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EDITORIAL 

Low cholesterol and violent death 
The evidence, the gaps, the theory and the practical implications 

Ronan M Conroy, Department of Epidemiology and Preventive Medicine, Royal College of Surgeons in Ireland, Mercer 
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The Problem 
The early trials of cholesterol-lowering drugs showed 
a promising reduction of cardiovascular mortality 
associated with treatment. Disappointingly, though, 
overall mortality was frequently not changed, due to 
an increase in non-cardiovascular deaths. In particular, 
violent death (suicide, murder and accidents) was 
increased in those who had received intervention. Some 
investigators expressed the hope that this was simply 
an unfortunate coincidence, but by the time Matthew 
Muldoon (1) reviewed the literature in 1990, the 
association had occurred in too many trials to be just 
chance. Furthermore, the effect didn't seem to depend 
on what drug was used to lower cholesterol; drugs with 
widely-differing modes of action all seemed to share 
a common effect. At the time of the publication of the 
Lipid Research Clinics Trial (2), the Finnish researcher, 
Matti Virkkunen (3) proposed that the excess of violent 
deaths in those treated with cholestyramine might be 
connected to findings he had made linking low chol
esterol and low impulse control, though a mechanism 
by which this happened was far from obvious. 

The Evidence 
Concern about a link between low cholesterol and violent 
death lead investigators to examine data from prospective 
studies. Juha Pekkanen and his colleagues analysed 
25-year follow-up data on the Finnish cohort of the 
Seven Countries Study, and found no relationship 
between low serum cholesterol and violent death (4). 
They suggested, amongst other possible explanations, 
that the associations found by others between low serum 
cholesterol and poor impulse control could be due to 
low serotonin turnover. Low serotonin activity (usually 
measured as cerebrospinal 5-HIAA) had been linked to 
suicidal behaviour since 1976, when Asberg and 
colleagues reported on suicidal behaviour in a group of 
depressed patients (5). By the time an anonymous 
editorial in the Lancet reviewed the topic in 1987, low 
serotonin turnover had been obversed in a wide variety 

of disorders characterised by low impulse control^. 
Pekkanen and his colleagues suggested that low serotonin 
turnover in the brain could result in enhanced insulin 
secretion which, in turn, could lower cholesterol levels, 
though this has yet to be substantiated by research. 

One study which found a link between low serum 
cholesterol on a single measurement and subsequent 
risk of violent death was a report in Lindberg et al (7) 
who analysed data from over 50,000 men and women 
who were being followed up by the Varmland study 
in Sweden. They found that men with a low serum 
cholesterol <5.3 mmol/L (205 mg%) had an increased 
risk of violent death in the first six years of the 20-year 
follow-up period. There was no relationship between 
low cholesterol and risk subsequently, and the relation
ship did not emerge in women. Other attempts to link 
low cholesterol to subsequent violent death in follow-
up studies came to negative conclusions, including an 
analysis of all sixteen cohorts of the Seven Countries 
Study (8). However, a major review, co-ordinated by 
the National Heart, Lung and Blood Institute, which 
pooled data from almost 125,000 people in 19 cohort 
studies from the United States, Europe, Israel and Japan 
found that the risk ratio for violent death occurring 
more than 5 years from baseline cholesterol measure
ment was 3.0 in men and 1.26 in women whose chol
esterol was <4.2 mmol/L (<160 mg%) (9). The reason 
for their exclusion of deaths occurring in the first five 
years of follow-up was to exclude those whose cholesterol 
had been lowered by disease. In a recently-published 
report on 28-year follow-up of almost 3,000 Dutch civil 
servants who had their cholesterol measured in 1953 and 
1954, Albertine Schuit and her co-authors reported that, 
adjusted for age and sex, those in the lowest tertile of 
cholesterol had a 2.4-fold increased risk of violent death 
over the 28-year period (10). The effects of adjusting 
for smoking and alcohol consumption were negligible. 

Some surveys of coronary risk factors also measured 
personality characteristics, and researchers examined 
these to see if hostility, aggressiveness or other relevant 
traits were associated with cholesterol. The Whitehall 
study found no relationship between cholesterol and 
hostility (11), and an analysis of those with low 
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cholesterol suggested that other factors associated with 
low cholesterol were in fact responsible for the 
association with violent death. In a surprising finding, 
however, the authors of the Edinburgh Artery Study 
reported that, corrected for other lipids and risk factors, 
serum triglycerides were associated with hostile 
thoughts and acts and with denigratory attitudes 
towards others in men. In women, only the latter 
variable had an independent association with trigly
cerides. This finding remains unexplained, though I 
have suggested that, since low-fat cholesterol-lowering 
diets are associated with a reduction in cholesterol but 
not in triglycerides (12), the association between tri
glycerides and hostility which emerged when the 
analysis was corrected for absolute cholesterol level 
might have been the result of hostility being related not 
to low cholesterol but to lowered cholesterol (13). In 
another study which related lipids to depression, Timo 
Strandberg reported that in the Helsinki Ageing Study 
both low HDL cholesterol and high triglycerides were 
linked to depression, assessed using the Zung SDS scale 
(14). There was no relationship between low cholesterol 
and depression in either sex, but their results, added 
to those of Fowkes, suggest that the relationship of 
mood to triglycerides needs further investigation. 

