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ccupational factors and risk of preterm birth in nurses
hristina C. Lawson, PhD; Elizabeth A. Whelan, PhD; Eileen N. Hibert, MA;
arbara Grajewski, PhD; Donna Spiegelman, ScD; Janet W. Rich-Edwards, ScD
BJECTIVE: We evaluated first-trimester exposures and the risk of
reterm birth in the most recent pregnancy of participants of the
urses’ Health Study II.

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

ESULTS: Part-time work (� 20 hours a week) was associated with a
ower risk of preterm birth [RR, 0.7; 95% confidence interval [CI], 0.6-
� 32 weeks of gestation) (RR, 3.0; 95% CI, 1.4-6.2). Although based
n only 11 exposed preterm cases, self-reported exposure to sterilizing
gents was associated with an increased risk (RR, 1.9; 95% CI,
.1-3.4).

ONCLUSION: These data suggest that night work may be related to
arly but not late preterm birth, whereas physically demanding work
id not strongly predict risk.

ey words: nurses, occupational exposure, pregnancy, preterm birth,

.9]. Working nights was associated only with early preterm birth work schedule tolerance

ite this article as: Lawson CC, Whelan EA, Hibert EN, et al. Occupational factors and risk of preterm birth in nurses. Am J Obstet Gynecol 2009;200;51.e1-51.e8.

n the United States, more than 2.5 mil-
lion registered nurses are employed,

nd approximately half of them are
omen of reproductive age.1 Nurses work

n a unique occupational environment
hat can require rotating and night shifts,
ong hours, prolonged standing, heavy lift-
ng, and exposure to chemicals and x-ray
adiation. Several papers have reviewed the

occupational exposures of health care
workers, suggesting that reproductive
health issues continue to be of concern to
nurses.2-4 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,5 and

preterm birth is 1 of the leading causes of
neonatal morbidity and mortality.6 We in-
vestigated the association between occupa-
tional exposures and the risk of preterm
delivery among participants of the Nurses’
Health Study II.

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 1989.7

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
1993.8

Of 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;
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5

ion about the supplemental survey. Of
he 9547 women who were mailed the
upplemental questionnaire, 8461 re-
ponses were received (89%), resulting
n an overall participation rate of 76%.
he study was conducted in California,
onnecticut, Indiana, Iowa, Kentucky,
assachusetts, Michigan, Missouri,
ew York, North Carolina, Ohio, Penn-

ylvania, South Carolina, and Texas.
Women were excluded if their most

ecent pregnancy ended in a spontane-
us (n � 826) or induced (n � 147)
bortion, ectopic pregnancy (n � 62),
olar pregnancy (n � 13), multiple

regnancy (n � 236 twin/triplet preg-
ancy), or stillbirth (n � 42). Pregnan-
ies with incomplete data were also ex-
luded, such as missing data on
regnancy outcome (n � 34), the year
he pregnancy ended (n � 10), or the
ength of the pregnancy (n � 22).

In addition, women were excluded if
hey reported working less than 1 hour
er week, on average, during the first tri-
ester (n � 54). Missing information

or hours worked, lifting, and standing
hat resulted in missing cells for analysis,
lso resulted in exclusion (n � 38). In
otal, 1,484 women were excluded, leav-
ng 6977 women included in the analysis.
ecause we collected data related to the
ost recent pregnancy, only 1 preg-

ancy per woman was included.

ata collection
rimester-specific occupational expo-

ures and activities included work sched-
le (days only, evenings only, nights
nly, rotating with nights, rotating with-
ut nights, other/did not work); night
ork (none, 1-2 nights/month, 3-4
ights/month, 2-3 nights/week, � 4
ights/week); and average hours worked
er week during each trimester (none,
-20 hours/week, 21-40 hours/week,
1-60 hours/week, � 61 hours/week).
ight shift was defined as most of work
ours falling between midnight and 8:00
M. Because relatively few women
orked 61 or more hours per week (n �
3), we combined this group with the
omen who worked 41-60 hours per
eek. We combined the work schedule
ata with information about night shifts

