International Journal of
Environmental Research

and Public Health

Review

A Comprehensive Review on Social Inequalities and Pregnancy
Outcome—Identification of Relevant Pathways
and Mechanisms

Valentin Simoncic 1'*

, Séverine Deguen 2 Christophe Enaux 1 Stéphanie Vandentorren

2,3

and Wahida Kihal-Talantikite !

check for
updates

Citation: Simoncic, V.; Deguen, S.;
Enaux, C.; Vandentorren, S.;
Kihal-Talantikite, W. A
Comprehensive Review on Social
Inequalities and Pregnancy
Outcome—Identification of Relevant
Pathways and Mechanisms. Int. J.
Environ. Res. Public Health 2022, 19,
16592. https://doi.org/10.3390/
ijerph192416592

Academic Editors: Jimmy T. Efird

and Paul B. Tchounwou

Received: 15 November 2022
Accepted: 8 December 2022
Published: 10 December 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 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 (https://
creativecommons.org/licenses /by /
4.0/).

1 LIVE UMR 7362 CNRS (Laboratoire Image Ville Environnement), University of Strasbourg,

67100 Strasbourg, France

Equipe PHARes Population Health Translational Research, Inserm CIC 1401, Bordeaux Population Health
Research Center, University of Bordeaux, 33076 Boedeaux, France

Santé Publique France, French National Public Health Agency, 94410 Saint-Maurice, France

*  Correspondence: valentin.simoncic@live-cnrs.unistra.fr

Abstract: Scientific literature tends to support the idea that the pregnancy and health status of
fetuses and newborns can be affected by maternal, parental, and contextual characteristics. In
addition, a growing body of evidence reports that social determinants, measured at individual
and/or aggregated level(s), play a crucial role in fetal and newborn health. Numerous studies have
found social factors (including maternal age and education, marital status, pregnancy intention,
and socioeconomic status) to be linked to poor birth outcomes. Several have also suggested that
beyond individual and contextual social characteristics, living environment and conditions (or
“neighborhood”) emerge as important determinants in health inequalities, particularly for pregnant
women. Using a comprehensive review, we present a conceptual framework based on the work
of both the Commission on Social Determinants of Health and the World Health Organization
(WHO), aimed at describing the various pathways through which social characteristics can affect both
pregnancy and fetal health, with a focus on the structural social determinants (such as socioeconomic
and political context) that influence social position, as well as on intermediary determinants. We also
suggest that social position may influence more specific intermediary health determinants; individuals
may, on the basis of their social position, experience differences in environmental exposure and
vulnerability to health-compromising living conditions. Our model highlights the fact that adverse
birth outcomes, which inevitably lead to health inequity, may, in turn, affect the individual social
position. In order to address both the inequalities that begin in utero and the disparities observed
at birth, it is important for interventions to target various unhealthy behaviors and psychosocial
conditions in early pregnancy. Health policy must, then, support: (i) midwifery availability and
accessibility and (ii) enhanced multidisciplinary support for deprived pregnant women.

Keywords: social determinants; neighborhood; birth outcomes; social inequalities

1. Introduction

A growing body of evidence confirms that lived experiences during the first thousand
days of life can be a critical determinant of a child’s likelihood of survival, growth, and well-
being during his/her entire life. With a range of short- and long-term consequences, adverse
birth outcomes include low birthweight (LBW) and preterm birth (PTB). LBW is defined by
the WHO as a birthweight of below 2500 g (referenced P07.0-P07.1 in the 10th revision of
the international classification of diseases-ICD 10). PTB is defined as childbirth occurring at
less than 37 completed weeks or 259 days of gestation (referenced P07.2-P07.3 in ICD 10) [1].
These outcomes continue to represent a major public health issue, and the consequences of
LBW and PTB include fetal and neonatal mortalities as well as morbidities, including poor
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cognitive development and an increased risk of chronic disease later in life [1-3]. Recent
studies have demonstrated that LBW increases the risk of diabetes and cardiovascular
disease during adulthood [4]. Moreover, it is well documented that, in comparison with
children born at term, those born prematurely are more likely to present cerebral palsy,
sensory deficits, learning disabilities, and respiratory illnesses [5-13]. Complications related
to PTB are the leading causes of death for children aged under 5, resulting in about a million
deaths worldwide in 2015 [14,15]. Moreover, adverse consequences related to LBW and
PTB contribute very significantly to global health costs [15-19]. According to the European
Union (EU) benchmarking report of 2009 /2010, statistical data collected from 14 European
countries demonstrate the significant and growing cost of prematurity in Europe [20].

The WHO estimates that between 15% and 20% of births worldwide are LBW, repre-
senting 20 million births a year [16]. It is also estimated that more than 15 million babies are
born preterm every year—more than 10% of babies worldwide [5]. In developed countries,
PTB rates have been reported as ranging from 5% to 7% of live births [21], and these figures
appear to be on the rise [22]. According to the European Perinatal Health Report, LBW
babies accounted for less than 4.5% of all births in Iceland, Sweden, and Finland and around
10% in Spain and France. In some countries, the percentage of LBW babies was significantly
higher in 2015 than it was in 2010. PTB rate comparisons for 2010 and 2015 differed widely
between countries and were significantly higher in eight countries [23].

The wide literature has indicated that the healthy development of the child during the
first thousand days is strongly related to maternal health status during pregnancy, living
and working conditions, and neighborhood characteristics. More specifically, maternal
health status during pregnancy (including excessive gestational weight gain (EGWG), ges-
tational diabetes mellitus (GDM), and obesity) is known to have significant consequences
for newborn mortality and morbidity [18], including preterm birth [19]. The healthy de-
velopment of a child during the first thousand days, therefore, depends on both a healthy
mother during pregnancy and a healthy pregnancy. Although their etiology is thought to
be multifactorial [5], PTB and LBW risk factors are still not understood completely. During
the first thousand days of life, then, pregnant women, fetuses, and newborns are exposed
daily and simultaneously to a multitude of factors, including maternal or fetal medical
conditions, genetic influences, infertility treatments, behavior, iatrogenic prematurity, com-
munity resources, and environmental exposure [22,24,25]. The literature supports the idea
that maternal and prenatal nutrition can—by providing the essential building blocks for
brain development, healthy growth, and a resistant immune system—affect a child’s ability
to grow, learn and thrive.

Beyond the factors described above, this literature further suggests that maternal,
parental, and contextual characteristics may also affect the pregnancy and health status of
fetuses and newborns.

Over the past decade, a growing body of evidence has shown that, at both individual
and aggregate levels, social determinants are an important determinant of child health,
including during the first thousand days of life. Numerous studies have found that
social factors, including maternal age and education, marital status, pregnancy intention,
and socioeconomic status, have been linked to poor birth outcomes. In addition, some
studies suggest that beyond social factors at individual and contextual levels, the living
environment or “neighborhood” has emerged as an important determinant through which
to investigate health inequalities, particularly for pregnant women.

The aim of our paper, then, was to comprehensively review published studies ad-
dressing social inequalities in adverse birth outcomes. Our work is mainly divided into
three steps:

(a) to outline birth outcomes by social determinants and neighborhood deprivation and
describe both methodological approaches and potential confounders.

(b) to summarize the effect of socioeconomic characteristics (at individual and neighbor-
hood levels) on pregnancy outcomes in selected studies.
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(c) topropose a theoretical model on the pathways and possible mechanisms through
which social determinants may be related to adverse pregnancy outcomes.

2. Material and Methods
2.1. Search Strategy

We searched the PubMed public health database for English-language articles pub-
lished between January 2000 and April 2022 using relevant title expressions and reviewed
the reference lists of the selected articles. We also screened papers citing the selected articles.

The search strategy followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and was performed with the following keywords
found in article titles and/or abstracts: “deprivation,” “socio-economic,” “socioeconomic,”
“inequality,” “inequalities,” “disadvantage (s),” “disadvantaged,” “advantage (s),” “advan-
taged,” “income,” “Neighbor-hood,” “employment,” “neighborhood,” “lifestyle,” “socio-
occupational,” “insurance,” “educational,” “social,” “healthcare.” These terms were used in
conjunction with the following other title terms: “birth outcomes,” pregnancy outcome,””
low birth weight,” “birth weight,” “low-birth-weight,” “birthweight,” “birth-weight,”
“preterm birth,” “gestational age,” “LBW,” and “PTB.”

i

2.2. Studies Selection Strategy

In the first step, the inclusion criteria were human studies, peer-reviewed papers
written in English, and articles published after 2000. We restricted our review to preg-
nant women and pregnancy outcomes. Papers presenting non-original studies were ulti-
mately excluded.

In the second step, the inclusion criteria were specific pregnancy outcomes definitions,
including birthweight, low birthweight, preterm birth, or small for gestational age (SGA).
Secondary criteria were studies investigating specific social determinants.

Two authors (VS and WK) independently screened the papers based on information in
the title, the first pool of articles consisted of 359 results, then abstracts and full manuscripts
were screened to select those papers considered relevant based on the screening criteria
described below.

Data extraction for each study, we extracted and reported in several tables the follow-
ing information:

General information: first author’s name, country of origin, and date of the study.

Main study characteristics: study design, period, location, statistical methods, popula-

tion size, and main findings (related to PTB, LBW, BW, and SGA outcome).

Participant characteristics: information on confounders.

Outcome measures.

Assessments of the association, including odds ratios (ORs), hazard ratios (HRs),
relative risks (RRs), and other metrics measuring the strength of association between
outcomes and social determinants, were extracted. When several measures of association
were available, we reported those from the fully adjusted models.

The two authors (VS and WK) independently extracted all data from selected studies.

The present study has provided some additional empirical support for the potential
role played in adverse birth outcomes by social determinants. Using the conceptual
framework for action on the social determinants of health provided by the Commission on
Social Determinants of Health and the WHO, we began by adapting a conceptual model of
the mediating variables associated with socioeconomic deprivation and their hypothetical
relationship with pregnancy outcomesSecondly, we proposed a theoretical framework
describing hypotheses on the underlying mechanisms that might explain the association
between social deprivation and maternal, fetal, and newborn health.

3. Results

From the 359 studies screened, 35 carried out since 2000 met our selection criteria and
investigated the social inequalities of adverse pregnancy outcomes, including LBW, PTB,
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and SGA (defined as birthweight or length below the 10th percentile according to standard
percentile charts for sex and gestational age in the population, referenced in the ICD10:
036.5, P05.0, P05.1).

3.1. Location and Population

Most of these studies were conducted in the United States (both north and
south) [26-49]. We also included six studies conducted in Europe and the United King-
dom [50-55]. Just one was conducted in Asia [56], and another study covers four countries
(US, Canada, UK, and Australia) [57]. Our selection includes a diverse range of study
designs. While a majority are cohort studies [29,31,35,37,38,42,44,45,50,54,57,58], others are
birth record or population-based [30,32,36,39,39,40,51], cross-sectional [26,28,33,34,41,43,46—
48,52,53,56,59], ecological [49] and case-control [55] studies.

3.2. Adverse Pregnancy Outcomes

Several studies investigated birthweight [35,43,51,52] or gestational age but most
investigated specific pathological outcomes. Several investigated LBW and subtypes [29,
32,37-39,41,45,50,51,53,56,57], while others investigated PTB and subtypes [28,31,33,34,36—
40,42,44,46,47,50,51,54]. Lastly, some studies investigated SGA [26,28,30,38,46,50,52,58].

3.3. Methodological Approaches

In this section, we formulate general considerations on methodological issues that
appear relevant to investigating the effects of sociodeterminants on birth outcomes.

3.4. Assessment of Social Inequalities

Differences between the statistical methods implemented may obscure the comparison
of the findings. Conventional approaches (such as logistic regression) allocate contextual ef-
fects to the individual level, whereas multilevel analysis strives to distinguish individual so-
cioeconomic health effects from those estimated at the places where they live. This approach
is now acknowledged as the gold standard for assessing the true health-related contextual
effect [46]. However, most of the studies applied more classical multivariate regressions,
such as logistic, binomial, and multinomial regression [32,37,38,40-44,46-48,50-52,54-59],
while just five studies performed multilevel analysis [26,30,33-35]. Two studies tested the
mediation hypothesis using a structural equation model [44,45]. In the first of these, the
authors investigated the multiple pathways through which social determinants can impact
birth outcomes [44], while the second sought to estimate the extent to which perceived
stress could mediate the effects of neighborhood amenities on depressive symptoms during
pregnancy [45].

3.5. Various Confounders

Because of weaknesses that could affect the strength of the measure of association
and, consequently, the formulation of accurate conclusions, caution is needed in inter-
preting and comparing study findings. In particular, the various confounding factors
may render comparisons between studies difficult. As is often the case in environmental
epidemiology, most studies consider maternal characteristics such as age, ethnicity, mar-
ital status, level of education, or parity to be socio-demographic confounders (with the
exception of five studies [43,48,49,55,59]). Specifically, a large proportion of these studies
examined maternal anthropometric characteristics [28,29,35,39,40,42,44-46,50,54,58] such
as height, weight, and body mass index (BMI), and healthy or unhealthy behaviors [28—
31,34,35,39,40,43-45,48,50,55-59] such as physical activity, smoking or alcohol consump-
tion. Some studies explored chronic disease [30,31,34,42,56,58] or pregnancy complica-
tions [28,31,34,37,42,44,46,56,58]. Others adjusted on newborn characteristics, such as
gestational age at birth, birth date, or sex [29,35,38,42,43,50-52,56,57].

It is possible that newborn and maternal levels of adjustment may not be enough
to capture the full complexity of multifactorial exposure, and this could lead to hetero-



Int. |. Environ. Res. Public Health 2022, 19, 16592 5 of 43

geneous or insignificant results. Some studies therefore adjusted neighborhood charac-
teristics such as place of residence or unemployment level in the area [28,33,34,41,46,53].
However, even when these studies did investigate the influence of neighborhood char-
acteristics, none adjusted on household characteristics such as family income, parental
life course factors, and family smoking status (other studies have explored these factors
independently: [31,38,45,48,59]). In the same way, none of these studies have explored
paternal characteristics (only one study, unlike all previous studies, investigated these
factors [52]). The complexity of the links between these various factors and the potential
feedback effect of one variable on another suggests that it is important to study all these
adjustment variables in order to limit exposure bias and homogenize the results.

3.6. Definition of Social Determinants

Levels and characteristics of socioeconomic inequality differ between studies, de-
pending on the data used. Some authors relied on individual socioeconomic or socio-
demographic characteristics alone [26,29,31,37,38,44,47,50,52,54,55,58], such as maternal ed-
ucation level [26,31-35,37-39,42-45,47,48,50,52,54-58], paternal education level [34,38,52],
employment [37,55,58], income [26,38,46], etc. Others used neighborhood socioeconomic
characteristics only [28,30,51,53], such as neighborhood income index [28,30,32,35,40,46,
48,51,55,57], unemployment [33,35,53] and education level [35,48,51]. Most studies, how-
ever, used both individual and neighborhood socioeconomic characteristics [32-35,39,40,
42,43,45,46,48,51,57]. Some authors used family or housing socioeconomic factors [41,44—
46,48,55,56], such as family income [31,38,48,55,56], grandmother’s educational level [45],
or grandmother in the household [41]. The main characteristics of these studies are summa-
rized in Table 1.

3.7. Findings in Terms of Social Determinants and Health Inequalities

Individual socioeconomic level and birthweight—Given the heterogeneity of the
variables used to describe socioeconomic conditions (including socio-demographic, socioe-
conomic, and other variables), we will hereafter use the term socioeconomic conditions to
refer to social determinants. Most studies showed an increased risk of LBW (or decreased
birthweight) for pregnant women having adverse socioeconomic conditions.

For instance, in terms of the maternal level of education, LBW risk varied between
OR =2.0[1.49-2.71] [55] and RR = 3.77; 95%CI [2.26—6.30] [38]. The strength of association
with unemployment during pregnancy is: OR = 1.7; 95%CI [1.37-2.10] [55], maternal
income: OR = 1.7; 95%CI [1.58-2.84] [55] or level of employment precarity: RR = 1.48,
95%CI [1.11-1.98] [29]. In addition, when comparing mothers with lower vs. higher levels
of education, the decrease in birthweight was equal to beta = —103; 95%CI [-108; —97] [52].
In terms of paternal education level, the decrease was lower, though still significant, equal
to beta = —56; 95%CI [—61; —50] [52].
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Table 1. Main characteristics of the selected studies.
Author Stud}t De'51gn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
singleton births of
Cross-sectional study, African American Maternal SES . Stratified and
.. - Maternal education, .. .. .
Infant from Illinois (n =8331), Individual Ethnicity multilevel,
Enstad et al., - . Paternal SES -contectuel o
(1989-1991) from parents non-Latina White SGA . . , level and Maternal age multivariable
2019 [26] . . median family income of father’s . ..
born in Chicago (n =18,200), . . Census tract Marital status logistic
(1956-1976) and Latina (n = 2637) census tract residence during regression analyses
childhood and parenthood
women
Rural(CIdxR)/Urban(CIdxU),
. Prevalences
smoking and substance use comparison accross
Ospina et al., Cross-sectional study, VV.ome.n (n =330,957) PTB, SGA; 2006 SES index during preghancy and SES quintiles by
Alberta, Canada with singleton - . . Census block  prepregnancy weight >91 kg .
2020 [28] . LGA, area-based socioeconomic gradients . . calculating a
(2006-2012) births gestational hypertension, absolute
gestational diabetes, ..
. concentration index
maternal age at delivery
Maternal smoking, BMI,
birth cohort Maternal SES parity. maternal age, parity,
Wilding et al., singleton births - education Individuel ethnicity, gestational Multivariable
Southampton, UK SGA . . . .
2019 [58] (2004-2016) (n =65,909) - employment level diabetes, gestational logistic regression
- partnership hypertension and systolic
blood pressure at booking
Maternal SES
4 nationally singleton birth United - maternal education Maternal age
representative Cohorts States (n = 8400), the Neighborhood SES Individual Marital status
Melissa etal.,,  study United states, United Kingdom LBW Income quintile level /countr Parity, Mother’s nativity, logistic
2016 [57] United Kingdom, (n =12,018), Canada Income quintile calculated from level Y child’s sex, prenatal smoking  regression models

Canada and Australia
(1998-2004)

(n =5350), and
Australia (n = 3452)

total family income, available in
each country, adjusted
for family size

race/ethnicity and region
of origin
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Table 1. Cont.

Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
Maternal SES
maternal educational attainment
The number of years of education maternal smoking
van den Berg ~ Cohort study in the Pregnant women PTB LBW after primary §chool was obte‘uned Individuel sex, materr}al age, maternal logistic regression
etal., 2012 Netherlands, the (n = 3821) SGA by questionnaire, and categorized as level height, parity maternal analvsis
[50] Amsterdam (2003-2004) - low (less than 6 years of education pre-pregnancy body mass y
after primary school), mid (6 to index
10 years) and
high (more than 10 years).
Maternal SES
Employment precarity scores ..
evaluated using availability of g;if;‘iilnz%i’;;féi}:? feity,
employer sponsored insurance, Nativity. prepreenanc i)o d
Patil et al., Cohort study USA Pregnant women LBW income, long shifts, non-daytime Individual mass Y prepreg y Y Modified Poisson
2019 [29] (1979-2014) (n=2871) shifts, availability of level index. alcohol consumption regression models
employer-sponsored training or ; . phon,
educational benefits and smol.qng during pregnancy
membership in a union or collective and infant year of birth
bargaining unit
The birth records based
study
Baltimore City, Baltimore
County, Montgomery
County and
?rmce Georges County neighborhood-level deprivation MaterrTal age, maternal .
in Maryland, 16 pooled . . . . education, Multilevel random
Eloetal, 2009 .. . g index (income/poverty, residential . . L
[30] cities in Michigan, NA SGA employment, education, housing census tracts mother smoked during intercept logistic
: Durham County and J o 2 pregnancy, gestational and/  regression models
and occupation.) race/ethnicity . .
Wake or chronic hypertension
County in North
Carolina, and
Philadelphia,
Pennsylvania USA

(1995-2001)
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Table 1. Cont.

Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
Stress depression symptoms
pregnancy locus of control
mastery anxiety and social
support
maternal age, education,
income, and the Family
a hybrid retrospective Resources
. . L Maternal SES .. Scale .
Misra et al., and prospective cohort women with singletons . Individual . . Cox proportional
. . PTB Education level cigarette smoking, alcohol .
2010 [31] Baltimore, Maryland birth (n = 832) . level 1 s hazards analysis
Family resource scale and illicit drug use, and
USA (2001-2004) . >
vaginal douching,
parity, multiple
gestation, initiation of
prenatal care, number of
prenatal visits, chronic
diseases and
complications of pregnancy
Maternal SES
education (primary, secondary and _ sex. prematurit
high education),employment + PT y
- . gestation (weeks)
(farming and other occupations
Lo maternal age
which included ”
. .. . .. maternal health conditions
. cross-sectional study . . LBW teacher, official, commercial and Individual . . . .
Pei et al., 2015 . . . singleton births . . negative (adverse) life events ~ generalized linear
56] Shaanxi province China (n = 28,722) Macroso- service staff, and professional), level alcohol intake and passive model
(2010-2013) ’ mia Demographic and Health Survey Household

household wealth index (HWI) (5
variables of family economic level:
housing conditions, type of vehicle,
income resources, and type and
number of household appliances)

(secondhand) exposure to
smoke month antenatal care
the number of ANC visits
folic acid supplementation
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Table 1. Cont.
Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
. . Pregnant women Individual
. Vital Records Birth based (n =100,074). Matern.al SES and individual-level Multinomial
Sims et al., study African-Americans LBW Education level community- characteristics logistic regression
2007 [32] Wisconsin USA : VLBW Neighborhood SES oo chara BIStic 1eg
(n =11,313) Latinos . . level by zip individual-level factors analysis
(1998-1999) community-level income
(n = 6450) code
hospital neonatal records neighborhood SES
Glinianaia based study . . . . Townsend Deprivation Score . Gestational age Maternal . .
singleton births Birthweight . . Enumeration . . linear regression
etal., 2013 Newcastle upon Tyne, (n = 113,182) LBW PTB (proportion of home ownership, car district (ED) age, parity and infant sex logistic regression
[51] North of England, T ownership, unemployment and decades of birth & &
(1961-2000) overcrowding)
Maternal SES
Maternal Years of Education
Neighborhood SES
inverse density (i.e., number of
domiciles per capita in the district)
percentage of homes connected to a
sewer system logarithm of the
average total valuation per square
meter percentage of the population
that does not self-identify as
Kaufman cross-sectional stud Singleton births indigenous Census dis- arity, sex of child and multilevel
et al., 2008 . . y & PTB percent of the population with trict/individual P27 regression analyses
Santiago Chile (2004) (n =56,970) . maternal age .. :
[33] formal schooling level logistic regression

percent of the population that is not
currently unemployed and seeking
work percentage of the population
that is classified as an owner or
employer percent of domiciles that
have concrete paving

percent of domiciles that have
indoor plumbing

the percent of domiciles that have
indoor heating.
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Table 1. Cont.

Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
Demographic factors
Individual-level SES maternal and Maternal age
paternal highest educational Reside inside city limits
attainment and marital status Black race
DeFranco Cross sectional stud (Mother’s education level < high Married
ot al. 2008 Missouri USA y Singleton births PTB school) Individual/ Prenatal Care multilevel logistic
[34] v (1989-1997) (n =634,994) The area-level SES Counties level Inadequate prenatal care regression analysis
County-level poverty rates included Behaviors
the percentage of the population Maternal tobacco use
within each county living below the Maternal alcohol use
poverty line Medical Risk Factors
Medical risk factors
child gender, gestational
duration, birth order, year of
Maternal SES birth, maternal age and race,
. adequate prenatal care,
maternal education; paternal .. .
occtpation: Individual, inadequate
retrospective cohort Com}:mit {evel family- and maternal weight gain, and
Young et al., study Cape Cod, singleton births . . y s community- cervical incompetence .
Birthweight percent adults living in poverty; . multilevel models
2010 [35] Massachusetts (n =1689) ercent adults with a four vears levels during pregnancy, any
(1969-1983) p Y (Enumeration  history of maternal diabetes

college degree; community mean
family income; and percent adult
unemployment

district level)

or hypertension, prior low
birth weight

or preterm infants, and
maternal smoking during
pregnancy
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Table 1. Cont.

Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
neighborhood deprivation index
material-deprivation score:
percent of population below the
Statistics Canada low income cutoff,
percent of population 20 years and Sex maternal age parity
over without high school diploma, language knowledge
Urquia et al., %opul'ation-based study singleton births percent of §ingle-parent fgmilies, census tract maternal 'country of b?rth, cross-classified
2011 [36] ntario Canada (n = 474,614) PTB percent of income comprised of level age at arrival gradu.latlon random effect
(2002-2007) government transfer payments, marital status immigrant models
percent of population unemployed class knowledge of either
and percent of homes needing major official Canadian language
repairs)
immigration
Maternal SES
Mother educational level
age, education, race, region,
marital status, unintended
pregnancy, mistimed
pregnancy, fertility
Kozhimannil women with sineleton Maternal SES Individual treatment, priorcesarean multivariable
etal., 2013 Cohort study USA (2005) bi _ & LBW PTB  prenatal employment status delivery, interaction between .
irth (n = 1573) . . level .. . regression models.
[37] (full-time, part-time, not employed) race and parity, interaction
between parity and
region, and interaction
between age and marital
status.
Cohort study, Ribeirao Singletons birth in gﬁ:{ 1(:111;1?:10181]155 maternal schoolin gestational age were birth
Filhoetal,  Preto (1978-1979 and Ribeirdo Preto LBW PTB e e e Individual weight, parity, family . del
2007 [38] 1994) Sao Luis (n = 6747) in Sao Luis SGA occupation of the head of the family, level income, and newborn infant regression.mode

(1997-1998) Bresil

(n = 2839)

paternal schooling, and marital
status of the mother.

sex
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Table 1. Cont.

Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
Neighborhood SES
poverty (percentage of households
living below the fed.eral poverty Stratified by race//
level + then categorized by their maternal ae. smokin
Wallace et al Birth records based women-with sineleton race and poverty level of the Individuel/ durin ;*e gn;:mc ea% of Generalized
7 study Bogalusa USA . & LBWPTB  neighborhood) U.S.Census & pregnancy, y estimating
2013 [39] births (n = 2743) - BHS examination and years .
(1987-2000) Individual level Maternal SES block group L equations
education at betweer} examination and
time of first birth (less than high conception
school, high school, greater than
high school)
Maternal SES
Education level
education taking age into account
(indicators for <12 years and age
<20 years, <12 years and
age _20 years, 12 years, 13-15 years,
a.nd - 16 years), parity maternal age
(indicators for 1, 2-5, and _6 .. . . .
. . . Individual education taking age into
. previous births),Neighborhood SES
Birth records based study . . . . s and census account
Mason et al., . singleton births residential stability and . .. .
New york city USA © PTB . o tracts parity logistic regression
2010 [40] (n =925,277) neighborhood deprivation .
(1995-2003) . (median area  tobacco use
the percentage of the neighborhood ¢ km2 ioh
population of 0.18 km~) prepregnancy weight
payment type

residing in the same house from
1995 to 2000. Neighborhood
deprivation was represented by
using a standardized index

arising from17 tract-level census
variablesneighborhood immigrant
or ethnic density in area of residence
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Confounders

Modele/Analyse
Stat

Colen et al.,
2006 [41]

Cross sectional study
USA (1979-2002)

White Women with
singletons birth
(n =574 = and Black

Women with singletons

birth (n = 1270)

LBW

Second-generation maternal SEP
during

adulthood. Maternal SEP

Family income

- Chronically poor was defined as
living in a household during both
childhood and adulthood where the
income-to-needsRatio < 200% of
poverty.

- Upwardly mobile is defined as
living in a household during
childhood, but not adulthood,
where the
income-to-needsratio<200% of
poverty

Second-generation maternal SEP
during

childhood. The NLSY79 contains
information

concerning the occupation and
educational

attainment of first-generation
individuals but

does not provide measures of
income

Households
level

inflation using the
Consumer Price Index for
All Urban Consumers,
Experimental Series, and
reported in 2002 dollars
race and gender

multivariate
analyses logistic
regression models.

Mortensen e
at al., 2008
[52]

Cross sectional study
Denmark, Finland,
Norway and Sweden
(1981-2000)

singleton birth
(n=1,077,584)
Finland n = 400 442;
Norway n = 929,458;
Sweden

n =1,761,562).

Birthweight
SGA LGA

Maternal SES
- Mother education (years)
- father’s education (years)

Individual
level

r gestational age, parity,
mother’s age, whether a
father was known, father’s

education and father’s age.

Linear and
binomial linear
regression
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maternal age maternal parity
marital status child sex
maternal prenatal body mass
index type 1 or type 2
diabetes mellitus; chronic
hypertension; chronic
Maternal SES infections (including HIV
Maternal level of education and hgpatltls B or C.) ;.other
Neighborhood-level SES .. Fhroan health conditions
Dunlop etal.,, Cohort study Women with singleton Urbanicity percentage black Individuel 11Tcludmg ast'hma{ other lung Multinomial
. PTB . . and Census disease, cardiac disease other . .
2021 [42] USA (2018) birth (n = 25,526) population d percentage population ; logistic regression
livine below the 100% federal tract than hypertension prenatal
pove%ty line ? tobacco use, alcohol use, and
Maternal race and ethnicity use of marijuana, stimulants,
opiates pregnancy
complications, gonorrhea,
trichomoniasis, cervicitis,
and pelvic inflammatory
disease; receipt of prenatal
care (yes/no) and prenatal
health insurance
Neighbodhood SES
municipalities with minor Roma I(?l/;[;zr;)?lg)ierto}i rar;ocicheis ac;[ri}ifn square regression
Majdan et al.,  cross-sectional study Municipalities LBW population Municipalities of reistered unerlrjl IE od models
2018 [53] Slovakia (2009-2013) (n =2515) municipalities with large Roma level 815 poy multivariable
population peop.le. mn t.he respective models
Rate of unemployment municipality
- neighborhood minority diversity
Cross sectional study . . stan.d ardized entropy. score Individuel maternal health behaviors
Vang et al., Singleton births . . - Neighborhood Deprivation s . .
2013 [43] New Jersey USA (n = 73,907) Birthweight Residential instability and census and conditions, and linear regression
(2002-2006) ! tract gestational age

Maternel SES
educational level
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maternal life-course factors:
maltreatment as a child, mareinal structural
Huang et al. Cohort study USA Women with singleton Birthweicht Grandmaternal educational level Individuel education mo d%el (MSM)
2015 [45] (1995-2009) birth (n = 1681) &M Maternal education level level and income as an adult, approaches
prepregnancy overweight, PP
and prenatal smoking
urban or rural place of
SGALGA res@ence and birth year
PTB o . maljltal status
Shankardass  Cross sectional study . . perinatal Ma'ternal SESTotal fémﬂ.y teome F‘am'll)‘r parity, pre-pregnancy . -
. singleton births Neighborhood deprivation (individuel) weight, weight gain during ~ Multiple logistic
etal., 2014 Nova Scotia Canada death . . . .
(n=117,734) index of neighborhood deprivation  and Postal pregnancy, maternal age, regression
[46] (1988 and 2003) post- . . .
(None information) code maternal smoking at
neonatal ;
death delivery
gestational diabetes and
prenatal class attendance.
race maternal age at
Cross sectional stud parturition ( bivariate and
El-Sayed et al. Michigan USA (1989}, Pregnant women PIB Maternal SES Individuel parity multivariable
2012 [47] 2006) & (n=1,876,471) maternal education level stratified by year and Poisson regression
: analyzed models

births by year of occurrence.
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Ryu et al.,
2016 [59]

cross-sectional study
Olmsted County,
Minnesota Jackson
County, Missouri USA
(2006)

parents (n = 728) with
singleton birth
(n=701)

LBW

SES measure based on 4

housing-related characteristics

(termed HOUSES)

housing-related characteristics

HOUSES index - parental education

level

- family annual income

- Hollingshead index

- Nakao-Treas index

square footage of housing unit, (2)

assessed housing value, (3) number

of bathrooms, (4) number of

bedrooms, (5) ownership of housing  Census tract
unit, (6) residential status and (7) lot  level
size of housing unit in acres, and six ~ ? house level
neighborhood characteristics ?
collected from census tract-level

data, including (1) per cent of

people speaking English as a second
language, (2) per cent of foreignborn
people, (3) per cent of households

headed by a female, (4) per cent of
households that are non-family
households, (5) per cent of people

with less than a high school

education and (6) per cent of

families with family income below

poverty level.

gradient boosting
machine (GBM)
models
underlogistic
regression model
framework

smoking exposure

Raab et al.

2022 [54]

Cohort study
Bavaria Germany
(2013-2015)

Pregnant women
(1738)

PTB

Individuel

Educational level
level

Multivariate
logistic regression
models

maternal age, parity, and
pre-pregnancy BMIL
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Author Stud}f De.SIgn Period Population Outcome  Deprivation Scale Level Zone Confounders Modele/Analyse
Localisation Stat
individual-level SES ..
i . Cohen’s k indexes
- Parents’ highest education level - . .
. o . using the categories
Cross sectional study annual family income Individual Lo
Pardo-Crespo . of individual-level
Olmsted LBW Area-level SES and Census tobacco smoking status of
etal., 2013 . Households (n = 750) . . and arealevel SES
County, Minnesota USA Overweight - percentage of people with a block group household members
[48] . . measures
(2000) bachelor degree or higher education  level . .
. o logistic regression
- median family income at a census
models
block-group level.
socioeconomic index Spatial analysis,
Mean percentage of: multivariate cluster
. . . o Census tract .
d'Orsi et al Ecological study singleton births - single-family buildings level (as classification
2005 [49] v Rio de Janeiro Brasil (n = 97,519) LBW - sewerage access b neichbor- non-hierarchical
(1991-1994) oo - rented domiciles hoégd) clustering K-means
- income >10 x min. wage algorithm
- slum or “favela” census tracts Moran “I” statistics
Maternal SES
851 singleton births - Education level Smoking. alcohol univariate analysis
Dickuté etal.,  Case-control study with LBW (n = 851) Birthweight (primary.secondary, university) consumg,tion and drue use logistic
2004 [55] Lithuania (2001-2002) Singleton births control LBW - Income p & multivariable

(n = 851)

- employment status (before and
during pregnancy)

during pregnancy

regression analysis

PTB was defined as a delivery from 24 through 36 weeks of gestation. LBW was defined as a weight below 2500 g.

the 10th percentile for gestational age on the basis of sex- and parity- specific standards.

Newborns were categorized as SGA if they had a birth weight below
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Only one study investigated the impact of the interaction between several unfavorable
maternal socioeconomic conditions and the effect on LBW. It revealed that the chances of
delivering an LBW baby increased when the interaction between education level, marital
status, and income were taken into account. More specifically, the OR reached 7.8; 95%CI
[4.32-14.06] for pregnant women accumulating a low level of education, low income, and
unstable marital status in comparison with other women. Moreover, being unemployed
during pregnancy combined with a low level of education was at 4.7; 95%CI [3.35-6.47] a
higher risk of delivering an LBW baby in comparison with others. The same study also
found that low income interacting with unemployment during pregnancy significantly
increased LBW risk (OR = 3.6; 95%CI [2.85-4.65]) [55].

In addition, (though less frequently), other studies looked at whether the mater-
nal early-life socioeconomic environment could be linked to LBW. Huang et al. found
an association between a grandmother’s education at the time of a mother’s birth and
the birthweight of her grandchild, independent of the mother’s mediating life course
(beta = —54 g 95%CI [—14.0; 122.1]) per increase in educational level [45].

Socioeconomic deprived neighborhood and birthweight—Most studies investigating
the effect of socioeconomic conditions (measured at the neighborhood level on birthweight)
confirmed the existence of social and territorial health inequalities [32,39,43,51,53,57]. How-
ever, a few studies [35,48,49] suggested that from fully adjusted models (including both
individual- and family-level characteristics), the effect of neighborhood socioeconomic
status was not as important as previously demonstrated [35,48]. For instance, a significant
decrease in birthweight was observed in the most deprived areas, in comparison with the
least deprived (Beta = -113.4 g (95%CI [ -133.0; —93.8]) [51]. Martinson et al. found that
the risk of LBW increased as family income fell (for bottom income quartile: OR = 2.37;
95%CI [1.80;3.11], OR = 1.78; CI95% [1.30;2.44] and OR = 2.11 95%CI [1.12;3.99]) in the US,
UK, and Australia, respectively [57]. The risk of LBW increased far more among African
American women living in low-poverty neighborhoods than it did for white women liv-
ing in low-poverty neighborhoods (OR: 5.23; 95%CI [2.26;12.10]) in the study by Wallace
et al. [39].

Individual social position and preterm birth—As described above for birthweight,
most studies confirmed that the risk of PTB was associated with individual or family
socioeconomic characteristics [31,33,36-39,42,44,46,47,50,54]; all but four studies reached
this conclusion [37,39,50,54]. For instance, the risk of PTB is significantly linked with a low
level of maternal education (compared to those having a higher level of education), with a
risk of about 1.2 in Kaufman et al. [33] and El-Sayed et al. [47]. To a lesser extent, in Dunlop
et al., the strength of association is about 1.1 [42], while the risk of PTB exceeded two in
Filho et al. [38]. Family income/occupation is also recognized as increasing the risk of PTB;
significantly, the risk of PTB is twice as high among families on lower incomes or among
family heads having less skilled occupations [38].

Socioeconomically deprived neighborhood and PTB—In terms of birthweight, most
studies (all but two [33,42]) revealed a socioeconomic relationship to PTB outcome [28,34,36,
39,40,46,51]. More specifically, the risk of PTB is increased among women residing in coun-
ties within the highest quartile of poverty, compared with the lowest quartile (OR =1.18;95%
CI [1.03,1.35] [34]), the risk of PTB is also higher among women residing in deprived
neighborhoods, compared with the most privileged neighborhoods (OR = 1.16;95%CI
[1.06-1.27] [46]. Furthermore, the risk is higher among the most deprived groups, com-
pared with the most privileged groups (OR = 1.5;95%CI [1.3;1.7]), for 1991-2000) [51].
Some studies suggested that minority mothers living in poor areas were at greater risk of
PTB [39,40].

Individual social position and small for gestational age (SGA)—AlIl but two of the
studies [30,50] suggested that SGA was associated with social characteristics [26,28,30,38,
46,50,52,58] measured at the family or parental level. The risk of SGA is close to 1.3 in
families or parents who are unemployed, compared with those who are not [58], while
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the strength of the association reaches 2.8 in families where the father or mother has a low
education level [38].

Family or parental income and occupation were also identified as significant risk
factors for SGA. In the study by Shankardass et al. OR was equal to 2.0; 95%CI [1.78;2.26]
for the lowest income decile [46]. In the study by Filho et al., the risk of SGA increased
where the head of the family had a less skilled occupation (RR = 1.79 95%CI [1.29;2.47]) [38]
in comparison with others.

Socioeconomically deprived neighborhood and small gestation age (SGA)—Few stud-
ies have investigated the question of the socioeconomically deprived neighborhood as
a risk factor for SGA [28,30,46]. Results have tended to confirm the existence of social
health inequalities such as those described for birthweight and PTB; it is only in the case of
Shankardass et al. that a significant increase in SGA risk was noted in the most deprived
neighborhoods (OR = 1.18; 95%CI [1.07;1.30]) [46].

3.8. Framework for Action on Social Determinants of Health

Figure 1 provides a holistic view of inequities in newborn health. The conceptual
framework has two main components: (i) Structural determinants (including socioeco-
nomic, socio-demographic, and political context as well as socioeconomic position and
social class) and (ii) Intermediary determinants.

(i). Structural determinants

These factors create or enhance social stratification and contribute to defining individ-
ual social positions. These mechanisms determine the health opportunities available to
different social groups, as well as their access to various resources.

Firstly, context can play a role in health inequalities. As the WHO has stated, the inclu-
sive term “context” covers all the social and political mechanisms that generate, configure,
and maintain social hierarchies. This includes the labor market, educational system, and
political institutions, as well as other cultural and societal values. We have also learned
that neighborhood contextual aspects can affect inequities in health; in this case, we speak
of neighborhood-level deprivation or neighborhood-level of education. Several studies
suggest an association between pregnancy outcomes and such structural determinants
as neighborhood-level deprivation [34,39,40,46,51,53] or neighborhood unemployment
rate [53].

Secondly, social position matters. In general, very few studies in the literature consider
all characteristics —studies including equity assessment frequently use income, education,
and occupation as a proxy for social position. Social conditions are also closely associ-
ated with age, ethnicity, or housing characteristics (marital status, partner employment,
partner education). [60]. Since each of these indicators covers a different aspect of social
stratification in terms of access to information, material goods or privileges, and social
skills, it is preferable to use as many as possible rather than just one. [61]. Many studies
have suggested an association between pregnancy outcomes and individual socioeco-
nomic characteristics, such as maternal or paternal education level [33,38,42,47,52,55,57,58],
maternal employment [29,58], socioeconomic status [26], low maternal income [55] and
ethnicity [39,44].

Socioeconomic position can be meaningfully measured at various scales and at both
individual and household levels. Each level may independently contribute to the distribu-
tion of exposure and pregnancy outcomes. Some studies tend to show significant findings
at the household level, such as family income [38,46] or heads of the family having less
skilled occupations [38].
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Figure 1. A conceptual framework adapted and modified from the WHO’s Commission of Social
Determinants of Health and from the analysis of the studies reviewed. Amenity is a useful or
enjoyable feature. An environmental amenity is referred to any benefits that increase the attractiveness
of a place or neighborhood by increasing its comfort or convenience. Examples of amenities are
pleasant views, good schools or good green space.

Social position can also be measured at different points in the lifespan (e.g., infancy,
childhood, adolescence, and adulthood, in the current moment or past 5 years, before or
during pregnancy, etc.). Relevant time periods depend on presumed exposures, causal path-
ways, and associated etiologic periods [62]. Some studies reviewed here have suggested
that maternal early-life socioeconomic environment is directly associated with PTB [44],
while others have shown the paternal census track of residence during childhood to be
associated with family income [26].

