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Abstract: The proportion of adults aged over 60 years in the world is expected to reach 20% by the
year 2050. Ageing is associated with several physiological changes that increase the risk of
malnutrition among this population. Malnutrition is characterized by deficiencies or insufficiencies
of macro- and micronutrients. Malnutrition has detrimental effects on the health, wellbeing and
quality of life of older adults. Nuts are rich in energy, unsaturated fats, protein, as well as other
nutrients that provide a range of health benefits. While the effects of nuts on overnutrition have
been studied extensively, very few studies have been specifically designed to understand the role
of nuts in mitigating undernutrition in the elderly. Therefore, this review explores the potential role
of nuts in improving the nutritional status of older adults who are at risk of undernutrition. Several
properties of whole nuts, some of which appear important for addressing overnutrition, (e.g.
hardness, lower-than-expected nutrient availability, satiety-enhancing effects) may limit their
effectiveness as a food to combat undernutrition. However, we propose that modifications such as
transforming the physical form of nuts, addressing the timing of nut ingestion, and introducing
variety may overcome these barriers. This review also discusses the feasibility of using nuts to
prevent and reverse undernutrition among older adults. We conclude with a recommendation to
conduct clinical studies in the future to test this conceptual framework.
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1. Introduction: Ageing and risks of malnutrition

Based on the United Nations Department of Economic and Social Affairs’ report ‘World
Population Ageing’ released in 2015, approximately 12.5% of the world population is aged 60 years
or over [1]. This number was projected to reach 20% by 2050, and this population will overtake
adolescent and youth groups. The ageing population will have a big impact on several aspects, from
economic growth to the increasing needs for medical care and aged-care facilities.

Ageing is the cause of several health concerns. Older adults face: 1) frailty and mobility
difficulties due to arthritis and osteoporosis, 2) a proneness to falls due to sarcopenia, 3) chronic
diseases such as obesity, cardiovascular disease, type 2 diabetes and cancer, 4) decreasing
impairments in mental health such as Alzheimer’s Disease, depression and dementia, and 5) poor
eyesight and dentition [2]. In addition, some older adults experience decreased appetite and/or food
intake [3,4]. All these health issues, combined with loss of income and living in isolation, influence
older adults’ ability to shop for groceries, prepare foods, and eat sufficiently to support healthy
ageing. Poor dietary intake, coupled with increased nutritional requirements due to poor health, may
lead to malnutrition. Malnutrition is a common nutritional issue faced by older adults, which can
worsen their health conditions and impact on their quality of life. Malnutrition is associated with
higher healthcare costs in community-dwelling elderly and institutionalized elderly [5-7].

To make matters worse, malnutrition may co-exist with other conditions such as being
overweight [8], hence double the burden of these conditions among older adults [9]. Malnutrition is
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prevalent globally in both developing and developed countries and is ubiquitous across hospitals,
long-term care and community settings. A cross-sectional study conducted in Australia reported that
17% of the elderly aged 75 years and above were at risk of malnutrition, in which 34% of them were
overweight (BMI 2 25 kg/m?) and a further 13% were underweight (BMI < 18.5 kg/m?) [10]. This
finding highlights that double burden of malnutrition co-exists and overweight and obese elderly are
equally vulnerable to malnutrition as underweight elderly [10].

A recent meta-analysis reported the prevalence of malnutrition and risk of malnutrition using
the full version of the Mini Nutritional Assessment tool in 113,967 older adults aged 60 years and
above from 240 studies [11]. The prevalence of malnutrition ranged from 3.1% in community-
dwelling elderly to 29% among elderly in the long-term care, rehabilitation and sub-acute care. A
similar trend was observed for the prevalence of malnutrition risk, whereby 26.5% of the community
dwelling elderly and 49% of the elderly in rehabilitation and sub-acute care were identified as at risk
of malnutrition [11].

The etiology of malnutrition is multifactorial and is likely due to physiological, psychological,
environmental and sociological changes which accompany the ageing process. In addition, older
adults are at greater risk of dietary insufficiency due to age-related increases in nutrient requirements
concomitant with a reduction in energy requirements, decreases in appetite and energy intake [4,12].
Compromised chewing and swallowing may also affect food intake in the elderly [13-15]. Due to
suboptimal food intake among the elderly, they are at increased risk for insufficient energy and
protein intake. Micronutrient insufficiencies that are commonly seen in the elderly include vitamin
D, vitamin E, vitamin B6, vitamin B12, folate, calcium, magnesium, iron, and zinc [12,16,17].

Given that undernutrition impacts on several aspects of older adults’ quality of life,
functionality, and health status, finding effective dietary strategies to combat this condition is of
utmost importance. The World Health Organization [18] emphasizes the importance of
supplementation, which is high in energy, protein, vitamins and minerals for older adults who are
undernourished. Nuts have high energy-density and are rich sources of unsaturated fatty acids,
protein, dietary fibre, phytochemicals and micronutrients [19,20]. In this review, we explore and
propose the use of nuts in enhancing the nutritional intake of older adults based on available
knowledge on the health effects of nuts. We use the term “‘undernutrition” from this point onwards to
describe suboptimal nutritional intake and it represents as early stage that leads to malnutrition if
insufficient nutritional intake is not corrected.

