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ABSTRACT

Background: Intervention studies suggest that incorporating wal-
nuts into the diet may improve blood lipids without promoting weight
gain.

Objective: We conducted a systematic review and meta-analysis of
controlled trials evaluating the effects of walnut consumption on
blood lipids and other cardiovascular disease risk factors.

Design: We conducted a comprehensive search of PubMed and EM-
BASE databases (from database inception to January 2018) of clini-
cal trials comparing walnut-enriched diets with control diets. We per-
formed random-effects meta-analyses comparing walnut-enriched
and control diets for changes in pre-post intervention in blood lipids
(micromoles per liter), apolipoproteins (micrograms per deciliter),
body weight (kilograms), and blood pressure (mm Hg).

Results: Twenty-six clinical trials with a total of 1059 participants
were included. The following weighted mean differences (WMDs)
in reductions were obtained for walnut-enriched diets compared
with control groups: —6.99 mg/dL (95% CI: —9.39, —4.58 mg/dL,;
P < 0.001) (3.25% greater reduction) for total blood cholesterol (TC)
and —5.51 mg/dL (95% CI: —7.72, —3.29 mg/dL; P < 0.001) (3.73%
greater reduction) for low-density lipoprotein (LDL) cholesterol.
Triglyceride concentrations were also reduced in walnut-enriched
diets compared with control [WMD = —4.69 (95% CI: —8.93,
—0.45); P = 0.03; 5.52% greater reduction]. More pronounced
reductions in blood lipids were observed when walnut interven-
tions were compared with American and Western diets [WMD for
TC = —12.30 (95% CI: —23.17, —1.43) and for LDL = —8.28
(95% CI: —13.04, —=3.51); P < 0.001]. Apolipoprotein B (mil-
ligrams per deciliter) was also reduced significantly more on walnut-
enriched diets compared with control groups [WMD = —3.74 (95%
CI: —6.51, —0.97); P = 0.008], and a trend towards a reduction was
observed for apolipoprotein A [WMD = —2.91 (95% CI: —5.98,
0.08); P = 0.057]. Compared with control diets, walnut-enriched
diets did not lead to significant differences in weight change (kilo-
grams) [WMD = —0.12 (95% CI: —2.12, 1.88); P = 0.90], systolic
blood pressure (mm Hg) [WMD = —0.72 (95% CI: —2.75, 1.30);
P = 0.48], or diastolic blood pressure (mm Hg) [WMD = —0.10
(95% CI: —1.49, 1.30); P = 0.88].

Conclusions: Incorporating walnuts into the diet improved blood
lipid profile without adversely affecting body weight or blood pres-
sure. Am J Clin Nutr 2018;108:174-187.
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INTRODUCTION

Nuts are a key component of several healthy dietary patterns
and recommendations. The literature has consistently shown that
frequent nut consumption is associated with improved cardiovas-
cular disease risk factors (1-3) and lower risk of cardiovascular
disease (CVD) (4, 5). Inverse associations between nut intake and
CVD risk have been observed in large prospective cohort stud-
ies (5). In addition, several clinical trials have reported benefi-
cial effects of nut consumption on blood lipids (2), inflammatory
parameters, insulin resistance (6, 7), and blood pressure (8). Of
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note, in a pooled analysis of 25 trials including 583 participants
with normolipidemia and hypercholesterolemia, a reduction of
total cholesterol (TC), LDL cholesterol, the ratio of LDL to HDL
cholesterol, and the ratio of TC to HDL cholesterol was observed
when incorporating nuts into the diet (mean daily consumption
of 67 g of nuts) (2). In a more-recent meta-analysis of 61 clinical
trials, of which 21 included walnut intervention groups, walnut
consumption was associated with significant reductions in sev-
eral blood lipid parameters including TC, LDL cholesterol, and
apolipoproteins (apo) A and B (3).

Nuts are a good source of unsaturated fatty acids, and are rich
in fiber, minerals (potassium, calcium, and magnesium), vita-
mins (folate and E), phytosterols, and polyphenols (9). The fatty
acid composition across types of nuts varies widely. Whereas
almonds, hazelnuts, pistachios, cashews, and peanuts are rich
in MUFAs, walnuts are rich in PUFAs (10). Walnuts are es-
pecially rich in o-linolenic acid (18:3n-3) and linoleic acid
(18:2n-6) (10). a-Linolenic acid is an essential precursor of w-3
PUFAs found in fish oils, which have been associated with anti-
inflammatory and anti-atherogenic properties (11). It has been
postulated that the unique fatty acid composition of walnuts
may provide beneficial effects of lowering blood cholesterol and
triglyceride (TG) concentrations (12).

Although many clinical trials have evaluated the effects of wal-
nut consumption on blood lipids (12), there are discrepancies in
the results for specific blood lipids and apolipoproteins, possibly
due to the limitations of small sample sizes and differences in
intervention duration, design, or population.

In 2009, we published a meta-analysis on this topic that in-
cluded 13 clinical trials representing 365 participants (12). The
results indicated that diets supplemented with walnuts signifi-
cantly decreased total and LDL cholesterol, beyond that of the
comparator diets. Since then, more than 10 clinical trials with
larger samples sizes and longer follow-ups have been published.
Therefore, we sought to conduct an updated systematic review
and meta-analysis of controlled trials evaluating the effects of
walnut-enriched diets compared with control diets on blood lipids
and apo profiles. Additionally, we aimed to evaluate whether in-
corporating walnuts into the diet led to changes in body weight.
We also evaluated other cardiovascular disease risk factors that
were reported in the trials identified in our updated literature re-
view, including blood pressure. Finally, we aimed to investigate
heterogeneity between studies, and if present, to evaluate the po-
tential sources, such as study duration, baseline comorbidities,
populations, and type of control diets.

