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- Abstract. Bvidence from controlled clinical trials shows convincingly that reducing serum
cholesterol levels by diet or drug treatment reduces the incidence of coronary heart disease.
On a population basis, the most important effect of cholesterol lowering might be postpone-

-ment of the first symptoms of disease rather than postponement of death, because most
cardiac deaths occur at an advanced age. No enhanced cancer mortality is seen either in popu-
lations with low serum cholesterol levels or in patients who, through a genetic defect, have a
low-density-lipoprotein cholesterol of zero. This makes it unfikely that cholesterol-lowering
treatment as such promotes cancer. Still, specific side effects and toxicity of drugs need careful
scrutiny, and diet remains the treatment of choice for mild hiypercholesterolemia.

Sources of information on the role of
serum lipoproteins in the development of dis-
ease are diverse (table 1). In the evaluation of
drugs, randomized controlled clinical trials
are considered indispensable. On the other
hand, public health interventions are fre-
-quently judged on epidemiologic grounds
alone, as was the case regarding the noxious
-effect of cigarette smoking on the myocar-
dium: the metabolic pathways involved are
poorly defined, there are no good animal
studies, and, most important, there is no evi-
dence from randomized controlled trials that

cessation of smoking is beneficial; vet, its
importance is widely accepted. Nor is there
persuasive evidence from randomized con-
trolied trials that obesity, lack of exercise,
stress, exposure to radioactivity or air pollu-
tion, failure to wear a safety belt or helmet,
drunk driving or substance abuse will shorten
life expectancy.

On several of these points, e.g. exposure
to radioactivity or drug abuse, insistence on
trial evidence would be pedantic, because
epidemiologic and clinical observations plus
common sense should persuade anyone that
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they are unhealthy. In the case of obesity or
exercise, setting up and running a properly
controlled clinical trial would be a formidable
and impossible task. On the other hand, the
impact of cholesterol lowering on coronary
risk has been studied intensively. Stil, calcu-
lations have shown that a definitive settling of
the diet-heart question would require a trial
involving 72,000-145,000 subjects treated for
at least 5 years [1]. None of the published
trials approach these figures. We will thus
have to accept the limitations and look at but
also_beyond trial evidence for the long-term
effects of cholesterol reduction on coronary
heart disease (CHD) morbidity and mor-
tality.

- Effect of Cholesterol Lowering on CHD

There have been many trials to evaluate
the role of cholesterolin the etiology of CHD,

and their results have not always been consis- -

tent — a common phenomenon in biomedical
research. A meta-analysis, in which results of
all published trials meeting consistent criteria

“are entered into a single calculation, then
becomes helpful. Such analysis can provide a
perspective on the extent to which the out-
comes of the various trials agree. Single trials
have almost uniformly lacked the statistical
power to allow firm conclusions.

Although in most trials, treatment of
hypercholesterolemia by diet or by drugs
reduced the incidence of CHD, the numbers
of patients studied were so small that many of
these outcomes could have been due to
chance if viewed individually. Statisticians
express this by saying that the 95% confi-
dence interval for the reduction in incidence
did notexclude a zero effect, or that the effect
was not significant. Only combining the data

Table 1. Sources of information or the role of cho-
lesterol in disease

Epidemiology
Individuals
Nations
Trends in time
Hereditary hypercholesterolemia and
hypacholesterolemia
Metabolic pathways
Animal experiments
Controlled clinical trials

Table 2. Relation between cholesterol lowering and
reduction in CHD: meta-apalysis of randomized, con-
trolled tdals '

Cholesterol reduction, % Reductionin CHD, %

5-9 8
10-15 19

Adapted from R. Peto [1988, unpubl. analyses].
L In these trials, patients who developed CHD had
been receiving treatment for an average of 2 years when
symptoms first appeared.

compiled for the 40,000 patients studied in
the 20-30 trials published hitherto allows the

“signal to rise above the noise. Such meta-

analyses have showa that reducing total or
low-density-lipoprotein (LDL} cholesterol
levels consistently reduces the incidence of
myocardial infarction and coronary death [2,
3]. The effect is graded: the greater the choles-
terol reduction, the larger the benefit (table 2).
Benefit has been shown to increase with longer
duration of treatment (table 3) as weli.- Table 3
also shows that in this respect the trial evidence
fits well with epidemiologic observations. It is
therefore a logical conclusion that the duration
of exposure of the arterial wall to high LDL
concentrations determines the chance that an
occluding lesion will occur.
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Table 3. Reduction in coronary events associated
with a cholesterol reduction of 10% in a meta-analysis of
randomized controlled trials

Typeofstudy Reduction  Duration of choles-
in CHD terol reduction
mean *+ SE, until 1stevent,

% years!