2. Nuts, energy balance and undernutrition: opportunities and challenges

Nuts are nutrient rich and research on how nuts influence human energy balance has largely
focused on weight gain prevention and weight loss promotion in overweight and obese populations
[21]. However, studies on the effects of nuts on improving the nutritional status of older adults are
limited. Since both under- and over-nutrition are on the two extremes of the nutritional status
spectrum, vast knowledge on how nuts could assist obesity management accumulated thus far is
arguably translatable to reversing undernutrition. Fundamentally, body weight is determined by the
cumulative effects of energy balance over a period of time. From a thermodynamic viewpoint, energy
excess (energy intake > energy expenditure) promotes weight gain, while an energy deficit (energy
intake < energy expenditure) results in weight loss. Given the scope of this review on the potential
role of nuts in improving the nutrition status of older adults, the role of energy expenditure is
acknowledged but will not be discussed extensively.

Increasing total energy intake is a priority in the prevention and management of undernutrition.
When overall energy consumption is increased, the intake of other important nutrients pertinent to
undernutrition is likely to be elevated as well. This is likely to be more pronounced when foods which
are nutrient dense are added to the diet. In this review, we will articulate how nuts can address all
these factors concurrently. The conceptual framework we would like to outline to support our
argument that nuts are ideal candidates to prevent and reverse undernutrition is shown as Figure 1
below. In this conceptual framework, we propose that energy and nutrient intake is determined by
three major factors i.e. energy and nutrient density, the portion size of foods ingested, and the
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frequency of eating. In the context of undernutrition, energy intake can be increased by frequent
consumption of high energy density foods, in greater portion sizes. However, from a nutrition
perspective, foods should not be viewed as energy per se. Therefore, food intake is also driven by
several other factors such as food tolerance, preference or liking towards a food, palatability of a food,
and food variety. These factors are highly relevant to the elderly population and will also be
elaborated in this review, using nuts as an example.

Food characteristics Appetite Behaviour
Energy / Energy / . .
. . Portion Eatin
nutrient = nutrient X X g

size frequency

intake density

Figure 1: A conceptual framework of how nuts may increase energy/nutrient intake by influencing
energy/nutrient density, portion size and eating behaviors, and subsequently aid in the
reversal/prevention of undernutrition.

2.1. Food characteristics: Energy density

Observational studies have reported that higher intake of energy-dense foods was associated
with the energy intake of both children and adults [22,23]. In addition, research has suggested that
humans often guide food intake visually via portion sizes instead of the energy density of a
particular food or meal [24]. This effect appears particularly true during the ingestion of unfamiliar
foods. Experimentally, the manipulation of energy density of test meals, while maintaining the
portion size, led to significant changes in energy intake from that meal, which subsequently extend
to the total daily energy intake [25]. This observation is perhaps not too surprising because energy
density of foods or beverages are less easily judged by consumers than their portion sizes. The
effects of higher energy density foods on energy intake are often long-lasting and translate into
higher body weight in the population. Spontaneous adjustment to food intake in response to energy
density manipulation has been reported but this appears to occur mostly when energy density of a
test meal is reduced [26].

Based on observational studies, the energy density of foods is associated with energy intake
and it presents a major challenge to individuals who intend to maintain or lose weight [22]. Higher
energy density foods can be explained by the higher carbohydrate (or sugar) and fat content in the
food [27], which is also partly attributed to food processing. While the situation may look dire for
weight management, increasing energy and nutrient density via food processing and fortification
presents an opportunity to prevent and reverse undernutrition. The most apparent examples can be
drawn from food fortification strategies that combat micronutrient deficiencies [28]. In the context
of undernutrition among the elderly, recent reviews suggested that the fortification of meals and
snack provision have been shown to be effective in increasing the energy and protein intake of
older adults in a community, long-term care and hospital setting [29,30]. An alternative strategy to
food processing and fortification is the selection of foods that are naturally high in energy such as
nuts. Apart from their high energy content (approximately 29 kJ/g or 7 kcal/g), nuts are also high in
micronutrients and how these nutrients improve diet quality will be discussed in greater detail in
section 4.0. As highlighted earlier, ageing is a risk factor for several diseases and the unique
nutrient profiles of nuts have been shown to be beneficial to older adults. For example, nuts are
protective against metabolic diseases [31], and promote vascular health and mental health [32].
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Since nuts are a good source of protein, which may help preserve lean mass and motor function of
older adults.

The use of nuts to improve nutritional status is not a new idea. In fact, peanut butter fortified
with calcium and iron (a ready-to-use therapeutic food known as Plumpy’nut) has been used to
fight malnutrition among children and pregnant women in several countries in Africa and Asia [33-
35]. Based on the success of Plumpy’nut, we propose that nuts, which are energy- and nutrient-
dense, are also suitable to prevent or reverse undernutrition among older adults.

