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ABSTRACT
Objectives To identify the biomechanical and 
organisational constraints that influence pregnancy 
outcomes and define the exposure levels at which the 
risks for pregnancy become significant.
Setting and participants We applied a consensus 
method (Delphi) consisting of a literature review followed 
by expert opinions on exposure levels. The group of 
experts was made up of 12 people from different medical 
specialities and working in various structures in France.
Outcome measures The studied variables were: (1) 
exposure: night work/shift work, weekly hours at work, 
lifting of heavy loads, prolonged standing and multiple 
exposure and (2) pregnancy outcomes: prematurity, low 
birth weight and spontaneous miscarriages.
Results The consensus method resulted in the following 
recommendations. The time spent working must not 
exceed 40 hours/week; in the absence of a consensus 
on the level of exposure, night and/or shift work must be 
avoided; prolonged standing must not exceed 3 hours/
day; lifting must be limited to carrying loads <11 kg, with 
a daily load <100 kg; multiple exposure must be avoided, 
in particular: vibration, night work/shift work, time spent 
working exceeding 40 hours/week, prolonged standing 
and lifting of heavy loads.
Conclusions These results could help the occupational 
physician to address the question of whether an exposed 
employee should remain at work, considering her 
individual characteristics (medical history, family situation, 
socioeconomic level, etc) in consultation with pregnancy 
specialists (obstetricians, midwives).

INTRODUCTION
In most parts of the world, many women work 
during the pregnancy.1 Certain workplaces 
may expose women to known or suspected 
reproductive hazards.2–7 The occupational 
exposure most frequently found among 
women seen for pathological pregnan-
cies at the Environmental Health Platform 
Dedicated to Reproduction of Bordeaux 
University Hospital (France) in 20198 were 
biomechanical (32.3%) and organisational 
constraints (6.3%),9 for which the scientific 

literature shows a low to moderate excess risk 
for pregnancy.1 2 4 10–13

In 2009, the Royal College of Physicians 
(RCP) highlighted the variability in the prac-
tices of preventive physicians in the National 
Health Service in terms of risk assessment 
and decision making for adapting the work 
or taking a leave of absence. American and 
Danish studies reported similar variability.14 
The RCP specified that such variability is 
partially due to the lack of clarity in the 
guidelines used (and sometimes even to the 
lack of guidelines), the recommendations of 
which are sometimes difficult to apply in the 
field. This results in difficulties in assessing 
the professional situations that put preg-
nant women at risk and therefore in vari-
able and ‘dependent professional’ practices. 
Most studies concerning biomechanical and 
organisational constraints highlight difficul-
ties in assessing exposure and defining expo-
sure thresholds above which the risk becomes 
significant,2 4 11 mainly because of a lack of 
homogeneity in the definitions of exposure 
and thresholds in the available studies.14 
We applied a Delphi consensus method to 

Strengths and limitations of this study

 ► Consensus method (Delphi method) was based on 
a group of twelve French experts from different 
specialities (in the fields of occupational health and 
perinatal health) and centres of expertise.

 ► A literature review was conducted and submitted to 
this group of experts before their participation in the 
Delphi.

 ► The scope of the study is limited to first physiologi-
cal pregnancies with a singleton and in the absence 
of a gynaecological- obstetrical history.

 ► Each constraint was assessed separately, keeping in 
mind the complex notion of the interaction between 
multiple types of exposure.
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summarise expert opinion to overcome such limita-
tions, addressing this issue by seeking expert opinion to 
complete the literature data.

The objectives of this study were to identify the biome-
chanical and organisational constraints that affect preg-
nancy outcomes and define the exposure levels at which 
risks to pregnancy become significant using a consensus 
method (Delphi).