o form the following mutually exclusive W

1.e2 American Journal of Obstetrics & Gynecolog
ategories: days only (reference), days/
venings with no nights, rotating shifts
ith nights, and nights only.
Other occupational data included how

ften during the average day the respon-
ent lifted 25 pounds or more at work
never, 1-5 times/day, 6-15 times/day,
6-30 times/day, or 31 or more times/
ay); hours per day of standing or walk-

ng at work (� 1 hour/day, 1-4 hours/
ay, 5-8 hours/day, or � 9 hours/day);
nd hours per day of exposure to anes-
hetic gases, antineoplastic drugs, antivi-
al drugs, sterilizing agents, or x-ray ra-
iation (0, 1-4, 5-8, or � 9 hours).
ecause first-trimester exposures pre-
ated both pregnancy complications
hat might affect gestation length and the
utcome of preterm birth, we used data
rom the first trimester as our primary
ime period of interest.

Data on risk factors for preterm birth,
uch as previous preterm deliveries, ges-
ational high blood pressure or pre-
clampsia (toxemia), and trimester-spe-
ific data on smoking, caffeine, and
lcohol consumption were collected.
pontaneous delivery and delivery in-
uced after “water broke but labor did
ot progress” were classified as sponta-
eous births.
From the main biennial cohort ques-

ionnaire, data were available on ma-
ernal age, race/ethnicity, height and
eight, history of spontaneous abor-

ion, parity, and medication use.
Gestational age was collected categor-

cally as completed weeks since last men-
trual period (LMP) (� 8; 8-11; 12-19;
0-23; 24-27; 28-31; 32-36; 37-41
term]; and � 42). Preterm birth was de-
ned as a pregnancy ending before 37
ompleted weeks from LMP. These data
ere collected categorically, and there-

ore, early preterm birth was defined as
0 to less than 32 weeks’ gestation.

tatistical analysis
ge-adjusted means and prevalence of

elected maternal characteristics were
alculated. We examined the relation-
hip between first-trimester work sched-
le, physical factors, and exposure to
hemicals and x-rays and preterm birth
n univariate and multivariate analyses.
e first considered the associations of p

y JANUARY 2009
ndividual occupational exposures with
isk of preterm birth, adjusted for age,
nd parity.

Our full multivariate model included
ll work factors adjusted for each other
nd age and parity. When lifestyle and
ther factors, such as cigarette smoking,
offee, soda, tea, and alcohol consump-
ion, and height or body mass index
BMI) were included in the multivariate
odel, no notable variation in the point

stimates of the occupational exposures
as observed, so these variables were not

ncluded in the full multivariate models.
For exposure variables that were miss-

ng data, including reported exposure to
nesthetic gases, anticancer drugs, anti-
iral drugs, sterilizing agents, and x-ray
adiation, a “missing” indicator was cre-
ted and analyzed as a category within
ach variable. To calculate trend, the
idpoint of each reporting category was

sed to create continuous variables.
Because the parameter of interest in

hese analyses is the risk ratio, we calcu-
ated the risk ratio directly using log bi-
omial regression models, rather than
sing the odds ratio to approximate
isk.9 Relative risk estimates were com-
uted using PROC GENMOD in SAS
SAS Institute, Cary, NC) with the bino-
ial distribution and log link.10

We modeled age as a continuous vari-
ble. Parity was defined dichotomously
s ever or never having delivered a live-
orn child.
The study was approved by the insti-

utional review board of the Brigham
nd Women’s Hospital.

ESULTS

mong 6977 pregnancies ending in sin-
leton live births during which the
other reported working as a nurse in

he first trimester, 588 (8%) delivered
efore the 37th week from LMP. Of
hose who reported preterm birth, 524
89%) delivered between 32 and 36
eeks from LMP, 47 (8%) between 28

nd 31 weeks, 15 (3%) between 24 and 27
eeks, and 2 (0.3%) between 20-23
eeks. Delivery was medically indicated

n 40% of the study pregnancies. The

revalence of preterm birth was 9% for
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pontaneous births and 8% for medically
ndicated births.