Together, context (neighborhood and household level), structural mechanisms, and
individual social position constitute the “social determinants” of health inequities; action
on these determinants is aimed at achieving an equitable distribution of health, well-being,
and adverse pregnancy outcomes across social groups. It is also important to keep in mind
that phenomena related to social position can also influence aspects of context, as suggested
by the arrows pointing back to the left.

Social position influences health through more specific intermediary determinants.
Individuals experience differences in environmental exposure and vulnerability to health-
compromising conditions as a result of their respective social status, which, in conjunction
with intermediary factors, directly affects the level and frequency of environmental expo-
sure as well as the level of vulnerability. Differences in exposure can also generate more or
less vulnerability within the population after exposure [60].

(ii). Intermediary determinants

Intermediate factors are partly a consequence of social configuration, and when they
accumulate, this determines differences in both environmental exposure and vulnerability
to health-compromising conditions. The social determinants of health inequities are linked
to a set of individual-level influences, including environmental exposure, living conditions,
biological and physiological factors, and health-related behaviors.

The health system should be viewed as an intermediary determinant in its own right
and is closely linked to organizational models of health service delivery. The health system
can directly address differences in exposure and vulnerability both by improving equitable
access to care and by promoting intersectoral action aimed at improving health status. [60]

The health sector uses five types of actions to tackle health inequalities:
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e  Public health prevention actions, may reduce inequalities by means of actions in
various domains, such as nutrition, sanitation, housing, and working conditions

e  Actions such as vaccination, empowerment, and social support as factors in building
resistance to the health effects of unevenly distributed exposures

o  Treatment and rehabilitation actions for those health problems that constitute the
socioeconomic gap in the disease burden (rehabilitation of disabled people)

e  Policy actions aimed at reproducing the contextual factors (e.g., social capital) capable
of mitigating the effects of poverty on health

e  Protective actions against the social and economic consequences of ill health by means
of health insurance, sickness benefits, and labor market policies [63].

The unequal distribution of these intermediary factors (whether alone or combined
with differences in exposure, vulnerability to health-compromising conditions, or differen-
tial consequences of ill health) constitutes the primary mechanism through which social
position generates health inequities. The model includes the health system as a social
determinant of health and illustrates the health sector’s ability to influence the process in
three ways, namely by acting upon differences in environmental exposures, differences in
vulnerability, and differences in the consequences of illness for people’s health, as well as
for their social and economic circumstances.

One other important element is that the health sector plays a key role in the promotion
and coordination of policy as regards interventions aimed at altering both differential
exposures and differential vulnerability by taking action on intermediary factors such as
material circumstances, psychosocial factors, and behavioral/biological factors [60].

Social Cohesion & Social Capital: Social capital can be defined as social organiza-
tion features (such as networks, norms, or social trust) that facilitate coordination and
cooperation for mutual benefit [64]. Researchers have claimed that social capital is a key
factor in shaping population health [64—66]. For the population of pregnant women, one
element of social cohesion could, for instance, be the level of the grandmother’s education
and the presence of a grandparent in the household during pregnancy and pre-pregnancy.
One study stresses the important role played by grandmothers in Black families, where
their presence is associated with healthier pregnancies. In addition, for Black pregnant
women who were poor in childhood, living with a grandmother reduces the risk of low
birthweight [41,45].

Gradients and Feedback Effect

It is important to bear in mind that the association of social position and health
occurs along a gradient at every level of the social scale—not just below the poverty
threshold [67]. The model also highlights the reverse (or feedback) effects through which
adverse health outcomes (and adverse birth outcomes in particular) inevitably lead to
inequity in health and altered well-being; this may, in turn, affect an individual’s social
position. It should also be noted that widely prevalent diseases can affect key social,
economic, and political institutions.

3.9. A Theoretical Contribution Aimed at Gaining a Better Understanding of the Potential Social
Deprivation Effect on Maternal and Newborn Health

Using previous contributions [68] and the WHO framework, Figure 1 provides a
theoretical model explaining the various pathways through which social deprivation
can impact both maternal and newborn health. In our conceptual framework, we posit
that annoyance caused by neighborhood conditions (and/or by socioeconomic position)
may induce (or directly and/or indirectly enhance) some (psychological or physiological)
disorders along the four hypothetical pathways described below. These four hypothetical
pathways describe how social determinants can affect pregnancy outcomes and might lead
to health inequality in utero and at birth: (i) Material circumstances; (ii) Maternal behaviors
and lifestyle; (iii) Psychosocial environment; and (iv) Health system.
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4. Pathway 1—The Mediating Role Played by Deprived Material Circumstances

Our first hypothesis is that both social neighborhood and the individual social position
may affect pregnancy outcome as a result of unfavorable/deprived material circumstances.
In fact, extensive literature reveals that in comparison with higher socioeconomic groups,
those of lower socioeconomic levels live in less favorable material circumstances, including
the physical environment in terms of, for example, environmental exposure (air pollution
or noise, for instance), housing conditions and quality (of both the dwelling itself and its
location), food availability and environmental amenities. Several studies have described
social disparities in terms of the level of air pollution exposure, degree of access to green
space, noise exposure, and availability of environmental amenities [68,69]. More specifically,
deprived neighborhoods located in urban areas have fewer parks and walking trails as well
as poorer access to green space in comparison with less deprived areas [70-73]. In addition
to proximity to green spaces, their use depends on the level of education or income [74].
One explanation for this is that people living in deprived neighborhoods are less likely to
use green spaces because they do not perceive the need to do so [75,76], though this has
been challenged by other authors.

In addition, unfavorable circumstances could be interlinked (for instance, green space,
air pollution, and noise [77-79]), leading to adverse health outcomes (including pregnancy
outcomes). Many studies have revealed significant associations between various pregnancy
outcomes (including LBW, PTB, and SGA) and deprived material circumstances such as air
pollution (mainly particulate matter (PM)), nitrogen dioxide (NOy) [23,80], noise [81-88],
green space [69,89-92], and environmental amenity [68].

According to our conceptual model, two pathways can explain how these deprived
material circumstances (which are more prevalent in socially deprived environments) affect
maternal and newborn health: a direct-action pathway via biological mechanisms, or phys-
iological and psychological disorders, or an indirect-action pathway via unhealthy/healthy
behaviors and lifestyle or psychosocial factors and a stressful lifestyle.

4.1. The Effect of Deprived Material Circumstances via the Direct-Action Pathway

The first direct-action pathway through which a deprived neighborhood can affect
adverse pregnancy outcomes concerns biological mechanisms. For instance, the most
plausible hypothesis relating to air pollution and adverse birth outcomes is that ambient air
pollution could cause inflammation and oxidative stress, affect placental growth, reduce
placental exchange, lead to endocrine disruption, etc. [93,94]. Oxidative stress can induce
DNA damage (including mitochondrial DNA damage) as well as foster inflammation,
and this appears to be an important fetal growth mechanism [95-98]. Another specific
mechanism may affect the placenta; maternal and fetal circulation are separated by the
placental barrier, which contains placental transporters capable of regulating (or facilitating)
the circulation of external compounds [99,100]. Transient receptor potential channels are
highly expressed in the placenta and can be affected by air pollution exposure. This
hypothesis has been confirmed by non-human animal studies (mice model) showing that
these receptors play important roles both in placental development and in regulating
the fetal-maternal interface [101]. With regard to green spaces, there is evidence that a
population’s perception of it directly impacts the human brain and body through psycho-
neuroendocrine mechanisms, including hypothalamic—pituitary adrenal axis functioning,
which regulates cortisol secretion and whose deregulation is associated with a range of
adverse pregnancy outcomes. Other authors have shown that neighborhood characteristics
(including recreational and resource levels) are associated with cardiometabolic pregnancy
outcomes, such as the risk of impaired glucose tolerance during gestation and differences
in postpartum weight retention [102].

The second direct-action pathway posits that a deprived neighborhood can affect adverse preg-
nancy outcomes by operating through psychosocial disorders that cause stress. The deprived
neighborhood may have a positive impact (e.g., green space) or a negative one (e.g., noise
exposure), diminishing or exacerbating psychological disorders that include stress, anxiety,
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and emotional and mental health. As proof of this, experimental studies have produced
strong evidence of the positive effect of exposure to the natural world on recovery from
stress and attention fatigue [69]. Other studies tell us that contact with natural environ-
ments promotes psychological restoration [103] and reduces stress and anxiety [104-106].
More generally, studies have shown lower neighborhood quality to be associated with a
higher prevalence of depressive symptoms during pregnancy [107]. Poor neighborhood
quality (defined by a high level of noise exposure, for instance) has been shown to play
a role in the presence of stress [108]. Several studies found raised stress hormone levels
(catecholamine, cortisol) in workers exposed to noise [109-113]. The effects of deprived
material circumstances may thus reduce or increase maternal stress, with the support of
neuroendocrine and immune mechanisms that may alter feto-maternal exchanges [108,114],
causing limited fetal nutrition and/or oxygenation, and leading to both reduced fetal
growth [115,116] and a higher risk of preterm birth [117].

A third direct-action pathway through which a deprived neighborhood could alter a pregnancy
is physiological disruption—a term that refers mainly to sleep disorders such as insomnia,
shorter sleep duration, and poor sleep quality. For instance, road traffic noise has been re-
ported to be linked to a multitude of adverse health outcomes associated with physiological
disruption, including annoyance [118], poor mental health [119], sleep disturbance [120],
and cardiometabolic disorders [121]. More specifically, some studies report that sleep
disturbance is significantly more widespread in urban populations exposed to traffic noise
above 65 Leq dB (A) [122] and among populations living near airports [88]. Insomnia
was found to be more prevalent among inhabitants living closest to busy highways [123],
and some authors have suggested that some of these psychological disruptions (such as
insomnia [124] and mental disorders [125]) are documented as being directly related to
adverse pregnancy outcomes.

4.2. The Effect of Deprived Neighborhood via the Indirect-Action Pathway

In our conceptual framework, the indirect-action pathway posits that a deprived
neighborhood could alter pregnancy outcomes through unhealthy behaviors and lifestyle,
and/or physiological environment (the second and third parts of the “intermediary deter-
minant component” are described below).

First, encouraging and offering opportunities for physical activity coupled with in-
creased access to green spaces may improve maternal behaviors during pregnancy, with
positive effects on physiological and metabolic disorders, including weight gain [126] and
diabetes [127] during pregnancy. Some authors suggest that these physiological disrup-
tions, such as cardiovascular conditions or obesity [128,129], are directly related to adverse
pregnancy outcomes (this pathway is detailed further below). Many studies have linked
access to green spaces with physical activity [76] and, in turn to adverse outcomes, via a
number of underlying mechanisms, which are described below.

Second, offering improved access to healthy food (shown to affect diet quality during
pregnancy) may improve the dietary habits of pregnant women, and this, in turn, may im-
pact birth outcomes. For instance, women living more than four miles from a supermarket
were twice as likely to fall into the lowest level of the diet quality index for pregnancy in
comparison with women living within four miles of a supermarket [130,131].

Third, by fostering stressful life events and modifying social contact [132,133], the
deprived neighborhood may impact pregnancy outcomes.

5. Pathway 2—The Mediating Role Played by Healthy Behaviors and
Living Conditions

The second part of our theoretical model posits that poor social characteristics could
be related to pregnant women’s unhealthy behaviors and lifestyles and that this could
lead to a rise in the occurrence (or risk) of adverse health outcomes. Abundant literature
shows that social deprivation (including education, income, and employment status) is
associated with pregnant women’s behaviors and lifestyle, including diet, physical activity,
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smoking, and alcohol consumption [134-136]. Cohort studies of pregnant women have
shown that moving from the lowest to the highest employment grades decreases tobacco
consumption [134,135,137,138], and other studies have suggested that the most prominent
health behaviors associated with educational disparities are smoking, followed by passive
smoking [139,140]. Smokers who have benefited from higher education are more likely
to stop smoking during pregnancy [141,142]. Most of these behaviors and lifestyles are
more prevalent among socially deprived groups and are detrimental to health in relation
to pregnant women; many studies have shown that maternal health lifestyle and health
behaviors (such as smoking, alcohol consumption, and unhealthy nutrition) [135,143-145]
have been associated with adverse pregnancy outcomes. Indeed, prenatal exposure to
nicotine cigarettes (hereafter cigarettes), alcohol, cannabis, cocaine, and opioids, for instance,
increases the risk of preterm birth, low birthweight, stillbirth, motor abnormalities, and
mental health and cognitive problems [138,146-155].

Some studies reported on the relationship between pregnant women’s level of edu-
cation and their behaviors during pregnancy, such as compliance with folic acid supple-
mentation [156] and daily fruit consumption [157]. This is an important finding, given
that we know that the use of multivitamins containing folic acid during pregnancy could
significantly lower the risk of preeclampsia [158].

According to our conceptual model, two action pathways may explain how these
unhealthy behaviors and lifestyles (more prevalent in socially deprived neighborhoods
and/or positions) can affect maternal and newborn health: (i) biological mechanisms and
(ii) physiological and psychological disorders.

Firstly, unhealthy behaviors and lifestyles could have an impact on adverse pregnancy
outcomes through biological mechanisms. Goldstein et al. proposed a range of mecha-
nisms to explain the effects of smoking during pregnancy; preterm birth may be due to
vasoconstriction caused by smoking, which results in decreased blood supply to the fetus,
reduced fetal nutritional supply, and a slower release of catabolism results. By increasing
fetal CO levels and reducing both oxygen transport capacity and teratogenic properties,
cigarettes may also have a direct toxic effect on the fetus [159,160].

Secondly, we posit that unhealthy behaviors and lifestyles may lead to physiological
disorders (including obesity, gestational weight gain (GWG), and gestational diabetes)
known to be related to adverse pregnancy outcomes. Several studies document the fact that
women who are physically active during pregnancy are 24% less likely to develop gesta-
tional diabetes than inactive women [127], and in addition, the risk of spontaneous preterm
birth falls [161]. Physically active pregnant women (whether the activity is light/moderate
leisure-time or occupational) have a lower risk of developing preeclampsia [162-164], hy-
pertension [162,164], and GDM [165-167]. More generally, meta-analyses have shown that
regular physical activity improves both mental health and physical health in terms of blood
pressure and chronic disease (breast cancer, colon cancer, diabetes, ischemic heart disease,
and ischemic stroke events) [168-170].

Thirdly, through an association between physical activity [171,172], social
contact [173,174], and mental health (including well-being, mood, and depression dur-
ing pregnancy), unhealthy behaviors can affect psychosocial disorders, which in turn affect
pregnancy outcomes by means of the mechanism described below.

Combined with unhealthy behaviors and lifestyles, both physiological and mental
disorders can impact pregnancy outcomes. Many studies show maternal health conditions
(such as obesity, low weight, stress, and depression [129,175-179]) to be associated with
adverse pregnancy outcomes. For instance, high pre-pregnancy BMI and EGWG are
associated with many unfavorable maternal and neonatal outcomes [180-183].

6. Pathway 3—The Mediating Role Played by Psychosocial Environment

The third part of our theoretical model posits that social deprivation may be related to
many of the psychosocial environments (including life experience, isolation, the experience
of racism, and social support) pregnant women find themselves in, and this could increase
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negative pregnancy outcomes. Many studies have documented the significant associations
between psychological environment and various pregnancy outcomes, including PTB,
LBW, and SGA. Both human and animal studies have confirmed that subjects exposed to
stressors during pregnancy experience a greater risk of both spontaneous abortion and low
birthweight [109,116,184,185]. For instance, 40% to 50% of women living in poverty are
symptomatic for prenatal depression, and ethnic minority women living in poverty are
twice as likely as white middle-class women to meet the diagnostic criteria for both major
and minor depression [186,187]. For Hispanic and Black pregnant women experiencing
depression, pregnancy and birth outcomes tend to be poorer than those of other pregnant
women [188,189]. Pregnant Black women are also more affected by anxiety than women in
the general population, and this can lead to poor maternal health and well-being outcomes,
as well as adverse consequences for the health and development of their children [190-193].

Some studies suggest that the increased risk factors of adverse perinatal morbidity
and mortality are proxies for social isolation, including teenage pregnancy [194], minority
ethnic groups [195,196], the experience of domestic violence [197], asylum seekers, and
refugees [198]. According to our conceptual model, two pathways could explain how these
psychosocially deprived environments affect maternal and newborn health: through a
direct-action pathway (via biological mechanism or psychological disorders) or through an
indirect-action pathway (via unhealthy /healthy behaviors and lifestyle).

6.1. The Psychosocial Environment Effect: A Direct-Action Pathway

Adverse birth outcomes may also be related to the direct, biological adverse effects
of anxiety, stress, or depression. Themselves are linked to psychological environment
(including racism, social support, and isolation). One study showed that “unsafe space”
was associated with a higher level of perceived stress and anxiety during pregnancy [68].
More specifically, Giurgescu et al. concluded that pregnant African American women’s
negative perceptions of their own neighborhoods during the second trimester are associ-
ated with an increase in depressive symptoms during the last trimester [107,199]. Other
studies have shown that preterm birth, low birth weight, and SGA risks were signifi-
cantly higher for pregnant women living in unsafe spaces and reporting a high level of
stress [68,176]. Biological mediators of increased anxiety, stress, and depressive symptoms
trigger neuroinflammatory, neuroendocrine, and immune pathways. Through neuroen-
docrine and immune mechanisms, the pathway proposed in our model involves chronic
stress (through activation of the central autonomic nervous system), triggering a series
of biological events [200]. Maternal stress has been implicated in the production of cate-
cholamine, cortisol, and inflammatory cytokines [109], which were found to be increased in
both mother and fetus. The release of catecholamine may alter feto-maternal exchanges by
increasing uterine contractions, blood pressure, and vasoconstriction of placental vessels
and reducing uterine blood flow [108,114,201]. In turn, limited feto-maternal exchanges
may affect fetal nutrition and/or oxygenation and, ultimately, fetal growth. Exposure to
noise may therefore result in fetal asphyxia [115,116] and elicit both preterm birth and fetal
growth restriction [202]. More recent research suggests that the Cortico-Releasing Hormone
(CRH) stimulates the production of prostaglandin and oxytocin (which mediate uterine
contraction); in this way, it can cause preterm labor [176,202,203].

Spontaneous preterm labor mechanisms include premature triggering of the
fetalhypothalamic—pituitary axis, inflammation, matrix remodeling, abruption of the pla-
centa, and mechanical stretch [204,205]. There is evidence that the perception of healthy
spaces and safe spaces has a direct impact on the psycho-neuroendocrine mechanisms
(such as hormonal and neuroendocrine changes) that may trigger a range of adverse preg-
nancy outcomes [185], including low birthweight, preterm birth, SGA, and smaller head
circumference in infants [176,185].

Thus, by causing a psychological disorder (namely stress and anxiety), the psychoso-
cial environment may play a crucial role in the occurrence of several adverse maternal
and birth outcomes. Findings from a meta-analysis investigating the association between
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anxiety and birth outcomes have indicated an increase in the risk of preterm birth and low
birthweight alongside a rise in anxiety [206]. In addition, in several studies, the preva-
lence of prenatal anxiety ranged from 16% to 54%, which has been related to poor health
outcomes, including pre-eclampsia and excess weight gain [207-210]. The race could com-
pound the effect of anxiety on birth outcomes since increased trait anxiety in Black women
is related to preterm birth [191]. These findings are neither apparent in white women nor
studied in Hispanic women. Some studies also suggest that postnatal depression could
be associated with social isolation and inadequate support [211] and that women with
antenatal depression (or a previous history of it) are at higher risk [212].

6.2. The Psychosocial Environment Effect: An Indirect-Action Pathway

Here, we posit that the psychosocial environment could, via an indirect-action pathway,
alter pregnancy outcomes through unhealthy behaviors and lifestyle (a second aspect of
the “intermediary determinant component” described above). Authors have suggested
that people (and pregnant women in particular) living in unhealthy spaces are more likely
to adopt unhealthy behaviors such as smoking, drinking alcohol, or eating a high-fat
diet; these are known as coping mechanisms [69,123,199]. Such people may also be less
likely to participate in healthy behaviors such as physical activity [73,76,89,213]. The
psychosocial environment influences maternal health behaviors such as diet, sleep, and
exercise. Unhealthy lifestyles and behaviors (including unhealthy eating or smoking) are
often adopted as ways of coping with (or regulating) distressing emotions [213-215]. For
example, unhealthy lifestyles (including unhealthy eating and a lack of physical activity)
have been found to be more prevalent in Black people who are depressed and stressed [216].
In order to take these explanations of the mechanism involved one step further, many
studies have suggested that anxiety, stress, and depressive symptoms are associated with
poor lifestyle behaviors in pregnant women [187,217]. These unhealthy lifestyle behaviors
may thus indirectly mediate the adverse effects of anxiety, stress, and depression on
maternal and newborn outcomes. For instance, in pregnancy, EGWG [218], smoking [219],
and poor nutrition [144] are all related to poor maternal health and birth outcomes [220,221].

