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ABSTRACT

Background: In previous studies, maternal exposure to
folic acid antagonists was associated with increased risks
of neural tube defects, cardiovascular defects, oral clefts
and urinary tract defects. The objective of the current
study was to assess the possible effects of using folic acid
antagonists in pregnancy on placenta-mediated adverse
outcomes of pregnancy.

Methods: We used data from an administrative database
to retrospectively compare the occurrence of placenta-
mediated adverse pregnancy outcomes between pregnant
women exposed to folic acid antagonists and women
without exposure to these agents.

Results: We included in the analysis a total of 14 982
women who had been exposed to folic acid antagonists
and 59 825 women who had not been exposed.
Sulfamethoxazole-trimethoprim was the most frequently
prescribed dihydrofolate reductase inhibitor (a total of
12 546 exposures during the preconception period and all
3 trimesters), and phenobarbital was the most frequently
prescribed among the other folic acid antagonists (a total
of 1565 exposures). The risks of preeclampsia (adjusted
odds ratio [OR] 1.52, 95% confidence interval [CI]
1.39-1.66), severe preeclampsia (OR 1.77, 95% ClI
1.38-2.28), placental abruption (OR 1.32, 95% ClI
1.12-1.57), fetal growth restriction defined as less than the
10th percentile (OR 1.07, 95% Cl 1.01-1.13), fetal growth
restriction defined as less than the 3rd percentile (OR 1.22,
95% Cl 1.11-1.34) and fetal death (OR 1.35, 95% ClI
1.07-1.70) were greater among mothers with exposure to
folic acid antagonists. In general, the risks associated with
exposure to other folic acid antagonists were higher than
those associated with exposure to dihydrofolate reductase
inhibitors. Supplementary analyses involving tight match-
ing with propensity score, restriction of the analysis to
women with exposure during the first and second
trimesters and restriction of the analysis to specific cat-
egories of folic acid antagonists yielded similar results.

Interpretation: Maternal exposure to folic acid antagonists
appears to increase the risk of placenta-mediated adverse
outcomes of pregnancy.

Une version frangaise de ce résumé est disponible a I’adresse
www.cmaj.ca/cgi/content/full/179/12/1263/DC1
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Introduction

Folic acid antagonists encompass a broad spectrum of drugs
used for various clinical indications, including epilepsy, mood
disorders and urinary tract infections.' Folic acid antagonists can
be divided into 2 loosely defined groups: the dihydrofolate-
reductase inhibitors, which block the conversion of folate to its
more active metabolites, and other folic acid antagonists, a
group consisting primarily of antiepileptic drugs (phenobarbital,
phenytoin, primidone and carbamazepine) but also including
Spasmophen (an antispasmodic drug that contains low doses of
phenobarbital) and cholestyramine.' According to the US Food
and Drug Administration (FDA), many of the folic acid antago-
nists fall into that agency’s pregnancy category C (drugs that
should be given only if potential benefits outweigh potential
risks to the fetus), pregnancy category D (drugs for which there
is evidence of risks in pregnancy) or pregnancy category X
(drugs for which there is evidence of clear risks in pregnancy).’
In a previous study, we found the following rates of folic
acid antagonist use among women of reproductive age in any
particular calendar year: 8.45% for dihydrofolate-reductase in-
hibitors and 1.14% for other folic acid antagonists.’ As such, a
significant proportion of pregnancies probably involve exposure
to folic acid antagonists, given that Pastuszak and associates* re-
ported that about half of all pregnancies in Canada and other in-
dustrialized countries were unplanned. Considering the potential
of folic acid antagonists to deplete maternal folate and impair
maternal folate metabolism, it is biologically plausible that ma-
ternal exposure to folic acid antagonists might cause adverse
pregnancy outcomes, including adverse outcomes that have
been hypothesized to share a common placenta-mediated path-
way, such as preeclampsia, placental abruption, fetal growth re-
striction and fetal death."* On the basis of these premises, we
examined the effects of using folic acid antagonists in preg-
nancy on placenta-mediated adverse pregnancy outcomes.

