
Effects of pistachios on anthropometric indices, inflammatory markers,
endothelial function and blood pressure in adults: a systematic review and
meta-analysis of randomised controlled trials

Omid Asbaghi1, Amir Hadi2*, Marilyn S. Campbell3, Kamesh Venkatakrishnan4 and Ehsan Ghaedi5,6*
1Nutritional Health Research Center, Lorestan University of Medical Sciences, Khorramabad, 6813833946, Iran
2Department of Clinical Nutrition, School of Nutrition and Food Science, Food Security Research Center, Isfahan University of
Medical Sciences, Isfahan, 81745, Iran
3Department of Kinesiology and Health Promotion, University of Kentucky, Lexington, KY 40503, USA
4School of Nutrition, Chung Shan Medical University, Taichung City, Taiwan, 40201, ROC
5Students’ Scientific Research Center (SSRC), Tehran University of Medical Sciences (TUMS), Tehran, 14155-6446, Iran
6Department of Cellular and Molecular Nutrition, School of Nutritional Sciences and Dietetics, Tehran University of Medical
Sciences, Tehran, 14155-6446, Iran

(Submitted 29 October 2019 – Final revision received 16 September 2020 – Accepted 5 October 2020 – First published online 17 November 2020)

Abstract
Evidence suggests that eating nuts may reduce the risk of CVD. This study was intended to pool the data of all randomised controlled trials (RCT)
available to determine if pistachios confer a beneficial effect on anthropometric indices, inflammatory markers, endothelial dysfunction and
blood pressure. Without language restriction, PubMed, Scopus, Cochrane Library andWeb of Science were searched for articles published from
the earliest records to June 2019 investigating the effect of pistachio consumption on inflammation, endothelial dysfunction and hypertension.
Mean difference (MD) was pooled using a random effects model. The Cochrane risk of bias tool was used to evaluate the quality of the studies.
The meta-analysis of thirteen RCT with 563 participants indicated that pistachio consumption significantly decreased systolic blood pressure
(SBP) (MD: −2·12 mmHg, 95 % CI −3·65, −0·59, P= 0·007), whereas changes in flow-mediated dilation (MD: 0·94 %, 95 % CI −0·99, 2·86,
P= 0·813), diastolic blood pressure (MD: 0·32 mmHg, 95 % CI −1·37, 2·02, P= 0·707), C-reactive protein (MD: 0·00mg/l, 95 % CI −0·21,
0·23, P= 0·942), TNF-α (MD: −0·09 pg/ml, 95 % CI −0·38, 0·20, P= 0·541), body weight (MD: 0·09 kg, 95 % CI −0·38, 0·69, P= 0·697), BMI
(MD: 0·07 kg/m2, 95 % CI −0·16, 0·31, P= 0·553) and waist circumference (MD: 0·77 cm, 95 % CI −0·09, 1·64, P= 0·140) were not statistically
significant. This systematic review and meta-analysis suggested the efficacy of pistachio consumption to reduce SBP levels. However, further
large-scale studies are needed to confirm these results.
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Chronic inflammation and oxidative stress have been associated
with increased endothelial dysfunction and insulin resistance,
major risk factors for hypertension and subsequent CVD, which
contribute to about 35–40 % of global deaths(1,2). Previous work
has indicated that low intake of fruits, vegetables, nuts andwhole
grains is highly associated with increased risk of CVD and their
related complications, resulting in elevated inflammatory mark-
ers, endothelial dysfunction and ensuing hypertension and ath-
erosclerosis(3,4). Hence, consumption of a sufficient amount of
fruits, vegetables and nuts is important to lower the risk of
CVD and their related complications. Recently, many studies
have indicated that increased consumption of nuts, especially
pistachios, which have lower fat and energy content than other

nuts, would considerably reduce the risk of CVD by preserving
endothelial function(5–7).

Pistachio trees (Pistacia vera L.) are popular nut-bearing trees
that belong to the family Anacardiaceae and are commonly
grown in the Middle East, Southwestern Asia and Southern
Europe. Pistachios have been traditionally used as a folk remedy
to treat various abnormal and disease conditions, such as hepatic
and renal diseases as well as sexual dysfunction, owing to their
high nutritive value and long shelf life(8–10). The major nutrients
present in pistachios are unsaturated fats (MUFA and PUFA), pro-
teins (essential amino acids), dietary fibre, minerals (K, Mg, P and
vitamins D, E and K), phytosterols (stigmasterol, β-sitosterol and
campesterol), xanthophyll carotenoids (lutein and anthocyanin)
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and phenolic acids(6,8,11). Pistachios exhibit a broad range of
beneficial properties including antioxidant, anti-inflammatory,
anti-diabetic, anti-hyperlipidaemic, anti-hypertensive, anti-
obesity and anti-cancer properties due to the aforementioned
phytonutrients(12,13).

