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Tree nuts and the lipid profile: a review of clinical studies
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Tree nuts have a fatty acid profile that favourably affects blood lipids and lipoproteins. They are low in saturated fat and high in unsaturated fatty
acids and are rich sources of other nutrients. An extensive database consistently shows total and LDL cholesterol-lowering effects of diets low in
saturated fat and cholesterol and high in unsaturated fat provided by a variety of tree nuts. Collectively, a summary of studies conducted to date
shows that tree nuts reduce LDL cholesterol by 3—19 % compared with Western and lower-fat diets. Nuts also contain many nutrients and bio-
active compounds that appear to contribute to the favourable effects on lipids and lipoproteins — these include plant sterols, dietary fibre and anti-
oxidants. Because of their unique nutrient profile, nuts can be part of a diet that features multiple heart-healthy foods resulting in a cholesterol
lowering response that surpasses that of cholesterol-lowering diets typically used to reduce CVD risk.

Tree nuts: Lipids: Lipoproteins: Clinical trials: Humans

Numerous clinical studies have been conducted to evaluate the
effects of nut consumption on lipids and lipoproteins, major
risk factors for cardiovascular disease (CVD) (reviewed by
Kris-Etherton et al. 2001; Mukuddem-Petersen et al. 2005).
The impetus for the clinical studies were the results of several
major epidemiologic studies that have demonstrated beneficial
effects of nut consumption on coronary disease risk (Fraser
et al. 1992; Fraser & Shavlik, 1997; Fraser et al. 1997; Hu
et al. 1998; Hu & Stampfer, 1999; Ellsworth et al. 2001;
Albert et al. 2002; Jiang et al. 2002). Importantly, these results
have been demonstrated consistently in all population groups
studied, including men and women of all ages, African-Amer-
icans and persons with diabetes. The clinical database for nuts
is increasing rapidly and the preponderance of evidence is on
lipid and lipoprotein endpoints as a means to explain
epidemiologic results.

The clinical studies have assessed the effects of different tree
nuts, including walnuts, almonds, macadamia nuts, pecans, pis-
tachios and hazelnuts. Many experimental designs have been
employed with different population groups. For example,
studies have been conducted with free-living subjects on self-
selected diets who were given either specific instructions to
follow regarding nut consumption or daily allotments of nuts
to consume. Controlled feeding studies also have been employed
in which subjects were fed known quantities of the target nut or
nut oil in a nutrient defined diet. The studies have varied with
respect to length, number of treatments, ‘dose’ of nut/nut oil,
as well as the endpoints measured. Typically, the studies have
been designed to test the hypothesis that the test diet with nuts
elicits a favourable lipid and lipoprotein response compared
with a Western diet and/or a lower fat diet that is recommended
for cholesterol lowering.

The studies to date have consistently shown that a nut/nut
oil-containing diet, low in saturated fat and cholesterol,
beneficially affects lipids and lipoproteins compared to the

control diet (typically either a low fat diet or an average
American/western diet). (Table 1) The favourable effects of
the nut/nut oil diet on the plasma lipid and lipoprotein profile
is a mechanism that appears to account for some of the cardio-
protective effects observed in the epidemiologic studies. The
purpose of this review is to examine the evidence on the
effects of tree nuts on established lipid and lipoprotein risk
factors, including total cholesterol (TC), LDL cholesterol
(LDL-C), HDL cholesterol (HDL-C), and triglycerides (TG).
In addition, the effects of nut consumption on more contem-
porary lipid/lipoprotein risk factors including non-HDL
cholesterol and the ratios of TC:HDL-C and LDL-C:HDL-C
will be reviewed. Since oxidative stress is a key event in ather-
ogenesis, and many studies have evaluated the effect of nut
consumption on LDL oxidation, this review will also examine
this literature. As will become evident, there is an impressive
database showing that tree nut consumption improves the lipid
CHD risk factor profile, which may explain the cardio-protec-
tive effects of nut consumption that have been demonstrated in
the epidemiologic studies.

Nuts have a unique nutrient profile that beneficially affects
lipids and lipoproteins. This is due largely to the favourable
fatty acid profile of nuts. Nuts are low in saturated fatty
acids and high in unsaturated fatty acids, including monounsa-
turated fatty acids, omega-6 and omega-3 fatty acids. In
addition, nuts are a source of dietary fibre; soluble fibre has
a blood cholesterol-lowering effect. Collectively, the fatty
acid profile and fibre content of nuts can markedly lower
LDL cholesterol. In fact, the cholesterol reduction observed
in clinical studies of nuts is approximately 25 % greater than
would be expected based on blood cholesterol-predictive
equations (Table 2) (Kris-Etherton et al. 1999). Ten out of
seventeen controlled feeding studies in this review demon-
strate a decrease in LDL-C that is greater than that which
would be predicted using blood cholesterol-predictive
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Table 1. Continued

HDL
(mmol/L)

Dietary Cholesterol

LDL (mmol/L) TG (mmol/L)

TC (mmol/L)

(mg/d)

SFA®  MUFAP  PUFA™

Total Fat?

