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Abstract

Purpose of Review We review recent epidemiological and clinical studies investigating the consumption of tree nuts and peanuts
and cardiovascular disease (CVD) mortality as well as CVD risk factors.

Recent Findings A greater consumption of tree nuts and peanuts is associated with a reduced risk of CVD mortality, as well as
lower CVD events. Furthermore, risk factors associated with the development of CVD such as dyslipidemia, impaired vascular
function, and hypertension are improved with regular tree nut and peanut consumption through a range of mechanism associated
with their nutrient-rich profiles. There is weak inconsistent evidence for an effect of nut consumption on inflammation. There is
emerging evidence that consuming tree nuts reduces the incidence of non-alcoholic fatty liver disease (NAFLD) and promotes
diversity of gut microbiota, which in turn may improve CVD outcomes.

Summary Evidence for CVD prevention is strong for some varieties of tree nuts, particularly walnuts, and length of supplemen-

tation and dose are important factors for consideration with recommendations.

Keywords Nuts; cardiovascular diseases - Cholesterol - Inflammation - Vascular stiffness - Microbiota

Introduction

Nut consumption has long been associated with beneficial
health effects on metabolic risk factors such as excess adipos-
ity. Tree nut consumption has been significantly associated
with lower body mass index (BMI) and waist circumference
[1] as well as reduced weight gain and risk of obesity [2].
Nut consumption has also been associated with reduced car-
diovascular disease (CVD) risk factors including dyslipid-
emia, elevated blood pressure, and impaired vascular function.
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This review will consider the nutrient profiles of nuts, the role
of nuts in the context of a whole diet, and the mechanisms
through which tree nuts and peanuts provide cardioprotection
before focusing on evidence from the past 5 years related to
CVD events and mortality. Finally, the effects of tree nuts and
peanuts on lipid profiles, vascular function, blood pressure
regulation, and inflammation will also be discussed. As recent
reviews have provided timely updates on the beneficial effects
of nuts on managing body weight [3, 4], insulin resistance
[Se], and type 2 diabetes [6], these will not be included in this
review.

Cardioprotective Nutrient Profiles of Nuts

Nuts are rich in unsaturated fatty acids, protein, fibres, plant
sterols, minerals including potassium and magnesium, and
antioxidants such as beta-carotene (vitamin A precursor), vi-
tamins C and E, selenium, and phenolic compounds. Amongst
the tree nuts and peanuts, the macronutrient profiles are sim-
ilar, but they differ in the ratio of mono and polyunsaturated
fatty acids, type of phenolic compounds, amounts of specific
vitamins, minerals, and plant sterols present [7, 8]. For exam-
ple, pistachios in comparison to other nuts, have a lower fat
and caloric content per unit weight and contain the highest
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levels of unsaturated fatty acids, potassium, y-tocopherol,
phytosterols, and xanthophyll carotenoids (such as lutein)
[9]. In comparison, walnuts are higher in alpha linolenic acid
and almonds are rich in «-tocopherol [10, 11].

Nuts and Diet Quality

Cross-sectional studies have shown that nut consumption is
associated with better nutrient profiles at a population level
[12-14]. Modelling approaches have demonstrated improve-
ments in diet quality when whole nuts are exchanged for other
types of snack foods (of poor nutrient quality) [15], and the
inclusion of nuts in both short [16—18] and longer term inter-
ventions [19, 20] has resulted in better quality diets overall. It
should be noted that the ability of individuals to optimally
incorporate nuts into their diet and avoid discretionary foods
as snacks is likely to vary considerably, highlighting an im-
portant role for nutrition professionals in communicating rec-
ommendations [21]. Furthermore, it is important to recognise
that the form of nuts consumed has the potential to have det-
rimental effects if they deliver added sugar and sodium to the
diet [22].