A growing body of evidence demonstrates thatmoderate con-
sumptionofpistachioscould reduceCVDriskby lowering inflam-
mation and oxidative stress, thus improving endothelial function
andglycaemic control(9,11,14,15). Previous studies have considered
the effect of nut consumption on CVD, but those studies pre-
sented subgroup analyses by nut type; additionally, because they
did not specifically evaluate the effects of pistachios, some pre-
vious studies have missed the potential effects of pistachios
alone(16,17). In fact, no systematic review and meta-analysis of
randomised controlled trials (RCT) has been conducted to con-
sider the efficacy of pistachios on inflammation, endothelial dys-
function and hypertension. Thereby, this study aimed to
systematically investigate the effect of pistachios on anthropo-
metric indices, inflammatory markers, endothelial dysfunction
and blood pressure comparedwith control group, among adults,
by conducting a systematic review and meta-analysis.

Methods

This meta-analysis is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)(18) (online Supplementary Table S1) and follows the
recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions(19).

Ethics approval and consent to participate

All analyseswere based on previous studies, so no ethical appro-
val or patient consent were required.

Search strategy

The systematic literature search was performed using PubMed,
Scopus, Cochrane Library and Web of Science databases with
key search terms (combination of subject and free words):
(Pistachio OR Pistachios OR Pistacia) AND (Intervention OR
Intervention study OR Intervention studies OR Controlled trial
OR Randomized OR Random OR Randomly OR Placebo OR
Assignment OR Clinical trial OR Trial OR Randomized controlled
trial OR Randomized clinical trial OR RCT OR Blinded OR
Double blind OR Parallel OR Parallel study OR Parallel trial).
The search period was up to 31 June 2019, and no limitation
was imposed on the publication year and language to minimise
publication and language bias. The search strategy used for the
online databases is provided in online Supplementary Table S2.
The literature search was enhanced by reviewing the citations of
the articles considered eligible for the systematic review.

Study selection

After excluding duplicates through the reference manager soft-
ware Endnote, version X6 (Thomson Reuters), two investigators
separately screened the title and abstract of the records for eli-
gibility and then assessed the full text of the retained records
for final inclusion decisions. The PICOS (population,

intervention, comparator, outcome, study design) criteria were
used to establish study eligibility. We included studies that
met the following criteria: (1) population (healthy and unhealthy
adults); (2) intervention (pistachio consumption); (3) compara-
tor (matched control group, that is, the only difference between
the control and treatment groups was pistachio); (4) outcome
(systolic blood pressure (SBP), diastolic blood pressure
(DBP), flow-mediated dilation (FMD), C-reactive protein
(CRP), TNF-α, IL-6, body weight (BW), BMI and waist circumfer-
ence (WC)) and (5) study design (RCT, either parallel or cross-
over design). Articles were excluded if: (1) trials did not provide
sufficient information for the outcomes in pistachio or control
groups; (2) studies had follow-up time <1 week because based
on previous meta-analyses(16,20), this time is too short to see the
beneficial effects of pistachios. When multiple articles reported
different outcomes from a single study, the article reporting the
longest follow-up period was included in the review.

Data extraction

Data were extracted from each trial and are presented in Table 1,
which includes: (1) study characteristics (first author’s last name
and year of publication, location of the study, sample size and
study design); (2) participants’ information (sex, mean age,
mean BMI and health status); (3) intervention details (duration
of treatment, dosage of intervention) and (4) main results.
When data were not provided in publications, we attempted
contacting the authors for further information. One author
(O. A.) extracted the relevant data from included trials, and
the second author (E. G.) checked the extracted data. Any
disagreements were discussed until consensus was met.

