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Summary To examine the relationship between serum vitamin C 

concentration and blood pressure level, a cross-sectional study was 

conducted. The subjects were 919men and 1,266women aged 40years 

and over in a Japanese provincial city, Shibata, Niigata Prefecture. The 

mean and standard deviation of systolic blood pressure (SBP) were 

134.0•}20.0mmHg for men and 128.3•}20.8mmHg for women, and 

those of diastolic blood pressure (DBP) were 81.0•}11.7mmHg and 

75.8•}11.4mmHg, respectively. The mean and standard deviation of serum 

vitamin C were 42.5•}18.6ƒÊmol/L for men and 56.8•}16.5ƒÊmol/L for 

women. SBP and DBP were both inversely correlated with serum vitamin 

C concentration. The means of SBP or DBP were calculated for quartiles 

of serum vitamin C, and the significant inverse relationship was observ

ed in any sex and age group. The inverse association persisted after 

adjustment for possible confounders: body mass index, serum total 

cholesterol, alcohol consumption, smoking, physical activity, anti

hypertensive medication, and dietary intake of salt, calcium, and 

potassium. Serum vitamin C appeared to be inversely related with both 

SBP and DBP in this Japanese population, although further intervention 

and experimental studies were required to establish the cause-effect 

relationship.
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Several epidemiological studies suggested that vitamin C (ascorbic acid) status 
was inversely associated with blood pressure (1-17) and that a high intake of vitamin 
C was related to a reduced incidence of stroke (18) and myocardial infarction (19). 
In Japan, however, few reports have been made on the relationship between 
vitamin C status and hypertension or cardiovascular disease (3).

The putative protective effect of vitamin C on hypertension could reflect an 
artifact of other dietary factor(s), which are inseparable from vitamin C intake as 
far as humans are concerned. Therefore before we make a final conclusion about 
blood pressure-vitamin C relationship, adequate statistical adjustment should be 
made at least for important known confounding variables . Attempts were previously 
made to adjust confounding by other factors, but their adequacy has been 
questioned. Some investigators recommended further studies that could adequately 
address the issue of complex confounding (11, 20).

In the present study, we examined the cross-sectional association of serum 
vitamin C with blood pressure in a Japanese rural population, considering several 
confounding variables that included other dietary factors.

METHODS

Subjects. A longitudinal study of cardiovascular disease has been conducted 

in the Akadani-Ijimino district (hereinafter referred to as the A-I district) , Shibata 

City, Niigata Prefecture, Japan, for 20years. Using all residents aged 40years and 

over, 1,182men and 1,469women as the eligible population, a baseline examination 

was carried out in July 1977. The details of the method were described in previous 

reports (21). On the basis of data at the baseline examination, we analyzed a 

relationship between serum vitamin C and blood pressure.

Blood pressure measurement. Staff nurses, who were trained by means of an 

audiovisual system, measured casual blood pressure at rest by using a Riva-Rocci 

sphygmomanometer as prescribed by procedures of the World Health Organization 

(22). Two readings separated by about 2min were taken after the subject had a 

5-min rest in a sitting position. The average of these two readings was used for 

the present analysis. If the first two readings differed by 6mmHg or more
, an 

additional reading was taken and the closest pair was used to obtain the average .

Serum vitamin C measurement. The serum concentration of vitamin C was 

determined on nonfasting venous blood by the 2, 3-dinitrophenylhydrazine meth

od with calorimetric analysis (23). Immediately after separating serum by 

centrifugation, the sample was deproteinized, and the supernatant of serum was 

stored at -20•Ž on the basis of our stability study (24). The measurements of all 

samples were completed within 10d.

Although the method was then known to be not only simple, but also accurate 

and precise, the precision was reconfirmed by measuring the serum level of vitamin 

C 15times for a randomly selected sample in each run. The coefficients of variation 

fell within a range of 5.0% for any run (24).
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Possible confounding variables. Among factors that appeared to relate to blood 
pressure, we employed body mass index (BMI), serum total cholesterol, alcohol 
consumption, smoking, physical activity, antihypertensive medication, and dietary 
intake of salt, calcium, and potassium in the present study.

