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MARBURY Me. Relationship of ergonom ic stressors to birthwe ight and gesta tional age. Scand J Work
En viron Health 1992;18:73-83. Women in many occupat ions are exposed to ergonomic stressors (eg,
prolonged standing, physical exertion, and long work weeks). After a consideration of the major methodo­
logical probl ems encountered in studying effects of ergonom ic stressors on birthweight and gestational
age, epidemiologi c studies that have addressed this issue are reviewed. No individual ergonomic stressor
has been consistently associated with effects on gestational age. However, most studies which have at­
tempted to look at the cumulative effect of several stressors report that women in the highest exposure
category are at higher risk of giving birth prematurely. In contra st, data regarding an association with
birthweight are more variable , and firm conclusions cannot be drawn . While future studies that assess
exposure to ergonomic stressors with a more comprehensive and quantitative approach are needed, cur­
rent evidence is sufficient to suggest that clinicians should take ergonomic stressors into account in the
assessment of their patients' risk for preterm delivery.
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The increase of women of reproduct ive age in employ­
ment in man y countries has stimulated scientific in­
vestigation of the relationship between work and preg­
nancy outcome. In addition to studies that have evalu­
ated the reproductive toxicity of specific chemicals or
jobs, a growing body of literature has addre ssed ef­
fects of ergonomic stressor s.

Ergonomic stressors include factors that are related
either to physical exertion (such as heavy or frequent
lifting, prolonged standing or sitting, work with heavy
machinery, and climbing stairs or ladders) or to work
organ ization (including hours worked , shift work,
machine-paced work, and speed of work). Ergonomic
stressors may be the most common occupational ex­
posure of women in both traditional and nontradi­
tional occupations. Thus understanding the impact of
these stressors should be high priority.

An effect of ergonomic stressors on gestational age
and birthweight is biologicallyplausible. Fuchs & Stub­
blefield (1) proposed that adverse effects may be medi­
ated via the sympathetic nervous system and the re­
lease of prostaglandins into maternal circulation. A
wide variety of factors, including heavy physical work
and fatigue, can cause stress. Stress results in the re­
lease of catecholamines, which increase blood pressure
and uterine irritability and decrease placental function.
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Uterine irritability causes cervical changes, which then
initiate the onset of labor. In addition, decreased
placental function decreases progesterone production,
and results in an increase in prostaglandin synthesis,
which also promotes cervical changes. Catecholamine
and prostaglandin levels have also been shown to in­
crease during exercise, with the same effects on uterine
contractility.

As studies of ergonomic stress and spontaneous
abortion have recently been reviewed (2), I have fo­
cused on outcomes of late pregnan cy, in particular
gestational age and birthweight, in this report. Out­
comes such as pregnancy-induced hypertension may
also be important and biologically plausible, but the
available data are still sparse. The objecti ves of this
paper are to review critically the epidemiologic litera­
ture, including common methodological issues and
problems, to summarize the available information, and
to discuss future research directions.

Methodological issues

Exposure assessment

In studies of ergonomic stressors, job titles are often
used as indirect measures of exposure in the absence
of information on ergonomic factors. This practice is
particularly common in the secondary analysis of data
sets collected primarily for other nonoccupational pur­
poses. Using job title inevitably results in some degree
of misclassification of exposure status . For example ,
nurses perform a wide variety of jobs, some of which
are physically stressful and some of which are not.
Such misclassification, if it is random with respect to
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outcome, reduces the apparent association between ex­
posure and outcome. Job title can also be correlated
with other characteristics that affect pregnancy out­
come, such as socioeconomic status, and thereby in­
troduce the possibility of confounding.

Direct assessment of exposure can be subjective or
objective. Subjective assessment usually entails the ad­
ministration of standardized questionnaires to study
participants concerning the extent to which they are
exposed to a variety of ergonomic stressors. Questions
can be asked regarding the amount of lifting the job
entails, the number of hours spent standing, and so
forth. The validity of the information depends on the
participants' ability to recall and quantify accurately
factors which are likely to vary over time. If the ques­
tionnaire is administered after delivery, as is common,
recall bias can also occur. Having participants keep
daily logs of activities is likely to provide more accurate
data than a questionnaire, provided that the logs are
kept for a period long enough to capture the variability
of the work tasks. Such an approach has not been at­
tempted in studies of ergonomic stressors and preg­
nancy outcomes.

An objective measure of exposure might entail
trained ergonomists' directly observing and perhaps
videotaping work practices. While this approach has
been used in studies of repetitive motion trauma, it is
extremely time intensive, and its application in studies
of a reasonable size would be difficult. Nonetheless,
it might be useful in the validation of a questionnaire
for some subset of study participants. The develop­
ment of methods to measure metabolic activity suit­
able for large population studies would also provide
an objective quantitative measure of exposure.

Failure to consider exposure to ergonomic stressors
outside the workplace is another common inadequacy
in exposure characterization. For example, the amount
and type of recreational exercise, the amount of house­
work and the help available in performing it, and the
number and ages of children at home may all substan­
tially modify the degree of ergonomic stress ex­
perienced by pregnant women.

The choice of a method for exposure characteriza­
tion is often based on feasibility rather than validity.
The further removed the exposure variable is concep­
tually from the actual exposure, the greater the oppor­
tunity for misclassification. Furthermore, if the ex­
posure variable has been vaguely defined, then specific
ameliorative measures are not obvious.

