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Introduction
Population dietary change is advo-

cated to reduce the incidence of cardiovas-
cular disease and certain cancers,1-5 but
there is uncertainty about the effective-
ness of such strategies.6-8 Dietary modifi-
cations are effective in modifying risk
when adherence is high. For example,
changes in the quantity and quality of
dietary fat improve the lipid profile,9 and
blood pressure is lowered by reducing
sodium'0 and increasing potassium in-
take."' These findings are based on trials
involving well-motivated individuals, of-
ten in metabolic wards,9 living in institu-
tions, 'I ' or receiving treatment in a
hospital clinic.'5 This study investigated
whether such findings can be applied to
the general population. A systematic
search for randomized controlled trials of
dietary advice designed for the primary
prevention of chronic disease identified
17 suitable studies.'632 In this paper we
use meta-analysis33 to summarize the
evidence on effectiveness.

Methods
Identificationi of Trials

We included all trials, including
conference abstracts, published as of July
1993 and fulfilling the following criteria:
(1) the subjects were free-living adults;
(2) the trial involved primary prevention
(i.e., less than 25% of subjects had
diagnosed disease, including hyperten-
sion, under treatment before the start of
the tnral34); (3) the intervention group was
encouraged to consume a diet aimed at
changing patterns of fat, sodium, or fiber
consumption; (4) subjects were random-
ized (or systematically allocated'7) to an

intervention or control group; and (5) the
trial lasted at least 3 months.

A trial was excluded if a supplemen-
tation diet was used,35 if the groups
differed in ways other than the dietary
intervention, if meals were provided for
subjects,'2'436 or if a crossover design
was used. Multiple-intervention trials37 38
were also excluded, as was one trial39 of
diet vs exercise advice. Eight hundred
seventy-seven references, including dupli-
cates, were identified by computer and
manual searches of databases and jour-
nals.40 Abstracts were screened by Aman-
da Bristow according to the inclusion
criteria; this screening identified 48 poten-
tially suitable trials. Published reports of
these trials were independently and sys-
tematically reviewed by Amanda Bristow,
Eric Brunner, Margaret Thorogood, and
Ian White. Seventeen trials were used in
the final meta-analysis. Authors were
contacted to obtain unpublished data for
some of the studies.

The outcome measures used were
serum total cholesterol (mmolUL), dia-
stolic blood pressure (mm Hg). urinary
sodium (mmol/24 hours), and calories
from fat as a percentage of total nonalco-
hol calories. Reporting bias in a trial of
dietary intervention can be considerable,
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Note. Trials are ordered into three groups by frequency of contacts with intervention
subjects. Diamonds indicate combined results. Net effect estimates for individual
trials are shown as filled boxes of the area proportional to 1/(standard error),2 along
with 95% confidence intervals. Summary estimates, derived from a random effects
model, are represented as diamonds; widths show 95% confidence intervals.
Number of contacts are as follows: (i) 2-3, (ii) 5-9, (iii) 10-32. *Summary estimate
excludes the two trials of women with raised breast cancer risk. M = trial with men
only; W = trial with women only.

FIGURE 1-Estimate of effect of dietary advice on percentage of food
energy from fat in trials of 3 to 6 months' and 9 to 18
months' duration.

sessment method; and proportion of fe-
male subjects.

Description of Trials

The 17 trials used in the analyses
included 6893 participants (an estimated
51% ofwhom were women), with 3736 in
the intervention groups. Of the partici-
pants, 3817 were randomized individually
and 3076 were randomized by work-
place.31 Table 1 shows details, including
dietary aims. The proportions of missing
follow-up data were in the 1% to 30%
range in 14 trials and in the 32% to 49%
range in 3 trials.2029'30 Standard errors
could not be calculated for two trial
effects: dietary fat29 and urinary sodium.28
Dietary intake was assessed in 9 trials.
Self-administered methods were used
with the exception of one study'8 in which
a diet history was taken by a dietitian.
Five studies used diet records (2 used
3-day records,'9'27 2 used 4-day re-
cords,24'29 and 1 used a 7-day record23),
and 3 used a food frequency questionnaire
(two based on the Willett method'7'3' and
one designed to assess dietary fiber
only'6). Only 2 trials involving the polyun-
saturated-saturated fatty acid ratio were
identified'8'27; a meta-analysis was not
performed on these trials.

