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Occasional Survey

PLASMA LIPIDS AND MORTALITY:
A SOURCE OF ERROR

GEOFFREY ROSE M. J. SHIPLEY

Department of Medical Statistics and Epidemiology,
London School of Hygiene and Tropical Medicine

Summary Cause-specific mortality-rates were cal-
culated in 17 718 men aged 40-64 years

who participated in the Whitehall Study. Over a 7&frac12; year
follow-up, total mortality showed a J-shaped relation to
the plasma cholesterol concentration measured at entry
to study. This shape resulted from a strong positive rela-
tion of plasma cholesterol with deaths from coronary
heart-disease (CHD) combined with an opposite
(inverse) relation between plasma cholesterol and deaths
from other causes. Cancer mortality was 66% higher in
the group with the lowest plasma cholesterol than in the
group with the highest plasma cholesterol. Further

analysis showed that this inverse association between

plasma cholesterol and non-CHD deaths was confined to
the first 2 years of follow-up; beyond this time total mor-
tality and cholesterol level were evenly and positively
correlated. Analysis of data from the Framingham study
revealed the same phenomenon, which is presumed to
result from the metabolic consequences of cancer which
was present but unsuspected at the time of examination.

INTRODUCTION

THE risk of developing coronary heart-disease (CHD)
is related, both in individuals’ and populations,2 to

blood-lipid levels. Evidence that lowering the levels may
reduce the CHD risk has led many expert bodies to
advise the public to change their eating habits.3-5 For
the community the potential benefits are large, but for
the individual there is only a small probability that a
modest change in this one factor would save him from
a heart-attack.6 This implies a duty to establish, if pos-
sible, that the advice is safe-a small adverse effect on
other diseases could readily offset the reduction in CHD
risk, as was shown in the WHO clofibrate trial. Primary
prevention, which deals generally with individuals at a
low risk, is quite different from the situation in clinical
practice, where some risk associated with treatment is
more tolerable, because the risk associated with the
disease is so much greater.

This need for circumspection has been widely ignored.
Most major studies on the predictive importance of
blood lipid concentrations do not state total or non-
cardiovascular mortality, even though such information
must have been available to the investigators. This in-
formation is also missing in the final report of one of the
major dietary-intervention trials.8

SUBJECTS AND METHODS

The Whitehall study of London civil servants9-1O provided
an opportunity to determine the relation between plasma total
cholesterol and subsequent mortality from both cardiovascular
and non-cardiovascular causes. Plasma-cholesterol concentra-
tions at admission to the study were available for 17 718 work-
ing men aged 40-64 years, and during the next 7t years there

were 1067 deaths. We analysed the relation between initial
cholesterol level and subsequent total and cause-specific mortal-
ity, as ascertained from the death certificates. We standardised
rates for age, using the whole study population as reference
group and analysing subjects in 5-year age classes.

RESULTS

The relation between plasma cholesterol and total (all
causes) mortality is J-shaped, with the lowest mortality
rates at intermediate cholesterol levels (fig. 1). The
effect on total mortality if the whole cholesterol distribu-
tion could be moved to the left by dietary or other means
would be very small. CHD mortality shows the familiar
strong positive correlation with plasma cholesterol. The
non-CHD death-rate shows an inverse correlation with
plasma cholesterol which was consistent over the whole
cholesterol range. These two opposite trends combine to
produce the J-shape for total deaths.

It is important to know whether this alarming finding
is unique. From the detailed reference tables of the
Framingham study" (though not from the published
papers) we calculated the data for fig. 2. The pattern
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Fig. 1-Relation between plasma cholesterol and age-adjusted
mortality (total, CHD, and non-CHD) in 7’2 years follow-up
of 17 718 men aged 40-64 years in Whitehall study.
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Fig. 2-Relation between serum cholesterol level and age-
adjusted mortality (total; CHD, and non-CHD) during
16-year follow-up of men aged 35-64 years in Framingham
study.
Numbers of deaths are given in parentheses.
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TABLE I-AGE-ADJUSTED AVERAGE ANNUAL DEATH-RATES

(PER 1000) OVER A 7&frac12; YEAR PERIOD IN RELATION TO PLASMA CHOLESTEROL AT ENTRY TO STUDY

I I I

is the same, although here the highest total mortality-
rate actually occurred in those with the lowest plasma
cholesterol.

