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Abstract: Many birth cohorts have been carried out. We performed a review of European birth cohorts
to see the countries involved, provide a panorama of the current research topics and design, and, more
generally, provide input for those creating collaborations and laying out guidelines aimed at unifying
cohort methodologies to enable data merging and maximize knowledge acquisition. We searched
PubMed and Embase for articles referring to longitudinal, prospective European birth cohorts and
searched online cohort inventories. We found references to 111 birth cohorts, 45 of which began
enrolment at birth. These cohorts began between 1921 and 2015 and represented 19 countries, with
varying sample sizes (236 to 21,000 children). As of 5 January 2020, were still recruiting. The main
areas addressed were allergic diseases (14 cohorts) and environmental exposure (f12 cohorts) and
most cohorts were publicly funded. Given the large costs of running cohorts and the importance of
long follow-up periods in identifying the risk factors for disorders thought to have a perinatal/early
life etiology, current cohorts must be designed to answer research questions considering several
aspects, from genetic ones to psychological, social, and environmental ones. Furthermore, universally
recognized methodological aspects are needed to permit the comparison and merging of cohort data.

Keywords: birth cohort; infant; Europe; data collection; descriptive research

1. Introduction

Cohort studies collect data on a group of people in order to identify and quantify the relationship
between exposure and outcome. They can be prospective or retrospective. In prospective cohort
studies, the population is recruited regardless of exposure or outcome status and is followed for a
set period until the diseases or outcomes of interest occur [1,2]. In retrospective cohort studies the
population and its medical events or outcomes are examined by looking at the past. The limitations
of this kind of study are linked to the limited control that the investigator has over data collection,
increasing the risk of incomplete, inaccurate or inconsistent data [3]. Prospective cohort studies are
useful as monitoring tools, and in this sense are similar to registries [4]. Registries can also be used
to collect data prospectively and continuously, as in the collection of medical record data, reflecting
clinical practice. Both cohorts and registries can be started at different times, based on their aims, can
be used for different scopes, and can collect data at different time points.

There are different types of registries, from patient registries based on a disease or exposure, which
collect data on patients with that characteristic, to those simply listing patients with specific diseases,
e.g., rare diseases, but are not used for evaluating outcomes [5]. A cohort is more malleable and can
be designed to identify causality between risk or exposure factors in early life and health in later life.
In fact, birth cohorts, which start from pregnancy or birth and follow newborns for a period of time,
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often into adolescence or adulthood, are carried out especially with this aim, for example to assess the
impact of environmental exposure during development and its effects on adult health. Substantial
evidence about this link has been found in recent years [6], and increased attention is being placed
on the prospective, longitudinal collection of data from subjects. This type of data collection permits
the continuous collection of data and the study of various factors contemporaneously. These diverse
factors range from those involved in nurturing care [7,8], i.e., family structure, social and physical
environment, schooling, and health and nutritional behavior, to exposure to environmental toxins such
as air pollution, allergens, metals, pesticides, and smoking [9]. All these factors have increasingly been
acknowledged as having significant impact on adult health [10] and birth cohorts are fundamental
in understanding the extent of their effects, as well as potential corrective interventions. Scientific
evidence has shown how simple actions involving the reduction of exposure to risk factors or the
promotion of protective factors in the first few years of life can prevent significant health problems in
children and adults [6,11–13].

Many birth cohorts have been carried out around the world and many are currently ongoing [14–16].
Europe, especially Northern Europe, has been particularly active. In this context, we performed a
review of European birth cohorts to analyze where they are based, the current enrolment status, their
objectives, areas addressed, and age periods covered, with a focus on cohorts that started enrolment
at birth and not in pregnancy. Our aim was to generate a panorama of the current birth cohorts’
research topics and design and to provide input for those creating collaborations and laying out
guidelines aimed at unifying cohort methodologies to enable merging of data and maximize knowledge
acquisition. We also aimed to understand how many birth cohorts address the impact of the family
context (nurturing care) and the impact of the pediatricians’ care on child health and growth, in order
to provide input for future cohort studies.

2. Materials and Methods

Between January and July 2019, we performed a narrative review of the European birth cohorts
taking into consideration multiple sources. The search strategy is described in detail in Supplementary
Material, Table S1. Inclusion criteria were: Birth cohorts that were based in a European country
and collected longitudinal and prospective data on the babies. In order to not exclude pertinent
publications, however, we chose search strategies with high specificity and low sensitivity and had to
limit results via individual ascertainment.

We searched PubMed and Embase with the last update on 1 July 2019, limiting the results
to the 20th of May 2019, with no restriction on past publication years. We excluded randomized
controlled trials and articles focusing on vaccines or on genes or gene expression. Records found
were downloaded in the Reference Manager 12 software (Thomson Research Soft, Carlsbad, CA,
USA). The records were reviewed and, for each one, the name of the cohort it involved was noted.
When this information was not available in the records’ abstracts, the articles were retrieved when
possible. We also searched online birth cohort inventories to see if any additional cohorts could be
found. In particular, we consulted the web-based database (http://www.birthcohorts.net), created as
part of the Children Geno Network (a European FP5 Research Program) in 2005, and improved and
redesigned within the European FP7 Program CHICOS project (http://www.chicosproject.eu). We also
searched the cohorts listed by two EU funded research projects: The ENRIECO project [17] and the
EUCCONET Network [18].

Exclusion criteria were: Vaccine studies, case-control studies designed within existing cohorts,
studies that applied gene analysis or other criteria in sample selection, or cohort studies focusing only
on the parents or on pregnancy outcomes, that were exclusively retrospective, that collected data from
registries, or that did not involve a follow-up.

The European definition used was the UN definition [19].
We performed more detailed analyses on the subgroup of cohorts that began recruitment at birth

and not during pregnancy. Cohorts that began collecting data after a few months of birth, even though
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patients were enrolled at birth, were included. For the more detailed analyses it was often necessary to
search for additional scientific publications resulting from the single cohorts, in addition to the cohorts’
websites, in order to limit the amount of missing data.

Two authors (Claudia Pansieri and Chiara Pandolfini) worked on different parts of the data
extraction process as well as on certain overlapping parts, and all cases of uncertainty, discrepancy,
or missing data were resolved through discussion, searches for additional data sources, and consensus.

The type of funding received by the cohorts was classified into four types: Public (ministries of
health, hospitals, including university hospitals, etc.), Foundation, University, and Industry.

