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Abstract: Vascular stiffness can be measured using numerous techniques including assessments of
central haemodynamics, aortic arterial stiffness, and indices of aortic wave reflection and endothelial
dilatation. Impaired vascular function is associated with increased risk of cardiovascular disease
(CVD). Epidemiological studies indicate that regular nut consumption reduces CVD risk, with one
of the proposed mechanisms being via improvements in vascular function. This narrative review
summarizes the evidence from a systematic search of the literature of the effects of tree nut and peanut
consumption on measures of vascular function excluding flow mediated dilatation. A total of 16
studies were identified, with a mix of acute controlled studies (n = 3), an uncontrolled pre/post
chronic study (n = 1), chronic crossover (n = 7) and parallel studies (n = 5). Nut types tested included
almonds, peanuts, pine nuts, pistachios and walnuts, with dose and length of supplementation
varying greatly across studies. Most studies (n = 13) included individuals at risk for CVD, according
to various criteria. Findings were inconsistent, with ten studies reporting no significant changes in
vascular function and six studies (one acute and five chronic studies) reporting improvements in at
least one measure of vascular function. In summary, nuts have the potential to improve vascular
function and future studies should consider the population, dose and length of nut supplementation
as well as suitability of the different vascular function techniques.
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1. Introduction

The nutrient profile of both tree nuts and peanuts has been proposed to be beneficial for
cardiovascular health [1]. Nuts are rich in monounsaturated and polyunsaturated fats, folate, vitamin
E, magnesium, potassium and arginine, as well as polyphenols and fibres in the skins [2]. Prospective
epidemiological studies have consistently reported cardiovascular benefits associated with regular nut
consumption [3]. This benefit has been linked with several proposed mechanisms, including altered
cholesterol metabolism leading to improved lipid profiles, reduced oxidative stress, enhanced beta
oxidation and reduced vascular inflammation, which promotes vascular health [4].

Nuts have positive effects on vascular endothelial function, with regular nut consumption
associated with improved vasodilation (or reactivity) measured by flow mediated dilation (FMD)
without affecting endothelium-independent vasodilatation [5,6]. While FMD is considered a prognostic
marker for cardiovascular disease (CVD) [7], a number of other markers of vascular function are
associated with increased risk of CVD, including elevated central haemodynamics, aortic arterial
stiffness, and indices of aortic wave reflection [8,9], which may be improved with nut consumption.

Vascular reactivity is also measured using the device EndoPAT, which detects plethysmographic
pressure changes in the finger tips caused by the arterial pulse, which are translated to a peripheral
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arterial tone (PAT) [10]. EndoPAT is easy to use but may be a less sensitive measure of vascular
reactivity in comparison to FMD [11]. Comparatively, FMD uses ultrasound to measure dilation of
the brachial artery in response to hyperemia but is dependent on the training of the operator, which
limits its utility. Therefore, other assessments of vascular function, such as stiffness, are commonly
used to evaluate risk. Vascular stiffness is an independent predictor for future cardiovascular events
and mortality [12]. It can be assessed via pulse wave velocity (PWV), pulse wave analysis (PWA)
and by assessing the inverse of arterial stiffness, which is arterial compliance. PWV examines the
speed of the pulse wave generated by the heart along the arterial tree [13], where an increased velocity
demonstrates stiffer arteries. PWA uses applanation tonometry to measure the pressure waveform
from the brachial or radial artery to give the augmentation index (AI). Arterial compliance also involves
analysis of the pulse wave contour from the radial artery to determine the elasticity index of the large
(LAEI) and small artery (SAEI). This technique is limited by variation in stroke volume and blood
pressure, which can modify the reflected waveform and alter the calculation [14]. The measure of SAEI
estimates arterial function of the distal part of arterial circulation and a lower SAEI is considered to be
predictive of cardiovascular disease events [15]. Another outcome that is indicative of stiffness is total
peripheral resistance (TPR) [16], which can be assessed with impedance cardiography.

