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ABSTRACT

The health benefits of nuts reported throughout the literature are extensive and well established for reducing the risk of, and managing several
chronic conditions such as cardiovascular disease, type 2 diabetes, nonalcoholic fatty liver disease, and cognition. Despite their comparable nutrient
profile to nuts, seeds are often not assessed in clinical and epidemiological studies. Interestingly, dietary guidelines and recommendations often refer
to “nuts and seeds”collectively, even though they are not consistently examined together in nutrition research when determining associated health
benefits. The purpose of this review is to call for future nutrition research to consider combining nuts and seeds. This review provides justification for
this proposal by summarizing current definitions for nuts and seeds and highlighting the similarities or dissimilarities in their nutrient compositions.
Following this, we summarize current evidence on the health benefits of nuts and seeds, research gaps that should be addressed, and considerations
for future research using both epidemiological and interventional study designs. Adv Nutr 2022;13:1016–1027.

Statement of Significance: This article proposes that future nut research should expand to include seeds, in order to support the
development of specific recommendations for nuts and seeds as a food group, which is more aligned with the major dietary guidelines.

Keywords: nuts, seeds, nutrients, health, nutritional sciences, epidemiology, clinical study

Introduction
There is substantial evidence demonstrating the health
benefits of regularly consuming nuts. For many years nuts
have been used as a nutrition management strategy for
malnutrition in developing countries (1–3), which has
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extended to older adults (4). For instance, studies have
shown the benefit of nuts, either as an individual dietary
component or as part of healthy dietary patterns (e.g.
Mediterranean diet), for the prevention and management
of various chronic diseases, including cardiovascular disease
(CVD), type 2 diabetes, nonalcoholic fatty liver disease,
and cognition (5–9). Dietary guidelines often recommend
inclusion of nuts and seeds as part of a healthy diet, for
example, as meat alternatives (10); however, nuts and seeds
have not been consistently researched alongside each other.
To date, there has been far less research on the health
benefits of seeds alone or in combination with nuts. This
is an important consideration as foods containing seeds are
becoming increasingly common in our food system such
as muesli, granola, linseed sunflower almond (LSA) mix,
cereals, and seeds in snack bars.

Seeds being overlooked in nutrition analyses may be at
least partly due to the limited ability to sufficiently capture
seed intake using dietary assessment methods, or the lack
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of nutrient composition of seed-containing foods in nutrient
databases to support dietary analysis. Whereas nuts can
be eaten alone as snacks (11), in many cultures, seeds
are common ingredients of foods, which makes it more
difficult to assess their independent effects of health. Perhaps
more importantly, there is confusion around the definition
of both seeds and nuts. The nuts selected and included
in research settings has been based on their nutritional
properties rather than botanical definitions. Currently, global
nut intakes are low; for example, in a study that included
10 European countries, more than a quarter of the almost
400,000 participants did not consume nuts at all while a
further quarter consumed <1 g per day (12). One strategy to
enhance intake may be by grouping nuts and seeds together
in order to increase intakes closer to recommended levels
of 2.5 ounces per week (70 g per week) of “nut, seeds,
and soy products” by the American Dietary Guidelines for
adults, to support optimal nutrition and health (10, 13,
14). Nuts, seeds, and soy products are grouped together
in the dietary guidelines based on their protein content;
however, only nuts and seeds share very similar nutrient
profiles apart from dietary protein content. Thus, nuts and
seeds may share similar mechanisms of action for driving
health benefits, and therefore complement each other as
healthy dietary components. Therefore, this article aims to
propose the expansion of nut research to include seeds to
better understand the benefits of nuts and seeds collectively
as a food group, which is more aligned with the dietary
guidelines. However, it is not the intention of this perspective
to propose a change to the current dietary recommendations
on nuts and seeds until the optimal dose of these foods
in meeting dietary requirements and promoting health is
more evident. In particular, there are still very limited studies
assessing the health effects of seeds. We will compare and
discuss the definition, composition, and function of nuts and
seeds, summarize the current knowledge and gaps of research
in this field, and consider factors to guide future research in
examining their health effects.

Definition: A nut or a seed?
The definition of nuts and seeds is confusing and varies
depending on which classification system is used: botanical,
nutritional, or culinary. Strictly speaking, the botanical
classification of a nut is defined as a dry one-seeded fruit
with an extremely hard pericarp (outer layer of the ovary
wall). This definition includes chestnuts and hazelnuts.
Dietary guidelines do not follow botanical definitions and
include nuts that are edible and based on their nutrient
composition. From a nutrition perspective, not only are
true botanical nuts included in research, but also some
seeds, legumes, and drupes. The botanical and nutritional
definitions of nuts and seeds are provided in Table 1 with
a summary of which meet each criterion based on the
classification. Culinary definitions, on the other hand, tend
to be less precise compared with botanical definitions and
often refer to the edible parts of plant foods, for nuts this

often means any large oily kernel within a shell that can be
eaten (15).

Peanuts, which are legumes, are often included based
on the justification that peanuts have very similar nutrient
profiles to other tree nuts. Conversely, chestnuts and co-
conuts are often omitted in the nutritional research definition
as chestnuts have a higher carbohydrate content than other
nuts and coconuts have a higher amount of saturated
fat.

