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Plasma a-tocopherol, 6-carotene, serum lipids and 
their derived ratios were determined in British Civil 
Servants (n = 7177) at the second medical examination 
of the Whitehall I1 Study, a longitudinal study of 
cardiovascular disease. For plasma a-tocopherol the 
non-parametric 95% reference interval (90% confidence 
limits) for the total population was: 11.1 (10.9-11.3) - 
51.5 (50.G52.7) ymolll. For plasma p-carotene the non- 
parametric reference interval for the total population 
was: 0.05 (0.05-0.05) - 2.14 (2.08-2.21) pmol/l. The 
latter interval was wider than those previously pub- 
lished with a higher mean (0.61 pmolll) and median 
(0.75 pmolll). Plasma 6-carotene concentrations were 
higher in women than men with age-adjusted means of 
0.70 and 0.57 ymol/l respectively (p i 0.001). This may 
reflect differences in diet, lifestyle and metabolism 
between the sexes. The a-tocopherollcholesterol ratio, 
as in other surveys, did not vary with age. Among men, 
current- and ex-smokers had a higher a-tocopheroll 
cholesterol ratio than never-smokers with age-adjusted 
means of 4.18, 4.19 pmol/mmol and 4.05 Fmol/mmol 
respectively. This difference is as yet unexplained. 
Follow-up of these subjects will help to clarify the role 
of antioxidant nutrients as protective factors for cardio- 
vascular disease and cancer. 
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INTRODUCTION 

Coronary heart disease (CHD) is a major cause of 
death in the Western world. Recent trends show 
that mortality rates are increasing in Eastern 
Europe"] and its importance is growing in most 
developing countries.['] Although epidemio- 
logical studies initially focused on the influence of 
dietary fat, recently emphasis has shifted towards 
the antioxidant hypothesis of atherosclerosis and 
CHD.rs71 Simultaneously, large-scale research has 
expanded on the possible role of dietary anti- 
oxidants in cancer Antioxidants 
such as vitamin C, carotenoids, and vitamin E may 
protect against cancer by several mechanisms[lZ1 
and against atherosclerotic disease by impeding 
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the oxidative modification of low-density lipopro- 
tein (LDL), and its incorporation into the arterial 
wall.[12,131 In vitro susceptibility of LDL particles to 
oxidation is directly associated with the severity of 
coronary atherosclerosis[141 and inversely asso- 
ciated with vitamin E dose in supplementation 
trials.[151 a-Tocopherol in plasma is considered to 
be a good indicator of protection offered by 
dietary vitamin E against oxidative damage at 
the tissue and membrane level.[161 Associations 
between dietary intake, plasma and tissue 
levels of p-carotene, are similar to those for 
a-tocopherol.[l6I There is, however, uncertainty 
about the efficacy of p-carotene in primary pre- 
vention of CHD, and neoplasms of the lung and 
other sites.[8’101 

To date the largest published studies of refer- 
ence values for the UK for these antioxidant 
nutrients are those of Gregory et a1.[171 (n = 1889) 
and Duly et u Z . [ ~ ’ ]  (n = 1600). This report presents 
baseline measurements for 7177 Whitehall I1 
study participants (4943 men and 2234 women) 
who are being followed up for incident CHD and 
cancer.f”I Dietary intake data, collected at the 
same time (1991-93), are reported elsewhere.[”] 
Reference values for plasma a-tocopherol, 
p-carotene, serum lipids and derived ratios ana- 
lyzed by sex, age and self-reported smoking sta- 
tus are presented here, together with the 
proportion of study participants with biochemi- 
cal deficiency of vitamin E[21,221 and those poten- 
tially at risk of CHD.[231 

MATERIALS AND METHODS 

Subjects 

The Whitehall I1 study cohort, set up primarily 
to investigate the causes of social inequalities in 
cardiovascular disease, comprises 10,308 per- 
sons (6895 men and 3413 women) aged 35-55 
years who worked in the London offices of 
20 government (Civil Sewice) departments in 
1985-1988 (Phase l).[I9] The response rate was 

73% (74% among men and 71% among women). 
The true response rates are likely to be higher, 
however, as around 4% of those on the provided 
list of employees had moved before the study 
began and thus were ineligible for inclusion. 
Subjects were re-examined in 1991-93 (Phase 3: 
83% participation rate) when a blood sample 
was collected. Most subjects had fasted 
overnight for at least 9 hours; others attending 
the medical examination in the afternoon were 
instructed to have no more than a light, fat-free 
breakfast before 8 am on the day of venepunc- 
ture. This formed the reference sample for the 
present report. 