Definition of outcome
The definition and ascertainment of birthweight and
gestational age can vary among studies, and this vari­
ation must be considered when studies are compared.
While data on birthweight are relatively straightfor­
ward to collect and usually considered of high quali­
ty, analyses of birthweight have differed in two im­
portant ways. First, birthweight can be analyzed as a
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dichotomous (:s 2500 g versus ~ 2500 g) or a con­
tinuous variable. When birthweight is treated as a
dichotomous variable , statistical analysis focuses on
differences in the proportions of low birthweight babies
in two or more exposure groups. The rationale for
dichotomization is that morbidity and mortality are
associated with birthweight below this cutoff. How­
ever, this approach necessitates the use of a larger sam­
ple size and will not detect those exposures that may
have a more subtle effect on birthweight or an effect
on a small number of babies . When birthweight is
treated as a continuous variable, the statistical analy­
sis is concerned with differences in mean birth weight
between two or more exposure groups. Because such
an analysis requires a smaller sample size, it, in general,
is preferable.

Second, not all studies have taken into account the
effect of gestational age on birthweight. Gestational
age is the primary determinant of birth weight. Birth­
weight can be low either because of premature birth
or because of intrauterine growth retardation. This is
a crucial distinction as it reflects two different patho­
logic mechanisms. Consequently, studies which have
failed to make this distinction are difficult to interpret.

Estimates of gestational age may be based on the
subjects ' recall of the dates of the last menstrual cycle,
on the physician's estimate, or on ultrasound. Ana­
lytically, gestational age has been treated as both a
dichotomous and a continuous variable. As a dichoto­
mous variable, preterm birth is usually defined as birth
occurring before 37 complete weeks of gestation,
counting from the first day of the last menstrual pe­
riod (3). Similar to birthweight, the rationale for con­
sidering prematurity, rather than changes in mean
gestational age, is that prematurity is associated with
a substantial degree of neonatal morbidity and mor­
tality . Again, however, such a statistical analysis has
less power to detect subtle effects than one based on
a comparison of the mean gestational ages among ex­
posure groups.

Study design
Cross-sectional, case-referent, and prospective cohort
study designs have all been used to assess the relation­
ship between ergonomic exposures and pregnancy out­
comes. In the cross-sectional design, women are inter­
viewed soon after delivery about a wide variety of ex­
posures that occurred before or during pregnancy or
both. This design has been widely employed because
of the relative ease with which a large number of sub­
jects can be identified and interviewed and because of
the number of late pregnancy outcomes that can be
evaluated. While the feasibility of this type of study
has made it particularly attractive, several important
limitations need to be recognized . Since data on ex­
posures are gathered retrospectively after the birth,
either random misclassification or recall bias can oc­
cur. In addition, either the exposure of interest must



be fairly common in the general population or the
study population must be large. Finally , the temporal
sequence between exposure and outcome cannot al­
ways be identified . For example, if a woman who has
been working strenuously experiences difficulties with
her pregnancy, she may well be advised to leave her
job prior to delivery. Thus, if the exposure variable
is duration of work during pregnancy, those who have
worked to term will have more favorable outcome s
than those who left work earlier. In this case, the out­
come actually determines the exposure , given how the
exposure has been defined. Case-referent studies share
these same limitations. However, because the number
of subjects is usually much smaller, the amount of in­
formation gathered per subject may be larger.

In prospective cohort studies, women are enrolled
early in pregnancy and followed through delivery. In­
formation on exposures is usually obtained at enroll­
ment and mayor may not be updated during the course
of the pregnancy. This design avoids the limitations
mentioned earlier. Misclassification can still occur be­
cause of the inherent difficulty in trying to characterize
variable exposures, but it will not be compounded by
recall problems or biased with respect to outcome. All
of the pregnancy outcomes can be identified , and de­
termining the temporal sequence between exposure and
outcome is straightforward.

Prospective cohort studies have two primary draw­
backs, their feasibility and exposure prevalence. If the
exposure is common, the cohort study can be con­
ducted on the general population, and patients can be
identified at the first prenatal visit at several clinics or
practices. However, if the exposure is uncommon in
the general population, then investigators must either
identify a large exposed subpopulation, say, a par­
ticular industry, or screen a very large number of
women having first prenatal visits. In the first instance,
the subpopulation must be large to provide an adequate
number of pregnant women. In the second case, a
screening mechanism needs to be established to iden­
tify women with the specific exposure of interest.
Regardless of how women are identified, a follow-up
of these women is necessary. Although the feasibility
of follow-up is enhanced by the short time of preg­
nancy, the logistical effort is still greater than for case­
referent and cross-sectional studies.

Confounding factors
Many factors are known to influence both birthweight
and gestational age. For example, parity, social class,
maternal stature , preeclampsia, maternal hypertension,
and smoking have been associated with low birthweight
(4). Maternal age, smoking, social class, and a history
of perinatal loss have been associated with preterm
delivery (5). Clearly some of these factors are also as­
sociated with both employment in general and with
specific occupations. For example, women of higher

parity are less likely to be employed outside the home
(6).

