RESEARCH

OBSTETRICS

www.AJOG.org

Occupational factors and risk of preterm birth in nurses

Christina C. Lawson, PhD; Elizabeth A. Whelan, PhD; Eileen N. Hibert, MA;
Barbara Grajewski, PhD; Donna Spiegelman, ScD; Janet W. Rich-Edwards, ScD

OBJECTIVE: We evaluated first-trimester exposures and the risk of
preterm birth in the most recent pregnancy of participants of the
Nurses’ Health Study I1.

STUDY DESIGN: Log binomial regression was used to estimate the
relative risk (RR) for preterm birth in relation to occupational risk fac-
tors, such as work schedule, physical factors, and exposures to chem-
icals and x-rays, adjusted for age and parity.

RESULTS: Part-time work (= 20 hours a week) was associated with a
lower risk of preterm birth [RR, 0.7; 95% confidence interval [CI], 0.6-
0.9]. Working nights was associated only with early preterm birth

(< 32 weeks of gestation) (RR, 3.0; 95% Cl, 1.4-6.2). Although based
on only 11 exposed preterm cases, self-reported exposure to sterilizing
agents was associated with an increased risk (RR, 1.9; 95% Cl,
1.1-3.4).

CONCLUSION: These data suggest that night work may be related to
garly but not late preterm birth, whereas physically demanding work
did not strongly predict risk.
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n the United States, more than 2.5 mil-

lion registered nurses are employed,
and approximately half of them are
women of reproductive age." Nurses work
in a unique occupational environment
that can require rotating and night shifts,
long hours, prolonged standing, heavy lift-
ing, and exposure to chemicals and x-ray
radiation. Several papers have reviewed the

* EDITORS’ CHOICE %

occupational exposures of health care
workers, suggesting that reproductive
health issues continue to be of concern to
nurses.”* Despite other advances in
obstetric care, the rate of preterm birth
in the United States has risen approxi-
mately 30% in the past 2 decades,” and
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preterm birth is 1 of the leading causes of
neonatal morbidity and mortality. We in-
vestigated the association between occupa-
tional exposures and the risk of preterm
delivery among participants of the Nurses’
Health Study IL.

MATERIALS AND METHODS

Study population

The Nurses’ Health Study II is a national
cohort study of 116,608 US female
nurses aged 25-42 years at enrollment,
established in 1989.”

Follow-up questionnaires are mailed
every 2 years. On the 2001 biennial ques-
tionnaire, participants were asked
whether they: (1) had a pregnancy since
1993; (2) worked as a nurse during the
most recent of these pregnancies; and (3)
would be willing to participate. An occu-
pational supplement was mailed to
women who answered yes to all 3 ques-
tions to assess occupational exposures
during the most recent pregnancy since
1993.°

0f 101,281 respondents to the 2001 bi-
ennial questionnaire, 11,177 (11%) had
at least 1 pregnancy since 1993 during
which they worked as a nurse. Of these
women, 9547 (85%) indicated willing-
ness to participate; 645 (6%) declined;
and 985 (9%) did not answer the ques-
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tion about the supplemental survey. Of
the 9547 women who were mailed the
supplemental questionnaire, 8461 re-
sponses were received (89%), resulting
in an overall participation rate of 76%.
The study was conducted in California,
Connecticut, Indiana, Iowa, Kentucky,
Massachusetts, Michigan, Missouri,
New York, North Carolina, Ohio, Penn-
sylvania, South Carolina, and Texas.

Women were excluded if their most
recent pregnancy ended in a spontane-
ous (n = 826) or induced (n = 147)
abortion, ectopic pregnancy (n = 62),
molar pregnancy (n = 13), multiple
pregnancy (n = 236 twin/triplet preg-
nancy), or stillbirth (n = 42). Pregnan-
cies with incomplete data were also ex-
cluded, such as missing data on
pregnancy outcome (n = 34), the year
the pregnancy ended (n = 10), or the
length of the pregnancy (n = 22).

