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Context: Nut-enriched diets have a positive impact on cardiovascular risk factors,
such as body mass, blood pressure, and fasting blood glucose. However, studies in
individuals undergoing secondary cardiovascular prevention show controversial
results. Objective: This systematic review with meta-analysis assessed the effect of
nut supplementation on anthropometric, glycemic, and blood pressure indices in
patients with atherosclerotic cardiovascular disease, as well as the frequency of
adverse events. Data Sources: Six databases were used for the search—PubMed,
Cochrane Library, EMBASE, BVS (Biblioteca Virtual da Saude), Web of Science, and
ClinicalTrials.gov—until February 2023, with no language restrictions. Data
Extraction: The Cochrane Handbook for Systematic Reviews of Interventions
methodology and the PICOS (Population, Intervention, Comparison, Outcome,
Setting/design) strategy were used. Seven independent reviewers were involved in
data extraction and resolution of disagreements. Certainty of the evidence was
evaluated using the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) system. Data Analysis: From 5187 records identi-
fied, 6 publications containing data referring to 5 randomized clinical trials
(n=436) were included in the final analyses. The nuts evaluated were almonds,
pecans, Brazil nuts, and mixed nuts, with portions that varied between 5g and
85 g (median: 30 g/day). The intervention period varied between 6 and 12 weeks.
The nuts had no effect on fasting glucose and anthropometric indices, although
the certainty of the evidence for most of these outcomes was low or very low. They
also had no effect on systolic (mean difference [MD]: -1.16 mmHg [95% Cl, -5.68 to
3.35], P = 0%—moderate certainty of evidence) or diastolic (MD: 0.10 mmHg
[95% Cl, -2.30 to 2.51], I° = 0%—nhigh certainty of evidence) blood pressure. It
was not possible to aggregate data on adverse events. Conclusion: Nut supple-
mentation had no effect on blood pressure, fasting glucose, or anthropometric
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profile in the context of atherosclerotic cardiovascular disease.
Systematic Review Registration: PROSPERO registration no. CRD42020163456.
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INTRODUCTION

Ischemic heart disease (IHD) is the leading cause of
mortality worldwide.! Inadequate diet, changes in sys-
tolic blood pressure (SBP) and fasting blood glucose,
and high body mass index (BMI) are among the main
modifiable risk factors responsible for IHD-related
mortality.” In addition to being a risk factor in itself,
diet also plays a crucial role in managing other risk fac-
tors, including blood pressure levels, glucose metabo-
lism, and body mass.” However, specific nutritional
guidelines and strategies that improve cardiometabolic
outcomes in patients already affected by IHD are still
scarce,® and the recommendations referenced for indi-
viduals undergoing primary cardiovascular prevention
are usually mixed.®’

Nut-enriched diets have been widely studied and
related to benefits on cardiometabolism.*” In secondary
cardiovascular prevention, diets rich in nuts have been
shown to improve cardiometabolic indicators'® and
reduce cardiovascular events, including ischemic
events."' Nuts are rich in unsaturated fatty acids, L-argi-
nine, minerals, phenolic compounds, and phytosterols,
which appears to explain their cardioprotective effects.'?
Studies have investigated the effect of nut supplementa-
tion as an adjunct to the treatment of IHD,"*"*° beyond
the context of the Mediterranean diet (the most studied
cardioprotective nut-enriched diet). However, the
results on the effects that the intake of these foods has
on cardiometabolic risk factors in this population are
conflicting.

In primary cardiovascular prevention, systematic
reviews assessing nut supplementation also present dis-
cordant results regarding its effects on blood pres-
sure,'” ! glycemic control,'”>'®**° and anthropometric
parameters.'®*°~>* Considering that the intake of these
foods has not yet been assessed in a more robust way in
secondary cardiovascular prevention, in addition to pre-
senting conflicting results in primary prevention, this
study aimed to systematically review the effect of nut
intake on blood pressure, glycemic profile markers, and
anthropometric indicators in the context of secondary
prevention of atherosclerotic cardiovascular disease.
Systematic reviews with meta-analysis are necessary, as
they synthesize the literature and inform best practices,
therefore improving nutritional recommendations in
this population.
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METHODS

This systematic review and meta-analysis was con-
ducted using the Cochrane Handbook for Systematic
Reviews of Interventions (version 6.3)** and reported in
accordance to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Table S1).%° The protocol was registered in
the PROSPERO database (CRD42020163456) and is
presented at https://www.crd.york.ac.uk/prospero/dis-
play_record.php?ID=CRD42020163456.

