
R

A
P
P
P

A
T
r
c
i
w
A
d
a
0
i
l
d
l
a
t
b
p
J

T
a
v
m
m
p
t

P
o
s
R
a
S
L
H

D
L
e

A

©

RESEARCH

esearch and Professional Briefs

lmonds in the Diet Simultaneously Improve
lasma �-Tocopherol Concentrations and Reduce
lasma Lipids
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BSTRACT
he objective of this study was to assess the dose-
esponse effect of almond intake on plasma and red blood
ell tocopherol concentrations in healthy adults enrolled
n a randomized, crossover feeding trial. Participants
ere 16 healthy men and women, aged 41�13 years.
fter a 2-week run-in period, participants were fed three
iets for 4 weeks each: a control diet, a low-almond diet,
nd a high-almond diet, in which almonds contributed
%, 10%, and 20% of total energy, respectively. Changes
n blood tocopherol levels were assayed by high pressure
iquid chromatography. Incorporating almonds into the
iet helped meet the revised Recommended Dietary Al-
owance of 15 mg/day �-tocopherol and increased lipid-
djusted plasma and red blood cell �-tocopherol concen-
rations. A significant dose-response effect was observed
etween percent energy in the diet from almonds and
lasma ratio of �-tocopherol to total cholesterol.
Am Diet Assoc. 2005;105:449-454.

here is increasing concern about the dietary ade-
quacy of vitamin E, a potent lipophilic antioxidant
and stabilizer of membranes (1,2). In 2000, the Food

nd Nutrition Board of the Institute of Medicine defined
itamin E as �-tocopherol and increased the Recom-
ended Dietary Allowance for the vitamin from only 10
g/day �-tocopherol equivalents to 15 mg �-tocopherol

er day for adult men and women (3). This is substan-
ially more than what is usually obtained in US diets. The
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hird National Health and Nutrition Examination Sur-
ey reported a median vitamin E intake of 9 mg �-tocoph-
rol equivalents or approximately 7 mg �-tocopherol per
ay (4,5). Analysis of data from the 1994 to 1996 Con-
inuing Survey of Food Intakes by Individuals found that
nly 8.0% of men and 2.4% of women in the United States
et the new Estimated Average Requirement of 12 mg
-tocopherol per day from foods alone (6).
The challenge to dietetics professionals is to design

iets with the recommended amounts of this important
utrient. The main unfortified dietary sources are vege-
able fats and oils and foods containing vegetable oils.
owever, the more commonly used oils such as corn and

oy contain substantially more �- than �-tocopherol.
oods rich in �-tocopherol are sunflower seeds, almonds,
azelnuts, wheat germ, and sunflower, safflower, and
ottonseed oils (6). What is not known yet is whether the
aily consumption of a food rich in �-tocopherol contrib-
tes to vitamin status assessed by blood levels of the
utrient.
Almonds rank high as a source for vitamin E because

hey contain 7.4 mg �-tocopherol per 28 g (1 oz) (7). The
bjective of this study was to measure the change in
lasma and red blood cell (RBC) �-tocopherol concentra-
ions with the incorporation of two increasing amounts of
lmonds in the diet. Because almond consumption affects
erum lipids and plasma vitamin E levels are known to
orrelate strongly with serum lipid concentrations (4), we
oted changes in blood lipids examined in a prior study
8). We hypothesized that the addition of a single food
igh in �-tocopherol has the ability to raise lipid-adjusted
lasma and RBC �-tocopherol levels.

ETHODS
ixteen subjects were selected from those participating

n a randomized feeding trial investigating lipid re-
ponses to graded almond intakes (8). Those selected
ere male (n�8) and female (n�8) participants not

aking multivitamins, vitamin E, or other dietary sup-
lements before and during the study. Pertinent char-
cteristics were age (41�13 years), body weight
71�2.7 kg), and body mass index (calculated as kg/m2)
5.2�3.6. The Institutional Review Board of Loma
inda University approved the study.
A detailed outline of study design and diets has been

ublished elsewhere (8). Briefly, the study was a 3�3
rossover complete Latin Square design that, after a
-week initial stabilization period, ran in three consecu-

ive 4-week cycles. Participants were randomized to six
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ossible diet sequences for the study period. The isoca-
oric test diets were control, low almond, and high al-

ond, with 0%, 10%, and 20% of energy provided by
lmonds, respectively. All food items of the control diet
ere reduced by 10% or 20% of energy to accommodate

he almonds. The amount of �-tocopherol in the diets per
,368 kJ/day (2,000 kcal) increased from 7.96 mg �-to-
opherol in the control diet to 15.87 mg and 24.77 mg in
he low-almond (10%) and high-almond (20%) diets, re-
pectively.
Blood samples were collected in sterile blood collection

ubes after an overnight fast at the end of each diet
eriod. Plasma and RBC tocopherol was extracted using
he method of Mino and colleagues (9) and separated into
ocopherol fractions by high performance liquid chroma-
ography using a method described by Kramer and col-
eagues (10).