Mechanisms of Action
Cholesterol Lowering

The nutrient composition of nuts, being rich in fibre, phytos-
terols, and unsaturated fat and low in saturated fat, is thought
to be a key contributor to their low-density lipoprotein cho-
lesterol (LDL-C)-lowering and high-density lipoprotein cho-
lesterol (HDL-C)-preserving effects. Further, nuts lower se-
rum cholesterol by reducing cholesterol absorption, inhibiting
-hydroxy [3-methylglutaryl-CoA (HMG-CoA) reductase
and increasing bile acid production through stimulation of 7
o-hydroxylase [5e¢]. Walnut consumption in a rodent model
has been associated with lower hepatic fat accumulation [23],
and cholesterol efflux has been shown to increase in J774 cells
cultured with serum from participants who consumed walnuts
[24]. Controlled-feeding studies with almonds [25] and pista-
chios have also demonstrated dose-dependent improvements
in ATP-binding cassette transporter A1 (ABCA1)-mediated
serum cholesterol efflux capacity and global serum cholesterol
efflux capacity [26]. Participants in the nut arm of the well-
known PREDIMED study (which compared a lower-fat con-
trol diet with a Mediterranean diet supplemented with 30-g
mixed nuts (15-g walnuts, 7.5-g almonds, and 7.5-g
hazelnuts) daily or a Mediterranean diet supplemented with
olive oil) experienced reductions in cholesterol ester (CE)
production (CE 20:3) which was associated with reduced
CVD risk. However, these changes in lipid metabolites were
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not associated with the risk of myocardial infarction, stroke, or
cardiovascular death [27]. Interestingly, some of the variabil-
ity in the lipid lowering effects of nuts in intervention studies
may be due to inter-individual variability in response to phy-
tosterols [28] and consequently intervention studies should
consider individual responses in their data analyses.

Antioxidants and Polyphenolic Compounds

Oxidative stress plays a key role in both the development and
progression of CVD, and antioxidant compounds in nuts have
been shown to limit oxidative damage [29]. Specifically, poly-
phenols in nuts have antioxidant properties which can modu-
late nitric oxide (NO) production thereby altering vascular
function. They have been shown to improve CVD risk factors
through a number of mechanisms including reducing vascular
inflammation, limiting LDL-C oxidation, inhibiting platelet
aggregation, modulating apoptotic processes, and improving
lipid profiles [10, 23, 30, 31]. Furthermore, the polyphenols in
nuts are bioaccessible in the colon supporting a role for nuts in
improving gut health as part of their beneficial effects [32].

Nuts and CVD Events and Mortality

In the past 5 years, four observational studies [33—36] and nine
meta-analyses of prospective studies [37, 38ee, 39-41, 42e,
43-45] have examined the effects of nuts on all-cause mortal-
ity and both fatal and non-fatal CVD. Of these, eight publica-
tions reported the association between nut intake and all-cause
mortality [33, 34, 36e, 40, 42, 43—45]. All (except for one
study [34]) reported lower all-cause and CVD mortality with
the highest nut intake (relative risks (RR) or hazard ratio (HR)
ranging from 0.71 to 0.81). The RR of deaths by ischemic
heart disease (IHD) (RR =0.76) [37] and coronary heart dis-
ease (CHD) (RR =0.70 and 0.73) [40, 43] were also found to
be lower with higher nut intake. The association between nut
intake and stroke mortality was not statistically significant in
two cohort studies [34, 36¢]. A meta-analysis published in the
same year also did not observe significant association based
on two cohort studies [46]. To the contrary, two more recent
meta-analyses of cohort studies reported lower RR of 0.82
[40] and 0.83 [43] between low vs. high nut intake and stroke
mortality. The lower RR in these meta-analyses, which were
not previously reported, may be due to greater statistical pow-
er from the greater number of studies included in the analysis.
One of the two meta-analyses [40] included 18 cohort studies,
which contained both cohort studies that reported no associa-
tion above [34, 36°]. A number of studies further reported
lower all-cause and CVD mortality with every additional
serve of nuts consumed per day (28 g/day) [42¢], but similar
associations were not found when nut consumption was in-
creased only by one serving per week [40].
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Nuts have also been associated with lower non-fatal CVD
(HR=0.94 and RR=0.81) [35, 38], CHD (RR =0.76 and
0.80) [38¢, 39], and IHD events (RR =0.78) [37] with in-
creasing nut intake, or when intake increased by 10 g or 1
serving (28.4 g). However, the association between nut intake
and stroke events was not found in three out of five studies
published in the last 5 years [35, 37, 43]. In the remaining two
publications, the reduction of risk for stroke was modest
(RR=0.89 and 0.90 respectively) [38ee, 41]. One additional
review completed a dose-response analysis of nut intake and
stroke events and reported a non-linear association of reduced
risk with 12 g/day increments [47]. In comparison, an umbrel-
la review by Schwingshackl et al. [48] that included system-
atic reviews and meta-analyses published between 1966 and
April 2016 found no association between nut consumption
and reduced risk of stroke events. Finally, no association
was found between nut intake and heart failure [39].

