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ABSTRACT
Objectives To explore the association between 
working conditions during first trimester and total 
preterm birth (PTB), and subtypes: spontaneous PTB 
and iatrogenic PTB, additionally to explore the role of 
hypertension.
Methods Pregnant women from the Amsterdam 
Born Children and their Development study, filled out a 
questionnaire between January 2003 and March 2004, 
two weeks after first prenatal screening (singleton 
liveborn, n=7561). Working conditions were working 
hours/week, standing/walking hours/week, physical work 
load and job strain.
Results Prolonged standing/walking during first 
trimester was associated with an increased risk for total 
PTB (OR=1.5; 95% CI 1.0–2.3, after adjustments). Other 
working conditions were not related to total PTB. The 
separation into spontaneous and iatrogenic PTB revealed 
that standing/walking was associated with iatrogenic 
PTB only (OR=2.09; 95% CI 1.00–4.97). The highest risk 
was found for the combination of a long workweek with 
high physical work load (OR=3.42; 95% CI 1.04–8.21). 
Hypertension did not mediate these associations; 
however, stratified analysis revealed that high physical 
work load was only related to iatrogenic PTB when 
pregnancy- induced hypertension was present (OR=6.44; 
95% CI 1.21–29.76).
Conclusion This study provides evidence that 
high physically demanding work is associated with 
an increased risk for iatrogenic PTB and not with 
spontaneous PTB. Pregnancy- induced hypertension may 
play a role: when present, high physical work load leads 
to a more severe outcome.

INTRODUCTION
Preterm birth (PTB) is a principal adverse outcome 
of perinatal care, associated with infant mortality 
and subsequent morbidity.1 In the last decades, 
the prevalence of PTB slightly decreased,2 3 while 
neonatal outcome in general has improved consid-
erably. However, there is room for considerable 
improvement of PTB, even if we account for some 
iatrogenic increase.3 Risk factors for spontaneous 
PTB are maternal factors (including pre- existent 
hypertension), obstetric factors (including placental 
dynamics) and social factors, which include work- 
related factors.4–6 Although work in general is asso-
ciated with better outcomes most likely through 
indirect pathways7 or by selection of women 
with better health in employed jobs known as the 

‘healthy worker effect’,8 specific working condi-
tions are potential risk factors for PTB through 
direct, biological pathways. An increased risk 
from long working hours,9–11 high physical work 
load,12–14 prolonged standing10 and psychosocial 
job strain10 has been suggested, but results are not 
unequivocal.12 14–16

So far, six reviews have been conducted, 
four focusing on high physical work load, long 
working hours and prolonged standing and one on 
lifting.9 17–21 These studies concluded that working 
conditions were associated with increased risk 
for preterm delivery, but the effects were small to 
moderate in these studies (pooled estimates RR 
<1.3). One recent meta- analysis confirmed the 

Key messages

What is already known about this subject?
 ► Literature suggests that high physical work 
load, long standing/walking hours and high job 
strain increase the risk of preterm birth (PTB), 
but evidence is inconclusive.

 ► There is no information on work- exposure 
risks for iatrogenic versus spontaneous PTB 
separately.

 ► The role of hypertensive disorders, as most 
important pregnancy complicating disease in 
developed countries, in the association between 
these work- related factors and PTB is unknown.

What are the new findings?
 ► High physical work load, and work involving 
more than 30 hours/week standing or walking, 
both were associated with a higher risk for 
iatrogenic PTB, but not with spontaneous PTB.

 ► The effect of high physical work load and a 
long workweek was additive; the combined risk 
showed the highest impact on iatrogenic PTB.

 ► High physical work load was only related 
to iatrogenic PTB if pregnancy- induced 
hypertension was also present.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► These results can guide health professionals’ 
recommendations for pregnant workers 
combining job burden assessment with blood 
pressure monitoring if physical work load is 
high.  on M
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result with respect to extended working hours (>40 hours/
week).9 To the best of our knowledge, job strain has only been 
considered in one critical review on psychosocial characteristics 
of work, which showed a modest but inconclusive association 
between job strain and PTB.22

Differences in research designs and definitions and measure-
ments of work- related factors may account for inconsistent 
observations. First, frequently physical work load and working 
hours are considered as independent exposures. However, inter-
action may be assumed as heavy work load can be expected 
to be more detrimental under fulltime rather than part- time 
working conditions. Second, most studies combine spontaneous 
and iatrogenic (medically indicated) PTB into one outcome 
measure, while the pathophysiological mechanism only partially 
overlaps.5 23 24 Working conditions could thus be related differ-
ently to these types of PTB. Additionally, hypertension during 
pregnancy, a driver of iatrogenic PTB, could be a mediator or 
modifier in the relation between work and PTB. The positive 
association between job strain and blood pressure is consistently 
reported in the working population,25 and also in pregnant 
women.26 Finally, so far, focus is on physical work load, while 
only a few studies looked at self- rated job strain, defined as high 
job demands in combination with low job control, as a potential 
independent contributor to adverse outcomes, like PTB.27