Risk of bias assessment

Study quality was evaluated independently by two reviewers (O.
A. and E. G.) using Cochrane risk of bias tool(30). Each RCT was
given one of three rankings, ‘high risk’, ‘low risk’ or ‘unclear risk’,
in each of the following domains: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting and other sources of bias. For all studies, each
itemwas described as having a low risk of bias, a high risk of bias
or an unclear risk of bias. Trials were considered low risk when
each independent domain was rated as low risk. Any domain
rated as unclear or high risk increased the overall risk score. If
the scores awarded by the two investigators differed, a third
investigator (A. H.) assessed the study in question.

Statistical analysis

STATA software (version 11.0; Stata Corporation) was used for all
statistical analyses. The change in means and standard deviation
of the outcomes of interest between intervention and control
groups was used to calculate effect sizes (mean difference, MD)
with 95% CI to compare reported outcomes across studies by
meta-analysis. In studies in which mean change was not directly
reported, it was calculated by the subtraction of the post-interven-
tion data from the baseline value. If standard deviation of the MD
was not reported, it was calculated using the following formula:
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Table 1. Characteristics of included studies in meta-analysis

Author Year Country Study design Participants Sex

Mean age
(intervention/

control)

Mean BMI
(intervention/

control)

Trial
duration
(weeks)

Sample size
(intervention/

control) Pistachio dosage Comparator condition

Sheridan et al.(21) 2007 USA R/CG/CO Subjects with moderate
hypercholesterolaemia

F/M 60/60 27·7/27·7 4 15/15 15% of total energy
intake

Regular diets

Gebauer et al.(13) 2008 USA R/CG/CO Patients with CVD F/M 48/48 26·8/26·8 4 28/28 32–63 g/d Lower-fat control diet
Gebauer et al.(13) 2008 USA R/CG/CO Patients with CVD F/M 48/48 26·8/26·8 4 28/28 63–126 g/d Lower-fat control diet
Li et al.(22) 2009 USA R/CG/PA Obese subjects F/M 45·4/47·3 30·1/30·9 12 31/28 53 g/d 56 g of salted pretzels
Sari et al.(9) 2010 Turkey C/CO Healthy subjects F/M 22/22 NR/NR 4 32/32 20% of total energy

intake
Mediterranean diet

West et al.(23) 2012 USA R/C/CO Subjects with
dyslipidaemia

F/M NR/NR 21–35/21–35 4 28/28 10% of total energy
intake

Low-fat control diet
(25% total fat and
8% saturated fat)

West et al.(23) 2012 USA R/C/CO Subjects with
dyslipidaemia

F/M NR/NR 21–35/21–35 4 28/28 20% of total energy
intake

Low-fat control diet
(25% total fat and
8% saturated fat)

Wilson(24) 2014 USA R/CG/PA Overweight subjects F/M 57·1/57·1 31·1/31·1 6 11/11 35·4 g/d
Gulati et al.(25) 2014 India R/CG/PA Patients with the

metabolic syndrome
F/M 41·6/43·3 30·9/30·9 24 35/35 20% of total energy

intake
Diet as per weight and

physical activity
profile, modulated
according to dietary
guidelines for Asian
Indians

Hernández-Alonso
et al.(8)

2014 Spain R/CG/CO Healthy subjects F/M 55/55 28·9/28·9 16 54/54 57 g/d Control diet (diets
were isoenergetic
and matched for
protein, fibre and
SFA, 55% carbohy-
drates and 30% fat)

Kasliwal et al.(15) 2014 India R/CG/PA Patients with mild
dyslipidaemia

F/M 37·7/40·4 26·1/27·8 12 21/21 40 g/d Lifestyle modification

Nieman et al.(26) 2014 USA R/CG/CO Cyclists M 38/38 NR/NR 2 19/19 85 g/d No pistachio
supplementation

Parham et al.(27) 2014 Iran R/CG/CO Patients with type 2
diabetes

F/M 53/51 32/30 12 30/30 25 g/d Control meal without
nuts

Sauder et al.(28) 2015 USA R/CG/CO Patients with type 2
diabetes

F/M 56·1/56·1 31·2/31·2 4 30/30 20% of total
energy intake

Pistachio-free control
diet

Carughi et al.(29) 2019 USA R/CG/PA Healthy subjects F 35/35 21·6/21·6 4 30/30 56 g/d Biscuits as an
afternoon snack

R, randomised; CG, control group; CO, crossover; F, female; M, male; PA, parallel; NR, not reported.
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SD = square root ((SD pre-treatment)2 þ (SD post-treatment)2 –