Results

particularly if intake is assessed by food
frequency questionnaire.4142 Biomedical
outcomes avoid this bias as well as being
closer to the disease process than diet
measures. When possible, two time points
were used: the point nearest to 3 months
in the range 3 to 6 months and the point
nearest to 12 months in the range 9 to 18
months.

Statistical Methods

Intervention effects were estimated
by comparing mean changes in the
intervention and control groups.43 We
calculated this measure, together with its
standard error, from the published paper
or from the raw data that investigators
supplied. In certain cases, we were forced
to use less than optimal, but still unbiased,
methods: estimation of treatment effects
and standard errors from graphs28'32 and
comparison of follow-up values without
use of baseline data.21'24'27'29 In trials21'22
involving three randomized groups, we

compared the most intensive and least
intensive interventions. A trial with a

complex design25 was analyzed within

strata according to whether subjects re-

ceived calorie restriction advice.

Pooled intervention effects were sum-
marized by means of a random effects
meta-analysis33 that weighted by the
inverse of the sum of the between-studies
variance and the variance of the study
intervention effect. Heterogeneity was

assessed by the Q statistic, a weighted
between-studies sum of squares. When
heterogeneity is identified among trials,
the summary statistic for the given out-
come is, to an extent, dependent on the
balance of trials included in the calcula-
tion (see Figure 1 for an example). We
examined subgroups defined by factors
potentially relevant to effectiveness: fre-
quency of follow-up contacts in the
intervention group (2 or 3, 5 to 9, 10 to 32
contacts); perceived level of risk (four
categories: normal/population risk [four
trials'6' 1722,31], hypercholesterolemia [five
trials1820'21'23'27], hypertension [five tri-
als25'26'28'30'32], and women with elevated
breast cancer risk [three trials'9'24'29]);
proportion of missing data; blinding of
blood pressure measurement; dietary as-

In the figures, trials are ordered
according to follow-up frequency. Net
effect estimates for individual trials are

shown as filled boxes whose areas repre-

sent the precision of each trial result (see
figure notes).

Reported Diet Outcomes: Dietary Fat

All six 3- to 6-month trials showed
effects favoring intervention (Figure 1).
Effect sizes varied considerably, with
formal evidence of heterogeneity at 3 to 6
and 9 to 18 months of follow-up (both
Ps < .0001). The first summary statistic
in Figure 1 omits the trials in breast cancer
prevention, which obtained the largest
reductions in intake. The smaller trial
effects over 3 to 6 months, involving
adults without risk elevation'7 or with
mildly raised cardiovascular risk, 18.23.27
were not heterogeneous (P = .32) and
indicate a proportional net reduction of
some 6% of energy from fat, as compared
with 40% in the breast cancer prevention
trials. No summary statistic was calcu-
lated for the 9- to 18-month trials. At
1-year follow-up, one of the three breast
cancer prevention29 trials obtained an
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increase of 1% in terms of percentage of
energy from fat. In this trial, the control
group also received dietary advice (one
2-hour education session), and mean
intakes of energy from fat were lower in
both the control group (28%) and the
intervention group (29%). The large work-
site trial3l achieved a marginal reduction
in mean percentage of energy from fat at
15 months.

Biomedical Outcomes

Serum cholesterol. Of the eight 3- to
6-month trials (Figure 2), two16'22 in-
volved subjects at population levels of
coronary risk. These trials obtained statis-
tically nonsignificant reductions ofapprox-
imately 0.1 mmol/L. A study of women
with mammographic dysplasia'9 obtained
a net change in cholesterol of -0.3 (95%
confidence interval [CI] = -0.5, -0.1)
mmol/L at 3 months (from a mean level at
randomization of less than 5.0 mmol/L).
There was significant heterogeneity
(P < .05) resulting from a trial in mild
hypertension,26 involving monthly visits
from a dietitian, that obtained the largest
net decrease in serum cholesterol. The
estimated overall mean net reduction in
serum cholesterol was -0.28 (95%
CI = -0.42, -0.15) mmol/L at 3 to 6
months. Five trials with a follow-up
period of 9 to 18 months (Figure 2)
yielded a summary effect of -0.22 (95%
CI = -0.39, -0.05) mmol/L. Three of
these trials'6"9'22 were among the trials
described earlier; two obtained smaller
reductions in serum cholesterol at a longer
follow-up,'6"9 while in the third,22 the
reduction tended to be larger at 1 year than
at 3 months. The heterogeneity test was
significant (P < .02), reflecting the outly-
ing nature of two studies.'6'2' Frequency
of intervention contacts appeared to be
associated with size of net effect in both
sets of cholesterol results.

