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Maternal work during pregnancy and the risks of delivering
a small-for-gestational-age or preterm infant
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Ohjective The objective of this study was to assess the relation of some maternal job characteristics to the rigks
of delivering a small-for-gestational-age or preterm infant.

Methods Altogether 4390 women who lived in Quebec City, Canada, and the surrounding area, and who gave
birth between January and October 1989 to a singleton liveborn neonate were included. Information on
gestational age at delivery, job characteristics, nonoccupational physical activities, and several potential con-
founders was obtained in a telephone interview a few weeks after the delivery. Birthweight was recorded from
the birth certificate.

Results The risk of having a small-for-gestational-age infant (birthweight lower than the 10th percentile for
gestational age and gender) was increased among the women who worked at least © h a day in a standing
position. The adjusted odds ratios (OR) were 1.00, 1.13 [95% confidence interval (95% CI) 0.83—1.55], and
1.42 (95% CI 1.02—1.95) for the women working in a standing position < 3, 3—S5, and > 6 h a day, respectively.
The risk for a small-for-gestational-age infant also slightly increased as the gestational age at work cessation
increased. A modest increment in the risk of delivering preterm (OR 1.45, 95% CI 0.84—2.49) was observed for
the women working regularly in the evening or at night. Physical effort, lifting heavy objects, and long
workhours were not related to either a small-for-gestational-age or a preterm infant.

Conclusions The results indicate that prolonged standing and working late into pregnancy may increase the
risk of delivering a small-for-gestational-age infant, whereas regular evening or night work may be a risk factor

for preterm birth.
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Despite years of investigation, the effect of maternal
work during pregnancy on fetal growth and preterm birth
remains unclear. Several epidemiologic studies (1—25)
have assessed the relation of prolonged standing, the
lifting of heavy objects, long hours of work, shiftwork,
or high physical demand to these birth outcomes. How-
ever, the results have been inconsistent. For instance, of
seven studies of prolonged standing position at work in
relation to fetal growth (1, 2, 10, 18, 20, 21, 23), three
showed no association (2, 18, 21), whereas four reported
either a statistically significant (1, 20) or nonsignificant
(10, 23) reduction in fetal growth with prolonged stand-
ing. An association between physical effort and preterm
birth (4, 10, 15, 22) or fetal growth (10) has been ob-
served by some authors but in other studies physical
effort was not related to preterm birth (7—9, 12, 18, 21,
23, 24) or fetal growth (21, 23, 24). Although informa-

tion on job characteristics was collected prospectively in
some studies (15, 17, 18, 20, 21, 23) and retrospectively
in others (1—06, 8, 9, 1113, 19, 24), associations have
been found regardiess of that aspect of study design.
However, other study characteristics could explain dis-
crepancies in the study results. Studies have been carried
out in different settings. As work conditions vary over
time and from place to place, apparently identical job
characteristics may in fact entail different risks. More-
over, the determination of the job characteristics was
sometimes based only on the job title (1, 6, 15, 23, 24)
and could potentially lead to an underestimation of ef-
fect. The definitions and categories of exposures differed
much between the studies, as did the reference groups.
Unemployed women (19, 21) have sometimes been in-
cluded in the reference category. In many studies, the
exposures were only dichotomized (6, 7, 9, 11, 12, 20,
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23), and hence no dose-relation could be assessed. Few
authors took into account the influence of gestational age
at work cessation when assessing the effect of job char-
acteristics on pregnancy outcome (1, 17). Some authors
focused on a single or a few specific job characteristics
(1, 6, 17, 19, 23) and thus failed to take into account the
possible confounding or modifying effect of other occu-
pational factors. Finally, only a few studies have con-
sidered nonoccupational physically demanding activities
(1,3,6,18,20,21).

The objective of our analysis was to assess further
the relation between selected job characteristics and risks
of delivering a small-for-gestational-age or preterm in-
fant. As a secondary objective, we wanted to explore the
influence of gestational age at work cessation on the
associations.

Subjects and methods

The women in this study were those who participated in
our study on caffeine and birth outcomes (26). Eligible
women were those residing in the territory of six com-
munity health departments of Quebec City and the sur-
rounding area and who gave birth between 1 January and
15 October 1989 to a liveborn singleton weighing at least
500 g. Soon after delivery, the community health depart-
ments sent us a copy of the birth certificates of newborns
of mothers under their jurisdiction.

