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ABSTRACT

Objectives The aim of this study was to investigate if
occupational exposure to inorganic particles or welding
fumes during pregnancy is associated with negative birth
outcomes.

Design A prospective national cohort study.

Setting All single births from 1994 to 2012 in Sweden.
Information on birth weight, preterm birth, small for
gestational age, smoking habits, nationality, age,
occupation, absence from work and education was
obtained from nationwide registers. Exposure to inorganic
particles (mg/m®) was assessed from a job exposure
matrix.

Participants This study included all single births by
occupationally active mothers (995 843).

Outcome measures Associations between occupational
exposures and negative birth outcomes in the form of low
birth weight, preterm birth and small for gestational age.
Results Mothers who had high exposure to inorganic
particles and had less than 50 days (median) of absence
from work during pregnancy showed an increased risk
of preterm birth (OR 1.18; 95% CI 1.07 to 1.30), low birth
weight (OR 1.32; 95% Cl 1.18 to 1.48) as well as small
for gestational age (OR 1.20; 95% Cl 1.04 to 1.39). The
increased risks were driven by exposure to iron particles.
No increased risks were found in association with
exposure to stone and concrete particles. High exposure
to welding fumes was associated with an increased risk
of low birth weight (OR 1.22; 95% Cl 1.02 to 1.45) and
preterm birth (OR 1.24; 95%Cl 1.07 to 1.42).
Conclusions The results indicate that pregnant women
should not be exposed to high levels of iron particles or
welding fumes.

INTRODUCTION

Many studies have shown associations
between exposure to traffic-related residen-
tial air pollution during pregnancy (including
the combustion products SO,, NO; and CO
and particles (PM,, and PM,))) and low
birth weight, preterm birth and small for
gestational age.' > However, few studies have
assessed the association between occupational
exposure to particles and adverse pregnancy

Strengths and limitations of this study

» This register-based cohort study contains a vast
amount of information with few missing observa-
tions about all children born in Sweden from the
beginning of 1994 to the end of 2012 and their
mothers, which make it possible to assess maternal
occupational exposure to inorganic particle or weld-
ing fumes and adverse pregnancy outcome.

» The data were collected prospectively in the sense
that the information about the mother and child
were collected during pregnancy and information
about the occupation was collected before the birth
outcome was known.

» The information about the exposure was assessed
from the job exposure matrix which can introduce
non-differential misclassification even though it is
assessed objectively and blinded from the outcome.

» In epidemiological studies, the risk shown might be
associated with residual confounding from socio-
economic factors related to the type of work rather
than the exposure. In this study, this issue was man-
aged by the use of information on absence.

outcomes, even though the levels of pollut-
ants can be substantially higher at work than
in the general outdoor environment.

A majority of Swedish women are in the
active work force, 64% of women in ages
20-64 are employed or self-employed. In a
Swedish survey from 2009, 23% of occupa-
tionally active women in the age group 16
to 29 years and 16% in the age group 30
to 49 years reported exposure to air pollu-
tion at the workplace for at least a quarter
of the working day.” Most women continue
to work during pregnancy. Women in phys-
ically very demanding work can apply for
pregnancy benefit during the last 60 days
of pregnancy. A few occupations/exposures
are not allowed for pregnant women: lead
exposure, diving, firefighting with smoke
helmet, underground mining work and work
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involving exposure to certain microbiological agents.*
Women exposed to substances or physical conditions
that may affect pregnancy negatively can apply for preg-
nancy benefit during the whole pregnancy, but this
is rare. Thus, a large number of Swedish women keep
working during pregnancy.