2.2. Appetite regulation: Portion size

Portion size is determined by a number of factors. When processed and convenience foods are
consumed, portion size is largely determined influenced by the packaging size. However, in a
buffet setting where foods and beverages are not limited, the amount of foods consumed is guided
visually [24] and governed by appetite [36] despite some misgivings of these regulatory systems
[37]. During weight loss, individuals are advised to select foods that are highly satiating in order to
reduce food intake. Foods that provide greater satiation and satiety are in a solid form [38],
consumed in bigger portion size [39], high in certain nutrients such as dietary protein [40], and fibre
[41]. Nuts have long been recognised as an ideal food to support weight management because of
their attributes above that regulate energy intake. Whole nuts require a significant amount of
mastication, and longer oral processing and sensory exposure time has been shown to promote
fullness [42]. Because nuts are filling, the ingestion of nuts may displace the amount of foods
consumed at a meal. Studies have shown that 54% to 151% of energy from nuts are being
compensated via spontaneous reduction in subsequent food intake [43-46]. Based on the evidence,
the appetitive effects of nuts may seem to favour overweight and obese older adults rather than
those at risk for undernutrition. To further complicate the matter, older adults may suffer from loss
of appetite, further limiting food intake and making them susceptible to undernutrition. However,
some modifications to nuts may overcome these limitations and make them appropriate in the
context of undernutrition. These strategies are proposed and described in details in the next section.

3. Strategies to incorporate nuts into the habitual diets of older adults

In order for nuts to be suitable in the prevention and reversal of undernutrition among older
adults, strategies such as the modification of nut forms, introduction of variety to minimise the
known appetitive effects of nuts, and timing of nut intake may be appropriate. These strategies can
be used to guide the development of nut products that are suitable, convenient, and affordable to
improve the nutritional status of older adults.

3.1 Nut forms

Although nuts are naturally high in energy and essential nutrients, these nutrients are not
readily accessible to humans. Microscopic analysis of nuts revealed that unsaturated fats of nuts are
encapsulated within thick cell walls, hence limiting its availability [47]. Indeed, human studies
reported that only 68% of energy from almond [48], 95% from pistachios [49], and 79% of energy
from walnuts [50] were available and absorbed by the human body.

To address the issues of lower nutrient accessibility from nuts, studies have demonstrated that
oral mastication [51,52] and food processing [53] increase the nutrient release from nuts. Food
processing (e.g. roasting) alters the hardness of nuts and allows roasted nuts to fracture into smaller
particles, hence releasing more of the fats in nuts for absorption [53,54]. Further processing of nuts
into a butter form [55,56] or into pure oil [57] leads to higher nutrient absorption. Findings from
these studies provide important information on how the manipulation of the physical form of nuts
may make them effective in managing undernutrition. Therefore, nut butter appears to be a viable
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form of nutrient delivery. Preferably, nut butter should be prepared via food processing instead of
through mastication, in order to minimise its appetitive effects due to oro-sensory exposure [42]. In
addition, many older adults may suffer from dentition issues and thus have problems with
mastication. The benefits of nuts in preventing and reversing undernutrition could be further
maximised if nut butters are added during milkshake preparation with dairy or non-dairy-base
such as e.g. nut and rice milks. Not only will adding nut butter to milk increase the nutrient density
of this beverage, it is suitable as a between-meal snack or to replace water when older adults take
their medications (a strategy commonly used in acute care settings). As highlighted above,
beverages are less satiating than solid foods. More importantly, beverages can be consumed
frequently throughout the day as opposed to solid foods, which are often consumed as three main
meals and snacks. The use of oral nutrition supplement has been shown to improve nutritional
status of older adults in an aged-care facility setting [58] and this strategy has the potential to be
equally effective in a free-living environment [59]. This idea is further supported by a systematic
review, which concluded that there is high compliance to high-energy oral nutritional supplements
and they have been shown to overcome poor oral food intake [60]. Besides nutritional intake, the
use of nut butters or milkshakes may have other benefits. As highlighted earlier, poor dentition is a
common barrier to nut intake in older adults [61], and whole nuts may be a choking risk for the
elderly. Therefore, delivering nutrient in butter or beverage form will overcome the common
nutritional issues faced by older adults.

3.2 Variety

In conjunction with increasing the nutrient availability of nuts via physical form modification,
it is equally important to consider ways to enhance the compliance to nut consumption among the
elderly. Apart from flavour and costs, another common reason of non-compliance to dietary
supplements reported in the literature is sensory-specific satiety due to monotony. Sensory-specific
satiety describes a condition where the repeated consumption of a same food due to limited choices
leads to a decrease in the liking to that food and subsequently reduces food intake [62]. This is a
considerable problem, especially among older adults at risk for undernutrition. Research in the area
of sensory-specific satiety suggests that increasing the variety of foods may reverse this condition.
Therefore, to promote compliance to nut consumption among older adults, a variety of nuts in
various forms and flavours should be considered. From a nutrition perspective, most nuts have
comparable macronutrient profiles, with one exception being walnuts, which are high in
polyunsaturated fats and may have additional benefits on heart health and cognition. Also,
although all nuts are rich sources of micronutrients, different nuts types differ in their nutrient
profiles, meaning increasing variety will improve the intakes of a wider range of nutrients. The
various forms of nuts may also be suitable options for older adults with no dentition problems.
Previous studies have shown that whole, sliced, chopped nuts and flavoured nuts are liked and
there is no evidence of a difference in the health benefits of the different forms and flavours [63-66].
In other words, various types of nuts in various forms should be used to improve the nutritional
status and the compliance of older adults to regular nut consumption.