Vascular stiffness pathology is complex and the techniques used to assess this vary in their
accuracy, precision, sensitivity and specificity. Along the arterial tree there are differences in
muscularity and elasticity, hence local vascular measures are considered to be more quantitative
and sensitive than systemic indices [17]. Whilst the various methods of assessing vascular stiffness
described above are valid [18] and highly reproducible [19,20], it is important to note that the outcomes
from different techniques may not be directly comparable [21].

Currently there has been no systematic evaluation of the literature related to the effects of nuts
on markers of vascular function other than FMD [5,21]. Therefore, in order to better elucidate the
mechanism(s) by which nuts might lower CVD risk, the aim of this narrative review containing a
systematic search is to evaluate the evidence for the effect of nut consumption on vascular function
(stiffness and reactivity) as assessed by all noninvasive functional measures other than FMD.

2. Materials and Methods

2.1. Eligibility Criteria

Only peer-reviewed intervention studies published in English evaluating at least one type of nut
(tree nuts and/or peanuts) and their effects on vascular function measured as either vascular stiffness
or vascular reactivity (other than FMD) were included.

2.1.1. Types of Studies

All acute (immediate effects of a single dose of nuts, i.e., within hours) and chronic (nuts eaten for
an extended period, i.e., weeks) intervention studies were considered.

2.1.2. Types of Participants

Adult participants aged ≥18 years were considered.

2.1.3. Types of Intervention

All types of tree nuts and peanuts were considered. Soy nuts were not included.

2.1.4. Comparators

Both controlled and uncontrolled studies were considered.
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2.1.5. Types of Outcome Measures

Only noninvasive techniques used to assess vascular function were included, such as pulse wave
velocity (PWV), pulse wave analysis (PWA), digital volume pulse (DVP), impedance cardiography
and peripheral arterial tone via plethysmography (e.g., EndoPAT). The outcome measures derived
from these techniques are listed in Table 1. Studies reporting the outcome measure of FMD were
excluded, as this has recently been reviewed [21].

2.2. Information Sources

In August 2017, the following databases were systematically searched for relevant articles:
Medline, CINAHL, Scopus, Cochrane and Embase. The reference lists of relevant review articles
found in the search were also manually checked for studies missed by the database searches. This
search was updated in July 2018 with no additional relevant papers identified.

2.3. Search

Search terms were collated into two key groups: nuts and vascular function. The following
terms for nuts were searched in all databases: ‘nut or nuts or almond* or pistachio* or hazelnut* or
walnut* or cashew* or macadamia* or pecan* or peanut* or “Corylus avellana” or “Prunus dulcis”
or “Prunus amygdalus” or “Pistacia vera” or pistacia or juglans) or “Anacardium occidentale” or
“Carya illinoinensis” or “Arachis hypogaea” or groundnut*’. The second group of terms were based
on vascular function: “Arter* stiff*” or “Arter* complian*” or “arter* elasticit*” or “aortic stiffness*”
or “vascular* stiff*” or “aortic complian*” or “aortic elasticit*” or “vascular* complian*” or “vascular*
elasticit*” or “Arter* pressur*” or “aortic pressur*” or “vascular* pressur*” or laei OR saei or “pulse
wave*” or “reflective index” or “Beta stiffness index” or “Augmentation Index” or “elasticity index”
or “endopat” or “ankle brachial index” or “vascular resistance” or “systemic vascular resistance” or
“peripheral resistance” or “arterial pressure wave” or “endothelial function”. The two groups were
combined to search for relevant studies.

2.4. Study Selection

After removal of duplicates, studies were screened by title and abstract. The full text of all articles
was then reviewed before final inclusion in the review.

2.5. Data Items

Extracted data from all studies included study design, sample size, participant characteristics
(age, body mass index (BMI), sex and health status), the dietary intervention including the amount
and type of nut, duration, placebo or control conditions, fed or fasted state for assessments and vascular
function outcome.
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Table 1. Techniques used to assess vascular function and outcome measure.

