
ABSTRACT
Background: Epidemiologic studies show an inverse relation
between nut consumption and coronary heart disease.
Objective: We determined the effects of walnut intake on
plasma fatty acids, lipoproteins, and lipoprotein subclasses in
patients with combined hyperlipidemia.
Design: Participants sequentially adhered to the following
diets: 1) a habitual diet (HD), 2) a habitual diet plus walnuts
(HD+W), 3) a low-fat diet (LFD), and 4) a low-fat diet plus wal-
nuts (LFD+W).
Results: In 13 postmenopausal women and 5 men (x– ± SD age
60 ± 8 y), walnut supplementation did not increase body
weight despite increased energy intake and the LFD caused
weight loss (1.3 ± 0.5 kg; P < 0.01). When comparing the HD
with the HD+W, linoleic acid concentrations increased from
29.94 ± 1.14% to 36.85 ± 1.13% and �-linolenic acid concentra-
tions increased from 0.78 ± 0.04% to 1.56 ± 0.11%. During the
LFD+W, plasma total cholesterol concentrations decreased by
0.58 ± 0.16 mmol/L when compared with the HD and by
0.46 ± 0.14 mmol/L when compared with the LFD. LDL-
cholesterol concentrations decreased by 0.46 ± 0.15 mmol/L
when compared with the LFD. Measurements of lipoprotein sub-
classes and particle size suggested that walnut supplementation
lowered cholesterol preferentially in small LDL (46.1 ± 1.9%
compared with 33.4 ± 4.3%, HD compared with HD+W, respec-
tively; P < 0.01). HDL-cholesterol concentrations decreased
from 1.27 ± 0.07 mmol/L during the HD to 1.14 ± 0.07 mmol/L
during the HD+W and to 1.11 ± 0.08 mmol/L during the LFD.
The decrease was seen primarily in the large HDL particles.
Conclusions: Walnut supplementation may beneficially alter
lipid distribution among various lipoprotein subclasses even
when total plasma lipids do not change. This may be an addi-
tional mechanism underlying the antiatherogenic properties of
nut intake. Am J Clin Nutr 2001;74:72–9.
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INTRODUCTION

Epidemiologic studies consistently show that consumption of
142 g (5 oz) nuts/wk is associated with a 30–50% decrease in
coronary heart disease (1–5). This inverse relation remains signi-

ficant after adjustment for age; body mass index; exercise;
smoking; dietary intake of fats, fiber, vegetables, fruit, and alco-
hol; and supplementation with multivitamins or vitamin E. The
protective effects of nuts are mediated through several mecha-
nisms. Nuts are a rich source of unsaturated fatty acids, vitamin
E (which may function as an anitoxidant), fiber, magnesium,
potassium, and arginine (1). Unsaturated fatty acids and fiber
may improve plasma lipids (by decreasing triacylglycerol and
cholesterol concentrations) (6–8), decrease platelet aggregation
(9–11), and prevent arrhythmias (12). Cations, such as magne-
sium and potassium, may improve blood pressure (13), and argi-
nine may lower blood pressure by promoting the production of
nitrous oxide and causing vasodilation (14).

Although epidemiologic studies do not differentiate between
the intakes of various nuts, the fatty acid composition of differ-
ent nuts varies considerably. Although almonds, hazelnuts,
macadamia nuts, and peanuts are rich in monounsaturated fatty
acids (MUFAs), walnuts are rich in polyunsaturated fatty acids
(PUFAs) (1, 15, 16). A unique aspect of walnuts is that they are
a rich source of both n�6 and n�3 PUFAs (16). Replacement of
dietary saturated fats with either MUFAs or PUFAs decreases
plasma total and LDL-cholesterol concentrations (17–20), and
n�3 PUFAs in fish oils lower triacylglycerol concentrations
(21–24). The n�3 PUFA in walnuts, ie, �-linolenic acid (ALA;
18:3n�3), is the essential precursor of n�3 PUFAs in fish oils
[eicosapentaenoic acid (EPA; 20:5 n�3), and docosahexaenoic
acid (DHA; 22:6n�3)] and can be elongated and desaturated in
the human body (15, 25). Therefore, it is conceivable that the
consumption of walnuts can lower both plasma triacylglycerol
and cholesterol concentrations.