METHODS

Search strategy

We conducted systematic literature searches in PubMed
(http://www.ncbi.nlm.nih.gov/pubmed) and EMBASE
(http://www.embase.com) for controlled trials describing the
effects of walnut consumption compared with a control diet on
blood lipids from the inception date of each database through Jan-
uary 2018. The search strategy was as follows: (juglans[MeSH]
OR walnuts[MeSH] OR walnut) AND (humans[MeSH]) AND
(English[lang]) (See Supplemental Methods). In addition,
we scanned the bibliographies of all retrieved relevant articles

and reviews. We restricted the search to clinical trials in adult
humans, and to articles published in English.

Selection criteria

We included controlled trials that evaluated a walnut-enriched
diet compared with a control diet. Trials that compared only the
effect of other nuts or walnuts as part of mixed nuts were ex-
cluded. Accepted studies were required to report baseline and
follow-up outcome values, the mean change from baseline for
each intervention group, or the mean change difference between
interventions groups for at least one lipid variable (TC, LDL
cholesterol, HDL cholesterol, TGs, or apolipoproteins). We in-
cluded trials that specifically tested walnut-based interventions
and clearly stated the amount and frequency of walnuts given
or instructed in the diet. We excluded acute intervention studies
evaluating only postprandial effects because this was beyond the
scope of the present review. We screened the titles and abstracts
of the identified manuscripts, and the full texts of potentially rel-
evant articles were reviewed independently by two investigators
(MG-F and JL). Any disagreement was resolved by consensus or
consultation with the other coauthors.

Data extraction and quality assessment

We extracted information on study characteristics (citation,
study name, authors, publication year), study inclusion and ex-
clusion criteria, participant characteristics (location, number of
participants and attrition, mean age or age range, sex, mean BMI
or body weight, presence of comorbidities), study design (ran-
domized, crossover, or parallel), intervention and control diets
(specific amount of walnuts in percentage of energy from fat or
grams per day; control intervention details), study duration, anal-
ysis strategy (intention-to-treat analysis or per-protocol analysis),
use of run-in or wash-out periods, funding sources, and methods
for assessment of compliance. We extracted blood lipid concen-
trations at baseline and follow-up for total population or by in-
tervention group [mean £ SD, mean + SE, mean (95% CI or
IQR)]. We extracted means and SDs/SEs of changes from base-
line to follow-up (for intervention and control groups from all tri-
als). SDs were derived from SEs, CIs, or IQRs, when necessary,
assuming a normal distribution of lipid parameters. We also ex-
tracted other nonlipid endpoints including weight change, blood
pressure, markers of inflammation, oxidative stress, endothelial
function, and antioxidant capacity.

We used the Jadad score to assess study quality (13). Trials
scored 1 point for each item addressed in the study design, includ-
ing random assignment, blinding, description of withdrawals and
dropouts, methods of random assignment, and double-blinding
status. The Jadad score ranges from O to 5 points, with higher
scores representing the quality of a given study. We considered a
Jadad score of >3 as high quality because double-blinding was
not possible in most of the trials. Another method used for quality
assessment was monitoring of the participants’ compliance.

Statistical analysis: data synthesis and meta-analysis

Our primary outcome of interest was the difference in pre-
to postintervention changes in blood lipids and apolipoproteins,
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comparing intervention (walnut-enriched diets) with control
groups. Secondary outcomes included body weight, BMI, and
blood pressure. We converted TC, LDL cholesterol and HDL
cholesterol to milligrams per deciliter (conversion factor for
cholesterol: mmol/L multiplied by 38.67; conversion factor for
TGs: mmol/L. multiplied by 88.57). We used milligrams per
deciliter for apolipoproteins A and B, kg for body weight, kg/m?
for BMI, and mm Hg for blood pressure, making the appropriate
conversions when necessary.

We extracted pre- and postintervention means, SDs, change
values, and the SD of the change values from the studies
when available. If changes were not reported, we calculated
the mean and SD of changes from baseline to follow-up for
each intervention and control group and used Openmeta[ Analyst]
(http://www.cebm.brown.edu/openmeta/) to estimate the differ-
ences between groups. For manuscripts reporting only the mean
difference between the walnut and the control group, the control
group’s mean change was set as 0 and the walnut group’s mean
was set as the reported mean difference (14-16). We excluded
those data points from the calculation of the percentage change.
Consistent with a previous meta-analysis from our group (12),
if more than one time point for follow-up was reported, we in-
cluded the value closest to the time point used in the other tri-
als for our primary analysis. For clinical trials with more than
one comparison group, we included the control diet most sim-
ilar to the walnut diet after the exclusion of walnuts or other
nuts.

Random-effects meta-analyses with inverse-variance weight-
ing were performed to pool the effect estimates from each study.
We reported the results as the weighted mean difference (WMD).
We derived the percentage change from the WMD for the inter-
vention and control groups, dividing by the weighted mean level
at baseline, and multiplying by 100. We estimated heterogeneity
between studies with the use of Cochran’s Q test and the I statis-
tic. An I? statistic >30% was considered moderate heterogeneity
(http://handbook.cochrane.org). We considered heterogeneity to
be statistically significant at P < 0.10, a conservative standard
for meta-analysis. Primary results were presented based on the
random-effects model because it incorporates both within-study
and between-studies components of variance. Fixed-effects mod-
els were evaluated secondarily. We examined potential sources of
heterogeneity with the following subgroup analyses: walnut inter-
vention dose (comparing <1 serving/d (28 g) with >1 serving/d;
or walnuts per day accounting for 5-10% of total energy with
walnuts per day accounting for 10-25% of total energy); dura-
tion of intervention period (<8 wk compared with >8 wk); par-
ticipants with normolipidemia compared with hyperlipidemia at
baseline; type of control diet (comparing usual diet with Mediter-
ranean diet, low-fat diet, average American diet, and meals pro-
vided by the study investigators); mean age of study popula-
tion (<50 y compared with >50 y); baseline BMI (mean BMI
<25 compared with >25); walnut company as a funding source
(yes compared with no); study quality (Jadad score >3 compared
with <3). The effect modification by the stratifying variables
was evaluated with the use of random-effects meta-regressions,
in which categoric effect modifiers of each study (i.e., age,
BMI, study duration, etc.) were the independent variables, and
the mean changes in each lipid outcomes were the dependent
variables.