The purpose of this empirical study was to explore the associ-
ation between—on the one hand—the exposure of employment 
acknowledging different pathways via working conditions like 
weekly working hours, hours standing or walking, physically 
demanding work and psychosocial job strain, and—on the other 
hand—the outcome PTB, both total and subdivided into spon-
taneous and iatrogenic PTB. In addition, the complex role of 
pregnancy- induced hypertension (PIH) was explored by testing 
its mediating as well as its moderating role. Evidence for medi-
ation would mean that heavy working conditions lead to PIH 
and subsequently to PTB. Moderation would mean that PIH 
acts as a risk enhancer, when present, heavy working conditions 
would to lead to increased risk for PTB. Shedding some light on 
this mechanism is important as PIH is the most important single 
clinical entity responsible for poor neonatal outcome in modern 
society and in particular in that condition iatrogenic PTB is often 
applied, to prevent worse outcome (fetal death) at later stage, 
which still often involves spontaneous PTB.

An unselected urban cohort of pregnant women was studies 
where work- related factors were measured prospectively at the 
end of the first trimester.28 We hypothesised that1 heavy working 
conditions are associated differently with the subtypes of PTB,2 
that heavy working conditions in combination with a long work-
week have the most detrimental effects,3 and that PIH mediates 
the above- stated associations methods.

Study population
Prospective data from a community cohort of pregnant 
women in the city of Amsterdam, the Netherlands, were used 
(Amsterdam Born Children and their Development (ABCD 
study)). The ABCD study investigates the relationship between 
maternal lifestyle and psychosocial conditions during pregnancy 
and the child’s health at birth as well as in later life ( www. abcd- 
study. nl).28 Details of the study design, including measurements, 
have been described previously.28 29 In short, between January 
2003 and March 2004, all pregnant Amsterdam women were 
invited to participate at their first prenatal visit to the obstetric 
care provider (on average 12th gestational week), and requested 
to complete a questionnaire, covering socio- demographic data, 

obstetric history, lifestyle, dietary habits and psychosocial factors. 
The questionnaire was available in Dutch, English, Turkish and 
Arabic for immigrant women. Three months to 6 months after 
delivery, the women received an infant questionnaire covering 
the health of the mother and her baby.

In total 12 373 women were invited and 8266 women 
returned the questionnaire (response rate: 67%). Of this group, 
7731 gave birth to a viable singleton infant for whom infor-
mation on birth weight and pregnancy duration was available. 
For this study, we excluded births before 24 weeks of gestation 
and maternal age younger than 20 years. In total, 7561 women 
had complete data on all relevant variables for the analysis. The 
study protocol was approved by the medical ethical committees 
of all Amsterdam hospitals and the Registration Committee of 
Amsterdam. All participating women gave written consent.

Measures
Exposure measurement: employment was defined as paid work 
for at least 8 hours/week during first trimester (self- reported). All 
other situations were classified as being unemployed. The amount 
of weekly working hours was categorised into three categories 
(8–31 hours, 32–40 hours and >40 hours), based on conven-
tional working schemes in the Netherlands. The self- administered 
validated Dutch version of the Job Content Questionnaire (JCQ) 
measured job strain.30 31 The JCQ consists of two subscales, ‘job 
demands’ and ‘job control’, respectively, which together define ‘job 
strain’. Job demand is covered by altogether 25 items, referring to 
work pace (11 items; concerning, eg, time pressure and amount of 
work), mental work load (7 items; eg, the requirement to perform 
simultaneously several tasks) and physical work load (7 items; 
concerning strenuous posture and load carrying). Job control is 
covered by 11 items, concerning, for example, perceived control 
of own work pace. All JCQ items use a 4- point response mode. 
In our study, scale reliability (Cronbach’s α) for job demands and 
job control were 0.82 and 0.91, respectively. For analysis, the sum 
score of job demand was trichotomised into: low (<50th percen-
tile) moderate (between 50th and 90th percentile) and high (>90th 
percentile), and for job control: high (>50th percentile), moderate 
(between 10th and 50th percentile) and low (<10th percentile). 
Women with high job demands and low or moderate job control 
were scored as having high job strain, those with low job demands 
and moderate or high job control as having low job strain and all 
other combinations as having moderate job strain.29 Additional to 
the JCQ, physical work load was measured by1 the reported number 
of weekly hours standing or walking, categorised into 4 categories 
(<10 hours, 10–19 hours, 20–30 hours and >30 hours), and2 by 
taking the subscale physical work load from the job demands scale 
as a separate variable. The score on this subscale was trichotomised 
into low (<50th percentile), moderate (between 50th and 90th 
percentile) and high (>90th percentile).