3. Results

3.1. Identification of the Cohorts

A total of 8572 articles were found through the internet-based bibliographic literature databases
consulted, after exclusion of duplicates as illustrated in the PRISMA flow diagram (Figure 1). Of these,
5444 articles referred to 111 birth cohorts, while 3128 articles were not pertinent mostly because
they referred to case-control studies and retrospective studies (Figure 2). The large proportion of
non-pertinent articles, due to the fact that no specific indexed term exists in Medline or Embase for
birth cohorts, led to the need for individual assessment of a large portion of abstracts or full-texts.
Other cohorts, such as NCCGP North Cumbria Community Project [20], were also excluded because of
lack of basic information such as the enrolment period and number of patients included or expected
and the consequent lack of any useful information. When the online birth cohort databases were
searched for additional European cohorts, none were found.

A total of 111 European birth cohorts were identified. Of these, 66 began enrolment in pregnancy
(2 of which in pre-pregnancy) and 45 at birth or shortly afterwards. References of articles referring to
the 45 cohorts found are listed in Supplementary Material, Table S2.

3.2. The European Panorama

The 111 European cohorts represented 27 different countries, including three countries represented
only in the four multinational cohorts (Austria, Iceland, and Slovenia). The countries most commonly
involved, in 16 cohorts each, were Germany and the UK, followed by the Netherlands (15). The number
of children recruited in the different cohorts ranged from 107 to 10.8500 (median 1924). The starting
year of enrolment in the different cohorts ranged from 1921 to 2016 (median 2002) and the duration
of enrolment, excluding 10 with currently ongoing enrolment, and one with missing data, ranged
from 1 to 23 years (median 2) (rounded to whole years). Concerning the follow-ups, 62 have ongoing
follow-ups, of which 22 are lifelong and the rest of which have a duration of 1 to 31 years. The median
could not be calculated because of the general nature of the description of follow-up duration for
several cohorts (e.g., young adulthood).

3.3. The 45 Cohorts Starting Recruitment at Birth

When only the subset of cohorts that began recruitment at birth was selected, 45 cohorts were
present (Table 1), representing 19 European countries, 7 (37%) of which are located in Northern Europe,
and 11 (58%) in Northern or Western Europe (Figure 3). Only the Europrevall cohort was multinational
and involved 9 countries.
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The starting years of these cohorts ranged from 1921 to 2015 (median 2002). More than half of the
cohorts began in 2000 or later and 8 after 2010. The sample size of each cohort varied considerably, from
236 of the 1990 Dutch cohort to more than 21000 children of the TEDS—Twins early development study,
with a mean of 4230 (median 2515). The two largest birth cohorts are located in the UK (TEDS-Twins
early development study, with 21,000 children enrolled) and in FRANCE (ELFE- Etude Longitudinale
Francaise depuis l’Enfance, with 18,326 children enrolled).

The oldest of the 45 cohorts enrolled participants in 1921 (the 1921 Aberdeen Birth Cohort) and
the youngest began enrolment in 2015 (the German KUNO-Kids birth cohort) (Figure 4). As of January
2020, the majority of cohorts were closed to recruitment since they completed enrolment of child
participants. Five cohorts are currently still recruiting: DONALD (begun in 1985), GUS—Growing Up
in Scotland (2004), KUNO-Kids (2015), the LucKi birth cohort (2006), and MUBICOS (2009).
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Table 1. The 45 European birth cohorts analyzed.

Nation Acronym N. Children Enrolment
Start

Follow-Up
Status

Data Collected
(Q: Questionnaire,
PV: Patient Visit)

Data Origin 1 Genetic
Analysis Biological Samples (If Taken)

Belgium ENVIRONAGE 1080 2010 Ongoing Q, PV SR Yes Cord blood

Belgium FLEHS-I 1196 2002 Closed Q, PV SR Yes Blood, Cord blood, Exhaled breath
condensate, Meconium, Saliva

Czech Republic CzECH 7577 1994 Closed Q, PV SR/PED Yes Cord blood, Urine
Denmark CCC2000 6090 2000 Closed PV PED No
Denmark DARC 562 1998 Closed Q, PV SR/GYN-HCP/PED No Blood
Finland NFB C8586 9479 1985 Closed Q SR No Info missing
Finland TURKU 5356 1981 Closed PV GYN-HCP/PED No
France AuBE 302 2009 Closed Q SR No Colostrum
France ELFE 18,326 2011 Ongoing Q SR No Cord blood, Hair, Urine
France Epifane 3368 2012 Closed Q SR No
France EPIPAGE 2 5567 2011 Ongoing Q, PV SR/GYN-HCP No
France PARIS 3840 2003 Ongoing Q, PV SR/PED No Serum

Germany DONALD 1300 1985 Ongoing Q, PV PED No Urine
Germany GINIplus 5991 1995 Ongoing Q, PV PED Yes Cord blood, Serum

Germany KUNO 2515 2015 Ongoing Q, PV SR/PED Yes Buccal swab, Cord blood, Gingival smears,
Hair, Skin swab, Stool, Urine

Germany LISA PLUS 3097 1997 Closed Q - Yes Serum
Germany MAS-90 1314 1990 Closed Q, PV GYN-HCP/PED Yes Blood, Cord blood, Urine
Germany SPATZ 1006 2012 Ongoing Q SR No Blood, Breast milk, Hair, Urine
Germany UBCS 1022 2000 Closed Q SR Yes Breath test, Serum

Italy ITAL NEONAT 697 2009 Closed Q, PV PED No Info missing
Italy GASPII 708 2003 Ongoing Q, PV PED Yes Blood, Cord blood, Serum
Italy MUBICOS 800 2009 Ongoing Q SR No Saliva
Italy Piccolipiù 3328 2011 Ongoing Q, PV SR/PED Yes Blood, Cord blood, Urine

Multinational Europrevall 12.049 2005 Ongoing Q SR Yes Blood, Cord blood,
Norway ECA 3754 1992 Closed Q, PV SR/PED Yes Cord blood
Norway HUMIS 2000 2003 Ongoing Q SR No Breast milk, Cord blood
Portugal G21 8647 2005 Ongoing Q - No Cord blood, Serum
Slovakia PCB 1134 2002 Closed Q, PV SR/GYN-HCP/PED No Cord blood
Slovakia PRENATAL 1990 1997 Closed Q, PV GYN-HCP Yes
Sweden ABIS 16,058 1997 Closed Q, PV PED Yes Blood, Breast milk, Serum
Sweden BAMSE 4089 1994 Ongoing Q SR Yes Blood, Plasma, Urine
Sweden H2GS 2026 2007 Closed Q, PV SR/PED No
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Table 1. Cont.