The mothers were called by a trained interviewer,
and a telephone interview was carried out with those
who agreed to participate. The median interval from de-
livery to interview was six weeks. The mothers who
were employed during pregnancy were asked to specify
the job title, when they had started and stopped working
during pregnancy, the number of hours per week they
had worked, and their work schedule. They also had to
rate, on an ordinal scale, the daily number of hours in a
standing position (< 3, 3—5, 2 6 h), whether they had to
lift objects at work (0, 1—9, > 10 kg, weight unknown)
and their perception of the physical effort required by
their job (none, weak, moderate, important). Questions
on nonoccupational activities included a list of 19 lei-
sure-time physical activities and two open-ended ques-
tions on other sports and on demanding housework ac-
tivities. Finally, information was collected on several
potential confounders.

Birthweight was recorded from the birth certificate.
The duration of pregnancy was estimated from a com-
parison of the actual date of delivery with the expected
date of confinement. The latter was reported by the moth-
er and had been determined by the physician taking into
account both the date of the last menses and the clinical
and ultrasonographic evaluations. Gestational age was
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also available on the birth certificate for 88% of the
participants. For 97% of these women, the gestational
age based on the interview data closely agreed (within
one week) with the gestational age recorded on the birth
certificate. Neonates were said to be small for their ges-
tational age if their birthweight was below the 10th per-
centile of the birthweight distribution specific for their
gender and gestational age, according to Canadian stand-
ards (27). Preterm newborns were those whose birth
occurred before 37 completed weeks of pregnancy.

Of the 9226 women who delivered during the study
period and who were eligible for our study on caffeine
and birth outcomes (26), 1800 were not referred to the
study because the community health departments failed
to do so, 262 could not be reached, 78 refused to partici-
pate, and 61 were not interviewed for miscelianeous rea-
sons. Thus interviews were completed on 7025 women.
There were little or no differences between the inter-
viewed and noninterviewed women with respect to age,
parity, education, birthweight, and duration of pregnancy.
Among the interviewed women, 2635 were excluded:
2360 were unemployed at the onset of pregnancy, 207
had two jobs and the total exposure resulting from both
jobs could not be estimated, and 68 had missing infor-
mation on some occupational or confounding variables.
This left 4390 women in the analysis. Adjusted odds
ratios (OR) were obtained by logistic regression. Vari-
ables considered as a priori potential confounders were
age, parity, history of low birthweight or preterm de-
livery, education, family income, prepregnancy weight,
height, alcohol and caffeine intake, active and passive
smoking, and energy expenditure in nonoccupational ac-
tivities. These variables were entered as covariates in the
models. Then variables were deleted if such deletion had
virtually no effect on the adjusted odds ratio relating the
exposure to the end point. Trends were tested by enter-
ing, in the regression model, a single categorical variable
that took a different value according to the category of
exposure (eg, 1, 2 or 3 for women working in a standing
position < 3, 3—5, or 2 6 h a day).

Results

The associations between the job characteristics and the
risk of giving birth to a small-for-gestational age infant
are shown in table 1. The odds ratio increased with the
number of hours in a standing position (test for trend:
X?=4.42, P = 0.04). Compared with women who worked
upright < 3 h a day, those standing 3—5 h or 2 6 h a day
had an adjusted odds ratio of 1.13 and 1.42, respectively.
The latter was statistically significant (95% CI 1.02—
1.95). The lifting of objects, nightwork or shiftwork,
long hours of work and physical effort at work were not
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related to the risk of having a small-for-gestational-age
infant. The only other variable which was moderately
associated with the risk of delivering a small-for-gesta-
tional-age infant was gestational age at work cessation.
The odds of having a small-for-gestational-age infant for
women who worked for 16—23, 24—31, and 32 weeks
or more were, respectively, 1.09, 1.24, and 1.30 times
the corresponding odds for women who left work before
16 weeks (test for trend: X?= 2.21, P =0.13). When
prolonged standing was considered jointly with gesta-
tional age at work cessation, the odds ratio increased
consistently across the levels of each variable, and it was
statistically significant (OR 1.91, 95% CI 1.12—3.25)

for the women who worked until at least 24 weeks of
gestation in a job involving standing for =26 h a day
(table 1).

We explored the joint effect of standing and prepreg-
nancy weight on the risk of having a small-for-gesta-
tional-age infant (data not shown). Women weighing at
least 50 kg before pregnancy and working upright less
than 3 h a day constituted the reference category. The
odds ratios were adjusted for height and confounders.
(See footnote a of table 1.) The adjusted odds ratios of
having a smali-for-gestational-age infant were 1.00, 1.06
(95% CI 0.73—1.52), and 1.21 (95% CI 0.85—1.73) for

women who worked in an upright posture < 3, 3—35, and

Table 1. Crude and adjusted odds ratios of having a small-for-gestational-age (SGA) infant by job characteristics, Quebec City, 1989.

