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Background and Purpose—There are no prospective studies to determine whether plasma vitamin C modifies the risk of
stroke among hypertensive and overweight individuals. We sought to examine whether plasma vitamin C modifies the
association between overweight and hypertension and the risk of stroke in middle-aged men from eastern Finland.

Methods—We conducted a 10.4-year prospective population-based cohort study of 2419 randomly selected middle-aged
men (42 to 60 years) with no history of stroke at baseline examination. A total of 120 men developed a stroke, of which
96 were ischemic and 24 hemorrhagic strokes.

Results—Men with the lowest levels of plasma vitamin C (!28.4 !mol/L, lowest quarter) had a 2.4-fold (95% CI, 1.4 to
4.3; P"0.002) risk of any stroke compared with men with highest levels of plasma vitamin C (#64.96 !mol/L, highest
quarter) after adjustment for age and examination months. An additional adjustment for body mass index, systolic blood
pressure, smoking, alcohol consumption, serum total cholesterol, diabetes, and exercise-induced myocardial ischemia
attenuated the association marginally (relative risk, 2.1; 95% CI, 1.2 to 3.8; P"0.01). Adjustment for prevalent coronary
heart disease and atrial fibrillation did not attenuate the association any further. Furthermore, hypertensive men with the
lowest vitamin C levels (!28.4 !mol/L) had a 2.6-fold risk (95% CI, 1.52 to 4.48; P!0.001), and overweight men ("25
kg/m2) with low plasma vitamin C had a 2.7-fold risk (95% CI, 1.48 to 4.90; P"0.001) for any stroke after adjustment
for age, examination months, and other risk factors.

Conclusions—Low plasma vitamin C was associated with increased risk of stroke, especially among hypertensive and
overweight men. (Stroke. 2002;33:1568-1573.)
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Previous studies have shown that oxidation of LDL is
involved in atherogenesis and increases the progression

of atherosclerosis.1–3 Experimental studies have demonstrated
that atherogenesis can be slowed by antioxidants.1,4 Some
population studies have suggested that increased consump-
tion of fruits and vegetables decreases the risk of atheroscle-
rotic cardiovascular diseases (CVD), including cerebrovascu-
lar strokes,5–9 whereas 1 study did not confirm this
association.10 These findings led to a great interest in the role
of antioxidative vitamins in CVD, including cerebrovascular
strokes.
Low plasma vitamin C concentration has been related to

increased progression of carotid atherosclerosis11 and in-
creased risk of acute myocardial infarction.12 Additionally,
supplementation of both vitamin C and vitamin E decelerated
the progression of atherosclerosis among male smokers in a
large Finnish randomized trial.13 Few studies have shown an
association between plasma vitamin C levels and the risk of
stroke, although plasma vitamin C may be a better indicator

of the availability of vitamin C as an antioxidant in the body
than dietary intake. Some prospective studies have demon-
strated that low serum or plasma ascorbic acid has been
associated with increased incidence of stroke14 and mortality
from stroke.7,15
We investigated the association of plasma vitamin C with

the risk of stroke in eastern Finnish middle-aged men with no
history of stroke. Furthermore, we studied whether plasma
vitamin C modifies the association between blood pressure
and body weight and the risk of stroke.

Subjects and Methods
Subjects
Subjects were participants in the Kuopio Ischemic Heart Disease
Risk Factor Study, designed to investigate risk factors for CVD,
atherosclerosis, and related outcomes in a population-based sample
of men in eastern Finland.16 The study group is a representative
random sample of men who lived in the town of Kuopio or its
surrounding rural communities and were aged 42, 48, 54, or 60 years
at baseline examination between March 1984 and December 1989.
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