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Benzodiazepine use in pregnancy and major
malformations or oral cleft: meta-analysis of cohort and

case-control studies

Lisa R Dolovich, Antonio Addis, ] M Régis Vaillancourt, ] D Barry Power, Gideon Koren,

Thomas R Einarson

Abstract

Objective: To determine if exposure to
benzodiazepines during the first trimester of
pregnancy increases risk of major malformations or
cleft lip or palate.

Design: Meta-analysis.

Setting: Studies from 1966 to present.

Subjects: Studies were located with Medline, Embase,
Reprotox, and from references of textbooks, reviews,
and included articles. Included studies were original,
concurrently controlled studies in any language.
Interventions: Data extraction and quality assessment
were done independently and in duplicate.

Main outcome measures: Maternal exposure to
benzodiazepines in at least the first trimester;
incidence of major malformations or oral cleft alone,
measured as odds ratios and 95% confidence intervals
with a random effects model.

Results: Of over 1400 studies reviewed, 74 were
retrieved and 23 included. In the analysis of cohort
studies fetal exposure to benzodiazepine was not
associated with major malformations (odds ratio 0.90;
95% confidence interval 0.61 to 1.35) or oral cleft
(1.19; 0.34 to 4.15). Analysis of case-control studies
showed an association between exposure to
benzodiazepines and development of major
malformations (3.01; 1.32 to 6.84) or oral cleft alone
(1.79; 1.13 to 2.82).

Conclusions: Pooled data from cohort studies showed
no association between fetal exposure to
benzodiazepines and the risk of major malformations
or oral cleft. On the basis of pooled data from
case-control studies, however, there was a significant
increased risk for major malformations or oral cleft
alone. Until more research is reported, level 2
ultrasonography should be used to rule out visible
forms of cleft lip.

Introduction

Benzodiazepines are commonly used for anxiety,
insomnia, and epilepsy. Their use is substantial, even by
pregnant women. Bergman et al found that 2% of
pregnant women in the United States who were receiv-
ing Medicaid benefits filled one or more prescriptions
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for benzodiazepines during pregnancy.' As about half
of pregnancies in the United States are unplanned,’
many women may inadvertently expose the fetus to
benzodiazepines during the first trimester. Therefore,
women require valid information regarding the risks of
benzodiazepine use during pregnancy to avoid
exposure to teratogens but also to ensure that they are
not denied medication during pregnancy because of
unfounded fear of unknown consequences.

Antepartum exposures to benzodiazepines have
been associated with teratogenic effects (for instance,
facial cleft, skeletal anomalies) in some animal
studies’ * but not others.” ® Early case-control studies in
humans found that maternal benzodiazepine exposure
increased the risk of fetal cleft lip and cleft palate.””
Subsequent reports implicated benzodiazepines as the
cause of major malformations”"" and a benzodiazepine
syndrome similar to fetal alcohol syndrome.”'" "
Numerous studies, however, have refuted these
findings." "'* These contradictory results have led to
considerable controversy surrounding the use of
benzodiazepines in pregnancy. We carried out a meta-
analysis to examine whether exposure to benzodi-
azepines during at least the first trimester is associated
with increased risk of major malformations or oral
cleft.

Methods

Data sources

We systematically searched Medline (1966 to Decem-
ber 1997 via Ovid), Embase (1980 to December 1997),
Reprotox (a database of reviews on reproductive toxic-
ity topics), references in textbooks on drugs in
pregnancy, references of included studies, and review
articles. “Benzodiazepine(s)” (exploded as a subject
heading or the various preparations put in as
textwords) was combined with the following words as
subject headings or textwords: fetal diseases, infant,
fetal organ maturity, cleft lip, cleft palate, major malfor-
mations, and prenatal exposure.

The Toronto based MotheRisk Program, a consul-
tation service for drug, chemical, and radiation
exposure during pregnancy, helped to locate unpub-
lished papers and provided one unpublished study and
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one abstract. The original authors provided unpub-
lished data.

