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Abstract

Findings on the effect of walnut consumption on cardiometabolic profiles in individuals with abnormal glucose homoeostasis are conflicting.
We summarised earlier data in this regard. A systematic literature search of relevant reports published in Medline/PubMed, ISI web of Science,
EMBASE, SCOPUS and Google Scholar up to October 2020 was conducted. Randomised trials that enrolled individuals with abnormal glucose
homoeostasis in which the main intervention was walnut consumption were included. Abnormal glucose homoeostasis was defined as a spec-
trum of impaired glucose tolerance or pre-diabetic status that is associated with insulin resistance. Twelve studies were included in systematic
review and eight in meta-analysis. No significant effect of walnut consumption on anthropometric measures, including weighted mean differ-
ence (WMD: —0-13; 95 % CI —0-64, 0-39 kg), BMI (-0-08; 95 % CI —0-47, 0-32 kg/m?) and waist circumference (0-01; 95 % CI —0-50, 0-52 cm) was
observed. Although walnut intake did not influence on lipid profiles (including TAG, total- and HDL-cholesterol levels), individuals in the inter-
vention group tended to have lower levels of LDL-cholesterol than those in the control group (-=0-10; 95 % CI —0-20, 0-01 mmol/l; P = 0-06). Other
cardiometabolic factors including markers of glycaemic control (fasting blood glucose and HbA1C levels), blood pressure and stimulus-adjusted
response measure (a parameter of endothelial function) were not significantly affected. However, walnut consumption resulted in a significant
increase in flow-mediated dilation (FMD) (0-93 %; 95 % CI 0-16, 1-71 %). Summarising earlier evidence, we found that walnut consumption might
influence FMD and LDL-cholesterol levels in individuals with abnormal glucose homoeostasis. It did not affect other cardiometabolic profiles in
these individuals.
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Diabetes, a major public health problem, is affecting 422 million
people based on reports of the WHO®. Global Burden of
Disease 2050 identified that total diabetes prevalence (diag-
nosed and undiagnosed cases) is projected to increase from
14% in 2010 to 21% of the US adult®. The greatest increase
in rates will be seen in low- and middle-income countries, where
more than 80 % of diabetic deaths occur®. Diabetes is associated
with significant disability, increased dependency, reduced

quality of life and increased economic burden to healthcare
system™>,

Weight loss, regular physical activity and several dietary strat-
egies have been described for better management of
diabetes®”. Walnut is a nutrient-dense low glycaemic index
food, rich in nutrients, minerals, antioxidants and vitamins.
They contain relatively large amounts of monounsaturated fatty
acid (MUFA) and PUFA, particularly a-linolenic acid and linoleic

Abbreviations FMD, flow-mediated dilation; MUFA, mono-unsaturated fatty acid; SARM, stimulus-adjusted response measure; WC, waist circumference; WMD,

weighted mean difference.
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acid®?, Diets rich in MUFA and PUFA have favourable effects on
cardiometabolic health”, Earlier studies have shown that
consumption of these fatty acids resulted in weight loss, reduced
belly fat, reduced cholesterol levels and reduced risk of heart
disease and stroke!'"'>, Previous meta-analyses were designed
for different purposes, health status, cardiometabolic parameters
and even different kind of nuts""'~1>. In addition, walnut is a sati-
ating food with the potential to reduce energetic intake and
weight control, through which they might help controlling
diabetes'®. Although some studies have reported the beneficial
effects of walnut consumption on cardiometabolic profiles in
diabetes, the findings in this regard are conflicting. Katz et al.
reported no improvement in glycaemic control of forty-six
pre-diabetic people following daily intake of 56 g walnut for
2 months'P. In a randomised crossover controlled trial,
Ma et al. did not find any significant effects of daily walnut
consumption for 2 months on cardiometabolic profiles of
diabetic subjects"'”. Despite these contradictions, we are not
aware of any earlier study that summarised findings from
previous publications in patient with abnormal glucose
homoeostasis. This study was, therefore, performed to compre-
hensively review previous clinical trials about the effects of
walnut consumption on cardiometabolic profiles of individuals
with abnormal glucose homoeostasis to summarise earlier
findings through a meta-analysis.

Materials and methods

This systematic review and meta-analysis was performed
based on the Preferred Reporting Items for Systematic
Reviews and Meta-analysis guideline and submitted in
PROSPERO (CRD42019121890).

Search strategy

Previous studies on the effect of walnut consumption on cardi-
ometabolic profiles in individuals with abnormal glucose
homoeostasis were selected through searching in Medline/
PubMed, ISI web of Science, EMBASE, SCOPUS and Google
Scholar prior to October 2020. We used the following keywords
in our search: (walnut OR nut OR juglans OR pecan OR carya)
AND (‘diabetes mellitus’ OR diabetes OR pre-diabetes OR
diabetic OR ‘abnormal glucose homeostasis’ OR ‘abnormal
glucose tolerance” OR ‘glucose tolerance” OR ‘glucose homeo-
stasis” OR ‘glucose intolerance” OR hyperglycemia OR ‘glycemic
control” OR ‘insulin resistance’ OR ‘blood glucose’” OR ‘blood
sugar’ OR ‘fasting blood glucose’ OR ‘fasting plasma glucose’
OR ‘body weight OR overweight OR obesity OR ‘body mass
index’ OR BMI OR ‘abdominal obesity’ OR ‘morbid obesity’
OR ‘Waist Circumference’ OR ‘Waist-Hip Ratio’ OR ‘Body Fat
Distribution” OR ‘LDL cholesterol’ OR LDL OR ‘HDL cholesterol’
OR HDL OR ‘VLDL cholesterol’ OR VLDL OR triglyceride OR TG
OR ‘total cholesterol’ OR cholesterol OR hyperlipidemia OR
‘abnormal lipid profile’ OR ‘lipid profile’ OR ‘blood pressure’
OR hypertension OR ‘abnormal blood pressure’ OR ‘high blood
pressure’ OR ‘endothelial function” OR endothelium OR
‘abnormal endothelial function” OR ‘endothelial dysfunction”).
In PubMed, keywords were searched through (tiab) and

(MeSH) tags. No limitation was applied during the search. The
reference lists of retrieved papers were also examined to avoid
missing any published data.