Table 1 shows selected characteristics
f the study population during the first
rimester, including occupational expo-
ures, for pregnancies ending in preterm
irth and full-term birth, standardized
y maternal age. As expected, a lower
ercentage of preterm birth mothers
ere parous, and parous preterm birth
others were more likely to have a his-

ory of preterm birth in a previous
regnancy.
Table 2 provides the estimated relative

isks for preterm birth for occupational
actors. In the reduced models, we ana-
yzed each individual work factor sepa-
ately, adjusting for age and parity. The
ull multivariate model included all work
actors together as well as age and parity.

ost occupational work exposures were
ot associated with an elevated risk of
reterm birth, with a few exceptions de-
cribed in the following text.

Working rotating shifts or nights was
ot associated with the risk of preterm
irth, overall. Women who reported
orking part time (� 20 hours per week)
uring the first trimester were 30% less

ikely to have a preterm birth (risk ratio
RR] for the full model, 0.7; 95% confi-
ence interval [CI], 0.6-0.9), compared
ith women who worked 21-40 hours
er week. Although the test for trend was
tatistically significant for hours worked
P � .01), there was no association be-
ween working overtime (� 41 hours per
eek) and risk of preterm birth. Heavy

ifting and prolonged standing or walk-
ng were moderately associated with the
isk of preterm birth in the reduced
odels but not in the full model.
Although the study was based on few

xposed women, nurses who reported
xposure to sterilizing agents for 5 or
ore hours per day had a near doubling

n risk of preterm birth, compared with
omen exposed to less than 1 hour per
ay, even after adjusting for other occu-
ational factors in the full model (RR,
.9; 95% CI, 1.1-3.4; test for trend P �

04) (Table 2). Self-reported exposure to
nesthetic gases and x-ray radiation were
ot associated with preterm birth in the

ull model. Similarly, no association with

reterm birth was observed for self-re- s
orted exposure to anticancer or antivi-
al drugs (data not shown). Data from
he second and third trimesters showed

TABLE 1
Characteristics of participants duri

Characteristic

P

n

Maternal age, y, mean, range (SD)
...................................................................................................................

Maternal age categories, y
..........................................................................................................

� 30
..........................................................................................................

31-35 2
..........................................................................................................

36-40 2
..........................................................................................................

� 40
...................................................................................................................

Mean prepregancy BMI, range (SD)b
...................................................................................................................

Mean height (inches), range (SD)
...................................................................................................................

Race
..........................................................................................................

Asian
..........................................................................................................

African American
..........................................................................................................

Caucasian 5
..........................................................................................................

Hispanic
..........................................................................................................

Other
..........................................................................................................

Missing
...................................................................................................................

Parous 4
...................................................................................................................

Previous preterm deliveryc 1
...................................................................................................................

First-trimester lifestyle exposures
..........................................................................................................

� 2 cups caffeinated coffee per
dayd

..........................................................................................................

� 2 cups caffeinated soda or tea
per dayd

..........................................................................................................

� 1 alcoholic beverage per weeke

..........................................................................................................

Smoked cigarettes
...................................................................................................................

First-trimester work schedule
..........................................................................................................

Shift
.................................................................................................

Days only 4
.................................................................................................

Nights only
.................................................................................................

Rotating shifts including nights
.................................................................................................

Evenings or day/evening
rotating, no nights
.................................................................................................

Missing
...................................................................................................................

Hours worked (h/wk)
..........................................................................................................

1-20 1
..........................................................................................................

21-40 3
..........................................................................................................

� 41 1
...................................................................................................................

Lawson. Occupational factors and risk of preterm birth in
imilar results. 2

JANUARY 2009 Ameri
Because preterm birth can result from
edically indicated delivery, we con-

ucted a subanalysis that excluded the

the first trimester of pregnancy
erm delivery Full-term

588 %a n � 6389 %a

.5, 29-47 (3.4) 36.4, 29-50 (3.4)

..................................................................................................................

..................................................................................................................

2.6 170 2.7
..................................................................................................................

37.1 2496 39.1
..................................................................................................................

