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Plasma vitamin C: what does it measure?
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Abstract

Objective: To examine the association between self-reported consumption of foods

and plasma vitamin C levels.

Design: A cross-sectional analysis of dietary data and plasma vitamin C levels. Subjects

placed the following foods into frequency categories: fresh fruit, leafy greens, other

vegetables, fatty fish, other fish, chicken, meat, meat products, eggs, cheese and

brown bread. The six frequency categories ranged from ‘never’ to ‘at least daily’.

Plasma vitamin C was measured by fluorometric assay.

Setting: A population-based cohort study in Norfolk, UK.

Subjects: 598 men and 566 women aged 45—74 years not taking vitamin supplements.

Results: Plasma vitamin C was positively correlated with intake of fresh fruit (r = 0.29

in men and »= 0.25 in women, P < 0.001), leafy greens (= 0.20 in men P < 0.001, r=

0.13 in women P < 0.01), other vegetables (# = 0.20 in men P < 0.001, » = 0.14 in

women P < 0.01) and brown bread (= 0.28 in men, »= 0.17 in women, P < 0.001) and

negatively associated with intake of meat products (r= —0.13 in men P = 0.02, = —0.10

in women P < 0.01). The difference in plasma vitamin C between never and daily eaters

of brown bread was 13.6 umol I™* in men and 9.9 gmol ™! in women, P < 0.001.

Conclusions: These data suggest that plasma vitamin C is not only a marker of foods Keywords
rich in vitamin C but of certain patterns of food consumption. Such patterns are likely Plasma vitamin C
to be population specific and might explain inconsistencies in biomarker—disease Foods
associations. Biomarkers

The difficulties in measuring diet accurately in free-  Method

living individuals has stimulated the search for

biomarkers of food intake for use in epidemiological
studies of nutrition and chronic disease'. The associa-
tions of these biological measures with disease are
often reported without reference to either the major
food sources of the constituent measured or the food
correlates of the biological measure.

Plasma vitamin C correlates well with previous 7 days
intake of vitamin C? and though affected by other
factors such as age, sex and smoking habit is
considered a good marker of intake for those
consuming between 30 and 90mg day~'. The main
food sources of vitamin C in the British diet were:
vegetables (46%), beverages (22%) which include fruit
juices, and fruit and nuts (17%)°.

We examined the association between plasma
vitamin C and various food groups in just under 2000
subjects recruited to a prospective study of diet and
health®.
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All men and women aged 45-74 years, identified from
the lists of general practices in Norfolk, East Anglia,
were invited to join the study. Informed consent was
obtained from participants. They completed a health
and lifestyle questionnaire which included questions
on smoking history and asked whether they took
regular vitamin supplements.

As part of the questionnaire participants were also
asked to judge how often they consumed 11 food
groups. These food groups were: fresh fruit (e.g.
apples, oranges, pears), green leafy vegetables (e.g.
cabbage, broccoli), other vegetables (e.g. peas, carrots,
beans, tomatoes), fatty fish (e.g. herring, sprats,
pilchards, mackerel), other fish (e.g. cod, tuna,
haddock), chicken, meat (e.g. chops, roasts, stews),
meat products (e.g. sausages, ham, beefburgers), eggs,
cheese and wholemeal/brown bread. Frequency
options were: never, seldom, once a week, 2—4 times
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a week, 5-6 times a week or once or more daily.
Detailed guidance was not given on either the nature of
these food groups or on what constituted a portion.
These options were converted into portions per month
as follows: 0, 1, 4, 12, 22 and 28.

Subjects were invited to attend their general
practitioner’s surgery for a health check where their
height and weight were measured and blood was
taken. Subjects were not fasted. The height and weight
were measured with subjects in light clothing and with
their shoes removed. Height was measured to the
nearest 0.1cm using a stadiometer and weight was
measured to the nearest 100 g using Salter scales
(model 975). The body mass index, weight (kg)/[height
(m)]%, was used as the measure of ponderosity.

Vitamin C was measured using plasma prepared
from blood drawn using monovettes into vacuum tubes
containing citrate. The blood was stored overnight in
dark sealed boxes in a refrigerator at 4—7 °C, then spun
at 2100 g for 15 min at 4°C. Plasma was stabilized in a
standardized volume of metaphosphoric acid and then
stored at —70°C. Stability studies have indicated that
though vitamin C levels fall after overnight storage they
are closely associated with initial values — the Spear-
man rank correlation coefficient” was 0.84. Plasma
vitamin C was estimated using a fluorometric assay6
within 1 week of sampling. The coefficient of variation at
the lower end of the range was 6.2 (mean=7.5 ymol 1"
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and n=10) and was 2.7 at the upper end of the range
(mean =86 umol 17! and 7 =10).