Search strategy and eligibility criteria

Table S2 shows the search strategy used. The research
was conducted in the following electronic databases:
PubMed, Cochrane Library, EMBASE, BVS (Biblioteca
Virtual da Saude), Web of Science, and ClinicalTrials.
gov. Manual searches based on the reference lists of
included studies or direct searches on Google comple-
mented these strategies. Standardized vocabulary, key
words and their synonyms, and standardized filters to
identify studies improved the search whenever possible
(MeSH [Medical Subject Heading] terms), following the
PICOS approach (Population, Intervention,
Comparison, Outcome, Setting/design) (Table1). The
first search was carried out in August 2020 and updated
in June 2021, April 2022, and February 2023.

Randomized clinical trials with a parallel or cross-
over design with a washout period of >3 weeks were
included. Only studies with individuals >18 years of age
and with known atherosclerotic cardiovascular disease
(coronary artery disease, myocardial infarction, angina
pectoris, stroke, revascularization, or peripheral vascular
disease) defined according to the primary study were
assessed. Studies in which participants were healthy,
pregnant, lactating, or with a single health condition
considered primary cardiovascular prevention (eg, type
2 diabetes [T2D], obesity, metabolic syndrome, hyper-
tension, dyslipidemia) were excluded. Studies that did
not report the outcomes of interest were also excluded.
No restrictions were placed regarding language or pub-
lication dates.

For the intervention to be eligible, clinical trials had
to evaluate supplementation (at any dosage, frequency,
and run-in period) of different nuts (almonds, Brazil
nuts, cashew nuts, hazelnuts, macadamia nuts, pecans,
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Table 1. PICOS criteria for inclusion of intervention studies
Parameter Criteria

Population Individuals >18 y diagnosed with athero-
sclerotic cardiovascular disease

Background diet supplemented with any
type of nuts, with or without caloric
restriction

Nut-free background diet, with or without
caloric restriction

Blood pressure (systolic and diastolic
blood pressure), glycemic profile
(fasting glucose, glycated hemoglobin,
serum insulin, and homeostasis model
assessment of insulin resistance),
anthropometric indexes (body weight,
body mass index, and waist circumfer-
ence), and frequency of adverse events

Randomized controlled clinical trials
(parallel or crossover design)

Intervention

Comparison

Outcomes

Setting/design

pine nuts, pistachios, walnuts) and/or “non-true” nuts
according to their botanical classification (Baru nut,
peanut) added to any dietary pattern (eg, low-fat diet,
Mediterranean diet, low-carbohydrate diet) with or
without energy restriction. Studies evaluating mixed
nuts were also included. The quantity and frequency of
nuts prescribed had to be clearly described in the article.
The control treatment could be an isocaloric diet, with
or without energy restriction, or any specific eating pat-
tern without nut supplementation. Studies that tested
non-nut parts of the plant, isolated nut oils, and/or
extracts were excluded.

Data extraction

All citations retrieved from each database, titles, and
abstracts were independently evaluated by 2 reviewers
(A.C.B.-F. and R.H.V.M.). Whenever at least 1 of the
authors considered a citation suitable for eligibility or if
the title and abstract information was insufficient, the
full text was obtained and evaluated for eligibility.
Duplicate publications or sub-studies of the included
trials were listed as the main reference if they provided
additional relevant information that was not available in
the original publication. Disagreements within the team
were resolved by consensus.

Data from the selected articles were independently
extracted by 2 reviewers (L.R.d.S. and E.S.) using a
standardized form (available at https://data.mendeley.
com/datasets/n9spjvd467/2) and disagreements were
resolved by consensus or by a third reviewer (A.M.).
Information was basically extracted regarding the iden-
tification and characteristics of the study, characteristics
of the participants, details of the intervention and con-
trol group, and the outcomes. Authors were contacted
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by email if there were any missing data. Data were not
considered in the analyses if outcomes were absent or if
researchers were unable to obtain original data from the
authors.

Risk-of-bias assessment

Two reviewers (A.M. and G.W.) independently assessed
the risk of bias of the studies using the second version
of the Cochrane Risk-of-Bias tool for randomized trials
(RoB 2).*° The following domains were assessed: ran-
domization process, deviations from intended interven-
tions, missing outcome data, outcomes measurement,
and selection of reported outcomes. Overall risk of bias
was assessed as low (if all domains were considered as
low risk), as having some concerns (if at least 1 domain
was considered as some concerns), or as high (if at least
1 domain was considered as high risk or if multiple
domains were characterized with some concerns, sub-
stantially reducing confidence in the results).
Discrepancies were resolved by consensus or by a third
reviewer (E.O.d.A.-S.).

Outcomes

The prespecified outcomes were differences in anthro-
pometric indicators (body mass [kg], BMI [kg/mz], and
waist circumference [cm]), SBP and diastolic blood
pressure (DBP) (mmHg), glycemic profile (fasting
blood glucose [mg/dL], glycated hemoglobin [%], serum
insulin [uIU/mL], homeostasis model assessment of
insulin resistance [HOMA-IR]), and frequency of
adverse events.

