P . 7
university of %
groningen ?',,ff’z,, University Medical Center Groningen

i

University of Groningen

Differences in birth weight between immigrants' and natives' children in Europe and Australia

Florian, Sandra; Ichou, Mathieu; Panico, Lidia; Pinel-Jacquemin, Stéphanie; Vrijkotte, Tanja
G.M.; Harskamp-Van Ginkel, Margreet W.; Huang, Rae Chi; Carson, Jennie; Rodriguez,
Loreto Santa Marina; Subiza-Pérez, Mikel

Published in:
BMJ Open

DOI:
10.1136/bmjopen-2022-060932

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

Florian, S., Ichou, M., Panico, L., Pinel-Jacquemin, S., Vrijkotte, T. G. M., Harskamp-Van Ginkel, M. W.,
Huang, R. C., Carson, J., Rodriguez, L. S. M., Subiza-Pérez, M., Vrijheid, M., Fernandez-Barrés, S., Yang,
T. C., Wright, J., Corpeleijn, E., Cardol, M., Isaevska, E., Moccia, C., Kooijman, M. N., ... Charles, M. A.
(2023). Differences in birth weight between immigrants' and natives' children in Europe and Australia: A
LifeCycle comparative observational cohort study. BMJ Open, 13(3), [e060932].
https://doi.org/10.1136/bmjopen-2022-060932

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1136/bmjopen-2022-060932
https://research.rug.nl/en/publications/b44594f3-c298-4f7c-b4e1-659e7cd6cb83
https://doi.org/10.1136/bmjopen-2022-060932

Aq pa199101d "uabuuoio Jo AusIsAN Te €202 ‘¥T Iudy uo /wod*fwqguadofig//:dny woy papeojumod ‘€20z UdIBIN €2 UO ZE6090-2202-Uadolwa/9eTT 0T Sk paysiiand isiy :uado rNg

Open access

BM)J Open

To cite: Florian S, Ichou M,
Panico L, et al. Differences

in birth weight between
immigrants’ and natives’
children in Europe and
Australia: a LifeCycle
comparative observational
cohort study. BMJ Open
2023;13:6060932. doi:10.1136/
bmjopen-2022-060932

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-060932).

Received 17 January 2022
Accepted 17 February 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY.
Published by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Sandra Florian;
sandra.florian@ined.fr

Original research

Differences in birth weight between
immigrants” and natives’ children in
Europe and Australia: a LifeCycle
comparative observational cohort study

Sandra Florian

Tanja G M Vrijkotte,* Margreet W Harskamp-van Ginkel
® Loreto Santa Marina Rodriguez,”® Mikel Subiza-Pérez,?*

Jennie Carson

Martine Vrijheid,>'° Silvia Fernandez-Barrés,'®'" Tiffany C Yang © ,
,'2 Eva Corpeleijn,'® Marloes Cardo

John Wright

,' Mathieu Ichou," Lidia Panico, ! Stéphanie Pinel-Jacquemin,®

,* Rae-Chi Huang,®

12

13 14
,

Elena Isaevska @,

Chiara Moccia,'® Marjolein N Kooijman,'®" Ellis Voerman,'®'’ Vincent Jaddoe,®"’
Marieke Welten,'®"'” Elena Spada,'® Marisa Rebagliato,'®?° Andrea Beneito,?'

Luca Ronfani,?®> Marie-Aline Charles®>?*

ABSTRACT

Objective Research on adults has identified an
immigrant health advantage, known as the ‘immigrant
health paradox’, by which migrants exhibit better

health outcomes than natives. Is this health advantage
transferred from parents to children in the form of higher
birth weight relative to children of natives?

Setting Western Europe and Australia.

Participants We use data from nine birth cohorts
participating in the LifeCycle Project, including five
studies with large samples of immigrants’ children: Etude
Longitudinale Francaise depuis I'Enfance—France (N=12
494), the Raine Study—Australia (N=2283), Born in
Bradford—UK (N=4132), Amsterdam Born Children and
their Development study—Netherlands (N=4030) and the
Generation R study—Netherlands (N=4877). We include
male and female babies born to immigrant and native
parents.

Primary and secondary outcome measures The
primary outcome is birth weight measured in grams.
Different specifications were tested: birth weight as a
continuous variable including all births (DV1), the same
variable but excluding babies born with over 4500 g (DV2),
low birth weight as a 0—1 binary variable (1=birth weight
below 2500 g) (DV3). Results using these three measures
were similar, only results using DV1 are presented.
Parental migration status is measured in four categories:
both parents natives, both born abroad, only mother born
abroad and only father born abroad.

Results Two patterns in children’s birth weight by
parental migration status emerged: higher birth weight
among children of immigrants in France (+12 g, p<0.10)
and Australia (+40 g, p<0.10) and lower birth weight
among children of immigrants in the UK (82 g, p<0.05)
and the Netherlands (—80 g and —73 g, p<0.001)
compared with natives’ children. Smoking during
pregnancy emerged as a mechanism explaining some of
the birth weight gaps between children of immigrants and
natives.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study includes data from nine cohorts in six
countries, allowing for a comparison of varied na-
tional contexts and diverse immigrant groups.

= Results are based on a large combined sample of
more than 38 000 children.

= The use of harmonised health outcomes and so-
ciodemographic variables, as well as standardised
statistical analyses enables a rigorous multinational
comparative study.

= Yet, some of the cohort samples are representative
at the national level while others are at the local lev-
el, which limits the generalisability of the findings
for certain cohorts.

= Some of the most vulnerable, recently arrived im-
migrant groups may be underrepresented in certain
cohorts, potentially biasing the results for these im-

migrant communities.

Conclusion The immigrant health advantage is not
universally transferred to children in the form of higher
birth weight in all host countries. Further research should
investigate whether this cross-national variation is due
to differences in immigrant communities, social and
healthcare contexts across host countries.