Adverse birth effects, such as low birth weight
(<2500¢g), small for gestational age (birth weight less
than two SD below the mean for gestational length) and
preterm birth (<37full weeks) are relatively common
conditions among newborns. About 2.7%-4.4% of the
children born in 1998-2007 in Sweden were born small
for gestational age, and about 3.7%-5.1% were born
with low birth weight.” The proportion of premature
births has been quite constant in recent decades, and
in 2013 about 5% of all single births were premature.’
Low birth weight has been associated with an increased
risk of asthma and respiratory problems’ as well as
increased risk of cardiovascular disease.® In addition,
children with low birth weight have a higher mortality
than children with normal birth weight,” and low birth
weight and preterm birth both might result in cogni-
tive deficits later in life.'" "’ The mechanism behind the
association between exposure to air pollution during
pregnancy and foetal health effects is not yet fully
understood.” Several plausible pathways have been
suggested,'” where oxidative stress is one putative mech-
anism."” Low birth weight could possibly be caused by
cardiovascular mechanisms related to oxidative stress,
inflammation, coagulation, disturbed endothelial func-
tion and haemodynamic responses.'? Preterm delivery
and intrauterine growth retardation could by them-
selves or together be the underlying cause of low birth
weight. Adverse effects in the development of the fetus
during pregnancy, such as intrauterine growth restric-
tion,"* ” have previously been associated with low birth
weight, and stress during pregnancy has been shown to
lead to preterm birth.'®

One epidemiological study has assessed the associa-
tion between occupational particle exposure in the form
of welding fumes and metal dust during pregnancy
and foetal effects.'” The Finnish cross-sectional study
showed a 78 % non-significant increased risk of small for
gestational age in relation to welding fumes and three-
fold significant increased risk of small for gestational
age in relation to a combination of welding fumes and
metal dust.'” However, the study was retrospective which
gives an increased risk of recall bias. No previous study
has been found on maternal occupational exposure to
inorganic particles like stone and concrete and adverse
pregnancy outcomes. There is therefore a strong need
for a prospective cohort study in this area of research.

The aim of this cohort study was to investigate the rela-
tionship between the mothers’ exposures to inorganic
particles and welding fumes in the work environment
during pregnancy and the risk of the following negative
birth outcomes: small for gestational age, low birth weight
and preterm birth.

METHODS

Study setting and data set

The study population was selected among mother and
child pairs with children born from 1 January 1994 to
31 December 2012. Only single births were included in
the study (1 826 743 observations). Additional inclusion
criteria were that the mother should have an occupation
during pregnancy that could be coded into Arbetsmark-
nadsstyrelsens yrkesklassificering (AMSYK) or Nordisk
yrkesklassificering 1983 (NYK 83) (1 148 312 obser-
vations) and that they also reported working full time
or part time at the beginning of pregnancy (995843
observations).

The study was based on data from three Swedish regis-
ters—the Medical Birth Register at the National Board of
Health and Welfare, the longitudinal integration database
for health insurance and labour market studies at Statis-
tics Sweden and the Register of sick leave and parental
leave from the Swedish Social Insurance Agency.

The Medical Birth Register includes information about
the mother’s occupation in free text (uncoded) and if the
mother was working full time, part time or notatall, which
is reported during the registration interview at prenatal
care facilities around week 10 of the pregnancy. It also
includes important information about the outcome vari-
ables and potential confounders. The register includes in
total about 98%-99% of all children born in Sweden.'®

To increase the specificity of the information on occu-
pational exposures, information about absence from work
for pregnancies between 1994 and 2012 was collected
from the register of sick leave and parental leave and
matched by birth date and gestational length, in order
to assess the number of days of absence from the work-
place during each pregnancy. Citizens report sick leave
and parental leave in order to get social insurance bene-
fits. The register does not cover short-term sick leave of
less than 14 days (when the employer is responsible for
the benefit), but it covers long-term sick leave, parental
leave and special sick leave related to the pregnancy from
day 1.

The longitudinal integration database for health insur-
ance and labour market studies contains all persons in
Sweden aged 16 and older who are registered in Sweden
as of the 31 December every year.'” The information
about the mother’s highest level of education from the
register was used to adjust for socioeconomic status.