Statistical analysis

All effect measures are presented as mean differences
(MDs) and 95% ClIs between the group who consumed
nuts and the control group (no nuts) using a random-
effects model and inverse-variance method. Note that the
95% ClIs describe the uncertainty in the location of the
mean of different effects in the studies and are not the
most appropriate estimates for decision-making based on
the results. Instead, the estimates of the 95% prediction
interval (95% PIL >3 studies) were considered, as they
reflect the expected effects in future studies. This
approach aligns with the characteristics of the random-
ized clinical trials included in the meta-analysis.*”
Further, these estimates also reflect the range of potential
effects (harmful or beneficial) that are useful for clinical
decision-making.”’ Heterogeneity was measured using
the Higgins statistic (I*) and classified as follows: may not
be important (0% to 40%), may represent moderate het-
erogeneity (30% to 60%), may represent substantial
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heterogeneity (50% to 90%), and may represent consider-
able heterogeneity (75% to 100%).*® In the presence of
heterogeneity (P value for Cochran’s Q test < .10) or
when the range between the lower and upper limit of the
95% CI was above 30% for I°, subgroup analyses were
conducted® with potential effect modifiers being the
type (almonds vs other nuts), the dosage of nuts con-
sumed (<30g vs > 30 g/day), and the risk of bias of pri-
mary studies (high vs low). Furthermore, the inaccuracy
of the effect estimate was also identified visually through
the lack of overlapping 95% ClIs in the forest plots to
remove discrepant data from the meta-analysis.”
Concomitantly, as recommended in the Cochrane
Handbook version 6.3 (section 10-14), sensitivity analy-
ses that involved removing individual studies from the
meta-analysis were also performed. To avoid unit overlap
in analyses, for randomized controlled trials with multi-
ple intervention arms and a single control group, the
sample size for the control group was weighted by the
number of groups and participants with nut supplemen-
tation.”””” In these multi-arm trials, relevant intervention
groups were determined to be included in the systematic
review. Intervention groups with similar categories were
grouped together for a single pairwise comparison using
the equations recommended in the Cochrane Handbook
version 6.3 (section 6-5-2-10). Crossover clinical trials
were analyzed as parallel.>* For all studies analyzed, the
SD of differences was imputed using the correlation coef-
ficient (CC) of 0.5.*! To estimate the SD delta (A SD),
the recommendations of the Cochrane Handbook ver-
sion 6.3 (section 6-5-2-8) were used. Measures of disper-
sion expressed as standard errors or 95% CI were
converted according to the Cochrane Handbook version
6.3 (section 6.5.2.2) before analysis. In cases of data
expressed as median and interquartile range, for conver-
sion into mean + SD, the proposal by Wan et al’* was
used. To explore dose-response data for nuts and the
outcomes analyzed, when the number of entries was >3
studies, meta-regression was performed for the total
value in grams of nuts consumed, corrected for the most
frequent intervention time among studies (12weeks,
standardized to 90 days). All statistical tests were 2-tailed,
and the significance level was set at P <.05. Data analysis
models were performed with R software (4.3.1; R
Foundation for Statistical Computing) using the meta
package (G.W.) (scripts are available at https://data.men-
deley.com/datasets/n9spjvd467/2).

Assessing the certainty of the evidence
The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system was

used to assess the certainty of the evidence.”** The
level of certainty of the evidence generated by the meta-

Nutrition Reviews® Vol. 83(2):e144-e156

analysis was initially set as high and was downgraded
when any of the following were present: study limita-
tions, imprecision in estimates of effect, indirectness of
evidence, inconsistency, or evidence of reporting
bias.”>** Evidence generated by studies with limitations
means that most of the included trials showed a high
risk of bias. “Imprecision” in estimates of effect indi-
cates that there was a non-acceptable level of random
error in the estimate of effect generated by the meta-
analysis. “Indirectness” of evidence occurred when there
were differences between the population, intervention,
comparator, and outcome of interest included in the
relevant studies. “Inconsistency” indicates that the
results of the individual trials were different from each
other. Finally, “reporting bias” occurs when investiga-
tors failed to report studies (typically those that show no
effect) or outcomes (typically those that may be harmful
or for which no effect was observed).

RESULTS
Literature flow

Figure 1 shows the literature search and selection proc-
ess. Of the 5187 records identified, 3173 were screened
and 3090 were excluded based on titles and abstracts.
Of the 83 publications reviewed in full, 77 were
excluded based on eligibility criteria (complete list avail-
able at https://data.mendeley.com/datasets/n9spjvd467/
2). A total of 6 publications containing data from 5
randomized clinical trials and involving 436 participants
with established cardiovascular disease were included in
the final analyses. Data from 4 publications (n=391)
were obtained for anthropometric profile analyses, 4
publications (n = 397) for blood pressure analysis, and 2
publications (n =172) for glycemic profile analyses.

