UC San Diego
UC San Diego Previously Published Works

Title

Time to Lower Cholesterol: The Potential effect of cholesterol reduction on the incidence of

cardiovascular disease

Permalink

|https://escholarship.orgc/item/‘tngerd

Authors

Plant, AT
Pierce, JP
Rushworth, RL

Publication Date
2023-12-11

Peer reviewed

eScholarship.org Powered by the California Digital Library

University of California


https://escholarship.org/uc/item/4dg0m5rp
https://escholarship.org/uc/item/4dg0m5rp#author
https://escholarship.org
http://www.cdlib.org/

THE MEDICAL JOURNAL OF AUSTRALIA Vol. 148 June 20, 1988

627

London: NOP Market Rescarch Ltd, 1987,
4. Anonymous. AMA opposes active ewthanasia. AMA Vicrorian Branch News 1986 Sep: 175,
3. R, v Adams [1957) Cr L Rev 365.
6. P.@rli:ﬂmcnl of Victoria, Social Development Committee, Inquiry into Options for Dying with
Dignity. Second and final report. Melbourne: Government Printer, 1987: Appendix E (Bravender-

Coyle P. An outline of certain legal issues relating to the inguiry.), 133-134,

7. Oliemans AP, Nijhuis HGJ. Euthanasie in de huisarispraktijk. Medisch Contace 1986; 41: 691,

Cited by Gevers JKM. Legal developments concerning active euthanasia on request in the
Netherlands. Bioethics 1987; 1: 156-162.

(Received November 16, 1987; accepted January 20, 1988)

Time to lower cholesterol: the potential effect of cholesterol
reduction on the incidence of cardiovascular disease

(see also page 635)

Aileen ). Plant, John P. Pierce, R. Louise Rushworth and Gregory B. Goldstein

ABSTRACT Cardiovascular disease imposes a major burden on our
community through its high morbidity, mortality and health-care costs.
Elevated cholesterol levels have been recognized increasingly as an important
and modifiable risk factor for this disease. We assessed the impact of a
reduction in cholesterol levels in our community and compared its impor-
tance with the reduction of another major risk factor for this disease, namely,
smoking. Results from this analysis indicate that a greater proportion of
cardiovascular disease can be attributed to elevated cholesterol levels
compared with smoking in our population. This difference is due largely
to the prevalence of elevated cholesterol levels in the community. Evidence
from international studies indicates that a 5% reduction in the cholesterol
level of Australians is a realistic health target for the population and that
this reduction would lead to a major reduction in the burden of cardiovas-
cular disease and to substantial economic savings. This paper provides further
evidence to support the National Heart Foundation of Australia’s recom-
mendations for a reduction of cholesterol levels in the Australian population.
(Med ] Aust 1988; 148: 627-629)
pproximately 120 000 deaths occur in Australia every year
and almost half these deaths are of diseases of the
circulatory system. Myocardial infarction alone accounted

for over 22 000 deaths in 1985."

High blood cholesterol levels have long been shown to be
associated with a high incidence of heart disease in the population,
and recent evidence shows that persons with moderately-increased
levels of cholesterol are at an increased risk of heart disease.>* The
Multiple Risk Factor Intervention Trial found:*

The pattern of a continuous, graded, strong relationship between serum

cholesterol and six-year age-adjusted CHD [coronary heart disease] death

rate prevailed for nonhypertensive nonsmokers, nonhypertensive smokers,

hypertensive nonsmokers, and hypertensive smokers [. . .] the relationship

[. . .]lis not a threshold one [. . .] but rather is a continuously graded one.
On the basis of evidence such as this, the National Heart Foundation
of Australia issued a policy statement to recommend that the
threshold level for cholesterol lowering action be reduced from
6.5 mmol/L to 5.5 mmol/L.% This new “‘cut-off”’ level has particular
significance for Australia. It means that, according to the last
National Heart Foundation survey, half our population is ‘‘at risk™
of heart disease as a result of their blood cholesterol levels alone,®
and so are eligible for cholesterol-lowering interventions.

