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Nuts contain significant amounts of essential micronutrients that are associated with an improved health status when consumed at doses beyond

those necessary to prevent deficiency states. Nuts do not contain cholesterol, but they are rich in chemically related phytosterols, a class of com-

pounds that interfere with intestinal cholesterol absorption and thus help lower blood cholesterol. Nuts also contain folate, a B-vitamin necessary

for normal cellular function that plays an important role in detoxifying homocysteine, a sulphur-containing amino acid with atherothrombotic prop-

erties that accumulates in plasma when folate status is subnormal. Compared to other common foodstuffs, nuts have an optimal nutritional density

with respect to healthy minerals, such as calcium, magnesium and potassium. Like that of most vegetables, the sodium content of nuts is very low.

A high intake of calcium, magnesium and potassium, together with a low sodium intake, is associated with protection against bone demineralisa-

tion, arterial hypertension, insulin resistance, and overall cardiovascular risk. Phytosterols might justify part of the cholesterol-lowering effect of

nut intake beyond that attributable to fatty acid exchange, while the mineral richness of nuts probably contributes to the prevention of diabetes and

coronary heart disease observed in epidemiological studies in association with frequent nut consumption.

Nuts: Phytosterols: Folate: Calcium: Magnesium: Potassium: Sodium

In the not too distant past, nutritional epidemiology experts
emphasized the adequate intake of macronutrients (sugars,
starches, fibre, fatty acids and protein) and the importance
of a balanced diet for good health. Less attention was
usually paid to the intake of vitamins, minerals and other
minor food components, the reason being that marked
micronutrient deficiency has been a rarity in developed
countries since the 1950s. However, the nutritional, cultural
and physical activity patterns of affluent societies have led
to a profound change in eating habits (including reduced
intake of micronutrients) and energy expenditure that, in
conjunction with a genetic background that is still fit for
our hunter-gatherer ancestors but not for contemporary
humans, underlie the current epidemic of coronary heart dis-
ease, obesity, diabetes and other so-called diseases of civili-
zation (Cordain et al. 2005). On the other hand, there has
been an increasing recognition that many micronutrients
may have beneficial health effects when consumed in
amounts beyond recommended allowances (Miller &
Anderson, 1999; Vaskonen, 2003; Stover, 2004; Nieves,
2005). Some non-nutritive food components (i.e. vegetable
sterols) have also demonstrated favourable effects on
intermediate markers of cardiovascular risk (Piironen et al.
2000; Ostlund, 2002).
Nuts contain small quantities of several bioactive

compounds that are relevant to health. In this paper we
will briefly describe the principal nutritional and functional
characteristics of some of these components, namely
phytosterols, folate and minerals.

Phytosterols

Biochemistry

Among the fatty fraction of nuts there are non-cholesterol
sterols belonging to a heterogeneous group of compounds
known as plant sterols or phytosterols (Piironen et al.
2000; Moreau et al. 2002). They are important structural
components of plant membranes, where they serve to stabil-
ize phospholipid bilayers just as cholesterol does in animal
cell membranes (Hartmann, 1998). Like cholesterol, phytos-
terols are synthesized from acetyl coenzyme-A via squalene.
Most phytosterols contain 28 or 29 carbons and one or two
double bonds, typically one in the sterol nucleus and some-
times a second in the alkyl side chain. Saturated phytoster-
ols (containing no double bonds) are called phytostanols and
occur in trace levels only in most plants. In plant tissues,
phytosterols may occur as free alcohols or as conjugates
(fatty-acid esters, steryl glycosides or acylated steryl glyco-
sides). In free phytosterols, the 3b-OH group on the A-ring
of the sterol nucleus is underivatized, whereas in the conju-
gates the OH is covalently bound with another constituent
(a fatty acid, a hexose moiety, most commonly glucose, or
a 6-fatty-acyl hexose). More than 200 different types of
phytosterols have been reported in plant species (Piironen
et al. 2000; Moreau et al. 2002).