Exposure

Information on the mothers’ occupation obtained during
the registration interview was coded manually by occu-
pational hygienists according to AMSYK/Standard for
svensk yrkesklassificering, the Swedish version of ISCO-88
(International Labour Office 1990). A detailed descrip-
tion of the coding procedure has been published earlier
by Selander et al.*’ Exposure to air pollution at work was
assessed by matching of the mother’s occupational title
during pregnancy to a job exposure matrix, based on
Finnish Information System on Occupational Exposure
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and adopted to Swedish conditions by the research
group.”’ The matrix included estimations for 14 different
types of particles for about 100 different occupational
groups and two time periods.

The mean value for exposure was divided into the
following exposure groups based on percentiles: unex-
posed (0), low exposure (0 to 50th percentile) and high
exposure (equal to or over the 50th percentile). The
cut-off value between low exposure and high exposure
(50th percentile) was 0.09mg/m” for both inorganic
particles and welding fumes, with a range of 0.01 to
1.60mg/m” for inorganic particles and 0.01 to 3.20mg/
m” for welding fumes. When the study participants were
few, the exposure was dichotomised into unexposed or
exposed.

The occupational exposures were further divided into
three subgroups. The subgroup of iron dust included
occupational exposure to iron dust or fumes from welding,
smelting, grinding or other processing of steel and other
materials containing iron. The subgroup of concrete dust
included dust from stone and concrete material, and the
subgroup of other inorganic dust included dust from
plaster and insulation.

The presence of the pregnant mother at the workplace
was divided into three categories: (1) working full time
with low absence from work (reported full-time work and
with fewer than 50 days of absence from work (<50th
percentile) during pregnancy), (2) working full time or
part time with moderate absence from work (reported
part-time work or with 50 or more days (=50th percen-
tile) but fewer than 112 days of absence from work (<75th
percentile) during pregnancy) and (3) working full time
or part time with high absence from work (reported
full-time or part-time work and with 112 or more days of
absence from work (275th percentile) during pregnancy).

Confounders
Potential confounders were identified through a review
of previous studies on small for gestational age, preterm
birth and low birth weight in association with exposure to
residential or occupational air pollution®** and included
the mother’s age (five categories: <20 years, 220—<25
years, 225-<30 vyears, =30—<35, =35 years), current
smoking habits (three categories: non-smokers, smokers
of 1-9 cigarettes per day and smokers of 10 cigarettes per
day or more), highest completed educational level (three
categories: high school 2 years or less, high school more
than 2 years or university less than 3 years and university
3 years or more or graduated), working at the beginning
of pregnancy (three categories: full time, part time and
not at all), occupational exposure to noise (two catego-
ries: <75dB and 275 dB), nationality measured as country
of origin (three categories: Swedish, EU15/Nordic coun-
tries except Sweden and outside Europe (EU15)) and
parity (three categories: first child, second child and third
child or more).

The selection of variables for confounding adjust-
ment was based on the effect each potential confounder

had on the association between occupational expo-
sure and outcome. The inclusion criterion for the final
model was a deviation >5% in the point estimate with
the confounder in the model compared with the model
without the confounder. The mother’s body mass index,
physical strenuous work and psychosocial stress, family
structure and the children’s gender and birth year were
also tested, but since they affected the point estimate of
the crude analysis 5% or less, they were excluded from
the final model.

Outcome

Outcome variables available through the Medical Birth
Registry were small for gestational age (a calculated
growth curve of weight and gestational age estimated by
the National Board of Health and Welfare), birth weight
and gestational length. Preterm birth was defined by
dichotomising gestational length at gestational week 37,
and low birth weight was defined by dichotomising birth
weight at 2500 g. Small for gestational age was defined as
birth weight below 2 SD of the mean.**

Statistical analysis

Analyses were done with logistic regression in STATA SE
V13.1 (StataCorp LLC, Texas, USA) generating ORs and
95% ClIs. All the confounders listed in table 1 have been
tested with %% and show a statistically significant differ-
ence, p value <0.05.

