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a
l
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n
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A
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22
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n
e
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–
First

pu
blished
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lin

e
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A
u
gu

st
2015)

A
bstract

V
itam

in
E
(α-to

co
p
h
ero

l)
is
reco

gn
ised

as
a
key

essen
tial

lip
o
p
h
ilic

an
tio

xid
an

t
in

h
u
m
an

s
p
ro
tectin

g
lip

o
p
ro
tein

s,
P
U
FA

,
cellu

lar
an

d
in
tra-

cellu
lar

m
em

b
ran

es
fro

m
d
am

age.T
h
e
aim

o
fth

is
review

w
as

to
evalu

ate
th
e
relevan

tp
u
b
lish

ed
d
ata

ab
o
u
tvitam

in
E
req

u
irem

en
ts
in

relatio
n

to
d
ietary

P
U
FA

in
take.

E
vid

en
ce

in
an

im
als

an
d
h
u
m
an

s
in
d
icates

a
m
in
im

al
b
asal

req
u
irem

en
t
o
f
4
–5

m
g/d

o
f
R
R
R
-α-to

co
p
h
ero

l
w
h
en

th
e

d
ietis

very
lo
w

in
P
U
FA

.T
h
e
vitam

in
E
req

u
irem

en
tw

illin
crease

w
ith

an
in
crease

in
P
U
FA

co
n
su
m
p
tio

n
an

d
w
ith

th
e
d
egree

o
f
u
n
satu

ratio
n

o
f
th
e
P
U
FA

in
th
e
d
iet.

T
h
e
vitam

in
E
req

u
irem

en
t
related

to
d
ietary

lin
o
leic

acid
,
w
h
ich

is
glo

b
ally

th
e
m
ajo

r
d
ietary

P
U
FA

in
h
u
m
an

s,
w
as

calcu
lated

to
b
e

0·4
–0·6

m
g

o
f
R
R
R
-α-to

co
p
h
ero

l/g
o
f
lin

o
leic

acid
.
A
n
im

al
stu

d
ies

sh
o
w

th
at

fo
r
fatty

acid
s
w
ith

a
h
igh

er
d
egree

o
f

u
n
satu

ratio
n
,th

e
vitam

in
E
req

u
irem

en
tin

creases
alm

o
stlin

early
w
ith

th
e
d
egree

o
f
u
n
satu

ratio
n
o
f
th
e
P
U
FA

in
th
e
relative

ratio
s
o
f
0·3,2,3,

4,
5
an

d
6
fo
r
m
o
n
o
-,
d
i-,

tri-,
tetra-,

p
en

ta-
an

d
h
exaen

o
ic

fatty
acid

s,
resp

ectively.
A
ssu

m
in
g
a
typ

ical
in
take

o
f
d
ietary

P
U
FA

,
a
vitam

in
E

req
u
irem

en
tran

gin
g
fro

m
12

to
20

m
g
o
f
R
R
R
-α-to

co
p
h
ero

l/d
can

b
e
calcu

lated
.A

n
u
m
b
er

o
f
gu

id
elin

es
reco

m
m
en

d
to

in
crease

P
U
FA

in
take

as
th
ey

h
ave

w
ell-estab

lish
ed

h
ealth

b
en

e
fi
ts.

It
w
ill

b
e
p
ru
d
en

t
to

assu
re

an
ad

eq
u
ate

vitam
in

E
in
take

to
m
atch

th
e
in
creased

P
U
FA

in
take,

esp
ecially

as
vitam

in
E
in
take

is
alread

y
b
elo

w
reco

m
m
en

d
atio

n
s
in

m
an

y
p
o
p
u
latio

n
s
w
o
rld

w
id
e.

K
ey

w
ords:

V
itam

in
E
:
α
-T
o
co

p
h
ero

l:
P
U
F
A
:
R
eq

u
irem

en
ts:

R
eco

m
m
en

d
atio

n
s

P
U
FA

,
catego

rised
in
to

n
-3

an
d
n
-6

fatty
acid

s,
are

im
p
o
rtan

t
cellm

em
b
ran

e
co

m
p
o
n
en

ts
an

d
key

elem
en

ts
in

ch
ild

d
evelo

p
-

m
en

t,
b
rain

an
d

visu
al

fu
n
ctio

n
in
g

an
d

p
h
ysical

h
ealth

an
d

w
ell-b

ein
g
th
ro
u
gh

o
u
t
th
e
life

co
u
rse.

D
ietary

so
u
rces

th
at

are
rich

in
P
U
FA

in
clu

d
e

m
an

y
vegetab

le
o
ils,

n
u
ts,

seed
s
an

d
certain

typ
es

o
f
fi
sh
.
A
s
P
U
FA

co
n
tain

d
o
u
b
le

b
o
n
d
s,

th
ey

are
h
igh

ly
sen

sitive
to

o
xid

ative
stress;

co
n
seq

u
en

tly,
th
e
o
xid

atio
n

o
f
P
U
FA

an
d
th
e
resu

ltin
g
lip

id
p
ero

xid
es

can
h
ave

d
etrim

en
tal

effects
o
n

d
evelo

p
m
en

t,
b
rain

fu
n
ctio

n
an

d
h
u
m
an

h
ealth

.
N
o
rm

al
m
etab

o
lic,

cell-sign
allin

g
an

d
h
o
st

d
efen

ce
activities

resu
lt
in

th
e
release

o
f
o
xid

an
ts

an
d
free

rad
icals.

If
th
ere

are
lo
w

co
n
cen

tratio
n
s
o
f
an

tio
xid

an
ts

p
resen

t
to

co
u
n
ter-b

alan
ce

excessive
co

n
cen

tratio
n
s
o
f
o
xid

an
ts

an
d

free
rad

icals
–

a
situ

atio
n
o
ften

term
ed

‘o
xid

ative
stress’

–
d
etrim

en
taleffects

o
n

cell
co

m
p
o
n
en

ts
can

o
ccu

r (1
).
T
h
e
an

tio
xid

an
t
d
efen

ce
system

keep
s
th
e
levels

o
f
o
xid

an
ts

an
d

an
tio

xid
an

ts
b
alan

ced
,
an

d
th
u
s
p
ro
tects

th
e
b
o
d
y
fro

m
th
e
effects

o
f
o
xid

ative
stress

(1
).
In

th
e
h
u
m
an

b
o
d
y,

a
co

m
p
lex

n
etw

o
rk

o
f
an

tio
xid

an
t
d
efen

ce
system

s
(m

ain
ly

en
d
o
gen

o
u
s
en

zym
atic

an
tio

xid
an

t
system

s)
is

su
p
p
o
rted

b
y,

an
d
in
teracts

w
ith

,
sm

all
an

tio
xid

an
t
m
o
lecu

les
d
erived

fro
m

th
e
d
ietto

p
ro
tectth

e
tissu

es
fro

m
o
xid

ative
stress.

V
itam

in
E
,
o
r
m
o
re

sp
ecifi

cally
its

α-to
co

p
h
ero

l
iso

fo
rm

,
is
o
n
e

o
f
th
e
essen

tial
an

tio
xid

an
ts

th
at

h
u
m
an

s
d
erive

fro
m

th
e
d
iet.

Sim
ilar

to
PU

FA
,
vegetable

oils,
nuts

and
seeds

are
p
articularly

rich
sources

of
vitam

in
E.

M
any

nutrient
databases

and
nutrition

labels
do

notdistinguish
betw

een
the

differentisoform
s
ofvitam

in
E,

and
often

include
the

contribution
of

all
eight

naturally
occurring

vitam
in

E
isoform

s,
p
resented

as
α-tocop

herol
equiva-

lent.
H
ow

ever,
R
R
R
-α-tocop

herol
is

the
isoform

that
is

p
referentially

absorbed
and

m
aintained

in
the

hum
an

body
(2,3).

T
he

Institute
of

M
edicine

(IoM
),

as
w
ell

as
other

agencies
that

p
rovide

dietary
intake

recom
m
endations

–
for

exam
p
le,

the
D
A
C
H
-countries

(G
erm

any,A
ustria,Sw

itzerland)
–
ap

p
reciate

the
role

of
vitam

in
E
in

p
rotecting

PU
FA

from
being

oxidised
(3,4).

In
the

IoM
2000

rep
ort (3),itis

also
noted

thatthe
am

ountofvitam
in

E
needed

to
keep

PU
FA

functional
in

cell
m
em

branes
is
obviously

closely
related

to
the

intake
of

PU
FA

.A
s
currentvitam

in
E
intakes

are
below

the
recom

m
ended

intakes
in

m
ore

than
90

%
of

N
orth

A
m
ericans

as
w
ell

as
in

som
e
Europ

ean
C
ountries

(5),
and

at
the

sam
e
tim

e
p
eop

le
are

being
encouraged

to
increase

their
intake

of
PU

FA
,esp

ecially
those

w
ith

high
degree

of
unsaturation,because

oftheir
rep

orted
health

bene
fits,the

ratio
ofvitam

in
E:PU

FA
in

the
hum

an
diet

ap
p
ears

to
becom

e
m
ore

critical
and

requires
a

deep
er

exam
ination.

T
he

aim
of

this
study

w
as

to
review

the
p
ublished

evidence
on

the
function

and
requirem

ents
of

vitam
in

E:α-tocop
herolin

relation
to

the
PU

FA
contentof

the
hum

an
diet.

*
C
o
rresp

o
n
d
in
g
au

th
o
r:

D
.
R
aed

ersto
rff,

fax
+
41

61
815

8150,
em

ail
D
an

iel.R
aed

ersto
rff@

d
sm

.co
m

A
b
b
reviatio

n
:
Io
M
,
In
stitu

te
o
f
M
ed

icin
e.

B
ritish

Jou
rn
a
l
of

N
u
trition

(2015),
1
1
4
,
1113

–1122
d
o
i:10.1017/S000711451500272X

©
T
h
e
A
u
th
o
rs

2015.
T
h
is
is
an

O
p
en

A
ccess

article,
d
istrib

u
ted

u
n
d
er

th
e
term

s
o
f
th
e
C
reative

C
o
m
m
o
n
s
A
ttrib

u
tio

n
licen

ce
(h
ttp

://creativeco
m
m
o
n
s.o

rg/licen
ses/b

y/4.0/),
w
h
ich

p
erm

its
u
n
restricted

re-u
se,

d
istrib

u
tio

n
,
an

d
rep

ro
d
u
ctio

n
in

an
y
m
ed

iu
m
,
p
ro
vid

ed
th
e
o
rigin

al
w
o
rk

is
p
ro
p
erly

cited
.

NI British Journal of Nutrition 9 

mailto:Daniel.Raederstorff@dsm.com


V
itam

in
E

M
olecular

structure
and

function
of

vitam
in

E

V
itam

in
E

has
eight

isoform
s;

it
can

be
categorised

into
tocop

herol
isoform

s,
w
hich

have
a
saturated

side
chain

on
the

chrom
anol

ring,
and

into
tocotrienol

isoform
s,

w
hich

have
an

unsaturated
side

chain.
Each

of
these

typ
es

is
further

categorised
as

α-,β-,γ-
or

δ-form
s,w

hich
are

de
fined

by
the

num
ber

and
the

location
of

the
m
ethyl

group
s

on
the

chrom
anol

ring.
T
he

6-hydroxy
group

of
the

chrom
anol

ring
is

the
active

site
for

scavenging
radicals,

w
hereas

the
side

chain
does

not
affect

the
reactivity

tow
ards

free
radicals.T

hus,allthe
isoform

s
ofvitam

in
E

have
som

e
antioxidantactivity.H

ow
ever,other

factors
p
lay

a
key

role
in

determ
ining

w
hether

a
m
olecule

has
in

vivo
bioactivity;

R
R
R
-α-tocop

herolhas
the

highestin
vivo

bioactivity
of

allvitam
in

E
isom

ers.
It

is
bound

by
a

sp
ecific

transp
ort

p
rotein

–
the

α-tocop
herol

transfer
p
rotein

(α-T
T
P).