Nut/Diets

Study

0-91¢
0-87

1.20
1.43

3.68¢
3.37

5.25¢
5.20

189
305

27
12
15
20
12

11

42
35

Macadamia-enriched diet
Typical American diet

Step 1 diet

14
9

(T) Curb et al. (2000)®

1.34° 0-94°

3.21°

4.99¢

297
300
244

30
35

0-79°
114

1.37¢

1-47

3.22°
3-03

4.95¢
5.02

Macadamia-rich diet

Habitual diet

12

37

(U) Morgan & Clayshulte

(2000)

0-90
1.29

1.37°

1.14

2.46°
3-05

4.22°
4.78

186

22

11

43
28
40
37
39

Pecan diet

88
70
NR
NR
NR
NR

Step 1 diet

(V) Rajaram et al. (2001)

116°
1.28
1.22
1.34
118
2.45
2.07

1.21°
129
1.45
115
1.01
0-97
1.04

2.73°
4.65
4-08
1.98
1.94

4.47°
6-28

11

19

11

Pecan-enriched diet

Habitual diet

11

(W) Edwards et al. (1999)

6-18°
4-09
4.08
5.67

15
10
14
10
27

Pistachio diet
Habitual diet

11

38
40
25
45

(X) Kocyigit et al. (2006)

Pistachio diet

A. E.

3.929

190

10

High carbohydrate diet

Hazelnut diet

(Y) Alphan et al. (1997)

3.449

5.399

190

Griel and P. M. Kris-Etherton

high-density lipoproteins; TG = triglycerides; NR = not reported;

NS = not significant. 2% total energy, ®mean, °P<0-05 when compared to control diet, “P<0-01 when compared to control diet, °P<0-001 when compared to control diet, /P<0-05 when compared to baseline, °P<0-01 when com-

pared to baseline, "data reported as mean + standard deviation, ‘unsaturated fat reported; no distinction between MUFA and PUFA.

Step | diet: <30 %en total fat, <10 %en saturated fat, <300 mg/day dietary cholesterol; Step Il diet: <25 %en total fat, <7 %en saturated fat, <200 mg/day dietary cholesterol.

low-density lipoproteins; HDL

total cholesterol; LDL =

polyunsaturated fatty acids; TC =

monounsaturated fatty acids; PUFA

SFA = saturated fatty acids; MUFA

equations (Fig. 1). The predicted average decrease in LDL-C
for these seventeen studies is —0-23mmol/L, with an
observed decrease of —0-29 mmol/L, when comparing the
tree nut-rich diet to the control diet. It has been speculated
that other nut constituents, such as plant protein, and possibly
other factors (that remain to be identified) could account for
this effect. Other nutrients in nuts that favourably affect
lipids and lipoproteins are antioxidants, including vitamin E,
vitamins and minerals, such as folate, potassium, magnesium,
as well as non-nutrient bioactive compounds, such as phytos-
terols and other phytochemical compounds including ellagic
acid, flavonoids, phenolic compounds, luteolin, and tocotrie-
nols (Kris-Etherton et al. 2001) (Table 3). Many of these
could protect LDL against oxidative modification, others
reduce cholesterol absorption and thereby decrease total and
LDL-cholesterol levels. Thus, the nutrient profile of nuts
favourably affects lipid and lipoprotein CVD risk factors in
a diversity of ways.

Walnuts

The effects that walnuts have on blood lipid and lipoprotein
reduction have been studied extensively. While most tree
nuts are rich in monounsaturated fatty acids (MUFA), walnuts
are unique in that they contain high levels of polyunsaturated
fatty acids (PUFA), both a-linolenic acid and linoleic acid
(Feldman, 2002). Walnuts are also high in several cardio-pro-
tective nutrients including fibre, vitamin E, folate and potass-
ium. Studies evaluating the effects of walnuts on blood lipids
and lipoproteins have been conducted in both controlled feed-
ing and free-living settings in healthy individuals and those
with elevated cholesterol levels, generally as part of a choles-
terol-lowering diet.

Supplementation studies

Several investigators have tested the effect of walnut sup-
plementation on blood lipids and lipoproteins. In a study con-
ducted by Chisholm er al. (1998), a free-living two-period
randomized crossover design was used to test whether or not
a 78 g/d supplement of walnuts would have added effects on
the reduction of blood lipids, beyond that of a fat-modified
(30 % totaSl fat) diet. The walnut supplementation represented
20% of the total energy in the supplemented diet and
accounted for 55 % of the total fat (38 %) in the diet. The
reductions observed in LDL-cholesterol (— 8 %), total choles-
terol (—4 %), and apolipoprotein B (— 13 %) were statistically
significant (P<0-01) following the walnut supplemented diet,
when compared to baseline. While the low-fat diet elicited
similar responses on LDL-cholesterol (—5 %), total choles-
terol (—2 %), and apolipoprotein B (—8 %), these results
were not significantly different from baseline levels. The
increases observed in HDL-cholesterol following the low-fat
(11 %) and walnut-supplemented (14 %) diets were both sig-
nificantly different from baseline levels, however they were
not different from one another. These results indicate that
incorporating walnuts (78 g/d) in the diet enhances the lipid
and lipoprotein response to a blood cholesterol-lowering diet.

Almario et al. (2001) tested the effect of walnut supplemen-
tation in hypercholesterolemic men and women on both a fat-
modified and a habitual diet. Subjects consumed the following
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Predicted Changes

Observed Changes

—a— (C) Sabate et al (1993)
—>— (D) Ros et al (2004)
—— (E) Zambon et al (2000)

—o— (F) lwamoto et al (2002)
—o— (G) Chisholm et al (1998)
—0— (H) Zhao et al (2004)

—+—(1,J) Abbey et al (1994)
—o—(IJ) Abbey et al (1994)
(K) Wien et al (2003)

—— (L) Jenkins et al (2002)
—a— (N) Sabate et al (2003)
—a— (O) Lovejoy et al (2002)

—+—(S) Colquhoun et al (1996)
—%— (T) Curb et al (2000)
—=e— (U) Morgan and Clayshulte (2000)

Change in LDL-C from Control Diet (mmol/L)

—+— (V) Rajaram et al (2001)
(X) Alphan et al (1997)
= X =Average for All Studies

Fig. 1. Predicted v. observed changes in LDL-C in tree nut studies.