Study selection

Searches were reviewed or completed independently
and in duplicate. Cohort or case-control studies in any
language considered pertinent were retrieved and
included if they examined the relation between human
maternal exposure to benzodiazepines in at least the
first trimester and major malformations or oral cleft
alone and included an unexposed concurrent control
group. Major malformations were those described by
Heinonen et al, which, among others, include cleft pal-
ate and cleft lip."” Hereafter “oral cleft” is used for cleft
lip or cleft palate, or both. Studies examining only cer-
tain subtypes of malformations or studies in patients
with epilepsy were included but considered separately
from the main analysis. Only studies where exposure
occurred during the first trimester were considered as
the fetus is most susceptible to teratogens during the
period between the Ist and 8th weeks of organogen-
esis, the lip forms between weeks 4 and 8, and the oral
palate forms between weeks 5 and 12. Studies were
excluded if they were case series or reports, editorials,
reviews, animal studies or used only stillbirths or abor-
tions or the data could not be extracted.

All published studies deemed suitable were
retrieved. Unpublished studies were treated methodo-
logically in the same way as published studies. The
methods sections with study identifiers removed were
reviewed independently and in duplicate to determine
inclusion. Consensus or a third party whose decision
was final resolved disagreements.

Data extraction

Once the study was included data were extracted and
quality assessed independently and in duplicate.
Discrepancies were resolved through consensus. Study
quality was assessed by using predetermined criteria.
These aspects of study quality are provided in the
results section as descriptive information.

Table 1 Association of major malformations in fetuses with prenatal benzodiazepine

exposure

First author (year)

Exposed Not exposed

No malformed  Total No malformed Total 0dds ratio (95% CI)

Cohort studies

Non-epileptic patients:

Combined effect

Milkovich (1974)" 5 86 10 229 1.35 (0.45 to 4.07)
Crombie (1975)% 3 200 382 19143 0.75 (0.24 to 2.35)
Hartz (1975)" 1 257 2179 46 233 0.90 (0.49 to 1.66)
Kullander (1976)* 2 89 198 5664 0.63 (0.16 to 2.60)
Laegreid (1992)* 1 17 1 29 1.75 (0.10 to 29.92)
Pastuszak (1996)% 1 106 3 115 0.36 (0.04 to 3.47)
Ornoy (1997)% 9 335 10 363 0.97 (0.39 to 2.43)
Combined effect 0.90 (0.61 to 1.35)*
Epileptic patients:
Nakane (1980)* 16 117 42 490 1.69 (0.91 to 3.13)
Robert (1986)°' 0 4 8 144 1.78 (0.09 to 35.94)
Case-control studies
Greenberg (1977)% 36 60 800 1612 1.52 (0.9 to 2.58)
Bracken (1981)% 39 72 1331 4266 2.61 (1.63 to 4.16)
Noya (1981)% 1 24 0 24 3.13 (0.12 to 80.68)
Laegreid (1990)" 8 10 10 68  23.20 (4.29 to 125.55)
(

3.01 (1.32 to 6.84)t

*%?=1.74; P=0.62.
1%?=9.87; P=0.008.
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Data analysis

Studies of different design—namely, cohort and
case-control studies—were analysed separately because
of differing threats to their internal validity.” " Data
were analysed by calculating the odds ratio and 95%
confidence interval with a random effects model.” We
also calculated * tests for heterogeneity.* Further sen-
sitivity analyses were performed for case-control
studies to assess the impact of recall bias through the
use of normal babies compared with malformed babies
as controls.

In a further examination of homogeneity of effects
we plotted the data with the rates of malformations in
the control groups on the X axis and in the exposed
subjects on the Y axis as suggested by L’Abbé et al.** We
first visually inspected the plot for evidence of obvious
outliers. We then regressed the malformation rate in
the exposed group on that of the controls. The slope of
that regression line was compared with the null
hypothesis (that is, a slope of 1) by using standard tech-
niques as a test for effects. We also examined residuals
to determine if any observations were outliers (that is,
>1.96 SE) from a statistical point of view. Publication
bias was examined through visual inspection of a fun-
nel plot whereby odds ratios were plotted against study
sample size.

