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Vitamin C and blood pressure–an
overview
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1Wellcom e Train ing Fellow in Epidem iology, Institu te of Public Health , University Forvie S ite, Robinson
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of Medicine at S t Mary’s Norfolk Place, London W2 1PG, UK

Background: Laboratory and some epidemiological reported an inverse association with vitamin C intake.
studies suggest that antioxidants, such as vitamin C, The two non-randomised and four randomised con-
are protective for cardiovascular disease. This protec- trolled trials were all small. Of the randomised trials one
tive effect may be mediated through blood pressure reported a significant decrease in BP, one a non-
(BP). This is the first systematic review of epidemiolog- significant decrease and two were uninterpretable.
ical studies of vitamin C and BP. Conclusions: We found a consistent cross-sectional
Method: Published cross-sectional studies, prospective association between higher vitamin C intake or status
studies and trials in humans were identified that exam- and lower BP, though no study controlled adequately
ined the association between vitamin C intake or plasma for confounding by other dietary factors. Further cross-
vitamin C levels and BP. Relevant references were sectional studies are required to establish whether an
located by MEDLINE search 1966–1996, EMBASE search independent association exists. If this is shown to be
1980–1996, by searching personal bibliographies, books the case larger and longer term trials will be needed to
and reviews and from citations in located articles. confirm the association is causal. Potentially the impact
Results: Cross-sectional data were available from 18 on cardiovascular disease of a modest change in mean
populations. Ten of 14 reported an inverse association population vitamin C intake is large.
between plasma vitamin C and BP and three of four

Keywords: vitamin C; blood pressure; systematic reviews

Introduction Materials and methods

Laboratory stud ies and animal experiments suggest We sought to include all relevant reports (including
that oxidative modification of low density lipopro- abstracts) of cross-sectional stud ies, prospective
tein (LDL)-cholesterol p lays an importan t role in the stud ies and trials in humans that examined the
early development of atherosclerotic lesions.1,2 This association between vitamin C and BP.
suggestion has prompted examination of the We concluded observational stud ies that meas-
relationsh ip between in take of d ietary antioxidants, ured either in take of vitamin C or plasma vitamin C
such as vitamin C, and card iovascular d isease. levels. We excluded therefore stud ies that reported
Although several observational stud ies in humans their resu lts in terms of foods and BP even if these
have reported a protective association for stroke and foods were rich sources of vitamin C. We included
heart attack with increased in take of vitamin C,3–5 a only trials of vitamin C alone and excluded trials of
recent systematic review concluded that overall the a combination of micro nutrien ts14,15 and trials of
evidence is not persuasive.6 d ietary change, even if the resu lt (among others) was

A putative protective effect of vitamin C on car- to increase the vitamin C in take by dietary means.16

d iovascular d isease could be mediated through an These stud ies were excluded as it would be imposs-
effect on blood pressure (BP),7 or an effect on lip ids,8 ible to estimate the effect of vitamin C alone.
p latelets9,10 or haemostatic factors.11 A number of Where several reports were made by the same
studies and review articles8,12,13 have examined the group on the same study, (for example see references
hypothesis that vitamin C lowers BP but to our 17 and 18), the resu lts from what was judged to be
knowledge no systematic overview has been done. the definitive report, in th is case reference 18, were
This report aims to fill th is gap in the literature. selected . For the US NHANES I sample, two sets of

analyses performed by differen t groups were
included as they were considered to be substan tially
d ifferen t, though the study was still on ly considered
to have contribu ted one study population .19,20 How-
ever, a further report on NHANES I21 was excluded

Correspondence: Dr AR Ness, Institu te of Public Health , Univer-
from the analyses as the population had been dicho-

sity Forvie Site, Robinson Way, Cambridge CD2 2SR, UK
tomised in to normotensive and hypertensive sub-Received 18 November 1996; revised 15 January 1997; accepted

15 January 1997 groups in contrast to all the other stud ies considered



Vitamin C and blood pressure

AR Ness et al

344

T
a

b
le

1
C

ro
ss

-s
e

c
ti

o
n

a
l

st
u

d
ie

s
th

a
t

re
p

o
rt

e
d

o
n

th
e

o
b

se
rv

e
d

a
ss

o
c

ia
ti

o
n

b
e

tw
e

e
n

v
it

a
m

in
C

in
ta

k
e

a
n

d
B

P
a

P
o

p
u

la
ti

o
n

A
u

th
o

r
N

o
.

