£

and Public Health

International Journal of
Environmental Research

Review

Nuts and Older Adults’ Health: A Narrative Review

Sze-Yen Tan '*{), Siew Ling Tey 2 and Rachel Brown 2

check for

updates
Citation: Tan, S.-Y.; Tey, S.L.; Brown,
R. Nuts and Older Adults” Health: A
Narrative Review. Int. ]. Environ. Res.
Public Health 2021, 18, 1848.
https:/ /doi.org/10.3390/ijerph
18041848

Academic Editor: Alberto Mantovani

Received: 8 January 2021
Accepted: 10 February 2021
Published: 14 February 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences,
Deakin University, Geelong, VIC 3220, Australia

Department of Human Nutrition, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand;
siewling.tey@otago.ac.nz (S.L.T.); rachel.brown@otago.ac.nz (R.B.)

*  Correspondence: szeyen.tan@deakin.edu.au; Tel.: +613-9246-8977

Abstract: Although the beneficial effects of nuts on cardiometabolic diseases have been well es-
tablished, little is known about the effects of nuts on age-related diseases. Given that age-related
diseases share many biological pathways with cardiometabolic diseases, it is plausible that diets
rich in nuts might be beneficial in ameliorating age-related conditions. The objective of this review
was to summarise the findings from studies that have examined the associations or effects of nut
consumption, either alone or as part of the dietary pattern, on three major age-related factors—
telomere length, sarcopenia, and cognitive function—in older adults. Overall, the currently available
evidence suggests that nut consumption, particularly when consumed as part of a healthy diet
or over a prolonged period, is associated with positive outcomes such as longer telomere length,
reduced risk of sarcopenia, and better cognition in older adults. Future studies that are interventional,
long-term, and adequately powered are required to draw definitive conclusions on the effects of nut
consumption on age-related diseases, in order to inform dietary recommendations to incorporate
nuts into the habitual diet of older adults.
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1. Introduction

Human life expectancy has increased globally, and the increment rate has been more
rapid in industrialised countries [1]. Greater life expectancy can be largely attributed to
medical advancements, which significantly reduces mortality rates [2]. Due to increased
longevity, healthy ageing and better quality of life are becoming more important among
older adults [3]. The quality of life of older adults is multidimensional and depends
on: (a) individual factors, e.g., satisfaction with one own'’s physical /mental health, func-
tional capacity (autonomy), emotional comfort, spirituality, and financial security; and (b)
environmental factors, e.g., social interaction, network, and support [4].

The focus of this review is on how nut intake either consumed alone or as part of the
dietary pattern can improve the quality of life of older adults. We propose that nuts may
improve the quality of life of older adults through the promotion of better health, cognitive
function, and functional capacity in this population, as depicted in a conceptual framework
below (Figure 1). This framework is based on the premise that nuts, which are high in
essential nutrients, improve diet quality and the overall nutritional status of older adults
(see previous review [5]). As outlined in this framework, better nutrition and diet quality
will, in turn, improve the health, wellbeing, and the quality of life of older adults.

A number of previous reviews have highlighted the benefits of nuts on body weight
regulation [6,7], improved vascular function, and prevention of cancer [8] and metabolic
diseases such as cardiovascular disease [9,10] and type 2 diabetes mellitus [10,11], which
are prevalent among older individuals; therefore, these aspects will not be addressed
again in this review. Instead, we will explore other emerging areas such as the potential
effects of nuts on telomere length, muscle and function, and cognitive function of older
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adults. These aspects are of importance because telomere length has been shown to be an
important indicator of ageing [12], while optimal physical and cognitive function will allow
older adults to live independently as long as possible. It is also important to note that the
emerging areas discussed in this review are not independent of the well-established areas
shown in Figure 1. For example, telomere length has been linked to the onset of several
age-related diseases [13], and vascular function has been shown to influence cognitive
function [14].

In this narrative review, we summarise the findings from studies that have investigated
the associations or effects of nut consumption on telomere length, muscle and function,
and cognitive function of older adults. These are emerging areas in nut research; therefore,
we have included studies that have examined the influence of nuts alone, or nuts as part of
an overall dietary pattern such as the Mediterranean diet. In the latter, it is often difficult
to attribute the observations to nuts or the nuts/seeds/legumes food group within the
dietary patterns specifically, unless these studies conducted separate analysis on each of
the components within the dietary patterns. Hence, the results from studies that focused
primarily on dietary patterns only should not be over-interpreted. Furthermore, although
different nuts are high in certain nutrients, all nuts share very similar overall nutritional
profiles, i.e., high in unsaturated fats, fibre, and nutrients that are essential for good
health [5]. For this reason, all nut types are considered comparable nutritionally, and
dietary recommendations focus on all nuts instead of specific nut types. Therefore, this
review will not compare different nut types, but rather consider them collectively. Finally,
studies cited in this review were not limited to those that included older adults (>60 years)
only, but they were included nonetheless because optimal nutrition in younger adults is
arguably very important in the prevention of health conditions that occur in old age.

Nutrients Diet quality
Established areas Emerging areas

Body weight Telomere length
BN usce & function
Metabolic health

Quality of life of older adults

Figure 1. A conceptual framework of how nuts improve the quality of life of older adults.

2. Nut Consumption and Telomere Length

Regular nut consumption is associated with a reduced risk of chronic diseases [15,16],
including biomarkers of these age-related diseases [10,17,18]. The effects of nut consump-
tion on telomere length have gained attention as one possible mechanism whereby nuts
may reduce age-related diseases [19]. Telomeres are caps which protect the ends of chro-
mosomes, and their lengths are an indicator of biological age. They protect DNA from
oxidative damage, allowing the cell to divide normally. The length of telomeres is carefully
controlled by a variety of proteins, including the enzyme telomerase, which promotes
telomere length and stability [20]. Telomere length is shortened with each cell division,
with a loss of around 50-200 bases [21]. Eventually, the telomere will reach a length that
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is associated with cell apoptosis [22]. Shortening of telomeres is negatively associated
with cell longevity, and has been associated with disorders such as cancer, cardiovascular
disease, neurodegenerative diseases, hypertension, and type 2 diabetes [23,24].

Although increasing age is strongly correlated with shorter telomere length, the vari-
ability in the rate of telomere shortening—independent of chronological age—suggests
that other factors are important. Several modifiable lifestyle factors have been implicated
in the rate of telomere shortening. For example, telomere length has been positively associ-
ated with greater fruit and vegetable intakes, and higher levels of physical activity; and
negatively associated with higher saturated fat and meat consumption intakes, adiposity,
and smoking [25-30]. The following sections review the evidence for the association of
nut consumption and telomere length to determine whether this may partly explain the
reduction in age-related diseases observed with regular nut intake.

There are several potential mechanisms whereby nuts may exert a positive effect on
telomere length and cellular senescence. A number of nutrients have been implicated as
having an important role in DNA methylation and integrity due to their antioxidant prop-
erties [31]. These nutrients include isoflavanoids, folate, vitamin E, and polyunsaturated
fatty acids (PUFAs). Although nuts differ in a number of individual nutrients, they are all
rich sources of antioxidant nutrients and unsaturated fatty acids. For example, peanuts
and hazelnuts are particularly good sources of folate, whereas walnuts, Brazil nuts, and
pine nuts are good sources of PUFA. It has been suggested that telomere length is a marker
of oxidative stress [32]. Previous studies have shown that regular nut consumption is
associated with reductions in some, but not all, markers of oxidative stress and inflamma-
tion [33,34]. In addition, Cannudas et al. [35] showed reduced oxidative damage of DNA
with the consumption of pistachio nuts over four months.

To examine the association between nut consumption and telomere length, we re-
viewed one prospective study and two intervention studies that specifically examined the
independent effect of nut consumption on telomere length. We also reviewed fifteen cross-
sectional analyses, two prospective analyses, and two intervention studies that included or
emphasised nuts as part of a dietary pattern.

2.1. Evidence from Observational Studies
2.1.1. Nut-Specific Studies

One study from a large nationally representative sample examined the association
between nut consumption and telomere length [19]. Tucker et al., using 24 h recall data from
the National Health and Nutrition Examination Survey (NHANES) 1999-2002 (n = 5582),
found a positive association between the consumption of nuts and seeds and telomere
length. The association was linear (after adjustment), with each 1% of total energy derived
from nuts and seeds associated with a length which was 4.5 base pairs longer. To give some
perspective to these results, the authors calculated that using an estimated age-related
rate of shortening of telomeres of 15.4 base pairs per year, adults of the same age who
consumed 5% of total energy from nuts and seeds had around one- to two-thirds less cell
ageing compared to non-consumers.

2.1.2. Studies on Dietary Patterns That Include Nuts

Observational studies that have examined the association between telomere length
and diet quality or dietary patterns that include or emphasise nut consumption have
been performed in a range of different ethnic groups and countries, including Korea [27],
China [36,37], Spain [38,39], Hong Kong [40], Italy [41], the United States [25,42-44],
Iran [45], Australia [46], and Finland [47]. Of the fifteen observational studies, thirteen
used a cross-sectional design [25,36—46], one study [27] used a prospective design, and one
study included both a cross-sectional and prospective analysis [47]. Details of these studies
can be found in Table 1. Although the dietary indices used in these studies do not allow us
to identify the independent effects of nuts, nuts were a food group which comprised the
healthy component of these indices.
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Table 1. Nut consumption and telomeres.

Author, Year

Study Design

Study Participants

Dietary Assessment
Method

Dietary Patterns Assessed

Measure of Telomere

Outcomes

Boccardi,
2013 (Ttaly)

Cross-sectional

n =217 elderly
Caucasians (n = 115 men,
n =102 women); age
range: 81-87 years, mean
78.0 = 2.7 years

Dietary questionnaire

Mediterranean Diet Score
(MDS) (Trichopoulou 2003)

Leukocyte telomere
length and telomerase
activity PBL/qPCR
(Cawthon, 2002)

Greater adherence to MDS associated
with longer LTL (p = 0.003) and higher
telomerase activity (p = 0.013), and
remained significant after adjustment.
Every year increase in age LTL
decreased by 0.072 Kb, 0.057 Kb, and
0.051 Kb in low, medium, and high
adherence respectively (p = 0.001).

Crous-Bou,
2014 (USA)

Cross-sectional from
the Nurses” Health
Study

n = 4676 females; age
range: 42-70 years, mean
59 £ 6.6 years

Semi-quantitative FFQ

Alternative Mediterranean
Diet Score (AMDS)
(Trichopoulou 2003)

Leukocyte telomere
length PBL/qPCR
(Cawthon, 2002)

Greater adherence to the AMDS was
associated with LTL z-score (p for
trend = 0.02 (without adjustment); and
p for trend = 0.004 after adjustment).
No independent association with nut
consumption (p for trend = 0.24).

Garcia-
Calzon, 2016
(Spain)

Cross-sectional
analysis of the
PREDIMED-
NAVARRA
trial

n =520 (n = 234 male,
n = 286 female) at high
risk of CVD; age range

60-80 years females,
55-80 years males; mean
age 67 £ 6.0 years

FFQ and 14-item
questionnaire to
evaluate adherence to
Mediterranean dietary
pattern

Mediterranean diet
adherence score (MedDiet)

Leukocyte telomere
length PBL/qPCR
(Cawthon, 2002)

Higher adherence to MedDiet was
associated with greater age-adjusted
z-score LTL) and a lower risk of having
short telomeres in women, but not men.
Nut intake was not associated with LTL.

Gu, 2015
(USA)

Cross-sectional

n =1743, aged >65 years;
n = 506 white, n = 536
African American,

n = 679 Hispanic, n = 22
other

Semi-quantitative FFQ

Mediterranean Diet Score

Leukocyte telomere
length PBL/qPCR
(Cawthon, 2009)

No association overall between MDS
and telomere length. There was a
positive association among Whites, 1
unit increase in MDS corresponds to 48
bp increase in LTL, but not African
Americans or Hispanics. No association
between nuts and telomere length.

Leung, 2018
(USA)

Cross-sectional
analysis of NHANES
1999-2002

n = 4758 (n = 2208 males,
n = 2550 females), age
range 20-75 years, mean
age 39.5 years

Single 24 h recall

Healthy Eating Index 2010
scores (HEI-2010);
Alternative Healthy Eating
Index 2010 scores
(AHEI-2010); Mediterranean
Diet scores (MDS), Dietary
Approaches to Stop
Hypertension (DASH) score

LTL from whole blood
(Cawthon, 2002)

Comparison of the top and bottom
quintiles showed higher scores for all
diet quality indices were associated
with longer telomere length in women,
but not men.
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Table 1. Cont.