The Theory 
How could lowering cholesterol produce changes at the 
neurological level which increased risk violent death? 
Preston Mason, reviewing the data on serum cholesterol 
and neurological function, pointed out that there were 
two important questions to be answered: does altering 
blood cholesterol result in alterations in brain 
cholesterol, and does altering brain cholesterol alter 
neurological function (15). While neither question has 
been fully explored, he concluded that the current 
balance of evidence was that the answer to both quest
ions was yes. Concentrations of cholesterol in nerve cell 
membranes appear highly influenced by the cholesterol 
content of the surrounding medium. Increases or de
creases in nerve-cell membrane cholesterol, in turn, have 
been shown to disturb the function of cell membrane 
proteins, including ion channels and neurotransmitter 
receptor binding. Hyman Engelberg (16) posited a 
specific mechanism linking cholesterol to violent death: 
he pointed out that in animal studies, decreased brain 
synaptosomal membrane cholesterol is associated with 
decreased numbers of serotonin receptors. Membrane 
cholesterol exchanges freely with cholesterol in the 
surrounding medium, so lowering serum cholesterol 
concentration could lower brain serotonin turnover. 
Low cholesterol is also associated with higher serotonin 
reuptake velocity at platelet level (17), and either or both 
of these two factors could provide a mechanism by 
which lowered cholesterol could decrease the activity 
of brain serotonergic systems. Though serotonergic 
activity is only one of a number of effects that may 
be produced by lowered cholesterol, the current 
elucidation of the role which serotonin plays in the 
nervous system makes it a likely candidate for the 
pathway between cholesterol and violent death. In an 
extensive review of the modulatory role of serotonin 
in neural information processing, Michele Spoont 
proposed that serotonergic circuits operate to inhibit 

information flow (18). Alterations in serotonin activity 
influence behavioural responses to both internal and 
external stimuli; in particular, the exaggeration of signal 
saliency that would result from serotonergic dysfunction 
would have the effect of reducing the importance of 
context cues such as social appropriateness, producing 
a behavioural picture characterised by impulsiveness 
in which actions were determined by the most obvious 
aspects of the situation without giving due weight to 
more subtle factors such as long-term consequences. 
This, taken with the evidence linking reduced seroto
nergic function to aggression and low impulse control, 
found in a wide variety of abnormal psychiatric con
ditions, suggests that the link between low cholesterol 
and violent death was a causal one. 

Apart from suicide, poor impulse control could 
contribute to fatal accidents by lowering the person's 
ability to choose the appropriate response from a set of 
competing responses or by increasing the amount of time 
needed to respond appropriately - as, for example, when 
a motorist is faced with the choice of swerving or braking. 
Individuals with low impulse control may also provoke 
aggression more easily, resulting in an increase of deaths 
by murder. Although lower serotonin metabolite levels 
have been demonstrated in individuals with disorders 
characterised by impulsivity, the available human evidence 
still rests on the study of such cases, rather than on studies 
of the general population. 

Aside from it's role in impulse control, serotonin is 
also implicated in major depressive disorder, and this 
could provide a second pathway between cholesterol 
and suicide, since major depressive disorder frequently 
involved ideas of guilt or worthlessness, combined with 
suicidal ideation. Recent corroborative evidence has 
emerged from the report of Morgan (19) and his col
leagues that in older men low cholesterol is associated 
with depression, as measured by the Beck Depression 
Inventory. Unfortunately, they had no data on women. 
Although their sample was criticized for being unrepre
sentative, the authors subsequently argued (20) that 
there is no reason to assume that the associations they 
found are confined to the group they studied. They 
reported that the odds ratio for depression (defined as 
a score of 13 or more on the Beck Depression Inventory) 
was 2.5 (95% CI 1.1 to 5.8) in men aged over 60 when 
logistic regression was used to adjust for the confound
ing effects of age, number of chronic diseases, number 
of medications, perceived health status, perceived 
physical functioning and weight (weight loss was not 
associated with depression). This provides further 
evidence that the association is not spurious. 

