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Abstract

Objectives—To examine the prospective
relation between total homocysteine and
major coronary heart disease events.
Design—A nested case—control study car-
ried out within the British regional heart
study, a prospective investigation of
cardiovascular disease in men aged 40-59
years at entry. Serum total homocysteine
concentrations were analysed retrospec-
tively and blindly in baseline samples
from 386 cases who had a myocardial inf-
arct during 12.8 years of follow up and
from 454 controls, frequency matched by
age and town.

Results—Geometric mean serum total
homocysteine was slightly higher in cases
(14.2 pmol/l) than in controls (13.5 pmol/
1), a proportional difference of 5.5% (95%
confidence interval (CI) —0.02% to 10.8%,
p = 0.06). Age adjusted risk of myocardial
infarction increased weakly with log total
homocysteine concentration; a 1 SD in-
crease in log total homocysteine (equival-
ent to a 47% increase in total homo-
cysteine) was associated with an increase
in odds of myocardial infarction of 1.15
95% CI 1.00 to 1.32; p = 0.05). The
relation was particularly marked in the
top fifth of the total homocysteine distri-
bution (values >16.5 pmol/l), which had an
odds ratio of 1.77 (95% CI 1.28 to 2.42)
compared with lower levels. Adjustment
for other risk factors had little effect on
these findings. Total homocysteine con-
centrations more than 16.5 pmol/l ac-
counted for 13% of the attributable risk of
myocardial infarction in this study popu-
lation. Serum total homocysteine among
control subjects varied between towns and
was correlated with town standardised
mortality ratios for coronary heart dis-
ease (r = 0.43,p = 0.08).
Conclusions—Serum total homocysteine
is prospectively related to increased cor-
onary risk and may also be related to geo-
graphical variation in coronary risk
within Britain. These results strengthen
the case for trials of total homocysteine
reduction with folate.

(Hearr 1999;82:448-454)
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Homocystinuria is a rare genetic disorder
involving impaired metabolism of the sulphur
containing amino acid, homocysteine. It is

associated with markedly raised blood concen-
trations of total homocysteine and with a high
risk of thromboembolic events, including myo-
cardial infarction, in adolescence and even in
childhood.' > A moderate rise in total homo-
cysteine concentration is also associated with
increased risk of arteriosclerotic vascular
events and venous thrombosis.”” In the general
population, moderate hyperhomocysteinaemia
is a common condition which usually results
from deficiency of nutritional factors required
for homocysteine metabolism (folate, vitamin
B-12, and possibly vitamin B-6) and from mild
genetic defects.®’

In an overview of 17 studies (both retrospec-
tive and prospective) examining the relation
between total homocysteine and coronary
heart disease, Boushey ez a/ found that 14
showed a positive association, with an in-
creased odds of 1.6 for men and 1.8 for women
for each 5 pmol/l increase in total
homocysteine.* However, most of the studies
reviewed were retrospective; only three®'® were
based on blood samples collected before the
onset of clinical disease. Moreover, the results
of these prospective studies, and three pub-
lished subsequently,'"” were not consistent
with one another." In the US physicians’
health study cohort, the risk of myocardial inf-
arction was increased in the top 5% of the total
homocysteine distribution.® Consistent graded
associations between serum total homocysteine
concentration and risk of coronary events were
found both in the Tromse study'® and the Brit-
ish BUPA cohort,” while a graded relation
between total homocysteine level and all cause
mortality was observed in a study of Norwe-
gian men and women with established coron-
ary artery disease.'” In contrast, in neither the
Finnish North Karelia project’ nor the Ameri-
can multiple risk factor intervention trial
(MRFIT)" was any association observed be-
tween total homocysteine and coronary heart
disease.