We performed a dose-response meta-analysis to quantify the
changes in lipid outcomes according to the dose of walnuts given
in the intervention studies. Cubic spline regressions were fitted
through (restricted) maximum likelihood with the use of random-
effects models, and mean differences were used to approximate
the (co)variance matrix of the outcome. The analyses were per-
formed with the dosresmeta package in R version 3.1.1 (R De-
velopment Core Team, 2011; http://cran.r-project.org).

Publication bias was assessed by visual inspection of funnel
plots, looking for a skewed (nonsymmetrical) distribution of stan-
dard errors around the study-level effect estimates, and Egger’s
and Begg’s tests, taking a significance level of P < 0.05 to in-
dicate significant asymmetry (17, 18). Analyses were performed
with STATA version 12.0 (StataCorp LP) with a 2-tailed o < 0.05
considered statistically significant.

RESULTS

Literature search

The literature search yielded 3696 unique abstracts (Supple-
mental Figure 1). After independent review by 2 investigators,
3472 abstracts were excluded. Among the 121 full-text arti-
cles reviewed thereafter, 97 were excluded based on our study
selection criteria (acute trials, no control group, not reporting
blood lipids, interventions with mixed nuts) or because they
were unrelated to the scope of the present review (Supplemental
Figure 1). After final exclusions, and adding 2 references identi-
fied by screening article citations, 26 publications met the inclu-
sion criteria and were included in the present systematic review.

Characteristics of the controlled trials

The study characteristics of the 26 clinical trials representing
a total of 1059 participants are shown in Table 1. Of the 26 trials,
6 were randomized parallel trials and 20 had a crossover design.
The sample size ranged from 16 to 194 participants, with a mean
age ranging from 22 to 75 y. The mean baseline BMI ranged from
20.7 to 36. Nine trials were restricted to participants with nor-
mal cholesterol concentrations; 9 trials included only participants
with moderate hypercholesterolemia (Table 1). The remaining tri-
als included participants with type 2 diabetes, overweight, obe-
sity, or with metabolic syndrome. Baseline lipid concentrations
are presented in Table 1.

The intervention periods of the trials ranged from 4 wk to 1y,
with a mean duration of 8 wk. The amount of walnuts ranged from
15 to 108 g/d (daily mean) and represented 5—-24% of the total en-
ergy in the prescribed interventions. Most of the trials provided
whole walnuts to be incorporated in the intervention diet (i.e.,
habitual or usual diet, lifestyle counseling, Mediterranean diet,
or low-fat diets). One intervention allowed consumption of 15 g
of walnut oil on top of 37 g walnuts/d (19). Two other trials incor-
porated walnuts into meat products (20) and bread (21). Control
diets were diverse: ad libitum control diet (n = 7); Mediterranean
diet (n = 5); background diet of the population (2 American di-
ets and Japanese diet) (n = 3); low-fat diets (<30% of total fat)
(n = 5); fat lowering diet as per the American Heart Associa-
tion guidelines (n = 1); control meals were provided by the study
investigators (n = 4).
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TABLE 1 (Continued)

Baseline lipid
concentration,

Jadad

Diet
duration, wk

BMI, kg/m?
or BW, kg
BW:27.0 (3.1)

score

Control diet

Walnut diet
18% E from walnuts (41-56 g/d)

Men, % Study design

mg/dL

Participant characteristics Age,y
Total population—
TC: 278 (33);

n
49

Study

Mediterranean

6

Randomized

51

Polygenic 56 (11)

Zambén 2000 (54)

(35% of total fat) Mediterranean

crossover

hypercholesterolemia®

LDL: 196 (30);

HDL: 56 (13);
TG: 136 (43)

(LDL >130 mg/dL,

TG <250 mg/dL); no

lipid-altering
medications

Moderate

1

Low fat (<30%

20% E from walnuts (78 g/d) low

4

Randomized

100

Total population

BMI: 28.4 (4.3)

45 (6.8)

16

Chisholm 1998 (29)

E from fat)

fat (<30% E from fat)

crossover

TC: 240.9 (23.5);

hypercholesterolemia

LDL: 166.0 (23.9);
HDL: 40.9 (12.7);
TG: 92.9 (66.3)

(TC: 212-290 mg/dL)

20% E from walnuts (84 g/d); meals Cholesterol-

4

Randomized

100

Total population—
TC: 198; TG:

BMI: 23.8

18 Healthy; no lipid-altering

Sabaté 1993 Med

lowering
meals

provided

crossover

(18.7-30.6)

(21-43)

medication

(14)

117

provided

GUASCH-FERRE ET AL.

Values are means; SDs or ranges in parentheses. AHA, American Heart Association; BW, body weight; CHD, coronary heart disease; CVD, cardiovascular disease; E, total energy; NA, not applicable;

NR, not reported; PSA, prostate-specific antigen; TC, total cholesterol; TG, triglyceride.

2Stated by author.

Trial quality assessment

We used the Jadad score to evaluate study quality, and 9
clinical trials were deemed of high quality (Jadad score >3)
(Table 1). All trials described methods for evaluating or verify-
ing participant compliance. Dietary records and food-frequency
questionnaires were used in all but one study (26). Some trials
additionally weighed foods or counted returned walnut packages.
Changes in serum fatty acids, especially «-linolenic acid, as well
as tocopherol were used as biomarkers of walnut intake in all but
8 trials (15, 16, 22-27). Most of the trials reported good to ex-
cellent compliance with the intervention, except one in which the
authors noted that neutral results may be due to lack of adherence
to the walnut intervention (25), and another one in which adher-
ence decreased after 3 mo of the intervention (28). The number
of dropouts during the interventions were reported in all except
in 8 manuscripts (15, 19, 20, 23, 25, 26, 29, 30). Most of the
manuscripts reported that these withdrawals were not due to the
intervention per se but for other reasons such as personal reasons
or illnesses. However, 5 trials indicated that some dropouts were
related to walnut consumption (22, 28, 33, 53, 54).