49.2 2941 46.0
..................................................................................................................

11.2 782 12.2
..................................................................................................................

.3, 17-48 (5.0) 24.2, 15-50 (4.8)

..................................................................................................................

.0, 52-72 (2.7) 65.0, 50-83 (2.6)

..................................................................................................................

..................................................................................................................

2.3 109 1.7
..................................................................................................................

1.4 38 0.6
..................................................................................................................

91.4 5939 93.0
..................................................................................................................

1.7 94 1.5
..................................................................................................................

1.3 98 1.5
..................................................................................................................

1.9 111 1.7
..................................................................................................................

72.7 5304 83.0
..................................................................................................................

42.0 535 10.3
..................................................................................................................

..................................................................................................................

9.4 658 10.3

..................................................................................................................

11.9 685 10.7

..................................................................................................................

5.6 302 4.7
..................................................................................................................

6.8 370 5.8
..................................................................................................................

..................................................................................................................

..................................................................................................................

69.4 4330 67.8
..................................................................................................................

8.9 544 8.5
..................................................................................................................

6.0 417 6.5
..................................................................................................................

15.5 1078 16.9

..................................................................................................................

0.2 20 0.3
..................................................................................................................

..................................................................................................................

17.3 1665 26.1
..................................................................................................................

63.1 3642 57.0
..................................................................................................................

19.7 1082 16.9
..................................................................................................................

es. Am J Obstet Gynecol 2009. (continued )
ng
ret

�

36
.........

.........

15
.........

18
.........

89
.........

66
.........

24
.........

65
.........

.........

13
.........

8
.........

38
.........

10
.........

8
.........

11
.........

27
.........

75
.........

.........

56

.........

70

.........

33
.........

40
.........

.........

.........

09
.........

52
.........

35
.........

91

.........

1
.........

.........

01
.........

71
.........

16
.........
27 preterm births that were not sponta-
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eous deliveries (Table 2). The associa-
ion between 9 or more hours of stand-
ng and risk of preterm birth was
omewhat more pronounced and still of
orderline statistical significance. The
ffect of sterilizing agents on the risk of
reterm birth was attenuated, although
ased on only 6 exposed cases of preterm
irth. All other results were similar to
ur main analysis.
We conducted a subanalysis of the 64

ases that were born before 32 weeks’ ges-
ation, using continuous variables (the

idpoint of each category) for hours
orked; times lifted; and hours of expo-

ure to standing, sterilizing agents, anes-
hetic gases, and x-rays. Women who re-
orted working nights had a significant

ncrease in risk of early preterm delivery
RR, 3.0; 95% CI, 1.4-6.2), after adjusting
or age, parity, and other work factors. The
esults showed no association with narrow
onfidence intervals for hours worked, lift-
ng, and standing, and no association with
ider confidence intervals for reported ex-
osure to sterilizing agents, anesthetic
ases, and x-rays (results not shown).

Although controlling for hypertensive
isorders did not materially change the
elative risks associated with the occupa-
ional factors, maternal high blood pres-
ure/toxemia was associated with an in-
reased risk for preterm birth (RR, 2.2;
5% CI, 1.8-2.6).
A stratified analysis by history of pre-

ious preterm birth among parous
omen (n � 5603, after exclusions for
issing data) revealed a higher percent-

ge of preterm birth in those with a pre-
ious preterm birth (25% vs 5%), as ex-
ected (data not shown). However,
ssociations of occupational exposures
ith risk of preterm birth were similar
etween the 2 groups.
Although not statistically significant,

he only notable difference was that
omen with a previous preterm birth
ho worked more than 40 hours per
eek had a 30% increased risk for cur-

ent preterm birth, compared with
omen who worked 21-40 hours (RR,
.3; 95% CI, 1.0-1.8). In contrast, parous
omen with no history of prior preterm
irth had no increased risk associated
TABLE 1
Characteristics of participants during the first
trimester of pregnancy (continued)

Characteristic

Preterm delivery Full-term

n � 588 %a n � 6389 %a

First-trimester physical work demands
..............................................................................................................................................................................................................................................