The chemical structure of phytosterols is very similar to that
of cholesterol, except that the C-24 at the side-chain contains
additional chemical groups. The trivial names of the phytos-
terols that are most abundant in plants are campesterol,

*Corresponding author: R. Segura, fax þ34 93 402 4268, email rasegura@ub.edu

British Journal of Nutrition (2006), 96, Suppl. 2, S36–S44 DOI: 10.1017/BJN20061862
q The Authors 2006

https://doi.org/10.1017/BJN
20061862  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1017/BJN20061862


b-sitosterol, 5-avenasterol and stigmasterol, and they differ
from cholesterol by C-24 addition of a methyl group, an
ethyl group, or an ethyldiene group, and a diene at C-22,
respectively (Fig. 1).

Food content

The intake of phytosterols varies among different populations
depending on dietary habits. The average Western diet is
reported to contain 150–450mg/d phytosterols (de Vries
et al. 1997; Ostlund, 2002). Vegetarians, however, may con-
sume up to 1 g/d (Vuoristo & Miettinen, 1994). Vegetable
oils are the richest dietary sources of phytosterols. In addition,
variable amounts are present in cereals, nuts, seeds,
vegetables, fruits and berries (Piironen et al. 2000; Ostlund,
2002). On average, vegetable oils contain 150–500mg per
100 g, while corn, rapeseed, rice bran and wheat germ oils
contain higher amounts. Nuts contain relevant quantities,
b-sitosterol being the most abundant. Table 1 shows the phy-
tosterol content of nuts, as listed in two food composition
sources, the USDA Database and the recent publication of
Phillips et al. (2005), which generally provides greater con-
centrations than those reported in existing databases, probably
due to the inclusion of steryl glycosides, which represent a sig-
nificant portion of total sterols in nuts and are not usually
measured.

Intestinal cholesterol absorption

Cholesterol homeostasis is maintained by balancing intestinal
cholesterol absorption and endogenous cholesterol synthesis
with biliary bile acid and cholesterol secretion (Dietschy
et al. 1993). However, because bile acids are efficiently reab-
sorbed and a fraction of biliary cholesterol is absorbed in the
intestine, the overall whole-body cholesterol balance is kept
mainly by matching cholesterol synthesis with fecal sterol
losses. The latter are strictly dependent on the efficiency of
the intestinal absorption of cholesterol (both dietary and

biliary), which in turn relates to blood cholesterol levels
(Kesäniemi & Miettinen, 1987), a reason why the regulation
of cholesterol absorption has been studied extensively and is
of growing interest as a target of interventions aimed at low-
ering blood cholesterol levels (Ros, 2000; Sudhop & von
Bergmann, 2002).

Cholesterol is always present in the intestine, originating
from three sources: diet, bile and desquamated intestinal
cells. Cholesterol intake varies with dietary habits, usually
ranging between 150 and 400mg/d in the Western diet. The
mass of biliary cholesterol entering the duodenum daily
averages 1000mg (Northfield & Hoffman, 1975). Intestinal
cholesterol from exfoliated enterocytes represents a sizeable
amount, 300–400mg/d (Vuoristo & Miettinen, 1985). Import-
ant requirements for intestinal cholesterol absorption are
hydrolysis of dietary cholesteryl esters, as only free choles-
terol is suitable for absorption (Vahouny et al. 1964); the pre-
sence of bile salts to achieve adequate micellar solubilization;
and reesterification by intestinal cells, a requisite for incorpor-
ation into chylomicrons and secretion into the circulation
(Turley & Dietschy, 2003). Cholesterol is transferred from
mixed micelles into intestinal epithelial cells by a sterol trans-
fer protein located in the brush border membrane, recently
identified as Nieman-Pick C like 1 protein (Altmann et al.
2004). The enterocyte modulates the amount of cholesterol
being absorbed by means of a reverse transport system, the
ABCG5 and ABCG8 sterol transporters, also located in the
apical membrane (Berge et al. 2000; Lee et al. 2001). Thus,
cholesterol absorption is a complex process with many steps
that are regulated by multiple genes and their protein products.