From the OMNI (Obstetrics, Maternal, and Neonatal Investigation) Research
Group (Wen, Zhou, Yang, Walker), Department of Obstetrics and Gynecol-
ogy, and the Department of Epidemiology and Community Medicine (Wen,
Walker), Faculty of Medicine, University of Ottawa, Ottawa, Ont.; the Clini-
cal Epidemiology Program (Wen, Zhou, Yang, Walker), Ottawa Health Re-
search Institute, Ottawa, Ont.; the School of Public Health (Zhou), Central
South University, Changsha, Hunan, China; the Department of Obstetrics
and Gynecology (Fraser), Faculty of Medicine, Université de Montréal, Mon-
tréal, Que.; and the Department of Obstetrics and Gynecology (Olatunbo-
sun), Faculty of Medicine, University of Saskatchewan, Saskatoon, Sask.
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Methods

Study design and data collection

We conducted a retrospective population-based cohort study,
using de-identified data from the linked maternal-infant data-
base maintained for the Canadian province of Saskatchewan.
We described details of the data set elsewhere.” We identified
all pregnant women with a singleton birth (both live births
and stillbirths) in Saskatchewan from January 1, 1980, to De-
cember 31, 2000. Drug information was not available for the
period from July 1, 1987, to December 31, 1988. We there-
fore excluded the births that occurred during this period or in
the following year (i.e., until December 31, 1989). In addi-
tion, we excluded infants born to mothers with registered In-
dian status (about 18% of infants), because drug information
was not available for these mothers.

The “exposed” group consisted of mothers who had re-
ceived prescriptions for folic acid antagonists during the 1-year
period before delivery. We determined women’s use of folic
acid antagonists from information in the provincial outpatient
prescription drug database, specifically the combination of ges-
tational age, date of delivery and drug dispensing date. We
included only folic acid antagonists that were dispensed in the
1-year period before delivery. For each woman who had been
exposed to a folic acid antagonist in the 1-year period before
delivery, we selected from the database 4 women who had not
been exposed to these drugs, matched by infant’s year of birth

Table 1: Baseline characteristics of women exposed and not
exposed to folic acid antagonists during pregnancy in
Saskatchewan between 1980 and 2000

No. (%) of participants*

Exposed Not exposed

Characteristic n=14982 n =59 825
Maternal age, yr

<20 1637 (10.9) 4902 (8.2

20-29 9820 (65.5) 39 503 (66.0)

<30 3525 (23.5) 15 420 (25.8)
Social assistance 2083 (13.9) 5400 (9.0)
Type of hospital for birth

Provincial 7 428 (49.6) 29702 (49.6)

Community 4232 (28.2) 16 879 (28.2)

Regional 3204 (21.4) 12789 (21.4)

Unknown 118 (0.8) 455 (0.8)
Year of birth

1980-1986 7810 (52.1) 33002 (55.2)

1987-1991 189 (12.7) 7076 (11.8)

1992-2001 5276 (35.2) 19 747 (33.0)
Male 7703 (51.4) 30628 (51.2)
Parity

Primigravida 6174 (41.2) 22987 (38.4)

Multipara 8808 (58.8) 36 838 (61.6)

*Unless otherwise indicated.
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(within 2 years), type of institution at birth (provincial, regional
or community) and the first 3 digits of the mother’s postal
code. We obtained information on maternal demographic fac-
tors, including age, parity (number of live births) and provincial
social assistance plan status, and neonatal characteristics, such
as gestational age and birth weight, from provincial population
registry and birth registration files.

Outcomes

We examined the following adverse outcomes of pregnancy:
preeclampsia, severe preeclampsia, placental abruption, fetal
growth restriction and fetal death. We used the International
Classification of Diseases, 9th revision, to identify cases of
preeclampsia (codes 642.4-642.7), severe preeclampsia
(codes 642.5-642.7) and placental abruption (code 641.2).
Although fetal growth restriction (also called “small-for-
gestational age”) is usually defined as birth weight less than
the 10th percentile, relative to the corresponding standard
population stratum,” we defined 2 levels of fetal growth re-
striction: birth weight less than the 3rd percentile and birth
weight less than the 10th percentile, relative to the correspon-
ding standard population stratum. Using 2 levels of fetal
growth restriction allowed us to test the hypothesis that ma-
ternal exposure to folic acid antagonists might have a stronger
effect on severe fetal growth restriction. We defined fetal
death as intrauterine death occurring at gestational age greater
than 20 weeks or weight greater than 500 g.