Overall, studies published in the past 5 years were consis-
tent with previous studies that nut intake is linked to lower
cardiovascular events and deaths, and that this association was
the strongest when intake was in 1 serving/day increments.
The association between nut consumption and stroke events
remains weak.

Changes in Risk Factors for CVD with Nut
Consumption

Hyperlipidemia

A comprehensive review in 2015 concluded that there is con-
sistent evidence for reductions in total cholesterol, LDL-C,
apolipoprotein B (ApoB), and triglycerides following tree
nut consumption [49]. Studies published since have reported
similar findings [50] and a more recently published umbrella
review by Schwingshackl et al. [48] provided very similar
conclusions. It should be noted that whilst these meta-
analyses have reported improvements in lipid profiles overall,
not all interventions with nuts have found significant reduc-
tions in total and LDL-C. These differences are likely influ-
enced by population type, dose consumed, length of supple-
mentation, and starting lipid levels. In addition, a potential
limitation is that some studies only consider compliance/
adherence to supplementation through self-report, and low
compliance would cause underestimation of effects in their
analyses [49].

Changes in HLD-C are less consistent, with meta-analyses
concluding no overall improvement in HDL-C with nut con-
sumption [48, 49]. It is important to acknowledge that effects
on HDL-C may be population dependent and influenced by
total energy intake. Jamshed et al. [51] found that incorporat-
ing low doses of two different varieties of almonds (10 g per
day soaked overnight with skins removed and consumed in

the morning on an empty stomach) into the diet of patients
with coronary artery disease for 12 weeks was effective at
increasing HDL-C (+ 21-22%) compared with baseline levels
and was 13-15% higher than the control group. A 12-week
study in Asian Indians with type 2 diabetes reported that sup-
plementation with 30-g cashew nuts resulted in a significant
increase in HDL-C compared with participants in the nut-free
group [52]. When walnuts were included in an energy-
restricted diet for 1 year, HDL-C increased significantly more
compared to an energy-matched higher carbohydrate or higher
fat diet despite no difference in the amount of weight lost
between groups [53]. In this same study, the walnut-enriched
energy-restricted diet also significantly reduced total and
LDL-C (203 to 194 mg/dL and 121 to 112 mg/dL, P <0.05
respectively) [54]. However, unexpectedly when almonds
were included as part of a hypocaloric diet, whilst both groups
saw improvements in several lipid measures, greater increases
in HDL-C were observed in the nut-free group [54, 55]. Some
studies have shown that during active weight loss, HDL-C
decreases, but after weight loss is maintained, HDL-C in-
creases. It could be that subjects on the almond diet were still
losing weight [56, 57].