INTRODUCTION

Birth weight is an important health indicator
that has been associated with lifelong devel-
opment, morbidity and rnortality.l_4 Studies
have found a U-shape relationship between
birth weight and the risk of developing health
problems, including cardiometabolic compli-
cations, with both low and high birth weight
associated with a higher risk.?
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Research on adults has identified an immigrant health
advantage, known as the ‘immigrant health paradox’,””’
by which migrants appear to have better health outcomes,
including lower morbidity and mortality as well as better
mental health and fewer health risk behaviours, than
their native counterparts, despite being on average more
socioeconomically disadvantaged.® This health advantage
has been hypothesised to be linked to positive premigra-
tion selectivity.” Studies using American data suggest that
this health advantage can be transferred from parents to
children, at least during the early years, finding healthier
birth weight (ie, 22500 g and <4500 g) and lower prob-
ability of low birth weight among children of Hispanic
immigrants in the USA*? ' compared with native peers.
This advantage does not appear to apply to second-
generation parents and their children."!

There is a less research on these relationships in
Europe, although the available evidence suggests similar
patterns, that is, better birth health of children born to
first-generation migrant mothers.'* Little research has
however investigated patterns in children’s birth weight
by parental migration status through a cross-country
comparative lens, particularly in Europe.' Investigating
inequality in children’s birth weight according to parents’
migration status is important given its potential to inform
social and health policies. Differences in national origin
and host country contexts (social policies, health systems,
economic opportunities, etc) are likely to shape inequal-
ities in children’s birth outcomes as well as immigrant
parents’ abilities to invest in their children’s health and
transfer them health ‘capital’.? Thus, we expect that chil-
dren’s birth weight by parental migrant status will vary
across host countries.

Parental socioeconomic status is also an important
determinant of children’s health outcomes,8 1415 and,
hence, a potential confounder of the relationship
between migration status and birth weight. Children of
less educated parents and with low family incomes are
more likely to exhibit lower birth weight.®'®'” This has led
researchers to highlight the importance of considering
parental socioeconomic background when investigating
differences in birth outcomes according to migrant
status.'® Although immigrants in developed countries
tend to be socioeconomically disadvantaged on average,
the level of this disadvantage differs across host countries;
it is therefore even more critical to consider socioeco-
nomic status in comparative research.'®

Parental health behaviours also constitute an important
possible mechanism that may contribute to health
inequality at birth." The deleterious effects of mother’
smoking during pregnancy on children’s health at birth
are well established in the literature.””* Research indi-
cates that immigrant mothers appear to have fewer health
risk behaviours, such as less smoking and lower alcohol
consumption.” We explore the role of maternal health
behaviour (smoking during pregnancy) as a potential
mechanism shaping inequalities in birth weight across
migrant groups.

This study focuses on the differences in birth weight
between children of natives and children of immigrants
using recent data from eight European countries and
Australia to investigate three questions. First, do children
of immigrants exhibit higher or lower birth weight relative
to children of natives? Second, how do these associations
vary across host countries? Third, can maternal smoking
during pregnancy explain any of these differences?

METHODS

Data

Data come from the Horizon 2020-funded LifeCycle Proj-
ect-EU Child Cohort Network,** which comprises 19 preg-
nancy and childhood cohorts in Europe and Australia
investigating early life health and its determinants,
starting from pregnancy. LifeCycle cohorts collected
data on demographic and socioeconomic characteristics,
including maternal health, marital status, living arrange-
ments, parental education, family income and parental
health behaviours, among other variables.**

A total of nine cohorts collected data on migration
status and were able to harmonise variables on socio-
economic and migrant status associated with health at
birth. The results presented in the main text are based
on five cohorts with a sufficiently large sample size
(>1700 children of immigrants) to conduct multivar-
iate analyses. These cohorts include: the Etude Longi-
tudinale Francaise depuis I’Enfance—ELFE (France), a
nationally representative cohort study following 18 329
births in France to mothers aged 18 and over in 2011;%
the Raine Study (Australia), a prospective study of 2788
babies collecting data starting in 1989 from pregnancy
onwards;* the Born in Bradford—BiB study (UK) that
includes data from 13 524 children born during 2007-
2011 in Bmdford;27 the Amsterdam Born Children
and their Development—ABCD study (Netherlands)
including data from 11 474 pregnancies in Amsterdam
between 2003 and 2004;* and the Generation R study
(Netherlands) which enrolled 9153 mothers with a
delivery date from April 2002 until January 2006, with a
total of 9747 live born children.*

The other participating cohorts with smaller
sample sizes (<1700 children of immigrants)
included the NINFEA study (Italy),” the Piccolipiu
study (Italy) ,*! the INfancia y Medio Ambiente (Envi-
ronment and Childhood) INMA study (Spain)®?
and the GECKO Drenthe study (Netherlands).*
Because of smaller sample sizes, it is more difficult
to draw conclusions from these cohorts, neverthe-
less, online supplemental appendix 1 presents the
sample distribution and children’s birth weight by
parental migration status and maternal region of
birth for participating cohorts with a small number
of children of immigrants. Model results for these
smaller-sample cohorts are presented in online
supplemental appendix 2.
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Patient and public involvement

Participants were recruited prior to and during pregnancy,
as well as in childhood. All data have been deidentified.
Ethical and legal responsibility for data management
and security is maintained by the source studies or home
institutions.**

Measures

The dependent variable is the child’s birth weight, a
continuous variable measured in grams. Different specifi-
cations of our dependent variable are tested (see the Data
analysis section). Children’s migration status is measured
in four categories: second-generation children, with both
parents born abroad; 2.5 generation children with a
mother born abroad, and native-born father; 2.5 gener-
ation children with a father born abroad and a native-
born mother; and natives (reference), which included
children with both parents born in the host country.
Mothers’ region of birth was measured in 10 categories:
host country (reference for each cohort study), Western
Europe, Eastern Europe, Other Europe and Central Asia,
East Asia and Pacific, South Asia, Middle East and North
Africa, sub-Saharan Africa, Latin America and the Carib-
bean, and North America.

