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1
Background and Context

1.1 Rationale and Objective
The associations between environmental hazards and adverse health outcomes have
been investigated by epidemiological studies. For foetus and infants who are
especially vulnerable to the exposure to environmental risk factors that disrupt the
developmental processes, birth cohort studies were conducted to exam the causal
link between exposures and responses. However, different studies often report
contradictory observations.
Many factors may influence the exposure-response associations observed in birth
cohort studies. Most frequently discussed are the different methods employed for
the assessment of the environmental exposure and health outcomes. For example,
the health effects of exposures to ambient air pollution have been intensively
studied, and the level of exposure may be defined based on the measurements
from personal monitoring, model led exposure using the information of stationary
monitors, or questionnaire or interview based self-assessed exposure. On the other
hand, the assessments of the health outcomes may be based on physician
diagnoses, reported symptoms in the questionnaires or interviews, or medication
use. Therefore, here is a need to systematically address the discrepancies of the
methodology between the studies and how they are linked to inconsistent observed
exposure-response relationships.
In addition, in many cases, the studies have limited statistical power to study rare
health outcomes or exposures with a low prevalence. Therefore, many important
exposure-response associations are not yet well explored. The main objective of this
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work package is to systematically collect information from the existing exposure
response data including the methods and tools that were used from European birth
cohort studies, evaluate the information, and identify knowledge gaps. The secondary
objectives are:
• Perform a systematic review on peer reviewed (published or impressed)
exposure-response relationships of major environmental hazards on different
health outcomes in European birth cohort studies.
• Evaluation of the availability, quality, and the potential use of the published
information
• Evaluation of the appropriate adjustment of confounding factors, potential bias,
and the possibility of chance findings.
• Identify strengths and limitations
• Make recommendations to harmonize future research on exposure-response
associations by identifying the appropriate exposure assessment, health
outcome definition, and statistical tools, in order to achieve future meta or
polled analysis. The reviews will identify areas where only limited knowledge
is available and proposals for further use of the environmental exposure,
response data will be made.

1.2 Working groups
A total number of eleven exposure response relationships will be evaluated. Each
theme will be lead by one working group.
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Table 1.1: Working Groups for Evaluation of Exposure Response Relationship
Theme
Air pollution and Birth Outcomes

WG Leader
Manolis Kogevinas
kogevinas@creal.cat

WG Members
Ulrike Gehring
Frank Pierik
Anne Marie Nybo
Remy Slama
Kinga Polanska
Ferran Ballester
Koppen Gudrun

Air Pollution and Allergy and Asthma

Bert Brunekreef
b.brunekreef@iras.uu.nl

Joachim Heinrich
Ulrike Gehring
John Henderson
Maties Torrent

Allergens/Biological Organism
and Allergy and Asthma

Joachim Heinrich
joachim.heinrich@helmotz-muenchen.de

Chih-Mei Chen
Christina Tischer
Ulrike Gehring
Maties Torrent
Constantine Vardavas

Pesticides and Birth Outcomes

Sylvaine Cordier
sylvaine.cordier@univ-rennes1.fr

Cecile Chevrier
Frank Pierik
Jens Peter Bonde
Stephanie Vandentorren

Second Hand Smoking and Birth Outcomes

Constantine Vardavas
vardavas@edu.med.uoc.gr

Kinga Polanska
Francesa Bravi

Water contaminants and Birth Outcomes

Mark Nieuwenhuijsen
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Table 1.1: Working Groups for Evaluation of Exposure Response Relationship
Theme
Metals and Birth Outcomes

WG Leader
mnieuwenhuijsen@creal.cat
Jordi Sunyer
jsunyer@creal.cat

WG Members
Maribel Casas
Kinga Polanska
Ferran Ballester
Constantine Vardavas

Metals and Neurobehavioural/Cognitive

Jordi Sunyer
jsunyer@creal.cat

Maribel Casas
Constantine Vardavas

POPs and Birth Outcomes

Jens Peter Bonde
jpb@bbh.regionh.dk

Gunnar Toft
Sylvaine Cordier
Pal Weihe
Stephanie Vandentorren
Ferran Ballester

POPs and Neurobehavioural/Cognitive Function

Jordi Sunyer
jsunyer@creal.cat
Thomas Keil
thomas.keil@charite.de

Sylvaine Cordier
Joan Forns
Cynthia Hohmann
Frank Pierik
Cynthia Hohmann
Maria Pia Fantini
Lorenza Luciano

Martine Vrijheid
mvrijheid@creal.cat

Jens Peter Bonde
Sylvaine Cordier
Remy Slama
Frank Pierik
MP Fantini

Noise, Birth Outcomes, Asthma/Allergy,
and Cardiovascular Outcomes

Occupation and Birth Outcomes
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Table 1.1: Working Groups for Evaluation of Exposure Response Relationship
Theme

WG Leader

WG Members
Lorenza Luciano
Kinga Polanska
Anne Marie Nybo Andersen
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1.3 Responsibilities of WG-leaders and WG-members
We are aiming for small groups who actively pursue information within a larger group
who will discuss and report on the material. The groups are open for senior
investigators but also to e.g. PhD and post doc students. Each working group will be
lead by a WG-leader, who will:
• provide scientific leadership and co-ordination of the working group;
• monitor, and report on progress of the work within the working group;
• provide early identification of, and trouble-shoot, any delays or problems in
the work of the working group;
• act as a focal point for contact between the working group members, and with
the work package leader.
The WG-leader should draft protocols and contact each WG-member to discuss the
protocol and the responsibilities and assignments for each member. WG-members are
responsible for performance of tasks assigned by the WG-leader within the allotted
time period. WG-members are expected to actively participate in the preparation of
protocols and manuscripts.
WG-members can chose between an active involvement or a more passive
involvement. Active involvement includes both a) reviewing drafts of protocols and
reports, and b) writing of specific sections of the reports (tasks to be distributed
among active members). Please note that all basic review work (PubMed searches,
finding of references, contacting cohorts, etc) will be done at the institute of the WGleader, but that expert opinions are needed for the evaluations and recommendations.
More passive involvement includes commenting only on (near) final drafts of reports.

1.4 Structure of the review
1. Background and context
2. Current work in the European birth cohorts:
• Summary of study characteristics and key results in tables which will
include information of authors, country and data collection period, size
of the cohort included, type and age of exposure assessment, health
outcome endpoint, confounders, and key results
6

• Comparison/evaluation of assessment methods
3. Recommendations for future research in European birth cohorts:
• Methods and tools for future exposure and health outcome assessment
(combination with WP 2 and 3)
• Methods and tools for future statistical analysis of exposure-response
relationships
• Methods for future pooled or meta- analysis of existing exposure-response
relationship assessed in cohort studies
• Data collection and analysis of those exposure-response relationships which
are not sufficiently investigated in current literature

1.5 Inclusion criteria

1.5.1

Study population

Main population: European birth cohort studies (where exposures and outcomes
assessed have been evaluated) and also cohorts with ongoing exposure assessment.
Mothers, children and adolescents will be included.
Other population for comparison purpose:
• Not limited to cohorts with start of enrolment during pregnancy or at birth, but
also including cohorts with start of enrolment at later ages.
• Other study designs (case-control and registry-based studies).
• Studies conducted out of Europe
This last part will be only based on existing review papers.