Inclusion criteria

Two investigators independently selected the articles through
the mentioned search strategy. Publications that fulfilled the
following criteria were eligible for inclusion: (1) randomised
trials that enrolled individuals with abnormal glucose homoeo-
stasis; (2) studies in which the main intervention was consump-
tion of walnuts and (3) trials that reported the required effect
sizes for performing meta-analysis. Abnormal glucose homoeo-
stasis was defined as a spectrum of impaired glucose tolerance or
pre-diabetic status (individuals with the metabolic syndrome or
polycystic ovary syndrome or obesity with fasting glucose level
between 110 and 125 mg/dD that is associated with insulin resis-
tance as well as diagnosed type II diabetes mellitus (fasting
glucose higher than 126 mg/dl or the use of orally administered
antihyperglycaemic agents); (4) cardiometabolic indices such as
weight, BMI, waist circumference (WC), TAG, total cholesterol,
LDL-cholesterol, HDL-cholesterol, fasting blood glucose,
HDbAIC, systolic blood pressure, diastolic blood pressure,
flow-mediated dilation (FMD) and stimulus-adjusted response
measure (SARM) were considered.

Exclusion criteria

We excluded letters, comments, reviews, meta-analyses,
ecological and animal studies. In total, 5207 articles were found
in our initial search. After screening, 5055 studies were excluded
on the basis of title and abstract. We further excluded 140 papers
because of the following reasons: (1) those that examined the
effect of walnut consumption in healthy or hyperlipidaemic
subjects (72 35); (2) publications in which no effect sizes were
reported (12 5); (3) those that examined the effect of total dietary
patterns or Mediterranean dietary pattern rather than walnut
consumption alone (72 15); (4) studies that examined intakes
of mixed nuts rather than walnuts (1 19); (5) documents that
assessed the effects of walnut oil or walnut leaf extract consump-
tion (72 18) and (6) those that had observational design (cohort,
case—control or cross-sectional design) (12 48). After these exclu-
sions, fourteen papers remained for the current systematic
review.

However, as publications by Schutte et al. (2006) and
Mukuddem-petersen (2007) had reported findings of the same
study, we only included the latter study in our analysis. This
was the case for most variables of interest, but for BMI and
WC, Mukuddem-petersen (2007) did not report any findings,
while Schutte et al. (2006) had reported. Therefore, we extracted
data for BMI and WC from the study of Schutte et al. (2006). In
addition, the study of Tapsell et al. (2004) and Tapsell et al.
(2009) had been done on the same participants. Therefore,
we excluded the document published in 2004 and included
the one published in 2009. Again, BMI was only reported in
Tapsell et al. (2004) and not in Tapsell et al. (2009).
Therefore, with regard to BMI, we used data from Tapsell
et al. (2004). The study of Kalgoanker et al. (2011) had no control
group and we excluded this publication from the meta-analysis.
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References identified in initial search (n 5207)
(PubMed=: 1149, Scopus: 1354, ISI web of Science=1548,
EMBASE=1165)

Identification

Records excluded (n 5055)

—1 Reasons for exclusions:

duplication=1875

animal studies, cellular studies, interventional studies,
reviews, letters, comments, meta-analyses, ecological
studies=3180

Full-text articles assessed for detailed review (n 152)

Screening

Full-text articles excluded (n 140):

Healthy or hyper-lipid emic participants (n 35)
Dietary patterns or Mediterranean diets (n 15)

I Walnut oil or walnut leaf extract consumption (n 18)
Mixed nut (n 19)

Observational studies (n 48)

No effect sizes were reported (n 5)

Eligibility

Studies included in systematic review (n 12)

Studies included in the meta-analysis (n 8)

Included

Fig. 1. The flow diagram of study selection.

The duration of intervention in the study of Brennan et al. (2010)
was only 4 d. Therefore, we excluded this study from the meta-
analysis due to its very short intervention as well as very different
design from other publications. After these exclusions, eight
papers remained for the current meta-analysis (Fig. 1).

Data extraction

For each eligible study, the following information was extracted:
first author, year of publication, study design, country, age range,
sex, sample size (number of participants in each group),
participants’ health status, type of intervention, duration of
intervention, the dose of walnut intake in intervention group,
assessment of compliance, outcome variables and their
assessment method, mean change and standard deviation of
the cardiometabolic factors in intervention and control groups
and covariates adjusted for.

Quality assessment

The Cochrane Collaboration Risk of Bias tool was used to assess
the quality of all relevant randomised controlled trials based on
the following domains: random sequence generation, allocation
concealment, blinding of participants and outcome assessment,
incomplete outcome data, selective outcome reporting and other
sources of bias.

Statistical methods

Mean differences and sp of anthropometric measures as well as
cardiometabolic parameters, comparing walnut consumption
with control diets, were used to calculate the overall effect sizes.

When mean differences and sp were not reported, we calculated
them by considering changes in each parameter throughout
the study. Some studies reported mean differences and
95 % CI. We converted 95% CI to sp using relevant formulas.
In addition, weight, fasting blood glucose concentrations and
levels of lipid profiles were reported in different units across
the studies. We converted them to the same units. The overall
effect size was calculated using a random effects model, which
takes between-study variation into account. Cochran’s Q test and
P statistic were used to assess between-study heterogeneity.
In addition, we used subgroup analysis to detect probable
sources of heterogeneity with the use of a fixed effects model.
Subgroup analysis was performed based on participants’
conditions (the metabolic syndrome v. type II diabetes), type
of dietary intervention (restricted diets v. ad libitum diet), dura-
tion of intervention (more than 6 months v. less than 6 months),
location (USA v. others) and dosage of intervention (more than
56 g v. less than 56 g). Restricted diet was defined as a diet limited
in energy or fat. Sensitivity analysis was used to explore the
extent to which inferences might depend on a particular study
or group of studies. Publication bias was examined by visual
inspection of funnel plots and the application of Egger’s and
Begg’s tests. All statistical analyses were conducted using
Stata, version 14-2 (StataCorp). P values < 0-05 were considered
significant.