Child characteristics at birth that were used as control
variables included: the child’s sex; a binary indicator for
multiple births (single birth, multiple birth); birth order
measured with continuous variables indicating the moth-
er’s parity; and the child’s gestational age (in days).

Basic controls for mother’s characteristics included
maternal height (cm) and pre-pregnancy weight (kg),
measured as continuous variables.

We consider two indicators of socioeconomic back-
ground: mother’s education and household income at the
child’s birth. Mother’s level of education was measured
in three categories: high (reference), medium and low
education. Household income quintile was measured
using a cohort-specific log of the equivalised total dispos-
able household monthly income in 2011, predicted using
pan-European Union Statistics on Income and Living
Conditions data.”* The Australian Raine Study and the
Dutch ABCD cohort used a household income quartile
measure (the fourth quartile being the richest), collected
at ages 1 and 5, respectively.

Finally, we included a binary indicator of mother’s
smoking behaviour during pregnancy (0=no smoking
during pregnancy, l1=any smoking during the pregnancy).
Each of the participating cohorts conducted the variable
harmonisation for all the variables, following strict step-
by-step protocols (see https://pubmed.ncbi.nlm.nih.
gov/ 33884544 /). Quality control checks were conducted
to ensure the correct harmonisation of variables across
cohorts.

Data analysis

After descriptive statistics analyses, we selected our analyt-
ical sample following a complete-case analysis approach.
We used ordinary least square and logistic regressions to

model different specifications of birth weight. First, we
modelled birth weight as a continuous variable, including
all births (DV1). Second, we excluded babies born with a
birth weight higher than 4500 g (DV2) given their higher
risk of negative health outcomes. Finally, we modelled
low birth weight as a 0—1 binary variable where 1 indicates
birth weight below 2500 g (DV3). As the results for these
three models were very similar, only DVI is presented in
the Results section. Models using the other specifications
are available as online supplemental appendices 3 and 4.

Analyses were conducted separately for each cohort.
Each cohort conducted two sets of models for all three
birth weight specifications. The first set predicted birth
weight regressed on children’s migration status, while the
second set regressed birth weight on maternal region of
birth. Each set of models included three nested models.
Model 1 (M1) controlled for basic characteristics at
birth, including the child’s sex, birth order, gestational
age, and the mother’s height and pre-pregnancy weight.
Model 2 (M2) additionally controlled for family socioeco-
nomic characteristics, including the mothers’ education
and family income. Model 3 (M3) further adjusted for
mothers’ smoking during pregnancy.

RESULTS

Birth weight differences by parental migration status

Table 1 presents the sample distribution and the average
birth weight for children by parental migration status
and maternal region of birth for the five largest cohorts,
as well as the distribution of cases excluded from the
analysis due to missing values. As table 1 shows, immi-
grant group representation varies by cohort. The largest
immigrant groups in the Raine Study (AU) come from
Western European and East Asian and Pacific countries.
For ELFE (FR) the largest groups are immigrants from
Middle East and North Africa followed by sub-Saharan
African. For BiB (UK) the largest group come from South
Asia; whereas in ABCD (NL) and Generation R (NL) the
groups with the largest representations come from Latin
America, the Caribbean as well as Middle East and North
Africa.

Table 2 presents the first set of models predicting
birth weight regressed on children’s migration status
and figures 1 and 2 illustrate the results of table 2. We
observed two distinct patterns regarding the disparities
of children’s weight at birth by parental migration status
in the five largest cohorts (figures 1 and 2, table 2). The
‘small sample’ cohorts exhibited similar patterns, but
the differences were not statistically significant, possibly
due to small samples of children of immigrants (online
supplemental appendix 2).

In the first pattern, depicted by two cohorts, ELFE
(France) and Raine (Australia), children of immigrants
exhibited on average higher weight at birth relative to
children of natives, as shown in figure 1. For ELFE, M1
(grey bars) shows a slight tendency for children of immi-
grants to be born with higher weight than children with
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both native parents only among 2.5 generation, immi-
grant mothers (+48 g, p<0.001). For the ELFE cohort,
adjusting for socioeconomic characteristics in M2 (white
bars), children of immigrants’ weight increased compared
with natives and was significant for the 2nd generation
(+43 g, p<0.05) and the 2.5 generation mother (+54 g,
p<0.001). By contrast, for the Raine Study, controlling
for socioeconomic factors somewhat decreased children of
immigrants’ birth weight relative to children of natives,
the few marginally significant differences became non-
statistically significant. M3, which additionally controlled
for mothers’ smoking during pregnancy (black bars),
showed a reduction in the magnitude of the coefficients
for children of immigrants for both cohorts, which is still
significant and positive for ELFE’s 2.5 generation mother
(+43 g, p<0.01).

The opposite pattern is observed in figure 2 M1, where
children of immigrants exhibit lower birth weights
compared with children of natives. This pattern charac-
terises the BiB (Bradford, UK), the ABCD (Amsterdam,
Netherlands) and the Generation R (Rotterdam, Nether-
lands) cohorts. Exceptions to this pattern are 2.5 genera-
tion children with an immigrant mother in the two Dutch
cohorts, where no significant differences from natives’
birth weight could be detected.

