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Morbidity and drugs in pregnancy
The influence of illness and drugs on the aetiology of congenital malformations

FROM THE BIRMINGHAM RESEARCH UNIT OF THE
ROYAL COLLEGE OF GENERAL PRACTITIONERS

SUMMARY. In a prospective study involving 9,000 pregnant women, no cause-and-
effect relationships have been established between morbidity recorded or drugs taken
during early pregnancy and subsequent congenital malformations. The relationships
that have been identified are largely explained by the influence of a history of a previous
abnormal outcome of pregnancy (including abortion) and, to a lesser extent, by the
influence of maternal anxiety on the diagnosis of doubtful malformations. It is also very
unlikely that any drug in common use in 1964 had even a minor influence on congenital
malformations recognisable in the first six weeks of life.

Introduction
In 1964, the College of General Practitioners undertook a study to investigate the
possible roles of maternal morbidity and its therapy in the aetiology of congenital
malformations. This paper describes 9,147 pregnancies in patients who reported a
last menstrual period (LMP) between December 1963 and January 1965. Data were

provided by 170 general practitioners in various parts of the United Kingdom. A
similar, but separate and larger, study was launched in Scotland shortly afterwards.
A model of some ofthe causal relationships in the aetiology of congenital malformations
is outlined in figure 1. In this conventional model the assumption is made that in early
pregnancy either morbid processes in the pregnant woman or drugs taken by her may
influence the likelihood of malformation in her baby. The two main alternative versions
of this hypothesis are outlined in the same figure. The design of the study described
here and the preliminary programmes for analysing the data were all based on the
assumption inherent in this conventional model.

Antecedent variable Morbidity

Independent variable

Dependent variable

Drugs

Adverse outcome
of pregnancy

Morbidity drugs

#
Adverse outcome

of pregnancy

Figure 1
Conventional model showing relationship between morbidity, drugs, and outcome of pregnancy.
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Method
Details of the pregnancies were recorded by the general practitioners as they occurred
and progressed; the Research Unit of the Royal College of General Practitioners in
Birmingham collected information at three stages:
(1) Immediately after the practitioner reported suspicion of pregnancy in a patient.
(2) After 22 weeks duration of pregnancy (or its earlier refutation or termination).
(3) Outcome details at six weeks after birth.

Records were made on a three-part antenatal card similar in format to antenatal co¬

operation cards in common use. Part A recorded retrospective information of obstetric
history, chronic illness, morbidity experienced by the mother or other members of the
household in the interval between the date of initial consultation and six weeks before
the last menstrual period.

Drug therapy, whether self-administered or prescribed, was recorded by date,
name of preparation, dose, and the total quantity prescribed. Part B contained similar
records for drugs and morbidity up to week 22 of pregnancy (dating from the LMP)
and the usual antenatal records of blood pressure, weight, and urinalysis. Part C con¬

tained information on the outcome of each pregnancy.
The records so obtained were coded numerically for mechanical analysis. All the

data presented in this paper relate to pregnancies lasting more than 28 weeks from the
last menstrual period and have been categorised as follows:
(1) Normal outcome.including normal multiple births.
(2) Lethal malformation.malformation causing stillbirth or death of a liveborn infant

within six weeks of delivery.
(3) Unequivocal malformation.malformation diagnosed unequivocally in a baby living

more than six weeks.
(4) Doubtful malformation.malformation of doubtful diagnostic significance occurring

in a liveborn infant. This category includes ' malformations ' which were: almost
certainly the result of obstetric birth injury; qualified or equivocal diagnoses such
as * mild' talipes or; diagnoses which the recording doctor had prefixed by a

question mark.
The conditions of umbilical hernia, congenital dislocation of hip(s)/' clicking

hip(s)' and pyloric stenosis were included in this group because uniform diagnostic
criteria were not satisfactorily established for these conditions.

(5) Rhesus incompatibility.live or stillborn infant reported to be affected by rhesus
incompatibility.

(6) Other stillbirth.not included in the above categories.
Morbidity was coded using the Royal College of General Practitioners' modification

of the International Classification of Disease (1963). A drug code was prepared for the
study, classifying drugs into broad groups according to chemical or therapeutic similarity
and in greater detail according to the distribution of prescriptions issued to the first
500 women. Congenital malformations were coded using the Royal College of General
Practitioners' classification offetal malformations (Slater, Watson, and McDonald, 1964).

The main analyses relate the outcome of pregnancy to each drug prescribed and
morbidity episode experienced.