In addition, women were excluded if
they reported working less than 1 hour
per week, on average, during the first tri-
mester (n = 54). Missing information
for hours worked, lifting, and standing
that resulted in missing cells for analysis,
also resulted in exclusion (n = 38). In
total, 1,484 women were excluded, leav-
ing 6977 women included in the analysis.
Because we collected data related to the
most recent pregnancy, only 1 preg-
nancy per woman was included.

Data collection

Trimester-specific occupational expo-
sures and activities included work sched-
ule (days only, evenings only, nights
only, rotating with nights, rotating with-
out nights, other/did not work); night
work (none, 1-2 nights/month, 3-4
nights/month, 2-3 nights/week, = 4
nights/week); and average hours worked
per week during each trimester (none,
1-20 hours/week, 21-40 hours/week,
41-60 hours/week, = 61 hours/week).
Night shift was defined as most of work
hours falling between midnight and 8:00
AM. Because relatively few women
worked 61 or more hours per week (n =
33), we combined this group with the
women who worked 41-60 hours per
week. We combined the work schedule
data with information about night shifts
to form the following mutually exclusive

categories: days only (reference), days/
evenings with no nights, rotating shifts
with nights, and nights only.

Other occupational data included how
often during the average day the respon-
dent lifted 25 pounds or more at work
(never, 1-5 times/day, 6-15 times/day,
16-30 times/day, or 31 or more times/
day); hours per day of standing or walk-
ing at work (< 1 hour/day, 1-4 hours/
day, 5-8 hours/day, or = 9 hours/day);
and hours per day of exposure to anes-
thetic gases, antineoplastic drugs, antivi-
ral drugs, sterilizing agents, or x-ray ra-
diation (0, 1-4, 5-8, or = 9 hours).
Because first-trimester exposures pre-
dated both pregnancy complications
that might affect gestation length and the
outcome of preterm birth, we used data
from the first trimester as our primary
time period of interest.

Data on risk factors for preterm birth,
such as previous preterm deliveries, ges-
tational high blood pressure or pre-
eclampsia (toxemia), and trimester-spe-
cific data on smoking, caffeine, and
alcohol consumption were collected.
Spontaneous delivery and delivery in-
duced after “water broke but labor did
not progress” were classified as sponta-
neous births.

From the main biennial cohort ques-
tionnaire, data were available on ma-
ternal age, race/ethnicity, height and
weight, history of spontaneous abor-
tion, parity, and medication use.

Gestational age was collected categor-
ically as completed weeks since last men-
strual period (LMP) (< 8; 8-11; 12-19;
20-23; 24-27; 28-31; 32-36; 37-41
[term];and = 42). Preterm birth was de-
fined as a pregnancy ending before 37
completed weeks from LMP. These data
were collected categorically, and there-
fore, early preterm birth was defined as
20 to less than 32 weeks’ gestation.

Statistical analysis

Age-adjusted means and prevalence of
selected maternal characteristics were
calculated. We examined the relation-
ship between first-trimester work sched-
ule, physical factors, and exposure to
chemicals and x-rays and preterm birth
in univariate and multivariate analyses.
We first considered the associations of
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individual occupational exposures with
risk of preterm birth, adjusted for age,
and parity.

Our full multivariate model included
all work factors adjusted for each other
and age and parity. When lifestyle and
other factors, such as cigarette smoking,
coffee, soda, tea, and alcohol consump-
tion, and height or body mass index
(BMI) were included in the multivariate
model, no notable variation in the point
estimates of the occupational exposures
was observed, so these variables were not
included in the full multivariate models.

For exposure variables that were miss-
ing data, including reported exposure to
anesthetic gases, anticancer drugs, anti-
viral drugs, sterilizing agents, and x-ray
radiation, a “missing” indicator was cre-
ated and analyzed as a category within
each variable. To calculate trend, the
midpoint of each reporting category was
used to create continuous variables.

Because the parameter of interest in
these analyses is the risk ratio, we calcu-
lated the risk ratio directly using log bi-
nomial regression models, rather than
using the odds ratio to approximate
risk.” Relative risk estimates were com-
puted using PROC GENMOD in SAS
(SAS Institute, Cary, NC) with the bino-
mial distribution and log link."°

We modeled age as a continuous vari-
able. Parity was defined dichotomously
as ever or never having delivered a live-
born child.