Socioeconomic status is potentially the most serious
confounding factor when the relationship between er­
gonomic stressors and pregnancy outcome is being
evaluated. Lower socioeconomic status has been con­
sistently associated with adverse pregnancy outcomes ,
although the nature of the association is not clear. Even
when analyses control for characteristics that are as­
sociated with lower socioeconomic status, such as
maternal age, parity, or smoking , an independent ef­
fect of socioeconomic status on low birthweght and
preterm delivery is still apparent. There is also a strong
association between socioeconomic status and the
probability of employment in physically stressful work
in that lower paying jobs are much more likely to be
physicallydemanding . In addition, socioeconomic sta­
tus is a complex concept which is probably not ade­
quately captured by individual variables such as the
mother ' s educational level or family income. Even if
socioeconomic status is correctly measured , multiple
regression coefficient s will not be accurate if socio­
economic status is highly correlated with physical
stress. This problem can be dealt with most directly
if the population is restricted so that all of the sub­
jects are of the same socioeconomic status or there is
stratification by socioeconomic status in the analysis.
The latter approach , if there are sufficient numbers
in all strata, would permit effect modification by so­
cial class to be evaluated. It is possible that the effect
of ergonomic stress on birth outcome varies by so­
cioeconomic status and , specifically, that those who
are more economically disadvantaged may be more
susceptible to the adverse influences of ergonomic
stress.

Psychological stress is another potentially important
confounding factor. It may have the same physiolog­
ical effect on pregnancy as ergonomic stressors and
may also be highly correlated with these stressors.
Some studies have attempted to address the relation­
ship between job-related psychological stress and
health and between psychological stress from other
sources and pregnancy outcome. As methods of
characterizing psychological stress are improved , they
should be incorporated into studies of ergonomic stres­
sors.

Studies of employment and pregnancy out­
come

Research done in Great Britain in the 1950ssuggested
that employment outside the home during pregnancy
resulted in an increase in the incidence of premature
birth (7-9) and stillbirth (8). More contemporary
studies from Israel (10), France (11), Great Britain (12),
Australia (13), and the United States (6, 14)have found
that the pregnancy outcomes of employed women are
either as favorable or more favorable than the out -
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comes of women who are not employed. Several ex­
planations have been suggested for this favorable as­
sociation, including the socioeconomic advantages of
a household with two wage earners, increased access
to medical care for employed women, and the supe­
rior health status necessary for employment relative
to that of the general population.

An analysis of data from the "Collaborative Peri­
natal Project" by Naeye & Peters (15) provides the one
exception to the generally favorable association be­
tween employment and pregnancy outcome. Although
the analysis was performed in the 1980s, the data were
collected from 1959to 1966. In this study, job title was
used to classify women into one of the following three
categories: not employed outside the home, employed
in a sedentary job, and employed in a standing job.
The authors reported that birthweight was 150 to
400 g less for women employed outside the home af­
ter 28 weeks of gestation, except for those who were
primiparous and worked in sedentary jobs. While this
study has been cited as providing evidence that em­
ployment outside the home may have a deleterious ef­
fect on fetal health, the failure of the analysis to con­
trol simultaneously for multiple confounding factors,
the noncontemporary nature of the sample, and the
inconsistency of the results with other studies cast
doubt on the generalizability of the results to today's
work force.

Nonetheless, the question remains of whether leaving
work at some point prior to pregnancy might be benefi­
cial. While there is limited evidence to suggest that this
practice is advantageous in developing countries where
work conditions are more arduous (16), the question
has not been appropriately addressed in studies from
developed countries. This question cannot be answered
simply by examining the relationship between outcome
and the duration of employment during pregnancy
since women can leave work prior to delivery either
by choice or because of pregnancy complications. For
example, one study reported that women who worked
to term had more favorable outcomes than those who
left work between the first and eighth month of preg­
nancy (6). Prospective studies in which date of and
reasons for termination are carefully documented will
be essential in resolving this issue.

Studies of ergonomic stressors and late
outcomes of pregnancy

The literature on ergonomic stressors and late out­
comes of pregnancy literally doubled in 1989-1990,
and this increase reflects the increasing recognition of
the importance of the issue (table 1). Of the 18 pub­
lished studies, ergonomic exposures were inferred from
job title in six. Because of the inherent limitations in
inferring exposure from job title, these studies are dis­
cussed separately.
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Studies using job title to categorize exposure
As described previously , Naeye & Peters (15) used job
title to place women in one of three categories. The
mean birthweight, not controlled for gestational age,
was lower for women who worked outside the home
after the 28th week of gestation, particularly for
women employed in standing positions. The frequen­
cy of placental infarcts was five times higher among
women who worked in standing positions and con­
tinued to work after the 37th week in comparison with
those who left work before the 33rd week. No effect
on gestational age was seen.

These findings were not confirmed in studies using
somewhat different classification schemes (14, 20).
Meyer & Daling (20) performed a case-referent study
of babies with low birthweights determined from the
birth certificates. On the basis of job title women were
classified as not employed outside the home, in jobs
involving sitting more than 750/0 of the time, in mixed
jobs involving standing and sitting between 25% and
75% of the time, in standing jobs, and in very active
jobs that entailed physically strenuous work more than
25070 of the time. No relationship between low birth­
weight and activity level was found . Zuckerman and
his colleagues (14) constructed different categories
from the job title (ie, not employed outside the home,
working in a standing position during all or part of
the third trimester, and any other work history, in­
cluding women who worked at jobs involving stand­
ing during the first or second trimester. No associa­
tions with gestational age or birthweight were seen.

