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Abstract: Nuts are nutrient-rich foods that contain many bioactive compounds that are beneficial
for cardiovascular health. Higher consumption of nuts has been associated with a reduced risk of
several cardiovascular diseases (CVD) in prospective cohort studies, including a 19% and 25% lower
risk of CVD incidence and mortality, respectively, and a 24% and 27% lower risk of coronary heart
disease incidence and mortality, respectively. An 18% lower risk of stroke mortality, a 15% lower
risk of atrial fibrillation, and a 19% lower risk of total mortality have also been observed. The role
of nuts in stroke incidence, stroke subtypes, peripheral arterial disease and heart failure has been
less consistent. This narrative review summarizes recommendations for nuts by clinical practice
guidelines and governmental organizations, epidemiological evidence for nuts and CVD outcomes,
nut-containing dietary patterns, potential mechanisms of nuts and CVD risk reduction, and future
research directions, such as the use of biomarkers to help better assess nut intake. Although there
are still some uncertainties around nuts and CVD prevention which require further research, as
summarized in this review, there is a substantial amount of evidence that supports that consuming
nuts will have a positive impact on primary and secondary prevention of CVD.
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1. Introduction

Cardiovascular diseases (CVD) are the leading cause of death worldwide and a major
cause of premature mortality, causing an estimated 31% of all deaths globally [1]. Major
modifiable risk factors for CVD include smoking, harmful alcohol use, physical inactivity,
unhealthy diets, abdominal obesity, hypertension, dyslipidemia, high fasting glucose
and diabetes, and kidney dysfunction [2]. Furthermore, there are many downstream
complications of CVD that can significantly impact quality of life and cause disability and
death, including dementia, peripheral arterial disease (PAD), heart failure (HF), kidney
disease, frailty and poor aging, among others [3].

Despite a decline in CVD in several regions around the globe, it remains a major threat
to public health as the absolute numbers continue to increase, with prevalent cases of total
CVD nearly doubling from 1990 to 2019 [4]. These numbers are expected to increase even
further in upcoming years due to population growth and aging. For example, a recent
analysis in the United States projects large future increases in CVD risk factors and CVD
prevalence (e.g., 31% increase in ischemic heart disease and 34% increase in stroke) by
2060 [5]. According to the Global Burden of Diseases (GBD) Study, unhealthy diets are
the greatest contributor to premature morbidity and mortality worldwide, including CVD
mortality [6]. The main dietary risk factors attributable to the global burden of diseases
include diets low in whole grains, fruit, nuts/seeds, and vegetables and diets high in
sodium and processed meat [7]. Tree nuts and peanuts, one of the top dietary risk factors
noted by the GBD study, may be particularly beneficial for CVD prevention due to their
bioactive components. Of note, peanuts are botanically defined as legumes; however,
they have a similar nutrient composition and culinary use as tree nuts and are, therefore,
usually included as nuts when estimating total nut intake [8]. The bioactive components
of tree nuts and peanuts include their macronutrient, fat-soluble bioactive, fiber, vitamin,
mineral and phenolic content [9]. Specifically, fat-soluble bioactives such as their fatty acid
content (monounsaturated and polyunsaturated fatty acids), fiber, magnesium, tocopherols
and tocotrienols, phytosterols, sphingolipids, carotenoids, chlorophylls and alkyl phenols,
and phenolic compounds (including flavonoids, phenolic acids, stilbenes, lignans, among
others) all likely contribute to their cardiovascular health-promoting effects [9].

In this narrative review, we describe the importance given to nuts in clinical practice
guidelines, the evidence we have in relation to the beneficial effects of frequent consumption
of nuts in the prevention of CVD, as well as the possible mechanisms involved. However, we
also emphasize the gaps that exist in the literature and discuss the possible studies that we
should develop in the future to increase the level of evidence and establish recommendations.

2. Nuts in Clinical Practice Guidelines for Cardiovascular Risk Reduction

Given their cardiovascular health-promoting properties, tree nuts and peanuts are
recognized by several international health organizations for cardiovascular risk reduction
for both primary and secondary prevention. Table 1 highlights the recommendations from
cardiovascular clinical practice guidelines (CPGs), including the Canadian Cardiovascular
Society, Joint British Societies for the Prevention of Cardiovascular Disease, the Australian
Heart Foundation, the American Heart Association and the European Society of Cardiol-
ogy [10-14]. Nuts are recommended as a healthy plant protein and fat source that should
be frequently consumed to lower low-density lipoprotein cholesterol (LDL-C), improve the
overall lipoprotein profile and decrease CVD risk.

Table 1. Examples of Recommendations for Nuts in CVD Clinical Practice Guidelines.

Guideline Association

Nuts Recommendation

American Heart Association 2021 [10]

“Choose healthy sources of protein, mostly protein from plants
(legumes and nuts)”
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Table 1. Cont.

Guideline Association

Nuts Recommendation

European Society of Cardiology and European Atherosclerosis ~ “Food choices to lower low-density lipoprotein cholesterol and

Society 2019 [11]

improve the overall lipoprotein profile are nuts and seeds”

Canadian Cardiovascular Society 2016 [12]

“We suggest that all individuals be encouraged to moderate
energy (caloric) intake to achieve and maintain a healthy body
weight (Conditional Recommendation; Moderate-Quality
Evidence) and adopt a healthy dietary pattern to lower their
CVD risk: Dietary patterns high in nuts (30 g/day) (Conditional
Recommendation; Moderate-Quality Evidence)”

Joint British Society Consensus for prevention of Cardiovascular

Disease 2014 [13]

“Consider regular consumption of whole grains and nuts”

Heart Foundation
Australia 2019 [14]

“Eating patterns for heart health are based on:

e Avariety of healthy protein sources including fish,
seafood, lean meat and poultry, legumes, nuts and seeds

. Healthy fat choices with nuts, seeds, avocadoes, olives and
their oils for cooking”

Abbreviations: CVD = cardiovascular disease.

3. Regulated Nut Health Claims Allowed for Cardiovascular Risk Reduction

To encourage the consumption of foods that may be beneficial for health, governmental
agencies review the evidence and approve health claims that can provide consumers with
reliable information about the relationship between the consumption of food and a specific
health benefit. Several regulated disease risk reduction health claims have been approved
for nuts and CVD by the U.S. Food and Drug Administration (FDA), the European Food
Safety Authority (EFSA) and Food Standards Australia New Zealand (FSANZ), as shown
in Table 2 [15,16]. Health Canada has not approved a disease risk reduction claim for
nuts. The FDA and FSANZ both approved a health claim regarding nuts and CVD risk
reduction, particularly for the LDL-C lowering effects of nuts. However, EFSA did not
approve this type of claim and noted that, specifically for walnuts, the evidence provided
did not establish that the consumption of walnuts had an effect on LDL-C beyond what
could be expected from their fatty acid composition [17]. EFSA, however, established that a
cause-and-effect relationship between the consumption of walnuts and the improvement
of endothelium-dependent vasodilation exists and has approved a health claim for this
finding (Table 2) [17].

Table 2. Examples of Regulated Health Claims for Nuts and CVD Risk Reduction.

FDA

EFSA FSANZ

1.5 ounces per day of nuts, as part of a diet low in General level health claim around

saturated fat and cholesterol and not resulting in
increased intake of saturated fat or calories may

reduce the risk of CHD [15]

30 g per day of walnuts may
improve endothelium-dependent
vasodilation [17]

heart health without causing weight
gain allowed for tree nuts, peanuts,
ground nuts/butters/pastes [16]

Abbreviations: EFSA = European Food Safety Authority; FDA = Food and Drug Administration; FSANZ = Food
Standards Australia New Zealand.

4. Nuts and Cardiovascular Disease Outcomes

The scientific study of the role of nuts in preventing CVD started over 30 years ago,
first with a discovery that individuals in the Adventist Health Study who consumed nuts
more frequently (more than four times per week) had fewer coronary heart disease (CHD)
events compared to those who consumed nuts less than once per week [18]. Investigators
believed that this CHD risk reduction might be related to the favorable fatty acid profile
of nuts. Researchers from the same group then assessed if consuming walnuts (20% of
calories through replacing other fatty foods, meat and oils, margarine and butter) would
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affect blood lipids in healthy individuals [19]. They found that incorporating a moderate
amount of walnuts in the diet decreased levels of total cholesterol (TC) and LDL-C [19]. The
favorable modification of the lipid profile by frequent nut consumption has been confirmed
in additional trials and systematic reviews and meta-analyses [20]. The role of nuts in
preventing CVD outcomes in prospective cohort studies has also been extensively studied.
Below we describe this evidence related to total CVD, CHD, stroke, HF, atrial fibrillation
(AF), PAD and total mortality. The definition of nuts includes tree nuts, peanuts and seeds
(sunflower, pumpkin, etc.) as a culinary definition for this review. An overview of the
pooled summary data for each outcome is included in Figure 1.