3.3 Timing

The timing of nut consumption is also a crucial consideration. If nuts are consumed together
with a meal, it is likely that the satiating effects of nuts will reduce the intake of other foods in the
same meal, hence creating an undesirable ‘food displacement’ effect. When loss of appetite occurs,
older adults may be able to tolerate smaller meals and small-and-frequent meal patterns may be
more desirable to ensure sufficient food intake. For this reason, it is recommended that nuts should
be ingested as snacks, rather than together with a meal to avoid a reduction in main meal intake.
This idea is supported by several studies where snacks have been reported to be important
contributors of daily essential nutrient intake in both children and adults [67,68]. Snacking has also
been shown to increase the intake of vitamins and minerals in older adults [69]. The timing of nut
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intake could be coupled with the manipulation of nut forms (e.g. nut butter or nut milkshake) in
order to maximise their effects on preventing or reversing undernutrition in the elderly.

4. Improving diet quality with nuts

Although individual nut types differ in nutrient composition, they are all considered to be
nutrient-dense. This nutrient profile is likely to contribute to their well-recognised health
properties. Nuts are typically rich sources of cis-unsaturated fatty acids, fibre, and plant protein
[20,70]. Individual nut types contribute useful amounts of vitamin E, folate, calcium, copper, iron,
magnesium, phosphorous, potassium and zinc. For example, a 30 g serve of almonds can provide
over 100% of the daily value of vitamin E among older adults, whereas a serve of cashew nuts can
provide nearly three-quarters of the daily value of copper and 25% of the daily value of iron. One
serve of Brazil nuts contains up to 10-fold the daily value for selenium and around a third of the
daily value of magnesium and phosphorous. A serve of pistachios provides over 10% of the daily
value for potassium, and pine nuts contain nearly one-third of the daily value for zinc (Table 1).

Table 1: The contribution of different nuts to the New Zealand/Australia and the USA’s
Recommended Daily Intakes (RDI) or Recommended Dietary Allowance (RDA), and Adequate
Intake (Al).

NZ/Australia RDI/AI USA RDA/AI

Males Females Males Females

51-70 | >70yr | 51-70 | >70yr | 51-70 | >70 yr | 51-70 | >70 yr

yr yr yr yr

Protein (g) Amount 64* 81* 46* 57* 56* 56* 46* 46*

per30g % Daily Value
Almonds 6.35 9.9 7.8 13.8 11.1 11.3 11.3 13.8 13.8
Brazil nuts 4.30 6.7 5.3 9.3 7.5 7.7 7.7 9.3 9.3
Cashew nuts 5.30 8.3 6.5 11.5 9.3 9.5 9.5 11.5 11.5
Hazelnuts 4.49 7.0 5.5 9.8 7.9 8.0 8.0 9.8 9.8
Macadamia 2.37 37 2.9 5.2 4.2 4.2 4.2 5.2 5.2
Peanuts 7.74 12.1 9.6 16.8 13.6 13.8 13.8 16.8 16.8
Pecans 2.75 4.3 34 6.0 4.8 4.9 4.9 6.0 6.0
Pine nuts 4.11 6.4 5.1 8.9 7.2 7.3 7.3 8.9 8.9
Pistachios 6.05 9.5 7.5 13.2 10.6 10.8 10.8 13.2 13.2
Walnuts 4.57 7.1 5.6 9.9 8.0 82 8.2 9.9 9.9
Range 2.37-7.74 3.7- 2.9- 5.2- 4.2- 4.2- 4.2- 5.2- 5.2-

12.1 9.6 16.8 13.6 13.8 13.8 16.8 16.8

Dietary fibre Amount 30t 30t 25t 25t 30t 30t 21t 21t

(8 per30 g % Daily Value

Almonds 3.75 12.5 12.5 15.0 15.0 12.5 12.5 17.9 17.9
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Brazil nuts 2.25 7.5 7.5 9.0 9.0 7.5 7.5 10.7 10.7
Cashew nuts 0.99 3.3 3.3 4.0 4.0 3.3 3.3 4.7 4.7
Hazelnuts 291 9.7 9.7 11.6 11.6 9.7 9.7 13.9 13.9
Macadamia 2.58 8.6 8.6 10.3 10.3 8.6 8.6 12.3 12.3
Peanuts 2.55 8.5 8.5 10.2 10.2 8.5 8.5 12.1 12.1
Pecans 2.88 9.6 9.6 11.5 11.5 9.6 9.6 13.7 13.7
Pine nuts 1.11 3.7 3.7 44 44 3.7 3.7 5.3 5.3
Pistachios 3.18 10.6 10.6 12.7 12.7 10.6 10.6 15.1 15.1
Walnuts 2.01 6.7 6.7 8.0 8.0 6.7 6.7 9.6 9.6
Range 0.99-3.75 3.3- 3.3- 4.0- 4.0- 3.3- 3.3- 4.7- 4.7-