Urinary sodium. At 3 to 6 months,
the Hypertension Prevention Trial25 pro-
vided two data points: (1) the sodium!
calorie restriction arm and (2) the sodium
restriction and reduced sodium/increased
potassium arms, which were pooled (Fig-
ure 3). The overall mean net reduction of
some 32 mmol/24 hours was equivalent to
1.9 g NaCl, or a 20% reduction in salt
intake. The heterogeneity test was highly
significant (P < .0005) for the 3- to
6-month trials, because the net reduction
of 59 (95% CI = 45, 72) mmol/24 hours32
was an outlier result. At 9 to 18 months,
the summary effect for the two trials30'32
with standard errors was somewhat larger
than at 3 to 6 months.
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FIGURE 2-Estimate of effect of dietary advice on serum cholesterol
(mmoVL) in trials of 3 to 6 months' and 9 to 18 months'
duration.
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FIGURE 3-Estimate of effect of dietary advice on urinary sodium
excretion (mmol/24 hours) in trials of 3 to 6 months' and
9 to 18 months' duration.
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Diastolic bloodpressure. The overall
net change at 3 to 6 months was -0.7
(95% CI = -1.5, 0.0) mm Hg (P = .06)
(Figure 4). Except for two trials,25'30 the
trial results favored intervention. In the
five trials combined at 9 to 18 months, the
net effect of - 1.2 (95% CI = -2.6, 0.2)
mm Hg was marginally significant
(P = .09). There was no statistical evi-
dence of heterogeneity between trials for
either of the duration periods (3 to 6
months, P = .33; 9 to 18 months, P = .31).
Results from the Trial of Hypertension
Prevention32 overshadowed the other ef-
fect estimates.

Systolic blood pressure. A meta-
analysis involving systolic blood pressure
was conducted with the same set of trials
as for diastolic blood pressure (data not
shown). The net effect at 3 to 6 months of
-1.3 (95% CI= -2.4, -0.3) mm Hg
was significant (P= .01). There was no
statistical heterogeneity between effects
(P = .27). At 9 to 18 months, the net
effect was -1.9 (95% CI = -3.0, -0.8)
mm Hg (P < .001), again with no evi-
dence of heterogeneity (P = .82).

Potential Effect Modifiers

Summary statistics for the trials were
ordered by the proportion of missing data,
whether blood pressure measurement was
blinded, method of diet assessment, and
the proportion of female subjects. There
was no relationship between any of these
factors and effect size.

Public Health Impact ofDietary
Interventions

Estimates, corrected for regression
dilution bias, have been made of the
effects of reductions in serum choles-
terol44 and diastolic blood pressure45 on
the incidence of coronary heart disease
and stroke. On the basis of primary
prevention trials, it has been estimated"
that a 10% reduction (0.6 mmolIL) in
serum cholesterol will reduce coronary
heart disease by 25%. A 5-mm Hg
reduction in diastolic blood pressure,
based on cohort studies,45 predicts a 21%
reduction in coronary heart disease and a
34% reduction in stroke. Applying these
estimates to our summary effects at 9 to
18 months, we calculated that dietary
intervention could reduce coronary heart
disease incidence by 14% (9% as a result
of cholesterol lowering) and stroke by
8%. These estimates assumed that the
observed changes in dietary habits would
be sustained and that the reductions in risk
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FIGURE 4-Estimate of effect of dietary advice on diastolic blood
pressure (mm Hg) in trials of 3 to 6 months' and 9 to 18
months' duration.

attributable to the changes in cholesterol
and diastolic blood pressure could be
combined additively.