Teitelman and her co-workers (21), in a prospective
cohort study of 1206 employed women, defined the
following three categories of activity levelbased on job
title: sedentary, standing, and active. Active jobs were
defined as those involving continuous or intermittent
walking with an active range of motion, such as jani­
tors and physicians. The relative risk (RR) for preterm
birth was 2.7 for women in standing jobs when com­
pared with women in active jobs, and their infants'
mean gestational age was 2.5 d shorter. Apparent
differences in the low birthweight rate were not statisti­
cally significant when confounding was controlled.

Two studies linked job title with other sources of
information to categorize exposure. Homer et al (22),
in an analysis of data from the "National Longitudi­
nal Survey of Labor Market Experience Youth Co­
hort," linked the job title of 772 women to a job
characteristics scoring system developed by Robert
Karasek. Th~ physical exertion variable in this system
is based on the question "Does your job require lots
of physicaleffort?," as answered on a four-point scale.
This question was used to categorize job titles into four
quartiles of physical exertion, which were later col­
lapsed into two categories. Women in the highest physi­
cal exertion category were at higher risk of having a
preterm,low birthweight baby (RR=5.1), a low birth­
weight baby (RR = 2.7), a preterm infant (RR = 2.0),



Table 1. Stud ies of ergonom ic st ressors and outcomes of late pregnancy . (PTB:= preterm birth, LBW:= low birthweight, SGA :=
small for gestational age, OR :=odds ratio , RR:= relative risk)

Location and Study design" Ergonomic st ressors Effects of bi rthwe ight Eff ects on gestational
year ageb

Job title used to inf er exposure

Unit ed States Cross-sect iona l (7722) Employmen t outs ide 150- 400 g decrease No eff ect
1959-1962 (15) home, standing in bi rthweightC

United States Case-referent (2911 Act ivity level No effect Not assessed
1985 (20) cases; 2911 referents)

United States Cross-sect iona l (1507) Employm ent outside No effect No eff ect
1986 (14) home, stand ing

United States Prospect ive cohort Posture: standing, No effect OR:= 2.7 if stand ing
1990 (21) (1206) sedentary , active > 3 h

United States Cross-sect ional (772) High exert ion OR :=5.1 for preterm OR:=2.0
1990 (22) LBW, OR:= 2_7 for

LBW

United States Case-referent (604 Physi cal demand Not assessed OR:= 1.4 for median
1990 (23) cases, 6070 referents) demand , 1.8 fo r high

demands

Exposure assessed through questionnaire

Unit ed States Case-referent (185 Physical activ ity at Not assessed No effect
1983 (17) cases, 313 referents) work

France 1984 (24) Cross-sect ional (1928) Occupational fatigue Not assessed OR :=5.1d for highest
sco re from 5 sources scores

France 1985 (26) Cross-sectional (621) Heavy cleaning , load OR :=1.6d for LBWc OR:= 3.5d for 2:2
carrying, standing for 2:2 exposures exposu res

France 1987 (27) Cross-sectional (2387) Load carrying, standing, OR fo r LBWc :=2.0d OR :=2.1d for 3-4
assembly line work, for 3-4 exposures, exposures
physically demanding 1.6d for phys ically
work demanding wo rk

Canada 1988(28) Cross -sect ional Lifti ng, other effort , See reference 35 RR= 1.3 fo r lifti ng
(22 761) standing, assembly line weights , working > 45 hI

work, environ mental week ; RR=1.16 for
cond itions, Mamell e's fatigue score of 2:3
fati gue score

Canada 1989(35) Cross-sect ion al Same as reference 28 Lifting heavy weights, See reference 28
(22761) shi ft work assoc iated

wi th decreas ing bi rth-
weight , no association
with fatigue score

Finland 1989 (18) Case-referent (189 Stand ing, shi ft work, Not assessed No effect
cases, 189 referents) " heavy loading," envi-

ronmental conditions

Finland 1989 (29) Cross-sect ional (1475) Physical load, based Highest load associated Highest load associated
on assessm ent of with SGA, OR :=2.7d with gestational age
energy expendit ure < 280 days, OR = 2.2d

Sweden Prospective (3906) Heavy lifting No eff ect No eff ect
1990 (19)

Guatemala Prospect ive (15 876) Standing, walking, OR:= 1.2 for standing, OR:= 1.6 for standing;
1990 (30) compos ite activ ity 1.3 for walki ng for high sco re assoc iated

sco re SGA; high score with SGAIPTB, non-
associ ated wit h SGA, significantly with PTB
SGAlPTB

Great Britain Prospect ive (1507) Composite act ivity No effect Not assessed
1990 (34) measure

Unit ed States Cross-sect ional (2228) Medical residency No eff ect Residents at higher
1990 (31) versus nonresidency, risk for preterm labo r

hours worked per week (OR = 2.0d) but not PTB

a Numbers in parenth eses.
b Odds ratios are calcu lated for preterm bir th unless othe rwise speci fied.
c Birthweight not cont rolled for gestational age.
d Prevalence odds ratio calculated f rom the data.
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and a baby of lower mean birthweight (160 g). These
results were substantially the same when the analysis
was restricted to primiparous women.

Ramirez and his colleagues (23) examined the asso­
ciation between physical activity and preterm birth in
a case-referent study of primigravidas on active duty
in the United States Army. Physical activity assessment
was based on the physical demand assessment of all
military occupational specialties, which in turn was
based on the maximum upper body strength required
to perform the job under combat conditions. The rela­
tive risk for preterm birth increased from 1.4 for
women in the medium demand category to 1.8 for
those in the very heavy demand category.