12.5 12.5 15.0 15.0 12.5 12.5 17.9 17.9

a-Tocopherol | Amount 10t 10t 7t 7t 15* 15* 15* 15*
(mg) per30g % Daily Value
Almonds 7.69 76.9 76.9 | 109.9 | 1099 | 513 | 51.3 | 513 | 513
Brazil nuts 1.70 17.0 17.0 | 243 | 243 11.3 11.3 11.3 11.3
Cashew nuts 0.90 9.0 9.0 12.9 12.9 6.0 6.0 6.0 6.0
Hazelnuts 5.51 55.1 55.1 787 | 787 | 36.7 | 367 | 367 | 36.7
Macadamia 0.16 1.6 1.6 2.3 2.3 11 1.1 1.1 1.1
Peanuts 2.50 250 | 250 | 357 | 357 | 167 | 167 | 167 | 16.7
Pecans 0.42 4.2 4.2 6.0 6.0 2.8 2.8 2.8 2.8
Pine nuts 2.80 280 | 28.0 | 40.0 | 40.0 187 | 187 | 187 | 187
Pistachios 0.86 8.6 8.6 12.3 12.3 5.7 5.7 5.7 5.7
Walnuts 0.21 2.1 21 3.0 3.0 1.4 1.4 1.4 1.4
Range 0.16-7.69 1.6- 1.6- 2.3- 2.3- 1.1- 1.1- 1.1- 1.1-

76.9 76.9 | 109.9 | 109.9 | 51.3 51.3 51.3 51.3

Folate (ug) Amount 400%* 400* 400* 400* 400* 400* 400* 400*

per30g % Daily Value
Almonds 13.2 3.3 3.3 33 3.3 3.3 3.3 3.3 3.3
Brazil nuts 6.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Cashew nuts 7.5 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Hazelnuts 33.9 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Macadamia 3.3 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Peanuts 72.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0

Pecans 6.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
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Pine nuts 10.2 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Pistachios 15.3 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Walnuts 29.4 7.4 74 7.4 7.4 7.4 7.4 7.4 74
Range 3.3-72.0 0.8- 0.8- 0.8- 0.8- 0.8- 0.8- 0.8- 0.8-

18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0

Calcium (mg) Amount 1000* | 1300* | 1300* | 1300* | 1000* | 1200* | 1200* | 1200*

per30g % Daily Value
Almonds 80.7 8.1 6.2 6.2 6.2 8.1 6.7 6.7 6.7
Brazil nuts 48.0 4.8 3.7 3.7 37 4.8 4.0 4.0 4.0
Cashew nuts 11.1 1.1 0.9 0.9 0.9 1.1 0.9 0.9 0.9
Hazelnuts 34.2 34 2.6 2.6 2.6 3.4 2.9 2.9 2.9
Macadamia 25.5 2.6 2.0 2.0 2.0 2.6 2.1 2.1 2.1
Peanuts 27.7 2.8 21 2.1 2.1 2.8 2.3 2.3 2.3
Pecans 21.0 21 1.6 1.6 1.6 2.1 1.8 1.8 1.8
Pine nuts 4.8 0.5 0.4 0.4 0.4 0.5 0.4 0.4 0.4
Pistachios 315 3.2 24 24 24 3.2 2.6 2.6 2.6
Walnuts 29.0 2.9 22 22 2.2 2.9 2.4 24 2.4
Range 4.8-80.7 0.5- 0.4- 0.4- 0.4- 0.5- 0.4- 0.4- 0.4-

8.1 6.2 6.2 6.2 8.1 6.7 6.7 6.7

Copper (ug) Amount | 1700t | 1700t | 1200t | 1200t | 900* 900* 900* 900*

per30g % Daily Value
Almonds 309 18.2 18.2 25.8 25.8 34.3 34.3 34.3 34.3
Brazil nuts 523 30.8 30.8 43.6 43.6 58.1 58.1 58.1 58.1
Cashew nuts 659 38.8 38.8 54.9 54.9 73.2 73.2 73.2 73.2
Hazelnuts 518 30.5 30.5 43.2 43.2 57.6 57.6 57.6 57.6
Macadamia 227 13.4 13.4 18.9 18.9 25.2 25.2 25.2 25.2
Peanuts 343 20.2 20.2 28.6 28.6 38.1 38.1 38.1 38.1
Pecans 360 21.2 21.2 30.0 30.0 40.0 | 40.0 40.0 40.0
Pine nuts 397 23.4 23.4 33.1 33.1 44.1 44.1 44.1 44.1
Pistachios 390 22.9 229 32.5 325 433 | 433 43.3 43.3
Walnuts 476 28.0 28.0 39.7 | 39.7 | 529 52.9 52.9 52.9
Range 277-659 13.4- | 13.4- | 18.9- | 18.9- | 25.2- | 25.2- | 25.2- | 25.2-

38.8 38.8 54.9 54.9 73.2 73.2 73.2 73.2
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Iron (mg) Amount 8* 8* 8* 8* 8* 8* 8* 8*
per30g % Daily Value

Almonds 1.11 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9
Brazil nuts 0.73 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1

Cashew nuts 2.00 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Hazelnuts 1.41 17.6 17.6 17.6 17.6 17.6 17.6 17.6 17.6
Macadamia 111 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9
Peanuts 1.37 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1
Pecans 0.76 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5
Pine nuts 1.55 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4
Pistachios 1.18 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8
Walnuts 0.87 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9
Range 0.73-2.00 9.1- 9.1- 9.1- 9.1- 9.1- 9.1- 9.1- 9.1-

25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0

Magnesium Amount 420* 420* 320* 320* 420* 420* 320* 320*
(mg) per30g % Daily Value