Cholesterol absorption efficiency is determined by the net
effect of the bidirectional transport of cholesterol molecules
across the apical membrane of intestinal cells. Several studies
have shown that the gut absorbs on average less than 50% of
the cholesterol mass present in the intestinal lumen, although a
high interindividual variability exists, ranging from 20 to 80%
(Sehayek et al. 1998; Bosner et al. 1999). The reasons for the
variable efficiency of cholesterol absorption are not

Fig. 1. Chemical structure of sterols, showing the side-chain (R) of cholesterol and the most common phytosterols.
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completely understood. While there is increasing evidence that
genetic variability at loci related with sterol transport affects
cholesterol absorption (Sehayek, 2004), dietary factors also
play a significant role. Among them, the amount of sterols
in food is an important modulator of cholesterol absorption.

Interference with cholesterol absorption by phytosterols

It has been known for more than 50 years that phytosterols inter-
fere with cholesterol absorption (Thompson & Grundy, 2005),
thus their presence in variable amounts in the usual diet may
explain part of the variability in cholesterol absorption effi-
ciency. The mechanism of action of phytosterols has been
linked to their hydrophobicity, which is higher than cholesterol
because of a bulkier hydrocarbon molecule (Fig. 1) and entails a
higher affinity for micelles than has cholesterol. Consequently,
cholesterol is displaced from micelles and the amount available
for absorption is limited (Ostlund, 2002). Additional mechan-
isms are probably at work, because phytosterols are not confined
to the intestinal lumen and, thoughmuchmore inefficiently than
cholesterol, are absorbed by the sterol transporter NPC1L1,
undergo enterohepatic circulation, and are reexcreted by the
same ABCG5/8 transporters that efflux cholesterol (von Berg-
mann et al. 2005). The net result is reduced intestinal absorption
and less cholesterol reaching the liver via chylomicrons rem-
nants. In response to the decreased supply of exogenous choles-
terol, receptor-mediated uptake of lipoprotein cholesterol is
enhanced and a reduction of the serum LDL cholesterol level
ensues (Ros, 2000; Sudhop & von Bergmann, 2002; Plat &
Mensink, 2005).
Phytosterols at pharmacological doses were used sparingly

as cholesterol-lowering agents for several decades. More
recently, their use has become widespread because newer
formulations have allowed smaller doses to be incorporated
into various functional foods that target elevated blood
cholesterol with proven efficacy and are attractive adjuncts
to dietary therapy. Meta-analyses of randomized controlled
trials in which they have been used reveal an average
10% LDL cholesterol reduction at doses <2 g/d, the benefit
being similar in different population groups (Law, 2000;
Katan et al. 2003; O’Neill et al. 2005). An important ques-
tion is whether phytosterols in natural, unsupplemented plant
foods are also bioactive (Ostlund, 2004).

Do phytosterols in natural foods lower blood cholesterol?

As described, the phytosterol content of free-living diets

ranges from 150 to 450mg/d, and may be more in rec-

ommended vegetable-rich diets. Baseline intake is not

taken into consideration in clinical trials of phytosterol-sup-

plemented foods, and the possibility exists that the choles-

terol-lowering effect would be greater if the background

diet was depleted in phytosterols, i.e. phytosterols in natural

foods might help lower blood cholesterol. Recent work

suggests that this hypothesis should be taken into consider-

ation. Single meal studies with natural phytosterol-rich

foods, such as corn oil and wheat germ muffins, have

demonstrated a <40% reduction of intestinal cholesterol

absorption that reverts to baseline when the same foods

are given after being depleted of phytosterols (Ostlund

et al. 2002, 2003). In these studies, as little as 150mg phy-

tosterols significantly reduced cholesterol absorption. Shin

et al. (2005) also assessed cholesterol absorption after

single meals supplemented with 200, 300 or 500mg micellar

phytosterols and found a reduction of 23–32% at the higher

doses. These observations show that phytosterols may effec-

tively reduce cholesterol absorption at very low doses. The

fact that dietary phytosterol intake was inversely related to

serum cholesterol in a large population cohort (Andersson

et al. 2004) suggests that phytosterols in the usual diet do

reduce cholesterol absorption.
The cholesterol-lowering efficacy of phytosterols and sta-

nols is significantly higher when blended into a fat source,
such as margarine, butter or vegetable oils, before adminis-
tration (Jones et al. 1997). In contrast, when administered in
powder form, plant stanols had no cholesterol-lowering
effect (Denke, 1995). This suggests that the bioactivity of
phytosterols is enhanced when they are emulsified into a
fatty vehicle (Vanstone et al. 2002). In this context, it is rel-
evant to signal that the high fat content of nut matrices
should improve the bioactivity of the phytosterols therein
contained.

