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The impact of maternal working conditions on fetal weight:
a risk factor for fetal growth restriction?
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um fator de risco para restricao de crescimento fetal?
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Abstract

Overview and aims: Several risk factors for fetal growth restriction (FGR) have been described, however the impact of ma-
ternal working conditions is still poorly understood. To evaluate the impact of type of transport used, travel time, weekly
hours of work, shift work, posture, environmental conditions, physical load and occupational stress on fetal weight.
Study design and population: A case-control study was conducted. All professionally active pregnant woman that attended
during 3" trimester a pregnancy surveillance consultation at two Portuguese public hospitals during 4 months were in-
cluded. The population was divided in two groups: FGR group - fetuses with estimated fetal weight (EFW) below the 10*
percentile at 3 trimester ultrasound; control group - fetuses with EFW equal to or higher than 10™ percentile at 3™ trimester
ultrasound.

Methods: Data about working conditions, anthropometric and sociodemographic characteristics were collected using a
questionnaire and the occupational stress questionnaire-general version (QSO-VG). Data on obstetric characteristics was
acquired from clinical records. Data analysis was performed using SPSS ®, version 22.0.

Results: There were 50 pregnant women in the FGR group and 295 in the control group. A predictive model of FGR was
developed including 5 variables - sitting for at least 3 hours, high occupational stress levels, work by shifts, shifts with day-
time and night rotation and load or lift weights greater than or equal to 25 Kg - with high specificity (98,5%), a positive
predictive value of 85.7% and a negative predictive value of 74.2%, but with a low sensitivity (20.7%).

Conclusions: This study showed that maternal working conditions can be important predictors of FGR.

Keywords: Pregnancy; Maternal working conditions; Fetal weight; Fetal growth restriction.

INTRODUCTION

Fetal growth restriction (FGR) is defined by fetuses
that have not reached their growth potential. This
term is more commonly used to describe fetuses with
a weight below the 10" percentile for gestational age'.

Globally, in a multiethnic society, we could expect 10%
of fetuses to be present impairment on fetal growth,
which can have overlapping placental, maternal or fe-
tal contributions®. The use of a percentile to define FGR
difficults the distinction between FGR and small for
gestational age fetus. FGR is associated with an increase
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in the risk of stillbirth, neonatal morbidity and morta-
lity, neurocognitive impairment, as well as increased
risk of metabolic disorders development such as obe-
sity, diabetes or coronary heart disease in adulthood’*.
Being such a prevalent condition, FGR can pose an im-
portant public health burden, which makes it essential
to study its predisposing factors.

Currently, there are several well-known risk factors,
such as low maternal birth weight, maternal malnu-
trition, low weight gain during pregnancy, extremes of
maternal age, history of FGR in a previous pregnancy,
hypertensive disorders, diabetes, antiphospholipid
syndrome or acquired thrombophilias™®. Nonetheless,
impact of the maternal working conditions during
pregnancy on fetal birth weight is still an understud-
ied and particularly controversial subject in the litera-
ture”™.

Given the drastic change of women's role in society,
this issue is actually very important. Pregnant women
are exposed to daily challenges associated with the pro-
fession and despite the lack of consistent evidence to
support the recommendation of restriction of some
professional activities, several worldwide working con-
dition authorities recommend adjusting professional
environment during the gestational period'®!". There-
fore, the aim of this study is to evaluate the impact of
maternal working conditions - type of transport used,
travel time, weekly hours of work, shift work, posture,
environmental conditions, physical load and occupa-
tional stress - on fetal weight. As a secondary objective,
the authors intend to develop a predictive model of fe-
tuses with FGR, according to maternal working con-
ditions.