Age was categorised into 5-year age-groups of 
39-44 years, 45-49 years, 50-54 years and 55-63 
years. A self-reported measure of smoking was 
used to categorise subjects into 3 groups: never 
smoker, ex-smoker and current smoker. Since the 
number of pipe and cigar smokers was small (men: 
10.4%; women: 0.7%), they were combined with 
cigarette smokers. Women who answered ’yes’ 
to the question: ’Have you ceased having your 
periods?’ were identified as postmenopausal. 

Blood samples were obtained by venepuncture 
of the left antecubital vein using a tourniquet. 
Blood was collected into lithium-heparin tubes and 
plasma stored at -80 “C until assay. Serum was 
prepared and stored at 4°C for total cholesterol 
determination within 72 hours. A random sub- 
sample of approximately 6% of participants 
returned for re-screening within 8 weeks of 
the first visit and laboratory measures were 
repeated in order to estimate the reliability of 
the measurements. 

Laboratory Methods 

a-Tocopherol and p-carotene were measured 
concurrently by normal phase high performance 
liquid chromatography (HPLC) using a modifi- 
cation of the methods of Buttriss and Diplock 
(1984)[241 and Thumham et a1 (1988).[25] A mobile 
phase of 92% hexane/8% tert-butyl methyl 
ether and fluorescence detection was used. 
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ANTIOXIDANTS IN THE WHITEHALL STUDY 209 

&Tocopherol, added to the sample prior to extrac- 
tion with hexane, was used as an internal standard 
for both a-tocopherol and P-carotene determi- 
nation. HPLC equipment (Waters Chromato- 
graphy Division, Watford) using a silica column 
(NovapakB 3.9 x 150mm, 4pm) was operated at a 
temperature of 30°C with a flow rate of 1 ml/min 
at a pressure of 450 psi. Calibration standards 
in hexane were prepared using the molar absorp- 
tivity of a-tocopherol at 292 nm (EmM = 3.26), 
&tocopherol at 298 nm (EmM = 3.67) and p- 
carotene at 455 nm (EmM = 134.1). All reagents 
were of HPLC grade or better (Rathburn Chem- 
icals Ltd., Walkerburn, Scotland). Detection 
limits of the HPLC system were estimated to be 
1.10 pmol/l for a-tocopherol and 0.10 pmol/l 
for p-carotene. 

Total cholesterol, HDL and triglycerides were 
determined with a Cobas Fara centrifugal 
analyser (Roche Diagnostic Systems, Welwyn 
Garden City) using commercially available kits. 
Total cholesterol was determined in the samples 
by the cholesterol oxidase/peroxidase colori- 
metric method (Boehringer Mannheim GmbH 
Diagnostica). HDL cholesterol was measured 
after LDL precipitation with dextran sulphate/ 
magnesium chloride solution.[z61 LDL cholesterol 
was calculated using the Friedwald 
External comparison and examination of age dif- 
ferences at Phases 1 and 3 suggested that serum 
total cholesterol levels were over-estimated by 
approximately 0.33 mmol/l at Phase 3. No cor- 
rection was applied to the data. 

StatisticaI Methods 

Biochemical variables were skewed and the loga- 
rithmic transformation was used to achieve 
approximate normality. The 95% reference inter- 
vals were calculated using the non-parametric 
method.[281 The 90% confidence interval for each 
percentile was determined using a normal distri- 
bution approximation to the binomial distribu- 
tion.tZ91 Regression methods were used to 
compare age-adjusted means between men and 

women and between smoking categories. Tests 
for trend across age-groups were performed by 
including a linear term for age-group in the 
regression model. Statistical analyses were per- 
formed using SAS version 6.04 (Cary, USA). 

Estimates of laboratory imprecision were 
obtained from the 10% of samples with duplicate 
measurements. These were obtained by re- 
analysing every tenth sample after each HPLC 
run was complete. The technical error (TE), 
based on this subset, was calculated using the 
formula: 

TE = dZd,? /2n, 

where di2 is the difference between a duplicate 
pair of measurements for the ith sample (i = 

1, . . ., n )  and n is the number of pairs. The coeffi- 
cient of variation was calculated using the 
formula: 

CV = TE / m,, x 100% 

where m,, is the mean of the n  pair^.[^''] 
The reliability of the measurements (between- 

person variation as a proportion of between- 
person + within-person variation), was estimated 
using intraclass correlation coefficients with data 
from 322 subjects who were re-s~reened.1~~1 