Characteristics of the studies

Table 2'*'*>¢ and Table S3 show the characteristics
of the included studies. All experiments were single cen-
ter and conducted in an outpatient setting in Brazil, the
United States, Pakistan, and Iran. Four studies had a
parallel design, and 1 study had a crossover design. The
time of follow-up ranged from 8 to 22 weeks. There was
a higher proportion of men included in the studies than
women (median, 55%; range between 40%'’ and
77%'*"°), there was a median age of 60 years old (range
between 59'° and 63years™), a majority were over-
weight patients (median BMI, 29.9kg/m? ranging
between 29.5'*'° and 30.7 kg/m2 16), and 93% (median)
were taking lipid-lowering drugs (range between 96%">
and 76%>; 100% using statins [no report of other lipid-
lowering agents]). The median loss to follow-up
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Figure 1. Flow Diagram of the Literature Search Process.

between studies was 21.3% (range between 4.3%'® and
25.2%'*'%). In 1 trial, an intention-to-treat approach
was used to analyze the data.'®"”

The intervention time varied between 6 and
12weeks. The nuts evaluated were almonds (n=2),
pecans (n = 1), and Brazil nuts (n =1), and 1 study eval-
uated a mix of nuts (almonds, pistachios, and peanuts).
Daily doses varied between 5g and 85g (median, 30 g/
day) and were provided to participants in all studies. No
trials assessed co-interventions. A dietary survey
method was used in all studies (food diary, 24-hour
recall, food-frequency questionnaire) to evaluate com-
pliance. Two trials collected nut packaging (consumed
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or not) and Jamshed et al’” used telephone calls
(twice a week) to assess adherence to treatment. In 1
study'®, participants were instructed to ensure that total
energy intake remained constant between groups (iso-
caloric diets), while in the other 4 studies, participants
were instructed to add the nuts provided to the standar-
dized diet for both treatment arms. The background
diet was heterogeneous across studies. In 2 trials’>°
maintenance of the usual eating pattern was recom-
mended. One study'’ recommended the National
Cholesterol Education Program (NCEP) Step 1 diet.
The GENUTRI study'®'” prescribed a healthy diet

based on nutritional guidelines, calculated individually
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to reduce, or maintain, body weight. Finally, Ghanavati
et al'® recommended an individualized low-calorie diet
comprising 75% of daily energy needs. Table 3'>'*?>°
shows the energy and macronutrient composition of the
standardized diets at baseline for each study. Only the
GENUTRI study'*'® showed residual nutrient (energy-
adjusted intake).

Risk of bias

The assessment of the risk of bias for the studies
included in the analyses according to Cochrane is
shown in Figures S1 and S2. Three studies'>™'> showed
a low risk of bias. One study showed some concerns of
general risk of bias due to the lack of a clear description
of the randomization process.’”> One was classified as
high risk due to the non-random interpretation of the
allocation,'® and another study’® was classified as high
risk because it presented some concerns in more than 1
domain (the randomization process was not clearly
described and more than 1 type of analysis was possible
to evaluate the outcomes).

Outcomes

Anthropometric profile. Table S4 shows the baseline and
final values and the main results of the primary studies
according to each outcome. Nut intake had no statisti-
cally significant effect on body mass (3 studies,'*'**
n=315; MD: -1.53kg [95% CI, —4.53 to 1.47], F =
44.7%; Figure 2A), BMI (3 studies,' 1% n =202; MD:
—-0.04kg/m> [95% CI, —1.10 to 1.02], I* = 0%;
Figure 2B), or waist circumference (2 studies,'*'®
n=241; MD: -1.29 cm [95% CI, -4.14 to 1.55], I> = 0%;
Figure 2C) in comparison to the control group.

Blood pressure. Compared with nut-free diets, nut
intake did not show a statistically significant effect on
SBP values (4 studies,!>1#193% 4 =405, MD:
—-1.16mmHg [95% CI, -5.68 to 3.35], I’ = 0%;
Figure 3A) or DBP (4 studies,'>'*'®*® n=405; MD:
0.10mmHg [95% CI, -2.30 to 2.51], P = 0%;
Figure 3B).

Glycemic profile. Two articles'** (n=172) provided
data on fasting glucose. The descriptions of both base-
line and final values are described in Table S4; consider-
ing that each study pointed to a different direction
when performing an exploratory metanalysis—suggest-
ing inconsistent results—it was decided to show only
the pooled analysis (MD: 4.55 mg/dL [95% CI, -40.05 to
49.14], I’ = 85.6%) and not the forest plot. The study by
Dos Santos et al'* (sub-analysis of the GENUTRI study)
evaluated the values of glycated hemoglobin,
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Table 3. Dietary composition at baseline according to study groups.