Technique

Outcome Measure

Reactive Hyperemia
Index (RHI)

Augmentation
Index (AI)

Pulse Wave
Velocity (PWV)

Large and Small Artery
Elasticity Index

(LAEI and SAEI)

Total Peripheral
Resistance (TPR)

Stiffness
Index (SI)

Peripheral arterial tone (PAT) X X
Pulse wave analysis X X
Pulse wave velocity X

Impedance cardiography X
Digital volume pulse (DVP) X

AI—augmentation index, DVP—digital pulse wave, LAEI—large artery elasticity index, PAT—peripheral arterial tone, PWA—pulse wave analysis, PWV—pulse wave velocity,
RHI—reactive hyperemia index, SAEI—small artery elasticity index, SI—stiffness index, TPR—total peripheral resistance.
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3. Results

3.1. Study Selection and Study Designs

Figure 1 presents an overview of the literature search and study selection process. A total of
688 studies were identified in the initial search. After removing duplicates, 284 studies underwent
a screening of the title and abstracts and 16 articles underwent a full text screening. Review articles
were searched for relevant studies that may have been missed in the search, but none were identified.
A total of 16 studies were included in this narrative review
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Figure 1. Flowchart of study selection process.

3.2. Study Characteristics

The studies included in the review comprise three acute controlled studies, one uncontrolled
pre/post chronic study, seven controlled chronic crossover studies and five controlled parallel studies.
The majority of studies were conducted in middle-aged participants who were overweight or obese.
Most studies included both male and female participants; Kasliwal et al. 2015 had a higher proportion
of males compared to females. Three studies used only males [22–24] and one study used only
females [25]. The population groups included in the studies varied greatly in health statuses, with only
three studies focusing on healthy participants [22,23,26]. The remaining studies included population
groups at risk for CVD, including overweight populations (n = 13) [23–25,27–37], participants with
metabolic syndrome (n = 3) [28,30,37], elevated blood lipid levels (n = 4) [25,29], type 2 diabetes
(n = 3) [31,33,36] or established coronary artery disease (n = 1) [34].

A range of outcome measures were reported in the studies (Table 2). The outcome measures for
arterial stiffness were augmentation index (AI, n = 6), PWV (n = 3), small and large arterial elasticity
(n = 1) and total peripheral resistance (TPR) (n = 2). Reactive Hyperemia Index (RHI), a measure of
vascular reactivity, was reported in nine studies.

The most frequently evaluated nut type was walnuts, used in six out of the 16 studies [23–27,31].
The next most common nut types were pistachios (n = 4) [28,29,32,33] and almonds (n = 3) [22,34,36],
with only one study conducted with peanuts alone [35], and two studies with mixed nuts [30,37].
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Table 2. Study characteristics.

Authors Country Duration Assessment
Times

N
M:F

Health
status Age (years) BMI (kg/m2) Nut Type/Form Eaten Dose (day) Control

Vascular
Function
Measure

Findings

Acute studies (cross-over)

Berry
et al. [22] UK 8 h 2, 4, 6, 8 h 20

20:0 Healthy All: 26 ± 4 All: 25 ± 3

Muffins containing

• Almond kernel
• Almond

oil/almond flour
54 g (fat) Muffin

Sunflower oil AIx
No significant

difference between
groups

Berryman
et al. [27] USA 4 h 0, 4 h 15

6:9 OW/OB All: 49 ± 8 All: 29 ± 4

Walnuts

• Whole walnuts
• Nut meat
• Nut oil
• Nut skin

85 g No control RHI
AIx

Significant reduction in
RHI with walnut skins

compared with
baseline and higher
RHI with walnut oil
compared with skins

Kendall
et al. [28] Canada 3 h 1, 3 h 20

8:12 MetS All: 54 ± 8 All: 38 ± 8 Pistachios 85 g

• White bread
• White bread

+butter
+cheese

AIx
RHI

No significant change
with pistachio

containing meal for
either AIx or RHI but
AIX increased in the

meal with cheese

Pre/post study

Gulati
et al. [36] India 24 wk 0, 24 wk 50

27:23 T2D All: 46 ± 9 All: 28 ± 5 Almonds 20%E
pre/post design

without a temporal
control

PWV

No significant change
in PWV (trend toward
improvement in pulse

wave velocity
(p < 0.06))

