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When a widely used substance or procedure gener-
ally regarded as beneficial is reported to have some
apparent toxic effect, great concern arises. One must be
careful not to accept too quickly the report of what may
well be a chance or artefactual finding at the risk of
imperiling existing valuable measures. But one cannot
dismiss out of hand the possibility that reported appar-
ent toxicity is in fact real, merely because on balance,
use of the substance retains strong medical and public
health value.

These considerations arise in considering the re-
ported association of prenatal supplementation of folic
acid and other vitamins with observed embryonic and
fetal loss [Czeizel et al., 1994; data from MRC Vitamin
Study Research Group discussed in Hook, 1997; Wind-
ham et al., 2000.] . The best evidence for such an effect
comes, ironically, from the same study that provides
the strongest rationale for the use of prenatal folic acid/
multivitamins to diminish congenital malformations.
The randomized prospective incidence study from Hun-
gary reported a major preventive effect on birth defects
[Czeizel and Dudás, 1992]. This observation, in addi-
tion to an earlier randomized recurrence study from
the British Medical Research Council (MRC) of women
who had a previous child with neural tube defect [MRC
Vitamin Study Research Group, 1991], led to wide-
spread endorsement of the use of folic acid supplemen-
tation for prevention of birth defects. Only some time
after the report of the dramatic effect on rate of birth
defects was the final analysis of the Hungarian data
completed. Unexpectedly, its authors then recognized a
small but statistically significant association with ob-
served spontaneous abortion in the same cohort in
which birth defects had been lowered, an increase of
about 15% [Czeizel et al., 1994].

Data from only one other prospective investigation—
the MRC study—were available at this time bearing on
pregnancy loss [MRC Vitamin Study Research Group,
1991; Wald, 1993]. The reports from this are difficult to
interpret with regard to embryonic and fetal death be-
cause, among other reasons, of the much smaller num-
ber of pregnancies studied. While not inconsistent with
the trend, its data provide little guide as to whether or

not the observation in Hungary was a chance effect
[Hook and Czeizel, 1997; Hook, 1997]. But a larger data
set bearing on an association with miscarriage has now
appeared from an observational study of periconcep-
tual supplementation in California, which Windham et
al. [2000] reported in this Journal.

In 5,144 women interviewed in the first trimester of
pregnancy (median gestational age of eight weeks),
Windham et al. observed a higher risk of miscarriage in
folic acid [FA] users [10.3%] than non-FA users (9.0%),
a magnitude of effect practically identical to that seen
in the Hungarian study (relative risk of miscarriage
with prenatal folic acid 1.14 [95% confidence interval
0.96 to 1.32]). One must view the trends in the avail-
able data cautiously as confirmatory. (By a one-tailed
test, P is approximately .06 for the entire California
data set although is less than .05 in some strata.) As for
the Hungarian study result, a chance outcome also re-
mains possible but appears increasingly unlikely.
Windham et al. report little evidence for confounding
among the numerous covariates examined, although
they do not mention explicitly socioeconomic status. As
one would expect a priori that higher socioeconomic
status would correlate with greater use of FA and lower
rates of recognized loss, after adjustment for maternal
age, this omission is likely to have resulted in a con-
servative bias to effect estimation if any at all.

The question then arises how one should interpret
the association. Although the relative magnitude of ef-
fect—a 15% increase—is small, this will have appre-
ciable consequences on the total number of pregnancy
losses in populations with widespread exposure.

It is worth emphasizing that there are several rea-
sons why this association, even if correct, may not im-
ply actual toxicity of folic acid in inducing conceptus
loss. First, the vast bulk of those taking folic acid in
this study also took other prenatal vitamin supple-
ments. Conceivably some other constituent is respon-
sible, although such an association with abortion effect
of a component of a standard prenatal multivitamin
preparation would be of concern itself. Second, the ob-
servations pertain to recognized abortion, from about
four to six weeks after conception, which occurs in at
least 10% of all pregnancies. Most pregnancy loss oc-
curs earlier and goes unrecognized [Wilcox et al., 1988].
Therefore, if not due to chance, the association with
observed abortion, at least in part, may result from an
induced longer survival of some aborted embryos that
would otherwise have been lost before recognition, as
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suggested by Windham et al. and Hook and Czeizel
[1997]. This could also explain the observed association
of twin pregnancy with supplementation [Czeizel et al.,
1994; Werler et al., 1997]. Many twin pregnancies di-
agnosed early in pregnancy end up as singleton off-
spring (the so-called “vanishing twin effect”), so FA
may increase the apparent rate of twin pregnancies by
postponing the demise of one twin.

One may term an apparent increase in abortion due
to survival to recognition of not-yet-aborted concep-
tuses a “pseudoabortifacient” effect. This interpreta-
tion coheres with the observation of a slight albeit not
a significant increase of fertility in the Hungarian re-
port, the only one with such pertinent data. This would
be the most fortunate interpretation of all the trends
because it would have no problematic implications for
the prenatal supplementation.

Nevertheless, as attractive as the mechanism of FA-
induced postponed loss of pregnancies may appear, it is
only a speculative explanation of the observed increase
in embryonic and fetal death. A real abortifacient ac-
tion of FA remains a possible explanation of the obser-
vations. If so, such a mechanism may also, at least in
some part, contribute to the observed association of FA
supplementation with reduced frequency of neural
tube and other birth defects through selective sponta-
neous abortion, a mechanism termed “terathanasia”
[Warkany, 1978; Hook and Czeizel, 1997]. Such may be
present in addition to a direct antiteratogenic effect of
folic acid that many investigators appear to assume to
be the only mechanism for the reduced occurrence of
neural tube and other birth defects [Botto et al., 1999;
Oakley, 1999].

On the basis of the available data, one must consider
the possibility that in addition to diminishing defects
in live births, FA has some true abortifacient effect.
This raises some public policy issues that should be
faced squarely. Yet published comments from the U.S.
Centers for Disease Control have ignored the observa-
tions, presumably in the hope that any observed asso-
ciation with recognized abortion is either a chance
event or attributable predominantly if not completely
to a pseudoabortifacient action. Certainly one must
hope this view is correct. But it would appear more
appropriate at least to acknowledge our present state
of uncertainty and to confront the possibility that in
different human populations, to a greater or lesser ex-
tent, supplementation may result not only in true an-

titeratogenic mechanism, but terathanasic, abortifa-
cient, and pseudoabortifacient effects as well.

Public policy, at least in the United States, was es-
tablished with regard to folic acid supplementation be-
fore the association with recognized pregnancy loss
was detected. It would be unwise for policy to be altered
on the basis of evidence to date, especially when it ap-
pears clear that whatever else supplementation may
achieve, if anything it reduces the prevalence of con-
genital malformations in those populations studied to
date. And if the suggestive effect upon fertility seen in
the Hungarian study is correct, whatever the mecha-
nisms upon abortion of FA, whether recognized or not,
its use results in more live-birth infants with fewer
congenital malformations, a public health outcome to
which few can take exception.
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