Nation Acronym N. Children Enrolment
Start

Follow-Up
Status

Data Collected
(Q: Questionnaire,
PV: Patient Visit)

Data Origin 1 Genetic
Analysis Biological Samples (If Taken)

The Netherlands Dutch 236 1990 Closed Q, PV SR/GYN-HCP/PED No
The Netherlands LucKi 5000 2006 Ongoing Q, PV SR/GYN-HCP No Meconium
The Netherlands TERNEUZEN 2604 1977 Closed Q, PV - No
The Netherlands WHISTLER 2923 2003 Ongoing Q - No

Turkey ADAPAR 1377 2010 Closed Q, PV SR/PED No Cord blood, Serum
UK ABERDEEN 668 1921 Closed Q, PV GYN-HCP No
UK EPICure 308 1995 Ongoing Q - No
UK FAIR 969 2001 Closed Q SR No
UK GEMINI 2402 2007 Closed Q SR No
UK GMS 1029 1999 Ongoing Q, PV SR Yes Blood, Saliva
UK GUS 5217 2004 Ongoing Q SR No
UK LRC 10.350 1985 Ongoing Q SR No Saliva
UK TEDS 21.000 1994 Ongoing Q SR Yes Info missing

1 SR: Self-reported questionnaire by parent; GYN-HCP: Medical information directly from gynecologists or other health care practitioner, not pediatricians; PED: Medical information
directly from pediatricians/hospital-based pediatricians.
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Concerning the follow-up, 49% (22/45) of the cohorts are still undergoing follow-up, while the
rest are definitively closed. Concerning the more recent cohorts, fifteen of the 26 (58%) cohorts set up
from 2000 on, and 6 of the 8 (75%) from 2010 on, are currently ongoing. The duration of the follow-ups
ranged from 1 year to life-long (Figure 4).

The aims behind the creation of the cohorts are various and cover a broad range of aspects of
child health. The most frequently studied individual topics included: Allergic diseases (14 cohorts),
environmental exposure (12), and growth (intended as physical growth, 10), although several cohorts (27)
addressed multiple areas and were designed to test a wide range of hypotheses (Figure 5). Allergic
diseases were most often studied in terms of their association with environmental exposures and asthma,
but also with autoimmune diseases, lifestyle exposure, nutrition, and obesity. Environmental exposure
was also studied together with genes, lifestyle exposure, neurocognitive development, and twin
development, but also with asthma, autoimmune disease, growth, and nutrition. Growth was also
studied together with nutrition, but also with health, neurocognitive development, and prematurity.
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When divided into three groups based on age of the cohorts to see if, over time, the priorities
studied changed, allergic diseases and environmental exposure were more recent priorities. Both were
initially studied to a limited extent. Allergic diseases resulted as a priority area among the cohorts for
the first time in 1990 and environmental exposure in 1992. More specifically, in the 1921–1995 period,
growth (5 cohorts) and allergic diseases, environmental exposure, and nutrition (3 each) were the
most commonly addressed areas, between 1997–2004, they were, allergic diseases and environmental
exposure (7 cohorts each), and in 2005–2015 they were allergic diseases (4), and growth and general
areas with multiple aims (3 each). Table 2 lists the specific objectives of the 45 cohorts.
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Table 2. Objectives of the 45 cohorts.

Nation Acronym Follow-Up Status Main Objective

United Kingdom ABERDEEN Closed To examine the effects of childhood mental ability on survival up to 76 years.

Sweden ABIS Closed To study the influence of environmental and genetic factors on the development of Type 1 Diabetes and other immune-mediated
diseases such as allergy, asthma, coeliac disease, rheumatoid arthritis, inflammatory bowel disease, and cancer.

Turkey ADAPAR Closed To establish the prevalence of atopic dermatitis and identify associated risk factors by following infants from birth until 1 year of age.

France AuBE Closed

To define the autonomic nervous system maturity profile obtained during the first two years of life by repeated polysomnography and
24-h electrocardiogram recordings and to determine the potential influence of this autonomic profile on sleep disorders and on
cognitive development at the age of 3, as well as their impact on psychometric development at three years of age among term and
preterm newborns.

Denmark CCC2000 Closed To study child psychopathology in the preschool and school years.
Czech Republic CzECH Closed To examine rates of lower respiratory illnesses in preschool children in relation to ambient particles and hydrocarbons.

Denmark DARC Closed To describe the prevalences and risk factors of sensitization and allergic diseases in childhood.
The Netherlands Dutch Closed To assess the association between body mass index and cognitive ability of young children.

Norway ECA Closed To determine any (detectable) association between environmental factors and the development of early childhood asthma.

France Epifane Closed To describe the ages for introduction of complementary food (ICF) during the first year of life and to identify maternal and infant
factors associated with practices according to their agreement with the recommendations.

United Kingdom FAIR Closed To determine the incidence of parentally reported food hypersensitivity and objectively diagnosed food hypersensitivity during the
first year of life.

Belgium FLEHS-I Closed To study the impact of outliers, determine the optimal unit for fat-soluble biomarkers in serum and quantify the major determinants
for biomarkers of exposure to polychlorinated aromatic hydrocarbons (PCAHs) in three age groups.

United Kingdom GEMINI Closed To assess genetic and environmental influences in twins on growth during the first 5 y of life.

Sweden H2GS Closed To increase our understanding of the concept of child health and growth from a parental perspective, focusing on parental needs,
and a medical/social perspective, elucidating risk factors for growth disturbances.

Italy ITAL
NEONAT Closed To evaluate the role of prenatal, perinatal and postnatal conditions in determining the risk of hospitalization for bronchiolitis in a large

cohort of preterms with gestational age 33 weeks or more and full-term newborns.
Germany LISA PLUS Closed To examine the impact of lifestyle-related factors, air pollution and genetics on immune system and childhood allergy development.

Germany MAS-90 Closed To trace the development and risk factors of allergic diseases prospectively from birth, determining the influence of life-style factors,
environmental exposures, and health-related behavior.

Finland NFB C8586 Closed To examine risk factors involved in pre-term birth and intrauterine growth retardation, and the consequences of these early adverse
outcomes on subsequent morbidity.

Slovakia PCB Closed To better understand the role of PCBs on children’s neurobehavioral and immunologic development.
Slovakia PRENATAL Closed To assess the contribution of modifiable environmental and dietary exposures to the development of infantile atopic eczema.