(2× R× SD pre-treatment × SD post-treatment))(31). To ensure
the meta-analysis was not sensitive to the selected correlation
coefficient (R 0·5), all analyses were repeated using correlation
coefficients of 0·2 and 0·8. When standard error was reported
in place of standard deviation, we converted it to standard
deviation for further analyses: SD= SE × sqrt (n), n = number of
subjects. Random effects models were used to pool the data to
account for the potential heterogeneity introduced by the varia-
tion in location, follow-up time, population and dosage presented
in the various studies. Statistical heterogeneity among studies was
evaluated using the I2 statistical value, and an I2 value >50% was
regarded as having substantial heterogeneity(19). To find the
potential sources of between-study heterogeneity, we carried
out subgroup analyses based on baseline BMI (overweight or
obese), intervention duration (≥12 or ˂12weeks) and health sta-
tus (healthy (without any disease) or unhealthy). A sensitivity
analysis using the leave-one-out method was also performed to

assess the effect of each study on the overall effect size. The poten-
tial publication bias in each analysis was assessed using Egger’s
regression test. A P value of <0·05 was considered statistically
significant.

Results

Study selection

Of the 1553 papers identified in the preliminary search, 476
duplicate articles were removed and 1077 papers remained
for evaluation based on title and abstract. Among them, nineteen
papers were selected for full-text assessment. After further
perusal, twelve eligible studies(8,9,13,15,21–23,25–29) were found.
Additionally, one article was included from a manual search(24).
Finally, thirteen articles(8,9,13,15,21–29) were eligible for our system-
atic review and meta-analysis. These studies were detected by a
process that is shown in Fig. 1.

PubMed (531), Scopus (513), ISI Web of Science
(413), Cochrane Library (96)

(n 1553)

Records screened by title/abstracts: 
(n 1077)

Records excluded: (n 1058)
Unelated title = 806
Animal studies = 62
Review studies = 88
Other reason = 102

Articles assessed for 
eligibility 
(n 19)

The desired data were not 
evaluated (n 5)
Not having control group (n 1)
Insufficient data available 
(n 1)

Studies included in 
qualitative synthesis 

(n 12)

Duplicate records excluded:
(n 476)

Id
en
ti
fi
ca
ti
on

Sc
re
en
in
g

E
li
gi
bi
li
ty

In
cl
ud
ed

Studies included in 
quantitative synthesis 

(n 13)

By manual search
(n 1)

Records identified through database searching:

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection process.
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Study characteristics

Eligible studies were conducted in the USA(13,21–24,26,28,29),
Turkey(9), India(15,25), Spain(8) and Iran(27). Studies were
published between 2007 and 2019. Eight studies(8,9,13,21,23,26–28)

contained a parallel design, and five(15,22,24,25,29) contained a
crossover design. Among the included studies, one study was
conducted in men only(26), while another study(29) was con-
ducted in women only. The majority of studies included both
sexes(8,9,13,15,21–25,27,28). In total, 563 subjects were enrolled in
these studies(8,9,13,15,21–29). The mean age of the participants
ranged from 22 to 60 years, and the mean BMI ranged from
21 to 35 kg/m2. Trial duration ranged from 2 to 24 weeks.
Pistachio supplementation dosage varied from 25 to 126 g/d
in these studies, comprising 10–20 % of the total daily
energy intake. These studies were conducted on subjects with
moderate hypercholesterolaemia(21), CVD(13), obesity(22),
dyslipidaemia(15,23), the metabolic syndrome(25) and type 2
diabetes(27,28), as well as on individuals whowere overweight(24),
cyclists(26) or healthy(8,9,29). General characteristics of eligible
studies are summarised in Table 1.

Risk of bias assessment

Random allocation of participants was shown in all included
studies except for one(9). The method of random sequence gen-
eration has been described in four trials(8,22,25,27), whereas the
other trials have an unclear risk of bias(9,13,15,21,23,24,26,28,29).
Allocation concealment of one trial(28) has been reported, while
the other studies(8,9,13,15,21–27,29) indicated unclear risk of bias.
Risk of bias regarding blinding of participants and personnel
indicated high risk of bias in all of the trials(8,9,13,15,21–29). Low risk
of bias has been indicated in three trials(13,21,28) based on blinding
of outcome assessment. All of the included studies(8,9,13,15,21–29)

showed low risk of bias based on incomplete outcome data
and selective reporting. Details of the risk of bias assessment
are described in Fig. 2 and online Supplementary Table S3.