Results
Population surveyed {table 1)
The total population surveyed is shown in table 1, as the number of patients in each
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outcome category and the percentage distribution of those pregnancies of more than
28 weeks duration. The combined incidence of lethal and unequivocal malformation is
3-0 per cent (245 in 8,255 pregnancies lasting more than 28 weeks) and with the addition
ofthe doubtful group 4-7 per cent (385 in 8,255). A total of 7,733 pregnancies ended in
normal outcome and this figure includes 70 out of a total of 83 sets of twins.

TABLE 1
Total outcome of study population

The influence of morbidity and drugs on outcome {table 2)
In table 2a data are presented about the outcome of pregnancy in women in relation
to whether or not they received any drugs and/or experienced morbidity in the study
period (six weeks before LMP to 22 weeks after it). The information in this table
concerning the normal outcome group is based on the experience of a sample 500.
obtained by systematically sampling a computer print-out of all normals.

Each abnormal outcome distribution was compared in turn with the distribution
for the normal sample. The only difference which was significant at the five per cent
level was that between the distribution for the ' doubtful malformation' group and the
normal sample (x2=8-8; 3 degrees of freedom; -025 < p < -05). The principal con¬
tributions to this difference were:

(1) The |xcess of women in the group who reported morbidity and received drugs.
(2) A deficit ofwomen in the group who received drugs, but had no morbidity recorded.

The separate effects of drugs and morbidity are shown in table 2b which shows the
number of women in each category of outcome who have experienced morbidity or
received prescriptions for one or more drugs. In table 2c, the episodes of morbidity
experienced and the drugs received by women in the various outcome categories are

expressed as mean rates per pregnant woman.
The relevant observations that may be made from these tables are:

(a) Morbidity episodes. In the doubtful malformation category there were significantly
more (p< -001) women who reported morbidity (71 per cent) than in the normal
sample (57 per cent). There was a consistent trend in the other categories of
abnormal outcome towards an increased proportion of women reporting morbidity
episodes, though the individual values do not achieve statistical significance at
the five per cent level when compared with that for the normal sample.
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(b) Drugs. The proportion of women who received prescriptions for drugs is similar
for all categories of abnormal outcome to that for the normal sample (82 per cent).
However, the mean rates of drugs issued per pregnant woman vary between the
outcome categories, being maximal in the doubtful malformation and other still¬
birth categories.

Analysis of morbidity.table 3
For table 3 the morbidity episodes reported are classified into the 18 main categories
of the Royal College of General Practitioners' classification of the International
Classification of Disease and detailed according to category of outcome. Against each
observed value an expected figure is presented. This figure is calculated from the
equivalent number of morbidity episodes reported in the normal sample.

The excess reported morbidity in the doubtful malformation category is shown to
be widely distributed throughout several morbidity groups including ' mental, psycho¬
neurotic, or personality disorders', ' diseases and complications of pregnancy' and
* symptoms and ill-defined conditions \ A similar pattern is observed for the ' other
stillbirth' outcome category.

Analysis of drugs.table 4
In table 4 data are presented about the various drugs prescribed for the women in each
category of outcome. Observed values are calculated as described for morbidity episodes.

The information about the total number of drugs issued to each outcome category
is also presented as a histogram (histogram 1) where the excess of observed over expected
in the doubtful malformation and other stillbirth categories is clearly shown. The
excess in the doubtful malformation category (340 compared with 269 which is equivalent

400r

300

200

100

Shading = excess of observed
over expected

Observed

Lethal UnequivocaiJ Doubtfuf Rhesus Other Still.
incompatibility births

Histogram 1
The observed and calculated expected numbers of prescriptions issued to the abnormal

outcome categories.
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to 26 per cent) is most evident in' barbiturates ',' antihistamines/anti-emetics', 'vitamin
preparations', * other self-medicated drugs' and ' all other drugs '

groups. By contrast
there are less iron preparations than expected in this category.

The excess in the 'other stillbirth' category (236 compared with 193 which is
equivalent to 22 per cent) is not localised to any individual groups of drugs; on the
other hand there are only 15 anti-emetic preparations compared with 24 expected.