QOutcome Studies Cases n RR (95% CI) Pooled RR (95% CI)
Cardiovascular Disease
Incidence 11 18,655 376,228 0.81 (0.74, 0.89) *
Mortality 16 19,574 524,610 0.75 (0.71, 0.79) *
Coronary Heart Disease
Incidence 11 12,331 315,397 0.76 (0.69, 0.84) *
Mortality 13 10,083 429,833  0.73(0.67, 0.80) *
Stroke
Incidence 7 12,646 302,888 1.00 (0.92, 1.09) <
Mortality 12 4396 449,293 0.82 (0.73, 0.92) -
Ischemic 7 8401 302,423 0.99 (0.89, 1.10) 5 &
Hemorrhagic 2 5454 194,307 1.53 (0.97, 2.41) ¢ ’
Heart Failure 2 4253 53,887 1.00 (0.86, 1.16)
Atrial Fibrillation 2 10,867 53,965 0.85 (0.73, 0.99) -
Peripheral Arterial Disease® 3 6018 233,883 1.03 (0.96, 1.09) »
Total Mortality 15 85,870 819,448 0.81 (0.77, 0.85) ¢

0.5 1.0 15 2.0

Favors more nuts  Favors less nuts

Figure 1. Summary of the pooled effect estimates of prospective cohort studies assessing the associa-
tion between high and low consumption of nuts and risk of cardiovascular disease outcomes and total
mortality. Figure adapted from Figure 2 in [21]. Pooled risk estimate is represented by the diamond.
* To obtain summary estimates for peripheral arterial disease, we used generic inverse variance
(fixed effects) to pool the natural log-transformed RRs of the extreme quantiles. Abbreviations:
CI = confidence intervals; RR = relative risk.

4.1. Total Cardiovascular Disease

Total CVD is a composite outcome of CVD incidence (including only nonfatal or a
combination of nonfatal and fatal outcomes of different CVD outcomes) or may include
CVD mortality outcomes only, which is a composite of different fatal CVD endpoints. A
recent systematic review and meta-analysis of prospective cohort studies that were com-
missioned to update the clinical practice guidelines for nutrition therapy for the European
Association for the Study of Diabetes (EASD) found that in three cohort comparisons (in-
cluding 210,839 participants and 14,136 events), high consumption of nuts was associated
with a 15% lower risk of CVD incidence (relative risk [RR] = 0.85, 95% confidence intervals
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[CI]: 0.80-0.91) compared to low consumption [22]. In 15 cohort comparisons (including
413,797 participants and 14,475 events), high consumption of nuts was associated with
a 23% lower risk of CVD mortality (RR = 0.77, CI: 0.72-0.82) compared to low consump-
tion [22]. The certainty of the evidence was assessed using the Grading Recommendations
Assessment, Development and Evaluation (GRADE). The GRADE for CVD incidence was
low quality due to a downgrade for indirectness (i.e., how applicable the evidence is to
the general population) but an upgrade for a dose-response gradient. The GRADE for
CVD mortality was moderate quality due to an upgrade for a dose-response gradient.
The dose-response analysis showed that the reduction in risk of CVD incidence was ob-
served up to 10 g/day with no further reduction in risk for higher consumption. For CVD
mortality, there was a greater reduction in risk at 15-20 g/day, with no further reduction
with higher consumption. When assessing different types of nuts, tree nuts, peanuts and
walnuts were all associated with a 13-19% lower risk of CVD incidence, whereas the associ-
ation for peanut butter was not significant (RR = 0.98, CI: 0.93-1.03). For CVD mortality,
only peanuts have been analyzed, and higher consumption was associated with a lower
risk of CVD mortality compared to low consumption [22]. The lack of association with
peanut butter may be in part because many peanut butters on the market have added salt,
fully hydrogenated oils or oils such as palm oil that can increase the saturated fat content,
which could negatively impact their health benefits as compared with whole sources of
peanuts; further research on natural peanut butter may provide additional insight into
this hypothesis.

A more recent 2022 umbrella review assessing the role of nuts in preventing several
chronic diseases found similar associations with CVD incidence and mortality [21]. For
CVD incidence, 11 cohort comparisons were assessed (including 376,228 participants and
18,655 events), and a 19% lower risk was observed comparing high to low consumption
(RR =0.81, CI: 0.74-0.89) and 21% lower risk when assessing associations per serving
(28 g/day) (RR = 0.79, CI: 0.70-0.89). For CVD mortality, 16 cohort comparisons were
included (524,610 participants and 19,574 cases), and a 25% lower risk comparing high
to low consumption (RR = 0.75, CI: 0.71, 0.79) was observed and a 6% lower risk when
assessing nut intake by 28 g/day (RR = 0.94, CI: 0.93, 0.96) [21]. This umbrella review also
assessed dose-response relationships with CVD mortality and found that the optimal intake
levels of nuts are ~15-20 g/day and that there were limited further benefits of consuming
up to one serving (28 g/day), similar to the earlier meta-analysis [22]. However, it should be
mentioned that the high end of nut consumption across most cohorts is typically one serving
(28 g)/day, and little is known about the dose-response relationship with higher intakes.

4.2. Coronary Heart Disease

Similar to total CVD, CHD incidence may include fatal and nonfatal events, whereas
CHD mortality includes CHD mortality outcomes only. The systematic review and meta-
analysis conducted to update the EASD nutrition therapy guidelines assessed 7 cohort
comparisons (including 275,812 participants and 12,654 cases) and found that high nut con-
sumption was associated with an 18% lower risk of CHD incidence (RR = 0.82, CI: 0.69-0.96)
compared to low consumption [22]. For CHD mortality, 13 cohort comparisons were in-
cluded (396,014 participants and 7877 cases), and high consumption of nuts was associated
with a 24% lower risk (RR = 0.76, CI: 0.67-0.86) compared to low consumption. The cer-
tainty of evidence using GRADE was very low for CHD incidence owing to downgrades
for inconsistency (i.e., unexplained heterogeneity), indirectness and imprecision (i.e., the
minimally important difference for the clinical benefit [considered RR = 0.95 in this meta-
analysis]), and an upgrade for a dose-response gradient. The certainty of the evidence was
moderate for CHD mortality, owing to an upgrade for a dose-response gradient. When
assessing different types of nuts, tree nuts, peanuts and walnuts were all associated with a
15-23% lower risk of CHD incidence, and similar to CVD incidence, no association was
reported for peanut butter consumption (RR = 1.00, CI: 0.94-1.07). The findings were also
similar between CVD and CHD mortality, where peanut consumption was inversely asso-
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ciated with the risk of CHD mortality. Comparable to CVD mortality, the CHD mortality
dose-response analysis showed greater reductions in risk at around 15-20 g/day [13,22].
The 2022 umbrella review showed that for CHD incidence (including 12 cohort compar-
isons with 315,397 participants and 12,331 events), there was a 24% lower risk comparing
high to low consumption (RR = 0.76, CI: 0.69-0.84) and 25% lower risk when assessing
per servings associations of 28 g/day (RR = 0.75, CI: 0.64-0.88) [21]. For CHD mortality,
13 cohort comparisons were included (429,833 participants and 10,083 cases), and a 27%
lower risk comparing low to high consumption (RR = 0.73, CI: 0.67, 0.80) was observed and
a 6% lower risk when assessing nut intake by 28 g/day (RR = 0.94, CI: 0.93, 0.96) [21].

4.3. Stroke

Stroke outcomes include stroke incidence and mortality, and the main stroke subtypes,
ischemic and hemorrhagic stroke. The association between nut consumption and stroke
risk has been less consistent than that observed for total CVD and CHD. For stroke in-
cidence, the EASD systematic review and meta-analysis included 7 cohort comparisons
(of 302,888 participants and 12,646 events) and found no associations when comparing
high to low consumption (RR = 1.00, CI: 0.92-1.09) [22]. In contrast, for stroke mortality,
12 cohort comparisons were analyzed (including 351,618 participants and 2332 cases) and
comparing high vs. low categories of nut consumption was associated with a 17% lower
risk (RR = 0.83, CI: 0.75-0.93). The certainty of evidence using GRADE was very low for
stroke incidence owing to downgrades for indirectness and imprecision, and low for stroke
mortality, owing to downgrades for imprecision but an upgrade for a dose-response gra-
dient. Regarding specific types of nuts, peanut consumption was associated with a lower
risk of stroke incidence and mortality, but other nut types and peanut butter were not
significantly associated with either outcome. For stroke subtypes, no associations were
seen with ischemic stroke (RR = 0.99, CI: 0.89-1.10 in 7 cohort comparisons including
302,423 participants and 8401 cases) or hemorrhagic stroke (RR = 1.02, CI: 0.77-1.34 in
5 cohort comparisons including 188,750 participants and 3088 cases) [22].