T
hereby,

it
is

p
rotected

w
ithin

the
celland

does
notundergo

rap
id

degradation
p
rocesses

like
other

vitam
in

E
isoform

s.Furtherm
ore,α-T

T
P
enables

binding
to

the
A
B
C
A
1
transp

orter
and

the
secretion

of
R
R
R
-α-tocop

herol
from

hep
atocytes

to
the

p
erip

hery.
R
R
R
-α-to

co
p
h
ero

l
is

th
e

o
n
ly

iso
fo
rm

o
f
vitam

in
E

th
at

is
essen

tial
fo
r
h
u
m
an

s
an

d
it
is

co
n
sid

ered
th
e
m
o
st

im
p
o
rtan

t
lip

o
p
h
ilic

an
tio

xid
an

t
in

vivo,
in

h
u
m
an

s
in

p
articu

lar,
m
eta-

b
o
lisin

g
p
ero

xyl
rad

icals
(3
).
T
h
e
eigh

t
vitam

in
E
fo
rm

s
are

all
ab

so
rb
ed

b
y
h
u
m
an

s
b
u
t
th
eir

d
egrad

atio
n
rate

an
d
reten

tio
n

tim
e

in
th
e
b
o
d
y

d
iffers

w
id
ely,

w
h
ich

d
irectly

im
p
act

th
eir

relative
b
io
p
o
ten

cy
(6
,7
).
T
h
e
b
io
activity

o
f
th
e
to
co

p
h
ero

l
an

d
to
co

trien
o
l
fo
rm

s
h
as

b
een

review
ed

p
revio

u
sly

(8
,9
).
In

sh
o
rt,

th
e
vitam

in
E

fo
rm

s
are

d
iscrim

in
ated

b
y
th
e
liver

an
d

o
n
ly

α-to
co

p
h
ero

l
is

p
referen

tially
accu

m
u
lated

in
th
e

cellu
lar

m
em

b
ran

es
o
f
tissu

es,
w
h
ereas

th
e
o
th
er

iso
fo
rm

s
are

rap
id
ly

m
etab

o
lised

an
d

excreted
in

a
sim

ilar
m
an

n
er

as
o
th
er

xen
o
b
io
tics

(6
,9
).
γ-T

o
co

p
h
ero

lis
th
e
o
th
er

vitam
in

E
fo
rm

th
at

is
p
resen

t
in

sign
ifi
can

t
am

o
u
n
ts

in
th
e

h
u
m
an

d
iet

as
it

is
co

n
tain

ed
in

a
n
u
m
b
er

o
f
w
id
ely

co
n
su
m
ed

vegetab
le

o
ils

(9
).

γ-T
o
co

p
h
ero

l
is

sligh
tly

less
effi

cien
t
th
an

α-to
co

p
h
ero

l
as

a
scaven

ger
o
f
o
xygen

rad
icals,

b
u
t
it
is
an

effi
cien

t
scaven

ger
o
f

reactive
n
itro

gen
sp
ecies

d
u
e
to

th
e
u
n
su
b
stitu

ted
5-p

o
sitio

n
o
n

th
e
ch

ro
m
an

o
l
rin

g
(9
–
1
1
).
H
o
w
ever,

γ-to
co

p
h
ero

l
is

effi
cien

tly
m
etab

o
lised

b
y
cyto

ch
ro
m
e
P
450

en
zym

es.
T
h
is

m
ay

b
e
th
e

reaso
n

w
h
y
even

after
in
take

o
f
h
igh

d
o
ses

o
f
γ-to

co
p
h
ero

l,
its

p
lasm

a
co

n
cen

tratio
n

rarely
exceed

s
10

%
o
f

th
at

o
f

α-to
co

p
h
ero

l,
an

d
m
u
ch

less
is

fo
u
n
d

in
tissu

es
(9
,1
2
–
1
8
).

α-T
o
co

trien
o
l
h
as

b
een

sh
o
w
n
to

h
ave

h
igh

er
o
r
sim

ilar
an

ti-
o
xid

an
t
cap

acity
in

in
vitro

m
o
d
el

system
s
th
an

α-to
co

p
h
ero

l,
d
ep

en
d
in
g
o
n
th
e
assays

u
sed

(1
9
–
2
2
).
H
o
w
ever,

to
co

trien
o
ls
are

p
resen

t
o
n
ly

in
very

lo
w

am
o
u
n
ts
in

th
e
h
u
m
an

d
iet

as
relevan

t
am

o
u
n
ts

are
o
n
ly

fo
u
n
d

in
p
alm

o
il,

rice
b
ran

,
o
ats

an
d

b
arley

(9
,2
3
).
M
o
reo

ver,
th
e
to
co

trien
o
ls

are
m
o
re

rap
id
ly

m
eta-

b
o
lised

th
an

th
e
co

rresp
o
n
d
in
g

to
co

p
h
ero

l
fo
rm

s
an

d
levels

o
f
to
co

trien
o
ls
in

cellm
em

b
ran

es
are

very
lo
w

(1
3
,1
4
,1
7
,1
8
).In

th
e

b
rain

,
w
h
ich

is
very

rich
in

h
igh

ly
u
n
satu

rated
fatty

acid
s,

α-to
co

p
h
ero

lrep
resen

ts
99·8

%
o
f
th
e
vitam

in
E
co

n
ten

t
an

d
n
o

to
co

trien
o
ls

are
d
etected

(1
8
).

T
h
u
s,

th
e

h
igh

er
activity

o
f

α-to
co

p
h
ero

l
as

an
essen

tial
n
u
trien

t
in

vivo
is
related

p
artially

to
its

d
ietary

in
take

an
d
p
artially

to
its

selective
reten

tio
n
tim

e
in

th
e
b
o
d
y
relative

to
th
e
o
th
er

vitam
in

E
iso

fo
rm

s
(9
).
T
h
erefo

re,

w
e
w
ill

n
o
t
d
iscu

ss
in

d
etail

th
e
activity

o
f
vitam

in
E
iso

fo
rm

s
o
th
er

th
an

α-to
co

p
h
ero

l,
an

d
w
e
w
ill

u
se

th
e
term

vitam
in

E
to

refer
to

α-to
co

p
h
ero

l
in

th
e
rem

ain
d
er

o
f
th
is
article.

D
u
e
to

its
stru

ctu
re

an
d
p
h
ysical–ch

em
icalp

ro
p
erties,vitam

in
E
is
o
n
e
o
f
th
e
key

an
tio

xid
an

ts
fo
u
n
d
in

n
atu

re.
A
fter

reactio
n

w
ith

p
ero

xyl
rad

icals,
an

α-to
co

p
h
ero

xyl
rad

ical
is
fo
rm

ed
.

α�
T
O
C
+
R
O
O

�!
α�

T
O

�+
R
O
O
H
:

D
u
e
to

th
e
stab

ility
o
f
th
e
α-to

co
p
h
ero

xylrad
ical,it

is
u
n
ab

le
to

react
fu
rth

er
an

d
th
e
ch

ain
o
f
o
xid

atio
n
even

ts
is

b
ro
ken

.
T
h
e

ch
ro
m
an

o
l
rin

g
is

essen
tial

fo
r
th
e
an

tio
xid

an
t
p
o
w
er

an
d
th
e

stab
ility

o
f
th
e
to
co

p
h
ero

xyl
rad

ical (2
4
,2
5
).

V
itam

in
E
is
the

key
essentiallip

op
hilic

(fat-soluble)
antioxidant

located
in

hum
an

cellm
em

branes
p
rotecting

them
from

oxidative
dam

age.T
he

essentialrole
of

vitam
in

E
in

the
hum

an
antioxidant

defence
system

has
been

re-evaluated
by

the
Europ

ean
Food

Safety
A
uthority

exp
ert

p
anel,

w
hich

concluded
that

the
scientific

evidence
indicates

that
‘V
itam

in
E
contributes

to
the

p
rotection

of
cell

constituents
from

oxidative
dam

age
’ (26).

In
vivo

and
in

vitro
studies

have
show

n
that

vitam
in

E
functions

as
a
chain-breaking

antioxidant
acting

to
p
rotect

unsaturated
lip

ids
from

p
eroxidation

by
scavenging

p
eroxyl

radicals
(27).

A
nim

als
and

hum
ans

w
ith

a
low

vitam
in

E
status

are
sensitive

to
m
uscle,

neurological
and

em
bryogenesis

p
roblem

s
that

have
been

related
to

the
p
rotective

effects
of

vitam
in

E
against

dam
age

to
PU

FA
in

cell
m
em

branes
and

con
firm

s
its

role
as

an
essentialnutrient (7,28

–30).A
recentstudy

in
p
regnant

w
om

en
observed

that
the

rate
of

m
iscarriages

w
as

significantly
increased

in
w
om

en
having

a
low

concentration
of

α-tocop
herol(<

12
µm

ol/l)
in

p
lasm

a
(31).T

hese
findings

are
in

line
w
ith

the
num

erous
anim

al
studies

show
ing

an
essential

role
of

α-tocop
herol

in
em

bryonic
develop

m
ent

and
clearly

indicate
the

im
p
ortance

of
an

adequate
intake

of
vitam

in
E

in
w
om

en
of

childbearing
age.

C
linical

studies
using

p
harm

acological
doses

of
vitam

in
E
yielded

con
flicting

results
on

the
effects

of
vitam

in
E

on
C
V
D

and
op

tim
al

dosage
and

com
bination

w
ith

other
antioxidants

still
need

to
be

determ
ined

(32
–35).

H
ow

ever,
ep

idem
iological

studies
suggest

a
bene

ficial
association

betw
een

p
lasm

a
vitam

in
E
concentrations

and
C
H
D

risk
in

individuals
w
ith

an
intake

of
vitam

in
E
in

the
nutritionalp

hysiologicalrange
and

a
p
lasm

a
α-tocop

herol
level

>
20

µm
ol/l

w
ith

an
op

tim
um

p
lasm

a
level

of
about

30
µm

ol/l (36
–39).

Interactions
betw

een
vitam

in
E
and

PU
FA

T
h
e

in
co

rp
o
ratio

n
o
f
vitam

in
E

in
to

th
e
m
em

b
ran

e
lead

s
to

stab
ilisatio

n
,an

d
th
u
s
to

a
d
ecrease

in
m
em

b
ran

e
fl
u
id
ity.O

n
ly

α-to
co

p
h
ero

l,an
d
n
o
t
β-,

γ-
o
rδ-to

co
p
h
ero

l,seem
s
to

h
ave

th
is

effect.
It

w
as

h
yp

o
th
esised

fo
r
m
an

y
years

th
at

α-to
co

p
h
ero

l
accu

m
u
lates

in
lip

id
rafts

w
h
ere

itstab
ilises

th
e
d
o
m
ain

to
geth

er
w
ith

ch
o
lestero

l.
In

recen
t
years,

a
d
ifferen

t
th
eo

ry
w
as

p
u
b
lish

ed
(4
0
)
an

d
su
p
p
o
rted

b
y
stu

d
ies

in
m
o
d
el

m
em

b
ran

es;
vitam

in
E

accu
m
u
lates

in
D
H
A
-rich

,
rath

er
u
n
stru

ctu
red

d
o
m
ain

s,
w
h
ere

it
exerts

its
m
ain

fu
n
ctio

n
s:
stab

ilisatio
n
o
f
th
e

m
em

b
ran

e
an

d
p
ro
tectio

n
o
f
D
H
A

fro
m

o
xid

ative
d
am

age.
α-T

o
co

p
h
ero

l
m
ay,

th
erefo

re,
h
ave

a
sim

ilar
fu
n
ctio

n
as

ch
o
-

lestero
lin

raftd
o
m
ain

s
an

d
m
ay

stab
ilise

th
e
P
U
FA

-rich
n
o
n
-raft

d
o
m
ain

s.
In

th
is

w
ay,

th
e

fu
n
ctio

n
al

an
d

stru
ctu

ral
ro
les

o
f

α-to
co

p
h
ero

l
w
o
u
ld

b
e
co

m
b
in
ed

in
th
e
sam

e
m
em

b
ran

e
area.
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A
tkin

so
n
et

a
l. (4

0
)
u
n
d
erto

o
k
a
series

o
f
b
io
p
h
ysical

exp
eri-

m
en

ts
to

d
escrib

e
th
e
p
o
sitio

n
o
f
2H

-lab
elled

α-to
co

p
h
ero

l
in

th
e

cell
m
em

b
ran

e.
T
h
ey

co
n
clu

d
ed

th
at

th
e

α-to
co

p
h
ero

l
m
o
lecu

le
stan

d
s
u
p
righ

t
in

th
e
m
em

b
ran

e
b
ilayer

(Fig.
1).