Table 3. Nutrients for the reduction of lipids and lipoproteins (per 100 g nuts®)

See Table 2 for additional studies.

SFA  MUFA PUFA Linoleic Acid Linolenic Acid Cholesterol  Fiber «-tocopherols  Total Phytosterols  B-Sitosterol
Nut (9) (9) (9) (9) (9) (mg) (@  (mg) (mg) (mg)
Walnuts 6 9 47 38 9 0 7 0-70 72 64
Almonds 4 32 12 12 0 0 12 25.87 120 111
Macadamias 12 59 1.5 1-30 0-20 0 8 0-57 114 107
Pecans 6 41 22 21 1 0 10 1-4 102 89
Pistachios 6 24 14 13-64 0-26 0 10 1.93 214 199
Hazelnuts 4 46 8 7-83 0-09 0 10 15-03 96 89
Brazils 16 23 24 23-81 0-06 0 5 n/a n/a n/a
Cashews 9 27 8 7-66 0-16 0 3 n/a 158 n/a
Pine nuts 8 19 21 21 1 0 4 n/a 141 n/a

Source: USDA National Nutrient Database for Standard Reference, Release 15, August 2002.
2All of the nuts are unsalted; almonds, brazilnuts, hazelnuts, pecans, pine nuts and walnuts are unroasted; cashews, macadamias, and pistachios are dry roasted;
SFA = saturated fatty acids, MUFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids.

diets in a sequential order: 1) habitual diet (HD; 31 % total fat,
11% SFA, 12% MUFA, 6% PUFA); 2) habitual diet +
walnuts (HDW; 37 % total fat, 10% SFA, 13% MUFA,
16 % PUFA); 3) low-fat diet (LFD; 20 % total fat, 8 % SFA,
8% MUFA, 5% PUFA); and 4) low-fat diet 4+ walnuts
(LFDW; 34% total fat, 8% SFA, 12% MUFA, 17%
PUFA). The walnut dosage was 48 g per 2020kcal for each
of the supplemented diets. While the addition of walnuts to
the habitual diet elicited a 3 % reduction in total cholesterol
and a 10 % reduction in triglycerides, there was also a non-sig-
nificant 2 % increase in LDL-cholesterol and a 10 % decrease
in HDL-cholesterol. The HDL response to the walnut sup-
plementation was the only significant effect (P<<0-01). On
the contrary, the supplementation of the same dosage of wal-
nuts to a low-fat, low saturated fat diet resulted in significant
reductions (P<<0-01) in both total (8 %) and LDL-cholesterol
(12 %), accompanied by insignificant changes in triglycerides
(— 1 %) and HDL-cholesterol (42 %). In addition to the stan-
dard lipid profile, the investigators also measured the lipopro-
tein subclasses and particle sizes. One of the emerging risk
factors for cardiovascular disease is the presence of small,
dense LDL particles. These smaller LDL particles are
formed primarily in response to an elevation in triglycerides

and are associated with an increased risk for coronary heart
disease (Austin et al. 1990). Results of this study demonstrate
that walnut supplementation lowers cholesterol preferentially
in the small, dense LDL particles. The addition of walnuts
to the HD decreased the number of small dense LDL (46 %
on HD v. 33% on HDW; P<<0-01). Consequently, the low-
fat diet attenuated this change (42 % of the particles were
small dense LDL), and the addition of walnuts to the low-
fat diet had no effect (39% of the particles were small
dense LDL). These results indicate that walnut supplemen-
tation may create a favourable shift among the lipoprotein dis-
tributions even when total LDL-C levels remain unchanged.

Studies that incorporate walnuts in the diet

Walnuts have also been used to elicit a reduction in blood
lipids and lipoproteins when they are incorporated into a
diet plan. A recent controlled clinical feeding trial evaluated
the effects of two walnut-rich diets on risk factors for CVD
(Zhao et al. 2004). Hypercholesterolemic subjects (n = 23)
consumed each diet for 6 weeks in a randomized, three-
period crossover design: 1) Average American diet (AAD);
[34 % total fat, 13 % SFA, 13% MUFA, 9% PUFA (7-7%
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LA, 0-8% ALA)], 2) Linoleic Acid diet (LA); [37 % total fat,
9% SFA, 12% MUFA, 16% PUFA (126% LA, 3-6%
ALA)], and 3) a-Linolenic Acid diet (ALA); [38 % total fat,
8% SFA, 12% MUFA, 17% PUFA (105% LA, 6:5%
ALA)]. Walnuts and walnut oil represented one-half of the
total fat in the two high-PUFA diets. The daily consumption
of walnuts and walnut oil was 37 and 15 g, respectively, for
a diet that provided 2400kcal/d. Flaxseed oil, ~20g/d for
an energy intake of 2400 kcal/d, was also used to increase
the ALA content of the ALA diet. Compared with the AAD,
the two high-PUFA diets elicited similar lipid-lowering
responses. Serum TC, LDL-C and TG were 109, 12-3 and
18-4 % lower, respectively, following the consumption of the
LA diet (P<<0-05), and were 10-8, 11-0 and 184 % lower,
respectively, when comparing the ALA diet to the AAD
(P<<0-05). Despite a significant decrease in HDL-C following
the ALA diet (P<<0-05), compared to the AAD, there were no
differences in HDL-C response following the LA and ALA
diets; the two high-PUFA diets reduced the ratio of
TC:HDL-C similarly. Iwamoto et al. (2002) demonstrated
analogous improvements in the lipid profile with the incorpor-
ation of 44—58 g of walnuts per day (12-5 % en) into a low-fat
(25 % total fat) diet. Significant reductions (P<<0-001) in both
total (—4-5 %) and LDL-cholesterol (—9-8 %) were observed
when comparing the walnut diet to the low-fat diet. There
were no changes in HDL-cholesterol and triglycerides as a
result of the incorporation of walnuts into the diet.