Job characteristics N % SGA Crude Adjusted 95%
odds ratio odds ratio confidence
interval
Standing (hours/day)?
<30 2160 8.56 1.00 1.00 .
3—5 888 9.23 1.09 113 0.83—1.55
>6 1342 12.30 1.50 1.42 1.02—1.95
Lifting objects?
Noneb 2500 9.04 1.00 1.00 :
1—9 kg 876 10.50 1.18 1.03 0.77—1.38
=10 kg 578 10.90 1.23 1.03 0.71—1.51
Unknown 436 11.70 1.33 1.11 0.75—1.65
Work schedule?
Day only® 3144 9.32 1.00 1.00 :
Evening or night only 272 11.03 1.21 0.98 0.63—1.53
Shiftwork 974 1119 1.23 0.98 0.75—1.27
Hours worked/week?
<30 880 8.41 1.00 1.00 .
30—39 2557 10.05 1.22 1.1 0.82—1.49
=40 953 10.60 1.29 0.99 0.70—1.39
Physical effort?
Noneb 801 8.99 1.00 1.00 .
Weak 1110 8.29 0.92 0.89 0.63—1.24
Moderate 1451 10.48 1.19 1.00 0.70—1.43
Important 1028 11.28 1.29 0.87 0.56—1.35
Gestational age at work
cessation (weeks)2
<16 444 10.14 1.00 1.00 :
16—23 561 11.23 112 1.09 0.72—1.67
24—31 1030 1117 1.11 1.24 0.85—1.82
=32 2355 8.87 0.86 1.30 0.89—1.89
Standing (h - d') by gestational
age at work cessation (weeks)e
<3
Gestational age < 24 weeks® 271 8.12 1.00 1.00 .
Gestational age > 24 weeks 1889 8.63 1.07 1.43 0.88—2.34
3—5
Gestational age < 24 weeks 194 9.28 1.16 1.38 0.70--2.73
Gestational age > 24 weeks 694 9.22 1.15 1.56 0.91—2.66
26
Gestational age < 24 weeks 540 12.59 1.63 1.69 0.96—2.97
Gestational age > 24 weeks 802 12.09 1.56 1.91 1.12—3.25

»

The regression model included the first six job characteristics of the table and education (< 12, 12, 13—186, > 17 years), smoking (0, 1—10, > 11

cigarettes per day), energy expenditure from nonoccupational activities (quartiles), pregravid weight (< 50, 50—59, 60—69, > 70 kg), height (< 160,
160—169, = 170 cm), parity and previous low birthweight newborn (primiparae, multiparae with no previous low birthweight newborn, multiparae with

previous low birthweight newborn).
Reference category.

o o

The regression model included five dummy variables for joint exposure to standing and gestational age at work cessation, other job characteristics [lifting

objects, work schedule, hours worked per week, physical effort (same categories as in the table)] and the other covariates mentioned in footnote a.
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26 h a day and weighed 50 kg or more before preg-
nancy. The corresponding odds ratios for the women
whose pregravid weight was lower than 50 kg were 1.51
(95% CI 1.07—2.14), 1.87 (95% CI 1.16—3.03), and
2.69 (95% CI 1.79—4.05), respectively. The latter odds
ratios (1.87 and 2.69) were higher than those expected
according an additive model, which would be 1.57
(1.51+1.06—1)and 1.72 (1.51 + 1.21 — 1), respectively.

Table 2 shows the relations of the job characteristics
to preterm delivery. Prolonged standing, lifting objects,
physical effort, or shiftwork did not increase the risk of
preterm delivery. However, a modest association was
observed between regular evening or night work and
preterm birth. The adjusted odds of preterm birth was
1.45 times higher (95% CI 0.84—2.49) for the women
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working during evenings or nights without changing shift
than for the women always working in the daytime.
When gestational age at work cessation was also consid-
ered, working regularly during evenings or nights in-
creased significantly the risk of preterm birth for the
women who continued working after 23 weeks of preg-
nancy. In the latter group, the adjusted risk of preterm
birth was 1.96 times higher than for the women who had
a daytime job and who stopped working before 24 weeks
of pregnancy. There was no consistent trend between the
odds ratio of preterm birth and the number of hours
worked per week. The risk of preterm birth was higher
for the women who worked 30—39 h a week than for the
women working less than 30 h a week, but then the risk
decreased with longer workhours.