Clearly, these studies based on job title are not con­
sistent. Two studies found an effect of ergonomic stres­
sors on birth weight, while three did not, and three
found an effect on gestational age, while two did not.
All six studies used different and noncomparable meth­
ods of categorizing exposure (eg, women who were in
Teitelman's "active" category, and had better out­
comes, would have been included in the standing cat­
egory of the other studies). Resolution of the dis­
crepancies between these studies is not possible, but

the limitations of using job title for exposure assess­
ment are apparent.

In the remaining studies described in table 1, data
on exposure were obtained by means of an interviewer­
or self-administered questionnaire at the beginning of
prenatal care in prospective studies or soon after de­
livery in case-referent and cross-sectional studies . Di­
rect comparisons among these studies are hindered by
differences in the way exposures were assessed or de­
fined, differences in the definition of the outcomes ex­
amined, and differences in the extent to which poten­
tially relevant confounding variables were controlled.
Table 2 summarizes the literature on gestational age
in relation to the three ergonomic exposure variables
most commonly assessed (standing, heavy lifting, and
physically strenuous work). Many studies have also
considered the combined effect of individual ergo­
nomic stressors in some manner, and these results are
in the "composite score" column. Table 3 is similar
but considers effects on birth weight. These tables
graphically demonstrate the inconsistency of results in
the current literature, with the apparent exception of
an association between a composite score and preterm
birth .

Table 2. Studies of ergonomic stressors and gestational age.' (NA =not assessed in this study. + =positive association found
between stressor and decreased gestational age, - =no association found between stressor and decreased gestational age)

Study Standing Heavy lifting Physically strenuous Composite score

Berkowitz et al (17) NA NA
Saurel-Cubizolles et al (26) NA NA NA +
Saurel-Cubizolles & Kaminski (27) +
McDonald et al (28) + +
Mamelle et al (24) + + +
Mamelle & Munoz (25) +
Hartikainen·Sorri & Sorri (18) NA NA
Launer et al (30) + NA NA ± b
Ahlborg et al (19) NA NA NA
Nurminen et al (29)C NA NA NA +
Klebanoff et al (31) NA NA NA

a All studies assessed preterm birth (gestational age <37 weeks) except as noted.
b No association was found between preterm birth and the composite activity score, but the score was associated with prema­

ture, small·for-gestational-age babies .
C Dichotomized gestational age into < 280 d or ",280 d.

Table 3. Studies of ergonomic stressors and birthweight. (NA =not assessed in this study, + =positive association found be­
tween stressor and decreased gestational age, - = no association found between stressor and decreased gestational age)

Study Standing Heavy lifting Physically strenuous Composite score

Saurel-Cublzolles et al (26)8,b NA NA
Saurel-Cubizolles & Kamins ki (27)" b + +
Launer et al (30)C + NA NA +
Ahlborg et al (19)d NA NA NA
Nurminen et al (29)C NA NA NA +
Armstrong et al (35)d NA + NA
Rabkin et al (34f NA NA
Klebanoff et al (31)C,d NA NA NA

8 Outcome was low birthweight (s2500 g).
b Did not control for gestational age.
C Outcome was small for gestational age (s 10th percentile wei9ht, ",37 weeks age). Launer also examined preterm , small for

gestational age (s 10th percentile weight, < 37 weeks age).
d Outcome was mean birhtweight.

78



Effects on gestational age
Mamelle and her colleagues (24) conducted one of the
earliest investigations to use questionnaires for assess­
ing exposure to ergonomic stressors. Women who had
been employed during pregnancy (N = 1928) were in­
terviewed immediately after delivery about life-style
and occupational activity during pregnancy. The oc­
cupational data were used to define the following five
sources of fatigue: posture (sitting or standing), work
on an industrial machine, physical exertion, mental
stress, and environment. Each source was scored either
zero or one. Some sources were more clearly defined
conceptually than others . For example , posture re­
ceived a score of one if the work involved standing
more than 3 h a day. In contrast, environment received
a score of one if the job involved either manipulation
of chemical substances or if two of three elements (sig­
nificant noise level, cold temperature, or very wet at­
mosphere) were present. Each source was found to be
significantly associated with the risk of a premature
birth when considered individually. However, when
considered simultaneously, mental stress and environ­
ment emerged as the two most important factors.
When the individual sources were combined into an
occupational fatigue score, the proportion of women
having a preterm birth rose from 2.3 to 11.1% as the
score increased from 0 to 5. Women who worked more
than 40 h a week and had a high fatigue score had the
highest prematurity rate (16.70/0).

The investigators also examined the interaction be­
tween "medical factors" and physical stress. They de­
fined "medical factors" as the existence of a previ­
ous premature delivery, spontaneous abortion, still­
birth, or perinatal death or as pathology during the
first five months of pregnancy which might or might
not be related to prematurity. In a comparison with
the women who had no medical factor or work-related
physical stress, the relative risk of preterm deliverywas
1.4 for the women who only had a medical factor, 2.1
for the women with only physical stress, and 2.8 for
the women with both.