Meta-analysis of blood lipids

Results for mean differences in TC and LDL cholesterol be-
tween the walnut intervention and the control groups were re-
ported in 24 controlled trials (Figure 1A, B, respectively) in-
cluding 1020 participants. The meta-analyzed WMD showed a
significantly greater reduction in TC with the walnut-enriched
diets than with the control diets (WMD = —6.99 mg/dL; 95%
CI: —9.39, —4.58 mg/dL; P < 0.01), with no significant hetero-
geneity (> = 0%; P-heterogeneity = 0.64). This difference rep-
resents a 3.25% greater decrease in TC concentration in walnut-
enriched diets compared with control diets. We observed a greater
reduction in LDL cholesterol concentrations in walnut diets com-
pared with controls (WMD = —5.51 mg/dL; 95% CI. —7.72,
—3.29 mg/dL; P < 0.001) without apparent heterogeneity
(> = 0.0%; P-heterogeneity = 0.49). In percentage terms, there
was a 3.73% significantly greater decrease in LDL cholesterol
concentration with the walnut-intervention diets than with the
control diets.

Twenty-four controlled trials including 1059 participants re-
ported results for HDL cholesterol (Figure 1C). There was no
significant difference for changes in HDL cholesterol concentra-
tions between the walnut-enriched and the control diets (WMD =
0.10 mg/dL; 95% CI: —0.78, 0.97 mg/dL; P = 0.83), with no het-
erogeneity (I> = 0.0%; P-heterogeneity = 0.85). Compared with
control diets, walnut-enriched diets showed a greater reduction
in the ratio of LDL cholesterol to HDL cholesterol (WMD =
—0.14 mg/dL; 95% CI: —0.25, —0.03 mg/dL; P = 0.01;
P = 0.0%; P-heterogeneity = 0.89) (data for this analysis come
from 253 participants from 7 trials that reported LDL:HDL ra-
tios). No significant differences were observed for the change in
the TC:HDL cholesterol ratio (WMD = —0.05; 95% CI: —0.20,
0.11; P = 0.54; > = 0.0%; P-heterogeneity = 0.98). Very-
low-density lipoprotein concentrations were reported in 4 trials
and we did not observe a significant effect of walnut compared
with control diets (WMD = —1.17 mg/dL; 95% CI: —3.56, 1.22
mg/dL; P =0.34; 2 =0.0%; P-heterogeneity = 0.94). Non-HDL
concentrations were reported in only 2 trials and no significant
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A Total cholesterol in mg/dL, n=1020

Diff. of %
means (95% Cl)

-4.10 (-13.25,5.05)  6.90
-6.00 (-13.07,1.07) 11.58
-12.37 (-19.35, -5.39) 11.85
-0.80 (-10.62,9.02) 5.99

-5.03 (-12.47,2.41) 10.44
-5.03 (-18.63,857) 3.12

464(-9.11,18.39)  3.06

-5.20 (-16.56,6.16)  4.48

-5.03 (-13.33,3.28) 8.37

-8.88 (-28.93, 11.17) 144

3.86 (-16.17,23.89) 144

-11.00 (-27.71,5.71) 2.07
-6.19 (-22.39, 10.01) 2.20
-1.93 (-14.86, 11.00) 3.46
-11.22 (-26.91,4.48) 2.35
-6.57 (-22.30,9.15)  2.34
-23.53 (-37.80, -9.26) 2.84
-8.12(-25.77,9.53) 1.86
-6.57 (-24.72,11.57) 1.75
7.73(-20.14,4.68) 3.75
-17.36 (-49.45, 14.73) 0.56
-11.18 (-24.11, 1.75) 3.46
-4.64 (-21.09, 11.81) 2.13
-22.40 (-37.43, -7.37) 2.56
-6.99 (-9.39, 4.58)

Weight

100.00

Study
Bamberger 2017 (16) —_—
Wu 2014 (24) —a—
Burns-Whitmore 2014 (38) —a—
Katz 2012 (39) —_
Din 2011 (25) —a—
Perez-Martinez 2011 (26) —‘Ll——
Wu 2010 (21) -
Ma 2010 (27) —_——
Torabian 2010 (50) ——
Damasceno 2011 (36)
Tapsell 2009 (28) v
Rajaram 2009 (51) T
Spacarotella 2008 (33) 1-
Perez-Martinez 2007 (23) —_—
Ros 2004 (35) -
Tapsell 2004 (52) -
Zhao 2004 (19) —a—
Iwamoto-women 2002 (15)
Iwamoto-men 2002 (15) !
Morgan 2002 (22) E— e
Almario 2001 (53) .
Zambon 2000 (54) —_
Chisholm 1998 (29) l
Sabate 1993 (14) —a——
Overall (/= 0.0%, P=0.639) <>

|
NOTE: Weights are from random effects analysis !