Another meta-analysis including 11 cohort studies (9272 stroke cases) and 396,768 par-
ticipants also reported an inverse association in the high vs. low analysis (RR = 0.89,
CI: 0.82-0.97), but not in the linear dose-response analysis (RR = 0.93, CI: 0.83-1.05); how-
ever, there was some indication of a non-linear J-shaped association with a reduction in risk
up to approximately 10-15 g/day, but a slight positive association at 30 g/day [23]. There
was no indication of an increased risk at high intakes when stroke incidence and stroke
mortality were analyzed separately, suggesting that the direct association at high nut doses
observation could be an artefact. When subtypes of nuts were examined, no association was
observed for tree nuts in relation to the risk of stroke in the high vs. low and dose-response
analyses, while slight inverse associations were observed for peanuts [23], which were
both similar to those reported in the EASD meta-analysis [22]. It is unclear whether these
differences in results between subtypes are real or simply because of chance variation
due to the few studies available. Given largely overlapping confidence intervals between
summary estimates, it is possible that chance variation is playing a role; therefore, further
studies are needed. The 2022 umbrella review findings were also similar: no association
was seen with stroke incidence (RR = 1.00, CI: 0.92-1.09) in 7 cohort comparisons, including
302,888 participants and 12,646 cases, with an inverse association seen with stroke mor-
tality (RR = 0.82, CI: 0.73-0.92) in 12 cohort comparisons including 449,293 participants
and 4398 events [21]. Although results regarding nut consumption and stroke risk have
been more variable than for CHD, it seems there may be a modest inverse association
between higher nut intake and stroke risk. Most of the individual studies may not have
been sufficiently powered to detect an association. Nonetheless, a possible reason for the
weaker association between nut consumption and stroke than for CHD could be the fact
that many nuts are salted. Dietary salt consumption is one of the main determinants for
elevated blood pressure, and it is possible that adding salt to nuts could dilute some of the
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benefits they have, particularly for stroke, similar to the possible reasons for no association
seen with peanut butter and several CVD outcomes.

4.4. Heart Failure

Few prospective cohort studies have assessed the role of nut consumption in pre-
venting one of the major complications of CVD, HE. The EASD systematic review and
meta-analysis included two cohort studies with 53,877 participants and 4253 cases, and
for high vs. low categories of nut consumption, the RR was 1.00 (CI: 0.86-1.16) [22]. The
certainty of evidence by GRADE was very low for HF, owing to downgrades due to the
risk of bias (i.e., study quality as assessed by the Newcastle Ottawa Scale), indirectness
and imprecision. Similarly, the 2022 umbrella review included the same cohorts, and the
same effect estimates were observed [21]. Interestingly, a large prospective Swedish Cohort
study of 61,364 adults observed a non-linear inverse association with the risk of HF and a
12% reduction in risk (HR = 0.88, CI: 0.79-0.99) with consumption of nuts 1-2 times per
week with 17 years of follow-up [24].

4.5. Atrial Fibrillation

Similar to HF, fewer prospective cohort studies have examined the role of nuts in
preventing this important risk factor for stroke and HF. The EASD systematic review and
meta-analysis assessed two prospective cohort studies, including 53,965 participants and
10,867 cases [22]. Comparing high vs. low consumption of nuts, there was a 15% lower risk
of AF (RR = 0.85, CI: 0.73-0.99), similar to the 2022 umbrella review [21]. The certainty of
the evidence was very low, owing to downgrades due to indirectness and imprecision [22].
Similar to HF, the Swedish Cohort study also found a non-linear inverse relationship with
the risk of AF and consumption of nuts 3 or more times per week was associated with an
18% reduced risk of AF [24].

4.6. Peripheral Arterial Disease

Few studies have assessed the association between nut consumption and the risk of
PAD [25]. In the Atherosclerosis Risk in Communities Study, 14,082 men and women were
followed for 20 years, and 1569 incident cases of PAD were identified. There was no clear
association between the frequency of nut consumption and the risk of PAD, and the HR
was 1.04 (CI: 0.89-1.23) when comparing an intake of >2/week vs. almost never [26]. In an
analysis from the Women’s Health Initiative, including 138,506 postmenopausal women
and 1036 PAD cases identified during 19 years of follow-up, there was no association
between higher consumption of nuts and seeds and PAD (highest vs. lowest quartile of
nuts and seeds consumption was 0.93 [CI: 0.78-1.10]) [27]. Similarly, in a combined analysis
of 38,823 women in the Swedish Mammography Cohort and 45,472 men in the Cohort of
Swedish Men (aged 45-83 years) with 22 years follow-up and 3413 PAD cases, there was no
clear association between intake of nuts and PAD risk, and the HR was 1.05 (CI: 0.89-1.24)
for the highest vs. lowest category of intake [28]. We pooled the data from the 3 cohorts,
and the RR was 1.03 (CI: 0.96-1.09), also highlighting no clear association between nut
consumption and the risk of PAD (Figure 1). However, we cannot exclude the possibility
that there may be a U-shaped association between nut consumption and PAD.

4.7. Total Mortality

The 2022 umbrella review also assessed the association between nut consumption
and overall total mortality. In 16 cohort comparisons (including 819,448 participants and
85,870 deaths), both high vs. low categories of nut consumption (RR = 0.81, CI: 0.77, 0.85)
and per serving (28 g/day, RR = 0.78, CI: 0.72, 0.84) were associated with lower risk of total
mortality [21]. Similar to total CVD, the dose-response analyses indicated optimal intake
levels were approximately ~15-20 g/day, with limited further benefits up to 28 g/day. In
addition, a meta-analysis of 15 cohort studies indicated that 4.4 million premature deaths
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in the Americas, Europe, Southeast Asia and Western Pacific would be attributable to a nut
intake below 20 g/day [23].

4.8. Change in Nut Intake and Substitution Analyses

Changes in nut intake over time and the substitution of nuts for other dietary factors
have also been associated with a lower risk of CVD. For instance, Liu et al. examined
the association between 4-year changes in nut consumption and risk of CVD outcomes in
the subsequent 4 years in the Health Professionals Follow-up Study (HPFS) and Nurses’
Health Study (NHS) I and II [29]. They found that a per 1/2 serving/day increase in total
nut consumption was associated with a lower risk of CVD (HR = 0.92, CI: 0.86-0.98), CHD
(HR = 0.94, CI: 0.89-0.99) and stroke (HR = 0.89, CI: 0.83-0.95) and those that decreased
their nut consumption over time had an increased risk of CVD, CHD and stroke. The
1/2 serving/day increase in consumption for a different type of nuts showed that most
nut types were associated with a lower risk of CVD outcomes, with walnuts showing
the strongest association and peanut butter showing no association. The researchers also
examined the substitution effect per 1/2 serving/day of nuts and found that replacing red
meat, processed meat, refined grains, French fries and dessert with nuts was associated
with a lower risk of CVD, CHD and stroke [29]. In another analysis of HPFS and NHS,
substituting both unprocessed and processed red meat for nuts was associated with the
greatest reduction in total mortality [30].

5. Healthy Dietary Patterns That Contain Nuts

Several healthy dietary patterns that are recommended in CVD clinical practice guide-
lines contain nuts as a key food component. These include dietary patterns such as the
Mediterranean, Nordic, Dietary Approaches to Stop Hypertension (DASH), vegetarian
and Portfolio diets. Each of these dietary patterns has been shown to lower important
CVD risk factors in RCTs and is associated with a lower risk of CVD in prospective cohort
studies [31-38]. A healthy Mediterranean diet including nuts was also assessed with CVD
endpoints in the landmark Prevencion con Dieta Mediterranea (PREDIMED) trial. In
this trial, over 7000 high-risk individuals for CVD were randomly assigned to an energy-
unrestricted Mediterranean diet supplemented with either extra virgin olive oil (EVOO) or
mixed nuts or the control diet (advice to curtail all types of fat) [39]. After approximately
5 years, both the Mediterranean diet groups supplemented with EVOO and nuts had a
30% reduction in CV events, mainly through reductions in stroke. Further analyses of
the PREDIMED study also found a reduced risk of PAD both in the EVOO (HR = 0.36,
CI: 0.21-0.65) and in the nuts group (HR = 0.54, CI: 0.32-0.92) when compared to the control
group [40]. Due to the design of the PREDIMED study, it is not possible to separate the
impact of nuts (or EVOO) from that of other dietary recommendations given to increase
adherence to a Mediterranean diet, as well as with other healthy dietary patterns, and it is
possible that other components of the diet could contribute in part to these findings.

