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Abstract
Objectives: To validate a self administered postal
questionnaire appraising risk of coronary heart
disease. To determine whether use of this
questionnaire increased the percentage of people at
high risk of coronary heart disease and decreased the
percentage of people at low risk who had their
cholesterol concentration measured.
Design: Validation was by review of medical records
and clinical assessment. The questionnaire appraising
risk of coronary heart disease encouraged those
meeting criteria for cholesterol measurement to have
a cholesterol test and was tested in a randomised
controlled trial. The intervention group was sent the
risk appraisal questionnaire with a health
questionnaire that determined risk of coronary heart
disease without identifying the risk factors as related
to coronary heart disease; the control group was sent
the health questionnaire alone.
Setting: One capitation funded primary care practice
in Canada with an enrolled patient population of
about 12 000.
Subjects: Random sample of 100 participants in the
intervention and control groups were included in the
validation exercise. 5686 contactable patients aged 20
to 69 years who on the basis of practice records had
not had a cholesterol test performed during the
preceding 5 years were included in the randomised
controlled trial. 2837 were in the intervention group
and 2849 were in the control group.
Main outcome measures: Sensitivity and specificity of
assessment of risk of coronary heart disease with risk
appraisal questionnaire. Rate of cholesterol testing
during three months of follow up.
Results: Sensitivity of questionnaire appraising
coronary risk was 87.5% (95% confidence interval
73.2% to 95.8%) and specificity 91.7% (81.6% to
97.2%). Of the patients without pre-existing coronary
heart disease who met predefined screening criteria
based on risk, 45 out of 421 in the intervention group
(10.7%) and 9 out of 504 in the control group (1.8%)
had a cholesterol test performed during follow up
(P < 0.0001). Of the patients without a history of
coronary heart disease who did not meet criteria for

cholesterol testing, 30 out of 1128 in the intervention
group (2.7%) and 18 out of 1099 in the control group
(1.6%) had a cholesterol test (P = 0.175). Of the
patients with pre-existing coronary heart disease,
1 out of 15 in the intervention group (6.7%) and 1 out
of 23 in the control group (4.3%) were tested during
follow up (P = 0.851, one tailed Fisher’s exact test).
Conclusions: Although the questionnaire appraising
coronary risk increased the percentage of people at
high risk who obtained cholesterol testing, the effect
was small. Most patients at risk who received the
questionnaire did not respond by having a test.

Introduction
Opportunistic approaches to screening for hyper-
cholesterolaemia are widely advocated.1–8 However,
studies of this approach for hypercholesterolaemia,9–11

cervical carcinoma,10–18 breast cancer,10–13 15–23 and
hypertension14 15 21 have repeatedly shown that a
substantial percentage of eligible patients, often most,
are not screened, even when interventions designed to
improve coverage are used.10 11 14–20 22 In only a few
instances have rates of coverage been reported that
might be considered satisfactory—for Papanicolaou
smear testing,21–23 clinical breast examination,21 and
blood pressure measurement.10 In our study of
selective opportunistic screening for hypercholester-
olaemia in a Canadian primary care group practice,
38% of patients who met the practice’s criteria for
screening were tested over 45 months.24

Among the factors that limit the effectiveness of
opportunistic screening are non-attendance at the
practice by healthy patients and the tendency for those
who seek care to have immediate health problems that
take precedence over preventive issues. These limita-
tions might be overcome by active screening
approaches that seek to recruit people who meet pre-
determined criteria for testing. To assess this strategy,
we developed and evaluated an active screening inter-
vention for hypercholesterolaemia using a postal self
administered questionnaire appraising the risk of
coronary heart disease.
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Subjects and methods
The objectives of this research were (a) to validate
assessment of the risk of coronary heart disease by self
administered questionnaire and (b) to determine
whether posting a questionnaire appraising the risk of
coronary heart disease to patients in primary care
increases the percentage of people at high risk of
coronary heart disease who have serum cholesterol
concentration measured and decreases the percentage
of people at low risk who are tested.

The setting was a capitation funded primary care
practice with an enrolled patient population of about
12 000, of whom 7785 were between the ages of 20 and
69 years. For the 45 months before the beginning of
the research the practice had been performing
protocol based selective opportunistic screening for
hypercholesterolaemia among its adult patients. The
research protocol received ethics approval from the
Ethics Review Committee of the McMaster University
Faculty of Health Sciences.

Validation of risk appraisal questionnaire
For a random subset of 100 subjects drawn from both
intervention and control groups, risk of coronary
heart disease on the basis of responses in the health
questionnaire was validated by a face to face clinical
assessment with a research nurse. Criteria for assigning
risk were those of the Toronto Working Group on
Cholesterol Policy (box).5 6 Three months after
completing the questionnaire subjects were assessed in
their homes by a nurse after she had reviewed their
clinical records. The review of clinical records was
intended to identify any history of myocardial
infarction or angina, use of glyceryl trinitrate or other
nitrates, smoking, hypertension, diabetes mellitus, and
family history of hypercholesterolaemia or coronary
heart disease. The nurse’s clinical assessment included
taking a history to identify coronary heart disease and
risk factors for the disease, and any changes in these
two since completion of the questionnaire; examin-
ation of current drug treatment; and measurement of
height and weight. Blood pressure was not measured
because increased blood pressure on a single occasion
is insufficient to diagnose hypertension.

Randomised study of risk appraisal questionnaire
Figure 1 shows the overall design of the trial. All
patients of the practice between the ages of 20 and 69
years who, according to the practice’s computerised

cholesterol programme database, had not already been
tested were randomly allocated to receive either (a) a
health questionnaire that determined whether they
were at risk of coronary heart disease without identify-
ing the risk factors as related to coronary heart disease
(control group) or (b) the health questionnaire and a
questionnaire appraising risk of coronary heart disease
that encouraged those meeting criteria for cholesterol
measurement to have a cholesterol test (intervention
group).

The questionnaire appraising risk of coronary
heart disease (fig 2) made operational the criteria for
cholesterol measurement developed by the Toronto
Working Group on Cholesterol Policy (box).5 6 To
minimise labelling and arousing fear, people who met
these criteria for cholesterol testing were not advised of
their high risk of coronary heart disease but were
encouraged to have a cholesterol test performed if they
had not been tested in the previous five years.
Although the Toronto Working Group is silent on the
subject, the Canadian Task Force on the Periodic
Health Examination recommends five years between
cholesterol tests for people with initially normal
results.1 Those not meeting the screening criteria of the
Toronto Working Group were advised that they did not
need cholesterol testing. A requisition for cholesterol
testing that included the hours when the practice took
blood samples was included in the intervention group’s
package. Covering letters were signed by the principal
investigator and the practice doctors. The covering let-
ters included a statement that a decision not to partici-
pate in the project would in no way jeopardise the
patient’s care.

Toronto Working Group’s criteria for
cholesterol measurement5 6

For men aged 35-39, one or more, and for women
aged 20-69 years and men aged 20-34 and 60-69, two
or more of:
• Hypertension (controlled or uncontrolled)
• Diabetes mellitus
• Smoking, especially when this is resistant to efforts
to stop
• Severe or abdominal obesity
• Family history of hypercholesterolaemia or
coronary heart disease, particularly myocardial
infarction or death from coronary heart disease in a
parent or sibling before the age of 60

Registered patients 20 - 69 years
(n = 7785)

Not randomised: previous cholesterol test recorded
in cholesterol programme database

(n = 1063)

Randomisation

Received health and risk
appraisal questionnaires

2837

Did not receive intervention as allocated
(not a patient or not contactable)

516

Followed up for cholesterol
testing within 3 months

2837

Withdrawn (did not return
health questionnaire)

497

Completed trial
2340

Included in analysis
1549

Excluded from analysis:
Previous cholesterol test recorded in notes

547
Missing data on risk factors

244

Received health
questionnaire

2849

Did not receive intervention as allocated
(not a patient or not contactable)

520

Followed up for cholesterol
testing within 3 months

2849

Withdrawn (did not return
health questionnaire)

375

Completed trial
2474

Included in analysis
1603

Excluded from analysis:
Previous cholesterol test recorded in notes

603
Missing data on risk factors

268

Fig 1 Design of study
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Questionnaires were posted in 26 waves two weeks
apart. This ensured that the work of drawing blood
samples for cholesterol testing, processing test results,
handling inquiries related to cholesterol, following up
abnormal test results, and managing newly identified
cases of hypercholesterolaemia would be spread over
time so as not to overwhelm the practice resources.
Patients in the intervention and control groups were
followed up for three months after the questionnaire
was initially sent to determine whether they had had a
cholesterol test.