Statistical analysis

We first compared the baseline characteristics of the women
who had and had not been exposed to folic acid antagonists and
described the distribution of the specific agents used. We then
compared the rates of occurrence of adverse pregnancy out-
comes between the 2 groups, for all folic acid antagonists and
for the 2 subgroups of folic acid antagonists (dihydrofolate-
reductase inhibitors and other folic acid antagonists). We per-
formed logistic regression analyses to examine the independent
associations between exposure to folic acid antagonists and ad-
verse pregnancy outcomes. We included the following inde-
pendent variables in the regression models: use of folic acid an-
tagonists, year of birth (1980-1986, 1987-1991 and
1992-2000, with 1992-2000 as the reference category), type of
institution at birth (provincial, regional, community and un-
known, with provincial as the reference category), maternal age
(<20, 20-29 and = 30 years, with 20-29 years as the reference
category), parity (first v. second or higher order of birth, with
second or higher order of birth as the reference category),
social assistance (yes v. no, with no as the reference category)
and infant’s sex (male v. female, with male as reference cate-
gory). We assessed the dose-response relation by classifying
each woman’s exposure into 1 of 3 levels, according to total
quantity of folic acid antagonists dispensed (< 20, 2040 or
> 40 tablets or capsules). We also performed supplementary
analyses by tightly matching the data by propensity score
(within 1 decimal point), by restricting the analysis to women
who were exposed during the first and second trimesters only
and by restricting the analysis to women who were exposed to
2 specific categories of folic acid antagonists (antibiotics for the
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treatment of urinary tract infection
[sulfamethoxazole—trimethoprim]
and antiepileptics [phenobarbital,

Table 2: Distribution of dispensation of folic acid antagonists to pregnant women in
Saskatchewan, 1980-2000*

phenytoin, carbamazepine, val-
proic acid, divalproex sodium]).

Period; no. of prescriptions

Results are presented as odds Pre-. First Second Third
ratios (OR) and 95% confidence Category conception  trimester trimester trimester
intervals (Cls), where values Dihydrofolate-reductase inhibitorst 7096 3681 2042 2392
greater than 1 signify a greater Sulfamethoxazole-trimethoprim 6264 3169 1648 1465
risk of the adverse outcome. Triamterene-hydrochlorothiazide 583 337 272 813
Results Sulfasalazine 178 140 106 92
Trimethoprim 97 49 17 26
We identified a total of 14 982~ Other# 25 ! 3 6
women for whom folic acid an- Other folic acid antagonistst 886 859 746 933
tagonists were dispensed within Phenobarbital 292 359 378 536
the 1-year period before deliv- Carbamazepine 265 234 203 201
ery: 13 396 who received Phenytoin 231 203 168 162
d'ih'ydrofolate-reductase 'in- Valproic acid 78 57 43 50
hibitors and 1586 who received — —p 0o odium 65 54 19 20
other folic acid antagonists. We .
also selected 59 825 women for Cholestyramine 19 14 14 >
whom no folic acid antagonists ey 1@ 19 2 12
were dispensed within the 1-year Other§ 79 77 34 26

period before delivery; this num-
ber was 103 less than the
planned ratio of 4:1 because we
were unable to identify enough
women who had not been ex-

*Some births in the years 1987-1989 are not included in these data, because drug information was not available
for the period July 1, 1987, to Dec. 31, 1988.

tTotals for each drug group refer to number of women who received prescriptions, rather than number of
individual prescriptions. Because some women received more than one prescription, the total for each drug group
in each period is less than the sum of the number of prescriptions for each individual drug.

fTriamterene, methotrexate, pyrimethamine, sulfadiazine, trimethoprim (combination therapy).

