range)

Adjusted ratio of geometric
means (95% CI)

p-Value

Bilirubin (�mol/l) 216; 434 7.95 (5.32, 12.33) 9.07 (6.16, 12.76) 0.87 (0.79, 0.96) 0.005
Glucose (mmol/l) 313; 604 5.42 (4.79, 5.59) 5.19 (4.76, 5.58) 1.04 (1.01, 1.07) 0.005
Triglycerides (mmol/l) 333; 666 1.50 (1.05, 2.05) 1.37 (0.93, 1.87) 1.10 (1.02, 1.17) 0.009
Fibrinogen (g/l) 323; 654 3.47 (2.90, 4.15) 3.25 (2.75, 3.72) 1.07 (1.03, 1.10) <0.001
ApoB (mg/dl) 333; 666 1.38 (1.19, 1.57) 1.27 (1.08, 1.48) 1.09 (1.05, 1.12) <0.001
Homocysteine (�mol/l) 323; 638 9.27 (7.49, 11.06) 8.97 (7.26, 10.91) 1.03 (0.99, 1.08) 0.18
Folate (ng/ml) 312; 620 7.34 (5.19, 10.81) 7.25 (5.09, 10.67) 1.00 (0.93, 1.07) 0.95
B12 (pg/ml) 312; 618 553 (407, 758) 518 (380, 726) 1.07 (1.00, 1.14) 0.07

The data are presented as crude geometric means (interquartile range (IQ)) in cases and controls and then as the ratio (case/control) adjusted for the case-control
triplet. The p-value is quoted for a comparison of the adjusted means.

Table 5
Conditional logistic regression analysis showing the unadjusted and adjusted odds ratio (OR) of CHD risk for fifths of homocysteine concentration based on
control values

Homocysteine (�mol/l) Unadjusted OR (95%
CI), number of
subjects 943

p-Value Adjusted model 1 OR
(95% CI), number of
subjects 931

p-Value Adjusted model 2 OR
(95% CI), number of
subjects 821

p-Value

≤7.00 1.00 1.00 1.00
7.01–8.17 1.06 (0.67, 1.66) 0.81 1.09 (0.68, 1.75) 0.72 0.93 (0.55, 1.57) 0.78
8.18–9.63 1.05 (0.68, 1.62) 0.82 1.06 (0.67, 1.67) 0.81 1.06 (0.64, 1.75) 0.82
9.64–11.41 1.05 (0.68, 1.63) 0.82 0.95 (0.59, 1.51) 0.81 0.88 (0.52, 1.49) 0.63
>11.41 1.15 (0.75, 1.78) 0.53 1.10 (0.69, 1.75) 0.69 1.01, (0.60, 1.69) 0.98

Unadjusted model test for heterogeneity: χ2 = 0.43, d.f. = 4, p = 0.98. Test for trend χ2 = 0.32, d.f. = 1, p = 0.57; OR 1.03 (95% CI 0.93, 1.13). Model 1: adjusted
for, WHR, DBP, smoking, total cholesterol, HDL cholesterol and triglycerides. Test for heterogeneity: χ2 = 0.61, d.f. = 4, p = 0.96. Test for trend χ2 = 0.01,
d.f. = 1, p = 0.94; OR 1.00 (95% CI 0.91, 1.11). Model 2: adjusted for model 1 variables (WHR, DBP, smoking, total cholesterol, HDL cholesterol and
triglycerides) and B12, folate, and cystatin C. Test for heterogeneity: χ2 = 0.72, d.f. = 4, p = 0.95. Test for trend χ2 = 0.03, d.f. = 1, p = 0.94; OR 1.00 (95% CI
0.88, 1.12).

Table 6
Relationship between homocysteine concentration and CHD risk according
to smoking status, adjusted for WHR, DBP, total cholesterol, HDL choles-
terol, triglycerides, glucose, alcohol, physical activity, ApoB, fibrinogen,
GPx, B12, folate, Lp(a) and cystatin C

Smoking category Odds ratio (95% CI) p-Value

Never-smokers 0.76 (0.57, 1.02) 0.07
Current smoker 1.30 (1.05, 1.60) 0.015
Ex-smokers 0.92 (0.75, 1.12) 0.40

The odds ratios represent the increase in risk per step up the 5-point homo-
cysteine scale. Test for differences in trend χ2 = 10.29, d.f. = 2, p = 0.006.
Test for non-linearity χ2 = 11.90, d.f. = 9, p = 0.22.

ever, in current smokers there was a significant increase in
the odds ratio for CHD risk per step up the 5-point homocys-
teine scale (p = 0.015), suggesting that elevated homocysteine
is significantly associated with CHD risk in current smok-
ers. The trend in CHD risk across fifths of homocysteine
was significantly different in never, current and ex-smokers
(χ2 = 10.29, d.f. = 2, p = 0.006). A test for departures from
linearity pooled across the three smoking categories was non-
significant (χ2 = 11.90, d.f. = 9, p = 0.22).