To minimise contamination, patients were allocated
by household unit, rather than individually. A second
and third copy of the questionnaire were sent to non-
respondents, and any remaining non-respondents
were surveyed by telephone. We conducted intensive
follow up to obtain as complete information as
possible about subjects’ risk of coronary heart disease.

For half of the 26 waves, follow up was immediate.
In the other half, follow up was delayed until the end of
the three months’ follow up for cholesterol testing to
reflect how the risk appraisal questionnaire might ulti-
mately be used in clinical practice—that is, with a single
posting. Study results were analysed separately for the
two follow up conditions to determine whether the fol-
low up procedure influenced the likelihood of subjects
in the intervention group having their serum
cholesterol tested.

We estimated that the practice would provide a
sample size of about 2400 subjects (1200 per group)
who did not have pre-existing coronary heart disease
and who met the Toronto Working Group’s criteria for
cholesterol screening. Setting á at 0.05 (two tailed) and
â at 0.1, we assumed an 80% return rate on the health
questionnaire and a 1.3% uptake of cholesterol screen-
ing in the control group over the three months of fol-
low up (on the basis of screening uptake during the
first 33 months of the opportunistic screening

programme). This gave us greater than 99% power to
detect an absolute difference between screening rates
of 10% in the intervention and control groups, with a
95% confidence interval on the difference of 7.8% to
12.2%. We considered 10% to be the minimum
clinically important difference.

A check on the completeness of the practice’s
cholesterol programme database found that a sub-
stantial number of cholesterol tests were recorded in
patient charts but not in the database. As a result, the
charts of all patients between the ages of 20 and 69
years for whom there was no record of cholesterol
testing in the programme database were reviewed by
trained chart abstractors. A search was conducted for
all cholesterol tests recorded in the chart. Laboratory
reports, hospital discharge summaries, reports of
specialist consultations, and records obtained from
previous family physicians were examined. Patients
without a record of cholesterol testing in the five
years before the questionnaire was sent were included
in the analysis. Separate analyses were conducted for
those with and without pre-existing coronary heart
disease.

Because patients were randomised by household
unit, rather than individually, we used the analytical
procedure proposed by Donner et al to correct for the
effect of cluster allocation in testing the statistical
significance of and computing 95% confidence
intervals on differences between the intervention and
control groups in the percentage of patients who
received a cholesterol test during follow up.25 We
computed the required intracluster correlation (K|) for
cholesterol testing on the basis of all patients in the
practice aged 20 to 69 years for whom data were
available. For all other analyses that entailed com-
parisons of proportions we used ÷2 tests or Fisher’s
exact test.

Fig 2 Questionnaire appraising risk of coronary heart disease
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Results
Validation of risk appraisal questionnaire
Table 1 shows the results of the clinical validation of
measuring risk of coronary heart disease by question-
naire. Of 100 subjects assessed clinically by the
research nurse, five had false positive and five false
negative results with the questionnaire. The sensitivity
of questionnaire measurement of risk of coronary
heart disease was 87.5% (95% confidence interval
73.2% to 95.8%); specificity was 91.7% (81.6% to
97.2%).

Randomised study of risk appraisal questionnaire
Of the 7785 patients aged 20 to 69 years, 1063 had
been previously tested according to the practice’s com-
puterised cholesterol programme database and were
not included in the randomised study. Of the 6722
patients randomly allocated, 454 (6.8%) did not
consider themselves to be part of the practice, 582
(8.7%) could not be contacted, and 872 (13.0%) did not
respond. The response rate was 71.6% (4814/6722)
among all randomised patients and 84.7% (4814/
5686) when those who did not consider themselves
part of the practice and those who could not be
contacted were excluded from the denominator.
Among contactable patients the response rate was
84.4% (2506/2970) for those receiving immediate fol-
low up and 85.0% (2308/2716) for those who received
delayed follow up.

The intervention and control groups were similar
in age and sex distribution. The mean age of both
intervention and control group subjects was 38.8
years (SD 12.5 years in both groups). Women
comprised 53.6% of the intervention group and
53.7% of the control group. More subjects in the con-
trol group than in the intervention group (31.4%
(504/1603) v 27.2% (421/1549); ÷2 = 6.902, P = 0.009)
met the Toronto Working Group’s risk criteria for
screening. Although patients were allocated by house-
hold, most households included only one subject. The
mean number of study subjects per household (cluster
size) was 1.27 in the intervention group and 1.29 in
the control group. The mean correlation corrected for
chance for cholesterol testing within household
clusters was 0.9754. This correlation was used in the
analysis of results to adjust for the effects of cluster
allocation according to the method developed by
Donner et al.25

Table 2 shows the overall results. Of those without
pre-existing coronary heart disease who met the
Toronto Working Group’s criteria for screening, 45

out of 421 subjects in the intervention group (10.7%)
and 9 out of 504 subjects in the control group (1.8%)
had a cholesterol test performed during the three
months after the initial questionnaire posting
(P < 0.0001 after adjustment for cluster). In both the
intervention and control groups the percentage of
subjects tested was not significantly different in those
receiving immediate or delayed follow up. In the inter-
vention group 26 out of 228 (11.4%) who received
immediate follow up and 19 out of 193 (9.8%) who
received delayed follow up had a cholesterol test
(÷2 = 0.266, P = 0.606). In the control group 4 out of
275 (1.45%) who had immediate follow up and 5 out
of 229 (2.18%) who had delayed follow up were tested
(÷2 = 0.378, P = 0.538). Of the patients without a
history of coronary heart disease who did not meet
the criteria of the Toronto Working Group for
cholesterol testing, 30 out of 1128 subjects in the
intervention group (2.7%) and 18 out of 1099 subjects
in the control group (1.6%) had a cholesterol test dur-
ing the three month follow up period (P = 0.175 after
adjustment for cluster). Of the 38 subjects with
pre-existing coronary heart disease, 1 out of 15
subjects in the intervention group (6.7%) and 1 out of
23 in the control group (4.3%) had a cholesterol test
during the three months of follow up (P = 0.851 in
one tailed Fisher’s exact test).

Discussion
The questionnaire appraising risk of coronary heart
disease increased the percentage of people at high risk
of disease who obtained cholesterol testing, but the
effect was modest (and slightly less than the minimum
clinically important difference we set before the study).
Most of the patients at risk who received the risk
appraisal questionnaire did not respond to its encour-
agement to obtain testing. Moreover, use of the
questionnaire did not reduce the rate of cholesterol
testing among people at low risk, even though it
provided reassurance that cholesterol testing was
unnecessary. Because few patients at low risk were
tested during the three month follow up, our study had
limited power to detect differences between interven-
tion and control subjects in the proportion of low risk
patients tested. Our results show, however, that the
absolute impact on inappropriate testing in either
direction is likely to be small.

