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Abstract
1035 married women workers in three
modern textile mills in Anhui, China
were surveyed to investigate the association of rotating shiftwork with low birth
weight and preterm birth in 1992.
Information on reproductive health,
occupational exposure history, and other
covariates including age at pregnancy,
time and duration of leave from job since
pregnancy, and mill location was
obtained by trained nurses with a standardised questionnaire. This analysis was
limited to 845 women (887 live births),
who were middle or high school graduates, never smokers, and non-alcohol
drinkers. About 72% of the women
worked an eight day cycle with shift
changes every two days throughout pregnancy. Mean gestational age was 38-8 and
39 0 weeks for shift and regular schedule
workers, respectively. Multiple linear
regression was used to adjust for confounding factors including maternal age
at pregnancy, order of live birth, mill
location, job title, occupational exposure
to dusts/gases/fumes, stress, carrying and
lifting of heavy loads, working in a squat
position, time and duration of leave from
the job since pregnancy, and indoor coal
combustion for heating. The adjusted difference in gestational age associated with
rotating shifts was statistically significant
(J = - 0 44 (SE 0.20) weeks.) Mean birth
weights were 3248 g and 3338 g for rotating
shift workers and regular schedule workers respectively. The estimated effect of
rotating shiftwork on birth weight was
-79 (SE 42) g. When the analysis was
restricted to first order live births or to
production workers, the estimated effects
of rotating shiftwork on both gestational
age and birth weight were significant.
The proportions of preterm birth (<37
weeks) and low birth weight (<2500 g),
respectively, were 20% and 90/6 for shift
workers and 15% and 6% for regular
schedule workers. The adjusted odds
ratio of shiftwork was 2*0 (95% confidence interval (95% CI) 1-1-3-4) for
preterm birth and 2-1 (95% CI 1.14-41) for
low birth weight. This association
remained significant when the analysis
was restricted to production workers or
first order live births.
(Occup Environ Med 1994;51:470-474)

Shiftwork is commonly practised in both
industrialised and developing countries. A
shift worker is usually defined as a person who
begins working at a time other than between
7 00 and 9 00 am.' In 1981, about 27% of the
United States workforce was in some type of
shift system.' Data available at the national
level in developing countries indicate that
shift workers account for at least 10% of the
industrial workforce, and their numbers are
gradually increasing.2 Publications on association between shiftwork and pregnancy outcomes are limited.
Birth weight and gestational age are the
most important predictors for perinatal mortality.3 Several recent studies on women who
gave birth at maternity or general hospitals
have reported that shiftwork was associated
with low birth weight or preterm birth.45
Shiftwork schedules varied greatly between
industries. The information from previous
studies was insufficient to characterise industries by types and distribution of shiftwork.
The present study of reproductive health
collected data on a sample of 1035 married
non-smoking women workers in three textile
mills in Anhui, China. More than two thirds
of the workers in this sample were on rotating
workshifts with an eight day cycle during their
pregnancy, providing an opportunity to
examine effects of rotating shiftworknamely, frequent changing of the shift timeon preterm birth and birth weight.
Methods
The sampling procedure has been described
in a separate report.6 Briefly, we surveyed
1035 married women workers who were
employed in one of three modern textile mills
(Huaibei first textile mill, Huaibei second textile mill, and Suzhou textile mill) in Anhui,
China in 1992. Two of these mills, the
Huaibei first textile mill and the Huaibei second textile mill, were built in 1978, and a
third, the Suzhou textile mill, was built in
1984. All three mills had comparable facilities, equipment, production process, and
products. Each mill ran three full shifts.
Production workers were on rotating workshifts with an eight day cycle: morning shift
(6 00 am-2 00 pm) for two days, evening shift
(2 00 pm-10 00 pm) for two days, night shift
(10 00 pm-6 00 am) for two days, and followed by two days off. For the purpose of this
study, non-rotating (day shift) workers are
referred to as regular schedule workers. Most
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coal stove for heating at home. The association of low birth weight (<2500 g) and
preterm birth (gestational age <37 weeks)
with rotating shiftwork was estimated by a
multiple logistic regression model. The
regression coefficients are estimated assuming
independence among all observations. Then,
robust variance estimates7 were calculated for
the estimated regression coefficients to
accommodate repeated measures on subjects.
Results
We used 887 live births (first order 845, second order 42) in the analyses (figure). The
mothers of these babies were all middle or
high school graduates, never-smokers, and
non-alcohol drinkers. The means (SD) of
birth weight and gestational age in this sample
were 3274 (490) g and 38-8 (2 3) weeks
respectively. Mean maternal age at pregnancy
was 23-8 (2 5) years.
Table 1 shows sample characteristics and
percentages of rotating shift workers. About
72% of women in the three textile mills were
on rotating workshifts during pregnancy. The
prevalence of shiftwork was twofold higher in
women with first order births than in those
with second order births, and threefold higher
in production workers than in other workers.
Mean gestational age was 38-8 weeks for
workers reporting rotating shiftwork during
pregnancy and 39 0 weeks for those reporting
no such history (table 2). The adjusted difference in gestational age associated with rotating shifts was - 0-44 (SE 0.20) weeks, which
was statistically significant. Mean birth

