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Table 3  Distribution of central nervous system (CNS)
defects among study children*

Malformation Affected children

No (%)

Anencephaly only 143 (18-7)
Hydrocephaly onlyt 65 (8-5)
Microcephaly only 9 (1-2)
Spina bifida only 184 (24-1)
Spina bifida with hydrocephaly 215 (28-1)
Anencephaly with spina bifida 19 2-5)
Other CNS defects, single or multiple

specified and unspecified 33 4-3)

CNS defects with malformations in
other systems 96

Total 764

*Mutually exclusive categories.
+Excludes sex linked cases.

hundred and sixty four (35%) study mothers and 226
(30%) control mothers were prescribed 436 and 351
medicinal products respectively in the trimester
before the last menstrual period. Four hundred and
twenty three (55%) study mothers and 440 (58%)
control mothers were prescribed 697 and 665 drugs
respectively in the first trimester of pregnancy.
Table 4 gives an analysis of the number of mothers
for whom drugs were prescribed. In the trimester
before the last menstrual period there is a significant
difference between the drugs prescribed for the
study and control groups of mothers, more of the
study mothers having been prescribed drugs than
the controls; the odds ratio is 1:29 with 95%
confidence limits of 1-19 to 1-42. In the first
trimester of pregnancy no significant difference is
found in drug prescribing between study and control
mothers; the odds ratio being 0-88 with 95%
confidence limits of 0-68 to 1-14.

Types of drugs prescribed. The main groups of drugs
prescribed were iron salts, folic acid, antiemetics,
antibiotics, and antihistamines. Other groups in-
cluded central nervous system acting drugs, antifun-
gal agents, oral contraceptives, infertility drugs,

analgesics, and anticonvulsants. Tables 5 and 6 give
details of these groups for each trimester.

Oral contraceptives prescribed in either trimester
were not associated with a significant effect, nor
were infertility drugs.

It was noticeable that the folic acid groups in both
trimesters showed lower odds ratios than any of the
others, most of which were in excess of unity. The
numbers of patients in the trimester before the last
menstrual period were unavoidably small and the ¥?
values (x* corrected for continuity) for the folic acid
groups were not significant at the five per cent level.
Six of seven control mothers had folic acid pre-
scribed between 72 and five days before the last
menstrual period, and for three the prescription was
repeated in the first pregnancy trimester. The
reasons for prescribing in the trimester before the
last menstrual period were given as routine prophy-
laxis in two, prevention of anaemia in one, treat-
ment of anaemia in one, iron deficiency in one, and
iron treatment after a previous pregnancy in one as
the preparations prescribed contained iron and folic
acid. The remaining control mother was on con-
tinuous treatment for folic acid deficiency. A single
study mother had folic acid prescribed six weeks
before the last menstrual period for routine treat-
ment after a previous normal pregnancy by a
different partner. The father of the study child had
two siblings both with central nervous system
anomalies. Folic acid was not prescribed in the first
pregnancy trimester.

In the first trimester, five study and eight control
mothers had a folic acid preparation prescribed
within four weeks of the last menstrual period,
possibly as a prophylactic measure against central
nervous system defects. In none of these mothers
was there a history of previous children with a
central nervous system defect. Two of the control
mothers were also prescribed folic acid in the
trimester before the last menstrual period, one for
folic acid deficiency and the other as a prophylactic
measure. Forty study mothers and 50 control
mothers were prescribed folic acid between four and
eight weeks from the last menstrual period, and 201

Table 4 Number of mother pairs prescribed drugs in the trimester before the last menstrual period and the first trimester

Trimester Study mother Control mother Both mothers Neither Total Odds ratio xf‘?‘
only only mother
Trimester before last
menstrual period 170 132 94 368 764 1.29% 4-53
First trimester 125 142 298 199 764 0-88 0-96

x2=x? with continuity correction.

t Critical value of x~ for significance at 5% with one degree of freedom=3-84.
¥

95% confidence limits of 1-19-1-42, P<0-02.
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Table 5 Drugs prescribed for study and control mother pairs in the trimester before the last menstrual period
Drug or class of drug Study Control Both Neither Odds 95% confidence limits X
mother mother mothers mother ratio _
only only Lower Upper