Almonds 81 19.3 19.3 25.3 25.3 19.3 19.3 25.3 25.3
Brazil nuts 113 26.9 26.9 35.3 35.3 26.9 26.9 35.3 35.3
Cashew nuts 88 21.0 21.0 27.5 27.5 21.0 21.0 27.5 27.5
Hazelnuts 49 11.7 11.7 15.3 15.3 11.7 11.7 15.3 15.3
Macadamia 39 9.3 9.3 12.2 12.2 9.3 9.3 12.2 12.2
Peanuts 50 11.9 11.9 15.6 15.6 11.9 11.9 15.6 15.6
Pecans 36 8.6 8.6 11.3 11.3 8.6 8.6 11.3 11.3
Pine nuts 75 17.9 17.9 23.4 23.4 17.9 17.9 23.4 23.4
Pistachios 36 8.6 8.6 11.3 11.3 8.6 8.6 11.3 11.3
Walnuts 47 11.2 11.2 14.7 14.7 11.2 11.2 14.7 14.7
Range 36-113 8.6- 8.6- 11.3- | 11.3- 8.6- 8.6- 11.3- | 11.3-

26.9 26.9 35.3 35.3 26.9 26.9 35.3 35.3

Phosphorous Amount | 1000* | 1000* | 1000* | 1000* | 700* | 700* | 700* | 700*

(mg) per30g % Daily Value

Almonds 144 14.4 14.4 14.4 14.4 20.6 20.6 20.6 20.6
Brazil nuts 218 21.8 21.8 21.8 21.8 31.1 31.1 31.1 31.1
Cashew nuts 178 17.8 17.8 17.8 17.8 254 254 25.4 25.4

Hazelnuts 87 8.7 8.7 8.7 8.7 12.4 12.4 12.4 12.4
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Macadamia 56 5.6 5.6 5.6 5.6 8.0 8.0 8.0 8.0
Peanuts 113 11.3 11.3 11.3 11.3 16.1 16.1 16.1 16.1
Pecans 83 8.3 8.3 8.3 8.3 11.9 11.9 11.9 11.9
Pine nuts 173 17.3 17.3 17.3 17.3 24.7 24.7 24.7 24.7
Pistachios 147 14.7 14.7 14.7 14.7 21.0 21.0 21.0 21.0
Walnuts 104 10.4 10.4 10.4 10.4 14.9 14.9 14.9 14.9
Range 56-218 5.6- 5.6- 5.6- 5.6- 8.0- 8.0- 8.0- 8.0-

21.8 21.8 21.8 21.8 31.1 31.1 31.1 31.1

Potassium Amount | 3800t | 3800t | 2800t | 2800t | 4700t | 4700t | 4700t | 4700t
(mg) per30g % Daily Value

Almonds 220 5.8 5.8 7.9 7.9 4.7 4.7 47 47
Brazil nuts 198 5.2 5.2 7.1 71 4.2 4.2 4.2 4.2
Cashew nuts 198 5.2 5.2 71 7.1 42 4.2 4.2 4.2
Hazelnuts 204 5.4 5.4 7.3 7.3 4.3 4.3 4.3 4.3
Macadamia 110 2.9 2.9 3.9 3.9 2.3 2.3 2.3 2.3
Peanuts 212 5.6 5.6 7.6 7.6 45 4.5 4.5 4.5
Pecans 123 3.2 3.2 4.4 4.4 2.6 2.6 2.6 2.6
Pine nuts 179 4.7 4.7 6.4 6.4 3.8 3.8 3.8 3.8
Pistachios 308 8.1 8.1 11.0 11.0 6.6 6.6 6.6 6.6
Walnuts 132 3.5 3.5 4.7 4.7 2.8 2.8 2.8 2.8
Range 110-308 2.9- 2.9- 3.9- 3.9- 2.3- 2.3- 2.3- 2.3-

8.1 8.1 11.0 11.0 6.6 6.6 6.6 6.6

Selenium (uig) Amount 70* 70* 60* 60* 55% 55% 55% 55%

per30g % Daily Value
Almonds 1.23 1.8 1.8 2.1 21 22 2.2 2.2 2.2
Brazil nuts 575 821 821 958 958 1045 | 1045 | 1045 | 1045
Cashew nuts 5.97 85 8.5 10.0 10.0 10.9 10.9 10.9 10.9
Hazelnuts 0.72 1.0 1.0 12 12 1.3 1.3 1.3 1.3
Macadamia 1.08 1.5 15 1.8 1.8 2.0 2.0 2.0 2.0
Peanuts 2.16 3.1 3.1 3.6 3.6 3.9 3.9 3.9 3.9
Pecans 1.14 1.6 1.6 1.9 1.9 2.1 2.1 2.1 2.1
Pine nuts 0.21 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4
Pistachios 2.1 3.0 3.0 35 3.5 3.8 3.8 3.8 3.8

Walnuts 1.47 21 21 25 25 27 2.7 2.7 2.7
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Range 0.21-575 0.3- 0.3- 0.4- 0.4- 0.4- 0.4- 0.4- 0.4-
821 821 958 958 1045 1045 1045 1045

Sodium (mg) Amount 460- | 460- | 460- | 460- | 1300t | 1200t | 1300t | 1200+t
per30g 920t | 920t | 920t | 920+
% Daily Value
Almonds 0.3 0.03- | 0.03- | 0.03- | 0.03- | 0.02 0.03 0.02 0.03