METHODS

An observational, case-control study was developed.
All professionally active pregnant woman that attend-
ed a pregnancy surveillance consultation during 3™
trimester at two portuguese public hospitals over the
course of 4 months (between july and october 2016)
were eligible. The population was divided in two
groups: FGR group - fetuses with estimated fetal
weight (EFW) below the 10" percentile at 3" trimester
ultrasound; control group - fetuses with EFW equal to
or higher than 10" percentile. EFW was calculated
with 4-parameter Hadlock formula, and percentiles
were based on Yudkin et al. curves'®'?. Exclusion cri-
teria applied were: extremes of maternal age (less than
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18 or more than 40 years of age), multiple pregnancy,
exposure to teratogenic drugs, tobacco, alcohol or drug
users, chronic or gestational hypertension, preeclamp-
sia/eclampsia, previous diabetes, acquired throm-
bophilia, antiphospholipid syndrome, gestational
body mass index inferior to 18,5 Kg/m?, previous di-
agnosis of malaria or TORCH group infections, chro-
mosomal defects or incomplete information on clini-
cal records. A questionnaire and the occupational
stress questionnaire-general version (QSO-VG), de-
veloped and validated for Portuguese population, were
applied to the target population®. The questionnaire
was submitted as a pilot study with answers from 40
pregnant women. There were no suggestions of im-
provement. This instrument intended to obtain infor-
mation about sociodemographic characteristics (date
of birth, age, marital status, education, employment
status), anthropometric data (pre-pregnancy weight,
current weight and height), lifestyle during pregnan-
cy and professional conditions. Regarding this, the
evaluated conditions were: type of transport used to go
to the work, travel time, number of weekly working
hours, shift work, shifts alternating with daytime and
night, posture (orthostatic posture, percentage of time
in the same place in the standing posture, sitting,
squatting), environmental conditions (perception of
temperature, noise) and physical load (load or lift
weights greater than or equal to 25 Kg). The QSO-VG
evaluates 7 different categories of psychological stress:
the relationship with users, managers or colleagues,
work overload, concerns about the career and remu-
neration, family problems enhanced by occupation
and working conditions. The application of the ins-
truments occurred in a single contact with the subject,
10 minutes before the 3" trimester pregnancy surveil-
lance consultation. Additional information was col-
lected through clinical records, including personal
medical history and present and past obstetric data.
The anonymity of participants and data confidentiali-
ty were guaranteed. The study was authorized by the
Ethics Subcommittee for the Life Sciences and Health
of University of Minho and by the Ethics Committees
of both hospitals. The statistical analysis was per-
formed using the Statistical Package for Social Sciences
(SPSS) ®, Chicago, llinois, USA, version 22.0. A des-
criptive analysis, with measures of central tendency
and dispersion, appropriate to the variables, was ini-
tially performed. In the quantitative variables normali-
ty was analyzed using the Kolmogorov-Smirnov test
and when this was significant (p <0.05), normality was
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assessed by asymmetry and the kurtosis of the his-
togram plot. The asymmetry reference values and kur-
tosis used were from -2 to +2. Then, it was assured that
there were no statistically significant differences in the
sociodemographic, obstetric and anthropometric cha-
racteristics between the two groups, by t-test for inde-
pendent samples (age, height), chi-square test (educa-
tional level, temporary sickness leave, pregnancy BMI)
or Fisher's exact test (marital status, professional
group, pre-pregnancy BMI, parity, fetal weight per-
centile < 10 in a previous pregnancy) according to the
different variables. Secondly, it was performed an uni-
variate analysis that evaluated the association between
“professional standards and EFW by chi-square test or
Fisher's exact test. Finally, a multivariate analysis was
done applying a binary logistic regression, by the En-
ter method, being the dependent variable “FGR” (pre-
sent or absent). Independent variables were selected
according to professional parameters that showed a
statistically significant association with EFW in the
univariate analysis and professional standards outlined
in the current literature. The inclusion of the variables
found in the literature was supported by comparing
the ROC curves of two models: with or without these
variables. The drawing and comparison of ROC curves
was performed using MedCalc Software®. The signifi-
cance level was set at 0.05, with a 95% confidence in-
terval.

RESULTS

During the period of the study 402 women were se-
quentially recruited, of which 345 met the inclusion
criteria. 295 (85.5%) had normal EFW and 50 (14.5%)
had FGR. In order to respect a proportion of 2:1, the
randomization of 100 of 295 pregnant women in the
control group was performed, using SPSS®. Thus, the
final sample consisted of 100 (66.7 %) pregnant
women in the control group (normal EFW) and 50
(33.3 %) pregnant women in the study group (FGR).

Sociodemographic, anthropometric and obstetric
characteristics are shown in Table I. There were no sta-
tistically significant differences between the two groups
regarding these parameters, except temporary sickness
leave. Indeed, the study group presents a higher fre-
quency of sickness leave than the control group (52%
vs. 32 %; p= 0.018). Moreover, the study group pre-
sents a higher frequency of previous pregnancy with a
birth weight below the 10™ percentile, but this diffe-
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rence was not statistically significant (12.5% vs. 4%;
p=0.32).

Regarding the relation between maternal profes-
sional parameters and EFW (Table II), a statistically
significant association with the sitting position was
found (p= 0.047). The study group had a higher fre-
quency of pregnant women that are 3 or more hours
in a sitting position (79.3%) compared to the control
group (58.2 %). High occupational stress evaluated
with QSO-VG also showed a statistically significant as-
sociation with FGR, with the study group having a
higher frequency of pregnant women that have high
occupational stress levels (22% vs. 4%; p= 0.001). Fur-
thermore, shifts with daytime and night rotation
showed a possible association with FGR, although not
statistically significant (p=0.073). There were no
other statistically significant results regarding to other
professional parameters.