Results
Findings of systematic review

Characteristics of twelve studies on the effect of walnut
consumption on cardiometabolic profiles in individuals with
abnormal glucose homoeostasis are presented in Table 1.
These studies were published between 2004 and 2017. Nine
publications were reported from American countries!h1%14-20),
two from South Africa??? and the other one from
China®. Age of participants was between 20 and 75 years.
All studies were done on both sexes, except for one study
that considered only women"®. Sample sizes varied from
eleven to ninety-four in the intervention group and twelve to
ninety-five in the control group. In six studies, participants
had the metabolic syndrome!101921-29  four were done on
type II diabetics'*1>1729 one on women with polycystic ovary
syndrome® and the other one on obese people!'?. Duration of
intervention was varied from 4 d to 12 months. Two studies had
only recommended daily walnut consumption without any
dietary recommendations"'®?” while other studies had dietary
recommendation with amount of walnut intervention. The
amount of walnut varied from 26 to 108 g/d across studies.
Nine of previous publications reported data of HDL-cholesterol
and TAG, eight about weight, fasting blood glucose, LDL-
cholesterol and total cholesterol, six about BMI, HbA1C and
blood pressure, five about WC, four about SARM and three about
percentage of body fat and FMD. Findings of nine of previous
articles in different parameters were significant. Almost all
included studies had high quality levels based on used the
Cochrane Collaboration Risk of Bias tool. Details of publications’
findings are reported in Table 1.
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Table 1. Characteristics of studies included in the systematic review

Sample size (control/interven-

Intervention
Findings (endpoint
v. baseline OR

Control findings
(endpoint v. base-

Authors (year) RCT design Country Age Sex tion/third group) Participants Duration Intervention Dosage Control Dosage Presented data MD + sp) line OR MD + sp)

Tapsell (2004) Randomised USA 54+87,35-75 F/M 58 (21/17/20) Control: low fat Type 2 diabetes 6 months Low fat diet 309 Low fat diet&&&&& Weight (kg) 86-33+13.07 v. 8227 +1-67 v.
controlled diet Intervention: low fat + 30 (8368 kj 87-61+12:83 81.87+11.19
parallel g walnut Third group: low fat (2000 kcal)/
design -+ exchange list 30 % fat) +

walnut Diet
history+3-d
food record
BMI (kg/m?) 30-26 +3-84 v. 29:42+2:80 v.
30-72+3-85 2922 +2.60
Percentage body 34.00+8-97 v. 32:39+8-21 v.
fat (%) 34-48 +9-12 31.23+8-05
HBA1C (%) 6-89+0-82 v. 675+0-88 v.
6:94+1.22 6-56 + 0-80
TC (mmol/l) 4.02+077 v. 4.90+1.08 v.
411+0-81 4.79+0-82
LDL (mmol/l) 1.95+0.75 v. 269+1-49 v.
217+1.31 2:70+1-56
HDL (mmol/l) 1.30+0:62 v. 1.25+0-27 v.
110+0-24 111£0-22
TAG (mmol/l) 1.70+0-68 v. 213+071 v.
190 £0.74 218+0-82

Schutte (2006) Randomised South Africa 45+ 10, 21-65 F/M 62 (21/20/21) Control: diet The metabolic 8 weeks 20 % energy 63-108 g Diet . WC (cm) —0-70 £1.71 —0-60 +0-44
controlled Intervention: diet + walnut syndrome (The walnut FFQ
parallel Third group: diet + unsalted ATP Il criteria)
design cashews 888&8&

BMI (kg/m?) —020+0-11 —-0-10+0-11
HDL (mmol/l) —0-03 £0:02 007 +0:02
TAG (mmol/l) —0-05+0-0 015+0-12
FBG (mmol/l) 0-2+0-64 -0-29 +0-42
Blood pressure Si-1.8+2.14 1-8+2:09
(mmHg)
D:0-8 +1.82 0-5+0-66

Mukuddem- Randomised South Africa 45+ 10, 21-65 F/M 64 (22/21/21) Control: diet The metabolic 8 weeks 20 % energy 63-108 g Diet - Weight (Kg) -0-22 (-0-87,0-44) -0-51+-1-19,0-17

petersen controlled Intervention: diet + walnut. syndrome (the Walnut FFQ

(2007) parallel Third group: diet + unsalted ATP Il criteria)

design cashews
FBG (mmol/l) 0-40 (<0-60, 0.70)  —0-75 +—1-40,0-80
TC (mmol/l) —0.03 (-0-30,0.37)  0.07 +—0-06, 0-60
HDL (mmol/l) —0-03 (-0-10,0-04) 0:06+0, 0-11
LDL (mmol/l) 0-18 (-0-21, 0-50) 0-19+-0-11,0-46
TAG (mmol/l) —0-04 (-0-35,0-27) 0-11+-0-16,0-38
Blood pressure S:2:21 (-1.74,6-16)  1.74 +-2.45,5.92
(mmHg)
D:1-21 (-2-39, 0-48 +-3-11, 4.07
4.81)