Results

Over 1400 studies were considered. Most were not
retrieved because two independent reviewers consid-
ered that they did not relate to the question under
review. Of the studies considered, 74 studies were
retrieved and 51 of these were excluded. Studies were
excluded because they had no concurrent control
group (18), they did not examine major malformations
(9), they were carried out on animals (1), benzodi-
azepines were not studied (1), exposure was not during
the first trimester (1), studies were review articles or
commentaries (5), data presented were duplicated in an
included trial (6), results for benzodiazepines were not
reported separately from other agents (5), only a range
of results were reported (1), only partial data were pro-
vided (2), benzodiazepine exposure was not linked to
malformations (1), and the study was not available in
North America (1). A complete list of excluded studies
is available from the authors. Thirteen studies that
examined major malformations," " *** 11 studies
that examined oral cleft alone,' 7 ' '* # % 31 333 and three
studies that examined other specific malformations”
were included (some providing information for more
than one evaluation). One study unpublished at the
time of consideration has since been published.”

Of the 23 included studies, 20 (87%) predefined
eXpOSure] 10 11 13 14 23 25-28 30-39 and 22 (960/0) predeﬁned
the outcome.' ™11 1?12 B0 Fyposure was ascer-
tained mainly through interview with the mother (61%
of studies)” ' " #0330 and  outcome was con-
firmed mainly by using physician examination or
records (44% of studies)'' ¥ '* % 283032313990 o malfor-
mation registries (30% of studies).” " **' " Equal
diagnostic examination between exposed and unex-
posed groups occurred in all but three studies." * *
Hartz et al gathered and confirmed information about
malformed babies from different sources but did not
do so for control babies." Czeizel et al sent surveys to
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up to three controls if initial controls did not respond.”
Laegreid et al used blood samples to confirm benzodi-
azepine exposure and had blood sample results for
78% of cases but only 66% of controls.”

Various benzodiazepines were used or prescribed,
although 48% of the studies (11/23) examined the use
of chlordiazepoxide or diazepam only." " " * %
BT Only two studies provided any information
regarding the duration of maternal exposure.” * The
indications for use were infrequently provided." * * "
Sixty one percent (14/23) of studies reported
concurrent use of at least some prescription
medicaﬁons.] 10 11 13 25 26 28-32 37-39

Associations with major malformations
Data pooled from seven cohort studies did not show an
association between fetal exposure to benzodiazepines
during pregnancy and major malformations (odds
ratio 0.90; 95% confidence interval 0.61 to 1.35; homo-
geneity y*=1.74; P=0.62; table 1, figure 1)."" "* ** Two
cohort studies carried out in patients with epilepsy
were located. Results of both were not significant.™ *
Combination of four case-control studies showed
that major malformations were associated with the use
of benzodiazepines during pregnancy (3.01; 1.32 to
6.84; ¥*=9.87; P=0.008)." *** All included case-
control studies that evaluated major malformations
used normal babies as controls so subgroup analyses
based on types of controls could not be done.
Regression analyses for both cohort and case-control
studies showed no obvious heterogeneity.

Associations with oral cleft

Data pooled from three cohort studies showed no rela-
tion between fetal exposure to benzodiazepines during
pregnancy and oral cleft (1.19; 0.34 to 4.15; x*=0.01;
P=0.997; table 2, figure 2).'”* The analysis of six
case-control studies produced a significant odds ratio
for oral cleft of 1.79 (1.13 to 2.82; x*=11.39;
P=0.01).""" " Subgroup analysis of the case-
control studies with normal babies as controls showed
no significant association with oral cleft (1.63; 0.89 to
2.96; x*=3.81; P=0.15)." " * Similarly, no significant
association was found in analyses of case-control stud-
ies with malformed babies as controls (2.03; 0.88 to
4.71; ¥*=6.90; P=0.10)."" ** ** Regression analyses for
both cohort and case-control studies showed no obvi-
ous heterogeneity.

In general, for the analyses of major malformation
and oral cleft the risks for case-control studies were
grouped at a different end of the distribution than the
risks for cohort studies, showing that the relative risks
within each study design are of the same magnitude
but the absolute differences in risk are of a different
order of magnitude between studies (case-control
about 10 times greater than cohort). This finding
suggests a possible systematic difference between study
designs. Funnel plot analyses produced funnel shaped
plots, indicating that there was no obvious publication
bias.

