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ABSTRACT

Background Recent case reports of scurvy indicate that vitamin C deficiency may be more prevalent that generally assumed. The Low Income

Diet and Nutrition Survey (2003-05) of a representative sample of the low-income/materially deprived UK population included a plasma vitamin C

measurement.

Methods Adults aged >19 years from all countries/regions of UK were screened to identify low-income/materially deprived households. A valid

plasma vitamin C measurement was made in 433 men and 876 women. The results were weighted for sampling probability and non-response.

Results An estimated 25% of men and 16% of women in the low-income/materially deprived population had plasma vitamin C concentrations

indicative of deficiency (<11 wmol1™"), and a further fifth of the population had levels in the depleted range (11-28 pmol I~ "). Being a man,

reporting low-dietary vitamin C intake, not taking vitamin supplements and smoking were predictors of plasma vitamin C levels <28 wmol I”" in

mutually adjusted logistic regression models.

Conclusion Health professionals need to be aware that poor vitamin C status is relatively common among adults living on a low income.
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Introduction

Vitamin deficiencies are considered unusual in Western
populations, but recent case reports warn that scurvy is still
present and may be misdiagnosed.' > Poor vitamin C status
is associated with low socioeconomic status in developed
countries.* Vitamin C deficiency has also been reported in
some disadvantaged groups,6’7 but there has been little
concern that wider groups of the population may be at risk
of clinical or sub-clinical deficiency. The Low-Income Diet
and Nutrition Survey (LIDNS) provides representative data
on the diet and nutritional status of low-income/matetially
deprived UK consumers in 2003—05.® We report on the esti-
mated prevalence of vitamin C deficiency (plasma vitamin C
<11 pmol 1" ") and depletion (11-28 pmol 1™ )" in this
population and the predictors of low vitamin C status.

Methods

Study design and population

The target population was the 15% most deprived house-
holds in the UK. The LIDNS sample selection followed a

multi-stage clustered design, using wards, addresses, dwelling
units, catering units and dietary respondents from all
countties/regions of UK. Deptived wards were over-
sampled to increase the screening-in rate. Participants were
selected based on screening questions aimed at identifying
low-income/matetially deptived households. The sample was
selected by scoring questions regarding, for instance, type of
housing, car ownership, employment status, household
income and receipt of benefits or pensions like Housing
Benefit, Council Tax Benefit, Incapacity Benefit, Income
Support, Jobseekers’ Allowance or State Retirement Pension.
In total, 68% of the sample lived in social housing and 70%
had a gross household income below £200 per week. '

Up to two respondents (one adult and one child) were
selected from a household, excluding pregnant women.
Seventy-two percent of the screened-in houscholds were

Annhild Mosdgl, Associate Professor in Public Health Nutrition
Bob Erens, Director of Survey Methods Unit

Eric J. Brunner, Reader in Epidemiology

© The Author 2008, Published by Oxford University Press on behalf of Faculty of Public Health. All rights reserved 1



2 JOURNAL OF PUBLIC HEALTH

willing to participate, and 92% of these completed the indi-
vidual questionnaire and minimum three 24 h dietary recalls
(55% of the persons in the screened-in households).
Ninety-five percent of the sample was of self-defined
European ethnicity.10 Participants aged >19 years consisted
of 946 men and 1850 women, of which 81% were success-
fully revisited by a nurse and 51% (both sexes) provided a
blood sample. A valid plasma vitamin C measurement was
obtained for 433 men and 876 women (91% of the samples
taken). Participants were not required to fast before blood
sample collection. The survey was approved by the London
Multi-Centre Research Ethics

informed consent was obtained."”

Committee and written

Blood collection and analysis

A lithium—heparin vacutainer of blood was delivered on ice
to local laboratories within 2 h of collection and processed
within 4 h. Five hundred microlitres of lithium—heparin
plasma was mixed with 500 pl 6% metaphosphoric acid and
stored at —30°C. Plasma ascorbic acid was measured by
isocratic HPLC'' at the Institute of Food Research,
Norwich. The methods and protocol for quality control are
further described in the report.®!”