In 1987, both the National Heart Foundation and the NSW
Department of Health made the reduction of cholesterol levels a
major priority. What effect on the incidence of myocardial infarction
can be expected from a cholesterol-lowering campaign? How
successful are different types of intervention likely to be in lowering
community cholesterol levels? What is the maximal amount of money
that should be put into the achievement of that success to maintain
a positive benefit-to-cost ratio? How does the population-attributable
fraction of cholesterol compare with that of smoking when risk
factors for heart disease are counsidered?

With available data from international and Australian studies this
paper considers these questions. It also makes a conservative estimate
(direct costs only) of the savings that will accrue if the National Heart
Foundation and the NSW Department of Health are successful in
reducing the mean cholesterol level in the community.
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Methods
The population-attributable fraction is the proportion of all new cases in
a given period that are attributable to the risk factor of interest. The
population-attributable fraction can be calculated provided that the preva-
lence of the risk factor in the community is known, as well as its relative
risk for the outcome of interest (in this case, coronary heart disease).”
If there were only one category of exposure then the equation would be:
p(RR—-1)
p(RR-1) + 1
where p is the proportion of the population with the risk factor and RR is
the relative risk for the disease compared with that of persons who do not
have the risk factor.”
This calculation can be extended to deal with multiple-category exposures
such as different categories of cholesterel or smoking levels. The equation is:
1

Population-attributable fraction =

Population-attributable fraction = 1~

K

Z p(RRj)

i=0
where p is the proportion of the population in the ith risk-factor category
(i=0,....k) and RR| is the relative risk for the disease in the ith risk-factor
category compared with that of persons who do not have the risk factor.’

TABLE 1: Proportion of Australian men aged 40-64 years at various
cholesterol levels at baseline, and after a cholesterol-reduction campaign

Proportion if cholesterol

Proportion of population
P pop level decreased by:

with baseline cholesterol

Cholesterol levels (mmolil) level® 5% 10% 20%
Less than 4.68 0.14 0.21 0.31 0.57
4,71-5.22 0.18 0.21 0.24 0.20
5.25-5.,69 0.20 0.19 0.17 011
5.72-6.31 0.20 0.19 0.15 0.08
Greater than 6.34 0.29 020 013 0.04
30%
25% -
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4,68 4.71-5.22 5.26-5.69 5.72-6.31 36.34

Cholesterol level (mmol/l.}

FIGURE: Percentage of Australian men of 40-64 years of age at various cholesterol
levels,*

Blood cholesterol levels for the Australian male population of between
the ages of 40 and 64 years were obtained from the 1983 National Heart
Foundation Risk Factor Prevalence Survey® and were analysed to attain the
population of men in each cholesterol category. The cholesterol categories
that were used were the same as those that were used in the Multiple Risk
Factor Intervention Trial. The relative risks of suffering a cardiovascular
event at each cholesterol category were obtained from the Multiple Risk Factor
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Intervention Trial data (study sample, 356 222 subjects). The prevalence of
smoking and levels of smoking for men of the same age were obtained from
the 1983 “Quit. For Life’’ evaluation.® The relative risks for each level of
tobacco consumption were obtained from the Pooling Project data in The
health consequences of smoking.® The proportions of the population and
the relative risk of each category of cholesterol and smoking are shown in
Table 1, the Figure and the list below.

Proportion of male
community faged 40-

Smoking habit 60 years) smoking

Relative risk®

None 0.7359 1.000
Less than one pack/day 0.0667 1.793
One pack/day 0.0880 2.069
Greater than one pack/day 0.1094 3.155

The proportion of Australian men in each cholesterol category was
recalculated on the assumption that the intervention reduced all serum
cholesterol levels as measured in the Nationa! Heart Foundation study by
5%, 10% and 20%, respectively. The population-attributable fraction was
estimated for each reduction by means of the multiple-category exposure
equation, in order to estimate the percentage reduction in coronary heart
disease in Australian men, The estimated reduction is compared with similar
estimates from the Lipid Research Clinics study.®

To calculate the likely effectiveness of cholesterol-lowering campaigns, it
is necessary to know what sort of reduction in cholesterol levels could be
achieved in this population. Data from international studies are presented
as the basis for these estimates.