Seeds are defined as a small plant enclosed in a seed
coat that works as stored food to nourish the plant as it
grows. Some seeds need the exterior husk removed before
eating such as sunflower and pumpkin seeds, whereas
others, such as sesame and poppy seeds, do not. Exam-
ples of commonly consumed seeds are flaxseeds, poppy
seeds, pumpkin seeds, sesame seeds, sunflower seeds,
and chia seeds. Although the classification systems vary,
there are similar nutritional properties between “nuts” and
“seeds.”

Nutrient composition of nuts and seeds
As noted above, botanical classifications of nuts and seeds
do not appear to be considered for the purpose of analyzing
health outcomes. However, from a nutrient composition
perspective, it is unclear why nuts and seeds are not
considered together. Nuts are often thought to provide health
benefits attributable to high protein, monounsaturated and
polyunsaturated fats, fiber, micronutrients, as well as their
phytosterol composition (4, 20, 21). These nutrients exhibit
antioxidant and anti-inflammatory properties (22). In addi-
tion, protein and fiber may enhance satiety (23). It has been
recently postulated that fiber consumption may improve
the gut microbiome (24). The specific macronutrient and
micronutrient breakdown per 100 g of nuts and seeds are
shown in Figure 1 and Table 2, respectively, which highlight
that some “nuts” such as chestnuts and coconuts should be
(or in fact were) excluded from the nut category in nutrition
research due to their high water and high carbohydrate
(chestnuts) or saturated fat content (coconuts). Based on
nutrient composition, it is also not clear why seeds such
as flaxseed, chia, poppy, pumpkin, sesame, and sunflower
seeds are not grouped together with “nuts” in nutrition
research. It should be highlighted that there are studies that
have investigated the health effects of nut and seed oil (25–
28). These studies are outside the context of this article
and they are not considered for 2 main reasons: First, oils
are grouped very differently from nuts and seeds in the
dietary guidelines and the recommendation does not include
nut/seed oils; second, oils are a single component of nuts and
seeds and they do not have all the properties (e.g. texture) and
nutrients (e.g. protein, fiber, many nonfat-soluble vitamins
and minerals) that contribute to the known health effects
of nuts. Extracting oil from nuts alters the nutrition profile,
as most of the antioxidants are located in the pellicle or
outer soft shell of the nuts, and removing the skin could
result in the loss of >50% of the antioxidants present in
nuts (29, 30). Based on the same rationale, nut products
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TABLE 1 Definition of nuts and seeds based on botanical and nutritional classifications (16–19)

Nuts Seeds Legumes Drupes

Botanical definition 1-celled, 1-seeded dry fruit
with a hard shell
(pericarp – the outer layer
of the ovary wall) that
does not fuse with the
ovary wall and does not
open at maturity

Embryonic plants enclosed
in a nutrient-dense seed
coat that works as stored
food to nourish the plant
as it grows. Some need
husks removing before
consuming

Have pods (shells) that
contain multiple fruit
inside. They twist
apart to scatter the
seeds inside

Drupes include a seed that
is contained within a
shell and is surrounded
by a fleshy fruit. The seed
may be discarded (e.g.
peach), or eaten

Chestnuts and hazelnuts Brazil nuts, pine nuts,
macadamias chia seeds,
pumpkin seeds,
flaxseeds/linseeds, poppy
seeds, sesame seeds,
sunflower seeds

Peanuts Almonds, cashews,
coconuts, pistachios,
walnuts, pecans

Nutritional research
definition

Almonds, Brazil nuts,
cashews, hazelnuts,
macadamias, peanuts,
pecans, pine nuts,
pistachios, walnuts.

Note: peanuts are included
because they have a
similar nutrient profile to
other tree nuts

Chia seeds, pumpkin seeds,
flaxseeds/linseeds, poppy
seeds, sesame seeds,
sunflower seeds

— —

Excluded from
nutritional research
definition

Coconut due to high
saturated fat content.

Chestnuts due to high
carbohydrate and water
content

— — —

Culinary definition No precise cut-offs. All nuts
and seeds that are edible
and/or for cooking
purposes. May also be
classified for sensory
components such as
flavor or texture

— — —

such as nut-based milk and flour are not considered in this
review.

Health benefits of nuts
The regular consumption of nuts has been shown to be
associated with multiple health benefits. First, lower CVD
risk has been reported with habitual nut consumption
(6). The potential mechanisms that explain the protective
effects of nuts against CVDs have been reported in detail
in a previous review (7), which include lowering blood
cholesterol and blood pressure, improving vascular function
and oxidative stress in the body; benefits that are proposed to
be due to the unsaturated fat, antioxidant, and polyphenolic
content of nuts (7). Nuts have also been reported to reduce
inflammation (32, 33). Second, nut intake has been shown
to play an important role in body weight regulation (34,
35) through the regulation of appetite and food intake
(36), increased postprandial energy expenditure (37) and fat
oxidation (38), and lower-than-expected fat absorption (39–
42). Third, nut-enriched diets have been shown to reduce
postprandial glycemic responses to carbohydrate meals (43),
and lower acute and long-term fasting insulin and reduce

insulin resistance, although no effect was found on fasting
glucose or glycated hemoglobin (HbA1c) (44, 45). Fourth,
there is emerging evidence that nuts improve cognitive
function (46–48) and may lower rates of depression (49).
It was proposed that the benefits of nuts on cognition may
be via reducing inflammation and improving vascular and
endothelial function, which subsequently improves cerebral
vascular function (46).