Tapsell (2009) Randomised USA 54+87,35-75 F/M 35 (17/18) Control: low fat diet Type 2 diabetes 12 months Low fat diet 30g Low fat diet . Weight (Kg) 92.0+17-1 v. 92.3+138 v.
controlled Intervention: low fat diet + (8367 kj 94-3+181 93-.9+14.7
parallel walnut (2000 kcal)/
design 30 % fat) +

walnu-
188&&&&&-
&&&Diet
history+3-d
food record
Percentage body 42:3+93 38.0+58 v.
fat (%) v.43.0+9.0 381:64
FBG (mmol/l) 89+28v. 76+21v.
88+24 84+26
HBA1C (%) 71£15v. 67+15v.
7.3+12 (n 16) 7.04+17
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Table 1. (Continued) <
)
Intervention
Findings (endpoint Control findings
Sample size (control/interven- v. baseline OR (endpoint v. base-
Authors (year) RCT design Country Age Sex tion/third group) Participants Duration Intervention Dosage Control Dosage Presented data MD + sp) line OR MD = sp)
Katz (2012) Randomised USA 30-75 F/M 40 (18/22) Control: ad libitum The metabolic 8 weeks Ad libitum diet + 56 g Ad Libitum diet - Weight (Ib) 04+37 —2.0+54
controlled diet Intervention: ad libitum syndrome (the walnut
single-blind diet + walnut ATP |ll criteria)
crossover
(washout
time: 4
weeks)
BMI (kg/m?) 01+06 -03+08
WC (cm) —07+37 —03+24
Blood pressure S:-26+11.0 1.2+10-7
(mmHg)
D:-36+188 -06+77
FBG (mg/dl) —02+88 ~15+68
TC (mg/dl) 054232 03+216
LDL (mg/dl) 0-4+22.9 —0-4+20-0
HDL (mg/dl) -01+65 02162
TAG (mg/dl) —4.5+42.0 4.3+44.9
FMD (%) 1424 03+15
SARM 0-02 +0-06 0-00+0-03
DJousse (2015) Randomised USA +30, FM 26 Type 2 diabetes 12 weeks Walnut 269 - - Reactive hyper- 0-73+0-07 v. 0-63+0-07 v.
controlled 64.8+11-6 emia index 0-64+0:13 044 +0-13
trial
Nijike (2016) Randomised USA 25-75 F/M 52 (26/26) Control: energy- The metabolic 6 months Energy-adjusted 56 g Energy-adjusted diet - BMI (kg/m?) —0-14+£223 -0-33+222
controlled adjusted diet Intervention: syndrome (the diet + without walnut
modified energy-adjusted diet + ATP Ill criteria) walnut T
Latin walnut pre-diabetes .
square E
N
parallel =
WC (cm) —2.40 + 4.67 -3.30+4-82 5
FBG (mg/dl) 1754729 ~0.33+542 g
Percentage body 076 + 3-88 0-95+4-48 + >
fat (%) S
HBA1C (%) 0.05+0-14 0-06+0-14 i
TC (mg/dl) —16:04 +27-34 —9-42+19.85
LDL (mg/dI) —14.52 + 2411 -9-79+15-87
HDL (mg/dl) -1.33+7.95 -012+835
TAG (mg/dl) ~1.15+34.34 2.44 + 3960
Blood pressure D: 0-46 +6:42 0-60+7-36
(mmHg)
S:—0-46+11.20 2:38+13-33
SARM 0-07 +0-26 0-05+017
FMD (%) 1.94+3.76 1.54+4.31
49 (26/23) Control: ad libitum Ad libitum diet + 56 g Ad libitum diet without BMI (kg/m?) 017 +1-25 -0-30£1-75
diet Intervention: ad libitum walnut walnut
diet + walnut
WC (cm) -1.28+4.84 -1-89 £4-11
Percentage body 1.98 +8-16 0-84+328
fat (%)
FBG (mg/dl) 002 +9.67 —-1.08 +7:27
HBA1C (%) 0-10+0-21 0.04+017
TC (mg/dl) —12.51+£22.49 -11.14+£21.78
LDL (mg/dl) —12:39+17.82 —11.84+£19:10
HDL (mg/dl) -1.08 +6-83 -0-24 +896
TAG (mg/dl) 4-53 +53-69 4-57 +48-89
Blood pressure S:0-51+17-86 1-98 + 12.09
(mmHg)
D:0-82+7.77 1.80 £8-41
SARM —0-01+0-11 -0-02 +£0-07
FMD (%) 2:21+4.01 1-44 + 3-60
Neale (2017) Randomised USA 429+83 F/M 66 (60/23) Control: diet Obese 12 months Diet + walnut 30g Diet - Weight (kg) —4-60 (-10-70, —2-40 (-7-70,
controlled Intervention: diet+ walnut —-1-20) —0-90)
trial

PCOS, polycystic ovary syndrome; TC, total cholesterol; WC, waist circumference; FBG, fasting blood glucose; FMD, flow-mediated dilation; SARM, stimulus-adjusted response measure.
Findings in red colour were significant P value < 0.05.
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(a)
Forest plots for the effect of walnut consumption on weight

First Author (Year) Mean Difference (95 % Cl) Weight %

Mukuddem-petersen (2007) 0-29 (-0-65, 1-23) 1813

Tapsell (2009) —

~0-70 (-1-33,-007)  27-39
Ma (2010) —0-60 (—2+83,1:63)  4:80
Wu (2010) —~— -0-10(-0-50,0:30) 3622
Katz (2012) 1-09 (-0-24, 2:42) 11:33
Neal (2017) -2:20 (-565,1:25) 213

Overall (I-squared = 42:3%, p = 0:123) < —0:13 (-0-64, 0-39) 100-00

-5-65 0 5-65

(©

(b)

Forest plots for the effect of walnut consumption on BMI

First Author (Year) Mean Difference (95 % Cl) Weight %

Tapsell (2004) - —0-66 (~0-75,-0'57) 2541
Schutte (2006) , - ~0-10 (-017,-003) 2553
Ma (2010) : -0-30 (-1-25,065) 1030
Katz (2012) — 0-40 (-005, 0-85)  19:37