Studies in normolipidemic individuals showed that the
replacement of other dietary fats with walnuts lowers plasma
total and LDL-cholesterol concentrations without changing
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either triacylglycerol or HDL-cholesterol concentrations (6–8).
We investigated the effects of walnut consumption in subjects
with high plasma total cholesterol and triacylglycerol concen-
trations. We focused on hyperlipidemic patients because fish
oil supplementation lowers plasma triacylglycerol concentra-
tions only when the baseline concentration is high (22, 26).
Therefore, just because there is no decrease in plasma triacyl-
glycerol concentrations in normolipidemic subjects does not
necessarily exclude the possibility of a beneficial effect in
hyperlipidemic patients.

In all the published reports, walnut supplementation was
accompanied by simultaneous decreases in dietary fat intake
from other sources (6–8). Therefore, it was impossible to
determine conclusively whether supplementation of walnuts or
the restriction of other dietary fats was responsible for the
improvement in plasma lipids. To address this question
directly, we investigated the effects of walnut consumption
along with 2 different background diets, a habitual diet and a
low-fat diet.

SUBJECTS AND METHODS

Subjects

Seven men and 16 postmenopausal women with fasting
plasma triacylglycerol concentrations > 2.26 mmol/L, total
cholesterol concentrations > 5.17 mmol/L, and LDL-choles-
terol concentrations > 3.36 mmol/L while consuming their
habitual diets and who had not been taking any antihyperlipi-
demic medicine for ≥ 2 mo were recruited after they signed
informed consent forms approved by the Institutional Human
Investigation Committee of the University of California, Davis.
All participants were examined by the principal investigator
and chemistry-20 panels and lipid profiles were obtained after
subjects had fasted overnight for 12 h. Individuals with any
systemic illness (eg, diabetes mellitus, liver or kidney disease,
or hypertension) that required medication were excluded.
Smokers and individuals who consumed > 3 servings of alco-
hol/wk (1 serving = 120 mL wine, 240 mL beer, or 30 mL hard
liquor) were also excluded. Hypothyroid patients who were
euthyroid with a stable dose of thyroid replacement therapy
were accepted. Menopause was defined as ≥ 12 mo of amenor-
rhea or surgical removal of both ovaries. Only women receiv-
ing no hormone therapy or continuous hormone therapy were
included. Women receiving cyclical hormone replacement were
excluded. Doses of hormones and all other medications or sup-
plements remained unchanged throughout the study. Each sub-
ject’s exercise level was kept constant and monitored by phys-
ical activity questionnaires.

Five subjects discontinued the study for the following rea-
sons: 1 was intolerant to walnuts (canker sores in the mouth), 2
had unrelated medical conditions, 1 relocated, and 1 could not
afford the time required for the study. The remaining 5 men and
13 women (aged 60 ± 8 y) completed all 4 dietary periods.

Study design

Subjects adhered to the following 4 different diets sequen-
tially in free-living conditions: 1) a habitual diet (HD), 2) a
habitual diet plus walnuts (HD+W), 3) a low-fat diet (20% fat;
LFD), and 4) a low-fat diet plus walnuts (LFD+W). Although
lack of randomization limits the ability to control for seasonal

variations in plasma lipids, these diets were not administered in
a random order for many reasons. First, in our experience, indi-
viduals who are trained to consume a low-fat diet do not fully
resume a high-fat intake. Second, dietary intervention periods
of ≥ 5 wk are adequate to achieve stable plasma lipid profiles
(27). Third, randomization would have approximately quadru-
pled the number of group sessions and increased the time and
resources required.

The total duration of the study was 5.5 mo. The HD lasted
4 wk, whereas the other diet periods lasted 6 wk each. During
the HD and HD+W periods, the participants received no
nutrition education to avoid influencing their usual dietary
habits. At the start of the LFD period, the participants
received intensive group education and training on the
amount of fat in food items, types of fats, calculating energy
obtained from fat, the basic principles of low-fat cooking,
shopping for low-fat food items, and behavior-modification
techniques to change dietary habits. In addition, each partic-
ipant attended individual counseling sessions with a dietitian
(�3 h) to review general nutrition principles and to address
specific questions (eg, ethnic foods and what to do when
traveling). During the 3-mo period that involved consuming
the low-fat diets, 1-h group sessions were held every 2–3 wk
to review and reinforce the principles of a low fat intake and
to answer any new questions.