Dietary Assessment

Author, Year Study Design Study Participants Method Dietary Patterns Assessed Measure of Telomere Outcomes
.Ac(li_herence to the any of ;tlhe 3 }?}fjtiry
indices was not associated wit n
Cross-sectional and Baltic Sea diet score (BSDS); the crossjsectional f’malysis. In the
Meinils, 2019 prospective (mean n = 1046 (n = 45§ men, . o modified Mediterranean die’/f Leukocyte telomere prospective analys1s adheren.ce to
(Finland) follow up period 9.9 n =590 women); mean  Semi-quantitative FFQ score (mMed); Dietar length PBL/qPCR mMed was associated with slightly
y for females and 9.7 age 61 years M Y (Cawthon, 2009) higher rates of shortening in women
Inflammation index (DII) . .
y for males) (largely driven by the fruit and nut food
component)—this was not considered
clinically important.
n =679 (n =330 men, Dietary Guideline Index;
Milte, 2018 Cross-sectional n = 349), age range 55-65 FFQ Recommended Food Score;  LTL from whole blood  There were no associations between any
(Australia) years, mean age 62.7 Mediterranean Diet Score (Cawthon, 2002) of the diet indices and LTL.
years (MDS)
Prime Diet Quality Score
(PDQS); Fat Qqahty Index There were fewer participants with
(FQI); Alternative Healthy . :
; ; : short telomeres in the top tertile for
Ojeda- Cross-sectional (SUN n =886 (n = 645 males, Eating Index 2010 scores Salivary telomere each diet quality index, specifically the
Rodriguez, Proi n =241 females), aged Semi-quantitative FFQ  (AHEI-2010); Mediterranean length PBL/qPCR d y , Spectt y
- roject) ~55 . ’ PDQS, MEDAS and DASH in crude
2019 (Spain) 299 years Diet Adherence Screener (Cawthon, 2009) d adiusted models: and all indices f
(MEDAS), Dietary and adjusted models; and all indices for
Approaches to Stop adjusted models.
Hypertension (DASH)
- - Three 24 h recalls for Healthy Eating Index 2015 L
ewws o peeesdimen GRS RS Shemaine 11t o wholebood S TR e
arra, ross-sectiona 45-60 years, with at least anda alvied, 2a-1tem editerranean diet score (Cawthon, 2002) scoring “at risk” by the DST were more
(USA) : questionnaire for the (aMed); Dietary Screening .
one risk factor for CVD DST Tool (DST) likely to have short LTL.
n =2006 (n = 976 men, LTL from whole blood -
([ggﬁn’égio) Cross-sectional n = 1030 females), aged FFQ Inc;‘clu/clled food /grm(lip (Cawthon, 2002) with nuts/l\IIeO iii%csliéle%réseivgsena?s LTL
& & >65 years huts/legumes/seeds modifications & group :
PCA was used to derive 4
dietary patterns: . .
1= 553 (n = 281 men, Vegetable-rich (higher in Only the Vegetable-rich dietary paftern
Gong, 2017 Cross-sectional n = 272 women); mean FFQ fruits, vegetables, whole Leukocyte telomere w ;ai alii(t)ﬁa tem V;’ll ThOI;grEir " IIE th
(China) 0ss-sectio age: 45.1 years men; 48.3 grains, dairy products, nuts, length (Zhao, 2009) omen, otmen. The loNger eng

years women

eggs, tea); Macho;
Traditional; High
energy-density

of 160 bp corresponded with a
difference of 4 years of aging
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Table 1. Cont.
Author, Year Study Design Study Participants Dletargllgilsg;sment Dietary Patterns Assessed Measure of Telomere Outcomes
PCA was used to derive 4
dietary patterns: healthy
. _ diet pattern, Western Nuts and seeds were negatively, but not
Kar(lﬁl ;’5018 Cross-sectional n =300 megérasged 25-40 Semi-quantitative FFQ  pattern, traditional pattern, LTI(‘ég?NI?thI}:Oé%gZI)OOd statistically significantly, associated
y vegetarian diet pattern. / with LTL.
Nuts and seeds were
examined as a food group
: _ . . The Prudent dietary pattern was
) n —_1958 (n =1018 men, Factor analy51.s characterised positively associated with LTL. The
Lee, 2015 Prospective (10 y n =940 women), age . L a Prudent dietary pattern LTL from whole blood . . .
K 40-69 Semi-quantitative FFQ ; Western diet was not associated with
(Korea) follow up) range 40-69 years and a Western dietary (Cawthon, 2002) LTL. Nuts were one food component
baseline pattern L . omp
positively associated with LTL.
PCA was used to derive 2
Cross-sectional of the nn= —8 i%én;eii)’:ﬁlnvv—oil%gn, dietary patterns: fats and
> - " AL processed meat; and whole No association between dietary pattern
poan,  MES e TR o e rra D s oy T matoltood e P
(MESA) study Hispigi%si' age range nglt:c)). aﬁ;{[}s,s(éil saegialsf:;\ge;e was not associated with LTL.
ot years group component.
Intakes of nuts or seeds were highest
n =556 (n =213 males, Leukocyte telomere among those in the upper tertile for
Z}(lgﬁiﬁg)w Cross-sectional n = 343 females), mean  Semi-quantitative FFQ Nuts avllissgigrsnfiicéj group length PBL/qPCR telomere length. Intakes of nuts and
age early 50s (Cawthon 2009) seeds were positively associated with
telomere length.

Abbreviations: AHEI-2010, Alternative Healthy Eating Index; AMDS, Alternative Mediterranean Diet Score; bp, base pairs; CVD, cardiovascular disease; DASH, Dietary Approaches to Stop Hypertension; DII,

Dletary Inflammatry Index; FQI, Fat Quality Index; LTL, leukocyte telomere length; MDS, Mediterranean Diet Score; MEDAS, Mediterranean Diet Adherence Screener; n, number; NHANES, National Health and
Nutrition Examination Survey; PCA, principal component analysis; PDQS, Prime Diet Quality Score; PREDIMED, Prevencién con Dieta Mediterranea trial; SUN, Seguimiento Universidad de Navarra.
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Nine studies examined adherence to pre-determined diet quality indices which em-
phasised nut intake. These included the Mediterranean diet score, Dietary Approaches to
Stop Hypertension (DASH) score, Health Eating Index 2010 score (HEI-2010), Alternative
Health Eating Index 2010 score (AHEI-2010), and the Prime Diet Quality Score (PDQS).

Studies Using a Mediterranean Diet Quality Score

The dietary pattern which has received the most attention in this area is the Mediter-
ranean diet, which has been correlated with healthy ageing and longevity [48]. One of the
key components of the Mediterranean dietary pattern is nut consumption. In addition, this
pattern is characterised as being largely plant-based with high amounts of olive oil, fruits
and vegetables, legumes, and wholegrains [49]. When study populations were analysed
as a whole, three studies showed a positive association between the Mediterranean diet
and telomere length [25,39,41], while two showed no association [44,46]. Two studies
showed positive associations in women only [38,43], and one U.S. study showed a positive
association among white, but not African American or Hispanic participants [42]. Meinild
et al. found no association in a cross-sectional analysis of their Finnish population, but
found slight, although statistically significantly, higher rates of telomere shortening among
women adhering to a Mediterranean dietary pattern in the 10-year follow-up prospective
analysis. Interestingly, this was largely driven by the fruit and nut food group; however,
this difference was small and not considered clinically important [47].

Two studies that showed a positive association with the Mediterranean dietary pattern
also analysed nuts as a food group, but found no association between nuts and telomere
length [25,38]. Trichopoulou et al. have previously suggested that components of the
Mediterranean eating pattern may be additive; hence, the lack of association based on a
single nut food group. Additionally, looking at individual foods may be more susceptible
to residual confounding [50]. Therefore, the potential benefit of nuts on telomere length is
likely to be mediated through better overall diet quality. Of note is the finding that studies
on the Mediterranean eating pattern carried out in southern European countries tended to
show positive associations with telomere length compared to those carried out in countries
such as Australia [46], Finland [47], and the United States [44]. This may indicate higher
overall adherence to such an eating pattern in southern Europe, which may be more likely
to show positive associations.

A meta-analysis including eight of the aforementioned cross-sectional studies collec-
tively assessed the association between adherence to the Mediterranean diet and telomere
length maintenance [51]. In the fully adjusted model for all participants, there was a
positive association between adherence to the Mediterranean diet and telomere length
maintenance, but this association disappeared when males and females were separated.
This may be due to reduced power, but of note, no significant associations were seen in any
of the models for men.

Studies Using Other Diet Quality Scores

Two of the aforementioned studies that investigated the Mediterranean diet also
examined other nut-containing dietary patterns [39,43]. Ojeda-Rodriquez showed that,
similar to their findings of the Mediterranean diet, greater adherence to the Prime Diet
Quality Score (PDQS), the Alternative Healthy Eating Index 2010 score (AHEI-2010), and
Dietary Approaches to Stop Hypertension (DASH) scores was associated with longer
telomere length among the Seguimiento Univeridad de Navarra (SUN) cohort [39]. In
contrast, Leung et al., using data from the 1999-2002 cycles of the National Health and
Nutrition Examinations Survey (NHANES), showed significant trends for longer telomere
lengths from the lowest to the highest quintiles for each diet score (the Healthy Eating
Index 2010 score (HEI-2010), the Alternative Healthy Eating Index 2010 score (AHEI-2010),
or the DASH diet score) among women, but not men. This reflects their findings in terms
of adherence to the Mediterranean diet [43].
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Posteriori Dietary Patterns

Three studies (two cross-sectional and one prospective) analysed FFQ data and derived
dietary patterns using principal component analysis (PCA) or factor analysis [27,36,52].
One study conducted in South China found that a dietary pattern containing nuts was
associated with longer telomeres among women, but not men [36]. In a prospective
study conducted in South Korea, a prudent diet was positively associated with telomere
length [27]. When analysing individual food items which contributed to the prudent
dietary pattern, nuts were positively associated with telomere length.

One U.S. study, including data from 840 Black, White, and Hispanic adults taking
part in the Multi-Ethnic Study of Atherosclerosis (MESA), used PCA and reported no
association between consuming a nut-containing food pattern and telomere length [52].
They also failed to show an association when nut or seeds were considered alone.

Studies on Food Group Including Nuts

A further three studies used FFQs to examine the association of nuts and seeds
consumed as a food group and telomere length. One study conducted in China showed
that intakes of nuts or seeds were highest among those in the upper tertile for telomere
length, and intakes were positively associated with telomere length [37]. In contrast, Chan
et al., reported no associations between nut consumption and telomere length in a cross-
sectional study of 2006 Chinese males and females living in Hong Kong [40]. Here, nuts
were combined with the food group of legumes, seeds and nuts. A further study among
males in Iran showed that nuts and seed were negatively, albeit not statistically significantly,
associated with telomere length [45]. It should be noted that participants in this study were
younger (25—40 years) compared to most other studies in this area.

2.1.3. Summary of Studies on Dietary Quality and Patterns

Collectively, these observational studies on dietary patterns containing nuts have
produced mixed results, making it difficult to form conclusions. Of the fifteen studies,
nine showed a positive association between the consumption of a nut-containing dietary
pattern and telomere length in the population as a whole or in a sub-group, five showed
no association, and one showed a negative association, albeit not clinically important.
Some factors which make interpretation of these observational studies difficult include the
inability to examine the independent effects of nuts, variation in the age of participants,
and the use of different dietary assessment tools. There also appears to be some sex
differences, with three studies showing positive associations with consumption of nut-
containing dietary patterns and telomere length in females only [36,38,43]. The reason for
these sex-specific associations cannot be speculated based on the observational nature of
these studies, and future clinical trials are therefore needed to understand the potential
underlying biological explanations. A further factor to consider when interpreting the
results of observational studies is survivor bias. This is where people who live longer
tend to be more resilient to chronic disease. Although these studies cannot infer causality,
they do provide useful information on which to base hypotheses that can be explored in
intervention studies.

2.2. Evidence from Interventional Studies
2.2.1. Nut-Specific Studies

To the best of our knowledge, only two intervention studies have specifically assessed
the effects of nut consumption on telomere length [35,53]. Freiras-Simoes et al. examined
the inclusion of 15% of dietary energy from walnuts (n = 80), compared to a control group
(n = 69), who continued to consume their usual diet while abstaining from walnuts, on
the maintenance of telomere length in a group aged 63-79 years [53]. This parallel study
was conducted over two years. There was a significant increase in red blood cell alpha-
linolenic acid in the walnut group compared to the control, indicating compliance to the
interventions. There was a tendency (p = 0.079) for the control group to have greater
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reduction in telomere length over the two years compared to the walnut group. In addition,
the change in the percentage of telomeres with lengths less than 3 kb at the end of two
years was marginally statistically significantly lower in the walnut group. Taken together,
these results suggest that consuming walnuts may reduce telomere attrition.

Canudas et al. investigated the effect of pistachio consumption on telomere length and
gene expression related to telomere maintenance in 49 participants aged 25-65 years with
pre-diabetes using a crossover design [35]. Participants consumed a diet supplemented
with 57 g/d pistachios compared with an isocaloric control diet for four months each.
Telomere length did not differ between the two treatments; however, genes associated with
telomere length were significantly upregulated in the pistachio treatment compared with
the control.

While the findings of these intervention studies are promising, they need to be con-
firmed in long-term, adequately powered, randomised intervention studies using different
types and doses of nuts.