The health benefits of nuts appear to be dose dependent,
which is often expressed as benefit per unit increase in the
amount of nuts (50–52) or increasing frequency (53, 54) of
nut consumption. However, there was also indication that
the dose-dependent relation may be curvilinear, where the
maximum benefit of nuts is achieved at a certain threshold
of nut intake (47). This is an important consideration as
understanding the optimal amount that promotes health
benefits will guide the development of specific dietary
recommendations. Furthermore, having more specific rec-
ommendations will avoid the overconsumption of nuts,
which may increase the risk of weight gain as nuts are also
high in energy density. Besides quantity, a common question
raised is whether a specific type of nut is superior to another
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FIGURE 1 The content of carbohydrate, protein, and fat subtypes in grams (saturated, mono-, and polyunsaturated fats) per 100 g of
nuts and seeds. Due to higher water content, both coconut and chestnut have only ∼50–60% of macronutrient content. Unlike other
nuts and seeds, chestnuts are high in carbohydrate and coconuts are high in saturated fat. It is noted most nuts are high in
monounsaturated fats, whereas walnuts and seeds are higher in polyunsaturated fats. Due to these obvious differences in their nutritional
profiles, chestnuts and coconuts should not be included in research that considers nut and seed intake.

in reducing the risk of, and management of, chronic diseases.
Although different types of nuts are rich sources of specific
nutrients, all nuts are generally nutrient dense and have very
similar macronutrient profiles (discussed above), hence there
are few reasons to support the notion that some nuts are
superior to others, or different nuts have differing health
benefits. To illustrate this point, almonds have been shown
to reduce CVD risk factors (55), but similar benefits have
been reported with other nuts such as walnuts (56), peanuts
(57), or total nut intake (58). Therefore, although all nuts
have their own unique micronutrient composition (e.g. Brazil
nuts are high in selenium, almonds and hazelnuts are a good
source of vitamin E, hazelnuts and peanuts for folate), mixing
different nuts will maximize the completeness of essential
nutrients coming from this food group.

In summary, nuts improve several aspects of human
health through multiple mechanisms, which are attributed to
their nutrient profile. For example, the protein and fiber from
nuts may enhance within-meal satiation and between-meals
satiety, as well as improving the gut microbiota; unsaturated
fats may improve glycemic responses to a carbohydrate meal

and improve blood lipid profiles; the amino acid arginine
is a precursor of nitric oxide that has been shown to
improve vascular function and blood pressure (59), and
the antioxidant and polyphenolic compounds in nuts may
protect the body and DNA from oxidative damage (60).
Furthermore, nuts have been shown to improve overall diet
quality, further amplifying their health benefits (4, 61). To
date, however, less is known about the health benefits of
seeds. The following section will summarize the current state
of research on nuts and seeds, and discuss considerations if
they are to be grouped together in future research.

Current state of research in nuts, seeds, or the
combination
As discussed above, most nutritionally classified nuts and
seeds have very similar nutrient profiles. It is hence reason-
able to hypothesize that seeds will provide similar health ben-
efits associated with nut consumption. However, there may
also be additional health benefits from consuming nuts and
seeds together. This is especially important given that global
nut intakes are low. Furthermore, all nuts except for walnuts
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are high in monounsaturated fats, and combining seeds with
nuts will increase the proportion of polyunsaturated fats.
If similar health benefits are seen with seed consumption,
emphasizing both nuts and seeds in guidelines could provide
more options for consumers and result in more people
consuming amounts aligned with recommendations. A study
from the European Prospective Investigation into Cancer
and Nutrition (EPIC) study that included almost 37,000
participants reported that 4.4% and 2.3% of participants
reported daily intake of tree nuts and peanuts, respectively,
and 1.3% reported seed intake in various forms (62). Even
among the consumers, the average portion sizes of total nuts
and seeds (consumed as whole, from hidden sources and
spreads) were 14.6 g/d and 8.5 g/d, respectively, which were
below the recommendations (62). In a US representative
sample, the proportion of nut and seed consumers were
higher than Europe, where over half of the adult population
reported daily nut intake and 16.3% of males and 19.9% of
females consumed seeds, assessed from two 24-h diet recalls,
during the NHANES from 2005 to 2018 (9). Although it is
also possible that higher intake in the USA may be due to
the 2-d diet recalls, which were more likely to capture nut
and seed intake (occasional foods) than the 1-d recall method
used in EPIC, there appears to be differences in nut and seed
intake between countries. Although the differences between
the USA and Europe may be influenced by seed availability
and cultural preferences, it should also be noted that intake
in the EPIC study was assessed many years ago (in 2006)
and intake may have changed since the publication of the
findings. Therefore, the established relations between nuts
and diseases should be revisited to also include seeds, in order
to guide future nutrition research and inform guidelines.