METHODS
Selection of constraints and pregnancy outcomes
The French expert opinion ‘Pregnancy and Work’,15 
published in 2010 by the French National Research 
and Safety Institute for the Prevention of Occupational 
Accidents and Diseases, is a reference in the field of 
French occupational health. It enabled us to define the 
constraints of interest for this study. For biomechanical 
constraints, we chose prolonged standing and heavy load 
carrying; for organisational constraints, we studied night 
work, shift work and the amount of time spent working 
per week. We selected the following pregnancy outcomes: 
spontaneous miscarriage, premature birth and intra-
uterine growth retardation (low birth weight and low 
weight for gestational age).

Delphi method
The Delphi method is a consensus method.16 17 Our 
approach consisted of two parts: (1) a literature review 
to identify the available data on the relationship between 
biomechanical and organisational constraints in the 
workplace and their effect on pregnancy outcomes and 
(2) an expert opinion by sending out a questionnaire 
based on data from the literature review (data provided 
to experts) to identify the constraints that influence preg-
nancy outcomes and define the levels of exposure at 
which the risks for pregnancy become significant.

Literature review
Data selection
The literature review consisted of two steps: The first 
consisted of a search for recommendations from insti-
tutional sources (eg, the French National Public Health 
Agency and the French National Authority for Health, 
the NIOSH, the NICE, the NIH …). For this step, we 
conducted a search of the grey literature in the search 
engines of websites of institutions related to occupa-
tional health or obstetrics (online supplemental file 1) 
using the key words: ‘pregnancy’, ‘work’, ‘employment’. 
The search was conducted in both English and French. 
The recommendations had to target working conditions 
for pregnant women, be written in English or French, 
and to have been published less than 20 years ago. The 
second step consisted of the search for scientific articles 
published since the date of publication of the recom-
mendations to complete the review with data not covered 
in the recommendations. For this step, we conducted a 
search in two databases, Medline and Scopus, using the 

following keywords: ‘work schedule tolerance’, ‘shift 
work schedule’, ‘working hours’, ‘posture’, ‘lifting’, 
‘pregnancy’. The publications analysed had to be reviews 
or original articles. For each constraint studied, articles 
published from the date of publication of the corre-
sponding recommendations were selected, first reviews 
or meta- analyses and then original articles not cited in 
the first selection. The original published studies had 
to be analytical epidemiological studies, consisting of 
cohort or case- control studies. The target population had 
to be women who had been employed during pregnancy, 
without selection of the sector of activity or geographical 
origin. The articles had to be written in English or French 
and those not providing detailed results were excluded.

Data extraction and presentation of the results
Each constraint was treated separately. No meta- analysis 
or statistical analysis was done. Data were compiled and 
summarised in tabular and forest- plot form: method of 
determining exposure and constraints, confounding 
factors, main results, etc. These data were made available 
to the experts.

Selection of experts
This French expert group was set up based on the criteria 
of competence (diversity of medical specialties, knowl-
edge of the subject, academic profile, field experience) 
and availability (time needed to answer the question-
naires). Among 17 experts contacted by email, 13 agreed 
to participate. The first questionnaire was sent by email 
on 4 December 2019 and the second on 11 February 
11, 2020. Ten experts (five occupational physicians, one 
obstetrician- gynaecologist, two midwives/epidemiologist, 
two public health physicians/epidemiologist) replied 
to both questionnaires, one expert (occupational physi-
cian) replied only to the first questionnaire and another 
(obstetrician- gynaecologist) only to the second.

Synthesis for the experts
Preparation of questionnaires
We divided the questionnaire (online supplemental file 
2) into four parts, corresponding to the four constraints 
studied. For each constraint, we asked the experts to: 
(1) qualitatively estimate the probability of association 
between the constraint and pregnancy outcome: no asso-
ciation detected, possible association, probable associa-
tion, definite association; (2) quantitatively estimate the 
level of exposure at which the risk becomes significant 
in their opinion using levels of exposure based on those 
presented by the studies included in the literature review 
and (3) add remarks related to the questionnaires in a 
comment space.