During the second and fourth intervention periods, the diets
were supplemented with 48 g walnuts/8460 kJ energy intake.
This particular amount of walnut supplementation was selected
because 48 g walnuts contains 3.3 g n�3 fatty acids (ALA). Pre-
viously we showed that 3.3 g n�3 PUFAs in fish oils lowered
plasma triacylglycerol concentrations by 37% (22). In that study
the average energy intake was 8106 ± 456 kJ/d. Therefore, sim-
ilar ratios of n�3 PUFAs per energy intake were provided with
walnuts. Furthermore, Abbey et al (28) reported that a diet con-
taining 68 g walnuts and 10 951 kJ/d (or 52 g walnuts/8460 kJ)
reduced total cholesterol by 5% and LDL-cholesterol concentra-
tions by 9% in healthy subjects. Forty-eight grams of walnuts
contains 1570 kJ: 1269 kJ from 30 g of fat, 132 kJ from 7 g of
protein, and 169 kJ from 9 g of carbohydrates. The daily supple-
mentation of walnuts was provided in preweighed packages to
each study participant. Although the participants were told that
they could use the walnuts for cooking and baking, most subjects
ate the walnuts as they were provided.

Data collection

At the middle and end of each dietary period, subjects were
seen in the morning after they had fasted for 12 h overnight. Sub-
jects were weighed and blood samples were collected in tubes
containing EDTA. The blood tests obtained at the end of each
period were used for the statistical analysis and reporting.

Determination of fatty acid composition

Plasma fatty acid composition was determined at the Clinical
Nutrition Research Unit–Metabolism Core Laboratory at the
University of California, Davis. The total plasma lipids were
extracted and the fatty acids were esterified with 5% HCl in
methanol. Methyl esters of fatty acids were extracted in petro-
leum ether (boiling point: 30–60 �C), dried under nitrogen, and
submitted to analysis by capillary gas chromatography. A
Hewlett-Packard 5890 gas chromatograph (Hewlett-Packard,
Palo Alto, CA) equipped with a 50 m � 0.25 mm bonded 007-
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FFAP fused silica capillary column (Quadrex Corp, New Haven,
CT) was used to separate the methyl esters from the fatty
acids. The column was programmed to raise the temperature
from 190 to 220 �C at 2 �C/min with a final hold, separating
12:0–22:6n�3 fatty acids. The detector temperature was 270 �C
and the injector temperature was 250 �C. Helium was used as the
carrier gas at a flow rate of 1.4 mL/min and a split ratio of 1:65.
Fatty acid methyl esters were identified by comparison with
authentic standards and peak areas were integrated as relative
weight with the use of a microprocessor.

Lipid and apolipoprotein measurements

Triacylglycerol and cholesterol concentrations were measured
enzymatically. Each assay included appropriate standards and
calibrators. The interassay CV was 3.6% for triacylglycerol and
1.9% for cholesterol. HDL cholesterol was separated from
plasma by the precipitation method of Warnick et al (29) with
use of dextran sulfate and magnesium chloride. The CV for HDL
cholesterol was 2% for the normal values and 5% for the
extremes. Apolipoproteins B and A-I were measured by immuno-
nephelometry; the CVs for these measurements were 3.6% and
3.3%, respectively.

Determination of lipoprotein particle size

Particle sizes of VLDL, LDL, and HDL were determined
by nuclear magnetic resonance as previously described (30).
The LDL and HDL subclass distributions determined by gra-
dient-gel electrophoresis and nuclear magnetic resonance
correlate closely (31). The following lipoprotein subclass cat-
egories were used: VLDLlarge (> 40 nm), VLDLintermediate (31–40
nm), and VLDLsmall (27–31 nm); intermediate-density lipopro-
tein (IDL; 23–27 nm); LDLlarge (21.3–23 nm), LDLintermediate

(19.8–21.2 nm), and LDLsmall (18.3–19.7 nm); and HDLlarge

(8.8–13 nm), HDLintermediate (7.8–8.8 nm), and HDLsmall (7.3–7.7
nm). Each VLDL subclass was expressed as a percentage of tri-
acylglycerol in the total VLDL fraction. Concentrations of IDL
and LDL subclasses were expressed as a percentage of choles-
terol in the total LDL fraction, and concentrations of HDL sub-
classes were expressed as a percentage of cholesterol present in
the total HDL fraction.