Discussion
Main Findings

Our overview shows that dietary
advice can lead to change in diet and to
modest risk reduction among healthy
adults. Weighted mean net changes over 9
to 18 months were -0.22 (95%
CI = -0.39, -0.05; P < .01) mmol/L
(3.7% proportional reduction) for serum
cholesterol and -1.2 (95% CI = -2.6,
0.2; P = .09) mm Hg (1.4% proportional
reduction) for diastolic blood pressure.
Trials with serum cholesterol as an
outcome suggest that increasing intensity
of intervention has a small positive effect
on dietary change. A higher perceived
level of risk, as in the trials of breast
cancer prevention, appears to motivate a
greater reduction in dietary fat intake than
that observed among groups with moder-
ately elevated or unknown cardiovascular
risk factors. We used biomedical vari-
ables, as well as reported diet, as markers
of dietary change rather than as a test of
the diet-risk factor relationship.

The evidence on change in cardiovas-
cular risk achievable with reductions in
serum cholesterol and blood pressure is
now strong. 5"444650 The question we
have addressed is whether a diet strategy
aimed at such changes is effective in the
general population. Multiple-intervention
trials were excluded in order to maximize
the clarity of our findings. To our knowl-
edge, no systematic study has been
conducted of trials in which participants
were free living, did not have symptom-
atic cardiovascular disease or other chronic
disease, and were not taking cardiovascu-
lar drugs.

Data Quality
Long-term follow-up would be re-

quired to estimate the real effectiveness of
preventive interventions, but the biomedi-
cal outcomes can be regarded as proxies
for disease outcomes. Blood pressure,
serum cholesterol, and urinary sodium are
less subjective measures than reported
diet and represent physiological changes
attributable to the interventions of interest.
It is plausible that some of the net
differences in blood pressure may have
been due to a relative decline in arousal in
the intervention groups as a result of the
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frequency of contacts with trial personnel.
This consideration does not apply to
serum cholesterol or urinary sodium.

Our summary statistics may be
misleading as a result of publication
bias,5' which favors publication of small
trials with positive results. Funnel plots5'
for 3- to 6-month trials involving choles-
terol, urinary sodium, and blood pressure
(data not shown) do not suggest that this
was a serious problem. When respondents
are unavoidably aware of the trial objec-
tive, the use of diet recall methods such as
food frequency questionnaires in trials of
dietary behavior interventions raises the
question of reporting bias.42 Self-reported
diet methods have not been validated for
use in intervention trials. Food frequency
methods are relatively imprecise for indi-
vidual dietary assessment but may be
suitable for characterizing the intake of
trial groups.52

The incompleteness of follow-up
data excluded an intention-to-treat analy-
sis and represents a source of bias. Loss of
subjects after recruitment may overesti-
mate effectiveness, since dropouts are
likely to be less compliant. Missing
follow-up data were at low levels in most
trials. In three cases, summary statistics
included trials with more than 30% of
outcome values missing. The weights
assigned to these trials in the calculations
were small. The effect size obtained in a
diet trial is dependent on willingness to
alter diet, and the impact of an interven-
tion in the population may be overesti-
mated if trial subjects are selected for
compliance, as was the case in some of the
trials20'24'32 included here. Impact may be
underestimated if the control group knows
about the intervention, as clearly occurred
in one study.29 These effects could not be
controlled in our analyses. Related to this,
our overview is restricted by the nature of
evidence suitable for meta-analysis. Pub-
lic health measures such as mass media
campaigns are not readily amenable to
testing in a trial format but may neverthe-
less influence national dietary pattems.

Motivation

Adherence to dietary advice may be
influenced by factors such as perception
of future disease risk and nature of the
intervention. We were not able to test
formally the effects of these factors as a
result of lack of data. An effect of level of
perceived risk was clearest in two tri-
als'9,24 of dietary prevention of breast
cancer for percentage of energy from fat.
Using relatively unbiased diet record
methods,53 these studies each obtained

approximately fourfold greater net reduc-
tions in reported fat intake than trials
involving other subjects (Figure 1). The
effect of the intensity of advice was
assessed by ordering the trials according
to the frequency of follow-up contacts in
the intervention group. The data are not
sufficient to estimate this effect, but they
suggest that a low-intensity approach may
be as effective as one involving consider-
able resources. In one trial,'8 for example,
the intervention consisted of individual
advice from dietitians at baseline, with
eight telephone and postal follow-up
contacts. In another,23 advice was given
by a physician at randomization, followed
by a single visit to a dietitian and one
phone contact after 3 months. Net changes
in percentage of energy from fat and
serum cholesterol were similar in these
two groups of men chosen on similar
entry criteria.