We have examined the relation between
serum total homocysteine concentration and
risk of major coronary heart disease events,
looking both for graded and non-linear associa-
tions, using a nested case—control study design
within the British regional heart study cohort.
The strengths of such a design are its prospec-
tive nature and, in this case, its ability to take a
wide range of potential confounding factors
into account. An association between serum
total homocysteine and risk of stroke has
already been demonstrated in an earlier,
smaller, nested case—control study within this
study population.” '
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Methods

STUDY DESIGN AND ANALYSIS

A nested case—control study was conducted
within the British regional heart study, a longi-
tudinal study of cardiovascular disease in 7735
middle aged men aged 40-59 years initially
examined in 1978-1980. Approval of local
research ethics committees was obtained.
Participants were randomly selected from the
age-sex registers of representative group Gen-
eral Practices in each of 24 towns across
England, Wales, and Scotland (response rate
78%). The criteria for selecting the towns, the
general practices, and the subjects, as well as
the methods of data collection, have been pre-
sented in detail elsewhere.'” The cases were
first major coronary heart disease events, fatal
and non-fatal, occurring between the begin-
ning of follow up and December 1991 in 18
study towns in which serum aliquots had been
routinely stored, but automatically excluding a
random subsample selected for earlier case—
control studies.” '°*' Cases with pre-existing
coronary heart disease were not excluded, but
the influence of these subjects on the results
has been specifically examined. Controls were
subjects who survived to the end of the study
period free from incident myocardial infarction
and stroke. They were randomly selected, with
frequency matching to cases by town and by
age group (in five year age bands); reserve con-
trols were identified in case serum samples
could not be identified or were inadequate.
The study was designed to be of sufficient size
to detect an increase in the odds of first
myocardial infarction of 1.5 in the top half of
the total homocysteine distribution compared
with the bottom half with 80% power at
p = 0.05.

DATA COLLECTION

Baseline

At entry to the study, a nurse administered a
questionnaire to each man on occupation,
smoking habits, alcohol intake, habitual physi-
cal activity, and medical history, including a
modified WHO (Rose) chest  pain
questionnaire.” Social class was based on the
longest held occupation, using the Registrar
General’s 1971 classification and including a
separate category for armed forces. Cigarette
smoking was classified into six groups, current
smokers (1-19, 20, 21-39, 40+/day), ex-
smokers, and never smokers. Alcohol intake
was classified into five groups: none, occasional
(< 1 unit/week), light (1-15 units/week), mod-
erate (16-42 units/week), and heavy (> 42
units/week). A physical activity score with six
levels (inactive, occasional, light, moderate,
moderately vigorous, vigorous) was derived
from the physical activity questionnaire.” Body
mass index (weight/height’) was used as an
index of relative weight. Blood pressure was
measured twice with the subject seated using a
London School of Hygiene sphygmomanom-
eter. The mean of the two readings was used in
the analysis; all blood pressure readings were
adjusted for observer variation within each
town. Forced expiratory volume in one second
(FEV,) was measured twice with the subject
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seated using a spirometer; data are based on
the maximum value and have been standard-
ised for height. An orthogonal three lead ECG
was recorded. A non-fasting blood sample was
collected for laboratory analysis; in the last 18
towns serum was stored at —20°C for later
analyses.

Follow up

All men were followed up for all cause
mortality (through National Health Service
Central Registers) and for cardiovascular mor-
bidity (through reports from general practi-
tioners, supplemented by regular reviews of
general practice records) to December 1991
(mean follow up 12.8 years). Fewer than 1% of
subjects were lost to follow up over this period.

CLASSIFICATION OF HEART DISEASE

Presence of pre-existing coronary heart disease
This was based on one or more of the
following: definite angina; possible or definite
myocardial infarction on Rose questionnaire;
recall of a doctor’s previous diagnosis of angina
or myocardial infarction; or ECG evidence of
possible or definite myocardial ischaemia or
infarction."®

Incident myocardial infarction

Fatal cases of ischaemic heart disease were
ascertained on the basis of a death certificate
with ICD-9 codes 410-414 as the underlying
cause of death. Non-fatal myocardial infarction
was diagnosed in accordance with WHO
criteria® on the basis of at least two of the fol-
lowing: severe prolonged chest pain, ECG evi-
dence of myocardial infarction, cardiac enzyme
changes. Death occurring within 28 days of the
onset of symptoms led to reclassification as a
fatal episode.