Thus, there was no significant difference in CHD risk
according to homocysteine concentration in never and ex-
smokers, but in current smokers there was a significant
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increase in CHD risk per step up the 5-point homocysteine
scale.

There was no interaction between homocysteine and blood
pressure or total cholesterol, and therefore homocysteine was
not found to modify the relationship between these factors
and CHD risk (data not shown).

4. Discussion

4.1. Homocysteine, CHD risk and interaction with
smoking

In the PRIME study there was no significant difference in
homocysteine between cases and controls and no association
between homocysteine and CHD risk.

Studies have not consistently shown that homocysteine
is a risk factor for CHD. Although recent meta-analyses
[8,9,11] and most retrospective case-control studies support
the hypothesis that homocysteine is a CHD risk factor [7],
several prospective studies have failed to demonstrate an
association between homocysteine concentration and CHD
risk [15–19].

It has been suggested that hyperhomocysteinaemia may
not be a primary risk factor for CVD, but may require pre-
existing CHD risk factors with which to interact to increase
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number of recent studies have shown smokers to have reduced
folate levels [22–26], with one study suggesting a direct and
independent effect on erythrocyte folate concentration [25].

However, because smokers have been shown to have a
lower vitamin intake than non-smokers [27,28] without nutri-
tional information it is impossible to state whether smok-
ing has an independent effect on folate concentration in
PRIME. The absence of a relationship between B12 concen-
tration and smoking is in keeping with most previous findings
[24–26,29], although not all [30].

Given the effect of smoking on folate, it is not surprising
that smoking has been associated with homocysteine concen-
tration. As in PRIME, previous studies have demonstrated
significantly higher homocysteine in current smokers com-
pared with non-smokers [30–32]. Furthermore, in PRIME
homocysteine concentration was significantly correlated with
the quantity smoked, suggesting a dose-dependent effect on
homocysteine concentration, also shown in previous studies
[26,31,32].

The mechanism by which smoking raises homocys-
teine levels is not known. Constituents of cigarette smoke
may act upon the enzymes and cofactors involved in the
remethylation of homocysteine to methionine, e.g. tetrahy-
drofolates [33,34], and methionine synthase [35]. Alterna-
tively, increased total homocysteine could be due to elevated
reduced-homocysteine in smokers, possibly as a defence
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HD risk synergistically, thereby only increasing the likeli-
ood that pre-existing atherosclerotic disease will progress
o clinical disease [15]. In the PRIME case-control cohort,
uch an interaction was observed between homocysteine and
moking status. The relationship between homocysteine and
HD risk was significantly different in never, current and ex-

mokers. A significant increase in CHD risk with increasing
omocysteine was found only in current smokers indicating
hat homocysteine and smoking interact to increase CHD risk.

This result agrees with the findings of the European Con-
erted Action Project [20]. In that study, an independent dose-
esponse between homocysteine and CHD risk was detected.
dditionally, interaction effects were noted, with elevated
omocysteine causing a multiplicative effect on risk with
moking, hypertension and hypercholesterolaemia, increas-
ng it 2–3-fold. There was a significant interaction between
moking and homocysteine (p = 0.04) with the odds ratios for
ascular disease in separate smoking categories found to be
ndependent of B-vitamin and folate status [21].

There are a number of plausible reasons why smoking
nd hyperhomocysteinaemia interact to have a multiplicative
ffect on risk. These include their similar effects on the vas-
ular system or increasing oxidative stress [21].

.2. Homocysteine, folate and smoking

In the PRIME case-control cohort, homocysteine was sig-
ificantly higher, while folate was significantly lower, in
urrent smokers compared with non-smokers (cases and con-
rols combined) with no significant difference in B12 status. A
echanism against oxidative stress [36].

.3. Differences by country

Homocysteine concentration was significantly higher and
12 significantly lower in Northern Ireland compared with
rance, with no significant difference in folate. This suggests

hat the difference in homocysteine between countries may be
ue to differences in B12 status, although it is possible (but
nlikely) that genetic differences between the populations
ay also be contributory.