When considering the effects of nuts on lipids, it is impor-
tant to consider the nutrient composition of comparator foods,
how this contributes to overall energy and macronutrient in-
take, and importantly, whether this differs compared to the
intervention diet [25, 58]. Accordingly, strategies to include
nuts in the diet, whether by replacing other foods, adding them
on top of a background diet or incorporating them into an
energy-restricted diet, should also be considered. The contri-
bution of walnuts to the macronutrient profile of the diet may
be especially important, as by maintaining a higher total and
unsaturated fat content, they may prevent reductions in HDL-
C that can occur with energy restriction [53].

Management of hyperlipidaemia should be a holistic ap-
proach that incorporates improvements in diet and physical
activity and medication when appropriate [59]. One study
has considered whether the inclusion of nuts to the diet of
people taking statins is able to provide an additional choles-
terol lowering benefit. The STALL study demonstrated that
when 100 g of almonds was added to the diets of people on a
consistent statin dose for 4 weeks, there was a reduction in
non-HDL-C (—4.9% vs + 3.5%, P=0.02) but no changes in
total or HDL-C when compared with participants on a nut-free
diet [60e°]. This is an area where more studies are needed to
consider different doses of both nuts and statins as well as
length of supplementation.

Impaired Vascular Function
To better understand associations between nut consumption

and cardiovascular risk reduction, numerous intervention
studies have evaluated whether the inclusion of nuts improves
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vascular health and function. Nuts, including their skins, also
contain antioxidant vitamins and bioactive polyphenols, and
many types are high in the amino acid L-arginine. L-Arginine
is the precursor of nitric oxide, a potent vasodilator responsi-
ble for regulating vascular tone and blood pressure [61].
Furthermore, the nutrient profile of nuts, which are a source
of magnesium, potassium, and calcium may promote blood
pressure lowering benefits.

The most consistently used technique for assessing vascu-
lar reactivity in nut studies is flow-mediated dilatation (FMD),
which measures the ability of the brachial artery to dilate in
response to increased blood flow following temporary occlu-
sion of the vessel. FMD of the brachial artery is closely asso-
ciated with coronary endothelial function and impaired FMD
increases risk for future cardiovascular events [62].

Meta-analyses of nut intervention studies, with and without
soy nuts (whilst these are a legume some reviews have includ-
ed them), report beneficial effects on vascular reactivity [63,
64e, 65]. These analyses included predominantly randomised
controlled trials (range: 8 to 13 studies) supplementing single
and mixed nuts for periods of 4 to 24 weeks. Daily nut con-
sumption significantly improved FMD (range: +0.41 to
1.03%). Furthermore, sub-analysis by nut type showed signif-
icant independent increases in FMD with walnut supplemen-
tation (range: + 0.39 to 1.08%) [63, 64¢, 65]. The same bene-
fits were not seen for other nut types. In addition, a meta-
analysis of four randomised, controlled-feeding studies,
showed that pistachios (32—128 g/d for 4-12 weeks) did not
improve endothelial reactivity assessed via FMD (WMD: +
0.28%; 95%CI: —0.58, 1.13; P=0.525) [66]. A recent acute
study reported that peanuts (85 g) preserved endothelial func-
tion (FMD) in overweight and obese men when consumed as
part of a high-fat meal [67].

Other techniques for assessing vascular reactivity include
peripheral artery tonometry (PAT), which calculates a reactive
hyperemia index (RHI) from endothelium-mediated changes
in the digital pulse waveform in response to occlusion of bra-
chial blood flow [68]. PAT also provides an estimate of vas-
cular stiffness, termed augmentation index (Al), based on the
shape of the projected waveforms during rest. In a
randomised, crossover, controlled-feeding study, men and
women with well-controlled type II diabetes consumed a
low-fat control diet or a moderate-fat diet containing pista-
chios (20% of total energy; 59—128 g/day) for 4 weeks each
[69, 70]. Vascular function was assessed at baseline (after a 2-
week run in on a Western diet), and at the end of each 4-week
feeding period via PAT, FMD, and impedance cardiography,
the latter providing a measure of total peripheral resistance
(TPR). At the end of 4 weeks, there were no significant dif-
ferences in FMD, RHI, or Al between the control diet and the
pistachio-supplemented diet. However, the pistachio diet sig-
nificantly reduced TPR compared to the control diet (—3.7 +
2.9%, P=0.004). In a study by Huguenin et al. [71],
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microvascular reactivity was not improved following 3 months
of Brazil nut supplementation (13 g/day) in patients with hy-
pertension and dyslipidemia.