Covariates

Interviewers collected data on socio-demographic aspects
(including sex, age, ethnicity and household composition)
and health behaviours (including smoking and vitamin sup-
plement use). Smoking levels were defined using the
weighted average of reported number of cigarettes smoked
on weekdays and weekends, respectively. Twenty-eight
percent of the study sample had missing information in
smoking habits and were included in the non-smoking
group for the logistic regression analyses. Dietary vitamin C
intakes were obtained from four 24 h recalls on random
days (including at least one weekend day). Typically, the
blood samples were collected 2 weeks after the dietary
assessment. '

Statistical methods

The prevalence estimates were weighted to correct for
unequal selection probabilities of wards and for non-
response at the different stages of the survey.10 We used
STATA 9.1 (StataCorp, College Station, TX, USA), applying
the software’s SVY series of commands to analyse pro-
portions of deficiency and depletion with 95% confidence
interval (CI). Simple and multiple logistic regression models
were used to examine predictors of having plasma vitamin
C levels <28 pmol 1L Only predictors associated with low

vitamin C status at P<<0.10 were retained in logistic
regression models. Analyses were repeated using plasma
levels <11 pmol 1™ " as the case definition, but results were
similar to those presented.

Results

The weighted prevalence of plasma vitamin C concen-
trations indicative of deficiency (<11 wmol1™") was 26%
for men and 16% for women (Table 1). A further fifth
of both men and women had levels in the depleted range
(11-28 pmol 1™ Y. In total, 46% of men and 35% of
women in the low-income/materially deptived population
were estimated to have either deficient or depleted vitamin
C status. The estimated prevalence of deficiency was highest
in Wales (35% among men and 23% among women) and
lowest in Scotland (15%) among men and in Northern
Ireland (14%) among women (data not shown).

Table 2 presents crude and adjusted odds ratios (OR) for
having plasma vitamin C levels <28 pwmol 1! by sex and
associated risk factors. Low vitamin C status was not signifi-
cantly associated with age (four groups), ethnic origin
(White versus other ethnic groups) or household compo-
sition (single adult, >2 adults with no children, single adult
with >1 child and >2 adults with > 1 child) in bivariate
analyses (data not shown). Being a man, reporting low-
dietary vitamin C intake, not taking vitamin supplements
and smoking status were associated with having plasma
vitamin C levels <28 pwmol 1! separately and in the fully
adjusted logistic regression models. Lower reported dietary
vitamin C intake and heavier smoking were both associated
with increasing risks of low vitamin C status. Participants
living in Scotland were less likely (adjusted OR 0.46) to have

Table 1 Weighted® proportion of the UK low-income population with
plasma vitamin C levels indicative of deficiency (<11 umol =" and

depletion (11-28 wmol I71), by sex

Plasma vitamin C levels % (95% Cl) Cumulative %
Men (n = 433)

<11 pwmol =1 25.3 (19.5, 31.1) 25.3

11-28 wmol =1 21.0 (16.0, 26.0) 46.3

>28 pmol =1 53.7 (46.6, 60.8) 100.0
Women (n = 876)

<11 pmol =1 16.1 (12.9, 19.3) 16.1

11-28 pumoll’1 18.5 (15.0, 22.1) 34.6

>28 pmol =1 65.4 (61.1, 69.7) 100.0

“Estimates weighted for unequal selection probabilities and non-response.
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Table 2 Crude and adjusted? odds ratios (OR) (95% confidence interval) of plasma vitamin C levels <28 wmol I™" by sex and associated risk factors for

adults (>19 years) in the Low Income Diet and Nutrition Survey

Predictors n Crude Adjusted
OR (95% Cl) P OR (95% Cl) P
Sex <0.001 <0.001
Men 433 Reference Reference
Women 876 0.61(0.48, 0.78) 0.60 (0.47, 0.78)
Country of residence 0.06 0.004
England 844 Reference Reference
Wales 135 1.35(0.78, 2.32) 1.26 (0.72, 2.23)
Scotland 130 0.60 (0.39, 0.93) 0.46 (0.29, 0.73)
Northern Ireland 200 0.74 (0.35, 1.58) 0.65 (0.29, 1.44)
Reported vitamin C intake from food® <0.001¢ <0.001¢
Lowest (1-38 mgd™") 436 Reference Reference
Middle (38-72 mg d™" 437 0.70 (0.52, 0.94) 0.71(0.52, 0.97)
Highest (>72mgd™") 436 0.37 (0.27, 0.50) 0.38(0.28, 0.53)
Taking vitamin supplements <0.001 <0.001
Yes 272 Reference Reference
No 1037 2.28(1.67,3.11) 1.93(1.37, 2.66)
Smoking status <0.001°¢ 0.008°¢
Non-smoker 747 Reference Reference
<10 cigarettes/day 110 1.30(0.84, 2.01) 1.14 (0.72, 1.80)
10-19 cigarettes/day 242 1.59 (1.16, 2.18) 1.23(0.88, 1.72)
>20 cigarettes/day 210 1.95(1.37,2.77) 1.48 (1.01, 2.16)

4Adjusted for all factors listed above.

BIntakes in thirds.

