Systematic Review

Walnut consumption and health outcomes with public health
relevance—a systematic review of cohort studies and
randomized controlled trials published from 2017 to present

Stacey Lockyer @, Anne E. de la Hunty @, Simon Steenson, Ayela Spiro, and Sara A. Stanner

Context: Considering the accumulation of recent studies investigating the health
effects of walnut consumption, both including and beyond cardiovascular health
effects, a systematic review of this literature to investigate the strength of the evi-
dence is warranted. Objective: To investigate associations between walnut con-
sumption and outcomes with public health relevance (specifically all-cause mortal-
ity, type 2 diabetes, CVD, metabolic syndrome, obesity, cancer, neurological and
mental health, musculoskeletal, gastrointestinal, and maternal disorders) and the
effect on associated disease risk markers, reported in studies published from 2017
to present. Data Sources: MEDLINE, FSTA, CENTRAL, and Scopus were searched
from 1 January 2017 to 5 May 2021. Data Extraction: Human studies (cohort
studies and RCTs) >3 weeks in duration comparing consumption of walnuts
(whole, pieces, or 100% butter) to a control and measuring associations with rele-
vant public health outcomes and disease risk markers were assessed. Key study
characteristics were extracted independently by 2 investigators using a standard-
ized table. The quality of the studies was assessed using the Cochrane Risk-of-Bias
tool 2.0 and the Newcastle—Ottawa Scale. Data Analysis: Only 1 RCT was consid-
ered to be at low risk of bias for any of its outcomes. The cohort studies were con-
sidered to be of moderate or high quality. The results were synthesized using vote
counting, based on the direction of effect. Thirty-three articles, 23 describing RCTs
(walnut dose ~10-99g/day, 1,948 subjects) and 10 describing cohort studies
(~675,928 subjects), were included. Vote counting could be performed for the
blood lipids, cardiovascular function, inflammation- and hemostatic-related factors,
markers of glucose metabolism, and body weight and composition outcome group-
ings. The results are presented in effect direction plots. With respect to blood lipids,
results from 8/8 RCTs favoured walnuts, in accordance with associations with a re-
duced risk of CVD suggested by cohort studies; results from 6/6 RCTs favoured con-
trol with respect to body weight and composition, although most of these effects
were small. This was contrary to cohort study results suggesting small benefits of
walnut consumption on body weight. There was no overall consistent direction of
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effect for cardiovascular function, markers of glucose metabolism, or inflammation-
and hemostatic-related factors. Conclusions: Evidence published since 2017 is
consistent with previous research suggesting that walnut consumption improves
lipid profiles and is associated with reduced CVD risk. Evidence is accumulating in
other areas, such as cognitive health, although more research is needed to draw
firm conclusions. Systematic Review Registration: PROSPERO registration no.

CRD4202122.

INTRODUCTION

Analysis from the Global Burden of Disease study sug-
gests that poor diet was responsible for 188 million dis-
ability-adjusted life-years (DALYs) and 7.94 million
deaths among adults aged 25 years and older in 2019."
Diets low in nuts and seeds (defined as average daily
consumption of less than 10-19 g) were highlighted by
the researchers as 1 of 15 dietary risk factors contribut-
ing to mortality and DALYs, with an estimated 6% of is-
chemic heart disease and 2% of diabetes deaths being
attributable to low intake.” Data from a number of pro-
spective cohort studies suggest an association between
higher nut consumption and lower all-cause and car-
diovascular disease (CVD) mortality’ and cancer risk.*”

Nuts are among foods that are encouraged as part
of national and international food-based dietary guide-
lines®!" and are a common feature of healthy dietary
patterns such as the Mediterranean and Dietary
Approaches to Stop Hypertension (DASH) diets.'* Nuts
have been described as a nutrient-dense food” and pro-
vide a range of nutrients, including fiber, often lacking
in typical Western diets,'>'* and essential micronu-
trients (eg, copper, manganese) as well as plant bioac-
tives, including phenolic compounds.’>'® These
nutritional properties, as well as their physical structure,
which requires considerable mastication and reduces
the bioaccessibility of some of the energy, mean that
nuts are thought to be advantageous for health, despite
being relatively calorie dense.'” An association has been
observed between better overall dietary quality and reg-
ular nut consumption, which may in part be due to dis-
placement of less healthy foods.”” Nuts and nut butters
are typically listed as examples of healthier snacks by
health organizations.”' **

Nuts additionally provide plant protein, and the
need to shift to more plant-based dietary patterns for
the sake of planetary health is becoming increasingly
recognized.””*® The EAT-Lancet Commission review
recommends increasing the consumption of a variety of
plant-based foods, including consuming 25g of tree
nuts (definitions of which vary, but typically includes
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almonds, walnuts, pistachios, cashews, hazelnuts,
pecans, macadamias, and Brazil nuts®®) per day. In ad-
dition, the optimal level of intake of nuts estimated
from the Global Burden of Disease study, based on the
level of intake associated with the lowest risk of mortal-
ity in prospective cohort studies, was 21g/day.”
However, current consumption is considerably lower
than this, at an estimated 3g/day globally.”® In the
United Kingdom, on average, consumption of nuts and
seeds combined is estimated to be 6 g/day including nut
butters’' and 4.6 g/day excluding nut butters,”” and in
the US, average daily nut consumption has been esti-
mated to be 8-13 g based on large cohort studies.”

The fatty acid composition of nuts varies widely.'®
In comparison with other nuts, walnuts are higher in
polyunsaturated fatty acids (PUFAs), particularly the es-
sential fatty acids, alpha-linolenic acid (ALA; 18:3, n-3)
and linoleic acid (18:2, n-6).">'® Replacing saturated
fats with unsaturated fats in the diet has been shown to
reduce low-density-lipoprotein cholesterol (LDL-C),**
and replacing saturated fat with polyunsaturated fat
appears to be a useful strategy in reducing cardiovascu-
lar events.” In the PREDIMED study (examined as an
observational cohort), subjects who consumed >3 serv-
ings of walnuts/week at baseline had a lower risk of car-
diovascular mortality (hazard ratio [HR] 0.53; 0.29-
0.98) during a median follow-up of 4.8 years (adjusted
for intervention group).’® Several randomized con-
trolled trials have also demonstrated improvements in
cardiovascular risk markers, including lipid profiles fol-
lowing walnut consumption.’”*® Such research has led
to an approved US Food and Drug Administration
health claim for walnuts reducing risk of coronary heart
disease (CHD) (supporting the inclusion of 1.5 ounces
[43 g] walnuts daily).39 Vascular function is also ob-
served to improve after walnut consumption,***! with a
claim authorized for use in the European Union and
the Great Britain based on improvements in endothe-
lium-dependent vasodilation (the beneficial effect is
obtained with a daily intake of 30g of walnuts*~**).
The literature often points to the fatty acid composition
of walnuts in relation to reported health benefits, with

27



their relative content of other bioactive compounds, in-
cluding phytosterols, also highlighted.

Reviews examining the health effects of walnut
consumption published in the last 30 years have largely
focused on CVD risk markers and end points.*> >
Additionally, more limited research relates to other ma-
jor global health concerns, including obesity” > and
age-related cognitive decline,”® > which is likely to be-
come increasingly important for aging populations.®
There is a lack of recent systematic reviews that amal-
gamate many different areas of walnut and health re-
search, ie, including both more established and
emerging risk markers and outcomes, and some reviews
have focused on particular walnut components such as
polyphenols or micronutrients rather than consump-
tion of whole nuts.”">>%

A 2018 systematic review comprehensively exam-
ined the effect of walnut consumption on cardiovascu-
lar disease risk markers, including blood lipids, body
weight and blood pressure, and included studies pub-
lished up to January of that year.”” However, the evi-
dence base is rapidly expanding, including research on
emerging areas such as the gut microbiota.*> With
the publication of analyses from several large prospec-
tive cohort studies and results from large randomized
controlled trials in the last few years,”*>~%° a systematic
review of the literature to investigate the strength of the
evidence relating to walnut consumption and health
effects more broadly is therefore timely.

The objectives of this review are to address the fol-
lowing questions:

e What is the association between walnut consumption
and public health outcomes of relevance in higher/mid-
dle income countries (based on causes and risk factors
for death and DALY according to the Global Burden of
Disease study,” that may be modifiable by diet), specifi-
cally all-cause mortality, type 2 diabetes, CVD, meta-
bolic syndrome (MetS), obesity, cancer, neurological
and mental health disorders, musculoskeletal disorders,
gastrointestinal disorders, and maternal disorders?

* What is the effect of walnut consumption on risk
markers of these conditions in humans, compared with
a control?

In order to consider these questions, we carried out
a systematic review of cohort studies and randomized
controlled trials (RCTs) investigating walnut consump-
tion, compared with no or lower walnut consumption,
including those with subjects from within the general
population and those with existing health conditions,
published from 2017 onwards. Vote counting based on
the direction of effect was used for data synthesis in or-
der to combine data from diverse but related outcome
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measures (eg, body weight and waist circumference), as
well as results reported using different metrics, in order
to produce an overview and as a way of visualizing the
data and promoting transparent links between the data
and the narrative.®”

METHODS

This review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement,*® taking into
account the general principles for synthesizing and pre-
senting findings using methods other than meta-
analysis set out in the Cochrane Handbook® and the
Synthesis Without Meta-analysis (SWiM) in Systematic
Reviews reporting guideline.”’ The protocol was pro-
spectively registered in an international registry of sys-
tematic reviews (PROSPERO registration number
CRD42021225340). An expert steering group was con-
vened to comment on the review methodology and
findings.

Study eligibility

The inclusion and exclusion criteria for study character-
istics (in the PICOS format) can be seen in Tablel.
Details are provided for: Population of interest (P);
Intervention (I); Comparisons (C); Outcome (O); Study
type (S). Articles published from 2017 until the end of
the search period in English in peer-reviewed journals
were eligible for inclusion. The review protocol was
amended (as detailed on the PROSPERO record) dur-
ing full-text screening to add “excluding drugs” to the
“Comparator(s)/control” field, as members of the re-
view team agreed that drugs were inappropriate compa-
rators within the context of this review.

Search strategy and data sources

MEDLINE (PubMed, coverage 1946-—present), Scopus
(coverage 1788-present), Food Science and Technology
Abstracts (EBSCO and Web of Science, coverage [both]
1968-present), and the Cochrane Central Register of
Controlled Trials (CENTRAL, no inception date) were
searched to identify articles describing human studies
published in English, in peer-reviewed journals from
2017 onwards. A broad search strategy was employed,
using variations of the search terms “walnut” and
“Juglans”. Further details can be found in Table S1 in
the Supporting Information online. The initial searches
were completed on January 13, 2021. Reference lists
from relevant review articles identified in the searches
and articles included in the review were screened to
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Table 1 PICOS criteria for inclusion and exclusion of studies

Parameter

Inclusion and exclusion criteria

Participants

Interventions

Comparators
Outcomes

Study design

Studies carried out in humans were included, specifically adults and children both from within the general pop-

ulation and those with existing health conditions (eg, type 2 diabetes, CVD).

Studies of at least 3 weeks’ duration were included, specifically those examining the consumption of walnuts
(whole walnuts or pieces, or 100% walnut butter), where the effect of walnut consumption could be isolated
from other food sources or interventions such as physical activity programs.

Studies providing walnuts as part of a nut mixture were excluded.

Studies considering/providing only walnut components (eg, walnut oil, walnut extracts, walnut husk) were
excluded.

No walnut consumption (any comparator, excluding drugs) or lower walnut consumption

Main outcomes:

Cohort studies: hard end points and intermediary measures, including:

¢ all-cause mortality;

* type 2 diabetes;

* CVD;

* metabolic syndrome;

* obesity;

* cancer;

* neurological and mental health disorders;

* musculoskeletal disorders;

* gastrointestinal disorders;

* maternal disorders

Randomized controlled trials: risk markers, including:

* markers of aging (eg, telomere length, physical function);

* insulin sensitivity (eg, HOMA-IR);

* blood lipids (eg, total cholesterol, triglycerides, LDL-C, HDL-C);

* blood pressure;

* vascular function (eg, FMD]);

* inflammatory markers (eg, C-reactive protein);

* oxidative stress (eg, oxidized LDL);

* hemostatic markers (eg, von Willebrand factor);

* body weight and composition (eg, BMI);

* cancer markers (eg, changes in gene expression);

* markers of cognitive function and mental health (eg, cognitive tests);

* markers of bone and muscle health (eg, bone mineral density);

* markers of gut health (eg, gut microbial diversity);

* markers of maternal health (eg, gestational diabetes)

Additional outcomes: adverse events.