1.5.2

Study design:

• Observational studies including both longitudinal and cross-sectional study
structure.
• Meta-analysis
7

• Systematic reviews

1.5.3

Search strategy

• Information about exposure assessments within European cohorts will mainly
come from the full cohort inventory conducted by ENRIECO WP1.
• Publications of each ENRIECO birth cohort will come from direct contact
with their members (papers in press or published) or by cohort websites. If
more information is needed, cohorts will be contacted directly.
• Relevant publication will be identified in the electronic database PubMed and
Scopus with the use of keywords and MESH terms.
• Hand search from the citations of the publications identified from the
electronic search.
• Manual search of personal files will be performed to identify literature which
was not found by the electronic search.
• Other webpages: CDC; WHO (Air quality guidelines for Europe); IPCS
(International Programme on Chemical Safety-Environmental Health Criteria
Monographs (EHCs)-Chemical Safety Information from Intergovernmental
Organizations (INCHEM)); etc.
• Scientific papers which will be published in the following months which can
be identified through personal contact will be included.

1.5.4

Information extraction

Study selection:
• Two independent authors will check titles and abstracts identified from the
searches. If it is clear that the study does not fulfill the inclusion criteria
(European birth cohort study) or does not assess the outcomes of interest, the
study will be excluded.
• The two authors will independently assess each study to determine whether it
meets the pre-defined selection criteria, any differences will be resolved
through discussion with the other working group members.
8

Data extraction:
One author will extract the information and data from the selected article and the other
author will check the extraction. Any disagreement will be resolved through
discussion with the other working group members. The division of tasks between WG
members will be decided, but it is clear that the WG leader will be responsible for
conducting the searches.

1.6 Assessment of methodological quality
The quality assessment will include an evaluation of the following components for
each included study:
• Clear definition of the type and timing of the exposure assessment.
• Clear definition of the type and timing of the health outcome assessment.
• Clear description of the inclusion and exclusion criteria of the cohort
• Whether appropriate statistical analysis has been performed (longitudinal vs
cross-sectional; single-pollutant vs multipollutant models; confounder
adjustment).
• Clear report on the cohort members who were lost of the follow-up and
compare them with the cohorts who were followed-up.
• Temporal relationship (relevant window of exposure; changes in exposure
associated with disease, reverse causation).
• Possibility of reverse causation
Additional aspects can be added to this list if necessary.

1.7 Time schedule
• January-February 2010: draft systematic review (5-10 pages)
9

• April 2010: comments from WG participants
• May 2010: (2nd ENRIECO
recommendations

meeting) discussion of the results

10
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2
Air Pollution and Birth Outcomes

2.1 Background
There is extensive evidence that short-term increases in ambient air pollution
result in increased mortality and morbidity in adults and children, and that even
low-level long term exposure is associated with several adverse health effects.
Pregnant women and children are a subgroup of the population who could be
vulnerable to the effects of air pollution, particularly traffic-related. Numerous
studies published in the last decade have reported that adverse effects of trafficrelated air pollution already manifest during the prenatal period by increasing the
risk of intrauterine growth restriction, low birth weight, and preterm birth [1, 2].
Although results from these studies show considerable evidence for some birth
outcomes, they are still inconclusive in identifying the most harmful pollutants
and the most susceptible periods within gestation. Synthesis of the findings has
been difficult for various reasons, including differences in study design, air
exposure assessment, adjustment for confounding, and definition of birth outcomes
[3]. In a meeting report on air-pollution and reproductive outcomes it was
highlighted that research in this field needs input from toxicology, exposure
assessment, and clinical research, especially to aid in the identification and expo
sure assessment of fetotoxic agents in ambient air, in the development of early
markers of adverse reproductive outcomes, and of relevant biological pathways [2].
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Table 2.1. ENRIECO cohorts where air pollution and birth outcomes were assessed or will be assessed
(table in progress)
Birth cohort
Country
Air pollution1
Birth outcomes2
ABCD
Netherlands
PM10, PM2.5, NOx
BW, GA, SB, CA
ALSPAC
UK
Yes
BW, GA, SB, CA
APREG
Hungary
PAHs, NO2, PM10
BW, GA, SA
BAMSE
Sweden
NO2, PM10, NOx, PM2.5
BW, GA
BiB
UK
NO2, NOx
BW, GA, US
DNBC
Denmark
Yes
BW, GA, SB, SA, CA
EDEN
France
NO2, PM10
BW, GA, US
FLESH
France
NO2, PM10, O3
BW, GA
Generation R
Netherlands
PM10, PM2.5, NO2
BW, GA
GESP II
Italy
NO2, PM10, NOx, PM2.5, O3
BW, GA, SB, CA
INMA
Spain
PAHs, O3, VOCs, NO2
BW, GA, US, AGD
KANC
Lithuania
NO2, PM2.5, NOx
BW, GA, US
LISA
Germany
PM2.5, NO2, PM10
BW, GA
MoBa
Norway
PM10, PM2.5, NOx
BW, GA, SB, SA, US, CA
PIAMA
Netherlands
PM2.5, NO2
BW, GA
RHEA
Greece
PM10, PM2.5, NOx
BW, GA, SB, SA, US, AGD
1
NO2: nitrogen dioxide; NOx: nitrogen oxides; PM10: particulate matter <10 µg in diameter; PM2.5: particulate matter <2.5 µg in
diameter; O3: ozone; PAHs: Polycyclic Aromatic Hydrocarbons; VOCs: Volatile Organic Compounds.
2
BW: birth weight; GA: gestational age; SB: stillbirth; CA: congenital anomalies; US: ultrasound measurement; AGD: anogenital
distance; SA: spontaneous abortion.

To advance in this emerging and fast-growing field, some key methodological
issues have been highlighted. Because most of studies have linked birth outcomes
and covariates from birth certificate records with routinely measured air pollutants
(cross-sectional design), prospective cohorts studies are needed to obtain highquality individual data on outcomes, covariates, and exposure estimates [3]. The
ENRIECO framework brings together over 30 birth/mother-child cohorts and most
of them evaluate air pollution and birth outcomes (table 2.1). Therefore, ENRIECO
provides the basis for improving our understanding of the effects of air pollution
on human pregnancy outcomes.

2.2 Aim
The aim of this systematic review is to evaluate the association between air
pollution and birth outcomes in European birth cohorts.

2.3 Objectives
• Describe currently available data published by European birth cohorts.
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Systematic review of published literature.
• Put this information in context with other study designs and other studies
conducted out of Europe (mainly using existing reviews).
• Identify strengths and limitations
• Set recommendations for future research in European birth cohorts, in close
collaboration with WP2.

2.4 Methods
Exposure:
• Dispersion modeling
• Land-use regression modeling (LUR)
• Routine air monitoring network measurements (e.g. nearest monitor;
interpolation)
• Exposure indicator variables (e.g. traffic density;
traffic/industry from geographic information system)

proximity

to

• Questionnaires (e.g. self-reported traffic densities; proximity to traffic or
industrial sources; wood smoke exposure)
• Individual
measurements (e.g. personal monitoring;
measurements outside/inside participants’ homes)

stationary

Health outcomes:
• Time to pregnancy
• Congenital anomalies
• Spontaneous abortions (until 21 weeks of amenorrhea)
• Stillbirths (after 22 weeks of amenorrhea)
• Prematurity and gestational duration (Gestational duration, Gestational age,
preterm delivery, very preterm delivery)
• Birth weight and foetal growth (Low birth weight, term low birth weight, small
for gestational age, foetal growth restriction)

13

3
Air Pollution, Allergy and Asthma

3.1 Background
Numerous studies from Europe and elsewhere suggest that current levels of air
pollution can exacerbate existing asthma [4, 5]. For example, asthmatics
experience more symptoms and attacks, thus require more health care services as
daily ambient levels of pollution increase. The role of exposure to ambient air
pollution in the development of childhood asthma, allergy, and related symptoms,
however, remains less clear [6, 7, 8] due in part to the limited number of
prospective birth cohort studies addressing this problem.
The prevalence of respiratory symptoms changes rapidly during childhood and
only a minority of children with reports of symptoms in early childhood develop
asthma at school-age [9, 10]. It is therefore important to study incidence of asthma
over a sufficiently long period of time in relation to air pollution exposure. This
can be done in the context of prospective birth cohort studies.