T
h
e

n
o
n
-α-to

co
p
h
ero

l
iso

fo
rm

s
can

also
b
e

in
co

rp
o
rated

in
to

cellular
m
em

branes.
Studies

in
lip

id
m
odel

m
em

branes
indicate

that
the

localisation
of

the
various

vitam
in

E
form

s
in

the
m
em

-
branes

can
slightly

differ
and

they
m
ight

alter
the

m
em

brane
behaviour

differently
due

to
their

structural
differences

(20,41).
H
ow

ever,as
m
entioned

p
reviously,allnon-α-tocop

herolisoform
s

are
rap

idly
m
etabolised

and
excreted

and
only

α-tocop
herol

is
p
resentin

sign
ifi
can

tam
o
u
n
ts
in

cellm
em

b
ran

es.M
o
reo

ver,th
e

b
io
p
h
ysicalstu

d
ies

assessin
g
th
e
lo
calisatio

n
an

d
th
e
b
eh

avio
u
r

o
f
vitam

in
E
in

m
em

b
ran

e
m
o
d
els

h
ave

b
een

carried
o
u
tm

ain
ly

w
ith

α-to
co

p
h
ero

l (4
1
).T

h
e
lab

elat
th
e
ch

ro
m
an

o
lrin

g
is
p
laced

in
th
e
n
eigh

b
o
u
rh
o
o
d
o
f
th
e
p
h
o
sp
h
o
lip

id
glycero

l
b
ackb

o
n
e.

T
h
e
seco

n
d
lab

el
at

th
e
C
9'

o
f
th
e
sid

e
ch

ain
is

lo
cated

in
th
e

cen
tre

o
f
th
e

m
em

b
ran

e,
w
h
ere

th
e

lab
el

can
b
e

fo
u
n
d

in
vario

u
s
p
o
sitio

n
s.

T
h
is

p
o
in
ts

to
th
e
cis-co

n
fo
rm

atio
n
s
rath

er
th
an

th
e

exten
d
ed

all-tra
n
s-iso

m
er.

T
h
is

lo
calisatio

n
in

th
e

m
em

b
ran

e
su
ggests

th
at

th
e
α-to

co
p
h
ero

l
an

tio
xid

an
t
activity

o
ccu

rs
atth

e
m
em

b
ran

e
su
rface

(4
2
).T

h
is
lo
catio

n
o
fvitam

in
E
in

th
e
m
em

b
ran

e
w
o
u
ld

also
allo

w
vitam

in
C
,
w
h
ich

is
p
laced

at
th
e

h
yd

ro
p
h
ilic/h

yd
ro
p
h
o
b
ic

in
terp

h
ase,

to
in
teract

w
ith

th
e

α-to
co

p
h
ero

xyl
rad

ical
an

d
to

b
rin

g
it
to

th
e
en

ergetic
gro

u
n
d

state.
T
h
is
is
th
e
m
ech

an
ism

b
y
w
h
ich

vitam
in

E
is
regen

erated
an

d
is

read
y
to

in
teract

w
ith

th
e
n
ext

p
ero

xyl
rad

ical (7
).
T
h
u
s,

b
o
th

lip
o
p
h
ilicity

an
d

m
em

b
ran

e
lo
calisatio

n
o
f
vitam

in
E

exp
lain

its
an

tio
xid

an
t
activity.

T
h
e
p
resen

ce
o
f
vitam

in
E
is

o
f
key

im
p
o
rtan

ce
in

cellu
lar

m
em

b
ran

es
rich

in
h
igh

ly
u
n
satu

rated
fatty

acid
s
su
ch

as
D
H
A

an
d

arach
id
o
n
ic

acid
(A
A
),

w
h
ich

are
fo
u
n
d

in
h
igh

co
n
cen

tratio
n
s
in

th
e
b
rain

,th
e
retin

a
an

d
so
m
e
o
th
er

lo
catio

n
s.

T
h
u
s,

in
α-T

T
P
-n
u
ll
m
ice

fed
a
vitam

in
E
-d
e
fi
cien

t
d
iet,

retin
al

stru
ctu

re
is
altered

an
d
lip

id
p
ero

xid
atio

n
is
en

h
an

ced
,w

h
ereas

th
e

co
n
cen

tratio
n

o
f
D
H
A
,
th
e

m
o
st

ab
u
n
d
an

t
P
U
FA

in
th
e

retin
a,is

d
ecreased

(4
3
).In

zeb
ra
fi
sh
,a

m
o
d
el

o
rgan

ism
fo
r
lip

id
m
etab

o
lism

,
vitam

in
E

d
e
fi
cien

cy
led

to
a

d
ecrease

in
th
e

co
n
ten

to
f
h
igh

ly
u
n
satu

rated
fatty

acid
s
(4
4
),p

erh
ap

s
b
ecau

se
o
f

th
eir

co
n
su
m
p
tio

n
b
y
p
ero

xid
ative

p
ro
cesses.

T
h
e
in
co

rp
o
ra-

tio
n
o
f
α-to

co
p
h
ero

l
in
to

m
em

b
ran

es
m
ay

b
e
esp

ecially
critical

in
early

life,
as

D
H
A

is
req

u
ired

fo
r
o
p
tim

al
visu

al
an

d
b
rain

d
evelo

p
m
en

t.Z
eb

ra
fi
sh

em
b
ryo

s
d
e
fi
cien

tin
vitam

in
E
d
evelo

p
m
o
rp
h
o
lo
gic

ab
n
o
rm

alities
an

d
h
ave

in
creased

m
o
rtality,w

h
ich

is
in

lin
e
w
ith

a
key

ro
le

fo
r
vitam

in
E
in

fetal
d
evelo

p
m
en

t (4
5
).

In
a
recen

t
stu

d
y,

Leb
o
ld

et
a
l. (4

6
)
sh
o
w
ed

th
at

in
zeb

ra
fi
sh

em
b
ryo

s
α-to

co
p
h
ero

l
d
e
fi
cien

cy
in
d
u
ced

a
d
ecrease

in
D
H
A

an
d

A
A

co
n
cen

tratio
n
s
d
u
rin

g
em

b
ryo

gen
esis.

In
th
e

ad
u
lt

zeb
ra
fi
sh

m
o
d
el,lo

w
b
rain

α-to
co

p
h
ero

llevels
w
ere

asso
ciated

w
ith

th
e
d
ep

letio
n
o
f
D
H
A
-co

n
tain

in
g
p
h
o
sp
h
o
lip

id
s
(4
7
).
T
h
o
se

stu
d
ies

su
p
p
o
rt

th
e
ro
le

o
f
vitam

in
E

in
p
ro
tectin

g
P
U
FA

in
m
em

b
ran

es
in

o
rd
er

to
m
ain

tain
o
p
tim

al
cellu

lar
fu
n
ctio

n
.

N
ew

function
of

vitam
in

E
in

the
m
em

brane

C
ellu

lar
m
em

b
ran

es,esp
ecially

th
o
se

in
m
u
scle

cells,are
u
n
d
er

co
n
stan

t
p
h
ysical

stress.
It

h
as

b
een

elegan
tly

d
em

o
n
strated

in
vitro

an
d

in
excised

m
o
u
se

m
u
scle

th
at

α-to
co

p
h
ero

l
im

p
ro
ves

m
u
scle

m
em

b
ran

e
rep

air
an

d
rescu

es
m
yo

cytes
fro

m
n
ecro

sis
(4
8
).

A
recen

t
stu

d
y

in
rats

sh
o
w
ed

th
at

th
e

p
lasm

a
m
em

b
ran

e
rep

air
cap

acity
is
im

p
aired

in
skeletal

m
u
scle

fi
b
res

w
h
en

th
e
an

im
als

are
d
ep

rived
o
f
vitam

in
E
(4
9
).
T
h
u
s,
in

m
yo

-
cyte

p
lasm

a
m
em

b
ran

es,
th
e
p
resen

ce
o
f
vitam

in
E
p
ro
m
o
ted

m
em

b
ran

e
rep

air.T
h
is
is
evid

en
ce

th
atsu

ggests
a
n
ew

fu
n
ctio

n
fo
r
α-to

co
p
h
ero

l
in

m
em

b
ran

e
rep

air.
T
h
e
m
o
lecu

lar
b
asis

o
f

th
is
effect

is
n
o
t
clear

yet,b
u
t
it
co

u
ld

b
e
th
at

th
e
p
reven

tio
n
o
f

lip
id

p
ero

xid
atio

n
is

in
vo

lved
.
M
em

b
ran

e
rep

air
m
ech

an
ism

s
in
vo

lve
m
an

y
m
em

b
ran

e
fu
sio

n
even

ts.
T
h
ese

p
ro
cesses

m
igh

t
b
e
m
u
ch

faster
an

d
m
o
re

effi
cien

t
in

an
an

tio
xid

an
t
en

viro
n
-

m
en

t.Fu
rth

er,itw
as

d
em

o
n
strated

in
th
e
sam

e
stu

d
y
th
atrep

air
in
co

m
p
eten

t
cells

–
th
at

is,
H
eLa

cells
–
co

u
ld

b
e
rescu

ed
fro

m
laser-in

d
u
ced

m
em

b
ran

e
d
am

age
b
y
ad

d
itio

n
o
f
α-to

co
p
h
ero

l
to

th
e
m
ed

iu
m
.
T
h
ese

n
ew

fi
n
d
in
gs

m
ay

h
ave

an
im

p
act

o
n

fu
tu
re

ap
p
ro
ach

es
again

st
m
u
scle

p
ain

–
th
at

is,
co

n
co

m
itan

t
after

statin
u
se

–
o
r
su
p
p
o
rt
th
erap

ies
fo
r
m
u
scle

in
ju
ries.

PU
FA

PU
FA

are
involved

in
a
w
ide

range
ofp

rocesses
thatare

related
to

p
hysicaland

m
entalhealth.For

exam
p
le,n

-3
PU

FA
p
lay

a
role

in
cardiovascular

health
through

m
ultip

le
effects

on
the

cardiovas-
cular

system
,
p
articularly

on
blood

lip
id

concentrations,
blood

p
ressure

and
heart

function
(50).