Lifting (times/d)f
.....................................................................................................................................................................................................................................

� 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)
.....................................................................................................................................................................................................................................

� 1 524 89.1 5843 91.5
.....................................................................................................................................................................................................................................

1-4 23 3.9 217 3.4
.....................................................................................................................................................................................................................................

� 5 39 6.6 312 4.9
.....................................................................................................................................................................................................................................

Missing 2 0.3 17 0.3
..............................................................................................................................................................................................................................................

Anticancer drugs (h/d)
.....................................................................................................................................................................................................................................

� 1 566 96.3 6122 95.8
.....................................................................................................................................................................................................................................

� 1 22 3.7 248 3.9
.....................................................................................................................................................................................................................................

Missing 0 0 19 0.3
..............................................................................................................................................................................................................................................

Antiviral drugs (h/d)
.....................................................................................................................................................................................................................................

� 1 556 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)
.....................................................................................................................................................................................................................................

� 1 486 82.8 5465 85.5
.....................................................................................................................................................................................................................................

� 1 96 16.2 879 13.8
.....................................................................................................................................................................................................................................

Missing 6 1.0 45 0.7
..............................................................................................................................................................................................................................................
a Percentages of all variables except for age, BMI, and height are directly standardized by year of age at pregnancy. b BMI

(kilograms per square meter) prior to the pregnancy. c Among women with a previous pregnancy lasting at least 20 weeks.
d Servings of caffeinated beverages � 8 oz coffee, 12 oz soda, 8 oz hot tea, 16 oz iced tea. e Servings of alcoholic beverages
� 12 oz beer, 6 oz wine, 1 oz liquor. f Lifting refers to lifting or moving a physical load of 25 pounds or more, including
repositioning or transferring patients.

..............................................................................................................................................................................................................................................
ith working long hours.
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We did not collect information on so-
ioeconomic status at the time of the
regnancy, although adjustment for the

ollowing variables collected on the bien-
ial questionnaires did not change our
esults: annual household income, hus-
and’s or partner’s education, or

TABLE 2
Association between first trimester

First-trimester occupational factors

Shift
..........................................................................................................

Days only (reference)
..........................................................................................................

Rotating day/evening (no nights)
..........................................................................................................

Nights only
..........................................................................................................

Rotating shifts including nights
...................................................................................................................

Hours worked (h/wk)
..........................................................................................................

1-20
..........................................................................................................

21-40 (reference)
..........................................................................................................

� 41
..........................................................................................................

P for trendd

...................................................................................................................

Lifting (times/d)e
..........................................................................................................

� 1 (reference)
..........................................................................................................

1-5
..........................................................................................................

6-15
..........................................................................................................

� 16
..........................................................................................................

P for trendd

...................................................................................................................

Standing or walking (h/d)
..........................................................................................................

0-4
..........................................................................................................

5-8 (reference)
..........................................................................................................

� 9
..........................................................................................................

P for trendd

...................................................................................................................

Anesthetic gases (h/d)f
..........................................................................................................

� 1 (reference)
..........................................................................................................

1-4
..........................................................................................................

� 5
..........................................................................................................

P for trendd

...................................................................................................................

Sterilizing agents (h/d)f
..........................................................................................................

� 1 (reference)
..........................................................................................................

1-4
..........................................................................................................

� 5
..........................................................................................................

P for trendd

...................................................................................................................

Lawson. Occupational factors and risk of preterm birth in
hether the nurse was ever married. p
OMMENT
n this large cohort of nurses, women who
orked part time had a lower risk of deliv-

ring preterm, although there was not a
lear dose-response relationship with
vertime hours. Nurses who worked night
hift had a 3-fold risk of delivering early

ork factors and preterm delivery, ad
Risk ratio (95% confidence interval)

Reduced modelsa Full modelb

.........................................................................................................................

1.0 1.0
.........................................................................................................................

1.0 (0.8-1.2) 1.0 (0.8-1.3)
.........................................................................................................................

1.1 (0.8-1.4) 1.0 (0.8-1.4)
.........................................................................................................................