Cross-over studies

Barbour
et al. [35] AUS 12 wk 0, 12 wk 61

29:32 OW All: 65 ± 7 All: 31 ± 4 Peanuts F: 56 g
M: 84 g Habitual diet SAEI

LAEI

Increase in SAEI
during peanut phase

(10%, p = 0.008)

Chen
et al. [34] USA 6 wk 0, 6 wk 45

18:27 CAD All: 62 ± 9 All: 30 ± 5 Almonds 85 g Step 1 diet
(NCEP)

Cf-PWV
Cr-PWV

RHI
No significant change

Din et al. [23] UK 4 wk 0, 4 wk 30
30:0 Healthy All: 23 ± 3 All: 25 ± 2 Walnuts 15 g Habitual diet (no

walnuts) AIx No significant change

Sauder
et al. [33] USA 4 wk 0, 4 wk 30

15:15 T2D All: 56 ± 8 All: 31 ± 1 Pistachios 20%E
59–128 g AHA diet RHI

AIx No significant change
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Table 2. Cont.

Authors Country Duration Assessment
Times

N
M:F

Health
status Age (years) BMI (kg/m2) Nut Type/Form Eaten Dose (day) Control

Vascular
Function
Measure

Findings

West
et al. [24] USA 6 wk 0, 6 wk 20

20:0 HC All: 49 ± 2 All: 29 ± 1 Walnuts

• LA diet: 37 g
walnut; +15 g
walnut oil
+19 g flax

• ALA diet: 37 g
walnut; +15 g
walnut oil

Average American
diet TPR

Significantly lower
TPR during the LA

and ALA diets
compared with control

diet (p = 0.02)

West
et al. [32] USA 4 wk 0, 4 wk 28

10:18 HC All: 48 ± 22 All: 21–35 Pistachios
• 32–63 g (10%E)
• 63–126 g (20%E)

Low-fat diet
(25% fat, 8% SFA) TPR

Significant reduction in
TPR with 20%E dose

(−62.1 dynesx sec
x cm−5, p < 0.0001)

Wu et al. [26] Germany * 8 wk 0, 8 wk (+4 h
post-prandial)

40
10:30 Healthy All: 60 ± 6 All: 25 ± 4 Walnuts 43 g Western diet RHI No significant change

Chronic parallel studies

Djousse
et al. [31] USA 12 wk 0, 12 wk 26

10:16 T2D All: 65 ± 12 C: 34 ± 9
I: 30 ± 5 Walnuts 28 g Habitual diet RHI No significant change

Holt et al. [25] USA 4 wk
0, 4 wk (+4 h
post-prandial
each visit)

38
0:38 HC C: 60 ± 6

I: 60 ± 4
C: 24 ± 3
I: 25 ± 4 Walnuts 40 g 5 g Walnuts RHI

AIx

Increase in fasting RHI
over time in 40 g vs.

5 g group (2.63 ± 0.10
vs. 2.23 ±0.13, p =

0.025), Reduction in
post-prandial change

in RHI 40 g vs. 5 g
group after 4 weeks
(acute on chronic)

No significant changes
in Aix

Kasliwal
et al. [29] India 12 wk 0, 12 wk 60

50:10 Dys All: 39 ± 8 C: 26 ± 3
I: 28 ± 5

Pistachios
(salted) 40 g LSM

Ba-PWV
(Right,

Left + Av)
Cf-PWV

Reduced left Ba-PWV
and Cf-PWV with
pistachios vs. LSM
(p < 0.05 for 2-way

ANOVA)
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Table 2. Cont.

