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Maternal occupational exposure to asthmogenic
during pregnancy and the future risk of asthma in
children: A meta-analysis
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Abstract

The association between maternal occupational exposure during pregnancy and the subsequent development of asthma in their children has always been a
matter of debate, and the results of cohort studies on this issue have been controversial. The current study is the first systematic review and meta-analysis
aimed at evaluating the risk of developing subsequent asthma in children based on maternal occupational exposure during the gestation period. To retrieve
eligible studies, an advanced literature search was performed up to August 10, 2023 from the following databases: PubMed, Scopus, and Google Scholars.
The title and abstract of related articles were screened; hence, the full texts were reviewed. Data extraction was conducted; hence, the included articles were
analyzed to assess the mention association. From a total of 10 cohort studies with a total record of 5372, it was found that there is no significant relationship
between occupational exposure to asthmogenic during pregnancy and later asthma in children. The pooled odds ratio of asthmatic children in patients with
maternal occupational exposure to asthmogenic during pregnancy was 1.03 (95% confidence interval, 0.97-1.09) I’= 13% p=0.62. It was concluded that
there is no significant association between maternal occupational exposure and future asthma in children. However, future large-scale studies are required
to support these results.
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Oz

Hamilelik sirasindaki mesleki maruziyet ile daha sonra cocuklarda astim gelisimi arasindaki iliski her zaman bir tartisma konusu olmustur ve bu konuyla
ilgili kohort calismalarinin sonuclar tartismali olmustur. Bildigimiz kadariyla bu, gebelik doneminde annenin mesleki maruziyetine bagh olarak cocuklarda
sonradan astim gelisme riskini degerlendirmeyi amaclayan ilk sistematik derleme ve meta-analizdir. Uygun calismalara ulasmak icin 10 Agustos 2023
tarihine kadar asagidaki veritabanlarindan ileri diizeyde bir literatur taramasi yapildi: PubMed, Scopus ve Google Scholars. Ilgili makalelerin bashg: ve zeti
taranarak buradaki tam metinler incelenmistir. Veri ¢ikarma gerceklestirildi, dolayisiyla soz konusu iliskiyi degerlendirmek icin analizin yapildigi makaleler
dahil edildi. Toplam kaydi 5372 olan toplam 10 kohort calismasindan, annenin hamilelik sirasinda astmojenlere mesleki maruziyeti ile daha sonra

PRECIS: Investigating maternal occupational exposure during pregnancy and childhood asthma risk, our meta-analysis found no significant
association, suggesting further research is needed for conclusive evidence.
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cocuklarda astim arasinda anlaml bir iliski olmadigi bulunmustur. Hamilelik sirasinda annenin mesleki olarak astmojenlere maruz kaldig: hastalardaki
astimli cocuklarm toplu olasilik orant 1,03 idi [%95 given araligi, 0,97-1,09] I>= %13 p=0,62. Annenin mesleki maruziyeti ile cocuklarda gelecekteki astim
arasinda anlamb bir iliski olmadig sonucuna varildi. Ancak bu sonuclarnn desteklenmesi icin gelecekte genis 6lcekli calismalara ihtiyac duyulmaktadir.

Anahtar Kelimeler: Annenin mesleki maruziyeti, astim, gebelik, sistematik inceleme, meta-analiz

Introduction

As stated by the World Health Organization, non-communicable
diseases (NCD) claim the lives of 41 million individuals annually,
accounting for 74% of global mortality”. Asthma, a prevalent
NCD, imposes a substantial burden of morbidity and mortality.
It is projected to impact almost 262 million individuals in 2019,
resulting in 455,000 fatalities worldwide. Furthermore, it is the
primary chronic disease among children on a global scale®®.
There are over 300 million people worldwide who are affected
by asthma, and each day 1,000 people die because of asthma®*.
Moreover, young adults with asthma are 20 times more prone
to develop chronic obstructive pulmonary disease®.

The apparent epidemic of asthma and allergies recently seems
to follow in the footsteps of economic development, the process
of production, consumption, and urbanization®. Numerous
studies have shed light on the connection between being exposed
to various domestic and industrial ambient pollutants and
experiencing bronchial wheezing”. Occupational exposures
are responsible for 5-25% of all asthma cases among adult
workers®1? by inducing the mechanism of immunoglobulin E
(IgE)-mediated responses”. Promisingly, this number can be
prevented if occupational exposures are obviated!?.