The study was approved by the insti-
tutional review board of the Brigham
and Women’s Hospital.

RESULTS

Among 6977 pregnancies ending in sin-
gleton live births during which the
mother reported working as a nurse in
the first trimester, 588 (8%) delivered
before the 37th week from LMP. Of
those who reported preterm birth, 524
(89%) delivered between 32 and 36
weeks from LMP, 47 (8%) between 28
and 31 weeks, 15 (3%) between 24 and 27
weeks, and 2 (0.3%) between 20-23
weeks. Delivery was medically indicated
in 40% of the study pregnancies. The
prevalence of preterm birth was 9% for



spontaneous births and 8% for medically
indicated births.

Table 1 shows selected characteristics
of the study population during the first
trimester, including occupational expo-
sures, for pregnancies ending in preterm
birth and full-term birth, standardized
by maternal age. As expected, a lower
percentage of preterm birth mothers
were parous, and parous preterm birth
mothers were more likely to have a his-
tory of preterm birth in a previous
pregnancy.

Table 2 provides the estimated relative
risks for preterm birth for occupational
factors. In the reduced models, we ana-
lyzed each individual work factor sepa-
rately, adjusting for age and parity. The
full multivariate model included all work
factors together as well as age and parity.
Most occupational work exposures were
not associated with an elevated risk of
preterm birth, with a few exceptions de-
scribed in the following text.

Working rotating shifts or nights was
not associated with the risk of preterm
birth, overall. Women who reported
working part time (= 20 hours per week)
during the first trimester were 30% less
likely to have a preterm birth (risk ratio
[RR] for the full model, 0.7; 95% confi-
dence interval [CI], 0.6-0.9), compared
with women who worked 21-40 hours
per week. Although the test for trend was
statistically significant for hours worked
(P = .01), there was no association be-
tween working overtime (= 41 hours per
week) and risk of preterm birth. Heavy
lifting and prolonged standing or walk-
ing were moderately associated with the
risk of preterm birth in the reduced
models but not in the full model.

Although the study was based on few
exposed women, nurses who reported
exposure to sterilizing agents for 5 or
more hours per day had a near doubling
in risk of preterm birth, compared with
women exposed to less than 1 hour per
day, even after adjusting for other occu-
pational factors in the full model (RR,
1.9; 95% CI, 1.1-3.4; test for trend P =
.04) (Table 2). Self-reported exposure to
anesthetic gases and x-ray radiation were
not associated with preterm birth in the
full model. Similarly, no association with
preterm birth was observed for self-re-

Obstetrics

Characteristics of participants during the first trimester of pregnancy

Characteristic

Preterm delivery

Full-term

n =588 %*

n = 6389 %?

Maternal age, y, mean, range (SD)

36.5, 29-47 (3.4)

36.4, 29-50 (3.4)

Maternal age categories, y

=30 15 2.6 170 2.7
31-35 218 37.1 2496 39.1
36-40 289 49.2 2941 46.0
=40 66 1.2 782 12.2

Mean prepregancy BMI, range (SD)P

24.3,17-48 (5.0)

24.2,15-50 (4.8)

Mean height (inches), range (SD)

65.0, 52-72 (2.7)

65.0, 50-83 (2.6)

Race
Asian 13 2.3 109 1.7
African American 8 1.4 38 0.6
Caucasian 538 91.4 5939 93.0
Hispanic 10 1.7 94 1.5
Other 8 1.3 98 1.5
Missing 11 1.9 111 1.7
Parous 427 72.7 5304 83.0
Previous preterm delivery® 175 42.0 535 10.3
First-trimester lifestyle exposures
= 2 cups caffeinated coffee per 56 9.4 658 10.3
day®
= 2 cups caffeinated soda or tea 70 11.9 685 10.7
per day®
= 1 alcoholic beverage per week® 33 5.6 302 4.7
Smoked cigarettes 40 6.8 370 5.8
First-trimester work schedule
Shift
Days only 409 69.4 4330 67.8
Nights only 52 8.9 544 8.5
Rotating shifts including nights 35 6.0 417 6.5
Evenings or day/evening 91 15.5 1078 16.9
rotating, no nights
Missing 1 0.2 20 0.3
Hours worked (h/wk)
1-20 101 17.3 1665 26.1
21-40 371 63.1 3642 57.0
=41 116 19.7 1082 16.9