The coefficients of variation based on dupli- 
cate measurements were: a-tocopherol 10.5%, 
p-carotene 22.4%, serum cholesterol 3.4% 
and HDL cholesterol 3.5%. The intra-class corre- 
lations based on re-screened subjects were: 
a-tocopherol men 0.68, women 0.67; p-carotene 
men 0.46, women 0.49; total cholesterol men 0.85, 
women 0.86 and HDL cholesterol men 0.81, 
women 0.88. A substantial proportion of our 
study participants had undetectable p-carotene 
levels (men 10.7%, women 7.3%). This group was 
assigned a value of 0.05 pmol/1 (i.e. half way 
between the detection limit and zero as the 
best estimate of the true p-carotene concentra- 
tion). The national survey[171 did not report un- 
detectable values. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



210 N. C. ARMSTRONG cf nl. 

RESULTS 

The distributions of a-tocopherol and p-carotene 
in the total study sample are shown in Figure 1. 
The medians (2.5-97.5 percentile) for plasma 
a-tocopherol and p-carotene were 27.7 (11.1- 
51.5) pmol/l and 0.75 (0.05-2.14) pmol/l respec- 
tively. The distributions in the total study 
sample corrected for total cholesterol concentra- 
tions are shown in Figure 2. Medians (2.5-97.5 
percentile) for serum a-tocopherollcholesterol 
and p-carotene/cholesterol were 4.40 (1.85- 
7.30) pmol/mmol and 0.12 (0.01-0.34) pmol/ 
mmol respectively. 

Plasma a-tocopherol levels increased with age 
(p < 0.0001 both sexes). In the youngest age-group 
(ages 3944) the medians (2.5-97.5 percentile) 
were for men 25.9 (10.949.1) pmol/l and for 
women 26.3 (10.147.3) pmol/l. In the oldest age- 
group (ages 55563) the a-tocopherol levels were 
for men 29.1 (11.9-51.5) pmol/l and for women 
29.6 (11.6-58.2) pmol/l. There were no age- 
related differences in the a-tocopherollcholes- 
terol ratio. p-Carotene levels in pmol/l for men in 
the youngest age-group were 0.70 (0.05-1.71) and 
0.74 (0.05-2.12) in the oldest age-group (p < 
0.0001). This trend with age remained after cor- 
rection for total cholesterol concentrations (p = 
0.003) in men. There was an inverse association 
with age in women after correction for total cho- 
lesterol (p = 0.003). The p-carotene/cholesterol 
ratios in pmol/mmol for women in the youngest 
and oldest age-groups were: 0.14 (0.01-0.38) and 
0.12 (0.01-0.36) respectively. Total and LDL cho- 
lesterol concentrations were higher in older sub- 
jects (p < 0.0001) in both sexes. In the youngest 
men and women LDL cholesterol levels in 
mmol/l were respectively 4.16 (2.52-6.33) and 
3.75 (2.19-6.12). In the oldest men and women the 
LDL cholesterol levels were respectively 4.57 

The medians, 95% reference intervals with 90% 
confidence limits and geometric means for plasma 
a-tocopherol, p-carotene, lipids, a-tocopheroll 
cholesterol and P-carotene/cholesterol for men 

(2.75-6.62) and 4.69 (2.90-7.45). 

and women are shown in Table I. Among women, 
levels of total and LDL cholesterol, but no other 
variables, were associated with menopausal status 
(see footnote to Table I). No sigruficant differences 
were found between men and women for either 
the age-adjusted a-tocopherol levels or the choles- 
terol corrected a-tocopherol levels. Women had 
significantly higher (p < 0.0001) levels of p- 
carotene and P-carotene/cholesterol compared to 
men after age-adjustment. Compared to men, 
premenopausal women had significantly lower 
(p = 0.0006) total cholesterol whereas postmeno- 
pausal women had significantly higher (p < 
0.0001) total cholesterol levels. Premenopausal 
women had sigruficantly lower (p < 0.0001) LDL 
cholesterol levels compared to men and post- 
menopausal women after age-adjustment. Men 
had lower (p < 0.0001) HDL cholesterol levels than 
women. 