The Netherlands TERNEUZEN Closed To assess the relative contribution of body mass index SDS (standard deviation) changes between 0–18 y of age to adult overweight,
and to identify the earliest relevant, critical growth period for adult overweight.

Finland TURKU Closed To assess growth and development at two years following respiratory distress syndrome.
Germany UBCS Closed To evaluate the role of maternal and perinatal factors on growth, BMI, health status of children.

Sweden BAMSE ongoing To study risk factors for asthma, allergic diseases and lung function and to study factors of importance for prognosis at already
established disease.

Germany DONALD ongoing To evaluate the complex interrelations between nutritional behavior, food consumption, growth, development, nutritional and
endocrine status, individuality, metabolism and health in children from infancy to adolescence and early adulthood.
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Table 2. Cont.

Nation Acronym Follow-Up Status Main Objective

France ELFE ongoing To understand how children’s health, development and socialization are affected by their environment, family circle, schooling and
living conditions.

Belgium ENVIRONAGE ongoing To study the association between environmental and lifestyle factors and molecular targets of ageing measured at birth and in
childhood, including telomere length and mitochondrial function

United Kingdom EPICure ongoing To study the survival and complications of premature infants up until discharge from hospital.
France EPIPAGE 2 ongoing To examine short- and long-term outcomes of very preterm children and their determinants.

Multicenter Europrevall ongoing To examine the complex interactions between food intake and metabolism, immune system, genetic background and socioeconomic
factors to identify key risk factors and develop common European databases.

Portugal G21 ongoing To study determinants of differences in fetal and early life growth and body composition.

Italy GASPII ongoing To study the risk factors for childhood diseases and deepen the insight into the interaction between the genetic and the
biological/environmental component on a cohort of infants.

Germany GINIplus ongoing
To investigate whether the development of allergic diseases can be influenced by early childhood nutrition and to observe the natural
course of atopic diseases (asthma, hay fever, neurodermatitis). Additional topics such as mental health, lung function, and nutrition
were subsequently added.

United Kingdom GMS ongoing To investigate the antecedents of weight faltering and to study how children grow and develop and what contributes to their health.
United Kingdom GUS ongoing To understand child development through a holistic approach (social, genetic and environmental).

Norway HUMIS ongoing To study microbial, persistent organic pollutants, and other environmental exposures and child health outcomes.

Germany KUNO ongoing
To contribute to the understanding of current child health using novel omics technologies in a systems medicine approach, to identify
novel modifiable factors of child health and opportunities for prevention, and to provide a platform for investigating the feasibility
and effectiveness of targeted interventions.

United Kingdom LRC ongoing To study the childhood epidemiology and potential risk factors of wheezing disorders and other common respiratory problems and to
determine how many disease phenotypes exist.

The Netherlands LucKi ongoing To examine etiology and prognosis of atopic disease and overweight/obesity.
Italy MUBICOS ongoing To study the heritability and gene-environment interaction for major neonatal and pediatric outcomes in twins.

France PARIS ongoing To determine the incidence of respiratory and allergic symptoms and investigate the associations between these disorders and
behavioral/environmental factors, especially indoor and outdoor pollution.

Italy Piccolipiù ongoing
To investigate the association between genetic, obstetric, socioeconomic, environmental and lifestyle characteristics and risk factors
and infant and childhood morbidity and development, and to describe the complex interactions between genetic, epigenetic, lifestyle
factors and the environment.

Germany SPATZ ongoing To identify factors in childhood that influence asthma, allergies and obesity or precursors of these diseases in later life.
United Kingdom TEDS ongoing To better understand how genes and the environment influence learning abilities, cognitive abilities, and behavior.

The Netherlands WHISTLER ongoing To investigate determinants for wheezing illnesses (including neonatal lung function, viral infections, asthma-susceptibility genes and
endotoxin exposure).
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Only three cohorts addressed the impact of the family context (nurturing care) to a certain extent
among their goals, the ELFE (Etude Longitudinale Française depuis l’Enfance), Epifane, and GUS
(Growing up in Scotland) cohorts. All three of these cohorts were relatively recent (2011, 2012, and 2004,
respectively).

4. Discussion

In the review presented in this article we provide up to date information on birth cohorts in
Europe with a focus on those that began data collection at birth.

The fact that more than half of the cohorts began in 2000 or later and that many are still ongoing in
terms of follow-up of participants suggests that there is a current, active interest in newborns, although
with the involvement of only 9 countries, and with different aims.

The number of participants included varied largely, although the average was of only just over
4000. With larger sample sizes, aided by the use of standard measures in the pooling of cohorts, and the
joining of data from large epidemiological studies from other countries, it is possible to understand
the epidemiology of diseases [21]. A long follow-up period is fundamental to assess the impact of
different factors on adult health and to be able to identify possible corrective interventions. A powerful
limiting factor in setting up, and running, large cohorts over large periods of time is the cost [22].
Two very large studies in the UK and US have, in fact, recently been cancelled also due to budgetary
issues [23,24].

More than a third of the cohorts were established in northern Europe, where this kind of study has
a long-lasting tradition (Figure 3). Health surveillance (perinatal and not) in this area of the world is
often of high quality also because of the use of record linkage between health, civil, and administrative
data [25]. Two thirds of the cohorts were established in Northern or Western Europe, and in high
income countries in all except one case. These data are similar to those of Larsen et al., which included
pregnancy cohorts as well, and whose cohorts were limited to those of greater entity and limited
to 2013 [16].

Unlike the work carried out by Larsen and colleagues [16], we limited the analysis to European
cohorts starting enrolment of the babies after birth. This was done because we wished to focus our
study on child development in general and on the impact of nurturing care. We, however, reported in
the data the cases in which the cohorts included retrospective pregnancy data.

The main areas addressed by the cohorts were allergic diseases and environmental exposure,
both of which have become priority study areas more recently. The numerous cohorts addressing
environmental exposure reflect increasing attention to the negative effects of pollution on health.
Growth was studied more by the older cohorts, while obesity is a new research area, although all of the
areas currently remain topics of interest for research, expansion of knowledge, and appropriateness
of interventions. Many cohorts were designed to test a wide range of hypotheses, such as the Spatz
cohort [26]. This approach addresses the identification of many risk factors for disorders thought
to have a perinatal/early life etiology such as birth defects, respiratory conditions, and childhood
cancer [27,28].