Nutrition assessment

During each intervention period, 7-d food records were
obtained and analyzed using updated version of Nutrition Data
System (NDS 93; University of Minnesota, Minneapolis).

Statistical analysis

Analyses were conducted with use of SAS for WINDOWS,
release 6.12 (32, 33). Results are reported as means ± SEMs
unless otherwise noted. Changes over time were examined with
a repeated-measures analysis with an unstructured covariance
matrix (mixed procedure). Significance (P values) for testing the
null hypothesis of no difference among the 4 dietary regimens
was computed on the basis of approximate F statistics. Signifi-
cance for testing the null hypothesis between 4 prespecified pair
wise dietary comparisons (HD+W compared with HD, LFD
compared with HD, LFD+W compared with LFD, and LFD+W
compared with HD) was also computed. For each variable, an
overall significance level of � = 0.05 was maintained by adjust-
ing �* = �/4 = 0.0125 to account for the multiple comparisons by
use of the Bonferroni procedure.

RESULTS

Changes in dietary energy and fat intakes and weight

Diet records indicated that during the HD period, participants
consumed 8106 ± 456 kJ/d, providing 31.4 ± 1.9% of daily
energy from fat (Table 1). The dietary ratio of polyunsaturated
to monounsaturated to saturated fat (P:M:S) was 1:1.8:1.7; the
HD provided 11.2 ± 1.4 g linoleic acid (LA; 18:2n�6)/d and
1.3 ± 0.2 g ALA/d. The addition of the walnuts increased the
energy intake by 1661 ± 466 kJ. The P:M:S became 1:0.8:0.8
and the intakes of LA and ALA increased by 19.1 ± 4.1 g/d and
4.1 ± 0.2 g/d, respectively. During the LFD, daily energy intake
decreased by 1451 ± 395 kJ and fat intake decreased by 11.8%
when compared with the HD period. The P:M:S ratio became
1:1.8:1.6 and the intakes of LA and ALA decreased. When wal-
nuts were added back to the LFD (LFD+W), energy and total fat
intake increased by 1514 ± 338 kJ and 14%, respectively, com-
pared with the LFD. The P:M:S became 1:0.7:0.5 and LA and
ALA intakes increased by 19.7 ± 1.1 and 4.2 ± 0.2 g/d, respec-
tively. During the HD and LFD+W periods, energy and fat
intakes did not differ; however, the composition of dietary fat
(P:M:S) was significantly different.

Despite the significant increase in energy intake during
the HD+W, there were no increases in body weight among
subjects (78.7 ± 3.3 kg compared with 78.8 ± 3.4 kg, HD+W
compared with the HD, respectively). During the LFD,
significant weight loss occurred (1.3 ± 0.5 kg; P < 0.01 com-
pared with the HD), and even when walnuts were added back
to the LFD (LFD+W), there was no significant weight gain
(76.9 ± 3.3 kg compared with 77.5 ± 3.2 kg, LFD+W com-
pared with LFD, respectively) despite the significant
increases in energy (1514 ± 338 kJ/d) and fat intake
(30.3 ± 3.4 g/d).

Changes in plasma fatty acid composition

The addition of walnuts to the HD increased the LA and
ALA concentrations in the plasma. There were compensatory
decreases in palmitic and oleic acid concentrations, as shown in
Table 2. Interestingly, concentrations of EPA and DHA did not
change, and concentrations of arachidonic acid (AA, 20:4n�6)
decreased. These changes were completely reversed during the
LFD. The addition of walnuts to the LFD increased the LA and
ALA concentrations and decreased plasma palmitic, oleic,
and AA concentrations, yet did not change either EPA or DHA
concentrations.

Changes in plasma lipids and apoproteins

Plasma triacylglycerol concentrations did not change signi-
ficantly during any of the diets (Table 3). Total and LDL-
cholesterol concentrations did not change during either the
HD+W or LFD. Compared with both the HD and LFD, the
LFD+W decreased total cholesterol concentrations signifi-
cantly. LDL-cholesterol concentrations also decreased during
the LFD+W compared with the LFD. Plasma apolipoprotein B
was not affected by walnut supplementation, but increased
during the LFD compared with the HD. The addition of wal-
nuts to the HD decreased the HDL-cholesterol concentrations,
but increased apolipoprotein A-I. During the LFD, HDL-
cholesterol concentrations remained low. Apolipoprotein A-I
returned to the baseline during the LFD and remained stable
after the LFD+W.
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Changes in the particle size and subclass distribution of
lipoproteins