2.2.2. Studies on Dietary Patterns That Include Nuts

There are only two intervention studies which have assessed telomere length in
response to interventions with dietary patterns that emphasise nut consumption.

Garcia-Calzon et al. performed several analyses on the association between telomere
length and diet using a subgroup from the PREDIMED-NAVARRA trial involving 520 par-
ticipants aged 55-80 years who were at high risk of CVD [38]. In this trial, participants
were randomly assigned to one of two Mediterranean diets supplemented with either
extra virgin olive oil or mixed nuts, or to a low-fat control diet. Intervention with the
Mediterranean diets with nuts was associated with a higher risk of telomere shortening
compared to the control, whereas, there were no differences between the Mediterranean
diet with extra virgin olive oil and the control group [38]. When analysing the individual
components of the Mediterranean diet including nuts and extra virgin olive oil, there was
no association between these components and telomere length. This is in agreement with
other observational studies [25,42]. The sample size may not have had sufficient power to
identify small changes in telomere length by individual dietary components. The finding
that the intervention with the Mediterranean diet with nuts had a detrimental effect on
telomere length was unexpected; although, it should also be noted that the control group
increased adherence to the Mediterranean diet over the intervention, which made the
results difficult to interpret. The authors also suggest that lifetime exposure to a Mediter-
ranean diet may be more meaningful in determining telomere length than exposure during
a five-year intervention. Further analysis of this group showed that among those with
the Pro12Ala polymorphism—a gene variant associated with lower CVD risk—greater
adherence to the Mediterranean dietary pattern was associated with greater prevention of
telomere shortening [54].

In a small crossover study, 20 participants aged over 65 years consumed three diets for
four weeks each: a Mediterranean diet enriched in olive oil; a saturated fat-rich diet; and a
low fat, high carbohydrate diet enriched in #-3 PUFA from walnuts [28]. The Mediterranean
diet was associated with a lower percentage of telomere shortening compared to the other
two interventions. It was proposed that the Mediterranean diet protected against oxidative
stress, and thus prevented telomere shortening. A Mediterranean diet usually contains
nuts; however, it is unclear to what extent nuts were included in the Mediterranean arm of
this study.

2.3. Summary

Overall, research on the effects of nut consumption and telomere length is inconsistent.
Some observational studies show greater telomere length among those consuming dietary
patterns including nuts, while others do not. Many of these studies failed to show an
association with nuts consumption per se. Several systematic reviews have shown that
intensive lifestyle interventions delay telomere shortening [29]. Therefore, more compre-
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hensive changes may be more effective than changing only one component of the diet,
such as increasing nut consumption. This suggests that the synergistic effect of nutrients
may be important. It is possible that nuts, as part of a healthy diet and lifestyle, may be
one contributing factor telomere health, and may be one of the underlying mechanisms
whereby regular nut consumption reduces the risk of age-related diseases. However, it
is important to note that much evidence derives from observational studies, and hence
the relationship between nut intake and telomere length is largely associative rather than
causal. How telomere length translates into lifespan is not straightforward, so it is also not
possible to propose that nut intake contributes to longevity in older adults.

3. Nut Consumption and Sarcopenia and Related Factors

According to the revised European Working Group on Sarcopenia in Older People
2 (EWGSOP2), sarcopenia is characterised by low levels of muscle strength and muscle
quantity or quality, and severe sarcopenia is characterised by sarcopenia and low physical
performance [55].

Ageing is associated with the loss of muscle mass and strength, although the rate
of decline differs between individuals, suggesting that lifestyle factors such as diet and
physical activity may be important determinants of muscle health [56,57]. Current evidence
suggests that nutrients such as protein, beta-hydroxy-beta-methylbutyrate, vitamin D,
antioxidant nutrients, and long-chain PUFAs, as well as physical activity, may ameliorate
the risk of sarcopenia [57-59], through muscle protein synthesis or preventing muscle
breakdown, which helps to preserve muscle mass and function. Nuts are rich sources of
plant protein, unsaturated fatty acids, phytochemicals, vitamins and minerals; therefore,
these nutrients may act synergistically for the prevention and management of sarcopenia
in older adults.

This section will review observational studies that examined the association between
nut consumption, either alone (Section 3.1.1) or as part of a dietary pattern (Section 3.1.2),
and sarcopenia and related factors in older adults. A total of seven observational studies
have been identified (Table 2) [60-66]. To the best of our knowledge, no intervention studies
have been specifically designed to determine the effect of nut consumption on sarcopenia.

3.1. Evidence from Observational Studies

Seven observational studies have been identified in the nuts and sarcopenia area
(Table 2) [60-66]. One prospective study examined the association between nut consump-
tion and physical function [60], three observational studies (one prospective study and two
cross-sectional studies) reported nuts as a food group [62,63,65], and another three studies
(one prospective study and two cross-sectional studies) examined the adherence to diet
quality indices in which nuts was a key component [61,64,66]. Two studies were conducted
in Spain, and one each in the United States, China, Korea, Denmark, and Iran (Table 2).

3.1.1. Nut-Specific Studies

To date, only one prospective study has examined the association between nut con-
sumption and physical function [60]. The Seniors-ENRICA cohort study was conducted
in Spain in 3289 community-dwelling older adults aged >60 years [60]. A validated diet
history was used to assess consumption of 20 types of nuts in this study. Physical function
was ascertained by five domains, namely agility, mobility, overall physical function, grip
strength, and gait speed, with the first three domains being self-reported and the last two
domains being objective measures.
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Table 2. Studies on nuts and sarcopenia related factors.

Author (Year) . . Dietary Assessment Nuts/Dietary Patterns Measure of Functional or Related
Study Location Study Design Study Participants Method Assessed Outcomes Results
Nut-specific studies
Five domains were considered to
h i tici ’ physical
characterise par 1c_1pa.nts physica In men, compared with no consumption,
A validated function: 1 nptio
computerised diet (1) Agility: Rosow and Breslau scale an intake of nuts >11.5 g/d (median) in
history was used o Diet history included 20 R S AP lower ik of selfreported impaed
assess nut consumption ty};is olfsn(gt}; Hx:l\fhlilc}?were @) MOl()lhltfy: Rosct)vxczl)a ?d B{gf)lza)u scale agility (fully-adjustedI;-IR =0 59p95% CL
: » 4 self-reported) (n = o S ’
Prospective study: in 20(23V 3121108?& 2012. grouped as follows: (3) Overall phl;fsi cal function: physical 0.39-0.90) and mobility (fully-adjusted
Arias-Fernandez, Seniors-ENRICA cohort T g€, almonds, hazelnuts, HR = 0.50, 95% CI: 0.28-0.90).
. 3289 individuals consumption at component summary (PCS) score of the .
2019 Cohort was established . peanuts, chestnuts, walnuts, In women, compared with no
: p - aged >60 years baseline (2008-2010) . 12-Item Short-Form Health Survey SF-12 . .
(Spain) in 2008-2010, with 7.2 and in the first pine nuts, sunflower seeds, (self-reported) (1 = 1665) consumption, the fully-adjusted HR
years of follow-up follow-up wave of data pistachios, sesame .seeds, (4) Grip strength: highest value in two (95% CI) of 1mpa1red s.elf—reported
collection (2012) was cashews, macadamia nuts, consecutive measures on the dominant overall physmal_ function was 0.65
calculated to represent and other types of nuts. hand (objective measure of muscle (0'48_,0'87) for intake >11.5 g/d.
cumulative intake over strength) (1 = 1256) No association was found between nut
follow-up. (5) Gait speed: 3 m walking speed test consumption and grip strength and gait
L - speed.
(objective measure of physical
performance) (n = 1233)
Studies on dietary patterns that include nuts (as a food group)
Higher intake of “legumes, soy, nuts and
seeds” was associated with higher
5194 offspri percent skeletal muscle mass over 9
oIspring were years.
enrolled in 1972 In men, compared with consumption
F(;;zl;sl;tﬁi élr‘llllessde <O.,;Zi5 sel;;/in%1 /day ohf legumes, s(;)}; ;u;’;s
e . and seeds, those who consume .
participants aged ; : ; ice
40 years or older Skeletal muscle mass was estimated serving/ dTy had h13g6h§(1:/percgr71t550}<eletal
Prospective study: were included. using BIA. muscle masi g 0i970)vs. 7o
Bradlee, 2018 Framing};ititrlrcll}? flspring st};cglgli)r:lcttéggfels Protein-source foods: FunCﬁ;)tr;ildsatjélilsseg?rsisrtrll'lel?rs\lel;etg U8 In women, confparéd with consumption
(United étates) Began in 1972, with a participants aged éO Diet records (six days) Legumes, Soy, Nuts, Seéds (1) Rosow—-Breslau scale meas;.lres <0.25 serving/ colay of legumes, soy, nuts
. ’ ~ p - and seeds (27.3%), those who consumed
median follow-up of years or older at the gross-mobility capacity :
p ; . . 0.25 to <1.25 serving/day and >1.25
13.0 years time of the dietary (2) Nagi scale assesses self-reported

assessments were
included; follow-up
for functional
status outcomes
continued for up to
16 years.

functional limitations

serving/day had higher percent skeletal
muscle mass (28.2% and 28.1%
respectively, both p < 0.0156).

In the multivariable Cox proportional
hazards models, “legumes, soy, nuts and
seeds” was not a predictor of limitation
in two or more functional tasks from the

Rosow-Breslau and Nagi scales
(HR =0.96, 95% CI: 0.72, 1.30).
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Table 2. Cont.

Author (Year) . . Dietary Assessment Nuts/Dietary Patterns Measure of Functional or Related
Study Location Study Design Study Participants Method Assessed Outcomes Results
Nir;ﬁ f‘é’}?‘ categForizs gas'ild Sarcopenia, i.e., presence of low muscle In females, participants with sarcopenia
848 individuals onthe i?aegsgda?o e mass, plus low muscle strength or low had 51;;1'11 ;f;rclartgtlill l&::rﬂflrequeriltcg ift nut
aged 260 years (1) Grain or cereals physical performance. consu (% (;)5 t osoegir ti °
who lived in the . s (2) Vegetables Muscle mass was measured using BIA, ~ STCOPena (0.0 lmes vs. ©1.01 times per
community for A validated simplified (3) Fruit Grip strength was measured using a week, p =0.022). This was not found in
Hai, 2017 . more than 12 FFQ was used. k beof 1 p & & male participants (p = 0.135).
(China) Cross-sectional study months Frequency units: day, (4) Meat (pork, beef, poultry, dynamometer. After adjusting for potential
Data from 834 week, month or never. and mutton) Usual gait speed (m/s) on a 6 m course confounders, there was a significant
participants were ’ ’ (5) Eggs was used to measure physical iation b i £
(6) Fish and shrimp y dasl ki d assoc1atlop etween prevalence o
d for th ) 1 performance and a slow walking spee
used for the (7) Milk and milk products defined ki 3208 sarcopenia and frequency of nut
analysis. (8) Legumes was detined as a v;a 1ng speed <U. consumption per week (OR = 0.724, 95%
(9) Nauts m/s. CI: 0.532, 0.985, p < 0.05).
Food intake analysis was
based on the guideline of 15
food groups:
(1) Cereals In males, the sarcopenia group had
(2) Potato and starches significantly lower intake of nuts and
. _— @) SUgaEZ)agSIZ’Z‘;EEtenerS Sarcopenia was defined as muscle mass se/eéias tl:/e:n?)tlie r}‘g;‘ sarcf’l?)eég;)gfroﬁls?éié
. S ety overs G eds  exudingbones and s mbs 874052 0181 000 T
L(III? (; rZGC;%O National Health and years, 862 had 24 h dietary intake (6). Vegetables b metgsuretd bé/. d}(lial(:le Eergy X ilrta Y th (p= 0.2581)3. P
Nutrition Examination sarcopenia. (7) Fungi and mushrooms  a fsorp 1c;me 24 t1y1 e d yt"}\:eltg L ¢ € Logistic regression analyses showed no
Survey (KNHANES). ((%)) If\l;[ulatf orm o pg;ilr;rs <l:1m .21;. ne wice o significant association between
10) Ee S S eviation. prevalence of sarcopenia and tertiles of
: . nut and seed intake in both males an
(11) Fish and shellfish d seed intake In both males and
(12) Seaweeds ’
(13) Milk
(14) Oil and fat
(15) Beverages
Studies on dietary patterns that include nuts (diet quality indices)
There was an inverse dose-response
Medit Diet relationship between the MEDAS score
P . . cditerranean e and the risk of falling in older adults (p
rospective study: dividual A validated (ME%dAlge)rence Screenerd for trend = 0.04)
Seniors-ENRICA cohort 3289 individuals validate score was used to X =u.uz).
Ballesteros, 2020 Cohort was established aged >60 years computer-assisted determine the adherence to Risk of falli Con}pared with the people in the 1_0W93t
(Spain) in 2008-2010, with a 2071 included in face-to-face dietary the Mediterranean diet, 1sk of falling tertile of the MEDAS score, those in the

median follow-up of 3.5
years

the analysis

history.