Listed outcomes were not required to be the primary outcome in order for a study to be included. Studies were
ineligible if none of the main outcomes of interest were measured.

Cohort studies and randomized controlled trials with the amount and frequency of walnuts clearly defined
were included. Cross-sectional, animal, in vitro, and ex vivo studies were excluded.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; FMD, flow-mediated dilation; HDL-C, high-density lipoprotein choles-
terol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cho-

lesterol; RCTs, randomized controlled trials.

identify any additional eligible studies not captured by
the database searches. To help ensure completeness, the
steering group was consulted, and abstract lists supplied
by the project funders were hand-searched. Update
searches were performed on May 5, 2021.

Study selection

Records generated from the searches were imported
into the evidence synthesis software Covidence
(Melbourne, Australia), with duplicates automatically
detected and removed. Titles and abstracts were
screened for acceptance against the inclusion/exclusion
criteria by 2 investigators independently. For each of
the relevant abstracts that appeared to meet the
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inclusion criteria, or where there was uncertainty, full
publications were retrieved for evaluation by 2 investi-
gators independently. Uncertainty and discrepancies re-
garding study eligibility were discussed with a third
researcher from within the review team and resolved
through consensus, with the steering group being con-
sulted if consensus could not be reached.

Data extraction

Two investigators independently performed data ex-
traction, entering information into an electronic form
within Covidence (Melbourne, Australia). All results
that were compatible with outcomes of interest as listed
and grouped in the review PICOS (established a priori),
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using any measure, were eligible for inclusion. The fol-
lowing information was extracted from articles describ-
ing RCTs: citation; location of the study; subject
number; subject characteristics (including age, sex,
health status, body mass index [BMI] / body weight);
intervention (form of walnuts); dose; duration; control;
study design (parallel group/crossover, length of run-in
and wash-out periods); outcome measures; results; and
adverse events. The following information was extracted
from articles describing cohort studies: citation; loca-
tion(s) of the cohort; subject number; subject character-
istics (including age, sex, health status, BMI/body
weight); method of assessing level of exposure and fre-
quency of data collection; length of follow-up; analysis
strategy (eg, comparison of tertiles, adjustment for con-
founding factors); outcome measures; and results.
Where available, data derived from intention-to-
treat analysis and fully adjusted results were extracted
preferentially. Where multiple articles reported results
for the same outcome measure from the same RCT,
cited protocol articles were retrieved and consulted in
order to ascertain methodological details where neces-
sary, and results were extracted from the article that
reported data for the largest number of subjects, or the
later time point, in order to avoid double counting.
Where multiple articles analyzing data from the same
cohort(s) reported the same outcome, results were
extracted from the article with the greatest number of
cases of the outcome of interest. For RCTs that involved
multiple arms, the 2 arms were selected that would
most clearly allow the effect of walnut consumption to
be isolated and compared with a suitable control.
Consensus checking was performed by 1 investigator,
and discrepancies were resolved through consensus.

Quality assessment

Two researchers independently undertook quality assess-
ment for included RCT's and cohort studies. The Cochrane
Collaboration Risk-of-Bias tool 2.0 (RoB 2.0) was used for
RCTs,”" with the effect of assignment to the interventions
considered and assessments conducted per outcome (and
individual result, if more than 1 was reported per out-
come). RoB 2.0 addresses 5 specific domains: (1) bias aris-
ing from the randomization process; (2) bias due to
deviations from intended interventions; (3) bias due to
missing outcome data; (4) bias in measurement of the out-
come; and (5) bias in selection of the reported results.
Studies were judged to be at “low” or “high” risk of bias or
to raise “some concerns”. The Newcastle-Ottawa scale
(NOS) was used to assess study quality for cohort studies.”
Studies are judged on 3 broad perspectives: the selection of
the study groups; the comparability of the groups; and the
ascertainment of the outcome of interest. Scores of 0-3, 4-
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6, and 7-9 were regarded as low, moderate, and high qual-
ity, respectively. Where there was disagreement in any
quality assessment, a third investigator from within the re-
view team was consulted and decision reached by consen-
sus. Further details on how risk-of-bias assessments were
conducted can be found in Appendix S1 in the Supporting
Information online.

Data synthesis

Data from RCTs and cohort studies were considered
separately. Following the example set in the SACN
Carbohydrates and Health Report,” for each outcome
group, data were considered suitable for synthesis if
results from RCTs that were relevant to an outcome
group were reported by at least 3 studies. The method
of vote counting based on the direction of effect was
used in this review as an alternative synthesis method,
outlined within the Cochrane Handbook for Systematic
Reviews of Interventions.””*>”" Related outcomes were
first grouped into outcome domains.®” Outcome group-
ings used for synthesizing the results (eg, “blood lipids”,
established based on the groupings listed in the protocol
after data extraction was complete) are listed in
Table S2 in the Supporting Information online.

Using the results included within each domain, indi-
vidual effects (ie, from a single outcome measure) were
categorized as positive (ie, favoring walnut consumption),
negative (ie, favoring the control), or having no effect (ie,
no difference between walnut consumption and control,
based on reported data). Neither statistical significance,
nor magnitude of effect are considered, as set out within
the Cochrane Handbook for Systematic Reviews of
Interventions.”” Further details of the methodology used
can be found in Appendix S2 in the Supporting
Information online. The overall effect direction for a par-
ticular study, the number of outcomes contributing to the
overall effect direction, the study size, the study design
(ie, parallel group or crossover trial), and the risk of bias
are displayed using direction of effect plots, using a pub-
lished template®” to summarize the direction of health
impact. Results from studies that did not provide data
from which effect direction could be ascertained could
not be included in the direction of effect plot and have
been described narratively.

The overall proportion of studies showing a posi-
tive effect direction was calculated, and the sign test
used to calculate the probability of observing the given
number of positive and negative results if the null hy-
pothesis (an equal number of positive and negative
effects, ie, no effect of walnut intervention) were true.®’
Further details can be found in Appendix S2 in the
Supporting Information online. Harvest plots were used
to further display the results (categorized as positive,
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negative, or no effect) for individual outcome measures
that were reported by 3 or more studies if the result of
the sign test was significant for an outcome group.

Vote counting based on effect direction was not con-
sidered suitable for use when the clinical significance of
the direction of effect was uncertain. In relation to results
pertaining to gut microbiota (eg, alpha-diversity, beta-di-
versity, bacterial abundance), the precise classifications of
changes at the taxonomic level in relation to health are
still emerging and not conclusive.”*”” Similarly, it was felt
to be inappropriate to include lipoprotein subclasses, sub-
fractions, and cholesterol efflux within the vote counting
for the blood lipids outcome group, since meaningful cat-
egorization of effect directions (ie, as “positive” or
“negative”) in relation to health have also not been ro-
bustly determined. Results for these outcome groups were
therefore discussed narratively.

Planned stratifications for different outcomes were:
study duration, health status of participants, age group
(ie, adults [defined as individuals aged 18years and
above] or children [defined as individuals aged below
18 years]), walnut dose, and sex. As such, the results for
the cardiovascular function group were stratified accord-
ing to walnut dose (<30g per day and >30g) to reflect
the conditions of use of the health claim authorized for
use in the European Union and Great Britain,”™** as well
as baseline blood pressure. The results for blood lipids
were stratified by study duration (<8weeks and
>8 weeks) in line with guidance from the European Food
Safety Authority (EFSA),”® as well as baseline LDL-C and
walnut dose. The results for body weight and composition
were stratified by study duration (<12weeks and
>12 weeks) in line with guidance from EFSA,” as well as
dose and baseline BMI. The results for glucose control
were stratified by study duration (<12weeks and
>12 weeks) in line with guidance from EFSA,” as well as
dose and baseline BMI. Where stratifications could be
performed, these are presented within effect direction
plots. Since the RoB 2.0 tool calls for risk of bias to be
assessed per outcome rather than per study, in the small
number of cases where the risk of bias was judged to be
different for outcomes within the same outcome group,
the highest risk of bias judgement across all outcomes
within the group for that study is displayed within effect
direction plots.

RESULTS
Study selection
The searches and hand-searching yielded 4056 records

in total. After the removal of duplicates, 2820 abstracts
were screened and 107 full-text articles were assessed
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for eligibility (see PRISMA flow chart, Figurel).
Seventy-four full-text articles were excluded as they did
not meet the inclusion criteria. A summary of the exclu-
sion reasons is listed in the PRISMA flow chart and a
detailed list of all excluded full-text articles and associ-
ated reasons can be seen in Table S3 in the Supporting
Information online. Thirty-three articles met the inclu-
sion criteria and were included in this systematic
review.

Characteristics of included studies

This review includes 33 articles describing RCT's and co-
hort studies that met the inclusion criteria; 23 articles de-
scribing 13 RCTs enrolling 1948 subjects®**>7*"%7; and 10
articles describing 8 cohorts, including data from 675928
subjects (note, some articles only report subject numbers
for analysis related to total nut consumption, undertaken
on a larger group of subjects in some cases).”****"1%
Articles were published between 2017 and 2021.

Characteristics of the RCTs can be seen in Table S4
in the Supporting Information online. Eight of the
RCTs were parallel group studies,®>0%7%7%8278992-94
and 5 employed a crossover design.
RCTs were conducted in Australia, Cyprus, Germany,
Iran, South Korea, Spain, Tunisia, Turkey, and the
United States. The number of enrolled subjects ranged
from 15 to 708, and study duration ranged from 3 weeks
to 2years. Two RCTs exclusively enrolled older
adults.”*”> No RCTs involved children. One RCT was
in chronic kidney disease patients.”” Mean baseline
BMI ranged from normal (18.5-24.9 kg/m?) to obesity
class T (30.0-34.9 kg/nr12),106 and 4 RCTs exclusively
recruited participants with overweight and/or obesity
(BMI 25.0-40.0 kz<;r/m2).64’65’87’94 The Walnuts and
Healthy Ageing (WAHA) study was the largest RCT
(n =708 subjects enrolled across 2 centers) and had the
longest duration (2 years),>7%8>85.86.88

The RCTs investigated the effect of consuming
whole walnuts or pieces, in doses ranging from equiva-
lent of ~10-99 g/day. None of the RCTs provided wal-
nut butter as the intervention. The control diets varied.
Nine RCTs compared walnut consumption with a wal-
nut- (or nut)-free diet 5>647879.81-83.85.86.88-9092.94 1 |
RCT the comparator was oily fish,®” in 2 RCTs the com-
parator was white bread,”>* and in another the com-
parator was a diet that replaced the amount of ALA
contributed by walnuts with oleic acid.®” Included
RCTs providing additional interventions alongside wal-
nut consumption also contained a group that received
the additional interventions without walnuts, which
served as the comparator group for the purposes of this
review. In 1 RCT exercise classes were provided (with
or without walnuts),”> 1 RCT prescribed an energy-

65,80,81,90,91,95-97
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Records identified from
handsearching

n=4

Duplicates removed

(automatically by software)
n=1236

Ineligible records excluded

n=2713

Articles excluded (n=T74):

16 Conference abstract

12 Not possible to isolate the
effects of walnuts

7 Review article

7 Trial protocol only

6 Outcome not relevant

6 Relevant outcomes reported in

article already included in review
5 Cross-sectional data only
5 Duplicate reference

Records identified from databases:
= Scopus n = 2384
2 PubMed n = 1264
g FSTAn =243
b= CENTRAL n = 161
H
=
Titles and abstracts screened
n=2820
=
=
E
g Full text articles assessed for
2 eligibility
= n=107
H s : :
= Articles included in the review
=
S n=33
[

5 Duration <3 weeks

3 No control group

1 Amount and frequency of
walnut consumption not clearly
defined

Figure 1 PRISMA flow chart.

restricted diet alongside advice to consume walnuts (or
not),*” and 2 RCTs supplied dietary counseling, advice
to increase physical activity, and psychological coaching
with the aim of inducing weight loss, with or without
walnuts.**** In total >190 unique outcomes that were
relevant to the review were reported across the RCTs
(summarized in Table S2 in the Supporting
Information online). Results reported in the RCTs are
tabulated in Tables S5-S14 in the Supporting
Information online. The planned stratifications of
adults versus children and male versus female could not
be completed, as none of the studies included any sub-
jects below the age of 18, and 10 out of the 13 RCTs in-
cluded both male and female subjects. Any reported
differences in findings by sex are outlined in Appendix
S3 in the Supporting Information online.