§Hyoscyamine, atropine, hyoscine, phenobarbital (combination therapy).

posed and who met the specified
matching conditions.

The women who had been exposed to folic acid antago-
nists were younger, had lower parity and were more likely to
be receiving social assistance (Table 1) than those who had
not been exposed. Sulfamethoxazole—trimethoprim was the
most frequently prescribed dihydrofolate-reductase inhibitor,
and phenobarbital was the most frequently prescribed
drug from among the other folic acid antagonists (Table 2).
For most of the folic acid antagonists, prescriptions were
more frequent during the preconception period and the
first trimester than during the second and third trimesters,
although there were some exceptions (e.g., triamterene—
hydrochlorothiazide and phenobarbital) (Table 2), especially
in the earlier years of the study (see online Appendix 1, avail-
able at www.cmaj.ca/cgi/content/full/179/12/1263/DC2).

The risks of preeclampsia (especially severe preeclampsia),
placental abruption, fetal growth restriction (especially severe
fetal growth restriction) and fetal death were greater for mothers
who had received prescriptions for folic acid antagonists during
pregnancy (Figure 1). We observed a dose—response association
for all of the outcomes examined (see online Appendix 2, avail-
able at www.cmaj.ca/cgi/content/full/179/12/1263/DC2).

Supplementary analyses examining the associations after
tight matching by propensity score and after restricting the
analysis to women with exposure during the first and second
trimesters or to women who received specific categories of
folic acid antagonists consistently showed greater risks of
placenta-mediated adverse outcomes among the women who
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had been exposed to these drugs (see online Appendix 3,
available at www.cmaj.ca/cgi/content/full/179/12/1263/DC2),
although some fluctuations did occur for rare events.

Interpretation

In this population-based study, we found that women who
were exposed to folic acid antagonists had greater risks of
preeclampsia, placental abruption, fetal growth restriction
and fetal death than women without such exposure. The risks
associated with use of folic acid antagonists were higher for
the severe forms of preeclampsia and fetal growth restriction,
and we observed a dose-response association, related to the
quantity of folic acid antagonists (as indicated by the number
of tablets or capsules prescribed), for most of the outcomes.
The results of various supplementary analyses, including
tight matching by propensity score and restriction of the
analyses to women with exposure during the first and second
trimesters or to women with exposure to specific categories
of folic acid antagonists, were consistent, demonstrating the
robustness of the association. Our data also revealed the dis-
tribution of use of specific folic acid antagonists in routine
practice, which represents useful feedback for clinicians.

Strengths and limitations

A major strength of our study is the testing of a novel hypoth-
esis with a strong biologic rationale. Recent studies have sug-
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gested that folic acid supplementation in pregnancy may re-
duce the risk of placenta-mediated adverse outcomes such as
preeclampsia.”” Ray and Laskin® explored the potential mech-
anism of the relation between folic acid deficiency, hyper-
homocysteine and the risk of placenta-mediated diseases,
such as preeclampsia, placental abruption, fetal growth
restriction and fetal death. The mechanism of placental abnor-
malities induced by folic acid deficiency and hyperhomocys-
teine is similar to the mechanism of folic acid deficiency and
hyperhomocysteine in atherosclerosis and myocardial infarc-
tion in young women.’'* Placental microvascular disease may
arise from a maternal folate—-homocysteine metabolic defect,
a process that may start before pregnancy and continue
throughout the entire pregnancy.

Our study was based on the entire population of
Saskatchewan (where more than 90% of non-Aboriginal resi-
dents were eligible for provincial drug coverage); it therefore
reflected routine practice in that province during the study
period. This approach also reduced potential selection bias.
The claims-processing systems in Saskatchewan had consis-
tent data collection and coding procedures across different
service sectors, along with checks for eligibility of benefits;
these characteristics contributed to the quality of the database
that we used. We used a recently developed Canadian stan-
dard to estimate fetal growth.”” The quality of the data for ges-
tational age for recent years may have been better than that

for previous years because of the increasing use of early ultra-
sound measurement to validate estimation by last normal
menstrual period.” Moreover, the developers of the new
Canadian standard used a computer-assisted algorithm to cor-
rect gross errors in recorded gestational age.* As a result, we
believe that our data on fetal growth restriction were robust.