T T T T T

-35 -20 -10 5 0 10 20 35
B LDL-cholesterol in mg/dL, n=1020
Diff. of %
Study means (95% Cl) Weight
Bamberger 2017 (16) -3.00 (-10.42,4.42) 891
Wu 2014 (24) -5.00 (-12.07,2.07) 9.83
Burns-Whitmore 2014 (38) -8.89 (-16.62, -1.17) 8.23
Katz 2012 (39) 0.80 (-8.62,10.22)  5.53
Din 2011 (25) 6.19 (-14.46,2.09) 7.16
Perez-Martinez 2011 (26) 0.78 (-12.45, 14.00) 2.81
Wu 2010 (21) 3.86 (-7.35,15.06)  3.91
Ma 2010 (27) 0.10 (-9.47, 9.67) 5.36
Torabian 2010 (50) -3.48 (-12.12,5.16) 6.57
Damasceno 2011 (36) -6.95 (-18.66, 4.76)  3.58
Tapsell 2009 (28) 3.87 (-11.90, 19.64) 1.97
Rajaram 2009 (51) -11.21 (-25.13,2.71) 2.53
Spacarotella 2008 (33) -5.03 (-20.60, 10.55) 2.02
Perez-Martinez 2007 (23) -0.39 (-12.20, 11.43) 3.52
Ros 2004 (35) -11.99 (-25.12,1.14) 2.85
Tapsell 2004 (52) -6.57 (-30.86, 17.71) 0.83
Zhao 2004 (19) -17.74 (-30.64, -4.84) 2.95
Iwamoto-women 2002 (15) -8.51(-20.57,3.56) 3.37
Iwamoto-men 2002 (15) -6.96 (-19.92, 6.00) 2.92
Morgan 2002 (22) -3.86 (-14.21,6.49) 4.58
Almario 2001 (53) -17.34 (-47.85, 13.17) 0.53
Zambon 2000 (54) -11.18 (-22.48,0.12) 3.85
Chisholm 1998 (29) -6.19 (-21.91,9.53) 1.99
Sabate 1993 (14) -18.20 (-28.98, -7.42) 4.22
Overall (£ =0.0%, P=0.492) <> -5.51(-7.72,-3.29)  100.00
]
NOTE: Weights are from random effects analysis !
T T T T T T T T
-35 -20 -10 -5 5 10 20 35

FIGURE 1 (Continued on next page)
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C HDL-cholesterol in mg/dL, n=1059

Diff. of %
Study means (95% Cl) Weight
Bamberger 2017 (16) 1.50 (-1.48,4.48) 8.60
Wu 2014 (24) 1.00 (-1.77,3.77) 9.98
Katz 2012 (39) 0.10(-2.68,2.88) 9.89
Din 2011 (25) 0.39(-2.96,3.74) 6.83
Perez-Martinez 2011 (26) -0.39(-4.98,4.21) 3.63
Wu 2010 (21) 1.16 (-1.82,4.14)  8.66
Ma 2010 (27) -2.60 (-6.65, 1.45) 4.67
Torabian 2010 (50) -0.39 (-3.43,2.65) 8.30
Damasceno 2010 (36) 0.00 (-10.21, 10.21) 0.74
Tapsell 2009 (28) 0.00 (-10.97, 10.97) 0.64
Spacarotella 2008 (33) D — E— -0.39 (-6.35,5.58) 2.15
Canales 2007 (20) —— 3.87(0.26,7.48) 588
Mukkudem-Petersen 2007 (37) —_— -3.48 (-8.65,1.69) 2.87
Perez-Martinez 2007 (23) —_— -2.32(-7.42,2.78) 295
Schutte 2006 (30) —_— -3.86 (-8.84,1.12) 3.09
Ros 2004 (35) -0.77 (-10.73,9.18) 0.77
Tapsell 2004 (52) —_— -2.71(-7.58,2.16) 3.23
Zhao 2004 (19) —_—-— -1.15(-6.60, 4.30) 2.58
Iwamoto women 2002 (15) —_— -1.16 (-6.73,4.41) 247
Iwamoto men 2002 (15) . S— 0.00 (-5.56, 5.56) 2.48
Morgan 2002 (22) —_——— 3.86 (-2.73, 10.45) 1.76
Almario 2001 (53) 0.77 (-6.36,7.90) 1.51
Zambon 2000 (54) B — 1.93(-3.20,7.06) 2.92
Chisholm 1998 (29) D e — 1.16 (-5.40,7.72) 1.78
Sabate 1993 (14) —_— -2.30 (9.17,4.57) 1.63
Overall (=0.0%, P =0.849) <> 0.10(-0.78,0.97)  100.00
NOTE: Weights are from random effects analysis
T T T T T T T T

25 -20 -10 -5 0 5 10 20 25
D Triglycerides in mg/dL, n=1059
Diff. of %
Study means (95% Cl) Weight
N 1
Bamberger 2017 (16) —_— -11.10(-25.79,3.59)  8.32
Wu 2014 (24) —.—:—— -8.00 (-20.55, 4.55) 11.40
Katz 2012 (39) - -8.80 (-27.85,10.25)  4.95
Din 2011 (25) : -8.86(-41.91,24.20) 164
Perez-Martinez 2011 (26) - L 4.42(1341,22.25) 565
Wu 2010 (21) + -1.76 (-10.48,6.95)  23.65
Ma 2010 (27) -— -10.10 (-37.23, 17.03)  2.44
Torabian 2010 (50) —.—:—— -7.97 (-23.58, 7.65) 7.36
Damasceno 2010 (36) - -7.96 (45.50,29.58)  1.27
Tapsell 2009 (28) 8.86(-64.00,81.71)  0.34
Rajaram 2009 (51) . 1 -0.89 (-24.27, 22.50) 3.28
Mukkudem-Petersen 2007 (37) v -13.28 (-54.87,28.30)  1.04
Perez-Martinez 2007 (23) : L 0.89 (-21.35, 23.12) 3.63
Schutte 2006 (30) : -17.71 (-58.53,23.10)  1.08
Ros 2004 (35) - 9.74(-26.03,4551)  1.40
Tapsell 2004 (52) L -6.20 (-38.95,26.55)  1.67
Zhao 2004 (19) . -23.91(-58.67, 10.85)  1.49
Iwamoto women 2002 (15) -~ 266 (-33.85,28.54)  1.85
Iwamoto men 2002 (15) —:—-l— 2,66 (-12.98, 18.30) 7.34
Morgan 2002 (22) -8.85(-49.00,31.30)  1.11
Almario 2001 (53) . -2.66 (-52.00, 46.68) 0.74
Zambon 2000 (54) - 7.98(-25.51,9.55)  5.84
Chisholm 1998 (29) ; 3.54(-39.81,46.89)  0.96
Sabate 1993 (14) -— -9.50 (43.78,24.78)  1.53
Overall (= 0.0%, P =0.999) <> -4.69 (-8.93, -0.45) 100.00
NOTE: Weights are from random effects analysis E
T T T T T T T T T T
-50 -35 -30 -20 -10 0 10 20 30 35 50

FIGURE 1 Results for primary meta-analysis of controlled trials for the effects of walnut-enriched compared with control diets on blood lipids. Random-
effects model meta-analysis for changes in total cholesterol (A), LDL cholesterol (B), HDL cholesterol (C), and triglyceride concentrations (B) in mg/dL.
Conversion factors from mmol/L to mg/dL: total cholesterol, 38.67; total triglycerides, 88.57. Closed rectangles and horizontal bars represent the overall
estimates (difference of means) and 95% Cls for individual studies. Diamonds represent the overall estimate combining all the studies.
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effect of walnut interventions compared with control was ob-
served (WMD = —4.49 mg/dL; 95% CI: —9.77, 0.78 mg/dL;
P =0.09; > = 6.27%; P-heterogeneity = 0.30).