Authors Country Duration Assessment
Times

N
M:F

Health
status Age (years) BMI (kg/m2) Nut Type/Form Eaten Dose (day) Control

Vascular
Function
Measure

Findings

Lee et al. [37] Korea 6 wk 0, 6 wk 60 MetS All:35–65 All: 27 ± 2
Mixed nuts

(walnuts, pine nuts,
peanuts)

30 g
(15 g, 7.5 g, 7.5 g) Prudent diet RHI No significant change

Lopez-Uriarte
et al. [30] Spain 12 wk 0, 12 wk 50

28:22 MetS All: 52 ± 8

C: 30.0
(28.6–31.4)

I: 31.6
(30.5–32.8)

Mixed nuts
(walnuts, almonds,

hazelnuts)

30g
(15 g, 7.5 g, 7.5 g) AHA diet RHI No significant change

American Heart Association diet—limit saturated fats, salt and alcohol, choose wholegrains and fruits/vegetables, eat fish twice a week. Life style modification: 50–55% carbohydrate
15–18% proteinPRO, 25–30% Fat. Prudent diet—high intake of vegetables, fruits, legumes, wholegrains, fish and poultry. Western diet—50%CHO, 15% PRO, 35% fat (15% SFA).
*—participants in this study were identified as Caucasian, %E—percentage of total energy, AHA—American Heart Association, AIx—augmentation index, ALA—alpha-linoleic diet,
AUS—Australia, Ba-PWV—brachial ankle pulse wave velocity, C—control group, CAD—coronary artery disease, Cf-PWV—carotid-femoral pulse wave velocity, CI—confidence
interval, Cr-PWV- carotid-radial pulse wave velocity, Dys—dyslipidemia, F—female, g—grams, h—hour, HC—hypercholesterolemia, I—intervention group, LA—linoleic diet, M—male,
MetS—metabolic syndrome, NCEP—National Cholesterol Education Program, LAEI—large artery elasticity index, LSM—lifestyle modification, OB—obese, OW—overweight, PWV—pulse
wave velocity, RHI—reactive hyperemia index, SAEI—small arterial elasticity index, SFA—saturated fat, T2D—type 2 diabetes, TPR—total peripheral resistance, UK—United Kingdom,
USA—United States of America, wk—week.
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3.3. Effect of Nuts on Vascular Function

3.3.1. Acute Studies

Of the 16 studies, three evaluated the post-prandial effects of a single meal containing nuts on
vascular function. The post-prandial duration ranged from 1–8 h. Two studies compared meals
containing nuts against control meals; one study compared muffins containing nuts against muffins
with sunflower oil [22]. The other study compared nuts to both white bread (50 g), or the combination
of white bread (50 g) with butter and cheese [28]. These studies found no effect of nuts on vascular
function assessed via AI [22,28] or RHI [28]. However, Berryman et al. [27] compared different
subfractions of walnuts to baseline and found a treatment effect (p = 0.01) for RHI (vascular reactivity)
but not for AI (vascular stiffness). They also reported that walnut oil favourably improved vascular
reactivity compared to walnut skins.

3.3.2. Pre/Post Non-Controlled Studies

Gulati et al. [36] used a three-week run in period and provided a standardised diet (60%
carbohydrate, 15% protein, 25% fat) followed by 24 weeks of supplementation with almonds to
provide 20% of total energy intake such that the almond diet contained 55% CHO, 17% PRO, and 28%
fat. They found no significant improvement in PWV (p = 0.06) from 20% of total energy intake from
almonds for 24 weeks.

3.3.3. Chronic Crossover Studies

The majority of chronic studies included in this review used a cross-over design (8 out of 13).
Three studies assessed vascular reactivity using EndoPAT (RHI) but no significant effects of nuts were
reported [26,33,34]. These studies supplemented dietary intake with pistachios, almonds or walnuts
for 4–8 weeks in doses ranging from 43 g/day to 128 g/day.

Vascular stiffness was assessed in seven studies. Barbour et al. [35] reported a 10% increase in
small artery elasticity index (SAEI) after consumption of 56 g/day (females) or 84 g/day (males) of
peanuts for 12 weeks (p = 0.008, effect size = 0.04). There was no improvement in AI after 15 g/day of
walnuts [23] or 59–128 g/day of pistachios [33] for 4 weeks. Three studies included total peripheral
resistance (TPR) as an outcome, with all studies reporting a significant improvement following nut
consumption. West et al. 2012 [32] reported a significant reduction in TPR (−62.1 dynes x sec x cm−5,
p < 0.0001) from 63–126 g/day of pistachios for 4 weeks. Sauder et al. [33] also reported significant
benefits of pistachios (59–128 g/day for 4 weeks) on TPR (−3.7 ± 2.9%, p = 0.004). West et al. 2010 [24]
reported a 4% reduction in TPR (p ≤ 0.05) from 37 g/day of walnuts for 6 weeks.