The characteristics of the cohort studies can be seen
in Table S15 in the Supporting Information online.
Cohort studies were conducted in the United States
(Nurses’ Health Study [NHS], Nurses’ Health Study II
[NHS 1II], Health Professionals’ Follow-up study
[HPES],>>*%?>19319%% Coronary Artery Risk Development
in Young Adults [CARDIA] study,'” Health and
Retirement and Health Care Nutrition studies'®') Iran
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1 Drug comparator

(Golestan Cohort Study, Tehran Lipid and Glucose
Study'®>'*), and 1 measured walnut consumption in
Argentina, Bangladesh, Brazil, China, Iran, Poland, Saudi
Arabia, Turkey, and the United Arab Emirates (the
Prospective Urban and Rural Epidemiology [PURE]
study”®) All assessed walnut intake using food frequency
questionnaires, which were self-administered in 6 cohorts,
and interviewer-administered in 2 cohorts (CARDIA
study'® and Tehran Lipid and Glucose Study'?®). One co-
hort study exclusively enrolled older adults.'”" Relevant
reported outcome measures in the cohort studies included
CVD, CHD), stroke, “healthy aging”, cognitive status,
physical function impairment, body weight / BMI classifi-
cation, esophageal squamous cell carcinoma, hepatocellu-
lar carcinoma, blood pressure, heart function, MetS, and
all-cause mortality. Length of follow-up ranged from
~3years to 28 years. Results for the cohort studies can be
seen in Table S16 in the Supporting Information online.

Quality assessments
A summary of risk-of-bias assessments for RCTs by

outcome group can be viewed in Figure S1 in the
Supporting Information online. Only 1 of the RCTs was
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at low risk of bias for any of its outcomes.®>”**” A lack
of information regarding allocation sequence conceal-
ment was common. The scores indicating the quality of
the cohort studies, according to the NOS, can be seen in
Table S15 in the Supporting Information online.
Differences in the amount and type of information
reported relating to adequacy of follow-up for cohort
studies made assessment of this question challenging.
All cohort studies were judged to be of either moderate
or high quality.

Effect of walnut consumption on study outcomes

Results have been ordered based on interrelated aspects
of health and the amount of available evidence (in
descending order). Hard disease end points and inter-
mediate or proxy end points for the disease are noted as
relevant.

Cardiometabolic health

* CVD (hard end points):
Pooled analysis from 3 large prospective cohort studies
(NHS, NHS II, and HPFS, n=2103566), with up to
14 years of follow-up, was used to report the associa-
tion of total and specific types of nut consumption
with total CVD and CHD.®® Consuming walnuts at
least once per week (0 vs > 1 serving/wk; 1
serving =28 g) was associated with a lower risk of total
CVD (myocardial infarction, stroke or fatal CVD [fatal
stroke, fatal myocardial infarction, and cardiovascular
death], multivariate HR 0.81, 95% confidence interval
[CI] 0.72-0.92, P for trend <0.001), and CHD (fatal
and nonfatal myocardial infarction, multivariate HR
0.79, 95% CI 0.66-0.94, P for trend =0.01) compared
with those who never or almost never consumed wal-
nuts. Walnut intake of 1 or more times per week was
associated with a 17% lower risk of stroke (95% CI
0.71-0.96, P=0.10). Hazard ratios for CVD, CHD,
and stroke per 28 g increase were 0.71 (95% CI 0.52—
0.97), 0.63 (95% CI 0.41-0.94), and 0.83 (95% CI
0.53-1.30), respectively. The data for total CVD was
additionally adjusted for consumption of other nuts,
which attenuated the results (relative risk 0.89, 95%
CI 0.77-1.03, comparing at least once per week vs
never or almost never, P for trend = 0.28).°°
¢ Blood lipids:

All of the 13 RCTs (enrolling 1948 subjects in total) in-
cluded in this review measured blood lipids. Baseline
LDL-C among the subjects ranged from “optimal”
(<100 mg/dL) to “high” (160189 mg/dL), with most
falling into the near/above optimal category (100-
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129 mg/dL).'®” The number of RCTs reporting each
outcome in this group is as follows: high-density lipo-
protein cholesterol (HDL-C) (13), triglycerides (13),
LDL-C (12), total cholesterol (TC, 11), very low-
density lipoprotein cholesterol (VLDL-C) (4), the
TC:HDL-C ratio (3), lipoprotein(a) (2), nonHDL-C
(2), apolipoprotein B (apoB) (2), intermediate-density
lipoprotein cholesterol (IDL-C) (1), and the LDL-
C:HDL-C ratio (1). Five of the RCTs reported mixed
effects on various lipid outcomes (ie, inconsistent
effects on various outcomes, with no consistent direc-
tion across the effects [using the figure of >70% as a
majority], see Appendix S2 in the Supporting
Information online). Results from all of the remaining
8 RCTs favored walnuts (100%, result of sign test cal-
culation P=0.0078). Of these, 2 studies were judged
to be at high risk of bias, 5 were judged to have “some
concerns,” and 1 was judged to be at low risk of bias
for this outcome group (see Figure 2). Results stratified
by baseline LDL-C, study duration, and walnut dose
can be seen in Figure S2 in the Supporting Information
online. Based on visual inspection of the effect direc-
tion plots, overall effect direction appears to be more
consistent (ie, almost all studies showing a favorable
direction, compared with a mixture of favorable and
conflicting effect directions) across studies in subjects
with high/borderline-high LDL-C at baseline, com-
pared with those with optimal or near/above optimal
LDL-C, although only 3 studies fall into the high/bor-
derline-high categories. Overall, effect direction
appears to be more consistent across studies of less
than 8 weeks duration, compared with those of longer
duration, and in studies using doses of at least 40 g/
day.

To provide greater insight into the results of the syn-
thesis, individual effect directions for blood lipid
parameters reported by >3 RCTs (TC, HDL-C, LDL-
C, triglycerides, VLDL-C, and TC:HDL-C ratio) can
be seen in Figure S3 in the Supporting Information on-
line. All RCTs reported a favorable direction of effect
on TC (ie, had a more favorable effect [of any size] in
comparison with control). Similarly, all RCTs report-
ing VLDL-C found a favorable effect direction, but
results were more inconsistent for HDL-C, triglycer-
ides, and TC:HDL-C ratio. With respect to LDL-C, 10
out of 12 RCTs showed a positive effect direction. It is
worth noting that only 1 RCT reported a negative ef-
fect direction for LDL-C (and also reported a negative
effect direction for triglycerides), and in this study oily
fish was the comparator (300 g of oily fish/week vs 18
walnuts/week).®” A 12-month study that found no

33


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac040#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac040#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac040#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac040#supplementary-data

Study

Study design Lipids

Bamberger et al (2017)*'

Holscher et al (2018)”°

Crossover trial

Crossover trial A

Ali Babaei et al (2019)" Parallel group A
Bashan and Bakman (2018)" Parallel group A’
Fatahi et al (2019)*’ Parallel group ae
Kamoun et al (2021)* Parallel group Al
Rock et al (2017)** Parallel group o’

Figure 2 Effect direction plot for blood lipids, presented by study design. Effect direction: Upward arrow A = positive health impact,
downward arrow V¥ = negative health impact, sideways arrow <« ®» = no change/mixed effects/conflicting findings. Final sample size (indi-
viduals) in intervention group: large arrow A indicates >300; medium arrow A indicates 50-300; small arrow a indicates <50. Study quality,
denoted by row color: green = low risk of bias; amber = some concerns; red = high risk of bias. The numbers in superscript in column 1 de-
note the reference numbers, and the numbers in superscript in column 3 denote the number of outcomes that contributed to the effect di-
rection (if >1). A color version of this figure appears in the online version of this article.

effect of walnut consumption on median LDL-C at the
end of a multidisciplinary weight loss intervention,
compared with the multidisciplinary intervention
alone, showed a positive effect direction after
3 months, and there was a lower overall mean for TC
in this group (P =10.037), with the authors noting that
this was in the context of a significantly different die-
tary polyunsaturated:saturated fatty acid ratio.* The
size of effects (between-group differences) ranged from
—17.0 to —2.0 mg/dL for TC, —6.0 to +4.5 mg/dL for
HDL-C, —15.9 to +1.9mg/dL for LDL-C, —31.3 to
+7.0mg/dL for triglycerides, —6.0 to —0.7 mg/dL for
VLDL-C, and —0.34 to +0.1 for the TC:HDL-C ratio.

In addition, 1 study measured lipoprotein sub-
classes, cholesterol efflux and proprotein convertase
subtilisinkexin type 9 (PCSK9).”® LDL,, (LDL-C mi-
nus Lipoprotein(a) [Lp(a)] and IDL) was significantly
lower after the walnut diet versus control, but there
were no significant differences in HDL-C, IDL-C, or
VLDL-C subclasses, remnant lipoproteins, ATP-
binding cassette transporter 1-mediated or global cho-
lesterol efflux and PCSK9.

Overall, results from the data synthesis and sign test
calculation suggesting favorable effect directions for
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blood lipids after a walnut intervention versus control
are supported by the harvest plots of effect on individ-
ual blood lipid parameters.

Measures of cardiovascular function:

Seven RCTs enrolling 1464 subjects in total measured
markers of cardiovascular function,®*6%:78:86.87.91,93-95
Of these, 6 studies measured office blood pres-
sure, 07887919395 and the WAHA study additionally
measured ambulatory blood pressure.®® The Health
Track study measured urinary sodium and potassium
and reported urinary sodium-to-potassium ratio.®*”?
Two studies measured resting heart rate,®>”* and 1
study measured heart rate after the step test.”* Tindall
and colleagues used the SphygmoCor system that
allows assessment of the central arterial pressure and
pulse wave velocity, as well as an assessment of arterial
stiffness.®® The effect direction plot for cardiovascular
function can be seen in Figure 3. Three studies reported
mixed effects. Results from three of the remaining 4
studies favored walnuts (75%, result of sign test calcu-
lation P=0.625), of which 1 was judged to be at high
risk of bias, 1 was judged to have “some concerns” and
1 was judged to be at low risk of bias for this outcome
group. Cardiovascular function results stratified by
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Figure 3 Effect direction plot for cardiovascular function, presented by study design. Effect direction: upward arrow A = positive health
impact, downward arrow ¥ = negative health impact, sideways arrow <€ » =no change/mixed effects/conflicting findings. Final sample
size (individuals) in intervention group: large arrow A indicates >300; medium arrow A indicates 50-300; small arrow a indicates <50.
Study quality, denoted by row color: green = low risk of bias; amber = some concerns; red = high risk of bias. The numbers in superscript in
column 1 denote the reference numbers, and the numbers in superscript in column 3 denote the number of outcomes that contributed to
the effect direction (if >1). A color version of this figure appears in the online version of this article.

dose and baseline blood pressure can be seen in Figure
S4 in the Supporting Information online. There did not
appear to be a relationship between effect direction
and walnut dose or baseline blood pressure, based on
visual inspection of the effect direction plots.