Twenty-four clinical trials with 1059 participants reported
TG concentrations (Figure 1D). We observed a greater reduc-
tion in TG concentrations in participants consuming a walnut-
enriched diet compared with those in the control groups (WMD =
—4.69 mg/dL; 95% CI: —8.93, —0.45 mg/dL; P = 0.03). No het-
erogeneity was apparent (> = 0%; P = 0.99). This difference
represents a 5.52% greater decrease in TG concentrations caused
by consuming walnut-enriched diets.

We observed a greater reduction in apoB for the walnut-
enriched diet groups than for the control groups (Figure 2B).
The WMD between walnut-enriched diets and controls was
—3.74mg/dL (95% CI: —6.51, —0.97 mg/dL; P = 0.008). A trend
towards a reduction was also observed for apoA (WMD = —2.91
mg/dL; 95% CI: —5.89, 0.08 mg/dL; P = 0.057) (Figure 2A) with
no evidence of heterogeneity (I> = 0; P-heterogeneity > 0.79).
These results correspond to a 1.10% greater decrease in apoA
and 4.19% greater decrease in apoB for the walnut diets groups
compared with the control diet groups.

Supplemental Figure 2 shows the splines for the continu-
ous dose-response meta-analysis of the effects of walnut intake
(grams per day) compared with control diet on mean change in
blood lipids. The curve estimates refer to the mean change dif-
ference in blood lipid outcomes (milligrams per deciliter) per
each additional gram of walnut intake, compared with no wal-
nut intake. A linear dose-response relation between walnut in-
take and TC was observed [curve (estimate)] —0.345 mg/dL; 95%
CI: —0687, —0.002 mg/dL; P = 0.04] as well as a nonsignif-
icant trend between walnut intake with lower LDL cholesterol
[curve (estimate): —0.288 mg/dL; 95% CI: —0.603, 0.025 mg/dL;
P =0.07].

Subgroup and sensitivity analysis

Findings for subgroup analysis were generally consistent with
the primary analysis, as would be expected given the minimal
between-study heterogeneity (Supplemental Table 1).

Tests for effect modification based on meta-regressions in-
dicated no statistically significant differences between sub-
groups (P-heterogeneity >0.05). However, we did observe a
significantly greater effect of walnut-enriched diets compared
with control diets on changes in TC (P-heterogeneity = 0.03)
and LDL cholesterol (P-heterogeneity = 0.04) when the wal-
nut intervention accounted for 10-25% of total energy/d (TC
WMD = —-7.35 mg/dL; LDL cholesterol WMD = —5.82
mg/dL) compared with the subgroup of trials with walnuts,
which accounted for 5-10% of total energy/d (TC WMD =
—4.42 mg/dL; LDL cholesterol WMD = —2.17 mg/dL).
The reductions in TC and LDL cholesterol were mod-
estly greater in those trials in which walnut-enriched diets
were compared against average American and Western diets
(TC: WMD = —12.30 mg/dL, P < 0.01; LDL cholesterol:
WMD = —10.83 mg/dL, P < 0.01) (P values of the meta-
regressions were <0.05). We did not observe significant differ-
ential effects of walnuts compared with control diets on HDL
cholesterol and TGs in the subgroup analyses. (Supplemental Ta-
ble 1) (All P values of the meta-regressions >0.05). We con-
ducted sensitivity analysis with the use of a fixed-effect in-
verse variance approach and the results were consistent with the

primary meta-analysis. In addition, results were similar when
we removed trials that only reported the between-group mean
change, in which the change in control group was set to 0 (14—-16).

Meta-analysis on BMI and body weight

Body weight and BMI changes were reported in 10 and 6 tri-
als, respectively. Individual trials did not show appreciable ef-
fects on body weight or BMI after following a walnut-enriched
diet and there were no significant differences from the con-
trol diets (body weight WMD = —0.12 kg; 95% CI: —2.12,
1.88 kg; P = 0.90; BMI WMD = —0.11; 95% CI: —1.15,
0.92; P = 0.82) (Supplemental Figure 3).

Other cardiovascular disease risk markers

Eight of the included clinical trials accounting for 363 par-
ticipants reported results for systolic and diastolic blood pres-
sure. The WMD for change in systolic blood pressure was
—0.72 mm Hg (95% CI:. —2.75, 1.30 mm Hg; P = 0.48), and
for diastolic blood pressure —0.10 mm Hg (95% CI: —1.49,
1.30 mm Hg; P = 0.88), with no apparent heterogeneity (Sup-
plemental Figure 4).

Other cardiovascular disease risk factors, including markers
of oxidative stress, antioxidant capacity, inflammation, and en-
dothelial function, were sparsely reported the trials included in
this study.