To assess the reliability of the occupational fatigue
score, Mamelle & Munoz (25) conducted a case-refer­
ent study of 200 women who delivered before 37 weeks
and 400 women who delivered at term. Their initial
findings were partially confirmed. Posture and physi­
cal exertion were not individually related to preterm
birth, environment was related but not significantly,
and work on a machine and mental stress were signifi­
cantly related . [In their paper the numbers are trans­
posed in table I, but the interpretation in the text is
accurate (N Mamelle, personal communication).] The
cumulative fatigue score was again related to the risk
of preterm birth, women scoring 1 or 2 having a
moderately increased risk [odds ratio (OR) 1.5] and
women scoring 3 or higher having the highest risk (OR
1.9) in comparison with women with scores of O.

Other investigators have also used a cumulative score
approach in studies of ergonomic stress and preterm

birth. Saurel-Cubizolles and her co-workers (26)studied
621 women who worked in hospitals. Questionnaires
were administered by hospital personnel to women
returning to work at the end of postnatal leave. The
women who had worked less than 13 weeks during
pregnancy or whose postnatal leave extended beyond
36 weeks were excluded from the study . Three work
conditions were combined into a composite score (ie,
heavy cleaning tasks, carrying heavy loads, and
prolonged standing). In the overall sample, the pre­
term delivery rate was 6% for the women with a score
of zero, 5% for those with a score of one, 18% for
those with a score of two, and 30% for those with a
score of three. The association between the composite
score and preterm birth was especially strong for the
ancillary staff responsible for housekeeping.

In a later study of 2387women employed during the
first trimester of pregnancy, Saurel-Cubizolles &
Kaminski (27)examined the effects of prolonged stand­
ing, carrying heavy loads, assembly-line work, and
physicallydemanding work both individuallyand com­
bined into a cumulative score. Only assembly-linework
was individually associated with an increased risk of
preterm birth, but again the cumulative score was
strongly associated. The proportion of preterm births
was 4% for those with a score of zero, 5.1% for those
with a score of one or two, and 8.2% for those with
a score of three or higher. The women were divided
into two occupational groups (ie, production, service,
and shop workers and professional, administrative,
and clerical workers). The relationship between the cu­
mulative score and preterm birth was apparent in the
first group , but the latter contained only 39 women
with scores of three or four, and none of these women
had a preterm birth.

McDonald and her colleagues (28), in one of a series
of reports from the Montreal survey, also examined
the effects of both individual stressors and a composite
score on preterm birth. The Montreal survey is par­
ticularly informative because of its size (56 067 women
were interviewed), its clearer definition of the ergo­
nomic exposure variables, and its careful control of
potentially confounding variables. In this particular
paper (28), results were reported for 22761 women
who were employed for 2::30 h at conception and con­
tinued to work under the same conditions. The ergo­
nomic exposures considered in this study included
lifting heavy weights more than 14 times a day, other
physical effort, standing more than 7 h a day, assem­
bly-line work, and environmental conditions (noise,
vibration, and extremes of temperature). The only
ergonomic stressors that demonstrated an individual
relationship with preterm birth overall were working
~ 45 h a week and lifting heavy weights, although the
latter association was not present for women who
worked more than 28 weeks. The investigators also
constructed an occupational fatigue score using the
same criteria as Mamelle, but with the caution that
there may have been differences in the degree of physi-
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cal effort and lifting. The fatigue score demonstrated
a statistically significant association with preterm birth,
but to a less degree than in Mamelle's study. The rela­
tive risk was 1.07 for the women with a score of two
and 1.16 for those with a score of three or more.

Other investigators have used different approaches
in measuring the cumulative effect of multiple sources
of ergonomic stress. Nurminen and her co-workers (29)
evaluated the physical load of each woman's job ac­
cording to a standardized method of assessing energy
expenditure. Each woman was assigned a major ac­
tivity level and, if there were clear variations in the
load, a minor activity level. These levelswere then com­
bined in a time-weighted average or mean level, and
the mean activity levels were divided into four cate­
gories. Short-term loads , defined as occasional loads
that exceeded the major or minor activity level, were
also assessed. Since too few women delivered prema­
turely to use preterm birth as an outcome, gestational
age of < 280 d was evaluated. The mothers in the
highest physical load category had a higher risk (OR
1.4) than those in the lowest category and the mothers
whose short-term physical load was high were also at
higher risk (OR 1.2). When the analyses were restricted
to women in the two lower socioeconomic classes, this
increased risk was no longer apparent.

Launer and her colleagues (30)used an activity score
based on type of work , sitting or standing position ,
physical intensity level, and number of hours of work
to assess the relationship between physical demands
and preterm birth in a prospective study of 15786
Guatemalan women. The investigators also made a
unique attempt to evaluate factors that might modify
physical demands, such as the number of children at
home and the amoun t of help the subjects had with
housework. These factors, however, were not exam­
ined to see if they modified the effect of work-related
physical activity on outcome. After adjustment for
monthly income and maternal weight and height,
working in a standing position was associated with an
increased risk of preterm birth (OR 1.6), and work­
ing in a walking position was associated with a two­
fold risk of preterm babies small for their gestational
age. The activity score was linearly related to the
proportion of preterm babies small for their gestational
age, women in the highest demand category having the
highest proportion. This same trend was apparent but
not statistically significant for preterm birth.