7. Pathway 4—The Mediating Role of Access to Adequate Prenatal
Healthcare Utilization

In terms of both timing and content, social deprivation could result in inadequate
utilization of prenatal healthcare, and this, in turn, is related to adverse maternal and
perinatal outcomes. Some studies found that inadequate antenatal healthcare is associated
with severe adverse outcomes (especially for women from socially disadvantaged and
ethnic minority groups) [222,223]. Another mechanism linking socioeconomic disadvan-
tage to poor maternal and newborn health lies in its effect on healthcare access [224,225].
This difference in the utilization of healthcare (with health disparities outcomes for both
mother and child) is observed even in countries offering free healthcare [223,226]. This
leads to the hypothesis that disadvantaged populations (and, more specifically, the pop-
ulation of deprived pregnant women) may experience a greater diversity of barriers to
healthcare utilization.

Based on the healthcare access framework developed in 2013 by Levesque et al., [227]
a recent systematic review summarizing 37 studies focused on maternity care utilization
and identified the barriers and facilitators affecting maternal healthcare utilization during
the perinatal period among the population of socioeconomically deprived women [228].
With regard to the barriers and facilitators identified by Grand-Guillaume-Perrenoud et al.
in the systematic review, we offer a few examples to describe how social deprivation can
lead to inappropriate prenatal healthcare utilization, which in turn increases the risk of
adverse pregnancy outcomes [228].

Firstly, social deprivation may affect prenatal care utilization due to a lack of in-
formation. The inability to find relevant and understandable information is a difficulty
faced more frequently by socially disadvantaged women than by others [229]. Several
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studies have linked a lack of knowledge of available maternity services to care not being
utilized [228-232].

Secondly, because of their low incomes, deprived women with financial difficulties are
less able to pay for medications, immunization, or healthcare for their infants [233]. Some
studies have suggested that unemployed women have been identified as a barrier to health
care utilization [232], which is associated with late antenatal care (ANC) initiation [234,235]
and inadequate ANC [236]. Some studies have also suggested that a lack of health insurance
is associated with inadequate utilization of ANC [232,237].

Thirdly, social isolation [237], having few links within the community [232], and
inadequate support networks [232,238] were identified as barriers to maternity care.

8. Public Health Intervention for Pregnant Women and Birth Health

Based on our conceptual model (described above), we make some suggestions for
efficient interventions aimed at promoting maternal and newborn health. Relying mainly on
randomized trial studies, we have distinguished three groups of interventions concerning:
(i) Behaviors, lifestyle, and biological factors, (ii) Psychosocial factors and environment,
and (iii) Public policies (see Figure 2).
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Figure 2. A conceptual model to explain the overlapping relationship between social deprivation
(including individual and neighborhood level) and adverse birth outcomes.

(i). Behaviors, lifestyle, and biological factors

Antenatal health conditions and dietary and lifestyle interventions in pregnant women
As formalized in our conceptual model, both maternal health status (such as obe-
sity) and individual behaviors (such as smoking and alcohol consumption or unhealthy
nutrition) [135,143-145] are recognized as being related to adverse pregnancy outcomes,
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including PTB and LBW. In addition, these factors and behaviors are known to be more
prevalent among poorer people. To promote maternal and newborn health, it, therefore,
seems relevant to inform and better tailor and target interventions on the antenatal health
and behaviors of pregnant women [239]. Previous studies (including meta-analyses and
systematic reviews) have found that specific lifestyle interventions could improve some
pregnancy outcomes in overweight and obese women [240].

Diet and physical activity during pregnancy

In 2015, following the Cochrane process [241], a literature review found that dietary
intervention (combined or not with physical activity) during pregnancy is effective in
preventing EGWG. Another systematic review evaluating dietary and lifestyle interventions
in the population of pregnant women demonstrated a modest 1.25 kg difference in weight
gain [242]. Its authors reported nine interventions consisting of face-to-face sessions with a
trained professional [136,243-250]; their intensity ranged from three dietary sessions over
the course of the pregnancy [248,249] to one at each antenatal visit [251]. In a comprehensive
meta-analysis of 36 randomized trials involving more than 12,500 pregnant women, a
modest effect on GWG was identified following dietary and physical activity advice (mean
difference equal to 0.7 kg); there was very little effect on clinical pregnancy and neonatal
outcomes [252]. One such randomized trial study by Bruno et al. [128] examined whether a
one-hour individualized counseling session with a dietician resulting in the prescription of
a hypocaloric, low-glycemic, low-fat diet, alongside physical activity and close monitoring,
could have any effect on the incidence of GDM. These authors also sought to examine how
compliance (in terms of the successful adoption of healthier eating habits) could influence
this outcome and consequently be preventive in terms of both PTB and LGA. In the group
that received both specific, personalized instructions and the diet and physical activity
intervention, they found a decrease in the incidence of gestational diabetes in pregnant
women with a BMI of> 25 kg/ m?, as well as decreases in the rate of PTB, induction, a
number of babies too large for gestational age, and birthweight > 4000 g.

Unhealthy behaviors during pregnancy

Many public health interventions aim to reduce prenatal exposure to cigarettes, alcohol,
cannabis, cocaine, and opioids. For instance, to improve child and maternal well-being,
the US Nurse-Family Partnership (NFP) involves public health nurses providing frequent
home visits from early pregnancy until children reach the age of 2 years [253,254].

In Canada, the British Columbia Healthy Connections Project RCT reports on how
the NFP may impact the consumption of cigarettes, cannabis, street drugs, and alcohol
use during pregnancy [255,256]. Nurses contacted pregnant women allocated to the inter-
vention group to schedule the 14 prenatal visits, then assisted participants in identifying
and meeting health and social goals, including (though not limited to) the reduction in
prenatal substance use [257]. The authors found that, among pregnant smokers, the NFP
significantly reduced both cigarette and cannabis use for participants. The NFP intervention
may show promise in reducing certain types of prenatal substance use in disadvantaged
populations and may also contribute to the reduction in negative birth outcomes.

(ii). Psychosocial and psychological interventions

Meta-analysis has shown that anxiety and other mental health problems during preg-
nancy can affect both newborn health and birth outcomes; specifically, the results in-
dicated that an exacerbated state of anxiety was related to both preterm birth and low
birth weight [206]. The implementation of preventive measures in antenatal health care
aimed at reducing adverse pregnancy outcomes should, therefore, take both medical and
non-medical risk factors into account. The Cochrane review [258] demonstrated that psy-
chosocial and psychological interventions were more effective in preventing postnatal
depression than run-of-the-mill care. As part of the ‘Healthy Pregnancy 4 All" (HP4All)
program in the Netherlands, a nationwide study assessed various strategies aimed at
improving pregnancy outcomes, in particular among deprived populations [259]; this
revealed that an intervention using the R4U scorecard to identify psychological, social,
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lifestyle, obstetric and non-obstetric care-related factors [260] improved the detection of
potential preterm delivery and fetal growth restriction during pregnancy.

Perhaps it is intuitive to imagine that early and ongoing intervention on these stressors
during pregnancy could improve health; several studies suggested the implementation
of caseload midwifery care as an efficacy intervention aimed at promoting both maternal
and newborn health. A crucial aspect of cascading midwifery care is the time required to
identify needs and access social support services, in comparison with other, more traditional
care [261]. The Cochrane review [262] showed that continuity of care (including caseload
midwifery) reduced the risk of preterm birth (average risk ratio (aRR) = 0.7).

Many studies showed a significant reduction in preterm birth rates among pregnant
women allocated to caseload midwifery in comparison to those receiving traditional mid-
wifery care. Hadebe et al. confirmed this reduction in the PTB risk and also observed a
reduced risk of birth by cesarean section in a deprived inner-city community, which could
lead to a decrease in social health inequalities [263]. These interventions entail providing
the time, continuity, and communication allowed by caseload midwifery care [264-266].
The time spent with the woman is intended to build trust [267], allow observation of where
she lives, and assessment of risks that have not been fully verbalized so as to establish
solutions to fit both her setting and her community [268,269].

(iii). Public policy

Behavior change communications (BCCs) have been used to improve maternal and
child health practices, including in terms of nutrition [270-272]. Beyond these recommen-
dations, however, broader access to information relating to pregnancy, preparation for
childbirth, and best practice in caring for a newborn is crucial to promoting maternal and
newborn health—especially among the most deprived populations. One option is the
use of mobile health (mHealth), especially the use of texting (SMS), to accurately inform
underserved women about best practices. One systematic review reported that almost
8500 health interventions conducted in low- and middle-income countries were being im-
plemented via mobile phones (mHealth interventions) for maternal and child health [273].
An assessment of the effect of mHealth interventions on improving maternal and neonatal
care and health showed that mHealth interventions targeting pregnant women would
promote maternal and neonatal health service use [273-275]. More recently, Zhou et al.
conducted a large-scale international study quantifying the impact of health texting via
cell phone on birthweight in rural China. The authors revealed that a package of free
informational text messages, including advice for good prenatal household practices and
seeking care, could prevent inappropriate weight for gestational age.

9. Recommendations

Our conceptual model highlights the fact that—because the pregnancy period offers a
great opportunity to address both the inequalities that begin in utero and the disparities
observed at birth, as well as to preserve health capital when entering adulthood—it is
important for an intervention targeting various unhealthy behaviors and conditions to be
implemented in early pregnancy. Most interventions identified aimed to promote maternal
and newborn health involving (either directly or indirectly) the antenatal model of care
published by the WHO. Therefore, in order to foster healthy behavior and lifestyles (diet,
sleep, smoking, and exercise) and /or ensure a healthy psychological and social environment
(in terms of social support, isolation, and anxiety), it seems both relevant and effective to
include both healthcare setting and caseload midwifery. Health policy should support
midwifery availability as well as accessibility and enhanced multidisciplinary support
for deprived pregnant women. The targeted continuity of midwifery care dedicated to
poorer pregnant women and/or those living in deprived areas may be suggested as a fitting
intervention with which to address the social inequalities related to pregnancy outcomes.

Caseload midwifery refers to the continuity and booking of midwifery care from the
antenatal period through to the postnatal period, with appointments (including home
visits) gradually becoming longer and more frequent during this vulnerable time. Both
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the time spent and the communication with women are particularly important to under-
standing their risk perception, their knowledge about risks (to their own health and that
of their child), and their general level of confidence in the health system. They also allow
observation of their living conditions to assess real risks and thence identify options capable
of minimizing the health risk [263].

The intervention at the crux of caseload midwifery care is the provision of time,
continuity, and communication [264-266]. Time spent with a woman serves to build
trust and rapport [267] and provides an opportunity to observe her surroundings, assess
risks not verbalized, and come up with solutions tailored to fit the woman’s setting and
community [268,269].

Despite the known cost-effectiveness of caseload midwifery intervention in several
countries, it has yet to be systematically implemented for all women. A scoping review of
randomized trials and observational studies comparing antenatal midwifery to physician-
led care for women of low socioeconomic status has confirmed a reduced risk of PTB, LBW,
and/or VLBW for midwifery patients [269].

The involvement of different institutions leads to multidisciplinary consultations, and
this, in turn, favors a more proactive and preventive approach to all intermediate determi-
nants in the course of pregnancy—including behavior, lifestyle, and psychosocial factors.
Designing an intervention for the poorest pregnant women in which multidisciplinary
consultations take pride of place demands the involvement of community midwives, obste-
tricians, and other health professionals such as pediatricians, diabetics, or social workers.
For this approach, optimal links will be pursued between the public health sector and the
curative care sector. The aim of this intervention is to agree on a customized antepartum
policy for each pregnant woman, with particular attention to those most deprived. This
preventive strategy is currently poorly implemented—yet in the Netherlands, as part of the
HP4AIll program, the authors of the experimental study have suggested that the implemen-
tation of additional multidisciplinary consultations in general practice is both feasible and
effective and needs to be more widely implemented. The main results of this review are
summarized in Table 2.
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Table 2. Main results of this work.
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10. Conclusions

Using a comprehensive review, we summarize the effect of socioeconomic character-
istics (at individual and neighborhood levels) on pregnancy outcomes, as revealed in the
selected studies addressing social inequalities in adverse birth outcomes. On the basis
of 35 papers, our review reveals an excess risk of both LBW and PTB among deprived
pregnant women and/or newborns living in deprived neighborhoods.

In the second part of our paper, to understand the mechanisms of these social in-
equalities, we present a conceptual framework based on the work of both the Commission
on Social Determinants of Health and the WHO. Using our adapted WHO framework,
we describe the different pathways through which social characteristics may affect both
pregnancy and fetal health, with a focus on how structural social determinants (such as
the socioeconomic and political contexts that influence social position) affect intermediary
determinants. Using a more detailed framework, we then propose a theoretical contribution
aimed at gaining a better understanding of the potential effect of social deprivation on
maternal and newborn health. Our model suggests that, based on their social position,
individuals may experience differences in environmental exposure and vulnerability to
health-compromising living conditions. To address both the inequalities that begin in
utero and the disparities observed at birth, it is thus important for interventions to target
various unhealthy behaviors and psychosocial conditions in early pregnancy. In conclusion,
health policy needs to support: (i) midwifery availability and accessibility and (ii) enhanced
multidisciplinary support for deprived pregnant women.

Author Contributions: Conceptualization, V.S. and W.K.-T.; methodology, V.S. and W.K.-T.; soft-
ware, V.S. and WK.-T,; validation, WK.-T., S.D., S.V. and C.E.; formal analysis, V.S. and WK.-T,;
investigation, V.S.; data curation, V.S.; writing—original draft preparation, V.S.; writing—review and
editing, V.S,; visualization, V.S., WK.-T., S.D., S.V. and C.E.; supervision, WK.-T., S.D.,S.V.and C.E,;
funding acquisition, W.K.-T. and C.E. All authors have read and agreed to the published version of
the manuscript.

Funding: Valentin SIMONCIC is a recipient of a doctoral grant from the Grand Est Region.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. ICD-11. Available online: https://icd.who.int/en (accessed on 6 October 2022).

2. Huddy, C.LJ. Educational and Behavioural Problems in Babies of 32-35 Weeks Gestation. Arch. Dis. Child. Fetal Neonatal Ed. 2001,
85, 23F-28F. [CrossRef] [PubMed]

3.  Wang, M.L.; Dorer, D.J.; Fleming, M.P,; Catlin, E.A. Clinical Outcomes of Near-Term Infants. Pediatrics 2004, 114, 372-376.
[CrossRef] [PubMed]

4.  Risnes, K.R;; Vatten, L.J.; Baker, J.L.; Jameson, K.; Sovio, U.; Kajantie, E.; Osler, M.; Morley, R.; Jokela, M.; Painter, R.C; et al.
Birthweight and Mortality in Adulthood: A Systematic Review and Meta-Analysis. Int. J. Epidemiol. 2011, 40, 647—661. [CrossRef]
[PubMed]

5. Beck, S.; Wojdyla, D.; Say, L.; Pilar Bertran, A.; Meraldi, M.; Harris Requejo, J.; Rubens, C.; Menon, R.; Van Look, P. The Worldwide
Incidence of Preterm Birth: A Systematic Review of Maternal Mortality and Morbidity. Bull. World Health Org. 2010, 88, 31-38.
[CrossRef] [PubMed]

6.  Barker, D.J.P. The Developmental Origins of Adult Disease. J. Am. Coll. Nutr. 2004, 23, 5885-595S. [CrossRef] [PubMed]

7. Gopinath, B.; Baur, L.A.; Wang, ].J.; Teber, E.; Liew, G.; Cheung, N.; Wong, T.Y.; Mitchell, P. Smaller Birth Size Is Associated with
Narrower Retinal Arterioles in Early Adolescence. Microcirculation 2010, 17, 660-668. [CrossRef]

8. Howson, C.P; Kinney, M.V.; McDougall, L.; Lawn, J.E.; The Born Too Soon Preterm Birth Action Group. Born Too Soon: Preterm
Birth Matters. Reprod. Health 2013, 10, S1. [CrossRef]

9. Mathewson, K.J.; Chow, C.H.T.; Dobson, K.G.; Pope, E.I; Schmidt, L.A.; Van Lieshout, R.]. Mental Health of Extremely Low Birth
Weight Survivors: A Systematic Review and Meta-Analysis. Psychol. Bull. 2017, 143, 347-383. [CrossRef]


https://icd.who.int/en
http://doi.org/10.1136/fn.85.1.F23
http://www.ncbi.nlm.nih.gov/pubmed/11420317
http://doi.org/10.1542/peds.114.2.372
http://www.ncbi.nlm.nih.gov/pubmed/15286219
http://doi.org/10.1093/ije/dyq267
http://www.ncbi.nlm.nih.gov/pubmed/21324938
http://doi.org/10.2471/BLT.08.062554
http://www.ncbi.nlm.nih.gov/pubmed/20428351
http://doi.org/10.1080/07315724.2004.10719428
http://www.ncbi.nlm.nih.gov/pubmed/15640511
http://doi.org/10.1111/j.1549-8719.2010.00062.x
http://doi.org/10.1186/1742-4755-10-S1-S1
http://doi.org/10.1037/bul0000091

Int. ]. Environ. Res. Public Health 2022, 19, 16592 33 of 43

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Osmond, C.; Barker, D.J. Fetal, Infant, and Childhood Growth Are Predictors of Coronary Heart Disease, Diabetes, and
Hypertension in Adult Men and Women. Environ. Health Perspect. 2000, 108, 545-553. [CrossRef]

Wilcox, A.J. On the Importance—And the Unimportance—of Birthweight. Int. |. Epidemiol. 2001, 30, 1233-1241. [CrossRef]
Institute of Medicine (US) Committee on Understanding Premature Birth and Assuring Healthy Outcomes. Preterm Birth: Causes,
Consequences, and Prevention; Behrman, R.E., Butler, A.S., Eds.; The National Academies Collection: Reports funded by National
Institutes of Health; National Academies Press (US): Washington, DC, USA, 2007; ISBN 978-0-309-10159-2.

Van Lieshout, R.J.; Boyle, M.H.; Saigal, S.; Morrison, K.; Schmidt, L.A. Mental Health of Extremely Low Birth Weight Survivors in
Their 30s. Pediatrics 2015, 135, 452-459. [CrossRef] [PubMed]

Preterm Birth. Available online: https://www.who.int/news-room/fact-sheets/detail / preterm-birth (accessed on 6 October
2022).

Lawn, J.E,; Gravett, M.G.; Nunes, TM.; Rubens, C.E.; Stanton, C.; The GAPPS Review Group. Global Report on Preterm Birth and
Stillbirth (1 of 7): Definitions, Description of the Burden and Opportunities to Improve Data. BMC Pregnancy Childbirth 2010, 10,
S1. [CrossRef]

Coubert, F. Global Nutrition Targets 2025: Low Birth Weight Policy Brief. Available online: https:/ /www.who.int/publications-
detail-redirect/ WHO-NMH-NHD-14.5 (accessed on 6 October 2022).

Petrou, S. The Economic Consequences of Preterm Birth Duringthe First 10 Years of Life. BJOG Int. ]. Obstet. Gynaecol. 2005, 112,
10-15. [CrossRef] [PubMed]

Petrou, S.; Mehta, Z.; Hockley, C.; Cook-Mozaffari, P.; Henderson, J.; Goldacre, M. The Impact of Preterm Birth on Hospital
Inpatient Admissions and Costs During the First 5 Years of Life. Pediatrics 2003, 112, 1290-1297. [CrossRef] [PubMed]

Saigal, S.; Doyle, L.W. An Overview of Mortality and Sequelae of Preterm Birth from Infancy to Adulthood. Lancet 2008, 371,
261-269. [CrossRef]

Niebler, A.; Mader, S.; Merialdi, M.; Keller, M. Too Little, Too Late? Why Europe Should Do More for Preterm Infants; EU Benchmarking
Report 2009/2010; European Foundation for the Care of Newborn Infants: Munich, Germany, 2010.

Lawn, J.E.; Cousens, S.N.; Darmstadt, G.L.; Bhutta, Z.A.; Martines, J.; Paul, V.; Knippenberg, R.; Fogstad, H. 1 Year after The
Lancet Neonatal Survival Series—Was the Call for Action Heard? Lancet 2006, 367, 1541-1547. [CrossRef]

Goldenberg, R.L.; Culhane, J.F,; Iams, J.D.; Romero, R. Epidemiology and Causes of Preterm Birth. Lancet 2008, 371, 75-84.
[CrossRef]

Simoncic, V.; Enaux, C.; Deguen, S.; Kihal-Talantikite, W. Adverse Birth Outcomes Related to NO2 and PM Exposure: European
Systematic Review and Meta-Analysis. Int. . Environ. Res. Public Health 2020, 17, 8116. [CrossRef]

Bibby, E.; Stewart, A. The Epidemiology of Preterm Birth. Neuro Endocrinol. Lett. 2004, 25 (Suppl. 1), 43-47.