Outcome measurement: pregnancy duration (ultrasound based 
or, if unavailable, on the timing of the last menstrual period) was 
obtained from the youth healthcare registration of the Public Health 
Service in Amsterdam; every newborn (alive or dead) is registered 
at the civil registration, and brought to the attention to the youth 
healthcare to be included in preventive schemes. The Dutch Perinatal 
Registration (PRN) provided comprehensive data on pregnancy, 
obstetric history and pregnancy outcomes for 80% of our sample. 
This data were linked by anonymous probabilistic linkage methods 
to the ABCD data,32 which also accounted for small errors on the 
birth date (eg, midnight births). If variables were available from 
two sources, for example, maternal age, this allowed for additional 
quality checks.
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Primary outcome variable was PTB (gestational age between 24 
weeks and 37 weeks). The Dutch PRN registers the onset of delivery 
(eg, spontaneous, induction and section) only when women deliv-
ered under the supervision of a gynaecologist. Based on these data, 
we divided total PTB into spontaneous PTB (delivery onset by 
spontaneous preterm labour or premature rupture of membranes) 
and iatrogenic PTB (delivery onset through induction or primary 
caesarean section). PTBs with unknown type of delivery onset 
(11%) were classified as spontaneous PTB if a women not specifi-
cally reported in the infant questionnaire to have had an iatrogenic 
delivery or if a women had not been under the supervision of a 
gynaecologist.23

Explanatory variables: apart from the above clinical informa-
tion, all other explanatory variables were self- report: maternal age 
(years), parity (two categories: primiparae and multiparae), ethnicity 
(country of birth of the pregnant mother to include second gener-
ation: the Netherlands, Surinam/Antillean, Turkey/Morocco, other 
non- Western and other Western), maternal education (years of 
education after primary school, continuous), smoking during preg-
nancy (dichotomised into yes or no), alcohol use (dichotomised into 
yes or no), marital status (married/cohabiting vs single), previous 
PTB (dichotomised into yes or no) and pre- gravid maternal body 
mass index (BMI, kg/m2). Chronic (pre- existent) and PIH were both 
defined combining self- reported data and PRN registration. Chronic 
hypertension was the case if pre- existent hypertension was recorded 
in the PRN or if women reported high blood pressure and/or the 
use of medication against high blood pressure before pregnancy or 
in the first 20 weeks of pregnancy. PIH was assumed to be present 
if pregnancy- related hypertension, eclampsia or pre- eclampsia was 
recorded in the PRN, or if women without pre- existent hyperten-
sion reported high blood pressure and/or the use of antihypertensive 
medication during pregnancy.33 34

Statistical analysis
We estimated the hypothesised effects of working conditions on 
PTB by logistic regression models in employed women only. First, 
univariate analysis for each working condition separately provided 
unadjusted effects. Multivariate models controlled for the following 
factors: maternal age, parity, educational level, smoking habits 
during pregnancy, pre- gravid BMI and previous PTB, to reveal the 
statistically independent effect of work conditions. These covari-
ates were chosen as they previously proved to be independent risk 
factors for PTB.23 The correlations between the covariates were all 
below 0.23 (collinearity check). We tested if there was significant 
mediation by PIH (binary mediator) on the association between 
working conditions and PTB with structural equation modelling. A 
95 percentile bootstrap CI was calculated based on 1000 bootstrap 
resamples for the indirect effect in order to test for significance. In 
all models, employed women with the least heavy working condition 
(lowest exposure category) were designated as the reference cate-
gory, implying that risk estimates show added risk (if any) compared 
with low burden workers.

The combined effects of working hours and job strain and of 
working hours and physical work load were tested. Variables were 
redefined into six categories and the least heavy working condition 
in combination with a workweek of less than 32 hours was taken as 
the reference category. To test the modifying effect of hypertension, 
stratified analysis were performed for those with and without PIH.

Data were analysed using SPSS V.25.0. Goodness of fit of the 
logistic regression models was assessed by the Hosmer- Lemeshow 
test. The mediation analyses were conducted using the capture 
programme in Stata V.15. Only missing values of pre- pregnancy BMI 
were imputed (5% missing); less than 1% of other data were missing.