A
g

e
In

c
lu

si
o

n
s

E
x

c
lu

si
o

n
s

V
it

a
m

in
C

C
o

n
fo

u
n

d
e

rs
!

S
B

P
!

D
B

P
N

o
te

s
S

e
x

S
a

m
p

le
o

f
U

S
S

ta
n

to
n

JL
1

0
4

1
9

"
1

8
,

D
ie

ta
ry

T
re

a
te

d
B

P
2

4
h

re
c

a
ll

—
—

—
C

o
rr

e
la

ti
o

n
v

it
C

a
n

d
p

o
p

u
la

ti
o

n
e

t
a

l,
1

9
8

2
1

9
b

o
th

in
fo

rm
a

ti
o

n
U

n
u

su
a

l
d

ie
t

S
B

P
−

0
.0

3
,

D
B

P
−

0
.0

4
(P

#
0

.0
0

1
b

o
th

).

S
a

m
p

le
o

f
U

S
H

a
rl

a
n

W
R

2
0

5
5

2
5

–
7

4
,

S
u

b
se

t
h

a
d

H
y

p
e

rt
e

n
si

v
e

s
2

4
h

re
c

a
ll

B
io

c
h

e
m

ic
a

l,
—

—
V

it
C

n
o

t
in

m
o

d
e

ls
p

o
p

u
la

ti
o

n
e

t
a

l,
b

o
th

e
x

tr
a

so
c

io
-e

c
o

n
o

m
ic

fi
n

a
ll

y
se

le
c

te
d

.
1

9
8

4
2

0
in

fo
rm

a
ti

o
n

v
a

ri
a

b
le

s

S
w

e
d

e
n

,
L

a
p

id
u

s
L

1
4

6
2

3
8

–
6

0
,

C
e

n
su

s
b

a
se

d
C

H
D

,
re

fu
sa

l,
2

4
h

re
c

a
ll

—
—

—
N

o
si

g
n

ifi
c

a
n

t
G

o
th

e
n

b
u

rg
e

t
a

l,
1

9
8

6
2

8
w

o
m

e
n

sa
m

p
le

in
te

rv
ie

w
c

o
rr

e
la

ti
o

n
w

it
h

u
n

sa
ti

sf
a

c
to

ry
S

B
P

.

H
a

w
a

ii
a

n
Jo

ff
re

s
M

R
6

1
5

6
1

–
8

2
,

H
a

w
a

ii
C

H
D

,
2

4
h

re
c

a
ll

A
g

e
,

B
M

I
−

3
.6

m
m

H
g

−
1

.1
m

m
H

g
V

it
C

in
ta

k
e

Ja
p

a
n

e
se

e
t

a
l,

1
9

8
7

2
9

m
e

n
re

si
d

e
n

t
sp

e
c

ia
l

d
ie

t,
Q

4
v

s
Q

1
Q

4
v

s
Q

1
(m

g
/d

a
y

):
Ja

p
a

n
e

se
h

y
p

e
rt

e
n

si
v

e
.

(P
=

0
.0

2
)

(N
S

)
Q

1
0

–
9

6
a

n
c

e
st

ry
Q

4
6

0
2

–
9

5
7

4

U
S

E
ld

e
rl

y
Ja

c
q

u
e

s
P

F
,

6
9

6
6

0
–

1
0

0
,

F
re

e
li

v
in

g
H

y
p

e
rt

e
n

si
v

e
,

3
d

a
y

d
ie

ta
ry

A
g

e
,

se
x

,
B

M
I,

−
1

0
.6

m
m

H
g

−
3

.2
m

m
H

g
V

it
C

in
ta

k
e

1
9

9
2

3
1

b
o

th
v

o
lu

n
te

e
rs

o
n

tr
e

a
t-

d
ia

ry
sm

o
k

in
g

,
(l

o
w

v
s

h
ig

h
)