13 short trials 9x5 1-2

8longer (5-7 years)

trials 22+4 3
Comparisons within

aad between

popuiations 30 ~50

Adapted from R. Peto [1988, unpubl. analyses].

At the time when CHD symptoms first appeared, pa-
tients had on average been receiving treatment or ad-
hering to a specific diet for the number of years indi-
cated. :

A

Value of Cholesterol-Lowering
Strategies

Total Mortality

If treatment of hypercholesterolemia re-
duces mortality from CHD .and does not
cause other diseases, then it should be associ-
ated with a reduction in total mortality, i.e.
patients should live longer. In practice, this
has not been proven to occur [3], perhaps
because CHD, like cancer, diabetes; and
cerebrovascular accidents, is a disease that
mainly affects elderly people, who have a lim-
ited life expectancy. The average number of
years to be gained by prevention of CHD is
small, and the gain is diluted by other compet-
ing causes of death. Thus, there is a dilemma
involved in cholesterol trials: elderly subjects
gain little in life expectancy even if CHD is
prevented, and younger subjects experience
too few CHD deaths.during a trial to allow

firm conclusions on the benefit of treatment.
(The exceptions are patients with familial
hypercholesterolemia, in whom CHD mor-
tality is already high in middle age. With the
available pharmaceutical treatment for
hypercholesterolemia, a dramatic increase in
total life expectancy can be assumed to be dis-
cernible in the future among these patients.)

With the majority of CHD deaths occur-
ring in elderly people, is an increased average

‘life span a realistic goal in the primary preven-

tion of CHD? In my opinion, increasing life
expectancy among populations of the devel-
oped world is a pointless effort. The namber
of people living to 80 years or more is already
growing rapidly, and to many the added years
are a mixed blessing. Rather than to further
postpone death, a more relevant goal is to
reduce the burden of disease that makes the
last years or even decades of life miserable.
The question then becomes: will cholesterol
lowering keep patients free from disease for a
longer period rather than simply keep thém
alive longer? This issue of CHD incidence, as
opposed to total mortality, has been largely
settled by the trials: reduction of LDL and
total cholesterol levels leads to a decreased
incidence of CHD {2, 3}.

Side Effects

A second important question is whether.
treatment of hypercholesterolemia has sig-
nificant side effects, i.e., whether it actively
causes other diseases, especially cancer.
Unfortunately, the trials lack the power to
give us reliable information on this aspect.
Consider cancer deaths in the Helsinki Heart
Study (table 4) [4]. On the face of it, neither
this trial nor, for that matter, the Lipid
Research Clinics Coronary Primary Preven-
tion Trial 5] showed any evidence that
cholesterol lowering promotes cancer. But
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Fig. 1. Serum cholesterol levels
atentry, and cancer deaths after 6-15
years of follow-up im cohoris of
middle-aged men in the Seven Coun-
tries Study [7]. Adapted from Katan
[8]- Upper curve=total cancer
deaths; lower curve=Iung cancer
deaths.
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what if 2 of the 11 patients dying from cancer
in the placebo group (table 4) had succumbed
just after the trial had finished instead of dur-
ing the trial, and 2 more of the drug-treated
patients had died of cancer during the trial?
Instead of a difference of zero, we would then
have had an almost 50% excess of cancer
deaths in the group receiving active treat-
ment. The reverse holds for the ‘accidents
and violence’ category: simply transfer 3
cases from the drug to the placebo group, and
no one would have worried. In statistical
terms, it is said that the difference in violent
deaths between the drug and placebo groups
was not significant. This means it could have
been a coincidence; we simply cannot tell.
The numbers are too low to allow a reliable
answer; even if all the trials are combined, the
numbers are still oo low.