Recent studies assessing changes in arterial stiffness sug-
gest that the inclusion of pistachios [72], but not almonds [73]
may be beneficial. In a parallel trial, subjects with mild dys-
lipidemia were randomised to one of two groups, a lifestyle
modification group involving increased physical activity and a
low-fat diet (consistent with American Heart Association ther-
apeutic lifestyle change diet) or lifestyle modification plus
40 g/day pistachios for 12 weeks [72]. At 12 weeks, partici-
pants in the pistachio group had beneficial changes in several
vascular stiffness parameters, with a significant reduction in
left brachial-ankle pulse wave velocity; this was significantly
less than the control group (lifestyle modification alone).
Comparatively, Chen et al. [73] reported no improvement in
carotid-femoral or carotid-radial pulse wave velocity or PAT
following supplementation with 85 g/day of almonds for
6 weeks in patients with coronary artery disease.

A study by Barbour and colleagues [74] was the first to
evaluate whether daily peanut consumption improved cere-
brovascular reactivity. In this parallel study, older, overweight
adults consumed their habitual diet with or without peanuts for
12 weeks; males consumed 84 g/day and females 56 g/day of
peanuts, comprising ~ 15% of total daily energy. At baseline
and 12 weeks, cerebrovascular reactivity was assessed using
Transcranial Doppler (TCD), which provides a non-invasive
measure of cerebral blood flow velocity in response to a stim-
ulus, in this instance carbogen gas inhalation (5% CO,/95%
0,). Peanut consumption improved CVR in the left (+ 5%)
and right (+ 7%) middle cerebral artery. Whilst there was no
change in large artery elasticity, small artery elasticity im-
proved by 10% after peanut consumption. Choudhury et al.
[75] reported that almond supplementation (50 g/day for
4 weeks) significantly improved hyperaemic reactive blood
flow following vessel occlusion in men.

Taken together, these studies suggest that nuts, in particular
walnuts, may improve vascular health, specifically vascular
reactivity of peripheral arteries as assessed via FMD. There
is emerging evidence that peanuts may improve cerebrovas-
cular reactivity, which may have potential for enhancing cog-
nitive function due to improved blood flow; however, more
studies are needed to confirm these effects in peanuts and
other nut types. Similarly, there is less conclusive evidence
for improvements in arterial stiffness, although the studies
described here suggest that benefits may be confined to pop-
ulations without established cardiovascular disease.

Elevated Blood Pressure
Two recent meta-analyses of intervention trials, both pub-

lished in 2015, have evaluated the effect of nut consumption
on blood pressure, with conflicting results [49, 76]. Data from
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randomised controlled trials of tree nuts and legumes (soy nuts
and peanuts) (n=21) were analysed using a random effects
model by Mohammadifard et al. [76]; all-type nut consump-
tion significantly lowered SBP in participants without type 2
diabetes [mean difference (MD): —1.29; 95% CI. —2.35, —
0.22; P=0.02]. Furthermore, sub-analyses by nut type
showed that pistachios reduced SBP and DBP in all partici-
pants, including those with diabetes (SBP, MD: —1.82; 95%
CI: =297, —0.67; P=0.002; DBP, MD: —0.80; 95% CI: —
1.43,—-0.17; P=0.01) and mixed nuts lowered DBP (MD: —
1.19; 95% CI: —2.35, — 0.03; P=0.04) [73]. Comparatively,
Del Gobbo et al. [49] synthesised data from controlled trials of
tree nuts only (all trials, n=21; RCTs, n=17). They reported
no BP-lowering effect for tree nuts (total or individual nut
type) [48]. In their analysis, the effect of size and variance
for each trial was standardised to a 1-oz daily serving
(28.4 g) of nuts and analysed using a fixed-effects model.
Given these methodological differences, it is difficult to con-
clude with certainty the antihypertensive effect of nuts from
these meta-analyses.

