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Relationship between birthweight and occupational
exposure to cytostatic drugs during or before pregnancy

by Isabelle Sticker, PhD, Laurence Mandereau, Denis Hémon, PhD'

STUCKER I, MANDEREAU L, HEMON D. Relationship between birthweight and occupational ex-
posure to cytostatic drugs during or before pregnancy. Scand J Work Environ Health 1993;19:148—
53. The birthweight of babies whose mothers were exposed to cytostatic drugs during pregnancy was
compared with that of infants whose mothers were not so exposed. The study was conducted in four
French hospitals and covered 420 singleton live births to 466 women. One hundred and seven of the
420 births were exposed before or during pregnancy; 298 were not. Information about exposure was
not available for the other 15. The mean birthweight of the babies of exposed mothers was 85 g lower
than that of infants of unexposed mothers, but the difference was not statistically significant (95% CI
—192.2—22.2 g). When gestational age and conventional risk factors were taken into account, the ad-
justed difference in the means of the birthweights was ~56 (95% CI -155.1—43.1) g.
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Cytostatic drugs are widely used to treat cancerous
diseases. Among medical personnel, nurses and hos-
pital pharmacists are the groups most exposed to
these drugs, whose handling has been shown to raise
urinary mutagenicity significantly. Certain investi-
gations have also shown them to have a clastogenic
effect on lymphocytes (1—10). Of five studies of the
possible reproductive risks of such exposure, two,
those of MacDonald et al (11) and Taskinen et al
(12), found no connection between exposure and the
frequency of spontaneous abortions, while Hemminki
and his co-workers’ case-referent study of a cohort
of nurses showed a significant increase in congeni-
tal malformations (13). Selevan et al (14) found, as
we did (15), that the frequency of spontaneous abor-
tions was doubled among nurses exposed to cyto-
static drugs. Our investigation also examined the
birthweight of the infants born to our population of
exposed and unexposed nurses; the results are given
in this report.

Low birthweight has been associated with an in-
crease in perinatal mortality (16). Animal experi-
ments have shown that exposure to toxic chemicals
during pregnancy can lower birthweight, especially
if the exposure occurs after organogenesis (17). Some
cytostatic drugs, especially vinblastine, bischloro-
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ethyl nitrosourea and cisplatin, seem to be associated
with a reduction in litter weight for certain animals
(18).

In humans, smoking during pregnancy is also as-
sociated with a reduction in birthweight (16). The
effect of heavy lifting and other physically taxing
work on premature births has been studied (19), and
the birthweights of infants born to working and non-
working women have been compared (20). Few ep-
idemiologic investigations of risk factors of occupa-
tional origin have distinguished clearly between the
reduction of birthweight for a given term and the
gross reduction which might reflect a change in the
length of gestation, that is, between factors which
retard fetal growth and those which shorten gesta-
tion. Some studies which have made such a distinc-
tion showed a link between birthweight and factors
such as lifting heavy weights, changing shift work,
and exposure to noise during pregnancy (21—23).

The pregnancy risks of exposure to toxic chemi-
cals have also been studied. An association has been
found between the handling of drugs containing poly-
chlorinated biphenyl (PCB) and a significant reduc-
tion in birthweight (24). In a study involving expo-
sure to solvents, the authors were not able to show
an effect on birthweight (25, 26). Similarly, a sur-
vey of reproductive outcomes among dentists and
veterinarians did not reveal any significant associa-
tion with low birthweight (27, 28). A recent study
of cytostatic exposure found a nonsignificant reduc-
tion in birthweight for exposed pregnancies as com-
pared with those not exposed (29).

In this communication we report a comparison of
the birthweight and frequency of babies small for
their delivery date in two groups of women, one of
which had been exposed to cytostatic drugs before
or during pregnancy.



Subjects and methods

The birthweight of each singleton live birth to a
group of nurses handling or having handled cytostatic
drugs in cancer treatment units was compared with
that of each such birth to a group of nurses who had
never handled these drugs. Interviews from May
1985 to May 1986 in three French hospitals and in
a large center for cancer treatment provided the data.