(l
o

w
v

s
h

ig
h

)
(m

g
/d

a
y

)
m

e
n

t
th

a
t

a
lc

o
h

o
l,

(P
=

0
.0

1
)

(P
#

0
.0

1
)

#
6

0
v

s
"

2
4

0
e

ff
e

c
ts

B
P

N
a

/K
,

C
a

,
M

g
,

(l
o

w
)

(h
ig

h
)

P
U

F
A

S
u

g
g

e
st

io
n

o
f

th
re

sh
o

ld
e

ff
e

c
t

a
T

h
e

fo
ll

o
w

in
g

a
b

b
re

v
ia

ti
o

n
s

a
re

u
se

d
in

th
e

ta
b

le
s:

B
M

I
=

b
o

d
y

m
a

ss
in

d
e

x
;

C
a

=
c

a
lc

iu
m

;
C

a
/P

=
c

a
lc

iu
m

p
h

o
sp

h
a

te
ra

ti
o

;
C

C
F

=
c

o
n

g
e

st
iv

e
c

a
rd

ia
c

fa
il

u
re

;
C

H
D

=
c

o
ro

n
a

ry
h

e
a

rt
d

is
e

a
se

;
C

V
A

=
S

tr
o

k
e

;
D

B
P

=
d

ia
st

o
li

c
b

lo
o

d
p

re
ss

u
re

;D
M

=
d

ia
b

e
te

s
m

e
ll

it
u

s;
G

I
=

g
a

st
ro

in
te

st
in

a
l;

M
g

=
m

a
g

n
e

si
u

m
;

M
I

=
m

y
o

c
a

rd
ia

l
in

fa
rc

ti
o

n
;

N
a

/K
=

so
d

iu
m

p
o

ta
ss

iu
m

ra
ti

o
;

N
S

=
n

o
n

si
g

n
ifi

c
a

n
t;

P
A

A
=

p
la

sm
a

a
sc

o
rb

ic
a

c
id

;
P

U
F

A
=

p
o

ly
u

n
sa

tu
ra

te
d

fa
tt

y
a

c
id

s;
Q

4
v

s
Q

1
=

T
h

e
d

if
fe

re
n

c
e

b
e

tw
e

e
n

th
e

h
ig

h
e

st
v

it
a

m
in

C
q

u
a

rt
il

e
a

n
d

th
e

lo
w

e
st

;
R

D
A

=
re

c
o

m
m

e
n

d
e

d
d

a
il

y
a

ll
o

w
a

n
c

e
;

S
A

A
=

se
ru

m
a

sc
o

rb
ic

a
c

id
;

S
B

P
=

sy
st

o
li

c
b

lo
o

d
p

re
ss

u
re

;
V

it
C

=
v

it
a

m
in

C
.



Vitamin C and blood pressure

AR Ness et al

345

T
a

b
le

2
C

ro
ss

-s
e

c
ti

o
n

a
l

st
u

d
ie

s
th

a
t

re
p

o
rt

e
d

o
n

th
e

o
b

se
rv

e
d

a
ss

o
c

ia
ti

o
n

b
e

tw
e

e
n

p
la

sm
a

v
it

a
m

in
C

a
n

d
B

P
a

P
o

p
u

la
ti

o
n

A
u

th
o

r
N

o
.

A
g

e
In

c
lu

si
o

n
s

E
x

c
lu

si
o

n
s

V
it

a
m

in
C

C
o

n
fo

u
n

d
e

rs
!

S
B

P
!

D
B

P
N

o
te

s
S

e
x

M
is

si
ss

ip
p

i
K

o
h

E
T

,
3

0
4

5
–

8
0

,
—

—
F

a
st

in
g

P
A

A
—

—
—

C
o

rr
e

la
ti

o
n

v
it

C
a

n
d

S
B

P
b

la
c

k
S

te
w

a
rt

T
,

b
o

th
−

0
.1

2
,

D
B

P
−

0
.1

1
(P

#
0

.0
5

1
9

7
8

2
5

b
o

th
).