Experts involvement
The experts were partly involved in the design of this 
study: comments on the first questionnaire helped to 
refine the second questionnaire. The main results have 
been disseminated to the experts and we will seek their 
participation to disseminate these data appropriately.
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Final synthesis of the results
We retained only ‘consensual’ responses for the final 
synthesis. We considered a response to be ‘consensual’ 
if one of the proposed items received more than half 
the number of responses (>50%).16 The questions that 
received a ‘consensual’ response in the first round were 
systematically repeated in the second round.

Patient and public involvement
No patient involved.

RESULTS
Literature review
All the data from the literature review are presented 
in online supplemental files 3 and 4 (flow chart, tables 
and forest plot syntheses). For each constraint, 3–9 
meta- analyses were cited and synthesised (in addition 
to a varying number of original articles not cited in the 
meta- analyses).

Most studies concerning nightwork simply assessed the 
number of nights worked during all or part of the preg-
nancy. In the studies on the effect of night work on the 
risk of premature delivery, Specht et al18 discriminated 
between the number of consecutive nights and the total 
number of nights per trimester when assessing expo-
sure. We included this distinction in our questionnaire. 
Concerning the carrying of heavy loads, the assessment of 
exposure differed depending on the study: some assessed 
exposure by carrying a unit load, others by combining 
the weight of the load and the frequency of lifting, and 
still others based on the accumulated weight over 1 day 
(without specifying the unit load or the frequency of 
lifting). In our questionnaire, we presented two items in 
the choice of exposure level: the unit load and the cumu-
lative load over 1 day. For all other constraints, the ques-
tionnaire contained only one possible way of assessing 
exposure, with several levels to choose from.

Delphi expert opinion
The answers of the experts to the second questionnaire 
are presented in table 1. All experts responded to the 
first part of the questionnaire about the level of associ-
ation. None chose the ‘definite association’ classifica-
tion. Consensus was reached on all issues except for the 
association between heavy lifting and low birth weight. 
Although several experts did not comment on the level 
of exposure, consensus was reached on all issues except 
night work. A synthesis of the results of this consensus 
method is presented in table 2. Each of the types of expo-
sure was considered to be ‘probably associated’ with at 
least one of the pregnancy complications and prolonged 
standing and heavy lifting were associated with two preg-
nancy outcomes (preterm delivery and spontaneous 
miscarriage). Preterm delivery and spontaneous miscar-
riage were considered to be ‘probably associated’ with 
three of the constraints but low birth weight did not reach 
the level of probable association.

DISCUSSION
Interpretation of results and implications for clinical practice
Each of the types of exposure was considered to be ‘prob-
ably associated’ with at least one of the pregnancy compli-
cations (prolonged standing and heavy lifting were 
associated with two pregnancy outcomes). This result 
confirms the importance of the occupational physician 
considering each of these types of exposure in the assess-
ment of risk for pregnancy.

In summary and for clinical practice, we propose the 
following recommendations for the pregnant employee:

 ► The time spent working should not exceed 40 hours 
per week.

 ► In the absence of a consensus on the level of expo-
sure, night and/or shift work should be avoided.

 ► Prolonged standing should not exceed 3 hours per 
day.

 ► Heavy lifting should be limited to 11 kg and a daily 
load <100 kg.

The impact of such exposure on pregnancy probably 
varies with the term of the pregnancy and makes it diffi-
cult to propose exposure thresholds based on the period. 
In the absence of strong evidence concerning this issue, 
we recommend that these limits be applied from the 
beginning of the pregnancy as a precautionary measure.

It is important to note that these opinions are valid in 
the case of a first physiological pregnancy with a singleton 
and in the absence of a gynaecological- obstetrical history, 
as most of the studies selected were based on these 
criteria. These recommendations should be adapted and 
individualised according to the risk factors and personal 
history of each woman (in consultation with the other 
healthcare professionals involved: obstetrician, midwife, 
general practitioner, etc). They should be considered 
with caution by the occupational physician and serve 
as a reference point in addressing whether an exposed 
employee should continue doing the same job.

