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Polymorphism in high density lipoprotein paraoxonase
gene and risk of acute myocardial infarction in men:
prospective nested case-control study
Jukka T Salonen, Riikka Malin, Tomi-Pekka Tuomainen, Kristiina Nyyssönen, Timo A Lakka,
Terho Lehtimäki

Increased lipid peroxidation is associated with acceler-
ated progression of atherosclerosis.1 Paraoxonase
(paraoxonase/arylesterase) is an antioxidative enzyme
in high density lipoproteins, which protect against cor-
onary disease.2 3 It eliminates organophosphorus pesti-
cides but also the products of lipid peroxidation.2 4 The
mutation at position 54 of the paraoxonase gene in
which methionine is substituted by leucine (Met54Leu)
has an effect on paraoxonase, increasing its activity;
people who have the methionine allele show decreased
paraoxonase activity.4 Only a few studies have looked at
the association of the Met54Leu polymorphism with
coronary disease,2 5 and the findings are inconclusive.
Thus we carried out a prospective study of the role of
this polymorphism on the risk of acute myocardial
infarction in healthy men from eastern Finland.

Participants, methods, and results
Our prospective nested case-control study was carried
out among participants in the Kuopio ischaemic heart
disease risk factor study. We examined 2682 (83%) of
3235 invited men aged 42, 48, 54, or 60 during 1984-9.
Blood samples were collected and risk factors assessed
at baseline. A DNA sample was available for this study
for 1137 men who were free of coronary disease. We
registered and verified all myocardial infarctions—

definite or possible—between the baseline examina-
tions and the end of 1995.3 The mean follow up time
was 8.5 years, and in patients who had had multiple
infarctions we considered only the first.

The cases were all 55 men (among the 1137) who
had had an infarction by 1995. The controls were
drawn from the remaining members of the same
cohort. Two controls for each case (110 men) were
matched according to the most important non-genetic
risk factors for myocardial infarction in the Kuopio
ischaemic heart disease risk factor study cohort. For
the 165 men, paraoxonase genotypes were determined
by using a polymerase chain reaction method with
Hsp92II enzyme digestion.4 We used logistic
regression modelling to analyse the association of
paraoxonase genotypes with the risk of myocardial
infarction.

Of the cases, 13 (24%) were homozygous for the M
allele (MM), 22 (40%) were heterozygous (ML), and 20
(36%) did not carry it (LL). Of the controls, 11 (10%)
had an MM genotype, 54 (49%) an ML, and 45 (41%)
an LL. In a logistic model adjusted for the other
strongest risk factors the odds ratio for the MM geno-
type was 3.38 (95% confidence interval 1.17 to 9.83;
P = 0.025) (table, model 1). An additional adjustment
for serum concentration of the second subfraction of
high density lipoprotein cholesterol (HDL2) attenuated
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this odds ratio to 3.07 (1.03 to 9.17; P = 0.044; table,
model 2).The odds ratio for the MM genotype
remained unchanged after any other risk factor was
forced into the model. The odds ratio was significantly
(P < 0.05) higher among the 59 smokers (40.8 (2.65 to
629.2); P = 0.008) than the 106 non-smokers (1.55
(0.45 to 5.32); P = 0.488).

Comment
In this prospective population based study, men who
were MM homozygous for the Met54Leu polymor-
phism of paraoxonase had over a threefold risk of a
first myocardial infarction compared with men who
did not carry the M allele (LL). People with the M allele
have reduced plasma concentrations and activities of
paraoxonase.2

Men with the genotype conferring low activity of
paraoxonase (MM) had about three times the risk of
myocardial infarction than had men with the genotype
conferring high activity (LL). The genotype at
increased risk is common: a tenth of our healthy
controls had it. According to our data, close to a fifth of
all infarctions in our healthy cohort of middle aged
men would be attributable to this single genetic
polymorphism through either direct causation or link-
age to other genes. Our findings suggest that paraoxo-
nase has a protective role against coronary disease.

We thank Terhi Nissinen for DNA extractions; Kari Seppänen
for lipoprotein analyses; and Kimmo Ronkainen for data man-
agement and matching.
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Commentary: Causality—the Achilles’ heel of observational studies
Marcus D Flather

Salonen et al use a nested case-control design to corre-
late risk of myocardial infarction for different paraoxo-
nase genotypes. The method identified incident cases
and matched them to controls in a ratio of 1 to 2. This
approach uses a subset of subjects from a larger cohort
to address a particular hypothesis.

Case-control studies are one of the weakest methods
to infer a causal association between a risk factor and a
disease. On the other hand, they are simple to perform
and useful for generating hypotheses. Problems of bias
arise because of difficulty in matching cases to controls
and the presence of multiple known and unknown con-
founding variables. Apparently significant results can
arise by chance because of multiple testing, and some
statistical approaches can be tipped in favour of
significance in borderline cases.

In this study associations between genotype and
risk of myocardial infarction were comparatively weak
(lower limit of 95% confidence interval 1.17
(P = 0.025) in the unadjusted analysis and 1.03
(P = 0.044) in the adjusted model), which does not give
great confidence in the causality of the findings. The
main problem is that the number of subjects in the
analysis is small. The hypothesis is intriguing and
deserves a fair appraisal.

The correct next step would be to replicate these
findings in a similar cohort study that had obtained
DNA samples. Collaboration among groups with well
documented cohorts would provide a major advance
in the assessment of promising new markers of risk in
both epidemiological and interventional studies after
the publication of the main results of individual studies.