One cohort study (n=3341; walnut consumers
n =340, nonconsumers n=3001; mean age 45 years)
compared heart structure and function measured by
echocardiography, to assess risk for heart failure, in
walnut consumers versus nonconsumers. %> Diastolic
blood pressure was significantly lower among walnut
consumers (P=0.013), but there were no significant
differences in systolic blood pressure or pulse pressure.
Walnut consumers had a significantly lower heart rate
and significantly better values for some diastolic func-
tion parameters (A wave, E/A ratio, septal e’ and lat-
eral €’), but there were no significant differences in E
wave, deceleration time, left ventricular mass index, or
systolic function parameters. In summary, the majority
of the evidence for measures of cardiovascular function
identified derived from blood pressure data from
RCTs, with mixed results.
Inflammation- and hemostatic-related factors:
Eight RCTs enrolling 1237 subjects in total measured
inflammation and hemostatic-related fac-
tors,0%81:85:87.909295 The number of RCTs reporting
each outcome in this group is as follows: high sensitiv-
ity C-reactive protein (hsCRP) (6), interleukin-6 (IL-6)
(3), soluble wvascular cell adhesion molecule-1
(sVCAM-1) (3), C-reactive protein (CRP) (2),serum
amyloid A (2), tumor necrosis factor alpha (TNF-x)
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(2), soluble intercellular adhesion molecule-1 (SICAM-
1) (2), D-dimer (1), fibrinogen (1), endothelin-1 (1),
granulocyte—-monocyte colony-stimulating factor (1),
IL-18 (1), sE-selectin (1), and interferon gamma (IFN-
) (1). Bamberger and colleagues reported that walnut
consumption did not affect hsCRP, soluble vascular
cell adhesion molecule-1 (sVCAM-1), or endothelin-1,
but the manuscript does not provide data for inclusion
in the vote counting.®! The effect direction plot for in-
flammation- and hemostatic-related factors can be seen
in Figure 4. Of the 7 studies that could be included in
the vote counting, 1 reported mixed findings. Results
from four of the remaining 6 studies favored walnuts
(67%, result of sign test calculation P=0.688), and of
these 3 were judged to be at high risk of bias and 1 was
judged to have “some concerns” for this outcome
group. Results for inflammation-related factors strati-
fied by dose can be seen in Figure S5 in the Supporting
Information online. There appeared to be no relation-
ship between dose and effect direction, based on visual
inspection of the effect direction plot.

Glucose metabolism:

Ten RCTs enrolling 1653 subjects in total measured
markers of glucose metabolism,®*6%78:81.87.89-92.95
The number of RCTs reporting each outcome in this
group is as follows: fasting glucose (10), HbAlc (4),
fasting insulin (3), leptin (2), Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) (1), and
adiponectin (1). The effect direction plot for markers
of glucose metabolism can be seen in Figure 5. Three of
the 10 studies reported mixed effects. Results from
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Figure 4 Effect direction plot for inflammation and hemostatic-related factors, presented by study design. Effect direction: upward ar-
row A = positive health impact, downward arrow ¥ = negative health impact, sideways arrow <€ » = no change/mixed effects/conflicting
findings. Final sample size (individuals) in intervention group: large arrow A indicates >300; medium arrow A indicates 50-300; small arrow
4 indicates <50. Study quality, denoted by row color: green = low risk of bias; amber = some concerns; red = high risk of bias. The numbers
in superscript in column 1 denote the reference numbers, and the numbers in superscript in column 3 denote the number of outcomes that
contributed to the effect direction (if >1). A color version of this figure appears in the online version of this article.

Parallel group v

four of the remaining 7 studies favored walnuts (57 %,
result of sign test calculation P =1.0). Of these, 2 were
judged to be at high risk of bias and 2 were judged as
raising “some concerns” for this outcome group.
Results for glucose metabolism stratified by baseline
BMI, study duration, and walnut dose can be seen in
Figure S6 in the Supporting Information online. Based
on visual inspection of the effect direction plots, there
do not appear to be clear patterns linking effect direc-
tion with study duration, baseline BMI, or walnut
dose.

No cohort studies were identified as part of this re-

view that examined the association between walnut
consumption and the development of type 2 diabetes.
Body weight and composition:
Eleven RCTs enrolling 1902 subjects in total measured
body  weight and/or  composition.®36578:7%:81=
83.87.89.91,94.95 Nine RCTs measured body weight, 6
measured waist circumference, 6 measured BMI, 3
measured body fat, 2 articles reported waist-to-hip ra-
tio, 1 article reported hip circumference, 1 measured
fat-free mass, and 1 measured lean body mass.

Bamberger and colleagues reported that body
weight and BMI remained stable during both walnut
and control diets, but the article did not provide data
for inclusion in the vote counting.®" Similarly, Bashan
and Bakman reported no significant changes in BMI or
waist circumference, and the article did not provide
data for inclusion in the vote counting, though figures
for body weight were reported.®* The effect direction
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plot for body weight and composition can be seen in
Figure 6. Of the 10 RCTs that could be included in the
vote counting, 2 reported mixed effects (1 reported a
negative effect direction for waist circumference and a
positive effect direction for body weight; the other
reported a positive effect direction for body fat, fat-free
mass, and waist circumference, a negative effect direc-
tion for weight and BMI, and no effect on hip circum-
ference and waist-to-hip ratio) and 2 reported no effect
(on body weight in both cases). Results from all of the
remaining 6 RCTs favored control (100%, result of
sign test calculation P=0.03125). Of these, 5 were
judged to be at high risk of bias, and 1 was judged to
raise “some concerns” for this outcome group. There
does not appear to be a clear pattern linking walnut
dose with effect direction, based on visual inspection of
the effect direction plot (Figure S7 in the Supporting
Information online). Study duration ranged from
4 weeks to 2years. Overall effect direction appears to
be more consistent across studies >12 weeks in dura-
tion, with one quarter of the shorter studies showing
mixed effects and one quarter showing no effect, com-
pared with only one sixth of the longer studies showing
mixed effects and one sixth showing no effect (Figure
S7 in the Supporting Information online). There is also
some suggestion of less consistent effect direction in
studies involving subjects with obesity (with 2 out of 5
studies showing a negative effect direction, 2 showing
no effect, and 1 showing conflicting findings), and a
negative effect direction being more consistently found
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Figure 5 Effect direction plot for glucose metabolism, presented by study design. Effect direction: upward arrow A = positive health
impact, downward arrow V¥ = negative health impact, sideways arrow <« » =no change/mixed effects/conflicting findings. Final sample
size (individuals) in intervention group: large arrow A indicates >300; medium arrow 4 indicates 50-300; small arrow a indicates <50.
Study quality, denoted by row color: green = low risk of bias; amber = some concerns; red = high risk of bias. The numbers in superscript in
column 1 denote the reference numbers, and the numbers in superscript in column 3 denote the number of outcomes that contributed to
the effect direction (if >1). A color version of this figure appears in the online version of this article.
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Figure 6 Effect direction plot for body weight and composition, presented by study design. Effect direction: upward arrow
A = positive health impact, downward arrow ¥ = negative health impact, sideways arrow ¥ =no change/mixed effects/conflicting find-
ings. Final sample size (individuals) in intervention group: large arrow A indicates >300; medium arrow A indicates 50-300; small arrow a
indicates <50. Study quality, denoted by row color: green = low risk of bias; amber = some concerns; red = high risk of bias. The numbers in
superscript in column 1 denote the reference numbers, and the numbers in superscript in column 3 denote the number of outcomes that
contributed to the effect direction (if >1). A color version of this figure appears in the online version of this article.

in studies of normal weight subjects (Figure S7 in the are displayed in harvest plots (Figure S8 in the
Supporting Information online). Supporting Information online). Across all of the RCTs

To provide greater insight into the results of the syn- included in the vote counting, all 4 studies that mea-
thesis, effect direction for parameters reported by >3 sured BMI, 5 out of 8 studies measuring body weight,
RCTs (ie, body weight, waist circumference, and BMI) and 4 out of 5 studies measuring waist circumference
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reported an unfavorable effect direction. However, ef-
fect sizes tended to be small, with between-group dif-
ferences ranging from —0.4 to +1.9kg for body
weight, —0.12 to +1.66 cm for waist circumference,
and +0.01 to 4+0.2 kg/m? for BMI.

The association between intake of walnuts (and
other nuts) and longer-term weight changes were eval-
uated in cohort analysis by Liu and colleagues, who in-
vestigated the relationship between changes in nut
consumption over 4-year intervals and concurrent
weight change over 20-24years of follow-up, using
data from the NHS, the NHS II, and the HPFS
(n=144885).>3 Across all 3 cohorts, the average
weight gain was 0.32 kg per year. Increased consump-
tion of 0.5 servings (14 g/day) of walnuts was associ-
ated with less weight gain per 4year interval
(—0.37kg, 95% CI —0.45 to —0.29, multivariate ad-
justed, P<0.001), a lower risk of moderate weight
gain (>2kg, multivariate-adjusted relative risk
(RR)=0.90, 95% CI 0.88-0.92, P < 0.01, and >5 kg,
RR not reported, P < 0.01), and a lower risk of becom-
ing obese (BMI>30kg/m?, multivariate-adjusted
RR =0.85, 95% CI 0.80-0.89, P=0.0002). As aver-
age 4-year changes in walnut consumption were 0.0
(0.2) servings/day in the HPFS, 0.0 (0.1) servings/day
in the NHS, and 0.0 (0.2) servings/day in the NHS II
(mean [standard deviation (SD)] standardized to the
age distribution of the study population), increased
consumption of 0.5 servings/day likely only relates to a
small proportion of the subjects.

Overall, data from 3 large cohorts reported favor-
able associations between walnut intake and body
weight, but this was not reflected in the RCTs, where
synthesis of results using vote counting based on direc-
tion of effect suggested a more favorable effect direc-
tion for control (or no difference between the 2
groups).

* Appetite
I: n a 6-month weight loss intervention (n=100) pre-
scribing either a standard reduced energy diet or a
walnut-enriched reduced energy diet, differences in eat-
ing behaviors between groups were studied using the 3-
factor Eating Inventory, a 51-item questionnaire across
3 scales (dietary restraint, disinhibition, and hunger).
External locus of hunger (ie, hunger that is triggered by
external cues) was significantly higher in the walnut
group vs the control at 6 months (P =0.04), but there
were no significant differences in other eating behav-
iors.®* Participants were also asked to self-report sati-
ety on a visual analogue scale rating hunger, fullness,
and anticipated prospective consumption at 3 earlier
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time points. There were no significant differences in
self-reported hunger ratings before lunch and before
dinner at weeks 1, 6, and 12 between the 2 groups, but
fullness rating was significantly lower in the walnut
group compared with the control at week 12
(P=0.04)."*
* Metabolic syndrome:
Two RCTs enrolling 827 subjects in total”®’" and 1
cohort study (the Tehran Lipid and Glucose Study,
n=1915'") examined walnut consumption and MetS
status. There were no significant differences in the
odds of MetS reversion or incidence among partici-
pants of the WAHA study after 2 years of intervention
(with BMI used as a surrogate marker for waist cir-
cumference).”® Hwang and colleagues reported that all
subjects completing their study were classified as hav-
ing MetS at baseline, but 64% had an improvement in
1 or more MetS components, and 51% had reverted to
normal status after 16 weeks of walnut consumption.”®
Analyses of data from the Tehran Lipid and Glucose
study suggested a significant inverse association be-
tween walnut consumption and MetS (HR 0.78, 95%
CI 0.63-0.96, comparing >16.6 g/week vs <4.5 g/week
[energy-adjusted], fully adjusted model, P for
trend =0.01; 0.93 (0.89-0.98) per 10 g increment).'?

Markers of aging. Studies that were identified investigat-
ing the effect of walnut intake on biomarkers of aging
were limited to 1 RCT enrolling 708 subjects (the
WAHA study)®>*® and 3 cohort studies.”'*"'%*

In the RCT, the effect of walnut consumption (30-
60 g/day) on cognitive function among older adults was
investigated using a cognitive test battery.”> There were
no significant differences between the walnut-consum-
ing and the control groups in adjusted composite scores
of global cognition, memory, language, perception, or
frontal function (California and Barcelona centers), in-
dicating that walnut consumption did not delay cogni-
tive decline. However, post hoc analyses showed that
among subjects at the Barcelona site, there were signifi-
cant differences in global cognition (P = 0.040) and per-
ception (P=0.011) over the 2-year intervention period,
although no significant differences were observed be-
tween groups at the California site.