Several controlled intervention studies have since evaluat-
ed the effect of nuts on blood pressure when included as part
of an isocaloric (habitual) or hypocaloric (weight loss) diet.
Amongst the isocaloric studies, both peanuts (n=1) [74] and a
variety of tree nuts have been evaluated including almonds
(n=3) [51, 73, 75], pistachios (n=1) [69], pecans (n=1)
[77], and cashews (n=2) [52, 78] ranging in doses from 10
to 128 g/day for 4 to 12 weeks. Resting SBP or DBP was
significantly reduced in two of the seven studies only [52,
75]. SBP reduced by 4-6% in healthy and ‘at-risk’ (two or
more CVD risk factors) men, whereas DBP reduced by 6—
12% in healthy men only following supplementation with
50 g almond/day for 4 weeks [75]. Similar reductions in
SBP (~4%) were observed in diabetic individuals consuming
a standard diabetic diet supplemented with 30 g/day cashews
for 12 weeks [52]. Sauder et al. [69] reported a significant
reduction in systolic ambulatory BP (—3.5+2.2 mmHg) but
not resting BP following a 4-week isocaloric diet supplement-
ed with pistachios at 20% total energy (59 to 128 g/d) com-
pared to an energy matched control diet.

Four studies have evaluated whether almonds (50 g/day,
15% total energy) [55, 79] or walnuts (30-42 g/day) [54, 80]
incorporated into energy-restricted diets can improve BP com-
pared to advice alone and/or energy restriction without nuts.
These studies have yielded mixed results; at this stage, it is
unclear whether the inclusion of nuts provides significant ad-
ditional benefits for BP lowering beyond that achieved by
weight loss alone.

Inflammation

The evidence of whether nuts can alter inflammatory bio-
markers is mixed. Cross-sectional data from 5013 participants

in the Nurses’ Health Study and Health Professionals’
Follow-Up Study found that greater intake of nuts (tree
nuts and peanuts) was associated with lower amounts of
the inflammatory biomarkers C reactive protein (CRP)
and interleukin-6 (IL-6) but no association with tumour ne-
crosis factor alpha (TNF-«x) receptor 2 [81]. Data from
PREDIMED indicate that following the 1-year intervention,
changes in urinary polyphenol metabolites were associated
with decreased inflammatory biomarkers (plasma concentra-
tions of intercellular adhesion molecule 1 (ICAM-1), vascu-
lar cell adhesion protein (VCAM-1), IL-6, TNF-«, and
MCP-1). These positive effects were observed in partici-
pants randomised to the Mediterranean diet (both the nut
group and the olive oil group) but not the lower-fat control
diet [82].

Despite these promising findings, evidence from shorter
term RCTs focused on individual nuts are not supportive of
nuts reducing inflammatory mediators. No significant
changes in CRP were observed following 12 weeks of con-
suming high-oleic peanuts in healthy, overweight adults
[83]. These findings were consistent with other studies of
tree nuts included in two recent systematic reviews of
RCTs that demonstrated that nut consumption was associat-
ed with small, non-significant reductions in inflammatory
biomarkers (CRP, adiponectin, TNF-«, IL-6, interleukin-10
(IL-10), VCAM-1, ICAM-1) [64¢, 84]. The majority of stud-
ies published since have also failed to demonstrate signifi-
cant improvements in inflammatory biomarkers following
nut consumption [77, 85-87], although a crossover study
with Korean adults reported improvements in IL-10 and a
tendency for reductions in ICAM-1, IL-1f3, and IL-6 follow-
ing 4 weeks of snacking on 56 g almonds/day compared with
cookies [88]. These discrepancies are likely to be due to the
dose, length of supplementation, and populations included in
the studies.