6. Mechanisms Related to Nuts and Cardiovascular Risk Reduction

There are several mechanisms by which nuts can lower the risk of developing CVD,
such as through positively impacting intermediate cardiovascular risk factors, including
blood lipids, blood pressure, inflammation, and markers of glycemic control, among
others. Nuts are rich in unsaturated fatty acids, plant protein, phytosterols, fiber, some
minerals (including potassium, calcium and magnesium), vitamins (vitamin E and B6)
and phenolic and bioactive compounds, all of which may contribute to their CV health-
promoting benefits [9]. A systematic review and meta-analysis of 61 trials of tree nut
consumption found that at a median dose of 56 g/day, TC, LDL-C, apolipoprotein B (ApoB)
and triglycerides were significantly lowered, with no effect on high-density lipoprotein-
cholesterol (HDL-C). A dose-dependent effect was also reported, with stronger effects seen
for TC and LDL-C with nut intake over 60 g/day [20]. Importantly, the type of nut did
not appear to be important for the cholesterol-lowering results observed [20]. The effects
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on blood pressure and inflammation have been less consistent than those observed for
blood lipids, with the same systematic review and meta-analysis finding no significant
effects of tree nut consumption on blood pressure and C-reactive protein [20]. Other meta-
analyses have conversely shown that nut consumption, particularly pistachios, does have a
modest blood pressure lowering effects in people without type 2 diabetes [41], with another
meta-analysis finding that almond consumption lowered diastolic blood pressure [42].
This finding of stronger effects on blood lipids than on blood pressure is consistent with
the studies showing that LDL-C and ApoB are causal in the development of CHD [43],
while elevated blood pressure is a greater risk factor for stroke [44] and may explain the
more consistent finding with a lower risk of CHD than with stroke seen in the prospective
cohort studies described earlier. Furthermore, a systematic review and meta-analysis
that included 12 trials found that tree nuts at a median dose of 56 g/day can improve
markers of glycemic control in individuals with type 2 diabetes (including lowering HbAlc
and fasting glucose) [45]. Another systematic review and meta-analysis of 40 RCTs at a
median dose of 52 g/day, including diverse populations of adults (including healthy, those
with type 2 diabetes or with CVD risk factors), found that tree nuts or peanuts improved
markers of insulin sensitivity, however, the effect on fasting blood glucose and HbAlc
was not significant [46]. Other potential mechanisms include their role in adiposity [47],
possibly due to their satiating effect, increased efforts and/or time of mastication and hence
incomplete digestion in the intestines, and alpha-linolenic acid content of nuts, especially
walnuts, which might increase membrane fluidity of endothelial cells with the enhancement
of nitric oxide synthesis and ensuing improvement of endothelial function [48,49]. Overall,
there is good evidence that nut consumption consistently lowers atherogenic blood lipids
and may improve insulin sensitivity and endothelial function, with less consistent effects
on blood pressure, without adversely impacting adiposity. Regarding adiposity, a recent
systematic review and meta-analysis highlighted that the median nut intake in the trials
included in their analyses, as well as in the health claims noted in Table 2, that a dose of
42.5 g/day could be integrated into a daily dietary pattern without contributing to weight
gain [47].

7. Future Directions

The evidence for nut consumption and total CVD and CHD is more consistent in
prospective cohort studies compared to other CVD outcomes, with low to moderate cer-
tainty of evidence using the GRADE criteria. The GRADE criteria, however, may not be the
best grading system to use when evaluating the certainty of evidence from observational
studies, particularly in the field of nutritional epidemiology [50]. Future pooled analyses
that assess the certainty of evidence should consider integrating ROBINS-I to assess the
risk of bias [51] or consider also applying the NutriGrade system [52], both of which do not
provide excessive downgrading of observational evidence. In addition, given the scarcity
and sometimes conflicting results among studies, more studies are needed to clarify the
role of nut consumption in stroke, particularly stroke subtypes, HF, AF and PAD. Further
research on the type of nuts will eventually provide further insight into their role in CVD
prevention, including studies of peanut and other nut butters (including natural) and
salted vs. unsalted nuts. New analyses on nut intake should also report quantities of nut
intake (i.e., grams/day) so that these data can be used in updated meta-analyses. The
quantity of nuts is also more translatable for guiding dietary recommendations compared
to high vs. low categories. Individual cohort pooled meta-analyses would also be useful to
ensure consistency in analyses across cohort studies. Although RCTs of nut consumption
and blood lipids support the results from observational cohort studies showing reduced
CVD and CHD risk, there is some discrepancy between what doses of nuts have been
shown to reduce blood lipids in RCTs and what doses lower CVD and CHD risk in ob-
servational cohort studies. For example, in a meta-analysis of RCTs, there was a steeper
reduction in total and LDL-C between 50-100 g/d than at lower levels of intake [20], while
in the observational cohort studies, maximum risk reductions have been observed around
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15-20 g/d (approximately 4-5 servings/week) [21-23]. However, the highest nut intakes
reported in cohort studies have typically been around one serving/day (28 g/d), and it is
unknown whether CVD or CHD risk is reduced further with higher intakes. Considering
that relatively few people consume more than one serving of nuts per day in most popu-
lations [23,53], pooled analyses may also be needed to explore, with sufficient statistical
power, whether higher intakes are associated with further reductions in hard endpoints.
Further studies are also needed to clarify if other mechanisms than reductions in lipids (e.g.,
antioxidant or anti-thrombotic effects) may contribute to the vascular benefits observed at
the more modest nut consumption levels reported in the observational studies. Another
important consideration related to the discrepancy of nut levels consumed in trials and
cohort studies is the dietary assessment tool used, as food frequency questionnaires (FFQ)
commonly administered in cohort studies may not be as accurate in quantifying absolute
intake compared to trials, where diet records are typically used, and intervention groups
are usually provided nuts to guarantee the desired consumption. As diet records are not
feasible in large cohort studies, repeated measurements of FFQs will be important to repre-
sent long-term dietary habits and reduce measurement error, as well as allow assessment
of change in nut consumption in relation to health outcomes. FFQs should also consider
including more nut categories (walnuts, almonds, peanuts, seeds, etc.) to provide more
detailed information on nuts and nut types.

Using objective biomarkers of nut consumption alongside dietary intake assessment
methods will additionally be important in the future, as they are less prone to measurement
error from FFQs or 24-h recalls [54]. For example, in the PREDIMED study, plasma alpha-
linolenic acid (a polyunsaturated fatty acid that abounds in walnuts) levels were measured
to confirm adherence in the group receiving mixed nuts alongside an FFQ [39]. Novel
approaches, such as multi-omics, will likely play a larger role in the future for both assessing
adherence to diet and precision nutrition [55]. Metabolomics, in particular, is a promising
technique to help identify objective dietary biomarkers by providing a comprehensive
representation of overall dietary intake by measuring the metabolites in biological samples
(such as blood or urine). In prospective cohort studies, several metabolites, mainly lipid-
related, have been found to be markers of nut intake in general [56] or of specific types
of nuts, such as walnuts, and these metabolites have likewise been associated with a
lower risk of CVD [57]. The metabolites associated with nut consumption may be helpful
in identifying potential objective biomarkers of exposure to nuts in large prospective
cohort studies, as well as in clarifying underlying mechanisms implicated in disease risk.
Importantly though, these metabolomic profiles associated with nut consumption are
not highly correlated with self-reported nut consumption and also reflect the metabolic
response to consumption and are therefore not completely sensitive or specific markers.
Many of these metabolites may also not be able to distinguish between different types
of nuts. Thus, dietary intake assessment methods such as FFQs will still be important to
determine more specific information on nut consumption.

Other future directions include undertaking large CV outcome trials of nut-containing
dietary patterns, as was previously done with PREDIMED [39] and the current ongoing
PREDIMED-Plus trials [58] (both primary CVD prevention trials) and the CORDIOPREV
trial (a secondary CVD prevention trial) [59]. One limitation of these trials is that they
cannot separate the effect of the Mediterranean diet from that of nuts on health outcomes.
Thus, any further trials in this setting could benefit from having an additional intervention
group on a Mediterranean diet only (without nuts). Large trials should also consider long-
term measurements of renal function, as this area has been given insufficient attention and
kidney dysfunction has been causally related to CHD risk [60], therefore highlighting the
need for preventative approaches to also preserve renal function. Furthermore, determining
metabolomic signatures that can reflect adherence and metabolic response to these nut-
containing dietary patterns should be included within these types of trials. This method
was previously assessed using the Mediterranean diet in the PREDIMED study, where a
metabolic signature that robustly reflected adherence and metabolic response to the diet
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was determined [61]. The metabolic signature was then used to assess associations with
CVD risk and showed stronger inverse associations with CVD risk compared to dietary
intake alone in a Spanish and three US cohorts. Mendelian randomization analyses also
showed that the genetically inferred metabolic signature was significantly associated with
a lower risk of CHD and stroke [61]. These novel approaches hold promise for an objective
and complete evaluation of both adherence and metabolic responses to diet, including nuts,
and may allow more effective and individualized approaches to dietary interventions in
the future; however, further research is also needed in this area. Overall, a combination of
efforts, including well-conducted large prospective cohort studies, large RCTs of hard CV
endpoints and incorporation of multi-omics approaches and genetics, will help us better
understand the role of nuts in the primary and secondary prevention of CVD.

8. Summary and Conclusions

The overall findings and conclusions from this review are that nuts are a beneficial
food for CVD risk reduction, with consistent findings for the benefit for total CVD and
CHD in prospective cohort studies and likely benefits for stroke and AF, but additional
research is needed for HF, AF, PAD and stroke subtypes. Considering all evidence from
mechanistic studies, RCTs of intermediate risk factors and CV events, and prospective
cohort studies, at least one serving per day of nuts should be considered for CV risk
reduction, although further research on the optimal dose is needed. The type of nut may
not be important, though more research is needed to confirm this finding. However, a
general nut recommendation will provide more variety of options and be important for
any availability and affordability concerns for consumers.

In conclusion, future research is urgently needed as outlined above, particularly
for stroke subtypes, PAD and HEF, and include individual cohort pooled analyses, large
RCTs of nut-containing dietary patterns and using -omics methodologies to better capture
adherence and metabolic responses to diet, including the consumption of nuts.

Author Contributions: Writing—original draft preparation, A.J.G. and D.A.; writing—review and
editing, all authors. All authors have read and agreed to the published version of the manuscript.