More detailed analyses of the influence of individual drugs by examining the
outcome distribution for each drug have been made. Anomalies have then been in¬
vestigated from source records and no cause-and-effect relationships have been estab¬
lished. Such analyses take into account the precise malformation and maturity of the
pregnancy at the time of the prescriptions. Examples of some of these drugs include:
(a) Barbiturates. The marginal excess of barbiturate prescriptions in the category of

unequivocal malformation required further examination because of the previous
references to this association (Crombie et al, 1970; Nelson and Forfar, 1971).
Detailed analysis of the record cards (appendix A) identifying the nature of the
malformation, the barbiturate prescribed, and the maturity of the pregnancy
when prescribed showed no suggestion of a cause-and-effect relationship. The
malformations so described in the children of the women in this category are
in many cases similar to those which are classified as doubtful, if a question mark
or descriptive limitation such as ' mild' was attached to the ' diagnosis '. Among
those which were undoubtedly unequivocal malformations there was a dispro¬
portionate number of minor skin malformations.

APPENDIX A. Barbiturate prescriptions issued in category of unequivocally malformed outcome

*Case 12699 is included as an unequivocal malformation because two separate doubtful malformations
are described in this patient.

Week of LMP=week 6.
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(b) Anticonvulsants. There were 18 prescriptions for anticonvulsants issued to mothers
who subsequently experienced a normal outcome to their pregnancies and one to
a mother experiencing a malformed outcome (talipes) (South, 1972).

(c) Tricyclic anti depressants. The use of tricyclic antidepressive drugs was examined
and the suspicion of teratogenic properties refuted (Crombie, Pinsent, and Fleming,
1972).
It is also necessary to identify source records because of the limitations of tests of

statistical significance. In an investigation of a set of results which contains many
subsets, and where differences between these are tested for significance at the five per
cent level, then out of every 20 cases in which there is no real difference, one' difference '

will be incorrectly reported.
The influence ofprevious pregnancies {tables 5 and 6)
Notwithstanding the localisation of these excesses of reported morbidity and drug use in
general to the women who gave birth to doubtfully malformed or stillborn children, there
are some unsatisfactory features. The most important of the anomalies has been the
impossibility of localising the correlation to any subgroup of total morbidity or drugs.
No matter how morbidity or drugs are partitioned, the same marginal excesses remain
evident.

There are only two alternative explanations where variations cannot be localised to
some subgroups of a group of variables such as morbidity or drugs. The first is that the
effect is diffused over every item of morbidity and every drug, a hypothesis that
finds little support from other knowledge of the teratogenic process. The second is that
the association is spurious and the true casual relationship is with a third independent
variable to which the hypothetical causal variables (morbidity and drugs, figure 1) are
in fact dependent variables with the other already identified dependent variables
(abnormal outcomes).

Independent variable

Intervening dependent variables

Dependent variable

Figure 2
Alternative model showing relationship between morbidity, drugs, and outcome of pregnancy.

The anomalous results of this study prompted the conjecture of alternative models
of causal relationships to the type outlined in figure 2, including a search for other
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possible independent variables available in the data (or which would be inferred from
it), but not included in the preliminary analyses. In this search two variables were

identified which fulfilled the criteria for independence (Susser, 1973), when tested
against the available data. These were: a previous pregnancy with an abnormal outcome
and maternal anxiety, both of which probably also produce a degree of doctor anxiety!
The relationship between these two independent variables is outlined in figure 3.

Personality ir
Maternal anxiety
(Doctor anxiety)

Over reporting
of morbidity

H
Over diagnosis
of morbidity

Previous adverse outcome
of pregnancy

Over prescribing

Increased reporting of
trivial and doubtful
malformation

True increase in adverse
outcome of subsequent
pregnancies

Figure 3
Model displaying the relationship between morbidity, drugs, and outcome of pregnancy as described

in the text.

In table 5, data are presented about the women with a record ofa previous abnormal
outcome of pregnancy (including abortion) for each outcome category. In table 6, the

TABLE 5. The numbers (and percentages) of women with a previous history of abnormal outcome of
PREGNANCY IN RELATION TO OUTCOME OF PREGNANCY UNDER STUDY
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TABLE 6
Recorded morbidity episodes and drugs issued in relation to outcome

category and reproductive history

numbers and rates per pregnancy of morbidity episodes and drugs prescribed are

presented for each outcome category separately according to the previous history.
The observations that may be made from these tables are:

(a) The proportion of women in the ' doubtful malformation ' category (table 5) who
have experienced a previous abnormal outcome to their pregnancy is the same as
that in the normal sample (21 per cent). In all other abnormal outcome categories
the proportion with adverse history is greater and though the increase is statistically
significant (p<-001) for the rhesus group only, the uniformity assumes its own
significance.

(b) The morbidity episode rate of 1-4 per patient for those women in the normal
sample with a previous history of abnormal outcome exceeds the rate of 0-9 for
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those with no such history. This difference is greater than any of the differences
between the total rates for each outcome category and that for the normal sample.