RESULTS
Compared with the non- response group (N=4107), the response 
group (N=8266) was a little older (mean age: 31.7±5.2 vs 
30.2±5.8), more often primiparae (% primiparae: 55.7 vs 40.1), 
more often from Dutch origin (% Dutch: 62.6 vs 35.3). No differ-
ences were found with respect to the outcome variables birth weight 
and pregnancy duration. To test whether selective participation 
caused selection bias, extensive non- response analysis was performed 
by probabilistic medical record linkage with the Dutch PRN. Results 
showed similar associations in the response and the non- response 
group between risk factors and several adverse outcome indicators, 
suggesting no selection bias.32

The socio- demographic background of the pregnant women, strat-
ified by employment status, is shown in table 1. Differences between 
the two groups can largely be explained by difference in employment 
status between the ethnic groups. Most of the women (63%) worked 
at least 8 hours a week during first trimester. Employed compared 
with unemployed women were older, higher educated, smoked less, 
drunk more, had lower pre- gravid BMI and less often a previous 
PTB, had more often hypertensive disorders, were more often prim-
iparae and less often single. Socio- demographic background, strat-
ified by working condition, is shown in online supplemental table 
1. High physical work load, long hours of standing/walking a week 
and high job strain were more prevalent in those women from lower 
educational or non- Dutch background. The rate of PTB in our 
sample (only singletons included) was 5.4%. About 80% of the PTBs 
were spontaneous (table 2). This proportion did not differ between 
the employed and the unemployed women.

Total PTB
More than 30 hours/week standing/walking was associated with an 
increased risk for total PTB (OR: 1.44; 95% CI: 1.01–2.24) in the 
adjusted analyses (table 3). A bias- corrected bootstrap CI for the 

Table 1 Maternal and infant characteristics by employment status, 
Amsterdam Born Children and their Development study, Amsterdam, 
the Netherlands, 2003–2004 (N=7561)

Employed Unemployed

N=4865 N=2696

Mean (SD) or % Mean (SD) or %

Maternal age (years) 31.8 (4.3) 29.7 (5.5)

Pre- pregnancy body mass index (kg/m2) 22.8 (3.5) 23.9 (4.6)

Parity (% primiparae) 61.8 40.2

Education (years) 9.9 (3.4) 6.6 (4.3)

Marital status (% single) 9.8 17.8

Smoked while pregnant (% yes) 8.4 10.6

Alcohol use while pregnant (% yes) 26.6 12.4

Ethnicity

  Dutch 68.4 26.9

  Surinamese/Antillean 7.3 11.4

  Turkish/Moroccan 5.5 29.4

  Other Western 4.2 21.4

  Other non- Western 14.6 10.8

Hypertensive disorder (%)

  No 81.4 89.7

  Pre- existent hypertension 3.3 4.5

  Pregnancy- induced hypertension 15.3 5.4

  Previous preterm birth (% yes) 0.8

  Gestational age (weeks) 40.1 (1.2) 40.0 (1.2)

  Birth weight (g) 3510 (483) 3478 (482)

  Gender of the baby (% boys) 50.1 50.7

  Preterm birth (% yes) 5.2 5.7
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indirect effect of standing/walking >30 hours/week on PTB (OR: 
0.96; 95% CI: 0.86–1.05) was not statistically significant, indicating 
no mediation by PIH (online supplemental table 2). Weekly working 
hours, physical workload and job strain were not associated with 
total PTB.

Working conditions related to spontaneous versus iatrogenic 
PTB
Working conditions were not associated with spontaneous PTB in 
the adjusted analysis. However, standing or walking for more than 
30 hours/week was associated with increased risk for iatrogenic PTB. 
Adjusted OR was 2.09 (95% CI: 1.00–4.97). A bias- corrected boot-
strap CI for the indirect effect of standing/walking >30 hours a week 
on iatrogenic PTB (OR=0.78; 95% CI: 0.45–1.35) was not statis-
tically significant, indicating no mediation by PIH (online supple-
mental table 2). Other working conditions (weekly working hours, 
physical workload and job strain) were not associated with iatrogenic 
PTB after adjustments (table 3).

Physical work load with weekly working hours as combined 
risk
The combination of high physical work load with ≥32 weekly 
working hours (4.7% of the working women) was not associated 
with total or spontaneous PTB, yet it resulted in the highest risk for 
iatrogenic PTB (table 4). Compared with women with low physical 
workload who worked <32 hours/week (reference group), they 
showed a more than three times increased risk (adjusted OR: 3.42; 
95% CI: 1.04–8.21). The combination of high job strain with long 
working hours was not associated with an increased risk for PTB or 
any of its subtypes (data not shown).