Oral contraceptives 4 34 6 680 1-29 0-81 2-08 1-04
Infertility drugs 15 12 0 737 1-25 0-54 3-03 0-15
Folic acid without vitamins (* iron salts) 1 7 0 756 0-143 0-003 1-11 313
Folic acid with vitamins (% iron salts) 0 0 0 764 — — — —
Folic acid with or without vitamins (% iron salts) 1 7 0 756 0-143 0-003 1-11 3-13
Vitamins without folic acid (% iron salts) 9 6 0 749 1-50 0-47 517 0-27
Iron salts + folic acid * vitamins 14 15 1 734 0-93 0-42 2-10 —
Iron salts only 8 N 1 750 1-60 0-46 6-30 0-31
Antiemetics 5 10 0 749 0-50 0-13 1-61 1-07
Debendox only 0 0 0 764 — — — —
Antihistamines 27 24 3 710 1-13 0-62 2:04 0-08
Antacids 9 10 0 745 0-90 0-32 2:45 —
Anticonvulsants 2 0 0 762 — — — 0-50
Benzodiazepines 14 11 0 739 127 0-54 314 0-16
Tri- and tetracyclic antidepressants 5 6 0 753 0-83 0-20 328 —
Anxiolytics and other antidepressants 2 5 0 757 0-40 0-038 2-44 0-57
Narcotic analgesics 19 18 2 725 1-06 0-53 2-17 —
Dextropropoxyphene with paracetamol 9 2 0 753 4-50 0-93 42-67 3.27
Paracetamol-containing drugs 34 20 0 710 1-70 0-93 3-29 313
Non-steroidal anti-inflammatory drugs (NSAID)

including sulphasalazine 30 14 0 720 2-14 1-10 4-43 5-11
NSAID excluding aspirin 22 9 0 733 2-44 1-09 6-13 4-65
Aspirin 9 N 0 750 1-80 0-54 6-80 0-64
Steroid-containing drugs 7 10 0 747 0-70 0-23 2:08 0-24
Sympathomimetic drugs 8 9 1 746 0-89 0-30 2-63 —
Bronchodilators 8 7 0 749 1-14 0-36 3-68 —
Antispasmodics 9 5 0 750 1-80 0-54 6-84 0-64
Appetite suppressants 3 7 0 754 0-43 0-07 1-88 0-90
Antihypertensive drugs 0 3 0 761 — — — —
Diuretics 2 3 0 759 0-67 0-06 5-82 —
Stimulant laxatives 1 1 0 762 1-00 0-01 78-37 —
Thyroid hormones 4 1 0 759 4-00 0-40 195-08 0-80
Trimethoprim 15 19 0 730 0-79 0-37 1-64 0-26
Penicillins 40 30 0 694 1-33 0-79 2:23 1-16
Tetracyclines 15 10 0 739 1-50 0-63 3-84 0-64
Antibiotics, mainly aminoglycosides 9 15 0 740 0-60 0-23 1-48 104
Other systemic anti-infective agents 14 11 0 739 1-27 0-54 3-14 0-16
Combined antibiotics group 67 55 2 640 1-22 0-84 1-77 0-99
Anti-monilial and trichomonocidal drugs 21 20 1 722 1-05 0-53 206 —
Antimalarials 2 1 0 761 2-00 0-10 118-05 —

study and 216 control mothers between eight and 13
weeks, obviously some time after closure of the
neural tube.

Four of 16 study mothers with a previously
affected child were prescribed folic acid in the first
trimester but none during the most sensitive period
of organogenesis, (see Table 7). None of these study
mothers was prescribed vitamins. One control
mother had vitamins with folic acid at 11 weeks in
the first trimester.

Only one of the nine study mothers prescribed
vitamins without folic acid in the trimester before
the last menstrual period was prescribed these
because of a previous history of fetal malformations.
The other eight mothers were prescribed vitamins
(with or without iron salts), for menorrhagia in one
and debility or pallor in the remainder. None of the
six control mothers prescribed vitamins in the
trimester before the last menstrual period was
prescribed these as a prophylactic measure, the

reasons being debility in five and abdominal discom-
fort in one.