Many observational studies have examined the associa-
tion between nuts and human health by assessing the intakes
of nuts per se (58) whereas others have considered nuts as
part of a food group which has included other foods (e.g.
together with seeds and legumes) within an overall dietary
pattern (63–66). Considering the totality of epidemiological
evidence, habitual nut intake has been linked to lower risk of
CVD and CVD-related mortality (7, 67), lower fasting insulin
and fasting resistance (but no association with fasting glucose
or HbA1c) (44, 45), lower prevalence of nonalcoholic fatty
liver disease (9, 68, 69), better cognitive performance (70),
and lower risk of cancer and cancer-related mortality (71–
73). However, the current number of observational studies
that considered seeds alone or nuts and seeds together is very
limited (74, 75), hence it was unclear if seeds also have similar
association with these chronic diseases.

On the other hand, interventional randomized controlled
trials (RCTs) mostly used a nut-alone approach, where a
specific amount of nuts was added (43, 76) or used to
replace energy in a diet (equivalent to nuts) (77, 78) in a
habitual diet over a period of time. Some studies also used
a whole-diet approach, and nut intake was emphasized [e.g.
the Prevención con Dieta Mediterránea (PREDIMED) Study
modified the entire diet, and 1 of 2 intervention arms received
30 g/d of mixed nuts (walnuts, almonds, and hazelnuts) (79)].

Nut-alone interventions have demonstrated favorable effects
on health outcomes in most studies, although there is some
evidence that whole-diet interventions that included nuts
may lead to better health outcomes in older adults (48).

Compared with nut studies, fewer interventional studies
have been conducted using seeds. Most studies on seeds
have focused on CVD risk factors. A randomized controlled
crossover study compared the effects of 50 g/d sesame seed
powder or 50 g/d rice powder (control) supplement over
5 wk in 24 postmenopausal women. This study observed
that sesame seed powder treatment increased the plasma
ratio of α- and γ -tocopherol to total cholesterol, and led to
significantly greater reductions in blood lipids such as LDL
cholesterol, the ratio of LDL to HDL cholesterol, and total
cholesterol (80). In CVD research, the most studied seed type
has been flaxseed. In a systematic review and meta-analysis
of 28 RCTs, flaxseed interventions reduced total cholesterol
by 0.10 mmol/L and LDL by 0.08 mmol/L (81). This effect
was not observed when flaxseed oil was used, suggesting that
the benefits may include a synergistic effect of all nutrients
in flaxseeds. In another systematic review and meta-analysis
of 11 RCTs, flaxseed interventions reduced systolic and
diastolic blood pressure by 1.77 mmHg (P = 0.04) and
1.58 mmHg (P = 0.003) respectively (82). Like the previous
systematic review, flaxseeds consumed as whole seeds had
greater benefits. The effects of flaxseeds on blood lipids were
consistent with findings from 61 interventional studies that
used nuts (83). However, nuts did not have a significant effect
on blood pressure as observed with flaxseeds, although the
reduction with the latter was small and may be of limited
clinical importance (82, 83). To our knowledge, only 1 study
has directly compared the effects of nuts and seeds on
cardiovascular markers (84). In this 3-wk crossover feeding
study, involving 22 postmenopausal women with type 2
diabetes, consuming 30 g/d of almonds or sunflower kernels
reduced total and LDL cholesterols. However, the sunflower
kernel intervention also reduced HDL, triacylglycerol, apoA-
1, and B100 more than the almond intervention (84). The
findings suggest that both nuts and seeds are beneficial for
CVD, although they may have slightly different mechanisms
of action.

Other research has been conducted on breast cancer-
related outcomes. A case-control study examined the rela-
tions between seed intake and the risk of postmenopausal
breast cancer (85). In this study, sunflower and pumpkin seed
consumption was associated with a lower adjusted OR for
breast cancer (OR = 0.91, 95% CI: 0.83–1.00, P = 0.02),
and the risk was even lower in those classified as high
consumers (those with an intake higher than the population
median) when compared with nonconsumers (85). However,
sesame and flaxseed consumption did not show similar
associations with breast cancer risk in the same study. To
summarize, despite the limited number of human studies
in seed research, available evidence suggests that seeds may
have similar health benefits as nuts. This may be due to
the similarity in nutrient profiles between nuts and seeds.
However, it is not clear if the benefits can be generalized to
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TABLE 3 Recommendations for future research in nuts and seeds and health outcomes

Recommendations

Nut and seed types � Include:
� Nuts: Almonds, Brazil nuts, cashews, hazelnuts, macadamias, peanuts, pecans,

pine nuts, pistachios, and walnuts
� Seeds: Chia seeds, flaxseeds, poppy seeds, pumpkin seeds, sesame seeds,

sunflower seeds
� Exclude: Chestnuts, coconuts

Assessment methods � Methods that assessed habitual intake of nut and seeds preferred over single
24-h recalls/records

� Consider statistical methods that help estimate the usual intake of nuts and
seeds

Nuts and/or seeds � Revisit the nut-disease relations with nuts alone, seeds alone, and combined
nuts and seeds

Dietary sources of
nuts and seeds

� Consider if nuts and seeds were consumed alone or hidden in foods/meals
� If hidden in foods and meals, consider if nuts and seeds derived from major or

discretionary food groups, which may have implications on the observed
relations

� Country and culturally appropriate food and nutrient databases are needed to
accurately quantify nuts and seeds as hidden ingredients, and nutrients
contributed by these foods