BLOOD COLLECTION AND LABORATORY METHODS

Non-fasting venous blood samples were ob-
tained at the baseline examination between
08:30 and 18:30. Serum was separated on site
within an hour of venepuncture, stored at 4°C
until the following day and at —20°C thereafter.
Serum total homocysteine was determined,
blind to case/control status, in the department
of clinical biology, University of Bergen, after a
storage period of 17-19 years, during which
the samples had been thawed twice. A modifi-
cation of an automated assay was used, based
on pre-column derivatisation with monobro-
mobimane, followed by reverse phase high per-
formance liquid chromatography with fluores-
cence detection.”*” The between-day
coefficient of variation is less than 5%.
Replicate measurements were routinely per-
formed; all values presented are based on the
mean of two values. Methods of analysis of
blood lipids, urate, and packed cell volume
have been described elsewhere.*

STATISTICAL ANALYSIS

Statistical analyses were carried out using the
SAS statistical package. Serum total homo-
cysteine concentrations followed a log normal
distribution and were accordingly log trans-
formed for analysis; differences between cases
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Table 1  Characteristics of cases and controls

Cases Controls Mean difference (95% CI)
(n = 386) (n =454) adjusted for age
Age (years) 52.4 (5.4) 51.7 (5.5)
Body mass index (kg/m?) 25.7 (3.4) 25.4 (3.3) 0.3 (-0.2t0 0.8)
Systolic BP (mm Hg) 152.4 (21.3) 147.2 (21.4) 4.6 (1.7 to 7.4)***
Diastolic BP (mm Hg) 85.7 (14.4) 82.9 (13.2) 2.7 (0.8 to 4.6)***
Serum cholesterol (mmol/l) 6.6 (1.1) 6.2 (1.0) 0.5 (0.3 to 0.6)***
HDL cholesterol (mmol/l) 1.08 (0.26) 1.16 (0.30) —0.08 (=0.04 to —0.12)***
FEV, (litres) 3.09 (0.67) 3.28 (0.73) —0.16 (=0.06 to —0.25)***
Packed cell volume (%) 45.1 (3.4) 44.2 (3.3) 0.8 (0.4 to 1.3)***
Serum urate (umol/l) 365.4 (78.8) 349.2 (67.8) 16.2 (6.0 to 26.3)***
Serum creatinine (umol/l) 99.7 (18.7) 98.1 (13.8) 1.4 (0.9 to 3.6)
Odds ratio (95% CI)
adjusted for age

Social class (% manual) 67 60 1.34 (1.00 to 1.79)*
Current cigarette smokers (%) 55 43 1.71 (1.30 to 2.25)***
Heavy drinkers (%) 12 11 1.04 (0.68 to 1.59)
Diabetes (%) 3 2 1.62 (0.64 to 4.08)
Physically inactive/occasional

exercise (%) 44 42 1.06 (0.81 to 1.40)
Pre-existing CHD (%) 44 26 2.23 (1.66 to 2.99)***

Values are mean (SD) or %.
*p < 0.05; ***p < 0.001.

BP, blood pressure; CHD, coronary heart disease; CI, confidence interval; FEV,, forced expiratory
volume in one second; HDL, high density lipoprotein.

and controls were examined using the ¢
statistic. Analyses of total homocysteine fifths
or centiles are based on the total homocysteine
distribution among control subjects. Compari-
sons of frequencies have been carried out using
y” tests or Fisher’s exact test as appropriate.
Standard linear regression techniques using
PROC GLM were used to obtain age adjusted
mean values. Adjusted odds ratios were ob-
tained using PROC LOGIST. Age, systolic
pressure, blood glucose, FEV |, and cholesterol
were fitted as continuous variables (fitting each
at five levels made no difference to the
estimated effect of total homocysteine). Smok-
ing (six levels), alcohol intake (five levels),
social class (seven levels), and town (18 levels)
were fitted using dummy variables. For de-
scriptive purposes towns were grouped into
three geographical regions (southern England,
northern England, and Scotland); southern
and northern England were separated by a line
joining the Wash and the Bristol Channel. The
population attributable risk fraction (PARF) is
the proportion of total risk (3r X p) which is
attributable to the specific risk factor, (r — 1) x
p> where r is the relative risk and p the
proportion of the population exposed.

