


In the future, multi-metabolite
panels could be used in conjunction
with classical methods of evaluating
food consumption, to reduce
measurement error when analyzing
the associations between nut
consumption and the risk of disease.

Nuts are one of the natural plant foods with the highest
unsaturated fat content. They also contain protein and fiber,
minerals such as magnesium, some vitamins (e.g., vitamin E),
and other bioactive compounds, phytosterols and phenolic
compounds (1).

Several cross-sectional and longitudinal studies have
confirmed that nut intake is beneficially associated with some
cardiovascular risk factors, a lower risk of coronary heart
disease, cardiovascular disease and total mortality. Also, some
epidemiological studies have found an inverse association
between the frequency of nut consumption and some types of
cancer or cancer mortality (2). In addition, some studies have
demonstrated that the consumption of nuts may play a role in
the prevention of metabolic diseases, such as type 2 diabetes,
acting at the molecular level by modulating glucose and insulin
metabolism (3).

Dietary assessment methods, such as food frequency
questionnaires (FFQs), present several limitations related to
self-reporting, e.g., the lack and omission of useful information
about food sources, food processing, or storage conditions.
These errors produce inconsistent results, especially when
studying the links between food intake and disease causation.
A complementary approach, totally independent of all the
limitations mentioned above, is necessary in order to better
understand the associations between nut intake and health
outcomes (2).

Biomarkers of food intake (BFls) are generally single, or a
combination of, metabolites which indicate the consumption of
specific foods in terms of time-response and dose-response
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after intake. Metabolomics is considered the most effective
method to identify metabolites in biofluids with high sensitivity,
and also represents a promising tool for food-intake biomarker
discovery (4).

Arecent review based on a comprehensive literature
inquiry of both observational and human intervention
studies, describes the principal BFls of the most commonly
consumed nuts (5). The results of this literature review
reported information about the associations between nut
intake and potential candidate BFls according to the types of
nuts, the study design, analytical method, sample type, and
discriminating metabolites.

ALA (a-linolenic acid) represents 11% of the total fatty
acid composition of walnuts and can be considered a potential
candidate biomarker of walnuts (6). Urolithins are the product
of polymeric ellagitannins (ETs) metabolized by gut microbiota
and its presence in biofluids has been reported after walnut
intake (7).

Non-targeted metabolomic approaches revealed for the
first time an increased excretion of serotonin metabolites
in urine associated with nut consumption (8). As walnuts
have a higher serotonin content than other food sources,
5-hydroxyindole-3-acetic acid (5-HIAA), a serotonin
metabolite, can be also used as a BFI for walnuts (9).

However, since these compounds are contained in many
other food sources, none of them can be considered specific
for walnuts when used alone. Therefore, a combination of these
biomarkers can represent a more specific measurement of
walnut intake to be used in the future in epidemiological studies.



Almonds and hazelnuts are high in a-tocopherol, which
is one of the principal nutrient compounds of vitamin E. The
combination with other molecules, such as flavan-3-ol-derived
metabolites, can be used to obtain more specific information
about almond intake (10).

As for pistachios, we have a very specific metabolite
(the N-methyl-trams-hydroxy-L-Proline) that can be used
as a marker of pistachio intake. This metabolite, contained
in pistachios, has been identified in urine in the EPIDERM
(Effect of Pistachio Intake on Insulin Resistance and Type 2
Diabetes Mellitus) controlled, crossover trial study (11). In
this trial, changes in urine metabolome were detected in
individuals exposed to a diet supplemented with pistachios,
especially related to a modulation of some microbiota-derived
compounds and other metabolites related with the tricarboxylic
acid (TCA) cycle (11). However, not all the metabolites identified
can be used as markers of intake.

Other studies reported the measure of lutein, zeaxanthin,
[-sitosterol, and a-tocopherols to verify compliance with diets
richin pistachios, but as these compounds are common in many
other foods, they cannot be considered a specific metabolite for
pistachio intake (12).

Brazil nuts are one of the highest food sources of selenium
and high levels of this compound have been reported after
intake (13), but again, as this mineral can be found in several
dietary sources and many factors can interfere in the
measurement in biofluids, the use of this marker alone cannot
provide areliable intake assessment.

In conclusion, classic dietary assessment methods
including FFQs are associated with measurement errors, and
for this reason the use of dietary biomarkers has emerged
as a complementary approach. The presence of distinct
biomarkers for nuts cannot be considered specific due to the
overlaps in the measurements. To establish a multi-metabolite
biomarker panelin the future, it may be necessary to address
amore specific measurement of intake. However, untargeted
metabolomics is necessary in order to identify other
compounds to include. The identified multi-metabolite panel
could be used in the future in combination with classical food
consumption methods to reduce measurement error when
analyzing the associations between food intake and the risk of
disease.a
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