Funding: AJG is supported by a Canadian Institutes of Health Research (CIHR) Postdoctoral Fellow-
ship. DA has received funding from the South-Eastern Norway Regional Health Authority (grant
no: 2017076). JSS is partially supported by ICREA under the ICREA Academia programme. The
NUTS 2022 conference was organized by the Rovira i Virgili University, with all the expenses of the
organization covered by Barcelo Congresos, including the fees related to publishing the Proceedings
in Nutrients. Barcelo Congresos SA has received funds from the International Nut and Dried Fruit
Council (INC). Neither the researchers attending the NUTS 2022 Conference, nor the Rovira i Virgili
University have received funds from the INC. Researchers’ travel expenses and accommodation have
been covered by Barcelo Congresos. Researchers did not receive any additional financial support
related to their participation in the NUTS 2022 conference. Sponsors did not have any role in organiz-
ing the conference, selecting, or inviting the speakers, nor in the writing or reviewing the proceedings
of the conference.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: SThis review highlights the main discussion points from the scientific session
“Nuts and Cardiovascular Disease Outcomes” by speakers John Sievenpiper and Dagfinn Aune at
the NUTS2022 Conference held in Reus, Spain on 20-21 October 2022.

Conflicts of Interest: AJG has received an honorarium from the Soy Nutrition Institute and the
Academy of Nutrition and Dietetics. JS-S reports serving on the boards of the INC and receiving
grant support from these entities through his institution. He has also received research funding
(nuts for free to the PREDIMED participants) from the CWC; La Morella Nuts, Spain; and Borges SA,
Spain. He has also received research funding (nuts for free to the PREDIMED-Plus participants) from



Nutrients 2023, 15,911

12 of 16

the Almond Board of California, USA and Pistachio Growers of California, USA. He is a non-paid
member of the Instituto Danone International and was a member of the executive committee of the
Instituto Danone Spain. DJA]J has received research grants from Saskatchewan and Alberta Pulse
Growers Associations, the Agricultural Bioproducts Innovation Program through the Pulse Research
Network, the Advanced Foods and Material Network, Loblaw Companies Ltd., Unilever Canada
and Netherlands, Barilla, the Almond Board of California, Agriculture and Agri-food Canada, Pulse
Canada, Kellogg’s Company, Canada, Quaker Oats, Canada, Procter and Gamble Technical Centre
Ltd., Bayer Consumer Care, Springfield, NJ, Pepsi/Quaker, International Nut and Dried Fruit Council
(INC), Soy Foods Association of North America, the Coca-Cola Company (investigator initiated,
unrestricted grant), Solae, Haine Celestial, the Sanitarium Company, Orafti, the International Tree
Nut Council Nutrition Research and Education Foundation, the Peanut Institute, Soy Nutrition
Institute (SNI), the Canola and Flax Councils of Canada, the Calorie Control Council, the Canadian
Institutes of Health Research (CIHR), the Canada Foundation for Innovation (CFI)and the Ontario
Research Fund (ORF). He has received in-kind supplies for trials as a research support from the
Almond board of California, Walnut Council of California, the Peanut Institute, Barilla, Unilever,
Unico, Primo, Loblaw Companies, Quaker (Pepsico), Pristine Gourmet, Bunge Limited, Kellogg
Canada, WhiteWave Foods. He has been on the speaker’s panel, served on the scientific advisory
board and/or received travel support and/or honoraria from Nutritional Fundamentals for Health
(NFH)-Nutramedica, Saint Barnabas Medical Center, The University of Chicago, 2020 China Glycemic
Index (GI) International Conference, Atlantic Pain Conference, Academy of Life Long Learning, the
Almond Board of California, Canadian Agriculture Policy Institute, Loblaw Companies Ltd., the
Griffin Hospital (for the development of the NuVal scoring system), the Coca-Cola Company, Epicure,
Danone, Diet Quality Photo Navigation (DQPN), Better Therapeutics (FareWell), Verywell, True
Health Initiative (THI), Heali AI Corp, Institute of Food Technologists (IFT), Soy Nutrition Institute
(SNI), Herbalife Nutrition Institute (HNI), Saskatchewan and Alberta Pulse Growers Associations,
Sanitarium Company, Orafti, the International Tree Nut Council Nutrition Research and Educa-
tion Foundation, the Peanut Institute, Herbalife International, Pacific Health Laboratories, Barilla,
Metagenics, Bayer Consumer Care, Unilever Canada and Netherlands, Solae, Kellogg, Quaker Oats,
Procter and Gamble, Abbott Laboratories, Dean Foods, the California Strawberry Commission, Haine
Celestial, PepsiCo, the Alpro Foundation, Pioneer Hi-Bred International, DuPont Nutrition and
Health, Spherix Consulting and WhiteWave Foods, the Advanced Foods and Material Network, the
Canola and Flax Councils of Canada, Agri-Culture and Agri-Food Canada, the Canadian Agri-Food
Policy Institute, Pulse Canada, the Soy Foods Association of North America, the Nutrition Foundation
of Italy (NFI), Nutra-Source Diagnostics, the McDougall Program, the Toronto Knowledge Translation
Group (St. Michael’s Hospital), the Canadian College of Naturopathic Medicine, The Hospital for
Sick Children, the Canadian Nutrition Society (CNS), the American Society of Nutrition (ASN),
Arizona State University, Paolo Sorbini Foundation and the Institute of Nutrition, Metabolism and
Diabetes. He received an honorarium from the United States Department of Agriculture to present
the 2013 W.O. Atwater Memorial Lecture. He received the 2013 Award for Excellence in Research
from the International Nut and Dried Fruit Council. He received funding and travel support from
the Canadian Society of Endocrinology and Metabolism to produce mini cases for the Canadian
Diabetes Association (CDA). He is a member of the International Carbohydrate Quality Consortium
(ICQCQC). His wife, Alexandra L Jenkins, is a director and partner of INQUIS Clinical Research for
the Food Industry, his 2 daughters, Wendy Jenkins and Amy Jenkins, have published a vegetarian
book that promotes the use of the foods described here, The Portfolio Diet for Cardiovascular Risk
Reduction (Academic Press/Elsevier 2020 ISBN:978-0-12-810510-8)and his sister, Caroline Brydson,
received funding through a grant from the St. Michael’s Hospital Foundation to develop a cookbook
for one of his studies. He is also a vegan. CWCK has received grants or research support from the
Advanced Food Materials Network, Agriculture and Agri-Foods Canada (AAFC), Almond Board
of California, Barilla, Canadian Institutes of Health Research (CIHR), Canola Council of Canada,
International Nut and Dried Fruit Council, International Tree Nut Council Research and Education
Foundation, Loblaw Brands Ltd., the Peanut Institute, Pulse Canada and Unilever. He has received
in-kind research support from the Almond Board of California, Barilla, California Walnut Commis-
sion, Kellogg Canada, Loblaw Companies, Nutrartis, Quaker (PepsiCo), the Peanut Institute, Primo,
Unico, Unilever, WhiteWave Foods/Danone. He has received travel support and/or honoraria from
the Barilla, California Walnut Commission, Canola Council of Canada, General Mills, International
Nut and Dried Fruit Council, International Pasta Organization, Lantmannen, Loblaw Brands Ltd.,
Nutrition Foundation of Italy, Oldways Preservation Trust, Paramount Farms, the Peanut Institute,



Nutrients 2023, 15,911 13 of 16

Pulse Canada, Sun-Maid, Tate and Lyle, Unilever and White Wave Foods/Danone. He has served on
the scientific advisory board for the International Tree Nut Council, International Pasta Organization,
McCormick Science Institute and Oldways Preservation Trust. He is a founding member of the Inter-
national Carbohydrate Quality Consortium (ICQC), Chair of the Diabetes and Nutrition Study Group
(DNSG) of the European Association for the Study of Diabetes (EASD), is on the Clinical Practice
Guidelines Expert Committee for Nutrition Therapy of the EASD and is a Director of Glycemia
Consulting and the Toronto 3D Knowledge Synthesis and Clinical Trials foundation. JLS has received
research support from the Canadian Foundation for Innovation, Ontario Research Fund, Province of
Ontario Ministry of Research and Innovation and Science, Canadian Institutes of health Research
(CIHR), Diabetes Canada, PSI Foundation, Banting and Best Diabetes Centre (BBDC), American
Society for Nutrition (ASN), INC International Nut and Dried Fruit Council Foundation, National
Dried Fruit Trade Association, The Tate and Lyle Nutritional Research Fund at the University of
Toronto, The Glycemic Control and Cardiovascular Disease in Type 2 Diabetes Fund at the University
of Toronto (a fund established by the Alberta Pulse Growers), and the Nutrition Trialists Fund at
the University of Toronto (a fund established by an inaugural donation from the Calorie Control
Council). He has received in-kind food donations to support a randomized controlled trial from
the Almond Board of California, California Walnut Commission, American Peanut Council, Barilla,
Unilever, Unico/Primo, Loblaw Companies, Quaker, Kellogg Canada, and WhiteWave Foods. He
has received travel support, speaker fees and /or honoraria from Diabetes Canada, Mott’s LLP, Dairy
Farmers of Canada, FoodMinds LLC, International Sweeteners Association, Nestlé, Pulse Canada,
Canadian Society for Endocrinology and Metabolism (CSEM), GI Foundation, Abbott, Biofortis,
ASN, Northern Ontario School of Medicine, INC Nutrition Research and Education Foundation,
European Food Safety Authority (EFSA), Comité Européen des Fabricants de Sucre (CEFS), and
Physicians Committee for Responsible Medicine. He has or has had ad hoc consulting arrangements
with Perkins Coie LLP, Tate and Lyle, and Wirtschaftliche Vereinigung Zucker e.V. He is a member
of the European Fruit Juice Association Scientific Expert Panel and Soy Nutrition Institute (SNI)
Scientific Advisory Committee. He is on the Clinical Practice Guidelines Expert Committees of
Diabetes Canada, European Association for the study of Diabetes (EASD), Canadian Cardiovascular
Society (CCS), and Obesity Canada. He serves or has served as an unpaid scientific advisor for the
Food, Nutrition, and Safety Program (FNSP) and the Technical Committee on Carbohydrates of
the International Life Science Institute (ILSI) North America. He is a member of the International
Carbohydrate Quality Consortium (ICQC), Executive Board Member of the Diabetes and Nutrition
Study Group (DNSG) of the EASD, and Director of the Toronto 3D Knowledge Synthesis and Clinical
Trials foundation. His wife is an employee of AB InBev. All other authors have no conflicts of interest
to report.