Other cohorts were more focused on specific topics, such as respiratory diseases (e.g., the LRC
cohort) [29]. The exposure to a pattern of adverse early-life stressors, in specific age windows, influence
health throughout the life cycle. The scientific evidence currently available clearly shows how even
events occurring shortly after conception and up until the time a baby is delivered may lead to diseases
and morbid events. These may be either present at birth or may manifest themselves later in life,
in early childhood and or in adult age [11,12,30,31]. Several stressors have already been identified
through the exploration of data from historical birth cohorts [32]. The early-life stressors that recently
reached scientific attention are: Socioeconomic circumstances, migration, urban environment as well
as lifestyle-related determinants [33].

The research results show that few cohorts have followed in detail child development as well
as neurodevelopment. In general, child health is a product of biological factors and diverse sets
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of environmental influences, including intrauterine and social ones [10–15,34]. This implies that
high-quality measures of multiple dimensions of both sets of influences need to be taken during
appropriate developmental periods. Epigenetic and phenotypic measures and their associations with
health outcome since conception and/or birth are increasing aims of prospective cohort studies [35].
The collection of biological samples, conducted by the majority of the ongoing cohorts, has increasingly
become part of routine data collection [36] given its importance in studying the biological mechanisms
of disease, and also permitting the measuring of biomarkers of environmental exposures. Biological
samples, in fact, allow researchers to study how social and environmental factors leave biological
imprints, independent of, or in combination with, genetic background [37].

The cohorts were supported mostly by public funds. Setting up and running cohorts, especially
over long periods of time, is very important, but is also extremely costly. More economic support
would be useful for setting up cohorts in all countries, and for making it possible to collect enough
information, and in a suitable format, to make the cohorts comparable enough to merge their data with
that of other cohorts. The industry had a limited presence in the cohorts described in this review.

The limited funds available for running cohorts inevitably influence the type of data collection
employed. While most of the cohorts collected data via predefined questionnaires and face to face
interviews, which are less costly, patient visits involving clinical assessment were carried out in just over
half the cohorts. The Nordic countries often draw patient data from different inter-related registries,
facilitating collection of also clinical data, and reducing costs [22,38]. The cohorts also used hospital
records to obtain data on the mothers, the pregnancies, and the births, facilitating the collection of
sufficient data from which to calculate correlations with subsequent events. The use of web-based
questionnaires in assessing perinatal outcomes has also been found to be a valid way to collect data,
while limiting costs [39].

The lack of commonly acknowledged guidelines on the use of common measures for data
collection, along with the various data sources used by cohorts, lead to the extreme difficulty in merging
or comparing data from different cohorts, a process that would permit more far-reaching, significant
conclusions from the research. This is a well-recognized issue and different groups are working to
address it [40].

Few cohorts also focused on family context (nurturing care) and its impact among their research
areas. The family context is a fundamental issue [7] and should be a priority study area, also considering
the large inequalities present between different families and the vast influence such different contexts
may have on later life. The cohorts that at least partly investigated the family context were relatively
recent and were set up around the years when the Lancet series addressing the evidence linking early
childhood development with adult health and wellbeing began [41].

Few cohorts involved the general pediatrician (or the general practitioner) as the person delegated to
collect data, highlighting the fact that primary care is a neglected resource for research [42]. With their
clinical practice, pediatricians are most in contact with patients and can promote study and action.
Pediatricians can play a role both in the education of parents and other caregivers, and in the
implementation of curative, preventive, and health-promoting interventions through their professional
practice. They can work together with other professionals in the development and execution of research
with special attention to child growth and development, child mental health, and, in general, to the
well-being of the future generations.

A lot of work must be done, however, to determine why some babies go on to develop disease,
while others remain healthy. It is in this context that the pediatrician, or the general practitioner taking
care of the newborn, play a fundamental role in describing the importance to the families of specific
actions to be taken to guarantee a child’s health [43]. In such a context, the participation of general
practitioners in birth cohort studies can be seen as a combative initiative, sharing and comparing their
practice over time and monitoring the development of their patients.

Our aim was to describe the birth cohorts’ research topics and design, to understand their interest in
the impact of the family context (nurturing care) and the general pediatricians’ role in child care and data
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acquisition, and to provide input for future cohort studies and for those working towards universally
acknowledged guidelines for unifying cohort methodologies in order to enable data merging and the
consequent maximum acquisition of knowledge. The results of this study show that a limited number
of countries participates in multinational birth cohort studies and that adequate, universally recognized
methodological aspects (e.g., sample size, data collected, and follow-up duration), and common health
priorities, are needed in order to permit the comparison and merging of cohort data. Such an expanded
amount of comparable data would permit researchers to draw more solid conclusions and stakeholders
to implement the knowledge in initiatives aimed at improving people’s health.

To our knowledge, this is the first inventory of birth cohorts, both at the European and worldwide
level, starting recruitment after birth. Considering pregnancy and birth cohorts together, inventories
have been produced in Canada [44] and Asia [45]. Several collaborations addressing specific research
questions including several worldwide birth cohorts, however, were set up in the last few years, such
as the Environment and Child Health International Birth Cohort Group (ECHIBCG) [46] and the
CODATwins Project [47]. The only indispensable tool that can easily be searched and that accepts
registration from pregnancy and birth cohorts established all over the world is www.birthcohorts.net.

Potential limits of this study exist. It is possible that we did not identify all the European birth
cohorts, but we attempted to use the most rigorous and extensive search strategy for identifying the
cohorts, so we expect that a potential percentage gap would be small. This review is of a descriptive
nature; we did not contact the principal investigators of the cohorts, but searched for information
only via web, and this may have limited the completeness of data or led to partial data, since data
found in one publication may be different from those in other publications referring to the same cohort.
Furthermore, classifying the cohorts’ aims into individual scientific areas was difficult given the overlap
between areas (e.g., lifestyle and environmental exposures), but the distinction was useful in order
to provide a general description of the cohorts and to show their differences. For example, the four
remaining cohorts labelled as addressing general areas with multiple aims were not classifiable because
their aims were so widespread.

The strengths of this study are that it reports on a large number of active initiatives whose role is
to look ahead, starting from birth, to monitor the development of European newborns. The findings
of these cohort studies can be useful for stakeholders in allocating resources towards appropriate
endeavors in order to work towards improving the health of citizens from birth.