Patient and public involvement

The research question and outcome measures have been
developed through questions by occupational active
women to Karolinska Institutet and Stockholm county
council about risks with exposure during pregnancy, as
well as a review of previous studies and literature. Formal
consent is not obligated in this register-based cohort
study; therefore, neither patients/study participants nor
the public were involved in the recruitment to or conduct
of the study. The study participants have been interviewed
in about week 10 and the information has been added to
the Medical Birth Register. All the registries involved have
done a confidentiality control on the behalf of the study
participants. The study does not include publication of
results on or to individual study participants. The results
will be published through this paper and maybe alter the
recommendations to pregnant women at antenatal clinics
in Sweden.

RESULTS

In total, the population included 1 826 743 single births.
After restriction that the mother had to have an occupa-
tion during pregnancy that could be coded into AMSYK
or NYK 83, the sample decreased to 1 148 312 observa-
tions. Out of these, 995843 had complete data on moth-
er’s occupation (including information on full-time
or part-time work) and were selected as the final study
population. The study included 20445 cases of small
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Table 1 Baseline characteristics of the study participants® (995 843) in per cent (%) and number (n) of cases in relation to the
adverse outcomes of small for gestational age (SGA)t, low birth weight (LBW)f and preterm birth (PTB)§
Per cent (%) and number (n) of SGA LBW PTB All births
cases % n % n % n nq|
Mother’s age

<20years 3.42 111 4.41 143 6.37 207 3259

>20, <25years 2.20 2370 3.12 3355 5.28 5680 107792

>25, <30years 1.96 6433 2.73 8936 4.69 15398 328776

>30, <35 1.95 7064 2.65 9593 4.27 15456 362597

>35years 2.32 4467 3.24 6245 4.82 9303 193419
Smoking

Non-smokers 1.86 16679 2.66 23912 4.52 40605 900154

Smokers, >1, <9cigarettes per day 3.91 2331 4.39 2620 5.45 3252 59874

Smokers, >10cigarettes per day  5.15 1125 5.82 1272 6.57 1437 21945
Highest completed educational level

High school <2years (1) 2.44 6525 3.23 8635 5.02 13395 267775

University <3years (2) 1.97 8128 2.79 11541 4.66 19288 414529

University >3years or graduate (3) 1.83 5649 2.58 7945 4.26 13154 309072
Working at the beginning of pregnancy

Full time 2.21 14295 3.038 19574 4.86 31437 648050

Part time 1.77 6150 2.51 8698 4.21 14607 347793
Absence from work

<50days 2.36 12209 3.57 18458 5.73 29613 518275

>50days and <120days 1.87 5164 2.00 5511 3.13 8642 276789

>120days 1.53 3072 2.15 4303 3.89 7789 200779
Occupational noise

Unexposed 2.02 16686 2.82 23216 4.57 37671 826422

Exposed 2.28 3759 2.99 5056 4.95 8373 169421
Nationality

Swedish 1.97 17469 2.77 24508 4.61 40863 887847

EU15 and Nordic countries 2.35 632 2.95 794 4.43 1194 27029

(except Sweden)

Outside Europe (EU15) 2.91 2339 3.68 2963 4.93 3973 80711
Parity

First child 2.91 13379 3.79 17449 5.87 27007 461203

Second child 1.29 4640 1.92 6915 3.42 12315 360660

Third child or more 1.40 2426 2.25 3908 3.87 6722 173980

All the confounders have been tested with x2, and show a statistically significant difference, p value <0.05in relation to the outcome of small

for gestational age, low birth weight or preterm birth.

*Restricted to single births between 1994 and 2012 among mothers who worked full time or part time.
tSmall for gestational age, estimated by a calculated growth curve of weight and gestational age.