M
is

si
ss

ip
p

i
K

o
h

E
T

,
C

h
i

4
3

9
$

3
4

,
—

—
F

a
st

in
g

P
A

A
—

—
—

S
ig

n
ifi

c
a

n
t

-v
e

c
o

rr
e

la
ti

o
n

b
la

c
k

a
n

d
M

S
,

1
9

8
0

2
6

b
o

th
v

it
C

a
n

d
B

P
,

b
u

t
v

it
C

w
h

it
e

d
e

p
e

n
d

e
n

t
v

a
ri

a
b

le
in

re
g

re
ss

io
n

m
o

d
e

ls
.

Ja
p

a
n

e
se

fa
rm

Y
o

sh
io

k
a

M
e

t
1

9
4

3
0

–
3

9
,

H
e

a
lt

h
y

H
y

p
e

rt
e

n
si

v
e

F
a

st
in

g
S

A
A

—
−

1
7

.8
m

m
H

g
−

9
.4

m
m

H
g

—
w

o
rk

e
rs

a
t,

1
9

8
4

2
7

m
e

n
p

e
r

5
0

%
m

o
l/

L
p

e
r

5
0

%
m

o
l/

L
(P

#
0

.0
0

1
)

(P
#

0
.0

0
1

)

F
in

n
is

h
m

e
n

S
a

lo
n

e
n

JT
,

7
2

2
5

4
,

A
ro

u
n

d
C

H
D

,
F

a
st

in
g

P
A

A
1

8
c

o
n

fo
u

n
d

e
rs

−
6

.5
m

m
H

g
−

3
.9

m
m

H
g

C
o

m
p

le
x

m
o

d
e

ls
.

G
ro

u
p

s
o

f
1

9
8

7
1

8
m

e
n

K
u

o
p

io
b

o
rn

h
y

p
e

rt
e

n
si

v
e

(l
o

w
v

s
h

ig
h

)
(l

o
w

v
s

h
ig

h
)

P
A

A
(%

m
o

l/
L

)
#

2
2

.7
v

s
1

9
3

0
–

1
9

3
1

(P
#

0
.0

0
1

)
(P

=
0

.0
0

1
)

$
6

1
.6

.
(l

o
w

)
(h

ig
h

)