Categorization of
intake during
analysis

� Determine if categorization should be based on amount or frequency of
consumption

� Select appropriate or meaningful cut-offs for frequency or amount of intake
categorization to enable translation of findings into practice

Nuts and seeds in the
context of whole
diets

� Relations between nuts and seeds should be examined in the context of the
whole diet

� Adjusting for overall diet quality is recommended to ensure the robustness of
the relation between nuts/seeds (single food group) and health

Clinical trials � Where possible, clinical studies are needed to confirm findings from
observational studies, and to discern underlying mechanisms and optimal dose
that explain the observed relations between nuts/seeds and health

all types of seeds, and whether combining nuts and seeds will
provide similar health benefits if specific recommendations
included nuts and seeds together as a food group. Therefore,
more studies are warranted in the future and there are several
important issues to be considered when developing practical
dietary recommendations, as well as in conducting human
research, which we will discuss in the next sections.

Dietary guidelines and recommendations
Plant-rich diets are becoming increasingly popular due
to the evidence on their health benefits, as well as their
effects on planetary health and sustainability. Many dietary
guidelines including the Australian and American dietary
guidelines (13, 86) refer to “nuts and seeds” collectively
despite the literature, especially that of more robust quality
RCTs, being predominantly conducted to include only nuts.
Therefore, future studies should include both nuts and
seeds because of their similar nutrient profiles. Conversely,
reports including the “EAT Lancet report” refer to “nuts”
only, a recommendation that may more accurately portray
higher quality evidence, but can be limiting with regard to
the variety of what can be consumed (87). Furthermore,
dietary recommendations and guidelines should consider
whether the current nut recommendation (13, 14, 86) should
also include seeds if they do in fact provide comparable

nutrients and thus, health benefits. Finally, the inclusion
of seeds provides more variety and options for individuals
with nut allergies, so in addition to providing variety,
such recommendations are more inclusive and broadly
translatable.

Considerations for future research
Due to the similarities between the nutrient profiles and
health benefits (investigated thus far) of nuts and seeds,
they should be considered together in future research. Based
on the gaps in the literature, more emphasis should be
placed on understanding the health benefits of seeds, as
well as seeds in combination with nuts. The first step will
be to determine what types of nuts and seeds should be
considered in nutrition research. We propose that nuts and
seeds should at least consider those summarized in Table 3
as they have comparable nutrient profiles. The forms (e.g.
whole compared with butter) and level of processing (e.g.
raw compared with roasted) should also be considered as
these factors can influence nutrient availability (88–92),
concentrations of compounds such as phytic acid (93) that
can influence the availability and absorption of nutrients
(94), and concentrations of additives that may have detri-
mental health effects (e.g. the addition of sugar, salt, and/or
oils/fats), hence altering the nutrient profile and the potential
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healthiness of nut and seed products. All these factors should
be taken into consideration when designing and conducting
future studies. Further considerations for epidemiological
studies and clinical trials are discussed below.

Nutrition epidemiology
Assessment of habitual intake.
Since both nuts and seeds are episodically consumed,
multiple entries of 24-h recalls or an FFQ are ideally needed
to capture reliable habitual intake for use in epidemiological
analyses. Statistical methods have been developed to help
estimate the usual intake of occasional foods, such as the
multiple source method (MSM) (95), the National Cancer
Institute (NCI) method (96), and the Statistical Program to
Assess Dietary Exposure (SPADE) method (97). Although
these methods differ in the statistical models used, all
methods involve modeling the habitual intake distribution
of the food group as a function of age, sex, and other user-
defined parameters such as subgroups within a population or
consumption frequency. When collecting consumption data,
it is important to consider the appropriate dietary assessment
method to address the research question(s). For example,
although it may be acceptable to use data from a single
24-h recall to estimate the intakes of nuts and seeds from a
study sample, using data from an FFQ or multiple 24-h recalls
is recommended when examining associations between nut
and seed intake and health outcomes, as these methods
are more robust and thus reflective of habitual intake.
Several considerations for the selection of dietary assessment
methods, e.g. validity, measurement errors etc. have been
described in detail by the NCI’s Dietary Assessment Primer
(98).

Nuts (± seeds).
In observational studies, the established relations between
nuts and health (e.g. body weight, type 2 diabetes mellitus,
CVD, cognition) discussed above should be extended to
include seeds. For example, epidemiological research should
compare the relations between health outcomes and “nuts
alone” compared with “seeds alone” compared with “nuts
and seeds” as a food group. This will provide crucial under-
standing and evidence of whether nuts and seeds together
are superior to nuts alone, i.e. synergistic effects from a
variety of nuts and seeds, in reducing the risk of disease and
disease management. In addition, this will help determine the
optimal amount of nuts and seeds that provides maximum
health benefits. All these will have important implications for
dietary recommendations and guidelines in the future.