3.2 Objectives
The objective of this paper is to systematically review results from prospective
cohort studies on the association between air pollution exposure and asthma and
allergies in children. We will discuss limitations and new developments.
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3.3 Methods
3.3.1

Inclusion criteria

Exposure
Exposure to outdoor air pollution from traffic and other sources (e.g. industrial or
wood-burning) and limitation to some key pollutants (e.g. NOx/NO2, PM, soot
and ozone). Types of exposure assessment: dispersion modeling, land-use
regression modeling, routine air monitoring network measurements, exposure
indicator variables, individual measurements

Health outcomes:
•

Asthma and related symptoms

•

Use of asthma medication

Allergic sensitization (assessed by measurements of specific IgE or skin
•
prick-test)
•

Lung function

•

Hay fever and related symptoms

3.3.2

Exclusion criteria

•

Short-term effect studies

•

Studies on indoor air pollution

•

Studies with questionnaire-based exposure assessment

15

4
Biological Organism and Allergy and Asthma

4.1 Background
Exposure to visible mould and mould components in indoor environment and its
effect on allergic diseases in children is being widely discussed in the recent
years. Several studies have investigated the associations and the results were not
conclusive.
Some studies have shown that visible mould in homes increases the risk of doctor
diagnosed asthma and wheezing in children [11, 12, 13, 14, 15]. A US birth cohort
concluded that one year old children from asthmatic and allergic mothers who
were exposed to high levels of Penicillium in the first 4 months of life are at
significant higher risk for wheeze and persistent cough [16]. Another study in the
U.S. showed that early exposure to fungal spores such as Cladosporium or
Aspergillus at 3 months of age seems to contribute to the development of doctor
diagnosed allergic rhinitis in 5 years-old children [17]. Elevated concentrations of
current indoor mould spore exposure during winter seem to play a role in
increasing the risk for allergic respiratory symptoms and allergic sensitization
against inhalant allergens in German school children [18].
Some studies used the measured bio-components of mould, such as (1,3)-ß-Dglucan and Extracellular Polysacchardies (EPS), in the indoor dust or air samples
as a surrogate of mode exposure [19, 20, 21, 22, 23]. Recent birth cohort studies
showed that exposure to high levels of (1,3)-ß-D-glucan decreases the risk of
developing wheezing symptoms in children whose parents have atopy [24, 23, 20].
Similar observation was reported in another study that elevated levels of (1,3)- ß-Dglucan and EPS exposure from mattress dust is associated with a lower prevalence
16

of allergic sensitization in 2-4 years-old children [22]. However, the mechanism of
this inverse effect is not yet clear. It may be also due to the fact that (1,3)-ß-Dglucan does not derive exclusively from mould spores or from only one mould
genera[23]. The other sources are for example plant materials, such as pollen, and
cellulose and soil bacteria. Therefore, the protective effects may result from
exposures to other microbial components and the (1,3)-ß-D-glucan may be seen as
an independent measure of biological active exposure [24].
Different ways of assessing mould exposure can be one of the reasons for the
conflicting study results. Dales et al. reported that there is only weak correlation
between visible mould and levels of viable indoor fungi in the settled house dust
samples [25]. For that reason, the comparability of questionnaire based exposure
assessment to studies based on house dust sampling is questionable. Furthermore,
early exposure to mould or mould components compared with the exposure later
in life may have different impact on allergic health outcomes. Especially since the
immune response of newborns is dominated by Th2 cells and a shift to Th1mediated immune response happens during early childhood. Finally, asthmatic
symptoms in the first year of life are often seen as a transient phenomenon and
therefore it is crucial to look especially on persistent effects later in children’s life.
As there are apparently conflicting study results with mould exposure assessment
were conducted using several different methods, we think there’s a strong need for
a systematic review on the association between mould exposure and allergic
outcomes in birth cohort studies. Birth cohort studies are seen as the most suitable
study population because the longitudinal design can better assign the direction of
causality. As the early exposure is known, birth cohort studies can best describe
the associations during this crucial period of time after birth without any
additional noise. Therefore we it is essential to conduct the systematic review
based exclusively on available European birth cohort studies.

4.2 Objectives
This review is aimed to assess the effect of exposure to indoor mould on the
development and exacerbate asthma and allergy.
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4.3 Methods
Exposure
• Visible mould in the domestic area
• Number of mould counts
• Measured specific bio-markers of mould species such as EPS and (1?3)ß-Dglucan
• Agents released during the life cycle of mould
Method of mould exposure assessment:
o Visible mould assessed by the inspector
o Subjective assessment of mould exposure
o Culturable fungi spores
o Enzyme immunoassay (EIA) for mould markers

Health outcomes:
• Allergic sensitization assessed by skin prick test and elevated serum IgE
against
• Specific allergens
• Physician diagnosed asthma
• Using asthma medication
• Physician diagnosed allergic rhinitis
• Physician diagnosed eczema
• Asthma symptoms-persistent wheezing or chest tightness or attacks of
breathlessness following activity or at rest’ or coughing without having a
cold
• Eczema symptoms-itchy rush skin outside the diaper area with flexural
nature
• Symptom of rhinitis-itchy, blocked, or running nose without having a cold

18

5
Pesticides and Birth Outcomes

5.1 Background
Pesticide exposure has been usually assessed in relation to its use in agriculture or
other occupations. However, use of pesticides at home (on plants, domestic
animals, etc.), in cities or industries (for cleaning roads, parks, industrial sites, etc.)
is widespread. Pesticide residues have been found in different compartments of
our environment, and therefore contaminate our water resources, ambient air, food
and indoor environment. Exposure of pregnant women and their children is of
particular concern because little is known about the potential developmental
hazards of such exposures.
The first evidence for an increased risks for adverse pregnancy outcomes came
from studies assessing occupational exposures, usually considered at higher levels
than environmental exposures [26]. More recently, studies have focused on
environmental exposures and have provided results varying with methods of
exposure assessment and pregnancy outcomes. These studies have investigated
water contamination by pesticides, dietary intake of pesticide residues, or
residence proximity of the mother to agricultural crops in association with
intrauterine growth [27, 28, 29], birth weight [30, 31], premature births [28],
stillbirths [32] and congenital anomalies [33, 34, 35, 36]. The last results came from
three American cohorts which had planned to collect biological samples of the
mother and/or the child. They have therefore assessed the exposure to
organophosphorous pesticides from urinary biomarkers assuming that these levels
19

of exposure reflected mainly the exposure to domestic use of pesticides and to
agricultural activities. They however reported inconsistent associations between
these biomarker levels and birth weight, birth length, gestational duration and head
circumference [37, 38, 39, 40, 41, 42].

