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AGENCIES CONCERNED WITH

cardiovascular health have
uniformly stressed the im-
portance of diet and lifestyle

as the primary means of lowering se-
rum lipids and coronary heart disease
(CHD) risk.1-3 Nevertheless, the intro-
duction of statins in the late 1980s high-
lighted the relative ineffectiveness of
conventional dietary advice.4 As a re-
sult, alternative dietary paradigms have
been proposed5-7 and efforts have been
made to enhance the ability of conven-

tional dietary therapy to reduce serum
cholesterol through the inclusion of
specific foods or food components with
known cholesterol-lowering proper-
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Context Combining foods with recognized cholesterol-lowering properties (dietary
portfolio) has proven highly effective in lowering serum cholesterol under metaboli-
cally controlled conditions.

Objective To assess the effect of a dietary portfolio administered at 2 levels of in-
tensity on percentage change in low-density lipoprotein cholesterol (LDL-C) among
participants following self-selected diets.

Design, Setting, and Participants A parallel-design study of 351 participants with
hyperlipidemia from 4 participating academic centers across Canada (Quebec City,
Toronto, Winnipeg, and Vancouver) randomized between June 25, 2007, and Feb-
ruary 19, 2009, to 1 of 3 treatments lasting 6 months.

Intervention Participants received dietary advice for 6 months on either a low−
saturated fat therapeutic diet (control) or a dietary portfolio, for which counseling was
delivered at different frequencies, that emphasized dietary incorporation of plant ste-
rols, soy protein, viscous fibers, and nuts. Routine dietary portfolio involved 2 clinic
visits over 6 months and intensive dietary portfolio involved 7 clinic visits over 6 months.

Main Outcome Measures Percentage change in serum LDL-C.

Results In the modified intention-to-treat analysis of 345 participants, the overall
attrition rate was not significantly different between treatments (18% for intensive
dietary portfolio, 23% for routine dietary portfolio, and 26% for control; Fisher exact
test, P=.33). The LDL-C reductions from an overall mean of 171 mg/dL (95% con-
fidence interval [CI], 168-174 mg/dL) were −13.8% (95% CI, −17.2% to −10.3%;
P� .001) or −26 mg/dL (95% CI, −31 to −21 mg/dL; P� .001) for the intensive di-
etary portfolio; −13.1% (95% CI, −16.7% to −9.5%; P� .001) or –24 mg/dL (95%
CI, −30 to −19 mg/dL; P� .001) for the routine dietary portfolio; and −3.0% (95%
CI, −6.1% to 0.1%; P=.06) or −8 mg/dL (95% CI, −13 to −3 mg/dL; P=.002) for the
control diet. Percentage LDL-C reductions for each dietary portfolio were significantly
more than the control diet (P� .001, respectively).The 2 dietary portfolio interven-
tions did not differ significantly (P=.66). Among participants randomized to one of
the dietary portfolio interventions, percentage reduction in LDL-C on the dietary port-
folio was associated with dietary adherence (r=−0.34, n=157, P� .001).

Conclusion Use of a dietary portfolio compared with the low−saturated fat dietary
advice resulted in greater LDL-C lowering during 6 months of follow-up.

Trial Registration clinicaltrials.gov Identifier: NCT00438425
JAMA. 2011;306(8):831-839 www.jama.com
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ties,1,8 singly or in combination (di-
etary portfolio).9 Use of these choles-
terol-lowering dietary components in
combination in short-term studies with
all food provided has been shown to re-
duce serum low-density lipoprotein
cholesterol (LDL-C) to a similar ex-
tent as first-generation statins.10,11 The
longer-term effect of such diets com-
pared with conventional dietary ad-
vice has not been assessed.

We therefore undertook a multi-
center trial to determine whether ad-
vice to eat a dietary portfolio consist-
ing of foods recognized by the US Food
and Drug Administration (FDA) as as-
sociated with lowering serum choles-
terol achieved significantly greater per-
centage decreases in LDL-C compared
with a control diet at 6-month follow-
up. The control diet emphasized high
fiber and whole grains but lacked port-
folio components. To increase the rel-
evance of the study for routine clini-
cal application, the advice was given at
2 levels of intensity, either as a routine
dietary portfolio (2 clinic visits of 40-
to 60-minute sessions) or an intensive
dietary portfolio (7 clinic visits of 40-
to 60-minute sessions).

METHODS
Participants

Three hundred fifty-one participants
with hyperlipidemia (137 men and 214
postmenopausal women) were random-
ized after recruitment through adver-
tisement by 4 participating centers
across Canada (Quebec City, To-
ronto, Winnipeg, and Vancouver). Six
randomized participants (3 men and 3
women) were either withdrawn for
medical reasons before starting the
study (n=3) or failed to attend for base-
line measurements (n=3), resulting in
345 participants with data available for
the final (modified intention-to-treat)
analysis (FIGURE 1). Inclusion criteria
included men and postmenopausal
women in the low (0%-10%) and in-
termediate (10%-19%) Framingham 10-
year risk categories who had LDL-C val-
ues ranging from 135 to 205 mg/dL and
116 to 178 mg/dL, respectively (to con-
vert to millimoles per liter, multiply by

0.0259). Exclusion criteria included a
history of cardiovascular disease, can-
cer or a strong family history of can-
cer, untreated hypertension (blood
pressure �140/90 mm Hg), diabetes,
renal or liver disease, and currently tak-
ing lipid-lowering medications.