First author (year)

Cholesterol, mg AE

PUFAs
12.9+83¢
6.6+179

MUFAs
21.6+13.3¢
11.2+25¢

EG1:8+1¢

SFAs
19.7+£13.2°

Total fats
59.9+37.3°
30.5 +6¢

Protein

70.5 +32.3¢
16.8 £3.6°

Dietary fiber, g
19.7+11.2

CHO
232.0+28.7¢
53.4+7.3¢

Energy, kcal/d
1732.9 £859.1

NR

201.8+£148.6

Chen et al (2015)'32

d

9.9+28

NR

EG1:340+120
EG2: 120+ 38
CG:250+42

EG1: 15+ 2¢
EG2: 18 +4¢
CG: 8+3¢

EG1: 13 +2¢
EG2: 17 +3¢
CG: 15+ 49

EG1:54+119  EG1:12+2¢
EG2: 16+ 3¢
CG: 38 +4¢

EG1:36+6°
EG2: 46+ 9°

EG1: 2050 + 350 EG1: 25+ 6¢

EG2:2310£390
CG:2070£370

Jamshed et al (2015)3%P

EG2: 10 +2¢
CG:14+3¢

EG2: 61+ 12¢

EG2: 31 +7¢
CG:39+9¢

CG: 46+ 14¢

CG: 24+ 12¢
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Intervention Control

A study Total Mean SD Total Mean SD

Ghanavati et al, 2020 35 250 1376 32 -3.00 13.38

Jamshed et al, 2015 79 100 125 34 040 254

Santos et al, 2021 68 -430 1576 67 1.30 14.92
Random effects model 182 133

Prediction interval R
Heterogeneity 1?=44.7% [0.0%; 83.6%), t° = 3.58, p = 0.164

Intervention Control
B study Total Mean SD Total Mean SD
Coutinho-Wolinoetal, 2022 25 020443 14 010223
Ghanavati et al, 2020 35 -090379 32 -1.10 409
Santos et al, 2021 68 -060 546 67 -0.30 400
Random effects model 128 113
Prediction interval .
Heterogeneity: /° = 0.0% [0.0%; 89.6%), =0, p = 0.914
Intervention Control
c Study Total Mean SD Total Mean SD
Ghanavati et al, 2020 35 450 932 32 -350 922
Santos et al, 2021 68 -220 1143 67 -0.70 1055
Random effects model 103 99

Heterogeneity: /“ = 0.0%, t“ =0, p = 0.866

Mean Difference MD 95%-Cl Weight

050 [-6.00; 7.00]
= 2060 [-1.50; 0.30]
560 [10.78;-0.42)

16.1%
61.8%
222%

—_—

1.53 [-4.53; 1.47] 100.0%
[-32.45; 29.39]

Mean Difference MD 95%-Cl Weight
——]~— 0.10 [-1.99,219] 256%
—— 020 [-1.69;209] 31.3%
- 030 [1.91;1.31] 43.1%
- -0.04 [1.10; 1.02] 100.0%
; | | | [-6.91; 6.82]

10 5 0 5 10

Mean Difference MD 95%-Cl Weight

— -1.00 [-5.44;344) 41.1%
—% T 150 [-5.21;221] 58.9%

; l-éw ; -1.29 [-4.14; 1.55] 100.0%

Figure 2. Meta-analysis on the Effect of Nut Supplementation in Anthropometric Indices. (A) Body mass; (B) body mass index; and (C)

waist circumference. Abbreviation: MD, mean difference

insulinemia, and HOMA-IR, and showed no significant
difference between the final means of these markers
when comparing the group with and without pecan nut
supplementation, even after adjusting for baseline data
and the use of glucose-lowering agents (data not
shown).

Subgroup and sensitivity analysis, publication bias, and
meta-regression. Prespecified subgroup analyses accord-
ing to the type of nut supplemented and the risk of bias
were performed for SBP and DBP and did not indicate
any deviation from the main results (Figures S3-S6).
Analysis of the dosage of nuts consumed was not possi-
1°° of the 4 studies included in the
polled analysis evaluated <30g of nuts per day, which

ble because only

precludes the comparison.

After individual studies were excluded, sensitivity
analyses for results with heterogeneity >0% showed no
differences in the main results (Figures S7 and S8). Due
to the small number of studies included in the meta-
analyses, it was not possible to assess whether there was
evidence of publication bias. Meta-regression analysis
(figures available at https://data.mendeley.com/datasets/
n9spjvd467/2) did not suggest an association between
the dosage of nuts consumed and SBP, DBP, and BMI
after adjusting for the intervention time.