In addition, in a subset of subjects at the Barcelona
site, structural and functional MRI was undertaken to
examine brain structure, resting state connectivity,
blood flow, and the expression of functional brain net-
works during cognitive demands. No significant differ-
ences were observed between the walnut-consuming
and the control groups on structural outcomes, indicat-
ing similar rates of brain atrophy. There were also no
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differences in change in white matter hyperintensity
ratings, brain perfusion, or scores on a working mem-
ory task. However, there was a significant group x time
interaction for reaction time scoring, which increased
in the control group but remained unchanged in the
walnut group, suggesting attenuation of the age-related
decline in working memory efficiency networks. There
was also a significant group X time interaction for blood
oxygenation level-dependent signal values at the region
of interest. The control group exhibited increases in
brain activity over time in brain regions outside the
original task-related areas, but this was not observed in
the walnut-consuming group, suggesting greater brain
efficiency in the walnut-consuming group. Telomere
length, a suggested biomarker of aging'*® was also mea-
sured in a subgroup of participants at the Barcelona
center.*® There was no significant time x intervention
interaction for (adjusted) leukocyte telomere length
(P=0.079), though the increase in “short telomeres”
(<3kb) was significantly lower in the walnut-consum-
ing group versus control (P =0.048). The authors sug-
gested this may indicate a potential effect of walnut
consumption in preventing telomere attrition, but this
exploratory finding should be confirmed in trials with
adequate statistical power.

Freitas-Simoes and colleagues reported a signifi-
cant positive association between walnut consumption
and odds of healthy aging (defined as surviving be-
yond 65years of age with no history of 11 chronic
diseases, no self-reported memory impairment, no
physical disabilities, and intact mental health) among
participants of the NHS (odds ratio [OR] =1.20, 95%
CI 1.00-1.44, comparing >2 servings/week vs no wal-
nut consumption, P for trend =0.0001, fully adjusted
model).'”* Higher consumption of walnuts was signifi-
cantly associated with lower odds of physical function
impairment (measured using the physical function do-
main of the SF-36 questionnaire, which assesses physi-
cal limitations in performing daily activities) among
participants of the HPFS (OR=10.80, 95% CI 0.68-
0.94, comparing >2 servings/week vs never or <1
serving/month, P for trend=0.01, fully adjusted
model).”” Finally, secondary analysis of the Health
and Retirement Study and Health Care and Nutrition
Study reported an association between walnut con-
sumption and cognitive function.'”’ Global cognitive
scores were significantly higher (P <0.001) among
consumers reporting any walnut consumption (low
and moderate) versus nonconsumers at 3 time points
(2012, 2014, and 2016), but there was no significant
association between walnut consumption and change
in cognitive scores over time.

This review only identified 1 RCT assessing the im-
pact of walnut consumption on markers of healthy
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aging. This study did not find significant effects of wal-
nuts on global cognition after 2years of walnut con-
sumption, although improvements in some subdomains
were reported after subgroup analysis. Observational
studies found significant, positive associations between
walnut consumption and cognitive function, physical
function, and “healthy aging,” but nonuniformity of
tests for aging-related outcomes mean that definitive
conclusions regarding the effect of walnut consumption
on aging cannot be reached.

Gut microbiota. Three RCTs enrolling 268 subjects in
total reported outcomes relevant to the gut micro-
biota.****” All 3 studies reported no significant differ-
ences in measures of a-diversity. Two studies reported
that walnut consumption significantly affected f-diver-
sity compared with controls,*>” whereas 1 study
reported no distinct shaping or clustering between
groups.”” Two studies reported no significant shifts in
the relative abundance of predominant phyla,***” and 1
study reported that walnut consumption significantly
increased the relative abundance of Firmicutes and de-
creased the relative abundance of Actinobacteria.”® The
latter study found no significant differences in the rela-
tive abundance of Bacteroidetes, Proteobacteria, or
Verrucomicrobia, nor in arachea, or fungal
abundances.”

All studies however, reported significant changes in
a number of bacterial genera; Holscher and colleagues
reported significant increases in the abundance of
Faecalibacterium, Roseburia, Clostridium, and Dialister
and significant decreases in Ruminococcus, Oscillospira,
Dorea, and Bifidobacterium.”® Tindall and colleagues
also reported enrichment in Roseburia versus control,
in addition to Defluviitaleaceae UCG_011 and
Defluviitaleaceae identified down to the family level
Bamberger and colleagues reported significant increases
in the abundance of 2 unknown species of the genus
Ruminococcus spp. (Clostridium Cluster IV) and in
Bifidobacterium spp., and a significant decrease in the
relative abundance of an Anaerostipes and a Blautia spe-
cies. Holscher and colleagues measured bile acids
within fecal samples and reported that there was no sig-
nificant difference in primary bile acids, but the micro-
bially derived secondary bile acids, deoxycholic and
lithocholic acids, were significantly reduced after walnut
consumption versus control.

Cancer. No RCTs measuring cancer markers were iden-
tified, while 2 cohort studies reported no association be-
tween walnut intake and 2 specific cancer types.
Hashemian and colleagues found no significant associa-
tion between walnut consumption and risk of esopha-
geal squamous-cell carcinoma among participants of
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the Golestan Cohort Study (n=48284; HR 0.71, 95%
CI 0.45-1.14, comparing 0.86 g/1000 kcal/day vs non-
consumers, P for trend = 0.16, fully adjusted model).'*
Sui and colleagues reported no significant association
between walnut consumption and risk of hepatocellular
carcinoma among participants of the NHS and HPFS
(n=140275) (HR 0.71, 95% CI 0.45-1.12, comparing
mean 0.62 servings/week vs nonconsumers, P for
trend = 0.23, fully adjusted model).'*’

Mental health. The Health Track study (n =377), which
applied psychological assessments using question-
naires,** reported no significant group x time interac-
tions for the Acceptance and Action Questionnaire for
Weight-Related Difficulties, Quality of life (SF-12, men-
tal summary), or Depression Anxiety Stress Scale
(short-form 21 questions).

Mortality. One cohort study identified within the pre-
sent review examined the association between walnut
consumption and mortality. De Souza and colleagues
reported a significant inverse association between wal-
nut consumption and mortality among participants of
the PURE study (HR 0.79, 95% CI 0.67-0.92, compar-
ing >30g/week to <30g per month, P for
trend = 0.0017, fully adjusted model).”®

Bone and muscle health, maternal health, and oxidative
stress. No RCTs or cohort studies were identified that
measured markers of bone and muscle health, musculo-
skeletal disorders, markers of maternal health, maternal
disorders, or markers of oxidative stress.

Adverse events. The majority of the included RCT's did
not report any adverse events that were likely to be
linked to walnut consumption. Two studies noted gas-
trointestinal symptoms among small numbers of sub-
jects (Appendix S4 in the Supporting Information
online).

DISCUSSION

This review summarizes recent evidence investigating
the link between walnut consumption and health or
risk markers for health outcomes, including data from
33 articles describing results from 8 cohorts and 13
RCTs published from 2017 onwards. There was suffi-
cient, suitable evidence for results to be synthesized for
body weight and composition, blood lipids, cardiovas-
cular function, glucose metabolism, and inflammation
and hemostatic factors, employing the vote counting
based on the direction of effect method. Smaller num-
bers of studies were identified reporting results related
to total mortality, CVD (hard end points), MetS, cancer,
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aging, appetite, gut microbiota, and mental health, but
no formal synthesis could be performed. No recent
RCTs or cohort studies were identified investigating the
effects of walnuts alone on oxidative stress, bone and
muscle health, maternal health, or type 2 diabetes.

Cardiometabolic health

CVD (hard end points) As with research published in
this area prior to 2017, the majority of the studies in-
cluded in this review assessed outcomes related to car-
diometabolic health. In an analysis performed by
Guasch-Ferré and colleagues, total nut consumption
was inversely associated with total CVD and CHD,®
which was in line with results from a meta-analysis that
included data from 18 prospective cohort studies.'® In
the PREDIMED study, subjects who were randomized
to a Mediterranean diet supplemented with mixed nuts
(including 15 g of walnuts, as well as 7.5 g of hazelnuts
and 7.5g of almonds per day) had a 36% lower risk
(95% CI 0.47-0.88) of myocardial infarction, stroke,
and death from cardiovascular events after a median
follow-up of 4.8 years, compared with a control diet
(advice to reduce dietary fat).!° For comparison, sub-
jects who consumed a Mediterranean diet supple-
mented with 4 tablespoons of extra-virgin olive oil per
day had a 34% lower risk (95% CI 0.49-0.89) of the
composite outcome. Interestingly, a metabolite profile
(including lipids, purines, acylcarnitines, and amino
acids) associated with walnut consumption was associ-
ated with a lower risk of incident CVD (and type 2 dia-
betes) (calculated per 1-SD increase in correlated
multimetabolite score) among PREDIMED subjects." "
When considering walnut consumption specifi-
cally, a pooled analysis from 3 large US cohorts in-
cluded within the present review found that consuming
walnuts at least once per week was associated with a
lower risk of CVD, CHD, and stroke.®® Further analysis
of data from the same cohorts investigated changes in
walnut consumption over 4-year periods and cardiovas-
cular end points in the subsequent 4years.''” This
found an increased intake of walnuts by 0.5 servings/
day to be associated with lower risk of CVD and stroke.
A recent analysis of data from 2 of the cohorts included
in the 2 aforementioned analyses (NHS and HPES) pub-
lished after our final searches were performed reported
a 14% (HR 0.86, 95% CI 0.79-0.94) reduced risk of
death from CVD per 0.5 serving/day increase in walnut
consumption.'"> These findings from large US cohorts
and the PREDIMED study, based on a large number of
subjects, are promising, suggesting reductions in CVD
risk with walnut intake. Analysis of data from addi-
tional large cohorts reflecting diverse populations from
different parts of the world exploring the association
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between walnut consumption specifically and CVD end
points would be useful.

Blood lipids. The RCTs identified in our review showed
a beneficial effect of walnut consumption on blood lip-
ids (results from 8 out of 8 RCTs that could be included
in the sign test calculation favored walnuts, P=0.0078),
with effect direction being most consistent for TC,
LDL-C, and VLDL-C. A recent network meta-analysis
that only included studies of >3 weeks duration (a du-
ration that satisfies the minimum follow-up require-
ment of the US Food and Drug Administration for
lipid-lowering health claims''*) reported that walnut
consumption significantly reduced triglycerides (mean
difference (MD) 7.97 [-9.74 to —6.2] mg/dL, 7%
greater reduction), LDL-C (MD —3.48 [—4.64 to
—2.71] mg/dL, 3% greater reduction), and TC (MD
—5.03[—6.19 to —4.25] mg/dL, 3% greater reduction)
compared with control diets,''® but there were no sig-
nificant effects on HDL-C (MD 0.00 [—0.77, 0.77] mg/
dL) (results converted from mmol/L, see Table S5 in the
Supporting Information online for conversion factors).
A 2018 meta-analysis that included 26 RCTs reported a
significantly greater reduction in TC (weighted mean
difference (WMD) —6.99 [-9.39 to —4.58] mg/dL,
3.25% greater decrease) and LDL-C (WMD -5.51
[—7.72 to —3.29] mg/dL, 3.73% greater decrease) after
walnut consumption versus control diets.”” Significant
reductions in the LDL-C:HDL-C ratio (WMD
—0.14 mg/dL, P=0.01), triglycerides (WMD —4.69
[—8.93, —0.45] mg/dL 5.52% greater decrease), and
apoB (—3.74mg/dL, P=0.008) were also identified.
There were no significant differences for changes in
HDL-C, TC:HDL-C ratio, VLDL-C, nonHDL-C, or
apoA. The authors observed a linear dose-response re-
lationship between walnut intake and TC. There were
no differences in effects between studies in subjects
with hypercholesterolemia and those involving normo-
cholesterolemic subjects. Our analysis, however, sug-
gested a more consistently positive effect direction in
subjects with high/borderline-high LDL-C compared
with optimal and near/above optimal LDL-C (based on
National Cholesterol Education Program Expert Panel
classifications) at baseline, although only 3 studies fall
into the high/borderline-high categories.