“Test for trend.

dIncludes 380 persons with unknown smoking status.

depleted values than the reference group (participants living
in England).

Discussion

Main findings
LIDNS provides the first nationally representative data on
the nutritional status of Britain’s low-income- and materially
deprived households. It suggests that poor vitamin C status
is considerably more common in this population than pre-
viously thought.

What is known already

In 2000-01, the estimated prevalence of vitamin C
deficiency (<11 wmol1™") among British adults aged 19—
64 years was 5% in men and 3% in women, > but higher
prevalences of deficiency have been reported in selected
population groups. In the third Glasgow MONICA survey,

26% of men and 14% of women aged 25—74 had plasma
vitamin C levels <11.4 wmol 171 Among the older British
population (65 years and over) surveyed in 1994-95,
the estimated prevalence of deficiency (<11 wmol 17" was
relatively high (men 14% and women 13%).'*'* Vitamin C
deficiency is also likely to be common among the
homeless.”

Data on the prevalence of scurvy in the studied popu-
lation is not available. Plasma vitamin C levels may indicate
the functional reserves of the vitamin, but the relationship
between functional status and clinical manifestations of
deficiency is not strawightfor\xzarcl.15 However, plasma vitamin
C in the depleted range indicate low dietary intakes of fruit
and vegetables, juice, vitamin-fortified drinks or sup-
plements over weeks or months. Such a diet is also likely to
lack several other important nutrients such as folate, other anti-
oxidants and fibre. Only 2% of men and 1% of women in the
LIDNS reported vitamin C intakes <10 mg day ™ ','® which is
the threshold intake preventing the clinical signs of scurvy.'”
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Other studies indicate that plasma vitamin C concentrations
may not rise above the level of deficiency (<11 wmol 1™ ")
on intakes between 10 and 30 mg day~"."® Demand for the
vitamin may be higher during, for instance, disease and
pregnancy.15 As confirmed by the analysis, the picture is
also complicated by smoking, The dietary intake needed to
maintain a similar body pool of the vitamin is estimated to
be ~40% higher in smokers compared with non-smokers."”

Experimental induction of scurvy shows that the first
signs of disease develop after ~60-90 days on a vitamin
C-free diet. Vitamin C supplementation gives a rapid resolu-
tion of symptoms.17 Vitamin C plays a central role in the
formation of mature collagen, and deficiency impairs the
synthesis of connective tissue causing delayed wound
healing and formation of fragile granulation tissue.”’ The
vitamin is also an important antioxidant. Low plasma
vitamin C levels have been associated with higher mort-
tality,z1 although controversy exists whether this is due to
vitamin C per se or associations with a generally poorer diet
and lifestyle.””

What this study adds

This study calls for health practitioners to consider vitamin
C deficiency when presented with purpuric rash, hyperplas-
tic haemorrhagic gingival enlargement, limping or low-grade
inflammation. Some patients with scurvy will only have
vague symptoms such as aching muscles and fatigue.’

Limitations of this study

Vitamin status was measured once in non-fasting partici-
pants. Plasma vitamin C levels will be elevated if fruit, fruit
juice or supplements are consumed in the hours before
venepuncture, which may give underestimation of poor
vitamin C status. Vitamin C is liable to oxidation, but con-
siderable care was taken to stabilize vitamin C in the sample
and the analytical procedures were tightly controlled. The
procedures followed were similar to the protocol used in the
NDNS of the general UK population in 2000—01' and
the British population aged 65 years in 1994951314
Fifty-one percent of the study sample provided valid plasma
vitamin C measutement. The blood samples were taken
after dietary assessments at a separate visit by a nurse, and
participants were asked to comply with several measure-
ments in addition to giving blood. This may have contribu-
ted to the lower response rate. However, specific statistical
weighting was used to correct for the non-response to each
stage of the data collection.”” The lower prevalence of poor
vitamin C status in Scotland and otherwise few geographical
variations in vitamin C status were unexpected. Replication

of the estimates for vitamin C deficiency and depletion in
this population is needed.

Funding

The LIDNS was funded by the Food Standards Agency and
conducted by the National Centre for Social Research, in
collaboration with researchers from King’s College London
and University College London. The views represented are
those of the authors and not necessarily those of the
funding bodies.

Competing interests

We declate that we have no conflict of interest. Data analysis
and interpretation was done by the authors independently of
the funding sources based on the available data.