A range of control diets were administered, including habitual diets [23,35], moderate to high total
fat (30–35% total energy) and saturated fat (10–15% total energy) diets [24,26], and cholesterol-lowering
diets, such as the American Heart Association [33] and National Cholesterol Education Program
Step 1 diet [34].

3.3.4. Chronic Parallel Studies

Five chronic studies used a parallel study design. These studies ranged in duration from 4 to
12 weeks and included nut doses of 28 g to 40 g per day. The majority of studies (four out of five)
assessed changes in vascular function using Endo-PAT with mixed results. Holt et al. [25] reported a
significant increase in RHI (2.63 ± 0.10 vs. 2.23 ± 0.13, p = 0.025) with 40 g/day of walnuts compared
to a control diet of 5 g/day of walnuts for 4 weeks and also a better post-prandial response in the
40 g/day group. However, Lopez-Uriarte et al. [30] and Djousse et al. [31] reported no change in
RHI after 12 weeks’ supplementation with 30 g/day mixed nuts or 28 g/day walnuts, respectively.
Lee et al. [37] reported no change in RHI after 6 weeks of 30 g/day of mixed nuts. These differences may
in part be due to sample size and population characteristics. Djousse et al. [31] had a small sample of
26 participants (13 in each group), 15% of whom had coronary artery disease. Lopez-Uriarte et al. [30]



Nutrients 2019, 11, 116 10 of 14

and Lee et al. [37] used a low dose of 30 g/day of mixed nuts. However, the one parallel study
that looked at vascular stiffness reported significant results. Kasliwal et al. [29] reported significant
treatment effects for left brachial ankle pulse wave velocity (Ba-PWV), and carotid-femoral pulse wave
velocity (Cf-PWV) (p = 0.01 and 0.037, respectively) from 40 g/day of pistachios for 4 weeks.

While the control diets differed among studies, the majority included non-nut groups.
Djousse et al. [31] compared the nut intervention to a habitual diet, whereas Kasliwal et al. [29],
Lee et al. [37] and Lopez-Uriarte et al. [30] used modified diets that focused on healthier eating patterns
as their control diet.

4. Discussion

This review found that studies evaluating the effect of tree nut and peanut consumption on
vascular function have shown mixed effects, with six out of 16 studies reporting a benefit associated
with nut consumption and ten showing no effect. Acute crossover studies failed to demonstrate
that nut consumption can affect vascular reactivity or vascular stiffness post-prandially. Although
acute vascular reactivity was improved with consumption of walnut oil, this was not compared
to a control group. Evidence from chronic studies suggest that regular consumption of nuts can
improve TPR, with all three studies that assessed this outcome reporting a positive effect, with two
of these studies assessing the effects of pistachios and one the effects of walnuts. Improved arterial
stiffness was also observed following peanut and pistachio consumption compared to a nut-free diet
and lifestyle modification, respectively. Only one study in walnuts observed improvements in vascular
reactivity. Therefore, while there is evidence from some studies that nuts can improve arterial function,
the findings are inconsistent.

When considering the effects of nuts on vascular function the population type is important. The
studies in healthy populations did not find significant improvements, whereas six (out of the 12)
studies in people with CVD risk factors reported significant changes in at least one measure of vascular
function [24,25,29,32,33,35]. Comparatively there were no improvements in vascular stiffness or
reactivity in people with established coronary artery disease [34], possibly due to the relatively short
duration of the intervention and the impaired responsiveness to vasodilatory stimuli observed in
individuals with coronary artery disease [38,39]. Population groups with CVD risk factors may be
more likely to have improvements, as there is a level of vascular dysfunction that can be corrected.
This is consistent with the results of Del Gobbo et al. 2015 [40], who found stronger effects from nut
consumption in reducing lipoproteins for those who had type 2 diabetes compared to those who were
healthy. Therefore, in patients who are healthy who exhibit good vascular function, or in patients with
established disease who have very poor vascular function, nuts may not provide any benefit. However,
in patients with risk factors for disease in whom vascular function is moderately impaired nuts may
be beneficial.