The cohort study design allowed us to assess several out-
comes simultaneously, which not only was a more compre-
hensive approach to our hypothesis but also helped us to as-
sess the validity of the study findings. We used a combination
of matching and multiple regression analyses to reduce poten-
tial confounding by maternal demographic and socio-
economic factors. The drug exposure information in our data
did not depend on the woman’s memory, which eliminated
the possibility of recall bias.”? We observed a consistent
dose—response association for most of the outcomes we stud-
ied, which lends further support to a possible causative rela-
tion between exposure to folic acid antagonists and adverse
pregnancy outcomes.

The most important limitation of studies of this nature is
confounding by indication. For example, sulfamethoxazole—
trimethoprim, the most frequently prescribed folic acid antag-
onist in this study, is usually prescribed to treat urinary tract
infection. A recent systematic review and meta-analysis
revealed that the risk of preeclampsia was greater among
pregnant women with urinary tract infection (pooled OR 1.57,

Decreased adverse  Increased adverse
outcomes outcomes
Outcome Exposed Not exposed Adjusted* OR (95% CI) <« —>
All folic acid antagonists n=14982 n=59825 :
Preeclampsia 789 (5.27) 2065 (3.45) 1.52 (1.39-1.66) . -
Severe preeclampsia 94 (0.63) 201 (0.34) 1.77 (1.38-2.28) R
Placental abruption 189 (1.26) 549 (0.92) 1.32(1.12-1.57) e
Fetal growth restriction (< 3rd percentile) 622 (4.16) 2022 (3.39) 1.22 (1.11-1.34) Eo
Fetal growth restriction (< 10th percentile) 1746 (11.68) 6498 (10.88) 1.07 (1.01-1.13) »
Fetal death 101 (0.67) 301 (0.50) 1.35(1.07-1.70) '+
Dihydrofolate-reductase inhibitor n=13496 n=53889 :
Preeclampsia 659 (4.88) 1858 (3.45) 1.40 (1.28-1.54) e
Severe preeclampsia 82 (0.61) 183 (0.34) 1.68 (1.29-2.20) . ——
Placental abruption 162 (1.20) 474 (0.88) 1.32 (1.10-1.59) :-0—
Fetal growth restriction (< 3rd percentile) 542 (4.02) 1808 (3.36) 1.20 (1.08-1.32) 54
Fetal growth restriction (< 10th percentile) 1543 (11.46) 5843 (10.85) 1.05 (0.99-1.12) .
Fetal death 86 (0.64) 263 (0.49) 1.31 (1.03-1.69) -—0—
Other folic acid antagonists n=1686 n=6734 :
Preeclampsia 148 (8.78) 236 (3.50) 2.62 (2.10-3.28) : -
Severe preeclampsia 14 (0.83) 24 (0.36) 2.19 (1.11-4.32) e
Placental abruption 29 (1.72) 81 (1.20) 1.31 (0.84-2.05) e
Fetal growth restriction (< 3rd percentile) 95 (5.64) 234 (3.49) 1.56 (1.21-2.01) ; ——
Fetal growth restriction (< 10th percentile)  244(14.50) 751(11.19) 1.26 (1.07-1.48) -+
Fetal death 18 (1.07) 44 (0.65) 1.69 (0.96-3.00) *:—0—
0.2 0.5 1|.0 2|.0 5.0
Adjusted* OR (95% ClI)

Figure 1: Comparison of adverse pregnancy outcomes between women exposed to folic-acid antagonists during pregnancy and
women not exposed to these agents. *Adjusted for year of birth, type of institution at birth, maternal age, parity, social assistance and
sex of the infant.
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95% CI 1.45-1.70).** As a result, it is difficult to determine
whether the observed association between folic acid antago-
nists and adverse pregnancy outcome should be attributed to
the prescribed drugs or to the underlying urinary tract infec-
tion. However, because a randomized controlled trial is nei-
ther ethical nor feasible in this situation, large cohort studies
are the only way to investigate this type of research question.
The folic acid antagonists that we studied are used for a wide
range of clinical indications. The patient population is there-
fore heterogeneous, which would attenuate any specific re-
lation between exposure and outcome. Moreover, results from
a variety of sensitivity analyses yielded similar results, mak-
ing it less likely that the observed associations were due to
confounding by indication. Cohort studies comparing out-
comes between women who took sulfamethoxazole—
trimethoprim and women who took another antibiotic for uri-
nary tract infection in pregnancy (e.g., amoxicillin) could help
to reduce confounding by indication and generate more useful
information for clinical practice.