0.07 0.07 0.07 0.07

Brazil nuts 0.9 0.10- | 0.10- | 0.10- | 0.10- 0.07 0.08 0.07 0.08
0.20 0.20 0.20 0.20

Cashew nuts 3.6 039- | 039- | 039- | 0.39- 0.28 0.30 0.28 0.30
0.78 0.78 0.78 0.78

Hazelnuts 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Macadamia 1.5 0.16- | 0.16- | 0.16- | 0.16- 0.12 0.13 0.12 0.13
0.33 0.33 0.33 0.33

Peanuts 54 0.59- | 0.59- | 0.59- | 0.59- 0.42 0.45 0.42 0.45

1.17 1.17 1.17 1.17

Pecans 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pine nuts 0.6 0.07- | 0.07- | 0.07- | 0.07- 0.05 0.05 0.05 0.05
0.13 0.13 0.13 0.13

Pistachios 0.3 0.03- | 0.03- | 0.03- | 0.03- 0.02 0.03 0.02 0.03
0.07 0.07 0.07 0.07

Walnuts 0.6 0.07- | 0.07- | 0.07- | 0.07- 0.05 0.05 0.05 0.05

0.13 0.13 0.13 0.13

Range 0.0-5.4 0.00- | 0.00- | 0.00- | 0.00- | 0.00- | 0.00- | 0.00- | 0.00-
1.17 1.17 1.17 1.17 0.42 0.45 0.42 0.45

Zinc (mg) Amount 12* 12* 6.5* 6.5* 11* 11* 8* 8*
per30g % Daily Value

Almonds 0.94 7.8 7.8 14.5 14.5 8.5 8.5 11.8 11.8
Brazil nuts 1.28 10.7 10.7 197 | 19.7 | 11.6 11.6 16.0 16.0
Cashew nuts 1.73 14.4 144 | 26,6 | 26.6 157 | 157 | 21.6 | 216
Hazelnuts 0.74 6.2 6.2 11.4 11.4 6.7 6.7 9.3 9.3
Macadamia 0.39 33 3.3 6.0 6.0 35 3.5 4.9 4.9
Peanuts 0.98 8.2 8.2 15.1 15.1 8.9 8.9 12.3 12.3
Pecans 1.36 11.3 11.3 | 209 | 209 124 | 124 | 17.0 17.0

Pine nuts 1.94 16.2 16.2 29.8 29.8 17.6 17.6 24.3 24.3
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Pistachios 0.66 55 55 10.2 10.2 6.0 6.0 8.3 8.3
Walnuts 0.93 7.8 7.8 14.3 14.3 8.5 8.5 11.6 11.6
Range 0.39-1.94 3.3- 3.3- 6.0- 6.0- 3.5- 3.5- 4.9- 4.9-
16.2 16.2 29.8 29.8 17.6 17.6 24.3 24.3

Abbreviations: Al, Adequate intake; RDA, Recommended Dietary Allowance; RDI, Recommended

Dietary Intake
*Value is an RDA/RDI

1tValue is an Al
All values are sourced from Source: USDA National Nutrient Database for Standard Reference
Release 28 slightly revised May 2016 Software v.3.8.6.5

A number of epidemiological studies have shown that diet quality is better among nut
consumers compared to non-nut consumers [71-75]. For example, an analysis of the NHANES 2005-
2010 cohort showed that nut consumers were less likely to have inadequate intakes of Vitamins A,
C, E, folate, calcium, iron, magnesium, and zinc compared to non-nut consumers [75]. This study
also reported that among nut consumers, nuts provided around 10% of total energy (TE), around
20% of total fat intake, and 10% of protein intake.

In support of this epidemiological research, intervention studies report improved diet quality
when nuts are added to the diet [76-79], in a dose-response manner [80]. One intervention study
carried out in an elderly population reported that the addition of walnuts to the usual diet (15% of
energy, around 43 g) resulted in significantly higher intakes of protein, polyunsaturated fat, and a
number of micronutrients, including magnesium, manganese and copper compared to those who
did not consume walnuts [77]. Conversely, those who consumed walnuts had significantly lower
intakes of carbohydrate, saturated fat and sodium than those who did not consume walnuts.

Collectively, this research suggests that regular consumption of nuts, which are nutrient-dense,
is likely to improve diet quality. This will be useful for the elderly, where reductions in total food
intake as a result of altered hunger and satiety sensations, can lead to inadequate intakes of protein
and important micronutrients. Micronutrient insufficiencies that are commonly seen in the elderly
include vitamin D, vitamin E, vitamin B6, folate, calcium, magnesium, iron, and zinc [12,16,17]. For
instance, almonds and hazelnuts are rich sources of vitamin E, peanuts and hazelnuts are high in
folate, Brazil nuts are high in magnesium selenium, pine nuts are high in zinc, cashew nuts are rich
in iron, and pistachios contain reasonable amounts of vitamin B6. Therefore, the consumption of a
variety of nuts can be used as a means to help elderly to meet the nutrient intake that are often fall
short in their diet.