The question remains of whether investigators have
succeeded in truly disentangl ing the effects of socio­
economic status from the effects of ergonomic stres­
sors. In the studies discussed previously that have ex­
amined the association between physically demanding
work and preterm birth within socioeconomic strata
(26, 27, 28), even the study by McDonald et al (28)
did not have sufficient women in the higher socio­
economic stratum with ergonomically stressful work
to assessthe relationship within that stratum. The study
reported an association between heavy lifting and pre-
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term birth in all occupational sectors, although only
the sectors representing lower socioeconomic status had
sufficient numbers individually to reach statistical sig­
nificance. In the two studies by Saurel-Cubizolles and
her colleagues (26, 27), the relationship between ergo­
nomically stressful work and preterm birth was ap­
parent in the lower socioeconomic stratum, but the
number of women with ergonomically stressful work
in the higher stratum was too small to permit any
evaluation.

Recognizing the inherent difficulty of disentangling
socioeconomic status and ergonomically stressful
work, Klebanoff and his co-workers (31) selected a
study population of uniformly high socioeconomic sta­
tus (989 female medical residents and, as a compari­
son, 1238 wivesof male residents). Questionnaires were
sent to all of the women and a random sample of men
who graduated from medical school in 1985.The ques­
tions were asked about all pregnancies, in particular
the first pregnancy to begin during residency, and
about certain aspects of the residency. Although the
only individual physicalstressors considered were num­
ber of hours worked per weekand the number of nights
on call, residency is generally characterized by
prolonged standing, long hours , and stress. The inves­
tigators reported that there were no differences in the
proportion of preterm births between the female resi­
dents and residents' wives. The women in surgical
specialties were at higher risk (OR 1.6) than the other
residents, although this risk was not statistically sig­
nificant. The risk of preterm birth was twice as high
for the residents who worked 100 h a week than for
those who worked less. The investigators concluded
that working long hours (as long as it was less than
100h) in a stressful occupation did not have an effect
on the outcome of pregnancy in a healthy, higher so­
cioeconomic status population.

However, the investigators also found that female
residents were twice as likely to experience premature
labor as wives of male residents. To explain this find­
ing, they suggested that attending obstetricians might
be more likely to diagnose early labor in a group of
women perceived to be at high risk, that female resi­
dents may be more likely to report symptoms, or that
preterm labor due to work-related stress could be more
reversible. However , a likely alternative explanation
is that residents who go into premature labor are
treated earlier and more aggressively, and therefore
more successfully. Thus, while their conclusion that
women medical residents are not at increased risk for
premature birth is supported by their data, the results
may not be generalizable to women in other stressful
occupations with less access to early diagnosis and
treatment.

In summary , while no individual study is persuasive
regarding the association of ergonomically stressful
work and premature delivery, the literature as a whole
suggests that such an association exists. Whether this
association varies by social class is not yet clear.



Resolving this question would undoubtedly provide
scientific insight into the underlying nature of the as­
sociation, and thus a resolution is worth pursuing . For
public health the question is less pressing, inasmuch
as most of the patients who are engaged in ergonomi­
cally stressful work are also of lower socioeconomic
status.

The utility of the cumulative fatigue score proposed
by Mamelle and her colleagues also needs more inves­
tigation. For epidemiologic studies of the relationship
between ergonomic stressors and pregnancy outcomes,
it appears to be inadequate. Divergent aspects of work
are pooled together in a single source, each source is
assumed to have an independent and additive effect,
and joint effects between various sources cannot be
examined (32). In short, use of the scoring system does
not permit the relative contributions of each source to
be defined, and thus the identification of the priori­
ties for possible job modifications during pregnancy
is not possible. These difficulties are compounded by
vagueness of the definition of many of the sources .
However, the question remains of whether such a
scoring system could be clinically useful in identi­
fying women at high risk of preterm birth. Mamelle
& Munoz have also urged that the primary use of the
occupational fatigue index is as a predictor of prema­
ture birth rather than as an epidemiologic tool (33).
However, its utility in this regard still remains to be
demonstrated.

Effects on birth weight

In contrast to the data on premature delivery. the data
on birthweight are more contradictory. As with prema­
ture delivery, no individual ergonomic stressor has been
consistently found to be associated with effects on
birthweight, although studies examining specific stres­
sors are few (table 3). Six studies have used a composite
score or some other assessment of overall activity level.
Three of them have found an effect on birthweight and
three have not.

Of the three studies that found an association be­
tween physically stressful work and birthweight (27,
29, 30), one (27) did not control for the effect of gesta­
tional age. Since this study also found a strong asso­
ciation between the composite score and preterm birth ,
it is not possible to judge the extent to which the de­
crease in birthweight was secondary to the decrease in
gestational age. Launer and her co-workers' prospec­
tive study (30) of Guatemalan women found that
women who worked in a standing or walking position
were at higher risk of having babies that were small
for their gestational age (OR 1.2 and OR 1.3, respec­
tively) and that there was a direct relationship between
a physical activity score and the proportion of babies
small for their gestational age and those both small
for their gestational age and preterm. Although the
study appears to be methodologically sound, the de­
scribed nutritional status of the study population ap-

pears to be poorer than that of populations in most
developed countries. In addition, the definition of
"small for gestational age" was based on norms from
a well-nourished population, and fully 20% of the
women gave birth to babies meeting this definition.
It is possible that physically stressful work has a more
deleterious effect on women with little nutritional re­
serve. Thus, while the conclusions of the study may
well be valid for the study population, they are not
necessarily generalizable to developed countries.