The limited impact of the risk appraisal question-
naire may be partly because the practice had been con-
ducting selective opportunistic screening for hyper-
cholesterolaemia during the 45 months before the
beginning of this trial. During that time 38% of patients

Table 1 Clinical validation of questionnaire appraising risk of
coronary heart disease. Values are numbers of patients

Risk of heart disease by clinical
assessment

High Low Total

Risk of heart disease by questionnaire

High 35 5 40

Low 5 55 60

Total 40 60 100

Sensitivity = 87.5% (95% confidence interval 73.2% to 95.8%)
Specificity = 91.7% (81.6% to 97.2%)
Positive predictive value = 87.5% (73.2% to 95.8%)
Negative predictive value = 91.7% (81.6% to 97.2%)
Proportion inappropriately labelled = 10% (4.9% to 17.6%).

Table 2 Proportions (percentages) of subjects who had a cholesterol test within three
months of intervention according to risk of coronary heart disease

Toronto Working Group’s risk criteria for screening

Met Not met

Risk appraisal questionnaire

Intervention group 45/421 (10.7)* 30/1128 (2.7)†

Control group 9/504 (1.8) 18/1099 (1.6)

Total 54/925 (5.8) 48/2227 (2.2)

Difference in percentages (95% CI) 8.9 (5.7 to 12.1) 0.18 (−1.3 to 2.8)

*P<0.001, †P=0.1745 for intervention v control group after adjustment for the correlation for cholesterol
testing within households.
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who met the practice’s criteria for screening and 42%
of those who met the criteria of the Toronto Working
Group were tested.24 The 60% of patients at high risk
who had not been tested opportunistically would
include those who were missed because they attended
the practice infrequently and those who had been
offered but refused opportunistic screening. During
1994, 75% of patients aged 20 to 69 (84% of women
and 59% of men) were seen at least once. Because
patients were exposed to the opportunistic screening
programme for a mean of 39.1 months, comparatively
few patients would not have been seen at all during the
period of systematic opportunistic screening. In
semistructured interviews conducted at the end of the
evaluation of the opportunistic screening programme
the doctors and nurses of the practice indicated that if
patients at risk were not tested it was mainly because
doctors and patients tended to give priority to immedi-
ate healthcare problems. All but one of them believed
that patients’ refusal of or non-compliance with testing
would account for only a small proportion of failures
to test people at increased risk of coronary heart
disease.

Alternative screening strategy
An alternative active screening strategy would be to
include cholesterol screening in a scheduled periodic
health examination offered systematically to all middle
aged patients. This strategy was used in the Oxcheck
trial26 and in a Welsh general practice study.27 In the
Oxcheck trial around 66% of registered patients aged
35 to 64 years attended for a health check after a two
stage process which entailed a postal questionnaire
and an invitation for respondents to receive a health
check from a trained nurse. The health check included
non-selective screening for hypercholesterolaemia.26 In
a Welsh general practice serving 10 000 patients 62%
of invited patients aged 25 to 55 years attended a nurse
run lifestyle intervention clinic for the identification
and treatment of risk factors for coronary heart
disease.27 Implementation of screening strategies of
this type, whether cholesterol testing was selective or
non-selective, would require a substantial commitment
of resources.

Further research
Further research to identify factors contributing to low
uptake of cholesterol testing among people at high risk
of coronary heart disease—even with encouragement
to obtain testing—is clearly desirable. The failure of our
questionnaire to have an important effect on
cholesterol testing could be related to its low key con-
tent and advice giving (rather than information giving)
nature. Although the questionnaire assessed risk, it did
not explicitly say that a high score meant an increased
risk of coronary heart disease. The questionnaire and
covering letter provided no information about
coronary heart disease or its risk factors but advised
those with high scores to obtain cholesterol testing and
reassured those with low scores that cholesterol testing
was not required. Perhaps an instrument that was more
explicit about the risk of coronary heart disease and
the potential benefits of lowering cholesterol concen-
tration might have had more impact. Patients’ percep-
tions about the risk of coronary heart disease and
about lowering cholesterol concentration may underlie

non-response to this intervention, which means that
patients may be resistant to information as well as to
advice.

This work is dedicated to the memory of C Edward (Ted) Evans,
who contributed enormously to this project and whose death
was a great loss to all of us who were privileged to work with
him.

Contributors: BH initiated the study with SB, assembled the
research team, participated in the conceptualisation of the
project, drafted the methods section of the research protocol,
supervised research staff in the collection and analysis of data,
and drafted the paper. He is guarantor of the study. SB and BAM
participated in all phases of the research from conceptualisation
to writing of the paper. CEE (deceased) participated in the
development of the protocol, designed the coronary heart
disease risk appraisal questionnaire, and participated in the
implementation of the study. LJG played a major role in data
collection and analysis and participated in the writing of the
paper. JF participated in the conceptualisation of the project,
and the development of the research protocol, and the writing
of the paper. MP participated in the data analysis and writing of
the paper.

Funding: BH and SB are supported as national health
research scholars by Health Canada. This study was supported
by a research grant from the Ontario Ministry of Health.

Conflict of interest: None.

1 Canadian Task Force on the Periodic Health Examination. Periodic
health examination, 1993 update. 2. Lowering the blood total cholesterol
level to prevent coronary heart disease. Can Med Assoc J 1993;148:521-38.

2 European Atherosclerosis Society Study Group. Strategies for the
prevention of coronary heart disease. Eur Heart J 1987;8:77-88.

3 International Task Force for the Prevention of Coronary Heart Disease.
Prevention of coronary heart disease: scientific background and new
clinical guidelines. Recommendations of the European Atherosclerosis
Society. Nutr Metab Cardiovasc Dis 1992;2:113-56.

4 Canadian Consensus Conference on Cholesterol. Final report. Can Med
Assoc J 1988;139(suppl):1-8.

5 Toronto Working Group on Cholesterol Policy. Detection and management
of asymptomatic hypercholesterolaemia: a policy document. Toronto: Ontario
Ministry of Health, 1989.

6 Toronto Working Group on Cholesterol Policy. Asymptomatic hyper-
cholesterolaemia: a clinical policy review. J Clin Epidemiol 1990;43:
1029-121.

7 Royal College of General Practitioners. Guidelines for the management of
hyperlipidaemia in general practice. Towards the primary prevention of coronary
heart disease. London: RCGP, 1992. (Occasional paper 55.)

8 American College of Physicians. Clinical guidelines, part 1. Guidelines
for using serum cholesterol, high-density lipoprotein cholesterol, and
triglyceride levels as screening tests for preventing coronary heart disease
in adults. Ann Intern Med 1996;124:515-7.

9 Ohved I, Odeberg H, Rastam L. Opportunistic screening for
hypercholesterolaemia with participants selected by the general
practitioner: inclusion and drop-out rate. Fam Pract 1991;8:360-6.

Key messages

+ Of patients at high risk of coronary heart
disease, 10.7% who received a risk appraisal
questionnaire with a general health
questionnaire and 1.8% of those who received
the general health questionnaire alone had a
cholesterol test within the following three
months

+ Of patients at low risk, 2.7% of patients
receiving the risk appraisal questionnaire
and 1.6% of control subjects had a cholesterol
test

+ Most patients at risk who received the risk
appraisal questionnaire did not seek a test

+ Further research is needed to identify factors
contributing to low uptake of cholesterol
testing among people at high risk of coronary
heart disease even when encouragement is
given

General practice

1212 BMJ VOLUME 316 18 APRIL 1998 www.bmj.com



10 Cheney C, Ramsdell JW. Effect of medical records’ checklists on
implementation of periodic health measures. Am J Med 1987;83:129-36.