Disclaimer: Where authors are identified as personnel of the International Agency for Research on
Cancer/World Health Organization, the authors alone are responsible for the views expressed in
this article and they do not necessarily represent the decisions, policy or views of the International
Agency for Research on Cancer/World Health Organization.

References

1. World Health Organization. Cardiovascular Disease. Available online: http://www.who.int/cardiovascular_diseases/en/
(accessed on 9 May 2018).

2. Government of Canada. Heart Disease—Heart Health. Available online: https://www.canada.ca/en/public-health/services/
diseases/heart-disease-heart-health.html (accessed on 21 November 2022).

3. Makover, M.E,; Shapiro, M.D.; Toth, P.P. There is urgent need to treat atherosclerotic cardiovascular disease risk earlier, more
intensively, and with greater precision: A review of current practice and recommendations for improved effectiveness. Am. J.
Prev. Cardiol. 2022, 12, 100371. [CrossRef]

4. Roth, G.A,; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, A.Z.; Benjamin,
E.J.; Benziger, C.P; et al. Global Burden of Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the GBD 2019
Study. J. Am. Coll. Cardiol. 2020, 76, 2982-3021. [CrossRef]

5. Mohebi, R.; Chen, C.; Ibrahim, N.E.; McCarthy, C.P; Gaggin, HK.; Singer, D.E.; Hyle, E.P.; Wasfy, ]. H.; Januzzi, J.L., Jr.
Cardiovascular Disease Projections in the United States Based on the 2020 Census Estimates. . Am. Coll. Cardiol. 2022, 80, 565-578.
[CrossRef]

6.  GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of 79 behavioural, environmental

and occupational, and metabolic risks or clusters of risks, 1990-2015: A systematic analysis for the Global Burden of Disease
Study 2015. Lancet 2016, 388, 1659-1724. [CrossRef]


http://www.who.int/cardiovascular_diseases/en/
https://www.canada.ca/en/public-health/services/diseases/heart-disease-heart-health.html
https://www.canada.ca/en/public-health/services/diseases/heart-disease-heart-health.html
http://doi.org/10.1016/j.ajpc.2022.100371
http://doi.org/10.1016/j.jacc.2020.11.010
http://doi.org/10.1016/j.jacc.2022.05.033
http://doi.org/10.1016/S0140-6736(16)31679-8

Nutrients 2023, 15,911 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019, 393, 1958-1972. [CrossRef]

Ros, E. Health benefits of nut consumption. Nutrients 2010, 2, 652-682. [CrossRef] [PubMed]

Alasalvar, C.; Salvadd, J.S.; Ros, E. Bioactives and health benefits of nuts and dried fruits. Food Chem. 2020, 314, 126192. [CrossRef]
Lichtenstein, A.H.; Appel, L.J.; Vadiveloo, M.; Hu, EB.; Kris-Etherton, PM.; Rebholz, C.M.; Sacks, EM.; Thorndike, A.N.; Van
Horn, L.; Wylie-Rosett, J. 2021 Dietary Guidance to Improve Cardiovascular Health: A Scientific Statement From the American
Heart Association. Circulation 2021, 144, e472—-e487. [CrossRef]

Mach, E; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.].; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular
risk. Eur. Heart J. 2020, 41, 111-188. [CrossRef]

Anderson, T.J.; Gregoire, J.; Pearson, G.J.; Barry, A.R.; Couture, P.; Dawes, M.; Francis, G.A.; Genest, ]., Jr.; Grover, S.; Gupta, M,;
et al. 2016 Canadian Cardiovascular Society Guidelines for the Management of Dyslipidemia for the Prevention of Cardiovascular
Disease in the Adult. Can. J. Cardiol. 2016, 32, 1263-1282. [CrossRef]

JBS Board. Joint British Societies” consensus recommendations for the prevention of cardiovascular disease (JBS3). Heart 2014, 100
(Suppl. 2),ii1-i67. [CrossRef] [PubMed]

Heart Foundation of Australia. Cardiac Rehabilitation Program Outline—Module 6. Healthy Eating and Weight Management.
Available online: https://www.heartfoundation.org.au/getmedia/7d0cdb2c-6884-4912-9bf0-00cb207c71f1/CardRehabMod6
_HealthEating_ FINAL.pdf (accessed on 14 November 2021).

US Food and Drug Administration. Qualified Health Claims: Letter of Enforcement Discretion—Nuts and Coronary Heart
Disease (Docket No 02P-0505). Available online: http://wayback.archive-it.org/7993/20171114183724 /https:/www.fda.gov/
Food/IngredientsPackaginglLabeling /LabelingNutrition/ucm072926.htm (accessed on 21 November 2022).

Food Standards Australia and and New Zealand. Notified Food-Health Relationships to Make a Health Claim. Available online:
https:/ /www.foodstandards.gov.au/industry /labelling /thr /Pages /default.aspx (accessed on 14 November 2021).

European Food Safety Authority. Scientific Opinion on the substantiation of health claims related to walnuts and maintenance of
normal blood LDL-cholesterol concentrations (ID 1156, 1158) and improvement of endothelium-dependent vasodilation (ID 1155,
1157) pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA J. 2011, 9, 2074.

Fraser, G.E.; Sabat¢, J.; Beeson, W.L.; Strahan, T.M. A possible protective effect of nut consumption on risk of coronary heart
disease. The Adventist Health Study. Arch. Intern. Med. 1992, 152, 1416-1424. [CrossRef]

Sabate, J.; Fraser, G.E.; Burke, K.; Knutsen, S.F,; Bennett, H.; Lindsted, K.D. Effects of Walnuts on Serum Lipid Levels and Blood
Pressure in Normal Men. N. Engl. ]. Med. 1993, 328, 603—607. [CrossRef]

Del Gobbo, L.C.; Falk, M.C.; Feldman, R.; Lewis, K.; Mozaffarian, D. Effects of tree nuts on blood lipids, apolipoproteins, and
blood pressure: Systematic review, meta-analysis, and dose-response of 61 controlled intervention trials. Am. J. Clin. Nutr. 2015,
102, 1347-1356. [CrossRef]

Balakrishna, R.; Bjernerud, T.; Bemanian, M.; Aune, D.; Fadnes, L.T. Consumption of Nuts and Seeds and Health Outcomes
Including Cardiovascular Disease, Diabetes and Metabolic Disease, Cancer, and Mortality: An Umbrella Review. Adv. Nutr. 2022.
[CrossRef] [PubMed]

Becerra-Tomas, N.; Paz-Graniel, I.; WC Kendall, C.; Kahleova, H.; Raheli¢, D.; Sievenpiper, J.L.; Salas-Salvadd, J. Nut consumption
and incidence of cardiovascular diseases and cardiovascular disease mortality: A meta-analysis of prospective cohort studies.
Nutr. Rev. 2019, 77, 691-709. [CrossRef] [PubMed]

Aune, D.; Keum, N.; Giovannucdi, E.; Fadnes, L.T.; Boffetta, P.; Greenwood, D.C.; Tonstad, S.; Vatten, L.J.; Riboli, E.; Norat, T. Nut
consumption and risk of cardiovascular disease, total cancer, all-cause and cause-specific mortality: A systematic review and
dose-response meta-analysis of prospective studies. BMIC. Med. 2016, 14, 207. [CrossRef]

Larsson, S.C.; Drca, N.; Bjorck, M.; Back, M.; Wolk, A. Nut consumption and incidence of seven cardiovascular diseases. Heart
2018, 104, 1615-1620. [CrossRef]

Adegbola, A.; Behrendt, C.-A.; Zyriax, B.-C.; Windler, E.; Kreutzburg, T. The impact of nutrition on the development and
progression of peripheral artery disease: A systematic review. Clin. Nutr. 2022, 41, 49-70. [CrossRef]

Ogilvie, R.P; Lutsey, P.L.; Heiss, G.; Folsom, A.R.; Steffen, L.M. Dietary intake and peripheral arterial disease incidence in
middle-aged adults: The Atherosclerosis Risk in Communities (ARIC) Study. Am. J. Clin. Nutr. 2017, 105, 651-659. [CrossRef]
[PubMed]