N
o

rt
h

K
a

re
li

a
R

ie
m

e
rs

m
a

R
A

9
9

4
4

–
4

9
,

M
id

d
le

-a
g

e
d

—
P

A
A

S
m

o
k

in
g

,
—

—
P

A
A

d
id

n
o

t
S

W
F

in
la

n
d

e
t

a
l,

1
9

9
0

2
2

8
5

m
e

n
C

a
u

c
a

si
a

n
c

h
o

le
st

e
ro

l
c

o
rr

e
la

te
w

it
h

B
P

.
S

c
o

tl
a

n
d

1
3

1
S

o
u

th
It

a
ly

8
0

U
S

C
h

in
e

se
C

h
o

i
E

S
e

t
a

l,
2

4
7

6
0

–
9

6
,

B
o

st
o

n
a

re
a

H
o

u
se

b
o

u
n

d
F

a
st

in
g

P
A

A
A

g
e

,
se

x
,

B
M

I,
−

1
1

m
m

H
g

−
4

.5
m

m
H

g
2

4
h

re
c

a
ll

d
a

ta
1

9
9

1
3

0
b

o
th

v
o

lu
n

te
e

rs
In

In
st

it
u

ti
o

n
sm

o
k

in
g

,
fo

r
5

0
%

m
o

l/
L

fo
r

5
0

%
m

o
l/

L
n

o
t

re
p

o
rt

e
d

C
h

in
e

se
c

h
ro

n
ic

d
is

e
a

se
a

lc
o

h
o

l,
(P

#
0

.0
1

)
(P

=
0

.0
2

)
a

n
c

e
st

ry
N

a
/K

,
C

a
/P

,
p

h
y

si
c

a
l

a
c

ti
v

it
y

U
S

e
ld

e
rl

y
Ja

c
q

u
e

s
P

F
,

6
9

6
6

0
–

1
0

0
,

F
re

e
li

v
in

g
H

y
p

e
rt

e
n

si
v

e
,

F
a

st
in

g
P

A
A

A
g

e
,

se
x

,
B

M
I,

—
—

B
P

lo
g

tr
a

n
sf

o
rm

e
d

in
1

9
9

2
3

2
b

o
th

v
o

lu
n

te
e

rs
o

n
tr

e
a

tm
e

n
t

3
d

a
y

d
ie

ta
ry

sm
o

k
in

g
re

g
re

ss
io

n
.

V
it

C
a

n
d

S
B

P
th

a
t

e
ff

e
c

ts
B

P
d

ia
ry

-v
e

a
ss

o
c

ia
ti

o
n

b
o

th
se

x
e

s,
D

B
P

in
w

o
m

e
n

o
n

ly
.

(C
o

n
ti

n
u

e
d

)



Vitamin C and blood pressure

AR Ness et al

346

T
a

b
le

2
C

o
n

ti
n

u
e

d

P
o

p
u

la
ti

o
n

A
u

th
o

r
N

o
.

A
g

e
In

c
lu

si
o

n
s

E
x

c
lu

si
o

n
s

V
it

a
m

in
C

C
o

n
fo

u
n

d
e

rs
!

S
B

P
!

D
B

P
N

o
te

s
S

e
x

P
o

la
n

d
,

M
o

o
r

d
e

B
u

rg
o

s
1

0
2

1
6

–
6

3
,

O
b

e
se

,
sa

m
p

le
S

u
p

p
le

m
e

n
t

F
a

st
in

g
P

A
A

—
−

1
1

.2
m

m
H

g
−

9
m

m
H

g
G

ro
u

p
s

o
f

P
A

A
W

a
rs

a
w

A
e

t
a

l,
1

9
9

2
3

5
w

o
m

e
n

n
o

t
d

e
sc

ri
b

e
d

ta
k

e
rs

(l
o

w
v

s
h

ig
h

)
(l

o
w

v
s

h
ig

h
)

(%
m

o
l/

L
)

(P
#

0
.0

5
)

(P
#

0
.0

1
)

#
3

5
v

s
$

5
2

.
(l

o
w

)
(h

ig
h

)

U
S

A
u

g
u

st
a

M
o

ra
n

JP
e

t
a

l,
1

6
8

1
9

–
7

0
,

H
e

a
lt

h
y

H
y

p
e

rt
e

n
si

v
e

F
a

st
in

g
P

A
A

S
m

o
k

e
rs

−
4

.2
m

m
H

g
−

3
.9

m
m

H
g

S
m

a
ll

n
u

m
b

e
r

a
ls

o
w

it
h

3
-

1
9

9
3

3
4

b
o

th
v

o
lu

n
te

e
rs

m
a

jo
r

d
is

e
a

se
e

x
c

lu
d

e
d

fo
r

5
0

%
m

o
l/

L
fo

r
5

0
%

m
o

l/
L

d
a

y
d

ie
t

a
n

d
w

h
it

e
c

e
ll

A
A

.
sp

e
c

ia
l

d
ie

t
(P

#
0

.0
2

)
(P

#
0

.0
0

8
)

su
p

p
le

m
e

n
ts

a
b

o
v

e
R

D
A

S
e

v
e

n
th

D
a

y
T

o
o

h
e

y
L

e
t

a
l,

1
0

2
m

e
a

n
A

fr
ic

a
n

–
H

y
p

e
rt

e
n

si
v

e
P

A
A

A
g

e
,

w
a

is
t,

—
—

-v
e

c
o

rr
e

la
ti

o
n

v
it

C
w

it
h

A
d

v
e

n
ti

st
s,

1
9

9
6

3
5

a
g

e
4

8
,

A
m

e
ri

c
a

n
s,

o
n

m
a

lo
n

d
i-

S
B

P
−

0
.3

9
(P

#
0

.0
0

0
1

),
D

a
ll

a
s

b
o

th
S

e
v

e
n

th
D

a
y

tr
e

a
tm

e
n

t
a

ld
e

h
y

d
e

D
B

P
−

0
.2

5
(P

#
0

.0
2

5
).