Lawson. Occupational factors and risk of preterm birth in nurses. Am J Obstet Gynecol 2009.

ported exposure to anticancer or antivi-
ral drugs (data not shown). Data from
the second and third trimesters showed
similar results.

(continued )

Because preterm birth can result from
medically indicated delivery, we con-
ducted a subanalysis that excluded the
227 preterm births that were not sponta-
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TABLE 1

Characteristics of participants during the first

trimester of pregnancy (continued)

Preterm delivery Full-term
Characteristic n = 588 %2 n = 6389 %
First-trimester physical work demands
Lifting (times/d)’
<1 208 35.4 2411 37.7
1-5 239 40.7 2586 40.5
6-15 105 17.9 1126 17.6
=16 36 6.1 266 4.2
Standing (h/d)
0-4 168 28.6 2031 31.8
5-8 269 45.6 3035 47.5
=9 151 25.8 1323 20.7
First-trimester chemical and x-ray exposures
Anesthetic gases (h/d)
<A1 524 89.1 5843 91.5
1-4 23 3.9 217 34
=5 39 6.6 312 4.9
Missing 2 0.3 17 0.3
Anticancer drugs (h/d)
<A1 566 96.3 6122 95.8
=1 22 3.7 248 3.9
Missing 0 0 19 0.3
Antiviral drugs (h/d)
<A1 556 94.5 5986 93.7
=1 30 5.2 360 5.6
Missing 2 0.3 43 0.7
Sterilizing agents (h/d)
<1 521 88.6 5841 91.4
1-4 45 7.6 408 6.4
=5 11 1.9 50 0.8
Missing 11 1.9 90 1.4
X-ray radiation (h/d)
<A1 486 82.8 5465 85.5
=1 96 16.2 879 13.8
Missing 6 1.0 45 0.7

2 Percentages of all variables except for age, BMI, and height are directly standardized by year of age at pregnancy. ® BMI
(kilograms per square meter) prior to the pregnancy. © Among women with a previous pregnancy lasting at least 20 weeks.
4 Servings of caffeinated beverages = 8 oz coffee, 12 0z soda, 8 0z hot tea, 16 0z iced tea. © Servings of alcoholic beverages
= 12 oz beer, 6 0z wine, 1 oz liquor. " Lifting refers to lifting or moving a physical load of 25 pounds or more, including

repositioning or transferring patients.

Lawson. Occupational factors and risk of preterm birth in nurses. Am J Obstet Gynecol 2009.
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neous deliveries (Table 2). The associa-
tion between 9 or more hours of stand-
ing and risk of preterm birth was
somewhat more pronounced and still of
borderline statistical significance. The
effect of sterilizing agents on the risk of
preterm birth was attenuated, although
based on only 6 exposed cases of preterm
birth. All other results were similar to
our main analysis.

We conducted a subanalysis of the 64
cases that were born before 32 weeks’ ges-
tation, using continuous variables (the
midpoint of each category) for hours
worked; times lifted; and hours of expo-
sure to standing, sterilizing agents, anes-
thetic gases, and x-rays. Women who re-
ported working nights had a significant
increase in risk of early preterm delivery
(RR, 3.0; 95% CI, 1.4-6.2), after adjusting
for age, parity, and other work factors. The
results showed no association with narrow
confidence intervals for hours worked, lift-
ing, and standing, and no association with
wider confidence intervals for reported ex-
posure to sterilizing agents, anesthetic
gases, and x-rays (results not shown).

Although controlling for hypertensive
disorders did not materially change the
relative risks associated with the occupa-
tional factors, maternal high blood pres-
sure/toxemia was associated with an in-
creased risk for preterm birth (RR, 2.2;
95% CI, 1.8-2.6).

