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Background: The evidence for the Portfolio dietary pattern, a plant-based dietary pattern that combines recog-
nized cholesterol-lowering foods (nuts, plant protein, viscous fibre, plant sterols), has not been summarized.
Objective: To update the European Association for the Study of Diabetes clinical practice guidelines for nutrition
therapy,we conducted a systematic review andmeta-analysis of controlled trials usingGRADEof the effect of the
Portfolio dietary pattern on the primary therapeutic lipid target for cardiovascular disease prevention, low-
density lipoprotein cholesterol (LDL-C), and other established cardiometabolic risk factors.
Methods: We searched MEDLINE, EMBASE, and The Cochrane Library through April 19, 2018. We included
controlled trials ≥ 3-weeks assessing the effect of the Portfolio dietary pattern on cardiometabolic risk factors com-
paredwith an energy-matched control diet free of Portfolio dietarypattern components. Two independent reviewers
extracted data and assessed risk of bias. The primary outcome was LDL-C. Data were pooled using the generic
inverse-variance method and expressed as mean differences (MDs) with 95% confidence intervals (CIs). Heteroge-
neity was assessed (Cochran Q statistic) and quantified (I2-statistic). GRADE assessed the certainty of the evidence.
Results:Eligibility criteriaweremetby7 trial comparisons in 439participantswithhyperlipidemia, inwhich thePort-
folio dietary patternwas given on a background of a National Cholesterol Education Program (NCEP) Step II diet. The
combination of a portfolio dietary pattern and NCEP Step II diet significantly reduced the primary outcome LDL-C by
~17% (MD,−0.73 mmol/L, [95% CI, −0.89 to−0.56 mmol/L]) as well as non-high-density lipoprotein cholesterol,
apolipoproteinB, total cholesterol, triglycerides, systolic anddiastolic bloodpressure, C-reactive protein, and estimat-
ed 10-year coronary heart disease (CHD) risk, compared with an NCEP Step 2 diet alone (p b 0.05). There was no
effect on high-density lipoprotein cholesterol or body weight. The certainty of the evidence was high for LDL-
cholesterol and most lipid outcomes and moderate for all others outcomes.
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Conclusions:Current evidence demonstrates that the Portfolio dietary pattern leads to clinicallymeaningful improve-
ments in LDL-C as well as other established cardiometabolic risk factors and estimated 10-year CHD risk.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

The portfolio dietary pattern (also known as the “Dietary Portfolio”
or “Portfolio Diet”) is a plant-based dietary pattern that was first devised
in the early 2000s as a “portfolio” of 4 cholesterol-lowering foods, each
of which has a Food and Drug Administration (FDA), Health Canada,
and/or European Food Safety Authority (EFSA) approved health claim
for cholesterol-lowering or cardiovascular (CV) disease (CVD) risk
reduction.1–7 The 4 core food components of the Portfolio dietary pattern
include (based on a 2000 kcal diet): 42 g nuts (tree nuts or peanuts); 50 g
plant protein from soy products or dietary pulses such as beans, peas,
chickpeas, and lentils; 20 g viscous soluble fibre from oats, barley,
psyllium, eggplant, okra, apples, oranges, or berries; and 2 g plant sterols
initially provided in a plant sterol-enriched margarine.8–13 An enhanced
Portfolio dietary pattern has also been studied in whichmonounsaturat-
ed fat (MUFA) replaces carbohydrate (13% replacement providing 26%
energy from MUFA) and is added to the other 4 components.12

Controlled feeding trials of the portfolio dietary pattern demonstrated
that each of the components had a low-density lipoprotein cholesterol
(LDL-C) lowering effect of 5–10%14–18 and that the effect was additive
when combined as part of this dietary pattern.8–13 An early randomized
controlled trial showed themaximal LDL-C lowering efficacywas similar
to that of 20 mg lovastatin (−28.6% versus−30.9%) in a “head-to-head”
comparison when all foods were provided under metabolically-
controlled conditions10 with a subsequent longer termmulti-centre ran-
domized controlled trial of effectiveness showing smaller reductions of
10–15% under free living conditions in which adherence was only
43% of the earlier metabolic trial since the participants received only
dietary advice.13

The benefits of the Portfolio dietary pattern have been recognized
by major international CVD and diabetes clinical practice guidelines
including those of the Canadian Cardiovascular Society (CCS),19,20

Diabetes Canada,21 European Atherosclerosis Society (EAS),22 and
Heart UK,23,24 while each of the food components have been recognized
for their LDL-C cholesterol lowering by the joint task force of the
European Society of Cardiology (ESC) and EAS. Despite this recognition,
the European Association for the Study of Diabetes (EASD) clinical
practice guidelines for nutrition therapy have not made any specific
recommendations regarding the Portfolio dietary pattern. To update
the recommendations, the Diabetes and Nutrition Study Group
(DNSG) of the EASD commissioned a systematic review and meta-
analysis using the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach to summarize the available
evidence from controlled trials of the effect of the Portfolio dietary
pattern on the primary therapeutic blood lipid target for CVD preven-
tion, LDL-C, and other established cardiometabolic risk factors.