Results from the Barcelona Walnut Trial (Zambon et al.
2000) illustrated the potent lipid lowering effect of walnuts,
compared to a Mediterranean diet, high in monounsaturated
fatty acids. Despite a higher amount of total fat (33 v. 30 %
in a Mediterranean diet) and an equal amount of saturated
fat in both diets (5 %) the walnut diet (41—56 g/d; 18 % en)
elicited a 9% reduction in total cholesterol and an 11 %
reduction in LDL-cholesterol when compared to the Mediter-
ranean diet. In addition, despite an enrichment of the LDL-
cholesterol with polyunsaturated fatty acids while on the
walnut diet, the resistance of these LDL particles to oxidation
was preserved. In a similar study, when compared to a low-fat,
low-cholesterol diet (28 % total fat), the incorporation of
64 g/d of walnuts into a cholesterol-lowering diet (39 % total
fat) resulted in a significant reduction (P<<0-05) in serum tri-
glycerides (15 %), with a trend for a further improvement in
the lipid profile, as indicated by a reduction in total (3 %)
and LDL-cholesterol (3 %) and an increase in HDL-choles-
terol (2 %) (Morgan et al. 2002). Even greater improvements
have been observed with the incorporation of 84 g of walnuts
per 2500kcal to a Step 1 diet (Sabate ef al. 1993). As a result
of this randomized 4-week crossover study, the incorporation
of walnuts into a Step 1 diet resulted in a significant improve-
ment in the lipid profile, characterized by a reduction in total
cholesterol (—12 %; P<<0-001), LDL-cholesterol (—16 %;
P<<0-001) and the ratios of total:HDL-cholesterol (4-0 to
3.7, P<0-001) and LDL:HDL-cholesterol (2:5 to 2-2;
P<0:001). These results were also accompanied by an 8 %
reduction in triglycerides and a 5 % reduction in HDL-choles-
terol (P<0-01).

Ros and colleagues (2004) tested the hypothesis that nuts,
walnuts in particular, would not only improve hypercholester-
olemia, but would also favourably affect endothelial
function in subjects with hypercholesterolemia. In addition

to hypercholesterolemia, endothelial dysfunction is associated
with atherosclerosis and the development of vascular disease.
Because nuts proportionally contain a large amount of
arginine, the precursor of the endogenous vasodilator nitric
oxide, this would indicate that nuts could also have a
marked effect on cardiovascular health via an improvement
in endothelial function. They conducted a two-period random-
ized crossover design feeding study in twenty-one hypercho-
lesterolemic men and women. The diets included in the
design were a Mediterranean-type cholesterol-lowering diet
and a walnut-enriched diet, both of which contained 33 % of
calories from total fat. The walnut-enriched diet was devel-
oped by substituting ~32 % of the calories from MUFA in
the cholesterol-lowering Mediterranean diet. As a result of
the study, the walnut-enriched diet elicited significant
reductions in total (—4-4%; P<<0-05) and LDL-cholesterol
(=64 %; P=0-01) compared to the Mediterranean diet. In
addition to the favourable effects on the lipid profile, the
walnut-enriched diet also led to a 64 % increase in endo-
thelium-dependent vasodilation. The results of this study
therefore help to explain the additional cardio-protective
effects of walnuts, beyond simply the reduction of blood
cholesterol levels.

Almonds

Numerous studies with almonds have been conducted to assess
their effects on lipids and lipoproteins. Because almonds are a
rich source of monounsaturated fatty acids, and low in
saturated fat, they can be used as a fat source to achieve a
moderate fat diet that is low in SFA. Almonds contain a sig-
nificant amount of a-tocopherol, a potent antioxidant, and
many other proposed cardio-protective components, including
folic acid, calcium, potassium, magnesium, copper, zinc and
phytochemicals.

Studies that evaluate almonds (raw and roasted almonds,
almond butter and almond oil)

Clinical trials conducted in healthy individuals, and individ-
uals with high cholesterol and diabetes, have illustrated the
cholesterol-lowering effect of almonds in both controlled
and free-living situations. Some studies have assessed whether
the processing of almonds has an effect on the lipid-lowering
effect. These studies provide important information about
whether processing almonds increases or decreases bioactive
effects. Comparing whole almonds v. almond oil provides
information about whether effects are due specifically to the
oil fraction or whether there are benefits of both the fat and
components of the total nutrient package. Hyson and col-
leagues (2002) used a two-period 6-week randomized cross-
over design to test whether the incorporation of whole
almonds (66g) v. almond oil (35g) into a habitual diet
would have different effects on blood lipids and lipoproteins.
The goal of their study was to replace 50 % of the subjects’
usual total fat intake (30 %) with either whole almonds or
almond oil. The only difference in the composition of the
diets was a 36 % increase in fibre during the whole almond
diet, compared to both baseline and the almond oil diet.
Both the whole almond and the almond oil diets significantly
(P<<0-05) reduced total (4 %, 4 %) and LDL-cholesterol (6 %,
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7 %), triglycerides (14 %, 15 %) and increased HDL-choles-
terol (4%, 7 %), respectively, when compared to baseline.
The results of this study indicate that the lipid-lowering
effect of almonds is due primarily to the constituents in the
lipid fraction of almonds. A similar study tested the effects
of incorporating either: 1) 100g roasted salted almonds; 2)
100 g roasted almond butter; or 3) 100 g raw almonds into a
cholesterol-lowering diet (Spiller et al. 2003). Each diet con-
tained ~44 % total fat, ~8 % SFA, ~22 % MUFA, ~10%
PUFA. As a result of the study there was a significant
reduction (P<0-05) in LDL-C from all forms of almonds
(12% for raw almonds and 7 % for roasted almonds and
almond butter). The reduction in total cholesterol also was
greatest following the raw almond diet (7 %; P<<0-01) and
was similar for the roasted almond (5%; P<0-05) and
almond butter diets (5 %). There were no significant changes
in HDL-cholesterol or triglycerides following the three differ-
ent diets.