Du, M;; Ge, L.; Zhou, M.; Ying, J.; Qu, F,; Dong, M.; Chen, D. Effects of Pre-Pregnancy Body Mass Index and Gestational Weight
Gain on Neonatal Birth Weight. J. Zhejiang Univ. Sci. B 2017, 18, 263-271. [CrossRef]

Ensted, S.; Rankin, K.; Desisto, C.; Collins, J.W. Father’s Lifetime Socioeconomic Status, Small for Gestational Age Infants, and
Infant Mortality: A Population-Based Study. Ethn. Dis. 2019, 29, 9-16. [CrossRef] [PubMed]

Lumeng, J.C.; Kaciroti, N.; Retzloff, L.; Rosenblum, K.; Miller, A.L. Longitudinal Associations between Maternal Feeding and
Overweight in Low-Income Toddlers. Appetite 2017, 113, 23-29. [CrossRef] [PubMed]

Ospina, M.; Osornio-Vargas, AR.; Nielsen, C.C.; Crawford, S.; Kumar, M.; Aziz, K_; Serrano-Lomelin, J. Socioeconomic Gradients
of Adverse Birth Outcomes and Related Maternal Factors in Rural and Urban Alberta, Canada: A Concentration Index Approach.
BM] Open 2020, 10, €033296. [CrossRef] [PubMed]

Patil, D.; Enquobahrie, D.A.; Peckham, T.; Seixas, N.; Hajat, A. Retrospective Cohort Study of the Association between Maternal
Employment Precarity and Infant Low Birth Weight in Women in the USA. BM] Open 2020, 10, e029584. [CrossRef] [PubMed]
Elo, I.T,; Culhane, ].F; Kohler, I.V.; O’Campo, P; Burke, ].G.; Messer, L.C.; Kaufman, J.S.; Laraia, B.A.; Eyster, J.; Holzman, C.
Neighbourhood Deprivation and Small-for-Gestational-Age Term Births in the United States. Paediatr. Perinat. Epidemiol. 2009, 23,
87-96. [CrossRef]

Misra, D.; Strobino, D.; Trabert, B. Effects of Social and Psychosocial Factors on Risk of Preterm Birth in Black Women: Social and
Psychosocial Risk Factors. Paediatr. Perinat. Epidemiol. 2010, 24, 546-554. [CrossRef]

Sims, M.; Sims, T.H.; Bruce, M.A. Community Income, Smoking, and Birth Weight Disparities in Wisconsin. J. Natl. Black Nurse
Assoc. 2016, 18, 14.

Kaufman, J.S.; Alonso, ET.; Pino, P. Multi-Level Modeling of Social Factors and Preterm Delivery in Santiago de Chile. BMC
Pregnancy Childbirth 2008, 8, 46. [CrossRef]

DeFranco, E.A.; Lian, M.; Muglia, L.J.; Schootman, M. Area-Level Poverty and Preterm Birth Risk: A Population-Based Multilevel
Analysis. BMC Public Health 2008, 8, 316. [CrossRef]

Young, R.L.; Weinberg, J.; Vieira, V.; Aschengrau, A.; Webster, T.F. A Multilevel Non-Hierarchical Study of Birth Weight and
Socioeconomic Status. Int. |. Health. Geogr. 2010, 9, 36. [CrossRef]

Urquia, M.L.; Frank, J.W.; Moineddin, R.; Glazier, R.H. Does Time Since Immigration Modify Neighborhood Deprivation
Gradients in Preterm Birth? A Multilevel Analysis. |. Urban Health 2011, 88, 959-976. [CrossRef] [PubMed]

Kozhimannil, K.B.; Attanasio, L.B.; McGovern, PM.; Gjerdingen, D.K.; Johnson, PJ. Reevaluating the Relationship Between
Prenatal Employment and Birth Outcomes: A Policy-Relevant Application of Propensity Score Matching. Women'’s Health Issues
2013, 23, e77—85. [CrossRef] [PubMed]


http://doi.org/10.1289/ehp.00108s3545
http://doi.org/10.1093/ije/30.6.1233
http://doi.org/10.1542/peds.2014-3143
http://www.ncbi.nlm.nih.gov/pubmed/25667243
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
http://doi.org/10.1186/1471-2393-10-S1-S1
https://www.who.int/publications-detail-redirect/WHO-NMH-NHD-14.5
https://www.who.int/publications-detail-redirect/WHO-NMH-NHD-14.5
http://doi.org/10.1111/j.1471-0528.2005.00577.x
http://www.ncbi.nlm.nih.gov/pubmed/15715587
http://doi.org/10.1542/peds.112.6.1290
http://www.ncbi.nlm.nih.gov/pubmed/14654599
http://doi.org/10.1016/S0140-6736(08)60136-1
http://doi.org/10.1016/S0140-6736(06)68587-5
http://doi.org/10.1016/S0140-6736(08)60074-4
http://doi.org/10.3390/ijerph17218116
http://doi.org/10.1631/jzus.B1600204
http://doi.org/10.18865/ed.29.1.9
http://www.ncbi.nlm.nih.gov/pubmed/30713410
http://doi.org/10.1016/j.appet.2017.02.016
http://www.ncbi.nlm.nih.gov/pubmed/28212827
http://doi.org/10.1136/bmjopen-2019-033296
http://www.ncbi.nlm.nih.gov/pubmed/32014876
http://doi.org/10.1136/bmjopen-2019-029584
http://www.ncbi.nlm.nih.gov/pubmed/31924630
http://doi.org/10.1111/j.1365-3016.2008.00991.x
http://doi.org/10.1111/j.1365-3016.2010.01148.x
http://doi.org/10.1186/1471-2393-8-46
http://doi.org/10.1186/1471-2458-8-316
http://doi.org/10.1186/1476-072X-9-36
http://doi.org/10.1007/s11524-011-9569-2
http://www.ncbi.nlm.nih.gov/pubmed/21503816
http://doi.org/10.1016/j.whi.2012.11.004
http://www.ncbi.nlm.nih.gov/pubmed/23266134

Int. ]. Environ. Res. Public Health 2022, 19, 16592 34 0f 43

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Lamy Filho, F.; Assuncao Junior, A.N.; Silva, A.A.M.; Lamy, Z.C.; Barbieri, M.A.; Bettiol, H. Social Inequality and Perinatal Health:
Comparison of Three Brazilian Cohorts. Braz. |. Med. Biol. Res. 2007, 40, 1177-1186. [CrossRef] [PubMed]

Wallace, M.; Harville, E.; Theall, K.; Webber, L.; Chen, W.; Berenson, G. Neighborhood Poverty, Allostatic Load, and Birth
Outcomes in African American and White Women: Findings from the Bogalusa Heart Study. Health Place 2013, 24, 260-266.
[CrossRef] [PubMed]

Mason, S.M.; Kaufman, J.S.; Emch, M.E.; Hogan, V.K.; Savitz, D.A. Ethnic Density and Preterm Birth in African-, Caribbean-, and
US-Born Non-Hispanic Black Populations in New York City. Am. J. Epidemiol. 2010, 172, 800-808. [CrossRef] [PubMed]

Colen, C.G.; Geronimus, A.T.; Bound, J.; James, S.A. Maternal Upward Socioeconomic Mobility and Black-White Disparities in
Infant Birthweight. Am. J. Public Health 2006, 96, 2032-2039. [CrossRef] [PubMed]

Dunlop, A.L.; Essalmi, A.G.; Alvalos, L.; Breton, C.; Camargo, C.A.; Cowell, W].; Dabelea, D.; Dager, S.R.; Duarte, C.; Elliott, A.;
et al. Racial and Geographic Variation in Effects of Maternal Education and Neighborhood-Level Measures of Socioeconomic
Status on Gestational Age at Birth: Findings from the ECHO Cohorts. PLoS ONE 2021, 16, e0245064. [CrossRef]

Vang, Z.M.; Elo, L.T. Exploring the Health Consequences of Majority—Minority Neighborhoods: Minority Diversity and Birth-
weight among Native-Born and Foreign-Born Blacks. Soc. Sci. Med. 2013, 97, 56—65. [CrossRef]

Bracken, M.B.; Thomas, J.; Thomas, J. Intergenerational effects of high socioeconomic status on low birthweight and preterm birth
in african americans. J. Natl. Med. Assoc. 2000, 92, 9.

Huang, J.Y.; Gavin, A.R.; Richardson, T.S.; Rowhani-Rahbar, A ; Siscovick, D.S.; Enquobahrie, D.A. Are Early-Life Socioeconomic
Conditions Directly Related to Birth Outcomes? Grandmaternal Education, Grandchild Birth Weight, and Associated Bias
Analyses. Am. |. Epidemiol. 2015, 182, 568-578. [CrossRef]

Shankardass, K.; O’Campo, P.; Dodds, L.; Fahey, J.; Joseph, K.; Morinis, J.; Allen, V.M. Magnitude of Income-Related Disparities in
Adverse Perinatal Outcomes. BMC Pregnancy Childbirth 2014, 14, 96. [CrossRef] [PubMed]

El-Sayed, A.M.; Galea, S. Temporal Changes in Socioeconomic Influences on Health: Maternal Education and Preterm Birth. Am.
J. Public Health 2012, 102, 1715-1721. [CrossRef] [PubMed]

Pardo-Crespo, M.R.; Narla, N.P,; Williams, A.R.; Beebe, T.J.; Sloan, J.; Yawn, B.P.; Wheeler, PH.; Juhn, Y.J. Comparison of
Individual-Level versus Area-Level Socioeconomic Measures in Assessing Health Outcomes of Children in Olmsted County,
Minnesota. J. Epidemiol. Community Health 2013, 67, 305-310. [CrossRef] [PubMed]

d’Orsi, E.; Carvalho, M.S.; Cruz, O.G. Similarity between Neonatal Profile and Socioeconomic Index: A Spatial Approach. Cad.
Satide Publica 2005, 21, 786-794. [CrossRef] [PubMed]

van den Berg, G.; van Eijsden, M.; Vrijkotte, T.G.M.; Gemke, R.].B.J]. Educational Inequalities in Perinatal Outcomes: The Mediating
Effect of Smoking and Environmental Tobacco Exposure. PLoS ONE 2012, 7, €37002. [CrossRef]

Glinianaia, S.V.; Ghosh, R.; Rankin, ].; Pearce, M.S.; Parker, L.; Pless-Mulloli, T. No Improvement in Socioeconomic Inequalities in
Birthweight and Preterm Birth over Four Decades: A Population-Based Cohort Study. BMC Public Health 2013, 13, 345. [CrossRef]
Mortensen, L.H.; Diderichsen, E; Arntzen, A.; Gissler, M.; Cnattingius, S.; Schnor, O.; Davey-Smith, G.; Nybo Andersen, A.-M.
Social Inequality in Fetal Growth: A Comparative Study of Denmark, Finland, Norway and Sweden in the Period 1981-2000. J.
Epidemiol. Community Health 2008, 62, 325-331. [CrossRef]

Majdan, M.; Plan¢ikovd, D.; Melichov4, J.; Duddkova, K.; Rechtorikova, V.; Kaé¢marikova, M. Comparison of Birthweight Patterns
in Rural Municipalities with and without a Roma Community: A Cross-Sectional Analysis in Slovakia 2009-2013. Cent. Eur. ].
Public Health 2018, 26, 278-283. [CrossRef]

Raab, R.; Hoffmann, ].; Spies, M.; Geyer, K.; Meyer, D.; Glinther, J.; Hauner, H. Are Pre- and Early Pregnancy Lifestyle Factors
Associated with the Risk of Preterm Birth? A Secondary Cohort Analysis of the Cluster-Randomised GeliS Trial. BMC Pregnancy
Childbirth 2022, 22, 230. [CrossRef]

Dickuteé, J.; Padaiga, Z.; Grabauskas, V.; Nadisauskiene, R.].; Basys, V.; Gaizauskiene, A. Maternal Socio-Economic Factors and the
Risk of Low Birth Weight in Lithuania. Medicina 2004, 40, 475-482.

Pei, L.; Kang, Y.; Zhao, Y.; Cheng, Y.; Yan, H. Changes in Socioeconomic Inequality of Low Birth Weight and Macrosomia in
Shaanxi Province of Northwest China, 2010-2013: A Cross-Sectional Study. Medicine 2016, 95, e2471. [CrossRef] [PubMed]
Martinson, M.L.; Reichman, N.E. Socioeconomic Inequalities in Low Birth Weight in the United States, the United Kingdom,
Canada, and Australia. Am. J. Public Health 2016, 106, 748-754. [CrossRef] [PubMed]

Wilding, S.; Ziauddeen, N.; Roderick, P.; Smith, D.; Chase, D.; Macklon, N.; McGrath, N.; Hanson, M.; Alwan, N.A. Are
Socioeconomic Inequalities in the Incidence of Small-for-Gestational-Age Birth Narrowing? Findings from a Population-Based
Cohort in the South of England. BM] Open 2019, 9, €026998. [CrossRef] [PubMed]

Ryu, E.; Wi, C.-I; Crow, S.S.; Armasu, S.M.; Wheeler, PH; Sloan, J.A.; Yawn, B.P.;; Beebe, T.].; Williams, A.R.; Juhn, Y.J. Assessing
Health Disparities in Children Using a Modified Housing-Related Socioeconomic Status Measure: A Cross-Sectional Study. BM]
Open 2016, 6, 011564. [CrossRef]

World Health Organization. A Conceptual Framework for Action on the Social Determinants of Health; WHO: Geneva, Switzerland,
2010; Volume 76.

Mackenbach, J.P.; Kunst, A.E. Measuring the Magnitude of Socio-Economic Inequalities in Health: An Overview of Available
Measures Illustrated with Two Examples from Europe. Soc. Sci. Med. 1997, 44, 757-771. [CrossRef]

Krieger, N.; Rowley, D.L.; Herman, A.A.; Avery, B.; Phillips, M.T. Racism, Sexism, and Social Class: Implications for Studies of
Health, Disease, and Well-Being. Am. ]. Prev. Med. 1993, 9, 82-122. [CrossRef]


http://doi.org/10.1590/S0100-879X2006005000154
http://www.ncbi.nlm.nih.gov/pubmed/17713657
http://doi.org/10.1016/j.healthplace.2013.10.002
http://www.ncbi.nlm.nih.gov/pubmed/24184350
http://doi.org/10.1093/aje/kwq209
http://www.ncbi.nlm.nih.gov/pubmed/20801865
http://doi.org/10.2105/AJPH.2005.076547
http://www.ncbi.nlm.nih.gov/pubmed/17018818
http://doi.org/10.1371/journal.pone.0245064
http://doi.org/10.1016/j.socscimed.2013.07.013
http://doi.org/10.1093/aje/kwv148
http://doi.org/10.1186/1471-2393-14-96
http://www.ncbi.nlm.nih.gov/pubmed/24589212
http://doi.org/10.2105/AJPH.2011.300564
http://www.ncbi.nlm.nih.gov/pubmed/22742063
http://doi.org/10.1136/jech-2012-201742
http://www.ncbi.nlm.nih.gov/pubmed/23322850
http://doi.org/10.1590/S0102-311X2005000300012
http://www.ncbi.nlm.nih.gov/pubmed/15868036
http://doi.org/10.1371/journal.pone.0037002
http://doi.org/10.1186/1471-2458-13-345
http://doi.org/10.1136/jech.2007.061473
http://doi.org/10.21101/cejph.a5409
http://doi.org/10.1186/s12884-022-04513-5
http://doi.org/10.1097/MD.0000000000002471
http://www.ncbi.nlm.nih.gov/pubmed/26844457
http://doi.org/10.2105/AJPH.2015.303007
http://www.ncbi.nlm.nih.gov/pubmed/26794171
http://doi.org/10.1136/bmjopen-2018-026998
http://www.ncbi.nlm.nih.gov/pubmed/31362961
http://doi.org/10.1136/bmjopen-2016-011564
http://doi.org/10.1016/S0277-9536(96)00073-1
http://doi.org/10.1016/S0749-3797(18)30666-4

Int. ]. Environ. Res. Public Health 2022, 19, 16592 35 0f 43

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Diderichsen, E; Evans, T.; Whitehead, M. The Social Basis of Disparities in Health. In Challenging Inequities in Health: From Ethics
to Action; Evans, T., Whitehead, M., Diderichsen, F,, Bhuiya, A., Wirth, M., Eds.; Oxford University Press: Oxford, UK, 2001; ISBN
978-0-19-513740-8.

Putnam, R.D. Bowling Alone: The Collapse and Revival of American Community; Simon & Schuster: New York, NY, USA, 2000.
Kawachi, I.; Kennedy, B.P.; Lochner, K.; Prothrow-Stith, D. Social Capital, Income Inequality, and Mortality. Am. J. Public Health
1997, 87, 1491-1498. [CrossRef]

POPAY, ]. Social Capital: The Role of Narrative and Historical Research. J. Epidemiol. Community Health 2000, 54, 401. [CrossRef]
Marmot, M.G.; Shipley, M.].; Rose, G. Inequalities in Death-Specific Explanations of a General Pattern? Lancet 1984, 1, 1003-1006.
[CrossRef]

Kihal-Talantikite, W.; Deguen, S. Environmental Amenities and the Fetal and Infant Health during the FlIrst 1000 Days of Life: A
Literature Review and Theoretical Contribution. Méd. Reprod. 2020, 22, 16.

Kihal-Talantikite, W.; Padilla, C.M.; Lalloué, B.; Gelormini, M.; Zmirou-Navier, D.; Deguen, S. Green Space, Social Inequalities
and Neonatal Mortality in France. BMC Pregnancy Childbirth 2013, 13, 191. [CrossRef] [PubMed]

Crawford, D.; Timperio, A.; Giles-Corti, B.; Ball, K.; Hume, C.; Roberts, R.; Andrianopoulos, N.; Salmon, J. Do Features of Public
Open Spaces Vary According to Neighbourhood Socio-Economic Status? Health Place 2008, 14, 889-893. [CrossRef] [PubMed]
Koohsari, M.J. Access to Public Open Space: Is Distribution Equitable across Different Socio-Economic Areas. J. Urban Environ.
Eng. 2011, 5, 67-72. [CrossRef]

Richardson, E.; Pearce, J.; Mitchell, R.; Day, P; Kingham, S. The Association between Green Space and Cause-Specific Mortality in
Urban New Zealand: An Ecological Analysis of Green Space Utility. BMC Public Health 2010, 10, 240. [CrossRef]

Estabrooks, P.A.; Lee, R.E.; Gyurcsik, N.C. Resources for Physical Activity Participation: Does Availability and Accessibility Differ
by Neighborhood Socioeconomic Status? Ann. Behav. Med. 2003, 25, 100-104. [CrossRef]

Talen, E. The Social Equity of Urban Service Distribution: An Exploration of Park Access in Pueblo, Colorado, and Macon,
Georgia. Urban Geogr. 1997, 18, 521-541. [CrossRef]

Timperio, A.; Ball, K.; Salmon, J.; Roberts, R.; Crawford, D. Is Availability of Public Open Space Equitable across Areas? Health
Place 2007, 13, 335-340. [CrossRef]

Jones, A.; Hillsdon, M.; Coombes, E. Greenspace Access, Use, and Physical Activity: Understanding the Effects of Area
Deprivation. Prev. Med. 2009, 49, 500-505. [CrossRef]

Nowak, D.J.; Crane, D.E.; Stevens, J.C. Air Pollution Removal by Urban Trees and Shrubs in the United States. Urban For. Urban
Green. 2006, 4, 115-123. [CrossRef]

Paoletti, E.; Bardelli, T.; Giovannini, G.; Pecchioli, L. Air Quality Impact of an Urban Park over Time. Procedia Environ. Sci. 2011, 4,
10-16. [CrossRef]

Health Issues in Planning: Best Practice Guidance; Greater London Authority: London, UK, 2007; ISBN 978-1-84781-030-4.

