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ABSTRACT

OBJECTIVE

To determine the relative efficacy of structured named
diet and health behaviour programmes (dietary
programmes) for prevention of mortality and major
cardiovascular events in patients at increased risk of
cardiovascular disease.

DESIGN
Systematic review and network meta-analysis of
randomised controlled trials.

DATA SOURCES

AMED (Allied and Complementary Medicine
Database), CENTRAL (Cochrane Central Register

of Controlled Trials), Embase, Medline, CINAHL
(Cumulative Index to Nursing and Allied Health
Literature), and ClinicalTrials.gov were searched up to
September 2021.

STUDY SELECTION

Randomised trials of patients at increased risk

of cardiovascular disease that compared dietary
programmes with minimal intervention (eg, healthy
diet brochure) or alternative programmes with at least
nine months of follow-up and reporting on mortality
or major cardiovascular events (such as stroke or
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Dietary guidelines recommend various dietary programmes (which could
include physical activity or other cointerventions) for patients at increased
cardiovascular risk, but they might rely on low certainty evidence, such as non-
randomised studies and surrogate outcomes

Systematic reviews of randomised trials with mortality and major cardiovascular
outcomes have reported benefits of dietary programmes, but have not used
network meta-analysis to give absolute estimates and certainty of estimates for
patients at intermediate and high risk

WHAT THIS STUDY ADDS

This network meta-analysis compared the effects of different dietary programmes
on clinical outcomes, such as mortality and cardiovascular events, using GRADE
(grading of recommendations assessment, development and evaluation) methods

Moderate certainty evidence shows that Mediterranean and low fat diets reduce
all cause mortality and non-fatal myocardial infarction in patients with increased
cardiovascular risk; a Mediterranean diet was not convincingly superior to a low
fat diet for these outcomes

Moderate certainty evidence supports a Mediterranean diet for a reduced risk of
stroke, while a low fat diet showed little to no benefit for stroke reduction
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non-fatal myocardial infarction). In addition to dietary
intervention, dietary programmes could also include
exercise, behavioural support, and other secondary
interventions such as drug treatment.

OUTCOMES AND MEASURES

All cause mortality, cardiovascular mortality, and
individual cardiovascular events (stroke, non-fatal
myocardial infarction, and unplanned cardiovascular
interventions).

REVIEW METHODS

Pairs of reviewers independently extracted data and
assessed risk of bias. A random effects network meta-
analysis was performed using a frequentist approach
and grading of recommendations assessment,
development and evaluation (GRADE) methods to
determine the certainty of evidence for each outcome.

RESULTS

40 eligible trials were identified with 35548
participants across seven named dietary programmes
(low fat, 18 studies; Mediterranean, 12; very low fat, 6;
modified fat, 4; combined low fat and low sodium, 3;
Ornish, 3; Pritikin, 1). At last reported follow-up, based
on moderate certainty evidence, Mediterranean dietary
programmes proved superior to minimal intervention
for the prevention of all cause mortality (odds ratio
0.72, 95% confidence interval 0.56 to 0.92; patients
at intermediate risk: risk difference 17 fewer per 1000
followed over five years), cardiovascular mortality
(0.55,0.39 t0 0.78; 13 fewer per 1000), stroke

(0.65, 0.46 to 0.93; 7 fewer per 1000), and non-fatal
myocardial infarction (0.48, 0.36 to 0.65; 17 fewer per
1000). Based on moderate certainty evidence, low fat
programmes proved superior to minimal intervention
for prevention of all cause mortality (0.84, 0.74 to
0.95; 9 fewer per 1000) and non-fatal myocardial
infarction (0.77, 0.61 to 0.96; 7 fewer per 1000).

The absolute effects for both dietary programmes

were more pronounced for patients at high risk.

There were no convincing differences between
Mediterranean and low fat programmes for mortality
or non-fatal myocardial infarction. The five remaining
dietary programmes generally had little or no benefit
compared with minimal intervention typically based on
low to moderate certainty evidence.

CONCLUSIONS
Moderate certainty evidence shows that programmes
promoting Mediterranean and low fat diets, with
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or without physical activity or other interventions,
reduce all cause mortality and non-fatal myocardial
infarction in patients with increased cardiovascular
risk. Mediterranean programmes are also likely to
reduce stroke risk. Generally, other named dietary
programmes were not superior to minimal intervention.

SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42016047939

Introduction
Worldwide, estimates have attributed 22% of adult
deaths and 15% of disability adjusted life years to
dietary habits. If this is true, diet is a leading cause of
death and major morbidity." Advocates have proposed
that numerous diets, with or without exercise
and behavioural support (referred to as dietary
programmes), reduce major cardiovascular events.
These diets include those low in total or saturated
fats (eg, the National Cholesterol Education Program
diets), Mediterranean style diets, and the Dietary
Approaches to Stop Hypertension (DASH) diet.?
Although dietary guidelines have suggested that a
number of dietary programmes might reduce the risk of
major cardiovascular events, they have typically relied
on surrogate outcomes, or low or very low certainty
evidence from non-randomised study designs.>”’
Several pairwise meta-analyses of randomised
controlled trials have suggested that some diets and
dietary programmes reduce cardiovascular events, but
any beneficial impact on mortality is uncertain.®*2

To date, network meta-analyses are lacking that
systematically summarise randomised controlled

hebmj Visual abstract €7 Risk of mortality and cardiovascular events

In those at increased cardiovascular risk, evidence indicates that diet
programmes, such as Mediterranean and low fat, reduce outcomes
including all cause mortality, and non-fatal myocardial infarction

€6 summary o

E Studydesign O

Systematic review with
network meta-analysis

Comparison of seven popular structured dietary programmes

Adults with cardiovascular disease or with
at least two cardiovascular risk factors

§[® Comparison

Seven popular structured dietary programmes

with or without co-interventions such as exercise or psychological support

1
Mediterranean

19

tly Outcomes

All cause Cardiovascular
mortality mortality

Risk difference (intermediate baseline risk) 95% C| ————————

-0 100 -50 O
-~ o‘
L 4 -
'
L
-

2 3 4 5 7
Low fat Verylowfat | Modifiedfat | Combined low i itiki
fat-low sodium
v |

Summary of results in patients with intermediate cardiovascular risk

Non-fatal Unplanned
myocardial cardiovascular
infarction intervention

1
2
3
4
S
6
7 \
==

Superior to minimal intervention Moderate-high certainty
May be superior to minimal intervention Very low-low certainty
-= Little or no benefit relative to minimal interventaion

100 -50 O 100 50 0 100 -50 O 100

< -
- -
S
- —_

——
—_—p

© 2023

BM] Publishing Group Ltd
B https://bit.ly/BM)dietcv

trials and compare the impact of structured dietary
programmes on mortality and major cardiovascular
events (eg, stroke and myocardial infarction). Network
meta-analytic methods enable the use of direct (head-
to-head active interventions) and indirect evidence
(intervention v non-active control) for the comparison
of interventions that have not been directly compared,
which can yield more precise summary estimates.
Therefore, we performed a systematic review and network
meta-analysis of randomised controlled trials to compare
structured named dietary programmes for the prevention
of mortality and major cardiovascular outcomes.

Methods

Protocol registration

The study protocol is registered with PROSPERO
(CRD42016047939) and is accessible online (https://
www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42016047939).

Search strategy

With assistance from a medical librarian, we searched
five databases: AMED (Allied and Complementary
Medicine Database), Cochrane Central Register of
Controlled Trials (CENTRAL), Embase, Medline, and
CINAHL (Cumulative Index to Nursing and Allied
Health Literature) from inception to September 2021,
and ClinicalTrials.gov for unpublished and ongoing
trials. Our search strategy involved keywords for diets,
mortality or major cardiovascular outcomes, and
randomised controlled trials (see appendix texts S2-S4
for search strategy details). We also reviewed reference
lists of related systematic reviews and eligible trials to
identify additional studies.

Eligibility criteria

We included randomised trials published in English
of adults at increased risk of cardiovascular disease
that compared at least one structured dietary
programme with minimal intervention, or with
other cardiovascular risk reduction interventions
(including other dietary programmes). Eligible trials
enrolled patients with two or more established risk
factors for cardiovascular disease (eg, hypertension,
dyslipidaemia, obesity, diabetes mellitus), or
established cardiovascular disease (history of
coronary artery disease, myocardial infarction, stroke,
or peripheral artery disease). In addition to the diet
intervention, structured dietary programmes could
include non-dietary interventions, such as exercise,
or psychosocial or behavioural support. Smoking
cessation interventions and drug treatments were also
allowed, but were considered cointerventions. Eligible
studies had at least nine months of intervention and
reported on the incidence of all cause or cardiovascular
mortality, or major cardiovascular events (stroke, non-
fatal myocardial infarction, angina, heart failure,
peripheral vascular events, atrial fibrillation, and
unplanned cardiovascular interventions). Our protocol
prespecified primary outcomes were all cause and
cardiovascular mortality. We focused our analysis on
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Table 1 | Description of named dietary programme categories used in this systematic review

Named dietary programme

category Description

Low fat Total fat intake reduced to 20-30% of caloric intake; saturated fat intake reduced to <10% of caloric
intake

Very low fat Total fat intake reduced to 10-20% of caloric intake

Combined low fat and low sodium

As in low fat diet, plus sodium reduction (<2.4 g/day)

Modified fat No decrease in total fat intake, but increase in polyunsaturated to saturated fat ratio
Mediterranean Increased fish, fruit, and vegetable intake; increased intake of monounsaturated fats (eg, olive oil)
Ornish Total fat intake reduced to <10% of caloric intake; primarily plant based

Pritikin Total carbohydrate intake 70-75% of caloric intake; total protein intake 15-20% of caloric intake;

total fat intake 5-10% of caloric intake; fibre intake 40-45 g/1000 kilocalories

Minimal intervention
dietary advice

Usual diet or no advice, referral to own physician, usual care, non-dietary programming, or minimal

each study’s last available follow-up; the appendix
also provides outcomes at 12 months of follow-up.
Two reviewers independently determined eligibility
for each record; if necessary, a third senior reviewer
resolved discrepancies.