Nutrition Reviews® Vol. 83(2):e144-e156

. 35,36
Adverse events. Two studies

presented no reports of
adverse events related to nut intake, and the study by
Jamshed et al*® reported 3 angioplasties during follow-up
(1 in each study arm). In the GENUTRI study,'*"” 2 par-
ticipants reported adverse events related to the interven-
tion (nausea and constipation). With regard to the
occurrence of other events in this trial, 1 myocardial
infarction followed by percutaneous intervention and 1
death were reported in the control group. The other stud-

. 13,16 3.
ies " did not report the occurrence of adverse events.

Grade. When comparing the groups consuming nuts
with the control groups, the certainty of the evidence
for body weight was downgraded by the risk of bias,
indirect evidence, and imprecision of the trials included
in this meta-analysis, resulting in very low quality of the
evidence. The certainty of the evidence for fasting glu-
cose was rated as low due to inconsistencies and impre-
cision, which contributed to its low quality. With regard
to the outcome of waist circumference, both the risk of
bias and indirect factors had an impact on the certainty
of the evidence. As for body weight, its certainty was
downgraded due to concerns related to bias, indirect-
ness, and imprecision. The SBP outcome showed a
moderate quality of the evidence (the imprecision had
an impact on it) and the certainty of the evidence was

el51

G20z Iudy 01 uo Josn ¥|90T01adVYD 3A VIYVLIYIAINN OVOVANNA AG 9617089./1771.9/2/€8/9101HE/SMBIASIUONLINU/WOD dNO"DlWwapede//:Sdy WOy papeojumoq


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae054#supplementary-data
https://data.mendeley.com/datasets/n9spjvd467/2
https://data.mendeley.com/datasets/n9spjvd467/2

A Intervention Control
Study Total Mean SD Total Mean SD
Campos et al, 2019 68 -323 1065 67 -2.40 1259
Chenetal, 2015 45 050 992 45 -0.40 1065
Ghanavati et al, 2020 35 294 910 32 -391 1199
Jamshed et al, 2015 79 100 3318 34 0.00 1112
Random effects model 227 178
Prediction interval
Heterogeneity: 1>=0.0% [0.0%; 84.7%), =0, p=0913

B .

Intervention Control
Study Total Mean SD Total Mean

Campos et al, 2019 68 -757 2096 67 -5.38 20.61

Chenetal, 2015 45 0.00 2052 45 -1.00 2464

Ghanavati et al, 2020 35 -829 1989 32 -697 17.70

Jamshed et al, 2015 79 -252 6370 34 -1.00 508

Random effects model 227 178

Prediction interval
Heterogeneity: /% = 0.0% [0.0%; 84.7%], ©> = 0, p = 0.962

Mean Difference MD 95%-Cl Weight
- -0.83 [4.77;3.11] 37.4%
- 090 [-3.35;5.15] 32.0%
—F 096 [-4.17;6.10] 22.0%
. 100 [922;722] 86%
-+ 0.10 [-2.30; 2.51] 100.0%
e [-5.18; 5.39]
r T T T T
30 20 .10 0 10 20 30
Mean Difference MD 95%-Cl Weight
—s— 219 [-920; 482] 41.4%
— i 1.00 [-8.37;10.37] 232%
—— -1.32 [10.32; 768] 252%
—+— -1.52 [1567;1263] 10.2%
- -1.16 [-5.68; 3.35] 100.0%
| ‘I——I : [-11.07; 8.75]

30 20 10 O

10 20 30

Figure 3. Meta-analysis on the Effect of Nut Supplementation in Systolic (A) and Diastolic (B) Blood Pressure. Abbreviation: MD, mean

difference

high for DBP and BMI. Furthermore, publication bias
cannot be ruled out. A summary of the certainty of the
evidence, along with the reasons for downgrading, is
presented in Table S5.

DISCUSSION

This systematic review and meta-analysis included 6 stud-
ies (including 5 randomized clinical trials) with a total of
436 participants. The findings demonstrated that nut
intake did not change body mass, BMI, waist circumfer-
ence, fasting glucose, or blood pressure in patients with
established THD. Furthermore, it was not possible to
obtain aggregated results regarding glycated hemoglobin,
serum insulin, and HOMA-IR, as well as the frequency of
adverse events. The sample sizes grouped by outcomes in
this study are small and therefore the results should be
interpreted with caution. In addition, the quality of the
evidence for most outcomes was low.