For the Dutch cohorts (ABCD and Generation R), the
differences in birth weight for children with two immi-
grant parents and for those with one immigrant father are
somewhat reduced after controlling for socioeconomic
characteristics (M2), suggesting that the lower birth
weight might be due to immigrants’ disadvantaged socio-
economic position within the host country. By contrast
socioeconomic factors do not seem to play an important
role in explaining birth weight differences for the BiB
(UK) cohort.”®

As in the first group, mothers’ smoking during preg-
nancy had a negative effect on children’s birth weight.
Despite mothers’ lower prevalence of smoking during
pregnancy, children of immigrants’ still exhibit lower
birth weight than children of natives after controlling for
this variable. As shown in figure 2, for BiB birth weight
gaps tend to increase in magnitude after controlling for
smoking during pregnancy (M3, 2nd generation -119
g, p<0.001, 2.5 gen-mother -133 g, p<0.001 and 2.5 gen-
father -148 g, p<0.001), indicating that if immigrant
mothers smoked as much as native mothers, children
of immigrants’ birth weight would be even lower. For
ABCD and Gen R, smoking has a smaller effect, but it
slightly increased the gap for the second generation (-67
g, p<0.01 for ABCD, and -50 g, p<0.05 for Gen R). The
mothers’ height and pre-pregnancy weight are positively
and similarly associated with the child’s birth weight for
all cohorts.

In sum, we find higher birth weight for children of
immigrants in our southern European studies, such as
in France and in the smaller cohorts representing Italy
and Spain, as well as in Australia; and lower birth weight
for children of immigrants in central and northern
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Grams
60 * %
53.9
* %
50 " 47.6 *k 48.1 46.7
42.5 43.2 308 414
40 38.0 38.2
34.41 326
30
20 16.7 16.7
11.9 13.0 11.6
10
3.2
0
2nd gen 2.5 gen. mother 2.5 gen. father 2nd gen 2.5 gen. mother 2.5 gen. father
ELFE RAINE
O M1 Child controls OM2 SES W M3 Smoking
Figure 1 Ordinary least square coefficients for cohorts in which children of immigrants exhibit higher birth weight (in grams).

ELFE, Etude Longitudinale Frangaise depuis I’Enfance; SES, socioeconomic status. *p <0.05, **p <0.01.

European countries, such as the UK and the Netherlands.
These patterns could result from differences in the immi-
grants’ regions of origin across host countries. We there-
fore analyse birth weight differences by maternal region
of origin in the next section.

Birth weight differences by maternal region of birth

Results from the models by mothers’ region of origin are
presented in table 3. First, we observe heterogeneity in
birth weight by immigrant mothers’ regions of birth. For
ELFE (France), the pattern of birth weight ‘advantage’
and the changes across models are mostly driven by chil-
dren of Middle East and North African immigrants, the
largest immigrant group in France, as well as by children
of East Asia and Pacific immigrants. However, children
of sub-Saharan Africans, the second largest immigrant
group in France do not appear to have statistically signifi-
cantly different birth weights relative to children of

natives. Nonetheless, immigrant mothers exhibit lower
smoking rates in most cohorts; thus, controlling for moth-
er’s smoking during pregnancy (table 3) explained part
of the weight ‘advantage’ for two groups (East Asia and
Pacific: +132 g, p<0.01; Middle East and North Africa: +61
g, p<0.01).

In the Raine Study, children of Western Europeans, the
largest immigrant group, showed slightly higher birth
weight than natives, but differences were not statistically
significant. Children of North American mothers also
reported heavier weights at birth (M1: +374 g, p<0.01;
M2: +373 g, p<0.01, M3: +355 g, p<0.01), although these
estimates are based on small sample sizes. Children with
a South Asian and sub-Saharan’s background tended to
have lower birth weight than children of natives, but the
difference was again not statistically significant.

Grams
O M1 Basic controls  0M2 Socioeconomic variables B M3 Mother smoking during pregnancy
100
42.5
50 36.4
26.7
146 33 149 .
. = |mm ]
.50 I -33.6 I '
-52.6 6_61_5 50 2 53.9-51.1
* _665 - * %k * %
-100 | 81> 834 -80.1 o 783 *x ** | 734 -75.3
*x -97.8 94 7 *% % sk .
-118.8 ** 117 0_120
-150 132 8 o
-147.8
* %
-200
2nd gen 2.5 gen. mother 2.5 gen. father 2nd gen 2.5 gen. mother 2.5 gen. father 2nd gen 2.5 gen. mother 2.5 gen. father
BiB (UK) ABCD (NL) GEN R (NL)

Figure 2 Ordinary least square regression coefficients for cohorts in which children of immigrants exhibit lower birth weight
(in grams). ABCD, Amsterdam Born Children and their Development; BiB, Born in Bradford; Gen R, Generation R; SES,

socioeconomic status. *p <0.05, **p <0.01.
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For BiB, the observed pattern is driven by children of
South Asian immigrants, the largest immigrant group
in Bradford, who weighed less at birth than children of
natives (M1: =74 g, p<0.001, M2: -69 g, p<0.001, M3: -94
g, p<0.001). By contrast, children of European and East
Asia and Pacific as well as North American immigrants
showed a higher, but non-significant, birth weight than
children of natives. The weight disadvantage among chil-
dren of South Asian immigrants was partly explained by
socioeconomic status. Adjusting to mother’s smoking
during pregnancy exacerbated this disadvantage.

For ABCD, children of women from South Asia and
Latin America and Caribbean exhibited significantly
lower birth weight, even after controls. Children of East
Asian mothers had a significantly higher birth weight
after controlling for socioeconomic variables and moth-
er’s smoking.

For Generation R (Rotterdam, the Netherlands), both
patterns also coexist: children of women born in sub-
Saharan Africa and Latin America and Caribbean exhib-
ited significantly lower birth weight, even after controls.
Children of East Asian and of other European and Central
Asian mothers had, on the contrary, significantly higher
birth weights.

DISCUSSION

Research in developed countries has identified an immi-
grant health advantage among adults,”” yet, evidence on
whether immigrants can transfer this health advantage to
their children is mixed, and remains particularly scarce
in the European context.*® " '* This study investigates
whether children of first-generation immigrants exhibit
a health advantage on weight at birth, comparing eight
European countries and Australia.