A subsequent report from the Helsinki Ageing Study 
found no association between depression, assessed using 
the Zung scale, and cholesterol (21), while a French 
research group from the EVA longitudinal study on 
cardiovascular and cognitive ageing found that those in 
the lowest cholesterol quintile had a more-than-twofold 
increase in prevalence of depression, which they assessed 
using the CES-D scale (22). This increased prevalence was 
independent of both the use of cholesterol-lowering and 
lipid-lowering drugs. There have also been recent case 
reports of depressive symptoms following the use of 
cholesterol-lowering drugs (23), though as yet no formal 
prospective study has been carried out. 
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The Questions 
The research so far is more tantalising than illumi
nating. There are a number of questions which have 
not been adequately addressed, and a number of points 
of confusion. 

What is the difference between low cholesterol and 
lowered cholesterol? 
One important distinction concerns the difference bet
ween low cholesterol per se and lowered cholesterol. One 
reason why few prospective studies which examined the 
relationship between serum cholesterol and violent death 
have found an association may be that falling cholesterol, 
rather than low cholesterol, is the factor that results in 
lowered serotonergic turnover. If this is so, then a single 
measurement of cholesterol will not identify those at risk. 
In any event, the cholesterol levels being achieved in 
cholesterol-lowering trials, even those involving intensive 
pharmacotherapy, are still much higher than those studied 
by population studies of low cholesterol. 

Are there two different cause-effect relationships in the 
cholesterol-serotonin link? 
The next uncertainty arises from the possible inter
relationships between cholesterol and serotonin. The first 
possible relationship is one in which lowered serotonin 
turnover lowers cholesterol by a mechanism as yet 
unknown. It could be, then, that the chronic low levels 
of cholesterol associated with suicide, aggression and 
impulsivity in psychiatric studies may be secondary to 
a neurotransmitter dysfunction. It is remotely unlikely 
that all individuals with low cholesterol have lower levels 
of impulse control, otherwise suicide would be more 
common in countries with low levels of cholesterol, such 
as the Mediterranean countries, and lowest in countries 
with high levels, such as Scandinavia. 

The second possible relationship is where lowered 
cholesterol results in serotonergic dysfunction. Unlike 
the former case, it is unlikely that the serotonergic 
dysfunction would be permanent. It seems more 
plausible that other elements of serotonin metabolism 
could be up-regulated to compensate for the lowered 
receptor density and faster reuptake velocity. In this case, 
lowering cholesterol would open up a vulnerability 
'window' in which the person's impulse control and 
mood would be adversely affected for an unknown 
period while serotonin activity was being rebalanced. 
In the World Health Organisation trial of clofibrate, 
although an increased mortality from non-cardiac causes 
was observed in the initial five years of the trial (24), 
this effect was not observed in the subsequent 8-year 
follow-up of the study group (25). We need further 
information on the long-term follow-up of patients on 
lipid-lowering drugs. It may well be that the effect on 
violent death is confined to the early period of treatment, 
though it is hard to imagine what mechanism may be 
responsible for a decline in risk over time. 

It is noteworthy that the Family Health Study, in 
which dietary intervention was used over a 5-year period 
to lower cholesterol, which used the Hopkins Symptom 
Checklist to assess depression and aggressive hostility, 
found that emotional state improved over the inter
vention period in the entire study group (26). Those who 
consumed a low-fat high complex-carbohydrate diet at 

the end of the study had significantly lower plasma 
cholesterols than those consuming a typical American 
diet, and they also showed a significantly greater 
improvement in both depression and hostility scores. Not 
alone does the study not show any evidence that dietary 
reduction of cholesterol is associated with negative 
emotional effects, if anything it has the opposite effect. 

What are the confounding factors in the associations? 
The Whitehall study has shown that civil servants with 
low cholesterols were more likely to be in lower employ
ment grades, to have had disease at time of cholesterol 
measurement, to have had a history of unexplained 
weight loss and to have been widowed (27). It may be 
that in prospective studies such confounding factors 
may drive apparent associations between low cholesterol 
and violent death. 

It is unlikely, however, that the associations between 
cholesterol reduction and violent death are due to 
confounding variables, since they derive from studies 
in which subjects were randomised to receive either 
cholesterol-lowering interventions or placebo. 

There has been criticism of studies linking psychiatric 
symptoms to cholesterol for their failure to allow for 
confounding variables. A recently-published study, 
however, which has shown such a link has also explored 
the possible confounding role of a wide variety of 
factors without managing to isolate any which removed 
the observed association (20). 