R
ecent

studies,
system

ic
review

s
and

m
eta-analysis

have
yielded

con
flicting

results
w
ith

regard
to

the
effectofn

-3
PU

FA
on

C
V
D
.Som

e
m
eta-analyses

show
ed

little
or

no
effect

of
n
-3

PU
FA

on
cardiovascular

events
or

cardiac
death

(51
–53),w

hile
others

show
ed

a
bene

fit (54
–
56).T

he
reasons

for
these

inconsistencies
have

been
discussed

in
several

studies
(57

–61).Itis
to

be
noted

thatin
m
oststudies

the
background

dietary
intake

of
n
-3

PU
FA

and
the

n
-3

PU
FA

status
at

baseline
w
ere

nottaken
into

consideration.T
he

outcom
e
ofm

eta-analyses
investigating

the
sam

e
or

a
sim

ilar
question

can
vary

due
to

dif-
ferences

in
m
ethodology

and
the

criteria
used

to
select

the
rele-

vant
clinical

studies
for

inclusion.
M
oreover,

the
selected

studies
are

often
very

heterogeneous
differing

in
sam

p
le

size,
design,

p
op

ulation
characteristics,

typ
e
and

dose
of

sup
p
lem

ents
used,

H
ydrophobic region

H
ydrophilic region

F
ig
.
1.

α-Tocopherollocalisation
in

a
m
em

brane
lipid

bilayer.

V
itam

in
E
an

d
P
U
FA

1115
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end
p
o
in
ts

m
easu

red
an

d
d
u
ratio

n
o
f
th
e
stu

d
y,

w
h
ich

m
ay

co
n
trib

u
te

to
in
co

n
clu

sive
an

d
co

n
fl
ictin

g
resu

lts.
T
h
u
s,

th
e

resu
lts

o
f
su
ch

m
eta-an

alyses
m
u
st
b
e
in
terp

reted
critically

an
d

h
ave

to
b
e
co

n
sid

ered
w
ith

cau
tio

n
.
O
verall,

th
e
risk

b
en

e
fi
t

b
alan

ce
is

still
in

favo
u
r
o
f
a
b
en

e
fi
t
o
f
n
-3

P
U
FA

(6
0
,6
1
).
M
o
re-

o
ver,

p
o
p
u
latio

n
stu

d
ies

still
co

n
sisten

tly
sh
o
w

th
at

a
lo
w

n
-3

P
U
FA

(E
P
A
an

d
D
H
A
)
statu

s
is
asso

ciated
w
ith

an
in
creased

risk
o
f
C
V
D

an
d
card

iac
d
eath

(5
0
,5
7
,6
2
).
Fin

ally,
a
n
u
m
b
er

o
f
card

iac
so
cieties,scien

tifi
c
an

d
go

vern
m
en

talo
rgan

isatio
n
s
reco

m
m
en

d
th
e
in
take

o
f
n
-3

P
U
FA

fo
r
h
eart

h
ealth

(6
3
–
6
7
).
C
o
llectively,

th
e

d
ata

fro
m

ep
id
em

io
lo
gicalstu

d
ies

an
d
clin

icalin
terven

tio
n
s
still

in
d
icate

th
atd

iets
h
igh

in
n
-3

P
U
FA

(E
P
A
an

d
D
H
A
)
red

u
ce

th
e

risk
o
f
card

io
vascu

lar
m
o
rb
id
ity

an
d
m
o
rtality.

Ith
as

b
een

su
ggested

th
atad

u
lts

w
ith

card
iac

p
ro
b
lem

s
m
igh

t
b
en

e
fi
t
fro

m
n
-3

P
U
FA

,
as

th
ey

p
reven

t
atrial

fi
b
rillatio

n
recu

r-
ren

ce
an

d
in
crease

leftven
tricle

systo
lic

fu
n
ctio

n
an

d
fu
n
ctio

n
al

cap
acity

(6
8
,6
9
).A

d
o
se-d

ep
en

d
en

tb
en

e
fi
to

fn
-3

P
U
FA

,w
h
ereb

y
a
h
igh

er
d
o
se

w
as

m
o
re

b
en

e
fi
cial,w

as
d
em

o
n
strated

in
a
sm

all
trial

o
n

p
atien

ts
w
ith

ch
ro
n
ic

h
eart

failu
re

(7
0
).

A
system

atic
review

sh
o
w
ed

th
at

n
-3

P
U
FA

d
erived

fro
m

o
ily

fi
sh

w
ere

b
en

e
fi
cialfo

r
p
atien

ts
w
ith

rh
eu

m
ato

id
arth

ritis
(7
1
).P

U
FA

in
take

d
u
rin

g
p
regn

an
cy

is
im

p
o
rtan

t
fo
r
fetal

d
evelo

p
m
en

t
an

d
lo
n
g-

term
d
evelo

p
m
en

t
o
f

ch
ild

ren
(7
2
).

Fu
rth

erm
o
re,

m
atern

al
n
-3

P
U
FA

in
take

d
u
rin

g
p
regn

an
cy

m
ay

d
ecrease

th
e
risk

o
f

allergies
(7
3
)an

d
im

p
ro
ve

b
o
n
e
h
ealth

(7
4
)in

early
ch

ild
h
o
o
d
.T

h
e

in
vo

lvem
en

t
o
f
n
-3

an
d
n
-6

P
U
FA

in
m
en

talh
ealth

,p
articu

larly
d
ep

ressive
m
o
o
d
s,

rem
ain

s
u
n
clear

b
u
t
is

o
f
in
terest.

A
recen

t
system

atic
review

co
n
clu

d
ed

th
at,

alth
o
u
gh

evid
en

ce
is
scarce,

n
-3

P
U
FA

m
igh

t
b
e

b
en

e
fi
cial

fo
r

th
o
se

w
ith

d
iagn

o
sed

d
ep

ressio
n
,
w
h
ereas

it
h
as

n
o
t
b
een

sh
o
w
n
to

b
e
b
en

e
fi
cial

fo
r

th
o
se

w
ith

o
u
t
d
iagn

o
sed

d
ep

ressive
illn

ess
(7
5
).

Finally,itis
im

p
ortantto

consider
thatthe

n
-6:n

-3
PU

FA
ratio

is
im

p
ortant,as

a
high

ratio
has

been
associated

w
ith

higher
risk

of
som

e
diseases.For

exam
p
le,a

high
n
-6:n

-3
PU

FA
ratio

has
been

associated
w
ith

an
increased

risk
of

p
rostate

cancer (76).
A
review

article
by

Patterson
et

a
l. (77)

also
im

p
licated

an
association

betw
een

high
n
-6:n

-3
PU

FA
ratios

and
increases

in
chronic

in
flam

m
atory

disease,C
V
D
,obesity,in

flam
m
atory

bow
eldisease,

rheum
atoid

arthritis
and

A
lzheim

er’s
disease.

A
ll
these

rep
orted

health
bene

fits
of

n
-3

PU
FA

have
resulted

in
guidelines

and
recom

m
endations

to
increase

daily
n
-3

PU
FA

intakes.

O
ptim

al
balance

betw
een

vitam
in

E
and

PU
FA

A
nim

al
studies

H
arris

&
E
m
b
ree

(7
8
)review

ed
a
n
u
m
b
er

o
f
an

im
alexp

erim
en

ts,
in

w
h
ich

th
e
an

im
als

w
ere

fed
d
iets

co
n
tain

in
g
vario

u
s
vitam

in
E
:P
U
FA

ratio
s,
w
h
ich

in
d
u
ced

vitam
in

E
d
e
fi
cien

cy
o
r
relieved

it.B
ased

o
n
th
eir

an
alyses,w

h
ich

also
in
clu

d
ed

d
ata

o
n
fat

an
d

α-to
co

p
h
ero

l
co

n
ten

t
in

vario
u
s
fo
o
d
gro

u
p
s,

th
ey

co
n
clu

d
ed

th
ata

vitam
in

E
:P
U
FA

ratio
o
f0·6

m
g
R
R
R
-α-to

co
p
h
ero

lfo
r
each

gram
o
f
P
U
FA

is
n
ecessary

to
p
ro
tect

again
st

vitam
in

E
d
e
fi
cien

cy.
Fo

llo
w
in
g
an

exp
erim

en
tal

stu
d
y
in

m
o
n
keys,

B
ieri

&
P
o
u
kka

E
varts

(7
9
)
estim

ated
th
at

th
e
m
in
im

u
m

req
u
irem

en
t

w
as

sligh
tly

>
0·36

m
g

R
R
R
-α-to

co
p
h
ero

l/g
o
f
lin

o
leic

acid
co

n
su
m
ed

an
d
th
at

0·72
m
g
R
R
R
-α-to

co
p
h
ero

l/g
o
f
lin

o
leic

acid
w
as

n
u
tritio

n
ally

ad
eq

u
ate.

T
h
e
relatio

n
sh
ip

b
etw

een
vitam

in
E

req
u
irem

en
ts

an
d

th
e

d
egree

o
fu

n
satu

ratio
n
o
f
P
U
FA

w
as

evalu
ated

in
yo

u
n
g
rats

fed
vario

u
s
fats

w
ith

a
co

n
stan

tto
talu

n
satu

ratio
n
b
u
td

ifferin
g
in

th
e

typ
e
o
f
u
n
satu

rated
fatty

acid
(8
0
).
T
h
e
tim

e
o
f
o
n
set

o
f
creati-

n
u
ria

w
as

m
easu

red
.
T
h
e
au

th
o
rs

co
n
clu

d
ed

th
at

th
e
relative

q
u
an

tities
o
f
α-to

co
p
h
ero

l
req

u
ired

to
p
ro
tect

o
n
e

m
o
le

o
f

m
o
n
o
-,
d
i-,

tri-,
tetra-,

p
en

ta-
an

d
h
exaen

o
ic

fatty
acid

s
w
ere

to
b
e

ap
p
ro
xim

ately
in

th
e

ratio
s
o
f
0·3:2:3:4:5:6,

resp
ectively.

T
h
e
fi
n
d
in
gs

are
co

n
sisten

t
w
ith

th
e
in

vitro
su
scep

tib
ility

o
f

u
n
satu

rated
fatty

acid
s
to

o
xid

ative
d
am

age
(8
0
).

The
Elgin

project
(1953

–1967)

V
itam

in
E
:P
U
FA

ratio
s
d
erived

fro
m

an
im

alstu
d
ies

m
igh

tn
o
tb

e
n
ecessarily

d
irectly

ap
p
licab

le
fo
r
h
u
m
an

s.
T
h
e
E
lgin

p
ro
ject,

co
n
d
u
cted

b
etw

een
1953

an
d
1967,w

as
p
ivo

talto
evalu

ate
th
e

vitam
in

E
req

u
irem

en
t
o
f
h
u
m
an

s
th
ro
u
gh

a
lo
n
g-term

d
ietary

stu
d
y
(8
1
–
8
4
).T

h
e
ad

eq
u
acy

o
f
vitam

in
E
in
take

w
as

evalu
ated

in
th
e
p
ro
ject

b
y
fo
llo

w
in
g
p
lasm

a
α-to

co
p
h
ero

l
levels

o
ver

tim
e.