The cholesterol-lowering efficacy of nut intake in feeding
trials has often been higher than that predicted on the basis
of fatty acid exchange (Griel & Kris-Etherton, 2006). Phys-
tosterols in nuts are likely to be responsible in part for this
effect.

Table 1. Phytosterol content of nuts in mg/100 g edible portion

b-sitosterol Campesterol Stigmasterol 5-avenasterol
Total

phytosterols

Almonds 111a 143b 5 5 4 5 20b 120 199
Brazil nuts NR 66 NR 2 NR 6 14 NR 95
Cashews NR 113 NR 9 NR 1 14 158 150
Hazelnuts 89 102 6 7 1 2 3 96 121
Macadamia nuts 108 144 8 10 0 ND 13 116 187
Peanuts, dry roasted NR 77 NR 13 NR 12 18 NR 137
Pecans 89 117 5 6 3 3 15 102 157
Pine nuts NR 132 NR 20 NR 1 40 141 236
Pistachios 198 210 10 10 5 2 26 214 279
Walnuts 64 89 7 5 1 ND 7 72 113

Sources: aUS Department of Agriculture Nutrient Data Base at http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl Accessed 29 December 2005
bPhillips KM et al. (2005) J Agric Food Chem 53, 9436–9445.
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Folate

Folate is a generic term for a complex family of water-soluble
B-group vitamins that are found in many foodstuffs. The
parent compound of folates is pteroic acid. Naturally occurring
folates are mostly reduced tetrahydropteroylglutamates, often
in polyglutamyl form and usually one-carbon substituted.
Folic acid (pteroylmonoglutamic acid) is the synthetic form
used in supplements and food fortification. A subgroup of tet-
rahydrofolates is the biologically most important one as it
plays a crucial role in cellular function by actively participat-
ing in reactions involving the transfer of one-carbon moieties,
such as methyl (CH3) groups (Mason, 2003). Folates play an
important role in nucleotide synthesis, methylation and gene
expression. Examples are the synthesis of the amino acids
methionine, serine and hystidine; the synthesis of thymidine,
which is essential for the de novo construction or repair of
DNA; the methylation of cytosine in DNA, which regulates
gene expression; and the remethylation of plasma homocys-
teine to methionine (Shane, 1995; Stover, 2004).

Humans and other mammals are not able to synthesize
folate and must obtain it from exogenous sources. This essen-
tial micronutrient is present in foods from both vegetable and
animal origin. Offal (liver, kidney) is especially rich in folate,
and green leafy vegetables, fruits, pulses, cereals, mushrooms
and nuts are good plant sources (Freisleben et al. 2003).
Table 2 shows the folate content of nuts and of other
common foods for comparison. Because folates are labile
molecules and are likely to be destroyed by heat or oxidation,

food processing and cooking may cause losses of up to 90%
or more when using high temperatures and large amounts of
water which is discarded. Unlike synthetic folic acid sup-
plements, naturally occurring folates have to be cleaved
from their polyglutamate into a monoglutamate form by an
intestinal brush border deconjugase before active, protein car-
rier-mediated absorption can take place (Said, 2004), a reason
why the bioavailability of naturally occurring folates is incom-
plete, although human studies have shown a great variation,
ranging anywhere between 10 and 98% (Sanderson et al.
2003; McNulty & Pentieva, 2004).

The dietary reference intake (DRI) for adults (states of preg-
nancy and lactation excluded) of naturally occurring folate
vitamins is now 400mg daily, an amount that doubles what
was recently recommended to avoid folate deficiency. This
recognizes that a suboptimal folate status may be implicated
in the pathogenesis of several disorders in humans that can
be prevented with appropriate folate intake from natural
and/or fortified foods.