For "stroke" deaths (5% of the total in the Whitehall
study) we found that the relation with plasma choles-
terol is irregular (table i). For "other cardiovascular"
deaths (5% of the total), "chronic bronchitis" (2%), and
"accidents" (3%) the highest rates are in the group with
the lowest plasma cholesterol; but over the rest of the
cholesterol range there is no clear relation with deaths
from such causes. Cancer deaths (33% of the total) are
mainly responsible for the overall negative relation
between non-CHD mortality and plasma cholesterol,
mortality from cancers being 66% higher in those with
the lowest plasma cholesterol than in those with the
highest cholesterol concentrations. This trend is prob-
ably maintained over the whole cholesterol range.

Analysis of the cancers according to site left us with
rather small numbers. The commonest sites are lung
(143 deaths), stomach (35 deaths), and colon (28
deaths), and for each of these there is a more or less
clear association with low plasma cholesterol. For all the
remaining sites taken together (147 cases) there is no
recognisable trend.

These results show that the lower the initial plasma
cholesterol, the greater was the risk of dying from
cancer. Which came first, the lowered cholesterol level
or the cancer? Possibly some men, unknown to them-
selves or us, already had cancer when they attended for
medical examination. Table n shows the average plasma
cholesterol and body-weights at this examination among

the men who died of cancer during the next 7&frac12; years,
grouped according to the interval from examination to
death. Plasma cholesterol is lower among the men who
died within the first year or two. Presumably cancer was
already present in most of these men when they were ex-
amined, although this is not reflected in any clear evi-
dence of weight-loss. Among the men who survived this
early period but later died of cancer there is no further
tendency for plasma cholesterol to be low, and their
mean concentration is close to that for the whole study
population.

With the evidence that men who were shortly to die
of cancer had metabolic abnormalities, we re-analysed
the follow-up data by dividing them into two periods
(fig. 3). Men in the second period (2-7&frac12; years) were on
average 5 years older than men in the first period. Rates
were therefore standardised to the whole study popula-
tion (aged 45-64). The negative association between
non-CHD mortality and cholesterol level was confined
to deaths occurring within 2 years of examination.
Within this group the gradient is steep, the mortality-
rate in men in the lowest cholesterol class being more
than double that of men in the highest. In contrast, the
strong positive association of CHD mortality with cho-
lesterol level is unrelated to the duration of follow-up
(table III. Combination of the CHD and non-CHD
results reveals that for the first 2 years of follow-up the
total mortality curve is U-shaped in relation to choles-
terol concentration; however, for the 2-7 2 year period,
total mortality and plasma cholesterol are positively cor-
related over the whole range.

TABLE II-MEAN PLASMA CHOLESTEROL AND BODY-WEIGHT IN MEN WHO DIED OF CANCER, BY INTERVAL FROM EXAMINATION TO DEATH
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Fig. 3-Relation between plasma cholesterol and age-adjusted
mortality from causes other than CHD, by duration of fol-
low-up.