Age-adjusted means by smoking status, and 
tests of heterogeneity, are presented in Table n. 
Plasma a-tocopherol levels differed significantly 
(p < 0.0001) by smoking status in men but 
not women. Median (2.5-97.5 percentile) 
a-tocopherol levels for men in the never-, ex- and 
current-smoker categories were: 26.4 (10.9-50.8), 
28.4 (11.5-53.6) and 27.9 (11.9-50.4) pmol/l 
respectively. After a-tocopherol levels were cor- 
rected for total cholesterol, the group differences 
were again statistically significant only in men 

and 4.39 (1.93-7.36) pmol/mmol respectively. 
p-carotene levels in pmol/l for men in the 
never-, ex- and current-smoker categories were: 
0.75 (0.05-2.03), 0.74 (0.05-1.96) and 0.63 
(0.05-1.78) and for the women were: 0.91 
(0.05-2.62), 0.85 (0.05-2.21) and 0.67 (0.05-1.92). 
Heterogeneity tests were significant (p < 0.0001) 
in both men and women. In both sexes self- 
reported current smokers had statistically signif- 
icantly lower P-carotene/cholesterol ratios than 
non-smokers. The mean total cholesterol level in 
never-smokers was lower than in smokers 
among men, but among women this difference 

(text continues on p .  225) 

(p = 0.008): 4.31 (1.89-7.19), 4.47 (1.84-7.34) 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



0 It In 

00'5 

0 5 7  

00P 

O5'E 

0 0  E 

OS'Z 

00z 

OS'I 

n e 

L 

8 
Ei z 

h 

v cd 

-1 001 

21 1 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



(4
 N

um
be

r 
12

00
 

10
00

 

80
0 

60
0 

20
0 400
Lll

 
0 

m
ea

n 
=

 4
.1

 1 
pm

oV
m

m
o1

 
m

ed
ian

 =
 4

.4
0 

pm
ol

/m
m

ol
 

n 
=

 7
17

4 

--
 

,
,

O
0

O
 

w
-

2
2

;
 

N
um

be
r 

22
00

 

20
00

 

10
00

 

80
0 

60
0 

40
0 

20
0 8

4
 

0
0

 

m
ea

n 
=

 0
.0

9 
pm

ol
/m

m
ol

 
m

ed
ia

n 
=

 0
.1

2 
pm

ol
/m

m
ol

 
n 

=
 6

71
2 

Pl
as

m
a 

a-
to

co
ph

er
ol

 / 
ch

ol
es

te
ro

l r
at

io
 ( 

pm
ol

/ m
m

ol
 )

 
Pl

as
m

a 
b

ar
ot

en
e 

ch
ol

es
te

ro
l r

at
io

 (
 p

m
ol

/ m
m

ol
 )
 

FI
G

U
RE

 2
 

D
is

tri
bu

tio
n 

of 
a-

to
co

ph
er

ol
kh

ol
es

te
ro

l 
ra

tio
 (a

) 
an

d 
P-

ca
ro

te
ne

kh
ol

es
te

ro
l 

ra
tio

 (
b)
 in

 p
la

sm
a 

in
 th

e 
W

hi
te

ha
ll 

I1
 p

op
ul

at
io

n.
 a

-T
oc

op
he

ro
lic

ho
le

st
er

ol
 

ra
tio

 9
5%

 re
fe

re
nc

e 
in

te
rv

al
 1

.8
5-

7.
30

 p
m

ol
/l.

 8
 in

di
vi

du
al

s 
(0

.1
1%

 o
f 

71
74

 d
er

iv
ed

) h
ad

 a
-t

oc
op

he
ro

lk
ho

le
st

er
ol

 r
at

io
s 

gr
ea

te
r t

ha
n 

12
.0

0 
~m

ol
/m

m
ol

 an
d 

ar
e 

no
t 

di
sp

la
ye

d 
in

 th
e 

fig
ur

e.
 B

-c
ar

ot
en

e/
ch

ol
es

te
ro

l r
at

io
 9

5%
 re

fe
re

nc
e 

in
te

rv
al

 0
.0

1-
0.

34
 p

m
ol

/l.
 1

4 i
nd

iv
id

ua
ls

 (0
.2

1 %
 of

 6
71

2 
de

riv
ed

) h
ad

 p
la

sm
a 

P-
ca

ro
te

ne
/c

ho
le

st
er

ol
 

ra
tio

s g
re

at
er

 th
an

 0
.8

0 
pm

ol
lm

m
ol

. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



TA
BL

E 
I 

I1
 st

ud
y 

po
pu

la
tio

n,
 b

y 
se

x 
G

eo
m

et
ric

 m
ea

ns
, m

ed
ia

n 
an

d 
re

fe
re

nc
e 

in
te

rv
al

s (
95

%
 w

ith
 9

0%
 c

on
fid

en
ce

 li
m

its
) f

or
 p

la
sm

a 
a-

to
co

ph
er

ol
, 

p-
ca

ro
te

ne
, l

ip
id

s a
nd

 d
er

iv
ed

 v
ar

ia
bl

es
 in

 th
e 

W
hi

te
ha

ll 

V
A

N
A

B
LE

 
M

EN
 

W
O

M
EN

 
n 

M
ea

n 
M

ed
ia

n 
R

ef
er

en
ce

 h
te

rv
al

 
n 

M
ea

n 
M

ed
ia

n 
R

ef
er

en
ce

 In
te

rv
al

 
2.