Potential risk factors have been identified for predisposing
children to para-occupational asthma via their parents, such as
stress?, secondhand tobacco smoking!'?, asbestos, pesticides,
organic solvents, and mold">'®. Organic solvents are volatile
lipophilic compounds that can cross the placenta®® and lead
to a shift in the balance between (Th1) and (Th2) in offspring’s
umbilical cord blood®?. They appear to play a key role in the
development of childhood asthma®”. Studies indicate that
persistent maternal exposure to organic pollutants, including
organochlorine pesticides and polychlorinated biphenyls

(PCB), is linked to a higher likelihood of respiratory symptoms
and asthma in infants®?.

Several studies have shown that certain parenting occupations
are linked with a higher risk of respiratory conditions in
children®%?. In contrast, Christensen et al.?*® reported no
notable link between maternal job exposure and childhood
asthma. For the first time, this study represents a systematic
review/meta-analysis focusing on assessing the likelihood of
children developing asthma later due to maternal occupational
exposure during pregnancy.

Materials and Methods

In this meta-analysis, our objective was to investigate the
influence of maternal occupational exposure to cosmogenic
agents during pregnancy on the subsequent occurrence of
asthma in their offspring. Our methodology adheres to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses®® guidelines. The research protocol for this review has
been registered on the Open Science Framework.

Literature Search

To retrieve eligible studies,an advanced literature search
was performed up to August 10, 2023 from the following
databases:Pubmed,Scopus,and Google scholar. The search
strategy included three main keywords. One subgroup
encompassed terms associated with pregnancy, whereas the
other two subgroups encompassed terms related to asthma
and occupational exposures. The subgroups were linked
together using the “AND” operator, with no limitations on
date, publication type, or language. The search strategy was
modified on the basis of the query format for each database.
Our search strategy methodology is summarized in Table 1. To
minimize the risk of missing relevant articles, we investigated

Table 1. Search strategy for systematic review through PubMed and Scopus

Search strategy Additional filtres

#1: (pregnancy [tiab] OR pregnant[tiab] OR maternall[tiab])

#2: (asthmaltiab])

#3: (exposure[tiab] OR “occupational exposure” [tiab] OR asthmogen*[tiab] OR

PubMed

pollen*[tiab] OR aerosol*[tiab] OR solvent*[tiab] OR insecticide*[tiab] OR fungicide*[tiab]

English, August 10",2023

OR pesticide*[tiab] OR chemical*[tiab] OR mite*[tiab] OR latex*[tiab] OR dust*[tiab] OR

antibiotic*[tiab] OR animal dander|[tiab])
#4: #1 AND #2 AND #3

(pregnant® OR pregnancy OR maternal) AND (asthma) AND (“occupational exposure” OR

Scopus

latex OR “grass pollen”)

124

exposure® asthmogen* OR aerosol* OR antibiotic* OR pollen* OR solvent* OR chemical
OR insecticide* OR fungicide* OR pesticide* OR mite* OR “animal dander” OR dust* OR

English, August 10",2023
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the reference lists of relevant systematic reviews and included
studies that were assessable in our analysis. The procedure
was performed by two reviewers, with any discrepancies being
resolved through discussion between the reviewers.

Criteria for Selecting Studies

To be eligible for inclusion in this meta-analysis, studies must
adhere to the following criteria:

1. The studies involved pregnant women and their children,
with a focus on maternal occupational exposure during
pregnancy and its potential impact on childhood asthma.

2. Studies should have evaluated maternal occupational
exposure to asthmogenic or related environmental agents at
work during pregnancy

3. The primary outcome of this study was the development
of asthma or wheezing in children, which was typically
investigated at several follow-up points throughout childhood.
4. Definitions of asthma were provided based on the study
design

Studies including pregnant women with preexisting pathologic
conditions or those focused on outcomes unrelated to asthma
were excluded. In addition, case reports, review articles, papers
in languages other than English, and animal studies were
excluded from the review.