Study Protocol

Recruitment was achieved by advertis-
ing in newspapers, subway cars, lipid
clinics, and family practice offices, and
randomization took place between June
25, 2007, and February 19, 2009. Par-
ticipants were stratified by center, sex,
and pretreatment LDL-C levels (�158
vs �158 mg/dL), and randomized in
blocks of 75 participants. The blocks
were created by a statistician (E.V.) and
the allocations were placed in num-
bered envelopes to be opened by the di-
etitian in the presence of the partici-
pants. Neither the dietitian nor the
participants could be blinded to treat-
ment; however, the statistician, inves-
tigators, and laboratory staff who ana-
lyzed the samples were unaware of
participant allocation. Treatments were
coded as 1, 2, and 3. Participants were
randomized to a parallel-design study
of dietary advice to take either a thera-
peutic low-fat diet (control) or dietary
portfolio of cholesterol-lowering foods
with either 2 visits (routine) or 7 vis-
its (intensive) during a 6-month period.

Study visits occurred at baseline
(week 0) and at 3 and 6 months for the
control and routine dietary portfolio in-
terventions, and baseline, 2 weeks, and
subsequently at monthly follow-up for
the intensive dietary portfolio inter-
vention (eFigure, available at http:
//www.jama.com). At each study visit,
the preceding 7-day diet histories were
assessed by the dietitian and dis-
cussed with the participant. Body
weight was measured and a fasting
blood sample was obtained (eFigure).
At each visit, blood pressure was mea-
sured 3 times in the nondominant arm
using a digital blood pressure monitor
(Omron HEM-907XL, Omron Health-
care Inc, Vernon Hills, Illinois). Par-
ticipants completed a race/ethnicity
questionnaire at week 0 with pre-

defined options to determine the ap-
plicability of the results to the general
population.

The study was approved by the eth-
ics committees of St Michael’s Hospi-
tal and the universities of Toronto,
Manitoba, British Columbia, and La-
val, and the National Health Products
Directorate, Health Canada. Informed
consent was obtained in writing from
the participants.

Diets

TABLE 1 shows diets for participants in
each study group before enrollment.
During the 6-month study period, di-
etitians counseled participants to fol-
low weight-maintaining vegetarian diets
from foods available in supermarkets
and health food stores. Counseling pe-
riods were 1-hour duration for the first
visit and 30 to 40 minutes at subse-
quent visits. For participants in the di-
etary portfolio interventions, dieti-
tians focused on incorporating study
foods (eTable 1) into the participants’
regular diets using their 7-day food dia-
ries as templates. Participants were pro-
vided with a 7-day study food check-
list and an illustrated study booklet. The
goal of the dietary portfolio was to pro-
vide 0.94 g of plant sterols per 1000 kcal
of diet in a plant sterol ester–enriched
margarine; 9.8 g of viscous fibers per
1000 kcal of diet from oats, barley, and
psyllium; 22.5 g of soy protein per 1000
kcal as soy milk, tofu, and soy meat ana-
logues; and 22.5 g of nuts (including
tree nuts and peanuts) per 1000 kcal
of diet. Consumption of peas, beans,
and lentils was also encouraged. This
dietary portfolio has been described in
detail previously.10

The control dietary advice focused on
low-fat dairy and whole grain cereals
together with fruit and vegetables and
avoidance of the specific portfolio com-
ponents. Participants were provided
with measuring cups and measuring
spoons to assist in portion control.

Analyses

All samples from a given individual
were labeled by code and analyzed in
the routine laboratory of the hospital
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for the Toronto and Vancouver cen-
ters (Beckman SYNCHRON LX Sys-
tems, Mississauga, Ontario, Canada,
and Advia 1650, Siemens, Deerfield, Il-
linois, respectively) and the research
laboratories of the Quebec and Winni-
peg centers (Roche Hitachi 917 Chem-
istry Analyzer, Roche Diagnostics
GmbH, Mannheim, Germany, and Vit-
ros 350, Orthagonal Diagnostics, John-
son & Johnson, Markham, Ontario,
Canada). Serum lipid standards (Solo-

mon Park Research Laboratories, Kirk-
land, Washington) were used to qual-
ity control the lipid analyses at the 4
collaborating sites. The mean inter-
batch coefficients of variation at each
site were all less than 3.9% for total cho-
lesterol (TC), LDL-C, high-density li-
poprotein cholesterol (HDL-C), and tri-
glyceride levels. LDL-C level was
calculated using the Friedewald equa-
tion12 unless triglyceride levels were
higher than 398 mg/dL, in which case

the prebaseline LDL-C value was used
for baseline but no LDL-C value was as-
cribed for the 2 participants with in-
creased triglyceride levels at week 24.
Serum samples, stored at −70°C, were
analyzed in the J. Alick Little Lipid
Laboratory at St Michael’s Hospital, To-
ronto, Ontario, Canada, for apolipo-
protein A-l and B by nephelometry (in-
tra-assay coefficients of variation, 2.2%
and 1.9%, respectively)13 and C-
reactive protein (CRP) by end point

