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Vitamin C depletion and pressure sores in elderly patients with
femoral neck fracturq I

Helen F Gjode, Eileenjrns, Barry E talker

Abstract
Objective-To evaluate the contribution of

specific nutritional deficiencies (as indicated by zinc;
vitamin A, C, and E; albumin; and haemoglobin
concentrations) to the risk of pressure sores.
Design-Observational cohort study.
Setting-St James's University Hospital, Leeds.
Subjects-21 elderly patients presenting consecu-

tively to the orthopaedic unit with femoral neck
fracture.
Main outcome measure-Full thickness epidermal

break over a pressure bearing surface.
Results-10 patients (48%) developed a pressure

sore during their hospital stay. Indices of zinc status
and concentrations of albumin, haemoglobin, and
vitamins A and E were similar in patients who
developed a pressure sore and those who did not.
Mean leucocyte vitamin C concentration, however,
was 6-3 (SD 2.2) [tg/108 cells in patients who
developed a pressure sore as compared with 12-8
(4-6) ,g/10' cells in patients who did not.
Conclusions-Low concentrations of leucocyte

vitamin C appear to be associated with subsequent
development of pressure sores in elderly patients
with femoral neck fractures.

Introduction
Up to 10% of all hospital patients and 30% of all

elderly patients suffer from pressure sores.' Elderly
patients with femoral neck fractures are particularly at
risk, and as many as 60% may develop sores, most of
which occur within the first five days of admission to
hospital. Many such patients spend unacceptably long
periods on high pressure surfaces, particularly in
casualty and in the operating theatre, and many go on
to develop sores, though the relation may not be
causal.3 It is possible that acute illness may be more
important by exacerbating liability to pressure necrosis
because of reduced feeling and mobility, pain, low

blood pressure, and nutritional deficiency. Other
factors, such as confusion and incontinence, may also
be important.4'5
The benefits of supplementary nutritional support

in patients with femoral neck fracture have been
reported,67 and there is evidence that undernutrition
may be a predisposing factor in pressure sore develop-
ment.8 However, the contribution of pre-existing
specific nutritional deficiencies to the risk of pressure
sore development has not been studied.

Zinc is an essential element which has a crucial role
in immunity and healing and for which interactions
with other vitamins have been described.9 Both topical
and oral zinc supplementation have a beneficial effect
on wound healing in zinc depleted subjects.'" Vitamin
C has also been shown to promote wound healing and
may have a role in immunological regulation.9 Elderly
people are particularly at risk from both nutritional
deficiencies and depressed immunity, and studies in
this hospital have shown a high prevalence of zinc" and
vitamin'2 depletion in elderly inpatients.

This study was undertaken to assess the con-
tribution of nutritional status to the development of
pressure sores in elderly patients with femoral neck
fractures.

Subjects and methods
Twenty one unselected patients aged 75 or more

admitted to the orthopaedic unit with a diagnosis of
femoral neck fracture were invited to participate in
the study, which was approved by the local clinical
research (ethics) committee. Written informed consent
was obtained from all patients or their next of kin.
Pressure sores were defined as a full thickness epider-
mal break over a pressure bearing surface.
A preoperative fasting blood sample was obtained at

8-9 am on the day after admission for assay of various
biochemical nutritional indices, including plasma and
polymorphonuclear leucocyte zinc; plasma albumin
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and vitamin A and E; leucocyte total vitamin C; and
haemoglobin concentrations. All samples were pro-
cessed within 30 minutes of venepuncture. Permission
was also sought to take a muscle biopsy sample during
pinning and plating of the fracture for zinc analysis.'3
Plasma and polymorphonuclear leucocyte zinc concen-
trations were measured as described.'4 Vitamin A and
E concentrations were measured by high performance
liquid chromatography,'5 and leucocyte vitamin C was
measured spectrophotometrically by means of a well
established technique.'6 Albumin and haemoglobin
concentrations were measured by standard methods.

Patients were subsequently grouped into those who
developed pressure sores and those who did not, and
results were compared with findings in a group of 12
well elderly people who were free living in the
community. The zinc status of these subjects has been
described." Results are expressed as means and
standard deviation (SD). Differences between groups
were compared by using Student's t test and taken as
significant when p<O005.

Results
Ten of the 21 patients (48%) subsequently

developed pressure sores (table). Indices of zinc status,
plasma vitamin A and E concentrations, and albumin
and haemoglobin concentrations did not differ
appreciably between patients who developed pressure
sores and those who did not (table).
Plasma zinc values were lowest in patients who did

not develop sores, associated with reduced plasma
albumin concentrations (table). The polymorpho-
nuclear leucocyte zinc concentration was similar to that
in the healthy elderly controls'3 both in patients with
and in those without sores. A significant correlation
was found between polymorphonuclear leucocyte and
muscle zinc values (r=078; p<001). Values were
similar to those obtained from the rectus abdominis in
a study of elderly surgical patients. "I

Vitamin E concentrations in the patients studied
were similar to those in well elderly subjects, but
vitamin A concentrations were lower in both patient
groups than in the healthy elderly group (table).