(c) The excess rate for morbidity episodes and drugs prescribed for ' doubtful mal¬
formations ' and ' other stillbirth' outcome categories is shown to be particularly
evident in those women who had previously experienced an abnormal outcome of
pregnancy.

(d) Where there is no previous history of abnormal outcome, the rates for reported
morbidity and drugs prescribed for those in the lethal or unequivocal malformation
or other stillbirth groups are all similar to the women in the normal outcome group.

(e) There are no material differences with regard to morbidity and drug use between
those women who had a normal baby and those who gave birth to a baby with
either a lethal or unequivocal malformation.
The pattern of similarities and differences presented in these two tables and focused

on the previous history is consistent with the model presented in figure 3. In particular
the pattern is consistent with the general hypothesis that women who are anxious for
any reason are more likely to report morbidity, to be prescribed drugs, and to notice
and report any abnormality of their baby, however trivial, than mothers who are not
anxious. Two main sources or types of maternal anxiety are identified. The first is
that specifically associated with a previous pregnancy with an abnormal outcome. The
second is a non-specific anxiety in predisposed women.

Discussion
Although many congenital malformations are genetically determined, the role of
environmental influences must not be overlooked (Edwards, 1958). The interpre¬
tation of data about such influences is difficult because there may be many factors
responsible for the aetiology of any specific malformation (Leck, 1965; Lowe, 1972).
Even where drugs or morbidity have a malevolent influence on oncogenic processes they
seldom achieve the high rate and devastating effects of thalidomide or rubella. Many
aspects of the environment have been studied in relation to embryopathy. Seasonal and
geographical factors, social class distribution, birth rate, and maternal age have all been
linked to the incidence of congenital malformation (Slater et al, 1964; Stevenson etal,
1966).

This paper is particularly concerned with the total contribution of drugs in the
doses used in clinical medicine (and to a lesser extent, morbidity) to the incidence of
congenital malformation. Nelson and Forfar (1971) reported the results of a retro¬

spective enquiry in which various associations between drugs and malformations were

identified. In a preliminary communication of the results of this study we reported a

six per cent excess (911 observed, 856 expected) of prescriptions issued to women who
gave birth to malformed children.

In this report we have reported total drug usage during 28 weeks studied (six weeks
before to 22 weeks after the LMP). The opportunity has been taken to examine data about
individual drugs with particular reference to the gestational age. The results of this
exercise have been essentially negative, though the restrictions that must be placed on

data involving small numbers are inherent, even in a study involving over 9,000 preg¬
nancies.

In this, as in other reports, malformations are grouped together and not considered
individually. While it seems unlikely that an individual drug or group of drugs has
such diffuse teratogenic properties that any random malformation may result, this
possibility has not been eliminated. McCredie (1974) has suggested in connection with the
aetiology of malformations after exposure to thalidomide the hypothesis that localised
neurological disturbancies may produce multiple and various malformations.
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In considering the presented data about groups of drugs, groups of malformations
and a 28 weeks study period, rather than the respective specific sub-group units, the
similarity between observed and expected makes it unlikely that an association linking
drugs or morbidity could exist within any of the sub-groups.
(1) Lethal and unequivocal malformations
The lack of association between any drug use and the lethal and unequivocal malform¬
ation categories is reassuring. We find it difficult to believe that there were any drugs
in common use in 1964-65 which had any teratogenic effect and at the same time allowed
the pregnancy to progress to term.

(2) Doubtful malformation
The prescribing excess in the doubtful malformation category was further investigated
by analysing the types of malformation in this miscellaneous category. A 100 of them
could be classified as follows:

Pyloric stenosis.21.
Recorded as doubtful orthopaedic malformations.19.
Obstetric birth injury.19.
Umbilical hernia.18.
Recorded as doubtful cardiovascular lesions.12.
Recorded as clicking hip(s) or congenitally dislocated hip(s).11.

The 40 remaining were not capable of aggregation into large groups; they included
diagnoses such as

' blocked tear duct', ' tongue tie ', '

very small hydrocoele ' and ' ?
fibrocystic disease.' Whilst some variations in prescribing patterns in these categories
have been observed, none is large enough to account for the significant excess in the
whole group. The total list of diagnoses which were included in this category is available
on request.

A previous history of abnormal outcome is shown to be associated with higher
reported morbidity and prescribing rates. It is likely that a reduced tolerance to per¬
ceived illness and hence increased reporting of morbidity by pregnant women with
such a history accounts for this observation. It is known that on average only one

perceived aberration from normal health in four is reported to a doctor (Horder and
Horder, E., 1954).