Klepac, P;; Locatelli, I.; Korosec, S.; Kiinzli, N.; Kukec, A. Ambient Air Pollution and Pregnancy Outcomes: A Comprehensive
Review and Identification of Environmental Public Health Challenges. Environ. Res. 2018, 167, 144-159. [CrossRef] [PubMed]
Okun, M.L,; Schetter, C.D.; Glynn, L.M. Poor Sleep Quality Is Associated with Preterm Birth. Sleep 2011, 34, 1493-1498. [CrossRef]
[PubMed]

Okun, M.L,; Luther, ].E; Wisniewski, S.R.; Sit, D.; Prairie, B.A.; Wisner, K.L. Disturbed Sleep, a Novel Risk Factor for Preterm
Birth? |. Womens Health 2012, 21, 54-60. [CrossRef]

Strange, L.B.; Parker, K.P.; Moore, M.L.; Strickland, O.L.; Bliwise, D.L. Disturbed Sleep and Preterm Birth: A Potential Relationship?
Clin. Exp. Obstet. Gynecol. 2009, 36, 166-168. [PubMed]

Micheli, K.; Komninos, I.; Bagkeris, E.; Roumeliotaki, T.; Koutis, A.; Kogevinas, M.; Chatzi, L. Sleep Patterns in Late Pregnancy
and Risk of Preterm Birth and Fetal Growth Restriction. Epidemiology 2011, 22, 738-744. [CrossRef] [PubMed]
Hartikainen-Sorri, A.L.; Sorri, M.; Anttonen, H.P,; Tuimala, R.; Ladra, E. Occupational Noise Exposure during Pregnancy: A Case
Control Study. Int. Arch. Occup. Environ. Health 1988, 60, 279-283. [CrossRef]

Mamelle, N.; Laumon, B.; Lazar, P. Prematurity and Occupational Activity during Pregnancy. Am. J. Epidemiol. 1984, 119, 309-322.
[CrossRef]

Hartikainen, A.L.; Sorri, M.; Anttonen, H.; Tuimala, R.; Lddrd, E. Effect of Occupational Noise on the Course and Outcome of
Pregnancy. Scand. ]. Work Environ. Health 1994, 20, 444—450. [CrossRef]

Knipschild, P.; Meijer, H.; Sallé, H. Aircraft Noise and Birth Weight. Int. Arch. Occup. Environ. Health 1981, 48, 131-136. [CrossRef]
Dadvand, P.; de Nazelle, A ; Figueras, F.; Basagaia, X.; Su, J.; Amoly, E.; Jerrett, M.; Vrijheid, M.; Sunyer, ].; Nieuwenhuijsen, M.J.
Green Space, Health Inequality and Pregnancy. Environ. Int. 2012, 40, 110-115. [CrossRef]

Dadvand, P.; de Nazelle, A.; Triguero-Mas, M.; Schembari, A.; Cirach, M.; Amoly, E.; Figueras, F; Basagafia, X.; Ostro, B.; Nieuwen-
huijsen, M. Surrounding Greenness and Exposure to Air Pollution during Pregnancy: An Analysis of Personal Monitoring Data.
Environ. Health Perspect. 2012, 120, 1286-1290. [CrossRef] [PubMed]

Dadvand, P.; Sunyer, J.; Basagafia, X.; Ballester, F; Lertxundi, A.; Fernandez-Somoano, A.; Estarlich, M.; Garcia-Esteban, R.;
Mendez, M.A.; Nieuwenhuijsen, M.]. Surrounding Greenness and Pregnancy Outcomes in Four Spanish Birth Cohorts. Environ.
Health Perspect. 2012, 120, 1481-1487. [CrossRef] [PubMed]

Donovan, G.H.; Michael, Y.L.; Butry, D.T; Sullivan, A.D.; Chase, ]. M. Urban Trees and the Risk of Poor Birth Outcomes. Health
Place 2011, 17, 390-393. [CrossRef]


http://doi.org/10.2105/AJPH.87.9.1491
http://doi.org/10.1136/jech.54.6.401
http://doi.org/10.1016/S0140-6736(84)92337-7
http://doi.org/10.1186/1471-2393-13-191
http://www.ncbi.nlm.nih.gov/pubmed/24139283
http://doi.org/10.1016/j.healthplace.2007.11.002
http://www.ncbi.nlm.nih.gov/pubmed/18086547
http://doi.org/10.4090/juee.2011.v5n2.067072
http://doi.org/10.1186/1471-2458-10-240
http://doi.org/10.1207/S15324796ABM2502_05
http://doi.org/10.2747/0272-3638.18.6.521
http://doi.org/10.1016/j.healthplace.2006.02.003
http://doi.org/10.1016/j.ypmed.2009.10.012
http://doi.org/10.1016/j.ufug.2006.01.007
http://doi.org/10.1016/j.proenv.2011.03.002
http://doi.org/10.1016/j.envres.2018.07.008
http://www.ncbi.nlm.nih.gov/pubmed/30014896
http://doi.org/10.5665/sleep.1384
http://www.ncbi.nlm.nih.gov/pubmed/22043120
http://doi.org/10.1089/jwh.2010.2670
http://www.ncbi.nlm.nih.gov/pubmed/19860360
http://doi.org/10.1097/EDE.0b013e31822546fd
http://www.ncbi.nlm.nih.gov/pubmed/21734587
http://doi.org/10.1007/BF00378474
http://doi.org/10.1093/oxfordjournals.aje.a113750
http://doi.org/10.5271/sjweh.1376
http://doi.org/10.1007/BF00378433
http://doi.org/10.1016/j.envint.2011.07.004
http://doi.org/10.1289/ehp.1104609
http://www.ncbi.nlm.nih.gov/pubmed/22647671
http://doi.org/10.1289/ehp.1205244
http://www.ncbi.nlm.nih.gov/pubmed/22899599
http://doi.org/10.1016/j.healthplace.2010.11.004

Int. ]. Environ. Res. Public Health 2022, 19, 16592 36 of 43

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.
116.
117.
118.

119.

Kannan, S.; Misra, D.P.; Dvonch, J.T.; Krishnakumar, A. Exposures to Airborne Particulate Matter and Adverse Perinatal
Outcomes: A Biologically Plausible Mechanistic Framework for Exploring Potential Effect Modification by Nutrition. Environ.
Health Perspect. 2006, 114, 1636-1642. [CrossRef] [PubMed]

Bose, S.; Hansel, N.N.; Tonorezos, E.S.; Williams, D.L.; Bilderback, A.; Breysse, P.N.; Diette, G.B.; McCormack, M.C. Indoor
Particulate Matter Associated with Systemic Inflammation in COPD. |. Environ. Prot. 2015, 6, 566-572. [CrossRef]

Clemente, D.B.P,; Casas, M.; Vilahur, N.; Begiristain, H.; Bustamante, M.; Carsin, A.-E.; Fernandez, M.E; Fierens, E,; Gyselaers, W.;
Iniguez, C.; et al. Prenatal Ambient Air Pollution, Placental Mitochondrial DNA Content, and Birth Weight in the INMA (Spain)
and ENVIRONAGE (Belgium) Birth Cohorts. Environ. Health Perspect. 2016, 124, 659-665. [CrossRef] [PubMed]

Moller, P.; Danielsen, PH.; Karottki, D.G.; Jantzen, K.; Roursgaard, M.; Klingberg, H.; Jensen, D.M.; Christophersen, D.V,;
Hemmingsen, J.G.; Cao, Y.; et al. Oxidative Stress and Inflammation Generated DNA Damage by Exposure to Air Pollution
Particles. Mutat. Res. Rev. Mutat. Res. 2014, 762, 133-166. [CrossRef]

Byun, H.-M.; Baccarelli, A.A. Environmental Exposure and Mitochondrial Epigenetics: Study Design and Analytical Challenges.
Hum. Genet. 2014, 133, 247-257. [CrossRef]

Hou, L.; Zhu, Z.-Z.; Zhang, X.; Nordio, E; Bonzini, M.; Schwartz, J.; Hoxha, M.; Dioni, L.; Marinelli, B.; Pegoraro, V.; et al.
Airborne Particulate Matter and Mitochondrial Damage: A Cross-Sectional Study. Environ. Health 2010, 9, 48. [CrossRef]

Wick, P.; Malek, A.; Manser, P.; Meili, D.; Maeder-Althaus, X.; Diener, L.; Diener, P--A.; Zisch, A.; Krug, H.E; von Mandach, U.
Barrier Capacity of Human Placenta for Nanosized Materials. Environ. Health Perspect. 2010, 118, 432-436. [CrossRef]
Myllynen, P,; Pasanen, M.; Pelkonen, O. Human Placenta: A Human Organ for Developmental Toxicology Research and
Biomonitoring. Placenta 2005, 26, 361-371. [CrossRef]

Weldy, C.S,; Liu, Y.; Liggitt, H.D.; Chin, M.T. In Utero Exposure to Diesel Exhaust Air Pollution Promotes Adverse Intrauterine
Conditions, Resulting in Weight Gain, Altered Blood Pressure, and Increased Susceptibility to Heart Failure in Adult Mice. PLoS
ONE 2014, 9, e88582. [CrossRef] [PubMed]

Headen, I; Laraia, B.; Coleman-Phox, K.; Vieten, C.; Adler, N.; Epel, E. Neighborhood Typology and Cardiometabolic Pregnancy
Outcomes in the Maternal Adiposity Metabolism and Stress Study. Obesity 2019, 27, 166-173. [CrossRef] [PubMed]

Kaplan, R.; Kaplan, S. The Experience of Nature: A Psychological Perspective; Cambridge University Press: New York, NY, USA, 1989;
pp. xii, 340; ISBN 978-0-521-34139-4.

Hartig, T.; Evans, G.W,; Jamner, L.D.; Davis, D.S.; Gérling, T. Tracking Restoration in Natural and Urban Field Settings. J. Environ.
Psychol. 2003, 23, 109-123. [CrossRef]

Ulrich, R.S. Aesthetic and Affective Response to Natural Environment. In Behavior and the Natural Environment; Altman, 1.,
Wohlwill, J.F.,, Eds.; Human Behavior and Environment; Springer: Boston, MA, USA, 1983; pp. 85-125. ISBN 978-1-4613-3539-9.
Ulrich, R.S.; Simons, R.E; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress Recovery during Exposure to Natural and Urban
Environments. J. Environ. Psychol. 1991, 11, 201-230. [CrossRef]

Giurgescu, C.; Misra, D.P; Sealy-Jefferson, S.; Howard-Caldwell, C.; Templin, T.N.; Slaughter, J.C.; Osypuk, T.L. The Impact of
Neighborhood Quality, Perceived Stress, and Social Support on Depressive Symptoms during Pregnancy in African American
Women. Soc. Sci. Med. 2015, 130, 172-180. [CrossRef]

Schell, L.M.; Gallo, M.V.; Denham, M.; Ravenscroft, J. Effects of Pollution on Human Growth and Development: An Introduction.
J. Physiol. Anthropol. 2006, 25, 103-112. [CrossRef]

Christian, L.M. Psychoneuroimmunology in Pregnancy: Immune Pathways Linking Stress with Maternal Health, Adverse Birth
Outcomes, and Fetal Development. Neurosci. Biobehav. Rev. 2012, 36, 350-361. [CrossRef]

Sudo, A.; Nguyen, A.L.; Jonai, H.; Matsuda, S.; Villanueva, M.B.; Sotoyama, M.; Nguyen, T.C.; Le, V.T.; Hoang, M.H.; Nguyen,
D.T.; et al. Effects of Earplugs on Catecholamine and Cortisol Excretion in Noise-Exposed Textile Workers. Ind. Health 1996, 34,
279-286. [CrossRef]

Ising, H.; Babisch, W.; Kruppa, B. Noise-Induced Endocrine Effects and Cardiovascular Risk. Noise Health 1999, 1, 37-48.
Melamed, S.; Bruhis, S. The Effects of Chronic Industrial Noise Exposure on Urinary Cortisol, Fatigue and Irritability: A Controlled
Field Experiment. J. Occup. Environ. Med. 1996, 38, 252-256. [CrossRef] [PubMed]

Rojas-Gonzalez, L.; Martinez-Leal, R.; Paz-Araviche, V.; Chacin-Almarza, B.; Corzo-Alvarez, G.; Sanabria-Vera, C.; Montiel-Lépez,
M. Serum cortisol levels in pre and post journal labor and non auditory manifestations in noise exposed workers of a brewer
industry. Investig. Clin. 2004, 45, 297-307.

Morishima, H.O.; Yeh, M.N.; James, L.S. Reduced Uterine Blood Flow and Fetal Hypoxemia with Acute Maternal Stress:
Experimental Observation in the Pregnant Baboon. Am. J. Obstet. Gynecol. 1979, 134, 270-275. [CrossRef] [PubMed]

Myers, R.E. Maternal Psychological Stress and Fetal Asphyxia: A Study in the Monkey. Am. J. Obstet. Gynecol. 1975, 122, 47-59.
[CrossRef]

Myers, R.E. Production of Fetal Asphyxia by Maternal Psychological Stress. Pavlov. J. Biol. Sci. 1977, 12, 51-62. [CrossRef]
Hobel, C.J. Stress and Preterm Birth. Clin. Obstet. Gynecol. 2004, 47, 856-880; discussion 881#x2013;882. [CrossRef]

Guski, R.; Schreckenberg, D.; Schuemer, R. WHO Environmental Noise Guidelines for the European Region: A Systematic Review
on Environmental Noise and Annoyance. Int. J. Environ. Res. Public Health 2017, 14, E1539. [CrossRef]

Clark, C.; Paunovic, K. WHO Environmental Noise Guidelines for the European Region: A Systematic Review on Environmental
Noise and Quality of Life, Wellbeing and Mental Health. Int. |. Environ. Res Public Health 2018, 15, E2400. [CrossRef]


http://doi.org/10.1289/ehp.9081
http://www.ncbi.nlm.nih.gov/pubmed/17107846
http://doi.org/10.4236/jep.2015.65051
http://doi.org/10.1289/ehp.1408981
http://www.ncbi.nlm.nih.gov/pubmed/26317635
http://doi.org/10.1016/j.mrrev.2014.09.001
http://doi.org/10.1007/s00439-013-1417-x
http://doi.org/10.1186/1476-069X-9-48
http://doi.org/10.1289/ehp.0901200
http://doi.org/10.1016/j.placenta.2004.09.006
http://doi.org/10.1371/journal.pone.0088582
http://www.ncbi.nlm.nih.gov/pubmed/24533117
http://doi.org/10.1002/oby.22356
http://www.ncbi.nlm.nih.gov/pubmed/30516025
http://doi.org/10.1016/S0272-4944(02)00109-3
http://doi.org/10.1016/S0272-4944(05)80184-7
http://doi.org/10.1016/j.socscimed.2015.02.006
http://doi.org/10.2114/jpa2.25.103
http://doi.org/10.1016/j.neubiorev.2011.07.005
http://doi.org/10.2486/indhealth.34.279
http://doi.org/10.1097/00043764-199603000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8882096
http://doi.org/10.1016/S0002-9378(16)33032-0
http://www.ncbi.nlm.nih.gov/pubmed/36760
http://doi.org/10.1016/0002-9378(75)90614-6
http://doi.org/10.1007/BF03001799
http://doi.org/10.1097/01.grf.0000142512.38733.8c
http://doi.org/10.3390/ijerph14121539
http://doi.org/10.3390/ijerph15112400

Int. ]. Environ. Res. Public Health 2022, 19, 16592 37 of 43

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.
145.

Basner, M.; McGuire, S. WHO Environmental Noise Guidelines for the European Region: A Systematic Review on Environmental
Noise and Effects on Sleep. Int. |. Environ. Res. Public Health 2018, 15, E519. [CrossRef]

van Kempen, E.; Casas, M.; Pershagen, G.; Foraster, M. WHO Environmental Noise Guidelines for the European Region: A
Systematic Review on Environmental Noise and Cardiovascular and Metabolic Effects: A Summary. Int. ]. Environ. Res. Public
Health 2018, 15, E379. [CrossRef]

Dzhambov, A.M.; Lercher, P. Road Traffic Noise Exposure and Birth Outcomes: An Updated Systematic Review and Meta-Analysis.
Int. ]. Environ. Res. Public Health 2019, 16, 2522. [CrossRef] [PubMed]

Kihal-Talantikite, W.; Padilla, C.M.; Lalloue, B.; Rougier, C.; Defrance, J.; Zmirou-Navier, D.; Deguen, S. An Exploratory Spatial
Analysis to Assess the Relationship between Deprivation, Noise and Infant Mortality: An Ecological Study. Environ. Health 2013,
12,109. [CrossRef]

Lu, Q.; Zhang, X,; Wang, Y.; Li, J.; Xu, Y; Song, X.; Su, S.; Zhu, X.; Vitiello, M.V,; Shi, J.; et al. Sleep Disturbances during Pregnancy
and Adverse Maternal and Fetal Outcomes: A Systematic Review and Meta-Analysis. Sleep Med. Rev. 2021, 58, 101436. [CrossRef]
[PubMed]

Montagnoli, C.; Zanconato, G.; Cinelli, G.; Tozzi, A.E.; Bovo, C.; Bortolus, R.; Ruggeri, S. Maternal Mental Health and Reproductive
Outcomes: A Scoping Review of the Current Literature. Arch. Gynecol. Obs. 2020, 302, 801-819. [CrossRef]

Vinikoor-Imler, L.C.; Messer, L.C.; Evenson, K.R.; Laraia, B.A. Neighborhood Conditions Are Associated with Maternal Health
Behaviors and Pregnancy Outcomes. Soc. Sci. Med. 2011, 73, 1302-1311. [CrossRef]

Tobias, D.K.; Zhang, C.; van Dam, R.M.; Bowers, K.; Hu, EB. Physical Activity before and during Pregnancy and Risk of
Gestational Diabetes Mellitus: A Meta-Analysis. Diabetes Care 2011, 34, 223-229. [CrossRef] [PubMed]

Bruno, R.; Petrella, E.; Bertarini, V.; Pedrielli, G.; Neri, I.; Facchinetti, F. Adherence to a Lifestyle Programme in Overweight/Obese
Pregnant Women and Effect on Gestational Diabetes Mellitus: A Randomized Controlled Trial. Matern. Child Nutr. 2017, 13,
€12333. [CrossRef]

Cnattingius, S.; Villamor, E.; Johansson, S.; Edstedt Bonamy, A.-K.; Persson, M.; Wikstrom, A.-K.; Granath, F. Maternal Obesity
and Risk of Preterm Delivery. JAMA 2013, 309, 2362-2370. [CrossRef]

Ogneva-Himmelberger, Y.; Dahlberg, T.; Kelly, K.; Simas, T.A.M. Using Geographic Information Science to Explore Associations
between Air Pollution, Environmental Amenities, and Preterm Births. AIMS Public Health 2015, 2, 469—-486. [CrossRef]

Laraia, B.A.; Siega-Riz, A.M.; Kaufman, ].S.; Jones, S.J. Proximity of Supermarkets Is Positively Associated with Diet Quality
Index for Pregnancy. Prev. Med. 2004, 39, 869-875. [CrossRef]

Maas, J.; van Dillen, S.M.E.; Verheij, R.A.; Groenewegen, P.P. Social Contacts as a Possible Mechanism behind the Relation between
Green Space and Health. Health Place 2009, 15, 586-595. [CrossRef] [PubMed]

Heinrichs, M.; Baumgartner, T.; Kirschbaum, C.; Ehlert, U. Social Support and Oxytocin Interact to Suppress Cortisol and
Subjective Responses to Psychosocial Stress. Biol. Psychiatry 2003, 54, 1389-1398. [CrossRef] [PubMed]

Abraham, M.; Alramadhan, S.; Iniguez, C.; Duijts, L.; Jaddoe, VW.V,; Den Dekker, H.T.; Crozier, S.; Godfrey, KM.; Hindmarsh, P;
Vik, T,; et al. A Systematic Review of Maternal Smoking during Pregnancy and Fetal Measurements with Meta-Analysis. PLoS
ONE 2017, 12, €0170946. [CrossRef] [PubMed]

Jaddoe, VW.V; Troe, E.-]. WM.; Hofman, A.; Mackenbach, J.P.; Moll, H.A; Steegers, E.A.P,; Witteman, ].C.M. Active and Passive
Maternal Smoking during Pregnancy and the Risks of Low Birthweight and Preterm Birth: The Generation R Study. Paediatr.
Perinat. Epidemiol. 2008, 22, 162-171. [CrossRef]

Huang, T.; Yeh, C.-Y.; Tsai, Y.-C. A Diet and Physical Activity Intervention for Preventing Weight Retention among Taiwanese
Childbearing Women: A Randomised Controlled Trial. Midwifery 2011, 27, 257-264. [CrossRef]

Rozi, S.; Butt, Z.A.; Zahid, N.; Wasim, S.; Shafique, K. Association of Tobacco Use and Other Determinants with Pregnancy
Outcomes: A Multicentre Hospital-Based Case-Control Study in Karachi, Pakistan. BM] Open 2016, 6, €012045. [CrossRef]
Berlin, I.; Golmard, ].-L.; Jacob, N.; Tanguy, M.-L.; Heishman, S.J. Cigarette Smoking During Pregnancy: Do Complete Abstinence
and Low Level Cigarette Smoking Have Similar Impact on Birth Weight? Nicotine Tob. Res. 2017, 19, 518-524. [CrossRef]
Lanting, C.I.; van Wouwe, ].P.K.; van den Burg, I.; Segaar, D.; van der Pal-de Bruin, K.M. Smoking during pregnancy: Trends
between 2001 and 2010. Ned. Tijdschr. Geneeskd. 2012, 156, A5092.