Njike1 (2016) 0-19 (-1:02, 140) 755

Njike2 (2016) 0-47 (-0-37,1-31)  11-84

Overall (I-squared = 95-7%, p = 0-000) <>

—0-08 (-0-47,0-32)  100-00

T T
14 0 14

Forest plots for the effect of walnut consumption on Waist Circumference

Mean Difference (95% Cl) Weight %

-0-10 (-0-87,0-67) 43-77

First Author (Year)
I
Schutte (2006) —_—
Ma (2010) I
Wu (2010) —_—
Katz (2012) —_—

Njike1 (2015)

—0-30 (-4'52,3:92) 1:47
0-07 (-0-74,0-88)  39-53
~0-40 (-2-30, 1:50)  7-22

0-90 (-1-68, 3:48) 393

Njike2 (2015) —_—t 0-61(-192,314) 408
Overall (I-squared = 0-0%, p = 0-965) 0-01(-0-50,0:52)  100-00
T T
452 0 452

Fig. 2. Forest plots for the effect of walnut consumption on (a) weight, (b) BMI and (c) waist circumference, expressed as mean differences between intervention and the

control diets.

Findings of meta-analysis

Anthropometric measurements. Combining effect sizes
from six studies, we found no significant effect of walnut
consumption on weight (weighted mean difference (WMD):
-0-13 kg; 95% CI —0-64, 0-39 kg, P=0-628, P =42-3%) and
BMI (WMD: —0-08 kg/m% 95% CI -0-47, 0-32 kg/m?
P=0-704, * =957 %). In addition, walnut intake did not influ-
ence WC, pooling six effect sizes from five studies (WMD:
0-01 cm; 95 % CI —0-50, 0-52 cm, P=0-966, *=0-0 %) (Fig. 2).
In an analysis to find the source of heterogeneity, we observed
that participants’ conditions and type of dietary intervention
explained the source of heterogeneity; such that walnut
consumption reduced BMI in type II diabetic patients (WMD:
-0-66 kg/m% 95% CI -0.74, -0-57 kg/m% P<0-0001)
and restricted dietary approach (WMD: -0-31 kg/mz; 95 %
CI -0-82, —0-20 kg/m?, P< 0-0001) (Table 2).

Lipid profiles. Combining effect sizes from six studies, we did
not find any significant effect of walnut intake on lipid profiles;
including TAG (WMD: 0-02 mmol/l; 95 % CI -0-14, 0-18 mmol/I,
P=0-79, P = 46-9 %), total cholesterol (WMD: 0-05 mmol/l; 95 %
CI -0-10, 0-19 mmol/l, P=0-52, P> =38-6%), HDL-cholesterol
levels (WMD: -0-03 mmol/l; 95% CI -0-07, 0-02 mmol/I,
P=0-21, > =0-0 %); however, a trend towards significant effect

on LDL-cholesterol was observed (WMD: —0-10 mmol/l; 95 % CI
-0-20, 0-01 mmol/l, P=0-06; P = 23-9 %) (Fig. 3). We performed
subgroup analysis to investigate the source of heterogeneity.
Location, duration of intervention, participants’ conditions and
type of dietary intervention explained between-study hetero-
geneity; such that walnut consumption reduced LDL-cholesterol
in studies from the USA (WMD: -0-15 mmol/l; 95 % CI -0-24,
—-0-07 mmol/l, P<0-0001, 2=0-0%), those with a more than
6 months of intervention (WMD: —0-18 mmol/l; 95 % CI —0-25,
—-0-11 mmol/l, P<0-0001, P=1-9%), studies performed on
diabetic patients (WMD: -0-18 mmol/l; 95% CI -0-30,
—-0-05 mmol/l, P=0-008, »=19-0%) and studies that used a
restricted dietary approach (WMD: -0-19 mmol/l; 95%
CI —0-26, —-0-12 mmol/l, P < 0-0001, 2 =0-0%) (Table 3).

Other cardiometabolic factors. Combining seven effect sizes,
we found that walnut consumption did not significantly influ-
ence on fasting plasma glucose (WMD: —0-04 mmol/l; 95 % CI
—0-30, 0-21 mmol/l, P=0-73, P =74-6%) and HbAIC levels
(WMD: 0:02%; 95% CI —0-04, 0-07%, P=0-59, =0-0%)
(Fig. 4). To investigate the source of heterogeneity, we
performed subgroup analysis. Despite lack of a significant effect
on glycaemic indices in any subgroup, participants’ conditions
and type of dietary intervention explained between-study
heterogeneity (Table 4).
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Table 2. Results of subgroup analysis for the effect of walnut consumption on BMI
(Mean differences and 95 % confidence intervals)

No. of effect sizes Mean difference 95 % CI P (%) P heterogeneity
Overall 6 —0-08 -0-47, 0-32 95.7 <0-0001

Duration of intervention

2 months 3 0-03 —0-34,0-41 591 0-086

6 months 3 -0-10 —0-96,0-75 769 0-013
Intervention amount

>569 5 -0-02 -0-67,0-64 86-4 <0-0001

>569 1 -0-10 -0-17,-0-03 - -
Location

USA 5 -0-02 —-0-67,0-64 864 <0-0001

South Africa 1 -0-10 -0-17,-0-03 - -
Participants

The metabolic syndrome 4 0-14 -0-22, 0-51 54.4 0-087

Type 2 diabetes 2 —0-66 -0.74,-0-57 0-0 0-461
Dietary intervention

Ad libitum diet 3 0-31 —0-05, 0-68 00 0-394

Restricted diets 3 —-0-31 -0-82, —0-20 98- <0-0001

(a) (b)