Contributions of the scientific literature
Although the causal links between occupational exposure 
and perinatal health have not always been clearly estab-
lished, there is evidence for a certain level of biological 
plausibility for the associations between these factors. 
Three physiological mechanisms are often cited: (1) 
alteration of uterine perfusion due to postural constraints 
(such as prolonged standing or heavy lifting), (2) activa-
tion of the hypothalamic–pituitary axis and (3) increased 
catecholamine production through chronic activation 
of the sympathetic nervous system. Variations in the 
concentration of a number of hormones or neurotrans-
mitters lead to an increase in uterine contractility and a 
decrease in uterine and placental perfusion, which are 
responsible for a decrease in the supply of oxygen and 
nutrients to the fetus and thus an alteration in fetal 
growth. Decreased placental function is accompanied 
by decreased production of progesterone and increased 
synthesis of corticotropin- releasing hormone (CRH), 
responsible for an increase in the release of prostaglandins 
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Table 1 Results of the second round of the consensus method

  

Preterm delivery Low birth weight Spontaneous miscarriages

No of experts

Working time Level of association n=11 n=11 n=11

  No association 0 7 3

  Possible 2 3 7

  Probable 9 1 1

  Definite 0 0 0

Level of exposure n=11 n=4 n=8

  ≥35 hours/week 0 0 0

  ≥40 hours/week 8 4 8

  ≥50 hours/week 3 0 0

  ≥70 hours/week 0 0 0

Night work and/or shift 
work

Level of association n=11 n=11 n=11

  No association 1 3 1

  Possible 9 6 1

  Probable 1 2 9

  Definite 0 0 0

Level of exposure n=10 n=8 n=10

  1 night 1 1 1

  2–3 consecutive nights 1 1 1

  ≥4 consecutive nights 3 2 5

  ≥11 nights/trimester 2 2 1

  ≥13 nights/trimester 2 1 1

  ≥20 nights/trimester 0 1 1

  ≥26 nights/trimester 0 0 4

Prolonged standing Level of association n=11 n=11 n=11

  No association 1 2 1

  Possible 0 6 1

  Probable 9 2 9

  Definite 1 1 0

Level of exposure n=10 n=9 n=10

  ≥3 hours/day 6 1 1

  ≥4 hours/day 2 7 0

  ≥6 hours/day 1 1 7

  ≥8 hours/day 1 0 2

Heavy lifting Level of association n=11 n=11 n=11

  No association 1 5 1

  Possible 1 4 2

  Probable 9 2 8

  Definite 0 0 0

Level of exposure n=10 n=6 n=10

  ≥5 kg 0 0 0

  ≥11 kg 6 5 7

  ≥20 kg 0 0 2

  ≥25 kg 1 0 0

  ≥50 kg/day 0 1 3

  ≥100 kg/day 10 4 6

  ≥200 kg/day 0 0 0

  ≥500 kg/day 0 0 0

Bold values correspond to items that received more than half of the responses.
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and oxytocin. These hormones, which are involved in the 
induction of obstetric labour, associated with increased 
uterine contractility, can lead to premature labour.19–21 
Night work also involves disruption of the original circa-
dian rhythm and changes in the concentrations of certain 
maternal hormones involved in pregnancy and fetal 
development (melatonin).22–26

Strengths and weaknesses
Risk-based approach
We chose a risk- based approach for which the conclusions 
can be applied to any workstation, keeping in mind the 
complex notion of the interaction between multiple types 
of exposure. The main limitation of the occupation- based 
approach is the simultaneous consideration of sometimes 
numerous and variable types and levels of exposure, 
making it difficult to assess the individual impact of each 
type of exposure on the health effect studied.15

Literature review
Three to nine meta- analyses were cited and synthesised, 
thus providing the experts with a satisfactory volume of 
quality data to help them in their reflection.