The calculated frequency categories were used in the
analyses. Pearson correlation coefficients and adjusted
means were calculated by analysis of variance
(ANOVA) using SPSS for Windows 6.0”. Age was used
as a continuous variable, rather than as a categorical
variable, to calculate age-adjusted values. All hypoth-
esis tests were two tailed.

Results

Data were available on plasma vitamin C concentration
in 835 men and 1025 women recruited to the study
between 1993 and 1994. Regular supplement takers
were excluded leaving 598 men and 566 women for the
analysis. The age-adjusted correlations between plasma
vitamin C and food groups were calculated. The age-
adjusted correlations were calculated again after
excluding the 75 men and 70 women who were current
smokers. These associations are shown in Table 1. The
age-adjusted mean plasma vitamin C values for
frequencies of food consumption were calculated in
the five food groups where a statistically significant
correlation was observed in both men and women. The
mean values of plasma vitamin C for different
frequencies of food consumption are shown in
Table 2. The results were essentially the same when

Table 1 Correlation of reported frequency of consumption of various food groups (in times per
month, 0—28) with plasma vitamin C status in 598 men and 566 women aged 45-74 years in

Norfolk 1993-94

Age-adjusted correlation

Age-adjusted correlation
with plasma vitamin C

Food item with plasma vitamin C excluding current smokers
Men (number) 598 523

Fresh fruit 0.29 *** 0.27 *x*
Green leafy vegetables 0.21 *** 0.22 ***
Other vegetables 0.20 *** 0.18 ***
Fatty fish 0.06 0.09
Other fish 0.04 0.06
Chicken 0.02 0.02
Meat -0.09 -0.11*
Meat products —0.11 ** —0.14 **
Eggs -0.01 -0.02
Cheese 0.11* 0.10*
Wholemeal/brown bread 0.28 *** 0.26 ***
Women (number) 566 496

Fresh fruit 0.26 *** 0.21 ***
Green leafy vegetables 0.12 * 0.10
Other vegetables 0.13 ** 0.07
Fatty fish 0.08 0.07
Other fish 0.02 0.02
Chicken 0.02 0.01
Meat 0.05 0.06
Meat products —0.14 ** -0.09
Eggs —0.05 —-0.05
Cheese —-0.03 -0.07
Wholemeal/brown bread 0.18 *** 0.12 *

*P<0.05, * P<0.01, ** P<0.001.
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Table 2 Age-adjusted mean plasma vitamin C levels in pmol 1= by frequency of food consumption (number in parentheses) in 598

men and 566 women aged 45—74 years in Norfolk 1993-94

2—-4 times 5 times ANOVA

Never Seldom Weekly week ™! week ™! Daily (P value)
Men
Fresh fruit 37.6 (8) 35.2 (59) 39.8 (58) 41.7 (165) 46.8 (87) 50.4 (215) <0.0001
Green leafy vegetables 31.9 (5) 40.4 (30) 42.6 (53) 42.9 (274) 46.2 (121) 52.4 (106) <0.0001
Other vegetables 18.5 (2) 44.6 (5) 33.3(14) 41.2 (245) 45.4 (185) 49.2 (139) <0.0001
Wholemeal/brown bread 37.4 (76) 41.5 (132) 43.2 (38) 40.9 (93) 49.7 (59) 51.0 (191) <0.0001
Meat products 52.3 (22) 47.9 (118) 43.6 (239) 42.9 (176) 41.7 (14) 44.7 (5) <0.05
Women
Fresh fruit 49.4 (3) 46.6 (31) 49.4 (38) 49.6 (115) 52.5 (74) 58.3 (292) <0.0001
Green leafy vegetables 31.3(2) 47.1 (20) 53.5 (47) 53.6 (246) 54.1 (99) 58.3 (146) <0.05
Other vegetables 34.6 (2) 46.2 (2) 52.2 (9) 52.1 (214) 54.7 (172) 58.0 (156) <0.05
Wholemeal/brown bread 47.8 (31) 48.3 (77) 51.7 (38) 56.9 (109) 51.8 (57) 57.7 (222) <0.0001
Meat products 59.2 (33) 55.6 (161) 54.4 (254) 50.0 (78) 66.4 (2) 51.1(2) 0.11

the analyses were repeated adjusting for body mass
index (data not shown). As the results were materially
unaffected by exclusion of current smokers they were
included in the subsequent analyses presented in
Tables 3 and 4.

To explore the association between the reported
frequency of consumption of these five food groups
and plasma vitamin C further, the age-adjusted
correlations between food groups were calculated.
These correlations are shown in Table 3. The age-
adjusted correlations of plasma vitamin C and
frequency of consumption of these five food groups
were then calculated after adjustment for each of the
foods one at a time and after adjustment for the other
four foods simultaneously. These correlations are
shown for men and women in Table 4.