5.2 Methods
5.2.1

Inclusion criteria

Exposure:
• Agricultural activities and residence proximity (with or without GIS)
• Drinking water contamination by pesticides
• Air pesticide measurements
• Domestic use of pesticides
• Biomonitoring
• Diet contamination
Health outcomes:
• Spontaneous abortions/still births
• Congenital malformations, including anomalies of the male reproductive
system
• Low birth weight (<2500 g), small for gestational age (< 10th or 5th
percentile for standard population at given gestational week and sex) and
intrauterine growth restriction (taking into account additionally the
maternal anthropometric parameters)
• Intrauterine growth parameters:
circumference, gestational age
• Sex ratio

5.2.2

Exclusion criteria

None
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6
Second-Hand Smoke and Birth Outcomes

6.1 Background
Secondhand smoke (SHS) is a potent mixture of approximately 4.000 chemicals,
including known carcinogens such as polycyclic aromatic hydrocarbons (PAH),
tobacco-specific nitrosamines, as well as other toxic and irritating compounds,
including carbon monoxide, benzene, nicotine and respirable particulate matter
[43]. Secondhand smoke itself, is comprised of mainstream smoke and side stream
smoke. The first is exhaled from the active smoker and the later is produced by a
smouldering cigarette and has been found to be even more toxic [44, 45].
Exposure to SHS is associated with numerous adverse health effects including
cancer, cardiovascular disease, respiratory outcomes, infections and the
predisposition to the development of asthma [45]. While the relationship between
exposure to SHS during childhood, adolescence or adulthood is of interest to both
researchers and public health advocates, it is also of significant interest to
investigate into the role of prenatal exposure to SHS on reproductive outcomes,
including low birth weight (LBW), small for gestational age (SGA), fetal growth
restriction (FGR) and preterm delivery (PD). According to the 2006 US Surgeon
Generals report on the health effects of involuntary exposure to second hand
smoke, the existing data on SHS in birth cohorts is inadequate to infer the
presence or absence of a relationship between maternal exposure to SHS and
pregnancy outcome (namely spontaneous abortion, preterm delivery and perinatal
death) [45]. However more recent studies have indicated that exposure to SHS is
related to a minute reduction in birth outcomes. Specifically, among the EU
21

millennium cohort, exposure to domestic SHS lowered infants adjusted birth
weights by 36 gr with this effect indicating a dose response relationship; however
exposure to SHS also caused non statistical increases in the adjusted risks of low
birth weight and premature birth [46]. Similarly to the above Danish women
exposed to SHS in both the home and in public places were more likely to give
birth to lighter children, with a dose response relationship identified for those
exposed daily to SHS [47]. Bi parietal diameter has also been found to be affected
by early gestational exposure to SHS, with serum cotinine concentrations in the
mother found to negatively associated with bi parietal distances in the unborn
child [48].
Exposure to SHS and preterm delivery is a topic in which mixed findings are
commonly reported. While other studies have indicated positive associations
between exposure to SHS and preterm delivery, others have not and the data
remains as stated above, insufficient to infer a relationship between the two [45, 49,
50].
While a number of studies have investigated into exposure to SHS and preg-nancy
outcome, few have used biomarkers to quantify exact exposure, a fact which should
be taken into account when comparing published evidence [51, 52]. Furthermore,
it is of significant interest to study the effect of maternal exposure to SHS during
pregnancy on infant somatometrics having taken into account other possible
confounding factors that could have an effect on fetal growth potential (such as
maternal height, pre-pregnancy body mass index (BMI), parity, ethnicity, and fetal
sex) which could allow to better differentiate between infants who are small
because their in utero growth has been restricted and infants who are small, but
have reached their individual growth potential [53].
As there are different study results with SHS exposure assessment conducted
using several different methods, we think there is a strong need for a systematic
review on the association between exposure to SHS and birth outcomes in birth
cohort studies.

6.2 Objectives
This review is aimed to assess the effect of exposure to secondhand smoke during
pregnancy on birth/pregnancy outcomes.
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6.3 Secondary Objectives:
To assess the prevalence and level of exposure to SHS of pregnant women in
Europe.

6.4 Methods
Exposure
• Self reported exposure at home from spouse, family, friends
• Self reported exposure at work (for those that work during pregnancy)
• Self reported exposure to SHS in public places (depending on country
specific smoke free legislations)
• Self reported exposure to SHS from other sources were available (visits,
cars, etc.)
• Tobacco specific biomarkers identified in maternal urine or serum (i.e cotinine, the main metabolite of nicotine). The use of other biomarkers (i.e
NNAL) will also be assessed.
Method of mould exposure assessment:
o

Self reported variables

o

Nationwide, regional smoke free legislations

o

GC-MS for the determination of urinary/serum cotinine levels

Birth or Pregnancy outcomes:
• Low birth weight (maybe also Very low birth weight and Term low birth
weight for sure)
• Fetal growth restriction for length (not sure)
• Fetal growth restriction for head circumference (not sure)
• Fetal growth restriction for birth weight (this is most common definition, I
am not sure we can perform an analysis based on FlGR, FGR_hc not
relevant studies)
• Preterm delivery (maybe also very preterm delivery)
• Spontaneous abortion
• Infant somatometrics as continuous variables (infant weight, length, head
circumference at birth)
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• Small for gestational age (based on infant weigth, not enough studies
assessing SGA based on other somatometrics)

6.4.1

Exclusion criteria:

Non EU cohorts (they will investigated into as a separate section).
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7
Water and Birth Outcomes

7.1 Background
Disinfection by-products (DBPs), metals, pesticides, nitrates and endocrine
disrupting substances are well recognized water contaminants. Disinfection by
products (DBPs) are produced when the disinfectant chlorine reacts with organic
matter. Some DBPs and other contaminants present in water such as metals,
pesticides and nitrates are known to be fetotoxic, teratogenic and
carcinogenic[54]. Until recently, few toxicological and epidemiological studies have
been conducted studying the effects of DBPs on reproductive health outcomes. The
most adverse reproductive outcomes studied have been low birth weight, preterm
delivery, spontaneous abortion, stillbirth, and birth defects such as central nervous
system. However, the relationship between them still appears to be inconclusive
and inconsistent [55]. Currently a large EU project is ongoing to examine the
effects of DBPs on reproductive outcomes called HIWATE (www.hiwate.org). On
the other hand, some epidemiological evidence suggests an association between
prenatal exposure to drinking-water with elevated nitrate concentrations and
incidence of congenital anomalies. Heavy metals and pesticides have also been
investigated but to a smaller extent [56, 57]. Others such as endocrine disrupting
substances have attracted some interested but have been poorly investigated
because they are difficult to measure in water [58].
The major limitation factor in these studies has been crude exposure assessment,
since ecological water estimates as an exposure index may result in exposure
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misclassification. However, a study carried out in Italy was the only one which
measured personal levels of DBPs showing a weak association with increase in the
risk of small gestational age [59]. Furthermore, most monitoring of DBP levels has
been limited to total trihalomethanes (THMs) in drinking water, which are
generally the most prevalent and are routinely measured, but sometimes they may
not be the most important from a health point of view [60].
Little research on DBPs in relation to adverse birth outcomes has been conducted in
Europe; however, there are some studies that have evaluated or are planning to
assess those effects in health children (table 7.1). Combination of this valuable
information should bring a good resource to study environmental exposure
response relationship. Previously, it should be recommended to do a systematic
review in order to compare and evaluate the different DBPs exposure assessments
and make recommendations for future studies.
Table 7.1: ENRIECO cohorts where water contaminants were assessed or will be
assessed (table in progress)
Birth cohort
Country
Water contaminants
Birth outcomes1
BiB
UK
THMs, HAAs
BW, GA, US
INMA
Spain
THMs
BW, GA, US, AGD
KANC
Lithuania
THMs
BW, GA, US
NFBC 1986
Finland
?
BW, GA, SB, CA
PÉLAGIE
France
THMs, HANs, HAAs, HAKs
BW, GA, US, CA
RHEA
Greece
THMs
BW, GA, SB, SA, US, AGD
1
BW: birth weight; GA: gestational age; SB: stillbirth; CA: congenital anomalies; US: ultrasound
measurement; AGD: anogenital distance; SA: spontaneous abortion.