We selected cancer units in which each nurse pre-
pared at least 10 cytostatic drug perfusions a week
and reference units in which no such perfusions were
prepared. We invited the participation of all the fe-
male daytime nursing staff (head nurses, registered
and practical nurses, and nurse’s aides) aged 45 years
or less and working in the selected units at the time
of the study. Of the 535 eligible women, 39 could
not be contacted because they were on temporary
leave (ie, sick leave, maternity leave, vacation, or
professional training), and 30 refused to participate.
The study therefore involved 466 women (rate of par-
ticipation 87%), 271 of whom were working in units
where cytostatics were handled, and 195 in reference
units.

The interviews were conducted by four investigat-
ing physicians, one at each site. The participants were
asked for the precise dates of each and every prior
pregnancy and of their occupational exposure to cy-
tostatic drugs, anesthetic agents, and formaldehyde.
Any pregnancy occurring after or during a period of
exposure to one of these substances was considered
to be “exposed.” Details of the study design and
methods were presented in our previous study (15).

A spontaneous abortion was defined as a pregnan-
cy ending before the 28th week of gestation, and a
stillbirth was defined as a fetal death occurring af-
ter the 28th week.

The general characteristics of the women who par-
ticipated are given in table 1, and those of the 534
pregnancies considered in table 2. The present results
concern the 420 singleton live births. For 15 of these
births we were not able to determine cytostatic ex-
posure. Of the 405 births for which sufficient infor-
mation was available, 90 were exposed before and
during pregnancy, 17 before pregnancy but not dur-
ing, and 298 not at all. We were able to obtain data
on gestational age for 289 of the 298 unexposed
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births and for all 107 exposed births. Birthweight was
available for 292 unexposed and all 107 exposed
births. Comparisons between the exposed and unex-
posed births of the interval between delivery and in-
terview, the mean number of years worked in the unit
and lifetime, and mean pregnancy order are presented
in table 3. The results show that the interval was
markedly longer for the unexposed births than for the
exposed. The other factors did not vary notably be-
tween the two groups.

Because of our concern for the nonindependence
of multiple pregnancies occurring to the same wom-
an, the analyses were run using all births and were
then repeated to examine the results of only a sin-
gle birth per mother (the first). The estimates were
adjusted for gestational age by forcing the first, sec-

Table 1. Characteristics of the nurses included in the survey.

Characteristic N % Mean SD
Total population 466 i :
Age at interview (years) 31.2 6.5
Length of work in the unit (years) 46 4.3
Total time worked, lifetime (years) . 9.7 6.5
Percentage of exposed nurses . 36.5 d E
Exposed nurses only 170
Frequency of exposure
to cytostatics

Regutar 153

Occasional 14

Rare 3
Number of perfusions prepared per
week per nurse - . 18.6 22

Table 2. Characteristics of pregnancies of the nurses included
in the survey.

Characteristic N % Mean SD
Total number of pregnancies considered 534 8
Spontaneous abortions 106 .
Stillbirths 6 §
Twin births 2 -
Singleton live births 420 . . .
Mother’s age at delivery (years) 419 . 251 40
Interval since delivery2 (years) 418 . 89 65
Pregnancy order 420 @ 1.7 1.0
Gestational age (weeks) 410 . 39.1 1.7
Birthweight (g) 413 - 3265 483
Small for delivery date 407 96 . .

2 |nterval between the delivery and the interview date.

Table 3. Comparisons of characteristics of the exposed and unexposed pregnancies included in the survey.

Intervai since delivery?

Work in the unit

Total time of work Pregnancy order

Number Number Number Number
of preg- Mean SE of preg- SE of preg- SE of preg- Mean SE
nancies nancies (years) nancies (years) nancies
Unexposed
pregnancies 297 10.2 0.4 61 36 0.4 201 6.0 0.3 298 1.7 0.1
Exposed
pregnancies 107 55 05 57 3.2 0.3 105 6.4 0.4 107 1.8 0.1

2 Interval between the delivery and the interview date.

149



Scand J Work Environ Health 1993, vol 19, no 3

Table 4. Relationships between cytostatic exposure, birthweight, and gestational age.