Nuts are often linked to increased body mass
because they contain a high level of lipids and, conse-
quently, energy. However, in this study, it was observed
that nut intake did not modify this parameter in
patients with established IHD, a result that is consistent
with the literature across various populations.'®*>*” In
a previous systematic review of randomized clinical tri-
als conducted in the general population, nut intake even
resulted in a small reduction in body mass (mean differ-
ence: -0.37kg; 95% CI, -0.72 to -0.01).** Nuts have a
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hunger-suppressing effect despite not promoting sati-
ety.”® Further, they are associated with energy compen-
sation, especially when consumed as stand-alone
snacks.”® However, this energy compensation differs
according to nutritional status: Overweight individuals
may experience increased energy intake following a
nut-containing meal, whereas this is not typically
observed in normal-weight individuals.*® In contrast,
regular intake of nuts could increase the basal metabolic
rate and diet-induced thermogenesis, influenced by the
nutritional composition of these foods (high content of
unsaturated fatty acids, proteins, and dietary fiber).*"**
Furthermore, the polyphenol content present in differ-
ent nuts positively modulates gut microbiota, stimulat-
ing the growth of beneficial bacteria that can influence
weight management.*’

The type of nut consumed, nutritional status, and
the duration of nut supplementation seem to influence
the waist circumference results. In a network meta-
analysis conducted by Fernandez-Rodriguez et al** only
diets enriched with almonds significantly reduced waist
circumference compared with the control diet (standar-
dized mean difference: —0.15; 95% CI, —0.27 to —0.02)
and with diets enriched with pistachios, mixed nuts,
and hazelnuts. However, in subgroup analysis, this
effect remained significant only in overweight individu-
als with supplementation >12weeks.” In this meta-
analysis, only 2 studies that assessed the effect of differ-
ent nuts in different dosages and with a maximum
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follow-up period of 12 weeks were included, which hin-
dered the comparison of the results shown.

Considering the heterogeneity of the background
diets in the primary studies evaluated, it is not possible to
conclude whether the neutral effect of nut intake on
anthropometric indicators could be attributed to a specific
dietary pattern or to the incorporation of nuts into an
energy-restricted diet. Also noteworthy is the fact that sta-
tins (used by >75% of participants) are associated with
increased energy and lipid intake** (probably due to the
false perception that the medication replaces the diet), as
well as increased mass and redistribution of body fat
through direct inhibition of 3-hydroxy-3-methylglutaryl
(HMG)-coenzyme A reductase™ (mainly when using low-
and medium-potency therapeutic regimens).

Abundant in nuts, the amino acid L-arginine serves
as the substrate for the synthesis of nitric oxide in the
endothelium, a potent regulator of vascular tone and
blood pressure.*® This mechanism appears to explain
the positive effects of nut consumption on blood pres-
sure values.”” The 1r-arginine content of almonds
(2.47 g/100 g) and peanuts (3.1 g/100g) stand out com-
pared with that of other nuts (pistachios, 2.03 g/100 g;
pecans, 1.18g/100g).*® Li et al*’ conducted a dose-
response meta-analysis to assess the effect of almonds
on blood pressure and identified reductions in SBP
(-0.90; 95% CI, -1.74 to -0.06) but not in DBP. In this
study, meta-regression results indicated that the dose of
almonds used contributed to the heterogeneity of the
results regarding DBP. Similarly, the primary studies
included in this meta-analysis evaluated heterogeneous
amounts of almonds (high doses [85g/d] in the study
by Chen et al'> and low doses [10 g/d] according to the
protocol of Jamshed et al*®). However, it was not possi-
ble to identify a specific effect of almonds in the sub-
group analysis, as well as a dose-response effect on
SBP/DBP in the meta-regression. Compared with the
study by Li et al,*’ the population included in this meta-
analysis was more homogeneous (only secondary cardi-
ovascular prevention and, on average, overweight).
Furthermore, it is worth noting that statins negatively
impact the synthesis of leptin—a potent regulator of
blood pressure®—as well as adipose tissue, through
extracellular signal-regulated kinases 1/2 and peroxi-
some proliferator-activated receptor-gamma.”’

Studies in primary cardiovascular prevention have
shown contradictory results regarding nuts and glycemic
control. The meta-analysis conducted by Tindall et al,”*
who assessed the effect of different nuts and peanuts on
markers of glycemic control in different populations
(healthy individuals, with T2D, hyperlipidemia, or at car-
diovascular risk), did not identify an effect of nut supple-
mentation on fasting glucose. Similarly, almond intake did
not improve blood glucose in a meta-analysis conducted

Nutrition Reviews® Vol. 83(2):e144-e156

in the general population.”® Another study that evaluated
pistachio intake among individuals with T2D, prediabetes,
or metabolic syndrome, however, indicated an improve-
ment in fasting glucose (OR=1.7; 95% CI, 1.2 to 2.4;
P=.002, F = 0.0%).>* Nut intake as a carbohydrate
replacement appears to improve glycemic control among
individuals with dysglycemia, particularly favoring this
population.” The small number of trials included in this
study showing different directions, combined with the het-
erogeneity of interventions, hinders comparisons with
other results. Still, the use of statins is known to increase
glycemic parameters such as glycated hemoglobin and
fasting blood glucose.*