For this study, we relied on an existing database. As a
result, data for some important variables such as smoking,
drinking and use of over-the-counter drugs (e.g., folic acid
tablets) were not available, and we could not consider these
factors in the data analysis. In our study, women who used
folic acid antagonists had lower socio-economic status (as
judged by the proportion who were receiving social assis-
tance), which might lead to an increased risk of adverse
pregnancy outcomes.” Conversely, these women might
have smoked more cigarettes during pregnancy, which
might have decreased the risk of at least one of the out-
comes we examined, preeclampsia.”’ Thus, potential con-
founding between socio-economic status and cigarette
smoking might have cancelled out the individual effects of
these 2 factors, thereby limiting the effect of these factors
on the observed association between folic acid antagonists
and preeclampsia.

In addition, administrative data lack clinical details and are
prone to a certain level of coding errors.*® Of particular con-
cern is the potential for miscoding of preeclampsia and pla-
cental abruption in the databases. Furthermore, the
Saskatchewan prescription drug file had no information about
compliance. If the database included women who obtained
folic acid antagonists from the pharmacy but did not actually
ingest them, we would have misclassified them as having
been exposed. We were unable to adjust for the potential
problems caused by coding errors and noncompliance. How-
ever, because information in Saskatchewan’s prescription
drug file is obtained from pharmacists’ dispensing records
rather than physicians’ prescription records, the effects of
noncompliance may be limited. The only way to obtain data
on actual drug consumption would be mothers’ self-reporting.
There is a trade-off between maternal self-reporting and the
pharmacist’s record. In a recent European study, mothers
were able to report only 76% of the drug groups they con-
sumed during pregnancy; when data on the exact name of the
drug were sought, the figure dropped to 52%.* In the same
study, of the drugs dispensed by the pharmacy, 6% were not
used (i.e., noncompliance). In the study reported here, mis-
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classifications caused by either coding errors or noncompli-
ance might have occurred randomly, which would tend to
attenuate the observed effects.”

We identified the study cohort on the basis of both live
births and stillbirths, which excluded, by definition, any
pregnancies that were terminated because of fetal anomalies.
Therefore, pregnancies that continued were those with a
lower likelihood of harm based on these drug exposures. An-
other limitation of our study was the small proportion of
cases for which there was a possibility that some of the drugs
(e.g., triamterene—hydrochlorothiazide and phenytoin) were
being used to treat pregnancy complications (e.g.,
preeclampsia), especially during the earlier years of the
study.” Determining cause—effect relations would be difficult
in these cases.

Conclusion

In this large population-based study, we found that mater-
nal exposure to folic acid antagonists was associated with in-
creased risks of several adverse pregnancy outcomes sharing
a possible placenta-mediated cause. This finding, combined
with previous findings on the association between exposure to
folic acid antagonists during pregnancy and birth defects®'*
suggests the need to reclassify some of the folic acid antago-
nists in FDA pregnancy category C (e.g., sulfamethoxazole—
trimethoprim) into FDA pregnancy category D. Physicians
who are caring for women of reproductive age, particularly
those already pregnant and those with medical conditions and
a high risk of unintended pregnancy, should use caution in
prescribing folic acid antagonists and should perhaps consider
alternative agents as first-line therapy until further research
confirms or refutes these findings. At a minimum, physicians
should ensure that patients who need treatment with folic acid
antagonists are fully informed about the potential risks associ-
ated with these drugs. Patients who do take these medications
might benefit from increased supplemental folic acid (i.e., 5
mg by mouth once daily).*
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