Prior studies on the role of immigration on birth
weight have focused on Latin-American immigrants in
the USA, providing mixed evidence, for example, finding
lighter birth weight among Mexican and Cuban babies
and heavier birth weight among Puerto Rican babies rela-
tive to US-born white women.®? Our research extends
this area of research to European countries and Australia.
The first aim of this study was to evaluate whether chil-
dren of immigrants exhibit a higher or lower birth weight
relative to children of natives, using recent harmonised
panel data of rich host countries. Two broad patterns
emerged: we found higher birth weight for immigrants’
children in southern European and Australian cohort
studies, and lower birth weights in northern European
studies, relative to natives’. This finding questions, at
least when considering birth health, whether the ‘healthy
migrant’ narrative applies to all contexts, and calls for a
more nuanced approach to study this phenomenon.

Our second aim was to explore in more detail birth
weightvariation by mother’s country of origin, controlling
for the mother’s height and pre-pregnancy weight.
Previous studies indicate that geographic origins could
be associated with children of immigrants’ birth weight.

For example, previous work has highlighted higher birth
weights for infants born in Spain to African and Latin-
American mothers,' *® while lower mean birth weights
were observed for infants born in China to Asian Indian
mothers.” One of the most interesting findings in our
study is that children of South Asian mothers showed
consistently lower birth weights, in both BiB-UK (where
south Asian immigrants represent the largest immigrant
group), ABCD-NL and to a lesser extent in the Raine
Study-AU. South Asia bears half of global low birth weight
burden; children of South Asian parents were consistently
shown to have lower birth weight than natives in UK,”
Australia and Netherlands. Another group that stands out
includes East Asian and Pacific mothers’ babies, who were
significantly heavier at birth in three cohorts, France and
the two Dutch cohorts. In France, the largest immigrant
group, immigrants from the Middle East and North Africa,
showed the strongest advantage in birth weight, mirroring
similar results previously found in Belgium.' * Birth
weights of children with Latin-American and Caribbean
mothers were significantly lower in the Dutch cohorts, in
contrast to findings in previous work in Spain.'* *°

Our third aim was to evaluate the impact of mother’s
smoking during her pregnancy. Our results seem to go
in the same direction as previous studies,” ** finding
that mother’s smoking during pregnancy has a negative
effect on birth weight, as tobacco being a vasoconstrictor
reduces placental circulation. Immigrant mothers’ lower
prevalence of smoking during pregnancy in all study
cohorts had therefore a protective effect, favouring their
children’s health at birth across countries.

The strength of our work lies in the use of the
recent and harmonised cross-country EU Child Cohort
Network data.** We are however not able to empirically
measure other important contextual factors (potential
confounders) that might drive some of these patterns
and that differ across countries, such as access to health
services, in both origin and host countries, access to
employment, exposure to discrimination and to other
health risk factors. Another methodological limitation
is that the cohort samples are not all representative of
the general population at the national level; some are
local samples and some exclude specific groups (such
as preterm babies in the Piccolipiu or ELFE cohorts). In
addition, the most vulnerable and recently arrived immi-
grant groups, who are likely to have language difficulties
and limited access to health institutions, may be under-
represented in some cohort samples. If children in these
groups are lighter at birth,'® * the current study may
under-report low birth weight for children of immigrant,
and thus overestimate their average birth weight. As a
result, our findings can be better generalised to the largest
nationally representative samples and longer established
immigrant groups, and may be more limited for smaller
and locally based samples, and newly arrived immigrant
groups. Finally, the relationship between parental migra-
tion status and children’s birth weight may change over
time. This change is unlikely to meaningfully affect the
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comparability of our findings between cohorts, as all
our cohorts include births in the 2000s and early 2010s,
expect for the Raine Study in which babies were born in
1989. Therefore, given the large difference in data collec-
tion period, the comparison between the European and
Australian (Raine Study) results should be interpreted
with caution.

CONCLUSION

The patterns of birth weight of children of first-generation
immigrants relative to natives differ across host countries.
Some of this cross-country variation seems to be due
to the diverse composition of immigrant communities
across Europe and Australia. Further research should
investigate whether these variations are also partly driven
by the different social and health policies in host coun-
tries. Improving access to healthcare, especially during
pregnancy, and more inclusive social policies are needed
to reduce the inequalities in birth weight, especially for
disadvantaged immigrant groups, while supporting posi-
tive parental health behaviours. Our results confirm the
protective effects of not smoking during pregnancy for
child’s birth weight, highlighting the importance of main-
taining immigrants’ healthier practices.
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Appendix 1 Cohort sample distribution & children's birthweight (in grams) by migration status and mother's region of origin

(cohorts with small samples)