Data extraction and risk of bias assessment

Two reviewers used pretested forms and standardised
instructions to independently extract population,
intervention, and outcome data. Reviewers assessed
risk of bias independently and in duplicate by using
the Cochrane risk of bias tool (version 1.0)* and
resolved disagreement by discussion or consultation
with a third reviewer. We categorised studies with a low
risk of bias in three key domains (random sequence
generation, allocation concealment, and missing
participant outcome data) as having low overall risk of
bias. All other studies were classified as being at high
overall risk of bias (appendix text S1).

Dietary programmes classification

Our protocol specified three classification schemes
of dietary programmes to create three network meta-
analyses: named diet, food category composition,
and macronutrient composition. The macronutrient
composition analysis could not be run because of a
lack of sufficient interventions to create a network
(no low carbohydrate diets), while the food category
composition analysis was limited by unclear reporting
of food intake in most studies. For these reasons,
together with space limitations, this paper reports the
first analysis (named dietary programmes) only. We
grouped dietary programmes into several named diet
categories (table 1): low fat, very low fat, modified fat,
combined low fat and low sodium, Mediterranean,
Ornish, Pritikin, or minimal intervention. Our
definitions of these programmes are consistent with a
previous systematic review.'

While our protocol initially only specified low fat
as a single named diet category, we divided this into
low fat (20-30% calories from fat) and very low fat
(220% calories from fat) to distinguish standard low
fat dietary programmes from programmes with a more
intense fat reduction goal. We also added a modified fat
category (no decrease in total fat intake, but increased
polyunsaturated fats). These categories are consistent
with previous systematic reviews.'> 16
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Minimal intervention could include patients not
receiving any dietary advice; referral to own physician
or provision of usual care; educational sessions on
non-dietary matters; or receipt of dietary information
such as brochures or brief advice from a clinician
but with minimal reinforcement (only at one visit or
very infrequently, such as annually). When minimal
intervention involved some dietary counselling, it was
less frequently used or reinforced than counselling
in the intervention (half as much or less). While our
protocol used the language of waiting list or placebo
to describe non-active control arms, we adopted the
more descriptive term of minimal intervention from a
recent systematic review,” a term that better reflects the
minimal intervention nature of the control arms.

To explore the potential for effect modification,
we conducted a subgroup analysis on the effect of
intervention intensity on outcomes. A definition of
intervention intensity was adopted from the United
States Preventive Services Taskforce (USPSTF).!’
Interventions with at least two group or individual
sessions a month for the first three months (or
equivalent, that is, at least six sessions in the first three
months) were considered high intensity interventions.
Other interventions were considered low intensity.

Given the limitations of dietary adherence data, the
lack of reporting on adherence, and the heterogeneity
of methods and time points among studies that did
report adherence, we classified eligible interventions
by the intended dietary programme irrespective of the
extent to which participants followed the prescribed
diet.

Statistical analysis
For all direct comparisons, when two or more
randomised controlled trials were available, we
performed conventional pairwise meta-analysis using
a DerSimonian and Laird random effects model. We
used the I? statistic and visual inspection of the forest
plots to assess heterogeneity in direct comparisons. For
all direct comparisons informed by 10 studies or more,
we assessed small study effects using Harbord’s test.'®
Assuming a common heterogeneity parameter,'® 2°
we then conducted a frequentist random effects
network meta-analysis using Stata (version 16). For
all outcomes, the analysis generated an odds ratio
with a 95% confidence interval as the summary
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Dietary All cause Cardiovascular Stroke
programme mortality mortality
vminimal

intervention

Mediterranean

Very low fat

Modified fat

Combined low
fat-low sodium

Pritikin -48(-61to 207)

Non-fatal Unplanned
myocardial cardiovascular
infarction intervention

-13(-20to -2)

Might be superior to minimal intervention with very low to low certainty

Fig 1 | Summary of results of named dietary programmes network meta-analysis at last follow-up. The number is the point estimate (with 95%
confidence interval) of the risk difference (per 1000 over five years), calculated using an intermediate baseline risk. NA=not applicable

measure. Network coherence was assessed globally
using the design-by-treatment model.?! Loop specific
incoherence was evaluated using node splitting to
generate incoherence factor values.?? 2> We estimated
ranking probabilities using the surface under
the cumulative ranking curve, mean ranks, and