In the present study iron-containing preparations
were not significantly associated with the occurrence
of central nervous system defects. Debendox was
prescribed for 30 study and 29 control mothers in the
first trimester.

Three of 764 study mothers had epilepsy, all three
infants had spina bifida, and each mother had a
different single anticonvulsant prescribed. None of
the control mothers had suffered from epilepsy. One
mother was prescribed sodium valproate in the first
trimester only. Another mother had carbamazepine
and the third phenytoin, each in both trimesters.
One control mother was prescribed phenobarbitone
for vomiting in early pregnancy.

Dextropropoxyphene with paracetamol was pre-
scribed for nine study and two control mothers in
the trimester before the last menstrual period, the
odds ratio being 4-50, with 95% confidence limits of
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Table 6 Drugs prescribed for study and control mother pairs in the first trimester

Drug or class of drug Study Control Both Neither Odds 95% confidence limits @
mother mother mothers mother ratio —_
only only Lower Upper

Oral contraceptives N 2 1 756 2:50 0-41 26-25 0-57
Infertility drugs 10 10 0 744 1-00 0-37 2:67 0-05
Folic acid without vitamins (% iron salts) 73 94 146 451 0-78 0-61 1-02 2-39
Folic acid with vitamins (% iron salts) 9 12 13 730 0-75 0-28 1-94 0-19
Folic acid with or without vitamins (% iron salts) 73* 98* 168 425 0-75 0-59 0-93 3.37
Vitamins without folic acid (% iron salts) 13 14 8 729 0-93 0-40 2:13 —
Iron salts * folic acid * vitamins 87 110 194 373 0-79 0-62 1-00 2-46
Iron salts only 17 19 11 717 0-89 0-44 1-89 0-03
Antiemetics 60 55 5 644 1-09 0-74 1-60 0-14
Debendox only 30 29 1 704 1-03 0-60 179 —
Antihistamines 25 21 1 717 1-19 0-63 2:28 0-20
Antacids 28 22 1 713 1-27 0-66 235 0-50
Anticonvulsants 3 1 0 760 3-00 0-24 157-60 0-25
Benzodiazepines 14 14 0 736 1-00 0-44 2:26 0-04
Tri- and tetracyclic antidepressants 8 7 0 749 1-14 0-36 3-68 —
Anxiolytics and other antidepressants 0 2 0 762 — — — 0-50
Narcotic analgesics 21 14 0 729 1-50 0-72 321 1-03
Dextropropoxyphene with paracetamol 3 4 0 757 0-75 0-11 443 —
Paracctamol-containing drugs 21 20 2 721 1-05 0-53 2-06 —
Non-steroidal anti-inflammatory drugs (NSAID)

including sulphasalazine 15 9 1 739 1-67 0-67 427 1-04
NSAID cxcluding aspirin 7 6 1 750 1417 0-33 427 —
Aspirin 8 3 0 753 2:67 0-64 15-72 1-45
Steroid-containing drugs 7 5 1 751 1-40 0-38 5-66 0-08
Sympathomimetic drugs N 6 0 753 0-83 0-20 328 —
Bronchodilators 8 4 0 752 2-00 0-54 9-18 0-75
Antispasomodics 32 35 4 693 0-91 0-54 1-56 0-06
Appetite suppressants 1 1 0 762 1-00 0-01 78-37 —
Antihypertensive drugs 1 3 0 760 0-33 0-006 4.15 0-25
Diuretics 2 1 0 761 200 0-10 118-05 —
Stimulant laxatives 8 4 1 751 2-00 0-54 9-18 0-7§
Thyroid hormones 4 1 0 759 4-00 0-40 195-08 0-80
Trimethoprim 6 8 0 750 0-75 0-21 251 0-07
Penicillins 38 51 0 675 0-75 0-46 1-21 1-62
Tetracyclines N 3 0 756 1-67 0-32 10-79 0-13
Antibiotics, mainly aminoglycosides 15 10 2 737 1-50 0-63 3-84 0-64
Other systemic anti-infective agents 10 4 0 750 2-50 0-72 10-75 179
Combined antibiotics group 58 63 4 639 0-92 0-63 1-34 0-13
Anti-monilial and trichomonocidal drugs 17 13 1 733 1-31 0-58 291 0-30
Antimalarials 1 0 0 763 100 — — —

*These figures are not a summation of the two previous groups because some mothers had been prescribed folic acid-containing medicines with a vitamin and

without a vitamin in the same trimester.