GECKO (NL) INMA (SP) NINFEA (IT) Piccoli Piu (IT)
Weight Weight Weight Weight
Freq. % Mean Freq. % Mean Freq. % Mean Freq. % Mean
Children's migration status
1st generation 0 0 - 0 0 - 16 0.4 3539 0 0 -
2nd generation 26 0.9 3414 125 5.5 3343 28 0.8 3390 123 3.7 3413
2.5 generation (mother) 60 2.1 3428 88 3.9 3321 110 3.0 3294 151 45 3376
2.5 generation (father) 64 2.3 3578 117 5.2 3164 95 26 3202 106 3.2 3388
natives 2445 86.0 3549 1791 78.9 3252 3348 91.1 3271 2881 85.8 3327
Missing 247 8.7 3484 20 09 3486 59 1.6 3240 95 2.8 3297
Total 2842 100 3540 2141 100 3258 3675 100 3272 3356 100 3334
Mother’s region of birth
Host country-born 2548 89.7 3548 1913 89.4 3247 3516 96.2 3244 3031 90.3 3329
Western EU/EEA 16 0.6 3503 29 135 3301 50 14 3430 41 1.2 3328
Eastern EU 7 0.2 3546 19 0.89 3186 32 09 3628 109 33 3426
Other Europe & Central Asia 11 0.4 3558 6 0.28 3127 12 0.3 2550 38 1.1 3421
East Asia & Pacific 18 0.6 3371 1 0.05 3210 1 0 2750 6 0.2 3372
South Asia 7 0.2 33838 0 0 - 1 0 3385 4 0.1 3099
Middle East & North Africa 9 03 349 4 0.19 3415 3 0.1 2945 16 0.5 3427
Sub-Saharan Africa 6 0.2 3501 3 014 3122 2 01 3253 4 01 3239
Latin America & Caribbean 16 0.6 3161 151 7.05 3373 37 1 3225 54 16 3338
North America 1 0.0 4460 0 0 2 01 6 0.2 3748
Missing 203 7.1 3495 15 0.7 3481 0 0 3272 47 14 3288
Total 2842 100 3540 2141 100 3258 3656 100 3356 100 3334
n Missing cases in analyses n Mean n Mean n Mean n Mean
Birthweight 50 -— 21 - 69 -— 19 -—
Child & mother's controls 438 3486 118 3354 181 3315 50 3409
Migration status 39 3439 7 3294 51 3235 71 3277
Missing other variables 86 3458 97 3059 148 3313 175 3310
Total excluded cases 613 3479 243 3222 362 3304 315 3319
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Appendix 2 OLS regression coefficients of mother's region of origin & child's migrant status on child's birthweight (Small
cohorts - extracts)
GECKO (NL) INMA (SP)
DV1: Birthweight M1 M2 M3 M1 M2 M3
Child controls SES Smoke Child controls SES Smoke

Child's migrant status

Natives (ref.)

1st Generation - - - - - -

2nd Generation -139.76 -117.46 -156.54 162.68 ***  169.51 *** = 143,41 ***

2.5 Generation - mother 101.21 99.87 79.96 70.50 78.87 75.32

2.5 generation - father 16.45 16.31 12.30 21.46 28.86 29.50
Constant -5767.43 *** _5738.24 *** .5690.72 *** -4847.76 *** -4734.01 *** -4723.00 ***
N 2229 2229 2229 1898 1898 1898
R2 0.4023 0.4057 0.4238 0.333 0.338 0.344
Mother's region of origin

Host country-born (ref.)

Western EU/EEA 49.22 61.92 60.12 -31.75 -14.98 -22.09

Eastern EU 176.27 171.70 147.02 175.44 182.01 168.67

Other Europe & Central Asia 255.46 277.51 260.90 -122.58 -110.36 -106.48

East Asia & Pacific 21.84 21.53 2.13 - - -

South Asia 113.32 148.45 88.23 - - -

Middle East & North Africa 1.50 34.60 -16.44 - - -

Sub-Saharan Africa 58.96 83.10 39.75 - - -

Latin America & Caribbean -146.75 -161.48 -196.00 173.31 *** 176.04 *** 15559 ***

North America - - - - - -
Constant -5757.77 *** -5737.15 *** .5671.80 *** -4892.39 *** .4773.,55 *** .4763.82 ***
N 2,254 2,254 2,254 1898 1898 1898
R2 0.4021 0.4059 0.4238 0.336 0.34 0.346

*p <.05, **p <.01, ***p <.001.

Piccolopiti used a binary variable for parity and : Region 1: Western Europe, Region 2: Easter Europe + Other Europe & Central
Asia, Region 3: Latin America & Caribbean, Region 4: other regions.

INMA East Asia & Pacific includes Middle East & North Africa and Sub-Saharan Africa due to small number sizes.

M1: Basic child et mother's controls at birth

M2: M1 + socioeconomic variables

M3: M2 + mother’s smoking during pregnancy
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Appendix 2 Continued
NINFEA (IT) PICCOLOPIU (IT)
DV1: Birthweight M1 M2 M3 M1 M2 M3
Child controls SES Smoke Child controls SES Smoke

Child's migrant status

Natives (ref.)

1st Generation 153.43 147.14 147.89 - - -

2nd Generation 118.20 109.99 108.60 118.49 ***  100.96 ** 97.18 **

2.5 Generation - mother 41.05 40.23 39.97 56.51 54.19 53.27

2.5 generation - father -70.12 -73.01 -74.15 20.68 15.51 14.58
Constant -3887.01 *** -3883.26 *** -3873.41 *** -4584.30 *** -4521.88 *** -4539.19 ***
N 3216 3216 3216 3041 3041 3041
R2 0.311 0.312 0.314 0.306 0.308 0.309

Mother's region of origin
Host country-born (ref.)

Western EU/EEA -10.95 -4.73 -4.85 36.70 34.20 32.98

Eastern EU . 124.89 * 123.63 * 126.67 * DI 41t 10247 **

Other Europe & Central Asia 96.77 100.00 97.25

East Asia & Pacific -62.01 -58.73 -12.27

South Asia -6.17 -10.28 -15.99

Middle East & North Africa 45.25 58.64 53.82 6562 >7.29 >1.86

Sub-Saharan Africa -187.85 -191.41 -196.06

Latin America & Caribbean 80.17 79.42 76.13 96.08 87.84 88.07

North America 125.89 134.27 128.67 - - -
Constant -4179.89 *** -4185.06 *** -4182.61 *** -4526.39 *** -4459.02 *** -4477.76 ***
N 5872 5872 5872 3070 3070 3070
R2 0.408 0.409 0.41 0.304 0.306 0.307

*p <.05, **p <.01, ***p <.001.
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Appendix 3 OLS regression coefficients of children's migration status on child's birthweight (DV2: excluded birthweight > 4,500g; large cohorts)

ELFE (FR) RAINE STUDY (AU) BIB (UK)
M1 M2 [\ ] M1 M2 M3 M1 M2 M3

DV2: Birthweight Child controls SES Smoke Child controls SES Smoke Child controls SES Smoke
Children's migration status

Natives (ref.)