Statistical analyses were performed using the Statis-
ical Analysis System (version 8.0, 1999, SAS Institute
nc, Cary, NC) and data are presented as least-squares
eans�standard error. Changes in plasma tocopherol

evels and tocopherol to cholesterol ratios were deter-
ined by analysis of variance using mixed linear mod-

ls that included a random-effect term for participants
nd fixed-effect term for diet and period. Models of
lasma tocopherols also included a covariate to adjust
or serum cholesterol. A test for a linear dose-response
ffect of the amount of almonds in the diet on the
-tocopherol to total cholesterol ratio was conducted by
nalyses of covariance by replacing the diet variable in
he previously described model with a continuous vari-
ble representing the percent energy in the diet con-

Table 1. Plasma and red blood cell tocopherol and serum lipid leve
almonds, 10% of energy from almonds, and 20% of energy from al

Control

Plasma tocopherol (�mol/L)b 4™™™™™™™™™
�-tocopherol 26.27�1.07
�-tocopherol 3.06�0.17
�-tocopherol 0.50�0.04
Red blood cell tocopherol (�mol/L)b

�-tocopherol 3.54�0.24
�-tocopherol 0.51�0.05
�-tocopherol 0.08�0.01
Serum lipids
Total cholesterol (mmol/L)d 5.50�0.26
Low-density lipoprotein (mmol/L)d 3.81�0.30
High-density lipoprotein (mmol/L)d 1.21�0.06
Triglycerides (mmol/L)e 1.30�0.22
Tocopherol:cholesterol (mmol/L::mol/L)
�-tocopherol/total cholesterol 48.21�1.94
�-tocopherol/total cholesterol 5.72�0.34
�-tocopherol/total cholesterol 0.91�0.07

aSuperscripts indicate significant difference from control diet (uP�.001, vP�.01, wP�.0
bTo convert �mol/L �-, �-, �-tocopherol to mg/dL, multiply �mol/L by 0.0431, 0.0417
cAnalysis of covariance test for trend, using percent of energy from almonds as the cov
dTo convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. To convert mg/dL c
eTo convert mmol/L triglycerides to mg/dL, multiply mmol/L by 88.6. To convert mg/dL
ributed by almonds. a

50 March 2005 Volume 105 Number 3
ESULTS
ur study demonstrates that incorporation of almonds

nto the diet both increases blood �-tocopherol levels and
ecreases cholesterol levels. Table 1 shows plasma, RBC
ocopherols, and serum lipids at the end of each dietary
reatment. Compared with the control diet, plasma �-to-
opherol concentrations increased significantly on the
ow- and high-almond diets. Mean plasma �- and �-to-
opherol concentrations decreased with the low- and
igh-almond diets in both plasma and RBCs. The ratio of
-tocopherol to total cholesterol was significantly higher,
nd those of �- and �-tocopherol to total cholesterol lower
n the almond diets.
The Figure compares the observed mean ratio of �-

ocopherol to total cholesterol following each diet with
hat predicted from a linear dose-response model based
n the percent energy in the diet contributed by almonds.
or each diet, the predicted value falls within the stan-
ard error of the observed mean, suggesting that the
ercent energy in the diet from almonds affects the ratio
f �-tocopherol to total cholesterol in a linear dose-
esponse fashion.

ISCUSSION
ccording to current recommendations (3), the only phys-

ologically pertinent form of vitamin E is �-tocopherol.
lthough all vitamin E forms are absorbed and trans-
orted by chylomicrons from the intestine to the liver, the
iver preferentially secretes �-tocopherol into the circula-
ion. This is regulated by the hepatic �-tocopherol trans-
er protein (11,12). Consequently, although �-tocopherol

subjects following 4 weeks of eating a diet with 0% of energy from
s (N�16)a

Low almond High almond P c

™™™ � 2�standard error ™™™™™™™™™™™™™™™™3
29.88�1.07u 31.19�1.09u �.01
1.04�0.18u 1.89�0.18u �.001
0.49�0.04u 0.43�0.04uy �.001