Table 7  Details of prescribing for 17 mothers with
one or more previous children with a central nervous
system anomaly

Trimester Drugs prescribed

16 study mothers*
Trimester before the

last menstrual period
First trimester

13 no drugs

2 insulin (mothers diabetic)

I Distalgesic. Synflex, Indocid, and Asilone

9 no drugs

2 insulin (sce above) and Pregaday at over 3 weeks
(exact date not known)
and one Ferrograd Folic at 10 wecks

1 Fefol at over 9 wecks and Distaclor at 12 weeks

1 Prcgaday at 8 weeks

1 Slow-Fe at 7 weeks

1 Debendox and Cancstan vaginal tablets

1 Debendox, Dorbanex, and Otosporin (the
mother who had 4 drugs prescribed. see above)

1 control mother
Trimester before the

last menstrual period
First trimester

No drugs

Fefol Vit at 11 weeks

*14 study families had a similar neural tube defect in a previous sibling. 14 of
the 16 mothers had one and two had two previously affected children.

0-93 to 42-67 which is not quite statistically signifi-
cant.

On the basis that aspirin, non-steroidal anti-
inflammatory drugs, and sulphasalazine (an amino-
salicylate) all have possibly similar anti-inflamma-
tory activity, we produced a composite group of
these drugs and found that they had been prescribed
significantly more frequently for the study group of
mothers during the trimester before the last men-
strual period (odds ratio 2-14, 95% confidence limits
1-10 to 4-43, P=0-02). There are, however, argu-
ments against combining these drugs in a single
group. For instance, sulphasalazine is used to treat
ulcerative colitis which might itself have a possible
effect on the occurrence of fetal anomalies, although
we are unaware of any. When these drug groups
were evaluated separately, there were no significant
differences in the odds ratios. In the first trimester
no significant difference was shown for this compo-
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site group, the odds ratio being 1-67, with 95%
confidence limits of 0-67 to 4-27.

Antibiotics, benzodiazepines, and tri- and tet-
racyclic antidepressants did not show any associa-
tion with central nervous system defects when given
in either trimester; neither did sympathomimetic
drugs, bronchodilators, antispasmodics, etc.

Discussion

The mothers studied in this survey were not
matched for age or for social class, and it would be
presumptuous to suggest that every other possible
confounding factor had been eliminated. Golding
and colleagues* comment that it is not technically
possible to match for general practitioner as well as
to match for social class and other factors in the
mother which may be relevant.’ The mothers
themselves were not interviewed to see what other
drugs and medication they took during the two
periods studied.

Some degree of inequality in the five year age
subgroups has already been mentioned. Older
women are said to have a greater tendency to
give birth to malformed babies.’ There is also,
however, a tendency for the rate to be increased for
first births in the lower maternal age range in
Britain.’ Parity is also to some extent linked to age
as regards this effect and may be an additional
confounding factor. The design of this study was
similar to that of the two studies already mentioned;
neither age nor parity was a criterion for matching
because of the method of selecting controls in which
the infant rather than the mother was the determi-
nant of inclusion in the control group. It is intended
to carry out a further study in which an attempt to
control for these factors as far as possible will be
made. The results of this study must, therefore, be
regarded to some extent as preliminary.

The proportion of stillbirths is lower than would
be expected; this is largely due to the increasing
numbers of central nervous system defects which are
diagnosed antenatally and followed by termination
of pregnancy. Weatherall® showed a steady increase
over the past ten years in the number of legal
abortions carried out for medical reasons. In 1974
there were 2452 births and 34 terminations for
central nervous system defects, in 1978 there were
1757 births and 194 terminations, and in 1981 the
births notified totalled 1078 and there were 445
terminations. The rate of this decline in stillbirths
seems to have accelerated but cannot be accounted
for only by terminations. Central nervous system
defects also seem to have declined in Northern
Ireland,’” the United States.®” and Australia,'" '
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though the reduction has been less striking in these
countries than in England and Wales.