After height and weight were measured, BMI was calculated as (weight in 
kilograms)/(height in meters). Serum total cholesterol was measured with Auto 
Analyzer AA-II (Technicon, NY). Standardization was achieved by participation 
in the Lipid Standardization Program of the Centers for Disease Control and 
Prevention, U. S. A.

A standardized questionnaire was used to assess lifestyle factors by trained 
interviewers or dietitians. Alcohol consumption was categorized as nondrinkers, 
ex-drinkers, and drinkers. The current drinkers were asked how many drinks they 
took daily (1 drink=12g of ethanol). As for smoking, the subjects were classified 
into three groups: nonsmokers, ex-smokers, and smokers. The current smokers were 
asked how many cigarettes per day they smoked. In another questionnaire that 
included information on the energy-consuming tasks and the time spent in doing 
them, the degree or intensity of average physical activity was assessed by using an 
index that was calculated by the method of the Japanese Ministry of Health and 
Welfare (25): When the index was 0.35 for an individual, his/her physical activity 
was considered to be light; 0.50, moderate; 0.75, slightly heavy; and 1.00, heavy. 
The persons who had antihypertensive medication were identified; none was 
receiving vitamin supplement. The intakes of salt, calcium, and potassium were 
estimated by a validated semiquantitative food frequency questionnaire (FFQ), 
which was developed to assess habitual dietary intake, the average intake over a 
one-year period (26). Since it is usually desirable in epidemiological analyses of 
diet-disease relationships to employ a measure of nutrient intake that is independent 
of total caloric intake, "energy-adjusted" intake of salt, potassium, or calcium was 
computed as the residual from a regression model with total caloric intake as the 
independent variable and absolute intake of salt, potassium, or calcium as the 
dependent variable (27).

Statistical analyses. All statistical analyses were performed by using SAS 
software, Ver. 6.12. Pearson correlation coefficients were calculated between systolic 
(SBP) or diastolic blood pressure (DBP) and serum vitamin C by sex and age 
groups. ANOVA (analysis of variance) was done by using the general linear model 
procedure (PROC GLM) to get the least-square mean of blood pressure by quartile 
of serum vitamin C and to test any difference in the distribution of blood pressure 
in four groups of vitamin C. Age (and sex for combined analysis) was included in 
the analyses to adjust for its effect on blood pressure. Pearson's correlation analyses, 
ANOVA and ANCOVA were also done among the subjects, excluding patients 
who took antihypertensive medication, a potential confounding factor between 
vitamin C and blood pressure.

Multiple linear regression analysis was performed to assess the independent 
relationship between serum vitamin C and blood pressure by sex after adjusting
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Table 1. Characteristics of 919men and 1,266women aged 40years and over in the 
Akadani Jjimino district, Shibata, Niigata Prefecture, Japan, 1977.

for age and possible confounding variables mentioned above .

RESULTS

Of the eligible population, 919men (response rate 78%) and 1,266women 
(86%) who had serum vitamin C determination were recruited to the current analysis. 
The characteristics of the subjects are shown in Table 1, The means and standard 
deviations of SBP and DBP by sex and age are shown in Table 2. As presented in 
Table 3, the means of serum vitamin C were lower for men than for women among 
all age groups. In men, the means at age groups 60-69, 70-79, and 80-89 declined 
in comparison with those at age groups 40-49 and 50-59. In women, the mean 
decreased with age, peaking at age group 50-59.

The correlation coefficients between serum vitamin C concentration and SBP 
or DBP by sex and age are shown in Table 4. Both SBP and DBP were inversely 
correlated with serum vitamin C concentration, though some of the correlations 
did not reach statistical significance, especially in women. We compared serum
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Table 2. Systolic and diastolic blood pressures (mm Hg) by age and sex in the A-I 
district, Shibata, 1977.