Diseases associated with folate depletion or suboptimal
folate status

This vitamin has attracted major scientific and public health
interest in recent years, not only because of the important
health problems causally related to its deficiency, but also
because a suboptimal folate status appears to be associated
with an increased risk of several prevalent chronic diseases.
First is the well-known relationship of overt folate deficiency
to megaloblastic anaemia (a common problem in chronic alco-
holism) and, particularly when occurring in pregnant women,
to neural tube and other congenital defects in the newborn
(MRC Vitamin Study Research Group, 1991; Czeizel &
Dudas, 1992). The latter was the main reason for mandatory
folic acid fortification of all flour and uncooked cereal pro-
ducts in the United States, implemented in January 1998
(Food and Drug Administration, 1996). Second, there are
increasing evidences for the potential role of suboptimal
folate nutrition as a risk factor for cardiovascular diseases
(Strain et al. 2004), certain cancers (Kim, 1999; Choi &
Mason, 2000) and neuro-psychiatric conditions (Seshadri
et al. 2002; Prins et al. 2002). Indeed, when dietary intakes
are considered from this perspective, rather than from the
view of merely preventing overt folate deficiency, it is clear
that a suboptimal folate status is quite frequent in the
population.

A low folate status is clearly associated with an elevated
plasma level of homocysteine (Hcy), a sulphur-containing
amino acid and atherothrombotic molecule that requires folic
acid as a cofactor to be remethylated into methionine
(Welch & Loscalzo, 1998). Dietary folate is the most import-
ant dietary determinant of blood Hcy concentrations (Selhub
et al. 1993), and a substantial body of epidemiological evi-
dence has accumulated in the last 30 years on the role of
mild hyperhomocysteinemia (HHcy) in the development of
coronary artery disease, stroke and deep vein thrombosis
(The Homocysteine Studies Collaboration, 2002) (Wald et al.
2002).

The role of folate as an essential cofactor in purine syn-
thesis explains why its deficiency in tissues with rapidly repli-
cating neoplastic cells results in ineffective DNA production

Table 2. Folate content of nuts and other foods
(mg/100 g edible portion)

Nuts Total folate

Almonds 29
Brazil nuts 22
Cashews 25
Hazelnuts 113
Macadamia nuts 11
Peanuts 240
Pecans 22
Pistachios 51
Walnuts 98
Other foods

Apples (with skin) 3
Asparagus (cooked) 149
Bananas 20
Beans (white, cooked) 81
Beets (cooked) 80
Broccoli (cooked) 108
Cheese (cheddar) 18
Chickpeas (cooked) 172
Ham 7
Lettuce (romaine) 136
Milk 5
Pears 7
Rice (white, cooked) 58
Sardines (canned in oil) 12
Spinach (cooked) 146
Tomato 15
Veal (cooked) 15
Wheat bread 50

Source: US Department of Agriculture Nutrient
Data Base at http://www.nal.usda.gov/fnic/cgi-bin/
nut_search.pl Accessed 29 December 2005
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and inhibition of tumour growth (Kim, 1999; Choi & Mason,
2002). Indeed, this has been the basis for cancer chemotherapy
with antifolate agents such as methotrexate. Folate deficiency,
however, appears to have the opposite effect in normal tissues,
predisposing them to neoplastic transformation (Kim, 1999).
The plausible mechanisms for this effect relate to the sole bio-
chemical function known for folate (mediating the transfer of
one-carbon moieties) and its role in DNA synthesis, integrity
and repair.
A subnormal folate status might be a risk factor for cogni-

tive decline and dementia through two mechanisms. First, a
shortage of folic acid causes an increase in Hcy concentrations
that have been associated with an increased prevalence of poor
cognitive function (Prins et al. 2002) and an increased risk of
development of Alzheimer disease (Seshadri et al. 2002).
Second, low serum concentrations of folic acid might result
in a reduced availability of methyl groups in the brain. This
can ultimately result in the impaired formation of myelin, var-
ious neurotransmitters and membrane phospholipids. How-
ever, the latest evidences suggest that the association of high
serum concentrations of Hcy and low folic acid with cognitive
impairment in old age or other neuro-psychiatric conditions is
likely to be a consequence of disease and not a contributory
cause (Luchsinger & Mayeux, 2004; Taylor et al. 2004;
Mooijaart et al. 2005).