with a higher score
indicating greater
adherence.

second tertile (OR = 0.93, 95% CI:
0.71-1.21) and highest tertile (OR = 0.72,
95% CI: 0.53-0.98) showed lower risk of
falling after adjustment for potential
confounders.
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Author (Year) . .- Dietary Assessment Nuts/Dietary Patterns Measure of Functional or Related
Study Location Study Design Study Participants rlX/Ietho d Asse?s’e d Outcomes Results
i;gﬁzﬁigllzhagle%le& 3d ohed food Muscle function Dietary index was_associated with faster
years and above dia rizzsfr‘gri%\/: dné)s(Ziay Dietary index characterised ((21)) 43(?05 r‘ilggitsz"ggiz 400 m :Z:}\lgrlgosgfle)d (p for
Schacht, 2019 Cross-sectional stud pﬁgg&}; ?;igclt?nthe to Friday. Average daily bryai}gsgh;;ilrntal;g?iﬁi tvsv t}(i)slﬁ (3) Handgrip strength (dynamometer No associations were found between
(Denmark) y Ace-related L & ¢ consumption of gl ! y F: fruit . d 4 DHD-1 [SH100]) dietary index and 30s chair stands,
ge-related LOSS Of - queeont food products egumes, nuts, frult, an (4) Knee extensor maximal voluntary handgrip strength, knee extensor
?\}I(:;esaa }&fﬁ/l{? was calculated. vegetables. contractions was measured using an maximal voluntary contractions (all p for
study. isokinetic dynamometer trend > 0.05).
There was a significant association
Sarcopenia is defined as low between Mediterranean dietary pattern
appendicular muscle mass with either and prevalence of low gait speed
Mediterranean pattern was low muscle strength or low muscle (p = 0.02). The percentage of participants
Semi-quantitative Food ~ defined as a dietary pattern performance. with low gait speed (<0.8 m/s) in the top
Frequency with high factor loadings Muscle mass (DXA) was calculated as tertll’e was 29.3%, second tertile was
Hashemi, 2015 ) 300 elderly men Questionnaire, (>0.4) in food groups such the ratio of total lean mass of l_egs and 47.5 X)f,tanddlpwte'st t?rtlle \;vastfl’oiB Yo.
(Irar{) Cross-sectional study and women aged frequency Qf 117 as olives and olive oil, low arms (ASM) to squared helghtf er adjusting ror potentia
55 years and older common Iranian food and high carotenoid Muscle strength was measured using a confounders, Mediterranean diet was
items by standard vegetables, tomatoes, whole handgrip dynamometer. associated w1;£1rlc(z)v£)/§;gdds of having

serving size

grains, nuts, fish, fresh and
dried fruits, and pickles.

Muscle performance was measured
using a 4 m walk gait speed test. Low
muscle performance was defined as gait
speed <0.8 m/s.

Odds ratio (95% CI):
T1: 1.00

T2: 0.84 (0.40-1.70)
T3: 0.40 (0.17-0.97)
P for trend: 0.04
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Participants were classified into three categories based on their nut consumption:
non-consumers, <median (<11.5 g/d), and >median (>11.5 g/d). In men, there was a dose-
response relationship between nut consumption and impaired agility (p for trend = 0.01)
and mobility (p for trend = 0.02), in which higher nut consumption was associated with
lower risk of these two impairments. Compared with non-consumers, nut intake of
>11.5 g/d was associated with a lower risk of impaired agility (HR = 0.59, 95% CI: 0.39,
0.90) and impaired mobility (HR = 0.50, 95% CI: 0.28, 0.90) in the fully adjusted models. In
women, there was a dose-response relationship between nut consumption and impaired
overall physical function (p for trend = 0.004). Compared with non-consumers, nut intake
>11.5 g/d was associated with lower risk of impaired overall physical function (HR = 0.65,
95% CI: 0.48, 0.87). However, nut consumption was not associated with grip strength and
gait speed. The authors reported that this could be due to the low sensitivity of method
used to detect the differences.

Overall, this study revealed that nut consumption was associated with a lower risk
of self-reported impaired agility and mobility in men, and lower risk of impaired overall
physical function in women [60]. However, such associations were not observed in objective
measures of grip strength and gait speed. Further investigation is warranted to confirm
this finding.

3.1.2. Studies on Dietary Patterns That Include Nuts

Six observational studies have examined the association between dietary patterns that
include nuts and sarcopenia. Three studies reported nuts as a food group [62,63,65], while
the other three studies reported the adherence to diet quality indices in which nuts was a
key component [61,64,66].

Studies on Dietary Patterns That Include Nuts (as a Food Group)

Three studies, consisting of one prospective study and two cross-sectional studies,
examined nuts as part of a dietary pattern and their relationship with muscle mass and
function [62] and sarcopenia [63,65]. The Framingham Offspring study was the first
prospective study to investigate the association between a diet rich in protein-source
foods (including nuts) and skeletal muscle mass and functional status among community-
dwelling adults [62]. Results showed that compared to consumption <0.25 servings/day of
“legumes, soy, nuts, seeds”, those who consumed >1.25 servings/day had a higher mean
percent skeletal muscle mass in men (difference of 0.7%, p = 0.0197) and women (difference
of 0.8%, p = 0.0156), although the difference in percent skeletal muscle mass was small.

Two cross-sectional studies in China and Korea examined the association between food
groups (in which nuts was one of the food groups) and sarcopenia in older adults [63,65].
Hai et al. [63] reported that female participants with sarcopenia had a significantly lower
frequency of nut consumption compared to those without sarcopenia (0.05 times per week
vs. 0.81 times per week, p = 0.022). In addition, there was a 28% reduction in the prevalence
of sarcopenia and frequency of nut consumption (OR = 0.724, 95% CI: 0.532, 0.985). In line
with these findings, a cross-sectional study showed that male participants with sarcopenia
had a significantly lower intake of nuts and seeds compared to those without sarcopenia
(3.1 g per day vs. 5.2 g per day, p = 0.002) [65].

Overall, the evidence from observational studies where nuts were included as a food
group showed an inverse association between nut consumption and sarcopenia [63,65]. In
addition, a prospective study reported higher skeletal muscle mass among people who
consumed more servings/day of “legumes, soy, nuts, seeds” [62]. The current, albeit lim-
ited, epidemiologic evidence suggests a protective effect of nut consumption on sarcopenia
in older adults.

Studies Using Diet Quality Indices

Three studies, including one prospective study and two cross-sectional studies, exam-
ined adherence to diet quality indices, such as the Mediterranean diet and Mobility diet,
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and the risk of sarcopenia and related factors [61,64,66]. The Seniors-ENRICA prospective
study reported a dose-response relationship between the Mediterranean Diet Adherence
Screener (MEDAS) score and risk of falling (p for trend = 0.04) [61]. Participants in the
highest tertile of the MEDAS score had a 28% reduction in the risk of falling, in compar-
ison with those in the lowest tertile of the MEDAS score. Similarly, Hashemi et al. [64]
reported an inverse dose-response relationship between the Mediterranean pattern and
sarcopenia (p for trend = 0.04). Participants in the highest tertile of the Mediterranean
pattern had a 60% reduction in the odds of having sarcopenia, compared to those in the
lowest tertile of the Mediterranean pattern. There was a significant association between a
Mediterranean dietary pattern and prevalence of low gait speed (p = 0.02). The percentage
of participants with low gait speed (<0.8 m/s) was lowest in the top tertile of the Mediter-
ranean dietary pattern. In line with these findings, another cross-sectional study reported
that dietary index characterised by higher intakes of whole grains, dairy products, fish,
legumes, nuts, fruit, and vegetables was associated with faster 400 m walking speed (p for
trend = 0.021) [66].

Overall, the evidence showed an association between dietary patterns with nuts and
a lower risk of falling, sarcopenia, and low gait speed. Nuts were one of the many com-
ponents in these diet quality indices, which makes it difficult to estimate the independent
effect of nuts. It is likely that the combined effect of several food components within
a diet will exert greater protective benefits than the individual effect of a single food.
Nevertheless, these results are promising and warrant further investigation.

3.2. Summary

There is limited published research investigating the association between nut con-
sumption and sarcopenia and its components. Results from the prospective studies and
cross-sectional studies reported positive associations between nut consumption and physi-
cal function. It is important to note that no study to date has reported a detrimental effect
on muscle function after nut consumption. Further research is required to draw definitive
conclusions of the association between nut consumption and sarcopenia.

4. Nut Consumption and Cognitive Function

The potential benefits of nuts on cognitive function have been proposed in a previous
review, which included three observational studies and one interventional trial [14]. The
authors summarised that nut consumption appears to be associated with better cognition,
hypothesising that this relationship may be explained by improved endothelial function,
which subsequently improves cerebral blood flow and the delivery of nutrients with anti-
inflammatory properties to the brain. The studies included in the review by Barbour and
colleagues did not focus on older adults specifically [67,68], but also included young [69]
and middle-aged adults [70]. Therefore, for the purpose of this paper, we conducted a
literature review of studies that were published since the previous review, which explicitly
focused on older adults. In total, we identified 18 studies (12 observational and 6 interven-
tional studies) that reported on nut consumption and cognitive function of older adults
(Tables 3 and 4).
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Table 3. Observational studies examining the association between nut consumption and cognition.

Author Participants Controls Comparators Nut Type Design Cognitive Test Results
Nut-specific studies
NHANES III included the
. Story Recall Test (SRT) as a
n = 5054 'l;IelI’;Ellll(eeso(:sz test of cognitive attention
(NI;lIAl\_IEZ%%D walnuts with Wal C and&igi}ﬁ%sv %%%1 %%?Ory' Significantly higher SRT and DSST in the WWHC group
Arab, 2015 A A . other nuts alnuts ross- : ey than non-consumers after adjusting for covariates such
(USA) (NHANES No nut intake (WWON), or and other sectional, included the Digit Symbol d ducation. BMI I leohol
1999-2002) waloats wiith nuts  observational  Substitution Test (DSST) that % 38 BENCEL Tace, CONEE TOR T’ SMOINE, Aicone
adults aged 60 high certainty assessed response speed, and physical activity.
years and over (WWHC) sustained attention, visual
' spatial skills and associative
learning and memory
The cognitive test battery
included Kendrick Object
Low intak c Le%rmng TeSt’ATraﬂCIl\_/[f?kéng No significant differences in all cognitive tests after
Nurk, 2010 n =2031, aged nocr)lv—vcg;{[:urigs High intake All nut se c{i% Sr::al ¢St_p?g1 ]’Dr,nc.)t é 1e bol adjusting for multiple factors (sex, education, suppl use,
(Norway) 70-74 years of nuts of nuts types observati or'1al VerSI%gsstoBlosk Siigr}llm 0 smoking, metabolic disease, intake of dairy, meat, fish,
Min/i—Mental State/ fat, protein)
Examination and Controlled
Oral Word Association Test
The instruments included
o MMSE, Rey auditory verbal
W"Oj;le‘lg' ;ée/a learning fest (RAVLT) for
¢ i diate and delayed
Valls-Predet Ezijfnyg 2 1*95 Waelﬁggs’ Cross- lrnr:érrlr‘fogl, ffggaal }Sa?l}‘]eed Significant associations between walnuts with working
28125 -(Sreaii)’ ears), a dults Low nut intake  High nut intake P /d sectional, associates test from Wechsler =~ memory [Regression coefficient, B = 1.191 (0.061-2.322)]
P Y withl Pioh ing’rease observational Memory Scale (WMS), (p = 0.039)
car diovas%ular semantic verbal fluency test,
risk digit span test of the Wechsler
Adult Intelligence Scale
(WAIS), and Color Trail Test
The unadjusted cognitive score decreased by 0.29 (95%
n =4822, aged Modified Telenh CI 0.22-0.28) with every one-year aging during
?2_67 years Non- Prospective Int odile P € Cep O,Itl,e 1997-2006. Nut intake of more than 10 g/d was
Li, 2019 Ifl(ér;lt%};?g consumers Consumed nuts All nut observational, Isltgf:gev]gog; cooggnril’ii\l/‘{ee associated with higher cognition score by 0.63 points
(China) Nutrition 0 ffgn;ts}d >10g/d types . 11?-year function was defined as (95% CI0.15-1.12) or 40% lessohkely to have poor
Surve A=27 g ollow-up cognition score < 7. cognitive function (OR 0.60, 95% CI 0.43-0.84) after
1991-2006 adjusted for demographic, lifestyle behaviour, BMI,