Our review also suggested a more consistent bene-
ficial effect on blood lipids (across different outcomes)
in RCTs of less than 8 weeks’ duration, compared with
longer studies. Guidance from EFSA states that with re-
spect to blood lipids, evidence of the sustainability of
the effect with continuous consumption of a food/con-
stituent over longer periods of time (eg, 8 weeks) should
be provided due to the time needed for blood lipids to
stabilize after a nutritional intervention.”® However,
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improvements were seen in all but 2 RCTs measuring
LDL-C, regardless of duration. A meta-analysis of RCT's
by Guasch-Ferré and colleagues found smaller effects of
walnut consumption on LDL-C (but not TC, triglycer-
ides, or HDL-C) in studies of >8 weeks in duration vs
shorter studies.”” This could be due to increased adher-
ence over shorter periods or habituation. Interestingly,
results from the 2-year WAHA study (both sites), pub-
lished after our searches were completed, showed a sig-
nificant reduction in TC and LDL-C after walnut
consumption compared with the control group, with no
differences in triglycerides and HDL-C.''®

Replacing foods high in saturates with unsaturated
fats in the diet has been shown to reduce LDL-C.** The
lipid-lowering effects of walnuts may be linked to their
ALA content, which has been demonstrated to enrich
LDL-particles, facilitating receptor-mediated LDL clear-
ance due to increased affinity of LDL particles to the
LDL receptor.'”” However, Mufoz and colleagures
found that this effect only explained 30% of the LDL de-
crease in their study,'’” pointing to additional mecha-
nisms. A more recent study reported that 6 weeks of
walnut consumption did not increase cholesterol efflux,
nor change circulating PCSKY, a protein involved in the
degradation of LDL receptors.”®

Roles for fiber and bioactive compounds such as
tocopherols, phenolics (which are concentrated in the
pellicle [seed coat/skin]''®*"'*°) and phytosterols within
walnuts, the latter of which can hinder intestinal choles-
terol absorption, have also been suggested.’”***
Indeed, observed reductions in LDL-C are reportedly
greater than would be predicted based on their fatty
acid profile alone®>'?’; so, due to their high nutrient-
density, walnuts may also impact on lipids by improv-
ing overall dietary quality, eg, by helping to increase fi-
ber intake, replacing less healthy foods. Significant
effects on blood lipids have been reported regardless of
whether walnuts were consumed as a snack or during a
meal.®" A recent umbrella review concluded that there
was moderate evidence that walnut consumption (ap-
proximate weighted mean dose 46 g/day or 16% of en-
ergy) results in a reduction in LDL-C of <0.20 mmol/L
(7.73 mg/dL), which was in line with results for whole-
grains (approximate weighted mean dose 90 g/day).'**

Measures of cardiovascular function. In the present re-
view, 3 out of 4 studies that contributed toward the vote
counting with respect to markers of cardiovascular
function favored walnuts; however, there was no overall
consistent direction of effect (sign test calculation result
P=0.625). Predominantly, the effects that contributed
toward this outcome group were measures of blood
pressure. Recent meta-analyses of RCT's have not found
that walnut-enriched diets lead to significant differences
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in systolic or diastolic blood pressure compared with
control diets.*®*”!?>!>* However, a health claim linking
a daily intake of 30 g of walnuts with improvements in
endothelium-dependent vasodilation was authorized
for use in the European Union in 2012 (and applies in
Great Britain post—Brexit).42 Indeed, recent meta-
analyses have found significant improvements in endo-
thelial function (predominantly measured using flow
mediated dilation).*>*"*®!*> Our review identified only
1 RCT with measurement of vascular function (walnut
dose 57-99 g/day), which reported no significant diet
effects on arterial stiffness (carotid-femoral pulse wave
velocity), augmentation index, or pulse transit time
(flow-mediated dilation, the focus of the authorized
European Union health claim, was not measured).®”
One cohort study we identified reported significantly
more favorable values for some heart function parame-
ters among walnut consumers compared with noncon-
sumers, which the authors deemed to be potentially
important for early detection of changes in left ventric-
ular diastolic function, though results for both groups
were within normal ranges.'”

Inflammation- and hemostatic-related factors. When
considering markers of inflammation and hemostatic-
related factors, results from 4 out of 6 studies that could
be included in the vote counting in the present review
favored walnuts; however, there was no overall consis-
tent direction of effect (result of the sign test calculation
P =0.688), and there appeared to be no relationship be-
tween dose and effect direction. These results are in line
with meta-analyses that reported no significant effects
of walnut consumption on CRP*”***" or TNF-q, IL-6,
inter-cellular adhesion molecule-1 (ICAM-1), or vascu-
lar cell adhesium molecule-1 (VCAM-1).%

Glucose metabolism. In relation to markers of glucose
metabolism, results from 4 out of 7 studies that could
be included in the sign test calculation in the present re-
view favored walnuts; however, there was no overall
consistent direction of effect (P=1.0). Similarly, 2 re-
cent meta-analyses reported that consumption of wal-
nuts did not result in significant changes in fasting
blood glucose, fasting insulin, HbAlc, and HOMA-
IR.'**'*7 A further meta-analysis also found no effects
on fasting blood glucose, fasting insulin, HbAlc, and
additionally assessed effects on leptin and adiponectin,
reporting a significant increase in both outcomes, with
significant heterogeneity among studies in both
cases.'”® Only 1 study included within the present re-
view measured adiponectin®® (reporting a positive effect
direction), and 2 measured leptin,*”*! with mixed find-
ings (1 reporting a positive, 1 reporting a negative effect
direction). Studies less than 12 weeks in duration may
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not be expected to detect a change in markers of glucose
control, eg, due to the rate of HbAlc turnover,'* In the
present review there is no clear pattern linking effect di-
rection with study duration, baseline BMI, or dose,
based on visual inspection of the effect direction plots.
In another systematic review, meta-regression also
found no significant relationship between markers of
glucose control and walnut dose or study duration as
continuous variables."*”

No cohort studies that investigated associations be-
tween walnut consumption and type 2 diabetes pub-
lished since 2017 were identified as part of the present
review. A meta-analysis of prospective cohort studies
found no association between consumption of total
nuts, tree nuts, or peanuts and type 2 diabetes inci-
dence, but a significant inverse association with peanut
butter was reported (RR 0.87; 0.77-0.98; 2 studies [fe-
male subjects only])."** The only study identified as
part of that review examining walnut consumption was
a 2013 analysis of data from the NHS that reported that
subjects consuming >2 servings/week had a 15% lower
risk of developing type 2 diabetes than those who never
or almost never consumed walnuts (fully adjusted
model including BMI) over 10 years of follow-up.'*'

Body weight and composition. A pooled analysis using
data from 3 cohorts of US healthcare professionals in-
cluded in our review suggested that increasing walnut
consumption was associated with less weight gain and
lower risk of moderate weight gain and becoming
obese.”> The same relationships have been noted in
other cohort studies for total nut consumption, includ-
ing the European Prospective Investigation into Cancer
and Nutrition (EPIC) study.'”> The Seguimiento
Universidad de Navarra (SUN) cohort study reported
that more frequent nut consumers had a significantly
lower risk of weight gain, but there was no association
with incident overweight/obesity.'”> In substitution
analysis by Liu and colleagues, it was estimated that eat-
ing 0.5 servings of walnuts instead of 0.5 servings of re-
fined grains, red meat, processed meat, desserts, French
fries, and chips (crisps) would be associated with less
weight gain.>

Conversely, our review found evidence from RCTs
that walnut consumption had a less favorable effect di-
rection on body weight and composition in comparison
with control diets (results from 6 out of 6 studies that
could be included in the sign test calculation favored
control, P=0.03125, see Figure 6 and Figure S8 in the
Supporting Information online). It is important to note
that many of the effects were very small in size (see
Table S9 in the Supporting Information online). None
of the reported (between-group) effects were statistically
significant (where statistics were reported) (Table S9 in
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the Supporting Information online). Furthermore, tak-
ing a closer look at the included studies, in 5 of the
8 studies reporting body weight data, both groups lost
weight compared with baseline. For example, in a
weight loss study employing subjects with a BMI of 32
(29-35) kg/m2 at baseline, the intervention plus walnut
group lost 3.5kg, and the intervention group lost 5.4kg
after 12 months.®* While greater weight loss is likely to
be advantageous in such a group, the weight loss in
both groups is potentially clinically relevant, because it
has been estimated that if all individuals who are over-
weight or living with obesity in the United Kingdom
lost 2.5 kg, this could save the National Health Service
£105 million over the next 5years'**; while 5% weight
loss is typically considered to be clinically meaningful
for individuals with obesity,'> there has been a shift in
the focus of messaging towards smaller amounts of
weight loss also being worthwhile.'*® In 2 of the studies
included in this review, the amount of weight loss was
identical between the 2 groups, in 2 studies the amount
of weight loss was greater in the control group, and in 1
study the amount of weight loss was greater in the wal-
nut-consuming group. In 2 studies, the walnut-consum-
ing group gained weight and the control group lost
weight; the walnut-consuming group gained 0.26 kg in
a 4-week study in which energy from walnuts was in ad-
dition to the usual diet,”® and the walnut-consuming
group gained 0.05kg in the 2-year WAHA study
employing older adults.”> In a 6-week study, both
groups gained weight (the walnut-consuming group
gained 0.34kg).”” Among the 5 studies that reported
data for waist circumference, in 3 studies waist circum-
ference reduced in both groups (albeit to a greater ex-
tent in the control group). In the WAHA study, waist
circumference increased in the walnut group (by
0.3 cm)®* and did not change in the control group, and
in 1 study waist circumference increased in the control
group and remained unchanged in the walnut group.
The WAHA study found small changes in BMI of
0.04kg/m* (0.01-0.07) in the walnut-consuming group
and 0.03 kg/m* (0.0-0.06) in the control group, respec-
tively.®>’® Recent meta-analyses have reported no effect
on mean body weight, BMI, waist circumference, fat
mass, or percentage body fat when comparing walnut-
containing diets with control diets’*>"*7  (see
Table2.”°>'**) In a network meta-analysis, subgroup
analyses including only RCT's designed to assess whether
nut consumption affected weight loss found that walnuts
were associated with a reduced percentage body fat'*®
(see Table 2). In a meta-analysis by Fang and colleagues,
benefit was seen on body weight, BMI, and waist circum-
ference, but not fat mass, after walnut consumption
among studies employing doses of up to 35g/day, but
doses <35 g/day were only employed in a minority of
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studies included both in this and our review.”
Furthermore, body weight was significantly reduced in
studies up to 50 weeks in duration, whereas there were
no significant relationships between study duration and
BMI, waist circumference, or fat mass.”