A
d

v
e

n
ti

st
s

e
q

u
iv

a
le

n
ts

U
K

,
N

o
rf

o
lk

N
e

ss
A

R
e

t
a

l,
1

8
6

0
4

5
–

7
4

,
G

P
p

ra
c

ti
c

e
s

—
P

A
A

A
g

e
,

se
x

,
B

M
I

−
3

.6
m

m
H

g
−

2
.6

m
m

H
g

—
1

9
9

6
3

6
b

o
th

fo
r

5
0

%
m

o
l/

L
fo

r
5

0
%

m
o

l/
L

(P
#

0
.0

0
1

)
(P

#
0

.0
0

1
)

a
F

o
r

li
st

o
f

a
b

b
re

v
a

ti
o

n
s

u
se

d
se

e
fo

o
tn

o
te

to
T

a
b

le
1

.



Vitamin C and blood pressure

AR Ness et al

347
where BP was treated as a continuous variable. Five stud ies19,20,28,29,31 reported on the association

between vitamin C in take and BP in four popu-Reports that included data from more than one dis-
tinct population sample were allowed to contribu te lations. Three of these five studies showed a signifi-

cant inverse association between vitamin C and BP.more than one study population .22

We searched MEDLINE (1966–1996) and EMBASE The resu lts of these observational stud ies are sum-
marised in Table 1.(1980–1996) using the search terms ‘blood pressure’

and ’ascorbic acid’. This was complemented by a Eleven studies18,22,25–27,30,32–36 reported on the
association between blood levels of vitamin C andsearch of personal bibliographic files, books and rel-

evant reviews,7,8,12,13 and follow-up of citations in BP in 14 populations. In 10 of these 14 populations
a sign ificant inverse association was reported , but inreferences already located . We continued the pro-

cess of cross-referencing until no new references only four27,30–34,36 was it possible to estimate d irectly
the difference in BP for a 50 %mol/L difference inwere identified . These searches were not restricted

to English language journals but all the articles p lasma ascorbic acid . The observed difference for
d iastolic BP (DBP) ranged from −2.6 mm Hg to −9.4located were written in English . The relevant infor-

mation was extracted on to a standard form (adapted mm Hg, and for systolic BP (SBP) ranged from −3.6
mm Hg to −17.8 mm Hg. The resu lts of these obser-from one used for a previous systematic review),23

by two of the authors (ARN and DC). The infor- vational stud ies are summarised in Table 2.
One prospective study has reported on the associ-mation was cross-checked and any discrepancies or

d ifferences of opin ion reconciled . ation between vitamin C in take and BP. SBP was 2.0
mm Hg lower in those eating 125 mg of vitamin CThe observed difference in BP in cross-sectional

stud ies was calcu lated for a d ifference in vitamin C per day compared with those eating 75 mg per day
after 10 years.43in take of 100 mg per day or in p lasma concentration

of 50 %mol/L. Over a limited range of in takes, the Two uncontrolled trials showed an inverse
relationsh ip .37,38 The resu lts of these uncontrolledrelationsh ip between in take and plasma levels is lin -

ear so that a d ifference in in take of 100 mg of vit- trials are summarised in Table 3.
Four controlled trials39–42 have been reported . Theamin C a day resu lts in a difference in plasma level

of roughly 50 %mol/L.24 first of these39 was in 67 people but only the effect
on the treatment arm has been reported . TheIn some studies the difference in BP was

presented for tertiles or quartiles of vitamin C in take second 40 was in 20 people, including both border-
line hypertensive and normotensive subjects; itor status. For these stud ies the difference in BP