T
h
e
su
scep

tib
ility

o
f
eryth

ro
cytes

to
in

vitro
p
ero

xid
e-in

d
u
ced

h
aem

o
lysis

w
as

co
n
sid

ered
a
sign

o
f
vitam

in
E
d
e
fi
cien

cy.
T
h
ree

gro
u
p
s
o
f
m
en

received
d
ifferen

td
iets

d
u
rin

g
th
e
lo
n
g-

term
fo
llo

w
-u
p
.
T
h
e
fi
rst

gro
u
p
received

a
b
asal

d
iet

co
n
sistin

g
o
f
9204·8

kJ
(2200

kcal),
47

g
p
ro
tein

an
d
60

g
fat,

w
h
ich

w
as

lo
w

in
vitam

in
E
(3
–4

m
g)

an
d
P
U
FA

(9
g)

each
d
ay.T

h
e
seco

n
d

gro
u
p
received

th
e
sam

e
b
asald

iet,lo
w

in
vitam

in
E
an

d
P
U
FA

,
b
u
tsu

p
p
lem

en
ted

w
ith

15
m
g/d

o
f
R
R
R
-α-to

co
p
h
ero

l.T
h
e
th
ird

gro
u
p
w
as

a
co

n
tro

lgro
u
p
th
atreceived

a
stan

d
ard

h
o
sp
itald

iet
a
d

libitu
m
.
T
h
e

m
ain

fat
co

m
p
o
n
en

t
o
f
th
e

b
asal

d
iet

w
as

30
g/d

o
f
strip

p
ed

lard
,
w
h
ich

w
as

rep
laced

b
y
30

g/d
o
f
strip

-
p
ed

m
aize

o
il
after

30
m
o
n
th
s
to

in
crease

th
e
d
ietary

P
U
FA

in
take,

w
h
ich

w
as

in
creased

to
60

g/d
o
f
m
aize

o
il

an
o
th
er

9
m
o
n
th
s
later

to
fu
rth

er
in
crease

th
e
am

o
u
n
t
o
f
P
U
FA

.
T
h
e
h
o
sp
ital

d
iet

p
ro
vid

in
g
8
–12

m
g/d

o
f
α-to

co
p
h
ero

l
an

d
4
–7

g/d
o
f
P
U
FA

w
as

co
n
sid

ered
as

b
ein

g
o
n
th
e
b
o
rd
erlin

e
o
f

ad
eq

u
acy

o
ver

th
e

13
years

o
f
o
b
servatio

n
b
ased

o
n

th
e

p
lasm

a
α-to

co
p
h
ero

l
levels

an
d
th
e
d
ata

fro
m

th
e
eryth

ro
cyte

h
aem

o
lysis

test (8
3
).

T
h
e
p
lasm

a
α-to

co
p
h
ero

l
levels

o
f
th
e
su
b
jects

in
th
e
b
asal

d
iet

gro
u
p
grad

u
ally

d
ecreased

to
aro

u
n
d
12

µm
o
l/l

d
u
rin

g
th
e

fi
rst

20
m
o
n
th
s.

M
o
reo

ver,
th
e

p
ercen

tage
o
f
eryth

ro
cyte

h
aem

o
lysis

w
as

in
creased

to
levels

ab
o
ve

20
%

w
h
en

th
e

p
lasm

a
α-to

co
p
h
ero

llevels
fellb

elo
w

16
µm

o
l/lafter

7
m
o
n
th
s.

T
h
ese

d
ata

sh
o
w

th
ata

d
aily

in
take

o
f3

–4
m
g
o
f
α-to

co
p
h
ero

lis
in
ad

eq
u
ate

(8
1
).
D
ep

leted
su
b
jects,

w
h
o
h
ad

b
een

o
n
th
e
b
asal

d
iet

fo
r
54

m
o
n
th
s,
w
ere

given
an

α-to
co

p
h
ero

l
su
p
p
lem

en
t
o
f

15
m
g/d

fo
r
138

d
.
H
o
w
ever,

th
is

w
as

in
su
ffi
cien

t
to

b
rin

g
th
e

p
lasm

a
α-to

co
p
h
ero

l
levels

an
d
th
e
eryth

ro
cyte

h
aem

o
lysis

test
b
ack

to
b
aselin

e
levels.

Su
b
jects

receivin
g

a
su
p
p
lem

en
t
o
f

15
m
g/d

α-to
co

p
h
ero

lin
ad

d
itio

n
to

th
e
b
asald

iet
m
ain

tain
ed

a
p
lasm

a
α-to

co
p
h
ero

l
level

aro
u
n
d

23
µm

o
l/l

in
th
e

fi
rst

30
m
o
n
th
s
o
f
th
e
stu

d
y.

T
h
e
in
crease

u
p
to

60
g/d

m
aize

o
il
at

39
m
o
n
th
s
lo
w
ered

th
e

p
lasm

a
α-to

co
p
h
ero

l
levels,

an
d

a
su
p
p
lem

en
tatio

n
o
f
15

m
g/d

α-to
co

p
h
ero

l
p
ro
ved

in
su
ffi
cien

t
to

co
u
n
teract

th
is

d
ecrease.

T
h
erefo

re,
th
e

α-to
co

p
h
ero

l
su
p
p
lem

en
t
w
as

in
creased

to
30

m
g/d

(8
2
).
W
ith

d
raw

al
o
f
th
e

α-to
co

p
h
ero

l
su
p
p
lem

en
t
led

to
an

im
m
ed

iate
d
ro
p
in

p
lasm

a
α-tocop

herol
levels

and
a
p
rogressive

increase
in

the
erythrocyte

1116
D
.
R
aed

ersto
rff

et
a
l.
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haem
olysis

test.
Fin

ally,
th
e
α-to

co
p
h
ero

l
req

u
irem

en
t
in

th
e

ab
sen

ce
o
f
d
ietary

P
U
FA

w
as

assessed
b
y

feed
in
g

su
b
jects

60
g/d

o
f
b
eef

tallo
w

(a
satu

rated
fat)

fo
r
5
years.

T
h
e

d
iet

p
ro
vid

ed
ab

o
u
t
2·4

g
o
f
P
U
FA

an
d
3
m
g
o
f
α-to

co
p
h
ero

l
d
aily.

P
lasm

a
α-to

co
p
h
ero

l
levels

d
ecreased

,
w
h
ereas

th
e
sen

sitivity
o
f
eryth

ro
cytes

to
h
aem

o
lysis

in
creased

.
T
h
ese

d
ata

in
d
icated

th
at

a
m
in
im

al
in
take

o
f
4
–5

m
g/d

o
f
α-to

co
p
h
ero

l
w
as

n
eed

ed
in

th
e
b
asal

state,
even

in
th
e
ab

sen
ce

o
f
d
ietary

P
U
FA

.
C
o
llectively,

th
e

d
ata

fro
m

th
e

E
lgin

p
ro
ject

su
ggest

th
at

in
d
ivid

u
als

in
gestin

g
large

am
o
u
n
ts

o
f
lin

o
leic

acid
(>

30
g/d

)
req

u
ire

m
o
re

th
an

30
m
g/d

o
f
α-to

co
p
h
ero

l,
w
h
ereas

10
m
g/d

o
f
α-to

co
p
h
ero

lm
ay

b
e
b
o
rd
erin

g
o
n
in
ad

eq
u
acy

in
in
d
ivid

u
als

in
gestin

g
ab

o
u
t4

–7
g/d

o
f
lin

o
leic

acid
(8
3
).Itw

as
p
ro
p
o
sed

th
at

th
e

α-to
co

p
h
ero

l
req

u
irem

en
ts

in
h
u
m
an

s
ran

ge
fro

m
10

to
30

m
g/d

d
ep

en
d
in
g
o
n
th
e
am

o
u
n
t
o
f
P
U
FA

in
th
e
d
iet

an
d
th
e

tissu
es

(8
3
).

H
o
rw

itt (8
3
)
p
ro
p
o
sed

a
calcu

latio
n
to

q
u
an

tify
th
e
vitam

in
E

req
u
irem

en
t
in

h
u
m
an

s.T
h
is
calcu

latio
n
w
as

b
ased

o
n
th
e
su
m

o
f
a

b
asal

m
in
im

u
m

o
f
4
m
g/d

o
f
α-to

co
p
h
ero

l
fo
r
n
o
rm

al
cellu

lar
syn

th
esis

an
d
reten

tio
n
o
fP

U
FA

in
m
em

b
ran

es
to

w
h
ich

a
facto

r
w
as

ad
d
ed

th
at

d
ep

en
d
ed

o
n
th
e
p
ercen

tage
o
f
d
ietary

P
U
FA

an
d
th
e
gram

s
o
f
P
U
FA

co
n
su
m
ed

:

m
g
α�

T
Eðm

gÞ¼
4
+
0�25

´ð%
P
U
FA

+
g
P
U
FAÞ:

In
an

o
th
er

an
alysis,

th
e

vitam
in

E
req

u
irem

en
t
in

relatio
n

to
P
U
FA

w
as

estim
ated

as
th
e
su
m

o
f
a
b
asal

req
u
irem

en
t
o
f

5
m
g/d

α-to
co

p
h
ero

l
to

w
h
ich

0·5
m
g

α-to
co

p
h
ero

l
fo
r
each

gram
o
f
P
U
FA

is
to

b
e
ad

d
ed

(8
4
):

m
g
α�

T
Eðm

gÞ¼
5
+ð0�5

´
g
P
U
FAÞ:

B
ased

o
n

th
e

evalu
atio

n
o
f
th
e

h
u
m
an

d
ata

fro
m

th
e

E
lgin

p
ro
ject,

th
e

m
in
im

u
m

vitam
in

E
:P
U
FA

ratio
to

avo
id

th
e

d
evelo

p
m
en

t
o
f
vitam

in
E

d
e
fi
cien

cy
sym

p
to
m
s
is

b
etw

een
0·5

an
d

0·8
m
g

α-to
co

p
h
ero

l/g
o
f
P
U
FA

(7
8
,8
5
).

H
o
w
ever,

th
e

valid
ity

o
f
th
e
eryth

ro
cyte

h
aem

o
lysis

test
to

d
e
fi
n
e
th
e
vitam

in
E
req

u
irem

en
tin

relatio
n
to

P
U
FA

in
take,w

h
ich

w
as

u
sed

as
an

early
sign

o
f
vitam

in
E

d
e
fi
cien

cy,
h
as

b
een

q
u
estio

n
ed

(8
5
).

T
h
erefo

re,
b
asin

g
vitam

in
E
:P
U
FA

ratio
o
n
ly

o
n
d
ata

fro
m

th
e

E
lgin

p
ro
ject

m
ay

n
o
t
b
e
ap

p
ro
p
riate.

O
ther

hum
an

studies

U
sin

g
d
ata

fro
m

th
e

Seco
n
d

N
atio

n
al

H
ealth

an
d

N
u
tritio

n
E
xam

in
atio

n
Su

rvey,
M
u
rp
h
y
et

a
l.
co

n
clu

d
ed

th
at

th
e
d
ietary

vitam
in

E
:P
U
FA

ratio
d
ecreased

w
ith

in
creased

P
U
FA

in
take

fro
m

0·94
fo
r
in
d
ivid

u
als

w
ith

d
iets

lo
w

in
P
U
FA

(<
5
g/d

)
to

0·44
fo
r
in
d
ivid

u
als

w
ith

P
U
FA

in
takes

>
25

g/d
.
E
arlier

stu
d
ies

rep
o
rted

a
ratio

o
f
0·43

b
ased

o
n

th
e
an

alysis
o
f
co

m
p
o
site

m
eals

(8
6
)
an

d
o
f
0·52

b
ased

o
n
an

exp
erim

en
tal

d
iet

p
ro
vid

in
g

an
ad

eq
u
ate

in
take

o
f
vitam

in
E
(8
7
).
A

ratio
o
f
0·4

h
as

b
een

fo
u
n
d
su
ffi
cien

t
to

m
ain

tain
p
lasm

a
vitam

in
E
levels

in
gro

w
in
g

ch
ild

ren
in

an
o
th
er

stu
d
y
(8
8
).

Sim
ilarly,

W
ittin

g
&

Lee
(8
9
)

rep
o
rted

th
ata

ratio
o
fap

p
ro
xim

ately
0·4

m
g
R
R
R
-α-to

co
p
h
ero

l/
g
o
f
lin

o
leic

acid
w
as

su
ffi
cien

t
in

yo
u
n
g
w
o
m
en

,
fo
llo

w
in
g
a

9-m
o
n
th

stu
d
y

p
erio

d
.
T
h
e

ab
o
ve-m

en
tio

n
ed

h
u
m
an

stu
d
ies

h
ave

m
ain

ly
fo
cu

sed
o
n
th
e
relatio

n
sh
ip

b
etw

een
vitam

in
E
an

d
in
take

o
f
lin

o
leic

acid
,
th
e

m
ajo

r
P
U
FA

in
w
estern

d
iets.