Case Proven? 
Assembling the necessary evidence to prove a cause-and-
effect relationship in medicine is far from simple. 
Nevertheless, we should remember that it is not necessary 
to know the specific mechanism by which a risk factor 
works before establishing a causal relationship. The 
relationships between smoking and cancer or heart 
disease are taken as proven, despite the fact that we do 
not know exactly how the effect takes place. What is 
required first is a relaitonship of practical importance. 
This undoubtedly exists, as witnessed by the significant 
increases in violent death associated with both low and 
lowered cholesterol. To take a practical example, in the 
Lipid Research Clinics trial (28), there were 12 fewer 
deaths from coronary disease among those treated for 
elevated cholesterol (44 versus 32), but half of this benefit 
was lost to a higher rate of violent death - four in the 
control group, ten in the treated group. The second 
requirement is that of consistency. Here the picture is 
less clear. Results from drug trials of lipid lowering drugs 
have shown a more consistent effect on violent death 
than have dietary trials. Attempts to show links between 
low cholesterol and risk of violent death have been 
contradictory. Aside from the role of confounding 
factors, it may be that the risk of violent death is present 
only in a subgroup of those with low cholesterol. A third 
criterion is that the risk factor be present before the onset 
of the disease. Here we are faced with unanswered 
questions: do some psychiatric disorders cause low 
cholesterol and predispose to violent death? Certainly, 
though, the results of the cholesterol-lowering trials show 
that cholesterol change precedes increased risk of violent 
death in those treated with drugs. 

A plausible mechanism (not necessarily proven) also 
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adds to the evidence for a causal effect. Serotonin seems 
the likeliest candidate at the moment, with the available 
evidence suggesting connexions between cholesterol 
concentration and serotonergic function which would 
result in lowered impulse control and depressive symp
toms. So far there is no data to suggest a graded 
association between cholesterol and violent death, and 
the reversal of risk with the removal of the risk factor, 
that other component of a causal relationship, cannot 
be investigated without considerably more preliminary 
evidence than we have to hand. 

Finally, the quality of the research to date is variable; 
it has largely involved data accumulated for other 
purposes, and some of the measure used are, at best, 
proxy measures. This applies not alone to extrapolation 
of platelet serotonin behaviour to CNS activity, but also 
applies to the diverse methods used to measure per
sonality and psychopathological variables. What we 
urgently need is well-designed prospective research. 

The Practical Implications 
Although drug treatment of high cholesterol increases 
risk of violent death by about 7597b, the absolute risk 
of violent death is lower than the risk of cardiovascular 
death. It is likely that, especially with the latest 
generation of cholesterol-lowering drugs, the reduction 
in cardiovascular mortality will lead to a reduction in 
overall mortality, even with a slight increase in violent 
death and in deaths due to some cancers among those 
treated. It is worth bearing in mind, however, that in 
the most recent meta-analyses of prevention trials, 
dietary intervention to reduce cholesterol was associated 
with a reduction in cardiovascular disease that was 
similar to that seen in drug trials, but was not associated 
with increased risk of violent death. Dietary reduction 
of cholesterol seems to offer the benefits of drug treat
ment without the drawback of an increased rate of 
violent death (29,30). In contrast to the reports of de
pression associated with drug treatment of cholesterol 
is the recent report from the Family Heart Study referred 
to above, which showed positive mood changes 
associated with dietary reduction of cholesterol. (26) 

Why should the use of drugs to lower cholesterol 
result in negative emotional symptoms and an increased 
risk of violent death, while the use of diet appears to 
result in neither? The range of drugs used to lower 
cholesterol argues against a simple drug side-effect. The 
speed at which drugs lower cholesterol could be a factor, 
but the duration of the effect (at least five years) 
suggests that there is some common feature to choles
terol-reducing drugs involved in the effect. 

On a practical level, the increased reporting of 
depressive symptoms in patients receiving cholesterol-
lowering therapy should alert medical personnel to the 
need to monitor mood in such patients and to consider 
cholesterol-lowering drugs as at least a contributory 
factor in cases of depression. Theoretically, at least, 
patients on drug treatment for cholesterol may also 
display lower levels of impulse control. We urgently 
need prospectively-gathered information on the effect 
of cholesterol therapy on mood and function. It may 
be necessary to monitor these in patients to detect 
adverse reactions. 

A central lession in all of this, however, is one which 

is hard to learn, no matter how many good examples 
we encounter: it is that all medical treatments have a 
potential to affect the psychological function of the 
patient. By confining our attention to the treatment 
or prevention of specific diseases, we risk ignoring the 
impact of our efforts on the patient's life, both 
qualitatively and quantitatively. 
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zopiclone 

When patients need to be on the ball 

For prescribing and further information please contact Rhone-Poulenc Rorer Ireland Ltd. 
14 Deansgrange Industrial Estate, Blackrock, Co. Dublin. PA: 40/78/1 
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