Chen, G.-C.; Arthur, R.; Mossavar-Rahmani, Y.; Xue, X.; Haring, B.; Shadyab, A.H.; Allison, M.A; Liu, S.; Tinker, L.F.; Saquib, N.;
et al. Adherence to Recommended Eating Patterns Is Associated With Lower Risk of Peripheral Arterial Disease: Results From
the Women’s Health Initiative. Hypertension 2021, 78, 447-455. [CrossRef] [PubMed]

Yuan, S.; Bruzelius, M.; Damrauer, S.M.; Hakansson, N.; Wolk, A.; Akesson, A.; Larsson, S.C. Anti-inflammatory diet and incident
peripheral artery disease: Two prospective cohort studies. Clin. Nutr. 2022, 41, 1191-1196. [CrossRef] [PubMed]

Liu, X.; Guasch-Ferré, M.; Drouin-Chartier, J.P.; Tobias, D.K.; Bhupathiraju, S.N.; Rexrode, K.M.; Willett, W.C.; Sun, Q.; Li, Y.
Changes in Nut Consumption and Subsequent Cardiovascular Disease Risk Among US Men and Women: 3 Large Prospective
Cohort Studies. |. Am. Heart Assoc. 2020, 9, e013877. [CrossRef] [PubMed]

Pan, A.; Sun, Q.; Bernstein, A.M.; Schulze, M.B.; Manson, J.E.; Stampfer, M.J.; Willett, W.C.; Hu, EB. Red meat consumption and
mortality: Results from 2 prospective cohort studies. Arch. Intern. Med. 2012, 172, 555-563. [CrossRef]


http://doi.org/10.1016/S0140-6736(19)30041-8
http://doi.org/10.3390/nu2070652
http://www.ncbi.nlm.nih.gov/pubmed/22254047
http://doi.org/10.1016/j.foodchem.2020.126192
http://doi.org/10.1161/CIR.0000000000001031
http://doi.org/10.1093/eurheartj/ehz455
http://doi.org/10.1016/j.cjca.2016.07.510
http://doi.org/10.1136/heartjnl-2014-305693
http://www.ncbi.nlm.nih.gov/pubmed/24667225
https://www.heartfoundation.org.au/getmedia/7d0cdb2c-6884-4912-9bf0-00cb207c71f1/CardRehabMod6_HealthEating_FINAL.pdf
https://www.heartfoundation.org.au/getmedia/7d0cdb2c-6884-4912-9bf0-00cb207c71f1/CardRehabMod6_HealthEating_FINAL.pdf
http://wayback.archive-it.org/7993/20171114183724/https:/www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
http://wayback.archive-it.org/7993/20171114183724/https:/www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
https://www.foodstandards.gov.au/industry/labelling/fhr/Pages/default.aspx
http://doi.org/10.1001/archinte.1992.00400190054010
http://doi.org/10.1056/NEJM199303043280902
http://doi.org/10.3945/ajcn.115.110965
http://doi.org/10.1093/advances/nmac077
http://www.ncbi.nlm.nih.gov/pubmed/36041171
http://doi.org/10.1093/nutrit/nuz042
http://www.ncbi.nlm.nih.gov/pubmed/31361320
http://doi.org/10.1186/s12916-016-0730-3
http://doi.org/10.1136/heartjnl-2017-312819
http://doi.org/10.1016/j.clnu.2021.11.005
http://doi.org/10.3945/ajcn.116.137497
http://www.ncbi.nlm.nih.gov/pubmed/28077376
http://doi.org/10.1161/HYPERTENSIONAHA.121.17432
http://www.ncbi.nlm.nih.gov/pubmed/34176290
http://doi.org/10.1016/j.clnu.2022.04.002
http://www.ncbi.nlm.nih.gov/pubmed/35500318
http://doi.org/10.1161/JAHA.119.013877
http://www.ncbi.nlm.nih.gov/pubmed/32233756
http://doi.org/10.1001/archinternmed.2011.2287

Nutrients 2023, 15,911 15 of 16

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Becerra-Tomas, N.; Blanco Mejia, S.; Viguiliouk, E.; Khan, T.; Kendall, C.W.C.; Kahleova, H.; Raheli¢, D.; Sievenpiper, J.L.;
Salas-Salvado, J. Mediterranean diet, cardiovascular disease and mortality in diabetes: A systematic review and meta-analysis of
prospective cohort studies and randomized clinical trials. Crit. Rev. Food Sci. Nutr. 2020, 60, 1207-1227. [CrossRef]

Massara, P.; Zurbau, A.; Glenn, A.J.; Chiavaroli, L.; Khan, T.A.; Viguiliouk, E.; Mejia, S.B.; Comelli, EM.; Chen, V.; Schwab,
U.; et al. Nordic dietary patterns and cardiometabolic outcomes: A systematic review and meta-analysis of prospective cohort
studies and randomised controlled trials. Diabetologia 2022, 65, 2011-2031. [CrossRef]

Chiavaroli, L.; Viguiliouk, E.; Nishi, S.K.; Blanco Mejia, S.; Raheli¢, D.; Kahleova, H.; Salas-Salvado, J.; Kendall, C.W.; Sievenpiper,
J.L. DASH Dietary Pattern and Cardiometabolic Outcomes: An Umbrella Review of Systematic Reviews and Meta-Analyses.
Nutrients 2019, 11. [CrossRef]

Yokoyama, Y.; Nishimura, K.; Barnard, N.D.; Takegami, M.; Watanabe, M.; Sekikawa, A.; Okamura, T.; Miyamoto, Y. Vegetarian
Diets and Blood Pressure: A Meta-analysis. JAMA Intern. Med. 2014, 174, 577-587. [CrossRef]

Viguiliouk, E.; Kendall, C.W.; Kahleova, H.; Raheli¢, D.; Salas-Salvadg, J.; Choo, V.L.; Mejia, S.B.; Stewart, S.E.; Leiter, L.A.; Jenkins,
D.J.; et al. Effect of vegetarian dietary patterns on cardiometabolic risk factors in diabetes: A systematic review and meta-analysis
of randomized controlled trials. Clin. Nutr. 2019, 38, 1133-1145. [CrossRef]

Glenn, A.].; Viguiliouk, E.; Seider, M.; Boucher, B.A.; Khan, T.A.; Blanco Mejia, S.; Jenkins, D.J.A.; Kahleova, H.; Raheli¢, D.;
Salas-Salvado, J.; et al. Relation of Vegetarian Dietary Patterns With Major Cardiovascular Outcomes: A Systematic Review and
Meta-Analysis of Prospective Cohort Studies. Front. Nutr. 2019, 6, 80. [CrossRef]

Chiavaroli, L.; Nishi, S.K.; Khan, T.A.; Braunstein, C.R.; Glenn, A.].; Mejia, S.B.; Raheli¢, D.; Kahleov4, H.; Salas-Salvado, J.;
Jenkins, D.J.A ; et al. Portfolio Dietary Pattern and Cardiovascular Disease: A Systematic Review and Meta-analysis of Controlled
Trials. Prog. Cardiovasc. Dis. 2018, 61, 43-53. [CrossRef]

Glenn, AJ; Lo, K,; Jenkins, D.J.A.; Boucher, B.A.; Hanley, A.].; Kendall, CW.C.; Manson, ].E.; Vitolins, M.Z.; Snetselaar, L.G.; Liu,
S.; et al. Relationship Between a Plant-Based Dietary Portfolio and Risk of Cardiovascular Disease: Findings From the Women's
Health Initiative Prospective Cohort Study. J. Am. Heart Assoc. 2021, 10, €021515. [CrossRef]

Estruch, R.; Ros, E.; Salas-Salvadd, J.; Covas, M.-L; Corella, D.; Ar6s, F.; Gomez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.;
et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or
Nuts. N. Engl. ]. Med. 2018, 378, e34. [CrossRef]

Ruiz-Canela, M.; Martinez-Gonzalez, M. A. Lifestyle and dietary risk factors for peripheral artery disease. Circ. J. 2014, 78, 553-559.
[CrossRef]

Mohammadifard, N.; Salehi-Abargouei, A.; Salas-Salvadd, J.; Guasch-Ferré, M.; Humphries, K.; Sarrafzadegan, N. The effect of
tree nut, peanut, and soy nut consumption on blood pressure: A systematic review and meta-analysis of randomized controlled
clinical trials. Am. J. Clin. Nutr. 2015, 101, 966-982. [CrossRef]

Eslampour, E.; Asbaghi, O.; Hadi, A.; Abedi, S.; Ghaedi, E.; Lazaridi, A.V.; Miraghajani, M. The effect of almond intake on
blood pressure: A systematic review and meta-analysis of randomized controlled trials. Complement Ther. Med. 2020, 50, 102399.
[CrossRef]

Ference, B.A.; Ginsberg, H.N.; Graham, I.; Ray, K.K.; Packard, C.J.; Bruckert, E.; Hegele, R.A.; Krauss, R.M.; Raal, EJ.; Schunkert,
H.; et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and
clinical studies. A consensus statement from the European Atherosclerosis Society Consensus Panel. Eur. Heart J. 2017, 38,
2459-2472. [CrossRef]