0.9 (0.7-1.3) 0.8 (0.6-1.2)
.........................................................................................................................

.........................................................................................................................

0.7 (0.5-0.8) 0.7 (0.6-0.9)
.........................................................................................................................

1.0 1.0
.........................................................................................................................

1.0 (0.8-1.2) 1.0 (0.8-1.2)
.........................................................................................................................

.003 .01
.........................................................................................................................

.........................................................................................................................

1.0 1.0
.........................................................................................................................

1.1 (0.9-1.3) 1.0 (0.8-1.2)
.........................................................................................................................

1.1 (0.9-1.4) 1.0 (0.7-1.2)
.........................................................................................................................

1.5 (1.1-2.1) 1.2 (0.9-1.7)
.........................................................................................................................

.02 .3
.........................................................................................................................

.........................................................................................................................

0.9 (0.8-1.1) 0.9 (0.8-1.2)
.........................................................................................................................

1.0 1.0
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.........................................................................................................................
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1.2 (0.8-1.8) 1.1 (0.8-1.7)
.........................................................................................................................

1.3 (1.0-1.8) 1.1 (0.8-1.6)
.........................................................................................................................

.07 .6
.........................................................................................................................

.........................................................................................................................

1.0 1.0
.........................................................................................................................

1.2 (0.9-1.6) 1.1 (0.8-1.5)
.........................................................................................................................

2.2 (1.3-3.7) 1.9 (1.1-3.4)
.........................................................................................................................

.003 .04
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reterm (� 32 weeks) but not with later d
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reterm (32-36 weeks). The risk of pre-
erm birth was moderately associated
ith reported exposure to sterilizing

gents; however, because there were few
xposed women, this finding should
e interpreted cautiously. Prolonged
tanding and heavy lifting were weak pre-

ted for age and parity

Full model, excluding medically
indicated preterm birthsc
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..................................................................................................................
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..................................................................................................................
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..................................................................................................................
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..................................................................................................................

.2
..................................................................................................................

(continued )
w jus

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........
ictors of preterm birth, whereas other

can Journal of Obstetrics & Gynecology 51.e5



w
n
x
e

S
O
p
N
f
a
t
o
s
s
S
d
p
s
p
T
b
o
o
l
b
i
T
f
e
b

w
p
i
c
t
s

v
c
l
w
s
n

n
t
w
H
d
c
p
4
o
t
p
a
p
h
s
s
f
s
i

t
c
s
i
s
p
b
b
a

p
i
c
w
t
t

a
b
t
p
t
s

w
t
c
l
o
m
c
t
s
s
t

b
o
p
o
f
i
h
t
t
b

nurs

Research Obstetrics www.AJOG.org

5

ork exposures common to nurses were
ot related, including rotating shift work,
-ray radiation, or other chemical
xposures.

trengths and weaknesses
ur study is limited by the self-re-
orted nature of our data collection.
urses are well-educated health pro-

essionals, however, who are presum-
bly more sensitized to health events
han the general population. More-
ver, the recall period was relatively
hort (� 8 years). Several validation
tudies have shown that Nurses’ Health
tudy participants self-report health
ata accurately, including current and
ast body habitus, ovulatory infertility,
urgical menopause, hypertension, hy-
erlipidemia, and other factors.7,11-14

here is still potential for recall bias
ecause of the assessment of pregnancy
utcome and occupational exposures
n the same questionnaire, particu-

arly with regard to exposures that may
e regarded as hazardous, such as ster-

lizing agents or antineoplastic drugs.
he fact that we observed associations

or some, but not all, exposures, how-
ver, argues against a blanket recall
ias.
Compared with the previous studies
e reviewed, our study has a higher sam-
le size than most, allowing for multivar-

ate analyses of several exposure out-
ome relationships. Another strength of
his study is that by examining a national

TABLE 2
Association between first trimester

First-trimester occupational factors

X-ray radiation (h/d)f
..........................................................................................................

� 1 (reference)
..........................................................................................................

� 1
..........................................................................................................