Forest plots for the effect of walnut consumption on Triglyceride Forest plots for the effect of walnut consumption on Total Cholesterol
First Author (Year) Mean Difference (95% CI) Weight % First Author (Year) Mean Difference (95% Cl) Weight %
Mukudde-petersen (2007) : ~015(-056,026)  10-54 Mukuddern-petersen (2007) : —010(-097,077)  2:59
Tapsell (2009) N 030 (0-13,0:47) 2438 Tapsell (2009) PO 020 (013, 0-27) 3820
Ma (2010) -0-11(-053,031) 1018 Ma (2010) . —_—T ~0-13(-054,028) 967
Wu (2010) : ~003(-063,0:57) 589 Wu (2010) — 012(-024,048) 1155
Katz (2012) —_— ~0110(-041,021) 1508 Katz (2012) -002(-038,034) 1158
Nike1 (2015) —_— ~004(-027,019)  19:88 Niike 1 (2015) ~017(-051,017) 1278
Nijike2 (2015) o 0:00 (-0-33, 0-33) 14:05 Nijike2 (2015) -0:03(-0-35,029) 1365
Overall (I-squared = 46:9%, p = 0-079) <> 002 (014, 0-18) 100-00 Overall (I-squared = 38-6%, p = 0-135) 005 (~0-10, 0-19) 100-00
T T T T T
—633 0 633 -969 0 969
(©) (d)
Forest plots for the effect of walnut consumption on LDL Cholesterol Forest plots for the effect of walnut consumption on HDL Cholesterol
First Author (Year) Mean Difference (95% Cl) ~ Weight % First Author (Year) Mean Difference (95% Cl) ~ Weight %
Mukuddem-petersen (2007) " —0-01 (-0-46, 0-44) 476 Mukudd pete (2007) i -0-09 (-0-18, -0-00) 24-29
Tapsell (2009) — 020 (-0:27,-013) 4658 Ma (2010) -0-07 (-0-22,0:08) 848
Ma (2010) . : 0:00(-035,0:35) 776 Wu (2010) ' e e — 0-03(-0-06,0-12) 2148
Wu (2010) : 0110 (-019,039)  10:31 Katz (2012) — 0:00(-0-10,0-11)  17-64
Katz (2012) 002(-032,036) 783 Njike 1 (2015) —* -0-03 (-0-14,0:09)  14-09
Njke1 (2015) e e ~012(-041,017) 1073 Njike2 (2015) — ] 0:02(-0:14,0:09)  14:02
Njke2 (2015) e E— -001(-028,026) 1203 i
Overall (I-squared = 23-9%, p = 0-247) <> 010 (-020,0:01) 10000 Overall (I-squared = 0-0%, p = 0-535) <>> ~0-03 (-0-07,0:02) 10000
T T T T
485 0 -465 ~218 0 218

Fig. 3. Forest plots for the effect of walnut consumption on (a) TAG, (b) total cholesterol, (c) LDL-cholesterol and (d) HDL-cholesterol, expressed as mean differences
between intervention and the control diets.

In terms of blood pressure, walnut intake did not affect when we pooled six effect sizes from five studies (Fig. 5).
systolic (WMD: —0-66 mmHg; 95% CI —3-28, 1.96 mmHg, However, walnut intake significantly increased FMD (WMD:
P=0-62, FP=19-7%) and diastolic blood pressure (WMD: 0-94%; 95% CI 0-16, 1-71 %, P=0-019, = 0-0%,). Combining

0-44 mmHg; 95% CI —1-27, 2-14 mmHg, P=0-62, ?=0-0%) four effect sizes from three studies, we failed to find any
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Table 3. Results of subgroup analysis for the effect of walnut consumption on lipid profile

(Mean differences and 95 % confidence intervals)

No. of effect sizes Mean difference 95 % CI P (%) P heterogeneity
TAG 7 0-02 -0-14,0-18 469 0-079
Duration of intervention
<6 months 4 -0-11 -0-31,0-21 0.0 0-991
> 6 months 3 0-11 —0-14,0-35 69- 0-039
Intervention amount
>56¢9 0-04 —-0-13,0-21 50-0 0-075
>56¢g 1 -0-15 —-0-54,0-26 - -
Location
USA 5 0-04 -0-15,0-23 59-3 0-043
Others 2 —0-11 —0-45,0-23 0-0 0-747
Participants
The metabolic syndrome 5 —0-06 -0-20, 0-09 0-0 0-981
Type 2 diabetes 2 0-14 —-0-25,0-53 682 0-076
Dietary intervention
Ad libitum diet 3 -0.07 -0-26, 0-13 0.0 0-884
Restricted diets 3 0-07 -0-21, 0-36 74.2 0-021
Healthy lifestyle counselling 1 -0-03 -0-63, 0-57 - -
Total cholesterol 0-05 -0-10, 0-19 386 0135
Duration of intervention
<6 months 4 —0-01 -0-22,0-20 0-0% 0-831
> 6 months 3 0-05 -0-20,0-29 676 0-046
Intervention amount
>56¢ 0-04 —-0-11,0-20 469 0-094
>56¢g 1 -0-10 -0-97,0.77 - -
Location
USA 5 0-02 -0-17,0-20 81.7 0-053
Others 2 0-09 —-0-25,0-42 0.0 0-647
Participants
The metabolic syndrome 5 -0-03 -0-20, 0-13 0-0 0-852
Type 2 diabetes 2 0-10 —0-20,0-40 59-4 0-116
Dietary intervention
Ad libitum diet 3 —-0-05 —-0-26, 0-15 0-0 0910
Restricted diets 3 0-05 -0-25, 0-34 59.2 0-086
Healthy lifestyle counselling 1 012 -0-24, 0-48 - -
LDL-cholesterol —-0-09 -0-20,0-01 239 0-247
Duration of intervention
<6 months 4 0-04 -0-13,0-21 0.0 <0-0001
> 6 months 3 -0-18 —0-25,-0-11 1.9 0-0002
Location
USA 5 -0-15 —0-24,-0-07 75 0-364
Others 2 0-07 -0-18,0-31 0-0 0-690
Participants
The metabolic syndrome 5 —0-01 -0-15, 0-13 0-0 0-888
Type 2 diabetes 2 -0-18 —0-30,-0-05 19-0 0-267
Intervention amount
>56¢ —-0-09 —0-20,0-03 331 0-188
>569 1 -0-01 -0-46,0-44 - -
Dietary intervention
Ad libitum diet 3 0-01 -0-18,0-18 0-0 <0-0001
Restricted diets 3 -0-19 -0-26,-0-12 0-0 <0-0001
Healthy lifestyle counselling 1 - -