Overall particle sizes of VLDL, LDL, or HDL did not change
significantly during the different diets (Table 3). However, dis-
tribution of cholesterol in the IDL and LDL subclasses did
change. When the cholesterol in IDL and LDL was considered
as 100% and percentage distribution of cholesterol in each sub-
class was calculated, IDL cholesterol was lower during the
LFD+W (9.7 ± 1.8%) than during the LFD (14.2 ± 1.8%). There
was a decrease in small-density LDL, from 46.1 ± 4.9% to
33.4 ± 4.3%, in the HD+W. The LFD reversed this change.
Changes in HDL–cholesterol subclass distribution indicated
that during the HD+W and LFD, the large HDL subfraction
decreased.

DISCUSSION

Walnut intake did not cause weight gain despite an increased
energy intake. The reasons for this are not clear. In experimental
animals, PUFAs caused less weight gain than did saturated fats
(34). Another explanation may be noncompliance with walnut
intake. However, during both walnut periods, plasma LA and
ALA increased. Another consideration is that this study was not
blind or randomized; therefore, intake of other dietary fats may
have decreased. Self-reported data can underestimate energy and
fat intakes (35, 36); however, we found that even when underre-
porting does occur, there is consistency within the data obtained
from an individual subject over time (35). Furthermore, low-fat
intake was associated with a 58 040 kJ energy deficit and a
1.3 kg weight loss, suggesting relative reliability of the self-

reported data. Therefore, the absence of weight gain seems to be
an accurate finding and requires further investigation.

Although Mantzioris et al (37) showed that flaxseed oil, a rich
source of ALA, increases plasma EPA and DHA concentrations
(37), walnut intake did not increase either EPA or DHA, and
plasma AA concentrations decreased. This may be due to the
competition between LA (n�6 fatty acid) and ALA (n�3 fatty
acid) for the rate-limiting �6-desaturase (15).

We expected that increased ALA intake would lower plasma
triacylglycerol concentrations because ALA would be desatu-
rated and then elongated to EPA, the major fatty acid found in
fish oil that has potent triacylglycerol-lowering activity. How-
ever, because walnut intake did not raise plasma EPA, triacyl-
glycerol concentrations did not change either. A recent study by
Kris-Etherton et al (38) compared the American Heart Associa-
tion’s Step II Diet with 3 different MUFA-rich diets. Restriction
of total fat intake during the American Heart Association’s Step
II diet caused an increase in plasma triacylglycerol concentra-
tions, whereas all 3 MUFA-rich diets lowered triacylglycerol
concentrations. We did not find any increases in plasma triacyl-
glycerol concentrations during the LFD. This was probably due
to the decreased energy intake during the LFD period. We previ-
ously showed that a eucenergetic low-fat diet increases plasma
triacylglycerol concentrations (35, 39). On the other hand, ad
libitum low-fat diet results in decreased energy intake and does
not raise plasma triacylglycerol concentrations (35). There may
be several reasons for the lack of a decrease in plasma triacyl-
glycerol concentrations during walnut intake, eg, our patients
had combined hyperlipidemia, our patients were older, or the
walnut-rich diet contained more PUFAs than MUFAs.
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TABLE 1
Anthropometric and dietary variables during the habitual diet (HD), habitual diet plus walnuts (HD+W), low-fat diet (LFD), and low-fat diet plus walnuts
(LFD+W)1

HD HD+W LFD LFD+W P

Weight (kg) 78.8 ± 3.4 78.7 ± 3.3 77.5 ± 3.22 76.9 ± 3.32 0.0076
BMI (kg/m2) 29.0 ± 1.2 29.0 ± 1.2 28.7 ± 1.1 27.7 ± 1.2 0.0279
Energy (kJ) 8106 ± 456 9767 ± 5412 6655 ± 3712 8169 ± 4043 0.0001
Carbohydrate

(g) 249 ± 15 267 ± 17 232 ± 14 214 ± 14 0.0499
(%) 50.6 ± 2.0 47.0 ± 1.5 61.2 ± 1.42 50.2 ± 1.93 0.0001