Figure 1. Flow of Study Participants Through the Trial

351 Randomized

879 Individuals assessed for eligibility

103 Randomized to receive intensive
dietary portfolio
101 Received intervention as

randomized
2 Did not receive intervention

1 Did not start
1 Randomized in error

(family history of breast
cancer)

124 Randomized to receive routine
dietary portfolio
122 Received intervention as

randomized
2 Did not receive intervention

1 Did not start
1 Randomized in error

(leg ulcer)

124 Randomized to receive control
122 Received intervention as

randomized
2 Did not receive intervention

1 Did not start
1 Randomized in error

(high CHD risk revealed
at week 0)

83 Included in completer analysis 94 Included in completer analysis 90 Included in completer analysis

83 Completed trial 94 Completed trial 90 Completed trial

17 Dropped out
5 Busy or lost interest
3 Could not contact
3 Family issues
4 Diet issues

1 Withdrawn (allergic to a dietary
component)

1 Illness unrelated to diet
1 Physician-related issues

24 Dropped out
8 Busy or lost interest
2 Illness and lost contact
3 Could not contact
4 Family issues

4 Withdrawn
1 Started cholesterol medication
1 Breast cancer diagnosis
1 Allergic to soy and nuts
1 Increased LDL-C

3 Diet issues
3 Illness unrelated to diet
1 No physician approval

24 Dropped out
4 Busy
4 Could not contact
3 Unable to follow diet
6 Did not want to be in control

8 Withdrawn
4 Started cholesterol medication
4 Increased LDL-C

3 Reduced adherence and
lost interest

2 Family bereavement
1 Illness unrelated to diet
1 No physician approval

101 Included in primary analysis
2 Excluded

1 Did not start
1 Randomized in error (family

history of breast cancer)

122 Included in primary analysis
2 Excluded

1 Did not start
1 Randomized in error (leg ulcer)

122 Included in primary analysis
2 Excluded

1 Did not start
1 Randomized in error (high

CHD risk revealed at week 0)

528 Excluded
371 Did not meet inclusion criteriaa

106 Declined to participate
28 No physician approval
17 Incomplete screening packages
6 Family issues

CHD indicates coronary heart disease; LDL-C, low-density lipoprotein cholesterol.
aThe number of individuals that did not meet inclusion criteria included 218 with lipids not in study range, 109 with concurrent disorders, 15 with food allergies, 7 with
acute and chronic infections, 5 with excess alcohol intake, 5 with high BMI, 4 who were premenopausal, 3 who did not stop taking statins, 2 with weight not stable,
1 with high family risk for cancer, 1 with concern about adherence to study diet, and 1 with a hostile attitude.
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nephelometry (coefficient of varia-
tion, 3.5%) (N high sensitivity CRP re-
agent; Dade-Behring, Mississauga, On-
tario, Canada). Plant sterols in serum
were measured in the sterol labora-
tory of the Richardson Center by gas
chromatography with flame ioniza-
tion detectors (6890 GC, Agilent Tech-
nologies, Palo Alto, California).14

Diets were analyzed using a pro-
gram based on US Department of Ag-
riculture data (ESHA Food Processor
SQL version 10.1.1; ESHA, Salem, Or-
egon) with addition of data on foods rel-
evant to ongoing studies.

Adherence with the 4 portfolio com-
ponents was estimated from the 7-day
food records by expressing the re-
corded intake for each of the 4 main
components as 25%. The sum of the 4
components if consumed as pre-
scribed would equal 100% adherence.

Statistical Analysis

A modified intention-to-treat analysis
was undertaken on the 345 partici-
pants to whom randomization had been

revealed. Missing data were multiple
imputed using PROC MIXED and
MIANALYZE in SAS version 9.2 (SAS
Institute Inc, Cary, North Carolina).
Multiple imputation assumes the val-
ues imputed are randomly sampled
from the distribution of true (unob-
served) missing values. This process re-
sults in valid statistical inferences that
properly reflect the uncertainty due to
missing values, producing valid stan-
dard errors (and 95% confidence in-
terval [CI]) for parameters. For ex-
ample, using LDL-C at 24 weeks, the
strongest predictors of missingness at
24 weeks were age (�=0.0454, P=.01)
and sex (women vs men) (�=−0.2807,
P=.11), and these, along with the ob-
served values, were used to inform the
imputations. Site and diet assignment
did not predict missingness (P� .16).
PROC MIXED was used to determine
the significance of the change in out-
come from week 0 to week 24 as the
response variable with treatment, sex,
and treatment � sex as main effects and
baseline as a covariate. A Tukey adjust-