Meta-analysis

Effect of pistachio supplementation on anthropometric
indices. Trials investigating the effects of pistachios on
anthropometric indices (BW, BMI and WC) as desired outcomes
included four studies (four effect sizes), while the effects of pis-
tachios on BW, BMI and WC were evaluated in seven studies
(seven effect sizes). Fig. 3 represents the forest plot of the pooled
effect of pistachios on BW, BMI andWC. The results showed that
pistachios did not have a significant effect on BW (MD: 0·09 kg,
95 %CI−0·38, 0·69,P= 0·697), and therewas a lack of significant
heterogeneity among the studies (I2 0·0 %, P= 0·998).
Furthermore, BMI was not significantly affected by pistachios
(MD: 0·07 kg/m2, 95 % CI −0·16, 0·31, P= 0·553), and there
was no evidence of heterogeneity among the studies (I2 0·0 %,
P= 0·489). Finally, pistachios did not confer a change in WC
within the studies (MD: 0·77 cm, 95 % CI −0·09, 1·64,
P= 0·140), and there was a lack of heterogeneity (I2 0·0 %,
P= 0·512). Upon further subgroup analyses, the results were
unchanged and can be found in Table 2.

Effect of pistachio supplementation on flow-mediated
dilation and blood pressure. The effects of pistachio supple-
mentation on FMDwere determined by pooling effect sizes from
three studies with four effect sizes (the study of West et al.(23)

included two intervention arms). The results indicated a non-sig-
nificant effect of pistachio supplementation on FMD (MD:
0·94 %, 95 % CI −0·99, 2·86, P= 0·813); however, there was sig-
nificant heterogeneity between studies (I2 83·9 %, P< 0·001)
(Fig. 4). The overall effect of pistachios on DBP was not signifi-
cant (MD: 0·32 mmHg, 95 % CI −1·37, 2·02, P= 0·707), but there
was considerable heterogeneity between studies (I2 65·1 %,
P= 0·009). The results indicated that pistachios could reduce

Fig. 2. Risk of bias assessment of included studies.
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SBP (MD: −2·12 mmHg, 95 % CI −3·65, −0·59, P= 0·007), and
the included studies lacked considerable heterogeneity (I2

30·1 %, P= 0·199) (Fig. 5). These results were found in studies

lasting ≥12 weeks (MD: −3·81 mmHg, 95 % CI −6·31, −1·31,
P= 0·003) that included obese subjects (MD: −7·06 mmHg,
95 % CI −11·31, −2·80, P= 0·001) (Table 2).

Fig. 3. Forest plot of the effect of pistachio consumption on anthropometric indices. MD, mean difference; WC, waist circumference.
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Effect of pistachio supplementation on inflammation. The
effects of pistachio intake on CRP and TNF-α were evaluated
by pooling effect sizes from six and three studies, respectively.
The results showed that pistachio consumption had no signifi-
cant effect on CRP (MD: 0·00 mg/l, 95 % CI −0·21, 0·23,
P= 0·942) with no evidence of heterogeneity between studies
(I 2 30·7 %, P= 0·205). Additionally, pistachios did not signifi-
cantly affect TNF-α (MD: −0·09 pg/ml, 95 % CI −0·38, 0·20,
P= 0. 0·541), and there was a lack of considerable heterogeneity
between studies (I2 0·0 %, P= 0·640). Results can be found in
Fig. 6. Due to the lack of adequate effect sizes, the subgroup
analysis was performed only for the CRP; however, the results

were not different in the analysis of subgroups (Table 2).
Furthermore, the lack of eligible studies evaluating the effects
of pistachios on IL-6(9,26) did not allow for meta-analysis,
as at least three eligible studies are needed for performing
meta-analysis.