Figure I Description of
study participants and
excluded subjects.

Third order
live births
2

Live births used
in the analysis

No live birth or

incomplete information
on reproductive history
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non-rotating workers were administrative
workers whose salary and general socioeconomic class were not different from production workers.
A standardized questionnaire was used by
trained nurses to obtain information on
maternal reproductive history, cigarette smoking, alcohol consumption, occupational exposures, indoor air pollution, and demographic
characteristics. As well as information on
rotating shiftwork, the other major occupational agents collected in the survey included
exposures to dusts, gases and fumes, physical
activity, and position while working (for
example, working in a squat position, carrying
or lifting heavy loads), and psychological
stress at work. If a woman reported a history
of pregnancy, detailed information on pregnancy outcomes, occupational exposures
during pregnancy, and the time and duration
of leave from the job since pregnancy was
collected.
Birth weight and gestational age were first
analysed as continuous variables. Linear
regression was used to assess the association
of rotating shiftwork with gestational age and
birth weight. The variance of ordinary least
square estimates was corrected with the
robust method7 because the outcomes of consecutive births given by the same mother may
be correlated. Confounding factors adjusted
in the regression model included mill location, maternal age at pregnancy, job title, time
and duration of leave from the job since pregnancy, order of live births, exposures to
dusts/gases/fumes, physical activity and position while working, stress at work, and use of
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Table 1 Sample characteristics and percentage of rotating
shift workers during pregnancy
No of live
Rotating shifts
births

No (%)

Total
Age at pregnancy (y):
<25
25-29
30+
Birth order:
First
Second
Mill location:
Huaibei I
Huaibei II
Suzhou
Production workers:
Yes
No
Dust/gas/fume level:
High
Low
Stress:
Severe
Mild
Carrying heavy load:
Yes
No
Lifting heavy load:
Yes
No
Squat position:
Yes
No
Use of coal stoves
for heating:
Yes
No

887

635 (71-6)

82
577
228

65 (79-3)
432 (74-9)
138 (60-5)

845
42

619 (73-3)
16 (38-1)

149
419
319

113 (75-8)
329 (78-5)
193 (60-5)

771
116

604 (78-3)
31 (26-7)

280
607

224 (80-0)
411 (67-7)

382
505

318 (83-3)
317 (62-8)

168
719

142 (84-5)
493 (68-6)

122
765

108 (88-5)
527 (68-9)

103
784

86 (83-5)
549 (70-0)

313
574

228 (72-8)
407 (70-9)

weights were 3248 g and 3338 g for rotating
shift workers and regular schedule workers
respectively. The estimated effect of rotating
shiftwork on birth weight was -79 (SE 42) g,

Table 2 Means (SD) ofgestational age and birth weight and linear regression estimates *for rotating shiftwork
Rotating
shiftwork

Gestational age (weeks)
Mean (SD)

No (n=252)
Yes (n=635)

39-0 (2-0)
38-8 (2-5)

No (n=167)
Yes (n=604)

39-0 (1-7)
38-7 (2-5)

No (n=226)
Yes (n=619)

39-1 (2-0)
38-8 (2-4)