Studies that incorporate almonds in the diet

In addition to testing the different forms of almonds, research-
ers also have evaluated the effects of incorporating almonds
into a lipid-lowering diet. Spiller and colleagues (1998) eval-
uated the lipid-lowering effects of an almond-based diet when
compared to an olive oil-based diet and a dairy-based control
diet. Forty-five hypercholesterolemic males and females were
randomized to receive one of the three treatments in this
4-week parallel design study. The study diets were as follows:
1) almond-based diet (40 % total fat, 5 % SFA, 28 % MUFA,
7% PUFA); 2) olive oil-based diet (36 % total fat, 6 % SFA,
27% MUFA, 3% PUFA); and 3) dairy-based diet (35 %
total fat, 17 % SFA, 15 % MUFA, 3 % PUFA). The almond-
based diet (higher in total fat) produced the greatest reductions
in total (16 %) and LDL-cholesterol (19 %), when compared to
the dairy-based diet (P<<0-001). The reductions in total (9 %)
and LDL-cholesterol (10 %) also were statistically significant
(P<0-001) when comparing the olive-oil based diet to the
dairy-based diet. There were no significant changes for
HDL-cholesterol or triglycerides across all three diets.

In a 24-week free-living weight loss trial, Wien and col-
leagues (2003) evaluated the effect of incorporating 84 g/day
of almonds into a formula-based low-calorie diet (LCD)
(39 % total fat, 3% SFA, 25 % MUFA, 11 % PUFA) in com-
parison to a complex-carbohydrate formula-based LCD (18 %
total fat, 3% SFA, 5% MUFA, 10 % PUFA). Improvements
were observed in the lipid profile, indicated by reductions in
total (13 %, 9 %), LDL-cholesterol (15 %, 10 %) and triglycer-
ides (29 %, 27 %), following the almond-enriched diet and the
complex carbohydrate diet, respectively. None of these
changes were different between the two diet treatments. The
changes observed in HDL-cholesterol were statistically differ-
ent (P<0-05) between the two diets, with a 6 % reduction in
HDL-cholesterol following the almond-enriched diet and a
15% increase following the complex-carbohydrate diet.
While both groups did lose weight, the loss was greater
(P<<0-0001) for the almond-enriched diet (18 %), compared
to the complex-carbohydrate diet (11%). Overall, the
almond-enriched LCD produced a sustained and greater
weight loss in comparison to the complex-carbohydrate
LCD, accompanied by improvements in the lipid profile.

Researchers have also studied the effects of the incorpor-
ation of almonds into diets with a greater variation in the
levels of total fat in individuals with type 2 diabetes (Lovejoy
et al. 2002). A 4-week, four-period randomized crossover
study design was used to evaluate the lipid-lowering effect
of the incorporation of walnuts into both a high-fat and a
low-fat diet. The following four diets were used: 1) low-fat
control (LFC; 25 % total fat, 10 % from olive or canola oil);
2) low-fat, high-almond (LFA; 25% total fat, 10% from
almonds); 3) high-fat control (HFC; 37 % total fat, 10%
from olive or canola oil); 4) high-fat, high-almond (HFA;
37 % total fat, 10% from almonds). Total cholesterol was
the lowest following the HFA diet (446, 4.52, 4.63,
4-63mmol/L. for the HFA, HFC, LFA, and LFC diets,
respectively; P<<0-001). There was a similar effect from
adding almonds to either a high fat or low fat diet compared
with the high fat, low fat control diets on triglycerides. How-
ever the high-fat diets elicited lower triglyceride levels when
compared to the low-fat diets (1-77, 1-68, 2-10, 2-0 mmol/L
for the HFA, HFC, LFA, and LFC diets, respectively;
P<0-001). The only main effect of fat source (almonds v.
olive and canola oils) was found for HDL-cholesterol, with
the two almond diets producing the lowest levels of HDL-
cholesterol (1-13, 1-17, 1-13, 1-16 mmol/L for the HFA,
HFC, LFA, and LFC diets, respectively; P<<0-01). There
was no significant effect from fat level or fat source on
LDL-cholesterol, however there was a trend for an effect of
fat source (2-51, 2-58, 2-:53, 2-53 mmol/L for the HFA, HFC,
LFA, and LFC diets, respectively; P=0-06). There was no sig-
nificant effect of fat source on LDL:HDL-cholesterol ratio.

