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free control, Dr. K. Bagshaw for measuring chorionic gonadotro-
phin, and Dr. Trevor Mann and Dr. Frank Nash for permission
to study the infants. We should also like to thank Dr. K. W. Taylor
for his advice and encouragement and for allowing us to use labora-
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ADDENDUM.-Since submitting this paper for publication
one of these patients (case 1) again became pregnant. Her
diabetes improved progressively during pregnancy and at 37
weeks a 50-g oral glucose itolerance test gave blood sugars
w,hen fasting and half an hour, one hour and two hours after
glucose of 53, 98, 102, and 138 mg/100 ml. The chlorpropa-
mide was discontinued at 34 weeks. At 38 weeks she was de-
livered by caesarean section of an infant weighing 4,650 g
which died at birth. There was gross hypertrophy and hyper-
plasia of the fetal islets, which presumnably was not conse-
quent on maternal hyperglycaemia but was possibly due to
,the chlorpropamide treatment. Once again her diabetes de-
teriorated rapidly immediately after delivery. The fasting
blood sugar two days after delivery was 195 mg/100 ml.
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Summary

It has been shown that women receiving oral contracep-
tives have increased levels of serum vitamin A. High
vitamin A levels may constitute a teratogenic hazard and
it has been suggested that women who conceive soon after
discontinuing oral contraceptive therapy may be es-
pecially at risk to this hazard.
We have confirmed a significant increase in vitamin A

levels in women taking oral contraceptives. During early
pregnancy there is no significant difference in vitamin A
levels between women who have- recently been taking
oral contraceptives and those who have not. We have
been unable to show that either taking oral contraceptives
shortly before pregnancy or a high vitamin A level during
the first trimester of pregnancy, comparable to that of a
woman taking oral contraceptives, has any detrimental
effect on the outcome of pregnancy. It seems unlikely
that women who conceive soon after discontinuing oral
contraception run any teratogenic risk from increased
vitamin A levels.

Introduction

Since the introduction of synthetic steroids as a method of birth
control there have been numerous reports of side effects and
alterations in biochemical values among women taking these
preparations. Gal et al. (1971) noted a significant increase in
plasma vitamin A in women taking oral contraceptives. Briggs
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et al. (1972) also showed that women taking oral contraceptives
had a significantly higher plasma vitamin A level than un-
treated controls, whereas the vitamin A levels of women receiving
a long-acting, parenterally-administered progestogen contra-
ceptive were similar to control v lues.

The importance of this lies in the possible teratogenic effect
of excess vitamin A. Several workers have shown that the
administration of large doses of vitamin A to pregnant animals
may be associated with an increased incidence of congenital
malformations (Cohlan, 1954; Giroud, 1960). This effect is
enhanced by cortisone (Woollam and Millen, 1960).

In the field of human teratology, Pilotti and Scorta (1965)
described a case of hypervitaminosis A in an Italian woman.
She ingested excessive amounts of vitamins A and D (40,000
and 600,000 IU respectively) daily for a month at the beginning
of pregnancy and gave birth to a child who at necropsy showed
malformations of the urogenital system.

Gal et al. (1972) found significantly higher postpartum serum
vitamin A levels in mothers of children with defects of the central
nervous system than in mothers of normal children. Their
study was retrospective, however, and the authors themselves
pointed out the need to determine whether the high serum
vitamin A level is present in early pregnancy and could be a
primary cause of malformations or whether it is a secondary
response to the presence of a malformed fetus. If a high serum
vitamin A level can be a primary cause of malformations, and if
the vitamin A level remains high after stopping oral contracep-
tion, then those women who conceive immediately after stopping
oral contraception may run an increased risk of bearing mal-
formed children. We have had the opportunity to study the
serum vitamin A levels of women in early pregnancy, to relate
these to the administration of oral contraceptives immediately
preceding conception, and to observe the outcome of the
pregnancies.