Dietary sources of nuts and seeds.
It is also important to consider how nut and seed intake
will be quantified in observational studies. Previous nut
studies have used 2 primary approaches in determining nut
intake, i.e. apparent nut intake (consumed alone as identified
from diet records/recalls and FFQs) or “hidden” nuts (used
as an ingredient in foods such as breakfast cereals, snack
bars) (99, 100). The main advantage of considering intake

of nuts and seeds from hidden sources is that this approach
provides a more accurate assessment of actual, total nut
intake in the diet as opposed to nuts that are consumed whole
and alone only. However, a comprehensive food database
is needed in order to accurately quantify nuts and seeds
as an ingredient from various foods, meals, and processed
foods in the market. For example, in the USA, the Food
Commodity Intake Database allows researchers to estimate
the proportion of nuts and seeds contained in various foods
and mixed meals in the database. Therefore, future studies
that quantify nuts and seeds as hidden ingredients, and
culture- and country-specific food ingredient databases are
needed. On the contrary, an approach that includes hidden
nuts and seeds has potential limitations. Although nuts and
seeds are known to be nutrient rich and may provide several
health benefits, it remains unknown if the total intake of
nuts and seeds (apparent intake plus hidden sources) is
sufficient, or whether researchers should further consider the
sources where nuts and seeds are derived from. For example,
should we consider nuts/seeds from desserts or discretionary
foods (e.g. pecan pie, peanut brittles) when understanding
the relations between intake and disease? Whilst this is an
important consideration, the selection of a given research
approach should not be rigid but should perhaps be guided
by the outcome of interests. For instance, in cases where
nutrient intake is more crucial than the food sources (e.g.
in malnutrition among older adults or catabolic conditions
that increase nutrient demands such as cancer), assessing
nuts and seeds from discretionary food choices is warranted,
compared to studies where obesity is the primary health
outcome.

Categorization of intake during analysis.
In nutrition epidemiology, the associations between nut
intake and various health outcomes rely on how nut and
seed intake is categorized and compared. In previous studies,
nut intake has been categorized in a number of ways: 1)
binary classification of intake as nonconsumers compared
with consumers defined as nut intake of ≥ 1

4 ounce (or
7.1 g/d) (61, 101), 2) based on per unit increments of half
(47) or a serving (1 ounce or 28.5 g/d) (102), 3) based on
current nut recommendations of 30 g/d (8, 9), 4) per 50 g/d
increment (53), and 5) in nut intake quantiles, e.g. tertiles
(103) or quartiles (12). Nut intake categorization based on
serving sizes is more translatable with regard to guiding
recommendations and practice compared to approaches that
compare nut intake using tertiles or quartiles. Based on
current Australian and American dietary guidelines, the
recommendation for nuts, for adults, is ∼30 g (1 serving)
on most days during a week (13, 86). The justifications and
implications of nut consumption cut-offs described in points
1, 4, and 5 above is unclear. Besides categorization of nut
intake based on amount, several studies have reported results
based on the frequency of intake over a period of time, often
per week (54, 104–107). This frequency approach is equally
valid and important as it adds richness to the understanding
of the relations between nuts/seeds and health. For example,
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such analysis can contrast any potential differences between
individuals who had frequent intake of small amounts
compared with those who consumed nuts/seeds irregularly
but in large quantities, while achieving the same total weekly
intake.

Nuts and seeds as part of multiple food groups in dietary
indices.
Nut intake has been associated with better overall diet quality
(99, 101, 108). Therefore, in nutrition epidemiology, the
examination of the relations between nuts or seeds and health
outcomes should account for the overall diet quality in order
to ensure the robustness of the relations. Diet quality can
be assessed using several indices such as the Healthy Eating
Index (HEI) (109) and the Mediterranean Diet Score (MDS)
(110). One important consideration when adjusting for diet
quality in nuts and seeds research, is the likelihood that they
may already be included in the assessment of diet quality
within a dietary index. This may partly explain why nut
consumption has been associated with better overall diet
quality (111–114). In the case of the HEI, intake of “Nuts,
seeds, soy products” food group contributes to the “Total
protein foods” and “Seafood & plant protein” HEI score
components (109). These 2 score components also include
several other food groups, hence isolating the diet quality
scores contributed by nuts and seeds alone is not possible.
The same applies to the MDS (110), hence it is not possible
to adjust for diet quality scores from foods other than nuts
and seeds. The implications of including nuts and seeds as
part of a broader food classification and the implications
of modifying the indices or removing a component, for the
examination of the relations between nuts and seed intake
and disease remains unknown and should be investigated.

Context of nut and seed consumption.
To date, the understanding of how nuts and seeds are
consumed in habitual diets is limited. For example, little
is known about the context of nut and seed intake, which
includes cultural influence (what nuts people eat, within
meals, cooking techniques etc.), timing of ingestion (e.g.
with meals or as snacks), and forms (e.g. peanut butter with
toast or nuts and seeds in breakfast cereals). Although this
knowledge does not directly contribute to the understanding
of the association between nuts or seeds and disease, it will
inform the development of practical strategies to promote the
consumption of nuts and seeds.