Nora and colleagues'? found an excess of children
with central nervous system defects after maternal
hormonal exposure, but our study did not show
this. Three cohort studies (Robinson,'* Royal Col-
lege of General Practitioners Oral Contraception
Study,'* and Vessey and co-workers') also pro-
vided no evidence of a significant association be-
tween oral contraceptive use and central nervous
system defects, but the numbers of cases were small
in these studies as in our present one. More
recently, Cuckle and Wald'® were unable to provide
any further positive evidence on the oral contracep-
tives issue, adding that if a risk exists it can only be
small. Infertility drugs were not associated with
central nervous system malformations in our study,
nor were they in the Collaborative Perinatal Project
analysed by Heinonen et al.'’

Closure of the neural tube is usually considered
complete by the fourth week of pregnancy so that if
folic acid is to have a prophylactic effect against
neural tube defects it is clearly necessary for it to
have been taken before and immediately after
conception. Our findings on folic acid, though not
statistically significant, are not incompatible with
those of recent studies'® ' which show that folic acid
supplementation before and during early pregnancy
seems to reduce the risk of recurrence of neural tube
defects in mothers who already have an affected
child.

Mulinare and colleagues® looked at the vitamin
intake either preconceptually or during the first
trimester, or both, among women who had offspring
with a neural tube defect, their controls being
women who had offspring with other malforma-
tions. A statistically significant protective effect of
vitamin usage was shown for white mothers. The
authors suggest that vitamins are usually begun in
the latter part of the first trimester when their use
could be in the stabilisation of cellular integrity of
the neuropore after the 26th day of embryogenesis,
with possible prevention of overdistension and
subsequent rupture of the neuropore.

The above study did not, however, look at the
role of folic acid separately from other vitamins and
whether their influence was in either or both three
month periods. Our analysis of vitamin prescribing,
excluding folic acid, did not show any significance in
either trimester.

Nelson and Forfar?! found that during the first 56
days of pregnancy a significantly high proportion of
mothers of infants with major abnormalities took
iron-containing preparations compared with control
mothers, but no positive association was found in
our study for either trimester.
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Milkovich and van den Berg? in a large prospec-
tive trial were not able to show that either
Debendox or other antinauseant drugs were associ-
ated with teratogenicity. Smithells and Sheppard®
found no increase in congenital malformations in
2298 patients taking Debendox during pregnancy
when compared with a control population. This lack
of adverse effect is supported by analysis of the
Collaborative Perinatal Project data by Shapiro and
others®* for doxylamine and dicyclomine separately.
No increase in congenital malformations was
observed in about 900 exposed offspring. An inves-
tigation undertaken in Northern Ireland®® also
showed no relation between congenital malforma-
tions and the use of Debendox. On the other hand
there are anecdotal reports?® 2’ of small numbers of
malformations associated with its use. Golding and
others* advised caution in prescribing, because there
was a significant excess of women who had been
prescribed Debendox in early pregnancy in their
recent study of cleft lip and palate, but they did not
regard this as conclusive evidence of a teratogenic
effect. Neither in our study nor in the Boston
Collaborative Study'” was there any evidence of an
association of central nervous system defects with
use of antihistamines.

Azad Khan and Truelove?® showed that sulphasa-
lazine and its metabolites reach the fetus in concen-
trations not greatly different from those in maternal
serum. There is, therefore, a theoretical risk that the
fetus might be affected as maintenance treatment
for ulcerative colitis is recommended throughout
pregnancy; it seems to have been taken in this way
by the four mothers in our study group. In 1983 an
anecdotal report?® described cardiovascular and
genito-urinary abnormalities in three infants of two
mothers who had taken sulphasalazine during their
pregnancies; the histories suggest that treatment had
begun before their pregnancies. Another anecdotal
report®® recorded hydrocephalus and oral cleft in
the infant of a mother who had had sulphasalazine
for ulcerative colitis before and throughout preg-
nancy. These reports cast some doubt on the
complete safety of sulphasalazine for the developing
fetus. Although four of our study mothers were
prescribed sulphasalazine, we are reluctant to
suggest any definite association with fetal abnor-
malities and we were unable to find any relevant
experimental data.