Subjects and Methods

As part of a large-scale, prospective study of nutrition in early
pregnancy blood samples were taken from several hundred
mothers in the first 15 weeks of pregnancy for analysis of several
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biochemical and haematological variables. Expectant mothers
resident in Leeds were invited to volunteer for this research and
the study group was therefore not a representative sample of
Leeds mothers. Full details of preconception contraceptive
practice were included in the history taken by a physician in
every case. Subjects were asked to have only tea and toast
before attending to give blood. On the morning of venepuncture
a record was made of any vitamin preparations being taken and
what food had been eaten that day.

In order to provide non-pregnant controls and to study the
effect of oral contraceptives on serum vitamin A levels subjects
were invited to give a further blood sample when they brought
their babies for examination between 6 and 10 months post-
partum; 10'/ of the mothers did so. Though the group was self-
selected to some extent we tried to ensure that the social class
composition was the same as that of the initial study group.
These patients attended in the afternoon after lunch, but in our

experience vitamin A levels are not, in fact, influenced by the
preceding meal (see Results). We noted details of any tablets
being taken by these women. Altogether 28 had been taking oral
contraceptives for between two and seven months. We excluded
women who were breast-feeding, as lactation may increase
vitamin A values (Darby et al., 1953 a, b), and women who were

taking vitamin A supplements.
Analysis of vitamin A was carried out by the fluorometric

method of Hansen and Warwick (1969). The fluorescence of
vitamin A was measured on a fluorometer (Aminco-Bowman
SPF-125 or Aminco-Bowman 4-8202 SPF). The method of
Hansen and Warwick (1969) is said to be free from interference
by compounds normally found in serum, though Thompson
et al. (1970) suggest interference by the carotenoid phytofluene.

Because of the light sensitivity of vitamin A, immediately after
venepunoture blood was dispensed into a plastic tube which
was then covered with foil. The serum was removed to
another tube which was again covered. Before
analysis serum samples were stored at -20'C for
not longer than three months and were generally
analysed within two weeks. We have found that there is no

decrease in the vitamin A content of samples stored for as long
as 18 months. All the analyses were carried out in a darkened
room. Each assay consisted in duplicate or triplicate analyses of
unknown sera and control serum and triplicate analyses of four
different concentrations of standard. The average between batch
coefficient of variation of the controls was 7%.
To test the accuracy of this method known amounts of vitamin

A acetate were added to control sera and the percentage recovery
was determined. The average recovery was 105-4% with a

range of 93-8% to 113 7%o.
The synthetic steroids norethisterone acetate and ethinyl-

oestradiol were shown not to interfere with the analysis of
vitamin A when added to serum in concentrations up to 30
times the levels in women taking these preparations.
We also carried out a similar check experiment with cholesterol

and found that the concentration of vitamin A was not altered
significantly.
The outcome of the pregnancies was determined initially

from maternity records, which provided information on abor-
tions, stillbirths, and malformations noted at birth. A total of
76% of the surviving infants were examined by a member of the
medical staff of this department between the ages of 6 and 10
months.

Results

Serum vitamin A levels in our study groups were not normally
distributed but the log values approached a normal distribution
(X2 = 4-458; P >0 7) and were used in t tests on which all
probability values are based.

Effect of Preceding Meal on Serum Vitamin A Levels.
Though subjects were asked to have only tea and toast before
attending to give blood some forgot these instructions. Others

were able to attend only in the early afternoon and had eaten a

light lunch. With the exclusion of subjects taking vitamin A
supplements, comparison between those who had eaten a light
breakfast as requested and those who had eaten more than this
showed no significant difference (table I; P >0 2). In all subse-
quent analyses of results, therefore, vitamin A values are con-
sidered irrespective of preceding food intake.

TABLE I-Effect of Preceding Meal on Serum Vitamin A Levels

No. of Mean Vitamin 95°0 Range
Preceding Meal Subjects A (,ug/100 ml)

Tea and toast or none 351 66 36-117
More substantial meal 104 68 39-116

t = 1-17; P>0-2.