The third study reporting an association between de­
creased birthweight and physically stressful work, that
by Nurminen and her co-workers (29), found an in­
creased risk of babies small for their gestational age
among women in the highest mean (OR 2.4) and
highest short-term (OR 1.8) physical work load cate­
gories, when the analyses were restricted to women in
nonagricultural, lower socioeconomic categories. How­
ever, the association was not as strong overall. There
was only a 55-g difference in the median birthweight
between the highest and lowest work load categories.

This weak, but positive, evidence of an association
between birthweight and physical exertion has not been
confirmed in other studies. Rabkin et al (34) conducted
a prospective study of 1507 women, of whom 626
worked more than 30 h a week and 202 worked part­
time. In addition to a questionnaire at the initial pre­
natal visit, follow-up questionnaires were administered
at 17, 28, and 36 weeks. An activity measure, based
on the activity of the day before the interview , con­
sidered the nature of paid employment, the usual pos­
ture at work, the starting and stopping time, com­
muting time and mode, amount of time spent perform­
ing child care and housework, and the nature and
duration of leisure activities. Energy requirements in
kilocalories per minute were estimated, and the value
was used as one of the measures of exposure. Over­
all, no association was found between mean birth­
weight and any measure of exposure, including hours
of paid work, posture at work, or energy expenditure.
Although the study was relatively small, it had suffi­
cient power to detect an 80-g difference in birthweight.
And, while the calculation of energy expenditure in­
volved several assumptions that could have led to mis­
classification of exposure, there was no such possibility
for the other measures, such as hours worked and pos­
ture.

While the initial report from the Montreal survey
(28) found an association between birthweight and
several ergonomic stressors, the effect of gestational
age was not considered. A further analysis (35) in
which birthweight was controlled for gestational age
confirmed the association between birthweight and
both lifting heavy weights and shift work, but the as­
sociation with working more than 45 h a week and the
occupational fatigue index was no longer apparent.
The large size of the study population and its compre­
hensiveassessment of ergonomic exposures lend weight
to the reported findings, both positive and negative.
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The study by Klebanoff and his colleagues (31), al­
though it did not contain an explicit measure of physi­
cal exertion, is the third important study that did not
find an association between physically strenuous work
and birthweight. In their comparison of the pregnan­
cy outcomes of female medical residents and wives of
male medical residents, there were no differences in
the proportion of women delivering infants small for
their gestational age or babies weighing less than 2500
or 1500 g at birth or in the mean birthweight of the
babies. There was also no difference in the proportion
of babies small for their gestational age between resi­
dents who worked more than 100 h a week and those
who worked less.

Thus, in contrast to the relatively consistent data be­
tween a cumulative effect of ergonomic exposures and
preterm delivery, the evidence for an association with
birth weight is both limited and variable. However,
such an association cannot be ruled out. There is evi­
dence that physically stressful work has an adverse im­
pact on birthweight in less developed countries (eg,
reference 36), and this association is biologically plau­
sible. Nonetheless, the weight of the evidence suggests
that any adverse effect of ergonomic stressors on birth­
weight in industrialized countries, if it exists, is likely
to be small.

Summary and recommendations

The need for more research on the effect of ergonomic
stressors is clear. In epidemiologicresearch, the greatest
challenge is a more precise description and quantifi­
cation of ergonomic exposures. This challenge must
be addressed on several fronts. Questionnaires need
to be refined and their reliability assessed; the valida­
tion of questionnaires, while a difficult task, would
also be extremely useful; newer methods that evalu­
ate energy expenditure directly and are applicable for
large studies must be developed; and the effects of er­
gonomic stressors encountered outside of the work­
place also need to be incorporated into future studies.
In addition, further attempts to explore the roles of
psychological stress and socioeconomic status as con­
founders and effect modifiers are necessary.

In addition to epidemiologic research, experimen­
tal research in which physical activity can be carefully
quantified should also help clarify the impact of er­
gonomic exposures. For example, a recent Massa­
chusetts study investigated the frequency of uterine
contractions using ambulatory tocodynamometry be­
fore, during, and after standardized work activitiesper­
formed by low risk women between 28 and 32 weeks
of gestation (M Paul, personal communication). Such
research will help quantify the effect of ergonomic ex­
posures and provide a scientific basis for rational in­
tervention.

Nonetheless, sufficient scientific evidence exists to
support certain recommendations. Clinicians caring for
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pregnant working women must elicit in some detail the
number and type of ergonomic stressors to which their
patient is exposed. Simply knowing the job title is in­
sufficient, as jobs with the same title can vary widely
in their exposures. Questions should be directed toward
obtaining adequate data on the number of hours
worked, the number of hours spent standing, the fre­
quency of lifting and the approximate weight lifted,
the woman's perception of the physical strenuousness
of her job, work on a machine, and the nature of the
work environment. The clinician's assessment of the
extent to which a woman's exposure to ergonomic
stressors places her at increased risk for preterm birth
will depend on the nature and number of ergonomic
stressors her job entails, the presence or absence of
other risk factors, and her health status. Preventive
intervention can range from a discussion of the possi­
ble risk to job modifications or transfer to intensive
surveillance of the pregnancy to leaving work. The
available evidencedoes not suggestthat a blanket man­
datory leave policy would be useful. It does, however,
provide support for any decisions involving the miti­
gation of ergonomic stressors made by a woman and
her health practitioner.
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