7.2 Objectives
The aim of this systematic review is to evaluate the association between water
contaminants and birth outcomes in European birth cohorts.
• Compare methods and tools to evaluate exposure assessment (this
objective will be more developed in WP2, WG: Water contaminants)
• Compare methods and tools to evaluate outcome assessment (this
objective will be more developed in WP3, WG: Birth outcomes)
• Describe exposure response relationships in the European birth cohorts for
water contaminants
• Put this information in context with other study designs (case-controls, etc.)
and other studies conducted out of Europe
• Evaluation of variables considered/possible confouders
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• Discuss strengths and limitations of different assessment methods (data
gaps in the literature; possible confounders not considered; inadequate
methodology; small sample size; etc.)
• Give recommendations for further research in European birth cohorts and
for the use of methods and tools in cohorts planning exposure assessments

7.3 Methods
Exposure
• Water contaminants:
substances, others

DBPs, pesticides, metals, endocrine

disrupting

• Types of exposure assessment:
o Routine monitoring water concentration data from water companies
or government
o Newly collected water concentration data (measurements)
o Questionnaire:
 Information on tap/bottled water ingestion
 Information on coffee, tea and other tap water based beverage
ingestion
 Information on swimming habits
 Information on showering/bathing habits
o Personal biomonitoring

Health outcomes:
• Use of a contraceptive method at the start of a pregnancy
• Time to pregnancy
• Infertility treatment before the index pregnancy
• Likelihood of conception
• Congenital anomalies
• Specific anomalies of the male reproductive system
• Spontaneous abortions (until 21 weeks of amenorrhea)
• Stillbirths (after 22 weeks of amenorrhea)
• Medical termination of pregnancy
• Birth weight
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• Gestational Duration
• Premature Rupture of Membranes
• Onset of labour (spontaneous, induced, caesarean section before onset, ...)
• Mode of delivery (spontaneous
caesarean section)

vaginal birth, operative vaginal birth,

• Ultrasound measurements
• Doppler measurements (of uterine, umbilical, fetal cervical arteries, or
other)
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8
Metals and Birth Outcomes

8.1 Background
Environmental exposure to metals may affect the correct development of fetus
and infant who are more vulnerable to their toxic effects than adults. Several
epidemiological studies have found association of metal exposure with adverse
birth outcomes (table 6.1). Although lead has been the most studied heavy metal
there is still limited evidence of association between a prenatal lead exposure and
birth effects [61, 54]. Methylmercury is extremely neurotoxic for fetus and the
developing infant [62, 63] but the studies conducted in its effects and adverse
pregnancy outcomes are not conclusive [64, 65]. On the other hand, there has been
little epidemiologic research on the potential role of arsenic, cadmium and
manganese as much as other metals in adverse health outcomes.
Table 1. Association between metal environmental exposure and birth outcomes (adapted from Wigle,
2003, 2007 and 2008)
Metal
Lead
Mercury
Arsenic
Cadmium
Manganese

Preterm
delivery
x
x
x
x

Low birth
weight
x
x
x
x

Spontaneous
abortion
x
x
x

Stillbirth
x
x
x
x

Fetal
death
x
x

Decrease
fecundity
x

Birth
defects
x
x
x
x
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Table 2. ENRIECO cohorts where metals and birth outcomes were assessed or will be assessed (table
will be completed when the inventory questionnaire of WP1 will be finished)
Metals assessed1
Done

Birth cohort

Country

ABCD

Netherlands

C. Faroes I and II
Duisburg
FLESH
INMA

Faroes Islands
Germany
Belgium
Spain

Hg, Pb, Se
Hg, Pb, Se, Cd
Pb, Cd
Hg, Pb

INUENDO
PMC

Denmark
Poland

Hg, Pb, Cd

RHEA

Greece

Planned
x

As, Pb, Cd, Cr, Mn,
V
Hg, Pb, Cd

Birth outcomes2
BW, GA, SB,
CA
BW, GA, CA
BW, GA
BW, GA
BW, GA, US,
AGD
BW, GA, SB
BW, GA, SB,
SA, US, CA
BW, GA, SB,
SA, US, AGD

Hg, Pb, Se, As, Cd,
Mn
1
Hg: Mercury; Pb: Lead; Se: Selenium; Cd: Cadmium; As: Arsenic; Mn: Manganese
2
BW: birth weight; GA: gestational age; SB: stillbirth; CA: congenital anomalies; US: ultrasound
measurement; AGD: anogenital distance; SA: spontaneous abortion.

In Europe, few studies have been done in this area and sometimes there is a lack
of conclusive results [66, 67, 68, 69]. Besides, these studies are difficult to
compare due to different biological samples and methods used. Therefore, it
would be recommended to conduct a systematic review on the association between
metal exposure and birth outcomes.
Birth cohorts included in ENRIECO project where metals and birth outcomes are
assessed or will be assessed are shown in table 6.2. Although cohort studies are
the more suitable population design to associate cause and effect, cross-sectional
studies should be recommended to be included. The systematic review will focus
on European birth cohort studies and recommendations will be done comparing
these studies with other surveys carried out in other countries.

8.2 Objectives
The aim of this systematic review is to evaluate the association between metals
and birth outcomes in European birth cohorts.
• Description of the current available data of European birth cohorts
• Put this information in context with other study designs and other studies
conducted out of Europe
• Comparison of methods and tools to evaluate exposure assessment: sample
used for each metal; detection limit; metal form measured; etc. (this
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objective will be more developed in WP2, WG: Metals)
• Comparison of methods and tools to evaluate outcome assessment (this
objective will be more developed in WP3, WG: Birth outcomes)
• Comparison of variables considered: subject variables (age, gender, ethnic,
socioeconomic status); tester variables (reliability of the examiners,
motivation, level of fatigue, systematic errors); situational variables
(physical location of testing, test procedures), etc.
• Agreement of results and conclusions
• Identification of lacks: data gaps in the literature; possible confounders not
considered; inadequate methodology; small sample size; etc.
• Set recommendations for future research in European birth cohorts:
metals/outcomes that should be further investigated; standardization of
exposure/outcome assessment methods; interaction with metals and other
environmental exposures (PCBs, air pollution, etc.); etc.

8.3 Methods
8.3.1

Inclusion criteria

Exposure
• Metals assessed; form measured and detection limit
• Instrument used
• Type of assessment:
o Biological sampling: hair, urine, blood, nails, etc.
o Participants: mother, child, father
o Environmental sampling: water, air, etc.
o Questionnaires
o Occupational exposure
o Dietary exposure
o Tap water consumption
Health outcomes:
• Use of a contraceptive method at the start of a pregnancy
• Time to pregnancy
• Infertility treatment before the index pregnancy
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• Likelihood of conception
• Congenital anomalies
• Specific anomalies of the male reproductive system
• Spontaneous abortions (until 21 weeks of amenorrhea)
• Stillbirths (after 22 weeks of amenorrhea)
• Medical termination of pregnancy
• Birth weight
• Gestational Duration
• Premature Rupture of Membranes
• Onset of labour (spontaneous, induced, caesarean section before onset, ...)
• Mode of delivery (spontaneous vaginal birth, operative vaginal birth,
caesarean section)
• Ultrasound measurements
• Doppler measurements (of uterine, umbilical, fetal cervical arteries, or
other)