Data Extraction and Study Quality Assessment

Two independent reviewers conducted an initial assessment
of each study’s title and abstract to assess whether it met the
inclusion criteria for this meta-analysis. Articules that did not
meet our predetermined criteria were excluded. Subsequently,
the full texts of the remaining studies were further evaluated,
and those meeting the eligibility criteria were included in the
data extraction process. Next, data extraction was conducted in
four distinct categories, comprising the following information:
1. Study Details (i.e. authors, location, year of publication, and
study type)

2. Patient-Specific Factors (i.e. eligibility criteria for women
included in the study and gestational age)

3. Study Design (i.e. the number of participants, sampling
method and duration, and the definition of asthma)

4. Outcomes (i.e. the asthma rate and concentrations of
exposures).

The two reviewers mentioned earlier used critical appraisal
checklists specifically created for cohort, case-control, and
analytical cross-sectional studies, as outlined by the Joanna
Briggs Institute. If there were any discrepancies, a third author
was involved in the assessment.

Statistical Analysis

We performed data analysis using STATA 13.1 software
developed by StataCorp LP in College Station, TX. The
outcomes are displayed as combined odd ratios (ORs) with
a 95% confidence interval (CI), illustrated in a forest plot.
The presence of heterogeneity among the qualified studies

was evaluated using the I? statistic, and in cases of significant
heterogeneity (I* >50%), a random-effects model was employed.
In addition, we investigated the potential for publication bias
by visually examining funnel plot symmetry and conducting
Egger’s regression analysis.

Result

Study Selection and Characteristics

The search yielded 5372 records. The screening of titles and
abstracts resulted in 50 potentially eligible studies. After
reviewing the final full texts, nine studies and 121.710 patients
remained as our final result, in which maternal occupational
exposure to asthmogenic was measured and met the inclusion
criteria (Figure 1). The studies included in this analysis were
published from 2006 to 2021 and were conducted in Denmark,
the USA, Canada, and the United Kingdom. All studies were
cohort studies with varying follow-up durations ranging from
12 to 84 months. The mean age of the patients ranged from 5
to 30 years. The follow-up duration of the cohort studies varied
from 4 to 7 years. The details of these studies can be found in
Table 2.

The analysis results suggest no statistically significant association
between maternal occupational exposure to asthmogenic during
pregnancy and the development of asthma in children.

[ Identification of studies via databases and registers ]

Records identified from:
PubMed/google
scholar/scopus
totall (n=5372)
pubmed(n=747)
google scholar(n=225)
scopus(n=4400)

_ }

Records screened Records excluded**
(n = 50) (n= 5322)

g
e
! Reports excluded: (n= 40)
@ Reports assessed for eligibility Reasons:
(n=10) Irrelevant outcome

A\

(n=10)

=
—

g Studies included in review
)

Figure 1. PRISMA diagram of current systematic review and
meta-analysis

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses
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Meta-analysis

The combined odds ratio for asthmatic children in patients
with maternal occupational exposure to asthmogenic during
pregnancy was 1.03 (95% CI, 0.97-1.09). The meta-analysis
showed moderate statistical heterogeneity with an I* of
13%. Figure 2 illustrates the forest plot of the meta-analysis.
Sensitivity analyses did not yield significantly different results
from the overall analysis.

Publication Bias

Examination of the funnel plot (Figure 3) did not reveal any
indication of publication bias because the graph appeared
relatively symmetrical. Furthermore, Egger’s regression test did
not show evidence of publication bias (p=0.62).

Discussion

Thismeta-analysis of nine cohort studies explored the association
between maternal occupational exposure to asthmogenic

during pregnancy and the risk of asthma in children. These
findings did not provide significant evidence of a connection
between maternal occupational exposure to asthmogenic
during pregnancy and the risk of asthma in children.

Johnk et al.®” did not find a correlation between prenatal
exposure to phthalates and asthma in children. This could be
attributed to the lower maternal exposure levels. In addition,
the older age of the mothers in the study and their non-smoking
status could be contributing factors to the lower prevalence of
asthma (7.4%) in these children.