5%
 

97
.5

%
 

2.
5%

 
97

.5
%

 

a-
 to

co
ph

er
ol

 
(p

m
ol

il)
 

p-
ca

ro
te

ne
* *

* 
(p

m
ol

il)
 

'T
ot

al
 c

ho
le

st
er

ol
 

(m
m

ol
/l)

 
'L

D
L 

ch
ol

es
te

ro
l*

**
 

(m
m

ol
/l)

 
H

D
L 

ch
ol

es
te

ro
l*

**
 

(m
m

ol
/l)

 
a-

 to
co

ph
er

ol
ic

ho
le

st
er

ol
 

ra
tio

 (
pm

ol
im

m
ol

) 
P-

ca
ro

te
ne

ic
ho

le
st

er
ol

 
ra

tio
**

* @
m

ol
/m

m
ol

) 

49
43

 
26

.2
 

27
.6

 
11

.3
 (1

1.
0-

11
.5

) 

46
09

 
0.

57
 

0.
72

 
0.

05
 (0

.0
5-

0.
05

) 

55
66

 
6.

38
 

6.
42

 
4.

46
 (4

.4
24

.5
0)

 

54
27

 
4.

33
 

4.
39

 
2.

65
 (2

.6
1-

2.
71

) 

55
44

 
1.

27
 

1.
28

 
0.

76
 (0

.7
4-

0.
78

) 

49
40

 
4.

12
 

4.
39

 
1.

87
 (1

.8
3-

1.
90

) 

46
06

 
0.

09
 

0.
11

 
0.

01
 (0

.0
1-

0.
01

) 

51
.6

 (5
0.

6-
52

.9
) 

1.
98

 (1
.8

8-
2.

06
) 

8.
85

 (8
.7

5-
8.

95
) 

6.
54

 (6
.4

7-
6.

62
) 

2.
14

 (
2.

11
-2

.1
8)

 

7.
28

 (7
.2

0-
7.

39
) 

0.
30

 (
0.

29
-0

.3
1)

 

22
34

 
26

.3
 

28
.0

 
10

.6
 (1

0.
3-

11
.1

) 
51

.4
0 

(4
9.

8-
53

.6
) 

21
06

 
0.

71
 

0.
84

 
0.

05
 (0

.0
5-

0.
05

) 
2.

45
 (2

.3
3-

2.
57

) 

24
56

 
6.

40
 

6.
42

 
4.

44
 (

4.
33

4.
49

) 
9.

31
 (9

.1
7-

9.
51

) 

24
37

 
4.

15
 

4.
20

 
2.

44
 (2

.3
1-

2.
51

) 
6.

78
 (6

.6
3-

7.
02

) 

24
52

 
1.

63
 

1.
64

 
0.

96
 (0

.9
2-

0.
98

) 
2.

60
 (2

.5
6-

2.
66

) 

22
34

 
4.

10
 

4.
40

 
1.

77
 (1

.7
1-

1.
84

) 
7.

35
 (7

.1
6-

7.
65

) 

21
06

 
0.

11
 

0.
13

 
0.

01
 (0

.0
1-

0.
01

) 
0.

38
 (0

.3
6-

0.
40

) 

Si
gn

ifi
ca

nc
e o

f s
ex

 d
iff

er
en

ce
 * 

p 
< 

0.
05

; *
* p

 <
 0.