2nd generation 16.4 45,7 ** 17.1 46.9 * 40.6 23.8 -80.6 *¥**  -81.3 *¥** _1159 ***

2.5 generation (mother) 40.4 ** 46.2 ** 35.8 * 44.8 41.2 36.4 -99.6 *** 959 *¥* 133, *¥**

2.5 generation (father) 4.5 17.3 12.3 41.5 39.6 32.0 -108.3 *** -112.0 *** -138.2 ***
Child controls

Female -141.2 *** =141 *** -142.1 *** -113.1 *** -113.0 *** -123.3 ***  -131.9 *¥** -130.3 *¥** -13]1.5 ***

Plural birth? -372.8 *** -374.7 *** -378.4 *** 0 0 0 -310.6 *** -303.6 *** -308.5 ***

Mother's parity (birth order) 45.7 *** 50.7 *** 49.8 *** 51.4 *** 51.9 *** 64.7 *** 49,5 ***  5G Qg *x* 54 kkk

Gestational age 23,1 *** 22,9 *** 22,9 **x* 19.3 *** 19.3 *** 20.1 *** 24,9 *** 25.0 *** 24,9 ***
Mother controls

Height 8.3 **x 7.7 *¥*x* 7.9 *** 10.9 *** 10.6 *** 10.8 *** 10.9 *** 10.6 *** 10.8 ***

Pre-pregnancy weight 4.3 **x* 4.7 *** 4.5 **x* 4.9 *** 5.0 *** 4,9 *** 4.8 *** 4.8 *** 4.8 ***
SES

Education”

High (ref.)

Medium -15.26 -7.13 12.5 13.9 2.50 4.55

Low -38.16 * -19.78 -11.3 7.9 -15.80 -12.71

Household income quintiles®

1st quintiles (ref.)

2nd quintile 46.1 *** 39.1 *** 2.8 -7.8

3th quintile 45,5 *** 29 * -6.2 3.8 -35.8 -21.1

4th quintile 52.9 *** 333 * -19.2 -3.9 -42.6 * -31.6

Sth quintile 57.3 *** 339 * -23.9 6.2 -70.3 **  -34.0
Mother smoked (pregnancy) -114.6 *** -140.6 *** -130.9 ***
Constant -4729 *** -4666 *** -4645 *** -4058 *** -4004 *** -4030 *** 5699 *** _5638 *** _5594 ***
N 12373 12373 12373 2242 2242 2242 4090 4090 4090
R’ 0.36 0.36 0.37 0.38 0.38 0.40 0.49 0.49 0.50

*p <.05, **p <.01, ***p <.001

“ The ABCD & RAINE STUDY cohorts only included single births in their sample

b Level of education based on the highest on-going or completed education when the child was 0 year old (between >-1 year and <1 year). If more than one education level is
reported within the defined time frame, we used highest recorded education level.

Classification according to International Standard Classification of Education 97/2011 (ISCED-97/2011)

High: Short cycle tertiary, Bachelor, Masters, Doctoral or equivalent (ISCED-2011: 5-8, ISCED-97: 5-6)

Medium: Upper secondary, Post-secondary non-tertiary (ISCED-2011: 3-4, ISCED-97: 3-4)

Low: No education; early childhood; pre-primary; primary; lower secondary or second stage of basic education (ISCED-2011: 0-2, ISCED-97: 0-2)
¢ Eusilc income quintiles for all cohorts except for RAINE (AU) and ABCD (NL) that measured household income in quartiles.

M1b: Basic child et mother's controls at birth

M2b: M1b + socioeconomic variables

M3b: M2b + mother’s smoking during pregnancy
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Appendix 3 Continued
ABCD (NL) GEN R (NL)
M1 M2 M3 M1 M2 M3

DV2: Birthweight e SES smoke e SES Smoke
Children's migration status

Natives (ref.)

2nd generation -84.7 *** -58.9 ** -71.3 ***  _69.35 *** -33.1 -48.1 *

2.5 generation (mother) 19.8 27.5 20.1 36.18 48.2 * 42.6 *

2.5 generation (father) -73.2 *¥** -61.1 ** -57.8 **  -61.37 *** -41.1 * -38.5 *
Child controls

Female -103.2 *** -104.7 ***  -104.9 *** -91.9 *** -92.4 **x* -93.4 **x*

Plural birth® 0 0 0 -405.8 ***  -409.5 *** -409.9 ***

Mother's parity (birth order) 72.8 *¥** 74.7 *¥** 73.8 *¥** 98.8 *** 102.2 *** 99.9 ***

Gestational age 24.4 *** 24.4 *** 243 *** 24,9 *** 24.8 *** 24.7 ***
Mother controls

Height 8.8 *** 8.0 *** 8.0 *** 9.3 **# 8.4 *** 8.5 ***

Pre-pregnancy weight 3.8 *xx 4.1 *** 4.1 *** 89 “ 4,1 *** 4,1 ***
SES

Education”

High (ref.)

Medium -54.6 *** 43,8 ** -11.0 -8.7

Low -59.6 ** -38.1 -19.9 -12.9

Household income quintiles*

1st quintiles (ref.)

2nd quintile 5.0 7.9 27.4 219

3th quintile -6.9 2.0 60.3 ** 48.5 *

4th quintile -24.1 -12.9 85.2 ** 66.5 *

5th quintile - - 79.2 * 60.2
Mother smoked (pregnancy) -119.0 *** -71.2 *¥**
Constant -5090 *** -4941 *** 4925 *** 546 *** -5338 *** 5304 ***
N 3,918 3,918 3,918 4751 4751 4751
R’ 0.40 0.40 0.41 0.46 0.46 0.47

*p <.05, **p <.01, ***p <.001
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Appendix 4 Logistic regression odds ratios of children's migration status on child's birthweight (DV3: low birthweight; large cohorts)

ELFE (FR) RAINE STUDY (AU) BIB (UK)
. . M1 M2 M3 M1 M2 M3 M1 M2 M3

DV3: Low birthweight Child controls SES Smoke Child controls SES Smoke Child controls SES Smoke
Children's migration status

Natives (ref.)