5. Conclusions

The continuing follow-up of existing cohorts is the most efficient way to detect areas of
improvement and windows of collaboration. Longitudinal data investments need to be directed
at capturing the circumstances of tomorrow’s children and adults, i.e., current cohorts must be
able to answer upcoming research questions considering several aspects: genetic and biological,
psychological/social environments, medical care and medications, and lifestyle and environmental
parameters. In this regard, new cohorts are periodically being set up to address the more pressing
issues, such as child health and pollution [48]. We also believe that primary care should be supported,
exploited and valued in public health research. Future studies should involve close collaboration
with family pediatricians, or physicians caring for children, since in this new vision their role will
no longer be limited to treatment of diseases, but will involve the global assistance of the child
and family. The present study reveals the involvement of only a few countries. In the near future
more countries should be involved in multinational birth cohort studies, with adequate, universally
recognized methodological aspects (e.g., sample size, data collected, and follow-up duration), with
common health priorities. The role of the European commission, in addition to supporting the setup of
such multinational cohorts, is to promote, and eventually require, the implementation of commonly
acknowledged parameters to allow for comparison of cohorts and data merging in order to maximize
the acquisition of knowledge from such studies.

www.birthcohorts.net


Int. J. Environ. Res. Public Health 2020, 17, 3071 15 of 17

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/9/3071/s1,
Table S1: Embase and PubMed search strategies, Table S2: References of the 45 cohorts.

Author Contributions: Conceptualization, C.P. (Claudia Pansieri) and M.B.; Formal analysis, C.P. (Claudia Pansieri)
and C.P. (Chiara Pandolfini); Investigation, C.P. (Claudia Pansieri) and C.P. (Chiara Pandolfini); Methodology,
C.P. (Claudia Pansieri), I.C. and M.B.; Project administration, C.P. (Claudia Pansieri); Supervision, A.C., I.C.
and M.B.; Writing—original draft, C.P. (Claudia Pansieri); Writing—review & editing, C.P. (Claudia Pansieri),
C.P. (Chiara Pandolfini), A.C., I.C. and M.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank Massimo Cartabia for the analyses and Daniela Miglio for
the editing assistance.

Conflicts of Interest: I.C. is a member of the Editorial Board of IJERPH.

References

1. De Groot, S.; Van Der Linden, N.; Franken, M.G.; Blommestein, H.M.; Leeneman, B.; Van Rooijen, E.;
Van Der Hoeven, J.; Wouters, M.W.; Westgeest, H.; Groot, C.A.U.-D. Balancing the optimal and the feasible:
A practical guide for setting up patient registries for the collection of real-world data for health care decision
making based on dutch experiences. Value Health 2016, 20, 627–636. [CrossRef] [PubMed]

2. Klebanoff, M.A.; Snowden, J.M. Historical (retrospective) cohort studies and other epidemiologic study
designs in perinatal research. Am. J. Obs. Gynecol. 2018, 219, 447–450. [CrossRef] [PubMed]

3. Song, J.W.; Chung, K. Observational studies: Cohort and case-control studies. Plast. Reconstr. Surg. 2010,
126, 2234–2242. [CrossRef] [PubMed]

4. Sessler, D.I.; Imrey, P. Clinical research methodology 2. Anesth. Analg. 2015, 121, 1043–1051. [CrossRef]
5. Gliklich, R.E.; Dreyer, N.A.; Leavy, M.B. (Eds.) Registries for Evaluating Patient Outcomes: A User’s Guide,

3rd ed.; Agency for Healthcare Research and Quality: Rockville, MD, USA, 2014.
6. Balbus, J.; Barouki, R.; Birnbaum, L.S.; Etzel, R.; Gluckman, P.D.; Grandjean, P.; Hancock, C.; Hanson, M.;

Heindel, J.J.; Hoffman, K.; et al. Early-life prevention of non-communicable diseases. Lancet 2013, 381, 3–4.
[CrossRef]

7. Britto, P.R.; Lye, S.J.; Proulx, K.; Yousafzai, A.K.; Matthews, S.G.; Vaivada, T.; Pérez-Escamilla, R.; Rao, N.;
Ip, P.; Fernald, L.C.; et al. Nurturing care: Promoting early childhood development. Lancet 2017, 389, 91–102.
[CrossRef]

8. Maggi, S.; Irwin, L.J.; Siddiqi, A.; Hertzman, C. The social determinants of early child development:
An overview. J. Paediatr. Child Health 2010, 46, 627–635. [CrossRef]

9. Gehring, U.; Casas, M.; Brunekreef, B.; Bergström, A.; Bonde, J.P.; Botton, J.; Chevrier, C.; Cordier, S.;
Heinrich, J.; Hohmann, C.; et al. Environmental exposure assessment in European birth cohorts: Results
from the ENRIECO project. Environ. Health 2013, 12, 8. [CrossRef]

10. Lawlor, D.; Andersen, A.-M.N.; Batty, G.D. Birth cohort studies: Past, present and future. Int. J. Epidemiol.
2009, 38, 897–902. [CrossRef]

11. Barker, D. In utero programming of chronic disease. Clin. Sci. 1998, 95, 115. [CrossRef]
12. Barouki, R.; Gluckman, P.D.; Grandjean, P.; Hanson, M.; Heindel, J.J. Developmental origins of non-communicable

disease: Implications for research and public health. Environ. Health 2012, 11, 42. [CrossRef] [PubMed]
13. World Health Organization Regional Office for Europe. Review of Evidence on Health Aspects of Air

Pollution—REVIHAAP Project Technical Report. 2013. Available online: http://www.euro.who.int/__data/

assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf (accessed on 22 March 2020).
14. Batty, G.D.; Alves, J.; Correia, J.; Lawlor, D. Examining life-course influences on chronic disease:

The importance of birth cohort studies from low- and middle- income countries. An overview. Braz. J. Med.
Boil. Res. 2007, 40, 1277–1286. [CrossRef] [PubMed]

15. Vrijheid, M.; Casas, M.; Bergström, A.; Carmichael, A.; Cordier, S.; Eggesbø, M.; Eller, E.; Fantini, M.P.;
Fernández, M.F.; Fernández-Somoano, A.; et al. European birth cohorts for environmental health research.
Environ. Health Perspect. 2011, 120, 29–37. [CrossRef] [PubMed]