Leucocyte total vitamin C concentration was
significantly lower in the patients who developed
pressure sores than in those who did not (6 3 (SD 2 2)
[tg/10 cells as compared with 12-8 (4-6) [tg/10 cells;
p<0001). All the patients who had sores and eight of
those who did not had values below this laboratory's
winter reference range (<15 [tg/10 leucocytes)'7
(figure).

Discussion
Using polymorphonuclear leucocyte and muscle

zinc values, which are thought to provide a good index
of zinc status, we found no evidence of zinc depletion
in our patients and conclude that this was not a
contributory factor to pressure sore development.
However, vitamin C depletion was associated with

pressure sores in this study. This finding agrees with a

report of a higher incidence of pressure lesions in
elderly women with femoral neck fractures who had
vitamin C intakes of less than the dietary reference
value for this age group (40 mg/day).'8

Leucocyte vitamin C concentrations show an
apparent decrease when numbers of neutrophils
increase after surgery or infection, since these cells
contain only one third of the vitamin C ofmononuclear
leucocytes.'9 However, in this study patients were
investigated preoperatively, immediately after
admission, and both total and differential leucocyte
counts were normal in both groups. In this setting
leucocyte vitamin C value is a good index,of vitamin C
reserves.9"' It is therefore reasonable to assume that in
some of our patients there was a pre-existing vitamin C
deficit which apparently influenced the subsequent
development of a pressure lesion.

Vitamin C has been implicated in collagen formation
via hydroxylation of proline and thus influences wound
healing. It is a powerful antioxidant with anti-
inflammatory potential by neutralisation of phagocyte
derived oxidants. Supplementation with vitamin C
increases lymphocyte proliferative responses, neutro-
phil migration, and neutrophil-macrophage infiltra-
tion to sites of infection.9 Hence a vitamin C deficit
would probably have an adverse effect on tissue
recovery after a period of ischaemia. Indeed, a single
report in 1974 showed improved healing of existing
pressure sores in patients given supplements ofvitamin
C. 20

Although development of pressure sores in patients
with femoral neck fractures has been well studied,
there is still no clear cut risk factor which determines
why one patient should develop a sore given the same
conditions as another patient. In summary we have
shown that vitamin C but not zinc, vitamin A, or
vitamin E depletion was associated with subsequent
development of pressure sores in elderly subjects with
femoral neck fractures.
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Comparison of Yuzpe regimen, danazol, and mifepristone (RU486)
in oral postcoital contraception

Anne M C Webb, Jean Russell, Max Elstein

Abstract
Objective-To compare the effectiveness and

acceptability of three regimens of postcoital contra-
ception.
Design-Randomised group comparison of

ethinyloestradiol 100 tg plus levonorgestrel 500 [tg
repeated after 12 hours (Yuzpe method); danazol 600
mg repeated after 12 hours; and mifepristone 600 mg
single dose.
Setting-Community family planning clinic.
Subjects-616 consecutive women with regular

cycles aged 16 to 45 years.
Main outcome measures-Number of pregnan-

cies, incidence of side effects, and timing of next
period.
Results-The raw pregnancy rates (with 95%

confidence intervals) for the Yuzpe, danazol, and
mifepristone groups were 2-62% (0.86% to 6.00%),
4-66% (2-15% to 8.67%), and 0% (0% to 1-87%)
respectively. Overall, these rates differed signific-
antly (X2=8-988, df=2; p=0-011). The differences
between the mifepristone and Yuzpe groups and
between the mifepristone and danazol groups were
also significant. Side effects were more common and
more severe in the Yuzpe group (133 women (70%))
than in either the danazol group (58 (30%)) or the
mifepristone group (72 (37%)). The Yuzpe regimen
tended to induce bleeding early but mifepristone
prolonged the cycle. Three women bled more than
seven days late in the Yuzpe group compared with 49
in the mifepristone group.

Conclusions-Mifepristone was effective in
reducing expected pregnancy rates and the Yuzpe
method also had a clinical effect. Danazol had little
or no effect. A further multicentre trial is needed.

Introduction
Many methods of postcoital contraception have been

used. Postcoital oestrogen given for five days was first
introduced in the 1960s and was widely used.'2 The
failure rate was between 0 5% and 1-6% and side
effects of nausea, vomiting, and breast tenderness were
common. Yuzpe et al later combined oestrogen and
progestogen given over 12 hours. This achieved a
125-fold reduction in the dose of oestrogen, and the
intensity and duration of side effects were reduced.3
Failure rates between 17% and 2-3% have been
found.34
A comparative study showed similar effectiveness

to oestrogen treatment and suggested the Yuzpe
regimen was preferable because of the shorter duration
of treatment.' Estimating the numbers of expected
pregnancies is difficult but a reduced incidence has
been shown when compared with numbers predicted

by various methods.2 6-9 The Yuzpe regimen has
become an accepted and recommended method of
postcoital contraception.'0

Danazol has been suggested to be as effective as the
Yuzpe method with fewer side effects." 12 The anti-
progesterone drug mifepristone has been shown to be
an effective abortifacient and has been used as an
interceptive and menstrual regulator,'3'5 although it
causes considerable cycle upset.'6"' We conducted a
study to compare the effectiveness and side effects of
these three methods (Yuzpe, danazol, mifepristone).
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