32

9
Metals and Neurobehavior

9.1 Background
Neurotoxicity is generally defined as a structural change or a functional
alteration of the nervous system, resulting from exposure to a chemical,
biological, or physical agent [70].
The development of the brain has a target period, which, approximately, goes
from the intrauterine life up to 2 years of age, and which is extremely sensitive
to several environmental determinants [71, 72]. The developing brain and organ
systems of infants and children as well as their immature metabolism make them
more vulnerable to environmental toxins.
There are several environmental exposures including socio-environmental
characteristics that could influence child development. The most widely
neurotoxicants studied are metals (lead, mercury, and manganese), pesticides,
polychlorinated biphenyls, and polybrominated diphenyl ethers.
Numerous studies have confirmed that methylmercury compounds cause
developmental disorders [71]. The primary sources of information on such effects in
humans came from accidental exposure incidents in Japan and Iraq. In both cases,
a range of developmental effects was noted in children exposed in utero or at
young age.
Exposure to lead during eurodevelopment has significant effects on
neurobehavioral and cognitive development. For example, some studies have found
impairments in attention, hyperactivity, and learning disorders [73, 74]. These
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neurological and intellectual effects have been documented in a variety of cases in
which exposure took place either in the intrauterine environment or during early
childhood. Epidemiological studies have associated chronic developmental Pb
exposure with impairments in cognitive function and behavioral maturation in
young children [75].
Possible combined adverse effects on cognitive development caused by arsenic and
manganese exposures was suggested by metal concentrations in hair in children
living near a hazardous waste site [76]. Although evidence for subclinical
neurodevelopmental toxicity of arsenic is less well established than for lead and
methylmercury, the data are consistent and fit with the high-exposure findings
from Japan.
Neurodevelopment is mostly studied by neuropschology using several different
methods (psychometric tests or self-reported questionnaires) at different stages of
child development and taking into account several determinants factors
(confounders and effect modifiers). For that, we consider necessary to apply a
systematic review on the association between metals exposure and
neurodevelopment outcomes in birth cohort studies. Birth cohort studies are seen
as the most suitable study population because the longitudinal design can better
assign the direction of causality. These studies can disentangle the potential
consequences of low-dose exposures (both pre or postnatal) and offer a
opportunity to identify critical periods of exposure and to clarify, if the observed
effects are reversible or not. Therefore we it is essential to conduct the systematic
review based exclusively on available European birth cohort studies.

9.2 Objectives
This review is aimed to assess the effect of exposure to metals on the child
neurodevelopment and exacerbate cognitive delays or behavioral disorders.

9.3 Methods
9.3.1

Inclusion criteria

Exposure
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• Routes: transplacental in fetus, via breast milk in nursing infants, handtomouth in early childhood and diet.
• Analyses of: blood, hair, nails, urine ,or breast milk
• Indirect methods (diet questionnaire)

Neurodevelopment outcomes:
All outcomes will be obtained from neuropsychological assessment (tests administered by psychologists or self-reported questionnaires):
• Cognitive functions (executive function, perceptual-performance, attention,
language...)
• Psychomotor Development
• Attention deficit and hyperactivity disease (ADHD)
• Learning disabilities
• Autism Spectrum Disorders (ASD)
• Behavioral disorders
• Mental health
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10
Persistent Organic Pollutants
and Birth Outcomes

10.1

Background

Persistent organic pollutants (POPs) are organic compounds that are highly
resistant to environmental degradation with half-lives in the environment and in
living organism in the range of several years. POPs bioaccumulate in fat tissues in
the organism and biomagnify through the food chain from lower organisms to top
predators including humans. An important class of POPs are organochlorines that
include a number of anthropogenic compounds manufactured in large scale since
1930s. The most widespread organochlorines in the environment and in human
tissues are polychlorinated biphenyls (PCB) and dichlorodiphenyl-trichloroethane
(DDT). The concentration of these compounds and several other organochlorines
as chlordane, aldrin, dieldrin, hexachlorobenzene, toxaphene and dioxins are highly
correlated in serum samples from the general human population and exposure to
the most common PCB-congener (CB-153) has therefore been suggested as an
indicator of overall exposure to persistent organochlorines [77, 78]. The co
occurrence of these compounds in human samples makes it difficult to establish
which compounds that cause the observed effects. Moreover, one group of
organochlorines, the dioxins, is more toxic than most PCB-congeners and has the
same mechanisms of action as the co-planar PCB-congeners.
The production of PCBs and DDTs has been limited or completely banned since
1970s in most developed countries. The last PCB-production facility in Russia,
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was shut down in 1993. In spite of this, organochlorine compounds including PCBs
are still being released into the environment from previously produced material or
by combustion processes.
The concentration of PCBs human tissues has decreased since the ban of these
compounds in most countries. During the past 10 years the decrease has leveled
off. Compounds are still detected in blood and milk samples in the vast majority
of humans all over the globe.
Concern about adverse reproductive effects of POPs including PCBs arises from
experimental studies and accidental exposure of humans. Moreover, observational
studies have addressed the effects of POPs. These studies indicate that high
concentrations of persistent organochlorines may adversely cause spontaneous
abortions and delayed pregnancy, reduced birth weight and induce skewed sex ratio
and altered age of puberty onset [79]. Most effects have been demonstrated at
exposure levels above the present exposure level in European and North American
populations. However, it is not clear whether low level of POP exposure as found in
the present day European populations may affect birth outcomes.
By reviewing the available results from existing European birth cohorts we might
be able to get a more clear picture on whether low level POP exposure are related
to adverse birth outcomes.

10.2

Objectives

This review is aimed to assess the effect of exposure to POPs during pregnancy
on the occurrence of adverse birth in the offspring.

10.3

Methods

10.3.1

Inclusion criteria

Exposure
• chlordane
• DDT and metabolites
• dieldrin and endrin
• Heptachlor
• Hexachlorobenzene
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• Mirex
• Polychlorinated biphenyls
• Polychlorinated dibenzo-p-dioxins
• Polychlorinated dibenzo furans
• Toxaphene
• Brominated flame retardants
• Flourinated compounds
• Organometallic compunds (TBT)
Health outcomes:
• Spontaneous abortions/still births
• Birth weight
• Birth length
• Gestational age
• Low birth weight (<2500 g)
• Small for gestational age (<10th percentile for standard population at
given gestational week)
• Congenital
palate.)

malformations

(hypospadias, cryptorchidism, cleft lip/cleft

• Sex ratio
• Clear report on the cohort members who were lost of the follow-up and
compare them with the cohorts who were followed-up
• Possibility of reverse causation
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11
Persistent Organic Pollutants
and Neurodevelopment

11.1

Background

Persistent organic pollutants (POPs) are persistent, ubiquitous toxicants that
bioaccumulate in terrestrial and aquatic food chains. Organochlorines (OCs), an
important class of POPs, include polychlorinated biphenyls (PCB) and
dichlorodiphenyltrichloroethane (DDT) which are highly widespread in the
environment and in human tissues. Newborns are exposed to PCBs and other
POPs across the placenta and through breast feeding. Experimental animal studies
have indicated that PCBs are neurotoxic but the neurological effects of these
compounds on children are not clear [80]. Studies of women with accidental
exposure to high concentrations of POPs in the Yusho and Yu-cheng poisoning
epidemics in Japan and Taiwan, respectively, found a strong evidence relationship
with different neuropsychologic effects such as delayed pscychomotor
development and cognitive and auditory deficits during infancy [81, 82].
However, effects at lower concentrations are not as obvious.
A systematic review which include a total of 29 publications revealed that during
the first months of life, a decrease in motor skills was observed in four of the
five studies that investigated psychomotor development; the same review showed
that at 4 years of age, an effect on the cognitive areas was observed in four of the
five studies that evaluated it. This systematic review concluded that there was a
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Table 11.1: ENRIECO cohorts where POPs and Neurodevelopment were assessed
or will be assessed (table in progress)
Birth cohort
Faroes Island I and III
Duisburg
FLESH
INMA
INUENDO
PCB Cohort
PÉLAGIE
RHEA

Country
Faroes Island
Germany
Belgium
Spain
Denmark
Slovakia
France
Greece

POPs assessed
OCs
OCs, Dioxins
OCs, Dioxins
OCs, PBDEs
OCs, Dioxins
OCs, Dioxins
FC
OCs, Dioxins

Neurodevelopment
CF, ND
CF, ND
CF, ND, BD
CF, ND, BD, AUT
ND
ND
ND

subtle adverse effect of low prenatal PCBs exposure on child neurodevelopment
[80]. A recently meta-analysis which compared low prenatal POP exposure and
neuropsychological development also indicated these low evidence of association
and suggested that these effects may be resolved with time as POP exposure
continues to decrease (revised in [83]).
Differences in study design and lack of homogeneous quantitative exposure data
have led to difficulties in comparing epidemiological studies and inconclusive
results. Large scale-studies are needed to elucidate the possible adverse effects of
POPs on child health. ENRIECO provides an opportunity to evaluate and compare
existing studies (see table 11.1).