11 Ornstein SM, Garr DR, Jenkins RG, Rust PF, Arnon A. Computer-
generated physician and patient reminders: tools to improve population
adherence to selected preventive services. J Fam Pract 1991;32:82-90.

12 Lurie N, Manning WG, Peterson C, Goldberg GA, Phelps CA, Lillard L.
Preventive care: do we practice what we preach? Am J Public Health
1987;77:801-4.

13 McPhee SJ, Richard RJ, Solkowitz SN. Performance of cancer screening in
a university general internal medicine practice: comparison with
American Cancer Society guidelines. J Gen Intern Med 1986;1:275-81.

14 Rosser WW, McDowell I, Newell C. Use of reminders for preventive pro-
cedures in family medicine. Can Med Assoc J 1991;145:807-14.

15 Shank JC, Powell T, Llewelyn J. A five-year demonstration project associ-
ated with improvement in physician health maintenance behaviour. Fam
Med 1989;21:273-8.

16 McDonald CJ, Hui SL, Smith DM, Tierney WM, Cohen SJ, Weinberger M,
et al. Reminders to physicians from an introspective computer medical
record: a two-year randomized trial. Ann Intern Med 1984;100:130-8.

17 Tierney WM, Hui SL, McDonald CJ. Delayed feedback of physician per-
formance versus immediate reminders to perform preventive care:
effects on physician compliance. Med Care 1986;24:659-66.

18 Schreiner DT, Petrusa ER, Rettie CS, Kluge RM. Improving physician
compliance with preventive medicine procedures in a house staff training
program. Southern Med J 1988;81:1553-7.

19 Korn JE, Schlossberg LA, Rich EC. Improved preventive care following

an intervention during an ambulatory care rotation: carryover to a
second setting. J Gen Intern Med 1988;3:156-60.

20 Cohen DI, Littenberg B, Wetzel C, Neuhauser DvB. Improving physician
compliance with preventive guidelines. Med Care 1982;20:1040-5.

21 Dietrich AJ, Goldberg H. Preventive content of adult primary care: do
generalists and subspecialists differ? Am J Public Health 1984;74:223-7.

22 McPhee SJ, Bird JA, Jenkins NH, Fordham D. Promoting cancer
screening: a randomized, controlled trial of three interventions. Arch
Intern Med 1989;149:1866-72.

23 Woo B, Woo B, Cook EF, Weisberg M, Goldman L. Screening procedures
in the asymptomatic adult: comparison of physicians’ recommendations,
patient desires, published guidelines and actual practice. JAMA
1985;254:1480-4.

24 Hutchison B, Birch S, Evans CE, Goldsmith L, Markham B, Frank J.
Performance appraisal of opportunistic screening for hypercholesterolaemia in
primary care practice. Hamilton, Ontario: McMaster University Centre for
Health Economics and Policy Analysis, 1995. ( Working Paper Series No
95-14.)

25 Donner A, Birkett N, Buck C. Randomization by cluster: sample size
requirements and analysis. Am J Epidemiol 1981;114:906-14.

26 Muir J, Neil A, Roe L, Rusted N, Thorogood M, Mant D. Prevalence of risk
factors for heart disease in OXCHECK trial: implications for screening in
primary care. BMJ 1991;302:1057-60.

27 Jones A, Davies DH, Dove JR, Collinson MA, Brown PMR. Identification
and treatment of risk factors for coronary heart disease in general prac-
tice: a possible screening model. BMJ 1988;296:1711-4.
(Accepted 27 November 1997)

Systematic review of dietary intervention trials to lower
blood total cholesterol in free-living subjects
J L Tang, J M Armitage, T Lancaster, C A Silagy, G H Fowler, H A W Neil

Abstract
Objectives: To estimate the efficacy of dietary advice
to lower blood total cholesterol concentration in
free-living subjects and to investigate the efficacy of
different dietary recommendations.
Design: Systematic overview of 19 randomised
controlled trials including 28 comparisons.
Subjects: Free-living subjects.
Interventions: Individualised dietary advice to modify
fat intake.
Main outcome measure: Percentage difference in
blood total cholesterol concentration between the
intervention and control groups.
Results: The percentage reduction in blood total
cholesterol attributable to dietary advice after at least
six months of intervention was 5.3% (95% confidence
interval 4.7% to 5.9%). Including both short and long
duration studies, the effect was 8.5% at 3 months and
5.5% at 12 months. Diets equivalent to the step 2 diet
of the American Heart Association were of similar
efficacy to diets that aimed to lower total fat intake or
to raise the polyunsaturated to saturated fatty acid
ratio. These diets were moderately more effective than
the step 1 diet of the American Heart Association
(6.1% v 3.0% reduction in blood total cholesterol
concentration; P < 0.0001). On the basis of reported
food intake, the targets for dietary change were
seldom achieved. The observed reductions in blood
total cholesterol concentrations in the individual trials
were consistent with those predicted from dietary
intake on the basis of the Keys equation.
Conclusions: Individualised dietary advice for
reducing cholesterol concentration is modestly
effective in free-living subjects. More intensive diets
achieve a greater reduction in serum cholesterol

concentration. Failure to comply fully with dietary
recommendations is the likely explanation for this
limited efficacy.

Introduction
Blood cholesterol concentration is an important and
modifiable risk factor for coronary heart disease.1 A
sustained reduction in blood total cholesterol concen-
tration of 1% is associated with a 2-3% reduction in
incidence of coronary heart disease.2 Even small
reductions in population cholesterol concentrations
could therefore be worth while.

Dietary changes can reduce blood total cholesterol
concentrations. Results from metabolic ward studies
have shown that feasible changes in diet can reduce
blood total cholesterol concentration by 10-15%.3 The
chief determinants of blood total cholesterol concen-
trations are dietary intake of saturated fat, polyunsatu-
rated fat, and cholesterol.3–6 Cholesterol concentrations
are also affected by reduced energy intakes resulting in
weight loss7 and possibly by specific dietary supple-
ments such as fibre,8 garlic,9 and fish oils.10 Diets that
lower cholesterol concentrations may modify some or
all of these factors.

Individualised dietary counselling, usually deliv-
ered through primary care, has been proposed as a
method of achieving population goals for reducing
coronary artery disease by the British government in
its Health of the Nation targets.11 But, the extent to
which individualised cholesterol lowering diets are
effective in free-living populations is controversial. One
review claimed that the effect of the usual diet advised
(step 1 of the American Heart Association dietary
guidelines12) produced too small a reduction in blood
total cholesterol concentration (less than 4%) to have
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much value in clinical management and that the feasi-
bility of implementing more intensive diets was
unknown.13 Another more selective review claimed,
however, that dietary counselling could achieve reduc-
tions in blood total cholesterol concentration of 10%
or more in free-living subjects and, hence, could play
an important part in reducing rates of coronary heart
disease.14

In view of the public health importance of the issue,
the resource implications, and the disagreements in
the literature, we reviewed systematically and quantita-
tively the evidence from randomised trials for the effi-
cacy of individualised counselling for lowering
cholesterol concentration.

Methods
Identification of trials and extraction of data
We aimed to identify all unconfounded randomised
trials of dietary advice to lower cholesterol concentra-
tion in free-living subjects published before 1996.
Trials were eligible for inclusion if there were at least
two groups, of which one could be considered a
control group; treatment assignment was by random
allocation; the intervention was a global dietary modi-
fication (changes to various food components of the
diet to achieve the desired targets); and lipid
concentrations were measured before and after the
intervention.

Trials of diets to reduce fat intake in women
considered to be at risk of breast cancer were included
because the diets were similar to those aimed at lower-
ing cholesterol concentration. We excluded trials of
specific supplementation diets (such as with particular
oils or margarine, garlic, plant sterol, or fibre
supplements, etc), multifactorial intervention trials,
trials aimed primarily at lowering body weight or blood
pressure, and trials whose interventions lasted less than
4 weeks. Trials based on randomisation of workplace or
general practice were also excluded.