Dose-response studies

A dose-response relationship was observed with the incorpor-
ation of almonds into a Step II diet (Jenkins et al. 2002). Sub-
jects consumed a Step II diet plus either: 1) 73 g/d of whole
almonds; 2) muffins; or 3) half portions of almonds (37 g/d)
and muffins, in a randomized, crossover design study. Each
supplement provided 22:2% of the total energy in the diet.
Again, a dose-response relationship was observed; the full
portion of almonds was associated with a 5-6 % reduction in
TC, a 94 % reduction in LDL-C, an 8-4 % reduction in the
ratio of TC:HDL-C, and a 3-8 % increase in HDL-C, compared
to baseline. These improvements in the lipid profile translate
into a 9-2 % reduction in CHD risk following the consumption
of 73 g of walnuts per day.

Using a randomized crossover design, Sabate et al. (2003)
conducted a dose-response study to test the effects of two
different levels of almond intake compared with the NCEP
Step I diet. Twenty-five healthy individuals consumed the
following three isoenergetic diets for 4 weeks following a
2-week run-in diet: Step I diet (30 % total fat), low-almond
diet (35% total fat), high-almond diet (39 % total fat).
Almonds represented 0%, 10% (~34g/2000kcal) and
20 % (~68g/2000kcal) during the Step I, low-almond and
high-almond diets, respectively. Levels of TC, LDL-C, apoli-
poprotein B, and the LDL-C:HDL-C ratio were reduced in a
dose-response manner (TC: 5-41, 536, 5-17mmol/L and
LDL-C 3-74, 3.70, 3-48 mmol/L, respectively for Step-1,
low-almond and high-almond diets). There were no signifi-
cant differences in levels of HDL-cholesterol or triglycerides.
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This study suggests that the incorporation of almonds into a
Step I diet will provide additional improvements to the lipid
and lipoprotein profile, above those seen with the traditional
Step I diet.

Combination of almonds and walnuts

In a study conducted by Abbey et al. (1994), the lipid-lowering
effect of both almonds and walnuts were evaluated. Individuals
consumed the following three diets for 3 weeks each in the fol-
lowing order: 1) Reference diet (enriched with peanuts and coco-
nuts; 36 % total fat, 16 % SFA, 12 % MUFA, 7 % PUFA); 2)
Almond-enriched diet (84 g/d; 36 % total fat, 8 % SFA, 17 %
MUFA, 8 % PUFA); and 3) Walnut-enriched diet (68 g/day;
37% total fat, 9% SFA, 10% MUFA, 16 % PUFA). Both
doses of nuts were equivalent to 46 g of fat. Individuals were
instructed on how to incorporate these fat sources (i.e. peanuts,
coconut, almonds and walnuts) into their diets. Compared to the
reference diet, there were significant reductions in TC and LDL-
C,7 % (P<0-01) and 10 % (P<<0-001), respectively, after sup-
plementation with almonds, and 5% (P<0-01) and 9%
(P<<0:001), respectively, after supplementation with walnuts.
There were no significant changes in triglyceride and HDL-C
levels across the three diets.

Macadamia nuts

Macadamia nuts, a rich source of monounsaturated fatty acids,
are typically eaten as a snack and used in confectionary products
and for the elaboration of chocolate. To date, three clinical trials
have evaluated the effect of macadamia nuts on the lipid and
lipoprotein profile. These studies have also used macadamia
nuts as a tool to reduce the saturated fat in the diet by replacing
it with monounsaturated fats from the macadamia nuts. The
results of a supplement trial by Garg et al. (2003) indicate that
the addition of macadamia nuts, representing 15 % of the total
energy intake (40—90 g/d), results in a significant decrease in
TC (3:0%) and LDL-C (5-3 %), and a concurrent increase in
HDL-C (7-9 %) in hypercholesterolemic men.

Two controlled feeding trials have been conducted and have
likewise demonstrated an improvement of the lipid and lipo-
protein profile with the incorporation of macadamia nuts. In
the first trial, researchers compared a high carbohydrate diet
(HCD; 21 % total fat) and a macadamia-enriched diet (MD;
42 % total fat) to the subjects’ typical food intake (37 %
total fat) (Colquhoun et al. 1996). Both the HCD and MD eli-
cited a significant reduction in TC (—7-9%) and LDL-C
(—10-7 %) when compared to the typical food intake. The
MD produced further improvements, compared with the
HCD, in that it reduced triglyceride levels by 20-9 %. In
addition, the HCD reduced HDL-C by 13-1%, while the
MD maintained HDL levels. In a later study, Curb et al.
(2000) compared a macadamia nut based diet (37 % total
fat) to a ‘typical American’ diet (37 % total fat) and a Step
1 diet (30 % total fat). When compared to the typical Ameri-
can diet, both the macadamia based diet and the Step 1 diet
reduced TC (5%, 4%, P<001), LDL-C 4%, 5%;
P<0-05), and HDL-C (4 %; P<<0-01, 6 %; P<<0-001), respect-
ively. Triglyceride levels were higher on the Step 1 diet (8 %;
P<0-05), when compared to the typical American diet, how-
ever the macadamia nut diet produced a significant reduction
in triglyceride levels (9 %; P<<0-05).

Pecans

Pecans are a rich source of monounsaturated fatty acids, and
a number of cardio-protective compounds, including plant
sterols, vitamin E, folic acid, calcium, magnesium,
phosphorus, zinc, vitamin A and several B vitamins. In
addition, one serving of pecans provides approximately 10 %
of the daily value for both zinc and fibre.