A binary logistic regression model was performed to
evaluate the impact of professional standards in the
probability of a pregnant woman to have a fetus with
weight below the 10" percentile. Five independent
variables were included - sitting position, high occu-
pational stress, work by shifts, shifts with daytime and
night rotation and load or lift weights greater than or
equal to 25 Kg. In the selection of the independent
variables were included the two variables that had a
statistically significant association with EFW in the
univariate analysis - sitting position and high occupa-
tional stress - and the professional standards outlined
in the current literature - shift work, shifts with day-
time and night switching and load or lift weights equal
to or greater than 25 Kg. The obtained model is statis-
tically significant ( 2 (5,N=96) = 13.8; p=0.017) and
explained between 13.4% to 19% of the dependent
variable variation. It has a low sensitivity (20.7%) and
a high specificity (98.7%), classifying correctly 75% of
the cases. The Hosmer and Lemeshow test showed a
good data setting ( 2 (4) =0.56, p= 0.98). Table III
shows that high occupational stress (B g, occupational sress=
1.9; X2 Wald = 5.13, p=0.024; OR = 6.65) and sitting
position (Byyingposiion= 1, 47; X> Wald = 5.29; p = 0.021,
OR = 4.35) had a statistically significant effect. The
variable load or lift weights greater than or equal to 25
Kg (B 1oad or lifting weights = 25kg = 1.71; X* Wald= 3.12;
p=0.077; OR = 5.52) showed a possible association
with FGR, although not statistically significant. The
variables shiftwork and shifts with daytime and night
switching did not show statistical significance. As an
example, sitting position for 3 or more hours increased
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TABLE I. SOCIODEMOGRAPHIC, ANTHROPOMETRIC AND OBSTETRIC CHARACTERISTICS

Sociodemographic characteristics Normal EFW (n=100) FGR (n=50) p-value
Age (average = SD) in years 31.3+4.33 31.3+4.19 0.95
Marital status, n (%) 0.81
Married 67(67%) 35(70%)
Divorced 5(5%) 3(6%)
Single 10(10%) 5(10%)
Unmarried partner 18(18%) 7(14%)
Education level, n (%) 0.46
< High-school 60(60%) 33(66%)
High school 40(40%) 17(34%)
Professional group, n (%) 0.56
Managers 1(1%) 1(2%)
Job specialists 20(20%) 11(22%)
Technicians and associate professionals 12(12%) 8(16%)
Administrative staff and similar 12(12%) 6(12%)
Services and sales workers 21221%) 8(16%)
Agriculture/Fishing qualified workers 1(1%) 0(0%)
Craft and related trade workers 10(10%) 10(20%)
Operators of installations 8(8%) 1(2%)
Unskilled workers 15(15%) 5(10%)
Temporary sickness leave 0.018
No 68(68%) 24(48%)
Yes 32(32%) 26(52%)
Anthropometric parameter Normal EFW (n=100) Low EFW (n=50) p-value
Height (average + SD), in meters 1.63+0.063 1.62+0.065 0.15
Pre-pregnancy BMI, n (%) 0.62
<18.5 Kg/m2 3(3%) 3(6%)
18.5-24.9 Kg/m2 67(67%) 33(66%)
25-29.9 Kg/m2 19(19%) 9(18%)
=30 Kg/m2 11(11%) 5(10%)
Pregnancy BMI, n (%) 0.65
18.5-24.9 Kg/m2 24(24%) 15(30%)
25-29.9 Kg/m2 57(57%) 25(50%)
=30 Kg/m2 19(19%) 10(20%)
Obstetric characteristics Normal EFW (n=100) FGR (n=50) p-value
EFW percentile (average + SD) 48.7+21.5 7.17£2.62
Parity, n (%) 0.88
0 52(52%) 26(52%)
1 41(41%) 22(44%)
2 6(6%) 12%)
3 1(1%) 0(0%)
4 0(0%) 1(2%)
Fetal weight percentile <10 in a previous 0.32
pregnancy, n (%)
No 47(96%) 21(87.5%)
Yes 2(4%) 3(12.5%)

%: relative frequency; n: absolute frequency; BMI: body mass index; EFW: estimated fetal weight; FGR: fetal growth restriction.
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TABLE 1l. ASSOCIATION BETWEEN PROFESSIONAL PARAMETERS AND EFW.