Birthweight Gestational age Small for delivery date
Number Number Number
of preg- M(Za)m SE of preg- (weeeei(ns) SE of preg- N(I‘(;?)n SE
nancies nancies nancies
Unexposed
pregnancies 292 3286 28 289 39.2 0.1 289 10.1 1.8
Exposed
pregnancies? 107 3201 47 107 38.8 0.2 107 93 2.8

2 Exposed during or before (N =90) or before only (N =17).

Table 5. Birthweight by gestational age and exposure status.
(95% Cl=95% confidence interval of the difference)

Birthweight
Gestational age N Mean Differ g50, ¢
ence
(g) ) ()]
<37 weeks
Unexposed births 48 2857
Exposed births 23 2667 191 —400—18
38—39 weeks
Unexposed births 69 3306
Exposed births 29 319g 108 27862
40 weeks
Unexposed births 131 3361
Exposed births 45 3430 89 -G08
=41 weeks
Unexposed births 41 3517
Exposed births 10 3403 -114 —433—205

a Ditference between mean birthweight among the exposed and unex-
posed births.

Table 6. Relationships between birthweight and selected vari-

ables adjusted for gestational age.

Number

: Estimate 95% Ci
R

isk factors bighs Be for B
Height of the mother
cm) 410 8.5 1.8—15.3
Weight of the mother
(kg) 404 55 1.6—9.5
Body mass index
of the mother
(kg - cm—2) - 104 404 10.2 -0.6—20.9
Mother's age at
delivery (year) 410 8.7 ~1.7—19.0
Parity 410 116.8 67.3—166.4
Genderb 410 -155.7 —236.7—-74.7
Smoking during
pregnancy 401 -101.3 —232.7—30.1
Formaldehyde
exposuret 348 334 —118.0—185.2
Anesthetic exposurec 388 727 —240.1—385.6
Positiond 410 325 —49.9—115.0

@

Slopes are given in grams per unit of risk factors; for instance, the aver-
age birthweight is increased by 8.5 g for each additional centimeter
of height of the mother.

b 1=male, 2=female.

¢ 1=never exposed, 2 =exposed before or during pregnancy.

d 1 =nurses and head nurses, 2 =nurses aides.

ond, and third powers of gestational age into the re-
gression equations (30). A child small for its deliv-
ery date was defined by reference to the 10th per-
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centile birthweight in a representative national sam-
ple of 20 000 births in France in 1976, for which gen-
der and gestational age were taken into account (31).

Results

The mean birthweight for the 413 infants whose
birthweights were available was 3265 [standard er-
ror (SE) 24] g. Of the 407 whose gestational ages
were known, 9.6% were small for their delivery date.

Table 4 shows the relationship between cytostat-
ic exposure and mean birthweight, with no allowance
for gestational age. It indicates that the mean birth-
weight was lower, but not significantly so, for infants
of exposed mothers (exposed-unexposed: -85 g, 95%
CI -192.2—22.2 g). The period of gestation was
slightly shorter for the exposed births. The frequen-
cy of babies small for their delivery date was not sig-
nificantly different in the two groups.

To take account of gestational age, we divided the
length of gestation into four categories (<37, 38—
39, 40, and 241 weeks). Comparisons of the mean
birthweights of the exposed and unexposed infants
in each of these categories revealed no significant
differences; and adjustment for gestational age did
not modify the result. Nonetheless the mean birth-
weight was generally lower for the exposed pregnan-
cies (table 5).

The relationships between birthweight, adjusted
for gestational age, and known risk factors, each con-
sidered separately, are given in table 6. Birthweight
was significantly related to parity, gender, and the
mother’s height and weight at the time of the study,
but not to her age at delivery. The statistical rela-
tionship with her body mass index was of borderline
significance (P =0.06). The mean birthweight was
lower when the mother had smoked during pregnan-
cy, but not significantly so (P = 0.13). Occupational
risk factors such as exposure to formaldehyde or an-
esthesia were also tested and showed no significant
relationship with birthweight. Finally, we compared
the mean birthweight of the nurses’ offspring and that
of the infants of the nurse’s aides; we found no sig-
nificant difference between the two.

For those women with a parity of more than 1, we
tested the relationships between the birthweight of
the infant in question and that of the preceding birth,



the interval since the preceding pregnancy, and its
outcome. Each of these risk factors was tested sep-
arately with the regression model. Only the birth-
weight of the preceding infant was significantly
linked to that of the birth in question.