Markers of oxidative stress, including LDL cholesterol—-
conjugated diene formation, oxidized LDL, malondialdehyde,
lipid peroxidation, and uric acid, were measured in 7 trials (15,
20, 34-37, 54). There was no significant effect of walnut com-
pared with control diets on these markers. Inflammation param-
eters, such as C-reactive protein, nuclear transcription factor kB,
and fibrinogen, were reported in 6 trials (19, 22, 23, 30, 35, 37).
A trend towards a reduction in C-reactive protein after walnut-
enriched diet was observed in 4 trials, but results did not reach
statistical significance (19, 30, 35, 37). Endothelial function was
evaluated in 7 trials (19, 23, 25, 30, 35, 36, 39) with vascular ad-
hesion molecule 1 (VCAM-1), intracellular adhesion molecule 1
(ICAM-1), TNF «, IL-6, E-selectin, and hyperemic flow. Walnut-
enriched diets led to reductions in VCAM-1 and ICAM-1 com-
pared with control diets in most of these trials, suggesting ben-
eficial effects of walnuts on endothelial function. Finally, glu-
cose, insulin, or HOMA-IR values were reported in 6 clinical tri-
als (21, 26, 28, 30, 37, 40) with mixed results. Improvements in
fasting insulin, glucose concentration, and glycated hemoglobin
were observed in one trial after a walnut diet in 50 overweight
adults with noninsulin-treated diabetes (28). Reductions in fast-
ing glucose concentrations were also observed in another trial
with lifestyle counseling and walnut enrichment diet (21). Other
controlled trials did not report beneficial effects of walnuts on
markers of glycemia and insulinemia.

Publication bias

The Egger and Begg’s tests did not indicate the presence of
publication bias (P values for Begg and Egger tests >0.05 for
all outcomes). Visual inspections of the funnel plots agreed with
the statistical tests, with no apparent asymmetry (Supplemental
Figure 5).
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A Apolipoprotein A in mg/dL, n=370

Diff. of %

Study means (95% Cl) Weight
Burns-Whitmore 2014 (38) —l—i— -10.00 (-19.22, -0.78) 10.47
Wu 2010 (21) —%l—— -2.00 (-10.62, 6.62) 11.97
Damasceno 2011 (36) € -11.00 (-30.24, 8.24) 2.40
Ros 2004 (35) —I.—— -2.00 (-6.66, 2.66) 40.98

1
Iwamoto women 2002 (15) & : -5.00 (-14.89, 4.89) 9.10
Iwamoto men 2002 (15) —é—l—— -1.60 (-11.04, 7.84) 9.98
Almario 2001 (53) < E -5.12(-30.09, 19.85) 143
Zambon 2000 (54) —:—l— 1.00 (-8.12, 10.12) 10.70
Chisholm 1998 (29) : 1.50 (-15.78, 18.78) 2.98
Overall (=0.0%, P=0.822) <> -2.91(-5.89, 0.08) 100.00
NOTE: Weights are from random effects analysis E

T T T T T T T T

-25 20 10 -5 0 5 10 20 25

B Apolipoprotein B in mg/dL, n=604

Diff. of %
- Study means (95% ClI) Weight
i
Bamberger 2017 (16) —l:—— -4.20 (-9.77,1.37) 24.76
Wu 2014 (24) —lJ:—— -4.80(-11.86,2.26)  15.43
Burns-Whitmore 2014 (38) i 7.00 (-5.37, 19.37) 5.03
Wu 2010 (21) —E—-l— 1.00 (-6.04, 8.04) 15.53
Damasceno 2011 (36) E -6.00 (-20.01,8.01)  3.92
Ros 2004 (35) i -6.00 (-20.18,8.18)  3.82
Iwamoto women 2002(15) —l—i—— -6.20 (-14.76,2.36)  10.48
Iwamoto men 2002 (15) E -5.10(-15.98,5.78)  6.49
Almario 2001 (53) i -4.86 (-22.71,12.99) 2.41
Zambon 2000 (54) —l—i—- -8.00 (-16.81,0.81)  9.89
Chisholm 1998 (29) E -4.94 (-23.52, 13.64) 2.23
Overall (2 =0.0%, P=0.793) <> -3.74 (-6.51, -0.97) 100.00
NOTE: Weights are from random effects analysis i
T T T T T T T T

-25  -20 10 -5 0 5 10 20 25

FIGURE 2 Results for meta-analysis of controlled trials for the effects of walnut-enriched compared with control diets on apolipoproteins. Random-
effects model meta-analysis for changes in apolipoprotein A (A) and apolipoprotein B (B) in mg/dL. Closed rectangles and horizontal bars represent the overall
estimates (difference of means) and 95% ClIs for individual studies. Diamonds represent the overall estimate combining all the studies. Diff., difference.
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DISCUSSION

Our meta-analysis of 26 controlled trials and 1059 participants
provides consistent evidence that incorporating walnuts into a
diet leads to significantly lower TC, LDL cholesterol, TGs, and
apoB concentrations compared with control diet interventions.
Importantly, we did not observe adverse effects of walnut con-
sumption on weight gain, BMI gain, or blood pressure levels. The
cholesterol-lowering effects were more pronounced among trials
comparing a walnut diet with an average American or Western
diet. Briefly, Western diets are usually characterized for being
high in red and processed meats, high-fat dairy products, pro-
cessed and artificially sweetened foods, and with minimal intake
of fruits, vegetables, fish, legumes, or whole grains. This system-
atic review provides the most updated and comprehensive esti-
mates of the effects of walnut consumption on blood lipids and
other cardiovascular disease risk factors.

Consistent with an earlier meta-analysis by our group based
on 13 trials (12), diets rich in walnuts resulted in a WMD of
—6.9 mg/dL (3.2% greater reduction from baseline) in TC, and
—5.5 mg/dL (3.7% greater reduction) in LDL cholesterol com-
pared with control diets. In our previous meta-analysis (12), a
trend towards a greater decrease in TG concentrations favored
by walnut-enriched diets was observed. Including 13 additional
trials and more than a doubling of participants, we now ob-
serve a significant reduction of TGs following the consumption
of walnut-enriched diets. We now also include estimates for the
effects of the walnut compared with control interventions on
the outcomes of apolipoproteins, cholesterol ratios, and blood
pressure. This study indicates that walnut-enriched diets lead to
greater reductions in apoB and a trend towards a reduction for
apoA. These findings are consistent with a recent meta-analysis
of 61 trials that reported that among the 21 trials that included
walnut intake, walnuts significantly lowered TC, LDL choles-
terol, and apolipoproteins A and B (3).