No (n=150)
Yes (n=589)

39-0 (1-8)
38-8 (2.4)

Birth weight (g)

fi

SE

p Value

Mean (SD)

fi

SE

p Value

All live births (n=887)

Reference group
3338 (490)
-0-44
0-20
0-03
3248 (488)
Production workers only (n=771)
Reference group
3342 (483)
-0-47
0-23
0-04
3243 (488)
First live births only (n=845)
Reference group
3341 (490)
-0-36
0-18
0-05
3248 (485)
Production workers andfirst live births (n=739)
Reference group
3358 (482)
-0-39
0-20
0-06
3244 (485)

Reference group
-79
42

0-06

Reference group
-106
45

0-02

Reference group
-90
43

0-04

Reference group
-117
46

0-01

*Adjusted for maternal age at pregnancy, order of live birth, mill location, job title, occupational exposure to dusts/gases/fumes,
stress, carrying and lifting of heavy loads, working in a squat position, time and duration of leave from the job since pregnancy, and

indoor coal combustion for heating.

Table 3 Prevalence (%) ofpreterm births and low birthweight and estimated odds ratios (ORs) *for rotating shiftwork
Rotating

shiftwork

Preterm births (<37 weeks)
No (%)

OR

(95% CI) p Value

Al live births (n=887)
1-1-3-4
0-02

No
Yes

127 (20-0)

1-0
2-0

No
Yes

26 (15-6)
122 (20-2)

1-0

No
Yes

33 (14-6)
123 (19-9)

1-0

No
Yes

24 (16-0)
118 (20-0)

1-0
1-7

38(15-1)

Low birthweight (< 2500 g)

1-9

1-8

No (%)

14(5-6)
59 (9-3)
Production workers only (n=771)
12 (7-2)
1-0-3-6
0-04
56 (9-3)
First live births only (n=845)
10 (4.4)
1 0-3-1
0-04
57 (9-2)
Production workers andfirst live births (n=739)
8 (5-3)
1 0-3-1
0-07
54 (9-2)

OR

(95% CI) p Value

1-0

-

-

2-1

1.1-4.1

0-03

1-0
1-9

-1-0-3-7

0-06

2-5

1-0

-1-2-5-4

0-02

1-0

-

2-3

1 1-5-0

0-03

*Calculated from logistic model adjusting for maternal age at pregnancy, order of live birth, mill location, job title, occupational
exposure to dusts/gases/fumes, stress, carrying and lifting of heavy loads, working in a squat position, time and duration of leave

from the job since pregnancy, and indoor coal combustion for heating.
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Variable

which was marginally significant. When gestational age was included in the model, the estimated reduction in birth weight was - 63 (SE
42) g. Seventy three per cent of the observations were first order live births. In a separate
analysis of the first live births, the estimated
effects of rotating shiftwork were statistically
significant for both gestational age
(f =-0-36, SE 0-18 weeks) and birth weight
(f =-90, SE 43 g). Seventy eight per cent of
women in this study were production workers.
The estimated reduction in gestational age
associated with rotating shiftwork in the production workers was 0-47 (SE 0-23) weeks,
which was comparable with that estimated for
the entire sample. The effect on birthweight
was - 106 (SE 45) g, 34% greater than that
for the total sample (table 2). A similar result
was obtained when the analysis was restricted
to the first live births in production workers
(table 2).
Binary variables indicating preterm birth
(<37 weeks) and low birth weight (,<2500 g)
were also examined. The incidence of preterm
birth was 20-0% and 15-1%, respectively, in
workers with and without a history of rotating
shiftwork during their pregnancy. The incidence of low birth weight in workers reporting
shiftwork (9-3%) was also greater than that in
workers reporting no shiftwork (5- 6%). From a
logistic regression model, the adjusted odds
ratio of rotating shiftwork was 2-0 (95% CI
1 -1-3 4) for preterm birth and 2-1 (95% CI
1-14-1) for low birth weight (table 3). A
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similar result was obtained when the analysis
was performed among production workers
and first order live births (table 3).