Aurrekoetxea, ].J.; Murcia, M.; Rebagliato, M.; Fernandez-Somoano, A.; Castilla, A.M.; Guxens, M.; Lépez, M.].; Lertxundi, A.;
Espada, M.; Tardon, A.; et al. Factors Associated with Second-Hand Smoke Exposure in Non-Smoking Pregnant Women in Spain:
Self-Reported Exposure and Urinary Cotinine Levels. Sci. Total Environ. 2014, 470—471, 1189-1196. [CrossRef]

Baron, R.; Mannién, ].; de Jonge, A.; Heymans, M.W.; Klomp, T.; Hutton, E.K.; Brug, J. Socio-Demographic and Lifestyle-Related
Characteristics Associated with Self-Reported Any, Daily and Occasional Smoking during Pregnancy. PLoS ONE 2013, 8, €74197.
[CrossRef]

Hemsing, N.; Greaves, L.; O'Leary, R.; Chan, K.; Okoli, C. Partner Support for Smoking Cessation during Pregnancy: A Systematic
Review. Nicotine Tob. Res. 2012, 14, 767-776. [CrossRef] [PubMed]

O’Leary, C.M.; Bower, C. Guidelines for Pregnancy: What's an Acceptable Risk, and How Is the Evidence (Finally) Shaping Up?
Drug. Alcohol. Rev. 2012, 31, 170-183. [CrossRef] [PubMed]

Barger, M.K. Maternal Nutrition and Perinatal Outcomes. ]. Midwifery Womens Health 2010, 55, 502-511. [CrossRef]

Waterland, R.A.; Jirtle, R.L. Early Nutrition, Epigenetic Changes at Transposons and Imprinted Genes, and Enhanced Susceptibility
to Adult Chronic Diseases. Nutrition 2004, 20, 63—68. [CrossRef] [PubMed]


http://doi.org/10.3390/ijerph15030519
http://doi.org/10.3390/ijerph15020379
http://doi.org/10.3390/ijerph16142522
http://www.ncbi.nlm.nih.gov/pubmed/31311086
http://doi.org/10.1186/1476-069X-12-109
http://doi.org/10.1016/j.smrv.2021.101436
http://www.ncbi.nlm.nih.gov/pubmed/33571887
http://doi.org/10.1007/s00404-020-05685-1
http://doi.org/10.1016/j.socscimed.2011.08.012
http://doi.org/10.2337/dc10-1368
http://www.ncbi.nlm.nih.gov/pubmed/20876206
http://doi.org/10.1111/mcn.12333
http://doi.org/10.1001/jama.2013.6295
http://doi.org/10.3934/publichealth.2015.3.469
http://doi.org/10.1016/j.ypmed.2004.03.018
http://doi.org/10.1016/j.healthplace.2008.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19022699
http://doi.org/10.1016/S0006-3223(03)00465-7
http://www.ncbi.nlm.nih.gov/pubmed/14675803
http://doi.org/10.1371/journal.pone.0170946
http://www.ncbi.nlm.nih.gov/pubmed/28231292
http://doi.org/10.1111/j.1365-3016.2007.00916.x
http://doi.org/10.1016/j.midw.2009.06.009
http://doi.org/10.1136/bmjopen-2016-012045
http://doi.org/10.1093/ntr/ntx033
http://doi.org/10.1016/j.scitotenv.2013.10.110
http://doi.org/10.1371/journal.pone.0074197
http://doi.org/10.1093/ntr/ntr278
http://www.ncbi.nlm.nih.gov/pubmed/22180588
http://doi.org/10.1111/j.1465-3362.2011.00331.x
http://www.ncbi.nlm.nih.gov/pubmed/21955332
http://doi.org/10.1016/j.jmwh.2010.02.017
http://doi.org/10.1016/j.nut.2003.09.011
http://www.ncbi.nlm.nih.gov/pubmed/14698016

Int. ]. Environ. Res. Public Health 2022, 19, 16592 38 of 43

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.
160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Irner, T.B. Substance Exposure in Utero and Developmental Consequences in Adolescence: A Systematic Review. Child Neuropsy-
chol. 2012, 18, 521-549. [CrossRef] [PubMed]

Behnke, M.; Smith, V.C.; Committee on Substance Abuse; Committee on Fetus and Newborn. Prenatal Substance Abuse: Short-
and Long-Term Effects on the Exposed Fetus. Pediatrics 2013, 131, €1009-1024. [CrossRef]

Viteri, O.A.; Soto, E.E.; Bahado-Singh, R.O.; Christensen, C.W.; Chauhan, S.P; Sibai, B.M. Fetal Anomalies and Long-Term Effects
Associated with Substance Abuse in Pregnancy: A Literature Review. Am. |. Perinatol. 2015, 32, 405-416. [CrossRef]

Mamluk, L.; Edwards, H.B.; Savovi¢, J.; Leach, V.; Jones, T.; Moore, T.H.M,; Jjaz, S.; Lewis, S.J.; Donovan, J.L.; Lawlor, D.; et al.
Low Alcohol Consumption and Pregnancy and Childhood Outcomes: Time to Change Guidelines Indicating Apparently “safe”
Levels of Alcohol during Pregnancy? A Systematic Review and Meta-Analyses. BM] Open 2017, 7, €015410. [CrossRef]

Luke, S.; Hutcheon, J.; Kendall, T. Cannabis Use in Pregnancy in British Columbia and Selected Birth Outcomes. ]. Obstet.
Gynaecol. Can. 2019, 41, 1311-1317. [CrossRef]

Corsi, D.J.; Walsh, L.; Weiss, D.; Hsu, H.; El-Chaar, D.; Hawken, S.; Fell, D.B.; Walker, M. Association Between Self-Reported
Prenatal Cannabis Use and Maternal, Perinatal, and Neonatal Outcomes. JAMA 2019, 322, 145-152. [CrossRef]

Gouin, K.; Murphy, K.; Shah, P.S.; Knowledge Synthesis group on Determinants of Low Birth Weight and Preterm Births. Effects
of Cocaine Use during Pregnancy on Low Birthweight and Preterm Birth: Systematic Review and Metaanalyses. Am. J. Obstet.
Gynecol. 2011, 204, 340.e1-e12. [CrossRef] [PubMed]

Beckwith, A.M.; Burke, S.A. Identification of Early Developmental Deficits in Infants with Prenatal Heroin, Methadone, and
Other Opioid Exposure. Clin. Pediatr. 2015, 54, 328-335. [CrossRef] [PubMed]

Flenady, V.; Koopmans, L.; Middleton, P.; Freen, J.E; Smith, G.C.; Gibbons, K.; Coory, M.; Gordon, A.; Ellwood, D.; McIntyre,
H.D.; et al. Major Risk Factors for Stillbirth in High-Income Countries: A Systematic Review and Meta-Analysis. Lancet 2011, 377,
1331-1340. [CrossRef] [PubMed]

Veisani, Y.; Jenabi, E.; Delpisheh, A.; Khazaei, S. Effect of Prenatal Smoking Cessation Interventions on Birth Weight: Meta-
Analysis. |. Matern. Fetal. Neonatal. Med. 2019, 32, 332-338. [CrossRef] [PubMed]

Timmermans, S.; Jaddoe, V.W.V.; Mackenbach, ].P.; Hofman, A.; Steegers-Theunissen, R.P.M.; Steegers, E.A.P. Determinants of
Folic Acid Use in Early Pregnancy in a Multi-Ethnic Urban Population in The Netherlands: The Generation R Study. Prev. Med.
2008, 47, 427-432. [CrossRef] [PubMed]

Mannién, J.; Klomp, T.; Wiegers, T.; Pereboom, M.; Brug, J.; de Jonge, A.; van der Meijde, M.; Hutton, E.; Schellevis, F.; Spelten, E.
Evaluation of Primary Care Midwifery in the Netherlands: Design and Rationale of a Dynamic Cohort Study (DELIVER). BMC
Health Serv. Res. 2012, 12, 69. [CrossRef]

Liu, C;; Liu, C.; Wang, Q.; Zhang, Z. Supplementation of Folic Acid in Pregnancy and the Risk of Preeclampsia and Gestational
Hypertension: A Meta-Analysis. Arch. Gynecol. Obstet. 2018, 298, 697-704. [CrossRef]

Ion, R.; Bernal, A.L. Smoking and Preterm Birth. Reprod. Sci 2015, 22, 918-926. [CrossRef]

Goldstein, H.; Goldberg, L.D.; Frazier, T.M.; Davis, G.E. Cigarette Smoking and Prematurity: Review. Public Health Rep. 1964, 79,
553. [CrossRef]

Hedderson, M.M.; Ferrara, A.; Sacks, D.A. Gestational Diabetes Mellitus and Lesser Degrees of Pregnancy Hyperglycemia:
Association with Increased Risk of Spontaneous Preterm Birth. Obs. Gynecol. 2003, 102, 850-856. [CrossRef]

Marcoux, S.; Brisson, J.; Fabia, J. The Effect of Leisure Time Physical Activity on the Risk of Pre-Eclampsia and Gestational
Hypertension. . Epidemiol. Community Health 1989, 43, 147-152. [CrossRef] [PubMed]

Sorensen, T.K.; Williams, M.A.; Lee, L.-M.; Dashow, E.E.; Thompson, M.L.; Luthy, D.A. Recreational Physical Activity during
Pregnancy and Risk of Preeclampsia. Hypertension 2003, 41, 1273-1280. [CrossRef] [PubMed]

Saftlas, A.F.; Logsden-Sackett, N.; Wang, W.; Woolson, R.; Bracken, M.B. Work, Leisure-Time Physical Activity, and Risk of
Preeclampsia and Gestational Hypertension. Am. J. Epidemiol. 2004, 160, 758-765. [CrossRef]

Dye, T.D.; Knox, K.L.; Artal, R.; Aubry, R.H.; Wojtowycz, M.A. Physical Activity, Obesity, and Diabetes in Pregnancy. Am. J.
Epidemiol. 1997, 146, 961-965. [CrossRef]

Dempsey, ].C.; Sorensen, T.K.; Williams, M.A.; Lee, .-M.; Miller, R.S.; Dashow, E.E.; Luthy, D.A. Prospective Study of Gestational
Diabetes Mellitus Risk in Relation to Maternal Recreational Physical Activity before and during Pregnancy. Am. J. Epidemiol. 2004,
159, 663-670. [CrossRef] [PubMed]

Dempsey, J.C.; Butler, C.L.; Sorensen, T.K.; Lee, L-M.; Thompson, M.L.; Miller, R.S.; Frederick, I.O.; Williams, M.A. A Case-Control
Study of Maternal Recreational Physical Activity and Risk of Gestational Diabetes Mellitus. Diabetes Res. Clin. Pract. 2004, 66,
203-215. [CrossRef] [PubMed]

Cornelissen, V.A.; Smart, N.A. Exercise Training for Blood Pressure: A Systematic Review and Meta-Analysis. ]. Am. Heart Assoc.
2013, 2, e004473. [CrossRef] [PubMed]

Kyu, H.H.; Bachman, V.E; Alexander, L.T.; Mumford, J.E.; Afshin, A.; Estep, K.; Veerman, J.L.; Delwiche, K.; Iannarone, M.L.;
Moyer, M.L.; et al. Physical Activity and Risk of Breast Cancer, Colon Cancer, Diabetes, Ischemic Heart Disease, and Ischemic
Stroke Events: Systematic Review and Dose-Response Meta-Analysis for the Global Burden of Disease Study 2013. BM] 2016,
354,13857. [CrossRef]


http://doi.org/10.1080/09297049.2011.628309
http://www.ncbi.nlm.nih.gov/pubmed/22114955
http://doi.org/10.1542/peds.2012-3931
http://doi.org/10.1055/s-0034-1393932
http://doi.org/10.1136/bmjopen-2016-015410
http://doi.org/10.1016/j.jogc.2018.11.014
http://doi.org/10.1001/jama.2019.8734
http://doi.org/10.1016/j.ajog.2010.11.013
http://www.ncbi.nlm.nih.gov/pubmed/21257143
http://doi.org/10.1177/0009922814549545
http://www.ncbi.nlm.nih.gov/pubmed/25189695
http://doi.org/10.1016/S0140-6736(10)62233-7
http://www.ncbi.nlm.nih.gov/pubmed/21496916
http://doi.org/10.1080/14767058.2017.1378335
http://www.ncbi.nlm.nih.gov/pubmed/28889768
http://doi.org/10.1016/j.ypmed.2008.06.014
http://www.ncbi.nlm.nih.gov/pubmed/18644404
http://doi.org/10.1186/1472-6963-12-69
http://doi.org/10.1007/s00404-018-4823-4
http://doi.org/10.1177/1933719114556486
http://doi.org/10.2307/4592188
http://doi.org/10.1097/00006250-200310000-00030
http://doi.org/10.1136/jech.43.2.147
http://www.ncbi.nlm.nih.gov/pubmed/2592903
http://doi.org/10.1161/01.HYP.0000072270.82815.91
http://www.ncbi.nlm.nih.gov/pubmed/12719446
http://doi.org/10.1093/aje/kwh277
http://doi.org/10.1093/oxfordjournals.aje.a009223
http://doi.org/10.1093/aje/kwh091
http://www.ncbi.nlm.nih.gov/pubmed/15033644
http://doi.org/10.1016/j.diabres.2004.03.010
http://www.ncbi.nlm.nih.gov/pubmed/15533588
http://doi.org/10.1161/JAHA.112.004473
http://www.ncbi.nlm.nih.gov/pubmed/23525435
http://doi.org/10.1136/bmj.i3857

Int. ]. Environ. Res. Public Health 2022, 19, 16592 39 of 43

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.
191.

192.

193.

194.

195.

Rodriguez-Ayllon, M.; Cadenas-Sanchez, C.; Estévez-Lopez, F.; Mufioz, N.E.; Mora-Gonzalez, J.; Migueles, ].H.; Molina-Garcia, P;
Henriksson, H.; Mena-Molina, A.; Martinez-Vizcaino, V.; et al. Role of Physical Activity and Sedentary Behavior in the Mental
Health of Preschoolers, Children and Adolescents: A Systematic Review and Meta-Analysis. Sports Med. 2019, 49, 1383-1410.
[CrossRef]

Da Costa, D.; Rippen, N.; Dritsa, M.; Ring, A. Self-Reported Leisure-Time Physical Activity during Pregnancy and Relationship to
Psychological Well-Being. |. Psychosom. Obstet. Gynaecol. 2003, 24, 111-119. [CrossRef]

Poudevigne, M.S.; O’Connor, PJ. Physical Activity and Mood during Pregnancy. Med. Sci. Sports Exerc. 2005, 37, 1374-1380.
[CrossRef] [PubMed]

Sugiyama, T.; Leslie, E.; Giles-Corti, B.; Owen, N. Associations of Neighbourhood Greenness with Physical and Mental Health:
Do Walking, Social Coherence and Local Social Interaction Explain the Relationships? J. Epidemiol. Community Health 2008, 62, e9.
[CrossRef] [PubMed]

Séguin, L.; Potvin, L.; St-Denis, M.; Loiselle, J. Chronic Stressors, Social Support, and Depression during Pregnancy. Obstet.
Gynecol. 1995, 85, 583-589. [CrossRef] [PubMed]

Li, D.; Liu, L.; Odouli, R. Presence of Depressive Symptoms during Early Pregnancy and the Risk of Preterm Delivery: A
Prospective Cohort Study. Hum. Reprod. 2009, 24, 146-153. [CrossRef] [PubMed]

Shapiro, G.D.; Fraser, W.D.; Frasch, M.G.; Séguin, J.R. Psychosocial Stress in Pregnancy and Preterm Birth: Associations and
Mechanisms. . Perinat. Med. 2013, 41, 631-645. [CrossRef] [PubMed]

Hinkle, S.N.; Sharma, A.J.; Kim, S.Y.; Schieve, L.A. Maternal Prepregnancy Weight Status and Associations with Children’s
Development and Disabilities at Kindergarten. Int. J. Obes. 2013, 37, 1344-1351. [CrossRef]

Luoma, I.; Kaukonen, P.; Mdntymaa, M.; Puura, K.; Tamminen, T.; Salmelin, R. A Longitudinal Study of Maternal Depressive
Symptoms, Negative Expectations and Perceptions of Child Problems. Child Psychiatry Hum. Dev. 2004, 35, 37-53. [CrossRef]
[PubMed]

Sebire, N.J.; Jolly, M.; Harris, J.; Regan, L.; Robinson, S. Is Maternal Underweight Really a Risk Factor for Adverse Pregnancy
Outcome? A Population-Based Study in London. BJOG 2001, 108, 61-66. [CrossRef]

Cedergren, M. Effects of Gestational Weight Gain and Body Mass Index on Obstetric Outcome in Sweden. Int. J. Gynaecol. Obstet.
2006, 93, 269-274. [CrossRef]

Hedderson, M.M.; Weiss, N.S.; Sacks, D.A.; Pettitt, D.].; Selby, ].V.; Quesenberry, C.P.; Ferrara, A. Pregnancy Weight Gain and
Risk of Neonatal Complications: Macrosomia, Hypoglycemia, and Hyperbilirubinemia. Obstet. Gynecol. 2006, 108, 1153-1161.
[CrossRef]

Stotland, N.E.; Cheng, Y.W.; Hopkins, L.M.; Caughey, A.B. Gestational Weight Gain and Adverse Neonatal Outcome among Term
Infants. Obstet. Gynecol. 2006, 108, 635-643. [CrossRef]

Leddy, M.A.; Power, M.L.; Schulkin, J. The Impact of Maternal Obesity on Maternal and Fetal Health. Rev. Obstet. Gynecol. 2008,
1,170-178.

deCatanzaro, D.; Macniven, E. Psychogenic Pregnancy Disruptions in Mammals. Neurosci. Biobehav. Rev. 1992, 16, 43-53.
[CrossRef] [PubMed]

Mulder, E.J.H.; Robles de Medina, P.G.; Huizink, A.C.; Van den Bergh, B.R.H.; Buitelaar, ].K.; Visser, G.H.A. Prenatal Maternal
Stress: Effects on Pregnancy and the (Unborn) Child. Early Hum. Dev. 2002, 70, 3-14. [CrossRef] [PubMed]

Grote, N.K.; Bridge, ].A.; Gavin, A.R.; Melville, ].L.; Iyengar, S.; Katon, W.J. A Meta-Analysis of Depression during Pregnancy
and the Risk of Preterm Birth, Low Birth Weight, and Intrauterine Growth Restriction. Arch. Gen. Psychiatry 2010, 67, 1012-1024.
[CrossRef] [PubMed]

Mckee, M.D.; Cunningham, M.; Jankowski, K.R.; Zayas, L. Health-Related Functional Status in Pregnancy: Relationship to
Depression and Social Support in a Multi-Ethnic Population. Obstet. Gynecol. 2001, 97, 988-993. [CrossRef]

Orr, S.T.; James, S.A.; Blackmore Prince, C. Maternal Prenatal Depressive Symptoms and Spontaneous Preterm Births among
African-American Women in Baltimore, Maryland. Am. J. Epidemiol. 2002, 156, 797-802. [CrossRef]

Kurki, T.; Hiilesmaa, V.; Raitasalo, R.; Mattila, H.; Ylikorkala, O. Depression and Anxiety in Early Pregnancy and Risk for
Preeclampsia. Obstet. Gynecol. 2000, 95, 487-490. [CrossRef]

Zelkowitz, P; Papageorgiou, A. Easing Maternal Anxiety: An Update. Womens Health 2012, 8, 205-213. [CrossRef]

Catov, ].M.; Abatemarco, D.J.; Markovic, N.; Roberts, ]. M. Anxiety and Optimism Associated with Gestational Age at Birth and
Fetal Growth. Matern. Child Health ]. 2010, 14, 758-764. [CrossRef]

Barker, E.D.; Jaffee, S.R.; Uher, R.; Maughan, B. The Contribution of Prenatal and Postnatal Maternal Anxiety and Depression to
Child Maladjustment. Depress. Anxiety 2011, 28, 696-702. [CrossRef] [PubMed]

Beijers, R.; Jansen, J.; Riksen-Walraven, M.; de Weerth, C. Maternal Prenatal Anxiety and Stress Predict Infant Illnesses and Health
Complaints. Pediatrics 2010, 126, e401-e409. [CrossRef] [PubMed]

Chen, X.-K.; Wen, S.W.; Fleming, N.; Demissie, K.; Rhoads, G.G.; Walker, M. Teenage Pregnancy and Adverse Birth Outcomes: A
Large Population Based Retrospective Cohort Study. Int. ]. Epidemiol. 2007, 36, 368-373. [CrossRef] [PubMed]

Oakley, L.; Maconochie, N.; Doyle, P.; Dattani, N.; Moser, K. Multivariate Analysis of Infant Death in England and Wales in
2005-06, with Focus on Socio-Economic Status and Deprivation. Health. Stat. Q. 2009, 42, 22-39. [CrossRef]


http://doi.org/10.1007/s40279-019-01099-5
http://doi.org/10.3109/01674820309042808
http://doi.org/10.1249/01.mss.0000174907.27818.ff
http://www.ncbi.nlm.nih.gov/pubmed/16118585
http://doi.org/10.1136/jech.2007.064287
http://www.ncbi.nlm.nih.gov/pubmed/18431834
http://doi.org/10.1016/0029-7844(94)00449-N
http://www.ncbi.nlm.nih.gov/pubmed/7898838
http://doi.org/10.1093/humrep/den342
http://www.ncbi.nlm.nih.gov/pubmed/18948314
http://doi.org/10.1515/jpm-2012-0295
http://www.ncbi.nlm.nih.gov/pubmed/24216160
http://doi.org/10.1038/ijo.2013.128
http://doi.org/10.1023/B:CHUD.0000039319.96151.63
http://www.ncbi.nlm.nih.gov/pubmed/15626324
http://doi.org/10.1111/j.1471-0528.2001.00021.x
http://doi.org/10.1016/j.ijgo.2006.03.002
http://doi.org/10.1097/01.AOG.0000242568.75785.68
http://doi.org/10.1097/01.AOG.0000228960.16678.bd
http://doi.org/10.1016/S0149-7634(05)80050-8
http://www.ncbi.nlm.nih.gov/pubmed/1553106
http://doi.org/10.1016/S0378-3782(02)00075-0
http://www.ncbi.nlm.nih.gov/pubmed/12441200
http://doi.org/10.1001/archgenpsychiatry.2010.111
http://www.ncbi.nlm.nih.gov/pubmed/20921117
http://doi.org/10.1097/00006250-200106000-00022
http://doi.org/10.1093/aje/kwf131
http://doi.org/10.1016/s0029-7844(99)00602-x
http://doi.org/10.2217/WHE.11.96
http://doi.org/10.1007/s10995-009-0513-y
http://doi.org/10.1002/da.20856
http://www.ncbi.nlm.nih.gov/pubmed/21769997
http://doi.org/10.1542/peds.2009-3226
http://www.ncbi.nlm.nih.gov/pubmed/20643724
http://doi.org/10.1093/ije/dyl284
http://www.ncbi.nlm.nih.gov/pubmed/17213208
http://doi.org/10.1057/hsq.2009.15

Int. ]. Environ. Res. Public Health 2022, 19, 16592 40 of 43

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.
220.