The estimation of possible savings is based on direct costs. Direct costs
are those that reflect the cost of treatment and are the sum of prehospital
treatment, initial hospital care, the treatment of recurrent myocardial
infarctions, medical care outside hospital and pharmaceutical costs. ' Costs
are estimated from the results of an incidence-based method for the direct
costs of acute myocardial infarctions and sudden deaths for New South
Wales. ' As this costing was undertaken with 1979 data, the average adjusted
bed-day cost for 1987 was obtained and then the ratio of 1987 ta 1979 costings
was applied to the predicted savings. The percentage predicted fall in coronary
heart disease events was then applied to the estimated costs for 1987. If indirect
costs, or the costs of lost productivity were included, the calculated amount
would be increased by a factor of five times,

Results
The Figure shows the prevalence of different levels of cholesterol.
Persons with cholesterol levels of less than 4.68 mmol/L have a
relative risk of coronary heart disease of one.* From this particular
study, it would appear that a further lowering of serum cholesterol
levels below 4.68 mmol/L did not lead to a further important
reduction in coronary heart disease.*

The estimate of the impact of smoking and high blood cholesterol
levels on heart disease is shown below.

Population-attributable fraction

Relative risk

Cholesterol level Smoking
As measured 54% 28%
Relative risk reduced by 10% 48% 20%
Relative risk increased by 10% 58% 34%

Although the relative risks for smoking are of the same order as
are those for cholesterol levels, the much lower prevalence of smoking
in the community means that the population-attributable fraction
is much lower than that of cholesterol levels (28% compared with
547).

The amount of confidence that can be placed in these estimates
can be judged by how much they vary if the relative risk were over-
estimated or underestimated by as much as 10% in a sensitivity
analysis. Bven with a 10% overestimate in the relative risk of a high
serum cholesterol level for coronary heart disease, in 48% of persons
who suffer a cardiovascular event, the condition is attributable to
a high serum cholesterol level. The population-attributable fraction
is-almost double that of smoking.

If serum cholestero! levels are reduced by 5%, a 6% reduction
in the incidence of heart disease could be expected.

Serum tholesterol level Population-atiributable fraction
Not reduced

0.54
Reduced by 5% 0.48
Reduced by 10% 0.41
Reduced by 20% 0.25

This expected reduction is rather less than that which was reported
by the Lipid Research Clinics study," which estimated that for every
1% reduction in cholesterol level that is achieved, there will be &
2% reduction in the later onset of heart disease.

How realistic is a target of a 5% reduction in cholesterol levels?
A summary of the international evidence on studies which have
resulted in the successful reduction of serum cholesterol levels is
presented in Table 2. There are two major types of studies: those
that are community-based and those which recruit volunteers who
are at high risk. The majority of studies — with the exception of
the Oslo study, which showed exceptionally good results without
the use of medication'® - indicate that a 3% reduction could be
expected in the mean cholesterol levels of the community through
the use of mass media, screening and counselling interventions. If
doctors treat high-risk cases aggressively (as in the Lipid Research
Clinics study*?), the reduction in community levels would be greater,
A conservative estimate would be a 5% reduction in cholesterol
levels.

[
|
4
|

TABLE 2: Cholesterol level reduction in international interventional studies

Study period Mean cholesterol

Study (years) change
Community study
Stanford Three

Community Study™

Intervention type

Screening and mass
media campaign 2 3%
High risk including

intensive intervention 2 3%
North Karelia* Community organization 5 3.8%
High risk
Oslots Screening and
counselling 5 15%
Multiple Risk Factor
Intervention Trial'
Control Screening and refer to 1 3%
general practitioner 6 5%
Intervention Screening and intensive 1 6%
programme 6 7%
Lipid Research
Clinics*®
Control Screen only 74 5%
[ntervention Screen and drug
treatment 7.4 13.4%
Cholesterol-lowering  Screen and drug
Atherosclerosis treatment 2 26%

Study*’

The estimated savings that would have accrued in New South
Wales in' 1987 should there have been a reduction of 6% in the
incidence of heart disease are shown below.