Results

CHARACTERISTICS OF CASES AND CONTROLS

Of 459 cases sought, 386 samples (84%) were
located and analysed, and 172 (45%) of these
were from fatal cases. Of 454 controls sought,
424 samples (93%) were located and analysed,
with 30 replacements. The characteristics of
cases and controls are shown in table 1. Cases
were slightly older than controls, and (even
after age adjustment) had significantly higher
mean values of blood pressure, cholesterol,
packed cell volume, and urate, and lower mean
values of high density lipoprotein cholesterol
and FEV, than the control subjects. As
expected, the prevalences of cigarette smoking,
manual social class, and pre-existing coronary
heart disease were markedly higher in cases
than controls. The distributions of total homo-

Whincup, Refsum, Perry, et al

cysteine in cases and controls are shown in fig
1. From the 20th centile upwards, total homo-
cysteine concentrations for cases were higher
than those for controls; the difference became
increasingly marked in the upper part of the
distribution. However, the geometric mean
total homocysteine concentration in cases
(14.2 pmol/l) was only slightly higher than that
in controls (13.7 umol/l), and the proportional
difference was of marginal statistical signifi-
cance (5.5%, 95% confidence interval (CI)
—-0.02% to 10.8%, p = 0.06).

TOTAL HOMOCYSTEINE AND CARDIOVASCULAR
RISK FACTORS AMONG CONTROL SUBJECTS

The relations between serum total homo-
cysteine and cardiovascular risk factors among
control subjects are summarised in tables 2 and
3. Total homocysteine was positively associated
with packed cell volume and inversely with
FEV; no consistent associations with age, cre-
atinine, blood pressure, or lipids were apparent
in this study population. Total homocysteine
was strongly related to region, but not to social
class, cigarette smoking, heavy alcohol intake,
and physical activity. Although total homo-
cysteine concentrations appeared somewhat
higher in subjects with diabetes, they were not
strongly affected by the presence of pre-
existing coronary heart disease.

GEOGRAPHICAL VARIATION IN TOTAL
HOMOCYSTEINE AMONG CONTROL SUBJECTS
There was marked geographical variation in
geometric mean serum total homocysteine
among controls, with the lowest value (11.1
umol/l) in Bedford and the highest (17.1) in
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Figure 1 Cumulative frequency plot showing the

distribution of total homocysteine concentrations among
cases and controls.

Table 2 Correlation between serum total homocysteine
and cardiovascular risk factors among control subjects

Correlation

coefficient p Value
Age (years) 0.08 0.09
Body mass index (kg/m?) -0.07 0.12
Systolic BP (mm Hg) 0.03 0.49
Diastolic BP (mm Hg) 0.04 0.38
Serum cholesterol (mmol/l) -0.03 0.48
HDL cholesterol (mmol/l) 0.04 0.38
FEV, (litres) -0.13 0.006
Packed cell volume (%) 0.12 0.01
Urate (umol/l) 0.06 0.17
Creatinine (mmol/l) 0.06 0.23

BP, blood pressure; FEV , forced expiratory volume in one sec-
ond; HDL, high density lipoprotein.
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Table 3 Serum total homocysteine: associations with other
factors among control subjects

Geometric mean
total homocysteine

Factor n (umolll) p Value
Cigarette smoking

Current smoker 194 13.7

Ex-smoker 156 13.3

Never smoked 104 133 0.64
Alcohol intake

Heavy drinker 52 13.6

All others 402 135 0.90
Physical activity

Inactive/occasional

exercise 189 13.6

All others 254 135 0.90
Pre-existing CHD

Present 116 13.9

Absent 338 133 0.33
Diabetes

Present 8 10.5

Absent 446 13.6 0.06
Social class

Manual 267 13.8

Non-manual 175 12.9 0.10
Region

Southern England 115 12.7

Northern England 258 13.3

Scotland 81 15.5 0.0008

CHD, coronary heart disease.
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Figure 2 Geometric mean total serum homocysteine in
control subjects and standardised mortality rarios (SMR)

for ischaemic heart disease (men 35—64 years, 1979—1983),
by town.

Ayr. When towns were grouped into major
regions, total homocysteine was lowest in
southern England, intermediate in northern
England, and highest in Scotland (table 3). In
an ecological analysis, town geometric mean
total homocysteine concentrations among con-
trols were weakly correlated (r=0.43,
p = 0.08) with town standardised mortality

Table 4  Relative risk of major coronary heart disease events in each fifth of total
homocysteine compared with the first

Serum total

Odds ratios (95% confidence intervals)

homocysteine (umol/l) A B

<104 1.00 1.00

10.4- 0.72 (0.46 to 1.13) 0.77 (0.46 to 1.29)
12.0- 0.69 (0.44 to 1.09) 0.69 (0.41to 1.17)
13.5- 0.86 (0.55 to 1.35) 0.89 (0.52 to 1.50)
16.6— 1.43 (0.94 t0 2.19) 1.45 (0.88 to 2.38)

A, adjusted for age group, town.