Risk differences were calculated by applying the
summary odds ratios to baseline risks (events per 1000
patients).?® We calculated two risk differences: one
assuming an intermediate baseline risk (5-10% five
year cardiovascular event risk) and another assuming
a high baseline risk (20-30% five year cardiovascular

rankograms.>* * event risk). Baseline risks were estimated using control
Dietary All cause Cardiovascular Stroke Non-fatal Unplanned
programme mortality mortality myocardial cardiovascular
vminimal infarction intervention

intervention

Mediterranean

Low fat -17 (-34 to 4)

Very low fat

Modified fat

Combined low
fat-low sodium

Ornish

-109

Pritikin (-141 to 338)

-57 (-89 to -9)

Might be superior to minimal intervention with very low to low certainty

Fig 2 | Summary of results of named dietary programmes network meta-analysis at last follow-up. The number is the point estimate (with 95%
confidence interval) of the risk difference (per 1000 over five years), calculated using a high baseline risk. NA=not applicable
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Fig 3 | PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram

group data from a meta-analysis by the Cholesterol
Treatment Trialists’ Collaboration.?” Appendix text S1
provides further explanation.

We performed network meta-regression to investigate
the effects of follow-up duration and presence of
programme components besides diet (exercise,
behavioural or psychosocial support such as stress
management, drug treatment, and smoking cessation)
on our outcomes of interest. Behavioural support and
exercise were protocol defined effect modifiers, while
drug treatment and smoking cessation were added
post hoc in response to trials that included these
cointerventions. Sensitivity analyses were performed
excluding trials that included smoking or drug
treatment interventions. We also performed sensitivity
analyses excluding two studies because of concerns
about data integrity.?® % For the outcome of non-fatal
myocardial infarction, we excluded three additional
studies in which reporting of non-fatal myocardial
infarctions was unclear.’*3? Appendix tables S3-S19
report original and sensitivity analysis results. In
the main paper, when sensitivity analysis excluding
studies with data integrity concerns substantially
changed our findings, we adopted it as our main
analysis, reporting its results over the findings of the
original analysis.

Assessment and communication of certainty of
evidence

The grading of recommendations assessment,
development and evaluation (GRADE) approach for
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network meta-analysis guided our assessment and
communication of certainty of evidence.’* 3* For
indirect evidence, we focused on the dominant most
direct loop and rated the certainty as the lowest
certainty evidence from the contributing direct
comparisons. Network estimate certainty started as the
certainty of the dominant contributor to the network
estimate. We further rated down the certainty in the
network estimate if there was incoherence between
the indirect and direct estimates, or if there was
imprecision around the treatment effect.

We used a minimally contextualised framework
with the null value as our decision threshold,
meaning that the certainty of evidence refers to
our certainty that the intervention has, relative to
minimal intervention, any beneficial effect or has
little or no benefit.>* >® We rated for the presence of
little or no effect if, and only if, both of the following
conditions were met: the result was not statistically
significant and the point estimate suggested no or
trivial benefit. Otherwise, we rated for the presence of
beneficial effect and rated down for imprecision when
results were not statistically significant. We adopted
our threshold for trivial benefit from a previous
dietary guideline panel that included members of the
public.>” For fatal outcomes, this threshold was an
absolute risk reduction of <10 events per 1000, <20
per 1000 for non-fatal outcomes, and <15 per 1000
for mixed fatal and non-fatal outcomes. To summarise
results, for each outcome, we classified evidence as
high or moderate certainty versus low or very low
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Low fat Results
Search
) ' Among primary databases, we found 8271 citations
Mediterranean Low fat and sodium and identified an additional 1214 records through

reference list screening and ClinicalTrials.gov. After
duplicate removal and title and abstract screening,
reviewers assessed 412 articles for eligibility, of which
40 trials proved eligible (fig 3).

Ornish

Minimal Study characteristics
Of the 40 eligible trials (n=35548), nine (n=17 632)
studied a primary prevention population, and 31
(n=17916) a secondary prevention population. The
dietary programmes studied included low fat (18
studies), Mediterranean (12), very low fat (6), modified
Pritikin fat (4), combined low fat and low sodium (3), Ornish
(3), and Pritikin (1). The median duration of follow-up
was three years (range 0.75-17 years). On assessing
the methodological quality of eligible trials, we judged
Fig 4 | Network of named dietary programmes for all cause mortality at last follow-up 13 to be at low overall risk of bias and 27 at high risk
(appendix table S1).