FLow birth weight, dichotomised as <2500g and >2500g.
§Preterm birth, dichotomised as <37 weeks and >37 weeks.
{IThere was no missing, except for smoking (1%).

for gestational age, 28272 cases of low birth weight and
46044 cases of preterm birth.

Baseline characteristics are presented in table 1 above.
The risk for births with adverse outcome varied with
the mother’s age and seemed to be higher for younger
(younger than 25 years) and older (35 years of age
or older) mothers. Smokers had a higher percentage
of adverse outcomes than non-smokers, and higher

education was correlated with a lower prevalence of
adverse birth outcomes. There also seemed to be a differ-
ence in percentage between nationalities, with a higher
prevalence of cases in the group of mothers born outside
Europe.

ORs for the association between exposure to air pollu-
tion and birth outcomes subdivided by absence from
work are presented in tables 2 and 3. An elevated risk of
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small for gestational age, low birth weight and preterm
birth was indicated after exposure to inorganic parti-
cles during pregnancy (table 2). In the highest exposed
group of mothers working full time with low absence
from work <50 days, a statistically significantly increased
risk in all outcomes was shown, including small for gesta-
tional age (OR 1.20; 95%CI 1.04 to 1.39), low birth
weight (OR 1.32; 95% CI 1.18 to 1.48) and preterm birth
(OR 1.18; 95%CI 1.07 to 1.30). An increased risk of
adverse birth outcomes was not visible among mothers
that had an exposed occupation, but were absent from
work during pregnancy. Full-time working women who
were exposed to high levels of welding fumes during
pregnancy had a significantly increased risk of low birth
weight (adjusted OR 1.22; 95%CI 1.02 to 1.45) and
preterm birth (adjusted OR 1.24; 95% CI 1.07 to 1.42)
compared with the unexposed (table 3). Mothers with low
exposures had a statistically significant increased risk of
having children born small for gestational age (adjusted
OR 1.45; 95% CI 1.19 to 1.78), but no dose-response was
shown. Among exposed mothers with moderate or high
absence from work, no increased risk for negative birth
outcomes was shown.

In table 4, exposure to iron particles showed statistically
significantly increased risks of small for gestational age
(OR 1.25;95% CI 1.07 to 1.46), low birth weight (OR 1.37;
95% CI 1.22 to 1.54) and preterm birth (OR 1.20; 95% CI
1.08 to 1.33) in the exposed group that had been working
full time. There was no association between welding
fumes and adverse birth outcomes among mothers who
had high absence from work. Overall, the trend was
that exposed mothers with less absence had higher risk
of adverse birth outcomes. Examples of common occu-
pations in the group exposed to iron particles were
welders, car builders, flight engineers, metal workers and
plumbers. For stone and concrete and other inorganic
dust, there was no statistically significant increase in the
risk for any of the outcomes.

DISCUSSION

Among the full-time working mothers with low absence
from work and high exposure to inorganic particles
during pregnancy, statistically significantly increased
risks for small for gestational age, low birth weight and
preterm birth were observed. No previous studies have
been found on maternal occupational exposure to inor-
ganic particles like stone and concrete and adverse preg-
nancy outcome.” A statistically significant increased risk
for low birth weight and preterm birth was also found in
children to mothers who were exposed to welding fumes
during pregnancy and with a low absence from work. This
was in line with the only previous study made on maternal
occupational exposure to welding fumes, metal dust and
adverse birth outcome.'” In addition, polycyclic aromatic
hydrocarbons that are prevalent in welding fumes have
been associated with adverse pregnancy outcomes.*’