01
; *

**
 p 

<
 0

.0
01

, 
'T

he
 v

al
ue

s f
or

 p
re

- 
an

d 
po

st
-m

en
op

au
sa

l w
om

en
 a

re
 s

ta
tis

tic
al

ly
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
t (

p <
 0

,0
01

): 
LD

L 
ch

ol
es

te
ro

l p
re

-m
en

op
au

sa
l n

 =
 1

15
1,

 m
ed

ia
n 

=
 3

.8
3 m

m
ol

/l,
 re

fe
re

nc
e 

in
te

rv
al

 =
 2

.2
7 
- 

6.
11

 m
m

ol
il 

po
st

-m
en

op
au

sa
l 

n 
=

 1
23

4,
 m

ed
ia

n 
=

 4
.5

0 
m

m
ol

/l,
 re

fe
re

nc
e 

in
te

rv
al

 =
 2

.6
0 -

 7
.2

5 
m

m
ol

/l 
To

ta
l c

ho
les

ter
ol

 p
re

-m
en

op
au

sa
l n

 =
 1

15
4,

 m
ed

ia
n 

=
 6

.0
3 

m
m

ol
/l,

 re
fe

re
nc

e 
in

te
rv

al
 =

 4
.2

6 
- 

8.
39

 m
m

ol
il 

po
st

-m
en

op
au

sa
l n

 =
 1

25
0,

 m
ed

ia
n 

=
 6

.7
7 

m
m

ol
il,

 re
fe

re
nc

e 
in

te
rv

al
 =

 4
.8

8 -
 9

.9
7 

m
m

ol
/l 

N
 

w
 

w
 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



TA
BL

E 
II 

st
ud

y 
po

pu
la

tio
n,

 b
y 

se
lf

-r
ep

or
te

d 
sm

ok
in

g 
st

at
us

 
A

ge
-a

dj
us

te
d 

ge
om

et
ri

c 
m

ea
ns

 a
nd

 h
et

er
og

en
ei

ty
 te

st
 fo

r p
la

sm
a 

a-
to

co
ph

er
ol

, p
-c

ar
ot

en
e,

 li
pi

ds
 a

nd
 d

er
iv

ed
 v

ar
ia

bl
es

 in
 th

e 
W

hi
te

ha
ll 

LI 

V
A

R
IA

B
LE

 
M

E
N

 
W

O
M

E
N

 
(A

ge
-A

dj
us

te
d 

M
ea

ns
) 

p 
va

lu
et

 
(A

ge
-A

dj
us

te
d 

M
ea

ns
) 

p 
va

lu
et

 
N

ev
er

-S
m

ok
er

 
E

x-
Sm

ok
er

 
C

ur
re

nt
 S

m
ok

er
 

N
ev

er
-S

m
ok

er
 

E
x-

Sm
ok

er
 

C
ur

re
nt

 S
m

ok
er

 

a-
 to

co
ph

er
ol

 
25

.4
 

27
.0

 
27

.1
 

0.
00

01
 

25
.9

 
26

.0
 

27
.2

 
0.

16
 

(p
m

ol
/l)

 

(k
m

ol
ll)

 

(m
m

ol
ll)

 

(m
m

ol
ll)

 

(m
m

ol
ll)

 

ra
tio

 (p
m

ol
lm

m
ol

) 4
.0

5 
4.

19
 4

.1
8 

0.
00

8 
4.

08
 4

.1
0 

4.
18

 0
.6

0 

ra
tio

 (
pm

ol
llm

m
ol

) 0
.1

0 
0.

10
 0

.0
7 

0.
00

01
 0.

12
 0

.1
1 

0.
08

 0
.0

00
1 

!3
-c

ar
ot

en
e 

0.
63

 
0.

59
 

0.
44

 
0.

00
01

 
0.

78
 

0.
73

 
0.

53
 

0.
00

01
 

To
ta

l c
ho

le
st

er
ol

 
6.

28
 

6.
46

 
6.

48
 

0.
00

01
 

6.
35

 
6.

35
 

6.
49

 
0.
08
 

LD
L 

ch
ol

es
te

ro
l 

4.
28

 
4.

39
 

4.
40

 
0.

00
03

 
4.

11
 

4.
06

 
4.

27
 

0.
00

5 

H
D

L
 c

ho
le

st
er

ol
 

1.
29

 
1.

29
 

1.
23

 
0.

00
01

 
1.

64
 

1.
68

 
1.

51
 

0.
00

01
 

a-
 to

co
ph

er
ol

lc
ho

le
st

er
ol

 

P-
ca

ro
te

ne
lc

ho
le

st
er

ol
 

'p
 v

al
ue

 fo
r t

es
t o

f 
he

te
ro

ge
ne

ity
 b

et
w

ee
n 

sm
ok

in
g 

ca
te

go
ri

es
. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



ANTIOXIDANTS IN THE WHITEHALL STUDY 215 

was not statistically significant. In both sexes 
never-smokers had lower LDL and higher HDL 
cholesterol levels than smokers. 