Thus, the trials cannot settle the choles-
terol-cancer issue. Nor are epidemiologic
follow-up studies helpful, because by now it is
evident that preexisting but undiagnosed
tumors caused reduced serum cholesterol lev-
els [6], so that cancer may cause low choles-
terol levels instead of the reverse.

- However, much more potent and unequiv-
ocal evidence on this issue is available. There
are hundreds of millions of people who have

150 200 250
Cohort mean serum cholesterol at entry {mg/ dl)

Table 4, Number and causes of deaths in the Hel-
sinki Heart Study

Patients Number
placebo gemfibrozil
(n=2,030) {n =2,051)
CHD 19 14
QOther causes | 24 30
Othervascular diseases 4 8
Cancer 11 11
Other medical causes 3 1
Accidentsand violence - 6 10
Total 43 44

Adapted and corrected from Frick et al. [4], Ac-
cording to Frick [written comm., 1990], checking of the
coding of the patients disclosed some errors in the pub-
lished [4] mortality data. In the present table 4, there are
therefore 1 death less from other medical causes inboth
groups, and 2 more deaths from accidents and violence
in the placebo group than in the original publication.

had low cholesterol levels all their lives. Such
people live in countries where the diet is low
in satarated fat and cholesterol. As shown in
figure 1 [7, 8], there is no evidence that such
populations have higher cancer rates than
populations with much higher cholesterol lev-
els. If a reduction of cholesterol by 10%
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should by itself cause cancer [9], then surely
the almost twofold difference in cholesterol
levels between Finnish and Japanese men
should have caused a perceptibly higher
death rate from cancer in the Japanese: this
was not the case (fig.1).
Additional information comes from
experiments of nature in the form of genetic
disturbances in the regulation of cholesterol
levels. That patients with homozygous hyper-
betalipoproteinemia (better known as homo-
zygous familial hypercholesterolemia), who
have cholesterol levels of 20-30 mmol/l
(800-1,200 mg/di), will often develop myo-
cardial infarctions in the first years of life is
well known. It is not aiways realized that the
opposite genetic defect also exists: there are
several hundred patients worldwide who suf-
fer from abetalipoproteinemia or homo-
zygous hypobetalipoproteinemia. These pa-
tients have an LDL cholesterol level of zero
and a total cholesterol level of (.5~1 mmol/l
(20—40mg/dl). AsLDL is the vehicle not only
for cholesterol, but also for vitamin E, these
patients used to develop massive vitamin E
deficiency and its associated neuropathy [10].
Now that this deficiency has been recognized
and patients are being treated with mega-
doses of vitamin E, they live well into their
. fifties and sixties. The salient point is that
excessive cancer rates are not and have never
been a feature of these diseases [P.N. Her-
bert, MD, PhD, pers. comm. October 6,
1987]. This observation is hard to reconcile
with any theory that moderate LDL choles-
terol lowering will deplete cholesterol from
some essential tissues or cells and in that way
promote the development of malignant
tumors. If that were true, patients with zero
~ LDL cholesterol levels would have rampant

tumor growth at an garly age, which they do
not. . .

Conclusion and Perspectives for
Drug Treatment

Evidence from a number of sources, in-
cluding trials, shows that reducing serum
levels of LDL cholesterol will postpone CHD
[2, 3]. The more extensive the lowering, the
larger the gain in CHD-free years. In addi-
tion, it appears unlikely that a reductionin the
level of LDL cholesterol will by itself promote
other diseases, especially cancer. However,
this does not exclude the possibility that cer-
tain forms of cholesterol-lowering treatment
may have specific toxic effects. Epidemiolo-
gicand trial evidence suggests that dietslow in
saturated fat and cholesterol are fairly harm-
less. However, several of the early choles:
terol-lowering drugs, including estrogen,
dextrothyroxine, and triparanol, caused
serious toxicity, and had to be withdrawn.
Clofibrate has also been suspected of carcine-
genicity, but trials in humans have yielded
contradictory evidence for this adverse effect
[11, 12].