P for trendd

...................................................................................................................
a These models test associations for each work factor separa

parity. c Excluded 216 medically indicated preterm births as
was modeled continuously, adjusting for age and parity. In t
e Lifting refers to lifting or moving a physical load of 25 po
variables; data not shown.

...................................................................................................................

Lawson. Occupational factors and risk of preterm birth in
ample of US nurses, socioeconomic t

1.e6 American Journal of Obstetrics & Gynecolog
ariability and differences in working
onditions were minimized and the like-
ihood of working rotating or night shifts
as increased, as compared with other

tudies of women working in heteroge-
eous occupations.
One other previous study examined a

ational sample of US nurses,15 similar
o our study in that it was retrospective
ith a self-administered questionnaire.
owever, their study was a case-control

esign, and our study had more preterm
ases (588 vs 210), had a higher partici-
ation rate than their study (76% vs
2%), and we were able to adjust each
ccupational exposure for other occupa-
ional risk factors. That study showed
ositive associations between preterm
nd shift work, hours spent standing,
hysical exertion, and long working
ours, although comparison with our
tudy is not straightforward because that
tudy presented only unadjusted results
or shift work, physical exertion, and
tanding, and our study combined walk-
ng and standing.15

We did not collect information on
he specific sterilizing agents or other
hemicals to which the nurses in our
tudy were exposed, and we have no
nformation on what protective mea-
ures may have been used to limit ex-
osure. The maternal age range should
e noted in that these results may not
e generalizable to women under the
ge of 29 years. Because of these limi-

ork factors and preterm delivery, adj
Risk ratio (95% confidence interval)

Reduced modelsa Full modelb

.........................................................................................................................

1.0 1.0
.........................................................................................................................

1.2 (1.0-1.5) 1.0 (0.8-1.3)
.........................................................................................................................

.4 .5
.........................................................................................................................

adjusted for age and parity. b In this model each work factor wa
l as 11 preterm births with missing information or type of delive
ll model, each work factor was modeled continuously and adjust
or more, including repositioning or transferring patients. f Cate

.........................................................................................................................

es. Am J Obstet Gynecol 2009.
ations and because there is a dearth of s

y JANUARY 2009
ublished studies to support our find-
ngs on sterilizing agents and other
hemical exposures and preterm birth,
e recommend a cautious interpreta-

ion until future studies can examine
hese relationships more thoroughly.

A pilot study is currently underway to
ssess the feasibility of conducting a web-
ased cohort study of younger nurses
hat will collect detailed prenatal occu-
ational exposure data to allow prospec-
ive examination of occupational expo-
ures and pregnancy outcomes.

It is possible that there was a healthy
orker survivor effect in our study, in

hat women who had healthier pregnan-
ies were more able to perform heavy
ifting or prolonged standing through-
ut their pregnancies. We tried to mini-
ize this effect by analyzing data on oc-

upational exposures during the first
rimester, so that bed rest or other re-
trictions would be less likely to have re-
ulted in under-reporting of occupa-
ional exposures.

The overall prevalence of preterm
irth among singleton pregnancies in
ur study is similar to the US national
revalence (1993-2001) among women
f similar age and race.16 Established risk
actors related to preterm birth include
nfection, inflammation, multiple births,
ypertension, low prepregnancy BMI,
he extremes of maternal age, incompe-
ent cervix, history of prior preterm
irth, and cigarette smoking.17,18 In our

ted for age and parity (continued)

Full model, excluding medically
indicated preterm birthsc

..................................................................................................................

1.0
..................................................................................................................

1.0 (0.7-1.3)
..................................................................................................................

.4
..................................................................................................................

justed for the remaining work factors as well as age and
To test for trend in the reduced models, the work factor
r the remaining categorical work factors, age, and parity.
s for missing data are included in the analysis for these

..................................................................................................................
w us

......... .........

......... .........

......... .........