Strongest risk factors for acute myocardial infarction in two multivariate logistic models

Risk factor

Model 1 Model 2

Odds ratio 95% CI P value Odds ratio 95% CI P value

Paraoxonase genotype MM (v LL) 3.38 1.17 to 9.83 0.025 3.07 1.03 to 9.17 0.044

Paraoxonase genotype ML (v LL) 1.10 0.49 to 2.45 0.820 1.00 0.44 to 2.25 0.998

Family history of coronary heart disease (yes v no) 2.48 1.17 to 5.27 0.018 2.91 1.33 to 6.36 0.008

Packed cell volume 1.21 1.04 to 1.40 0.015 1.20 1.03 to 1.40 0.021

Serum apolipoprotein B (g/l) 5.95 1.12 to 31.5 0.036 3.21 0.56 to 18.4 0.189

Plasma fibrinogen (g/l) 1.70 1.07 to 2.71 0.071 1.66 0.92 to 2.98 0.091

Lipid-standardised vitamin E 0.18 0.02 to 1.57 0.122 0.14 0.02 to 1.29 0.083

Serum HDL2 cholesterol (mmol/l) 0.12 0.02 to 0.71 0.020

Entire model 0.0002 <0.0001

HDL2=second subfraction of high density lipoprotein.
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This approach would help to reinforce or refute obser-
vations of borderline significance.

The importance of an association between a
particular genotype and risk of disease allows people
at high risk to be counselled appropriately and
modifiable risk factors to be treated more aggressively.
In certain circumstances, correcting a protein
deficiency with supplements may be helpful. Genetic

manipulation, although intuitively attractive, is associ-
ated with practical, technical, and ethical problems but
may be a treatment of the future. Most cases of
myocardial infarction are unlikely to be due to a
single gene defect. Nevertheless, the report by
Salonen et al helps to increase understanding of
genotype and disease and to identify promising areas
of research.

Commentary: How high density lipoprotein protects against
heart disease

High density lipoprotein protects against cardiovascular
disease. Protection is conferred in at least two ways. The
first way is by transporting cholesterol back from organs
such as arteries to the liver, thus protecting the arteries
from further atheromatous plaque formation. The
second way is by acting as an antioxidant.1 Lipid peroxi-
dation encourages atheroma formation, so that anything
which limits lipid peroxidation should reduce the risk of
cardiovascular events. The component of high density
lipoprotein that is most likely to provide antioxidant
activity is paraoxonase.

In this study Salonen et al examined the
paraoxonase gene of 165 men. One genetic mutation
appeared quite commonly. In this mutation methio-
nine is substituted by leucine at one particular position

in the enzyme’s protein structure, increasing the
enzyme’s antioxidant activity. Men who did not carry
this mutation (that is, those who were homozygous for
the M allele) had three times the risk of myocardial
infarction of those who did.

These observations suggest that paraoxonase is
more active when the mutation is present and less
active when it is not and that paroxonase might be
protective against cardiovascular disease.

Abi Berger science correspondent, BMJ
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A memorable patient
The screaming man

I had to meet two social workers and a GP on a housing estate in
London. When I got there the patient was out but two of his
neighbours told us that he’d gone for a walk. So we waited to see
if he’d return. While we did so, it was difficult to ignore the
screaming that emanated from higher up in the flats, on the third
or fourth floor. The sound was guttural, like an animal: a
growling, bellowing roar.

I kept thinking that the screaming might be coming from our
man, but the neighbours said not. It had been going on for three
or four days and nights, continuously. They’d been going to call
the police, but no one had. While we waited the screaming
continued. More neighbours gathered, interested to see what was
happening. Some said, “Something must be done” (about the
screaming), while others were more concerned about our motives.
“What did you want?” ” What are you doing here?”

It transpired that a young man—on medication—lived alone on
the third floor. One of the social workers had a mobile phone and
called the police. Perhaps they’d break the door down. The
ambulance, called for the original patient—the one who’d gone
for a walk—had to leave because of an alert.

The police came, and we approached the flat. The growling and
screaming continued. We knocked on the door, shuffling for
standing room on the crowded, narrow balcony. The screaming
stopped. A man opened the door. He was young, thin, and
dishevelled, with beads of sweat on his forehead, and matted hair.
He was surprisingly softly spoken. He let us in. There was no
carpet and very little furniture. The bare wooden floorboards
were covered in patches of water and the sites of small fires, lit
with paper and matches but now extinguished. In the main room
was a single bed, heaped with dirty clothes. There was an
overcrowded dresser, but no place to sit.

We stood in the centre of the room and the police maintained
a respectful distance. A second ambulance had arrived and was
parking outside. The man kept turning his attention to the
flickering blue light that strobed the window. If a place can reflect
a psyche then this man’s room did: the blue light, beaming across
his sparse and scattered objects; the disorder of his internal world.
He stared apprehensively; he knew something was going on. He
was edgy and acutely paranoid.

Why was he screaming? He did it to stop the thought
interference. It was the only way. Thoughts came into his head, all
the time, from outside. The screaming seemed to clear his mind,
helped him regain control, but then he’d need to scream again.
He’d stopped his medication. Would he come into hospital? Yes.

The crowd dispersed as the ambulance drove away. A common
event in that community. Twice more that week I would stand in
cramped living rooms, surrounded by the heaped possessions of
psychotic people, sitting in fear in the dark. Solitary people, in
small rooms, their curtains drawn for fear of their persecutors: the
delusional variety, who interfere with their thoughts, and the
physical kind, who regard them as strange, who hear them
scream, yet do nothing. That community, where some may cry for
help, while others must scream out loud.

Sean A Spence, locum consultant psychiatrist, London

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. If possible the article should be supplied on a
disk. Permission is needed from the patient or a relative if an
identifiable patient is referred to.
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