16. Larsen, P.S.; Kamper-Jørgensen, M.; Adamson, A.J.; Barros, H.; Bonde, J.P.; Brescianini, S.; Brophy, S.;
Casas, M.; Devereux, G.; Eggesbø, M.; et al. Pregnancy and birth cohort resources in Europe: A large
opportunity for aetiological child health research. Paediatr. Périnat. Epidemiol. 2013, 27, 393–414. [CrossRef]

http://www.mdpi.com/1660-4601/17/9/3071/s1
http://dx.doi.org/10.1016/j.jval.2016.02.007
http://www.ncbi.nlm.nih.gov/pubmed/28408005
http://dx.doi.org/10.1016/j.ajog.2018.08.044
http://www.ncbi.nlm.nih.gov/pubmed/30194051
http://dx.doi.org/10.1097/PRS.0b013e3181f44abc
http://www.ncbi.nlm.nih.gov/pubmed/20697313
http://dx.doi.org/10.1213/ANE.0000000000000861
http://dx.doi.org/10.1016/S0140-6736(12)61609-2
http://dx.doi.org/10.1016/S0140-6736(16)31390-3
http://dx.doi.org/10.1111/j.1440-1754.2010.01817.x
http://dx.doi.org/10.1186/1476-069X-12-8
http://dx.doi.org/10.1093/ije/dyp240
http://dx.doi.org/10.1042/cs0950115
http://dx.doi.org/10.1186/1476-069X-11-42
http://www.ncbi.nlm.nih.gov/pubmed/22715989
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf
http://dx.doi.org/10.1590/S0100-879X2007000900015
http://www.ncbi.nlm.nih.gov/pubmed/17876486
http://dx.doi.org/10.1289/ehp.1103823
http://www.ncbi.nlm.nih.gov/pubmed/21878421
http://dx.doi.org/10.1111/ppe.12060


Int. J. Environ. Res. Public Health 2020, 17, 3071 16 of 17

17. Enrieco (Environmental Health Risks in European Birth Cohorts). Available online: https://www.enrieco.org
(accessed on 26 April 2020).

18. The EUCCONET—European Child Cohort Network. Available online: https://eucconet.site.ined.fr (accessed
on 26 April 2020).

19. United Nations Statistics Division—Geoscheme. Available online: https://unstats.un.org/unsd/methodology/

m49 (accessed on 26 April 2020).
20. Chase, D.; Tawn, E.J.; Parker, L.; Jonas, P.; O’Parker, C.; Burn, J. The north cumbria community genetics

project. J. Med. Genet. 1998, 35, 413–416. [CrossRef]
21. Piler, P.; Kandrnal, V.; Bláha, L. Critical assessment of the research outcomes of European birth cohorts:

Linking environmental factors with non-communicable diseases. Public Health 2017, 145, 136–145. [CrossRef]
22. Doyle, A.; Golding, J. The costing and funding of longitudinal birth cohort studies. Paediatr. Périnat. Epidemiol.

2009, 23, 86–92. [CrossRef]
23. Pearson, H. Massive UK baby study cancelled. Nature 2015, 526, 620–621. [CrossRef] [PubMed]
24. Cernansky, R. US child-health study rises from ashes of high-profile failure. Nature 2017, 542, 149. [CrossRef]
25. Furu, K.; Wettermark, B.; Andersen, M.; Martikainen, J.E.; Almarsdottir, A.B.; Sãrensen, H.T.; Sørensen, H.T.

The nordic countries as a cohort for pharmacoepidemiological research. Basic Clin. Pharmacol. Toxicol. 2010,
106, 86–94. [CrossRef]

26. Braig, S.; Weiss, J.; Stalder, T.; Kirschbaum, C.; Rothenbacher, D.; Genuneit, J. Maternal prenatal stress and
child atopic dermatitis up to age 2 years: The Ulm SPATZ health study. Pediatr. Allergy Immunol. 2016, 28,
144–151. [CrossRef] [PubMed]

27. Golding, J.; Ellis, G.; Gregory, S.; Birmingham, K.; Iles-Caven, Y.; Rai, D.; Pembrey, M. Grand-maternal
smoking in pregnancy and grandchild’s autistic traits and diagnosed autism. Sci. Rep. 2017, 7, 46179.
[CrossRef] [PubMed]

28. Guyatt, A.L.; Heron, J.; Knight, B.L.C.; Golding, J.; Rai, D. Digit ratio and autism spectrum disorders in
the Avon Longitudinal Study of Parents and Children: A birth cohort study. BMJ Open 2015, 5, e007433.
[CrossRef]

29. Kuehni, C.E.; Brooke, A.M.; Strippoli, M.F.; Spycher, B.D.; Davis, A.; Silverman, M. Cohort profile: The leicester
respiratory cohorts. Int. J. Epidemiol. 2007, 36, 977–985. [CrossRef]

30. Barker, D.J.P. The developmental origins of well-being. Philos. Trans. R. Soc. B Boil. Sci. 2004, 359, 1359–1366.
[CrossRef] [PubMed]

31. Latzin, P.; Röösli, M.; Huss, A.; Kuehni, C.E.; Frey, U. Air pollution during pregnancy and lung function in
newborns: A birth cohort study. Eur. Respir. J. 2008, 33, 594–603. [CrossRef]

32. Power, C.; Elliott, J. Cohort profile: 1958 British birth cohort (national child development study). Int. J.
Epidemiol. 2005, 35, 34–41. [CrossRef]

33. Lynch, J.; Davey-Smith, G. A life course approach to chronic disease epidemiology. Annu. Rev. Public Health
2005, 26, 1–35. [CrossRef]

34. Prado, E.L.; Larson, L.M.; Cox, K.; Bettencourt, K.; Kubes, J.N.; Shankar, A.H. Do effects of early life
interventions on linear growth correspond to effects on neuro behavioural development? A systematic
review and meta-analysis. Lancet Glob. Health 2019, 7, e1398–e1413. [CrossRef]

35. Corley, J.; Cox, S.R.; Harris, S.E.; Hernandez, M.V.; Maniega, S.M.; Bastin, M.E.; Wardlaw, J.M.; Starr, J.M.;
Marioni, R.E.; Deary, I.J. Epigenetic signatures of smoking associate with cognitive function, brain structure,
and mental and physical health outcomes in the Lothian Birth Cohort 1936. Transl. Psychiatry 2019, 9, 248.
[CrossRef]

36. Bailey, S.; Townsend, C.; Dent, H.; Mallet, C.; Tsaliki, E.; Riley, E.M.; Noursadeghi, M.; Lawley, T.D.;
Rodger, A.J.; Brocklehurst, P.; et al. A pilot study to understand feasibility and acceptability of stool and cord
blood sample collection for a large-scale longitudinal birth cohort. BMC Pregnancy Childbirth 2017, 17, 439.
[CrossRef] [PubMed]

37. Richmond, R.C.; Al-Amin, A.; Smith, G.D.; Relton, C.L. Approaches for drawing causal inferences from
epidemiological birth cohorts: A review. Early Hum. Dev. 2014, 90, 769–780. [CrossRef] [PubMed]