Thus in the Whitehall study the inverse association of
non-CHD mortality and cholesterol level turns out to be
an artefact, dependent on the duration of follow-up.
This led us to re-examine the Framingham study results.
The data in fig. 2 are based on Framingham study tables
which are headed "16-year follow-up". This is not, how-
ever, a strictly correct description, since for these par-
ticular tables the subjects’ risk-factor status had been
reclassified after each biennial examination, yielding, in
effect, risk estimates averaged over 8 periods each of 2
years. This approach would maximise the "the unrecog-
nised sickness" effect which we observed in the first 2

years of follow-up in the Whitehall study.
Fortunately the same Framingham study report" also

presents the true 16-year results, which relate the out-
come over this period to the characteristics of the sub-
jects at entry to the study. These are presented in table
iv, they were calculated from the results for men aged
35-64 years, standardised to the age structure of the

Framingham study population. The negative association
between cholesterol level and non-CHD mortality which
was seen in fig. 2 has quite disappeared, and there is now
a positive correlation with total mortality. Thus the pat-
tern seen in fig. 2 seems, like our own findings in fig. 1,
to have been an artefact caused by the short-term in-
fluence of unrecognised sickness.

DISCUSSION

A therapeutic or preventive measure needs to be safe
as well as effective. Side-effects are often noted, but it is
unusual to look for an adverse effect on the incidence of
other common diseases and causes of death. Outside a
controlled trial the detection of such hazards can be dif-

TABLE III-MORTALITY (DEATH S/1000/YR, AGE-ADJUSTED)
ACCORDING TO CAUSE, PLASMA CHOLESTEROL LEVEL AND

DURATION OF FOLLOW-UP

ficult or impossible, but this makes it all the more impor-
tant to look for such clues as may be available.

Previous evidence, though scanty, was not wholly
reassuring about the potential hazards of hypolipidsemic
measures. In one trial the use of clofibrate was associ-
ated with a substantial increase in total mortality,7 and
it was impossible to tell whether this was an effect of
lipid reduction or of this specific drug. The reduction of
lipids by dietary means2 seemed in one trial to be associ-
ated with an excess of cancer deaths, but other trials of
similar dietary changes were negative in this respect."

Total mortality is often not given in studies of CHD
and lipids. A report, based on a 10-year follow-up of life
insurance examinations in Oslo, was reassuring14&mdash;
serum cholesterol level was unrelated to non-CHD

deaths, so that the strong positive relation with CHD
was reflected in total mortality. In an earlier collabora-
tive enquiry, including Whitehall study results, we
reported 15 that, contrary to our expectations, colon
cancer incidence was not positively correlated with cho-
lesterol level, and there was even some tendency in the
opposite direction. (Further results from the Whitehall
study now suggest that this tendency may not dis-

tinguish colon from other alimentary cancers to the
extent that then appeared.)
None of these findings constituted strong evidence

that the dietary reduction of blood cholesterol levels was
hazardous, but they underlined the need for closer

scrutiny. It was alarming to find the pattern in fig. 1,
especially when this resembled the Framingham study
results shown in fig. 2. We did not at first consider the
possibility that lipid levels might have been lowered by
unrecognised sickness in some of the subjects, since this
was a study of ostensibly fit working men. Nevertheless,
when the early and late deaths are separated (fig. 3), the
findings point clearly to this conclusion; and this is con-
firmed by further analysis of the Framingham data
(table Iv). Thus there are now three sources of informa-
tion on the long-term relation between cholesterol level
and deaths from causes other than CHD: the Oslo study
(0-10 years follow-up), the Framingham study (0-16
years follow-up), and the Whitehall study (2-7&frac12; years).
None shows any suggestion of true excess risk for men
as a result of having lower plasma cholesterol.
When presenting the preliminary results of this analy-

sis’6 we were further re-assured to learn that the same
conclusion had been independently reached by the inves-
tigators in the Paris Prospective Study. 17

This "unsuspected sickness" phenomenon may have
wider implications, for case/control as well as for longi-
tudinal (prospective) surveys. In our experience the phe-

TABLE IV-AVERAGE ANNUAL DEATH-RATES (PER 1000 MEN AGED
35-64, AGE-ADJUSTED) OVER A 16-YEAR PERIOD BY SERUM

CHOLESTEROL AT ENTRY TO FRAMINGHAM STUDY
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nomenon has its greatest effect on those who are going
to die from cancer within a year or two of the examina-
tion. Evidently their metabolic status may be consider-
ably changed even before they become clinically ill.
We thank Miss L. Colwell for help in the survey and the preparation

of this report.