In the doubtful malformation category, the influence of a previous history of
abnormal outcome is apparent as in the other abnormal outcome categories. It may be
that women in this group are basically more anxious and less tolerant than pregnant
women generally, and this view is supported by the following observations from the
data presented:
(a) More women with a history of previously normal as well as previously abnormal

outcome have reported morbidity in this outcome category than in the normal
sample.

(b) The increased morbidity experienced was particularly apparent in psychiatric
groups, pregnancy disturbances, and non-specific illness groups (table 3, groups
5, 11, 16).

(c) There was evidence of an increased use of self-medication by those women (25
observed compared with six expected, table 4).

(d) They were more likely to be prescribed antihistamine anti-emetic, and psychotropic
drugs.
Further, many of the ' diagnoses' included in this category are not generally
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regarded as malformations and the diagnostic uncertainty is increased where the
recording doctor has inserted qualifications, such as a question mark or terms such as
' mild' or ' treatable'. The fact that iron prescriptions were the only large group of
drugs not associated with an increase in the doubtfully malformed outcome category
accords with the practice that iron is routinely prescribed to pregnant women and is
not selectively prescribed by doctors to particular types ofwomen who consult frequently.
(3) Rhesus incompatibility
The increased prescribing and morbidity rates observed in this category can be explained
by the marked influence of previous abnormal outcome which is reflected in increased
anxiety, increased doctor-patient contact, increased reported morbidity, and increased
drug use.

(4) Other stillbirths
The influence in this category ofa previous abnormal outcome on the rates for reporting
morbidity and receiving prescriptions is particularly apparent and is likely to account
for the excess prescriptions. Though the excess is widely scattered throughout many
drug groups, the contrasting deficit of observed anti-emetic prescriptions compared
with the expected is particularly interesting. It accords with the view that nausea of
pregnancy is associated with a good prognosis for the fetus. There is no evidence from
the study that the use of anti-emetics is harmful to the baby.

Conclusions
In this survey of over 9,000 pregnancies studied prospectively no direct aetiological
relationship was established between drug prescriptions issued and morbidity experienced
in early pregnancy and malformed outcome. The particular influence of a previous
abnormal outcome on the reporting of morbidity and the issue of prescriptions is
shown. This and the sub-division of malformations into categories of lethal, unequivocal,
and doubtful has provided an explanation for reported morbidity and prescription
excesses.

In particular, the results from partitioning the data in this way are compatible with
the hypothesis that maternal anxiety leads to an increased reporting of morbidity and
hence to an increased prescription of drugs also. The anxiety is manifest at two levels.
The information emphasises the need to interpret the results of retrospective studies with
caution and to verify them, wherever possible, from prospective data.

Notwithstanding the general conclusion that there is no evidence that drugs in
common use with early pregnancy as a whole have any correlation with subsequent
malformations in the child, adverse effects from rarely prescribed drugs cannot be
ruled out.

The study is about malformation diagnoses made at approximately six weeks of
age and conclusions relating to malformations diagnosed later cannot be made.
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REFLECTIONS ON HOSPITAL CARE

There is another communication gap which is even less excusable. This is the failure
to take into account that the hospital gates provide access to a strange and frightening new
world-a cloistered world with its own peculiar language and customs, which appear
to defy all reason and decency; and a world where every orifice in the body has been
cunningly provided with a device to assault it, either for the benefit of the 'voyeur'
or for a two-way traffic in mysterious fluids.

This is definitely a situation for which we do not adequately prepare the new
immigrants. They must endure the sufferings of the 13-year-old being packed off to
boarding school, a parallel heightened by the fact that we treat patients like children,
label them and remove any remaining semblance of dignity as we remove their clothes,
bath them, feed them, and put them into dormitories.

The consultant, consciously or unconsciously, plays the part of the Victorian
parent-does he ever wonder why the house officer always knows so much more about
his patients' problems, and the sister even more than the house officer.

Often on doing a ward round, the patient I have just seen will call the sister back
to seek further information. Where have I failed? Why did she not ask me while I was
at the bedside? Are we still considered to be unapproachable?

Is this the reason why with ever-increasing frequency these days I leave the onus
on my senior registrar of informing the worried husband that his worst fears for his
wife have been confirmed, using lack of time as the excuse for failing in my duty? Or
is there something deeper? " Thus conscience doth make cowards of us all."
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