Dietary programmes mostly involved reinforcement
certainty, and within each certainty of evidence at least every three months in the first year of the
category, by whether dietary programmes were intervention. A few studies reported less frequent
superior to minimal intervention or not (classification  rejnforcement: one trial involved reinforcement every

as superior or having little or no benefit).”® Appendix  four months.* A second trial involved two initial
text S1 presents further details about our use of the meetings with reinforcement every six months_40

Very low fat

Modified fat

GRADE approach. The Lyon Diet Heart Study, a Mediterranean diet
programme, involved only an initial hour long
Patient and public involvement session, with reinforcement at eight week follow-up,

No patients were involved in setting the research then annually.’ In these three trials, the minimal
question, outcome measures, study design, or data  intervention arms involved no dietary advice.

interpretation. However, after production of our first In trials where minimal intervention arms involved
manuscript draft, we consulted a patient advocate some dietary counselling (eg, as a part of usual care),
with established cardiovascular disease who has participants allocated to usual care were able to
been advised on dietary and lifestyle changes by access this service much less than intervention arm
dietitians and physicians. We received feedback that  participants. In one trial, dietary counselling was used
the estimate tables (fig 1 and fig 2) and certainty of by only 28% of usual care participants (compared
evidence statements were very useful, allowing quick  with 83% of the intervention group).*’ In another,
comparison of dietary programmes with respect participants assigned to minimal intervention received
to absolute risk reduction and certainty of risk hooklets and a single dietetic interview, while the
reduction. intervention group received an interview every three

Table 2 | Summary of all cause mortality results at last follow-up for named dietary programmes versus minimal intervention

Dietary programme Odds ratio (95% CI)  Risk difference per 1000 (95% CI)* Interpretation and certainty

Mediterranean (10 trials, 8075 participants) 0.72 (0.56 10 0.92) -17 (=26 to -5); =36 (=58 to —10) Superior to minimal intervention (moderate certainty)t

Low fat (16 trials, 9243 participants) 0.84 (0.74 10 0.95) -9 (-151t0-3); =20 (-33 to -6) Superior to minimal intervention (moderate certainty)t

Very low fat (4 trials, 987 participants) 0.95(0.77 t0 1.18) -3 (-141010); -5 (-29t0 22) Little or no benefit relative to minimal intervention
(moderate certainty)#

Modified fat (4 trials, 680 participants) 1.05 (0.80to 1.38) 3(-12t022); 6 (-25to 44) Might have little or no benefit relative to minimal
intervention (low certainty)+§

Combined low fat and low sodium (3 trials, 1.02 (0.82t0 1.27) 1(-11to15);2 (-23t032) Little or no benefit relative to minimal intervention

2673 participants) (moderate certainty)#

Ornish (2 trials, 125 participants) 2.43(0.24t0 24.2) 76 (=46 1t0 553); 145 (=104 to 659) Might have little or no benefit relative to minimal
intervention (low certainty)+§

Pritikin (1 trial, 26 participants) 0.21 (0.01t0 5.56) -48 (-6110207); =109 (=141 to 338) Might be superior to minimal intervention (very low

certainty) 1**

Cl=confidence interval.

*Results presented as intermediate baseline risk; high baseline risk.

tRated down one level for indirectness (statistical significance and low risk of bias partly depended on trials with secondary interventions such as drug treatment).
$Rated down one level for imprecision (little or no benefit relative to minimal intervention, but 95% Cl is compatible with non-trivial benefit).

§Rated down one level for risk of bias.

fIRated down one level because effect estimate is based on indirect comparison involving low fat versus minimal intervention (moderate certainty).

**Rated down two levels for imprecision (point estimate indicates benefit, but 95% Cl is compatible with harm).
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months.”> In trials that involved physical activity,
a frequent goal was moderate intensity exercise for
approximately 150 minutes per week.

Network meta-analysis results

Figure 4 shows the network graph of the named
dietary programme analysis at last follow-up (median
three years) for the outcome of all cause mortality.
Appendix figures S1-S6 present all network graphs.
The supplement also presents league tables showing
the results of all comparisons for all outcomes
(appendix tables S3-S19 for odds ratios, including
sensitivity analyses; appendix tables S60-S71 for risk
differences). Appendix tables S72-S77 provide the
GRADE assessment showing the number of included
randomised controlled trials, sample size, I*> values,
all direct and indirect estimates, and incoherence data.
We rated down low fat and Mediterranean dietary
programmes for indirectness because of the varying
presence of cointerventions (in particular, smoking
cessation and drug treatment) in trials comparing
these programmes with minimal intervention. Other
dietary programmes had fewer cointerventions, or
had no apparent beneficial effects, and so we did not
rate down for indirectness. We also rated down most
indirect estimates comparing two dietary programmes
for intransitivity because the diet of participants
in minimal intervention groups generally varied
depending on the intervention diet.