Clinical trials
Although some of the considerations listed for observational
studies may apply to clinical trials, the key considerations
surround understanding the optimal portion size of nuts
and/or seeds that provides the maximum benefits to a range
of health outcomes. For example, the optimal amount that
provides maximum risk of CVD reduction while minimizing
the risk of weight gain from overconsumption. Also, if
synergistic effects are seen when nuts and seeds are used
in combination, the current recommendation may need to

be revised to reflect the optimal amount for maximum
health benefits. It is equally important to consider the
ratio of nuts and seeds within the prescribed interventional
portion size (115). However, based on their similar nutrient
profiles, it is likely that they are interchangeable in the
diet. Furthermore, a variety of nuts and seeds in line with
dietary recommendations may provide the most optimal
benefits to maximize the individual nutrients within each
type. Providing consumers with more varieties within a
whole diet may reduce monotony (115). To enable translation
into practice, it is equally important to understand: 1)
the availability and affordability of nuts and seeds, 2) the
acceptability of the recommended amount, 3) the ease
of incorporating nuts and seeds into habitual diets, and
4) the culture and habitual cuisine of study participants.
All these factors will, in turn, determine the compliance
to the recommendation for maximum health benefits. To
summarize, findings from clinical trials that incorporate
these considerations will provide evidence to support the
development of specific dietary recommendations for nuts
and seeds that are best suited to targeted populations.

Conclusion
Nuts are most often classified based on their culinary and
nutrition definitions for the purpose of nutrition research.
However, based on the comparable composition of nuts
and seeds, it appears that research on the health benefits
of nuts should expand its scope to also encompass seeds.
This call is supported by the fact that nutritionally nuts
and seeds are very similar, and there is available, albeit
very limited, evidence to support the notion that seeds
may provide very similar health benefits to nuts. However,
further research is still needed to determine if nuts and
seeds provide similar health benefits, and to elucidate the
underlying mechanisms that explain the potential role of
seeds in improving metabolic health. If the health benefits
of seeds are confirmed and are indeed similar to those
of nuts, future recommendations should consider nuts
and seeds collectively. Since the gobal intake of nuts is
generally low, incorporating seeds more broadly into dietary
recommendations may provide more variety to consumers
and thus may help increase intake for better health.
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21. Vecka M, Staňková B, Kutová S, Tomášová P, Tvrzická E, Žák A.
Comprehensive sterol and fatty acid analysis in nineteen nuts, seeds,
and kernel. SN Applied Sciences 2019;1(12):1–12.

22. Alasalvar C, Bolling BW. Review of nut phytochemicals, fat-soluble
bioactives, antioxidant components and health effects. Br J Nutr
2015;113(S2):S68–78.

23. Clark MJ, Slavin JL. The effect of fiber on satiety and food
intake: a systematic review. J Am Coll Nutr 2013;32(3):
200–11.

24. Frame LA, Costa E, Jackson SA. Current explorations of nutrition
and the gut microbiome: a comprehensive evaluation of the review
literature. Nutr Rev 2020;78(10):798–812.

25. Coelho SB, de Sales RL, Iyer SS, Bressan J, Costa NM, Lokko P, et al.
Effects of peanut oil load on energy expenditure, body composition,
lipid profile, and appetite in lean and overweight adults. Nutrition
2006;22(6):585–92.

26. Iyer SS, Boateng LA, Sales RL, Coelho SB, Lokko P, Monteiro JB, et al.
Effects of peanut oil consumption on appetite and food choice. Int J
Obes 2006;30(4):704–10.

27. Valsta LM, Jauhiainen M, Aro A, Katan MB, Mutanen M. Effects of
a monounsaturated rapeseed oil and a polyunsaturated sunflower oil
diet on lipoprotein levels in humans. Arteriosclerosis and Thrombosis:
a Journal of Vascular Biology 1992;12(1):50–7.

28. Karatzi K, Stamatelopoulos K, Lykka M, Mantzouratou P, Skalidi
S, Manios E, et al. Acute and long-term hemodynamic effects of
sesame oil consumption in hypertensive men. The Journal of Clinical
Hypertension 2012;14(9):630–6.

29. Kris-Etherton PM, Hu FB, Ros E, Sabate J. The role of tree nuts and
peanuts in the prevention of coronary heart disease: multiple potential
mechanisms. J Nutr 2008;138(9):1746S–51S.

30. Bullo M, Lamuela-Raventos R, Salas-Salvado J. Mediterranean diet
and oxidation: nuts and olive oil as important sources of fat and
antioxidants. Curr Top Med Chem 2011;11(14):1797–810.

31. U. S. Department of Agrigulture. USDA Food and Nutrient Database
for Dietary Studies 2017–2018. Food Surveys Research Group Home
Page. [Internet]. 2018. [Accessed 2021 Oct 4]. Available from: www.
ars.usda.gov/nea/bhnrc/fsrg.

32. Neale EP, Tapsell LC, Guan V, Batterham MJ. The effect of nut
consumption on markers of inflammation and endothelial function:
a systematic review and meta-analysis of randomised controlled trials.
BMJ Open 2017;7(11):e016863.

33. Xiao Y, Xia J, Ke Y, Cheng J, Yuan J, Wu S, et al. Effects of
nut consumption on selected inflammatory markers: a systematic
review and meta-analysis of randomized controlled trials. Nutrition
2018;54:129–43.

34. Tan SY, Dhillon J, Mattes RD. A review of the effects of nuts on
appetite, food intake, metabolism, and body weight. Am J Clin Nutr
2014;100(suppl_1):412S–22S.