Publication bias. To identify whether publication bias was
present, Egger’s regression test was considered. The results
did not reveal significant bias in the publications regarding
BMI (P= 0·248), WC (P= 0·308), SBP (P= 0·244), DBP
(P= 0·497), FMD (P= 0·312), CRP (P= 0·221) or TNF-α

Table 2. Overall and subgroup analyses of pistachio consumption on body weight (BW), BMI, waist circumference (WC), flow-mediated dilation (FMD),
systolic blood pressure (SBP), diastolic blood pressure (DBP), C-reactive protein (CRP) and TNF-α
(Mean differences (MD) and 95% confidence intervals)

Subsets No. MD 95% CI Pwithin group Pheterogeneity I 2 (%)

Overall (BW) 9 0·09 −0·38, 0·56 0·697 0·998 0·0
BMI status
Overweight 5 0·17 −0·35, 0·69 0·517 0·998 0·0
Obese 2 −1·03 −3·85, 1·78 0·472 0·973 0·0

Trial duration
<12 weeks 5 −0·12 −1·27, 1·01 0·829 1·000 0·0
≥12 weeks 4 0·14 −0·38, 0·66 0·599 0·852 0·0

Health status
Unhealthy 5 −0·47 −2·84, 1·89 0·694 0·998 0·0
Healthy 4 0·11 −0·36, 0·60 0·633 0·889 0·0

Overall (BMI) 7 0·07 −0·16, 0·31 0·553 0·489 0·0
BMI status
Overweight 3 0·17 −0·07, 0·43 0·174 0·933 0·0
Obese 4 −0·51 −1·12, 0·08 0·094 0·802 0·0

Trial duration
<12 weeks 3 0·11 −0·93, 1·16 0·832 0·980 0·0
≥12 weeks 4 0·07 −0·16, 0·31 0·575 0·145 44·4

Health status
Unhealthy 4 −0·16 −0·93, 0·60 0·677 0·941 0·0
Healthy 3 0·09 −0·15, 0·34 0·448 0·098 56·9

Overall (WC) 4 0·77 −0·09, 1·64 0·140 0·512 0·0
Overall (SBP) 7 −2·12 −3·65, −0·59 0·007* 0·199 30·1
BMI status
Overweight 3 −1·13 −3·91, 1·64 0·423 0·370 0·0
Obese 1 −7·06 −11·31, −2·80 0·001* – –

Trial duration
<12 weeks 4 −1·11 −3·04, 0·82 0·261 0·503 0·0
≥12 weeks 3 −3·81 −6·31, −1·31 0·003* 0·181 41·4

Health status
Unhealthy 5 −2·21 −4·49, 0·06 0·057 0·073 53·3
Healthy 2 −2·04 −4·10, 0·01 0·052 0·942 0·0

Overall (DBP) 7 0·32 −1·37, 2·02 0·707 0·009 65·1
Trial duration
<12 weeks 4 0·05 −1·37, 1·48 0·943 0·466 0·0
≥12 weeks 3 0·14 −3·48, 3·76 0·939 0·001 85·6

Health status
Unhealthy 5 0·57 −1·98, 3·12 0·661 0·004 73·5
Healthy 2 −0·14 −1·66, 1·36 0·847 0·360 0·0

Overall (FMD) 4 0·94 −0·99, 2·86 0·813 <0·001 83·9
Overall (CRP) 6 0·00 −0·21, 0·23 0·942 0·205 30·7
BMI status
Overweight 1 1·60 −0·68, 3·88 0·170 – –
Obese 3 −0·01 −0·46, 0·42 0·932 0·135 50·1

Trial duration
<12 weeks 3 −0·01 −0·27, 0·24 0·928 0·495 0·0
≥12 weeks 3 0·07 −0·39, 0·54 0·752 0·058 64·9

Health status
Unhealthy 5 0·13 −0·21, 0·48 0·458 0·172 37·4
Healthy 1 −0·08 −0·37, 0·21 0·596 – –

Overall (TNF-α) 3 −0·09 −0·39, 0·20 0·541 0·640 0·0
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(P= 0·692). However, Egger’s regression test did identify poten-
tial publication bias for BW (P= 0·010).

Sensitivity analysis. A sensitivity analysis was conducted to
evaluate the contribution of each study to the overall estimated
effect size. The pooled effect was not significantly changed by
excluding individual studies reporting BW, BMI, WC, DBP,
FMD or CRP. However, by removing one study(27), the overall
effect of pistachios on SBP was altered (MD: −1·39 mmHg,
95 % CI −3·02, 0·24). Additionally, removing the studies by
Kasliwal et al.(15) and Carughi et al.(29) significantly altered the
effect of pistachios on WC. Results after the removal of each
study were (MD: 0·89 cm, 95 % CI 0·00, 1·79) and (MD:
0·97 cm, 95 % CI 0·00, 1·94). Furthermore, by eliminating
one(9) of two studies, the effect of pistachios on IL-6 was signifi-
cantly changed (MD: −0·16 pg/ml, 95 % CI −0·68, 0·36).