4.23�0.23w 4.55�0.23u �.001
0.52�0.05 0.36�0.00ux �.001
0.10�0.01 0.07�0.01 .39

5.49�0.26 5.25�0.26vy �.01
3.79�0.30 3.54�0.30uy �.001
1.21�0.06 1.23�0.06 .18
1.42�0.22 1.29�0.22 .91

54.20�1.95u 56.39�1.98u

4.60�0.35u 3.55�0.35ux

0.84�0.07v 0.78�0.07uz

significant difference from low-almond diet (xP�.001, yP�.01, zP�.05).
0.0417, respectively.

erol to mmol/L, multiply mg/dL by 0.026. Cholesterol of 5.00 mmol/L�193 mg/dL.
rides to mmol/L, multiply mg/dL by 0.0113. Triglycerides of 1.80 mmol/L�159 mg/dL.
ls of
mond

™™™™

5) and
, and
ariate.
holest
ccounts for as much as 70% of total intake of tocopherols
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n the United States, plasma �-tocopherol levels are
bout 10-fold higher than �-tocopherol with �-tocopherol
evels lower still (13).

Almonds contain little �- or �-tocopherol, and isocaloric
ncorporation of almonds reduced the �- and �-tocopherol
ontent of the experimental diets and of the participants’
lood. Previous studies reported a negative correlation
etween �- and �-tocopherol levels and suppression of
lasma �- and �-tocopherols by supplemental doses of
-tocopherol (14,15). The relatively high levels of �-
ocopherol of the almond diets in our study may have had
similar effect.
This is the first randomized controlled feeding trial to

emonstrate dose-response enrichment of blood �-tocoph-
rol levels through the ingestion of increasing amounts of

single �-tocopherol-rich food. Previously, blood �-
ocopherol concentrations were observed to have a posi-
ive correlation to diets rich in the vitamin (16,17). The
mportance of the delivery vehicle in enhancing uptake
as demonstrated in a study showing that fortifying milk
ith a microdispersion of vitamin E increased the molar

atio of plasma tocopherol to cholesterol more dramati-
ally than did fortifying orange juice or the use of vitamin

capsules (18).
Observational studies have shown �-tocopherol is pro-

ective against conditions such as cardiovascular disease,
ancer, diabetes, hypertension, and cognitive decline
3,6,19-22). In contrast, prospective, randomized, place-
o-controlled studies have failed to verify a consistent
enefit from vitamin E supplementation (23-25). Supple-
ental vitamin E is considered safe even at relatively
igh doses; an upper tolerable level has been set at 1,000
g/day (1,100 IU all-rac- or 1,500 IU RRR-�-tocopherol)

y the Food and Nutrition Board (3). However, recent
vidence suggests that under certain conditions, pharma-
ological doses of vitamin E may cause detrimental inter-
ctions. Vitamin E supplementation (800 IU/day) in-
reased in vivo lipid oxidation in smokers consuming

igure. Change in the ratio of �-tocopherol to total cholesterol in
esponse to almonds. The molar ratio of plasma �-tocopherol to total
holesterol increased by 0.15 �mol/La for every 1% energy increase
rom almonds. aTo convert �mol/L vitamin E to mg/dL, multiply �mol/L
y 0.04307. To convert mg/dL vitamin E to �mol/L, multiply mg/dL by
3.2. Vitamin E of 30 �mol/L�1.3 mg/dL.
iets high in polyunsaturated fatty acids (26). A supple-
ent containing vitamin E, vitamin C, beta carotene, and
elenium was shown to blunt favorable responses of high-
ensity lipoprotein cholesterol to simvastatin–niacin
herapy (27). In the Women’s Angiographic Vitamin Es-
rogen trial, all-cause mortality increased in postmeno-
ausal women receiving hormone replacement therapy
ho were assigned to the group receiving the antioxidant
itamins E (800 IU) and C (1,000 mg) (28). These unex-
ected reactions raise questions regarding the safety of
upplemental doses, especially in association with smok-
ng or drug therapies.

Food sources are a preferable method of obtaining
eeded nutrients. Epidemiologic studies suggest frequent
ut consumption is beneficial for cardiovascular health
28-31) and intervention studies have examined the in-
lusion of nuts into diets in free-living (32-34) and con-
rolled conditions (8,35-38).