Discussion

In this British population we found that plasma vitamin
C was consistently correlated with reported frequency
of intake of foods rich in vitamin C (fruit and
vegetables) and also with other foods (brown or
wholemeal bread). The differences in plasma vitamin

C between the top and bottom categories of brown
bread consumption were of the same magnitude as for
fruit even though brown bread contains no vitamin C®,
As far as we are aware, this is the first study to examine
the association between plasma vitamin C level intake
and food intake, though previous studies have looked
at the association between plasma vitamin C and
nutrient intake® '°.

Though plasma vitamin C level provides a good
measure of recent vitamin C intake it is affected by
other factors such as age, sex and smoking®. The
association with brown bread was present after regular
supplement takers were excluded and persisted after
controlling for age and body mass index and after
stratifying by sex and current smoking. The association
between brown bread consumption and plasma
vitamin C, though attenuated after adjustment for
frequency of consumption of other food groups,
remained and was still statistically significant. The
questions on the frequency of food intake used in this
analysis did not give detailed guidance on foods or
portion sizes. For example, participants were not told
whether to include fruit juice or canned fruit as fruit.
Frequency of consumption of some foods may thus be

Table 3 Age-adjusted correlations between reported frequency of consumption (in times per month, 0—28) of five foods (associated with
plasma vitamin C levels) in 598 men and 566 women aged 45—74 years in Norfolk, 1993-94

Fresh fruit Green vegetables

Other vegetables Meat products Brown bread

Men

Fresh fruit - 0.26 ***
Green vegetables - -

Other vegetables - -

Meat products - -
Brown bread - -

Women

Fresh fruit - 0.28 ***
Green vegetables - -

Other vegetables - -

Meat products - -
Brown bread - -

0.32 ** -0.02 0.29 ***
0.57 *** ~0.06 0.22 #**
- 0.03 0.23 **
- - -0.03
0.29 *** -0.06 0.24 **
0.54 *** -0.06 0.17 #**
- -0.00 0.20 ***
- - ~0.12*

*P<0.05, * P<0.01, *** P<0.001.
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Table 4 Adjusted correlation of reported frequency of consumption of various food groups (in times per month, 0—28) with plasma vitamin C
status in 598 men and 566 women aged 45—74 years in Norfolk 1993—-94

Age and Age and Age and Age and Age and Age and four
Food item Age fresh fruit leafy veg other veg meat prod. brown bread other foods
Men
Fresh fruit 0.29 *** - 0.24 *** 0.24 *** 0.29 *** 0.22 *** 0.19 ***
Leafy vegetables 0.21 **+* 0.15 ** - 0.12* 0.21* 0.16 *** 0.07
Other vegetables 0.20 *** 0.12 ** 0.10* - 0.21 *** 0.15 ** 0.05
Meat products —0.11 ** -0.11* -0.10 * -0.12 * - -0.10 * -0.10 *
Brown bread 0.28 *** 0.21 *** 0.24 *** 0.24 *** 0.28 *** - 0.19 ***
Women
Fresh fruit 0.26 *** - 0.24 *** 0.24 *** 0.26 *** 0.23 *** 0.20 ***
Leafy vegetables 0.12* 0.05 - 0.06 0.11* 0.09 0.01
Other vegetables 0.13 ** 0.06 0.08 - 0.13 ** 0.10 * 0.03
Meat products —0.14 ** —0.13 ** —0.13 ** —0.14 ** - -0.12 * -0.12 *
Brown bread 0.18 *** 0.12* 0.16 ** 0.15 ** 0.16 *** - 0.10 *

*P<0.05, *P<0.01, ** P<0.001.

recorded more accurately than for others. It may be that
data from better dietary measurement instruments,
such as food diaries which will be available on these
subjects in due course'', will be better able to
disentangle these issues of confounding.

It is possible that people who eat diets rich in vitamin
C over-report consumption of brown bread. It is also
possible that a constituent or constituents contained in
brown bread increase plasma vitamin C levels
independently of vitamin C intake. Both of these
explanations seem unlikely.

Our results suggest that plasma vitamin C level is an
indicator of certain patterns of food consumption.
Equally particular patterns of food consumption may
be indicators of plasma vitamin C status. These food
pattern—nutritional biomarker associations are likely to
be population specific. Such differences might explain
inconsistencies between studies in the observed
associations between biomarkers and disease and
between food pattern and disease. To aid interpretation
of their findings investigators of epidemiological studies
of nutritional biomarkers and disease should also report
data on the associations between foods and disease.
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