5. Overcoming potential barriers and side-effects of nuts
5.1 Phytate

As noted above, nuts are nutrient-dense, containing useful amounts of fatty acids, vitamins,
minerals, and a number of phytonutrients. However, nuts also contain appreciable amounts of
phytate, an inhibitory compound which binds with minerals forming complexes which interfere
with the absorption of these nutrients [81-84]. This is not likely to problematic among those
following an omnivorous diet which contains minerals from a number of food sources. High
phytate levels in the diet are likely to be more of a concern among those where food intake may be
compromised, such as in the elderly, and the nutrient density of the diet is poor. This is likely to be
exacerbated amongst those following vegetarian and vegan diets where phytate concentrations are
likely to be high and mineral availability is lower.
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One solution reported widely in the lay literature is activating (or soaking) nuts in order to
reduce the phytate content and enhance mineral bioavailability. While this has proven a useful
method in developing countries where it has been shown that the phytate content of legumes and
grains, which are often staples, is lowered upon soaking, especially when they are mechanically
broken down [85-87], little research has investigated the effects of soaking on the phytate and
mineral content of nuts. To the best of our knowledge, two published studies have analysed the
phytate content of soaked nuts [88,89]. Both studies found that soaking whole nuts increased
phytate concentrations compared to untreated nuts. This could be due to the combination of no or
minimal loss of phytate during the soaking process, and loss of moisture during the drying period,
as nuts were dried following soaking, which subsequently resulted in a higher concentration of
phytate in soaked or dried whole nuts. These results do not support claims that soaking nuts
decreases the phytate content of nuts, and may not have additional benefits to the older adults.

5.2 Dental issues

Dentition issues have been reported as a barrier to regular nut consumption. This problem is
likely to be more prevalent among the elderly. A recent survey which examined barriers to and
facilitators of nut consumption among the general public in New Zealand found that dental issues
was the most frequently reported reason for the avoidance of nut consumption [90]. In addition, in
a survey among health professionals (dietitians, general practitioners, practice nurses), dental issues
were reported by around 14% of participants as a reason why they advise some of their patients to
eat fewer nuts [91]. Furthermore, among dietitians, dental issues were one of the top five reasons
why they advised their patients to eat fewer nuts. Given these reported issues, different forms of
nuts may be more suitable for those with dentition issues, such as older adults. Nut butters, and
potentially sliced nuts, are obvious options, however, more information is needed on the acceptance
of various nut form among the elderly.

5.3 Allergies and aflatoxins

Nut allergies are one of the most common food allergies, and allergens and aflatoxins in nuts
are two major concerns of consumers [92,93]. Most nuts contain the same allergens and thus,
individuals who are allergic to one nut type may have a high level of co-allergy (cross-reactivity) to
other closely related nut species [94]. Elderly who are allergic to nuts should read all food labels
carefully and if the meals are not prepared by themselves, they should enquire about the
ingredients in the meals [94]. Mycotoxins such as fumonisin B1, B2, and B3 are toxic substances
produced by Fusarium molds and have been found in nuts [95,96]. Antioxidants and
phytochemicals in nuts have been shown to inhibit aflatoxin production [97]. Given that peanuts
and tree nuts are not major components of the diet and rarely consumed in a large quantity,
exposure to aflatoxins is likely to be low and hence detrimental health effects (if any) would be
negligible. In addition, a recent study reported that the health benefits of nut consumption
outweigh the potential risk from aflatoxin B1 exposure [98].

6. Future research directions

This review has revealed several areas that could be addressed in future research in order to
gain a better understanding on the role of nuts in preventing and reversing malnutrition among
elderly who are at risk of undernutrition:

¢ Numerous studies have investigated the effects of nut consumption on cardiovascular risk
factors in healthy adults, overweight or obese individuals, etc. Very few studies were specifically
designed to investigate the effects of nuts on health outcomes in the elderly. To our knowledge, no
studies to date have examined the effects of nut consumption on nutritional status in elderly who
suffer from or are at risk of malnutrition. Thus, randomised controlled trials are warranted to
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elucidate the underlying mechanisms and the potential role of nuts in improving nutritional status
in the elderly.

¢  Given that elderly may have reduced appetite, it is important to ensure that foods they
consume are resistant to monotony so they will continue to consume it over a prolonged period. A
few previous studies have investigated the effects of regular nut consumption on acceptability in
adults and shown that nuts are resistant to monotony and no decline in liking was observed after
daily consumption of nuts for up to twelve weeks. Future research should measure the acceptability
of nuts in elderly who are at risk of undernutrition. A variety of nuts can be used to prevent
sensory-specific satiety and promote nut intake.

e  Future studies should investigate the timing and frequency of nut consumption in elderly in
order to find out the ideal time to promote this healthful food. In addition, it would be interesting
to examine the best way to incorporate nuts into the diet (e.g. as a meal, as part of a meal, as a snack
or as part of a snack), without displacing other foods in their diet.

*  Most nut studies carried out to date have used whole unsalted raw nuts. It would therefore be
interesting to determine whether the health effects observed with raw nut consumption can be
generalized to nuts with different physical forms (i.e. differ in the amount of chewing required) or
preparation methods or flavors (i.e. roasting vs. frying; salted/honey roasted/chocolate coated; low
vs. high sodium content). In addition, future research is needed to determine the type and dose of
nuts required to improve nutritional status of elderly at risk of undernutrition.
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