between the highest and lowest groupings was div- showed a reduction of systolic but not DBP. The
th ird41 was among 27 hypertensive patien ts; it wasided by the mean vitamin C value for the highest,

less the mean for the lowest and then multip lied by difficult to in terpret because of in teraction between
the crossover periods. The most recent trial42 waseither 50 for p lasma or 100 for in take. Where the

mean vitamin C values for the quartiles were not among 48 elderly hypertensive patien ts. It showed
a non-sign ificant reduction in both systolic andprovided , or other arbitrary groupings were used ,

the difference observed between the groupings in DBP. The resu lts of these randomised controlled
trials are summarised in Table 4.the study is presen ted along with a descrip tion of

these groupings.
The confounders recorded in the resu lts are those Discussion

used to adjust the observed association between vit-
amin C and BP. We found a consisten t cross-sectional association

between lower BP and either h igher in take of vit-
amin C or higher levels of p lasma ascorbic acid ,Results
although the trials of vitamin C supplementation so
far reported have generally been too small and tooSixteen observational stud ies18–20,22,25–36 and six

trials,37–42 published between 1978 and 1996, were varied to provide confirmatory evidence for a cau-
sal relationsh ip .located and fu lfilled the inclusion criteria. These

sixteen observational stud ies reported cross- As well as trials of vitamin C alone two trials of
multivitam in supplementation have been reported.14,15sectional analyses in 18 populations.

Table 3 Uncontrolled trials of vitamin C supplementation and BPa

Population A uthor No. A ge Inclusions Design In ter- Com - SBP DBP Notes
Sex Exclusions vention pliance

Mississipp i Koh ET, 23 35+ SBP 140–160 Uncontrolled 1 g daily — −7.6 mm Hg −4.0 mm Hg —
198437 women DBP 90–100 unblinded (P=0.08) (P=0.065)

no medication 3 months
no drugs

Augusta Feldman EB 21 mean healthy Uncontrolled 500 mg PAA −4.2 mm Hg −3.0 mm Hg PAA (%mol/L)
et al, 199238

= 43 no smokers 4 week twice urine AA (P=0.05) (P=0.05) at baseline
both daily 52.4, at 4

week 101.6

aFor list of abbreviations used see footnote to Table 1.
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In one, 80 anti-oxidant deficien t men were given an sustained reduction of mean population DBP of 2

mm Hg is associated with 14% less stroke and 8%anti-oxidant cocktail, includ ing 600 mg of vitamin
C. The study found no effect.14 A larger multivit- less coronary heart d isease. An effect on BP of th is

magnitude for a d ifference in vitamin C in take ofamin trial carried out among over 3000 Chinese men
and women with oesophageal dysplasia reported a 100 mg per day, the conten t of a medium sized

orange (which contains just over 50 per 100 g),51 issmall bu t statistically sign ificant fall in SBP after 6
years of follow-up . Though any one (or more) of the consisten t with that observed in cross-sectional

stud ies.biologically active substances contained in the
multivitamin supplement, which included 180 mg In summary there is an apparen t inverse associ-

ation of vitamin C with BP which is reasonably con-of vitamin C, could explain the effect, it is certain ly
consisten t with the hypothesis that vitamin C sisten t across d ifferen t stud ies and populations,

with a variety of study designs. Further cross-reduces BP.15

We were unable to arrive at a summary measure sectional stud ies are required that are able to control
adequately for other d ietary confounders. If an inde-of the reported protective association between vit-

amin C and BP because of the failu re of some studies pendent cross-sectional association exists, larger
and longer term trials of vitamin C supplementationto describe null findings and because of the lack of

detail on the reported association contained in will be required to establish whether or not the
observed association with BP is causal.others. While the associations observed in stud ies

are likely to underestimate the true underlying
association because of the regression-d ilu tion prob-

Acknowledgementslem,44 (most stud ies have relied on single measures
of vitamin C in take or blood vitamin C level and BP), Doctor Ness was supported by a Wellcome Train ing
possible publication bias45 and confounding could Fellowship in Epidemiology.
work in the opposite d irection . By cross-referencing
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