Methods

Design

This systematic review and meta-analysis was conducted according
to the Cochrane Handbook for Systematic Reviews and interventions25

with all results reported according to the Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses (PRISMA) guidelines26

(Supplementary Table S1). The study protocol was registered at
ClinicalTrials.gov (identifier, NCT03534414).

Data search

We searched MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Studies databases using OVID from inception through
April 19, 2018. Search terms used were “Portfolio diet” and “dietary
Portfolio” (Supplementary Table S2), limited to human studies with
no language restrictions. Reference lists of selected studies and reviews
were also searched to identify additional articles.

Study selection

We included randomized and non-randomized controlled trials that
investigated the effect of a Portfolio dietary pattern in comparison
to any energy-matched diet that did not provide components of the
Portfolio dietary pattern. The Portfolio dietary pattern was defined
as including the following components as the intended intervention:
1–3 g/day plant sterols (plant-sterol containing margarines, supple-
ments), 15–25 g/day viscous fibres (gel-forming fibres, such as from
oats, barley, psyllium, legumes, eggplants, okra), 35–50 g/day plant
protein (such as from soy and pulses) and 25–50 g/day nuts (including
tree nuts and peanuts).

Data extraction

Three reviewers (LC, CRB, TAK) assessed titles and abstracts of all
identified studies and independently reviewed and extracted relevant
data from each report, including study design, setting, underlying
disease status of participants, level of feeding control, randomization,
sample size, follow-up duration, Portfolio dietary intervention, com-
parator diet, macronutrient profile, funding sources and outcome
data. Additional informationwas requested from authors of all included
trials. Disagreements were resolved by consensus or where necessary
by the senior author (JLS).

Risk of bias assessment

Risk of bias was assessed independently for each study using the
Cochrane Collaboration's tool for assessing Risk of Bias26 by two reviewers
(LC, CRB). Assessment was done across 5 domains of bias (sequence
generation, allocation concealment, blinding, incomplete outcome data
and selective reporting). Risk of bias was assessed as either low (proper
methods taken to reduce bias), high (improper methods creating bias)
or unclear (insufficient information provided to determine the bias level).

Outcomes

The primary outcomewas the primary blood lipid target for CVD pre-
vention, LDL-C.19 Secondary outcomes included established alternate
blood lipid targets [non-high-density lipoprotein cholesterol (non-HDL-
C) and apolipoprotein B (apoB)19], other blood lipids [(total cholesterol
(TC), HDL-C, triglycerides (TG)], adiposity (body weight),
inflammation[(C-reactive protein (CRP)], systolic blood pressure (SBP)
anddiastolic blood pressure (DBP), glycemic outcomes (fasting blood glu-
cose, fasting insulin and HbA1c) and 10-year coronary heart disease
(CHD) risk estimated by the Framingham risk score.27 Change-frombase-
line differences were used and expressed as mean± standard deviations
(SDs). When not provided, between-treatment differences in change-
from-baseline or end differences were calculated by subtracting means
and SDs were calculated from the available data and statistics using pub-
lished formulas.26 Paired analyses were applied to all cross-over trials
with the use of a within-individual correlation coefficient between treat-
ments of 0.5 as described by Elbourne et al.28 End-differences were
preferred if cross-over studies had the entire trial population following
the same sequence without a wash-out between treatments to avoid
bias due to period effects. Study authors were contacted for missing data.