......... .........

tely, s ad
wel ry. d

he fu ing fo
unds gorie

......... .........
tudy we were able to account for all of



t
fl
s
h

S
i
T
p
t
m
m
w
s
t
t
o
d

e
t
y
w
t
n
f
a
i
p
o
t
f
w
c
a
s

i
i
a
l
c
w
t
p
i
d
c

p
s
w
r
p
l
a

i
t
a
s
i

w
a
c
a
w
b
8
t
p
f
T
p
f
s
r
d
g
w
d

s
s
p
w
n
o
A
t
i
fi
p
n

A
T
b
J

R
1
m
a
i
2
p
2
r
2
3
a

4
a
l
m
5
b
6
1
S
7
e
t
1
8
E
s
a
9
P
h
2
1
c
e
1
R
m
s
1
V
f
c
1
1
C
w
w
1
G
r
O
1
s
p
A
1
m
1
p
2
1
s
fi
2
1
W
o
2
2
p
i
t
2
2
N
d

www.AJOG.org Obstetrics Research
hese risk factors except infection, in-
ammation, and incompetent cervix. It
eems unlikely that these factors would
ave varied by exposure group.

trengths and weaknesses
n relation to other studies
he lack of a strong association between
hysical work demands and risk of pre-
erm birth in this study is consistent with

ost previous studies, including a recent
etaanalysis.15,19-30 The mechanisms by
hich heavy lifting and prolonged

tanding might increase the risk for pre-
erm birth are unclear but may be related
o increased intraabdominal pressure31

r compressed pelvic vessels and a re-
uction in venous blood flow.32

Our finding of an increased risk of
arly preterm with night work is consis-
ent with the results of our previous anal-
sis of spontaneous abortion, in which
e report a 60% increased risk of spon-

aneous abortion in nurses who worked
ights.8 Because we saw no increased risk

or later preterm birth (32-36 weeks)
mong rotating shift or night workers, it
s possible that night work affects earlier
regnancy outcomes. Results from previ-
usly published studies vary with respect
o shift work, with relative risks ranging
rom 0.7 to 5.6 for night or rotating shift
ork; differences are possibly due to in-

onsistent definitions of work schedule
nd insufficient sample sizes in the night or
hift work categories.24,26,27,29,33-35

Although there was a statistically signif-
cant trend for working hours (P � .01), it
s possible that a threshold effect occurred
t 20-40 hours. Long working hours are re-
ated to increased stress and fatigue be-
ause of less time to recover from
ork.36,37 Although the categorical defini-

ions of hours worked per week varied,
revious studies showed modest, if any,

ncreases in risk, and most failed to show a
ose-response relationship,19-21,26-29,33 ex-
ept 1 study of US nurses.15

Our findings of an increased risk of
reterm birth from reported exposure to
terilizing agents is based on few exposed
omen and could have been subjected to

ecall bias and therefore should be inter-
reted cautiously. Our questionnaire

isted glutaraldehyde, formaldehyde,

nd ethylene oxide as examples of steril- w
zing agents. These chemicals, in addi-
ion to orthophthalaldehyde, peracetic
cid, and hydrogen peroxide, are used to
terilize medical equipment and surgical
nstruments.

The majority of nurses in our study
ho reported exposure to sterilizing

gents worked as operating room/surgi-
al nurses. In a previous study, dental
ssistants exposed to ethylene oxide
ere at an increased risk of preterm
irth (age-adjusted RR, 2.7; 95% CI, 0.8-
.8).38 That study had several limita-
ions, however, including few exposed
regnancies and lack of power to adjust

or major confounders, such as parity.
hus, the effect of sterilant exposure on
reterm birth deserves more attention in

uture studies. Although our study
howed no effect on preterm birth for
eported exposure to antineoplastic
rugs, these medications are recognized
enotoxic and carcinogenic chemicals39

ith well-characterized adverse repro-
uctive effects.2

In summary, our study found that
hift work and physical factors were not
trong predictors of preterm birth, and
art-time work was inversely associated
ith preterm birth. Nurses who worked
ights, however, had a 3-fold higher risk
f delivering before 32 weeks’ gestation.
suggestive new finding is the associa-

ion between reported exposure to ster-
lizing agents and preterm birth. This
nding, however, is based on few ex-
osed cases, and future research is
eeded to confirm the association. f
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