11.2

Objectives

The aim of this systematic review is to evaluate the effect of exposure to POPs
on the child neurodevelopment in the participating European birth cohorts.
• Description of the current available data of European birth cohorts
• Put this information in context with other study designs and other studies
conducted out of Europe
• Evaluation of variables considered/possible confounders
• Discuss strengths and limitations of different assessment methods
• Give recommendations for further research in European birth cohorts in
collaboration with other POP focused working groups in WP2 and WP4.

11.3

Methods
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11.3.1

Inclusion criteria

Exposure:
• POPs: aldrin, chlordane, DDT and metabolites (DDE), dieldrin and endrin,
heptachlor, hexachlorobenzene (HCB), mirex, polychlorinated biphenyls
(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzo furans (PCDFs), toxaphene, brominated flame retardants,
flourinated compounds (PFCs), organometallic compounds (TBT),
hexachlorocyclohexane (HCH); polybrominated diphenyl ethers (PBDE);
perfluorinated organic compounds (PFCs), etc.
• Biological sample: Breast milk, whole blood, serum, cord blood, etc.
• Fatty acids measured in the blood samples
Health Outcomes:
• Outcomes assessed in children: neuropsychological assessment (e.g.
developmental tests for executive function, memory, language, IQ),
behavior (ADHD symptoms,
etc), autism
symptoms,
school
achievements/performance, etc.
• Outcomes assessed in parents: IQ, mental health, stress, attachment
• Test: Dubowitz, Bayley scales of infant development (BSID), Griffiths
Mental Development scales, McCarthy scales of children’s abilities
(MSCA), Wechsler Preschool and Primary scale of Intelligence (WPPSI),
etc.
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12
Noise, Birth Outcomes, Asthma/Allergy,
and Cardiovascular Outcomes

12.1

Background

Noise exposure is one of the most common environmental pollutants for the
European population. Environmental/community noise refers to noise from domestic
neighbourhood, traffic sources, constructions and industries. While exposure to
occupational noise is restricted to isolated population groups, community noise is
omnipresent and scarcely avoidable. WHO estimates that about 40% of EU
inhabitants are exposed to traffic noise exceeding sound pressure levels of 55 dB(A)
(decibel A filter) during day time. From those, 20% are confronted with noise louder
than 65 dB(A). During the night, 30% of the population suffer from community noise
with over 55 dB(A). This data is alarming, as the recommended sound pressure level
for undisturbed sleep should not exceed 30 dB(A)[60]. Unsurprisingly, 10% of the
population reports severe noise related sleep disturbance[61]. Children and
adolescents might constitute an important vulnerable group to stressors as
community noise, as well as expectant mothers.
The health impact of high traffic volume is presumably mediated by exhaust fumes
and noise. Exhaust fumes were associated with an elevated risk of bronchitis with an
OR=1.3 per 10μg PM10 [62]. Thus, noise as potential stressor is hypothesized to
make an independent contribution to immune-mediated diseases, for which stress
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acts as a co-factor. Sleep disturbance, sympathetical and endocrinological stress
responses are assumed to be mediators in the causal path- way between noise and
health outcomes.
Differences in the exposure assessment are essential and may account for some of the
outcome differences. Several studies focused on traffic density, asking for truck and
motorcar traffic [67, 65]. Other chronic noise sources (domestic, airport or train
noise) and differentiations between day and night time exposures were inconsistently
assessed. Another crucial consideration is the discrimination between objective noise
measurements (for instance, catalogue for workplace noise, noise maps) versus
subjective feelings of noise annoyance [69, 66] and noise sensitivity, considered to
be a personality trait [70].
In regard to health outcomes, three German cross-sectional studies reported a dosedependent increase in prevalence for wheezing and allergic rhinitis in association
with traffic density among adolescents aged 12 to 15 years. The living duration in the
habitation was an important control variable and only youths living in the same
dwelling five years and longer had higher prevalence odds ratios [65]. Intense traffic
noise exposure was also associated with higher prevalence of chronic respiratory and
dermatological diseases in 5 to 12 year old German children [66]. Behrens et al.
(2004) reported elevated risks for wheezing and rhinitis in 13-14-year old
adolescents, who were constantly exposed to truck traffic noise [67].
Noise exposure in the workplace of expectant mothers was in trend associated with
intrauterine growth retardation [71] and preterm labor after controlling for long
standing and lifting [72]. However, the association between occupational noise and
infants’ birth weights was inconsistent [73, 74].
Possible confounders, such as noise sensitivity, socio-economic status, smoking,
environmental tobacco smoke or time span living in the present dwelling were
irregularly integrated in studies.
Reasons for differences in study outcomes could be congruent with those named
above. It will require a closer look to the type of exposure and outcome assessment,
used in different studies in order to evaluate results properly. Although noise
exposure might have severe negative health impacts, there are only few
investigations on chronic noise in children, adolescents and expectant mothers. To
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our knowledge, no systematic reviews have been conducted focusing on these
potentially vulnerable population subgroups.

12.2

Objectives

This review will evaluate the impact of chronic noise on immune-mediated
diseases (asthma and allergy) and cardiovascular health outcomes in children and
adolescents.

12.2.1

Secondary objectives

The impact of chronic noise during pregnancy on birth outcomes (height, weight,
preterm birth) will be reviewed.

12.3

Methods

12.3.1

Inclusion criteria

Exposure
• Chronic noise exposure (objectively and subjectively assessed)
• Noise annoyance each will be taken into consideration for all types of
community noise, at school (for children and adolescents) and at work (for
expectant mothers).
Method of noise exposure assessment
• Objective assessments of chronic noise exposure
• Parent/child reported noise exposure
• Parent/child reported noise annoyance
Health outcomes
• General stress response:
o Cortisol levels, blood pressure, hypertension, heart rate
• Allergic diseases (for children and adolescents):
o Physician diagnosed asthma
o Asthma

symptoms-wheezing
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or

chest

tightness/attacks

of

breathlessness during or after physical activity or at rest, coughing
without having a cold using asthma medication
o Physician diagnosed allergic rhinitis
o Symptom of rhinitis-itchy, blocked, or running nose without having a
cold
o Physician diagnosed eczema
o Eczema symptoms-itchy rush skin outside the diaper area with flexural
nature
o Allergic sensitization assessed by skin prick test and elevated serum
IgE against specific allergens
• Pregnancy outcomes (for expectant mothers):
o Fetal weight, height, head circumference, preterm labor, small for
gestational age

12.3.2

Exclusion criteria

• Laboratory noise experiments/studies
• Other noise sources (e.g. noise of neonatal intensive care units)

12.3.3

Search strategy

Electronic searches
Terms for Exposure Assessment
’Noise’[Mesh]
Terms for Outcome Assessment-Children and Adolescents
(’Stress, Physiological’[Mesh] OR (’cortisol’[All Fields]) OR ’Blood
Pressure’[Mesh] OR ’Hypertension’[Mesh] OR ’Heart Rate’[Mesh] OR ’Immune
System’[Mesh] OR ’Immune System Phenomena’[Mesh] OR ’Immune System
Diseases’[Mesh] OR ’Immune System Processes’[Mesh] OR ’Allergy and
Immunology’[Mesh] OR ’Hypersensitivity’[Mesh] OR ’Eczema’[Mesh] OR
’Dermatitis, Atopic’[Mesh] OR ’Dermatitis’[Mesh] OR ’Rhinitis, Allergic,
Seasonal’[Mesh] OR ’Asthma’[Mesh] OR] OR ’Skin Tests’[Mesh] OR ’Respiratory
Function Tests’[Mesh] OR ’Im- munoglobulin E’[Mesh] OR ’Rhinitis’[Mesh])
Terms for Limitations-Children and Adolescents
(’humans’[MeSH Terms] AND (’infant’[MeSH Terms] OR (’infant’[MeSH Terms]
OR ’child’[MeSH Terms] OR ’adolescent’[MeSH Terms]) OR ’infant’[MeSH
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Terms:noexp] OR ’child, preschool’[MeSH
Terms:noexp] OR ’adoles- cent’[MeSH Terms])