Two case-control studies examined the association
of benzodiazepine use with fetal cardiac malforma-
tions. One showed no association between exposure
and outcome; the other did.” ** One study examined
benzodiazepine use with malformations of the central
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Fig 1 Association of major malformations with prenatal exposure to benzodiazepines

Table 2 Results of studies examining association of specific malformations with

prenatal exposure to benzodiazepines

Exposed Not exposed
No No
Author (year) malformed  Total malformed Total Odds ratio (95% CI)
Cohort studies (oral cleft)
Non-epileptic patients:
Shiono (1984)% 1 854 31 32395 1.22 (0.17 to 8.98)
Bergman (1992)' 0 1354 62 102 985 1.21 (0.17 to 8.71)
Ornoy (1997)% 0 335 0 363 1.08 (0.07 to 17.39)
Combined effect 1.19 (0.34 to 4.15)*
Epileptic patients:
Nakane (1980)% 3 117 12 490 1.05 (0.29 to 3.78)
Robert (1986)*' 0 4 1 144 10.63 (0.38 to 298.57)
Case-control studies
Oral cleft:
Safra (1975)" 7 16 42 262 4.07 (1.44 to 11.54)
Saxen (1975)" 27 40 511 1044 217 (1.11 to 4.24)
Rosenberg (1983)* 13 67 590 3011 0.99 (0.54 to 1.82)
Rodriguez (1986)* 8 61 442 7990 258 (1.22 to 5.45)
Czeizel (1987-88)%° 48 91 1153 231 112 (0.74 to 1.71)
Laegreid (1990)" 2 10 4 68  4.00 (0.63 to 25.43)
Combined effect 1.79 (1.13 to 2.82)t
Cardiac malformations:
Tikkanen (1992)%" 2 10 404 1152 0.46 (0.10 to 2.19)
Correa-Villasenor (1994)% 57 92 3318 6 855 1.74 (1.14 to 2.65)
Malformations of central nervous system:
Winship (1984)% 14 750 14 750 1.00 (0.47 to 2.11)

*32=0.01; P=0.997.

T?=11.39; P=0.01.

nervous system and did not find any association
between exposure and outcome.”

Discussion

Data taken from cohort studies showed no significant
association between benzodiazepines taken during the
first trimester and either major malformations or mal-
formations of the oral cleft alone. However, data from
case-control studies showed a small but significant
increased risk for these events. This finding may reflect
the substantially higher sensitivity of case-control stud-
ies to examine the risk of specific malformations or it
may be chance.

The tests of heterogeneity also showed that the
cohort studies were not heterogeneous for both major
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Fig 2 Association of oral cleft with prenatal exposure to benzodiazepines
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malformation and oral cleft, whereas the case-control
studies for oral cleft were heterogeneous, which
decreases the reliability of these marginally significant
results.

A case series of eight children exposed to benzodi-
azepines in utero suggested the existence of a benzodi-
azepine syndrome.” This syndrome was described as
dysmorphic features, growth aberrations, and abnor-
mualities of the central nervous system.” "* ** Our results,
however, do not confirm the presence of this
syndrome. Even before this report alternative causes
for these findings, such as Zellweger syndrome or other
genetic abnormalities, have been suggested.*Z

Possible confounding and bias

Concomitant exposure to other medications can result
in an overestimation of the risk of benzodiazepines.
Fourteen studies, eight of which were case-control,
allowed exposure to other potentially teratogenic
medications.' ' ' 1 ¥ % #7237 Thyjg Jarge number con-
founds the results. In most studies no information on
duration or indication for use of benzodiazepines was
provided. Therefore it was difficult to determine if any of
the populations included have an increased or
decreased risk of major malformations. Studies that
evaluated the risk of fetal malformations in women with
epilepsy were separated from the main analysis as
fetuses born to such women already have an increased
risk of major malformations.” Information is lacking
regarding the risk of developing specific malformations.