Statistical analysis

Review Manager (RevMan) 5.3 (Nordic Cochrane Centre, Cochrane
Collaboration, Copenhagen, Denmark, 2014) was used for all analyses.
Data were pooled by the generic inverse-variance method with
DerSimonian and Laird random-effects models and expressed as mean
differences (MDs) with 95% confidence intervals (95% CIs). Random-
effects models were used as they account for residual heterogeneity
and yield more conservative estimates.26,29 To improve clinical transla-
tion of the pooled estimates, we also calculated the percentage change
for each pooled outcome by dividing the MD by the median baseline
value from the included studies (based on the baseline of both the test
and control diets in parallel trials and the baseline of the first arm in
crossover trials). Heterogeneitywas assessedwith the CochranQ statistic
and quantified by the I2 statistic, where I2 ≥ 50% at p b 0.10 was con-
sidered evidence of substantial heterogeneity.26 Sources of heterogeneity
were explored by a priori sensitivity analyses. One sensitivity analysiswas
done to assess the influence of individual trials on the summary estimates
by the systematic removal of each trial comparisonwith the recalculation
of the summary estimates. A second sensitivity analyses was done to
assess the influence of the level of experimental control by restricting
analyses to either “effectiveness” trials (that is, trials in which the
Portfolio dietary pattern intervention was delivered as dietary advice
without the provision of foods) or “efficacy” trials (that is, trials in
which the Portfolio dietary pattern intervention was delivered under
metabolically controlled feeding conditions with the provision of all
foods including the key components of the Portfolio dietary pattern).
The removal of a single trial comparison or restriction to a single trial
type was considered influential if it changed the significance, direction,
or magnitude (N10%) of the pooled estimates or changed the signifi-
cance of the evidence for heterogeneity. We did not perform a-priori
subgroup analyses or assess publication bias analyses, as all of the out-
comes had b10 trial comparisons available for analyses.26,30,31

Grading of the evidence

The certainty of the evidence was assessed using the GRADE
approach.32 The quality of the evidence can be graded as very low, low,
moderate, or high. Controlled trials receive an initial grade of high and
are thendowngradedbasedonpre-specified criteria. These criteria include
risk of bias (as assessed by the Cochrane Collaboration's tool for assessing
risk of bias26), inconsistency (substantial unexplained inter-study hetero-
geneity, I2 ≥ 50%, p b 0.10), indirectness (presence of factors that limit
the generalizability of the results), imprecision (the 95% CI for risk esti-
mates arewideor cross aminimally important difference (MID) for benefit
or harm and publication bias (evidence of small-study effects).32

Results

Search results

Fig. 1 shows the flow of the literature search and study selection. Of
the 103 reports identified, 5 met eligibility criteria. These included 7
trial comparisons with 439 participants for LDL-C, blood lipids, blood
pressure, and body weight, 435 participants for CRP, and 5 trial compari-
sons with 415 participants for 10-year CHD risk. No trials were available
that assessed fasting blood glucose, fasting insulin, or hemoglobin A1c.

Trial characteristics

Table 1 shows the characteristics of the included trials. Study sizes
were relatively small, with a median of 25 participants (range 13–345).

http://ClinicalTrials.gov


Fig. 1. Literature Search.
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Participants were more likely to be middle-aged (median age, 57 years;
range 54.7–65 years) and overweight [median body mass index (BMI)
of 27 kg/m2; range 25.6–29.0 kg/m2] and ~44% men. All 7 trial compari-
sons included participants who had hyperlipidemia (median baseline
LDL-C 4.4 mmol/L, range 4.2–4.6 mmol/L) but were otherwise healthy,
no diabetes, no history of CVD. All trials included neutral energy balance
diets designed for weight maintenance and all diets were isocaloric
between test and control groups. Four of the 7 trials were parallel design
and threewere randomized. Five trial comparisons had a follow-up dura-
tion of 4 weeks and were performed in one centre, while the other two
trial comparisons had a follow up of 24 weeks and performed inmultiple
centers. Five trials were metabolically controlled with the provision of all
study foods, 4 of which followed the Portfolio dietary pattern combining
the 4 core food components (nuts, plant protein, viscous fibre, and plat
sterols),8–10,13 while the other followed an enhanced Portfolio dietary
pattern in which MUFA was added to the 4 for core food components.12

Two trial comparisons used dietary advice, one based on routine advice
(2 clinic visits of 40-to 60-minute sessions) and the other based on inten-
sive advice (7 clinic visits of 40-to 60-minute sessions) over 24-weeks of
follow-up.13 All 7 trials used a National Cholesterol Education Program
(NCEP) Step II diet (≤30% energy total fat, b7% energy saturated fat, and
b200 mg/day cholesterol) as the background diet to the Portfolio dietary



Table 1
Summary of trial characteristics.

Study Participants Disease status Age (SD or
range), y

BMI (SD or
range), kg/m2

LDL-C (SD or
range), mmol/L

Setting Design Feeding
controla

Randomization Comparator Energy
balanceb

Follow-up,
wk

Dietc Funding
source

Jenkins et al. 2011d 345
(134M:211F)

Hyper-lipidemia OP,
Canada

P Dietary
advice

Y NCEP Step II
diet

Neutral 24 A, I

Portfolio - routine 122 57 (8) 27 (6) 4.5 (0.9) 46:31:18
Portfolio - intense 101 55 (10) 27 (3) 4.4 (0.9) 46:32:18
NCEP Step II Diet 122 57 (11) 27 (3) 4.4 (1.5) 50:26:18