A stratified analysis by history of pre-
vious preterm birth among parous
women (n = 5603, after exclusions for
missing data) revealed a higher percent-
age of preterm birth in those with a pre-
vious preterm birth (25% vs 5%), as ex-
pected (data not shown). However,
associations of occupational exposures
with risk of preterm birth were similar
between the 2 groups.

Although not statistically significant,
the only notable difference was that
women with a previous preterm birth
who worked more than 40 hours per
week had a 30% increased risk for cur-
rent preterm birth, compared with
women who worked 21-40 hours (RR,
1.3;95% CI, 1.0-1.8). In contrast, parous
women with no history of prior preterm
birth had no increased risk associated
with working long hours.
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TABLE 2

Association between first trimester work factors and preterm delivery, adjusted for age and parity

Risk ratio (95% confidence interval)

Full model, excluding medically

First-trimester occupational factors Reduced models? Full model® indicated preterm births®
Shift
Days only (reference) 1.0 1.0 1.0
Rotating day/evening (no nights) 1.0(0.8-1.2) 1.0 (0.8-1.3) 1.0(0.7-1.3)
Nights only 1.1(0.8-1.4) 1.0 (0.8-1.4) 1.1 (0.8-1.5)
Rotating shifts including nights 0.9(0.7-1.3) 0.8 (0.6-1.2) 0.7 (0.5-1.1)
Hours worked (h/wk)
1-20 0.7 (0.5-0.8) 0.7 (0.6-0.9) 0.7 (0.6-1.0)
21-40 (reference) 1.0 1.0 1.0
=4 1.0 (0.8-1.2) 1.0(0.8-1.2) 1.0 (0.8-1.4)
Pfor trend® .003 .01 .04
Lifting (times/d)®
<1 (reference) 1.0 1.0 1.0
1-5 1.1(0.9-1.3) 1.0(0.8-1.2) 1.1(0.8-1.4)
6-15 1.1(0.9-1.4) 1.0(0.7-1.2) 1.0(0.7-1.4)
=16 1.5(1.1-2.1) 1.2(0.9-1.7) 1.2 (0.8-2.0)
Pfor trend® .02 3 2
Standing or walking (h/d)
0-4 0.9(0.8-1.1) 0.9(0.8-1.2) 1.0(0.7-1.2)
5-8 (reference) 1.0 1.0 1.0
=9 1.3 (1.0-1.5) 1.2 (1.0-1.5) 1.3(1.0-1.7)
P for trend® .03 2 .09
Anesthetic gases (h/d)f
< 1 (reference) 1.0 1.0 1.0
1-4 1.2(0.8-1.8) 1.1(0.8-1.7) 1.2 (0.7-2.0)
=5 1.3(1.0-1.8) 1.1(0.8-1.6) 1.2(0.8-1.9)
P for trend® .07 6 4
Sterilizing agents (h/d)’
< 1 (reference) 1.0 1.0 1.0
1-4 1.2 (0.9-1.6) 1.1(0.8-1.5) 1.1(0.7-1.6)
=5 2.2 (1.3-3.7) 1.9(1.1-3.4) 1.7 (0.7-3.8)
P for trend® .003 .04 2

Lawson. Occupational factors and risk of preterm birth in nurses. Am J Obstet Gynecol 2009.

(continued )

We did not collect information on so-
cioeconomic status at the time of the
pregnancy, although adjustment for the
following variables collected on the bien-
nial questionnaires did not change our
results: annual household income, hus-
band’s or partner’s education, or
whether the nurse was ever married.