cantly associated with an increased risk of
preterm birth in sector 3 (risk ratio 1 9), and
with low birth weight in sector 2 (risk ratio
1 6). Our estimates for preterm birth and low
birth weight are comparable with these
results, despite the fact that the previous studies included cigarette smokers, who are
known to be at risk for preterm birth and low
birth weight.
Few data are available from workforce
based studies on rotating shiftwork and pregnancy outcome. Axelsson and colleagues
examined the effect of irregular and inconvenient working hours on pregnancy outcome
among 654 women employed in a hospital in
Sweden between 1980 and 1984.'4 A slight,
but not significantly, increased risk of miscarriage was found in women who worked irregular hours or rotating shifts compared with
women who worked only during the day (risk
ratio = 1-44, 95% CI 0-83-2-51). When the
data were analysed separately for smokers and
non-smokers, however, infants of non-smoking women who worked irregular hours had
significantly lower birth weights than infants
of non-smoking women who worked only
during the day. At birth order 2 or higher,
evening work or rotating shiftwork was also
significantly associated with reduced birth

weight. Important confounding factors
including age at pregnancy, job title, and
maternal education were not adjusted in the
analysis.
Our study is limited by its retrospective
nature, which may introduce selection bias. If
some women with a history of rotating shiftwork left or changed jobs before pregnancy or
some women with a history of adverse pregnancy outcomes left or switched jobs, the
association of low birth weight and preterm
births presented in this report may have been
underestimated. Because occupational history
was self reported, the misclassification of
exposure is possible. The net effect of such
misclassification is to bias the results towards
the null. Such misclassification is unlikely to
occur, however, for rotating shiftwork,
because this is an objective measurement and
the participants had no knowledge about the
potential adverse effects of shiftwork on pregnancy outcome.
In summary, the present study showed a
significant association of rotating shiftwork
with low birth weight and preterm birth in a
sample of never smoking women textile workers.
The study was supported in part by grants No R010H02421
from NIOSH and ES00002 from NIEHS.
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Discussion
Our study shows a relation between rotating
shiftwork and low birth weight and preterm
birth in women textile workers. The study has
several strengths. Firstly, the study population
was homogeneous-that is, the workers were
all non-smokers and non-alcohol drinkers and
had a similar educational level. Most of the
women only had one live birth. Thus potential
confounding of these factors in the analyses
was minimised. Secondly, all the participants
were young (mean age 28.7), and currently
employed in the textile mills. Therefore, the
bias introduced by retirement (or a survivor
effect) should be minimal. Finally, detailed
information on rotating shiftwork and other
potential occupational risk factors (for example, workplace air pollution, physical activity
and position while working) was simultaneously collected in the working environment.
We believe that this workforce based epidemiological study offers a more accurate assessment of rotating workshifts (two day rotation
with eight day cycle) and other occupational
exposures with less measurement error and
misclassification than hospital or community
based studies.8 Also, other important confounders such as indoor air pollution from the
use of a coal stove for home heating were also
considered in this study.
Circadian rhythms in humans are a mixture
of endogenous and exogenous components
that are derived from the body's clock and the
interaction between the environment and
lifestyle.9 Numerous human biological
variables including body temperature, the
sleep-wake cycle, cardiovascular variables,
psychomotor performance, endocrine and
metabolic factors, responsiveness to various
medications, and psychological variables of
mood and anxiety follow a 24 hour rhythm
under normal nychthemeral conditions. The
disruption of biological rhythms is associated
with various symptoms, both physical and
emotional.'0 Few studies, however, actually
document objectively the adverse health
effects of shiftwork. Gastrointestinal disorders
have been shown to be associated with shiftwork." 12 The association between cardiovascular disease and shiftwork is less certain,
although evidence is mounting." 13
Several recent studies have suggested that
shiftwork was associated with low birth weight
or preterm birth.45 Mamelle and coworkers
studied 3437 French women who gave birth
at two hospitals.4 Association of shiftwork
(shiftwork and night work) with preterm
births was examined among 1928 working
women. The risk ratio was 1 6 and was statistically significant. McDonald and colleagues
studied 22 761 live births in Montreal to
assess maternal occupational risk factors for
low birth weight and preterm birth in six main
industrial sectors.5 Shiftwork (rotating or
irregular changing) was found to be signifi-
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