Jenkins et al. 2010e 24 (17M:7F) Hyper-lipidemia OP,
Canada

Cf Metabolic N NCEP Step II
diet

Neutral 4 A, I

Portfolio – high-MUFA 12 54.7 (8.0) (42–68) 29.0 (4.3) (25–36) 4.3 (0.7) (3.5–5.6) 33.9:45.6:20.5
Portfolio – low-MUFA 12 55.5 (11.0) (38–69) 28.8 (1.8) (26–32) 4.2 (0.8) (3.3–5.2) 49.1:29.3:21.7
NCEP Step II diet 24 51.9:27.5:20.4

Jenkins et al. 2003ag 32 (18 M:14F) Hyper-lipidemia ~59 (7)h

(36–85)
~27.6 (3.4)h

(20.5–35.5)
OP,
Canada

P Metabolic Y NCEP Step II
diet

Neutral 4 A, I

Portfolio 16 4.62 (3.6) 48.0:30.2:21.5
NCEP Step II diet 16 4.29 (3.4) 52.3:24.9:22.1

Jenkins et al. 2003b 25 (16 M:9F) Hyper-lipidemia 60.0 (9.9)
(36–85)

26.6 (2.9)
(20.2–33.2)

OP,
Canada

P Metabolic Y NCEP Step II
diet

Neutral 4 A, I

Portfolio 13 4.4 (0.97) 56.6:23.2:20.0i

NCEP Step II diet 12 4.64 (0.55) 58.8:21.6:19.6i

Jenkins et al. 2002 13 (7 M:6F) Hyper-lipidemia 65 (11) 25.6 (3.2)
(20.6–30.7)

4.22 (0.40) OP,
Canada

C N NCEP Step II
diet

Neutral A, I

Portfolio Metabolic 4 50.6:27.0:22.4i

NCEP Step II diet Ad libitum 2 58.2:22.7:18.1i

Abbreviations: A, agency; BMI, Body Mass Index; C, crossover; F, female; I, industry; M, male; MUFA, monounsaturated fatty acids; N, no; NCEP ATP III, National Cholesterol Education Program (NCEP); OP, outpatient; P, parallel; SD,
standard deviation; SFA, saturated fatty acids; wks, weeks; Y, yes; y, years.

a Metabolic feeding control included provision of all study foods, supplement feeding control included provision of study supplements only, and dietary advice included dietary counselingwithout the provision of any dietary foods or supplements.
b Neutral energy balance diets were designed for weight maintenance, where all diets are isocaloric between test and control groups.
c Total energy intake in the form of carbohydrate:fat:protein expressed as a percentage of total calories.
d Raw data for C-reactive protein was obtained from the study authors.
e All mean differences and their standard deviations were calculated using raw data provided by the original publication's authors. Thus, some values may appear different in this publication since there were multiple adjustments to the means

presented in the original publication.
f The trial as published consisted of a low-saturated fat run-in diet after which participants were randomized to either a high or lowMUFA Portfolio diet. For the purpose of our statistical analysis, each Portfolio diet arm (high and lowMUFA) was

treated as a crossover study.
g Raw data for C-reactive protein was obtained from the study authors, as well as for all other outcomes to calculate variance.
h Based on 46 participants who completed the 3 arms of the study, the third not included here was a low saturated fat diet plus statin.
i Approximate values based on available carbohydrate as reported.
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pattern in the intervention arm and the comparator diet in the control
arm. The funding source for all trials was a combination of agency
and industry.

Risk of bias

Supplementary Figs. S1–S2 show the individual Cochrane Risk of
Bias assessments for each of the included trials on the effect of the Port-
folio dietary pattern on cardiometabolic outcomes. Overall, no evidence
of serious risk of bias was detected among the trials.

Effect on LDL-C

Fig. 2 and Supplementary Fig. S3 show the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared with
an NCEP Step II diet alone on the primary outcome, LDL-C. The Portfolio
dietary pattern lowered LDL-C by 17% (7 trial comparisons, MD =
−0.73 mmol/L [95% CI: −0.89 to −0.56 mmol/L], p b 0.0001) with evi-
dence of substantial heterogeneity (I2 = 67%, P-heterogeneity = 0.006).