Walnuts are an energy-dense food, with a 43 g serv-
ing (the daily amount indicated by the approved US
health claim for walnuts reducing risk of CHD*) pro-
viding 296 kcal (1238 kJ).'® In our review, there did not
appear to be a relationship between whether or not the
walnut-enriched diet and the control diets were isocalo-
ric and effect direction for body weight and composi-
tion. However, actual dietary intakes (and level of
physical activity) of study participants can differ from
those prescribed according to the study design, and it
could be that in shorter-term controlled studies
increases in walnut consumption increase energy intake
temporarily before subjects adjust their intake of other
foods to compensate. For example, Bamberger and col-
leagues found subjects did not maintain an isocaloric
diet as recommended, but increased energy intake dur-
ing walnut consumption, yet body weight and waist cir-
cumference did not change (data not reported).81
Walnuts have been reported to have a 21% lower actual
metabolizable energy value compared with those found
in food composition tables,'*® thought to be due to
structural features limiting the accessibility of the lip-
ids,"”"*” which may distort the interpretation of the es-
timated energy intake from walnuts in relation to
weight loss (though large interindividual variability has
been reported in metabolizable energy values from
studies of other nut types'*>'*"). The WAHA study pro-
vided no advice on energy restriction to subjects con-
suming walnuts, apart from suggesting that missed
doses should be made up for the following day. While
energy intake was 228kcal/day higher in the walnut-
consuming group, it was 53 kcal lower than expected,
since 19% of the energy provided by other foods in the
diet was displaced,'** an effect that has previously been
noted in relation to walnut consumption.'*’

As well as their lower metabolizable energy and the
potential displacement of foods high in saturated fat
and sugar from the diet, other mechanisms proposed to
counteract any negative impact of walnut consumption
on body weight include their fiber and protein contents,
which may promote satiety,"** and their unsaturated fat
content, which may increase thermogenesis.'*> One
study included in the present review measured self-
reported satiety and eating attitudes and behaviors in
response to consumption of walnuts in the context of a
reduced energy diet.**** While there were significant
changes from baseline in almost all of the parameters
(as would be expected during a weight loss study), most
results were similar between the walnut-consuming and
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Table 2 Results from meta-analyses of RCTs investigating the effect of walnut consumption, and body weight and

composition
Body weight BMI Waist circumference Fat mass Percentage
body fat

Guasch-Ferré et al WMD: —0.12 WMD: —0.11

(2018)*’ (—2.12,1.88) kg (—1.15,0.92) kg/m?
Fang et al (2020)> WMD: 0.083 WMD: —0.40 WMD: —0.193 WMD: 0.28

(—0.032, 0.198) kg (—0.244, 0.164) kg/m2 (—1.03, 0.64) cm (—0.49, 1.06)%

Fernandez-Rodriguez  SMD: 0.03 SMD: 0.04 SMD: <—0.01 SMD: —0.16

etal 2021)" (—0.05,0.11) (—0.06,0.14) (—0.12,0.11) (—0.40, 0.09)

Abbreviations: BMI, body mass index; RCTs, randomized controlled trials; SMD, standardized mean difference; WMD, weighted mean

difference.

control groups. External locus of hunger was signifi-
cantly higher and fullness was significantly lower in the
walnut-consuming group, but the amount of weight
loss was similar (8.7 kg in the walnut-consuming group
and 8.8kg in the control group). Acute studies have
reported that satiety responses and energy intake at a
subsequent meal are similar after walnut-containing
meals versus a variety of comparators.'*>"** However,
interestingly, an RCT in subjects with obesity reported
a reduction in the quantity of food participants felt they
could eat, reduced hunger, and increased activation of
the right insula (an area of the brain providing repre-
sentations of taste concentration, pleasantness, and sati-
ety) in response to highly desirable food cues after
consuming walnut smoothies for 5days,'* indicating
that there may be more to discover in this area.

Metabolic syndrome. Findings with respect to MetS in-
cluded in the present review were mixed. The only
identified cohort study investigating MetS, carried out
in Iran, suggested a significant inverse association be-
tween walnut consumption and MetS.'” This is in line
with results from the SUN Spanish cohort study that
reported a significantly lower risk of developing MetS
among those consuming >2 servings of nuts/week
compared with those consuming nuts never or almost
never over 6years of follow-up.'*® While consuming
45g of walnuts/day for 16 weeks in a crossover RCT
among subjects with MetS in South Korea resulted in a
reversion rate of 51% and a reversion rate of 29%-53%
for individual MetS components compared with base-
line,” the 2-year WAHA intervention study found no
significant differences in MetS reversion or incidence.”®
This was in line with a 12-week RCT that reported no
difference in incidence or reversion of MetS when com-
paring outcomes for a walnut consumption group with
those for a control group.'”’ The PREDIMED study
also reported no difference in incidence of MetS be-
tween the Mediterranean diet plus nuts intervention
group vs controls after 4.8 years, but MetS reversion
was significantly more likely to occur in the interven-
tion group (based on original analysis).'”> The authors
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of the WAHA study proposed that their null findings
may be due to the older age of the subjects, since CVD
risk factors are more likely to worsen in later years, as
well as the fact that they did not ask subjects in the wal-
nut-consumption group to reduce their energy intake
in order to compensate.78

Markers of aging

Use of the telephone-based cognitive function inter-
views among participants of the NHS suggested that
higher long-term total nut intake was associated with
better average cognitive status for all cognitive out-
comes. The difference was approximately equivalent to
2 years of cognitive aging, but long-term intake of nuts
was not associated with rates of cognitive decline over
time, and there was no significant overall trend of in-
creasingly better cognitive performance specifically with
increasing walnut intake.'>> However, results suggesting
lower odds of physical function impairment™ and
higher odds of ‘healthy aging’'®* are interesting.

The WAHA study was the only recent RCT that ex-
amined the effect of walnut consumption specifically on
various markers of aging, collecting detailed informa-
tion related to cognitive decline after a 2-year interven-
tion in older adults. While there were no significant
differences in cognitive scores versus control in the
group as a whole (Barcelona and California centers),
post hoc analysis identified significant improvements in
global cognition and perception (but no differences in
memory, language, or frontal function) at the Barcelona
site, which was calculated to be equivalent to 1.24 years
of cognitive aging.*> Although there was an absence of
structural change, functional magnetic resonance imag-
ing (fMRI) examinations in a subset of the subjects at
the Barcelona center reported improvement in some
functional parameters (reaction time scoring and brain
activity in response to a task), but not all. The subjects
at the Barcelona center were less well educated and had
a lower baseline ALA status, which may explain these
results. Prior to 2017, an 8-week intervention study
(60 g walnuts/day) in young adults found a significant
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increase in inferential verbal reasoning, but no signifi-
cant differences in nonverbal reasoning or memory,'>*
and data from observational studies have suggested a
positive association between walnut consumption and
cognitive function among older adults.”>'*® There is
also some observational evidence that benefits extend to
younger age groups too.'”°

Overall, the cognitive improvements and a decrease
in short telomeres after 2 years of walnut consumption
found in the WAHA study,”® combined with results
from prospective cohort studies,””'®* point to some
promising findings in this area. However, more consis-
tency in the outcome measures used would make it eas-
ier to draw firm conclusions, particularly in relation to
cognitive decline.”®'*’

Mental health

One study identified within the present review assessed
mental health, although this was in the context of a
weight loss intervention, which may make it difficult to
detect any effects of walnut consumption (scores im-
proved over time in all groups).** There are a limited
number of additional human studies in this area that did
not meet the inclusion criteria for the present review, in-
cluding a cross-sectional analysis of National Health and
Nutrition Examination Survey (NHANES) data, which
reported that walnut consumers showed lower depression
scores compared with non-nut consumers.'”*'>

Gut microbiota

The impact of walnut consumption, and indeed other
of types of nuts, on the gut microbiota is emerging, but
to date there have only been a small number of human
studies published in this area.®"®* Increased microbial
diversity is thought to be associated with more favorable
health outcomes, with lower diversity often seen in dis-
ease states.'®” Of the 3 studies we identified, all reported
that there were no significant effects of walnut con-
sumption on alpha-diversity,*>**” with 2 reporting sig-
nificant effects on beta-diversity. A recent meta-analysis
found no significant impact of nut consumption on any
alpha-diversity metric overall.®" However, sensitivity
analysis revealed a significant effect on the Shannon in-
dex (an indicator of alpha-diversity) that was exclusive
to almonds, though the impact of almond consumption
on beta-diversity was inconclusive.”’ One short-term
study reported that alpha-diversity (indicated by the
Chaol index) significantly decreased after 3 days of wal-
nut consumption (33 g/day).'®"

Abundance of Roseburia and Clostridium seem to
be influenced by nut type. Two of the 3 studies identi-
fied as part of the present review reported significant
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increases in the abundance of Roseburia spp.””®” These
microbes ferment fiber, producing butyrate,'®> which is
thought to benefit host health'®® and can metabolize
fatty acids, including linoleic acid."®* Interestingly,
results of a recent meta-analysis investigating nut con-
sumption and the gut microbiota found that the overall
significant increase in Roseburia was being driven by
walnut studies.”’ Reduction of secondary bile acids,
which are associated with several diseases,'®>'*® by
Roseburia may be beneficial.”® While 1 study reported a
significant  increase in  the abundance of
Bifidobacterium spp.,”° a genus thought to be beneficial
for health,'”'®® another reported a significant de-
crease.”’ The area of gut microbiome research is rapidly
expanding, and there is still much to be discovered. If,
and how, any shifts in relative abundance of bacterial
phyla or species that may occur after dietary changes
would impact health remains to be determined.

Cancer

No new RCTs investigating the effect of walnut con-
sumption on cancer markers were identified as part of
the present review. A limited number of RCTs pub-
lished pre-2017 focused on prostate cancer. A small
study reported that phenolic metabolites can reach and
enter the human prostate gland after consumption of
35g/day of walnuts for 3days.'” However, neither
8 weeks’ consumption of 75g of walnuts/day nor con-
sumption of 35g of walnuts/day for 6 months signifi-
cantly reduced prostate-specific antigen concentrations
compared with control diets.'”””"”" A small study
(n=10) in women with breast cancer found that con-
sumption of ~56 g of walnuts/day for the ~2week pe-
riod between a diagnostic biopsy and subsequent
surgery modified gene expression in tumors in ways
that might be expected to slow proliferation, reduce in-
flammation, reduce metastasis, and increase cancer cell
death.'”* The authors stated that many of the genes that
were modified are promotional for all types of cancers,
suggesting a potential benefit beyond breast cancer
specifically.

The 2 analyses of data from cohort studies in Iran
and the United States identified as part of the present re-
view did not find significant associations between walnut
consumption and esophageal squamous-cell carcinoma or
hepatocellular carcinoma, respectively.'’>'” Similarly, a
recent analysis of data from the NHS and HPFS reported
that walnut consumption was not associated with cancer
mortality in multivariate-adjusted analyses.''* However,
Hashemian and colleagues did find that the highest tertile
of total nut consumption (tree nuts, peanuts, walnuts, and
seeds) was associated with lower risk of developing esoph-
ageal squamous-cell carcinoma compared with
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nonconsumers (HR 0.60, 0.39-0.93, P=0.02),'*° and Sui
and colleagues observed a significant inverse association
between tree nut intake and hepatocellular carcinoma risk
(HR 0.64, 95% CI 0.43-0.95)."* A 2021 meta-analysis of
observational studies reported that both total (tree nut
and peanut) and tree nut consumption were associated
with decreased risk of cancer.'”” This included 14% (38
studies) and 13% (7 studies) lower risk when comparing
the highest versus the lowest level of consumption for to-
tal and tree nuts, respectively. For cancer mortality, 13%
and 8% lower risk was reported when comparing the
highest versus the lowest level of consumption for total
and tree nuts, respectively.'”* Each 5 g/day increase in to-
tal nut consumption was associated with a 3% lower risk
of cancer overall (22 studies). There were significant in-
verse associations between total nut intake and risk of
pancreatic, lung, and colon cancer, but there were no sig-
nificant associations between total nut intake and risk of
esophageal, liver, colorectal, rectal, prostate, gastric, ovar-
ian, endometrial, or breast cancers or glioma, nor between
tree nut intake and risk of specific types of cancer.”*

Mortality

The only cohort study identified as part of the present
review examining the relationship between walnut con-
sumption and total mortality was carried out across 9
different middle- and high-income countries (the
PURE study) and reported a significant inverse associa-
tion.”® This result is in line with the PREDIMED study
(examined as an observational cohort), which found
that participants who consumed >3 servings of walnuts
per week at baseline had significant reductions in total
mortality risk of 45% compared with those who “rarely”
or “never” consumed nuts (fully adjusted model, in-
cluding adjustment for intervention group).’® In addi-
tion, a recent analysis of data from the NHS and HPFS
reported a HR for total mortality of 0.86 (95% CI 0.79-
0.93, P for trend <0.0001) and a greater life expectancy
at age 60 (41.30years in women and +1.26 years in
men) for those consuming >5 servings of walnuts/week
versus nonconsumers.''* Findings from the PURE and
PREDIMED studies also suggest that a higher intake of
total nuts was associated with a lower risk of mortality,
which is in line with several meta-analyses.™”*"'"”

Bone and muscle health, maternal health, and
oxidative stress

We did not identify any studies in the areas of bone and
muscle health, oxidative stress, or maternal health that
met the inclusion criteria for the present review, and
existing research investigating the effect of consuming
walnuts on these outcomes in humans is scant.'”%'%*
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Summary

The results of this review point to a considerable in-
crease in recent evidence in relation to walnut con-
sumption and cardiometabolic health. Taken together
with research published prior to 2017, it would appear
that the association with reduced CVD risk seen in large
cohort studies may be mainly attributable to their lipid-
lowering effects, in addition to improvements in endo-
thelial function. Evidence pointing to effects on blood
pressure, inflammation, hemostatic markers, and glu-
cose metabolism as yet remains conflicting. Evidence
from human studies showing that walnut consumption
may benefit cognitive health, which is needed to corrob-
orate findings from animal studies,"®>'*® is now begin-
ning to accumulate. Animal data points towards the
polyphenols and essential fatty acids within walnuts
conferring benefits, including neuroprotection (and
possibly acting synergistically), but research in humans
is inconsistent.”"'®” It has been suggested that crossover
in pathophysiology between CVD and neurodegenera-
tive disorders (oxidative stress, inflammation, and vas-
cular damage) makes dual benefit plausible.'®” Further
studies of the effects of walnut consumption on cancer
development and the gut microbiota are also warranted.