Christensen et al.*® found a positive borderline association
between maternal occupational exposure to low molecular
weight/irritant agents OR = 1.11, 95% CI = (1.01,1.23)]
and heavy molecular weight allergens [OR = 1.12, 95% CI =
(0.85,1.47)] and asthma in their children.

Christensen et al.*? found no association between mothers’
occupational exposures during pregnancy and asthma in their
7-year-old children. Exposure to low molecular weight agents

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Christensen 2011 01044 00482 140% 111 01.01,1.22) o
Christensen 2011 01133 0.1407 38% 1.12[0.85, 1.48) T
Christensen 2012 0.2927 0.2893 10% 1.24 [0.76, 2.36] i
Christensen 2012 0157 01062 59% 1.17[0.95, 1.44] i
Christensen 2012 -0.0107 0.0778 B89% 0.99[0.85, 1.15] T
Christensen 2012 0174 03403 08% 1.19[0.61, 2.32) ——
Christensen 2012 001 01263 46% 1.01[0.79, 1.29] -T-
Christensen 2012 -0.0305 0.0555 125% 0.97 [0.87, 1.08] 4
Jshnk 2020 -0.0943 0.1125 54% 0.91[0.73,1.13] -T
Johnk 2020 -0.2231 0.1729 27% 0.80[0.57,1.12] i
Jshnk 2020 -0.0943 0.1487 35% 0.91 [0.68, 1.22] .-
Jshnk 2020 -00619 0129 44% 094[0.73,1.21] =T
Magnusson 2006 0 0182 24% 1.00[0.70,1.43) o
Magnusson 2006 05078 0.5605 03% 1.80[0.60, 5.40] —
Pape 2020 -06798 05004 D04% 0.56[0.21,1.49) e
Pape 2020 -0.7765 0.6069 02% 0.461[0.14,1.51] —
Pape 2020 0.1434 0.1586 31% 1.16[0.85, 1.58) i
Pape 2020 0.1655 0.1855 32% 1.18[0.87, 1.60] T™
Parker-Lalomio 2017 11756 04659 04% 3.24[1.30,8.07]
Patker-Lalomio 2017 1.0152 04787 04% 2.76[1.08, 7.05)
Parker-Lalomio 2017 11725 05138 03% 3.23[1.16,8.84)
Parket-Lalomio 2017 1.0116 05213 03% 2.75[0.98, 7.64]
Tagiveva 2010 00392 03537 07% 1.04[0.52, 2.08] =
Tagiyeva 2010 0174 04127 05% 1.19[0.53, 2.67) ——
Tjalvin 2021 08416 04204 05% 2.32[1.00, 5.30] 1
Weselak 2007 0 0182 24% 1.00[0.70, 1.43] -T-
weselak 2007 0.2231 0.2675 1.2% 1.25[0.74, 2.11] T
Weselak 2007 0.0583 0.1903 23% 1.06[0.73, 1.54] -T—
Weselak 2007 -01744 0.2161  18% 0.84 [0.55, 1.28] e
Weselak 2007 -06978 04448 05% 055(0.23,1.32] S i
weselak 2007 -0.1863 0.2289 16% 0.83[0.53, 1.30] —
Weselak 2007 -0.1165 0.2543  1.3% 0.89[0.54, 1.47] =
Wesalak 2007 0.0198 0.3437 07% 1.02[0.52, 2.00] ——
weselak 2007 -0.0513 0.2789 11% 0.95[0.55, 1.64] I
Weselak 2007 -0.1985 0.4344 05% 0.82[0.35,1.92] .
Weselak 2007 -0.1935 0.4344 05% 0.82[0.35, 1.92] -
Weselak 2007 01398 0.3492 07% 1.15[0.58, 2.28) =p—
weselak 2007 -0.3011 034 08% 0.7410.38,1.44) S
Weselak 2007 -0.1165 0.2549 1.3% 0.89[0.54, 1.47] e
Wesalak 2007 -0.4155 02817 11% 0.66[0.38,1.15] T
Weselak 2007 -0.0207 04834 D04% 0.98[0.38, 253] s
weselak 2007 0077 02591 13% 1.08[0.65,1.79) L
Weselak 2007 -0.0101 0.4753 04% 0.99[0.39, 2.51] ——
Total (95% CI) 100.0% 1.03 [0.97, 1.09]