Table 2 Prevalence of PTB according to employment status and 
working condition: Amsterdam Born Children and their Development 
study, Amsterdam, the Netherlands, 2003–2004 (N=7561)

Total N

PTB PTB PTB

Total 
(%)

Spontaneous 
(%)

Iatrogenic 
(%)

Weekly working hours

  Unemployed 2696 5.7 4.3 1.4

  8–31 (ref) 1889 4.9 4.0 1.0

  32–40 2676 5.5 4.4 1.0

  >40 300 5.8 4.3 1.3

Weekly standing/walking hours

  Unemployed 2696 5.7 4.3 1.4

  <10 (ref) 2764 4.7 3.9 0.8

  10–19 1011 5.3 4.5 0.9

  20–30 574 5.6 4.5 1.0

  >30 356 8.4 5.9 2.5

Physical work load

  Unemployed 2696 5.7 4.3 1.4

  Low (ref) 2606 4.8 4.1 0.7

  Moderate 1692 5.9 4.5 1.4

  High 502 5.8 4.0 1.8

Job strain

  Unemployed 2696 5.7 4.3 1.4

  Low (ref) 2170 4.7 4.0 0.7

  Moderate 2152 5.7 4.4 1.3

  High 316 5.4 4.1 1.3

Sample sizes differ slightly because of missing values.
PTB, preterm birth.

Table 3 Univariate and multivariate effects of working conditions on PTB and its subtypes: ABCD study, Amsterdam, the Netherlands, 2003–2004 
(N=7561)

Total PTB Spontaneous PTB Iatrogenic PTB

Crude Adjusted* Crude Adjusted* Crude Adjusted†*

Or (95% CI) Or (95% CI) Or (95% CI) Or (95% CI) Or (95% CI) Or (95% CI

Employed

  Yes 1.0 1.0 1.0 1.0 1.0 1.0

  No 1.07 (0.87–1.32) 1.06 (0.83–1.36) 1.01 (0.80–1.27) 0.98 (0.74–1.30) 1.32 (0.86–2.03) 1.39 (0.89–2.31)

Weekly working hours†

  8–31 (ref) 1.0 1.0 1.0 1.0 1.0 1.0

  32–40 1.09 (0.83–1.42) 1.79 (0.42–1.47) 1.12 (0.83–1.51) 0.97 (0.71–1.33) 1.01 (0.56–1.81) 0.79 (0.42–1.47)

  >40 1.15 (0.67–3.95) 1.3 (0.8–2.3) 1.11 (0.61–2.02) 0.95 (0.51–1.78) 1.33 (0.45–3.93) 1.15 (0.37–3.55)

Weekly standing/walking hours†

  <10 (ref) 1.0 1.0 1.0 1.0 1.0 1.0

  10–19 1.14 (0.82–1.58) 1.10 (0.79–1.53) 1.16 (0.81–1.65) 1.11 (0.77–1.59) 1.08 (0.50–2.33) 1.07 (0.49–2.34)

  20–30 1.21 (0.81–1.79) 1.08 (0.72–1.62) 1.19 (0.77–1.84) 1.08 (0.69–1.69) 1.28 (0.52–3.15) 1.12 (0.45–2.81)

  >30 1.80 (1.19–2.74) 1.44 (1.01–2.24) 1.58 (1.00–2.56) 1.30 (0.78–2.16) 2.81 (1.25–6.33) 2.09 (1.00–4.97)

Physical work load†

  Low (ref) 1.0 1.0 1.0 1.0 1.0 1.0

  Moderate 1.23 (0.93–1.61) 1.11 (0.84–1.48) 1.11 (0.82–1.50) 1.01 (0.74–1.39) 1.89 (1.03–3.48) 1.66 (0.88–3.13)

  High 1.18 (0.78–1.81) 0.95 (0.60–1.50) 1.00 (0.61–1.63) 0.81 (0.48–1.37) 2.23 (1.01–5.11) 1.68 (0.67–4.22)

Job strain†

  Low (ref) 1.0 1.0 1.0 1.0 1.0 1.0

  Moderate 1.20 (0.92–1.57) 1.18 (0.90–1.55) 1.11 (0.83–1.49) 1.09 (0.81–1.47) 1.70 (0.93–3.13) 1.65 (0.89–3.05)

  High 1.14 (0.68–1.93) 1.02 (0.60–1.76) 1.04 (0.57–1.88) 0.96 (0.52–1.77) 1.71 (0.57–5.11) 1.37 (0.44–4.27)

Goodness of fit tests showed no evidence of lack of fit (p>0.0.07 for the three adjusted logistic models).
Bold values indicate statistically significance at the level of p<0.05.
*Model adjusted for: parity, smoking, previous PTB, ethnicity, maternal educational level, maternal age and maternal pre- pregnancy BMI.
†Only employed women included (paid work for at least 8 hours/week, N=4865).
.ABCD, Amsterdam Born Children and their Development; BMI, body mass index; PTB, preterm birth.
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Modifying role of PIH
The relation between physical work load and iatrogenic PTB was 
modified by PIH (p for interaction=0.07; table 5). The analysis 
shows that high physical work load in combination with PIH was 
related to iatrogenic PTB. This modifying effect was not present 
for total PTB and spontaneous PTB (data not shown).