DISCUSSION 

This report describes plasma levels of a-toco- 
pherol, p-carotene, serum lipids and the derived 
ratios at the second medical examination of the 
Whitehall I1 study. With a study sample 
of 4943 men and 2234 women we have estab- 
lished the largest single-centre prospective 
study to date of antioxidants and cardiovascular 
disease in the UK. 

Our study population is an office-based group 
of Civil Servants, and there may be concerns that 
it is not representative of adults in the UK. We 
obtained a similar distribution of a-tocopherol 
levels as in other recent large community surveys 
in Britain and Northern Ireland.[17,1s] Each of 
these cross-sectional surveys showed, as the 
present study has done, a-tocopherol levels to be 
higher among older participants, and that the 
age-related difference in a-tocopherol appeared 
to be explained by the tendency of total choles- 
terol to increase with age and, in women, after 
the menopause. Compared to the Dietary and 
Nutritional Survey of British how- 
ever, approximately three-fold higher mean 
p-carotene levels were observed in our popula- 
tion. This possibly reflects higher than average 
intakes of foods containing p-carotene in our 
study population. The poor precision of the 
p-carotene estimations (22.4%) may alter the 
range of values but does not influence our esti- 
mate of population means. 

We have replicated the finding of hgher levels 
of plasma p-carotene in women compared to 
men.[171 Plasma concentrations reflect carotene 
intaker",32,331 and a likely explanation for the sex 
difference in p-carotene levels is that there are 
parallel differences in consumption of fruit and 
vegetables, particularly carrots and tomatoes 
which are major sources of p-~arotene. '~~] 

Reported intake of dietary p-carotene tends how- 
ever, if anything, to be higher in men than 
women.[l7I Differences in the bioavailability of 
p-carotene in raw and cooked foods may there- 
fore be important. Absorption reportedly varies 
between 3 and 97%[351 according to preparation 
method and it may be that men and women tend 
to consume carotene-containing foods prepared 
in different ways. The finding of substantially 
higher plasma and adipose tissue levels in 
women despite similar p-carotene intakes in each 

supports the suggestion that there may be 
sex differences in metabolism of p-carotene, 
including its distribution in body compartments. 

Tobacco smoking is a major preventable cause 
of CHD and Some heavy smoking 
populations, however, have unexpectedly low 
rates of coronary disease and it has been sug- 
gested that high dietary antioxidant intake may 
be responsible for this paradox.[381 In Britain 
smokers tend to have lower intakes of anti- 
oxidant micronutrients and have lower plasma 
antioxidant levels than non-smokers[17] and it  
may be that these two factors operate together 
to promote atherosclerosis. In our study non- 
smokers had, as e~pec ted , [~~ ,~" ]  higher plasma 
p-carotene than smokers, but male never- 
smokers had a lower mean plasma a-tocopherol 
and a-tocopherollcholesterol ratio than smok- 
ers. Among women there was a similar finding 
only for the cholesterol corrected ratio. Previous 
studies in British populations found no associa- 
tion between vitamin E and smoking s t a t ~ s . ' ' ~ , ~ ~ '  
Our finding suggests that the relationship 
between smoking and dietary nutrient intake 
may vary for different dietary antioxidants. 

Plasma p-carotene is lower in smokers[32J9,4"1 
and this is one way that it resembles vitamin C.[*'' 
Lower levels of carotenoids in smokers may 
reflect differences in dietary intake. Smokers 
have been found to eat smaller amounts of 
p-carotene-containing however, 
differences in intake do not appear to explain all 
of the effect of ~ m o k i n g . [ ~ ~ , ~ ~ l  The additional dif- 
ference has been ascribed to the pro-oxidant 
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stress effects of tobacco smoke[46] and other 
dietary differences such as the greater alcohol 
consumption of s r n o k e r ~ . [ ~ ~ , ~ ~ ~ ’ ~  This li as led to 
the suggestion that the daily requirement of 
smokers for p-carotene, as well as for vitamin C, 
may be higher than that of non- smoker~ . [~~ ,~~]  
This argument was advancedL7] to explain the 
results of the Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Study“] which found an 
excess of CHD and lung cancer among those 
supplemented with p-carotene at a dose of 
20 mg/day. Two further reports of trials of 
p-carotene, one involving American physicians[’] 
(50mg on alternate days) and the other current 
and former smokers, and workers exposed to 
asbestos[’’] (30 mg/day, plus retinol 25,000 IU/ 
day) suggest that, regardless of smoking history, 
doses of up to 30 mg/day do not produce benefit. 

