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Vitamin C is not associated with coronary heart disease risk
once life course socioeconomic position is taken into
account: prospective findings from the British women’s heart
and health study
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T
he reason why prospective cohort studies have found
that plasma vitamin C concentration, or dietary intake of
vitamin C, is protective against coronary heart disease

(CHD) risk1 but randomised controlled trials have found no
effect of vitamin C on CHD2 is unclear. We have previously
suggested that this difference is caused by confounding.3 Our
hypothesis is that high adult concentrations of vitamin C
reflect a number of characteristics, including advantageous
socioeconomic circumstances in childhood and adulthood,
and that it is these characteristics, not vitamin C, that protect
against CHD. The aim of this study is to examine whether the
association between plasma vitamin C and CHD is con-
founded by life course socioeconomic position.

METHODS
Data from the British Women’s Heart and Health Study were
used. Full details of the selection of participants and
measurements used in the study have been previously
reported.4 Between 1999 and 2001, 4286 British women aged
60–79 years were interviewed, examined, completed medical
questionnaires, and had detailed reviews of their medical
records. These women have been followed up over a median
of four years by flagging with the National Health Service
(NHS) central register for mortality data and two yearly
reviews of their medical records. This follow up is complete
for all participants. Local ethics committee approval was
obtained for the study.
Ten measures of life course socioeconomic position were

obtained from baseline questionnaire responses: father’s
occupational social class, bathroom and hot water in child-
hood home, family car access, own bedroom, age at leaving
full time education, husband’s/own occupational social class,
adult housing tenure, adult car access, and pension arrange-
ments.4 Standard methods for assessing vitamin C were used
(details available from authors). Incident cases of CHD in
women who were free of prevalent CHD at baseline were
defined as either: death with an underlying or contributing
cause of CHD (International classification of diseases, 10 revision
(ICD-10) codes I20-I25, I51.6), or a diagnosis of myocardial
infarction (fulfilling World Health Organization criteria),
angina, coronary artery bypass, or angioplasty identified from
the medical record review. Patients were censored at the
occurrence of death from any other cause or when 1 June
2004 was reached. Cox proportional hazards models were
used to assess the association between vitamin C and
incident cases of CHD. Age was used as the time scale, and
visual inspection of survival curves demonstrated that the
assumption of proportionality was not violated in any
models. All analyses were conducted using Stata version 8.0.

RESULTS
Of the 4286 women studied, 3659 (85%) had adequate
vitamin assays and details of all indicators of socioeconomic
position. The prevalence of CHD at baseline was similar in
those with and without these data (p = 0.23). Of the 3659
women with complete data 586 (16%) had CHD at baseline;
these were excluded from further analyses. Among the
remaining 3073 women, there were 158 new cases of CHD
over 12 893 person years of follow up, giving a rate of 12.9
(95% CI 10.5 to 14.3) per 1000 person years. There was a
linear decrease in mean vitamin C with each additional
adverse life course socioeconomic indicator (for linear
association, p , 0.001, and for non-linear association,
p = 0.8) (fig 1). CHD increased linearly with each additional
adverse socioeconomic position indicator (linear trend,
p = 0.001, and non-linear association, p = 0.5). However,
because of the small number of incident cases in some
categories we collapsed the life course socioeconomic position
score into two categories. Among those with 0–4 adverse
socioeconomic indicators the rate of CHD was 13.2 (95% CI
8.1 to 12.9) per 1000 person years and among those with 5–10
adverse indicators it was 15.2 (95% CI 12.3 to 18.8), p for
difference = 0.03.
We used a measure of association with vitamin C to match

that achieved by supplementation in the Heart protection
randomised controlled trial (relative risk per 15.7 mmol/l).2

The hazard ratio (HR) of a new CHD event per 15.7 mmol/l
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Figure 1 Mean vitamin C concentrations by number of adverse life
course socioeconomic position indicators among British women aged
60–79 years.
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increase in plasma vitamin C concentration was 0.88 (95% CI
0.80 to 0.97). Adjustment for the same list of risk factors used
in the EPIC prospective cohort study (systolic blood pressure,
cholesterol, body mass index, cigarette smoking, diabetes and
vitamin supplement use) attenuated this association to 0.90
(95% CI 0.82 to 0.99). Addition to this model of other
potential adult confounders (physical activity, alcohol con-
sumption, fruit and vegetable consumption, adult social
class) did not result in any further attenuation. When we
adjusted only for number of adverse life course socio-
economic indicators the crude association attenuated from
0.88 to 0.92 (95% CI 0.83 to 1.01). Full adjustment for life
course socioeconomic position, adult risk factors, leg length
and forced expiratory volume in one second resulted in a
hazard ratio of 0.95 (95% CI 0.85 to 1.05). A stratified
analysis found that the hazard ratio among those with 0–4
adverse indicators was 0.89 (95% CI 0.76 to 1.02) and among
those with 5–10 adverse indicators it was 0.95 (95% CI 0.83 to
1.09).

DISCUSSION
Mean plasma vitamin C decreases with each additional
adverse life course socioeconomic position indicator, whereas
CHD risk increases with worsening life course socioeconomic
position. Consistent with previous observational studies we
found that higher concentrations of vitamin C were
associated with lower CHD risk.1 However, our association
was weaker than that reported in previous studies and it is
possible that previous observational studies with weak or null
effects for this association have failed to be published
(publication bias). When life course socioeconomic position
was taken into account, either in multivariable models or by
stratified analysis, there was no association between vitamin
C and CHD.
Among participants with no CHD at baseline there were

just 158 new cases. Removal of those with baseline CHD is
important to ensure that associations are not caused by
reverse causality. Our study includes more cases of CHD than
were included for both women and men in the EPIC cohort
study.1 We have used retrospective self report of childhood
socioeconomic status, but any measurement error is likely to
be non-differential and would therefore tend to under-
estimate the true confounding effect of life course socio-
economic position.5

Our results suggest that previous observational studies
reporting a protective effect of vitamin C may have been
influenced by publication bias and confounding caused by
the failure of the investigators to appreciate that adult plasma
vitamin C concentrations are influenced by socioeconomic

position from across the life course. Our results are
supportive of randomised controlled evidence that there is
no important causal association between vitamin C and
coronary heart disease. We discuss elsewhere how observa-
tional epidemiology can be improved to avoid this problem.3
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