B, adjusted for age group, town, cigarette smoking, systolic blood pressure, serum cholesterol, high
density lipoprotein cholesterol, forced expiratory volume in one second, packed cell volume,
serum urate, serum creatinine, social class, alcohol intake, physical activity, body mass index.
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ratios (SMR) for ischaemic heart disease
during the five year period 1979 to 1983 (fig 2).
A similar pattern of between town variation in
total serum homocysteine concentrations was
observed among the cases; the values were cor-
related both with control levels (r= 0.50,
p = 0.03) and, more weakly, with SMR values
for ischaemic heart disease (r= 0.35,
p =0.15).

TOTAL HOMOCYSTEINE AND CORONARY RISK
Log transformed total serum homocysteine
showed a positive relation with coronary risk.
For each 1 SD increase in log total homo-
cysteine (equivalent to a 47% rise in total
homocysteine concentration), the odds of
myocardial infarction increased by 1.15 (95%
CI 1.00 to 1.32; p = 0.05). When the relation
between total serum homocysteine and coron-
ary risk was examined in fifths of the total
homocysteine distribution (table 4), the in-
creased risk was entirely in the top fifth (total
serum homocysteine > 16.5 umol/l), which had
an odds ratio of 1.76 (95% CI 1.28 to 2.43,
p = 0.0006) when compared with the lower
four groups together—suggesting a threshold
effect in the relation. The odds ratio of a
coronary event above the 95th centile of the
control total homocysteine distribution (serum
total homocysteine > 25.8 pmol/l) was 1.81
(95% CI 1.02 to 3.23, p=0.04) when
compared with values below the 80th centile of
the control total homocysteine distribution.
The odds ratio of a coronary event at total
homocysteine concentrations > 15.8 pumol/l,
compared with values < 14.1 umol/l (a replica-
tion of the principal analysis in the US
physicians’ health study®) was 1.76 (95% CI
1.28 to 2.41, p = 0.0005).

EFFECT OF ADJUSTMENT FOR CARDIOVASCULAR
RISK FACTORS

The effect of adjustment for risk factors was
examined in 359 cases and 414 controls with
complete risk factor data. Adjustment for all
the factors listed in tables 2 and 3 had little
effect on the relations between total homo-
cysteine and coronary risk. The increase in
odds of a major coronary heart disease event
for a 1 SD rise in log total homocysteine
(equivalent to a 47% increase in total homo-
cysteine concentration) remained weak, at 1.17
(95% CI 0.99 to 1.38; p = 0.07). The appar-
ently non-linear relation between total homo-
cysteine (fifths) and risk of myocardial infarc-
tion was little affected by adjustment (table 4);
the adjusted odds ratio in the top fifth (total
serum homocysteine > 16.5 pmol/l) was 1.75
(95% CI 1.20 to 2.55, p = 0.003) compared
with the lower four fifths. The adjusted odds
ratio above the 95th centile of the control total
homocysteine distribution (serum total homo-
cysteine > 25.8 pmol/l) was 2.02 (95% CI 1.02
to 3.99, p = 0.04) compared with values below
the 80th centile. The adjusted odds ratio of a
coronary event at total homocysteine concen-
trations of > 15.8 umol/l, compared with values
< 14.1 pmol/l,* was 1.76 (95% CI 1.21 to 2.55,
p = 0.003).
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Table 5 Relative risk of major coronary heart disease
events in the top fifth of the total homocysteine distribution:
by age group and pre-existing coronary heart disease

(CHD)

Relative risk (95% CD

Age group (years)

40-49 2.55 (1.43 to 4.55)

50-59 1.48 (1.00 to 2.21)
Test for difference p=0.13
Pre-existing CHD

Yes 1.81 (1.04 t0 3.17)

No 1.54 (1.01 to 2.34)
Test for difference p=0.62

CI, confidence interval.