There is little evidence on mainte-
nance of change following dietary inter-
vention beyond 18 months. The Women's
Health Trial follow-up54 found that reduc-
tions in reported fat intake (from 40% to
27% of energy) were maintained 4 years
after baseline, 1 year after the trial ended.
A small trial of salt restriction in mildly
hypertensive subjects28 showed blood
pressure reductions maintained over 2
years. In a larger trial,25 mean sodium
excretion initially decreased by some 45
mmol/24 hours from baseline but then
retumed to 20 mmol/24 hours below
baseline at 3 years. Multifactorial trials
provide further evidence on long-term
changes. The Stanford Project55 showed
scant evidence for the effectiveness of
2.5- to 5-year communitywide interven-
tions assessed at 6 years with cardiovascu-
lar risk factor surveys. On the other hand,
the Multiple Risk Factor Intervention
Trial38 found persisting net reductions of
serum total and low-density lipoprotein
cholesterol some 3 years after the end of
the 6- to 8-year trial, and the Oxcheck
study56 demonstrated net benefits over 3
years.

Dietary Sodium

Current United Kingdom recommen-
dations call for a reduction in the average
adult intake of sodium from approxi-
mately 150 to 100 mmol/24 hours. Our
analyses suggest that a reduction in salt
intake of some 30 mmol or 2 g/24 hours is
achievable among normotensive25'32 as
well as mildly hypertensive26'28 individu-
als. We did not identify any trials involv-
ing measurements of urinary sodium that
used a low-intensity intervention design.

Whether one or two advice sessions,
rather than more frequent contacts, would
be effective remains an open question.

Population Diet Strategy

Reduction in the incidence of prema-
ture coronary heart disease by dietary
modification continues to be a key public
health target. -5 Strategies for dietary
change may target the whole population
by means of education, mass media, and
economic policy, or they may involve
individual advice. Trial evidence for the
effectiveness of individual advice in reduc-
ing saturated fatty acid intake is
sparse'824'27 but suggests that the 10%
population average target is achievable.
An increase of some 60% in the polyun-
saturated-saturated fatty acid ratio and a
reduction of 10% in saturated fatty acid
content in the British diet appear to have
taken place during the 1980s,57 indicating
that national dietary habits are not fixed.
Our analysis suggests that dietary changes
might be achievable with an individual
strategy if resources are sufficient. Esti-
mates of the cost-effectiveness of choles-
terol lowering by means of screening and
dietary advice vary between $450058 and
$18 00059 per life-year gained, amounts
considerably higher than the estimated
$18 for a population strategy based on
education and mass media advertising.59

An informal review6 of five trials in
primary prevention estimated a mean
reduction in cholesterol of about 2% over
6 months to 6 years in high-risk men and
concluded that "the ethics of seeking out
healthy individuals, measuring choles-
terol concentrations, and offering interven-
tion of such limited efficacy needs to be
reconsidered." Since then, two trials of
screening and multifactorial intervention
have been reported. The Family Heart
Study7 (at 1 year) and the Oxcheck
study56 (at 3 years) obtained net reduc-
tions, respectively, of 2% and 3% in
serum cholesterol and 4% and 2% in
diastolic blood pressure. Our systematic
overview showed similar net reductions
of 0.22 mmol/L (3.7%) in cholesterol and
1.2 mm Hg (1.4%) in diastolic blood
pressure. When reduction in blood pres-
sure as well as cholesterol is considered,
and regression dilution bias is taken into
account,'4445 we estimate a reduction in
coronary heart disease risk of 14%, a

decrease considerably greater than the
previous estimate of 3%.6
Conclusions

With the reservation that we have
evaluated the effects of dietary change on
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blood pressure and cholesterol rather than
on mortality, our estimate of the reduced
coronary heart disease incidence achiev-
able through individual dietary interven-
tion would represent some 35% of the
United Kingdom's Health of the Nation
target. Dietary advice from health care or
health promotion personnel appears to be
effective in achieving modest dietary
change and accompanying cardiovascular
risk reduction. Dietary advice in primary
care, together with public health and other
populationwide policies, may present the
most cost-effective strategy for preven-
tion.60 D
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