Using a model of multiple regression that included
gestational age, body mass index, mother’s age at
delivery, parity, cigarette consumption, and the in-
fant’s gender, we analyzed the relationship between
birthweight and cytostatic exposure and found that
it was not statistically significant. The difference in
the mean birthweight between the exposed and un-
exposed pregnancies, given by Bi in the final multi-
ple regression, was —56.0 (95% CI -155.1—43.1) g
(table 7). On the other hand, gestational age, parity,
and gender were significantly associated with birth-
weight (table 7). In a second model, restricted to the
126 women with a parity over 1, we also considered
the previous infant’s birthweight. The results showed
that the risk factors significantly related to birth-
weight were gestational age, gender, and the previ-
ous infant’s birthweight; exposure to cytostatic drugs
was not significantly associated with a decrease in
birthweight (Bi = -31.6 g, 95% CI -184.5—121.3 g).

To take into account the nonindependence of mul-
tiple pregnancies to the same woman, we also con-
sidered all 224 first births in our population. Using
the same model of multiple regression, but exclud-
ing parity as a potential risk factor, we found no re-
lationship between cytostatic drugs and low birth-
weight (Bi =-99.0 g, 95% CI —239.2—41.2 g). Final-
ly, statistical analysis was carried out again, this time
excluding the 17 pregnancies for which exposure had
taken place before pregnancy only. We thus consid-
ered 90 births exposed during pregnancy and 298
never exposed. Again, cytostatic exposure did not
appear to be a statistically significant risk factor for
reduced birthweight (Bi =-29.8 g, 95% CI -134.1—
74.6 g), whereas gestational age, parity, and gender
were.

Discussion

In this study of a group of nurses, we examined the
association between handling cytostatic drugs dur-
ing or before pregnancy and the birthweight of live
singleton infants. The mean birthweight of the infants
of the exposed mothers was lower than that of the
offspring of the unexposed mothers, but the differ-
ence was not statistically significant. Adjustment for
gestational age did not modify these results, nor did
the percentage of babies defined as small for their
delivery date differ significantly between the two
groups.

Kramer (16) reviewed risk factors for lowered
birthweight, including the mother’s pregnancy height
and weight, her parity, the baby’s gender, and the
weight of the preceding child. The last factor was sig-
nificantly correlated with birthweight in this study.
The mother’s age at delivery was not so correlated,
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Table 7. Relationship between birthweight and selected vari-
ables adjusted for the different risk factors considered simul-
taneously.2 (95% Cl =95% confidence interval)

Risk factors Estimate 95% ClI

(N =384) B2 of B;
Body mass index

(kg - cm—2) - 10¢ 35 —-7.4—144
Mother's age at delivery (years) 36 -7.9—151
Smoking during pregnancy -107.7 —240.8—25.4
Parity 84.5 23.4—145.5
Gender® ~134.3 -216.8——-51.9
Cytostatic exposurec —56.0 —155.1—43.1

2 Slopes are given in grams per unit of risk factors.
° 1=male, 2=female.
¢ 1=never exposed, 2 =exposed before or during pregnancy.

probably because the mothers in our group were rel-
atively homogeneous with respect to age, few of
them belonging to the age groups at higher risk (< 20
years or > 35 years). The offspring of women who
smoked during pregnancy had a mean birthweight
that was 100 g lower than that of infants of women
who did not (95% CI -240—25.4 g). The interval
between the delivery and the interview date was
twice as great for the unexposed births as for those
exposed. This result is partly due to the definition
of exposure. Once a woman had worked in an ex-
posed unit, any pregnancy was deemed exposed,
even if she was no longer working in such a unit at
the time of the pregnancy; the exposed pregnancies
were consequently more recent than the unexposed
ones. Since the relationship between birthweight and
time elapsed since pregnancy was not significant, the
latter cannot be considered a confounding factor.

Some authors have shown that heavy lifting and
related, physically taxing work during pregnancy can
decrease mean birthweight (21—23). No information
in our questionnaire permitted us to take this risk fac-
tor into account in the statistical analysis. Utilizing
the mother’s occupation when pregnant (nurses ver-
sus nurse’s aides) as a surrogate factor, we found no
significant relationship between maternal occupation
and mean birthweight. The results were not altered
when the nurse’s aides were excluded from the anal-
ysis. Thus it is unlikely that heavy lifting was a con-
founding factor.