A similarity between this review and that performed by both Xiao et al. [21] and Neale et al. [5]
was that the majority nut type was walnuts. Xiao et al. [21] also included two studies using pistachios
and one study each of almonds and hazelnuts. Xiao et al. found that the beneficial effect of improving
vascular reactivity was limited to walnuts [21]. This may be due to the small sample of studies of other
nuts compared to walnuts. Another reason may be due to the fatty acid profile of walnuts containing
higher amounts of plant-derived omega-3 α-linoleic acid compared to other nut types [41]. This fatty
acid has been associated with cardioprotective benefits, such as being antithrombotic, anti-atherogenic
and anti-inflammatory [42]. The current review, however, failed to find consistent results from walnuts,
with only two of the chronic studies showing an improvement in vascular function. The nutrient
profile of nuts may be influenced by seasonal variability and climate conditions in different growing
regions, which could contribute to different responses across studies [43,44]. There has been one study
assessing changes in baroreflex sensitivity with consumption in walnuts and cashews compared with
a control diet [45]. Whilst not a direct measure of vascular function (hence this study was not included
in Table 2), baroreflex sensitivity is an important mechanism in the regulation of blood pressure
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and hence this study warrants highlighting [46]. Schutte et al. [45] found that walnuts and cashews
both significantly altered baroreflex sensitivity in people with metabolic syndrome following 8 weeks
of supplementation. Interestingly, these nuts had opposite effects, such that cashews exerted a positive
effect (defined as an autonomic shift towards the parasympathetic side), while walnuts had a negative
effect. The authors postulate that these differences may be related to the difference in fatty acid profile,
but this finding warrants further investigation.

In comparing the findings in this review and with previous reviews focused on FMD outcomes,
both the doses of nuts provided and length of supplementation should be considered. In the current
review, the range of nut doses (15–128 g/day) is lower compared to the doses used in the studies
analysed by Xiao et al. [21] (52–128 g/day) and Neale et al. [5] (18–85 g/day). This may have
contributed to the observed inconsistencies between reviews. Xiao et al. [21] reported that nut
consumption <67 g/day was more effective at improving FMD compared to >67 g/day. One possible
explanation may be due to reduced participant compliance with higher doses; consequently,
dose response studies should be undertaken to address this issue. At this stage, there is insufficient
evidence to indicate an optimum dosage of nuts to improve vascular function.

Furthermore, inconsistency in results may be due to differences in study durations. The duration
of the studies included by Xiao et al. [21] ranged from 4–24 weeks, with an average length of
13 ± 7 weeks. Neale and colleagues [5] included studies ranging from 4 weeks to 5 years, although
the majority were less than 3 months in duration. Studies included in this review had a similar
range, varying from 4–24 weeks, with an average of 9 ± 6 weeks. Previous dietary interventions with
anthocyanins have been able to demonstrate changes in arterial function acutely [47], and interventions
with fish oil have shown improvements after six weeks to one year [48], indicating that changes
are possible within this relatively short timeframe. Other possible reasons for different effects of
nut consumption on vascular function could be related to the background diets of participants,
socioeconomic status, education levels or genetic differences [49,50].

5. Conclusions

This purpose of this review was to summarise the evidence for improved vascular stiffness or
reactivity following consumption of tree nuts and peanuts. Based on the studies included in this review,
there is some evidence for an improvement in vascular stiffness, with 5 of 13 chronic studies reporting
significant reductions following nut consumption. Unfortunately, the small number of studies, along
with the diverse range of outcome measures, nut types evaluated and duration of interventions limits
our ability to draw a definitive conclusion. Similar to recommendations from other recent reviews
in FMD, we emphasise the need for more nut intervention studies assessing functional measures of
vascular health.
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