Mortality outcomes

For all cause mortality at last reported follow-
up (range 0.75-17 years), Mediterranean dietary
programmes were superior to minimal intervention
based on moderate certainty evidence (odds ratio
0.72, 95% confidence interval 0.56 to 0.92; patients
at intermediate risk: risk difference -17 per 1000,
95% confidence interval -26 to -5; patients at high
risk: -36 per 1000, -58 to -10), as were low fat
dietary programmes, also based on moderate certainty
evidence (0.84, 0.74 to 0.95; patients at intermediate
risk: -9 per 1000, -15 to —-3; patients at high risk:
-20 per 1000, -33 to -6). Evidence comparing
Mediterranean and low fat dietary programmes was of
very low certainty. Very low fat dietary programmes and
combined low fat and low sodium dietary programmes
had little or no beneficial effect on mortality based on
moderate certainty evidence. Modified fat, Ornish,
and Pritikin diets showed low or very low certainty
evidence (table 2, appendix tables S62 and S63).

For cardiovascular mortality at last follow-up
(range 0.75-17 years), only Mediterranean dietary
programmes were convincingly superior to minimal
intervention based on moderate certainty evidence
(0.55, 0.39 to 0.78; patients at intermediate risk: —13
per 1000, -17 to —-6; patients at high risk: -39 per
1000, —54 to —19). Low fat, very low fat, modified fat,
combined low fat and low sodium, and Ornish dietary
programmes showed little or no benefit based mostly
on low or very low certainty evidence (appendix tables
S64 and S65).
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Secondary outcomes

Data were too sparse for four of our preregistered
secondary outcomes (angina, heart failure, peripheral
vascular events, and atrial fibrillation). For stroke at last
reported follow-up (range 1-9.6 years), Mediterranean
programmes were superior to minimal intervention
based on moderate certainty evidence (odds ratio
0.65, 95% confidence interval 0.46 to 0.93; patients
at intermediate risk: risk difference -7 per 1000, 95%
confidence interval —11 to —1; patients at high risk: -16
per 1000, -25 to —3). Low fat, very low fat, and modified
fat programmes had little or no benefit based on mostly
moderate to high certainty evidence. Combined low fat
and low sodium showed benefit in patients at high risk
based on moderate certainty evidence (-17 per 1000,
-32 to 11; appendix tables S66 and S67).

For non-fatal myocardial infarction at last reported
follow-up (range 0.75-9.6 years), Mediterranean
dietary programmes were superior to minimal
intervention based on moderate certainty evidence
(0.48, 0.36 to 0.65; patients at intermediate risk:
risk difference -17 per 1000, -21 to -11; patients at
high risk: —42 per 1000, -53 to —28). The same was
true for low fat dietary programmes (0.77, 0.61 to
0.96; patients at intermediate risk: -7 per 1000, —13
to —1; patients at high risk: -18 per 1000, —-31 to
-3). Comparing low fat with Mediterranean dietary
programmes, in patients at intermediate risk there was
moderate certainty evidence of little or no difference
(low fat v Mediterranean: risk difference 6 per 1000,
95% confidence interval O to 16), whereas in patients
at high risk there was low certainty evidence of the
superiority of Mediterranean programmes (low fat
v Mediterranean: 16 per 1000, -1 to 39). Very low
fat, modified fat, and combined low fat and low
sodium dietary programmes had little or no benefit
based mostly on moderate to high certainty evidence
(appendix tables S68 and S69).

For unplanned cardiovascular interventions at last
reported follow-up (range 0.75-9.6 years), only low
fat dietary programmes reduced events relative to
minimal intervention based on low certainty evidence
(odds ratio 0.57, 95% confidence interval 0.35 t0 0.93;
appendix tables S70 and S71).

Other evidence

A trial published after our data analysis (CORDIOPREV)
compared a Mediterranean diet with a low fat diet
in patients with coronary heart disease (n=1002).*
For individual (non-composite) outcomes, this
trial found non-significant numerical reductions
in cardiovascular mortality, non-fatal myocardial
infarction, and ischaemic stroke favouring the
Mediterranean diet. Our network meta-analysis was
consistent with CORDIOPREV’s individual outcome
findings; we found that in patients with high baseline
risk, Mediterranean dietary programmes reduced each
of these cardiovascular outcomes relative to low fat
programmes. However, apart from stroke, the evidence
for the Mediterranean diet being superior to a low fat
diet remains uncertain.
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Network meta-regression and sensitivity analysis
results

Our network meta-regression did not find any
substantial difference in odds ratios when controlling
for the presence of cointerventions (exercise,
psychosocial support such as stress management,
smoking cessation, and drug treatment). Additionally,
little evidence was found that follow-up duration or
intervention duration acted as an effect modifier.

Subgroup analyses revealed that results did not vary
based on presence of cardiovascular disease in patients
at baseline (whether the trials were in a primary
prevention population or a secondary prevention
population), nor on intensity of intervention (appendix
tables S20-S59).