COMMENT
In this large cohort of nurses, women who

worked part time had a lower risk of deliv-
ering preterm, although there was not a
clear dose-response relationship with
overtime hours. Nurses who worked night
shift had a 3-fold risk of delivering early
preterm (< 32 weeks) but not with later

preterm (32-36 weeks). The risk of pre-
term birth was moderately associated
with reported exposure to sterilizing
agents; however, because there were few
exposed women, this finding should
be interpreted cautiously. Prolonged
standing and heavy lifting were weak pre-
dictors of preterm birth, whereas other

JANUARY 2009 American Journal of Obstetrics & Gynecology 51.€5
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Association between first trimester work factors and preterm delivery, adjusted for age and parity (continued)

Risk ratio (95% confidence interval)

Full model, excluding medically

First-trimester occupational factors Reduced models?® Full model® indicated preterm births®
X-ray radiation (h/d)"

< 1 (reference) 1.0 1.0 1.0

=1 1.2 (1.0-1.5) 1.0 (0.8-1.3) 1.0(0.7-1.3)

P for trend® 4 5 4

2 These models test associations for each work factor separately, adjusted for age and parity. ® In this model each work factor was adjusted for the remaining work factors as well as age and
parity. © Excluded 216 medically indicated preterm births as well as 11 preterm births with missing information or type of delivery. @ To test for trend in the reduced models, the work factor
was modeled continuously, adjusting for age and parity. In the full model, each work factor was modeled continuously and adjusting for the remaining categorical work factors, age, and parity.
€ Lifting refers to lifting or moving a physical load of 25 pounds or more, including repositioning or transferring patients. * Categories for missing data are included in the analysis for these

variables; data not shown.

Lawson. Occupational factors and risk of preterm birth in nurses. Am J Obstet Gynecol 2009.

work exposures common to nurses were
not related, including rotating shift work,
x-ray radiation, or other chemical
exposures.

Strengths and weaknesses

Our study is limited by the self-re-
ported nature of our data collection.
Nurses are well-educated health pro-
fessionals, however, who are presum-
ably more sensitized to health events
than the general population. More-
over, the recall period was relatively
short (= 8 years). Several validation
studies have shown that Nurses’ Health
Study participants self-report health
data accurately, including current and
past body habitus, ovulatory infertility,
surgical menopause, hypertension, hy-
perlipidemia, and other factors.”'!"**
There is still potential for recall bias
because of the assessment of pregnancy
outcome and occupational exposures
on the same questionnaire, particu-
larly with regard to exposures that may
be regarded as hazardous, such as ster-
ilizing agents or antineoplastic drugs.
The fact that we observed associations
for some, but not all, exposures, how-
ever, argues against a blanket recall
bias.

Compared with the previous studies
we reviewed, our study has a higher sam-
ple size than most, allowing for multivar-
iate analyses of several exposure out-
come relationships. Another strength of
this study is that by examining a national
sample of US nurses, socioeconomic

variability and differences in working
conditions were minimized and the like-
lihood of working rotating or night shifts
was increased, as compared with other
studies of women working in heteroge-
neous occupations.

One other previous study examined a
national sample of US nurses,'® similar
to our study in that it was retrospective
with a self-administered questionnaire.
However, their study was a case-control
design, and our study had more preterm
cases (588 vs 210), had a higher partici-
pation rate than their study (76% vs
42%), and we were able to adjust each
occupational exposure for other occupa-
tional risk factors. That study showed
positive associations between preterm
and shift work, hours spent standing,
physical exertion, and long working
hours, although comparison with our
study is not straightforward because that
study presented only unadjusted results
for shift work, physical exertion, and
standing, and our study combined walk-
ing and standing."

We did not collect information on
the specific sterilizing agents or other
chemicals to which the nurses in our
study were exposed, and we have no
information on what protective mea-
sures may have been used to limit ex-
posure. The maternal age range should
be noted in that these results may not
be generalizable to women under the
age of 29 years. Because of these limi-
tations and because there is a dearth of

51.e6 American Journal of Obstetrics & Gynecology JANUARY 2009

published studies to support our find-
ings on sterilizing agents and other
chemical exposures and preterm birth,
we recommend a cautious interpreta-
tion until future studies can examine
these relationships more thoroughly.

A pilot study is currently underway to
assess the feasibility of conducting a web-
based cohort study of younger nurses
that will collect detailed prenatal occu-
pational exposure data to allow prospec-
tive examination of occupational expo-
sures and pregnancy outcomes.