Pecans have been used in two controlled feeding trials to
assess their lipid-lowering effect in both healthy and hyperch-
olesterolemic individuals. When compared to a self-selected
diet, an 8-week supplement of 68 g/d of pecans resulted in a
6 % reduction in LDL cholesterol (Morgan & Clayshulte,
2000). In addition, these normolipemic individuals also
experienced a reduction in TC following pecan supplemen-
tation. In a later study, Rajaram et al. (2001) utilized a two-
period crossover design to study the cholesterol lowering
effect of pecans. Following a 2-week run-in phase of a Step
I diet, subjects were then randomized to either continue with
the Step I diet for the first 4-week period, or were placed on
a pecan-enriched diet. While on the pecan-enriched diet, sub-
jects consumed 72 g of pecans per 2400 kcal. When compared
to the Step I diet, hypercholesterolemic individuals on the
pecan-enriched diet experienced a 10-4 % reduction in LDL
cholesterol. Overall, the reduction observed on the pecan-
enriched diet compared to baseline (—16%) represents a
25% reduction in CHD risk. In addition to a substantial
reduction in LDL cholesterol, several other lipid and lipopro-
tein risk factors were reduced, including TC (—6-7 %), HDL
cholesterol (+5:6 %), LDL:HDL (—15-7 %), TG (—11-1 %),
apolipoprotein B (—11-6 %), and Lp(a) (— 15-1 %).

Pistachio nuts

Pistachio nuts are rich in monounsaturated fat and phytosterols,
a plant sterol that has cholesterol-lowering properties. One ser-
ving (~30g; approximately 49 nuts) of pistachios contains
13 g of total fat, of which only 1-5 g is saturated fat, and provides
more than 10 % of the daily value for dietary fibre, vitamin B-6,
thiamin, phosphorus and copper and 61 mg plant sterols.

To date, two studies have been conducted to test the choles-
terol lowering ability of pistachio nuts. One study, conducted
in hypercholesterolemic men and women, demonstrated that pis-
tachio nuts decrease lipid and lipoprotein levels. Edwards et al.
(1999) conducted a two-period, 3-week randomized crossover
design study that investigated the effects of a 100 g (20 % en)
supplementation of pistachio nuts to a typical diet. The compo-
sition of diets were as follows: 1) habitual diet (37 % total fat,
11% SFA, 11% MUFA, 5% PUFA); and 2) pistachio diet
(39 % total fat, 8 % SFA, 15 % MUFA, 7 % PUFA). When com-
pared to a habitual diet, the pistachio-enriched diet reduced LDL
cholesterol by 11 %. Although this reduction was not significant,
there was a significant reduction in TC (—3-7 %), TC:HDL
(— 14-6 %) and LDL:HDL (—9-4 %). The substitution of pista-
chio nuts was used to alter the fatty acid profile of the diet
through a reduction in SFA and an increase in MUFA and
PUFA. In a similar study, the substitution of pistachio nuts for
20% of the daily caloric intake resulted in significant reductions
in the ratios of TC:HDL-C and LDL-C:HDL-C (P < 0-001 and
P < 0.01, respectively), and small non-significant reductions in
triglycerides and LDL-C (Kocyigit et al., 2006). Given that
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pistachios contain the highest levels of plant sterols it is likely
that additional mechanisms mediate their blood cholesterol-
lowering effects.

Hazelnuts

Hazelnuts contain a number of proposed cardio-protective
compounds, including fibre, vitamin E, arginine, folate,
vitamin B-6, calcium, magnesium and potassium. In addition,
hazelnuts are a rich source of monounsaturated fats. Hazelnuts
contain approximately 91 % monounsaturated fatty acids,
mostly oleic acid, and less than 4 % saturated fatty acids.
This fatty acid profile of hazelnuts would be expected to
reduce both total and LDL cholesterol levels when incorpor-
ated into a low saturated fat, low cholesterol diet. In a study
conducted by Alphan and colleagues, the effects of hazelnuts
on blood lipids and lipoproteins were evaluated in nineteen
individuals with type 2 diabetes (Alphan et al. 1997). Individ-
uals consumed a high-carbohydrate diet (60 % carbohydrate,
25 % total fat, 10 % SFA, 10 % MUFA, 5 % PUFA) for 30d,
followed by a 15-d washout period before consuming a hazel-
nut diet (40 % carbohydrate, 45 % total fat, 9% SFA, 27 %
MUFA, 9% PUFA) for 30d. LDL-cholesterol was signifi-
cantly reduced (P<<0-01) following both the hazelnut (26 %)
and the high-carbohydrate (16 %) diets, when compared to
baseline values. While both diets also reduced total choles-
terol, this reduction was only significant (P<0-01) following
the hazelnut diet (12 %; 5 % for high-carbohydrate diet). The
changes observed in apolipoprotein B (+7 %, — 8 %), HDL-
cholesterol  (+2%, + 8%) and triglycerides (—12%,
— 16 %) following the high-carbohydrate and hazelnut diets
respectively, were not significantly different when compared
to baseline. While this is the only published study on the
effects of hazelnuts on blood lipids and lipoproteins, hazelnuts
would be expected to have similar effects on lipids and lipo-
proteins compared to other tree nuts because they also are
low in saturated fat and high in unsaturated fatty acids.