Effect on blood lipids and apolipoproteins

Fig. 2 and Supplementary Figs. S4–S8 show the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared with
an NCEP Step II diet alone on other blood lipids and apolipoproteins.
The Portfolio dietary pattern lowered TC by 12% (7 trial comparisons,
MD = −0.81 mmol/L [95% CI:−0.98 to −0.64 mmol/L], p b 0.001), TG
by 16% (7 trial comparisons, MD = −0.28 mmol/L [95% CI: −0.42 to
−0.14 mmol/L], p b 0.001) and non-HDL by 14% (7 trial comparisons,
MD = −0.83 mmol/L [95% CI: −1.03 to −0.64 mmol/L], p b 0.001),
and apoB by 15% (7 trial comparisons, MD = −0.19 g/L [95% CI: −0.23
to−0.15mmol/L], pb 0.0001)with evidence of substantial heterogeneity
for all outcomes (I2 N 50%, P-heterogeneityb0.1). There was no effect on
HDL-C (7 trial comparisons, MD = 0.01 mmol/L [95% CI: –0.03 to
0.05 mmol/L], p = 0.56) with no evidence of heterogeneity (I2 N 22%,
P-heterogeneity = 0.26).
Fig. 2. Summary plot of pooled effect estimates from randomized controlled trials investigati
estimates are expressed as standardized mean differences, represented by diamonds and 95%
variance random effects models. Between-study heterogeneity was detected with the use of th
of the I2 statistic where I2 ≥ 50% is considered to be evidence of substantial heterogeneity and
0.05]) for HDL-cholesterol was provided so that it could be presented on the same scale (ben
baseline level by theMD *100. For parallel studies, the baseline of both the control and test diets
B; CHD, coronary heart disease; CI, confidence interval; CRP, C-reactive protein; DBP, diastolic bl
density lipoprotein cholesterol;MD,mean difference; non-HDL, non-high density lipoprotein cho
TC, total cholesterol.
Effect on blood pressure

Fig. 2 and Supplementary Figs. S9–10 show the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared with
anNCEP Step II diet alone on blood pressure. The Portfolio dietary pattern
lowered SBP by 1% (7 trial comparisons, MD = −1.75 mmHg [95% CI:
−3.23 to−0.26 mmHg], p = 0.02) and DBP by 2% (7 trial comparisons,
MD=−1.36 mmHg [95% CI:−2.33 to−0.38 mmHg], p = 0.006) with
no evidence of heterogeneity (I2 = 0%, P-heterogeneity N 0.1).

Effect on inflammation

Fig. 2 and Supplementary Fig. S11 show the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared
with an NCEP Step II diet alone on CRP. The Portfolio dietary pattern
lowered CRP by 32% (7 trial comparisons, MD = −0.53 mg/L [95% CI:
−1.01 to −0.15 mg/L], p = 0.008) with no evidence of heterogeneity
(I2 = 33%, P-heterogeneity = 0.18).

Effect on estimated 10-year risk of CHD

Fig. 2 and Supplementary Fig. S12 shows the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared
with an NCEP Step II diet alone on estimated 10-year risk of CHD. The
Portfolio dietary pattern lowered the estimated 10-year risk of CHD
by 13% (7 trial comparisons, MD = −1.34% [95% CI: −2.19 to
−0.49%], p = 0.002) with evidence of substantial heterogeneity (I2 =
54%, P-heterogeneity = 0.07).

The effect of the Portfolio dietary pattern on body weight

Fig. 2 and Supplementary Fig. S13 shows the effect of the Portfolio
dietary pattern on a background of an NCEP Step II diet compared with
an NCEP Step II diet alone on body weight. The Portfolio dietary pattern
showed a non-significant decreasing effect on body weight (7 trial com-
parisons, MD=−0.10 kg [95% CI:−0.48 to 0.27 kg], p = 0.59) with no
evidence of heterogeneity (I2 = 0%, P-heterogeneity = 0.99).
ng the effects of the Portfolio dietary pattern on cardiometabolic outcomes. Pooled effect
CIs by the line through the diamond, and were estimated with the use of generic inverse
e Cochran's Q statistic at a significance level of p b 0.10 and quantified with the use
≥75% considerable heterogeneity. *The reciprocal of the actual pooled MD (0.01 [−0.03,
efit vs. harm) as the other endpoints. ** % change was calculated by dividing the median
was used. For crossover studies, the baseline of the first armwas used. ApoB, apolipoprotein
ood pressure; HDL-cholesterol, high density lipoprotein; kg, kilogram; LDL-cholesterol, low
lesterol; SBP, systolic blood pressure; SMD, standardizedmean difference; TG, triglycerides;
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Sensitivity analysis

Supplementary Table S3 shows the sensitivity analyses by the
systematic removal of each trial. No one trial modified the significance,
direction, or magnitude of the pooled estimates or changed the signifi-
cance for heterogeneity for LDL-C, TC, HDL-C, non-HDL-C, apoB, CRP
or body weight. Removal of Jenkins et al. 2011 (routine) did explain
all of the heterogeneity (I2 = 0%, P-heterogeneity = 0.71) without
changing the direction or significance of the effect for TG and changed
the reduction in DBP from significant to non-significant. Removal of
Jenkins et al. 2011 (intensive) also changed the reduction in SBP and
DBP from significant to non-significant. Finally, removal of Jenkins
et al. 2003a explained all of the heterogeneity (I2 = 0%, P-
heterogeneity = 0.67) but did not change the direction or significance
of the effect for estimated 10-year CHD risk.