energy intake
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Author Participants Controls Comparators Nut Type Design Cognitive Test Results
The telephone interview for Higher long-term total nut intake was associated with
Cognitive status (TICS), a better average cognitive status for all cognitive outcomes.
global score averaging t’he Positive associations between nut intake and 10-word
n =15467, N Prospective results of all tests (TICS, list 1mmed1:i1)te fcallép _tt retnd T O’Ogl_S)é g?d digit span
O’Brien 2014 women age on- Higher intake Allnut  observational, immediate and delayed ackwards test (p-trend = 0.01)
(USA) >70 years cons&rﬂgrs of of nuts types 15-20-year verbal recall, category Wﬁmin CO?S;; r{ung at leg st5 servn}llgs of nuts/week had
(mean 74 years) follow-up fluency, and attention), and a igher global composite scores than NON-CONSUMETS
verbal memory score (mean d1ff¢r$nce l=000008 Steligdaﬁd uglts,095>0/§)conf1dence
. interval 0.00-0.15; p-trend = 0.003).
averaging the results of tests Nyt intake was not significantly associated with rate of
of verbal recall. cognitive decline on any of the tests
Prospective Nut consumption estimated either by the dietary marker
_ Non- Nut consumers . Mental State Examination or by the urinary marker model is in both cases
Rab?ls;fil, )2 019 n _:1|:169 ’ igai(si 73 consumers of (>29¢g/d) A;H 1;1;’( obsegr_va:}tal;)nal, (MMSE) administered at associated with less cognitive decline (OR: 0.78, 95% CI:
Y y nuts (1 = 72) (n=47) P follons baselineand at 3y follow-up 0.61,0.99; p = 0.043 and OR: 0.995, 95% CI: 0.991,0.999;
P p = 0.016, respectively)
Studies on dietary patterns that include nuts
Mini-Mental State
Ex&nﬁgﬁtgrﬁ il\fl\r/gfrz{a?n MedDiet was associated with a lower risk of cognitive
n =279, 80 men, All nut o Frmebion - impairment (odds ratio [OR] D 0.39; 95% confidence
.. . . Adherence to Cross- cognitive function; MMSE ¢
De Amicis, 199 women, Habitual diet MedDiet types, per sectional 20-23 = suspected cognitive interval [CI], 0.15-0.99; p = 0.045), as was the
2018 (Italy) aged (n =195) - 30g/d i ; ; . — consumption of wine (OR D 0.37; 95% CI, 0.16-0.84;
(n=84) . observational ~ impairment; MMSE < 19
67-74 years increase mild cognitive impairment. p = 0.018) and nuts (OR = 0.30; 95% CI, 0.13-0.69,
Age and education p =0.005).
correction applied
n =894, aged
Ch'55_76 (}j]/ 1 Adults with C The nut intake of MCI patients (15.35 g/d) was less than
Dong, 2015 Inese adults  Healthy adults ~ mild cognitive All nut ross- Montreal Cognitive . b o0& o
(China) without (1 = 646) impairment types sectional, Assessment (MoCA) test the healthy subjects (17.12 g) (p < 0.05). No associations
Ai)zhiimer’sl or - (n = 248) P observational with MOCA scores
arkinson’s
Disease
Adults with Adherence to the Mediterranean diet was positively
Katsiardanis r?l;nS;rzaZC%BZ{) cognitive Healthy adults All nut Cross- Mini-Mental State invearssseolcua;tsescécvivz;ttgd%Mvggnslce?lr? H; 15182) (;ir?caol.((ézc)),fblglses
2013 (Greece) womenaged 65 ~ Ampairment - (MMSE>24) Ty e sectional, Examination (MMSE) ts, and seed ated with lower likelihood of
& (MMSE < 24) (n =226) ypP observational assessments niuts, and seeds was assoclated WIth IOWer Lkeunood o
years and over (n = 331) having MMSE score < 24 in men (P = 0.003). Individual
nutrients did not achieve significance (7.4 vs. 11.0 g/d)
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Author Participants Controls Comparators Nut Type Design Cognitive Test Results
The Telephone Interview for
Cognitive Status (an
adaptation of MMSE), East Alternate Mediterranean diet score was not associated
n=6174, oston Memory Test with trajectories of repeated cognitive scores (p for score
women aged M ﬁggrnate M éggr?ate Prospective (immediate and delayed quintiles median x time interaction = 0.26 for global
Samieri, 2013 >65 years im d ll%t“slz(s):es §nd iﬁ ;Ceosl:[es All nut observational, recalls), Telephone Interview  cognition and 0.40 for verbal memory), nor with overall
(USA) (a) (mean72 + 4 intile of nut uintil ego £ nut types 9-year for Cognitive Status global cognition and verbal memory at older ages,
years) from the q intake ! intake follow-up ten-word list, category assessed by averaging the three cognitive measures (p
Women’s Study fluency. Two primary trend = 0.63 and 0.44, respectively). No significant trend
outcomes were composite in nut intake and global cognition and verbal memory.
scores of global cognition
and verbal memory.
MedDiet was not associated with decline in global
cognition or verbal memory.
= 6174 Bach higher quintile pf long-term MedDiet score was
i g o prospctive_Tlephone v for - inery socttedwith betr mulivarible ased
Samieri, 2013 ( =70 years Low MedDiet High MedDiet All nut observational, Cognitive Status (TICS) and between extreme quintiles of MedDiet = 0.06 (95% CL: 0.01,
mean 74 years)  adherenceand  adherence and composite scores of verbal o o 1. . _ o, CL-
(USA) (b) from the low nut intake  high nut intake types 6 years memory and elobal 0.11); = 0.05 (95% CI: 0.01, 0.08); and = 0.06 (95% CI: 0.03,
Nurses’ Health follow-up cognitio rg1 0.10) standard uni?s_; p-trends = 0.004, 0.002, and <0.0_01 for
Study TICS, global cognition, and verbal memory, respectively].
Greater intake of nuts was associated with higher mean
cognitive function in later life: global score p = 0.02,
verbal memory p = 0.05)
Higher DASH and Mediterranean diet scores were
associated with higher average 3MS scores. People in
Low adherence  High adherence quintile 51 of ]I()ASH avre)rajgﬁd 0.97 point(s:1 hig}(lieIf'fthan th?se
_ All nut Prospective - .. in quintile 1 (p = 0.001). The corresponding difference for
Wengreen, na;c:-lz)isglé dm6e5n I\/fg d%;stl;lé d l\/ifg d%?eStI;II{ d types, per obsersational, hgggg:ﬁix) lr?l(él\ﬁl/[esr;tatlegfsée Mediterranean quintiles was 0.94 (p = 0.001). These
2013 (USA) years and over intake of nuts intake of nuts serving /d 11 years <4 times over 11 y differences were consistent over 11 years.
and legumes and legumes increase follow-up - Higher intakes of whole grains and nuts and legumes

were also associated with higher average 3MS scores
[mean quintile 5 compared with 1 difference: 1.19
(p <0.001), 1.22 (p < 0.001), respectively].
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Table 4. Interventional studies examining the effects of nut consumption on cognition.

Author Participants Controls Comparators Nut Type Design Cognitive Test Results
Nut-specific interventional studies
n =20, 6 males 14
Cardoso, 2016 females, older ad.ults No nuts Nut/ selenlum Brazil nut, 1 Interventional, CERAD neuropsychological Improvements in Verb.al fluency .
(Brazil) (78 £ 5 years) with (n=9) supplementation nut/day (288.75 6 months batter (p = 0.007) and constructional praxis
mild cognitive - (n=11) ug/d Selenium) y (p = 0.031) in nuts group
impairment
n =128, aged 50-80 Computerised Mental
Coates, 2020 years (65 + 8 years) Nut-free diet Almond enriched Almonds Interventional, Performance Assessment No significant changes in cognitive
(Australia) who were (n =65) diet (n = 63) providing 15%E 12 weeks System (COMPAS) performance or mood
overweight or obese neuropsychological test battery.
. n =708 free-hvu(:g A comprehensive Modified intention-to-treat analysis
Sala-Vila, older adults, 68% . B . . . . .
Walnuts Interventional, neurocognitive test battery, did not find significant differences in
2020 (USA women, aged 63-79 No nuts Walnuts .o o .9 .
and Spain) years, 1 = 636 providing 15%E 2 years calc.u}ated as the.global global cogmtlop compOS}te scores
completed the study cognition composite score between groups in the entire sample.
Interventional studies on dietary patterns that include nuts
The MedDiet group did not perform
Adherence to better than the Habitual Diet control
MedDiet (i.e., group for executive functioning
vegetables, fruits, (adjusted mean differences: +2.53,
olive oil, legumes, . . 95% CI -2.59 to 7.65, p = 0.33); speed of
B . . Non-pathological changes in . . ! .
n =152, healthy men fish, whole grain aspects of fluid coenition processing (adjusted mean differences:
. and women aged 65 . . cereals, nuts and Walnuts, . p . & . +3.24,95% CI-1.21t0 7.70, p = 0.15);
Knight, 2016 Habitual diet Interventional, measured as executive function, . .
) years and above, B seeds, and low peanuts and . memory (adjusted mean differences:
(Australia) . (n=72) - 6 months memory, speed of processing,
with normal consumption of almonds

cognitive function

processed foods,
dairy products,
red meat and
vegetable oils)
(n =80)

and visual-spatial memory
ability

+2.00, 95% CI -3.88 to 7.88, p = 0.50);
visual-spatial ability (adjusted mean
differences: +0.21, 95% CI -0.38 to 0.81,
0.48); and overall age-related
cognitive performance (adjusted
mean differences: +7.99, 95% CI -4.00
t0 19.9,p =0.19)
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Table 4. Cont.

Author Participants Controls Comparators Nut Type Design Cognitive Test Results
The adjusted means of MMSE and
CDT scores were higher for
- I participants in the MedDiet + Nuts
Martinez- MedDiet with Walnuts (15 g), . Mini-Mental State Examme}tlon than control (adjusted differences:
. n=522,44.6% men, Low-fat control . Interventional, (MMSE) and Clock Drawing o
Lapiscina, aced 75 + 6 vears diet EVOO or mixed almonds (7.5 g), 6.5 vears Test (CDT) after 6.5 years of +0.57 (95% CI +0.11 to +1.03), p = 0.015
2013 (Spain) 8 ¥ nuts hazelnuts (7.5 g) Y L) atter 6.0 yea for MMSE and +0.33 (95% CI +0.003
p & nutritional intervention
to +0.67), p = 0.048 for CDT). These
results did not differ after controlling
for incident depression.
Adjusted cognitive composites (mean
z-scores with 95% Cls) for changes
. above baseline of the memory
Neuropsychological test battery: .
Mini—l\}/jle}rlltal Stfte Examinatior}ll composite were 0.04 (=0.09 to 0.18)
. . for the MedDiet + EVOOQ, 0.09 (—0.05
Rey Auditory Verbal Learning )
Test (RAVLT), Animals Semantic to 0.23; p = 0.04 vs controls) for the
. MedDiet + nuts, and —0.17 (—0.32 to
Fluency, Digit Span subtest from —0.01) for the control diet. Changes
n=2334,52.1% MedDiet with Interventional,  the Wechsler Adult Intelligence ’ . . g
P . . . . from baseline of the frontal cognition
Valls-Predet women, mean age 67 . extra virgin olive Mixed nuts median Scale, Verbal Paired Associates .
. . Low fat diet . composite were 0.23 (0.03 to 0.43;
2015 (Spain) years, cognitively oil (EVOO) or (30 g/d) 4.1 years from the Wechsler Memory — 0.003) for MedDiet + EVOO, 0.03
healthy adults mixed nuts (1.0-8.8 years) Scale, and the Color Trail Test. ~ F~ i

The z scores of change in each
test to construct 3 cognitive
composites: memory, frontal
(attention and executive
function), and global.

(—0.25 to 0.31) for MedDiet + nuts,
and —0.33 (—0.57 to —0.09) for control.
Changes from baseline of the global
cognition composite were 0.05 (—0.11
to 0.21, p = 0.005) for the MedDiet +
EVOO, —0.05 (—0.27 to 0.18) for the
MedDiet + nuts, and —0.38 (—0.57 to
—0.18) for control.

CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; CDT, Clock Drawing Test; COMPAS, Computerised Mental Performance Assessment System; DASH, Dietary Approaches to Stop
Hypertension; DSST, Digit Symbol Substitution Test; EVOO, extra virgin olive oil; MedDiet, Mediterranean diet; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment; NHANES,
National Health and Nutrition Examination Survey; RAVLT, Rey Auditory Verbal Learning Test; SRT, Story Recall Test; TICS, Telephone Interview for Cognitive Status; WAIS, Wechsler Adult Intelligence Scale;
WMS, Wechsler Memory Scale; WWON, walnut with other nuts; WWHC, walnuts with high certainty.
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4.1. Evidence from Observational Studies
4.1.1. Nut-Specific Studies

Six studies (three cross-sectional and three prospective) investigated the relationship
between cognitive function of older adults with nut intake specifically (Table 3). Only
one study did not find significant differences in the cognitive battery test scores between
older adults who have low vs. high nut intake after adjusting for multiple covariates [67].
The remaining five studies reported significant and positive associations between various
measures of cognitive function and nut consumption of older adults [68,71-74]. Specif-
ically, higher nut consumption was related to better overall cognition [72,73], working
memory [68,73], and immediate recall [73]. In prospective observational studies, nut con-
sumption was also associated with a lower probability (OR: 0.78, 95% CI: 0.61-0.99) of
cognitive decline over three years [74], and participants were 40% less likely to have poor
cognitive function [72]. However, the association between nut consumption and slower
cognitive decline was not observed in another study that only included women aged
70 years and over [73].