ment was used for multiple compari-
sons.15 Percentage change in LDL-C ad-
justed for sex was the primary outcome.
In addition, the 10-year Framingham
CHD risk score was calculated16 for this
predominantly white cohort. Pearson
correlation was used to calculate the
correlation coefficient between di-
etary adherence and percentage change
in LDL-C. �2 Test was used to deter-
mine the differences in participants’ cat-
egorical baseline characteristics.

One hundred ten participants were re-
quired per treatment group. Assuming
a maximum effect size of 10% (17 mg/
dL) for percentage LDL-C change, a 10%
SD of effect with �=.05 and 1−�=.80,
and a 20% attrition rate, we had suffi-
cient power to detect a 5% change (9 mg/
dL) in LDL-C between treatments.

RESULTS
The study was conducted between 2007
and 2009, and randomization took
place between June 25, 2007, and Feb-
ruary 19, 2009. The baseline charac-
teristics of the participants were simi-

Table 1. Mean Daily Macronutrient Profiles of Portfolio and Control Diets at Weeks 0 and 24a

Nutrients

Treatments

Intensive Dietary Portfolio
(n = 101)

Routine Dietary Portfolio
(n = 122)

Control
(n = 122)

Week 0 Week 24 Week 0 Week 24 Week 0 Week 24

Energy, kcal/d 2042 1977 1883 1804 1901 1802

Total protein 88 (17) 88 (18) 79 (17) 79 (18) 84 (18) 80 (18)

Vegetable protein 34 (7) 54 (11) 29 (6) 46 (10) 31 (7) 32 (7)

Available carbohydrate 240 (47) 225 (45) 221 (47) 208 (46) 219 (46) 225 (50)

Total dietary fiber (g/1000 kcal) 29 (15) 42 (22) 26 (14) 36 (20) 27 (14) 31 (17)

Total fat 66 (29) 70 (32) 63 (30) 63 (31) 64 (30) 52 (26)

Saturated fatty acid 20 (9) 14 (7) 19 (9) 14 (7) 18 (9) 14 (7)

Monounsaturated fatty acid 23 (10) 27 (12) 22 (10) 24 (12) 23 (11) 19 (9)

Polyunsaturated fatty acid 13 (6) 18 (9) 12 (6) 16 (8) 12 (6) 11 (6)

Cholesterol (mg/1000 kcal)b 224 (112) 123 (66) 220 (119) 120 (68) 217 (117) 154 (86)

Alcohol 9 (3) 6 (2) 7 (3) 6 (2) 7 (3) 6 (2)

Portfolio components
Viscous fiber (g/1000 kcal) 1.0 (0.5) 8.2 (4.2) 0.7 (0.4) 6.1 (3.5) 0.6 (0.3) 1.0 (0.6)

Soy protein 2.4 (1.2) 15.2 (7.6) 1.1 (0.6) 11.6 (6.6) 1.0 (0.5) 1.6 (0.9)

Plant sterols (g/1000 kcal) 0 0.8 (0) 0 0.6 (0.4) 0 0

Nuts (g/1000 kcal) 12 (6) 31 (16) 11 (6) 26 (15) 17 (9) 8 (4)

Adherence with dietary portfolio
components, %c

9 46 8 41 11 8

aData are expressed as mean grams per day (percentage of energy intake) unless otherwise noted.
bExpressed in milligrams.
cAdherence represents the actual intake of the 4 dietary portfolio components at baseline (week 0) and week 24 expressed as a percentage of those components prescribed in the

2 portfolio groups.
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lar for all 3 treatments, with the
exception of the ratio of men to women,
which was higher on the intensive port-
folio than on the other 2 treatments
(TABLE 2). No participants were tak-
ing medications known to influence se-
rum lipids, except 31 women and 4 men
who were all receiving stable doses of
thyroxine and 12 women who were re-
ceiving estrogen therapy. Fifty-one par-
ticipants (14%) had been taking stat-
ins before the study commenced and
had discontinued taking the medica-
tions at least 2 weeks before the study
(Table 2).

The mean overall adherence for all
participants to the intensive dietary
portfolio was 46.4% (95% CI, 40.4%-
52.4%) and to the routine dietary port-
folio was 40.6% (95% CI, 34.6%-
46.6%). Participants lost a similar
amount of weight while taking part in
all 3 treatments (intensive dietary port-
folio, −1.2 kg; 95% CI, −1.9 to −0.6 kg;
P� .001; routine dietary portfolio, −1.7
kg; 95% CI, −2.4 to −1.0 kg; P� .001;
and control, −1.5 kg; 95% CI, −2.1 to
−0.8 kg; P� .001) (TABLE 3).