INFLUENCE OF AGE, PRE-EXISTING CORONARY
HEART DISEASE, FATALITY, AND TIMING OF EVENT
The relations between total homocysteine and
coronary risk were examined separately in
younger and older men and in men with and
without pre-existing heart disease, comparing
the odds ratios for men in the upper fifth of the
total homocysteine distribution with those in
the lower four fifths (table 5). The relations
between total homocysteine and coronary risk
appeared somewhat stronger in men aged
40-49 years at baseline, although there was no
strong evidence of age interaction. In men
without pre-existing disease, the odds ratio was
1.54 (95% CI 1.01 to 2.34), slightly weaker
than in men with pre-existing coronary heart
disease, though there was no strong evidence of
a difference (p = 0.62). The relation between
total homocysteine and myocardial infarction
appeared similar in fatal cases (odds ratio 1.75,
95% CI 1.16 to 2.63) and non-fatal cases
(odds ratio 1.68, 95% CI 1.15 to 2.47). The
relation was at least as strong in cases occurring
during the second six years of follow up (odds
ratio 1.83, 95% CI 1.22 to 2.75) as in the first
six years (odds ratio 1.66, 95% CI 1.13 to
2.44), providing no support for the possibility
of a very short term association.

POPULATION ATTRIBUTABLE RISK
Based on the division of total homocysteine
concentration into fifths, with increased risk in
the top fifth of the control distribution (serum
total homocysteine > 16.5 umol/l), a raised
total homocysteine accounted for 13% of the
attributable risk in this study population both
before and after adjustment for other cardio-
vascular risk factors.

Discussion
Our results suggest that raised serum total
homocysteine is related to an increased risk of
major coronary heart disease events in these
British men. In these data, the association
appears to be non-linear, being confined to the
top fifth of the total homocysteine distribution.
The association appears to be independent of a
wide range of lifestyle and biological factors,
including serum creatinine. It is present both in
subjects with and without pre-existing coron-
ary heart disease and in both 40—49 and 50-59
year olds, but may be stronger in younger sub-
jects.

A great advantage of the nested case—control
study design is that the blood samples on which
total homocysteine measurements are based
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were collected before the onset of coronary
heart disease events. This is particularly
important because there is evidence that total
homocysteine concentrations may rise after
myocardial infarction,” making the interpret-
ation of retrospective studies difficult. Al-
though the samples were stored over a long
period (17-19 years), there is evidence that
total homocysteine concentrations are not
markedly affected by long term storage under
similar conditions to those in the present
study.’ *® Since the storage and handling of case
and control samples were identical at all stages,
it is unlikely that a biased estimate of the
association between total homocysteine and
coronary heart disease events has been ob-
tained.

The levels of total homocysteine observed in
this study were higher than those in any of the
earlier population based prospective studies,
including the predominantly professional Brit-
ish population studied in the BUPA
cohort.* "' ** Since the samples were separated
rapidly after collection, this is not likely to be
an artefact of sample handling. While the
differences may reflect laboratory variation, a
recent report has suggested that serum total
homocysteine in British adults may be rela-
tively high compared with Swedish subjects.”
Such international differences, if confirmed,
may be important because of the ecological
evidence that total homocysteine concentra-
tions are related to coronary heart disease
mortality at the population level.*