To identify these trials we searched four electronic
databases (Medline, Human Nutrition, EMBASE, and
Allied and Alternative Medicine). These databases
included trials published after 1966. We also identified
trials by hand searching the American Journal of Clinical
Nutrition, by scrutinising the references of review
articles and of each relevant randomised trial, and by
consulting experts on the subject.

Two of us (JLT and JMA) independently extracted
data from each identified trial on to a standard form,
disagreements being resolved by another of us (TL).
Reports that appeared only in non-English language
journals were examined with the help of translators.
Trials were categorised according to their approximate
target diet into four groups.12

x Step 1 diet of the American Heart Association or its
equivalent ( < 30% of total energy intake as fat, with
8-10% as saturated fat; ratio of polyunsaturated to
saturated fatty acid > 1.0; cholesterol intake
< 300 mg/day; and energy intake to achieve desirable
body weight).
x Step 2 diet of the American Heart Association or its
equivalent ( < 30% of total energy intake as fat, with 7%
or less as saturated fat; ratio of polyunsaturated to satu-
rated fatty acid > 1.4; cholesterol intake < 200 mg/

day; and energy intake to achieve desirable body
weight).
x Diet to increase the ratio of polyunsaturated to satu-
rated fatty acid with little or no change in total fat con-
tent.
x Low total fat diets, without changing the propor-
tions of the different fats consumed.

The amount of advice given to achieve dietary
change was categorised as intensive (3), moderate (2),
or brief (1). The criteria for this categorisation were the
total number of hours of counselling, the number of
adviser-subject contacts, the duration of counselling,
and whether special efforts had been made to achieve
change (such as home visits, spouse support, food
selection skills, and providing relevant foods in local
shops). In general, trials rated 3 had more than two ses-
sions or contacts between adviser and patient per
month, those rated 2 had between one and two
contacts per month, and those rated 1 had on average
less than one contact per month.

Compliance was estimated by comparing self
reported dietary consumption during the intervention
with the targets for each diet and by comparing the fall
in blood total cholesterol concentration predicted by
the Keys equation,6 using information from the self
reported dietary data, with the observed fall in blood
total cholesterol concentration.

Statistical analysis
For each comparison within each trial we computed
the absolute difference (in mmol/l) in the mean
change in blood total cholesterol values (baseline
minus final value) between the intervention and
control group. (No distinction was made between
serum or plasma cholesterol values.) We expressed this
difference as a percentage change in blood total
cholesterol concentration using a mean of the baseline
values as the denominator. The principal end point for
each comparison was the percentage reduction in
cholesterol concentration at the end of the interven-
tion or at 12 months, whichever was the sooner
(although we also considered reductions in cholesterol
concentration at different time points). The standard
error (SE) of the difference (x1−x0) for each
comparison within each trial was calculated using the
formula SE(x1−x0) = √(SD12/n1+SD02/n0), where x1

and x0 are the mean changes over time in the interven-
tion and control groups respectively, SD1 and SD0 are
the standard deviations of these mean changes, and n1

and n0 are the number of subjects in each group.15

When the values for SD were not given we imputed
values16 using as much information as was available
from that trial. The summary effect for each grouping
of different trials was derived from the average of the
means of each separate trial weighted by 1/SE2 for
each trial.15 For studies with more than one
intervention group the standard errors were adjusted
to take account of the control group having been used
more than once. Results are presented as mean
percentage changes in blood total cholesterol concen-
tration with 95% confidence intervals.

Similar methods were used to assess changes in
reported dietary intake. To compute each change in a
dietary factor requires up to four dietary measure-
ments, each with their own measurement error and
with additional correlated changes in saturated and
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polyunsaturated fatty acid intakes. The estimates of
achieved dietary intake are therefore imprecise. For
this reason, the confidence limits around the predicted
values are likely to be much wider than those around
the achieved reductions in cholesterol concentration.
Some trials reported insufficient information to allow
calculations of predicted cholesterol reductions based
on the Keys equation.

We performed all analyses (including weighted
means, tests for heterogeneity, significance tests, and
between group comparisons) using regression tech-
niques in sas 6.07. We explored statistical hetero-
geneity17 by comparing the observed results in
different categories of trials grouped according to type
of diet, intensity of advice, and type of patients.

Results
Description of trials
We identified published reports of 133 randomised
trials of some type of dietary advice to lower blood
cholesterol concentration in free-living subjects; we did
not find any unpublished trials. Sixty five trials were
excluded because the intervention entailed supple-
mentation with a specific dietary factor such as fish oil,
cooking oil, or a modified fat product, and a further 34
were excluded because dietary advice was part of a
multifactorial intervention. Five trials were excluded
because they did not have an appropriate untreated
control group,18–22 three trials because they reported
insufficient data for analysis,23–25 three trials because
lowering body weight was their primary aim,26–28 two
trials because reducing other coronary risk factors and
not cholesterol concentration was their primary
aim,29 30 and one trial because a large proportion of
subjects were taking tamoxifen, which alters blood
cholesterol concentration.31 This left 19 trials,32–52 yield-
ing 28 comparisons eligible for inclusion in this report.
Information about the trial reported by Leren is
included in three publications,44–46 and the American
diet-heart study includes seven different dietary
comparisons.37

The table summarises the 19 trials. All stated that
they were randomised, although the method of
randomisation was rarely reported, and efforts had
been made in most to blind those assessing results. In
most of these trials the numbers of patients included in
the laboratory analyses were given (the percentage ana-
lysed in the table). Five trials were in patients with
coronary heart disease and the aim of the study was
secondary prevention of coronary heart disease, four in
subjects with raised cholesterol concentration, three in
patients with raised blood pressure, four (yielding nine
comparisons) in healthy adult volunteers, two in
women at increased risk of breast cancer, and one in
children. Most trials were in parallel groups but two
were crossover in design. In the main analyses the
authors assumed that the people who were not
included in the reported analyses of the trial would
have behaved in a way similar to those in the group to
which they were allocated. An alternative assumption is
that these people did not achieve any dietary change or
change in their blood cholesterol concentration, and we
also calculated estimates under this assumption.

Grouping of trials
The table groups trial comparisons according to their
target diet. Dietary interventions that entailed both a
decrease in total fat intake and an increase in the ratio
of polyunsaturated to saturated fatty acid but without
stated targets and those that differed from the standard
diets of the American Heart Association were grouped
with the diet they most closely resembled. In eight
comparisons the intervention was roughly equivalent
to the association’s step 1 diet and in nine to the step 2
diet. In seven comparisons the intervention diet was
primarily an increase in ratio of polyunsaturated to
saturated fatty acid without a change in the total fat
intake. The target diet in the early trial by Leren was
not clearly described but we judged it to be an increase
in ratio of polyunsaturated to saturated fatty acid con-
centration on the basis of information given on fat
intake in the Norwegian population at that time.44–46 In
four trials the target diet was primarily reduced or low
total fat intake. In almost all trials which provided
information on the methods of dietary intervention,
the methods were categorised as moderate or intensive
(table), thereby not allowing any discrimination by
intensity of advice.

The duration of follow up varied from six weeks to
five years. The longer trials had coronary heart disease
events as the primary outcome, and, in general, the
shorter trials specifically measured lipid concentra-
tions. Thirteen trials had a follow up of at least six
months and provided 22 comparisons. The average
baseline blood total cholesterol concentration was
6.3 mmol/l.