Fiber (g) 19.0 ± 1.6 21.4 ± 1.4 18.8 ± 1.5 20.9 ± 2.3 0.1462
Protein

(g) 82.7 ± 6.7 88.9 ± 6.6 69.9 ± 4.5 67.3 ± 4.4 0.0045
(%) 17.0 ± 1.5 15.5 ± 0.7 18.6 ± 1.0 15.6 ± 0.7 0.0354

Total fat
(g) 71.9 ± 7.6 95.4 ± 7.4 32.8 ± 2.12 63.1 ± 3.83 0.0001
(%) 31.4 ± 1.9 37.2 ± 1.4 19.7 ± 1.02 33.7 ± 1.63 0.0001

Saturated fat
(g) 21.4 ± 2.1 23.2 ± 2.4 11.7 ± 3.82 15.3 ± 5.82 0.0001
(%) 11.0 ± 0.9 9.8 ± 0.6 7.5 ± 0.42 8.2 ± 0.6 0.0001

MUFA
(g) 23.8 ± 2.6 30.2 ± 2.7 13.1 ± 1.02 22.5 ± 1.53 0.0001
(%) 12.0 ± 0.9 12.8 ± 0.6 8.3 ± 0.42 11.6 ± 0.53 0.0001

PUFA
(g) 12.9 ± 1.6 36.5 ± 2.12 7.4 ± 0.52 31.5 ± 1.42,3 0.0001
(%) 6.4 ± 0.5 16.0 ± 0.62 4.7 ± 0.32 16.5 ± 0.42,3 0.0001

Linoleic acid (g) 11.2 ± 1.4 30.3 ± 1.82 6.2 ± 0.52 25.8 ± 1.22,3 0.0001
�-Linolenic acid (g) 1.3 ± 0.2 5.4 ± 0.32 0.7 ± 0.12 4.9 ± 0.22,3 0.0001

1 x– ± SEM; n = 18. MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
2 Significantly different from HD, P < 0.0125 (Bonferroni adjusted).
3 Significantly different from LFD, P < 0.0125.
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The HD+W did not raise plasma total cholesterol, LDL-cho-
lesterol, and apolipoprotein B concentrations possibly because
saturated fat intake did not increase in the diet (19, 20). In con-
trast with previous reports (35, 38–42), the LFD did not decrease
plasma total cholesterol and LDL-cholesterol concentrations in
our subjects. Our participants had genetic hyperlipidemia and
habitually consumed less total fat and saturated fat and more
MUFAs than the general population. This may have blunted the
response to further dietary fat restriction. However, the LFD+W
lowered total cholesterol concentrations compared with both the
HD and LFD, and lowered LDL-cholesterol concentrations com-
pared with the LFD. It is assumed that PUFAs or MUFAs lower

plasma lipids by replacing saturated fats. However, the improve-
ment observed after the addition of PUFAs to the LFD suggests
possible independent effects. In support of this, Zambon et al (43)
recently reported that substituting walnuts for MUFAs improves
plasma lipoprotein concentrations in hyperlipidemic patients.

A novel finding was that the subfraction distribution of
lipoproteins changed, even when plasma lipids did not. The
most atherogenic lipoproteins are IDL and small-density LDL.
Although it is generally believed that normal fasting plasma
does not contain IDL, this may be inaccurate because standard
laboratory assays do not measure IDL. In a large Framingham
Offspring study, which analyzed lipoproteins by nuclear mag-
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TABLE 2
Plasma fatty acid composition as measured by gas-liquid chromatography during the habitual diet (HD), habitual diet plus walnuts (HD+W), low-fat diet
(LFD), and low-fat diet plus walnuts (LFD+W)1

Fatty acid HD HD+W LFD LFD+W P

% by wt

Myristic 1.50 ± 0.14 1.22 ± 0.09 1.34 ± 0.11 1.24 ± 0.09 0.1706
Palmitic 26.80 ± 0.69 24.47 ± 0.772 26.59 ± 0.7 23.96 ± 0.642,3 0.0001
Stearic 7.62 ± 0.17 7.76 ± 0.18 7.49 ± 0.16 7.51 ± 0.18 0.1985
Oleic 22.93 ± 0.77 18.91 ± 0.832 22.84 ± 0.67 18.73 ± 0.812,3 0.0001
Linoleic 29.94 ± 1.14 36.85 ± 1.132 29.76 ± 1.08 37.11 ± 0.972,3 0.0001
�-Linolenic 0.78 ± 0.04 1.56 ± 0.112 0.86 ± 0.21 1.85 ± 0.172,3 0.0001
Arachidonic 7.26 ± 0.42 6.33 ± 0.392 7.55 ± 0.41 6.52 ± 0.463 0.0025
Eicosapentaenoic 0.89 ± 0.22 0.86 ± 0.13 0.99 ± 0.26 0.83 ± 0.17 0.5574
Docosahexaenoic 2.28 ± 0.30 2.04 ± 0.18 2.59 ± 0.34 2.25 ± 0.27 0.0516

1 x– ± SEM; n = 18.
2 Significantly different from HD, P < 0.0125.
3 Significantly different from LFD, P < 0.0125.