It is possible that there was a healthy
worker survivor effect in our study, in
that women who had healthier pregnan-
cies were more able to perform heavy
lifting or prolonged standing through-
out their pregnancies. We tried to mini-
mize this effect by analyzing data on oc-
cupational exposures during the first
trimester, so that bed rest or other re-
strictions would be less likely to have re-
sulted in under-reporting of occupa-
tional exposures.

The overall prevalence of preterm
birth among singleton pregnancies in
our study is similar to the US national
prevalence (1993-2001) among women
of similar age and race.'® Established risk
factors related to preterm birth include
infection, inflammation, multiple births,
hypertension, low prepregnancy BMI,
the extremes of maternal age, incompe-
tent cervix, history of prior preterm
birth, and cigarette smoking.'”'® In our
study we were able to account for all of



these risk factors except infection, in-
flammation, and incompetent cervix. It
seems unlikely that these factors would
have varied by exposure group.

Strengths and weaknesses

in relation to other studies

The lack of a strong association between
physical work demands and risk of pre-
term birth in this study is consistent with
most previous studies, including a recent
metaanalysis.'>"'*~*° The mechanisms by
which heavy lifting and prolonged
standing might increase the risk for pre-
term birth are unclear but may be related
to increased intraabdominal pressure®'
or compressed pelvic vessels and a re-
duction in venous blood flow.>

Our finding of an increased risk of
early preterm with night work is consis-
tent with the results of our previous anal-
ysis of spontaneous abortion, in which
we report a 60% increased risk of spon-
taneous abortion in nurses who worked
nights.® Because we saw no increased risk
for later preterm birth (32-36 weeks)
among rotating shift or night workers, it
is possible that night work affects earlier
pregnancy outcomes. Results from previ-
ously published studies vary with respect
to shift work, with relative risks ranging
from 0.7 to 5.6 for night or rotating shift
work; differences are possibly due to in-
consistent definitions of work schedule
and insufficient sample sizes in the night or
shift work categories.**>%%>%33-35

Although there was a statistically signif-
icant trend for working hours (P = .01), it
is possible that a threshold effect occurred
at 20-40 hours. Long working hours are re-
lated to increased stress and fatigue be-
cause of less time to recover from
work.’**” Although the categorical defini-
tions of hours worked per week varied,
previous studies showed modest, if any,
increases in risk, and most failed to show a
dose-response relationship,'222%% ex-
cept 1 study of US nurses."”

Our findings of an increased risk of
preterm birth from reported exposure to
sterilizing agents is based on few exposed
women and could have been subjected to
recall bias and therefore should be inter-
preted cautiously. Our questionnaire
listed glutaraldehyde, formaldehyde,
and ethylene oxide as examples of steril-

izing agents. These chemicals, in addi-
tion to orthophthalaldehyde, peracetic
acid, and hydrogen peroxide, are used to
sterilize medical equipment and surgical
instruments.

The majority of nurses in our study
who reported exposure to sterilizing
agents worked as operating room/surgi-
cal nurses. In a previous study, dental
assistants exposed to ethylene oxide
were at an increased risk of preterm
birth (age-adjusted RR, 2.7; 95% CI, 0.8-
8.8).°® That study had several limita-
tions, however, including few exposed
pregnancies and lack of power to adjust
for major confounders, such as parity.
Thus, the effect of sterilant exposure on
preterm birth deserves more attention in
future studies. Although our study
showed no effect on preterm birth for
reported exposure to antineoplastic
drugs, these medications are recognized
genotoxic and carcinogenic chemicals®
with well-characterized adverse repro-
ductive effects.”

In summary, our study found that
shift work and physical factors were not
strong predictors of preterm birth, and
part-time work was inversely associated
with preterm birth. Nurses who worked
nights, however, had a 3-fold higher risk
of delivering before 32 weeks’ gestation.
A suggestive new finding is the associa-
tion between reported exposure to ster-
ilizing agents and preterm birth. This
finding, however, is based on few ex-
posed cases, and future research is
needed to confirm the association.
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