Lewington, S.; Clarke, R.; Qizilbash, N.; Peto, R.; Collins, R. Age-specific relevance of usual blood pressure to vascular mortality:
A meta-analysis of individual data for one million adults in 61 prospective studies. Lancet 2002, 360, 1903-1913. [CrossRef]
Viguiliouk, E.; Kendall, C.W.; Blanco Mejia, S.; Cozma, A.L; Ha, V.; Mirrahimi, A.; Jayalath, V.H.; Augustin, L.S.; Chiavaroli,
L.; Leiter, L.A,; et al. Effect of tree nuts on glycemic control in diabetes: A systematic review and meta-analysis of randomized
controlled dietary trials. PLoS ONE 2014, 9, e103376. [CrossRef]

Tindall, A.M.; Johnston, E.A.; Kris-Etherton, PM.; Petersen, K.S. The effect of nuts on markers of glycemic control: A systematic
review and meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2019, 109, 297-314. [CrossRef]

Nishi, S.K.; Viguiliouk, E.; Blanco Mejia, S.; Kendall, CW.C.; Bazinet, R.P.; Hanley, A.].; Comelli, EIM.; Salas Salvado, J.;
Jenkins, D.J.A.; Sievenpiper, J.L. Are fatty nuts a weighty concern? A systematic review and meta-analysis and dose-response
meta-regression of prospective cohorts and randomized controlled trials. Obes. Rev. 2021, 22, €13330. [CrossRef]

Neale, E.P.; Tapsell, L.C.; Guan, V.; Batterham, M.]. The effect of nut consumption on markers of inflammation and endothelial
function: A systematic review and meta-analysis of randomised controlled trials. BM] Open 2017, 7, €016863. [CrossRef]
Smeets, E.; Mensink, R.P; Joris, PJ. Effects of tree nut and groundnut consumption compared with those of l-arginine supplemen-
tation on fasting and postprandial flow-mediated vasodilation: Meta-analysis of human randomized controlled trials. Clin. Nutr.
2021, 40, 1699-1710. [CrossRef]

Tobias, D.K.; Wittenbecher, C.; Hu, FEB. Grading nutrition evidence: Where to go from here? Am. J. Clin. Nutr. 2021, 113,
1385-1387. [CrossRef]

Sterne, J.A.; Herndn, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BM]J 2016, 355, 14919.
[CrossRef]


http://doi.org/10.1080/10408398.2019.1565281
http://doi.org/10.1007/s00125-022-05760-z
http://doi.org/10.3390/nu11020338
http://doi.org/10.1001/jamainternmed.2013.14547
http://doi.org/10.1016/j.clnu.2018.05.032
http://doi.org/10.3389/fnut.2019.00080
http://doi.org/10.1016/j.pcad.2018.05.004
http://doi.org/10.1161/JAHA.121.021515
http://doi.org/10.1056/NEJMoa1800389
http://doi.org/10.1253/circj.CJ-14-0062
http://doi.org/10.3945/ajcn.114.091595
http://doi.org/10.1016/j.ctim.2020.102399
http://doi.org/10.1093/eurheartj/ehx144
http://doi.org/10.1016/s0140-6736(02)11911-8
http://doi.org/10.1371/journal.pone.0103376
http://doi.org/10.1093/ajcn/nqy236
http://doi.org/10.1111/obr.13330
http://doi.org/10.1136/bmjopen-2017-016863
http://doi.org/10.1016/j.clnu.2020.09.015
http://doi.org/10.1093/ajcn/nqab124
http://doi.org/10.1136/bmj.i4919

Nutrients 2023, 15,911 16 of 16

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Schwingshackl, L.; Kntippel, S.; Schwedhelm, C.; Hoffmann, G.; Missbach, B.; Stelmach-Mardas, M.; Dietrich, S.; Eichelmann,
F.; Kontopantelis, E.; Igbal, K.; et al. Perspective: NutriGrade: A Scoring System to Assess and Judge the Meta-Evidence of
Randomized Controlled Trials and Cohort Studies in Nutrition Research. Adv. Nutr. 2016, 7, 994-1004. [CrossRef]

Micha, R.; Khatibzadeh, S.; Shi, P.; Andrews, K.G.; Engell, R.E.; Mozaffarian, D. Global, regional and national consumption of
major food groups in 1990 and 2010: A systematic analysis including 266 country-specific nutrition surveys worldwide. BMJ
Open 2015, 5, 008705. [CrossRef]

Satija, A.; Yu, E.; Willett, W.C.; Hu, F.B. Understanding nutritional epidemiology and its role in policy. Adv. Nutr. 2015, 6, 5-18.
[CrossRef]

Guasch-Ferré, M.; Bhupathiraju, S.N.; Hu, F.B. Use of Metabolomics in Improving Assessment of Dietary Intake. Clin. Chem. 2018,
64, 82-98. [CrossRef]

Malik, V.S.; Guasch-Ferre, M.; Hu, EB.; Townsend, M.K.; Zeleznik, O.A ; Eliassen, A.H.; Tworoger, S.S.; Karlson, E.W.; Costenbader,
K.H.; Ascherio, A.; et al. Identification of Plasma Lipid Metabolites Associated with Nut Consumption in US Men and Women. J.
Nutr. 2019, 149, 1215-1221. [CrossRef] [PubMed]

Guasch-Ferré, M.; Hernandez-Alonso, P.; Drouin-Chartier, J.-P.; Ruiz-Canela, M.; Razquin, C.; Toledo, E.; Li, J.; Dennis, C.;
Wittenbecher, C.; Corella, D.; et al. Walnut Consumption, Plasma Metabolomics, and Risk of Type 2 Diabetes and Cardiovascular
Disease. J. Nutr. 2020, 151, 303-311. [CrossRef]

Sayon-Orea, C.; Razquin, C.; Bullo, M.; Corella, D.; Fit6, M.; Romaguera, D.; Vioque, J.; Alonso-Gémez, AM,; Wiarnberg, J.;
Martinez, J.A.; et al. Effect of a Nutritional and Behavioral Intervention on Energy-Reduced Mediterranean Diet Adherence
Among Patients With Metabolic Syndrome: Interim Analysis of the PREDIMED-Plus Randomized Clinical Trial. JAMA 2019, 322,
1486-1499. [CrossRef] [PubMed]

Delgado-Lista, J.; Alcala-Diaz, J.F; Torres-Pena, ].D.; Quintana-Navarro, G.M.; Fuentes, F.; Garcia-Rios, A.; Ortiz-Morales, A.M.;
Gonzalez-Requero, A.IL; Perez-Caballero, A.L; Yubero-Serrano, E.M.; et al. Long-term secondary prevention of cardiovascular
disease with a Mediterranean diet and a low-fat diet (CORDIOPREV): A randomised controlled trial. Lancet 2022, 399, 1876-1885.
[CrossRef]

Gaziano, L.; Sun, L.; Arnold, M.; Bell, S.; Cho, K.; Kaptoge, S.K.; Song, R.J.; Burgess, S.; Posner, D.C.; Mosconi, K.; et al. Mild-to-
Moderate Kidney Dysfunction and Cardiovascular Disease: Observational and Mendelian Randomization Analyses. Circulation
2022, 146, 1507-1517. [CrossRef] [PubMed]

Li, J.; Guasch-Ferré, M.; Chung, W.; Ruiz-Canela, M.; Toledo, E.; Corella, D.; Bhupathiraju, S.N.; Tobias, D.K.; Tabung, FEK.; Hu, J.;
et al. The Mediterranean diet, plasma metabolome, and cardiovascular disease risk. Eur. Heart |. 2020, 41, 2645-2656. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3945/an.116.013052
http://doi.org/10.1136/bmjopen-2015-008705
http://doi.org/10.3945/an.114.007492
http://doi.org/10.1373/clinchem.2017.272344
http://doi.org/10.1093/jn/nxz048
http://www.ncbi.nlm.nih.gov/pubmed/31095304
http://doi.org/10.1093/jn/nxaa374
http://doi.org/10.1001/jama.2019.14630
http://www.ncbi.nlm.nih.gov/pubmed/31613346
http://doi.org/10.1016/S0140-6736(22)00122-2
http://doi.org/10.1161/CIRCULATIONAHA.122.060700
http://www.ncbi.nlm.nih.gov/pubmed/36314129
http://doi.org/10.1093/eurheartj/ehaa209
http://www.ncbi.nlm.nih.gov/pubmed/32406924

	Introduction 
	Nuts in Clinical Practice Guidelines for Cardiovascular Risk Reduction 
	Regulated Nut Health Claims Allowed for Cardiovascular Risk Reduction 
	Nuts and Cardiovascular Disease Outcomes 
	Total Cardiovascular Disease 
	Coronary Heart Disease 
	Stroke 
	Heart Failure 
	Atrial Fibrillation 
	Peripheral Arterial Disease 
	Total Mortality 
	Change in Nut Intake and Substitution Analyses 

	Healthy Dietary Patterns That Contain Nuts 
	Mechanisms Related to Nuts and Cardiovascular Risk Reduction 
	Future Directions 
	Summary and Conclusions 
	References