Table 3. Mean serum vitamin C concentration (ƒÊmol/L) by age and sex in the A-I 

district, Shibata, 1977.

concentration of vitamin C in the persons who took antihypertensive medication 

with that in the reference subjects matched for sex, age, SBP, and DBP. The 

mean and standard deviations of serum vitamin C were 47.7•}18.9ƒÊmol/L in the 

fi rst group and 49.3•}20.1ƒÊmol/L in the second. Although not statistically significant 

between the two groups (p=0.15), antihypertensive medication might be a 

confounder between vitamin C and blood pressure. Therefore the same analysis
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was done among the persons excluding those who had taken the medication. As 
shown in the parentheses of Table 4, the magnitude of the correlation coefficients 
did not differ markedly, whether we excluded or included those with antihyperten
slve medication. However, the coefficients were a little larger among those without 
the medication than among all subjects, especially in the older age groups.

The means of SBP and DBP are shown for quartiles of serum vitamin C level 
in Table 5. A consistent trend for SBP or DBP was observed over the whole range 
of serum vitamin C. This inverse trend was statistically significant, whether in men 
or in women, and whether adjusted or unadjusted for age. Even if the hypertensive 
patients with the medication were excluded from the analysis, the inverse association

Table 6. Partial correlation coefficient between serum vitamin C concentration and 
blood pressure adjusted for selected confounders.

Each nutrient was adjusted for total energy intake by the residual method. 
* p<0 .05, ** p<0.01, *** p<0,001.
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of serum vitamin C with blood pressure was detected, though the means of SBP 
and DBP by quartile were lower for those without the medication than for those 
including it, as seen in the parentheses of Table 5.

The partial correlation coefficients between serum vitamin C and SBP or DBP 
are shown in Table 6. The adjustment was done for age plus each of 9 confounding 
variables and for all 10 variables. The inverse relationship between serum vitamin 
C and SBP or DBP remained statistically significant after any adjustment. This 
association was stronger in men than in women.

DISCUSSION

We used only one measurement of nonfasting serum vitamin C and two or 
more blood pressure readings on one occasion to characterize the status of an 
individual. It is important to examine if the values obtained are representative of 
a subject's usual levels. Our use of serum vitamin C was principally as a measure 
of dietary intake of vitamin C. Unfortunately, the degree to which the level of 
serum vitamin C could reflect true dietary intake over a long period was not 
examined in this study. Jacob reported that leukocyte vitamin C was probably a 
preferable measure of long-term intake, whereas serum level reflected a more recent 
intake (28). Although a single serum vitamin C determination would misclassify 
many individuals with respect to their actual long-term intake, serum was probably 
more appropriate for the present study with the large sample size because more 
expertise, expense, and time were needed to separate and store leukocytes. In 1981 
we had an opportunity to remeasure serum vitamin C and blood pressure for 862 
persons of 2,185 subjects who received the baseline examination in 1977. The 
age-adjusted correlation coefficient between two measurements of serum vitamin 
C was 0.53 for men and 0.43 for women, which was higher than that between 
plasma vitamin C values in men obtained 6years apart in another study (r=0.28) 
(27). On the other hand, the correlation between our two measurements in 1977 
and 1981 was 0.64 for SBP and 0.59 for DBP. Among 863men and women measured 
at an interval of 4years, Rosner and colleagues found correlations of 0.64 for SBP 
and 0.60 for DBP (29), which were comparable with ours. Although a high degree 
of reproducibility does not always ensure validity, the correlations on the order of 
0.5 to 0.6 among free-living subjects over a period of years indicated that only one 
measurement of blood pressure or serum vitamin C would provide a fairly good 
measure of long-term level (27).

Since the temporal sequence of cause and effect cannot necessarily be determined 
in cross-sectional studies, it is impossible to ensure that any observed association 
is the cause rather than the result of the disease. Elevated blood pressure or 
antihypertensive medication would possibly lead to a decreased level of serum 
vitamin C. After the exclusion of known hypertensives and adjustments of sex, age, 
and other confounders, the inverse relationship between vitamin C and blood 
pressure persisted in the present study (partial correlation coefficient=-0,099,
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for SBP and -0.087, p<0.001, for DBP). The same analysis was done 

after excluding the patients who took antihypertensive medication. The partial 

correlation was -0.135 (p<0.001) for SBP, and  0.118 (p<0.001) for DBP. These 

results suggested the possibility of cause-effect reversal was low , although pro

spective and intervention studies would be required to establish the causal re

lationship.