As was mentioned in the introduction, the mechanism
is not yet fully understood, but oxidative stress is seen
as a putative pathway. Oxidative stress occurs when the
capacity of the antioxidant system cannot keep up with the
generated reactive oxygen species (ROS). Both chronic
oxidative stress as well as acute exposure to high levels
of ROS can be harmful and can damage proteins, lipids
and DNA? as detected through biomarkers in blood
and urine. This is a process that might be reinforced by
different exposures, and in high-quality studies, expo-
sures to particles and welding fumes have been associated
with oxidative DNA damage.” * Graczyk et al found an
association between welding and the biomarker 8-OHdG
in plasma and urine, and there was an exposure response
with the number of fine particles but not when particles
were measured gravimetrically.”’ Associations between
welding fumes and indications of ROS, increased oxida-
tive stress and lipid peroxidation have also been seen.* *

The size distribution of the particles and the toxicity
of the substances are important to know in order to
interpret the results. Inorganic particles (such as iron,
concrete, plaster and insulation material) mostly contain
coarse particles and are therefore likely to deposit in the
nasopharyngeal region,” even if there is also a smaller
fraction with finer particles that might deposit farther
down in the tracheobronchial and alveolar regions of the
lung. Particle size can explain the distribution and where
in the respiratory system the particles deposit, but not
the toxicity to lung tissue among different substances.™ **
Welding fumes are difficult to define because they contain
both small and large particles as well as many different
compounds.” However, among the three subgroups
of inorganic particles, only iron particles showed an
increased risk of adverse outcomes.

Measured gravimetrically, most of the iron particles
are coarse and deposit mainly in the upper airways and
thus can be transported out of the airways. Measure-
ments of blood markers for cardiovascular disease and
inflammation indications in subway platform workers—
who are exposed to high levels of iron particles in the
underground system—showed only slightly increased
levels.® Even so, measured in numbers, there could also
be a large amount of fine particles, especially if the iron
particles are derived from welding. The translocation of
carbon particles from the lung to the systemic circulation
in humans has been shown to be low,36 " but inhalation of
iron particles in rats has been shown to lead to oxidative
stress.”

It is also interesting that a synergistic interaction
between soot and iron particles regarding oxidative stress
has been shown in rats.” All of the occupations in the
group exposed to iron particles listed above have one
or more other exposures in addition to iron particles,
and thus the observed effect cannot with certainty be
attributed solely to iron.

This register-based cohort study has several strengths,
and itis in many ways unique in a global perspective. First,
it contained a vast amount of information on all children
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Table 4 Maternal occupational exposure* to inorganic particles, subdivided into iron particles, stone and concrete particles,
and other inorganic particles, and small for gestational age (SGA)t, low birth weight (LBW)% and preterm birth (PTB)§

Working full time with low amount of absence from work(]

Crude Adjusted**
OR (95% CI) n/cases OR (95% Cl)
Iron particles
SGA
Unexposed 1 361282/8916 1 354903/8729
Exposed 1.38 (1.19 to 1.61) 5361/183 1.25 (1.07 to 1.46) 5253/179
LBW
Unexposed 1 356889/13362 1 350574 /13 109
Exposed 1.55 (1.38 to 1.75) 5239/305 1.37 (1.22 to 1.54) 5132/300
PTB
Unexposed 1 348989/21 451 1 342797/21066
Exposed 1.37 (1.24 to 1.51) 5119/431 1.20 (1.08 to 1.33) 5016/421
Stone and concrete particles
SGA
Unexposed 1 358427/8924 1 352060/8735
Exposed 0.86 (0.74 to 1.00) 8216/175 0.89 (0.76 to 1.04) 8096/173
LBW
Unexposed 1 354007/13396 1 347700/13145
Exposed 0.88 (0.78 to 1.00) 8121/271 0.92 (0.81 to 1.04) 8006/264
PTB
Unexposed 1 346142/21450 1 339957/21068
Exposed 0.88 (0.79 to 0.97) 7966/432 0.91 (0.82 to 1.00) 7856/419
Other inorganic particles
SGA
Unexposed 1 366317/9089 1 359836/8898
Exposed 1.24 (0.66 to 2.32) 326/10 1.07 (0.57 to0 2.02) 320/10
LBW
Unexposed 1 361804/13655 1 355388/13397
Exposed 0.98 (0.55 to 1.75) 324/12 0.77 (0.43 to 1.37) 318/12
PTB
Unexposed 1 353796/21858 1 347507/21463
Exposed 1.25 (0.82 to 1.89) 312/24 0.94 (0.62 to 1.43) 306/24

*Exposure divided into unexposed and exposed.

tSmall for gestational age, estimated by a calculated growth curve of weight and gestational age.