DISCUSSION
In this large prospective community cohort of pregnant women, 
high physical work load and more than 30 hours/week standing 
or walking, measured during women’s first trimester, were inde-
pendently associated with a higher risk for iatrogenic PTB. The 
combination of high physical work load and a long workweek 
showed the highest impact, with (after adjustment) a more than 
three times increased risk for iatrogenic PTB. On the other hand, no 
effects of work were found for spontaneous PTB. In general, PTB 
effects were smaller than those observed for a small for gestational 
age (SGA.29

Our results suggests that high physical work load does not lead to 
a more severe outcome via the development of PIH (no mediation). 
This supports previous findings that high physical work load was not 
associated with the risk of PIH, or its subcomponents preeclampsia 
or gestational hypertension.17 35 In fact, the results suggest that phys-
ical work load has a more severe impact on the pregnancy outcome 

when PIH is present ('risk- enhancer'). Indeed, in another paper of 
our group, we showed that high physical work load, combined with 
a long workweek is associated with reduced fetal growth.29 In this 
paper, we did not combine physical work load with hypertension, 
but the prevalence of an SGA baby in those with gestational hyper-
tension was 22.5% when this was combined with high physical work 
load, while this was 13.6% in those with low physical work load. It 
is known that pre- eclampsia, fetal distress, SGA and placental abrup-
tion are indicators for a iatrogenic PTB, which suggests an associa-
tion with ischaemic placental disease.36 It could be that those women 
who develop hypertension during pregnancy continue to work in 
this adverse work situation, but also that the origin of a suboptimal 
placentation during the first weeks of pregnancy is caused by high 
physical work load in combination with other factors (eg, genetic 
or environmental) that predispose for the developing of high blood 
pressure. Regrettably, we only have the work exposure variables 
during the first trimester, whether women changed their working 
conditions, is not known.

Our results confirm the case–control study from Escribá- Agüir 
and co- workers,37 who reported that the magnitude of the phys-
ical work load was greater for iatrogenic PTB (OR: 3.88; 95% CI: 
2.04–7.39) than for spontaneous PTB (OR: 1.74; 95% CI: 0.99–
3.01), and the study from Klebanov in which they compared the 
pregnancy outcome from medical residents to those from the wives 

Table 5 Relation between physical work load, weekly hours standing/walking and iatrogenic PTB stratified by hypertensive status in employed 
women only (n=4865)

N

Iatrogenic PTB

Adjusted*

OR (95% CI)

Crude

  Physical work load

Hypertension during pregnancy Low (ref) 2124 1.0 1.0

No Moderate 1370 1.92 (0.79–4.64) 1.74 (0.69–4.38)

  High 415 1.15 (0.23–5.32) 1.10 (0.22–5.55)

Pre- existent hypertension Low 79 1.0 1.0

  Moderate 54 0.76 (0.28–3.17) 0.75 (0.14–4.12)

  High 25 1.08 (0.20–5.77) 0.94 (0.12–7.34)

PIH Low 403 1.0 1.0

  Moderate 268 3.46 (1.05–11.36) 3.25 (0.96–10.98)

  High 62 7.09 (1.72–29.19) 6.44 (1.21–29.76)

Goodness of fit tests showed no evidence of lack of fit (p>0.51 for the adjusted logistic model).
Bold values indicate statistically significance at the level of p<0.05.
*Model adjusted for: parity, smoking, previous PTB, ethnicity, maternal educational level, maternal age and maternal pre- pregnancy BMI.
BMI, body mass index; PIH, pregnancy- induced hypertension; PTB, preterm birth.