TABLE 3
Plasma lipids, apolipoproteins, lipoprotein particle sizes, and distribution of triacylglycerol (TG) in VLDL and of cholesterol (C) in intermediate density
lipoproteins (IDL), LDLs, and HDLs during the habitual diet (HD), habitual diet plus walnuts (HD+W), low-fat diet (LFD), and low-fat diet plus walnuts
(LFD+W)1

HD HD+W LFD LFD+W P

Lipids (mmol/L)
TG 2.47 ± 0.22 2.22 ± 0.22 2.31 ± 0.18 2.28 ± 0.18 0.3625
Total C 5.97 ± 0.29 5.79 ± 0.31 5.84 ± 0.31 5.39 ± 0.31a2,3 0.0098
LDL-C 3.57 ± 0.28 3.63 ± 0.31 3.67 ± 0.31 3.22 ± 0.273 0.0148
HDL-C 1.27 ± 0.07 1.14 ± 0.072 1.11 ± 0.082 1.13 ± 0.04 0.0003

Apolipoprotein (mmol/L)
B 2.15 ± 0.13 2.22 ± 0.13 2.31 ± 0.132 2.22 ± 0.17 0.0061
A-I 5.25 ± 0.29 5.71 ± 0.322 5.32 ± 0.25 5.14 ± 0.25 0.0100

Particle size (nm)
VLDL 48.1 ± 1.1 46.2 ± 1.3 49.7 ± 1.2 47.9 ± 1.2 0.0154
LDL 20.4 ± 0.2 20.9 ± 0.1 20.5 ± 0.2 20.7 ± 0.2 0.0342
HDL 8.6 ± 0.1 8.6 ± 0.1 8.5 ± 0.1 8.5 ± 0.1 0.2278

Lipid distribution (%)
VLDL-TGlarge 26.7 ± 2.4 18.5 ± 2.7 27.9 ± 3.4 22.5 ± 2.5 0.0147
VLDL-TGinter 37.2 ± 1.5 40.0 ± 1.7 34.9 ± 1.6 41.4 ± 1.83 0.0280
VLDL-TGsmall 36.4 ± 1.9 41.0 ± 2.6 36.0 ± 2.7 34.3 ± 2.9 0.0536
IDL-C 12.9 ± 1.4 8.6 ± 1.7 14.2 ± 1.8 9.7 ± 1.83 0.0112
LDL-Clarge 40.1 ± 5.4 53.5 ± 5.5 43.7 ± 5.6 48.8 ± 5.32 0.0602
LDL-Csmall 46.1 ± 4.9 33.4 ± 4.32 42.1 ± 4.7 39.1 ± 5.0 0.0425
HDL-Clarge 33.6 ± 4.6 22.8 ± 2.62 23.0 ± 3.32 24.7 ± 2.3 0.0517
HDL-Csmall 63.4 ± 4.4 73.7 ± 3.1 73.7 ± 4.0 71.4 ± 3.3 0.1005

1 x– ± SEM; n = 18. Inter, intermediate. To convert from SI units, divide by 0.01129 for TG, 0.02586 for cholesterol, 0.0185 for apolipoprotein B, and
0.0357 for apolipoprotein A-I.

2 Significantly different from HD, P < 0.0125.
3 Significantly different from LFD, P < 0.0125.
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netic resonance, did not report IDL concentrations (44). In our
patients, 12.9% of the LDL cholesterol was transported in the
IDL at times of fasting during the HD. The reason for the IDL
presence in the fasting plasma may be that our subject had
combined hyperlipidemia. Plasma IDL-cholesterol concentra-
tions were lower during the LFD+W than during the LFD. Wal-
nut intake also affected LDL-cholesterol concentrations favor-
ably. The addition of walnuts to the HD decreased the amount
of cholesterol in the small LDL fraction. Low-fat intake
reversed this beneficial change. To our knowledge, these find-
ings are the first to suggest that dietary fat composition may
affect lipoprotein subclass distribution, even without a change
in plasma lipids.