Effect of Oral Contraceptives and Pregnancy on Serum Vitamin
A Levels.-Analysis of vitamin A levels in subjects 6 to 10
months postpartum showed that those taking oral contraceptives
had significantly higher values than those who were not. Those
women not taking oral contraceptives had a mean serum vitamin
A concentration of 70 ,ug/100 ml, whereas those on oral contra-
ceptives had a mean of 94 [±g/100 ml (P <0 001; table II). Since
we had previously determined the vitamin A levels of some of
these women during their pregnancy we were able to compare
pregnant and non-pregnant values using each woman as her own
control (see table III). This confirmed that oral contraceptives
raise serum vitamin A levels and showed that early pregnancy
does not affect the levels. This latter finding is confirmed by the
vitamin A values of the two groups of women shown in tables
II and IV who had not taken oral contraceptives. Here 34 women
had a serum vitamin A of 70 tig/100 ml postpartum, while the
mean value of 339 pregnant women was 66 ,ug/100 ml (P >0 1).

Oral Contraceptive History, Serum Vitamin A Levels, and
Outcome of Pregnancy.-In order to determine whether women
who had recently stopped oral contraceptives had higher than

TABLE II-Effect of Oral Contraceptives on Serum Vitamin A Levels

No. of Serum Vitamin A (,ug/100 ml)
Group Subjects

Mean 9500 Range
Taking oral contraceptives 28 94 60-144
Not taking oral contraceptives 34 70 44-111

= 5-17; P<0001.

TABLE III-Effect of Oral Contraceptives and Pregnancy on Serum Vitamin A
Levels

Timing of No. of Vitamin A (,g/100 ml) Student's
Group Results Subjects M t test

Mean 195°O Range

On oral

contraceptives

postpartum

Not on oral

contraceptives
postpartum

When

pregnant
Post-

partum
When

pregnant
Post-

partum

14

14

17

17

61

94

66

68

43-88

71-124

42-101

46-99

t=7-01;
P <0-001

t=0-44;
P>0-6

TABLE IV-Oral Contraceptive History and Serum Vitamin A Levels in Early
Pregnancy

Time Interval Estimated Time Serum Vitamin A
between Stopping Interval between (,ug/100ml)

Group Oral Contracep- Stopping Oral No. of
tives and Giving Contraceptives Subjects
Blood (Months) and Concep- Mean 95 % Range

tion (Weeks)
A <4 2-11 28 61 41-90
B 4-6 5-20 63 66 43-103
C 7-12 14-46 47 62 41-94
D >12 >39 57 66 42-105
E No oral No oral 339 66 42-110

contraception contraception

68
-
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normal vitamin A levels when pregnant, subjects were grouped
according to the length of time since last taking oral contracept-
ives. In this analysis we included only those who had taken oral
contraceptives continuously for six months or more. Our control
group consisted of those subjects who had not used oral contra-
ceptives. We excluded any who were taking preparations con-
taining vitamin A. The vitamin A levels of women who had
stopped oral contraceptive therapy during the four months
before venepuncture-that is, who had conceived 2 to 11 weeks
after discontinuing oral contraceptives-did not differ from
those who had never taken oral contraceptives (table IV). In
view of the increased levels of vitamin A induced by oral contra-
ceptives and the possible teratogenic effect of this vitamin we
studied the outcome of pregnancy in women who conceived
within 20 weeks of stopping oral contraception. Of these 91
women four aborted and three gave birth to infants with ab-
normalities (talipes, undescended testicle,* and hypospadias),
which is no more than random expectation. The outcome of one
pregnancy was not known.

In addition we stucdied the outcome of pregnancies
of mothers whose vitamin A levels were greater
than 94 I±g/100 ml (the mean serum vitamin A of those taking oral
contraceptives). Of 55 mothers in this group four aborted and
four gave birth to babies with minor abnormalities (talipes,
undescended testicle (2),* and chordee), which is again
no more than random expectation. The outcome of one
of these pregnancies was not known. The abortions and ab-
normalities were distributed evenly through the range of vitamin
A values.