The use of a normal baby as a control in a
case-control study can produce recall bias, as mothers
of malformed babies may be more likely to recall
exposures than mothers of normal babies. The
subgroup analysis that compared benzodiazepine use
in mothers of healthy babies as controls compared
with mothers of malformed babies as controls
produced similar effect sizes, suggesting that recall bias
did not have a large effect on study outcome.

The present meta-analysis has several limitations.
The number of reports was relatively small and may
have limited the power of our analysis. Also, although
the overall sample was large, most cases for analyses of
both oral cleft and major malformations were derived
from only three studies.' " ** With regard to assessment

® Pooled data from cohort studies showed no
apparent association between fetal exposure to
benzodiazepines and the risk for major
malformations or oral cleft

e Data from case-control studies showed that risk
for major malformations or oral cleft alone was
increased

e Until more studies are done, it is prudent to
perform level 2 ultrasonography to rule out
visible forms of cleft lip

of malformations, the studies used wide ranging
definitions for identification of malformations to be
considered. When we examined the association of ben-
zodiazepines with cleft lip and cleft palate we had to
combine these two malformations as “oral cleft”
because many studies combined these malformations
as one entity and it was not possible to stratify the
data.l 10 13 36

This study differs from previous reviews. Altshuler
et al reported an association between benzodiazepines
and oral cleft, but the review included studies that did
not have any control groups or studies that did not
have concurrent control groups.” That method of
analysis may have seriously increased the strength of
association found and the heterogeneity found when
studies were combined and thereby produced different
results. McElhatton provided a narrative review that
succinctly summarised the opposing information, but
because the studies presented were not combined sys-
tematically or quantitatively the conclusions remain
controversial and inconclusive.”

Conclusions

Because women commonly use benzodiazepines and
half of all pregnancies are unplanned, counselling of
women on the safety of such exposure is clinically
important. Pooled data from cohort studies showed no
apparent association between benzodiazepine use and
the risk for major malformations or oral cleft alone.
There was, however, a small but significantly increased
risk for oral cleft according to data from the available
case-control studies. More case-control studies examin-
ing these events are needed especially because the
available studies are not homogeneous. Even when the
“worst case scenario” is assumed, benzodiazepines do
not seem to be major human teratogens, but because
some cases of cleft lip can be visualised by fetal
ultrasound level 2 ultrasonography should be used to
rule out this malformation.

This project was completed as part of a requirement for a doc-
tor of pharmacy course on critical appraisal, PHM 605, at the
University of Toronto.
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One hundred years ago
A dangerous custom at funerals

Sir,—I venture to draw attention to the evil consequences, of

As this dangerous exposure is dictated by reverence, it seems

which most medical men could give instances, that often follow
attendance at funerals during inclement weather, and at a time
when the nervous systems of the mourners and others are
depressed. Careful attention to clothing and every means of
protection may ward off many of the dangers arising from cold,
wet, and boisterous weather; but when all is done, there remains
an ordeal dreaded by many—that of standing bareheaded at the
grave, it may be in a blazing sun or, what in this climate is more
common, in a pitiless, cold, and biting wind.

We sometimes read such remarks as these: “The large
assemblage, heedless of the piercing, cold blasts, stood uncovered
throughout the whole ceremony.” When we reflect on the
numbers that are doing this daily, not in the metropolis alone, but
all over the British Isles, there cannot but be a vast amount of
suffering, mental and bodily, to say the very least.

a delicate matter to challenge its necessity among a people so
conservative of habits and customs relating to the dead; but
surely a way might be found to obviate danger without abating
reverence. Occasionally one sees an individual, made bold
perhaps by some conscious weakness, or some bitter
experience, donning a skull cap as he doffs the obtrusive
chimney-pot, while many, no doubt, wish they could

follow suit.

If only some influential persons would lead the way—and who
could do this better, by example and precept, than medical
men?—it would soon become the custom to go provided with a
pocket head covering—if only a black handkerchief— just as one
does with a pair of gloves.—I am, etc,

London, Dec 26th, 1897. Pilgrim. (BM] 1898;i:50)
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