38. Sørensen, H.T. Regional administrative health registries as a resource in clinical epidemiology. Int. J. Risk
Saf. Med. 1997, 10, 1–22. [CrossRef] [PubMed]

https://www.enrieco.org
https://eucconet.site.ined.fr
https://unstats.un.org/unsd/methodology/m49
https://unstats.un.org/unsd/methodology/m49
http://dx.doi.org/10.1136/jmg.35.5.413
http://dx.doi.org/10.1016/j.puhe.2016.12.037
http://dx.doi.org/10.1111/j.1365-3016.2008.01011.x
http://dx.doi.org/10.1038/526620a
http://www.ncbi.nlm.nih.gov/pubmed/26511556
http://dx.doi.org/10.1038/nature.2017.21367
http://dx.doi.org/10.1111/j.1742-7843.2009.00494.x
http://dx.doi.org/10.1111/pai.12680
http://www.ncbi.nlm.nih.gov/pubmed/27801949
http://dx.doi.org/10.1038/srep46179
http://www.ncbi.nlm.nih.gov/pubmed/28448061
http://dx.doi.org/10.1136/bmjopen-2014-007433
http://dx.doi.org/10.1093/ije/dym090
http://dx.doi.org/10.1098/rstb.2004.1518
http://www.ncbi.nlm.nih.gov/pubmed/15347527
http://dx.doi.org/10.1183/09031936.00084008
http://dx.doi.org/10.1093/ije/dyi183
http://dx.doi.org/10.1146/annurev.publhealth.26.021304.144505
http://dx.doi.org/10.1016/S2214-109X(19)30361-4
http://dx.doi.org/10.1038/s41398-019-0576-5
http://dx.doi.org/10.1186/s12884-017-1627-7
http://www.ncbi.nlm.nih.gov/pubmed/29282072
http://dx.doi.org/10.1016/j.earlhumdev.2014.08.023
http://www.ncbi.nlm.nih.gov/pubmed/25260961
http://dx.doi.org/10.3233/JRS-1997-10101
http://www.ncbi.nlm.nih.gov/pubmed/23511270


Int. J. Environ. Res. Public Health 2020, 17, 3071 17 of 17

39. Van Gelder, M.; Vorstenbosch, S.; Derks, L.; Winkel, B.T.; Van Puijenbroek, E.; Roeleveld, N. Web-based
questionnaires to assess perinatal outcome proved to be valid. J. Clin. Epidemiol. 2017, 90, 136–143. [CrossRef]
[PubMed]

40. O’Neill, D.; Benzeval, M.; Boyd, A.; Calderwood, L.; Cooper, C.; Corti, L.; Dennison, E.M.; Fitzsimons, E.;
Goodman, A.; Hardy, R.; et al. Data resource profile: Cohort and Longitudinal Studies Enhancement
Resources (CLOSER). Int. J. Epidemiol. 2019, 48, 675–676i. [CrossRef]

41. Black, M.M.; Walker, S.P.; Fernald, L.C.; Andersen, C.T.; DiGirolamo, A.M.; Lu, C.; McCoy, D.C.; Fink, G.;
Shawar, Y.R.; Shiffman, J.; et al. Early childhood development coming of age: Science through the life course.
Lancet 2017, 389, 77–90. [CrossRef]

42. Jones, N. Primary care is a neglected resource for clinical research. BMJ 2018, 361, k1946. [CrossRef]
43. Bhutta, Z.A.; Ahmed, T.; Black, R.E.; Cousens, S.; Dewey, K.; Giugliani, E.; Haider, B.A.; Kirkwood, B.;

Morris, S.; Sachdev, H.; et al. What works? Interventions for maternal and child undernutrition and survival.
Lancet 2008, 371, 417–440. [CrossRef]

44. Joly, M.-P.; Boivin, M.; Junker, A.; Bocking, A.; Kramer, M.S.; Atkinson, S.A. An inventory of Canadian
pregnancy and birth cohort studies: Research in progress. BMC Pregnancy Childbirth 2012, 12, 117. [CrossRef]

45. Kishi, R.; Zhang, J.J.; Ha, E.-H.; Chen, P.-C.; Tian, Y.; Xia, Y.; Tsuchiya, K.J.; Nakai, K.; Kim, S.; Hong, S.-J.;
et al. Birth cohort consortium of Asia. Epidemiology 2017, 28, S19–S34. [CrossRef]

46. Nakayama, S.F.; Espina, C.; Kamijima, M.; Magnus, P.; Charles, M.-A.; Zhang, J.; Wolz, B.; Conrad, A.;
Murawski, A.; Iwai-Shimada, M.; et al. Benefits of cooperation among large-scale cohort studies and
human biomonitoring projects in environmental health research: An exercise in blood lead analysis of
the environment and child health international birth cohort group. Int. J. Hyg. Environ. Health 2019, 222,
1059–1067. [CrossRef]

47. Silventoinen, K.; Jelenkovic, A.; Yokoyama, Y.; Sund, R.; Sugawara, M.; Tanaka, M.; Matsumoto, S.; Bogl, L.H.;
Freitas, D.L.; Maia, J.A.; et al. The CODATwins project: The current status and recent findings of collaborative
project of development of anthropometrical measures in twins. Twin Res. Hum. Genet. 2019, 22, 800–808.
[CrossRef]

48. Ruggieri, S.; Drago, G.; Colombo, P.; Alesci, A.; Augello, P.; Bisbano, A.; Bucolo, A.; Dattoli, P.; De Sole, R.; La
Runa, V.; et al. Three contaminated sites in southern Italy. The neonatal environment and health outcomes
cohort: Protocol for a longitudinal birth cohort study. BMJ Open 2019, 9, e029471. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jclinepi.2017.07.004
http://www.ncbi.nlm.nih.gov/pubmed/28728921
http://dx.doi.org/10.1093/ije/dyz004
http://dx.doi.org/10.1016/S0140-6736(16)31389-7
http://dx.doi.org/10.1136/bmj.k1946
http://dx.doi.org/10.1016/S0140-6736(07)61693-6
http://dx.doi.org/10.1186/1471-2393-12-117
http://dx.doi.org/10.1097/EDE.0000000000000698
http://dx.doi.org/10.1016/j.ijheh.2019.07.005
http://dx.doi.org/10.1017/thg.2019.35
http://dx.doi.org/10.1136/bmjopen-2019-029471
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Identification of the Cohorts 
	The European Panorama 
	The 45 Cohorts Starting Recruitment at Birth 

	Discussion 
	Conclusions 
	References