Many experts expressed difficulties in the analysis of 
the literature data. In addition to the intrinsic quality 
of the proposed studies, they highlighted the interstudy 
heterogeneity of the data presented: heterogeneity of 
the patient samples (age, parity, employment, etc), the 
definitions of pregnancy outcomes and constraints, the 
methods for evaluating or measuring exposures, the 
confounding factors considered, etc. Such heteroge-
neity makes it difficult to produce a quality synthesis. 
The choice of a consensus method was motivated by this 
observation. The Delphi method is a subjective method, 
allowing the addition of the intuition and knowledge of 
experts to the data in the literature.

Consensus method
The validity and reliability of consensus methods are 
conditioned by the composition of the expert panel. 
The final consensus reflects the position of the experts 
who participated in the discussion.27 For this consensus 

method, we chose to set up a panel for which the exper-
tise was oriented towards the same fields (occupational 
health and perinatal health) by varying the ‘professional 
profiles’ (professions and sectors of activity). Such hetero-
geneity was chosen to avoid the automatic convergence of 
opinions and to vary the points of view.

Perspectives
Improving the impact of the occupational physician’s decisions
The relative risks related to biomechanical and organisa-
tional constraints are low, generally between 1 and 1.5 and 
rarely exceeding 2. However, as the number of working 
pregnant women increases,4 28 a number of complications 
could probably be avoided if these factors were consid-
ered. In summary, although the relative risks are relatively 
low, the attributable risks may become significant given 
the high prevalence of exposure. Croteau21 introduced 
the notion of the ‘number of pregnant workers to be 
subtracted from exposure to avoid one case’: for women 
exposed to at least four types of occupational exposure, 
the removal of 14 from the workplace would make it 
possible to avoid one case of premature delivery (this 
number rises to 33 for 3 constraints, 49 for 2 constraints 
and 80 for 1 constraint). Reducing or eliminating phys-
ical and/or psychological ‘stress’, particularly when it 
occurs in the third trimester of pregnancy, would lead to 
an improvement in the fetal prognosis in terms of birth 
weight and term at delivery.19

The decisions of the occupational physician could there-
fore have a true impact on public health. The variability 
of occupational health practices weakens this potential 
impact, which could be strengthened by improving the 
identification of risks and the characterisation of expo-
sure by developing research on these issues.

Improving the identification of risks by the occupational physician
In France, the only compulsory occupational health visits 
during pregnancy are those required to return after 
maternity leave. An employee who is pregnant (or plan 
to become pregnant) is not necessarily referred to an 

Table 2 Synthesis of the results from the consensus method

Preterm delivery Low birth weight Spontaneous miscarriages

Work time Association: probable
≥40 hours/week

Association: none Association: possible
≥40 hours/week

Night work and/or shift 
work

Association: possible
No consensus about the level of 
exposure

Association: possible
No consensus about the level 
of exposure

Association: probable
No consensus about the level of 
exposure

Prolonged standing Association: probable
≥3 hours/day

Association: possible
≥4 hours/day

Association: probable
≥6 hours/day

Heavy lifting Association: probable
 ► single load ≥11 kg
 ► daily load ≥100 kg

No consensus about the level 
of association

Association: probable
 ► single load ≥11 kg
 ► daily load ≥100 kg

Items received more than half the number of responses (> 50%).
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occupational health professional during her pregnancy. 
Thus, risk management is often late or even non- existent.

We previously9 stated (in 2019) the steps to be taken 
by the occupational physician concerning the manage-
ment of reproductive risks. His/her action should begin 
by identifying the type of exposure (identification of the 
hazard and evaluation of the degree of exposure of the 
employee) and the jobs/tasks for which there is expo-
sure. He/she should control the risk (by following the 
main principles of chemical risk prevention, eg). Finally, 
employees of childbearing age and employers should be 
informed both of the presence of a risk (residual or acci-
dental) and the need to contact the occupational health 
service as soon as they wish to become pregnant and even 
more so as soon as they become aware of the pregnancy.