Requests for reprints should be addressed to G. R.
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Living with Disease

MYASTHENIA GRAVIS: A STUDY OF SOCIAL,
MEDICAL, AND EMOTIONAL PROBLEMS IN

26 PATIENTS

JOAN SNEDDON

Department of Psychiatry, Royal Hallamshire Hospital,
Glossop Road, Sheffield S10 2JF

Summary 26 patients with proven myasthenia
gravis were asked how they overcame

the social, medical, and emotional problems of their ill-
ness, with special reference to weakness caused by emo-
tional stress, especially anger. They knew that stress
made them weak but they resented being told they were
neurotic. A third of the patients had initially been given
a psychiatric diagnosis because physical signs fluctuated
so much that there were often no abnormalities on ex-

amination, especially in the morning. Many emphasised
problems of communication caused by difficulties with
speech and facial expression. Patients who sought treat-
ment for other medical problems often knew more about
their myasthenia, its treatment, and complications than
the doctors and were resentful because the doctors did
not believe them.

INTRODUCTION

MYASTHENIA gravis is a rare treatable autoimmune
disease with an incidence of 1 in 20 000 in Britain. Anti-
bodies are made to the acetylcholine receptors at the
neuromuscular junctions, so that acetylcholine can no
longer exert its normal effect. This causes muscle weak-
ness characteristically worse after repeated use and im-
proved by rest. Weakness is most pronounced in those
muscles supplied by the cranial nerves, including the
diaphragm via the vagus. Generalised weakness also
occurs. Treatment is with cholinesterase inhibitors

(neostigmine and pyridostigmine), sometimes steroids,
and often thymectomy. Medication does not bring back
the patient’s strength to the pre-illness level, and accept-
ance of a modified life style is important in prognosis.
My aim was to discover whether patients knew of the
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practical, medical, and emotional difficulties and to find
out from them how they had learnt to minimise difficul-
ties. Many had been helped by members of the Myas-
thenia Gravis Association, part of the Muscular Dys-
trophy Group of Great Britain. Others had learnt from
bitter experience and were willing to share their experi-
ences to help others.

METHOD

The patients were from the practices of two neurologists and
had been treated initially in a neurological unit. They were
drawn from all social classes. Many belonged to the Myas-
thenia Gravis Association. I wrote to 30, of whom 26 replied
and filled in a questionnaire which I designed with the help of
patients and the findings of earlier writers. Most patients,
often with their nearest relative, were given an unstructured
interview: fatigue caused by the illness made a structured in-
terview impossible. Many patients had to rest after 15-20
minutes because speech faded, especially if they were anxious.
An interview with husband and wife together was less stressful
in this respect and showed how the family was coping. I did
not challenge patients who denied obvious problems, such as
ptosis. This seemed unwise if the patient had adjusted well to
the illness and was leading a near-normal life.

1 patient did not reply. 1 said she was well and did not wish
to come for interview, and 1 was already on a ventilator in the
intensive-care unit, where she died. 1 was excluded because she
was thought to have pseudomyasthenia.1

There were 7 men, age range 47 to 72, and 19 women, age
range 20 to 77.

RESULTS

The Patients and their Illness

The occupations of the 7 men were: 2 managing
directors, 1 accountant, 1 chemist, 1 product analyst, 1

civil servant, and 1 furnace operator. Of the 3 single
girls, 1 was a seamstress, 1 a secretary, and 1 an electro-
cardiograph technician. 16 of the women were married,
and most had difficulty with housework; window-clean-
ing was specifically mentioned. Younger women had
more difficulty in living within the limitations of their
illness.2.3 10 out of 14 noticed increased weakness during
menstruation. 7 women aged under 44 said their illness
had put a strain on their marriage, and in 2 of these