Role of folate in disease prevention

The reduction in incidence of neural tube defects by maternal
use of supplemental folic acid is well established (MRC Vita-
min Study Research Group, 1991; Czeizel & Dudas, 1992).
Decreasing rates of neural tube and other congenital defects
after food fortification in the United States and Canada rep-
resent an important public health achievement, although
there has been some concern about an increased incidence
of multiple births and miscarriages (Bailey & Berry, 2005).
The effectiveness of the food fortification programme in the
United States was clearly shown by Jacques et al. (1999).
These authors reported that intake of cereal products fortified
with folic acid (140mg/100 g of grain products) increased the
serum folate concentration by more than two-fold, while
practically abolishing the prevalence of folate deficiency and
significantly reducing the frequency of HHcy (Jacques et al.
1999).
Indeed, HHcy represents a modifiable cardiovascular risk

factor, since many studies have shown that folic acid along
with vitamin B12 and B6 supplementation effectively lowers
Hcy in a dose-dependent manner (Homocysteine Lowering
Trialists’ Collaboration, 2005). The maximum reduction
(23%) in plasma homocysteine concentration was observed
with 0·8mg folic acid/d, with no further reduction at higher
doses; 20 and 13% reductions were observed with the lower
doses (0·4 and 0·2mg/d). The fact that the response to
0·4mg folic acid/d was 90% of the maximum response is
important, because that is the amount of folic acid most
often included as a component of multivitamin supplements.
However, this effect is directly related to plasma Hcy concen-
trations, thus the improved folate status resulting from folic
acid fortification is expected to attenuate the Hcy-lowering
response to folic acid supplementation. Hcy lowering therapy
with folate supplementation is simple, safe and inexpensive,

and a recent meta-analysis of observational studies concluded
that a 25% reduction in plasma Hcy concentration (similar to
that observed with 0·8mg folic acid/d), was associated with
modest decreases of 11–16% in the risk of ischemic heart dis-
ease and of 19–22% in the risk of stroke (The Homocysteine
Studies Collaboration, 2002). Several clinical trials are under-
way to assess the effect of folic acid on vascular outcomes.

Although many experimental studies have attempted to link
folate depletion with DNA instability and/or mutagenesis, and
great efforts have been made to corroborate an epidemiologi-
cal inverse association between folate intake and colorectal
cancer, a recent extensive review of the literature concludes
that there is no convincing evidence for a chemopreventive
effect of folate (Bollheimer et al. 2005). Few large epidemio-
logical studies have explored the associations between nutri-
ents, including folate, and Alzheimer’s disease, and
available data do not allow definitive conclusions on the pro-
tective power of folate intake (Luchsinger & Mayeux, 2004).
Similarly, evidences are inconsistent on the therapeutic effect
of folic acid in depression (Taylor et al. 2004).

Nut intake and homocysteinemia

There is little information on the bioavailability of folate con-
tained in nuts or on the effect of nut intake on serum folate.
Two short-term feeding trials assessing the effects of diets
enriched with nuts on the lipid profile of hypercholesterolemic
subjects reported no effects of daily supplements of 73 g
almonds (Jenkins et al. 2002) or 40–65 g walnuts (Ros et al.
2004) on plasma Hcy concentrations. The study subjects had
normal baselineHcy concentrations and, given the folate content
of the nuts used (Table 2), no Hcy changes would have been
expected. Another study used mixed nuts as part of a folate-
rich diet in patients with mild HHcy and showed a modest
Hcy-lowering effect, whichwas similar to that of a 0·5mg/d syn-
thetic folic acid supplement (Pintó et al. 2005). Customary nut
consumption may not reduce plasma Hcy by itself, but long-
term intake of nuts as part of a healthy diet is likely to contribute
to an adequate folate status.

Minerals

Excessive intake of some minerals (sodium) associated with
suboptimal intake of other minerals (calcium, magnesium
and potassium) is not uncommon today in individuals that
have adopted the so-called Western dietary habits, character-
ized by increased animal fat consumption and decreased veg-
etable intake. An increasing body of evidence suggests that
these dietary deviations in mineral intake may increase the
risk of prevalent chronic conditions, such as cardiovascular
disease, diabetes, cancer, osteoporosis and other illnesses
(Cordain et al. 2005). Among common foodstuffs, nuts have
a mineral profile that is one of the most beneficial for health.