CTI. - . P - - LD — 1 1 1 1

Heilerogeneity. Tau®= 0.00, Chi®= 48.51, df= 42 (P=0.23), P=13% D01 01 10 100

Testfor overall effect: Z=083 (P = 0.41)

Favours [experimental] Favours [control)

Figure 2. Forest plot shows any significant association between maternal occupational exposure and future asthma in children
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Table 2. Characteristics of included studies

Study Follow-up o : Mean age : .
Participants (n) Occupational exposure of children Asthma diagnosis

Author (ref)
(year)

Christensen et

al.®9 (2011)  Denmark
Christensen et

al.?¥ (2013)  Denmark
Johnk et al.@”

(2020) Denmark
Magnusson et

aL09 (2006) Denmark
Pape et al.®®

(2020) Denmark

Cohort study

Cohort study

Cohort study

Prospective
cohort study

Two-
generation
cohort study

Last 12
months

18 months

5 years

14-18 years

Onset of
asthma at
0-15

Include 45658
children
and their mothers.

A total of 100,418
pregnancies were
enrolled, but only
41,724 mother/child
pairs were eligible for
analysis in 7-year-

old children with an
increased likelihood of
asthma.

870 pregnant women
provided a fasting
spot urine sample

for analysis of 12
phthalate metabolites.
Finally, 552 mother-
child pairs with
measurements of
phthalate metabolites
and information about
asthma, eczema, and
thinitis were included.

7844 children (4045
boys/3798 girls) from
6418 mothers.

3985 adult offspring
218 years of age
participating in the
(RHINESS)

with 2931 of their
parents
participating in the
ECRHS II/RHINE IL.

Maternal occupational
exposure/high molecular weight
(HMW)

Low molecular weight/irritant
(LMW)/mixed exposure/student
and reference (office workers)/
farmers

Prenatal maternal occupational
exposure/low molecular weight
agents early in the

child*s life may predispose
them to asthma/latex and
biocides/fungicides/high
molecular weight agents/
farmers/students/mixed HMW
and LMW agents/Unclassifiable/
Reference

Prenatal phthalate exposure/
Prenatal exposure to DiNP and
DEHP

Maternal occupational exposure
to organic solvents

Paternal or maternal
occupational exposure to:

1. Microorganisms (molds,
endotoxin).

2. Pesticides (herbicides,
insecticides, fungicides).

3. Allergens (animals, flour,
house dust mites, storage
mites, plant mites, enzymes,
latex, fish/shellfish).

4. Reactive chemicals (high-
level chemical disinfectants,
isocyanates, acrylates, epoxy
resins, persulfates/henna,
aliphatic amines, bleach).

7 years old

7 years old

5 years

16

30

Used DISC (Danish)
International
Standard
Classification of
Occupations) codes.

Used validated
core questions

on asthma from
the International
Study of Asthma
and Allergies

in Childhood

and Asthma Job
Exposure Matrix
(JEM)18 based on
known risk factors
for occupational
asthma.

Used a
questionnaire based
on the International
Study of Asthma
and Allergies in
Childhood (ISAAQ).

Based on

parental report

of a physician’s
diagnosis via ISAAC
questionnaire and
hospitalization data

RHINESSA
questionnaire
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Table 2. Continued

Author (ref) Study Follow-up - . Mean age . .
) duration Participants (n) Occupational exposure of children Asthma diagnosis

Tagiyeva et United

al.*? (2010)

Tjalvin et

al®b (2022)  USA

Parker-
Lalomio et
al.(32) (2018)

USA

Weselak et al.

(2005) Canada

Kingdom

Cohort study

Cohort study

Retrospective
Cohort study

Cross-
sectional
cohort study

0-91
months

2 years

13971

Out of a total of 3318
children, 1307 had
mothers who had
worked for at least 6
months in jobs that
involved exposure to
indoor cleaning agents.
Meanwhile, 150
children had mothers
who were exposed

to these agents only
before conception,
while 610 children
had mothers who were
exposed both before
conception and after.
Lastly, in 470 children,
the mother’s exposure
to indoor cleaning
agents started after the
children were born.