References

1 Rosati P, Boldrini R, Devito R ¢ a/. A child with painful legs. Lancet
2005;365(9468):1438.

2 Chaudhry SI, Newell EL, Lewis RR ¢ al Scurvy: a forgotten
disease. Clin Exp Dermatol 2005;30(6):735—06.

3 Olmedo JM, Yiannias JA, Windgassen EB ¢z a/ Scurvy: a disease
almost forgotten. Inz | Dermatol 2006;45(8):909—13.

4 Stallone DD, Brunner EJ, Bingham SA e# a/. Dietary assessment in
Whitehall II. The influence of reporting bias on apparent socioeco-
nomic variation in nutrient intakes. Eur ] Clin Nutr 1997;51:815-25.

5 Shohaimi S, Bingham S, Welch A ¢# a/. Occupational social class,
educational level and area deprivation independently predict plasma
ascorbic acid concentration: a cross-sectional population based study
in the Norfolk cohort of the European Prospective Investigation
into Cancer (EPIC-Notfolk). Eur | Clin Nutr 2004;58(10):1432—-5.

6 Wrieden WL, Hannah MK, Bolton-Smith C e 4/. Plasma vitamin C
and food choice in the third Glasgow MONICA population survey.
| Epideniol Commun Health 2000;54(5):355—60.

7 Malmauret I, Leblanc ], Cuvelier 1 ¢ 4/ Dietary intakes and
vitamin status of a sample of homeless people in Paris. Eur | Clin
Nutr 2002;56(4):313—20.

8 Nelson M, Erens B, Bates B ¢t al. Low Income Diet and Nutrition
Survey, Vol. 3. Nutritional Status, Physical Activity, Economic, Social and
Other Factors. London: TSO, 2007. http://www.food.gov.uk/multi-
media/pdfs/lidnsvol03.pdf

9 Hampl JS, Taylor CA, Johnston CS. Vitamin C deficiency and
depletion in the United States: the Third National Health and
Nutrition Examination Survey, 1988 to 1994. Am | Public Health
2004;94(5):870-5.

Nelson M, Erens B, Bates B ¢ al. Low Income Diet and Nutrititon
Survey, Vol. 1. Background, Methods, Sample Characteristics. London:
TSO, 2007.

1(

==



PREVALENCE AND PREDICTORS OF VITAMIN C DEFICIENCY

5

11

12

13

14

15

16

17

Gimenez R, Cabrera C, Olalla M ¢ al. Ascorbic acid in diet sup-
plements: loss in the manufacturing process and storage. Inz | Food
Sei Nutr 2002;53(6):509—-18.

Ruston D, Hoare ], Henderson L ez al. The National Diet & Nutrition
Survey: Adults Aged 19 to 64 Years, Vol. 4. Nutritional Status
(Anthropometry and Blood Analytes), Blood Pressure and Physical Activity.
London: Office for National Statistics, 2004.

Finch S, Doyle W] Lowe C et al. National Diet and Nutrition Survey:
People Aged 65 Years and Over, Vol. 1. Report of the Diet and Nutrition
Survey. London: The Stationary Office, 1998.

Elia M, Stratton RJ. Geographical inequalities in nutrient status and
risk of malnutrition among English people aged 65 y and older.
Nutrition 2005;21(11-12):1100—6.

Benzie IFE Vitamin C: prospective functional markers for defining
optimal nutritional status. Proc Nutr Soc 1999;58:469—76.

Nelson M, Erens B, Bates B et a/. Low Income Diet and Nutrition
Survey, Vol. 2. Food Comsumption, Nutrient Intake. London: TSO, 2007.

Hodges RE, Hood J, Canham JE ez a/. Clinical manifestations of
ascorbic acid deficiency in man. A | Clin Nutr 1971;24(4):432—43.

18 Levine M, Conry-Cantilena C, Wang Y e a4/ Vitamin C

pharmacokinetics in healthy volunteers:

evidence for a rec-

ommended dietary allowance. Proc Natl Acad Sci USA 1996;93(8):

3704-9.

19 Kallner AB, Hartmann D, Horing DH. On the requirements of

ascorbic acid in man: steady state turnover and body pool in

smokers. Am | Clin Nutr 1981;34:1347-55.

20 Peterkofsky B. Ascorbate requirement for hydroxylation and

secretion of procollagen: relationship to inhibition of collagen

synthesis in Nutr

1135-40S.

Am ] Clin 1991;54(Suppl.

scurvy.

6):

21 Khaw K-T, Bingham S, Welch A ¢ 4/ Relation between plasma
ascorbic acid and mortality in men and women in EPIC-Norfolk

prospective  study: a
2001;357:657—63.

prospective  population  study.

22 Heart Protection Study Collaborative Group. MRC/BHF Heart

Lancet

Protection Study of antioxidant vitamin supplementation in 20,536

high-risk individuals: a randomised placebo-controlled trial. Lancet

2002;360(9326):23—33.