significant effect of walnut consumption on SARM (WMD:
0-01%; 95% CI —0-01, 0-04%, P=0-24, P=0-0%) (Fig. 6).
Endothelial function was measured as flow dilation (FMD), the
percentage change in the diameter of the brachial artery from
before the cuff swelling to 60 s after the cuff release. In addition
to the arm diameter at 60 s after cuff release, the current after the
cuff inflated for the first 15 s was used as an indicator of stimulus
strength, the overflow current was the stimulus for endothelial
reactivity. To account for potential variability in stimulus
strength, FMD was divided by flow at 15 s after cuft deflation
to create a SARM'7,

Sensitivity analysis

To investigate the influence of each individual study on the
overall findings, we excluded studies from the analysis, stage
by stage and found no significant impact of any individual study
on the overall effect sizes.

Publication bias

The funnel plots indicated moderate asymmetry, suggesting that
publication bias cannot be completely excluded as a factor of
influence on the present meta-analysis (data not shown).

ssaud Aisianun abpliquied Aq auluo paysiiand 17001251 LL000S/Z10L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114521004414

ot

British Journal of Nutrition

1046 H. Malmir et al.
(@) (b)

Forest plots for the effect of walnut consumption on Fast Blood Glocuse Forest plots for the effect of walnut consumption on HbA1C

First Author (Year) Mean Difference (95% Cl) Weight %
§ First Author (Year) Mean Difference (95%CI) Weight %
Mukuddem-petersen (2007) * 115 (<012, 2442)  3:46 ‘
Tapsell 2009) —&— 070 (-1:00, -0°40) 17-33 Tapsell (2009) 014(-014,042) 399
Ma (2010) . ——‘— 040 (-056, 1:35) 550 Ma (2010) . —_—t— 0-00 (-0-25, 0-25) 517
Wu (2010) 0:04 (-0-27,0-35)  17:17 wu (2010) —‘-v— -0-01(-018,0-16)  10-30
Katz (2012) 007 (020, 0-34) 1818 :

Njike1 (2015) -0:01(-0:09,0-07) 5378

Njike1 (2015) -0-08 (027, 0:12) 20-16
Njike2 (2015) — 006 (-0:05,017) 2677

Njike2 (2015) 0-06 (-0-21,0-33)  18:20

Overall (I-squared = 0-0%, p = 0-746) 0:02 (-0-04,0-07)  100:00

o

Overall (I-squared = 74-6%, p = 0-001) ~0-04 (-0-30,0-21)  100-00

T T
—-2-42 2:42 —419 0 419

Fig. 4. Forest plots for the effect of walnut consumption on (a) fasting blood glucose concentrations and (b) HbA1C, expressed as mean differences between intervention
and the control diets.

Table 4. Results of subgroup analysis for the effect of walnut consumption on fasting blood glucose
(Mean differences and 95 % confidence intervals)

No. of effect sizes Mean difference 95% Cl P (%) P heterogeneity

Overall 7 -0-04 —0-30, 0-21 74-6 0-001
Duration of intervention

<6 months 4 0-10 —-0-11,0-31 55 0-365

> 6 months 3 -0-23 —0-63,0-18 872 <0-0001
Intervention amount

>56¢g 6 —-0-09 —0-34,0-16 75-0 0-001

>569 1 115 -0-12,2:42 - -
Location

USA 5 -0-11 -0-41,0-18 79-2 0-001

Others 2 0-42 —-0-61,1-45 63-8 0-097
Participants

The metabolic syndrome 5 0-02 -0-11, 0-14 55 0-375

Type 2 diabetes 2 -0-25 -1.31,0-81 783 0-032
Dietary intervention

Ad libitum diet 3 0-08 -0-11, 0-26 0.0 0-801

Restricted diets 3 -0-14 —0-76, 0-48 87.7 <0-0001

Healthy lifestyle counselling 1 0-04 -0-27, 0-35 - -

(a) (b)

Forest plots for the effect of walnut consumption on Systolic Blood Pressure Forest plots for the effect of walnut consumption on Diastolic Blood Pressure

First Author (Year) Mean Difference (95%Cl) ~ Weight % First Author (Year) Mean Difference (95%Cl)  Weight %
Mukuddem-petersen (2007) ——‘— 0-47 (-5-28, 6-22) 16:57 Mukuddem-petersen (2007) —_— 073 (-4-35,5:81) 1127
Ma (2010) [ 8:90(0-25,17-55) 825 Ma (2010) -—°— 410 (-0-49,869)  13:82
Wu (2010) ' —°—— 120 (4-07,167) 4128 Wu (2010) ' — 0-20 (-2-64,304) 3615
Katz (2012) —‘——— ~3-80 (-10-55,2:95) 1273 Katz (2012) -300 (-11:62,5:62)  3-92
Njike1 (2017) —*—— -2:84 (-953,3:85) 1292 Njike1 (2017) —°— ~014 (-3-89,361) 2067
Njike2 (2017) —‘-‘-— —1-47 (<1012, 7-18)  8:25 Njike2 (2017) —'—‘— -098 (-551,3:55) 1418
Overall (I-squared = 19:7%, p = 0-v285) < —0-66 (-3-28,1:97)  100-00 Overall (I-squared = 0-0%, p = 0-614) > 044 (-1-27,2-14)  100-00
T T T T
176 [ 176 116 [ 116

Fig. 5. Forest plots for the effect of walnut consumption on (a) systolic blood pressure and (b) diastolic blood pressure, expressed as mean differences between
intervention and the control diets.
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Forest plots for the effect of walnut consumption on Flow-Mediated Dilation

First Author (Year)

Ma (2010)

Katz (2012)

.