Supplementary Table S4 shows the sensitivity analysis by restricting
analyses to efficacy trials. Removal of the effectiveness trials (2 trial
comparisons, Jenkins et al. 2011 [routine] and Jenkins et al. 2011
[intensive])13 resulted in a 21% reduction (MD = −0.87 mmol/L [95%
CI, −1.02 to −0.73 mmol/L], p b 0.00001) and explained all of the
heterogeneity (I2 = 0%, P-heterogeneity = 0.67) in the primary out-
come, LDL-C. The evidence for heterogeneity was also explained
for TC, TG, non-HDL-C, apoB, and estimated 10-year CHD risk (I2 = 0%,
P-heterogeneityN0.42) without changing the direction or significance
of the effect. The reductions in SBP, DBP and CRP lost their significance.

Supplementary Table S5 shows the sensitivity analysis by restricting
analyses to effectiveness trials. Removal of the efficacy trials (5 trial
comparisons, Jenkins et al. 2002, Jenkins et al. 2003 a and b, and Jenkins
et al. 2010 Low and High MUFA)8–10,12 resulted in an 11% reduction
(MD = −0.50 mmol/L [95% CI, −0.61 to−0.40 mmol/L], p b 0.00001)
and explained all of the heterogeneity (I2 = 0%, P-heterogeneity =
0.81) in the primary outcome, LDL-C. The magnitude of the effect was
also changed by N10% for all outcomes except SBP and DBP with the
heterogeneity explained for TC, non-HDL-C, apoB and estimated 10-
year CHD risk. The reductions in TG and CRP lost their significance.

GRADE assessment

A summary of the overall quality of evidence assessment for the
effect of the Portfolio dietary pattern on the outcome measures is
shown in Supplemental Table S6. The certainty in the evidence was
high for LDL-C, TC, TG, non-HDL-C, apoB and bodyweight andmoderate
for HDL-C, SBP, DBP, CRP and 10-year CHD risk owing to downgrades for
serious imprecision.

Discussion

Our systematic review and meta-analysis included 7 controlled trial
comparisons of the effect of a Portfolio dietary pattern including nuts,
plant protein, viscous fibre, and plant sterols with or without MUFA on
a background of an NCEP Step II diet compared with an NCEP Step II
diet alone in 439 participants with hyperlipidemia over a median
follow-up of 4 weeks. The combination of a Portfolio dietary pattern
and NCEP Step II diet significantly lowered the primary outcome LDL-C
by 17% (21% in efficacy and 12% in effectiveness trials) which is beyond
that which was seen with the NCEP Step II diet alone of 10% (11% in effi-
cacy and 3% in effectiveness trials), suggesting that the benefit of the
intended combination is additive and would result in LDL-C reductions
of ~27% (32% in efficacy and15% in effectiveness trials) in clinical practice.
Meaningful reductionswere also seen inmost of the secondary outcomes
including the established alternate blood lipid targets (non-HDL-C and
apoB), TC, TG, SBP/DBP, and CRP, without a change in body weight. The
combined effect of the Portfolio dietary pattern on these cardiometabolic
risk factors translated into a reduction in estimated 10-year CHD risk of
~13% (20% in efficacy and 9% in effectiveness trials).
Findings in the context of the literature

Ourfindings are supported by evidence of similar benefits for each of
the 4 individual food components of the Portfolio dietary pattern.
Systematic reviews and meta-analyses of randomized controlled trials
have shown reductions in LDL-C of 7% for nuts at a median dose of
67 g/d,33 4–5% for plant proteins at median doses from ~30 g/day,34–36

7% for viscous fibres at a median dose of 5–10 g/day,37 and 7% for
plant sterols at a dose of 2 g/day plant sterols/stanols.38 The evidence
for their LDL-C lowering efficacy is considered sufficiently strong that
all have related FDA, Health Canada, and/or EFSA approved health
claims.1–7 The combined effect of these 4 food components as part of
the Portfolio dietary pattern resulted in the predicted additive effect
on LDL-C with a 21% reduction seen in our pooled analyses of the effica-
cy trials.

The 4 individual food components of the Portfolio dietary pattern
have also shown reductions in other blood lipids. Systematic reviews
and meta-analyses of randomized controlled trials have shown benefi-
cial effects of plant sterols,38,39 viscous fibres,37,40,41 plant proteins,34

and nuts33,42,43 on the established alternate lipid targets, non-HDL-C
and apoB, and other blood lipids including TC and TG.