H
o
w
ever,

o
n
ly

a
few

stu
d
ies

h
ave

evalu
ated

th
e
relatio

n
an

d
in
teractio

n
s
b
etw

een
vitam

in
E
in
take

an
d
th
e
co

n
su
m
p
tio

n
o
f

h
igh

ly
u
n
satu

rated
fatty

acid
s
su
ch

as
E
P
A
an

d
D
H
A
in

h
u
m
an

s.
In

severalstu
d
ies,th

e
effecto

f
an

in
creased

in
take

o
f
n
-3

P
U
FA

fro
m

fi
sh

o
n

vitam
in

E
statu

s
an

d
lip

id
p
ero

xid
atio

n
w
as

in
vestigated

w
ith

in
co

n
sisten

t
resu

lts.
In

a
few

stu
d
ies,

th
e

in
crease

in
lip

id
p
ero

xid
atio

n
in
d
u
ced

b
y
a
h
igh

in
take

o
f
n
-3

P
U
FA

co
u
ld

n
o
t
b
e

p
reven

ted
b
y

an
in
creased

in
take

o
f

vitam
in

E
(9
0
,9
1
).

H
o
w
ever,

in
o
th
er

stu
d
ies,

th
e

rise
in

lip
id

p
ero

xid
atio

n
after

th
e
in
take

o
f
n
-3

P
U
FA

co
u
ld

b
e
o
verco

m
e

b
y
a
h
igh

er
in
take

o
fvitam

in
E
(9
2
–
9
4
).T

h
e
d
ifferen

t
fi
n
d
in
gs

m
ay

b
e
d
u
e
to

d
ifferen

ce
in

th
e
m
eth

o
d
o
lo
gies

u
sed

to
m
easu

re
th
e

o
xid

ative
stress

m
arkers

o
r
in
teractio

n
s
w
ith

o
th
er

d
ietary

fac-
to
rs.

M
o
reo

ver,
th
o
se

stu
d
ies

th
at

u
sed

p
h
arm

aco
lo
gical

d
o
ses

o
f
b
o
th

n
-3

P
U
FA

an
d
vitam

in
E
are

d
iffi

cu
lt
to

extrap
o
late

to
th
e

gen
eral

p
o
p
u
latio

n
.
R
ecen

tly,
an

ep
id
em

io
lo
gical

stu
d
y

in
vestigatin

g
th
e

asso
ciatio

n
b
etw

een
P
U
FA

in
take

an
d

C
-reactive

p
ro
tein

(C
R
P
)
co

n
cen

tratio
n

fo
u
n
d

p
o
ten

tial
in
ter-

actio
n
s
w
ith

vitam
in

E
in
take

(9
5
).
H
o
w
ever,

th
ese

in
teractio

n
s

w
ere

o
n
ly

sign
ifi
can

t
fo
r
E
P
A

an
d
D
P
A
,
w
h
ich

are
p
resen

t
in

lo
w

am
o
u
n
ts
in

tissu
es,w

h
ereas

n
o
sign

ifi
can

tin
teractio

n
s
w
ere

fo
u
n
d
fo
r
th
e
m
ajo

r
n
-6

an
d
n
-3

P
U
FA

fo
u
n
d
in

cellm
em

b
ran

es
su
ch

as
lin

o
leic

acid
,A

A
an

d
D
H
A
.
T
h
u
s,
it
seem

s
u
n
likely

th
at

th
is
in
teractio

n
is
related

to
th
e
P
U
FA

-p
ro
tective

ro
le

o
f
vitam

in
E
in

cellu
lar

m
em

b
ran

es.
M
o
reo

ver,
th
e
asso

ciatio
n
s
fo
u
n
d
in

th
is
stu

d
y
n
eed

to
b
e
co

n
fi
rm

ed
b
y
ad

d
itio

n
al

stu
d
ies.

In
so
m
e

stu
d
ies,

vitam
in

E
treatm

en
t
h
as

b
een

su
ggested

to
d
ecrease

C
R
P

levels
in

h
u
m
an

s
(9
6
).
T
h
erefo

re,
it
m
ay

b
e
th
at

w
ith

an
ad

eq
u
ate

in
take

o
f
vitam

in
E
n
o
ad

d
itio

n
al

im
p
ro
vem

en
t
m
ay

actu
ally

b
e
o
b
served

b
y
an

in
crease

in
th
e
P
U
FA

in
take.

In
ter-

estin
gly,a

lo
w

an
d
m
o
d
erate

in
take

o
f
D
H
A
(200,400

m
g/d

)
in

h
u
m
an

s
red

u
ced

o
xid

ative
stress

an
d

in
creased

p
lasm

a
an

d
p
latelet

vitam
in

E
levels,

w
h
ereas

a
h
igh

in
take

o
f
D
H
A

in
creased

o
xid

ative
stress

(9
7
,9
8
).T

h
e
co

n
fl
ictin

g
resu

lts
o
b
tain

ed
in

p
revio

u
s
stu

d
ies

clearly
in
d
icate

th
at

ad
d
itio

n
al

stu
d
ies

are
n
eed

ed
,
p
ro
b
ab

ly
u
sin

g
n
o
vel

m
eth

o
d
o
lo
gy

to
m
easu

re
th
e

in
teractio

n
s
b
etw

een
vitam

in
E
an

d
n
-3

P
U
FA

,
in

o
rd
er

to
fu
r-

th
er

clarify
th
e
relatio

n
sh
ip

an
d
in
teractio

n
s
b
etw

een
vitam

in
E

in
take

an
d
th
e
co

n
su
m
p
tio

n
o
f
h
igh

ly
u
n
satu

rated
fatty

acid
s.

Estim
ating

vitam
in

E:PU
FA

requirem
ents

T
h
e
estim

ated
o
p
tim

al
vitam

in
E
:P
U
FA

ratio
seem

s
to

b
e
rela-

tively
co

n
sisten

t
acro

ss
stu

d
ies.

T
akin

g
th
ese

stu
d
ies

to
geth

er
su
ggests

an
estim

ated
ad

d
itio

n
alvitam

in
E
req

u
irem

en
t
ran

gin
g

fro
m

0·4
to

0·6
m
g
R
R
R
-α-to

co
p
h
ero

l/g
o
f
P
U
FA

in
th
e
d
ietfo

r
a

d
iet

w
ith

a
typ

ical
co

n
ten

t
o
f
P
U
FA

,
m
ain

ly
as

lin
o
leic

acid
.

A
ratio

o
f
0·5

m
g
R
R
R
-α-to

co
p
h
ero

l/g
o
f
P
U
FA

in
th
e
m
id
d
le

o
f

th
is

ran
ge

m
ay

reaso
n
ab

ly
b
e
u
sed

to
calcu

late
th
e
vitam

in
E

req
u
irem

en
t.
T
h
u
s,

co
n
sid

erin
g
a
b
asal

req
u
irem

en
t
o
f
at

least
4
m
g
R
R
R
-α-to

co
p
h
ero

l
as

su
ggested

b
y
th
e
h
u
m
an

d
ata

fro
m

th
e
E
lgin

p
ro
ject,th

e
fo
llo

w
in
g
fo
rm

u
la
can

b
e
u
sed

to
calcu

late
th
e
vitam

in
E
req

u
irem

en
t:
vitam

in
E
req

u
irem

en
t=

4
+
(0·5

×
am

o
u
n
t
o
f
P
U
FA

in
th
e
d
iet

in
gram

s).
H
o
w
ever,

th
e
vitam

in
E

req
u
irem

en
t
also

d
ep

en
d
s
o
n

th
e

d
egree

o
f
u
n
satu

ratio
n

o
f

P
U
FA

in
th
e
d
iet (8

0
),
an

d
m
o
st

o
f
th
e
stu

d
ies

d
escrib

ed
so

far
h
ave

co
n
sid

ered
lin

o
leic

acid
as

th
e

m
ain

d
ietary

P
U
FA

.
T
h
erefo

re,M
u
ggli (9

9
)p

ro
p
o
sed

to
estim

ate
th
e
d
ietary

vitam
in

E
req

u
irem

en
t
b
y
takin

g
th
e
relative

vitam
in

E
req

u
irem

en
t
fo
r

in
d
ivid

u
al

P
U
FA

in
to

acco
u
n
t.

T
h
e

vitam
in

E
d
em

an
d

fo
r

V
itam

in
E
an

d
P
U
FA

1117
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in
d
ivid

u
alP

U
FA

fo
u
n
d
in

th
e
h
u
m
an

d
ietcan

th
en

b
e
calcu

lated
b
ased

o
n
th
e
vitam

in
E
:lin

o
leic

acid
ratio

(m
illi

gram
s
α-to

co
-

p
h
ero

l
p
er

gram
o
f
lin

o
leic

acid
)
extrap

o
lated

fro
m

h
u
m
an

stu
d
ies

an
d

th
e
relative

vitam
in

E
req

u
irem

en
t
fo
r
in
d
ivid

u
al

P
U
FA

(0·3:2:3:4:5:6
fo
r,

resp
ectively,

m
o
n
o
-,

d
i-,

tri-,
tetra-,

p
en

ta-
an

d
h
exaen

o
ic

fatty
acid

s)
extrap

o
lated

fro
m

an
im

al
d
ata.

T
ab

le
1
sh
o
w
s
th
e
vitam

in
E
req

u
irem

en
t
fo
r
in
d
ivid

u
al

P
U
FA

u
sin

g
a
vitam

in
E
:lin

o
leic

acid
ratio

o
f
0·5

m
g
α-T

E
/g

o
f

lin
o
leic

acid
in

th
e
d
iet.

It
sh
o
u
ld

b
e
n
o
ted

th
at

th
e
stu

d
ies

th
at

estim
ated

th
e
ad

d
i-

tio
n
alreq

u
irem

en
to

f
vitam

in
E
in

relatio
n
to

d
ietary

P
U
FA

w
ere

co
n
d
u
cted

w
ith

d
iets

th
at

w
ere

very
rich

in
P
U
FA

o
r
co

n
tain

in
g

lin
o
leic

acid
alm

o
st

exclu
sively.

T
h
u
s,

th
e

rep
o
rted

ratio
o
f

vitam
in

E
:P
U
FA

o
f
0·4

–0·6
m
g

R
R
R
-α-to

co
p
h
ero

l/g
o
f
P
U
FA

fro
m

th
ese

stu
d
ies

m
ay

n
o
t
b
e
relevan

t
fo
r
ratio

s
w
ith

o
th
er

P
U
FA

w
ith

m
o
re

th
an

tw
o

d
o
u
b
le

b
o
n
d
s.

C
o
n
seq

u
en

tly,
co

n
sid

erin
g
a
b
asal

req
u
irem

en
t
o
f
4
m
g
o
f
R
R
R
-α-to

co
p
h
ero

l,
th
e
fo
llo

w
in
g
fo
rm

u
la

co
u
ld

b
e
u
sed

to
calcu

late
th
e
vitam

in
E

req
u
irem

en
t,
in

w
h
ich

M
n
is
th
e
am

o
u
n
t
o
f
d
ietary

P
U
FA

w
ith

n
d
o
u
b
le

b
o
n
d
s
in

gram
s:

V
itam

in
E
req

u
irem

en
tðm

g
T
EÞ¼

4
+
0�075

M
1
+
0�5

M
2

+
0�75

M
3
+
1
M
4
+
1�25

M
5

+
1�5

M
6
:

M
1
to

M
6
are

exp
ressed

in
gram

o
f
th
e
resp

ective
u
n
satu

rated
fatty

acid
s.