Discussion

To the best of our knowledge, the current systematic review and
meta-analysis is the first to consider the evidence for pistachios to
reduce risk for CVD-related factors, including SBP and DBP,
endothelial dysfunction and inflammation. This systematic
review and meta-analysis included thirteen RCT and 563 partic-
ipants. The pooled sample sizes present in the studies in our
review are somewhat small. Overall, pistachio consumption is
supported for reductions in SBP, but no effects were detected
for DBP, FMD, CRP or TNF-α. Due to a high level of hetero-
geneity in FMD and DBP parameters, findings must be inter-
preted with great caution.

Our results indicated that pistachio consumption is effective
at lowering SBP, especially in trials with a follow-up period of
≥12 weeks. The reduction in SBP reported by the current
meta-analysis is modest. However, even a 2mmHg decrease

in SBPwould reduce the risk for stroke andmyocardial infarction
by 4 %(32). A previousmeta-analysis that considered the effects of
tree nuts, peanuts and soya nuts on blood pressure found that
nuts, as a whole, did not significantly lower SBP, but pistachios
did lower SBP(16). In the current meta-analysis, beneficial
effects on SBP were detected among obese individuals consum-
ing pistachios for at least 12 weeks’ duration. Our findings sup-
port previous findings that pistachios did not produce a
significant change in FMD(20). Additional studies have also
reported that pistachios exert beneficial effects on hypercholes-
terolaemia, including a reduction in total cholesterol, LDL and
TAG as well as an increase in HDL(33,34). Taken together, the
available literature suggests that pistachios may promote cardio-
vascular health.

Mechanistic insight into the effects of pistachios on SBP has
not been fully elucidated, but plausible explanations have been
suggested. Previous work suggests that phytosterols, MUFA and
arginine might be the most beneficial compounds for promoting
a reduction in SBP, whereas lutein, β-carotene and γ-tocopherol
may produce a larger effect on IL-6. Nevertheless, the synergistic
benefits of these nutrients and many others, such as fibre, plant
proteins, antioxidants, flavonoids and other micronutrients,
likely contribute to the overall benefits garnered from pistachio
consumption(16). Additional work to provide mechanistic insight
into the role that pistachios may play in CVD reduction, and par-
ticularly reductions in SBP, is warranted.

Furthermore, attention should be given to the total energy
provided by pistachios, which includes about 564 kcal
(2360 kJ) per 100 g(6). However, we showed here that pistachio
consumption did not affect any of anthropometric indices. While
other studies have acknowledged that nuts are energy-dense
foods, current scientific evidence does not suggest an association
between nut consumption and weight gain(35). On the contrary,
pistachio consumption has been associated with a lower risk of

Fig. 4. Forest plot of the effect of pistachio consumption on flow-mediated dilation. MD, mean difference.
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obesity, which is likely due to associated feelings of satiety and
fullness that may potentially decrease consumption of unhealthy
snacks(36,37).

While benefits of pistachios were found in the present
systematic review and meta-analysis, these results should be
interpreted with some caution. The potential risk of bias from
random allocation was evident in seven of the thirteen studies
due to a lack of transparency, and one study did not include

random allocation. The risk of bias from blinding participants
and study personnel was suggested systematically.
Furthermore, somewhat small sample sizes and short study dura-
tions present in the studies in our review could influence the
overall results. Heterogeneity was also observed in participant
characteristics, particularly health status, and in background
and control diets. In addition, the present study was not regis-
tered in the International Prospective Register of Systematic

Fig. 5. Forest plot of the effect of pistachio consumption on blood pressure. SBP, systolic blood pressure; MD, mean difference; DBP, diastolic blood pressure.
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Reviews (PROSPERO), which may be a limitation as well.
However, this review and meta-analysis was designed and per-
formed according to the Cochrane guidelines.

In conclusion, the cardio-protective effects of pistachios are
supported by previouswork and probablemechanisms of action
have been suggested. Of interest, demonstrable reductions in
SBP were found in the current analysis. To more clearly under-
stand the effectiveness of pistachios in the improvement of
cardiovascular health, additional work is needed.
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