4.1.2. Studies on Dietary Patterns That Include Nuts

Six studies (three cross-sectional and three prospective) also investigated the associa-
tions between dietary patterns that included nuts and cognitive function of older adults.
In these studies, nuts were either a stand-alone component of a dietary pattern [75-78],
or as part of a bigger food group such as the “nuts and legumes” [79] or “pulses, nuts
and seeds” food groups [80]. Therefore, it is important to note that it was not always
possible to attribute the findings of these studies to the intake of nuts specifically. Again,
only one study (with approximately a nine-year follow-up period) did not find significant
associations between nut consumption and global cognition or verbal memory of over
6000 older women [77]. In the remaining five studies, three cross-sectional studies reported
a lower risk of cognitive impairment with a higher intake of nuts [75,76,80], and two
prospective studies in over 4000 older adults reported better overall cognition [78,79] and
verbal memory [78].

To summarise evidence from observational studies, there was a consistent association
between nut consumption and better cognitive function test scores, regardless of whether
nut intake was investigated specifically, or when considered as part of an overall dietary
pattern. For example, the adherence to healthy dietary patterns that included nuts (e.g.,
the Mediterranean or DASH diet) was associated with better cognitive function [75,79,80].
However, observational studies showed association, not causation. Participants” health
condition and long-term dietary habits prior to these studies may influence the study
findings, and should also be considered.

4.2. Evidence from Interventional Studies
4.2.1. Nut-Specific Studies

Three interventional studies that investigated the effects of nut supplementation on
the cognitive function of older adults were identified (Table 4). Two more recent studies that
had larger study sample sizes supplemented the intervention diets with almonds [81] or
walnuts [82] as 15% of participants’ daily energy intake. Despite the larger dose and sample
sizes, these studies did not identify significant differences in cognitive performance or mood
after the intervention periods [81,82]. On the other hand, a pilot study that supplemented
the diet with one Brazil nut (~5 g) per day for 6 months reported improvements in two
(verbal fluency and constructional praxis) of the six subsets of the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD) neuropsychological tests battery [83]. The
reason for the contradicting findings from these interventional studies is unclear; the
authors of the Brazil nut study attributed the findings to the antioxidative activities of
selenium and glutathione peroxidase enzyme in the Brazil nut. It is also possible that the
pilot study included participants with mild cognitive impairment, while the other two
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studies included healthy older adults; hence, they were more likely to detect a difference
between the intervention and control groups.

4.2.2. Studies on Dietary Patterns That Include Nuts

Besides the nut-specific studies, three studies also incorporated nuts as part of an
overall Mediterranean diet intervention [84-86]. These studies included large sample sizes
and were conducted over a longer period of time, ranging from 6 months to 6.5 years.
Consuming 30 g/day of mixed nuts as part of a Mediterranean diet was shown to improve
memory composite scores (p = 0.04) but not frontal and global cognition when compared
to a low-fat control diet [86]. Two other studies that also used a similar Mediterranean
dietary pattern intervention approach also reported better cognitive function test scores
after the interventions [84,85]. However, the differences between the intervention and the
control group disappeared after the findings were adjusted for multiple factors including
incident depression.

4.3. Summary

Most epidemiological studies (of both cross-sectional and prospective study designs)
appear to show positive associations between nut consumption and the cognitive func-
tion of older adults. These epidemiological studies were conducted in countries from
different regions (Asia Pacific, Europe, and North America). Not surprisingly, almost all
observational studies had larger study populations than the interventional studies.

Although one study reported a sex-specific association between nut intake and cog-
nitive function (better in men) [80], other observational studies included in this review
that recruited both sexes did not support this observation. In fact, two out of three ob-
servational studies that included only females in their studies [73,78] reported positive
associations between nut intake and better cognitive scores. Therefore, based on the overall
observations, the relationship between nuts and better cognitive performance is likely to
be generalisable to all older men and women globally. However, more future studies are
still needed to either confirm or rule out the sex-specific associations between nuts and
cognition of older adults.

It should be noted that while positive associations between nut consumption and
cognitive function in older adults were found in cross-sectional and prospective (with long
follow-up) observational studies, almost all interventional studies failed to demonstrate
the benefits of nut supplementation (alone or as part of an overall dietary pattern inter-
vention) on cognitive function measurements. The inconsistent findings between studies
of different designs suggest that the benefits of nuts on cognition may potentially require
very long-term habitual nut consumption. Hence, the effects of nuts were not detected in
interventional studies that were generally shorter in study intervention periods. Relatively
smaller sample populations in the interventional studies may be another reason why statis-
tically significant effects of nuts on cognitive function of older adults were not detected.
The relatively small associations reported by observational studies with large sample sizes
suggest that large interventional studies may be required in the future. Regardless, it is
important to consider the clinically meaningful effect size too, so that emphasis is not
placed on statistical power alone.

In the interventional studies that used an overall dietary pattern approach, nut con-
sumption was only one component of the overall interventions, making it difficult to assess
the independent effects of nuts, especially if the study sample populations were small due
to the high burden of an interventional study design. In addition, almost all interventional
studies included healthy community-dwelling older adults, which may have reduced the
likelihood to detect further improvements in cognitive function within a short period of
intervention. This speculation is supported by a pilot study that included older adults who
had mild cognitive impairment, where significant improvement in cognitive function was
found after a very low dose of nut supplementation for six months [83].
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5. Conclusions and Future Directions

Overall, there are some preliminary data suggesting that nut consumption may be
associated with longer telomere length, lower risk of sarcopenia, and better cognition in
older adults. The associations appear to be more consistent when nuts were considered as
part of the overall diets of older adults, suggesting a synergistic effect between nuts and
other food groups. However, the evidence to-date is largely based on observational studies,
and the findings were not always consistent. Future research is warranted to confirm
these associations. This includes observational studies that are longer-term and adequately
powered, because changes to function and cognition occur over time. Well-designed,
long-term clinical studies are also needed to confirm the causal relationships between nuts
and these health aspects of older adults, and whether the effects from nuts are clinically
meaningful. Future research will be needed to form and guide the development of specific
nut recommendation for older adults” health.

Author Contributions: Conceptualization, S.-Y.T., S.L.T. and R.B.; methodology, S.-Y.T., S.L.T. and
R.B.; validation, S.-Y.T., S.L.T. and R.B.; investigation, S.-Y.T., S.L.T. and R.B.; writing—original draft
preparation, S.-Y.T., S.L.T. and R.B.; writing—review and editing, S.-Y.T., S.L.T. and R.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Roser, M,; Ortiz-Ospina, E.; Ritchie, H. Life Expectancy. Available online: https://ourworldindata.org/life-expectancy (accessed
on 16 September 2020).

2. Cassel, C.K. Successful aging. How increased life expectancy and medical advances are changing geriatric care. Geriatrics 2001,
56, 35.

3.  Johannesson, M.; Johansson, P.-O. Quality of life and the WTP for an increased life expectancy at an advanced age. J. Public Econ.
1997, 65, 219-228. [CrossRef]

4. Garcia, LM.R.; Navarrro, ]. M.R. The Impact of Quality of Life on the Health of Older People from a Multidimensional Perspective.
J. Aging Res. 2018, 2018, 1-7. [CrossRef] [PubMed]

5. Tan, S.-Y,; Tey, S.L.; Brown, R. Can Nuts Mitigate Malnutrition in Older Adults? A Conceptual Framework. Nutrients 2018,
10, 1448. [CrossRef] [PubMed]

6.  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. 2018, 60, 1-10. [CrossRef]

7. Tan, S.Y,; Dhillon, J.; Mattes, R.D. A review of the effects of nuts on appetite, food intake, metabolism, and body weight. Am. |.
Clin. Nutr. 2014, 100, 4125-422S. [CrossRef]

8. Naghshi, S.; Sadeghian, M.; Nasiri, M.; Mobarak, S.; Asadi, M.; Sadeghi, O. Association of Total Nut, Tree Nut, Peanut, and
Peanut Butter Consumption with Cancer Incidence and Mortality: A Comprehensive Systematic Review and Dose-Response
Meta-Analysis of Observational Studies. Adv. Nutr. 2020. [CrossRef] [PubMed]

9. Coates, A.M.; Hill, A.M.; Tan, S.Y. Nuts and Cardiovascular Disease Prevention. Curr. Atheroscler. Rep. 2018, 20, 48. [CrossRef]

10. Kim, Y.; Keogh, J.B.; Clifton, PM. Does Nut Consumption Reduce Mortality and/or Risk of Cardiometabolic Disease? An
Updated Review Based on Meta-Analyses. Int. . Environ. Res. Public Health 2019, 16, 4957. [CrossRef] [PubMed]

11. 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]

12.  Sanders, J.L.; Newman, A.B. Telomere Length in Epidemiology: A Biomarker of Aging, Age-Related Disease, Both, or Neither?
Epidemiol. Rev. 2013, 35, 112-131. [CrossRef] [PubMed]

13. Blasco, M.A. Telomeres and human disease: Ageing, cancer and beyond. Nat. Rev. Genet. 2005, 6, 611-622. [CrossRef]

14. Barbour, J.A.; Howe, PR.C.; Buckley, ].D.; Bryan, J.; Coates, A.M. Nut consumption for vascular health and cognitive function.

Nutr. Res. Rev. 2014, 27, 131-158. [CrossRef] [PubMed]


https://ourworldindata.org/life-expectancy
http://doi.org/10.1016/S0047-2727(97)00014-5
http://doi.org/10.1155/2018/4086294
http://www.ncbi.nlm.nih.gov/pubmed/29888005
http://doi.org/10.3390/nu10101448
http://www.ncbi.nlm.nih.gov/pubmed/30301198
http://doi.org/10.1080/10408398.2018.1514486
http://doi.org/10.3945/ajcn.113.071456
http://doi.org/10.1093/advances/nmaa152
http://www.ncbi.nlm.nih.gov/pubmed/33307550
http://doi.org/10.1007/s11883-018-0749-3
http://doi.org/10.3390/ijerph16244957
http://www.ncbi.nlm.nih.gov/pubmed/31817639
http://doi.org/10.1093/ajcn/nqy236
http://doi.org/10.1093/epirev/mxs008
http://www.ncbi.nlm.nih.gov/pubmed/23302541
http://doi.org/10.1038/nrg1656
http://doi.org/10.1017/S0954422414000079
http://www.ncbi.nlm.nih.gov/pubmed/24866624

Int. J. Environ. Res. Public Health 2021, 18, 1848 24 of 26

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Grosso, G.; Yang, J.; Marventano, S.; Micek, A.; Galvano, F; Kales, S.N. Nut consumption on all-cause, cardiovascular, and cancer
mortality risk: A systematic review and meta-analysis of epidemiologic studies. Am. . Clin. Nutr. 2015, 101, 783-793. [CrossRef]
[PubMed]

Mayhew, A].; De Souza, R.J.; Meyre, D.; Anand, S.S.; Mente, A. A systematic review and meta-analysis of nut consumption and
incident risk of CVD and all-cause mortality. Br. J. Nutr. 2016, 115, 212-225. [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] [PubMed]

Sabaté, J.; Oda, K.; Ros, E. Nut Consumption and Blood Lipid Levels. Arch. Intern. Med. 2010, 170, 821-827. [CrossRef]

Tucker, L.A. Consumption of nuts and seeds and telomere length in 5,582 men and women of the National Health and Nutrition
Examination Survey (NHANES). |. Nutr. Health Aging 2017, 21, 233-240. [CrossRef]

Boccardi, V.; Paolisso, G.; Mecocci, P. Nutrition and lifestyle in healthy aging: The telomerase challenge. Aging 2016, 8, 12-15.
[CrossRef]

Campisi, J.; Kim, S.-H.; Lim, C.-S.; Rubio, M. Cellular senescence, cancer and aging: The telomere connection. Exp. Gerontol. 2001,
36, 1619-1637. [CrossRef]

Shay, ].W.; Wright, W.E. Telomeres and telomerase in normal and cancer stem cells. FEBS Lett. 2010, 584, 3819-3825. [CrossRef]
D’Mello, M.].; Ross, S.A.; Briel, M.; Anand, S.S.; Gerstein, H.; Paré, G. Association Between Shortened Leukocyte Telomere Length
and Cardiometabolic Outcomes. Circ. Cardiovasc. Genet. 2015, 8, 82-90. [CrossRef] [PubMed]

Wentzensen, LM.; Mirabello, L.; Pfeiffer, R.M.; Savage, S.A. The Association of Telomere Length and Cancer: A Meta-analysis.
Cancer Epidemiol. Biomark. Prev. 2011, 20, 1238-1250. [CrossRef] [PubMed]

Crous-Bou, M.; Fung, T.T.; Prescott, J.; Julin, B.; Du, M.; Sun, Q.; Rexrode, KM.; Hu, FE.B.; De Vivo, I. Mediterranean diet and
telomere length in Nurses” Health Study: Population based cohort study. BM] 2014, 349, g6674. [CrossRef] [PubMed]