Overall effect of dietary advice on blood total
cholesterol
The overall weighted mean reduction in blood total
cholesterol concentration across all dietary compari-
sons was 5.7% (95% confidence interval 5.2% to 6.3%)
using either the final reduction in cholesterol
concentration at the end of the intervention or at 12
months (whichever was the sooner). For the 22
comparisons available from trials of at least six months
duration, the weighted mean reduction in blood
cholesterol concentration was 5.3% (4.7% to 5.9%)
(figure) or, if it was assumed that subjects lost to follow
up experienced no change, the mean reduction in
cholesterol concentration in the longer trials was 4.5%
(3.9% to 5.1%). There was obvious statistical hetero-
geneity between the percentage reductions in blood
cholesterol concentration observed in the individual
comparisons of more than six months (÷2

21 = 104,
P < 0.001), and this was not explained by grouping the
trials by category of diet (see below). Trials published
before 1981 (about halfway between the first and most
recently published studies) achieved greater mean
reductions in blood total cholesterol concentration
(7.0% ( 6.1% to 7.9%)) than those published later (3.9%
(3.1% to 4.7%)) (÷2

1 = 26, P < 0.001). But all except one
of the earlier studies were of diets that were more
intensive than the step 1 diet of the American Heart
Association.

Reductions in blood cholesterol by category of diet
There were significant differences between the
reductions in blood cholesterol concentration
observed with the four different categories of diet
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(÷2
3 = 17, P < 0.001). The estimated reduction in blood

total cholesterol concentration with American Heart
Association step 1 or equivalent diets, which lasted at
least six months, was 3.0% (1.8% to 4.1%). That
estimate depends heavily on one large study,35 but
there was no significant heterogeneity between these
different comparisons (÷2

4 = 6, P > 0.1). The reduction
in blood total cholesterol concentration with American
Heart Association step 2 or equivalent diets was 5.6%
(4.7% to 6.5%), but there was significant heterogeneity
between the effects of different step 2 diets (÷2

7 = 45,

P < 0.001). Among the step 2 diets the dietary
intervention study in children was the only trial in chil-
dren (aged 8-10) and it achieved a smaller effect (3.1%
(1.7% to 4.5%))43 than most of the other trials in this
group. There was a significant difference between the
effect observed in this trial and that observed in the
other comparisons of step 2 diets (÷2

1 = 23, P < 0.001)
(7.4% (6.2% to 8.6%)). Diets that increased the ratio of
polyunsaturated to saturated fat reduced blood
cholesterol concentration by 7.6% (6.2% to 9.0%), but
there was significant heterogeneity between their

Summary information about included trials. Studies cited more than once have several dietary comparisons within the study. Numbers in parentheses permit
cross referencing to figure

Study* Sex

Primary
end

point

Baseline
cholesterol

(mmol/l)

Percentage of
energy intake

as fat
(saturated,

poly-
unsaturated)

in control
group

Saturated
fatty
acid

intake
achieved
as % of

total
energy
intake

P/S
(control,

intervention)

Change in
polyunsaturated

fat as % of
energy
intake

Predicted%
reduction

in
cholesterol†

Intensity
rating‡

Maximim
follow

up
(months)

No
randomised

(intervention/
control
group)

Percentage
analysed§

Reduction
in

cholesterol
at end
or at

12 months
(%) (SE)

American Heart Association step 1 diets

Demark-Wahrenfreid et al
199032

M, F Lipids 7.2 37 (11, 6) 8 0.5, 0.6 0 5 2 3 20/20 83 2.3 (4.0)

Bloemberg et al 199133 M Lipids 7.0 38 (16, 7) 12 0.4, 0.8 3 5 2 6 39/41 100 4.3 (2.1)

Sarkkinen et al 1994 (A)34 M, F Lipids 6.6 35 (14, 4) 10 0.3, 0.8 4 6 2 6 41/39 99 6.3 (3.4)

Burr et al 198935 M CHD
events

6.5 36 (NR) NR 0.4, 0.7 NR NC 1 24 1018/1015 84 3.5 (0.7)

Sciarrone et al 199236 M, F Lipids,
blood

pressure

6.2 37 (18, 3) 9 1.1, 1.4 7 14 2 2 48/47 96 12.2 (2.3)

American diet-heart study 1968
(2C)37

M Lipids 6.0 36 (12, 5) 10 0.5, 0.7 2 3 2 6.5 120/110 88 0.2 (1.7)

Ehnholm et al 198238 M, F Lipids 5.7 39 (20, 5) 7 0.3, 1.0 2 17 3 1.5 36/38 100 22.6 (1.8)

Baron et al 199039 M, F Lipids 4.9 35 (NR) NR NR NR NC 1 12 219/218 76 0.0 (2.2)

American Heart Association step 2 diets

Watts et al 199240 M MAWS 7.1 NR NR NR NR NC 1 39 30/30 83 12.2 (2.6)

Hunninghake et al 199341¶ M, F Lipids 7.0 41 (15, 8) 7 0.5, 1.05 0 8 2 2 111/111 90 5.0 (0.8)

Anderson et al 1992 (1)42 M, F Lipids 6.0 31 (10, 7) 9 0.7, 0.9 1 2 2 12 59/62 83 2.8 (2.6)

Anderson et al 1992 (2)42 M, F Lipids 6.0 31 (10, 7) 8 0.7, 0.9 0 2 2 12 59/62 82 6.1 (2.6)

American diet-heart study 1968
(1A)37

M Lipids 5.9 35 (12, 5) 7 0.4, 1.4 5 8 2 12 385/382 80 6.3 (0.9)

American diet-heart study 1968
(1C)37

M Lipids 5.9 35 (12, 5) 9 0.4, 0.8 2 4 2 12 54/73 80 2.2 (2.1)

American diet-heart study 1968
(2A)37

M Lipids 5.9 36 (12, 5) 7 0.5, 1.6 6 9 2 6.5 194/110 91 10.2 (1.1)

American diet-heart study 1968
(2D)37

M Lipids 5.9 40 (16, 4) 8 0.2, 1.1 5 12 2 6.5 36/36 95 10.5 (2.5)

Dietary intervention study in
children 199543

M, F CHD
risk

5.2 33 (12, 6) 9 0.5, 0.6 0 3 2 12 334/329 94 3.1 (0.7)

Diets increasing P/S

Leren 1966, 1968, 197044 45 46 M CHD
events

7.6 40 (NR) NR NR NR NC 2 60 229/229 66 14.5 (1.7)

Woodhill et al 197847 M CHD
events

7.2 38 (14, 9) 10 0.8, 1.7 6 7 1 84 221/237 87 4.1 (1.6)

Sarkkinen 1994 (C)34 M, F Lipids 6.5 35 (14, 4) 11 0.3, 0.5 1 3 2 6 41/39 99 5.2 (3.4)

Kuusi 198548 M, F Lipids 6.2 23 (10, 4) 8 0.4, 0.9 3 4 3 3 40/40 98 4.0 (3.5)

American diet-heart study 1968
(1B)37

M Lipids 5.9 36 (12, 5) 8 0.5, 1.8 8 9 2 12 390/382 80 7.6 (1.1)

American diet-heart study 1968
(2B)37

M Lipids 6.1 35 (12, 5) 8 0.4, 1.8 8 10 2 6.5 127/110 89 5.3 (1.7)

Dreon et al 199049¶ M, F Lipids 5.0 29 (8, 5) 8 0.7, 1.7 4 3 2 3 39/39 90 0.6 (2.3)

Low fat diets

Research Committee 196550 M CHD 6.8 42 (NR) NR NR NR NC 2 48 132/132 69 5.7 (2.7)

Sarkkinen et al 199434 M, F Lipids 6.3 35 (14, 4) 12 0.3, 0.3 −1 2 2 6 40/39 99 1.4 (3.4)

Insull et al 199051 F Fat
intake

5.7 37 (13, 7) 7 0.5, 0.6 3 9 2 24 184/119 89 5.4 (1.7)