Discussion

Our results confirm the work of Gal et al. (1971) and Briggs et al.
(1972), who showed that women taking oral contraceptives have
increased serum levels of vitamin A. The overall higher values
which we obtained may well have been due to the use of a
different analytical technique. The method we used may measure
some carotenoids as well as vitamin A, but in view of the signifi-
cant results obtained it is probable that if this technique measures
phytofluene, as suggested by Thompson et al. (1971), it is a
small, constant proportion of our total "vitamin A." This is
supported by the fact that our results were not influenced by
food intake immediately before sampling, whereas carotenoid
levels are said to reflect recent dietary intake (Gal et al., 1971).

Aurell et al. (1966) reported that women who have taken oral
contraceptives for a year have high levels of low-density lipo-
proteins, similar to those of postmenopausal women, and sug-
gested this could be due to the androgen-like activity of nor-
ethisterone. Vitamin A is transported in plasma on retinol-
binding protein which in turn is complexed with prealbumin
(Kanai et al., 1968). The increased plasma vitamin A associated
with oral contraceptives is therefore probably a reflection of
increased protein synthesis induced by the exogenous steroid
hormones. We have found that the serum concentration of vita-
min A at the beginning of pregnancy does not differ signific-
antly from non-pregnant values. This is in agreement with the
work of Macy et al. (1954). Bodansky et al. (1943) noted a
significant fall in serum vitmin A only in the third trimester,
while Lund and Kimble (1943) observed a steady decrease
throughout pregnancy. The latter workers found that though
women with poor diets had low vitamin A levels in early preg-
nancy those with adequate diets had levels similar to those of
healthy, non-pregnant women. Most of our volunteers had
good diets (data in preparation). Darby et al. (1953 a, b) found
that vitamin A levels were lower during the first trimester of

*One infant with undescended testicle is in both groups.

prhegnancy ithan at six weeks postpa,rtm. Their postpartum
figures were, however, much higher than they had earlier
found in non-pregnant, non-lactatng wonen (Darby et al.
1953 b).
The teratogenic effect of vitamin A was established primarily

in animal experiments (Cohlan, 1954) in which massive doses of
vitamin A were administered. Gal et al. (1972) found a relation
between high serum vitamin A and centrl nervous system
malformations in patients in a retrospective study. We have
carried out vitamin A determinations on ithe sera of over 500
women at ithe -beginning of pregnancy and have found no
significanit difference in vitamin A levels in the first tri-
mester of pregnancy between women who discontinued
oral contraception shoTly before conceiving and women
who had never taken oral contraceptives. It was evidenrt
that four months after discontinuing oral contraceptives the
vitamin A levels of those women who became pregnant had
returned to normal. Further work is required to determine how
soon the level returns to normal and if the level is normal during
organogenesis. Even if the serum level of vitamin A in women
who have recently been taking oral contraceptives has not
returned to normal during this critical period the levels will be
less than in clinical hypervitaminosis (Soler-Bechara and Soscia,
1963) and much less than the levels likely to be reached in
animals given teratogenic doses. Our data on the outcome of
pregnancy of those subjects conceiving within 20 weeks of
stopping oral contraceptives suggest that there is no increased
incidence either of abortion or of abnormalifties in their babies.
Indeed, out of 28 in-fan-ts conceived within 11 weeks of their
mothers ceasing oral contraception only one showed any
congenital abnormality (talipes).

Furthermore, our study showed no increased incidence of
abortion or congenital malformations in the pregnancies of the
women who had serum vitamin A values in early pregnancy
comparable to those of women taking oral contraceptives. Hence
even if the vitamin A levels ofwomen recently taking oral contra-
ceptives are still raised during very early pregnancy this seems
most unlikely to constitute a teratogenic hazard.

This research is supported by a generous grant from Action
Research for the Crippled Child. We should like to thank Mr. C. G.
Fairpo for statistical help.
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