Dietary advice often cautions that it may not be possi-
le to plan daily meals with needed amounts of vitamin E
39). However, we demonstrated that incorporating al-

onds at 10% of energy (approximately 28 g [1 oz] or
bout 24 almonds and 165 kcal) in a 1,650-kcal diet
rovides 7.4 mg �-tocopherol and is a practical method of
ubstantially increasing intake and of achieving the vita-
in E requirement for most persons. Other readily avail-

ble foods that may contribute substantial amounts of
itamin E to the diet include sunflower, safflower, and
ottonseed oils, peanuts, peanut butter, soybeans, may-
nnaise, salad dressings, fortified cereals and breads,
heat germ, and broccoli. Planning a diet with a variety

f these foods daily may also help achieve vitamin E
ecommendations (see Table 2).
This study examined the dose-response effect of al-
ond consumption on vitamin E status. We found that an

-tocopherol-rich food like almonds was a vehicle for en-
iching both the diet and blood with �-tocopherol. The
lmond diets resulted in higher plasma and RBC levels of
-tocopherol and higher �-tocopherol to cholesterol ratios

n healthy adults.

ONCLUSIONS

The recommended dietary allowance for vitamin E has
been increased to 15 mg/day �-tocopherol for both men
and women. The typical US diet is low in �-tocopherol.
One ounce of almonds (165 kcal) can be isocalorically
substituted for white bread, crackers, chips, and simi-
lar refined products to provide 7.4 mg �-tocopherol.
Other than almonds, foods that provide �4 mg �-
tocopherol in a typical serving are sunflower seeds,
hazelnuts, wheat germ, wheat germ oil, sunflower oil,
cottonseed oil, and safflower oil (6). Other important
sources are green vegetables, tomato sauce, avocado,
mango, and papaya. Dietetics professionals and nutri-
tion educators can encourage the public to consume
foods as opposed to dietary supplements that in addi-
tion to �-tocopherol contain important nutrients and
bioactive substances (40).
Incorporating almonds into a diet may not be feasible
for some persons due to personal preference, allergies,
or economic factors. A limiting factor of our study is
that only one food could be tested at a time to determine

its ability to increase plasma vitamin E concentrations.

March 2005 ● Journal of the AMERICAN DIETETIC ASSOCIATION 451
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Table 2. Sample study menus for control, low-almond, and high-almond diets based on a 1,800-kcal/daya dietb

Control Low almond High almond

Sample menu 1
Breakfast
Egg 41 37 33
Hash browns 68 60 47
Wheat bread 1 slice 1 slice 1 slice
Butter 8 — —
Almond butter — 11 23
Jam 19 17 15
Yogurt, flavored 113 101 90
Orange juice 0 0 0
Lunch
Cheese sandwich 0.75 each 0.75 each 0.5 each
Corn chips 21 19 17
Black bean dip 21 19 17
Trail mix 38 34 30
Cranberry juice 6-oz can 6-oz can 6-oz can
Whole almonds — — 23
Dinner
Baked chicken breast 98 89 79
Baked potato 113 101 90
Green beans 75 68 60
Green salad Small Small Small
Tomato wedges 26 24 21
Olive oil 8 7 6
Lemon juice dressing 1 tsp 1 tsp 1 tsp
Cornbread 21 19 17
Honey 11 10 9
Butter 8 7 6
Fresh fruit cup 116 105 93
Slivered almonds — 11 15

Sample menu 2
Breakfast
Corn flakes 21 19 17
Waffles 60 54 48
Syrup 23 20 18
Butter 4 4 3
Milk (2%) 139 125 111
Orange juice 0 0 0
Sliced almonds 0 9 19
Lunch
Meatless sandwich patty 1 each 1 each .75 each
Hamburger bun 1 each 1 each 1 each
Lettuce 2 pieces 2 pieces 2 pieces
Tomato 2 slices 2 slices 2 slices
Onions 2 slices 2 slices 2 slices
Ranch dressing 5 5 5
Ketchup 15 14 12
Potato chips 21 19 17
Celery stalk 3 pieces 3 pieces 3 pieces
Granola bar 20 — —
Almond granola bar — 19 28
Orange, medium 1 each 1 each 1 each
Cranberry juice 6-oz can 6-oz can 6-oz can
Baby carrots 60 54 48

(continued)
52 March 2005 Volume 105 Number 3
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The results suggest that consuming foods that are good
sources of vitamin E may help to meet current recom-
mendations. Public health messages can stress cultur-
ally acceptable foods that are good sources of vitamin E.
Dietetics professionals can develop eating plans for
groups or persons utilizing these foods.

he authors thank B. Connell, PhD, RD, K. Burke, PhD,
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