Table 4 Results of the combined exposure of weekly working hours and physical work load on iatrogenic PTB in employed women only (N=4865)

N

Iatrogenic PTB

Adjusted*

OR (95% CI)

Crude

  Physical work load

Weekly working hours Low (ref) 824 1.0 1.0

8–31 Moderate 784 1.27 (0.25–3.59) 1.16 (0.22–4.87)

  High 262 2.58 (0.90–7.35) 2.24 (0.87–6.50)

Weekly working hours Low 1790 1.29 (0.46–3.60) 0.97 (0.34–2.76)

≥32 Moderate 919 2.01 (0.69–5.80) 1.25 (0.42–3.72)

  High 242 4.92 (1.55–13.96) 3.42 (1.04–8.21)

Goodness of fit tests showed no evidence of lack of fit (p>0.40 for the adjusted logistic model).
Bold values indicate statistically significance at the level of p<0.05.
*Model adjusted for: parity, smoking, previous PTB, ethnicity, maternal educational level, maternal age and maternal pre- pregnancy BMI.
BMI, body mass index; PTB, preterm birth.
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of male medical residence. They found no difference in the rate of 
preterm delivery; however, (pre)eclampsia, a major risk factor for 
iatrogenic PTB, was more than twice as common among the resi-
dents, after adjustment for parity, age and ethnicity.16 Escribá-Agüir 
and co- workers also combined the two subtypes (total PTB) and 
showed an increased risk of physical work load (OR: 2.35; 95% 
CI: 1.41–3.94), which is also previously found but not confirmed in 
our study. The systematic reviews of Cai et al, Bonzini et al and van 
Beukering et al concluded consistent findings between prolonged 
working hours, prolonged standing and walking and physical work 
load on preterm delivery. Some larger, prospective studies, as those 
from Ceron- Mireles (high job strain, weekly working hours, hours 
standing and physical effort) and from Tuntiseranee et al (Karasek 
et al’s physical job demands scale) do not find any effect on total 
PTB.38 39

We did not find any effect of job strain (work stress) on preterm 
delivery. This is in agreement with a large prospective cohort study 
in the USA.12 In another population based case–control study,10 an 
effect was found for low job satisfaction. Our results did not show 
an effect of job strain on total preterm delivery or the subtypes. Also 
in combination with full- time working, job strain did not result in 
any increased risk, comparable to others.27 An association might be 
present in subgroups like those with low social support or in specific 
ethnic groups.22

Potential limitations
Our study involved several limitations. First, as stated above, 
we measured working conditions only during the first trimester. 
Whether working conditions changed during pregnancy is 
unknown; it is, therefore, possible that first trimester is an indicator 
for third trimester working conditions. Changes during pregnancy 
were most likely in the highest work exposure groups40 (eg, women 
with highly physical workloads may have moved to a desk job). Such 
attenuations in exposure would imply that our estimates are conser-
vative. Some studies have included multiple measurements during 
pregnancy but have restricted analyses to women who worked 
throughout their pregnancy.41 This approach leads to underesti-
mates of early- pregnancy workload effects, and may even result in 
favourable rather than adverse work effects among those who work 
to term, if early quitting is associated with work- related pregnancy 
complications such as suspected intrauterine growth restriction.

Second, the percentage of unemployment was high in our cohort 
(36%). This can be explained in part by our definition of employ-
ment as working at least 8 hours/week during the first trimester. 
Given that most studies include only working women, compari-
sons between previous studies and our investigation are difficult. 
However, the unemployment rate in the Netherlands among women 
in the 25–34 year age group is 24.7%, which is high relative to other 
Western countries. In our cohort, the percentage was higher than the 
norm as a result of the comparatively large group of women of non- 
Dutch origin, among whom, according to national statistics, rates of 
unemployment are often high. We believe that our employment rate 
was representative of large cities in the Netherlands and that selective 
participation among women who were unemployed did not occur.

Third, we showed that adverse working conditions are indic-
ative of lower socioeconomic status (SES) (online supplemental 
table 1), which in itself is associated with iatrogenic PTB.6 
Although education, profession and income are all components 
of SES, many studies focusing on community populations indi-
cate that the main effects of SES act through employment (in 
addition to smoking) and, to a lesser extent, education. We 
adjusted for educational level, which can be considered as over-
correction; the true estimates might, therefore, be larger.

Fourth, despite our large cohort, the numbers are small for the 
iatrogenic PTB. Therefore, the results should be interpreted with 
caution. The postulated role of gestational hypertension should 
be confirmed in future studies.

Fifth, despite our efforts to include all pregnant women in 
Amsterdam, selective participation took place and those from 
ethnic minorities and lower socioeconomic status were less 
presented in our study.28 29 32 However, we think that this did 
not lead to biased results as the included groups were representa-
tive for the total groups.32 However, this selective participation 
might have influenced the prevalence of the working conditions. 
Recall bias is unlikely as the information on working conditions 
were obtained before the outcome was assessed.