Blood Lipids, Apolipoproteins,
and CRP

No differences were observed be-
tween the 3 treatment groups in base-
line blood measurements. In the modi-
fied intention-to-treat analysis, the
percentage changes from baseline to
week 24 in the control diet were −3.0%
(95% CI, −6.1% to 0.1%; P=.06) or −8
mg/dL (95% CI, −13 to −3 mg/dL;
P = .002) for LDL-C and −1.4% (95% CI,
−4.3% to 1.6%; P=.37) or −0.09 (95%
CI, −0.24 to 0.05; P = .18) for TC:
HDL-C ratio. In the routine and inten-
sive dietary portfolio interventions, the
respective percentage changes were
−13.1% (95% CI, −16.7% to −9.5%;
P� .001) or −24 mg/dL (95% CI, −30
to −19 mg/dL; P� .001) and −13.8%
(95% CI, −17.2% to −10.3%; P� .001)
or −26 mg/dL (95% CI, −31 to −21 mg/
dL; P� .001) for LDL-C; and −8.2%
(95% CI, −11.2% to −5.3%; P� .001)
or −0.37 (95% CI, −0.52 to −0.23;
P� .001) and −6.6% (95% CI, −9.8% to
−3.4%; P� .001) or −0.39 (95% CI,

−0.56 to −0.24; P � .001) for TC:
HDL-C ratio, respectively (FIGURE 2).
The percentage change and absolute
treatment differences between the con-
trol and both the dietary portfolio in-
terventions were significant for LDL-C
(P� .001) and in absolute units for the
TC:HDL-C ratio (P= .004 for inten-
sive dietary portfolio and P=.006 for
routine dietary portfolio), with no sig-
nificant differences between the di-
etary portfolios (P=.66) (Table 3). The
apolipoproteins reflected the lipid and
lipoprotein changes (Table 3). No sig-
nificant differences were observed be-
tween treatments in CRP. No treat-

ment differences in response were
observed between men and women.

Blood Pressure

The intensive dietary portfolio led to a
nonsignificant reduction in systolic
blood pressure of 2.6 mm Hg (95% CI,
−5.4 to −0.2 mm Hg; P=.07) and a sig-
nificant reduction in diastolic blood
pressure of 2.1 mm Hg (95% CI, −3.7
to −0.4 mm Hg; P=.01) compared with
the control diet (Table 3).

Calculated CHD Risk
The routine dietary portfolio reduced
the calculated 10-year CHD risk by

Table 2. Baseline Characteristics of Participants

Characteristics

Treatments

Intensive
Dietary

Portfolio
(n = 101)

Routine
Dietary

Portfolio
(n = 122)

Control
(n = 122)

P
Valuea

Age, mean (95% CI), y 55 (53-57) 57 (56-59) 57 (55-59) .08

Sex, No. (%)
Male 50 (50) 37 (30) 47 (39)

.01
Female 51 (51) 85 (70) 75 (62)

Race/ethnicity, No. (%)
White 78 (77) 98 (80) 98 (80)

Asian 12 (12) 15 (12) 15 (12)

Black 4 (4) 3 (3) 5 (4)
.45

Hispanic 4 (4) 0 (0) 0 (0)

Aboriginal 0 (0) 1 (1) 0 (0)

Otherb 3 (3) 5 (4) 4 (3)

Body weight, mean (95% CI), kg 76 (73-78) 74 (71-76) 77 (74-79) .19

BMI, mean (95% CI) 27 (26-27) 27 (26-28) 27 (27-28) .24

Blood pressure, mean (95% CI), mm Hg
Systolic 121 (118-123) 119 (117-122) 120 (118-122) .68

Diastolic 73 (71-75) 74 (72-75) 73 (72-74) .73

Lipids, mean (95% CI), mg/dL
TC 252 (244-260) 256 (249-263) 249 (243-255) .83

LDL-C 171 (164-178) 173 (168-180) 168 (163-184) .38

HDL-C 55 (53-57) 54 (51-57) 54 (51-56) .84

Triglycerides 135 (122-148) 142 (129-156) 147 (130-162) .57

Medication use, No. (%)
Lipid-lowering medicationc 13 (13) 20 (16) 18 (15) .75

Antihypertensive medication 18 (18) 17 (14) 28 (23) .19

Hormone therapy medication 2 (2) 7 (6)d 2 (2) .20

Thyroxine 9 (9) 11 (9) 15 (12) .63
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CI, con-

fidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol.