Boyd et al 198852 F Fat
intake

4.8 36 (14, 6) 8 0.5, 0.6 −2 7 2 12 148/147 72 7.1 (1.6)

CHD=coronary heart disease. MAWS=mean absolute width of coronary segments on angiography. P/S=polyunsaturated to saturated fatty acid ratio. NR=not reported. NC=not calculable because
the necessary information was not reported.
*Diets are listed in order of decreasing baseline cholesterol concentration within each group. †Predicted on the basis of the Keys equation for change in saturated and polyunsaturated fatty acid
intake. ‡Intensity rating (1=least intensive, 3=most intensive). §Overall percentage in both intervention and control groups. ¶Crossover design.
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effects (÷2
4 = 24, P < 0.001). Among the diets that

increased the ratio of polyunsaturated to saturated
fatty acid concentration the estimate from the trial by
Leren was extreme,45 with significant heterogeneity
between the estimated reduction in blood total
cholesterol concentration in that trial (14.5% (11.2% to
17.8%)) and the other comparisons of diets increasing
the ratio of polyunsaturated to saturated fat (6.2%
(4.7% to 7.7%)) (÷2

1 = 20, P < 0.001). The four compari-
sons of low fat diets seemed overall to reduce blood
total cholesterol concentration by 5.8% (3.8% to 7.8%)
without significant heterogeneity between their sepa-
rate effects.

Reduction in cholesterol concentration by duration
of intervention
Changes in blood total cholesterol concentration
around 6 weeks and around 3, 6, 12, and 24 months
were estimable in 11, 18, 14, 14, and 4 comparisons
respectively, based on 2546, 3686, 4768, 6438, and
1688 subjects. The overall reduction in blood total
cholesterol concentration attributable to dietary advice
was 6.6% at about 6 weeks (including some values at 1
month and 2 months), 8.5% at about 3 months, 6.8% at
6 months, 5.5% at 12 months, and 4.4% at 24 months.

Compliance with dietary advice
Sixteen comparisons provided some information on
reported dietary intake before and during the
intervention. The table shows by category of diet
reported dietary consumption of type and amount of
fat and the reductions in blood total cholesterol
predicted by the Keys equation. Fat intakes in the con-
trol groups were variable (ranging from 29% to 42% of
total energy intake) and, in general, the dietary targets
were not achieved. Among the comparisons of step 1
diets only two trials36 38 met the targets for both
saturated fat and the ratio of polyunsaturated to
saturated fat (10% of total fat as saturated fat and a
ratio of at least 1.0); both trials also achieved the largest
reductions in blood total cholesterol concentration
(table). Among the comparisons of step 2 diets only the
comparison of the first and second American diet
heart study reached the target of 7% of energy intake
as saturated fat and a ratio of polyunsaturated to satu-
rated fatty acid concentration greater than 1.4.37 All of
the interventions to increase the ratio of polyunsatu-
rated to saturated fat achieved an increase in the ratio
but the targets varied. Similarly, all the low fat diets
reduced total and saturated fat intake but the targets
differed. Dietary compliance might be expected to be
better in patients at higher risk of cardiovascular
disease, but the reduction in blood cholesterol concen-
tration was similar in the five comparisons among
patients with coronary heart disease (5.3% (4.2% to
6.4%)) and in the 17 other comparisons of at least 6
months duration (5.3% (4.9% to 5.7%)).

Discussion
The results of metabolic ward studies of dietary lipid
and cholesterol concentrations suggest that switching
from the typical British diet53 to at least the step 1 diet
of the American Heart Association could reduce blood
total cholesterol concentrations by an average of about
9% and that a step 2 diet might yield a further

reduction of about 4%.3 Most of the reduction in blood
total cholesterol concentration is due to reductions in
low density lipoprotein cholesterol concentration. Our
review shows that prescribed dietary advice about as
intensive as the step 1 diet would typically achieve a
reduction in blood cholesterol concentration of only
about 3% in free-living subjects. The more intensive
diets studied typically achieved a reduction of about
6% in blood cholesterol concentration.

The most plausible explanation for the modest
effects of these diets in our overview is incomplete
compliance with dietary advice. In this analysis the
achieved reduction in cholesterol concentration was
consistent with that predicted by the Keys equation
from the estimated changes in intake of saturated and
polyunsaturated fatty acid. But among the compari-
sons of step 1 diets, only two comparisons reported
reaching the target ratio of about 1.0 for polyunsatu-
rated to saturated fat, although the target for saturated
fat intake of 10% or less was reached in five of the six
comparisons which provided this information. Simi-
larly, in the step 2 diets the target ratio of
polyunsaturated to saturated fat was achieved in only
one out of eight comparisons and the target of 7% of
energy intake as saturated fat in only three.

American Heart Association step 1 diets
  Bloemberg et al33

  Sarkkinen et al (A)34

  Burr et al35

  American diet-heart study (2C)37

  Baron et al39

Any American Heart Association step 1 diet

American Heart Association step 2 diets
  Watts et al40

  Anderson et al (1)42

  Anderson et al (2)42

  American diet-heart study (1A)37

  American diet-heart study (1C)37

  American diet-heart study (2A)37

  American diet-heart study (2D)37

  Dietary intervention study in children43

Any American Heart Association step 2 diet

Diet to increase polyunsaturated to
unsaturated fat ratio
  Leren44 45 46

  Woodhill et al47

  Sarkkinen et al (B)34

  American diet-heart study (1B)37

  American diet-heart study (2B)37

Any diet to increase P/S ratio

Low fat diets
  Research Committee50

  Sarkkinen et al (C)34

  Insull et al51 
  Boyd et al52

Any low fat diet

Any diet

3.0% (1.8% to 4.1%)
χ2

4 = 6, P>0.1

Weighted mean reduction in cholesterol
by group and test for differences between

effects in different comparisons

5.6% (4.7% to 6.5%)
χ2

7 = 45, P<0.001

7.6% (6.2% to 9.0%)
χ2

4 = 24, P<0.001

5.8% (3.8% to 7.8%)
χ2

3 = 2, P>0.5

5.3% (4.7% to 5.9%)
χ2

21 = 104, P<0.0001

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6

Mean percentage change in blood cholesterol

Mean percentage changes (with 95% confidence intervals) in blood total cholesterol
concentration for each study with at least six months of follow up according to type of diet.
Studies cited more than once have several dietary comparisons within the study. Numbers in
parentheses permit cross referencing to table
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Heterogeneity between study effects
The design and results of these dietary studies differed
greatly. They were conducted over 30 years and varied
in their aims, in the intensity and type of intervention,
and in the different baseline characteristics of the sub-
jects included. Completeness and duration of follow up
also differed. Unsurprisingly, the heterogeneity
between their effects on blood cholesterol concentra-
tion was also significant.17 Among the longer trials
some, but not all, of the heterogeneity between the
effects on blood cholesterol concentration seemed to
be due to the type of diet recommended. Deciding
which trials should be included in which groups is
open to different interpretation and, although we tried
to be consistent, for some trials the target diets either
were not clearly stated or did not fit neatly into recog-
nised categories such as the step 1 and 2 diets. It is
important to be cautious in interpreting meta-analysis
when there is evidence of significant heterogeneity,
although there was no evidence that the overall results
were influenced by trials with outlying values.

We used percentage rather than absolute changes
in blood total cholesterol concentration because of the
substantial differences in baseline diets and cholesterol
values between these studies. This may reflect the
period of several decades and the diverse populations
in which the studies were carried out. In trials
published before 1981, the mean reductions in blood
total cholesterol concentration were greater than in
later trials (7.0% v 4.0%), which may partly reflect the
early predominance of more intensive diets. But we
found no significant difference between the percentage
reduction in blood total cholesterol concentration
observed in trials with above or below average mean
baseline cholesterol values (5.2% v 5.4% respectively).