Mean Difference (95% Cl) Weight %

1-00 (-0-35,2:35) 33-38

110 (=012, 2:32) 40-86

Njike (2016)

0-40 (~1-80, 2:60) 1256

Njike (2016)

Overall (I-squared = 0-0%, p = 0-954)

0-77 (-1-37,2:91) 13-20

0-94 (0-16,1-71)  100-00

(b)

1047

Forest plots for the effect of walnut consumption on Stimulus-Adjusted Response Measure

First Author (Year)

Ma (2010)

katz (2012)

Mean Difference (95% CI) Weight %

—0-03 (-0-12, 0-06) 7-33

0-02 (-0-01, 0-05), 68-31

Njike (2016)
Njike (2016)

Overall (I-squared = 0-0%, p = 0-760)

0-02 (010, 0:14) 3-93
0-01(-0:04,0:06) 20-42

0-01(-0:01, 0-04) 100-00

T
—291 0 2:91

T
139

o

T
—139

Fig. 6. Forest plots for the effect of walnut consumption on (a) flow-mediated dilation and (b) stimulus-adjusted response measure, expressed as mean differences

between intervention and the control diets.

However, the Begg’s and Egger’s regression tests provided no
evidence of substantial publication bias.

Discussion

In the current meta-analysis, we failed to find any significant
effect of walnut intake on cardiometabolic profiles, including
anthropometric measures, lipid profile, glycaemic status, blood
pressure and SARM in individuals with abnormal glucose
homoeostasis. However, walnut consumption resulted in
increased FMD in these individuals.

Walnut is a low glycaemic index nutrient-dense food with a
relatively high content of MUFA and PUFA®?, Mg and dietary
fibre. Diets rich in such nutrients have been reported to influence
cardiometabolic health*?>. Due to effects of walnut consump-
tion on appetite and specialist effects of MUFA and PUFA
consumption, walnut intake might be useful to reduce body
weight in diabetic patients. In other diseases such as the meta-
bolic syndrome or polycystic ovary syndrome, complicated
hormonal status and inflammatory condition might be a reason
for having none effects. Summarising earlier findings, we
reached no significant effect of walnut intake on anthropometric
measures in individuals with abnormal glucose homoeostasis.
However, when we limited the analysis to studies done on type
I diabetes patients or individuals who consumed walnut-rich
energy-restricted diets, we found a significant reducing effect
of walnut consumption on weight and BMI. Such findings were
also reported from observational studies as well as some clinical
trials done on healthy subjects®®?”, This finding suggests that
walnut can be included in the dietary plans of diabetic patients
in an effort to control body weight.

In terms of lipid profiles, we found no significant effect of
walnut consumption; however, individuals in the intervention
group tended to have lower levels of LDL-cholesterol after
walnut consumption. The effect of walnut consumption on
serum LDL levels was evident in studies conducted in the
USA, those with a more than 6 months of intervention, investi-
gations performed on diabetics or individuals who consumed
walnut within the context of a restricted diet. Earlier clinical trials
that have been done on healthy or hyperlipidaemic subjects

revealed a significant effect of walnut intake on cholesterol
levels®93% It seems that duration of intervention and dosage
of walnut intake are two important factors that determine the
effect of walnut intake on lipid profiles. In addition, consumption
of walnuts in the context of unhealthy diets, like the Western diet
with high contents of SFA and low contents of PUFA and MUFA,
might also influence on the lipid-lowering properties of this
beneficial food.

In this meta-analysis, indicators of glycaemic control and
blood pressure were not affected by walnut consumption.
Although these findings were in agreement with some publica-
tions in diabetic patients'>3%, the studies in healthy or hyperli-
pidaemic patients have reported significant beneficial effects of
walnut consumption on these variables®>. Diabetic patients
mostly follow a healthy dietary pattern in an effort to control
their glycaemic status. In addition, they might use glucose-
lowering medications that result in decreasing blood pressure.
Therefore, in these patients the effect of walnut consumption
on glycaemic status and blood pressure might be difficult to
be detected.

Endothelial function is important in predicting the risk of
cardiovascular events. Flow-mediated dilatation is the most
common method for assessment of endothelial function. In this
meta-analysis, FMD was significantly increased by walnut
consumption. This finding was in line with a recent meta-
analysis that indicated nut consumption significantly affected
FMD®®, This might be attributed to the micronutrient content
of walnuts, as well as 7-3 fatty acids, 1-arginine and polyphenols.
Dietary n-3 fatty acid intake was inversely associated with the
incidence of CVD. #-3 fatty acids, with their anti-inflammatory
effects, prevent the formation of pathological blood clots and
reduce oxidative stress®”. r-Arginine content of walnuts is
known to improve vascular function through conversion to nitric
oxide, a potent vasodilator agent®*~?, In addition, polyphenols
in walnut bind to lipoproteins, through which they inhibit
oxidative stress and lead to better function of vessels
endothelium™!-42),

This study had some strengths and limitations. Based on our
knowledge, this is the first comprehensive systematic review and
meta-analysis that examined the effects of walnut consumption
on cardiometabolic profiles in individuals with abnormal
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glucose homoeostasis. We also did subgroup analysis based on
several available variables to find the source of heterogeneity.
However, some points need to be considered. Administration
of walnuts in the framework of different types of dietary inter-
ventions should be taken into account. The amount of walnut
consumption across different studies varied. Although we
confined this study to individuals with abnormal glucose
homoeostasis, participants had different health status from the
metabolic syndrome or obesity to verified type II diabetes.

In conclusion, we found that walnut consumption might
influence FMD and LDL-cholesterol levels in individuals with
abnormal glucose homoeostasis. It did not affect other cardiome-
tabolic profiles in these individuals.
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