Two of the components of the Portfolio dietary pattern have shown
advantages for inflammation. Systematic reviews and meta-analyses of
randomized controlled trials have shown that fibre inclusive of viscous
fibres and plant protein reduce CRP by−0.37 mg/L and from −0.32 to
−0.53 mg/L (in specific sensitivity and subgroup analyses),
respectively,42,44–47 while nuts and plant sterols have demonstrated
only a non-significant tendency for CRP reductions.44 The combined
effect of these food components as part of the Portfolio dietary pattern
again resulted in the predicted additive effect on CRP with a
−0.74 mg/L (−32%) reduction seen in our overall pooled analyses.

Three of the components of the Portfolio dietary pattern have shown
a blood pressure lowering effect. Systematic reviews andmeta-analyses
of randomized controlled trials of viscous fibre48,49 as well as total
dietary fibre (inclusive of viscous fibre)50 and sources of plant protein
including dietary pulses and soy protein, have shown reductions in
SBP/DBP51,52. Individual randomized controlled trials of nuts have also
demonstrated significant reductions in blood pressure42,53; however,
systematic reviews and meta-analyses of the available randomized
controlled trials have only shown non-significant reductions.43

Although the combined blood pressure lowering effects of these foods
as part of the Portfolio dietary pattern were found to decrease SBP/DBP
by only as much as any one of these components in our pooled analyses
(−1.75/−1.36 mmHg), the Portfolio dietary pattern has been shown to
produce similar SBP/DBP reductions to that of a Dietary Approaches to
Stop Hypertension (DASH)-type diet in a direct comparison.54

These reductions in the primary lipid target, LDL-C, and other
established cardiometabolic risk factors appear to confer the expected
cardiovascular benefit. Two of the components of the Portfolio dietary
pattern have been shown to reduce incident CV events. Systematic
reviews and meta-analyses of prospective cohort studies have shown
that legumes inclusive of soy and dietary pulses are associated with
reductions in incident CHD and CVD with evidence of a dose response
gradient, where ≥4 servings (100 g) per week is associated with a
~17–22% risk reduction.55–57 Evidence from systematic reviews and
meta-analyses of prospective cohort studies of dietary fibre inclusive
of viscous fibre and nuts have also shown associations with reductions
in CVD events.58,59 Consumption of 5 servings per week of nuts, a
level similar to that recommended as part of the Portfolio dietary pat-
tern, is associated with reductions in CHD events of 40% to 60%.60,61

These findings are further supported by findings from observational
studies of vegetarian diets62 and the PREDIMED (Prevención con Dieta
Mediterránea) trial which showed that a predominantly plant-based
Mediterraneandiet supplementedwith nuts decreasedmajor CV events
by 28%.63 While there is limited data on plant sterols and CHD risk, a
systematic review and meta-analysis of prospective cohort studies of
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the relationship between serum concentrations of two common plant
sterols (sitosterol, campesterol) and CVD risk failed to show evidence
of a protective association.64

Strengths and limitations

Our systematic review andmeta-analysis has several strengths. First,
we employed a comprehensive and reproducible search and selection
process of the literature examining the effect of the Portfolio dietary
pattern on cardiometabolic risk factors. Second, we collated and synthe-
sized the totality of the available evidence from controlled trials which
provide the greatest protection against bias and start as high certainty
of evidence by GRADE.32 Finally, we used the GRADE approach to assess
the overall certainty of the evidence.

Several limitations also need to be considered. Therewas evidence of
serious imprecision for HDL-C, SBP, DBP, CRP and 10-year CHD risk. As
the 95% CIs of the pooled risk estimates contained the pre-specified
MIDs, we could not rule out unimportant effects of the Portfolio dietary
pattern on these outcomes and so downgraded the evidence for impre-
cision. Although we did not downgrade the evidence for serious indi-
rectness, the concern might be raised that the trials were conducted
by a single investigator group and did not include participants with
diabetes. We felt that this concern was mitigated by the inclusion of a
large (n = 351), multi-centre randomized trial that showed similar
results across 4 different centres (Quebec City, Toronto, Winnipeg, and
Vancouver) when the Portfolio dietary pattern was administered as
dietary advice regardless of the intensity of the advice under free-
living conditions.13 We also did not feel that there was any biological
reason to believe that the dietary pattern would behave differently in
peoplewith diabetes, as each component of the Portfolio dietary pattern
has been shown individually to lower LDL-C in systematic reviews and
meta-analyses of randomized controlled trials inclusive of people with
diabetes without any evidence of a subgroup effect by diabetes
status.34,43,65–68 Another potential limitation was inconsistency in the
treatment effects among the trials for LDL-C, TC, TG, non-HDL-C, apoB,
and 10-year CHD risk. We did not downgrade the evidence for serious
inconsistency, as the evidence of heterogeneity was explained in
each case by our a priori sensitivity analyses in which we restricted
analyses to the efficacy trials, suggesting that adherence to the compo-
nents of the Portfolio dietary pattern is an important determinant of its
intended benefit.