Endothelial dysfunction is the pivotal mechanism of
the atherosclerotic process and, consequently, IHD.
Elements related to a dysfunctional endothelium have a
direct or indirect impact on the modulation of risk factors,
such as altered fasting glucose (by compromising the activ-
ity of NADPH oxidase 4, a crucial regulator of glucose
homeostasis),”” high blood pressure (mainly due to
reduced nitric oxide and increased reactive oxygen species,
increasing vascular tone),”® or excess adiposity (due to
impaired function of endothelial leptin receptors, deregu-
lating energy homeostasis).” Therefore, considering the
complex interaction between atherosclerosis mechanisms
and specific drug therapy (frequently, polypharmacy), it
may be difficult to observe any isolated effect of nut sup-
plementation, especially in the short term, in the secon-
dary prevention setting. It is noteworthy that, in primary
cardiovascular prevention, individuals are not necessarily
using medications (preventing the onset of some disease
can be achieved by adopting a healthy lifestyle). Still, nuts
(mainly heat-treated and roasted) are naturally rich in
glyoxal and methylglyoxal due to their high lipid and pro-
tein content®’; these reactive o-dicarbonyl compounds are
precursors of dietary advanced glycation end products—
which are related to impaired cardiometabolic markers.®!
Considering that metabolic changes and oxidative stress
mechanisms are exacerbated in individuals in secondary
cardiovascular prevention,> nut consumption might not
exert the expected positive effects.

This systematic review with meta-analysis contains
several strengths and limitations. The study contains the
most up-to-date results of the few randomized clinical
trials examining the effect of nuts on anthropometric
profile, glucose profile, and blood pressure in patients at
the secondary prevention level. Possible sources of het-
erogeneity (although low) were explored, as well as
dose-response relations. The GRADE approach was
used to assess the certainty of the evidence. A notable
strength was that current guidelines for conducting the
review and analyses were followed. The exclusivity of
the population group covered in this study (patients
with THD) can be considered both a strength and a
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limitation, as it is a population that lacks specific scien-
tific evidence but limits the generalizability of the results
to other populations. Due to the small number of
included trials, the group and subgroup analyses were
probably not sufficiently substantiated, and the results
should be investigated further; in addition, an inaccu-
rate estimation of heterogeneity might have resulted in
biased effect estimates and narrow 95% Cls, due to the
difficulty in estimating both between-study heterogene-
ity and variance when few trials are included.
Furthermore, it was not possible to perform both publi-
cation bias and robust meta-regression analyses due to
the small number of studies included, as well the 95%
PI for all outcomes—which provides the range within
which the results of a new trial might lie.>> The inter-
vention time of the included studies was short (between
6 and 12weeks), and the dosages of nuts assessed, as
well as the types, were quite heterogeneous. The back-
ground diets were different among the studies, which
hindered standardization of the control groups. In this
regard, the long-term impact of consuming standar-
dized portions of nuts on the assessed outcomes
remains uncertain, as does the best background diet to
be added in scenarios outside the Mediterranean region.
The robustness of the results observed with the
Mediterranean diet is probably due to the synergy
between foods, and not to the specific intake of any
nutrient. It is important to note that, apart from the use
of statins, which directly impact the outcomes assessed
in this meta-analysis, the study participants were taking
multiple drugs. This extensive medication regimen may
have introduced confounding factors that potentially
influenced the results of the primary studies. Notably,
only in the GENUTRI study were all results adjusted for
covariates. Another limitation is the fact that some stud-
ies included in this meta-analysis were sub-analyses of
other clinical trials, and the sample size calculation was
not specifically designed to assess the outcomes of inter-
est. Most studies also showed high rates of loss to
follow-up. Finally, the quality of the evidence for most
outcomes was considered low/very low, which impacted
the methodological quality of the primary studies. These
above-mentioned points need to be considered when
interpreting the results of this study.

CONCLUSION

This systematic review and meta-analysis of 5 random-
ized clinical trials showed that the intake of nuts did not
change anthropometric and blood pressure parameters
in patients with established IHD, when compared with
non-nut-enriched diets. However, the sample size was
small, the interventions were short-term and ranged
from 5 to 85g per day of different nuts, and the
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certainty of the evidence was generally low. Well-
designed, long-term clinical trials investigating the
effect of the consumption of different nuts in individu-
als with THD are needed in the future to elucidate the
role of these foods in the cardiometabolism of this spe-
cific population.
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