Another important finding was that, during the HD+W, HDL-
cholesterol concentrations decreased, but apolipoprotein A-I con-
centrations increased. Dietary fat affects plasma HDL choles-
terol (35, 45, 46). Kinetic studies show that a high fat intake
increases HDL-cholesterol concentrations both by increasing the
transport and decreasing the fractional catabolic rate of
apolipoprotein A-I, whereas low-fat intake reduces the transport
rate (45, 46). Our results suggest that both the amount and com-
position of dietary fat are important. Apolipoprotein A-I may be
regulated primarily by the amount, whereas HDL cholesterol may
be regulated more by the composition of dietary fat. In agreement
with this, walnut intake decreased the cholesterol in the large, but
not in the small, HDL particles. The LFD was also associated
with a decrease in large HDL-cholesterol subfractions. Although
low plasma HDL-cholesterol concentrations are associated with
increased coronary artery disease risk, the etiology may also be
very important (47). Dietary fat restriction lowers HDL-cholesterol
concentrations (35, 45, 46, 48, 49). This diet-induced decrease
probably has different implications than would genetically low
HDL-cholesterol concentrations. Our finding is novel in that
increased PUFA intake reduced HDL-cholesterol concentrations
without a decrease in either saturated fat or MUFA intake, sug-
gesting that PUFAs may compete with saturated fat and MUFAs,
thus mimicking the effects of dietary fat restriction.

Plasma lipoproteins are metabolized by several receptors,
enzymes, and lipid exchange proteins. Plasma LDL-cholesterol
concentrations are regulated by the hepatic LDL receptors,
which are reduced by saturated fats. Replacement of saturated
fats by MUFAs or PUFAs restores LDL-receptor affinity and
decreases LDL-cholesterol concentraitons (38). Lipoprotein
lipase hydrolyzes VLDL triacylglycerol and contributes to the
production of HDL (50). Dietary fat restriction decreases and
n�3 fish oils increase postheparin plasma lipoprotein lipase
activity (26, 50, 51). There is no information about the effects of
LA and ALA on lipoprotein lipase. Hepatic lipase facilitates the
uptake of IDL and HDL cholesterol and contributes to the pro-
duction of small-density LDL. We did not see any change in
hepatic lipase activity during either dietary fat restriction or n�3
fish oil supplementation (26, 52). Effects of other PUFAs on
hepatic lipase activity are not known.

Phosphatidylcholine–sterol o-acyltransferase (otherwise
known as lecithin–cholesterol acyltransferase) facilitates the
uptake and incorporation of cholesterol by HDL. In general,
PUFAs are poor substrates for phosphatidylcholine–sterol
o-acyltransferase (53). This may partially explain the drop in
HDL cholesterol during walnut intake. Finally, cholesterol ester
transfer protein exchanges core lipids between triacylglycerol-
rich lipoproteins and HDL. Although n�3 fish oils increase

cholesterol ester transfer protein activity, effects of other PUFAs
are not known (54).

Despite the favorable plasma lipoprotein changes, there may
also be potential concerns about increasing the dietary intake of
nuts, particularly walnuts. Although not observed in this study,
nuts may promote weight gain because of their high fat contents.
Second, increased n�3 fatty acid intake may adversely affect
glucose homeostasis (55), although Sirtori et al (56) and Uusi-
tipa et al (57) did not show a hyperglycemic effect. Third, LA,
which is an n�6 fatty acid, may be proinflammatory and car-
cinogenic (25). The culprit is believed to be AA, a significant
component of phospholipids and the precursor for various
prostaglandins (25). In this study, walnut intake did not increase,
yet instead decreased plasma AA. The simultaneous increase in
the intake of ALA, which is an n�3 fatty acid, may have inter-
fered with the production of AA by competition.

In conclusion, although nut intake may affect human health
significantly, mechanisms underlying these effects are not
known. The present study suggests that the metabolic effects of
walnuts, a food rich both in n�6 and n�3 fatty acids, are very
different from the individual effects of oils rich in either n�6 or
n�3 fatty acids. The potential antiatherogenic effects of nuts and
their possible adverse effects necessitate further research.
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