1987 Direct costs of coronary heart disease (extrapolated*)'? $92 042 2B6
Savings in 1987 if incidence of coronary heart disease were
reduced by 6% $5 390 653

*Extrapolation uses the ratio between adjusted bed-day costs in 1979 and 1987, which was 2.874.

A yearly saving of approximately $5.4 million at 1987 costs could
have been expected.

Discussion

The contributions of cholesterol levels, smoking and hypertension
to heart disease are well established. While hypertension is a major
risk factor for heart disease, we have chosén to compare smoking
and cholesterol levels in this analysis as modifiable life-style factors,
While hypertension remains a major risk factor for heart disease
on the basis of all known prospective studies, interventional studies
have not established clearly that treating hypertension reduces the
incidence of myocardial infarctions. This paper assumes that the
relative risks of elevated cholesterol levels and smoking for the
development of disease in Australia are similar to those in the United
States.

When these relative risks are used with the best estimates of preval-
ence in the Australian male community, the relative contribution
of a high blood cholesterol level to heart disease is calculated to be
almost twice that of smoking. Therefore, one-half of men of between
the ages of 40 and 64 years who suffer with heart disease will have
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elevated cholesterol levels under these assumptions. Even when the
relative risks and prevalence levels are assumed to have been over-
estimated by 10% in a sensitivity analysis, the association between
elevated cholesterol levels and the later development of heart disease
is very high. These figures give strong support to the National Heart
Foundation’s campaign theme that “it is high time to lower
cholesterol’”.

Given the importance of the reduction of community levels of
cholesterol, international data can be used to indicate the sort of
effect that is possible from a successful cholesterol-lowering
campaign. These studies indicate that should doctors support such
a campaign to treat persons with elevated cholesterol levels, then
the reduction that is achieved could be in the order of 5%.

Our estimates are that a 6% reduction in the population-
attributable fraction would follow a 5% reduction in cholesterol
levels. The authors of the Lipid Research Clinics study concluded
that a 5% reduction in cholesterol levels gave a 10% reduction in
heart disease.!® Thus, if doctors intervene aggressively to reduce
cholesterol levels and to achieve a 5% reduction, a fall in the
incidence of heart disease of 6%-10% could be expected. The
potential benefit is greater than these estimates might suggest, as
reports of the effect of the new cholesterol-lowering drug, lovastatin,
suggest that a 20% lowering of cholesterol levels is a conservative
estimate of effect.'

A 6% reduction in the incidence of heart disease at 1987 cost
estimates would result in savings of $5.4 million in direct costs in
New South Wales alone. If indirect costs were to be included, this
figure would be about five-times higher. The importance of this result
is that it can give health administrators a benchmark for expend-
iture on a campaign (assuming that it has a certain success level),
in order for such a campaign to have a positive benefit-to-cost ratio.
Even if a cholesterol-lowering campaign achieved only half the
estimated possible reduction, a total of $2.7 million could be spent
to accomplish this before the “‘preak-even’ point were reached.

A number of published studies support the results of the current
study.*1®'® An exception is a recent publication that questioned the
benefits of lowering cholesterol levels. Taylor et al.,*® who used a
multiple logistic model that was based on data from the Framingham
study,® established the model’s credibility by indicating that the
results that were obtained are consistent with the Lipid Research
Clinics’ data.'® However, their conclusion of a very modest effect
is at odds with the large effect that was indicated by more recent

studies such as the Lipid Research Clinics Study,'® the Whitehall
Study® and the Multiple Risk Factor Intervention Trial.*

In view of the high prevalence of elevated cholesterol levels and
the high risk of coronary heart disease in Australia, we believe there
is a need to support actively programmes that are aimed at lowering
cholesterol levels.
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