35. Guarneiri LL, Cooper JA. Intake of nuts or nut products does not
lead to weight gain, independent of dietary substitution instructions:
a systematic review and meta-analysis of randomized trials. Adv Nutr
2021;12(2):384–401.

36. Akhlaghi M, Ghobadi S, Zare M, Foshati S. Effect of nuts on energy
intake, hunger, and fullness, a systematic review and meta-analysis of
randomized clinical trials. Crit Rev Food Sci Nutr 2020;60(1):84–93.

37. Casas-Agustench P, Lopez-Urirte P, Bullo M, Ros E, Gomez-Flores
A, Salas-Salvado J. Acute effects of 3 high-fat meals with different
saturation on energy expenditure, substrate oxidation and satiety. Clin
Nutr 2009;28:1, 39–45.

38. Tapsell LC, Batterham MJ, Tan S-Y, Warensjo E. The effects of a calorie
controlled diet containing walnuts on substrate oxidation during 8
hours in a room calorimeter. J Am Coll Nutr 2009;28(5):611–7.

39. Baer DJ, Gebauer SK, Novotny JA. Measured energy value of pistachios
in the human diet. Br J Nutr 2012;107(1):120–5.

40. Baer DJ, Gebauer SK, Novotny JA. Walnuts consumed by healthy
adults provide less available energy than predicted by the Atwater
factors. J Nutr 2016;146(1):9–13.

41. Novotny JA, Gebauer SK, Baer DJ. Discrepancy between the Atwater
factor predicted and empirically measured energy values of almonds
in human diets. Am J Clin Nutr 2012;96(2):296–301.

42. Traoret C, Lokko P, Cruz A, Oliveira C, Costa N, Bressan J, et al. Peanut
digestion and energy balance. Int J Obes 2008;32(2):322–8.

43. Tan S-Y, Mattes RD. Appetitive, dietary and health effects of almonds
consumed with meals or as snacks: a randomized, controlled trial. Eur
J Clin Nutr 2013;67(11):1205–14.

Nuts and seeds 1025

https://doi.org/10.1007/0-387-28801-5_9
https://search.proquest.com/openview/96e7a91da433b00d0da15353c0a4255d/1?pq-origsite=gscholar\&cbl=39578
http://www.ars.usda.gov/nea/bhnrc/fsrg


44. Tindall AM, Johnston EA, Kris-Etherton PM, Petersen KS. 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(2):297–314.

45. Kim Y, Keogh JB, Clifton PM. Benefits of nut consumption on
insulin resistance and cardiovascular risk factors: multiple potential
mechanisms of actions. Nutrients 2017;9(11):1271.

46. Barbour JA, Howe PR, Buckley JD, Bryan J, Coates AM. Nut
consumption for vascular health and cognitive function. Nutr Res Rev
2014;27(1):131–58.

47. Tan S-Y, Georgousopoulou EN, Cardoso BR, Daly RM, George ES.
Associations between nut intake, cognitive function and non-alcoholic
fatty liver disease (NAFLD) in older adults in the United States:
NHANES 2011–14. BMC Geriatrics 2021;21(1):313.

48. Tan S-Y, Tey SL, Brown R. Nuts and older adults’ health: a narrative
review. Int J Environ Res Public Health 2021;18(4):1848.

49. Arab L, Ang A. A cross sectional study of the association between
walnut consumption and cognitive function among adult US
populations represented in NHANES. J Nutr Health Aging
2015;19(3):284–90.

50. Jackson CL, Hu FB. Long-term associations of nut consumption with
body weight and obesity. Am J Clin Nutr 2014;100(suppl_1):408S–11S.

51. Shao C, Tang H, Zhao W, He J. Nut intake and stroke risk: a
dose-response meta-analysis of prospective cohort studies. Sci Rep
2016;6(1):1–7.

52. Sabate J, Oda K, Ros E. Nut consumption and blood lipid levels:
a pooled analysis of 25 intervention trials. Arch Intern Med
2010;170(9):821–7.

53. Bes-Rastrollo M, Sabate J, Gomez-Gracia E, Alonso A, Martinez
JA, Martinez-Gonzalez MA. Nut consumption and weight gain in a
Mediterranean cohort: the SUN study. Obes 2007;15(1):107–16.

54. Albert CM, Gaziano JM, Willett WC, Manson JE. Nut consumption
and decreased risk of sudden cardiac death in the physicians’ health
study. Arch Intern Med 2002;162(12):1382–7.

55. Lee-Bravatti MA, Wang J, Avendano EE, King L, Johnson EJ, Raman
G. Almond consumption and risk factors for cardiovascular disease: a
systematic review and meta-analysis of randomized controlled trials.
Adv Nutr 2019;10(6):1076–88.

56. Kris-Etherton PM. Walnuts decrease risk of cardiovascular
disease: a summary of efficacy and biologic mechanisms. J Nutr
2014;144(4):547S–54S.

57. Jafari Azad B, Daneshzad E, Azadbakht L. Peanut and cardiovascular
disease risk factors: a systematic review and meta-analysis. Crit Rev
Food Sci Nutr 2020;60(7):1123–40.

58. Becerra-Tomás N, Paz-Graniel I, WC Kendall C, Kahleova H,
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