SI conversions: To convert TC, HDL-C, and LDL-C to mmol/L, multiply by 0.0259; and triglycerides to mmol/L, multiply
by 0.0113.

aP values for between-group differences used generalized linear model analysis of variance for continuous variables
and Fisher exact test for categorical variables, in which the null hypothesis is that the portion of participants receiving
each medication was the same across all treatments.

b Included those participants of mixed race and those whose race/ethnicity could not be self-determined.
cParticipants who entered the study taking lipid-lowering drugs were required to discontinue them at least 2 weeks

before randomization.
dAn additional participant started estrogen at week 12.
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10.8% (95% CI, −16.8% to −5.0%;
P� .001; absolute risk change, −0.9%;
95% CI, −1.4% to −0.5%), with a com-
parable reduction in the intensive di-
etary portfolio of −11.3% (95% CI,
−17.1% to −5.4%; P� .001; absolute risk
change, −1.2%; 95% CI, −1.5% to
−0.8%). These percentage reductions
were significantly different (P=.02 and
P=.01, respectively) from the nonsig-

nificant decrease in the control diet
(−0.5%; 95% CI, −6.0% to 5.0%; P=.87;
absolute risk change, −0.3%; 95% CI,
−0.7% to 0.1%; P=.12) (Table 3).

Completer Analysis

The mean percentage reductions in
LDL-C were significant at −15.0% (95%
CI, −18.6% to −11.4%; P� .001) or −27
mg/dL (95% CI, −32 to −22 mg/dL) for

routine dietary portfolio and −15.5%
(95% CI, −19.0% to −12.0%; P� .001)
or −28 mg/dL (95% CI, −32 to −22 mg/
dL) for intensive dietary portfolio, but
not for the control diet (−2.5%; 95% CI,
−6.0% to 1.0%; P=.16; or −9 mg/dL;
95% CI, −14 to −4 mg/dL). Both port-
folio treatments were different from the
control (P� .001) but were similar to
each other.

Table 3. Blood Lipids, Blood Pressure, and Plant Sterols in the Control and Portfolio Diets at Weeks 0 and 24 and the Between-Treatment
Differences

Variable

Treatments, Mean (95% CI)

Intensive Dietary Portfolio
(n = 101)

Routine Dietary Portfolio
(n = 122)

Control
(n = 122)

Week 0 Week 24 Week 0 Week 24 Week 0 Week 24

Body weight, kg 75.5 (72.9 to 78.0) 74.3 (71.7 to 76.8)a 73.7 (71.3 to 76.1) 71.8 (69.6 to 74.1)a 76.9 (74.5 to 79.3) 75.2 (72.8 to 77.7)a

Blood pressure, mm Hg
Systolic 120.9 (118.4 to 123.4) 117.7 (115.1 to 120.3)a 119.5 (117.0 to 121.8) 118.0 (114.9 to 121.0) 119.9 (117.7 to 122.1) 119.5 (116.9 to 122.0)

Diastolic 73.1 (71.3 to 74.9) 70.9 (69.2 to 72.6)a 73.8 (72.2 to 75.4) 72.3 (70.5 to 74.1) 73.0 (71.6 to 74.4) 72.9 (71.4 to 74.4)

Lipids, mg/dL
TC 252 (244 to 260) 225 (217 to 232)a 256 (249 to 263) 230 (223 to 238)a 249 (243 to 255) 246 (240 to 252)

LDL-C 171 (164 to 178) 145 (139 to 151)a 173 (167 to 179) 148 (142 to 154)a 167 (163 to 172) 161 (156 to 166)a

HDL-C 55 (53 to 57) 53 (50 to 56) 54 (51 to 57) 54 (51 to 57) 54 (51 to 56) 54 (52 to 57)

Triglycerides 135 (122 to 148) 133 (120 to 146) 142 (129 to 156) 141 (127 to 155) 147 (130 to 162) 153 (137 to 169)

TC:HDL-C ratio 4.81 (4.59 to 5.03) 4.44 (4.21 to 4.67)a 5.01 (4.77 to 5.25)a 4.53 (4.31 to 4.75) 4.93 (4.71 to 5.15) 4.82 (4.59 to 5.05)

Apolipoproteins, mg/dL
A-1 160 (155 to 164) 159 (155 to 164) 160 (156 to 164) 159 (155 to 164) 160 (156 to 164) 160 (156 to 164)

B 122 (119 to 127) 109 (105 to 114)a 126 (122 to 130) 112 (108 to 116)a 120 (117 to 124) 120 (116 to 123)

CRP, mg/L 1.37 (1.09 to 1.66) 1.54 (0.56 to 2.52) 1.72 (1.39 to 2.05) 1.49 (0.22 to 2.75) 2.14 (1.36 to 2.92) 2.85 (0.63 to 5.08)

Phytosterols, µmol/L 10.7 (9.5 to 11.9) 13.3 (12.0 to 14.6)a 10.1 (9.3 to 10.9) 12.8 (11.5 to 14.1)a 10.6 (9.7 to 11.5) 11.4 (10.2 to 12.5)

10-y CHD risk,%b 7.5 (6.7 to 8.3) 6.4 (5.7 to 7.1)a 7.9 (7.0 to 8.6) 6.8 (6.1 to 7.5)a 8.1 (7.0 to 9.0) 7.7 (6.9 to 8.5)