Professional parameters Normal EFW (n=100) FGR (n=50) p-value

Type of transport used, n (%) 0.27
Car 80(80%) 43(86%)
Foot 11(11%) 6(12%)
Bus 9(9%) 1(2%)

Travel time, n (%) 0.22
<lh 89(89%) 48(96%)
>1h 11(11%) 2(4%)

Number of weekly working hours, n (%) 0.70
<25h 9(9%) 4(8%)
25-40h 71(71%) 33(66%)
>40h 20(20%) 13(26%)

Shift work, n (%) 0.45
No 72(72%) 33(66%)
Yes 28(28%) 17(34%)

Shifts alternating with daytime and night, n (%) 0.073
No 89%(89%) 39(78%)
Yes 11(11%) 11(22%)

Orthostatic posture, n (%) 0.85
<4h 27(35.1%) 13(33.3%)
>4h 50(64.9%) 26(66.7%)

Time in the same place in standing posture, n (%)
<50% 49(63.6%) 25(64.1%) 0.96
>50% 28(36.4%) 14(35.9%)

Sitting position, n (%) 0.047
<3h 28(41.8%) 6(20.7%)
>3h 39(58.2%) 23(79.3%)

Squatting, n (%) 0.13
<lh 43(66.2%) 16(50%)
>1h 22(33.8%) 16(50%)

Perception of temperature, n (%)
Low 8(8%) 1(2%) 0.34
Normal 80(80%) 42(84%)
High 12(12%) 7(14%)

Noise, n (%) 0.90
No 69(69%) 35(70%)
Yes 31(31%) 15(30%)

Load or lift weights > 25Kg, n (%) 0.78
No 80 (80%) 39 (78%)
Yes 20 (20%) 11 22%)

Low occupational stress, n (%) 0.31
No 68(68%) 38(76%)
Yes 32(32%) 12(24%)

Medium occupational stress, n (%) 0.24
No 36(36%) 23(46%)
Yes 64(64%) 27(54%)

High occupational stress, n (%) 0.001
No 96(96%) 39(78%)
Yes 4(4%) 11(22%)

%: relative frequency; n: absolute frequency; BMI: body mass index; EFW: estimated fetal weight; FGR: fetal growth restriction.
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TABELA II. BINARY LOGISTIC REGRESSION ANALYSIS

B S.E. | Wald p-value Odds Ratio | 95% Confidence
(OR) interval
Load or lift weights > 25Kg 1.71 0.97 3.12 0.077 5.52 10.83; 36.7[
Sitting position 1.47 0.64 5.29 0.021 4.35 11.24; 15.2[
High occupational stress 1.90 0.84 5.13 0.024 6.65 11.29; 34.3[
Shift work -0.23 0.87 0.070 0.79 0.80 10.14; 4.38[
Shifts alternating with daytime and night 0.41 1.10 0.14 0.71 1.51 10.18; 13.1[

100 —
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FIGURE 1. ROC curve
ROC curve of the logistic regression model.

4.35 times the risk of a pregnant woman having a fe-
tus weighting below the 10™ percentile. Additionally,
high occupational stress increased 6.65 times the risk
of a pregnant woman having a fetus weighting below
the 10™ percentile. Loading or lifting weights equal to
or greater than 25 Kg increased 5.52 times the risk of
a pregnant woman having a fetus with growth restric-
tion.

The ROC curve of the binary logistic regression
model provided an adequate quality model adjustment
(AUC=0.70, SE= 0.053, p< 0.001, CI= 0.59 to 0.79).
(Figure 1)

DISCUSSION

The main results of this study suggest that the risk of
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FGRincreases if, in the employment context, pregnant
women remain seated for 3 or more hours (OR=4.35,
p=0.021) or demonstrate high occupational stress le-
vels (OR= 6.65, p= 0.024). Carrying or lifting weights
equal to or greater than 25 Kg showed a possible as-
sociation with FGR (OR= 5.52, p= 0.077), however
this effect is not statistically significant. The obtained
regression model had a sensitivity of 20.7%, specifici-
ty of 98.5%, a positive predictive value of 85.7% and
a negative predictive value of 74.2%. Therefore, it is
not adequate as a screening tool of FGR, but deserves

i attention.
i I — roc The regression model included two variables that
oJd had a statistically significant association with EFW in
T i the univariate analysis - sitting position and high occu-
0 20 40 60 «x 80 100

pational stress - and three other variables that were not
associated with FGR in the univariate analysis, proba-
bly due to the small sample size. As they have an im-
portant role described in the literature, the authors
considered important factors to include in the regres-
sion model.