The new 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors have enor-
mous potential for reducing premature
CHD and death, and thcir safety profile to
date is satisfactory [13, this issue]. However,
no drug is completely free from side effects.
There is pressure — from patients more than
from physicians — to prescribe reductase
inhibitors to very large numbers of people
who have only minimal serum cholesterol
elevations. In this case, the side effects in -
the many may outweigh the benefit in the .
few. This is undesirable not only because of
the potential harm to patients not requiring
drug therapy, but also because fear of side
effects might stop patients with severe
hypercholesterolemia from taking these
drugs.
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Thus, cholesterol lowering as such will
probably increase the number of disease-free
years for many people in affluent societies.
However, the agent used to lower cholesterol
should be appropriate to the severity of the
hypercholesterolemia, and in the large majoz-
ity of patients with mild hypercholesterole-
mia diet is a more appropriate form of treat-
ment than drugs.

References

1 Diet-Heart Review Panel: Mass field trials of the
diet-heart question — their significance, timeliness,
feasibility and applicability. American Heart Asso-
ciation Monopraph. New York, American Heart
Association, 1969, p 28. C

2 Peto R, Yusuf S; Collins R: Cholesterol-lowering
trial results in their epidemiological context. Circo-
lation 1985;72(suppl 3):451.

3 YusufS, Wittes J, Friedman L: Overview or results
of randomized clinical trials in heart disease, 1.
Unstable angina, heart failure, primary prevention
with aspirin, and risk factor modification. JAMA
1988;260:2259-2263.

4 Frick MH, Elo O, Haapa K, et al: Helsinki Heart
Study: Primary prevention trial with gemfibrozil
in middle-aged men with dyslipidemia. Safety of
treatment, changes in risk factors, and incidence of
coronary heart discase. N Engl J Med 1987;317:
1237-1245. ) ’

5 The Lipid Research Clinics Program: The Lipid
Research Clinics Coronary Primary Prevention
Trial results. I. Reduetion in jncidence of coropary
beart disease. JAMA 1984;251:351~364.

6 Sherwin RW, Wentworth DN, Cutler JA, et al:
Serum cholesterol levels and cancer mortality in
361,662 men screened for the Multiple Risk Factor
Intervention Trial. JAMA 1987;257:943-948.

10

11

12

13

Keys A, Aravapis C, Blackburn H, et al: Serum
cholesterof and cancer mortality in the Seven Coun-
tries Study. Am J Epidemiol 1985;121:870-883.
Katan MB: Effects of cholesterol-lowering diets on
the risk for cancer and othex non-cardiovascular dis-
eases; in Fidge NH, Nestel PT (eds): Proceedings of
the 7th Atherosclerosis Symp. Amsterdam, Else-
vier, 1986, pp 657-661. -

Feinleib M: Review of the epidemiological evidence
for a possible relationship between hypercholes-
terolemia and cancer. Cancer Res 1983;43:
25033-25075.

Herbert PN, Assmann G, Gotto AM It, et al: Fami-
lial lipoprotein deficiency: Abetalipoproteinemia,
hypobetalipoproteinemiz, and Tangier disease; in
Stanbury JB, Wyngaarden JB, Fredrickson DS, et al
(eds): The Metabolic Basis of Inherited Disease, ed
5. New York, McGraw-Hill, 1983, pp 589-621.
Caneer PL, Berge KG, Wenger NK, et al: Fifteen-
year mortality in coronary drug project patients:
Long-term benefit with niacin. J Am Coll Cardiol
1986;8:1245-1255.

Oliver MF, Heady JA,, Morris JN, et al: WHO coop-
erative trial on primary prevention of ischaemic
heart disease with clofibrate to lower serum choles-
terol: Final mortality .follow-up. (Report of the
Committee of Principal Investigators.) Lancet 1984;
ii:600-604. ’ ’

Bilheimer D: Long-term clinical tolerance of lova-
statin and simvastatin. Cardiology 1990;77(suppl
4):58-65.

Martijn B. Katan, PhD

Department of Human Nutrition
Wageningen Agricultural University
Bomenweg 2, PO Box 8129

NL-6700 EV Wageninger (The Netherlands)



	336186_Page_2.tif
	336186_Page_3.tif
	336186_Page_4.tif
	336186_Page_5.tif
	336186_Page_6.tif
	336186_Page_7.tif