Sensitivity analyses excluding trials with treatment
arms including smoking cessation or drug treatment
cointerventions revealed similar findings to our main
analysis; however, loss of statistical significance
was observed for low fat dietary programmes for all
cause mortality, non-fatal myocardial infarction, and
unplanned cardiovascular interventions. Statistical
significance was maintained for Mediterranean dietary
programme outcomes, although they were based on
higher risk of bias trials.

Discussion

Principal findings

Our network meta-analysis of named dietary
programmes found that Mediterranean dietary
programmes were superior to minimal intervention
based on moderate certainty evidence for mortality
outcomes, non-fatal myocardial infarction, and stroke.
Low fat dietary programmes were also superior to
minimal intervention with low to moderate certainty
for prevention of all cause mortality, non-fatal
myocardial infarction, and unplanned cardiovascular
interventions. When compared with one another, no
convincing evidence was found that the Mediterranean
dietary programme was superior to the low fat dietary
programme in preventing mortality or non-fatal
myocardial infarction. Other dietary programmes (very
low fat, combined low fat and low sodium, modified
fat, Ornish, and Pritikin) did not show convincing
evidence of superiority to minimal intervention,
except possibly combined low fat and low sodium
programmes for stroke prevention in patients at high
risk (fig 1 and fig 2).

Strengths of this study

Our review has several strengths. We performed a
systematic review and network meta-analysis of dietary
programmes for the prevention of major cardiovascular
events. We worked with an experienced health sciences
librarian to systematically search the literature and to
guide our review process and analysis, and we posted
a publicly available study protocol. We performed
independent, duplicate screening, data extraction,
and risk of bias assessment and used network meta-
regression, subgroups, and sensitivity analysis to
assess and account for potential effect modifiers, none
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having shown major effect modification. Finally, our
review used new GRADE methods to present and assess
the certainty for relative and absolute network meta-
analysis estimates of effect, providing a transparent
and clear presentation of the comparative performance
of each dietary programme for each outcome for
cardiovascular patients at intermediate and high risk
(fig 1 and fig 2). In particular, our results established
moderate certainty evidence for the absolute risk
reduction (9-36 fewer events per 1000 followed over
five years) attributable to Mediterranean and low
fat dietary programmes. These findings with data
presentations are extremely important for patients
who are sceptical about the desirability of diet change.

Limitations of this study

Our review also has limitations. We modified our
protocol specified dietary programme classifications
to distinguish standard low fat programmes that
targeted fat reduction to <30% caloric intake from
programmes that targeted <20% caloric intake.
However, this categorisation is consistent with other
systematic reviews.!” ® A second limitation was the
inclusion of dietary programmes with cointerventions
such as drug treatment and smoking cessation,
raising the possibility that the effects were, at least in
part, due to cointerventions. We were able to explore
these potential effect modifiers using network meta-
regression and sensitivity analysis. None of the
coefficients proved statistically significant and our
sensitivity analysis results were similar to those of the
primary analysis, although with a loss of statistical
significance for low fat dietary programmes for all
cause mortality, myocardial infarction, and unplanned
cardiovascular interventions. Accordingly, using the
GRADE approach, we rated down the certainty of
evidence for each of our outcomes based on issues of
indirectness related to cointerventions (that is, drug
treatment, smoking cessation that often includes
drugs) that we did not consider a primary part of a
dietary programme (diet with or without exercise and
psychosocial or behavioural support) based on our a
priori study protocol.

We were unable to systematically factor adherence
into our analysis of dietary programmes, largely
because of a lack of reporting among the 40 eligible
trials. Moreover, when reported, the validity of
measures of adherence has been called into question,
particularly if reliable biomarkers for adherence do not
exist or are not used in dietary programme trials*; this
might have reduced effect estimates when adherence
was poor. Our results are therefore best understood as
reflecting expected benefits given average adherence
to a dietary programme. Additionally, we used an
earlier version of the Cochrane risk of bias instrument
(version 1) to evaluate trials rather than the latest
version. Our review began before the second version
was published.*® While the more recent instrument
has additional items and guidance for users, we
ensured that our risk of bias assessments were reliable
using explicit risk of bias instructions and calibration
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exercises with our review team based on reported
guidance for improving the reliability of version 1 of
the risk of bias instrument.*’

Control arms which we classified as minimal
intervention were somewhat heterogenous, from a
minimum of no dietary advice at all, to dietary advice
with little reinforcement, to usual care programmes
that included optional dietary counselling. However,
for all trials, the minimal intervention arm had far
less intensive interventions than the active arm.
Moreover, the presence of dietary change in control
arms would strengthen our inferences about the
benefits of Mediterranean and low fat dietary
programmes. We accounted for this in our GRADE
approach by rating down most indirect comparisons
for intransitivity. Finally, our analysis did not include
one recent randomised controlled trial (CORDIOPREV)
that compared a Mediterranean diet with a low
fat diet. The results suggested possible benefits
for cardiovascular mortality, non-fatal myocardial
infarction, and stroke in favour of the Mediterranean
diet. Our network meta-analysis was consistent with
CORDIOPREV’s individual outcome findings in that
we found Mediterranean dietary programmes reduced
each of these cardiovascular outcomes relative to low
fat programmes in patients with high baseline risk.
However, based on our network meta-analysis, the
certainty of evidence for these outcomes was very low,
low and moderate, respectively, leading us to conclude
that, overall, there is no convincing evidence for the
benefit of Mediterranean over low fat programmes.
Based on moderate certainty evidence, it must be
noted that there could be a benefit of Mediterranean
programmes over low fat programmes for the outcome
of stroke.

