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The maintenance of optimal haemoglobin concentration and red
cell indices depends on an adequate supply of the nutrients
necessary for haemopoiesis. The availability of iron depends
on a positive balance between intestinal absorption and loss
from the body. Iron deficiency is a common cause of anaemia
(Kilpatrick, 1961) and in women is often associated with high
levels of menstrual blood loss (Jacobs and Butler, 1965). When
menstrual loss is increased iron balance must be maintained
either by a diet with a high iron content or by an increase in
the proportion absorbed by the intestine. Iron deficiency in
men is most often associated with gastrointestinal blood loss
and the same compensating mechanisms are necessary to main-
tain a normal haematological status. The relative importance
of dietary iron content and increase in absorption for maintain-
ing normal iron balance is not clear. The present study of
apparently healthy individuals in a general practice shows that
iron-deficiency anaemia may occur in subjects with a wide
range of dietary iron intake.

Methods

Eighty-seven men and 100 women aged 20-69 were studied.
They were healthy persons selected by a random process from a
general practice population of approximately 7,000. The group
consisted of approximately equal numbers in each 10-year age
group and contained representatives of all the social classes.
In men aged 20-29 years, and occasionally at other ages, it was
sometimes necessary to add substitutes as their type of employ-
ment precluded an accurate dietary survey. One man com-
pleted the dietary survey but refused to allow a sample of blood
to be taken. Two women were found to have a raised blood
urea and their results have been excluded. In a few cases an

inadequate blood sample did not allow all the haematological
investigations to be completed. Each individual completed a
prospective dietary survey covering seven consecutive days
closely following the method described by Thomson (1958).
All the food and drink consumed was weighed and recorded.
The iron content of the diet was calculated by reference to the
food tables of McCance and Widdowson (1960) and from data
obtained from food manufacturers. Some food items were
assayed by the Cardiff Public Analysts laboratory. The mean
iron intake over seven days was calculated.

Before each individual survey was started the subject was
visited, supplied with scales, and the procedure explained. A
brief medical history was taken and an estimate for the weekly
food budget obtained. The subject was also asked to supply
an average daily menu. This information provided some
check upon the accuracy of the weighed food items recorded.
At least two additional visits were made during the survey in
order to assess the standard of record-keeping. During the
period of the survey a specimen of venous blood was taken
either before breakfast or between midday and lunchtime.
Standard haematological methods were used (Dacie and Lewis,
1963). Serum iron and iron-binding capacity was measured
by the method of Ramsay (1957).
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Results

Dietary iron intake in men was 8-27 mg./day (mean 17.52
+0.47 mg.) and in women 6-24 mg./day (mean 14.10+0.34
mg.), a significant difference (P<0.001). Haematological values
are shown in the Table. In both sexes there is a complete lack
of correlation between the dietary iron intake and haemoglobin
concentration, M.C.H.C., serum iron, total iron-binding
capacity, and transferrin saturation. Daily iron intake and
haemoglobin concentration for women is shown in the Chart.
Haemoglobin concentration was below 12 g./100 ml. in 10
women and below 12.5g./100 ml. in one man. Nine of the
anaemic women had not reached the menopause. Transferrin
saturation was less than 16% in 11 women but in none of the
men. The mean haemoglobin concentration of women aged
20-44 years (12.70±0.145 g./100 ml.) was lower than that of
women aged 45-69 (13.30±0.049 g./100 ml.) (P<0.001).
There was no significant difference in dietary iron intake
between the younger women (13.96 ± 0.037 mg./day) and the
older women (14.25±0.185 mg./day). Fifty-seven of all the
women for whom data are available were premenopausal and
nine of these were anaemic. Forty-one women were post-
menopausal and only one of these was anaemic.

Haematological Values m General Practice Patients

No. of
Cases Range Mean S.E.

Haemoglobin f Men 80 100-17-1 14 95 0-125
(g./100 ml.) 1 Women 98 8-6-15-1 12 98 0109

M:C.H.C.(%) lMen 80 30-36 33-61 0-151
) Women 98 27-36 32-31 0-143

Serum iron f Men 81 55-185 107-5 2-95
(pg./IOO ml.) Women 97 36-220 108-2 4 09

Serum iron-binding r Men 73 210-600 326-2 3-0
capacity (ug./ { Women 88 250-492 359-2 6-4
100 Ml.)