Our subgroup analyses demonstrated more pronounced effects
on lowering TC and LDL cholesterol concentrations when wal-
nuts accounted for 10-25% of total energy compared with a
lower intervention dose of <10% of total energy. In addition, we
observed a significant continuous dose-response relation between
walnut intake and TC. Thus, dose may be a relevant factor in
incorporating walnuts to improve cardiometabolic risk factors.
We did not observe differences in effects for trials enrolling sub-
jects with hypercholesterolemia compared with normocholes-
terolemic trial populations. However, in a previous publication
reporting pooled estimates of 25 clinical trials, total nuts favored
TG reduction only among the trials specifically enrolling hy-
perglyceridemia patients (2). In that review, the effects of nut
consumption were significantly modified by baseline LDL
cholesterol, BMI, and diet type: the lipid-lowering effects of nut
consumption were greatest among subjects with high baseline
LDL cholesterol and with low BMI and among those consuming
Western diets (2). This last finding is consistent with our analy-
ses that showed that walnut diets were more effective in improv-
ing blood lipids when background diets were consistent with the
Western dietary pattern, compared with Mediterranean or low-fat
background diets. This supports dietary guidelines emphasizing
adherence to overall healthful dietary patterns and the importance
of food substitution (40): when foods high in unsaturated fats,
such as walnuts, replace foods in the diet that are high in saturated

fat and cholesterol, such as red and processed meat, they may be
particularly effective in improving lipid profiles, compared with
diets in which walnuts replace olive oil or other nuts.

Indeed, the strongest evidence to support nut consumption for
CVD prevention comes from the PREDIMED trial of adhering to
a Mediterranean diet supplemented with mixed nuts (7.5 g hazel-
nuts, 7.5 g almonds, and 15 g walnuts/d) compared with a control
diet that did not contain nuts. The Mediterranean diet and nut in-
tervention had beneficial effects on lipid profiles and plasma apo
concentrations (41), and reduced incident CVD risk by 28% (HR:
0.72;95% CI: 0.54, 0.96) (42). In particular, walnut consumption
was associated with 47% (HR: 0.53; 95% CI: 0.29, 0.98) lower
risk of CVD mortality in a secondary observational analysis of
the PREDIMED trial (43). Also, in a recent analysis from the
Nurses’ Health Study I and II, and Health Professionals’ Follow-
up Study cohorts that included 210,836 participants, consuming
>1 serving of walnuts/wk was associated with a 19% lower risk
of incident CVD and 23% lower risk of incident coronary heart
disease (44).

Importantly, we did not observe an effect of walnut-enriched
diets on weight gain. The pooled estimates from our meta-
analysis confirm that the beneficial effects on blood lipids are
independent of changes in body weight, and recommendations
to include walnuts in the diet are feasible without adverse weight
gain. This is consistent with observational studies suggesting that
nut consumption is associated with less weight gain and a lower
risk of obesity, and can be considered a healthy snack (45-47).
Additionally, no significant effects of walnut intake were ob-
served on blood pressure. A recent meta-analysis of randomized
controlled trials on this topic reported a lack of effect of total nuts
and walnut intake on blood pressure systolic blood pressure, con-
sistent with our results presented here (8).

Walnuts are rich in plant sterols, which are natural compounds
that might contribute to cholesterol-lowering effects by interfer-
ing with cholesterol absorption. In addition, cell culture exper-
iments have shown that LDL enrichment with «-linolenic acid
following a walnut diet facilitates receptor-mediated LDL clear-
ance (32). Nuts are rich in polyphenols and tocopherol, which
have recognized antioxidant and anti-inflammatory properties.
Although our review of the literature indicated inconsistent find-
ings, walnut consumption has been demonstrated to have bene-
ficial effects on some peripheral inflammatory and oxidation pa-
rameters (48). Because walnuts are usually consumed raw they
have the highest antioxidant efficacy compared with nuts that
are typically consumed roasted (49). The antioxidant capacity of
walnuts has been observed in several clinical trials (15, 20, 32,
34-37). In addition, walnut consumption also improved markers
of endothelial function such as VCAM-1 and ICAM-1 (19, 23,
35, 36).

There are some limitations to this review and meta-analysis.
First, most of the trials identified in our review had relatively
small sample size, which may limit our statistical power to de-
tect significant effects, even when pooled across trials. Second,
although the compliance with the interventions was reportedly
good, maintaining a high consumption of walnuts (>28 g/d) may
be difficult in the long-term for free-living individuals. How-
ever, our subgroup analysis showed that lower amounts of wal-
nuts (<28 g/d) also led to a significant reduction in TC and
LDL cholesterol, suggesting that more tolerable lower walnut
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doses may lead to benefits in CVD risk factor profiles. Third, for
practical reasons, none of the trial interventions used a double-
blinded design, which would ensure minimal bias and may ex-
plain why only 9 trials were of high quality according to the
Jadad rating scale. The strengths of the present review and meta-
analysis include our systematic protocol and comprehensive lit-
erature review approach, thus minimizing the possibility that any
major published report was missed. The inclusion of manuscripts
reporting controlled trials, with all but one being randomized,
minimizes bias due to confounding at baseline, and enhances the
causal interpretation of these findings. The updated meta-analysis
of walnut interventions on several blood lipids, apolipoproteins,
body weight, and blood pressure provide the best available evi-
dence regarding the effects of walnut-enriched diets on cardiovas-
cular disease risk factors. The results of our meta-analysis were
consistent regardless of whether random-effects or fixed-effect
models were used, due to minimal between-study heterogeneity.
The present meta-analysis of controlled trials provides robust
evidence for the benefits of walnut consumption on blood lipids
without adversely affecting body weight or blood pressure and
supports the results of epidemiologic studies showing inverse as-
sociations between walnut consumption and CVD risk. Despite
walnuts being energy-dense, the consumption of walnuts does not
promote weight gain and thus they can be incorporated into an
overall healthy dietary pattern to enhance health benefits.
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