800

3405 children of farm
couple (the age of wife
was at most 44 years)
couples were eligible
for inclusion if they
were married or living
as married, living
near-round on a farm
operation. Including
family-run farms.

Paternal or maternal
occupational exposure to wood,
diisocyanate, flour, glues/resins,
animals, solders, enzymes,
biocides/fungicides, foods, latex
and dyes.

Maternal occupational exposure
to indoor cleaning agents
(cleaning products/detergents
and disinfectants).

Polychlorinated biphenyls
(PCBs)

Farm couple exposures to any
pesticides

Fungicides Insecticides
Herbicides

Other Pesticides Phenoxy
Triazine Thiocarbamate
Organo-phosphates Dicamba
Glyphosate

24-DB

2,4-D MCPA Atrazine
Cyanazine Carbaryl Captan

10 years old

Postal
questionnaires and
clinical assessments
(Serum total IgE and
allergen skin-prick
testing).

Used occupational
health tools include
ISCO (International
Standard
Classification of
Occupations), JEM
(Job-Exposure
Matrix), OAsJEM
(Occupational
Asthma-specific Job-
Exposure Matrix),
RHINE (Respiratory
Health in Northern
Europe), and
RHINESSA
(Respiratory

Health In Northern
Europe, Spain, and
Australia).

Phone interview

Questionnaires were
filled based on prior
doctor’s visit.

during the postnatal period [OR =1.13,95% CI = (0.99, 1.29)]
or a combination of prenatal and postnatal exposure [OR =
1.34,95% CI = (1.19, 1.51)] was linked to a higher prevalence
of asthma in children®?.

Magnusson et al."® found little association between occupational
exposure of mothers to organic solvents and asthma in children.
Allergens with high molecular weight can contribute to the
development of asthma through immune mechanisms mediated
by IgE. In contrast, allergens with low weight, in addition to
the above mechanism, may exert a role in asthma development

128

through immunological reactions without IgE or even non-
immunological reactions'®. Sensitivity to allergens can occur
in the uterus without the mother’s sensitivity®”.

Pape et al.®” found a correlation between maternal exposure to
allergens and reactive chemicals before and after pregnancy and
the development of early-onset asthma in children. Interestingly,
no such association was found in men, specifically in relation
to their occupational exposures. One possible explanation for
this difference could be the increased vulnerability of women’s
reproductive cells compared with men’s.
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Figure 3. Funnel plot shows a symmetrical pattern indicating no
publication of bias

Another study by Tjalvin et al.®? demonstrated that
Occupational exposure of mothers to indoor cleaning products
before and during pregnancy was linked to a higher likelihood
of asthma in children [OR = 1.56, 95% CI = (1.05-2.31)]. At
the same time, exposure after birth was unrelated to asthma
outcomes [OR =1.13,95% CI = (0.71, 1.80)].

A strong link between occupational exposure to PCBs and
childhood asthma was reported [OR = 3.24, 95% CI = (1.30,
8.09)] in the study by Parker-Lalomio et al.®?.

Tagiyeva et al.®? research revealed that exposure to latex
and biocides/fungicides in the workplace during pregnancy
can increase the chances of childhood wheezing and asthma.
The likelihood of childhood wheezing and asthma is further
amplified when there are elevated levels of exposure to latex,
biocide/fungicide, or a combination of both, with odds ratios of
1.26,1.22,and 1.22 [95% CI = (1.07, 1.50), (1.02, 2.05), and
(1.03, 1.43)], respectively.

Children’s asthma was confirmed in two ways: diagnosis by a
doctor or by reporting children’s wheezing episodes by parents.
Inaccurate recall of wheezing episodes and differences in access
to medical care could bias the results. In addition, some studies
did not have access to the family history of allergic diseases.
In addition, due to the possibility of mothers suffering from
allergic diseases avoiding certain specific occupations, it can
lead to incorrect occurrence of negative results.

Conclusion

The current meta-analysis did not reveal any statistically
significant association between maternal occupational exposure
during pregnancy and the likelihood of asthma in children.
Additional cohort and cross-sectional studies are necessary
to determine the precise relationship between exposure and
asthmogenic during pregnancy and asthma risk in children.
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