As shown in Tables 4 and 6, the absolute values of simple or partial correlation 

coefficients were relatively small, around -0.1, but consistent with other 

cross-sectional studies (1, 6, 9-11). In a study of diet and disease, failure to observe 

a strong association can occur when such an association truly exists. Several 

biological and methodological reasons were addressed for failure to observe an 

association (27). Among them, two circumstances could obscure the relationship 

in the present study. One possibility was that the variation in the level of serum 

vitamin C might exist within a flat portion of the dose-response relationship 

[According to the hypothetical relationship between a nutritional factor and health, 

the dose-response curve was divided into three parts: ascending , horizontal, and 

descending segments (27)], because apparently healthy persons were the subjects, 

and those with serious deficiency or toxicity of vitamin C were not observed . Second, 

mentioned earlier, a single determination of blood pressure or vitamin C would not 

be substantially and sufficiently precise to detect interindividual differences in the 

long-term level that truly exist. The random measurement error due to inter

individual variability is likely to obscure relationships rather than to produce 

spurious ones (11). Thus the association was not likely to be strong. However, 

the weak association could potentially be important because the dietary exposure 

was common. On the basis of Table 5, for example, when the intake of vegetables 

and fruits increases and, as a result, the level of serum vitamin C increases to 75.5ƒÊ

moPL (mean for Quartile 4), from 29.0ƒÊmol/L (mean for Quartile 1), SBP would 

decrease by 7mmHg (=136.3-129.3) on average.

Ness and colleagues searched MEDLINE (1966-1996) and EMBASE (1980

-1996) and reviewed epidemiological studies of vitamin C and blood pressure 

(20). We also searched MEDLINE for 1966-1998, but found no other report on 

vitamin C status and blood pressure. According to the review article (20) and our 

confirmation of the original papers, 11 cross-sectional studies analyzed the 

association between plasma or serum levels of vitamin C and blood pressure in 14 

populations (1-11). Ten of the 14 populations reported the significant inverse 

relationship (1-4, 6-11), though the sample size was usually small and adjustment 

for other confounding variables was not adequate. None of the studies adjusted 

for confounding by other dietary factors. Among 11 studies, however, a report by 

Ness et al had the largest number of subjects; 1,860 volunteers, and it observed 

the inverse relationship after taking into account several confounders except for 

dietary variables (11). The present study was characterized in the large sample size 

(2,185 subjects), community-based population as the subjects, high response rate, 

and adjustment for possible confounders, including dietary factors.
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Five studies cross-sectionally analyzed the association between dietary intake 
of vitamin C and BP in 4 populations (12-16). Four were based on a single 24-h 
recall (12-15) and the rest on 3-d dietary record (16) to assess habitual intake. 
Although the associations observed in the studies by these short-term dietary 
methods tended to underestimate the true association, three found out the significant 
inverse relationship (12, 15, 16).

A high intake of fruits and vegetables appeared to be consistently and inversely 
related to blood pressure (30), though these foods contain not only vitamin C, but 
also potassium, calcium, and fiber, and it was unclear which one(s) was responsible 
for lowering blood pressure.

The Western Electric Study was the only one cohort study on the relationship 
of vitamin C status to hypertension in which a 10-year increase in SBP was estimated 
to be less by 2mmHg for the persons with 125mg/d of vitamin C than for those 
with 75mg/d (17). However, more detailed information was not available because 
this was not a full paper, but an abstract of a scientific meeting.

Several uncontrolled and controlled trials of vitamin C alone and multivita
min supplementation were reported. Two uncontrolled studies of vitamin C 
supplementation alone showed the inverse association (31, 32). Among four 
controlled studies, two showed a significant reduction in SBP but not in DBP 
(33, 34), and the others showed nonsignificant reduction in both SBP and DBP 
(35, 36). One multivitamin supplementation study found no effect on blood pressure 
(37), but the other found a statistically significant reduction in SBP after a 6-year 
follow-up on more than 3,000 Chinese with oesophageal dysphasia (38).