Calcium

Calcium is an essential nutrient, quantitatively the most abun-
dant of the body’s minerals and a vital electrolyte. The body
of a healthy adult contains between 1000 and 1400 g of cal-
cium, 99% of which is located in the skeleton, while the
remaining 1% is distributed among the different organs and
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tissues. This last fraction is of vital importance because it
serves critical biological functions such as nerve conduction,
muscle contraction, cell adhesiveness, mitosis and blood
coagulation. The recommended daily allowance for calcium
has long been 800mg. Recognition of the many health
benefits of calcium prompted increases in the DRI for calcium
up to 1500mg/d (Bryant et al. 1999). Inadequate intake
of calcium is widespread and has been associated with
several pathological conditions, such as osteoporosis, hyper-
tension, obesity, diabetes and cancer development (Miller &
Anderson, 1999).

Although calcium-related research has focused particularly
on osteoporosis (Nieves, 2005) and hypertension (Birkett,
1998), an increased intake of calcium also appears to have
a significant cholesterol-lowering effect. A controlled clini-
cal trial of calcium supplementation (1 g/d) for 1 year was
carried out in 223 postmenopausal women, and found a
reduction of LDL cholesterol and an increase of HDL
cholesterol that would be predicted to reduce cardiovascular
event rates by 20–30% (Reid et al. 2002). This effect
is possibly mediated by calcium enhancement of the
faecal excretion of bile acids, cholesterol and fatty acids.
Calcium also has an antilipogenic effect mediated by modu-
lation of calcithrophic signalling pathways and adipocyte
metabolism (Zemel, 2002). Although a recent meta-analysis
did not show that calcium intake was linked to greater loss
of body weight (Barr, 2003), there is increasing evidence that
calcium (especially dairy calcium) may be related to a lower
fat mass (St-Onge, 2005) and a reduced prevalence of the

metabolic syndrome (Liu et al. 2005). Calcium intake may
also have an anticarcinogenic effect (Baron et al. 1999).

There are not many foods that are calcium-rich. Among
those with the highest content are pulses, milk and dairy pro-
ducts, small fish eaten whole (i.e. canned sardines) and nuts
(Table 3). It is noteworthy that the calcium content of almonds
more than doubles that of whole milk and is still higher than
that of fortified milk (140–160mg/100 g). Thus frequent nut
intake certainly contributes to daily calcium needs. Calcium
in nuts might also contribute to the consistent cholesterol-low-
ering effect of nuts.

Magnesium

Magnesium is the most abundant intracellular divalent cation.
It is an essential cofactor for more than 300 enzymatic reac-
tions and is critically involved in energy metabolism, glucose
utilization, protein synthesis, fatty acid synthesis and break-
down, ATPase functions and virtually all hormonal reactions
(Saris et al. 2000). The serum concentration of magnesium
is tightly regulated within a narrow range of 0·7 to
1·1mmol/L as a result of the efficiency of both the intestinal
absorption and the renal conservation of magnesium. Because
the magnesium content of the blood compartment is only 1%
of whole body magnesium, plasma concentrations are not
useful to assess marginal deficiencies of this mineral.

Magnesium deficiency is becoming common in Western
populations due to decreased dietary intake and the use of
diuretics. Conditions that may be associated with magnesium

Table 3. Calcium, magnesium, sodium and potassium content of nuts and other
foods in mg/100 g of edible portion

Nuts Calcium Magnesium Sodium Potassium

Almonds 248 275 1 728
Brazil nuts 160 376 3 659
Cashew nuts 37 292 12 660
Hazel nuts 114 163 0 680
Macadamia nuts 85 130 5 368
Peanuts 92 168 18 705
Pecans 70 121 0 410
Pistachios 107 121 1 1025
Walnuts 98 158 2 441
Other foods