Tahle 2. Crude and adjusted odds ratios of preterm birth (PTB) by job characteristics, Quebec City, 1989.

Job characteristics N Preterm Crude Adjusted 95%
birth odds ratio odds ratio confidence
(%) interval
Standing (hours/day)?
<3° 2160 5.56 1.00 1.00 .
3—5 888 4.39 0.78 0.78 0.52—1.19
26 1342 5.66 1.02 0.88 0.59—1.33
Lifting objects?
None® 2500 5.24 1.00 1.00 .
1—9 kg 876 5.59 1.07 0.96 0.66—1.41
>10 kg 578 519 0.99 0.87 0.52—1.45
Unknown 436 5.73 1.10 0.95 0.56—1.62
Work schedule2
Day onlyt 3144 5.25 1.00 1.00 .
Evening or night only 272 6.99 1.36 1.45 0.84—2.49
Shiftwork 974 5.24 1.00 1.03 0.72—1.48
Hours worked per week?
< 300 880 4.32 1.00 1.00 .
3039 2557 5.87 1.38 1.37 0.92—2.03
=40 953 4.93 1.15 1.14 0.71—1.82
Physical effort?
None® 801 5.24 1.00 1.00 .
Weak 1110 5.59 1.07 1.20 0.79—1.82
Moderate 1451 517 0.99 0.95 0.60—1.50
Important 1028 5.45 1.04 0.87 0.49—1.54
Gestational age at work
cessation (weeks)?
<16° 444 518 1.00 1.00 .
16—23 561 5.35 1.03 0.99 0.56—1.75
24—31 1030 9.51 1.93 1.93 1.20—3.12
>32 2355 3.57 0.68 0.63 0.38—1.04
Work schedule by gestational age
at work cessation (weeks)e
Day only or shiftwork
Gestational age < 24 weeks? 905 519 1.00 1.00 .
Gestational age > 24 weeks 3213 5.26 1.01 1.13 0.79—1.62
Evening or night only
Gestational age < 24 weeks 100 6.00 1147 1.13 0.46—2.79
Gestational age > 24 weeks 172 7.56 1.49 1.96 1.00—3.83

@ The regression model included the first six job characteristics of the table and education (< 12, 12, 13—16, 2 17 years), smoking (0, 1—10, > 11
cigarettes per day), energy expenditure from nonoccupational activities (quartiles), pregravid weight (< 50, 50—59, 60—69, > 70 kg), height (< 160,
160—169, = 170 cm), parity and previous low birthweight newborn (primiparae, multiparae with no previous low birthweight newborn, multiparae with

previous low birthweight newborn).
b Reference category.

¢ The regression model included three dummy variables for joint exposure to work schedule and gestational age at work cessation, other job characteristics
[standing, lifting objects, hours worked per week, physical effort (same categories as in the table)] and the other covariates mentioned in footnote a.
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Discussion

Our results suggest that working for at least 6 ha day in a
standing posture during pregnancy may increase the risk
of delivering a small-for-gestational-age neonate. Of
seven previous studies (1, 2, 10, 18, 20, 21, 23) on
standing and fetal growth, four (1, 10, 20, 23) suggested
small increments in the risk of fetal growth retardation
with standing jobs although the associations were not
always statistically significant (10, 23). Naeye & Peters
(1) reported that the mean birthweight of newborns at
term was lower when mothers worked in a standing
position. In their study, the reduction in birthweight was
more important when women continued working into
late gestation. In the study by Launer et al (20), the odds
ratios for delivering a small-for-gestational-age infant at
term were 1.21 (95% CI 1.02—1.44) and 1.28 (95% CI
1.07—1.53), respectively, for Guatemalan mothers who
had jobs involving standing or walking rather than sit-
ting. Nurminen et al (10) reported that the relative risk of
delivering a small-for-gestational-age infant was 1.4
(95% CI 0.9—2.3) for women engaged in a standing job
in the third trimester, but no excess risk was found for
jobs mostly involving walking. Finally, in the study by
Teitelman et al (23), when women with standing jobs
were compared with those engaged in active jobs, the
relative risk for delivering a low birthweight newborn
(adjusted for gestational age) was 1.58 (95% CI 0.51—
4.94), Standing, by reducing venous return, could cause
uteroplacental underperfusion and thus alter the supply
of oxygen and nutrients to the fetus (28). Supporting this
hypothesis is the observation by Naeye & Peters (1),
according to which mothers who work in a standing
position and who continue working late into gestation
have a higher incidence of large placental infarct at term,
a condition which has uteroplacental underperfusion as a
predisposing factor (29). Altogether, these observations
suggest that prolonged standing during pregnancy may
affect fetal growth.