Ob~ervational[~-~] and metabolic[l5I studies of 
the vitamin E-CHD association provide better 
support for the antioxidant hypothesis than the 
studies relating to p-carotene. A trial of vitamin E 
supplementation (400 or 800 IU/day) in sec- 
ondary prevention produced partial support for 
this Supplementation was associ- 
ated with fewer non-fatal myocardial infarctions, 
but cardiovascular deaths and total mortality 
were not reduced. Experimental and epidemio- 
logical evidence of health benefit is probably 
strongest for vitamin E among the lipid-soluble 
antioxidant nutrients[121 and consequently it 
may be valuable to examine the distribution of 
plasma a-tocopherol levels in the Whitehall I1 
population. 

Horwitt et al. (1972)r2’1 defined a threshold for 
biochemical, as opposed to clinical,[531 vitamin E 
deficiency based on the sensitivity of erythrocytes 
to oxidant stress. This threshold of 0.8 mg toco- 
pherol/g total lipid,[’lI conventionally expressed 
as a plasma a-tocopherol concentration of 11.6 
pmol/l,r221 is equivalent to an a-tocopherol/total 
cholesterol ratio of 2.25 pmol/mmol. The latter 
has been proposed by the Department of Health 
as the ’lowest satisfactory value’ for plasma a- 
tocopherol.[54] 7.8% of men and 8.4% of women in 

the present study, distributed uniformly across 
age-groups, fell below this level. There was a ten- 
dency for fewer current smokers (men 6.39’0, 
women 6.1%) to be classified below the lowest 
satisfactory value compared to never- and ex- 
smokers (men 8.3% and 8.2% respectively, 
women 9.5% and 7.9% respectively). 

Gey et al. (1993)[231 have proposed plasma con- 
centration ranges for several dietary antioxidants 
which reflect the concept of optimal health, rather 
than avoidance of deficiency.l2’I ’Truly safe’ levels 
for vitamins A, C, E and carotenes derived from 
epidemiological studies of cardiovascular dis- 
ease, cancer and antioxidant status, have been 
proposed on the basis that disease risk may be 
reduced if intakes are sufficient to obtain the 
given plasma concentrations.[23] These are for 
vitamin E: >28.0 pmol/l, for a- plus p-carotene: 
>0.5 pmol/l and for vitamin C: >41 p m ~ l / l . [ ~ ~ ]  An 
optimal range of p-carotene alone was esti- 
mated[231 to be approximately 0.3-0.4 pmol/l on 
the basis that an eightfold increase of p-carotene 
above the baseline value of 0.35 pmol/l produced 
no additional protection against basal-cell non- 
melanoma skin cancer.[551 The proposed values 
for vitamins A, C, E and carotenes are consistent 
with those previously reported[41 to be associ- 
ated with a reduced risk of angina pectoris. 
51.3% of the present sample (men 51.9%0, women 
50.0%) fell below the ‘truly safe’ level of 28.0 
pmol/l for a - tocopher~l . [~~~ This proportion is 
somewhat less than that recently observed in 
Northern Ireland[”l(63%), perhaps reflecting the 
differing social class composition of the two 
study populati~ns.[’~l 

Bearing in mind the uncertain role of 
p-carotene in degenerative disease preven- 
tion[””] we have nevertheless estimated the pro- 
portion in the Whitehall I1 population considered 
to be in the suboptimal range of plasma levels. 
Taking the suggested lower limit of 0.3 
14.6% of men and 10.9% of women had-plasma 
p-carotene concentrations below this level. The 
proportion of participants with low p-carotene 
concentrations, as defined, tended to be smaller 
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in the older age-group (39-49 years: 14.2%, 50-63 
years: 12.5%). 

Firm dietary recommendations for vitamin E 
and p-carotene, and other antioxidants, for optimal 
health await further evidence from studies includ- 
ing ths  and the EPIC study (European Prospective 
Investigation of Cancer and Nutrition[’”). A num- 
ber of important questions remain with regard to 
optimal intakes, possible multiplicative, or syner- 
gistic, effects on risk, and the unexpected results of 
the recent p-carotene trials,[s-lo] which cast doubt 
on the advisability of reliance on supplements for 
antioxidant protection.[7] The available evidence 
suggests that dietary antioxidant intakes may be 
significant in explaining socioeconomic differences 
in cardiovascular risk.[56] The data presented here 
will, in later analyses and when incident disease 
has accumulated, provide further evidence on this 
question. 
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