Study implications
In conclusion, we found that in general there is no reason to assume 
that working during pregnancy has a negative influence on preterm 
delivery, or its subtypes. However, the association observed between 
iatrogenic PTB and high physical work load in combination with a 
long workweek seems to be genuine. In addition, high physical work 
load should be avoided in those pregnant women with first indica-
tions of hypertensive disorders during pregnancy.

We believe that optimising the work environment during 
pregnancy is important as the participation of women of repro-
ductive age in the workforce continues to increase. Although 
only 4.7% of the working women in our cohort were in the 
highest physical work load group and longest workweek catego-
ries, women facing such conditions should not be ignored given 
that these percentages will be higher in other countries in which 
part- time employment is less common. Moreover, these adverse 
working conditions were more prevalent in women from lower 
socioeconomic and non- Dutch background. As these women 
also have other risk factors for PTB, like smoking, these groups 
might need specific attention in preventive strategies.

We are aware that our results must be confirmed in other 
large scaled prospective community cohort studies before firm 
conclusions can be drawn. These studies should include large 
numbers of pregnant women to validly study work- related risk 
factors for iatrogenic PTB and the role of hypertensive disor-
ders. Multiple measurements of these work- related risk factors 
should be included in future studies to investigate whether the 
first trimester is a vulnerable window in which work- related 
risk factors can cause pregnancy complications that cannot be 
reversed. Although most pregnant women reduce their working 
loads at the end of their pregnancy, our results indicate that 
reducing physical workload in the initial stages of pregnancy may 
be beneficial among women with full- time physical demanding 
work and first signs of hypertensive disorders.
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Supplementary Table 1 Working conditions as a function of demographics. Only working population 

included. Amsterdam Born Children and their Development study, Amsterdam, The Netherlands, 2003-

2004 

 

 

 Total N Smoking Primi parae Dutch Overweight1 Low Education2 

   

  % %  % % %  

   

 

Weekly working hours  

 8-31  1889 8.9 40.2  67.1 21.1 14.2  

 32-40  2676 8.3 74.2  69.0 18.2 9.9  

 > 40    300 7.0 86.7  70.3 13.7 5.3  

 

Weekly standing/walking hours 

 <10  2764 6.1 60.5  71.2 16.6 7.1  

 10-19  1011 9.8 58.3  70.2 21.1 11.2  

 20-30    574 11.3 66.6  63.1 23.2 17.9 

 >30    356 17.7 74.2  58.1 25.0 29.2 

 

Physical work load 

 Low   2606 5.6 63.5  74.2 14.8 4.8  

 Moderate  1692 10.3 61.3  64.3 22.3 14.7 

 High    502 17.3 56.8  56.2 28.3 30.3 

 

Job Strain 

 Low   2170 7.0 62.3  72.1 16.6 8.5 

 Moderate  2152 9.2 63.0  68.0 19.7 11.4  

 High    316 13.9 53.2  54.4 30.1 23.4  

 

Note: Sample sizes differ slightly because of missing values. 
1 Pre pregnancy BMI > 25 kg/m2  
2 < 5 years education after primary school 

PTB=preterm birth 
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Supplementary Table 2 Mediation model with mediator PIH on the association between working 

condition standing/walking and PTB (N=4,684) 

 

 Standing/walking  PIH 

Beta a-path 

OR (95%CI) 

PIH  total PTB 

Beta b-path 

OR (95%CI)  

Mediation (Boot 95% CI) 

indirect effect (a x b)  

OR (95%CI) 

Standing/walking 

≤10 

11-20 

21-30 

>30 

 

ref 

0.95 (0.79; 1.15) 

1.01 (0.80; 1.28) 

0.85 (0.63; 1.15)  

 

1.25 (0.91; 1.71) 

 

ref 

0.99 (0.92; 1.04) 

1.00 (0.93; 1.08) 

0.96 (0.86; 1.05) 

 Standing/walking  PIH 

Beta a-path 

PIH  Iatrogenic 

PTB 

Beta b-path  

Mediation (Boot 95% CI) 

indirect effect (a x b)  

Standing/walking 

≤10 

11-20 

21-30 

>30 

 

ref 

0.96 (0.79; 1.17) 

1.03 (0.81; 1.31) 

0.86 (0.64; 1.18)  

 

5.48 (2.97; 10.12) 

 

ref 

0.94 (0.67; 1.32) 

1.05 (0.71; 1.57) 

0.78 (0.45; 1.35) 

Models adjusted for: parity, smoking, previous preterm birth, ethnicity, maternal educational 

level, maternal age, maternal pre-pregnancy BMI 

Spontaneous PTB were excluded in the analysis of iatrogenic PTB 

PTB=preterm birth 

PIH=pregnancy induced hypertension 
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