Fu
rth

erm
o
re,

in
o
rd
er

to
q
u
an

tify
th
e
vitam

in
E
req

u
irem

en
t,

o
n
e
n
eed

s
to

estim
ate

th
e
typ

ical
in
take

ran
ge

fo
r
P
U
FA

w
ith

d
ifferen

t
d
egree

o
f
u
n
satu

ratio
n

(T
ab

le
2).

T
h
e
P
U
FA

in
take

ran
ge

in
d
icated

in
T
ab

le
2
w
as

estim
ated

fro
m

review
s
p
ro
-

vid
in
g
a
glo

b
al

p
ersp

ective
o
n
d
ietary

fatty
acid

in
take

(1
0
0
–
1
0
2
).

T
h
e

recen
t
w
o
rld

w
id
e

an
alysis

o
f
d
ietary

fats
an

d
o
ils

co
n
-

su
m
p
tio

n
fro

m
M
ich

a
et

a
l. (1

0
1
)
in
d
icates

th
at

th
ere

are
large

variatio
n
s
acro

ss
regio

n
s
an

d
co

u
n
tries

in
th
e
co

n
su
m
p
tio

n
o
f

fats
an

d
o
ils,

an
d
th
erefo

re
o
f
fatty

acid
s
in
clu

d
in
g
P
U
FA

.
T
h
e

m
ean

glo
b
al

n
-6

P
U
FA

(m
ain

ly
lin

o
leic

acid
)
in
take

w
as

5·9
%

en
ergy

ran
gin

g
fro

m
2·5

to
8·5

%
en

ergy
acro

ss
regio

n
s.

T
h
e

typ
icallin

o
leic

acid
in
take

in
a
w
estern

p
o
p
u
latio

n
w
o
u
ld

ran
ge

fro
m

ab
o
u
t
12

to
ab

o
u
t
21

g/d
,
co

n
sid

erin
g
an

en
ergy

in
take

ran
gin

g
fro

m
7531·2

to
13

455
kJ/d

(1800
to

3250
kcal/d

).
T
h
e

w
o
rld

w
id
e

m
ean

p
lan

t
n
-3

P
U
FA

(m
ain

ly
α-lin

o
len

ic
acid

)
in
take

w
as

1371
m
g/d

w
ith

a
10-fo

ld
variatio

n
fro

m
302

to
3205

m
g/d

acro
ss

regio
n
s.

T
h
e
w
o
rld

w
id
e
‘seafo

o
d
’
n
-3

P
U
FA

(m
ain

ly
E
P
A

an
d
D
H
A
)
in
take

w
as

163
m
g/d

,
ran

gin
g
w
id
ely

fro
m

<
50

to
>
700

m
g/d

b
etw

een
regio

n
s.

V
itam

in
E
recom

m
endations

It
is
reco

m
m
en

d
ed

th
at

a
b
aselin

e
α-to

co
p
h
ero

lreq
u
irem

en
t
b
e

estim
ated

to
w
h
ich

an
ad

d
itio

n
al

vitam
in

E
in
take

to
co

m
p
en

-
sate

fo
r
d
ietary

P
U
FA

in
take

can
b
e
ad

d
ed

in
o
rd
er

to
o
b
tain

th
e

co
rrect

b
alan

ce
o
f
d
ietary

fatty
acid

s
w
ith

vitam
in

E
.
T
h
is

b
aselin

e
vitam

in
E

req
u
irem

en
t
w
o
u
ld

allo
w

fo
r
ad

eq
u
ate

syn
th
esis

an
d
selective

sto
rage

o
f
P
U
FA

in
cellan

d
tissu

e
lip

id
s,

even
w
ith

very
lo
w
-P
U
FA

d
iets.H

o
w
ever,th

e
o
p
tim

alvitam
in

E
req

u
irem

en
t
also

d
ep

en
d
s
o
n
th
e
am

o
u
n
t
an

d
d
egree

o
f
u
n
sa-

tu
ratio

n
o
f
P
U
FA

in
th
e
d
iet.

In
creased

d
ietary

in
take

o
f
P
U
FA

h
as

b
een

sh
o
w
n
to

d
ecrease

vitam
in

E
levels

in
p
lasm

a
an

d
tissu

es
in

b
o
th

an
im

als
an

d
h
u
m
an

s.
M
o
reo

ver,
h
igh

in
take

o
f

P
U
FA

w
ith

co
n
co

m
itan

t
very

lo
w

in
take

o
f
vitam

in
E
m
ay

lead
to

sym
p
to
m
s

o
f
vitam

in
E

d
e
fi
cien

cy
su
ch

as
creatin

u
ria,

eryth
ro
cyte

fragility
an

d
in
creased

lip
id

p
ero

xid
atio

n
.H

o
w
ever,

it
h
as

b
een

d
iffi

cu
lt

to
d
eterm

in
e

th
e

p
recise

vitam
in

E
req

u
irem

en
ts

in
h
u
m
an

s,
as

th
ere

are
ap

p
aren

tly
n
o

clear
d
e
fi
cien

cy
d
iseases.

Fu
rth

erm
o
re,

very
lo
n
g-term

fo
llo

w
-u
p
is

n
eed

ed
to

d
ep

lete
th
e
b
o
d
y
sto

res
o
f
vitam

in
E
to

in
vestigate

an
y

lo
n
g-term

d
eleterio

u
s

co
n
seq

u
en

ces,
w
h
ich

are
o
ften

d
iffi

cu
lt
to

d
iagn

o
se

at
an

early
stage.

H
o
w
ever,

at
p
resen

t,
it

w
o
u
ld

n
o
t
b
e
feasib

le
to

co
n
d
u
ct

su
ch

lo
n
g-term

fo
llo

w
-u
p
o
r

d
ep

letio
n

stu
d
ies,

su
ch

as
th
e

E
lgin

p
ro
ject,

d
u
e

to
eth

ical
co

n
sid

eratio
n
s.

Institute
of

M
edicine

and
D
A
C
H

recom
m
endations

In
2000,

th
e

Io
M

(3
)
p
u
b
lish

ed
d
ietary

referen
ce

in
takes

fo
r

vitam
in

E
,
b
ased

o
n
p
revio

u
sly

rep
o
rted

research
fi
n
d
in
gs.

T
h
e

rep
o
rt

su
ggested

th
at

th
ere

w
as

n
o
scien

tifi
c
b
asis

to
assu

m
e

an
y
d
ifferen

ce
in

vitam
in

E
req

u
irem

en
ts

b
etw

een
m
en

an
d

w
o
m
en

,
o
r

th
at

agein
g

im
p
airs

vitam
in

E
ab

so
rp
tio

n
o
r

secretio
n
.T

h
erefo

re,n
o
d
istin

ctio
n
w
as

m
ad

e
b
etw

een
sexes

o
r

ad
u
lt
age

catego
ries

in
th
e
Io
M

reco
m
m
en

d
atio

n
s.

In
th
e

sam
e

year,
th
e

D
A
C
H

referen
ce

valu
es

(4
)
w
ere

p
u
b
lish

ed
fo
r
G
erm

an
y,

A
u
stria

an
d
Sw

itzerlan
d
,
u
sin

g
sim

ilar
m
eth

o
d
o
lo
gy

as
th
e

Io
M
,
b
u
t
b
ased

o
n

relevan
t
G
erm

an
,

A
u
strian

an
d
Sw

iss
d
ata.In

co
n
trastto

th
e
Io
M

referen
ce

valu
es,

Tab
le

1.
V
itam

in
E

requirem
ents

for
different

unsaturated
fatty

acids
found

in
hum

an
diets

N
um

ber
of

double
bonds

Fatty
acid

V
itam

in
E

requirem
ent

(m
g/g

fatty
acid)

1
O
leic

acid
0·075

2
Linoleic

acid
0·5

3
α-Linolenic

acid
0·75

4
A
rachidonic

acid
1·0

5
E
PA

1·25
6

D
H
A

1·5

Tab
le

2.
E
stim

ated
vitam

in
E

requirem
ent

for
typical

ranges
of

unsatu-
rated

fatty
acid

intake
in

w
estern

diets

U
nsaturated

fatty
acid

Typicalintake
range

(g/d)
V
itam

in
E

requirem
ent

(m
g/g

fatty
acid)

O
leic

acid
20

–30
1·5

–2·3
Linoleic

acid
12

–21
6·0

–10·5
α-Linolenic

acid
1·1

–2·6
0·8

–2·0
A
rachidonic

acid
0·1

–0·3
0·1

–0·3
E
PA

+
D
H
A

0·1
–0·5

0·1
–0·7

V
itam

in
E

requirem
ent

related
to

unsaturated
fatty

acid
intake

8·5
–15·7

m
g/d

Totalvitam
in

E
requirem

ent
12·5

–20
m
g/d*

*
T
he

estim
ation

is
based

on
the

vitam
in

E
requirem

ent
related

to
unsaturated

fatty
acid

intake
plus

a
basalrequirem

ent
of

4
m
g
of

R
R
R
-α-tocopherol/d.

1118
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th
e

D
A
C
H

valu
es

d
istin

gu
ish

b
etw

een
sexes

an
d

ad
u
lt

age
catego

ries.
R
eferen

ce
valu

es
fro

m
th
e
Io
M

an
d
D
A
C
H

rep
o
rts

are
sh
o
w
n
in

T
ab

le
3.

B
o
th

referen
ce

valu
e
sets

d
istin

gu
ish

b
etw

een
p
regn

an
t
an

d
lactatin

g
w
o
m
en

.
T
h
e
Io
M

fo
u
n
d
n
o
evid

en
ce

to
b
elieve

th
at

p
regn

an
t
w
o
m
en

req
u
ire

an
in
creased

vitam
in

E
in
take,

co
m
-

p
ared

w
ith

n
o
n
-p
regn

an
t
w
o
m
en

o
f
th
e
sam

e
age,w

h
ereas

th
e

D
A
C
H

valu
es

are
sligh

tly
in
creased

fo
r
p
regn

an
t
w
o
m
en

.
B
o
th

referen
ce

sets
su
ggestan

in
creased

vitam
in

E
in
take

fo
r
lactatin

g
w
o
m
en

,
to

acco
u
n
t
fo
r
th
e

estim
ated

4
m
g/d

o
f
vitam

in
E

secreted
via

h
u
m
an

m
ilk.

A
lth

o
u
gh

th
ere

are
o
n
ly

sligh
t
d
ifferen

ces
b
etw

een
th
e
Io
M

an
d
D
A
C
H

referen
ce

valu
es,

th
ey

u
sed

tw
o
d
ifferen

t
m
eth

o
d
o
-

lo
gical

ap
p
ro
ach

es
to

p
ro
p
o
se

th
ese

reco
m
m
en

d
atio

n
s

fo
r

d
ietary

vitam
in

E
in
take.

T
h
e
Io
M

b
ased

th
eir

reco
m
m
en

d
atio

n
m
ain

ly
o
n

th
e
p
reven

tio
n

o
f
d
e
fi
cien

cy
sym

p
to
m
s,

u
sin

g
th
e

sen
sitivity

o
f
eryth

ro
cytes

to
h
aem

o
lysis

as
a
sign

o
f
d
e
fi
cien

cy.
T
h
e

availab
le

h
u
m
an

d
ata

in
d
icate

th
at

in
d
ivid

u
als

w
ith

a
p
lasm

a
co

n
cen

tratio
n
o
f
at

least
12

µm
o
l/lo

f
α-to

co
p
h
ero

lh
ave

a
lo
w

p
er

cen
to

f
eryth

ro
cyte

h
aem

o
lysis.Itis

o
f
in
terestto

n
o
te

th
at

th
is

p
lasm

a
level

o
f
vitam

in
E

is
in

lin
e
w
ith

th
e
recen

t
fi
n
d
in
gs,

in
d
icatin

g
an

in
creased

risk
o
f
m
iscarriage

in
w
o
m
en

w
ith

a
p
lasm

a
vitam

in
E

co
n
cen

tratio
n
s

<
12

µm
o
l/l (3

1
).