The results of earlier population based
prospective studies examining the relation
between total homocysteine and coronary
heart disease have been conflicting.*"* Our
observations suggest that an association be-
tween total homocysteine and coronary risk is
likely to be non-linear, a finding consistent
with the observations of some earlier
investigators.'? ' ** The threshold total homo-
cysteine concentration at which risk appears to
increase in the present study (> 16.5 pmol/l) is
reasonably close to that reported in the
physicians’ health study (total homocysteine
above 15.8 pmol/I*). However, only a much
larger study would be able to distinguish
definitively between a graded and a threshold
relation and place the threshold precisely, so
the interpretation of these findings should
remain cautious. The reason for the negative
findings of the North Karelia and MRFIT
studies’ "' remains unclear. In the North Kare-
lia project,” the overall design and follow up
period (eight years) were very similar to those
in our study. While mean total homocysteine
concentrations in control subjects in the North
Karelia project were lower than those in the
British regional heart study men, the 95% con-
fidence intervals around the odds ratio for a
continuous linear relation between total homo-
cysteine and coronary heart disease (0.94 to
1.07) overlapped with those in the present
study. The only analysis examining the possi-
bility of a threshold effect in the North Karelia
data (an analysis of total homocysteine levels
above the 95th centile of the distribution) had
little power and wide confidence limits both for
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men (0.56 to 1.95) and women (0.66 to 2.78),
which again overlap with those in the present
study. The age group and total homocysteine
concentrations in the MRFIT control subjects
were very similar to those in the British
regional heart study.'' However, most cases
(61%) were fatal events occurring between 11
and 20 years after blood collection. Although
our results, based on follow up for over 12
years, do not suggest that the effects of total
homocysteine are limited to the first six years of
follow up, it is likely that the relation between
total homocysteine and coronary heart disease
risk is weaker in the second decade of follow up
than in the first. Other studies, for example the
US physicians study, have observed attenua-
tion of risk even during the first seven years of
follow up.” Differences in design and analytical
approach, and limitations of statistical power,
may therefore account for at least part of the
variation in the findings of the different studies.
However, it is also possible that differences in
nutritional factors (including vitamin supple-
mentation) or genetic factors may modify the
strength of relations between total homo-
cysteine and coronary heart disease in the dif-
ferent study populations. In the MRFIT study
in particular, the increasing intake of vitamin
supplements among the US population occur-
ring during the long follow up period might
have played a part in attenuating the total
homocysteine-myocardial infarction relation.
In contrast, the prevalence of vitamin supple-
mentation in the British regional heart study
population remains very low (< 15%) (Whin-
cup PH, unpublished data, 1996).

In the present study, the relation between
total homocysteine and coronary heart disease
appeared to be strongly independent of other
cardiovascular risk factors and also of creati-
nine level, a potential confounding variable™
not included in adjustment in many earlier
studies.*”" Although total homocysteine has
been related to several other risk factors,
including cigarette smoking,* this was not the
case in the present study, despite the relation
between total homocysteine and FEV, among
controls. As in earlier studies,® '’ ' the total
homocysteine—coronary heart disease relation
was little affected by adjustment for other cor-
onary risk factors. The relation was somewhat
stronger in younger than older men, a finding
consistent with, though less marked than, the
age differences in the US physicians’ health
study, in which the odds ratio of the top 5% of
the total homocysteine distribution was 11.0 in
men aged less than 60 years, but 2.0 in men
aged 60 years or more.” Similarly, in the
Tromse study, the association between total
homocysteine and coronary heart disease was
slightly stronger among younger subjects (< 53
years) than among older subjects. This is
biologically plausible, given the lower preva-
lence of other major risk factors among
younger men. The present results also suggest
that the relation between total homocysteine
and coronary heart disease is present both in
subjects with and without pre-existing coron-
ary heart disease, although power to detect dif-
ferences in the total homocysteine—myocardial
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infarction relation between these groups is lim-
ited. Few of the earlier population based
prospective studies have been able to examine
this issue, because subjects with pre-existing
disease were excluded.®’ ' However, our find-
ing that total homocysteine influences coron-
ary heart disease risk among subjects with pre-
existing coronary heart disease is consistent
with, though less strong than, that of a recent
prospective study by Nygard ez al.*

The systematic geographical variation in
total homocysteine levels in control subjects is
consistent with much more recent data ob-
tained in British older adults (65+ years) in the
1995-6 national diet and nutrition survey,
which found a gradient in total homocysteine
concentrations of similar direction and
magnitude.” The ecological association with
coronary heart disease mortality observed,
though weak and of limited power, suggests
that variations in total homocysteine may con-
tribute to the explanation of geographical vari-
ations in coronary risk. The finding would be
consistent with the well documented geo-
graphical variations in dietary fruit and vegeta-
ble intake, and particularly in dietary folate
intakes, which have been consistently lower in
Scotland than in southern England.”” However,
geographical variations in the frequency of rel-
evant genetic polymorphisms could also play a
role in this variation.”

CONCLUSION

Our results suggest that total homocysteine
may be making an appreciable contribution to
population attributable coronary heart disease
risk, at least in men, and could contribute to
the explanation of geographical variation in
coronary risk within Great Britain. Further
studies are needed to examine the contribution
of total homocysteine to coronary risk in
women, and to define the relative importance
of environmental and genetic determinants of
total homocysteine in this and other popula-
tions. The results strengthen further the case
for randomised controlled trials testing the
effect of folate supplementation on the risk of
coronary heart disease.” The present results
suggest that Scotland might be a particularly
appropriate setting in which to conduct such a
trial.
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