I Low birth weight, dichotomised as <2500g and >2500g.

§Preterm birth, dichotomised as <37 weeks and >37 weeks.

{Full-time workers who stated that they were working full time at the interview in week 10 and who had fewer than 50 days of absence from
work (<50th percentile) during pregnancy (excluding the first 14 days of sickness).

**OR adjusted for the confounders of the mothers’ age, education, smoking habits, nationality, occupational exposure to noise and the

children’s parity.

born in Sweden from the beginning of 1994 to the end of ~ ensures accuracy, and even if some misclassification
2012 and their mothers. The variables from the Medical cannot be ruled out, these are most likely non-differen-

Birth Register and the longitudinal integration database tial misclassifications. The data were collected prospec-
for health insurance and labour market studies are of  tively in the sense that the information about the mother
high quality with few missing observations (see table 1). and child were collected during pregnancy and informa-
The free-text data on occupations from the Medical Birth tion about the occupation was collected before the birth
Register have been manually coded (blinded), which outcome was known. The information about the exposure
8 Norlén F, et al. BMJ Open 2019;9:€023879. doi:10.1136/bmjopen-2018-023879



was assessed from the job exposure matrix objectively and
blinded from the outcome.

There are also some weaknesses in this kind of study
design. Job exposure matrices were used, which can intro-
duce non-differential misclassification.*” The job expo-
sure matrices were based on measurements among
workers in different occupations, and based on those
measurements, a mean value for the occupational group
was calculated. This way of classifying exposure is valid, but
is not equal to individual measurements throughout the
pregnancy for each participant. Therefore, it could intro-
duce a misclassification, but the misclassification would
not likely be differential and would therefore only push
the risk towards null in the middle-exposure and high-ex-
posure groups.”’ The risks might therefore in reality be
higher than we found in the present study. In addition,
it was not possible in this study to adjust for exposure to
air pollution in the outdoor environment, away from the
work place, which if it correlates with occupations can be
a potential confounder.

In epidemiological studies, the risk shown might be
associated with residual confounding from socioeco-
nomic factors related to the type of work rather than the
exposure. To manage this issue, information on absence
can be used. If the exposed groups (according to job
title) have high amounts of absence, they would not have
been exposed and thus should not have an increased risk
of adverse outcome. In this study, there were no statis-
tically significantly increased risks among the exposed
women with high absence from work, which indicates no
or little residual confounding regarding socioeconomic
factors related to the occupational title among the study
participants.

In addition, there was no information in the present
study on relocation or change of work task within the
workplace in order to avoid exposure during pregnancy;
therefore, some of the women might have been misclassi-
fied regarding exposure, and this might be the reason for
the OR being lower than expected in the group of working
women with low absence from work and high exposure to
welding fumes. Another limitation is that information on
absence from work does not include short-term sick leave
of less than 14 days, which might lead to non-differential
misclassification and underestimate the risk.

In this study, multiple analyses have been performed
that increase the risk of chance findings, but the anal-
yses have followed a priori hypothesis and the pattern
of results (including consideration taken to absence,
which shows low residual confounding) does not point to
chance findings.

CONCLUSION

Maternal exposure to air pollution from iron particles
and welding fumes in the work environment during preg-
nancy was associated with negative health effects in the
children. No increased risk was found in association with
exposure to stone and concrete or other inorganic dust.

The results emphasise that women should not be exposed
to high levels of iron particles and welding fumes during
pregnancy. However, since so few studies have been made
in this area, these results need confirmation in future
studies.
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