The findings from epidemiological studies generally supported the hypothesis 
that vitamin C might reduce the risk of coronary heart disease and stroke, though 
they were not totally consistent (18, 19). Although, as described later, the decreased 
risk observed may be caused by vitamin C itself, it may be due to some other 
characteristics of the individuals. It is well known that smoking is inversely associated 
with vitamin C status (39). Furthermore, Ness et al reported that plasma vitamin 
C was positively correlated with high-density lipoprotein (HDL) cholesterol and 
negatively correlated with triglyceride, but it was not correlated with total cholesterol 
or low-density lipoprotein (LDL) cholesterol (40). In our present study, the 
age-adjusted correlation coefficient between serum vitamin C and total cholesterol 
was 0.04 (not significant) for men and 0.07 (not significant) for women. These 

fi ndings suggested that vitamin C might favorably influence traditional cardio
vascular risk factors, i.e., blood pressure, blood lipids (HDL-cholesterol and 
triglyceride), and smoking, and the relationship of vitamin C to coronary heart 
disease and stroke might be mediated through the risk factors.

Although the U. S. Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC VI) reported that no 
convincing data currently justified recommending an increased magnesium intake 
in an effort to lower blood pressure (41), evidence suggested an association be
tween lower dietary magnesium intake and higher blood pressure (42). We
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should have taken into account the potential effect of dietary magnesium on the 

inverse relationship between vitamin C and blood pressure . Unfortunately, how

ever, information about magnesium intake was not available.

Several biological mechanisms have been proposed to explain the inverse 

association of serum vitamin C concentrations with blood pressure . All are based 

on the "oxidative-modification hypothesis," which proposes that atherogenesis is 

initiated by oxidation of the lipids in LDL (43) . According to Retsky et al, vitamin 

C protected LDL against oxidation but was not incorporated into LDL because it 

is water-soluble (44), though lipid-soluble antioxidants accumulated within the LDL 

particle and increased the resistance of LDL to oxidative modification.

Oxidized LDL is toxic to vascular cells. Antioxidants may lower the cytotoxicity 

of the oxidized LDL toward endothelial cells. Oxidized LDL impaired the release 

of nitric oxide from normal arteries (45), through which , in part, the vascular 
endothelium prevented inappropriate adhesion of leukocytes and platelets and 

vasospasm. Besides improving nitric oxide action by reducing the oxidation of 

LDL, antioxidants are beneficial to vascular function through other mechanisms 

(43). Endothelium-derived nitric oxide-mediated vascular relaxation was reduced 

in cholesterol-fed rabbits, but this reduction was prevented by the administration 

of ƒ¿-tocopherol, ƒÀ-carotene, or probucol (43, 46). As for vitamin C, however , since 
it is said that vitamin C is concentrated within cells and resists the cytotoxicity 

of oxidized LDL, one must consider other mechanisms, such as the scavenging 

of superoxide or an improvement in intracellular antioxidant status (43) .

The administration of an antioxidant reduced the sensitivity of platelets to 

activation by platelet agonists and inhibited smooth-muscle proliferation (47) .

Thus cellular antioxidants inhibit monocyte adhesion
, protect against the 

cytotoxic effects of oxidized LDL, inhibit platelet activation, and protect against 

the endothelial dysfunction associated with atherosclerosis by preserving 

endothelium-derived nitric oxide activity (43), though each antioxidant vitamin does 

not always work in the same way.

In conclusion, the serum concentration of vitamin C appeared to be 

independently and inversely related to both SBP and DBP in this Japanese 

population, though the strength of association was weak. Thus we were able to 

form the hypothesis that vitamin C would reduce the level of blood pressure . Further 

intervention studies (or cohort studies, though difficult to conduct) will be required 

to test the hypothesis. Experimental studies will also be encouraged to show the 

biological plausibility on the molecular or DNA levels.

Appreciation is extended to the following persons: Drs . Heizo Tanaka, Terumi Baba, 
Masayuki Hayashi, and to our other colleagues , and to many collaborators in Shibata City.
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