Comparison with other reviews and guidelines
While our review is the first comparative effectiveness
review of competing dietary programmes, recent
Cochrane reviews have been published specific to low
fat® and Mediterranean diets’ for major cardiovascular
events. Rees and colleagues’ assessed 30 randomised
trials evaluating the impact of Mediterranean diets on
mortality, major cardiovascular, and cardiometabolic
(surrogate) outcomes. While they agreed with our
findings, reporting a reduction in all cause and
cardiovascular mortality relative to usual care in a
secondary prevention setting, they found no clinical
outcome data comparing Mediterranean diets with
usual diet in a primary prevention setting. By contrast,
we were able to produce such evidence using indirect
comparison data from the PREDIMED trial, which
compared a Mediterranean with a low fat dietary
programme in a primary prevention setting, in
combination with primary prevention trials comparing
low fat with minimal intervention diets.

With respect to low fat diets, Hooper and colleagues®
found that diets lower in saturated fat consistently
reduce the risk of adverse cardiovascular outcomes,
with only combined cardiovascular events—a
composite of almost 10 different cardiovascular
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outcomes—showing a statistically significant reduction
(17 fewer events per 1000 followed). In our review, we
focused on mortality and individual cardiovascular
events given the many criticisms of combined
composite outcomes.*® We found risk reductions for
those following low fat dietary programmes for all
cause mortality and non-fatal myocardial infarction.
One potential explanation is that our review, unlike
the Cochrane review, included dietary programmes
with health behaviour cointerventions. The Murchie
(2003) and Look AHEAD (2013) trials, both of which
featured cointerventions, make up approximately
58% of our all cause mortality direct estimate for low
fat dietary programmes versus minimal intervention.
In other words, our results apply primarily to dietary
programmes as a whole, which include exercise and
psychosocial support cointerventions, rather than to
diets alone.

In 2020, the USPSTF recommended that people with
cardiovascular risk factors be offered interventions to
promote healthy diets and physical activity.*’ They
conducted a systematic review of randomised trials
in adults with at least one cardiovascular risk factor
(excluding diabetes and previous cardiovascular
disease), finding a statistically significant reduction in
combined cardiovascular events and non-statistically
significant reductions in mortality, stroke, and
myocardial infarction.'? With our broader eligibility
criteria allowing for diabetic and secondary prevention
populations and the use of network meta-analysis
methods, ourreview extends these findings by providing
moderate certainty evidence for Mediterranean and
low fat dietary programmes for preventing all cause
mortality and non-fatal myocardial infarction, and
moderate certainty evidence for stroke reduction with
Mediterranean programmes.

Our findings also add to NICE (National Institute
for Health and Care Excellence) guidance on
cardiovascular risk reduction in patients at increased
cardiovascular risk.”® Our systematic review focuses
on the same population (high cardiovascular risk or
established disease) and the same intervention as their
lifestyle recommendations (dietary programmes; that
is, dietary changes with or without physical activity
and behavioural support). In contrast to the most
recent Dietary Guidelines for America,’* NICE does
not specifically mention sodium reduction. A 2018
evidence update®® cites a cohort study finding no
association between sodium intake and mortality or
incident cardiovascular disease. Our study provides
randomised evidence supporting this approach. Based
on moderate certainty evidence, we found that dietary
programmes combining fat and sodium reduction
did not reduce mortality. Additionally, the evidence
did not support any benefit for other outcomes, with
the exception of stroke in people at high risk (based
on moderate certainty evidence due to imprecision).
Given that valid biomarkers exist for sodium intake, a
caveat is that the largest trial assessing a combined low
fat and low sodium diet reported poor adherence.>®
Other trials assessing sodium reduction also reported

9
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poor adherence, with one trial measuring an objective
biomarker of adherence (urine sodium) reporting only
about 40% of participants achieving the sodium intake
goal of 80 mmol/day or less.>!

Conclusions

In conclusion, this network meta-analysis found
that Mediterranean and low fat dietary programmes
probably reduce the risk of mortality and non-
fatal myocardial infarction in people at increased
cardiovascular risk. Mediterranean dietary
programmes are also likely to reduce the risk of stroke.
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