The impact of professional work condition in fetal
weight is a very controversial subject in literature. In
1996, Spinillo et al analyzed the impact of the number
of working hours, prolonged orthostatic posture and
physical activity on fetal weight, concluding that the
high physical exertion potentiated an increased risk of
low birth weight®. This was corroborated by a meta-
-analysis written by Mozurkewich et al in 2000*.
Additionally in 2005, Takito et al stated that psycho-
logical stress associated to work can have an impact
on fetal weight''. More recently, in 2016, Lee et al
demonstrated that high levels of occupational physi-
cal activity were significantly associated with small for
gestational-age babies and were also associated with
preterm birth'?. The present results are in line with
these studies. However, there is also some evidence
pointing in the opposite way. In 2009, Bonzini et al de-
scribed the lack of association between fetuses with
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FGR and prolonged orthostatic posture, shift work or
the number of working hours®. Even so, the same au-
thor in 2011, in a systematic review of the impact of
shift work on several obstetric complications, high-
lighted that this variable may be associated with an in-
creased risk of fetuses with low estimated weight'*. In
2010, Burdorf et al assessed the impact of carrying
weights of more than 5 Kg or more than 25 Kg, of sit-
ting or standing positions and exposure to toxic agents,
concluding that carrying weights over 5 Kg decreased
the risk and exposure to pesticides increased the risk
of low birth weight". The pathophysiological mecha-
nisms behind the proposed associations are not fully
understood. Prolonged sitting position promotes a de-
crease in cardiac output with consequent reduction of
uteroplacental circulation and fetal nutrition. The de-
crease in cardiac output can be explained by com-
pression of inferior vena cava by the gravid uterus in
the sitting position?®'. High stress levels resulting from
fatigue, physical load or psychological stress, enhance
a reduction in gestational time and fetal weight, with
the main mediators being the sympathetic nervous sys-
tem and the hypothalamic-pituitary-adrenal (HPA)
maternal axis. Thus, at short term there is activation of
the maternal sympathetic nervous system which cau-
ses the release of catecholamines®. At long term, there
is activation of the maternal HPA axis and increase of
corticotropin releasing hormone (CRH), which leads
to the release of oxytocin and prostaglandins F, and E,
in human placental tissue cultures contributing to the
occurrence of preterm labor”. Additionally, CRH in-
creases glucocorticoid levels, that synergistically with
catecholamines, decrease uteroplacental blood flow
and fetal nutrition**. Regarding to the effect of shift
work on fetal weight, disturbances in the circadian
rhythm and the change in amplitude of serum mela-
tonin are proposed mechanisms®. Moreover, sleep de-
privation has negative effects on pregnancy through
neuroendocrine, immune, vascular or behavioral
mechanisms**.

In this study, carrying or lifting weights equal or
greater to 25 Kg has some association with FGR, al-
though the results are not statistically significant, pro-
bably due to reduced sample size. As previously des-
cribed, it may be explained by increased catecholamine
production, which enhance uterine contractility and
vasoconstriction, reducing the uteroplacental blood
flow*. It is essential to note that more clinical and
molecular studies are necessary in order to clarify the
underlying mechanism between these associations.
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This study has some limitations that should be
pointed out: the incidence of FGR was slightly greater
(14,5%) than the described in the literature (10%),
probably due to the fact that it is a small sample, lim-
ited to a short period of time (4 months). The curves
used (Yudkin et al.) are not adjusted to the population,
also contributing to this point. The use of curves ad-
justed to the Portuguese population could help to ob-
viate this limitation*’. Some confounding factors, such
as maternal prematurity, low maternal weight at birth
and maternal obstetrical history of perinatal death were
not adjusted. In addition, these findings are also ham-
pered by the simplistic evaluation of maternal profes-
sional parameters, since for instance the duration, fre-
quency and posture while carrying or lifting loads were
not evaluated. Also in this study we didn’t evaluate the
impact of the physical activity performed outside the
workplace. Recently, there are a few recommendations
of international societies (FIGO, ACOG) about policies
to reduce occupational exposure to chemicals/toxics
during pregnancy'®'’. However, there is limited coun-
seling or policy about working conditions, particular-
ly those explored in this article, probably due to the
lack of clear and consistent scientific results. Moreover,
the scarce recommendations are mostly based on the
association between working conditions and the risk
of miscarriage or preterm delivery and not the impact
on fetal weight*22. In this respect, this study is a warn-
ing to employers and working condition authorities
and a tip-off to conduct studies on a larger scale and
with a more complex assessment of professional stan-
dards, that could support the legal regulation about
this issue.
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