Terms]

OR

’child’[MeSH

Terms for Outcome Assessment-Foetuses and Infants
(’Pregnancy’[Mesh] OR ’Fetal Weight’[Mesh] OR ’Birth Weight’[Mesh] OR ’Body
Height’[Mesh] OR ’Embryonic and Fetal Development’[Mesh]) OR ’Gestational
Age’[Mesh])
Terms for Limitations- Foetuses and Infants
’humans’[MeSH Terms]
Searching from other sources
Hand search will be performed by screening all references of the identified
publications and from personal files when known literature is not found by the
electronic search strategy.

12.3.4

Assessment of methodological quality

The quality assessment will include an evaluation of the following components
for each included study:
(a) Study design
–birth cohort study, cohort study, case control study, cross sectional
–meta-analysis, systematic review, narrative review
(b) Clear definition of the type and time of exposure assessment
–objectively vs. subjectively
–how often, how long
(c) Clear definition of the type and time of health outcomes assessment
–objectively vs. subjectively
–how often, how long
(d) Clear description of the inclusion and exclusion criteria of the study
population
–yes/no criteria
(e) Performance of appropriate statistical analysis
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–yes/no criteria
(f) Clear report of drop-out analysis
–yes/no criteria
(g) Consideration of possible confounders
–yes/no criteria
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13
Occupation and Birth Outcomes

13.1

Background

Today women constitute nearly 50% of workforce in many countries and most are
in their reproductive years. The proportion of pregnant women who work during
pregnancy is increasing as more women move into previously male dominated
occupations. Women are employed in occupations with exposure to chemical agents,
pesticides, ionizing radiation, physical agents, noise, infectious agents, ergonomic
factors and stress [99]. This way, pregnant women may be exposed to a variety
of risk factors at work that may affect the outcome of a pregnancy, such as
spontaneous abortion, congenital anomaly, stillbirth, preterm birth, and low birth
weight. Several reviews have summarized the epidemiological evidence on
associations between maternal occupational exposure and adverse pregnancy
outcomes. They showed evidence that several chemical agents, physical factors and
physical load were associated with low birth weight, preterm birth
and
spontaneous abortion but that results are inconsistent across studies [100]. In
addition, exposure during pregnancy may lead to congenital malformations and
neurobehavioral disorders at young age [101, 100]. At present, knowledge on the
potential reproductive toxicity of common occupational exposures is limited and in
many cases only suggestive [87].
The population-based birth cohort design has been little used in the study of
occupational exposures and adverse pregnancy outcomes because of the often rare
exposures and rare outcomes involved. However, this study designs important
strengths in that it circumvents a main problem in other study designs (mainly
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case-control studies), i.e. recall bias, and because of its longitudinal design which
is most suitable to establish the direction of causality. For example, the French
Pelagie cohort provides evidence of an association between exposure to solvents
during pregnancy and the risk of major malformations such as oral cleft, urinary
malformations and male genital malformation s[102] and the relation between
laboratory work and pregnancy outcomes has been examined in the Danish
National Birth Cohort [103]. Few birth cohorts have enough statistical power to
examine the effects of occupational exposures and adverse birth outcomes in detail,
and therefore pooling of data across European cohorts may be valuable. However,
maternal work circumstances and therefore, exposures, may also differ greatly from
country to country. An evaluation of published data on occupational exposures and
adverse pregnancy outcomes is an important first step in establishing needs for
future research within the European birth cohorts.

13.2

Aim

The aim of this systematic review is to evaluate the association between maternal
and perhaps paternal occupational exposures and birth outcomes in European birth
cohorts.

13.3

Objectives

• Describe currently available data published by European birth cohorts.
Systematic review of published literature.
• Put this information in context with other study designs and other studies
conducted out of Europe (using existing reviews).
• Identify strengths and limitations
• Set recommendations for future research in European birth cohorts, in close
collaboration with the WP2 case study on occupational exposures.

13.4

Methods

13.4.1

Inclusion criteria
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Exposures
• •other’s occupation: job title, type of industry, specific exposures (chemical
and physical)
• Father’s occupation: job title, type of industry, specific exposures (chemical
and physical)
• Type of assessment:
o Self reports/ questionnaires
o Job Exposure Matrixes (JEM)
o Expert Judgement
o Environmental monitoring, personal monitoring, biomonitoring
Health outcomes:
•

Time to pregnancy

•

Congenital anomalies, including anomalies of the male reproductive
system

•

Spontaneous abortions (until 21 weeks of amenorrhea)

•

Stillbirths (after 22 weeks of amenorrhea)

•

Medical termination of pregnancy

•

Birth weight

•

Gestational Duration

•

Premature Rupture of Membranes

•

Ultrasound measurements

•

Doppler measurements (of uterine, umbilical, fetal cervical arteries, or
other)

13.4.2

Search strategy

Searches will include:
• PubMed database using combinations of the following words: ’maternal
occupation’, ’paternal occupation’, ’pregnancy outcomes’, ’birth outcomes’,
congenital anomalies’, ’birth weight’, etc.
• Cohort websites
• References of publications identified by electronic search
• Web-based cohort inventory of European birth cohorts (ENRIECO WP1)
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Annex
Proposed format working group reports
Drafted by Mark Nieuwenhuijsen

There are 26 working groups and 3 case studies. To get a manageable amount of
paper work we need concise reports with the information that matters.
The working group members are leaders in their field and should make use of their
expert knowledge to a large extent when writing the reports. The reports may be read
by people that are not expert in the field, and this should be taken into account by
providing some clarification where needed, and glossary and list of the meaning of
abbreviations where needed.
The reports should not be exhaustive, but concise and to the point. They need to be
informative regarding what has been done within the European cohorts and
specifically what could be done within the European cohorts. The work will need to
be placed in context with regards to work in countries outside Europe and studies
using different designs, but this should be short and make use of reviews where
possible. We should aim for a report for each working group of between 10 and 20
pages of text (font 12, 1.5 line spacing) (exclusive tables) with extra material going
into annexes)

Outline:
Title working group
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Researchers involved
Summary (1 page)
Back ground and context (2-4 pages): This section will need to give a short
introduction of the topic and what the relevance is. It will put the work within the
cohorts in context with work going on in other parts of the world and using other
study designs.
Current work in the European birth cohorts (7-13 pages): This section will
provide a review of what has been done or is currently going on with the European
birth cohorts. It will include at least one table of which cohorts under take the
activity, and furthermore a description of the various approaches and methods those
are being used, and provide some evaluation of the strength and limitations. Include
also if the work is part of a European project. This section should not be exhaustive,
and where possible should generalize and/or summarize activities and findings rather
than provide great detail. Great detail should only be mentioned where it is
particularly important, or in annexes. Make use of tables as much as possible.
Recommendations (1-3): This will recommendations of what could be done more
on the topic in the European cohorts, either as individual cohorts or by pooling
cohorts. The recommendations should be appropriate for birth cohorts and feasible.
The recommendations will need to be presented in bullet point style.
recommendation section will to a large extent depend on expert judgment.
References
Tables
Annexes
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