Between-Treatment Differencesc

Intensive vs Routine Intensive vs Control Routine vs Control

Mean (95% CI) P Value Mean (95% CI) P Value Mean (95% CI) P Value

Body weight, kg 0.5 (−0.5 to 1.4) .35 0.2 (−0.7 to 1.1) .65 −0.2 (−1.1 to 0.6) .58

Blood pressure, mm Hg
Systolic −1.3 (−4.4 to 1.8) .40 −2.6 (−5.4 to 0.20) .07 −1.3 (−4.3 to 1.8) .40

Diastolic −0.9 (−2.7 to 0.8) .30 −2.1 (−3.7 to −0.4) .01 −1.1 (−2.9 to 0.6) .19

Lipids, mg/dL
TC −2 (−10 to 6) .62 −22 (−31 to −13) �.001 −20 (−28 to −12) �.001

LDL-C −2 (−9 to 6) .66 −18 (−25 to −10) �.001 −16 (−23 to −9) �.001

HDL-C 0 (−2 to 3) .95 −1 (−4 to 1) .25 −2 (−4 to 1) .23

Triglycerides −4 (−19 to 11) .57 −10 (−25 to 5) .18 −6 (−21 to 10) .47

TC:HDL-C ratio −0.02 (−0.22 to 0.19) .86 −0.30 (−0.50 to −0.09) .004 −0.28 (−0.48 to −0.08) .006

Apolipoproteins, mg/dL
A-1 2 (−2 to 6) .31 0.2 (−4 to 4) .94 −2 (−6 to 2) .33

B −1 (−5 to 2) .68 −11 (−16 to −7) �.001 −11 (−15 to −7) �.001

CRP, mg/L 0.17 (−2.08 to 2.42) .88 −1.22 (−3.34 to 0.91) .26 −1.38 (−3.53 to 0.75) .20

Phytosterols, µmol/L 0.6 (−1.1 to 2.3) .50 1.8 (0.3 to 3.4) .02 1.2 (−0.4 to 2.9) .14

10-y CHD risk,%b −1.2 (−9.8 to 7.4) .78 −10.7 (−18.9 to −2.6) .01 −9.5 (−17.8 to −1.2) .02

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC,
total cholesterol.

SI conversions: To convert TC, HDL-C, and LDL-C to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113; CRP to nmol/L, multiply by 9.524; apolipoproteins A-1 and
B to g/L, multiply by 0.01; and phytosterols to mg/dL, multiply by 0.04.

aSignificant change from baseline by t test, P	 .05.
bUsing algorithm of Anderson et al,16 means, 95% CIs, and P values for between-treatment differences were based on comparisons between percentage changes in CHD risk.
cUsing analysis of covariance with sex, treatment, and sex � treatment interaction as main effects and baseline as a covariate. A Tukey adjustment was made for multiple comparisons.
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Factors Associated With the
Percentage Reduction in LDL-C
Overall adherence with the 4 princi-
pal portfolio components (nuts, soy,
viscous fiber, and plant sterol) was sig-
nificantly associated with the percent-
age reduction in LDL-C in partici-
pants who completed the study
(r=−0.34, n=157, P� .001).

Center Differences

The mean percentage LDL-C re-
sponse of the 2 portfolio treatments for
Vancouver (−19.9%; 95% CI, −25.0%
to −14.8%; or −33 mg/dL; 95% CI, −41
to −25 mg/dL) differed significantly
from both Toronto (−11.6%; 95% CI,
−15.6% to −7.6%; or −23 mg/dL; 95%
CI, −30 to −17 mg/dL) and Winnipeg
(−11.1%; 95% CI, −16.4% to −5.8%; or
−22 mg/dL; 95% CI, −30 to −14 mg/
dL) for the difference in percentage re-
duction between centers (P=.01 and
P=.02, respectively), and the differ-
ence between Vancouver and Quebec
(−12.7%; 95% CI, −18.2% to −7.2%; or
−26 mg/dL; 95% CI, −35 to −17 mg/
dL) was of borderline significance for
the percentage reduction in LDL-C
(P=.06). Vancouver (48.3%) differed
from Winnipeg (34.0%) in terms of ad-
herence (P=.001).

Adverse Clinical Events

There were no serious adverse events
or events that required hospitalization
(eTable 2). However, 36 minor events
were reported during the study (15 in
the intensive dietary portfolio, 12 in the
routine dietary portfolio, and 9 in the
control diet), with no treatment differ-
ence in event number (P=.20). None
of the events were directly linked to the
study intervention, except for 1 man
who had recurrent facial flushing and
itching at the back of the neck and was
found to have positive skin test for soy
in the routine dietary portfolio, and 1
woman with a rash and positive skin
test for soy and almonds in the inten-
sive dietary portfolio.