Aspirin alone did not show a significant effect in
this study. Slone and others® reporting on the
Collaborative Perinatal Project on a cohort of
50 282 pregnant women of whom 64% took aspirin
at some time during the pregnancy, concluded that
the study gave no evidence that aspirin ingestion
during pregnancy is associated with an increase in

malformations. They also added that the data were
so extensive that it was unlikely that any substantial
teratogenic effect would have been missed. Anec-
dotal reports have implicated aspirin as a possible
teratogen but there are also many instances of
women taking large doses of aspirin throughout
pregnancy without ill effects on the baby. Most of
the evidence on aspirin suggests that it is not
teratogenic if used in normal dosage.

The weakly positive finding for the antibiotics,
benzodiazepines, and tri- and tetracyclic antide-
pressants for study mothers in the first trimester in
the earlier report! could not be found in this present
study. Two prescriptions only were given for bar-
biturates, and hormone pregnancy tests were not
prescribed for any mother in our study. In the
unpublished study by Cahal, Weatherall, and Adel-
stein significantly more bronchodilator drugs were
prescribed to mothers of malformed children,
however our study was not able to show this
association. Many other groups of drugs were
analysed but a positive association was not shown,
(see Tables 5 and 6). Our findings for dextropro-
poxyphene in combination with paracetamol in the
trimester before the last menstrual period, thyroid
hormones in both trimesters, and anticonvulsants in
the first trimester, though slightly suggestive, were
not statistically significant.

We were impressed by the fact that the crude
odds ratio was in excess of unity in the large
majority of the comparisons, whereas for the
preparations containing folic acid they were of the
order 0-1, considerably lower than those for any
other group. None of the ratios in excess of unity
was statistically significant (with the exception of
our combined non-steroid anti-inflammatory drug
group in the trimester before the last menstrual
period.) Although the confidence intervals for the
folic acid preparations just reached unity, the low
odds ratios could be regarded as possibly compatible
with a protective effect of folic acid against neural
tube defects, about which further data should be
obtained from prospective studies.

The imperfections in study design to which we
have referred are, we think, unlikely to have led to
any major systematic bias. Our finding of a seem-
ingly significant effect with regard to anti-
inflammatory drugs must be interpreted with con-
siderable caution in view of the lack of any
confirmatory experimental or clinical data, of the
arguments against the aggregation of non-steroid
anti-inflammatory drugs, salicylates, and sulphasala-
zine on which the validity of the significance
depends, and of the absence of statistical signifi-
cance when each member of the group is considered
separately. Apart from this, we were unable to
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obtain any evidence of a teratogenic effect for any of
the considerable number of drug groups examined.

We thank the staff of the health authoritics. all participating
doctors and the CSM part-time medical officers for their assistance
in collecting data; Dr M R Alderson, Chief Medical Statistician,
and the staff of the Medical Statistics Unit (OPCS) for processing
the notifications and calculating the confidence limits of the odds
ratios; and Professor Sir Abraham Goldberg, Professors Martin
Vessey and Bryan Hibbard for their constructive comments and
guidance. We acknowledge untiring technical assistance from the
computer staff, especially Mr D Beaumont, and we thank Dr
C Twomey for checking data and Miss L Whyte for typing the
manuscript and tables.

Dr D A Cahal died in 1983.
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Commentary

R W SMITHELLS

Department of Paediatrics and Child Health,
University of Leeds

Reports of an apparent protective effect of folic
acid, with' or without® other vitamins, against
recurrence of neural tube defects have led to a lively
debate® and to the initiation of further interven-
tion studies. These further studies are likely to take
many years to complete and may be no easier to
interpret at the end of the day than those already
published.

Meanwhile, indirect illumination of this impor-
tant area of preventive paediatrics is welcome.
Winship et al have extended a study originally
designed to examine the possible teratogenicity of
drugs and have found a remarkable negative associa-
tion between folic acid and central nervous system
anomalies, particularly with folic acid prescribed in
the trimester before the last menstrual period. This
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