Balancing these strengths and limitations, the certainty in the
evidence based on the GRADE approach was rated as high for LDL-C,
TC, TG, non-HDL-C, apoB and body weight and moderate for HDL-C,
SBP, DBP, CRP, and 10-year CHD risk.

Implications

Diet and lifestyle therapy remain the cornerstone of the manage-
ment of dyslipidemia and CVD risk in peoplewith andwithout diabetes.
Our pooled analyses showed that the Portfolio dietary pattern can pro-
duce meaningful reductions in the primary lipid target for CVD preven-
tion, LDL-C, as well the established alternate lipid targets, non-HDL-C
and apoB, in people with dyslipidemia. The expected reductions of the
intended combination of a Portfolio dietary pattern and NCEP Step II
diet of ~27% (32% in efficacy and 15% in effectiveness trials) are similar
to those seen with the starting doses of low intensity statins (18 to
28%)67 or 10 mg of ezetimibe (15–20%).69 These reductions would be
expected to translate into meaningful reductions in CVD risk. The
~20% reduction in major cardiovascular events for every 1.0 mmol/L
reduction in LDL-C seen for statin and ezetimibe therapy in individual
patient level pooled analyses by the Cholesterol Treatment Trialists'
(CTT) Collaboration70–72 are consistent with the ~13% reduction in esti-
mated 10-year CHD risk that we saw in relation to a 0.73mmol/L reduc-
tion in LDL-C in our overall pooled analyses. In clinical practice, the
current pharmacological approach to dyslipidemia includes the use
of high intensity statins alone or in combination with ezetimibe as
1st-line therapy.19 Our data suggest that the Portfolio dietary pattern
may be a useful add-on to statin therapy or statin plus ezetimibe
therapy to help people achieve their lipid targets.

There may be an important opportunity for people to realize the CV
benefits of a Portfolio dietary pattern. Dietary intake patterns in Canada,
the United States, and Europe do not currently meet the targets for the
food components of the Portfolio dietary pattern: ≥45 g/day nuts,
≥50 g/day plant protein, ≥20 g/day viscous fibre, and 2 g/day plant
sterols.66,73–76 Adherence has also been directly associated with reduc-
tions in LDL-C in the available trials11,13 with the efficacy trials, in
which adherence is N90%8–10,12, showing nearly double the reductions
in LDL-C (21% versus 12%) than the effectiveness trials, in which
reported adherence is b50%.13 These data provide confirmation that
the LDL-C lowering effect of 5–10%14–18 of each of the 4 core food com-
ponents can be considered additive,8–13 suggesting strategies to
improve the availability, accessibility, and palatability of any one or
more of the different food components of the Portfolio dietary pattern
may lead to important metabolic advantages and CVD risk reduction.
With the continued development and marketing of plant-based foods,
greater benefits are anticipated. The use of plant food components
further fits with recommendations to the general public to consume
more plant-based diets.

Conclusions

In conclusion, our syntheses of the available evidence from con-
trolled trials demonstrates that the portfolio dietary pattern results in
clinically meaningful reductions in the primary therapeutic lipid target
for CVD prevention, LDL-C, the established alternate lipid targets, non-
HDL-C and apoB, as well as other established cardiometabolic risk
factors, including TG, SBP/DBP, and CRP, culminating in an improve-
ment in estimated 10-year CHD risk. Our certainty in the evidence
was generally high for the blood lipid benefits and moderate for the
benefits related to other cardiometabolic risk factors and estimated
10-year CHD risk. More research is needed to improve our estimates
and confirm that these benefits do translate into reductions in clinical
outcomes of clinical practice and public health importance. In this
regard, there remains a need for large randomized trials of the effect
of the portfolio dietary pattern on hard CV outcomes or surrogate end-
points of atherosclerosis. We await the results of the enhanced Portfolio
and exercise (PortfolioEx) trial, a multi-centre randomized trial of the
effect of an enhanced Portfolio diet (nuts, plant protein, viscous fibre,
plant sterols, heart healthy unsaturated plant oils, and low glycemic
index) on the primary outcome of vascularmagnetic resonance imaging
of atherosclerosis (plaque volume) over 3 years in participants at high
CVD risk of which ~50% will have type 2 diabetes ( clinicaltrials.gov
identifier, NCT02481466). If the findings are positive, then the data
will provide further evidence to support current recommendations to
consume more plant-based dietary patterns for health benefits.
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