A
p
lasm

a
α-to

co
p
h
ero

l
level

o
f
12

µm
o
l/l

w
as

estim
ated

to
co

rresp
o
n
d
to

an
in
take

o
f
ab

o
u
t
12

m
g/d

.
T
h
u
s,
th
e
estim

ated
average

req
u
irem

en
t
(E
A
R
)
fo
r
vitam

in
E
w
as

set
to

12
m
g/d

o
f

α-to
co

p
h
ero

l
to

p
reven

t
eryth

ro
cyte

h
aem

o
lysis.

A
R
D
A

o
f

15
m
g/d

o
f
α-to

co
p
h
ero

l
fo
r
b
o
th

m
en

an
d
w
o
m
en

w
as

calcu
-

lated
fro

m
th
e
E
A
R
p
lu
s
tw

ice
th
e
C
V
(10

%
)
to

take
in
to

acco
u
n
t

th
e
in
d
ivid

u
al

n
eed

s.
T
h
e
D
A
C
H

reco
m
m
en

d
atio

n
s
co

n
sid

ered
th
e
d
ietary

P
U
FA

in
take

to
estim

ate
th
e
vitam

in
E

req
u
irem

en
t
b
y
takin

g
in
to

acco
u
n
t
a

b
asal

vitam
in

E
req

u
irem

en
t
p
lu
s

an
ad

d
itio

n
al

req
u
irem

en
t
b
ased

o
n
th
e
d
ietary

in
take

o
f
P
U
FA

.
T
o
calcu

late
th
e

vitam
in

E
req

u
irem

en
t,

th
ey

u
sed

a
b
asal

vitam
in

E
req

u
irem

en
t
o
f
4
m
g/d

an
d
a
ratio

o
f
0·4

m
g
o
f
α-to

co
p
h
ero

l/g
o
f
d
ietary

lin
o
leic

acid
an

d
th
e
ratio

s
b
etw

een
vitam

in
E
an

d
d
ietary

P
U
FA

w
ith

d
ifferen

td
egree

o
f
u
n
satu

ratio
n
p
ro
p
o
sed

b
y

W
ittin

g
&

H
o
rw

itt (8
0
,8
3
,8
9
).
T
h
e
d
ietary

vitam
in

E
req

u
irem

en
ts

fo
r
ad

u
lt
w
o
m
en

an
d
m
en

w
ere

estim
ated

to
b
e
resp

ectively
12

an
d

15
m
g/d

b
ased

o
n

a
typ

ical
d
ietary

in
take

o
f
P
U
FA

,
w
h
ich

d
iffer

b
etw

een
w
o
m
en

an
d

m
en

d
u
e
to

d
ifferen

ce
in

en
ergy

in
take.T

h
is
is
in

lin
e
w
ith

th
e
ap

p
ro
ach

w
e
h
ave

u
sed

in
th
is
review

to
estim

ate
th
e
req

u
irem

en
t
fo
r
vitam

in
E
in

relatio
n

to
d
ietary

P
U
FA

.
It
is
in
terestin

g
to

n
o
te

th
at,

d
esp

ite
u
sin

g
tw

o
d
ifferen

t
m
eth

o
d
s,

b
o
th

ap
p
ro
ach

es
lead

to
referen

ce
valu

es
th
at

fall
w
ith

in
th
e

10
–30

m
g/d

ran
ge

as
su
ggested

in
a

p
revio

u
s
stu

d
y.

Several
p
u
b
licatio

n
s
an

d
review

s
h
ave

d
iscu

ssed
th
e
q
u
an

ti-
fi
catio

n
o
f
th
e

p
h
ysio

lo
gical

req
u
irem

en
t
o
f
vitam

in
E

as
a

fu
n
ctio

n
o
f
P
U
FA

in
take

(8
5
,8
6
,9
9
,1
0
3
,1
0
4
).
T
h
e
au

th
o
rs

su
ggested

vario
u
s
ratio

s
o
f
vitam

in
E

to
P
U
FA

exp
ressed

as
m
illigram

to
co

p
h
ero

l
p
er

gram
to

calcu
late

th
e

ad
d
itio

n
al

vitam
in

E
req

u
irem

en
t
as

a
fu
n
ctio

n
o
f
th
e
am

o
u
n
t
o
f
P
U
FA

in
th
e
d
iet.

M
o
reo

ver,
th
e
d
ata

in
d
icate

th
at

b
ased

o
n
an

im
al

an
d
h
u
m
an

stu
d
ies

an
attem

p
tto

q
u
an

tify
th
e
vitam

in
E
req

u
irem

en
tsh

o
u
ld

take
tw

o
facto

rs
in
to

acco
u
n
t:
(1)

th
e
m
in
im

u
m

req
u
irem

en
t
to

allo
w

fo
r
b
asal

m
etab

o
lism

,
cellu

lar
syn

th
esis

an
d
P
U
FA

reten
-

tio
n
,
even

in
lo
w
-P
U
FA

d
iets,

an
d
(2)

th
e
ad

d
itio

n
al

vitam
in

E
req

u
ired

to
p
ro
tect

an
d
m
etab

o
lise

d
ietary

P
U
FA

.

C
onsiderations

for
future

recom
m
endations

Fro
m

T
ab

le
3

an
d

p
revio

u
sly

p
u
b
lish

ed
stu

d
ies,

it
b
eco

m
es

evid
en

t
th
at

reco
m
m
en

d
atio

n
s
fo
r
vitam

in
E
an

d
P
U
FA

in
take

are
d
evelo

p
ed

an
d
rep

o
rted

in
vario

u
s
w
ays.

T
h
e
m
ain

d
iffer-

en
ces

are
th
e
catego

ries
an

d
m
eth

o
d
s
th
at

are
u
sed

to
estim

ate
vitam

in
E
req

u
irem

en
ts.Io

M
d
id

n
o
td

istin
gu

ish
b
etw

een
sexes,

w
h
ereas

D
A
C
H

d
id
.
Fu

rth
erm

o
re,

b
o
th

rep
o
rts

u
sed

d
ifferen

t
age

catego
ries,w

h
ich

w
as

likely
th
e
resu

lt
o
f
th
e
age

catego
ries

p
ro
vid

ed
in

th
e
referen

ced
stu

d
ies.

In
o
rd
er

to
allo

w
fo
r
b
etter

co
m
p
ariso

n
acro

ss
stu

d
ies

an
d
rep

o
rts,

w
e
w
o
u
ld

like
to

su
g-

gest
th
at

fu
tu
re

stu
d
ies

rep
o
rt

th
eir

reco
m
m
en

d
atio

n
s
u
sin

g
stan

d
ard

ised
age

catego
ries

w
h
en

p
o
ssib

le.
In

ad
d
itio

n
,
w
e

su
ggest

th
e
in
clu

sio
n
o
f
an

aggregate
referen

ce
valu

e
fo
r
m
ales

an
d
fem

ales
co

m
b
in
ed

.
Fin

ally,
w
e
reco

m
m
en

d
a
stan

d
ard

ised
m
eth

o
d
fo
r
estim

atin
g
vitam

in
E
req

u
irem

en
ts.

C
onclusions

T
h
e
m
ain

fu
n
ctio

n
o
f
vitam

in
E
is
to

p
ro
tect

lip
id
s
fro

m
o
xid

a-
tive

d
am

age,an
d
a
n
u
m
b
er

o
f
stu

d
ies

sh
o
w

th
atits

req
u
irem

en
t

is
related

to
th
e
d
ietary

in
take

o
f
P
U
FA

.
T
h
u
s,

to
q
u
an

tify
th
e

vitam
in

E
req

u
irem

en
t,
a
b
asal

vitam
in

E
req

u
irem

en
t
p
lu
s
an

ad
d
itio

n
al

vitam
in

E
req

u
irem

en
t
fo
r
d
ietary

P
U
FA

is
o
ften

co
n
sid

ered
.
A

p
recise

vitam
in

E
:P
U
FA

ratio
m
ay

n
o
t
b
e

ap
p
licab

le
to

alltyp
es

o
f
d
ietan

d
h
ealth

statu
s.T

h
erefo

re,th
ere

h
as

b
een

n
o
co

n
sen

su
s
o
n
th
e
exact

vitam
in

E
:P
U
FA

ratio
to

d
eterm

in
e

th
e

vitam
in

req
u
irem

en
t.

H
o
w
ever,

th
e

p
u
b
lish

ed
h
u
m
an

d
ata

fo
r
a
d
iet

w
ith

an
average

co
n
ten

t
o
f
P
U
FA

an
d

Tab
le

3.
E
stim

ated
daily

vitam
in

E
intake

(m
g)

as
reported

in
the

Institute
of

M
edicine

(IoM
)
and

D
A
C
H

recom
m
endations

A
ge

range
E
stim

ated
daily

intake
based

on
E
A
R

according
to

IoM
E
stim

ated
daily

intake
according

to
D
A
C
H
*

0
–3

m
onths

–
3

0
–6

m
onths

4
†

–

4
–12

m
onths

–
4

7
–12

m
onths

5
†

–

1
–3

years
5

M
ale:

6,
fem

ale:
5

4
–6

years
–

8
4
–8

years
6

–

7
–9

years
–

M
ale:

10,
fem

ale:
9

9
–13

years
9

–

10
–12

years
–

M
ale:

13,
fem

ale:
11

13
–14

years
–

M
ale:

14,
fem

ale:
12

14
–18

years
12

–

15
–18

years
–

M
ale:

15,
fem

ale:
12

>
19

years
12

–

19
–24

years
–

M
ale:

15,
fem

ale:
12

25
–50

years
–

M
ale:

14,
fem

ale:
12

51
–64

years
–

M
ale:

13,
fem

ale:
12

>
65

years
–

M
ale:

12,
fem

ale:
11

P
regnant

w
om

en
12

13
Lactating

w
om

en
16

17

E
A
R
,
estim

ated
average

requirem
ent;

D
A
C
H
,
G
erm

any,
A
ustria,

S
w
itzerland.

*
E
stim

ated
intake

based
on

adequate
intake

in
a
dietprincipally

consisting
ofhum

an
m
ilk.

†
E
quivalent

to
E
A
R
.

V
itam

in
E
an

d
P
U
FA

1119
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co
n
tain

in
g
m
ain

ly
lin

o
leic

acid
as

th
e
P
U
FA

in
d
icate

th
at

th
e

ad
d
itio

n
al

vitam
in

E
req

u
irem

en
t
ran

ges
fro

m
0·4

to
0·6

m
g

R
R
R
-α-to

co
p
h
ero

l/g
o
f
P
U
FA

in
th
e
d
iet.

W
e
u
sed

a
ratio

o
f

0·5
m
g
R
R
R
-α-to

co
p
h
ero

l/g
o
f
lin

o
leic

acid
in

th
e
d
iet

an
d
also

co
n
sid

ered
th
e
d
egree

o
f
u
n
satu

ratio
n
o
f
th
e
d
ietary

fatty
acid

s
to

evalu
ate

th
e
vitam

in
E
req

u
ired

.
T
h
u
s,

u
sin

g
th
e
p
ro
p
o
sed

eq
u
atio

n
,
th
e
estim

ated
req

u
irem

en
t
fo
r
vitam

in
E
varied

fro
m

12
to

20
m
g/d

fo
r
a

typ
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