Emerging Evidence for Nuts and CVD
Non-alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is associated with
increased risk of CVD. Dietary strategies are recommended as
part of the management approach along with weight loss. Nuts
[86] and other foods commonly found in the Mediterranean
diet are also encouraged [89, 90]. Cross-sectional data on 348
Korean adults found that low nut consumption in men was
associated with increased odds of NAFLD (OR 3.66) [91].
Data from the PREDIMED study showed that inclusion of
nuts into a Mediterranean diet was associated with a lower
fatty liver index compared with a low-fat control diet suggest-
ing slower progression of NAFLD [92e¢]. Future studies
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Table 1 Mechanisms by which

nuts improve components of Component

Proposed mechanisms

cardiovascular, metabolic and gut

health Cholesterol metabolism

Vascular function and blood pressure

Inflammation
Fatty liver

Gut microbiome

* Reduced cholesterol absorption
* Inhibition of HMG-CoA reductase
* Increased bile acid production
« Stimulation of 7 «-hydroxylase
* Increased cholesterol efflux
* Reduced cholesterol ester production
* Modulation of nitric oxide production
* Reduced vascular inflammation
* Reduced LDL oxidation
* Inhibition of platelet aggregation
* Reduced oxidative stress
* Reduced production of pro-inflammatory cytokines
« Increased fatty acid {3-oxidation
* Reduced oxidative stress and inflammation
* Reduced fibrogenesis
* Altered gut microbiota profile

should continue to explore dose effects and whether benefits
are associated with all nuts.

Gut Microbiota

The association between atherosclerosis and gut microbiota
has been attracting increased attention with studies demon-
strating that gut microbes are involved in the metabolism of
proatherogenic compounds [93]. Gut dysbiosis is associated
with intestinal inflammation and reduced integrity of the gut
barrier, which in turn increases circulating levels of bacterial
structural components and microbial metabolites that may fa-
cilitate the development of CVD [94]. Nuts contain compo-
nents such as polyphenols and polysaccharides, that are non-
digestible to humans and act as prebiotics which provide sub-
strates for gut microbiota and aid with restoring balance [95].
Studies with walnuts [96, 97], almonds [98+¢], and pistachios
[99] have shown that consumption over 3—16 weeks improves
probiotic and butyric acid-producing species. Further analyses
are needed to understand how these changes relate to changes
in lipid metabolism and CVD risk.

Conclusion

The association between nut consumption and better CVD
health is seen across a wide range of populations, with varying
dose and types of nuts. The cardioprotective mechanisms in-
clude cholesterol lowering, reduced inflammation, improved
vascular health, and potentially microbiota and NAFLD
(Table 1). A recent review looking at cardioprotective foods

@ Springer

ranked nuts and seeds highly as foods that should be included
in diets to prevent ischemic heart disease [100]. Dose-
response data support lower risk for coronary heart disease
with higher nut consumption up to about 10-15 g/day [39]
and association with reductions in all-cause mortality up to
15-20 g/day [44]. Whilst non-linear associations exist for
nut intake and reduce risk of CHD incidence, Micha et al.
concluded that five servings/week, each of about 1 oz. (~
28 g), is the optimal mean population intake based on ische-
mic heart disease prevention [100].

Whilst the effects associated with inclusion of a single food
such as nuts into the diet may be beneficial for dyslipidemia,
the magnitude of effect is likely to be smaller than changes
associated with a whole of dietary pattern change [101].
Observational data indicate that nut eaters generally have
healthier dietary patterns compared with people who never
or rarely consume nuts, and this equates to better nutrient
profiles and diet quality [12, 35]. Taken together, this suggests
that nuts have significant independent CV benefits, and when
incorporated as part of an overall healthy diet, these benefits
are magnified.
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