Methodological issues
We included only comparisons in which the dietary
advice was a single intervention. Excluding trials in
which dietary advice was given together with other
interventions reduced the number of subjects available
for analysis. However, limiting the overview to single
interventions may provide a better estimate of the
effect of dietary advice by increasing the likelihood that
dietary messages were delivered without dilution by
other forms of health advice. In addition, this approach
had the advantage that the estimate of the effect of
dietary advice was largely unconfounded by other
interventions which might affect cholesterol values
such as exercise and substantial weight loss. The low fat
diets were associated with significant weight loss (2-3
kg), and this may contribute to some of the cholesterol
lowering—for example, a weight loss of 1 kg is
associated with a reduction in cholesterol concentra-
tion of 0.05 mmol/l.7 However, weight loss was
minimal in most of the other trials included in this
overview and so is unlikely to account for much of the
reduction in cholesterol concentration.

Our inclusion of only randomised and uncon-
founded comparisons may partly explain the smaller
reductions in cholesterol concentration in comparison
with some previous reviews.14

Two other methodological limitations of the
present overview need to be borne in mind: the
possibility of publication bias54 and the use of tabulated
data derived from published reports.55 Although we

tried to minimise publication bias, we were not able to
identify any unpublished trials. In addition, unpub-
lished trials might exist that would have been eligible
for this review and, with only one person reviewing all
the published reports of potential trials, some
published trials may also have been missed. As studies
with negative results are less likely to be published, the
probable effect would be to further reduce our
summary estimates of effectiveness. We tried to address
some of the shortcomings of limiting our analysis to
published tabulated data by approaching investigators
and experts in the subject to obtain additional unpub-
lished data for their studies or to clarify areas of uncer-
tainty, but this was largely unsuccessful.

Conclusions
This systematic review suggests that dietary advice to
free-living subjects can be expected to reduce blood
total cholesterol by only 3-6%, depending on the type
and intensity of the diet advocated. In particular, the
step 1 diet of the American Heart Association has only
a small cholesterol lowering effect even among those
with evidence of coronary disease. Our analyses relate
to effects on blood total cholesterol concentration, and
diets that simply lower total fat intake may lower high
density lipoprotein cholesterol concentration and
offset beneficial effects on coronary heart disease from
lowering low density lipoprotein cholesterol.3 This is
less likely to be the case with diets in which reduction in
saturated fat is replaced by polyunsaturated and
monounsaturated fats rather than by complex carbo-
hydrates. The limited efficacy of dietary advice alone
should be taken into account in routine clinical
practice and when assessing the cost effectiveness of
different preventive strategies. More research is
required to develop better methods of communicating
dietary advice and maintaining compliance with such
advice. Small changes in population blood total
cholesterol concentrations may be worth while, but this
may be better achieved by interventions aimed at
populations than by advising individual people about
diet.

We acknowledge the help of Simon Wilson and Paul Sherliker
in preparing the original figure, and we thank Robert Clarke for
his helpful comments about the manuscript.

Key messages

+ Results from metabolic ward studies suggest
that dietary change can reduce blood
cholesterol concentrations by up to 15%

+ In free-living subjects the standard step 1 diet of
the American Heart Association lowers
cholesterol concentration by about 3%, and
about another 3% can be achieved with more
intensive diets

+ Difficulties in complying with the prescribed
dietary change explain the failure to achieve the
expected reductions in cholesterol
concentrations

+ It is important to be realistic about the
reductions in cardiovascular risk that can be
achieved by individual dietary counselling
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Commentary: Dietary change, cholesterol reduction, and the public
health—what does meta-analysis add?
George Davey Smith, Shah Ebrahim

Dietary changes can lead to sizeable reductions in
circulating cholesterol concentrations,1 which would
translate into meaningful decreases in morbidity and
mortality from coronary heart disease. The dietary
manipulations which have produced substantial lower-
ing have, however, been implemented in strictly
controlled conditions in volunteers living in institu-
tions, whose food intake is directly regulated. Animal
experimentation and metabolic ward studies carried
out over half a century show that we should not be sur-
prised by substantial declines in cholesterol concentra-
tion in someone who is locked in a room and fed
lettuce. The results of studies with externally regulated
dietary intake have, inappropriately, been taken to be
directly translatable into public health terms—for
example, a review of metabolic ward studies has been
cited as an apparent refutation of scepticism about the
ability to modify cholesterol concentrations in the gen-
eral population by diet.2 This is extrapolating well
beyond what the studies show: to understand what
could be produced in real life settings by dietary inter-
ventions requires studies which have attempted to pro-
duce sustained changes in the diet of subjects who
continue living their lives.

When dietary interventions are implemented in
community settings the outcomes may differ from
expectation. Firstly, compliance with dietary advice
may be poor—people eat particular foods because they
are easily available and affordable and they like them,
not because of ignorance or a death wish. Thus the
dietary changes produced by an intervention—and the
consequent decline in serum cholesterol
concentration—may be considerably less than antici-
pated. Secondly, outside metabolic wards, diets consist
of complex and changing mixtures of food, whose
individual elements may interact—either behaviourally
or biologically—to produce different effects from those
that occur when single dietary components are
manipulated.

There have been several quantitative and semi-
quantitative reviews of trials of dietary interventions in
real world settings,3 4 of which the paper by Tang et al is
the latest. The differences between these analyses illus-
trate the problems of meta-analyses of complex
interventions. In particular, the inclusion criteria are

difficult to define. What kind of intervention counts as
“global dietary modification” (and thus is included by
Tang et al) rather than a single component
intervention (and thus excluded)? What constitutes
“specific supplementation” of the diet (and is thus
excluded)? It is difficult to make these criteria objective
and reproducible—Tang et al have included only four
of the 10 trials included in a previous meta-analysis,4

and in many of these cases it is not clear from
differences in inclusion criteria why this is so.

A striking finding of the reviews of real life dietary
intervention trials is the great variation seen in the
effects produced in different studies. Even with a weak
test, formal statistical analysis yields substantial hetero-
geneity between the studies, and in this case the combi-
nation of results should be cautiously applied, if at all. It
is more useful to look at differences between studies to
identify elements of the intervention or characteristics
of the study group which may account for the
variation. This was the case in our recent meta-analysis
of multiple risk factor intervention studies, in which the
differences between studies is in some ways more
informative than the pooled effect.5

For public health purposes the bottomline findings
of reviews and meta-analyses of single factor and mul-
tifactorial interventions3–5 is that even with the substan-
tial resources given to changing people’s diets the
resulting reduction in cholesterol concentrations is dis-
appointing. General population health education cam-
paigns (or health promotion programmes, as they tend
to be called now) are of limited effectiveness. Health
protection—through legislative and fiscal means—is
likely to be a better investment.
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Fifty years ago
The new NHS: Medical students say no

SIR—I am amazed how little consideration has been given to the
opinions of tomorrow’s doctors. We medical students must stand
by and watch others decide our future. We place all our hope in
the good sense of those who are to vote in a few days’ time. Let
them remember that it is not merely their own private interests
which are at stake, but the freedom of thousands of would-be
doctors who have no say in the matter at all. If doctors accept the

State Medical Service as it stands, with its many good points but
several entirely unacceptable ones, they will condemn us to a life
of State service which we had not bargained for when we took up
medicine. If they do but stand firm, they can insist on a form of
service which they would not be ashamed to hand on to us.—I am,
etc, Peter Lyne, Cambridge. (Letter, 31 January 1948, p 215. See
also editorial by Gordon Macpherson, 3 January 1998, p 6.)
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