COMMENT
Our data demonstrate the cholesterol-
lowering potential of a dietary portfolio

intervention that counsels participants
to increase consumption of cholesterol-
lowering foods denoted by the US FDA
to have a heart health benefit and that
have also been recommended in na-
tional guidelines to enhance the effec-
tiveness of cholesterol-lowering thera-
peutic diets.1,10 Our study also represents
the first randomized trial to our knowl-
edge to assess the ability of an interven-
tion that counsels for consumption of
these cholesterol-lowering foods to re-
duce LDL-C at 6-month follow-up in
real-world conditions. The reductions in
LDL-C in the dietary portfolio interven-
tion were approximately half those ob-
served with early statin trials that were
associated with 20% reductions in CHD
mortality.17

Although there are no data on plant
sterol consumption and reduction in
CHD risk, cohort studies have consis-

tently shown that consumption of 5
servings of nuts a week, similar to the
26 to 31 g/d consumed in our study, is
associated with a decrease in CHD
events by 40% to 60%.18,19 Fiber in-
take has been negatively associated with
CHD risk.20,21 Increased consumption
of vegetable sources of protein and fat
is associated with reductions in CHD
risk.22 Similar associations were iden-
tified for soy protein consumption in
the Shanghai cohort.23 Further study is
needed to determine whether choles-
terol reduction using these portfolio
components is associated with lower
rates of CHD events.

The specific food components used
in the portfolio have well-established
cholesterol-lowering properties and are
recognized by the US FDA as justify-
ing a heart health claim.10 Review ar-
ticles and meta-analyses have con-

Figure 2. Absolute Values of LDL-C and TC:HDL-C Ratio and Percentage Changes in LDL-C
and TC:HDL-C Ratio From Baseline in the Control, Intensive Dietary, and Routine Dietary
Portfolios

Control (n = 122)

Intensive dietary portfolio (n = 101)
Routine dietary portfolio (n = 122)
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firmed LDL-C benefits for viscous
fibers,24,25 plant sterols,26,27 soy pro-
tein,28-30 and nuts.31

On the basis of the reported intake
of portfolio components, one might ex-
pect a 4% LDL-C reduction from vis-
cous fiber, 2% each from nuts and soy,
and 5% from plant sterols, resulting in
13% LDL-C reduction. A reduction of
a similar magnitude (13%-14%) was ob-
served in our study.

This is the first study to our knowl-
edge to assess the effect of frequency of
visit on dropout rate, adherence, and
outcome. Although a small reduction
was observed in the dropout rate by in-
creasing the frequency of visits from 2
to 7 during the 6-month period, no ad-
vantage was observed in terms of di-
etary adherence or the percentage
LDL-C reduction at 24 weeks. More fre-
quent clinic attendance therefore ap-
pears to be unnecessary in achieving a
significant percentage reduction in
LDL-C. The near maximal effective-
ness of only 2 clinic visits enhances the
suitability of this dietary approach for
clinical application.

The study had limitations. First, the
intervention was complex. Second,
colinearity between the different
dietary components did not permit
attribution of the lipid-lowering effect
to specific components of the inter-
vention. Third, the study was not
metabolically controlled in terms of
providing all food to the participants.
However, our goal was to assess the
effect of dietary advice in real-world
conditions. Studies of longer duration
in which provision of specific diets
was possible have relied on workplace
or institutional environments.7,32-34

Fourth, the study had a high overall
dropout rate of 22.6%. This attrition
rate is common to dietary studies pro-
vided at these levels of intensity.35-37 In
addition, participants were predomi-
nantly white with low to intermediate
risk of cardiovascular disease and rela-
tively low mean body mass index lev-
els. The generalizability of this clinical
trial to higher-risk, more overweight,
or obese patient populations is
unknown.

The study advantages include its
multicenter nature with centers from
across the continent. Participants who
joined the study were already consum-
ing an acceptable background diet low
in saturated fat and cholesterol to pro-
vide a fairer illustration of the type of
patients for whom standard dietary ad-
vice has failed to achieve therapeutic
targets. This approach may underesti-
mate the effectiveness of the diet when
applied to those individuals who are not
already following therapeutic diets.
However, it is also possible that par-
ticipants in this study are better able to
adhere to healthy diets than those who
chose not to participate. Many of the
foods have other attributes, including
lowering the glycemic index, which
may aid in reducing disease risk for
CHD, diabetes, and obesity.38 In addi-
tion, the dietary portfolio treatments
lowered LDL-C without also lowering
HDL-C.

In conclusion, this study indicated the
potential value of using recognized cho-
lesterol-lowering foods in combina-
tion. We believe this approach has clini-
cal application. A meaningful 13%
LDL-C reduction can be obtained after
only 2 clinic visits of approximately 60-
and 40-minute sessions. The limited 3%
LDL-C reduction observed in the con-
ventional diet is likely to reflect the ad-
equacy of the baseline diet and there-
fore suggests that larger absolute
reductions in LDL-C may be observed
when the dietary portfolio is prescribed
to patients with diets more reflective of
the general population.
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