Maximal cholesterol lowering achievable with
a multicomponent diet

Numerous clinical studies have demonstrated cholesterol-low-
ering effects of diets that contain nuts. For maximal total and
LDL cholesterol reductions by diet, it is now evident that a
total diet approach is necessary that emphasizes the lowest
amount of saturated fat and cholesterol achievable as well as
high levels of viscous fibre and plant sterols. A study con-
ducted by Jenkins ef al. (2003, 2005) showed that a vegetarian
diet that was very low in saturated fat and cholesterol and high
in plant sterols (1 g/1000 calories), soy protein (21-4 g/1000
calories), viscous fibre (9-8g/1000 calories), and almonds
(14 g/1000 calories) decreased LDL cholesterol by approxi-
mately 30 %, similar to that observed with low-dose statin
therapy (20 mg/d). While this study used almonds, based on
studies conducted to date with other tree nuts, it would be pre-
dicted that other nuts could be substituted to achieve the same
blood cholesterol-lowering outcome. Thus, tree nuts can be an
important part of a blood cholesterol-lowering diet that elicits
a maximal effect attainable by diet that is comparable to low
dose statin therapy.

Beyond serum lipids

We have transited a remarkable research era with tree nuts
during which time many studies have shown beneficial
effects of all tree nuts studied on lipids and lipoproteins,
due in large part to their fatty acid profile (i.e. low in satu-
rated fat and high in unsaturated fat, both MUFA and
PUFA). Current dietary guidelines recommend inclusion of
unsaturated fatty acids within the context of a nutritionally
adequate diet that provides 20—35% of calories from
total fat, with 5-10% recommended for PUFA (USDA,
2005). There are exciting research findings about how
PUFA exert their regulatory and metabolic effects on a
host of biological systems, including decreasing triglyceride
and fatty acid synthesis, and increasing mitochondrial (3-oxi-
dation, as well as peroxisome (3-oxidation (Clarke, 2001). In
addition, there is keen interest in understanding the role of
PUFAs in oxidative stress and inflammation. Relative to
the latter, the mechanisms by which LA and ALA affect
inflammation need to be better understood. For example,
there is recent evidence that LA, ALA as well as docosa-
hexaenoic acid (DHA) decrease IL-6, IL-1$3, and TNF-«a
gene expression, and nuclear factor (NF)-kB activation,
whereas  peroxisome proliferators-activated  receptor-y
(PPARYy) DNA binding activity was increased (Zhao et al.
2005). These findings reinforce the need to learn more
about the signal pathways that mediate the effects that
PUFAs have on gene transcription in a variety of biological
systems. Moreover, it will be important to clarify how indi-
vidual PUFAs, including omega-6 and omega-3 fatty acids,
regulate a variety of biological systems that affect chronic
disease risk. In this regard, innovative controlled diet studies
using tree nuts will be important to manipulate levels of
individual PUFA to assess how different packages of
PUFA affect metabolism and health outcomes.

We need to better understand how these regulatory mechan-
isms are altered in a way that seems to exacerbate the pro-
gression of CVD, metabolic syndrome and diabetes. While
research is underway to resolve the mechanisms of PUFA
action, we have a robust database on tree nuts that compel-
lingly shows that they decrease the risk of CVD. It will be
important to determine how different tree nuts included in a
healthy diet affect a variety of biomarkers for CVD and
other chronic diseases, and study the underlying mechanisms
of action. It is abundantly clear that including food sources
of PUFA, such as tree nuts, in the diet is an integral com-
ponent of the new generation of healthy diets.

Beyond their fatty acid profile, tree nuts are a unique food
because they are a rich source of dietary fibre, phytosterols
and several micronutrients that have cardio-protective effects.
The evidence base for health benefits of tree nuts is expanding
beyond lipids and lipoproteins, and increasing to address how
nuts affect metabolic syndrome and diabetes. There is a need
to enlarge our understanding of the biological mechanisms
that mediate the growing list of diverse metabolic effects of
nut consumption. While unsaturated fatty acids in nuts are
important for these health effects, it is clear that other bio-
active compounds and nutrients in nuts play an important
role. A better understanding of the ‘nutrient package’ in nuts
may position us to develop innovative dietary strategies
that confer health effects that extend beyond lipids and
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Fig. 2. LDL-Cholesterol lowering reported in tree nut studies.

lipoproteins and heart disease to other chronic diseases such as
metabolic syndrome and diabetes.

Conclusions

The results of clinical trials with tree nuts have reported favour-
able effects on blood lipids and lipoproteins, major risk
factors for CVD. Studies conducted to date have
consistently demonstrated beneficial effects on lipids and
lipoproteins, primarily a decrease in LDL-C (Fig. 2), which is
predictive of a reduction in CHD risk. This effect has been
demonstrated consistently in different population groups, utiliz-
ing various study designs and methods. A pooled analysis of fif-
teen clinical human nutrition studies that have evaluated the
effect of tree nut containing diets on serum lipids and lipopro-
teins demonstrated a 0-34 mmol/L reduction in LDL-C when
compared to a usual diet and a 0-23 mmol/L reduction when
compared to a Step I Diet. The study designs included crossover
(nine studies), parallel arm (three studies), and pre-post consecu-
tive (three studies). The administration of diets and rigor of con-
trol varied from well-controlled metabolic type feeding studies
(five studies), to dietary advice and dosage of nuts on free-
living individuals (three studies), to less rigid dietary advice
and overall control (seven studies). With regard to the control
of the diets, the well controlled feeding studies elicited a
14 mg/dL reduction in LDL-C, compared to only a 10 mg/dL
reduction following the studies which were based on dietary
advice and self-selected diets.

Tree nuts are a rich source of nutrients proven to reduce
CHD risk through a reduction in lipid and lipoprotein risk fac-
tors. When nuts are incorporated into a healthy diet, there is an
improvement in the lipoprotein profile. It is likely that future
research could identify other bioactive compounds in nuts

that confer additional health benefits beyond those identified
to date.
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