2nd generation -0.38 -0.61 -0.35 -0.68 * -0.60 -0.50 0.39 0.01 0.01

2.5 generation (mother) -0.26 -0.35 -0.20 -0.06 0.01 0.06 0.23 0.00 0.01

2.5 generation (father) -0.11 -0.18 -0.14 -0.17 -0.11 -0.05 0.85 *** 0.03 ** 0.03 ***
Child controls

Female 0.63 *** 0.63 *** 0.65 *** 0.21 0.22 0.20 -0.44 ** 0.01 * 0.02 **

Plural birth® 1.59 **x* 1.60 *** 1.66 *** 0.00 0.00 0.00 1.45 **x* 0.27 *** 0.27 ***

Mother's parity (birth order) -0.14 * -0.20 ** -0.21 ** -0.32 ** -0.31 ** -0.32 ** -0.14 . -0.02 *¥**  -0.01 ***

Gestational age -0.15 *** -0.15 *** -0.15 *** -0.12 *** -0.12 *** -0.12 *¥** .15 *** -0.01 ***  -0.01 ***
Mother controls

Height -0.03 ** -0.02 * -0.02 * -0.06 ** -0.06 ** -0.06 ** -0.06 *** 0.00 *** 0.00 ***

Pre-pregnancy weight -0.02 *** -0.02 *** -0.02 *** 0.00 0.00 0.00 -0.02 ** 0.00 * 0.00 *
SES

Education”

High (ref.)

Medium 0.16 0.11 0.09 0.07 -0.01 -0.01

Low 0.50 * 0.38 0.36 0.25 0.00 0.00

Household income quintiles®

1st quintiles (ref.)

2nd quintile -0.25 -0.20 -0.01 -0.01

3th quintile -0.24 -0.10 0.02 -0.07 0.01 0.01

4th quintile -0.31 -0.11 -0.31 -0.43 0.01 0.01

Sth quintile -0.53 * -0.32 -0.03 -0.26 0.01 0.00
Mother smoked (pregnancy) 0.82 *** 0.72 ** 0.01
Constant 41.97 *** 41.23 *** 41.62 *** 37.64 *** 37.37 *** 37.77 ***  49.40 *** 3.53 *** 3.53 **x*
N 12494 12494 12494 2283 2283 2283 4132 4132 4132
[} -1294 -1283.8 -1265.3 -276.92 -269.25 -263.76

*p <.05, **p <.01, ***p <.001

“ The ABCD & RAINE STUDY cohorts only included single births in their sample.

b Level of education based on the highest on-going or completed education when the child was 0 year old (between >-1 year and <1 year). If more than one education level is
reported within the defined time frame, we used highest recorded education level.

Classification according to International Standard Classification of Education 97/2011 (ISCED-97/2011)

High: Short cycle tertiary, Bachelor, Masters, Doctoral or equivalent (ISCED-2011: 5-8, ISCED-97: 5-6)

Medium: Upper secondary, Post-secondary non-tertiary (ISCED-2011: 3-4, ISCED-97: 3-4)

Low: No education; early childhood; pre-primary; primary; lower secondary or second stage of basic education (ISCED-2011: 0-2, ISCED-97: 0-2)
¢ Eusilc income quintiles for all cohorts except for RAINE (AU) and ABCD (NL) that measured household income in quartiles.

M1b: Basic child et mother's controls at birth

M2b: M1b + socioeconomic variables

M3b: M2b + mother’s smoking during pregnancy
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Appendix 4 Continued
ABCD (NL) GEN R (NL)
. . L\ M2 \E M1 M2 M3

DV3: Low birthweight Child controls SES Smoke Child controls SES Smoke
Children's migration status

Natives (ref.)

2nd generation 0.67 * 0.42 0.61 0.37 0.37 0.44

2.5 generation (mother) -0.35 -0.39 -0.30 -0.18 -0.14 -0.16

2.5 generation (father) 0.43 0.25 0.28 0.58 * 0.56 * 0.53 *
Child controls

Female 0.63 ** 0.63 ** 0.68 ** 0.39 * 0.38 * 0.38 *

Plural birth® 0.00 0.00 0.00 2.05 *** 2,03 *** 2.03 ***

Mother's parity (birth order) -0.55 *** -0.57 *** -0.55 ** -0.37 ** -0.39 ** -0.37 *

Gestational age -0.16 *** -0.16 *** -0.16 ***  -0.16 *** -0.16 *** -0.16 ***
Mother controls

Height -0.04 * -0.03 -0.04 -0.05 *** -0.04 ** -0.05 **

Pre-pregnancy weight -0.01 -0.01 -0.01 -0.02 * -0.02 * -0.02 *
SES

Education”

High (ref.)

Medium 0.32 0.13 -0.26 -0.26

Low 0.18 -0.12 -1.16 * -1.19 *

Household income quintiles®

1st quintiles (ref.)

2nd quintile 0.12 0.10 -0.07 -0.05

3th quintile 0.68 * 0.60 -0.33 -0.27

4th quintile 0.48 0.41 -1.07 * -0.96 *

5th quintile -0.34 -0.23
Mother smoked (pregnancy) 1.28 *** 0.31
Constant 45.15 *** 44.16 *** 45.66 *** 48,74 ***  48.80 ***  48.87 ***
N 4,032 4,032 4,032 4877 4877 4877
1l -325.45 -321.52 -313.42 -480.1 -473.67 -472.55

*p <.05, **p <.01, ***p <.001
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