Limitations of this review

Despite having the advantage of producing an overview,
the vote counting based on the direction of effect
method that was used to synthesize the results within
this review has a number of limitations that must be ac-
knowledged. First, the method answers the question “Is
there any evidence of an effect?” rather than “What is
the average intervention effect?”, and so it provides no
information on the magnitude or statistical significance
of effects, and does not take into account differences in
the relative sizes of the studies. This means that in some
instances an effect direction relates to results showing
that the walnut intervention and control had a very sim-
ilar effect on a particular outcome (ie, the same direc-
tion, but with a very small difference in magnitude).
Second, the power of the sign test that is employed is
limited if the number of included studies is small. The
sign test is further limited by the requirement to ex-
clude studies with an overall mixed effect direction, ie,
only studies reporting >70% of effects in the same di-
rection can be included in the calculation, reducing the
number of studies included. Therefore, the effect direc-
tion plot has the strength of being able to represent all
studies included in a review that report data for a par-
ticular outcome group, but the sign test does not.®’”
Furthermore, while advantageous for making use of a
large quantity of data from a diverse range of similar
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Table 3 Macronutrient composition of different nut types

Nut type Energy (kcal) Protein (g) Carbohydrate (g) Fiber (g) Total fat (g) SFAs (g) MUFAs (g) Total PUFAs (g) LA (g) ALA (g)
(per 100 g)

Almond 554 21.2 5.3 12.5 49.9 3.8 315 12.3 123 Tr
Brazil 683 14.3 3.1 5.7° 68.2 174 224 254 254 0
Hazelnut 650 14.1 6.0 6.9 63.5 4.6 49.2 6.6 6.5 0.1
Mixed nuts 581 23.8 11.6 8.2° 49.1 7.7 27.2 11.8 NR NR
Peanut 564 25.8 12.5 8.2° 46.0 8.7 220 13.1 128 04
Walnut 688 14.7 33 4.7° 68.5 7.5 10.7 46.8 393 75

Sources: McCance and Widdowson’s composition of foods integrated dataset (Public Health England 20217°) and Fatty Acids: Seventh
Supplement to the Fifth Edition ?J McCance and Widdowson’s The Composition of Foods (Ministry of Agriculture Fisheries and Food
London [United Kingdom] 1998) . *Estimated from NSP fiber values. Abbreviations: ALA, alpha linolenic acid; LA, linoleic acid; MUFAs,
monounsaturated fatty acids; NR, not reported; NSP, nonstarch polysaccharide; PUFAs, polyunsaturated fatty acids; SFAs, saturated

fatty acids.

outcomes, grouping outcome measures may obscure
important individual outcome results from studies that
show mixed effects overall. In addition, differences in
the number of outcomes reported within a particular
group and therefore contributing to the overall effect
direction for each study are also worth considering in
the context of meeting the >70% threshold for assign-
ing a consistent direction of effect. We have therefore
set our findings in the context of other reviews.

A further limitation of this review is that some of the
identified studies, despite meeting our inclusion criteria,
were designed using dietary interventions to answer a
very specific research question, such as which component
of walnuts might be responsible for specific health effects
(ie, fatty acids, fiber, phenolic compounds)®>**>*” or to ex-
amine differences in bioactivity between marine and plant
n-3 fatty acids.”” Therefore, between-group comparisons
may have produced different findings from studies simply
comparing walnuts with simply “no walnuts.” In addi-
tion, we included results in the synthesis that were not
the primary outcome for the particular study and, in a
small number of cases, were also not listed by authors as
a secondary outcome, but were reported within the
results section of an article.

It is important to note that many of the outcomes
from the included RCTs were judged to be at high risk
of bias. When considering the evidence that was identi-
fied from cohort studies, it was often the case that the
main focus of the analysis was total nut consumption,
and so fewer results pertaining to walnut consumption
were available to inform the present review. This is a
consideration for future analyses of data from cohort
studies. While datasets from cohort studies are typically
adjusted for many dietary and lifestyle factors, residual
confounding cannot be completely ruled out
Furthermore, bias due to reverse causation cannot be
eliminated. In addition, measurement error in self-
reported dietary intake is possible, and social desirability
bias may be introduced when considering walnut intake
specifically. All of the included cohort studies assessed
nut intake using validated food frequency questionnaires
(FFQs), with 3 of the included articles citing a
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correlation coefficient of 0.75 for the specific FFQ
employed (for the NHS, NHS II, and HPES) relative to
diet diaries®>**'* and another reporting a correlation
coefficient of 0.54 and 0.39 in males and females, respec-
tively, relative to 24-hour recalls (for the Tehran Lipid
and Glucose study)'” for nut consumption. The
reported correlation coefficients are described as
“reasonable” and “good,” respectively by the authors,
due to the fact that differing classification systems are
used for their interpretation” ~ While FFQs have been
subject to some debate with regards to their methodo-
logical limitations in producing good quality dietary
data, they may have an advantage over 3-4 day diet dia-
ries for capturing foods such as nuts, which may be in-
frequently consumed. However, FFQs may be
problematic for use in particular groups (eg, older adults
with cognitive decline), who may have impaired ability
to complete a questionnaire.'”" As a result of drawbacks
with self-reporting food consumption, biomarkers of in-
take may be preferable. While ALA is present in signifi-
cantly higher amounts in walnuts compared with other
nuts and is used as a biomarker to assess compliance in
RCTs, rapeseed, and flaxseed oils also contain high
amounts of ALA. The use of multimetabolite biomarker
models is being explored as an objective method for
assessing walnut intake.''>'”* Data regarding the form
in which the nuts are consumed (eg, salted, roasted, etc)
is not always available from FFQs, and results from a
particular cohort may not be generalizable to other
groups. Finally, it is important to emphasize the fact that
the results presented here only relate to evidence from
articles published from January 1, 2017 to May 5, 2021.

CONCLUDING REMARKS

Nuts provide important nutrients, including fiber, un-
saturated fats, and micronutrients, as well as plant bio-
actives such as polyphenols (see Table3'>'® and
Table 4'°1%). Walnuts (in 100 g) are a source of iron,
zing, potassium, niacin, pantothenic acid, and fiber, and
they are high in vitamin E, thiamin, vitamin B6, folate,
biotin, magnesium, phosphorus, copper, and
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Total
polyphenols
(mg)a
287
244
671
NR
406
1574

Biotin
(hg)
64.0
11.0
76.0
66.1
72.0
19.0

(ng)
44
21
72
93
110
66

(mg)
25.6
7.2
25.0
12.8
10.1
39

0.14
0.31
0.59
0.51
0.59
0.67

Vitamin B6 Vitamin E  Folate
(mg)

Niacin
equivalent
(mq)
7.0
33
5.1
15.0
19.3
4.0

Riboflavin
(mg)
1.14
0.03
0.16
0.22
0.10
0.14

(mg)
0.21
0.67
043
0.89
1.14
0.40

254

Selenium  Thiamin
(ng)

1.0
1.8
1.2
1.1
1.0
13

(mg)

Calcium  Copper
269
170
140
94
60
94

(mgq)

(mg)
481

590
300
452
430
380

(mgq)
270
410
160
222
210

160
position of foods integrated dataset (Public Health England 2021'°) and Phenol-Explorer 3.6 (Rothwell et al. 2013, Phenol Explorer 2015)""™, ®Derived

733
660
730
696
670
450

Potassium Magnesium Phosphorus
(mg)

Zinc
(mg)
3.1
42
2.1
35
35
2.7

Iron

(per 1009) (mgq)
25
3.2
29
25
29

Table 4 Micronutrient composition and total polyphenol content of different nut types
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Sources: McCance and Widdowson’s com
from the Folin assay. NR, not reported.

Nut type
Almond
Brazil
Hazelnut
Mixed nuts
Peanut
Walnut

manganese.'® Currently in the United Kingdom, fiber
intake is low (19.7 g on average among adults aged 19-
64years'’), with only 9% of adults meeting the recom-
mendation to consume 30 g of fiber per day. While nuts
and seeds are sources of fiber, because of their relatively
low consumption they only contribute on average
around 2% of fiber in the United Kingdom diet."’
There is evidence that both healthcare professionals and
consumers'”"*> may have negative perceptions of nuts
(eg, due to their energy density), or have low awareness
of the potential health benefits or nutritional attributes
of nuts as part of a healthy balanced diet'**™"** (eg, car-
dioprotective effects and the fact that nuts are a good
source of fiber). Consumer studies have also identified
cost and dentition issues as barriers to nut consump-
tion."”” Furthermore, strong public health messages re-
lating to obesity and calories may have prevented
consideration of the overall nutritional quality of foods,
so they have been viewed simply in terms of their calo-
rific value,”®® which may also have had a negative im-
pact upon nut consumption. Evidence from
observational studies and intervention trials demon-
strates that eating nuts is associated with, and results in,
better diet quality,*>**'>°7 eg, lower intakes of sodium
and saturates, and higher intakes of dietary fiber and a
number of micronutrients. In the RCTs included within
this review, compliance in consuming walnuts (mea-
sured in most studies by self-report/return of empty
walnut packets, and confirmed in some studies by the
assessment of the red blood cell or plasma content of
ALA,63’91’94) was reported to be good, and walnuts were
generally well tolerated (apart from gastrointestinal up-
set in a small number of cases). Consistently favorable
effect directions across blood lipid measures were evi-
dent at doses of 40 g/day and above, with a minimum
duration of 3weeks (Figure S2 in the Supporting
Information online). However, it is worth considering
whether the higher doses used in some studies (eg, 57-
99 g/day) could reasonably be expected to fit within the
average person’s daily diet. Pooled analysis from 3 large
prospective cohort studies found that consuming wal-
nuts at least once per week (1 serving =28 g) was asso-
ciated with a lower risk of total CVD and CHD (though
no other analyses of cohort study data were identified
as part of this review for comparison). Previous meta-
analyses of RCTs as well as recent cohort studies in-
cluded in this review, report that consuming a walnut-
enriched diet has either no or favourable effects on
bodyweight, and whilst some of the synthesised RCT
data in this review suggested an unfavourable direction
of effect on weight compared to control, these effects
were small. Combined with the evidence for improve-
ments in blood lipids after walnut consumption, as a
healthier plant-based snack or component of main
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meals, walnuts can be incorporated as part of a more
plant-based healthy, balanced diet. There are a number
of key areas for future research on walnut consumption
and health outcomes. With the keen interest in healthy
aging, further research should investigate associations
between walnut intake and cognitive health, using
measurements that would allow for comparison be-
tween studies. Future studies are also needed to have a
clearer understanding of the impact of walnut con-
sumption on gut microbiota, incorporating clinical and
functional outcomes. Studies exploring health outcomes
linked to walnut consumption in children (including
the form of nuts and the amount) are warranted. As
well as information on total nuts, it would be useful if
future analyses of data from large cohorts also focused
on individual nut types in order to better tease out any
unique effects. Finally, it would be prudent to better un-
derstand the facilitators for and barriers to nut con-
sumption in different populations to inform potential
strategies for encouraging the consumption of nuts in a
healthy balanced diet.
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