Galie, S.; Canudas, S.; Muralidharan, J.; Garcia-Gavilan, J.; Bullo, M.; Salas-Salvado, J. Impact of Nutrition on Telomere Health:
Systematic Review of Observational Cohort Studies and Randomized Clinical Trials. Adv. Nutr. 2019, 11, 576-601. [CrossRef]
Lee, ].-Y;; Jun, N.-R.; Yoon, D.; Shin, C.; Baik, I. Association between dietary patterns in the remote past and telomere length. Eur.
J. Clin. Nutr. 2015, 69, 1048-1052. [CrossRef]

Marin, C.; Delgado-Lista, J.; Ramirez, R.; Carracedo, J.; Caballero, J.; Perez-Martinez, P.; Gutierrez-Mariscal, EM.; Garcia-Rios, A.;
Delgado-Casado, N.; Cruz-Teno, C.; et al. Mediterranean diet reduces senescence-associated stress in endothelial cells. AGE 2011,
34, 1309-1316. [CrossRef] [PubMed]

Qiao, S.; Jiang, Y.; Li, X. The Impact of Health Promotion Interventions on Telomere Length: A Systematic Review. Am. ]. Health
Promot. 2020, 34, 633—-647. [CrossRef]

Valdes, A.M.; Andrew, T.; Gardner, J.P; Kimura, M.; Oelsner, E.; Cherkas, L.E; Aviv, A.; Spector, T.D. Obesity, cigarette smoking,
and telomere length in women. Lancet 2005, 366, 662-664. [CrossRef]

Rusu, MLE.; Simedrea, R.; Gheldiu, A.-M.; Mocan, A.; Vlase, L.; Popa, D.-S.; Ferreira, I.C. Benefits of tree nut consumption on
aging and age-related diseases: Mechanisms of actions. Trends Food Sci. Technol. 2019, 88, 104-120. [CrossRef]

Houben, ].M.; Moonen, H.]J.; Van Schooten, FJ.; Hageman, G.J. Telomere length assessment: Biomarker of chronic oxidative
stress? Free. Radic. Biol. Med. 2008, 44, 235-246. [CrossRef]

Lépez-Uriarte, P; Bull6, M.; Casas-Agustench, P; Babio, N.; Salas-Salvad¢, J. Nuts and oxidation: A systematic review. Nutr. Rev.
2009, 67, 497-508. [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]
Canudas, S.; Hernandez-Alonso, P,; Galié, S.; Muralidharan, J.; Morell-Azanza, L.; Zalba, G.; Garcia-Gavilan, J.; Marti, A.;
Salas-Salvado, J.; Bull6, M. Pistachio consumption modulates DNA oxidation and genes related to telomere maintenance: A
crossover randomized clinical trial. Am. J. Clin. Nutr. 2019, 109, 1738-1745. [CrossRef]

Gong, Y,; Tian, G.; Xue, H.; Zhang, X.; Zhao, Y.; Cheng, G. Higher adherence to the ‘vegetable-rich” dietary pattern is related to
longer telomere length in women. Clin. Nutr. 2018, 37, 1232-1237. [CrossRef] [PubMed]

Zhou, M.; Zhu, L,; Cui, X,; Feng, L.; Zhao, X.; He, S.; Ping, F,; Li, W.; Li, Y. Influence of diet on leukocyte telomere length, markers
of inflammation and oxidative stress in individuals with varied glucose tolerance: A Chinese population study. Nutr. J. 2015,
15, 39. [CrossRef] [PubMed]

Garcia-Calzon, S.; Zalba, G.; Ruiz-Canela, M.; Shivappa, N.; Hébert, ].R.; Martinez, J.A.; Fit6, M.; Gémez-Gracia, E.; A Martinez-
Gonzalez, M.; Marti, A. Dietary inflammatory index and telomere length in subjects with a high cardiovascular disease risk from
the PREDIMED-NAVARRA study: Cross-sectional and longitudinal analyses over 5y. Am. J. Clin. Nutr. 2015, 102, 897-904.
[CrossRef]

Ojeda-Rodriguez, A.; Zazpe, I.; Alonso-Pedrero, L.; Zalba, G.; Guillen-Grima, F.; Martinez-Gonzalez, M. A.; Marti, A. Association
between diet quality indexes and the risk of short telomeres in an elderly population of the SUN project. Clin. Nutr. 2020,
39, 2487-2494. [CrossRef]

Chan, R.; Woo, J.; Suen, E.; Leung, J.; Tang, N. Chinese tea consumption is associated with longer telomere length in elderly
Chinese men. Br. J. Nutr. 2009, 103, 107-113. [CrossRef]


http://doi.org/10.3945/ajcn.114.099515
http://www.ncbi.nlm.nih.gov/pubmed/25833976
http://doi.org/10.1017/S0007114515004316
http://doi.org/10.3945/ajcn.115.110965
http://www.ncbi.nlm.nih.gov/pubmed/26561616
http://doi.org/10.1001/archinternmed.2010.79
http://doi.org/10.1007/s12603-017-0876-5
http://doi.org/10.18632/aging.100886
http://doi.org/10.1016/S0531-5565(01)00160-7
http://doi.org/10.1016/j.febslet.2010.05.026
http://doi.org/10.1161/CIRCGENETICS.113.000485
http://www.ncbi.nlm.nih.gov/pubmed/25406241
http://doi.org/10.1158/1055-9965.EPI-11-0005
http://www.ncbi.nlm.nih.gov/pubmed/21467229
http://doi.org/10.1136/bmj.g6674
http://www.ncbi.nlm.nih.gov/pubmed/25467028
http://doi.org/10.1093/advances/nmz107
http://doi.org/10.1038/ejcn.2015.58
http://doi.org/10.1007/s11357-011-9305-6
http://www.ncbi.nlm.nih.gov/pubmed/21894446
http://doi.org/10.1177/0890117120906958
http://doi.org/10.1016/S0140-6736(05)66630-5
http://doi.org/10.1016/j.tifs.2019.03.006
http://doi.org/10.1016/j.freeradbiomed.2007.10.001
http://doi.org/10.1111/j.1753-4887.2009.00223.x
http://doi.org/10.1136/bmjopen-2017-016863
http://doi.org/10.1093/ajcn/nqz048
http://doi.org/10.1016/j.clnu.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28673689
http://doi.org/10.1186/s12937-016-0157-x
http://www.ncbi.nlm.nih.gov/pubmed/27071648
http://doi.org/10.3945/ajcn.115.116863
http://doi.org/10.1016/j.clnu.2019.11.003
http://doi.org/10.1017/S0007114509991383

Int. J. Environ. Res. Public Health 2021, 18, 1848 25 of 26

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

Boccardi, V.; Esposito, A.; Rizzo, M.R.; Marfella, R.; Barbieri, M.; Paolisso, G. Mediterranean Diet, Telomere Maintenance and
Health Status among Elderly. PLoS ONE 2013, 8, e62781. [CrossRef] [PubMed]

Gu, Y,; Honig, L.S.; Schupf, N.; Lee, ].H.; Luchsinger, ].A.; Stern, Y.; Scarmeas, N. Mediterranean diet and leukocyte telomere
length in a multi-ethnic elderly population. AGE 2015, 37. [CrossRef]

Leung, C.W.; Fung, T.T.; McEvoy, C.T,; Lin, J.; Epel, E.S. Diet Quality Indices and Leukocyte Telomere Length Among Healthy US
Adults: Data From the National Health and Nutrition Examination Survey, 1999-2002. Am. . Epidemiol. 2018, 187, 2192-2201.
[CrossRef]

Marra, M.V,; Drazba, M.A.; Holaskova, I.; Belden, W.J. Nutrition Risk is Associated with Leukocyte Telomere Length in
Middle-Aged Men and Women with at Least One Risk Factor for Cardiovascular Disease. Nutrients 2019, 11, 508. [CrossRef]
Karimi, B.; Nabizadeh, R.; Yunesian, M.; Mehdipour, P; Rastkari, N.; Aghaie, A. Foods, Dietary Patterns and Occupational Class
and Leukocyte Telomere Length in the Male Population. Am. J. Men’s Health 2017, 12, 479-492. [CrossRef]

Milte, C.M.; Russell, A.P; Ball, K.; Crawford, D.; Salmon, J.; McNaughton, S.A. Diet quality and telomere length in older
Australian men and women. Eur. |. Nutr. 2016, 57, 363-372. [CrossRef] [PubMed]

Meinild, J.; Perdld, M.-M.; Kautiainen, H.; Ménnisto, S.; Kanerva, N.; Shivappa, N.; Hébert, ].R.; Iozzo, P.; Guzzardi, M.A;
Eriksson, ].G. Healthy diets and telomere length and attrition during a 10-year follow-up. Eur. J. Clin. Nutr. 2019, 73, 1352-1360.
[CrossRef] [PubMed]

Haveman-Nies, A.; De Groot, L.C.; Van Staveren, W.A. Dietary quality, lifestyle factors and healthy ageing in Europe: The
SENECA study. Age Ageing 2003, 32, 427-434. [CrossRef] [PubMed]

Willett, W.C.; Sacks, E; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D. Mediterranean diet pyramid:
A cultural model for healthy eating. Am. J. Clin. Nutr. 1995, 61, 14025-1406S. [CrossRef]

Trichopoulou, A.; Bamia, C.; Trichopoulos, D. Anatomy of health effects of Mediterranean diet: Greek EPIC prospective cohort
study. BM]J 2009, 338, b2337. [CrossRef]

Canudas, S.; Becerra-Tomas, N.; Hernandez-Alonso, P; Galié, S.; Leung, C.; Crous-Bou, M.; De Vivo, I.; Gao, Y.; Gu, Y.; Meinil4,
J.; et al. Mediterranean Diet and Telomere Length: A Systematic Review and Meta-Analysis. Adv. Nutr. 2020, 11, 1544-1554.
[CrossRef]

Nettleton, J.A.; Schulze, M.B.; Jiang, R.; Jenny, N.S.; Burke, G.L.; Jacobs, D.R. A priori-defined dietary patterns and markers of
cardiovascular disease risk in the Multi-Ethnic Study of Atherosclerosis (MESA). Am. |. Clin. Nutr. 2008, 88, 185-194. [CrossRef]
[PubMed]

Freitas-Simoes, T.-M.; Cofan, M.; Blasco, M.A.; Soberdon, N.; Foronda, M.; Serra-Mir, M.; Roth, 1.; Valls-Pedret, C.; Doménech,
M.; Ponferrada-Ariza, E.; et al. Walnut Consumption for Two Years and Leukocyte Telomere Attrition in Mediterranean Elders:
Results of a Randomized Controlled Trial. Nutrients 2018, 10, 1907. [CrossRef] [PubMed]

Garcia-Calzén, S.; Martinez-Gonzélez, M.A.; Razquin, C.; Corella, D.; Salas-Salvads, J.; Martinez, J.A.; Zalba, G.; Marti, A.
Prol2Ala Polymorphism of the PPARy2 Gene Interacts with a Mediterranean Diet to Prevent Telomere Shortening in the
PREDIMED-NAVARRA Randomized Trial. Circ. Cardiovasc. Genet. 2015, 8, 91-99. [CrossRef]

Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyére, O.; Cederholm, T.; Cooper, C.; Landi, F,; Rolland, Y.; Sayer, A.A ; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef]

Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636-2646. [CrossRef]

Robinson, S.; Reginster, J.; Rizzoli, R.; Shaw, S.; Kanis, J.; Bautmans, I.; Bischoff-Ferrari, H.; Bruyeére, O.; Cesari, M.; Dawson-
Hughes, B.; et al. Does nutrition play a role in the prevention and management of sarcopenia? Clin. Nutr. 2018, 37, 1121-1132.
[CrossRef]

Lee, S.-Y.; Tung, H.-H.; Liu, C.-Y.; Chen, L.-K. Physical Activity and Sarcopenia in the Geriatric Population: A Systematic Review.
J. Am. Med. Dir. Assoc. 2018, 19, 378-383. [CrossRef] [PubMed]

Woo, J. Nutritional interventions in sarcopenia. Curr. Opin. Clin. Nutr. Metab. Care 2018, 21, 19-23. [CrossRef]
Arias-Fernandez, L.; Machado-Fragua, M.D.; Graciani, A.; Guallar-Castillon, P.; Banegas, ].R.; Rodriguez-Artalejo, F; Lana, A.;
Lopez-Garcia, E. Prospective Association Between Nut Consumption and Physical Function in Older Men and Women. J. Gerontol.
Ser. A Boil. Sci. Med. Sci. 2018, 74, 1091-1097. [CrossRef]

Ballesteros, ].-M.; Struijk, E.A.; Rodriguez-Artalejo, F.; Lopez-Garcia, E. Mediterranean diet and risk of falling in community-
dwelling older adults. Clin. Nutr. 2020, 39, 276-281. [CrossRef]