.4. Homocysteine, folate and B12

In the PRIME case-control cohort, there was a significant
egative correlation between homocysteine concentration
nd plasma folate concentration in both cases and controls.
his is as expected, because the folate cycle is linked to the
omocysteine remethylation pathway. MTHFR reduces 5,10-
ethylene THF to 5-methyl THF, which is the only reaction

n the cell generating 5-methyl THF, the main form of folate
ound in the plasma. It donates the methyl group required to
onvert homocysteine to methionine. Therefore, low plasma
olate reduces homocysteine remethylation.

However, there was no correlation between B12 and homo-
ysteine concentration in the PRIME study. It is possible
hat B12 may only correlate with homocysteine concentration
n the presence of a B12 deficiency, when it then becomes
he rate limiting factor in the remethylation of homocys-
eine to methionine. The normal values are, for B12 greater
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than160 pg/ml and for folate, greater than 1.5 ng/ml. B12 was
measured in 900 subjects in the PRIME cohort. Only 15 of
these had a B12 level less than 160 pg/ml. Therefore, few
subjects in the PRIME cohort were deficient in B12, and
this may account for the lack of association with homo-
cysteine. Other studies have also failed to demonstrate an
association between B12 and homocysteine concentration
[37–40].

4.5. Homocysteine and cystatin C

Homocysteine concentration is dependent on renal func-
tion, although few studies have controlled for renal func-
tion. Cystatin C is a more sensitive marker than creatinine
[41], thus the highly significant positive correlation between
homocysteine and cystatin C in PRIME is as expected. It is
interesting that this association is so marked in subjects with
essentially normal renal function.

5. Conclusion

The results of the PRIME study suggest that in healthy,
middle-aged male populations homocysteine is not an inde-
pendent risk factor for CHD. However in PRIME elevated
homocysteine did act as a CHD risk factor in current smok-
e
w
i
o
e

A

r
c
t
t
C
d
C
t
r
l
H
A

R

[3] Yarnell JW. The PRIME study: classical risk factors do not explain
the severalfold differences in risk of coronary heart disease between
France and Northern Ireland. Prospective Epidemiological Study of
Myocardial Infarction. QJM 1998;91:667–76.

[4] Scarabin PY, Arveiler D, Amouyel P, et al. Plasma fibrinogen
explains much of the difference in risk of coronary heart disease
between France and Northern Ireland. The PRIME study. Atheroscle-
rosis 2003;166:103–9.

[5] Finkelstein JD. Methionine metabolism in mammals. J Nutr Biochem
1990;1:228–37.

[6] Refsum H, Fiskerstrand T, Guttormsen AB, Ueland PM. Assessment
of homocysteine status. J Inherit Metab Dis 1997;20:286–94.

[7] Ueland PM, Refsum H, Beresford SAA, Vollset SE. The contro-
versy over homocysteine and cardiovascular risk. Am J Clin Nutr
2000;72:324–32.

[8] Homocysteine and risk of ischemic heart disease and stroke: a meta-
analysis. JAMA 2002;288:2015–22.

[9] Ford ES, Smith SJ, Stroup DF, et al. Homocyst(e)ine and cardio-
vascular disease: a systematic review of the evidence with special
emphasis on case-control studies and nested case-control studies. Int
J Epidemiol 2002;31:59–70.

[10] Lowering blood homocysteine with folic acid based supplements:
meta-analysis of randomised, trials. Homocysteine Lowering Trial-
ists’ Collaboration. BMJ 1998;316:894–8.

[11] Wald DS, Law M, Morris JK. Homocysteine and cardiovascular
disease: evidence on causality from a meta-analysis. Br Med J
2002;325:1202K–6K.

[12] Rose GA, Blackburn H, Gillum RR, Prineas RJ. Cardiovascular sur-
vey methods. 2nd ed. Geneva: World Health Organisation; 1982 (Ref
Type: Pamphlet).

[13] Ducimetiere P, Ruidavets JB, Montaye M, Haas B, Yarnell J. Five-

[

[

[

[

[

[

[

[

[

[

rs. This suggests that homocysteine requires an interaction
ith another CHD risk factor before playing a role in elevat-

ng CHD risk. Thus, future research may benefit by focusing
n the role of homocysteine in CHD in patients with pre-
xisting disease and/or risk factors.

cknowledgements

We thank the following organizations which allowed the
ecruitment of the PRIME subjects: the Health screening
entres organized by the Social Security of Lille (Insti-
ut Pasteur), Strasbourg, Toulouse and Tourcoing; Occupa-
ional Medicine Services of Haute-Garonne, of the Urban
ommunity of Strasbourg; the Association Inter-entreprises
es Services Médicaux du Travail de Lille et environs; the
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