Apples (with skin) 6 5 1 107
Asparagus (cooked) 23 14 14 224
Bananas 5 27 1 358
Beans (white, cooked) 90 63 6 561
Beets (cooked) 16 23 77 305
Broccoli (cooked) 40 21 41 293
Cheese (cheddar) 721 28 621 98
Chickpeas (cooked) 49 48 7 291
Ham 24 22 1304 287
Lettuce (romaine) 33 14 8 247
Milk 113 10 40 143
Pears 9 7 1 119
Rice (white, cooked) 10 38 1 35
Sardines (canned in oil) 382 39 505 397
Spinach (cooked) 136 87 70 466
Tomato 10 11 5 237
Veal (cooked) 22 26 87 325
Wheat bread 72 86 527 252

Source: US Department of Agriculture Nutrient Data Base at http://www.nal.usda.gov/fnic/
cgi-bin/nut_search.pl Accessed 29 December 2005
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deficiency include osteoporosis, hypertension, coronary heart
disease, congestive heart failure, arrhythmia, diabetes mellitus,
asthma, migraine headaches and pre-eclampsia; in many of
these, magnesium supplementation has been beneficial in
clinical studies, although the sounder evidences for a thera-
peutic use of magnesium are for pre-eclampsia and torsade
des pointes, an infrequent but severe arrhythmia (Touyz,
2004).
The current DRI for magnesium is 400mg/d. Nuts contain

more magnesium than any other common edible plants
(Table 3). Given the inverse association between dietary
magnesium and diabetes risk found in observational studies
(Kao et al. 1999; Lopez-Ridaura et al. 2004), themagnesiumcon-
tent of nutsmight be relevant to the reduced incidence of diabetes
associated with frequent nut consumption (Jiang et al. 2002).

Sodium and potassium

From an evolutionary perspective, humans have experienced a
drastic shift in salt intake from a diet low in sodium (approxi-
mately 0·5–1 g/d) and high in potassium (8–10 g/d) to an
almost complete reverse pattern, largely as a result of the
global availability of industrially processed foods (Cordain
et al. 2005). Although the relationship between dietary salt,
blood pressure and risk for cardiovascular disease has been
debated for decades, a large body of epidemiological, clinical
and experimental studies indicate a causal link between high
salt intake and hypertension. Independent of the rise in blood
pressure, dietary salt also increases cardiac left ventricular
mass, arterial stiffness, the incidence of strokes and the severity
of cardiac failure (Meneton et al. 2005). Conversely, there are
persuasive evidences that increasing potassium intake reduces
blood pressure and, independently of the blood pressure effect,
decreases the incidence of stroke. In addition, an optimal potass-
ium status is also beneficial for cardiac conduction, bone miner-
alization and insulin function, besides having a calcium-sparing
effect in the kidney (He & MacGregor, 2001).
The benefits of a low-sodium, high-potassium diet can be

equated with those of a diet rich in vegetables and low in
meat, dairy products and processed foods, the so-called
DASH diet, which is also high in calcium and magnesium
and is actually recommended for non-pharmacological treat-
ment of elevated blood pressure (Appel et al. 2006), as
well as for an overall good health (Hu. 2003). As shown in
Table 3, the sodium and potassium content of nuts is one of
the most beneficial of all common vegetable foods and fits
perfectly with the above recommendations.

Conclusions

Current dietary recommendations include the maintenance of
an adequate folate intake in order to lower plasma Hcy con-
centrations and inherent cardiovascular risk; a high intake of
magnesium, along with calcium and potassium, to prevent
bone demineralization and to lower blood pressure and the
risk of cardiovascular diseases; and a low sodium intake to
reduce blood pressure and improve the overall health status.
These measures imply adopting a high-vegetable, low-satu-
rated fat, low-cholesterol diet, and both the macronutrient
and the micronutrient composition of nuts makes them an
ideal component of such a healthy dietary pattern. The fact

that nuts also contain significant amounts of phytosterols
with intrinsic cholesterol-lowering properties is an additional
reason to include them in the everyday diet. In proof of
these assertions, a recent report of the PREDIMED study
shows that, in comparison with a healthy low-fat diet, a Med-
iterranean diet that includes a daily serving of mixed nuts is
associated with lower blood pressure, reduced blood glucose,
improved insulin sensitivity, decreased LDL cholesterol and
triglycerides, raised HDL cholesterol and reduced levels of
circulating inflammatory markers in older individuals at high
cardiovascular risk (Estruch et al. 2006).
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