Bradlee, M.L.; Mustafa, J.; Singer, M.R.; Moore, L.L. High-Protein Foods and Physical Activity Protect Against Age-Related
Muscle Loss and Functional Decline. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2018, 73, 88-94. [CrossRef] [PubMed]

Hai, S.; Wang, H.; Cao, L.; Liu, P; Zhou, J.; Yang, Y.; Dong, B. Association between sarcopenia with lifestyle and family function
among community-dwelling Chinese aged 60 years and older. BMC Geriatr. 2017, 17, 1-7. [CrossRef] [PubMed]

Hashemi, R.; Motlagh, A.D.; Heshmat, R.; Esmaillzadeh, A.; Payab, M.; Yousefinia, M.; Siassi, F.; Pasalar, P.; Baygi, F. Diet and its
relationship to sarcopenia in community dwelling Iranian elderly: A cross sectional study. Nutrients 2015, 31, 97-104. [CrossRef]
Lim, H.-S. Association of Dietary Variety Status and Sarcopenia in Korean Elderly. ]. Bone Metab. 2020, 27, 143-149. [CrossRef]
Schacht, S.R.; Lind, M.V.; Mertz, K.H.; Biilow, ].; Bechsheft, R.; Hejfeldt, G.; Schucany, A.; Hjulmand, M.; Sidoli, C.; Andersen,
S.B.; et al. Development of a Mobility Diet Score (MDS) and Associations with Bone Mineral Density and Muscle Function in
Older Adults. Front. Nutr. 2019, 6, 114. [CrossRef]


http://doi.org/10.1371/journal.pone.0062781
http://www.ncbi.nlm.nih.gov/pubmed/23646142
http://doi.org/10.1007/s11357-015-9758-0
http://doi.org/10.1093/aje/kwy124
http://doi.org/10.3390/nu11030508
http://doi.org/10.1177/1557988317743385
http://doi.org/10.1007/s00394-016-1326-6
http://www.ncbi.nlm.nih.gov/pubmed/27785566
http://doi.org/10.1038/s41430-018-0387-4
http://www.ncbi.nlm.nih.gov/pubmed/30643221
http://doi.org/10.1093/ageing/32.4.427
http://www.ncbi.nlm.nih.gov/pubmed/12851188
http://doi.org/10.1093/ajcn/61.6.1402S
http://doi.org/10.1136/bmj.b2337
http://doi.org/10.1093/advances/nmaa079
http://doi.org/10.1093/ajcn/88.1.185
http://www.ncbi.nlm.nih.gov/pubmed/18614740
http://doi.org/10.3390/nu10121907
http://www.ncbi.nlm.nih.gov/pubmed/30518050
http://doi.org/10.1161/CIRCGENETICS.114.000635
http://doi.org/10.1093/ageing/afy169
http://doi.org/10.1016/S0140-6736(19)31138-9
http://doi.org/10.1016/j.clnu.2017.08.016
http://doi.org/10.1016/j.jamda.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/29580886
http://doi.org/10.1097/MCO.0000000000000432
http://doi.org/10.1093/gerona/gly171
http://doi.org/10.1016/j.clnu.2019.02.004
http://doi.org/10.1093/gerona/glx070
http://www.ncbi.nlm.nih.gov/pubmed/28549098
http://doi.org/10.1186/s12877-017-0587-0
http://www.ncbi.nlm.nih.gov/pubmed/28821239
http://doi.org/10.1016/j.nut.2014.05.003
http://doi.org/10.11005/jbm.2020.27.2.143
http://doi.org/10.3389/fnut.2019.00114

Int. J. Environ. Res. Public Health 2021, 18, 1848 26 of 26

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Nurk, E.; Refsum, H.; Drevon, C.A ; Tell, G.S.; Nygaard, H.A.; Engedal, K.; Smith, A.D. Cognitive performance among the elderly
in relation to the intake of plant foods. The Hordaland Health Study. Br. ]. Nutr. 2010, 104, 1190-1201. [CrossRef]

Valls-Pedret, C.; Lamuela-Raventés, R.M.; Medina-Remén, A.; Quintana, M.; Corella, D.; Pint6, X.; Martinez-Gonzalez, M.A ;
Estruch, R; Ros, E. Polyphenol-Rich Foods in the Mediterranean Diet are Associated with Better Cognitive Function in Elderly
Subjects at High Cardiovascular Risk. J. Alzheimer’s Dis. 2012, 29, 773-782. [CrossRef]

Pribis, P.; Bailey, R.N.; Russell, A.A.; Kilsby, M.A.; Hernandez, M.; Craig, W.].; Grajales, T.; Shavlik, D.]J.; Sabaté, J. Effects of
walnut consumption on cognitive performance in young adults. Br. J. Nutr. 2011, 107, 1393-1401. [CrossRef]

Nooyens, A.C.J.; Bueno-De-Mesquita, H.B.; Van Boxtel, M.PJ.; Van Gelder, B.M.; Verhagen, H.; Verschuren, W.M.M. Fruit and
vegetable intake and cognitive decline in middle-aged men and women: The Doetinchem Cohort Study. Br. J. Nutr. 2011,
106, 752-761. [CrossRef]

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 2014, 19, 284-290. [CrossRef]

Li, M.; Shi, Z. A Prospective Association of Nut Consumption with Cognitive Function in Chinese Adults Aged 55+ _ China
Health and Nutrition Survey. J. Nutr. Health Aging 2019, 23, 211-216. [CrossRef]

O'Brien, J.; Okereke, O.; Devore, E.; Rosner, B.; Breteler, M.; Grodstein, F. Long-term intake of nuts in relation to cognitive function
in older women. . Nutr. Health Aging 2014, 18, 496-502. [CrossRef]

Rabassa, M.; Zamora-Ros, R.; Palau-Rodriguez, M.; Tulipani, S.; Mifiarro, A.; Bandinelli, S.; Ferrucci, L.; Cherubini, A.; Andres-
Lacueva, C. Habitual Nut Exposure, Assessed by Dietary and Multiple Urinary Metabolomic Markers, and Cognitive Decline in
Older Adults: The INCHIANTI Study. Mol. Nutr. Food Res. 2020, 64, €1900532. [CrossRef]

De Amicis, R.; Leone, A.; Foppiani, A.; Osio, D.; Lewandowski, L.; Giustizieri, V.; Cornelio, P.; Cornelio, F.; Imperatori, S.E;
Cappa, S.F; et al. Mediterranean Diet and Cognitive Status in Free-Living Elderly: A Cross-Sectional Study in Northern Italy. J.
Am. Coll. Nutr. 2018, 37, 494-500. [CrossRef]

Dong, L.; Xiao, R.; Cai, C.; Xu, Z.; Wang, S.; Pan, L.; Yuan, L. Diet, lifestyle and cognitive function in old Chinese adults. Arch.
Gerontol. Geriatr. 2016, 63, 36—42. [CrossRef] [PubMed]

Samieri, C.; Grodstein, F.; Rosner, B.A.; Kang, ].H.; Cook, N.R.; Manson, J.E.; Buring, ].E.; Willett, W.C.; Okereke, O.I. Mediter-
ranean Diet and Cognitive Function in Older Age. Epidemiology 2013, 24, 490-499. [CrossRef] [PubMed]

Samieri, C.; Okereke, O.L; Devore, E.E.; Grodstein, F. Long-Term Adherence to the Mediterranean Diet Is Associated with Overall
Cognitive Status, but Not Cognitive Decline, in Women. J. Nutr. 2013, 143, 493-499. [CrossRef]

Wengreen, H.; Munger, R.G.; Cutler, A.; Quach, A.; Bowles, A.; Corcoran, C.; Tschanz, ].T.; Norton, M.C.; Welsh-Bohmer, K.A.
Prospective study of Dietary Approaches to Stop Hypertension— and Mediterranean-style dietary patterns and age-related
cognitive change: The Cache County Study on Memory, Health and Aging. Am. J. Clin. Nutr. 2013, 98, 1263-1271. [CrossRef]
Katsiardanis, K.; Diamantaras, A.-A.; Dessypris, N.; Michelakos, T.; Anastasiou, A.; Katsiardani, K.-P.; Kanavidis, P.; Papadopou-
los, F.C.; Stefanadis, C.; Panagiotakos, D.B.; et al. Cognitive Impairment and Dietary Habits Among Elders: The Velestino Study.
J. Med. Food 2013, 16, 343-350. [CrossRef]

Coates, A.M.; Morgillo, S.; Yandell, C.; Scholey, A.; Buckley, ].D.; Dyer, K.A ; Hill, A.M. Effect of a 12-Week Almond-Enriched
Diet on Biomarkers of Cognitive Performance, Mood, and Cardiometabolic Health in Older Overweight Adults. Nutrients 2020,
12,1180. [CrossRef] [PubMed]

Sala-Vila, A.; Valls-Pedret, C.; Rajaram, S.; Coll-Padrés, N.; Cofan, M.; Serra-Mir, M.; Pérez-Heras, A.M.; Roth, I.; Freitas-Simoes,
T.M.; Doménech, M.; et al. Effect of a 2-year diet intervention with walnuts on cognitive decline. The Walnuts And Healthy
Aging (WAHA) study: A randomized controlled trial. Am. J. Clin. Nutr. 2020, 111, 590-600. [CrossRef]

Cardoso, B.R.; Apolinario, D.; Bandeira, V.D.S.; Busse, A.L.; Magaldi, R.M.; Jacob-Filho, W.; Cozzolino, S.M.F. Effects of Brazil nut
consumption on selenium status and cognitive performance in older adults with mild cognitive impairment: A randomized
controlled pilot trial. Eur. J. Nutr. 2015, 55, 107-116. [CrossRef]

Knight, A.; Bryan, J.; Wilson, C.; Hodgson, ].M.; Davis, C.R.; Murphy, K.J. The Mediterranean Diet and Cognitive Function
among Healthy Older Adults in a 6-Month Randomised Controlled Trial: The MedLey Study. Nutrients 2016, 8, 579. [CrossRef]
[PubMed]

Martinez-Lapiscina, E.H.; Clavero, P.; Toledo, E.; Estruch, R.; Salas-Salvadg, ].; Julidn, B.S.; Sanchez-Tainta, A.; Ros, E.; Valls-Pedret,
C.; Martinez-Gonzalez, M. A Mediterranean diet improves cognition: The PREDIMED-NAVARRA randomised trial. J. Neurol.
Neurosurg. Psychiatry 2013, 84, 1318-1325. [CrossRef]

Valls-Pedret, C.; Sala-Vila, A.; Serra-Mir, M.; Corella, D.; De La Torre, R.; Martinez-Gonzélez, M.A ; Martinez-Lapiscina, E.H.; Fito,
M.; Pérez-Heras, A.; Salas-Salvado, J.; et al. Mediterranean Diet and Age-Related Cognitive Decline. JAMA Intern. Med. 2015,
175, 1094-1103. [CrossRef]


http://doi.org/10.1017/S0007114510001807
http://doi.org/10.3233/JAD-2012-111799
http://doi.org/10.1017/S0007114511004302
http://doi.org/10.1017/S0007114511001024
http://doi.org/10.1007/s12603-014-0569-2
http://doi.org/10.1007/s12603-018-1122-5
http://doi.org/10.1007/s12603-014-0014-6
http://doi.org/10.1002/mnfr.201900532
http://doi.org/10.1080/07315724.2018.1442263
http://doi.org/10.1016/j.archger.2015.12.003
http://www.ncbi.nlm.nih.gov/pubmed/26791169
http://doi.org/10.1097/EDE.0b013e318294a065
http://www.ncbi.nlm.nih.gov/pubmed/23676264
http://doi.org/10.3945/jn.112.169896
http://doi.org/10.3945/ajcn.112.051276
http://doi.org/10.1089/jmf.2012.0225
http://doi.org/10.3390/nu12041180
http://www.ncbi.nlm.nih.gov/pubmed/32340150
http://doi.org/10.1093/ajcn/nqz328
http://doi.org/10.1007/s00394-014-0829-2
http://doi.org/10.3390/nu8090579
http://www.ncbi.nlm.nih.gov/pubmed/27657119
http://doi.org/10.1136/jnnp-2012-304792
http://doi.org/10.1001/jamainternmed.2015.1668

	Introduction 
	Nut Consumption and Telomere Length 
	Evidence from Observational Studies 
	Nut-Specific Studies 
	Studies on Dietary Patterns That Include Nuts 
	Summary of Studies on Dietary Quality and Patterns 

	Evidence from Interventional Studies 
	Nut-Specific Studies 
	Studies on Dietary Patterns That Include Nuts 

	Summary 

	Nut Consumption and Sarcopenia and Related Factors 
	Evidence from Observational Studies 
	Nut-Specific Studies 
	Studies on Dietary Patterns That Include Nuts 

	Summary 

	Nut Consumption and Cognitive Function 
	Evidence from Observational Studies 
	Nut-Specific Studies 
	Studies on Dietary Patterns That Include Nuts 

	Evidence from Interventional Studies 
	Nut-Specific Studies 
	Studies on Dietary Patterns That Include Nuts 

	Summary 

	Conclusions and Future Directions 
	References