Low prepregnancy weight for height is a well known
independent risk factor for fetal growth retardation (30).
Rauramo & Forss (31) reported that maternal weight was
positively correlated with placental blood flow in normal
pregnant women. On the basis of these observations, we
had hypothesized that the detrimental effect of prolonged
standing on fetal growth, if any, could be more pro-
nounced for underweight women. As hypothesized, we
observed an interaction between prolonged standing and
prepregnancy weight. Tafari et al (32) reported that,
among Ethiopian women who had a limited weight gain
during pregnancy, the reduction in infant birthweight
associated with hard maternal work was more pro-
nounced for women weighing less than 49 kg in early
pregnancy than for those weighing 49 kg or over. The
interaction between prepregnancy weight and specific
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job characteristics such as prolonged standing needs to
be further assessed in future studies.

We observed a 45% increment in the risk of preterm
birth for women always working during evenings or
nights without changing shift compared with women al-
ways working during the daytime. After stratification for
gestational age at work cessation, this increase in risk
appeared to be confined to women who had continued
working after 23 weeks of pregnancy. In our study, shift-
work was not related to preterm birth. Previous studies
did not allow an examination of the specific effect of
regular evening or night work, as we did. Shiftwork (ie,
occasional evening or night work) was examined in some
studies (9, 12, 13, 19), whereas in others (4, 8, 14) night-
work and shiftwork were lumped together. In the Mon-
treal study (9), shiftwork significantly increased the risk
of preterm birth but only for women engaged in the
services sector. Mamelle et al (4) reported that shiftwork
or nightwork increased the crude risk of preterm birth by
60%, but whether the association persisted after adjust-
ment was unclear. Other studies found no relation be-
tween work schedule and preterm birth (8, 12, 19), birth
before 40 weeks of gestation (13), or gestational age at
delivery (14). If, as suggested by our findings, regular
evening or night work is related to preterm birth, where-
as shift work is not, the inconsistency of previous results
on work schedule and birth outcomes could be explained.

In our study, gestational age at work cessation was
related to the risk of delivering a small-for-gestational-
age infant. The latter risk slightly increased as women
worked later during pregnancy. For preterm birth, we
observed a statistically significant increment in risk for
women who stopped working between 2431 weeks of
pregnancy and a trend towards a lower risk of preterm
birth for women still working at 32 weeks. Results of
previous studies are inconsistent, suggesting a higher
risk of preterm birth sometimes with early (33, 34), and
sometimes with late (35), work leave during pregnancy.
Our findings with regard to time at work cessation and
preterm birth are likely to be due to selection bias. In-
deed, we observed (results not shown), as several others
did (6—8), that women with obstetrical risk factors are
not only at higher risk of poor pregnancy outcome, but
are also more likely to leave their jobs earlier during
pregnancy. In addition, premature contractions or rup-
ture of membranes often precede preterm birth, alerting
women of their increased risk of preterm delivery and
forcing them to leave their job prematurely. This occur-
rence would explain why the risk of preterm birth is
increased among women who leave their work between
24—31 weeks. Healthy pregnant women are probably
overrepresented in the group of women who continue
working after 31 weeks. Such a “healthy worker effect”
would explain the low risk of preterm birth observed for
women still working at 32 weeks. Growth retardation on



the other hand, especially if defined as birthweight lower
than the tenth percentile, may well remain unsuspected
until after delivery. Future observational studies aimed at
clarifying the relation between gestational age at work
leave and birth outcomes should include information on
the indication for work leave. Unfortunately, we did not
have such information.

In our view, the associations found in our study are
not likely to be due to a differential recall of exposure
among women with or without a poor birth outcome.
The mothers and the interviewers were not aware of the
specific study hypotheses. Moreover, the associations
were observed with only a few of the job characteristics
and were generally confined to only one of the two birth
outcomes. We do not think that our results are explained
by a confounding bias. Our results were adjusted for
several factors, including parity, which is sometimes
viewed as a proxy measure for work load at home, and
energy expenditure in nonoccupational physical activi-
ties.

In conclusion, our results support the view that pro-
longed standing and working late into gestation may
increase the risk of having a small-for-gestational-age
infant. Future studies should distinguish static standing
posture from walking because the two may have a differ-
ent physiological effect on uteroplacental perfusion. Our
observation that low prepregnancy weight may modify
that association is interesting and warrants further inves-
tigation. Our findings also suggest that regular night-
work may be related to preterm birth.
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