The exposed units selected for study had a rela-
tively high level of cytostatic drug exposure. Each
nurse prepared 18 perfusions per week. This level of
exposure is one which resulted in a spontaneous
abortion frequency twice as high for the exposed as
for the unexposed pregnancies (15). Forty percent of
the exposed pregnancies occurred to nurses working
in the selected exposed units when they became preg-
nant. The remaining 60% occurred when the subjects
were working in other units where cytostatic drugs
were regularly handled, at some time prior to our
study.

We paid particular attention to the problem of in-
formation bias. The questionnaires were completed
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during interviews. The study was presented to all of
the participants as a general investigation of repro-
ductive characteristics among hospital personnel,
with no particular risk factors to be considered; de-
partments as different as outpatient medical units and
inpatient oncology and cardiology units were in-
cluded; and the questionnaire addressed the param-
eters relating to previous pregnancies separately from
the subject’s occupational history. It is also relevant
to the issue of bias that our mean birthweight of
3265 g was very close to the 3311 g observed for a
representative sample of 20 000 births in France in
1976, the median year of the births in our study.

In all of the statistical analyses, we took into ac-
count gestational age either by using multiple regres-
sion or directly by reference to the birthweight used
to define infants small for their delivery date. Ad-
justments for conventional risk factors, including the
mother’s age, height, weight, tobacco consumption
during pregnancy, and the weight of any preceding
child, were assessed either separately or simulta-
neously by multiple regression analysis and did not
alter the final results. Nor did the exclusion of preg-
nancies exposed to either formaldehyde or anesthetic
agents modify the results. In addition, to allow for
the fact that multiple pregnancies occurring to the
same woman are not strictly independent, we sepa-
rately assessed first births only. Again, neither the
crude nor the adjusted relationships were modified.
Finally, because pooling births exposed either dur-
ing or before pregnancy may have diluted the rela-
tive risk, we carried out a separate statistical analy-
sis excluding the 17 pregnancies exposed before but
not during pregnancy. Again, neither the crude nor
the adjusted relationships were modified.

It was not technically possible to include subjects
who had once worked in the selected units but had
since left the hospital. This lack raises the question
of whether excluding the pregnancies of these wom-
en introduced a selection bias. Although some pub-
lished results indicate that a woman’s changing or
stopping work may be associated with pregnancy
outcome, it does not seem plausible that such a de-
cision would also be connected to cytostatic expo-
sure.

A recent Danish cohort study (29) investigated
leukemia and reproductive outcome among nurses
handling antineoplastic drugs. Comparing 286 ex-
posed pregnancies and 770 unexposed ones, the au-
thors found a nonsignificant decrease in mean birth-
weight (56 g) associated with exposure among nurses
handling cytostatic drugs during pregnancy, after
adjustment for gestational age, pregnancy order, and
gender. Although this result, like that of our study,
was nonsignificant, the similarity of the observed de-
crease is noteworthy. We considered exposure to
cytostatics as a whole because we were unable to
specify the particular drugs handled by the nurses in
our survey. Over varying periods of time, these
nurses dealt with the various combinations of cyto-
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static drugs required for treating different types of
cancer. Consequently, we would not have obtained
reliable information to assess exposure to each par-
ticular drug. Selevan (14) also concluded that it was
not possible to separate the effects of individual
drugs. Therefore our results do not rule out the pos-
sibility that one particular drug may affect birth-
weight. Similarly we had no information concerning
temporary work changes during pregnancy (ie, sick
leave or changes in assignments which might have
prevented or minimized exposure during pregnancy).
A link between exposure and such changes must be
considered unlikely, in view of the retrospectivity of
our data, and the occurrence of these pregnancies at
a time before a general awareness of the possible ef-
fects of cytostatic drugs on reproductive outcome.

In conclusion, this study found an adjusted mean
birthweight for infants of exposed mothers which
was 56 g lower than that of infants whose mothers
were not exposed, a difference which was not sta-
tistically significant. Although this result does not
seem to be explained by confounding factors or se-
lection bias, we believe that further investigations are
needed to elucidate the relationship between the han-
dling of cytostatic drugs during or before pregnan-
cy and birthweight.
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