Transferrin { en 73 16 7-66 7 33-4 1-2
saturation Women 88 5 8-55-0 30-5 1-3

Discusion

The average daily dietary iron recorded in the present group
of subjects is slightly higher than that of 14.1 mg. recorded by
the National Food Survey (1966). This iron intake compares
favourably with the recommendation of 12 mg. daily for adults
over the age of 20 years made by the British Medical Association
(1950) and would be adequate to sustain a daily iron loss from
the body of 1.4 mg., assuming 10% iron absorption from food.
Nineteen out of the 98 women in this survey had a daily iron
intake of less than 12 mg. but the proportion of these with a

haemoglobin concentration less than 12 g./100 ml. is not
significantly greater than in those with a daily intake of 12 mg.
or over. The Chart shows that anaemia can occur in women
with different levels of dietary iron.
Normal blood values can be maintained in the presence of

low iron intake only by an increase in absorption, and this pre-
supposes that the food iron is in an available form. Absorption
of ionizable iron is increased in response to anaemia except in
some patients in whom achlorhydria is a limiting factor. Iron
in meat and bread, which together provide 44% of the dietary
iron (National Food Survey, 1966), also show this phenomenon,
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though not to the same degree as fully ionized iron (Hussain,
Walker, Layrisse, Clark, and Finch, 1965). Elwood (1963) has
shown that the iron normally added to white flour is very poorly
utilized. The present data suggest that the iron content of food
is not a limiting factor in maintaining iron balance in normal
individuals, and it must be assumed that a considerable increase
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in absorption from dietary sources is possible under the stimulus
of iron deficiency. The total amount of iron in the diet may
be more important at levels of intake below 6 mg. daily and in
individuals with impaired absorption.
Mean iron intake and haemoglobin levels are both higher in

men than in women, but there is no correlation between these
two factors in either sex. In women anaemia is almost entirely
confined to those still menstruating. Though haemoglobin
levels are significantly lower under the age of 45 years there is
no significant difference in iron intake between the younger
and older women. These findings suggest that dietary iron

intake may be a less important factor than menstrual blood
loss in the aetiology of iron deficiency in women. They are
in keeping with the observation of Hallberg, Hogdahl, Nilsson,
and Rybo (1966) that there is a fall in haemoglobin concentra-
tion in women when menstrual loss exceeds 80 ml. (equal to
1.2 mg. of iron daily) and a fall in serum iron level when it
exceeds 60 ml. (equal to 1 mg. of iron daily). Garby (1966)
states that only a few individuals are in negative iron balance
on a daily intake of 10-13 mg. It seems likely that in a normal
population iron loss from the body is the most important
determinant of iron status and that dietary iron is only limiting
at very low levels or in individuals with a high iron loss.

Summary

A dietary survey in apparently healthy subjects showed no
relation between iron intake and haematological status. It is
suggested that iron loss from the body rather than dietary iron
intake is the major determinant of iron status in normal
individuals.

We should like to thank Professor H. Scarborough for his
encouragement and the Medical Council for a grant to R.H.D.
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Acro-osteolysis Occurring in Men Engaged in the Polymerization
of Vinyl Chloride
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The polymerization of vinyl chloride has been undertaken in
this and other countries for over 20 years without apparent
harm to the workers, apart from some accidental exposure to
the vapour of vinyl chloride, the anaesthetic effects of which
have been well known for years. The process consists, briefly,
in submitting a mixture of liquid vinyl chloride and water in
the presence of a catalyst to the effects of heat in large pressure
vessels known as autoclaves. This produces polyvinyl chloride
in slurry or latex form which is discharged from the vessel and
conveyed elsewhere to be dried into a powder. When the auto-
clave is emptied at this final stage a deposit of white polymer
is found on its inner wall. Air is then blown through the open
vessel for at least a quarter of an hour, after which an atmo-
sphere test for vinyl chloride is done inside it. If the autoclave
is found to be clear of vinyl chloride vapour the cleaner enters
it to scrape the wall with a small hand pallet.

An unusual condition affecting two men employed as auto-
clave cleaners in this process was first reported by Cordier et al.
(1966). After doing this work for several months they
developed symptoms resembling those of Raynaud's pheno-
menon and later a skin eruption of the hands, and in one
case of the forearms, together with general asthenia and
drowsiness. The most striking sign, however, was the radio-
logical evidence of lysis of some terminal phalanges of the
hands, and in one case of the feet. Most of these abnormalities
disappeared and the bones showed signs of healing a year or

two after the men had stopped work.
In view of that article, the hands of 588 men engaged in

the manufacture of polyvinyl chloride were radiographed in

* Imperial Chemical Industries Limited, Plastics Division.
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