By proposing exposure thresholds, the results of this 
research could help the occupational physician to better 
identify pregnancy risks related to biomechanical and 
organisational constraints and target the positions to be 
adapted.

Improving exposure characterisation
For most studies, it is difficult to establish precise exposure 
thresholds because of the difficulty of characterising such 
exposure. Exposure to biomechanical stress, in particular 
heavy lifting, illustrates this difficulty. Many criteria must 
be considered, such as the weight of the object lifted, its 
shape, the height of the grip, the distance of the grip (far 
away from the arms or close to the trunk), the asymmetry 
of the grip (one or two- handed grip), the rotation or ante-
flexion of the trunk, the duration of lifting, the hourly 
load, the repetitiveness of the movement, etc. There are 
an infinite number of situations that make the evaluation 
of the level of exposure complex. Pregnancy leads to the 
need to consider additional parameters, such as abdom-
inal volume, the effects of pregnancy- induced ligament 
laxity, the term of pregnancy, etc.

The same question applies to the other types of expo-
sure studied here. These difficulties are even greater for 
the question of multiple exposure. The variety of possible 
associations between constraints, both quantitative and 
qualitative, makes it impossible to set up studies to eval-
uate all combinations. The Quebec National Institute 
for Public Health proposes approaching this question 
from the perspective of ‘overall workload’ using various 
tools that are not based on the sum of the constraints, 
such as the level of physical activity or the level of energy 
expenditure.21 In addition to the biomechanical and 
organisational constraints cited here, biological, physical 
and psychosocial risks further complicate the notion of 
multiple exposure.

Finally, their characterisation is often carried out retro-
spectively, based on declarations, which can lead to signif-
icant bias. For the types of exposure studied here, there 
are no standardised and validated questionnaires for 
pregnant women that allows a homogeneous evaluation 
of exposure.

Harmonisation of practices in terms of exposure 
measurement would allow better comparability of 
acquired values, more ‘statistically robust’ results, and 
better levels of evidence to facilitate decision making by 
experts drafting recommendations for good practice.

Harmonising occupational health practices
Occupational health practices relating to the prevention 
of risks to pregnancy are highly variable. There appears 
to be a need to harmonise practices such that every 
employee can benefit from the same advice. The example 
of Quebec provides a possible model,29 with the exis-
tence of two scientific committees, composed of medical 
epidemiologists and occupational health physicians who 
work together to develop medical practice guidelines for 
occupational physicians. Research and the production 
of knowledge in occupational health and safety must be 
promoted to develop solutions adapted to the control of 
occupational risks. Finally, it is necessary to ensure that 
such knowledge is properly disseminated to all those 
involved in occupational health, from the employer to 
the employee, including the occupational health services.

CONCLUSION
Several occupational risk factors can increase the risk of 
pathological pregnancy, including biomechanical and 
organisational constraints. The increase in risk associated 
with such exposure is often low to moderate, with rela-
tive risks very often less than 1.5. The characterisation 
of such exposure is complex and the levels of exposure 
leading to a significant increase in the risk of pregnancy 
complications are often unclear. The implementation 
of a Delphi- type consensus method made it possible to 
define exposure thresholds that should not be exceeded 
by pregnant women to assist the occupational physician 
in his/her risk evaluation. The exposure limits proposed 
in this study could be considered as common sense refer-
ence points for the occupational physician, and not as 
absolute values to be scrupulously respected. These guide-
lines could help the occupational health professional 
to evaluate the risks and the relevance of maintaining 
an exposed employee at her job, while considering her 
individual characteristics (medical history, family situ-
ation, socioeconomic level, etc) in consultation with 
pregnancy specialists (obstetricians, midwives, general 
practitioners). Further studies would be useful to confirm 
these results and to evaluate the effectiveness of measures 
to adjust or move the women from the job according 
to these criteria. Consideration should also be given to 
harmonising methods of exposure characterisation.
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