221.

Gray, R.; Headley, J.; Oakley, L.; Kurinczuk, J.J.; Brocklehurst, P; Hollowell, J. Towards an Understanding of Vari-
ations in Infant Mortality Rates between Different Ethnic Groups in England and Wales. 2010. Available online:
https:/ /www.semanticscholar.org/paper/Towards-an-understanding-of-variations-in-infant-in-Graya-Headleyb /d7a8
fb6fb35f6b7516e7d6cfdbeeb24f70cd080b (accessed on 20 August 2022).

Boy, A.; Salihu, H.M. Intimate Partner Violence and Birth Outcomes: A Systematic Review. Int. J. Fertil. Womens Med. 2004, 49,
159-164.

Arntzen, A.; Nybo Andersen, A.M. Social Determinants for Infant Mortality in the Nordic Countries, 1980-2001. Scand ]. Public
Health 2004, 32, 381-389. [CrossRef]

Giurgescu, C.; Zenk, S.N.; Dancy, B.L.; Park, C.G.; Dieber, W.; Block, R. Relationships among Neighborhood Environment, Racial
Discrimination, Psychological Distress, and Preterm Birth in African American Women. J. Obstet. Gynecol. Neonatal Nurs. 2012, 41,
E51-E61. [CrossRef]

Weinstock, M. The Potential Influence of Maternal Stress Hormones on Development and Mental Health of the Offspring. Brain
Behav. Immun. 2005, 19, 296-308. [CrossRef]

Nurminen, T. Female Noise Exposure, Shift Work, and Reproduction. J. Occup. Environ. Med. 1995, 37, 945-950. [CrossRef]
Wadhwa, P.D.; Garite, T.J.; Porto, M.; Glynn, L.; Chicz-DeMet, A.; Dunkel-Schetter, C.; Sandman, C.A. Placental Corticotropin-
Releasing Hormone (CRH), Spontaneous Preterm Birth, and Fetal Growth Restriction: A Prospective Investigation. Am. J. Obstet.
Gynecol. 2004, 191, 1063-1069. [CrossRef]

Hobel, C.J.; Dunkel-Schetter, C.; Roesch, S.C.; Castro, L.C.; Arora, C.P. Maternal Plasma Corticotropin-Releasing Hormone
Associated with Stress at 20 Weeks” Gestation in Pregnancies Ending in Preterm Delivery. Am. ]. Obstet. Gynecol. 1999, 180,
5257-5263. [CrossRef] [PubMed]

Robinson, ].N.; Regan, J.A.; Norwitz, E.R. The Epidemiology of Preterm Labor. Semin. Perinatol. 2001, 25, 204-214. [CrossRef]
[PubMed]

Georgiou, H.M.; Di Quinzio, M.K.W.; Permezel, M.; Brennecke, S.P. Predicting Preterm Labour: Current Status and Future
Prospects. Dis. Markers 2015, 2015, 435014. [CrossRef]

Ding, X.-X.; Wu, Y.-L.; Xu, S.-].; Zhu, R.-P; Jia, X.-M.; Zhang, S.-F.; Huang, K.; Zhu, P.; Hao, J.-H.; Tao, E-B. Maternal Anxiety
during Pregnancy and Adverse Birth Outcomes: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. J. Affect
Disord. 2014, 159, 103-110. [CrossRef] [PubMed]

Class, Q.A; Lichtenstein, P.; Langstrom, N.; D’Onofrio, B.M. Timing of Prenatal Maternal Exposure to Severe Life Events and
Adverse Pregnancy Outcomes: A Population Study of 2.6 Million Pregnancies. Psychosom. Med. 2011, 73, 234-241. [CrossRef]
Priest, S.R.; Austin, M.-P.; Barnett, B.B.; Buist, A. A Psychosocial Risk Assessment Model (PRAM) for Use with Pregnant and
Postpartum Women in Primary Care Settings. Arch. Womens Ment. Health 2008, 11, 307-317. [CrossRef]

Lee, AM.,; Lam, S.K.; Sze Mun Lau, S.M.; Chong, C.S.Y.; Chui, HW.; Fong, D.Y.T. Prevalence, Course, and Risk Factors for
Antenatal Anxiety and Depression. Obstet. Gynecol. 2007, 110, 1102-1112. [CrossRef] [PubMed]

Melnyk, B.M.; Gennaro, S.; Szalacha, L.A.; Hoying, J.; O’Connor, C.; Cooper, A.; Gibeau, A. Randomized Controlled Trial of
the COPE-P Intervention to Improve Mental Health, Healthy Lifestyle Behaviors, Birth and Post-Natal Outcomes of Minority
Pregnant Women: Study Protocol with Implications. Contemp. Clin. Trials 2020, 98, 106090. [CrossRef] [PubMed]

Nielsen Forman, D.; Videbech, P.; Hedegaard, M.; Dalby Salvig, J.; Secher, N.J. Postpartum Depression: Identification of Women
at Risk. BJOG 2000, 107, 1210-1217. [CrossRef] [PubMed]

Robertson, E.; Grace, S.; Wallington, T.; Stewart, D.E. Antenatal Risk Factors for Postpartum Depression: A Synthesis of Recent
Literature. Gen. Hosp. Psychiatry 2004, 26, 289-295. [CrossRef]

Paul, K.H.; Graham, M.L.; Olson, C.M. The Web of Risk Factors for Excessive Gestational Weight Gain in Low Income Women.
Matern. Child Health J. 2013, 17, 344-351. [CrossRef] [PubMed]

George, G.C.; Hanss-Nuss, H.; Milani, T.J.; Freeland-Graves, ].H. Food Choices of Low-Income Women during Pregnancy and
Postpartum. J. Am. Diet Assoc. 2005, 105, 899-907. [CrossRef] [PubMed]

Hurley, K.M.; Caulfield, L.E.; Sacco, L.M.; Costigan, K.A.; Dipietro, J.A. Psychosocial Influences in Dietary Patterns during
Pregnancy. . Am. Diet. Assoc. 2005, 105, 963-966. [CrossRef] [PubMed]

Mezuk, B.; Rafferty, J.A.; Kershaw, K.N.; Hudson, D.; Abdou, C.M.; Lee, H.; Eaton, W.W.; Jackson, J.S. Reconsidering the Role
of Social Disadvantage in Physical and Mental Health: Stressful Life Events, Health Behaviors, Race, and Depression. Am. .
Epidemiol. 2010, 172, 1238-1249. [CrossRef] [PubMed]

Lobel, M.; Cannella, D.L.; Graham, ].E.; DeVincent, C.; Schneider, ].; Meyer, B.A. Pregnancy-Specific Stress, Prenatal Health
Behaviors, and Birth Outcomes. Health Psychol. 2008, 27, 604-615. [CrossRef] [PubMed]

McDonald, S.D.; Han, Z.; Mulla, S.; Beyene, J.; Knowledge Synthesis Group. Overweight and Obesity in Mothers and Risk of
Preterm Birth and Low Birth Weight Infants: Systematic Review and Meta-Analyses. BM] 2010, 341, c3428. [CrossRef]

Rogers, ].M. Tobacco and Pregnancy. Reprod. Toxicol. 2009, 28, 152-160. [CrossRef]

Nucci, L.B.; Schmidt, M.I.; Duncan, B.B.; Fuchs, S.C.; Fleck, E.T.; Santos Britto, M.M. Nutritional Status of Pregnant Women:
Prevalence and Associated Pregnancy Outcomes. Rev. Saude Publica 2001, 35, 502-507. [CrossRef]

Zhang, C.; Solomon, C.G.; Manson, J.E.; Hu, EB. A Prospective Study of Pregravid Physical Activity and Sedentary Behaviors in
Relation to the Risk for Gestational Diabetes Mellitus. Arch. Intern. Med. 2006, 166, 543-548. [CrossRef]


https://www.semanticscholar.org/paper/Towards-an-understanding-of-variations-in-infant-in-Graya-Headleyb/d7a8fb6fb35f6b7516e7d6cfdbceb24f70cd080b
https://www.semanticscholar.org/paper/Towards-an-understanding-of-variations-in-infant-in-Graya-Headleyb/d7a8fb6fb35f6b7516e7d6cfdbceb24f70cd080b
http://doi.org/10.1080/14034940410029450
http://doi.org/10.1111/j.1552-6909.2012.01409.x
http://doi.org/10.1016/j.bbi.2004.09.006
http://doi.org/10.1097/00043764-199508000-00010
http://doi.org/10.1016/j.ajog.2004.06.070
http://doi.org/10.1016/S0002-9378(99)70712-X
http://www.ncbi.nlm.nih.gov/pubmed/9914629
http://doi.org/10.1053/sper.2001.27548
http://www.ncbi.nlm.nih.gov/pubmed/11561908
http://doi.org/10.1155/2015/435014
http://doi.org/10.1016/j.jad.2014.02.027
http://www.ncbi.nlm.nih.gov/pubmed/24679397
http://doi.org/10.1097/PSY.0b013e31820a62ce
http://doi.org/10.1007/s00737-008-0028-3
http://doi.org/10.1097/01.AOG.0000287065.59491.70
http://www.ncbi.nlm.nih.gov/pubmed/17978126
http://doi.org/10.1016/j.cct.2020.106090
http://www.ncbi.nlm.nih.gov/pubmed/32745703
http://doi.org/10.1111/j.1471-0528.2000.tb11609.x
http://www.ncbi.nlm.nih.gov/pubmed/11028570
http://doi.org/10.1016/j.genhosppsych.2004.02.006
http://doi.org/10.1007/s10995-012-0979-x
http://www.ncbi.nlm.nih.gov/pubmed/22415812
http://doi.org/10.1016/j.jada.2005.03.028
http://www.ncbi.nlm.nih.gov/pubmed/15942539
http://doi.org/10.1016/j.jada.2005.03.007
http://www.ncbi.nlm.nih.gov/pubmed/15942549
http://doi.org/10.1093/aje/kwq283
http://www.ncbi.nlm.nih.gov/pubmed/20884682
http://doi.org/10.1037/a0013242
http://www.ncbi.nlm.nih.gov/pubmed/18823187
http://doi.org/10.1136/bmj.c3428
http://doi.org/10.1016/j.reprotox.2009.03.012
http://doi.org/10.1590/S0034-89102001000600002
http://doi.org/10.1001/archinte.166.5.543

Int. ]. Environ. Res. Public Health 2022, 19, 16592 41 of 43

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

Petrou, S.; Kupek, E.; Vause, S.; Maresh, M. Antenatal Visits and Adverse Perinatal Outcomes: Results from a British Population-
Based Study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2003, 106, 40-49. [CrossRef]

Raatikainen, K.; Heiskanen, N.; Heinonen, S. Under-Attending Free Antenatal Care Is Associated with Adverse Pregnancy
Outcomes. BMC Public Health 2007, 7, 268. [CrossRef] [PubMed]

Gadson, A.; Akpovi, E.; Mehta, PK. Exploring the Social Determinants of Racial/Ethnic Disparities in Prenatal Care Utilization
and Maternal Outcome. Semin. Perinatol. 2017, 41, 308-317. [CrossRef] [PubMed]

Tumin, D.; Menegay, M.; Shrider, E.A.; Nau, M.; Tumin, R. Local Income Inequality, Individual Socioeconomic Status, and Unmet
Healthcare Needs in Ohio, USA. Health Equity 2018, 2, 37-44. [CrossRef] [PubMed]

Origlia, P; Jevitt, C.; Sayn-Wittgenstein, EZ.; Cignacco, E. Experiences of Antenatal Care Among Women Who Are Socioeconomi-
cally Deprived in High-Income Industrialized Countries: An Integrative Review. J. Midwifery Women’s Health 2017, 62, 589-598.
[CrossRef]

Levesque, ].-F,; Harris, M.E; Russell, G. Patient-Centred Access to Health Care: Conceptualising Access at the Interface of Health
Systems and Populations. Int. J. Equity Health 2013, 12, 18. [CrossRef]

Grand-Guillaume-Perrenoud, J.A.; Origlia, P.; Cignacco, E. Barriers and Facilitators of Maternal Healthcare Utilisation in the
Perinatal Period among Women with Social Disadvantage: A Theory-Guided Systematic Review. Midwifery 2022, 105, 103237.
[CrossRef]

Downe, S.; Finlayson, K.; Walsh, D.; Lavender, T. “Weighing up and Balancing out”: A Meta-Synthesis of Barriers to Antenatal
Care for Marginalised Women in High-Income Countries. BJOG Int. ]. Obstet. Gynaecol. 2009, 116, 518-529. [CrossRef]

Balaam, M.; Akerjordet, K.; Lyberg, A.; Kaiser, B.; Schoening, E.; Fredriksen, A.; Ensel, A.; Gouni, O.; Severinsson, E. A Qualitative
Review of Migrant Women'’s Perceptions of Their Needs and Experiences Related to Pregnancy and Childbirth. J. Adv. Nurs.
2013, 69, 1919-1930. [CrossRef]

Heaman, M.I; Gupton, A.L.; Moffatt, M.E. Prevalence and Predictors of Inadequate Prenatal Care: A Comparison of Aboriginal
and Non-Aboriginal Women in Manitoba. . Obstet. Gynaecol. Can. 2005, 27, 237-246. [CrossRef]

Higginbottom, G.M.; Hadziabdic, E.; Yohani, S.; Paton, P. Inmigrant Women’s Experience of Maternity Services in Canada: A
Meta-Ethnography. Midwifery 2014, 30, 544-559. [CrossRef]

Daoud, N.; O’Campo, P.; Anderson, K.; Agbaria, A.K.; Shoham-Vardji, I. The Social Ecology of Maternal Infant Care in Socially
and Economically Marginalized Community in Southern Israel. Health Educ. Res. 2012, 27, 1018-1030. [CrossRef] [PubMed]
Hulsey, T.M.; Laken, M.; Miller, V.; Ager, ]J. The Influence of Attitudes about Unintended Pregnancy on Use of Prenatal and
Postpartum Care. J. Perinatol. 2000, 20, 513-519. [CrossRef] [PubMed]

Kapaya, H.; Mercer, E.; Boffey, F.; Jones, G.; Mitchell, C.; Anumba, D. Deprivation and Poor Psychosocial Support Are Key
Determinants of Late Antenatal Presentation and Poor Fetal Outcomes-a Combined Retrospective and Prospective Study. BMC
Pregnancy Childbirth 2015, 15, 309. [CrossRef]

Heaman, M.L; Moffatt, M.; Elliott, L.; Sword, W.; Helewa, M.E.; Morris, H.; Gregory, P; Tjaden, L.; Cook, C. Barriers, Motivators
and Facilitators Related to Prenatal Care Utilization among Inner-City Women in Winnipeg, Canada: A Case-Control Study. BMC
Pregnancy Childbirth 2014, 14, 227. [CrossRef]

Gonthier, C.; Estellat, C.; Deneux-Tharaux, C.; Blondel, B.; Alfaiate, T.; Schmitz, T.; Oury, J.-F.; Mandelbrot, L.; Luton, D.; Ravaud,
P; et al. Association between Maternal Social Deprivation and Prenatal Care Utilization: The PreCARE Cohort Study. BMC
Pregnancy Childbirth 2017, 17, 126. [CrossRef] [PubMed]

Teng, L.; Robertson Blackmore, E.; Stewart, D.E. Healthcare Worker’s Perceptions of Barriers to Care by Immigrant Women with
Postpartum Depression: An Exploratory Qualitative Study. Arch. Womens Ment. Health 2007, 10, 93-101. [CrossRef]

Davenport, M.H.; Ruchat, S.-M.; Poitras, V.J.; Jaramillo Garcia, A.; Gray, C.E.; Barrowman, N.; Skow, R.J.; Meah, V.L.; Riske,
L.; Sobierajski, F.; et al. Prenatal Exercise for the Prevention of Gestational Diabetes Mellitus and Hypertensive Disorders of
Pregnancy: A Systematic Review and Meta-Analysis. Br. J. Sports Med. 2018, 52, 1367-1375. [CrossRef]

Du, M.-C.; Ouyang, Y.-Q.; Nie, X.-F; Huang, Y.; Redding, S.R. Effects of Physical Exercise during Pregnancy on Maternal and
Infant Outcomes in Overweight and Obese Pregnant Women: A Meta-Analysis. Birth 2019, 46, 211-221. [CrossRef]
Muktabhant, B.; Lawrie, T.A.; Lumbiganon, P.; Laopaiboon, M. Diet or Exercise, or Both, for Preventing Excessive Weight Gain in
Pregnancy. Cochrane Database Syst. Rev. 2015, 6, CD007145. [CrossRef]

O’Brien, C.M.; Grivell, RM.; Dodd, ]. M. Systematic Review of Antenatal Dietary and Lifestyle Interventions in Women with a
Normal Body Mass Index. Acta Obstet. Gynecol. Scand 2016, 95, 259-269. [CrossRef]

Althuizen, E.; van der Wijden, C.L.; van Mechelen, W.; Seidell, ].C.; van Poppel, M.N.M. The Effect of a Counselling Intervention
on Weight Changes during and after Pregnancy: A Randomised Trial. BJOG 2013, 120, 92-99. [CrossRef] [PubMed]

Asbee, S.M.; Jenkins, T.R.; Butler, ].R.; White, J.; Elliot, M.; Rutledge, A. Preventing Excessive Weight Gain during Pregnancy
through Dietary and Lifestyle Counseling: A Randomized Controlled Trial. Obstet. Gynecol. 2009, 113, 305-312. [CrossRef]
[PubMed]

Hui, A.; Back, L.; Ludwig, S.; Gardiner, P.; Sevenhuysen, G.; Dean, H.; Sellers, E.; McGavock, J.; Morris, M.; Bruce, S.; et al.
Lifestyle Intervention on Diet and Exercise Reduced Excessive Gestational Weight Gain in Pregnant Women under a Randomised
Controlled Trial. BJOG 2012, 119, 70-77. [CrossRef] [PubMed]


http://doi.org/10.1016/S0301-2115(02)00215-4
http://doi.org/10.1186/1471-2458-7-268
http://www.ncbi.nlm.nih.gov/pubmed/17900359
http://doi.org/10.1053/j.semperi.2017.04.008
http://www.ncbi.nlm.nih.gov/pubmed/28625554
http://doi.org/10.1089/heq.2017.0058
http://www.ncbi.nlm.nih.gov/pubmed/30283849
http://doi.org/10.1111/jmwh.12627
http://doi.org/10.1186/1475-9276-12-18
http://doi.org/10.1016/j.midw.2021.103237
http://doi.org/10.1111/j.1471-0528.2008.02067.x
http://doi.org/10.1111/jan.12139
http://doi.org/10.1016/S1701-2163(16)30516-3
http://doi.org/10.1016/j.midw.2013.06.004
http://doi.org/10.1093/her/cys052
http://www.ncbi.nlm.nih.gov/pubmed/22641794
http://doi.org/10.1038/sj.jp.7200455
http://www.ncbi.nlm.nih.gov/pubmed/11190592
http://doi.org/10.1186/s12884-015-0753-3
http://doi.org/10.1186/1471-2393-14-227
http://doi.org/10.1186/s12884-017-1310-z
http://www.ncbi.nlm.nih.gov/pubmed/28506217
http://doi.org/10.1007/s00737-007-0176-x
http://doi.org/10.1136/bjsports-2018-099355
http://doi.org/10.1111/birt.12396
http://doi.org/10.1002/14651858.CD007145.pub3
http://doi.org/10.1111/aogs.12829
http://doi.org/10.1111/1471-0528.12014
http://www.ncbi.nlm.nih.gov/pubmed/23121074
http://doi.org/10.1097/AOG.0b013e318195baef
http://www.ncbi.nlm.nih.gov/pubmed/19155899
http://doi.org/10.1111/j.1471-0528.2011.03184.x
http://www.ncbi.nlm.nih.gov/pubmed/22017967

Int. ]. Environ. Res. Public Health 2022, 19, 16592 42 of 43

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Hui, A.L.; Back, L.; Ludwig, S.; Gardiner, P.; Sevenhuysen, G.; Dean, H.J.; Sellers, E.; McGavock, J.; Morris, M.; Jiang, D.; et al.
Effects of Lifestyle Intervention on Dietary Intake, Physical Activity Level, and Gestational Weight Gain in Pregnant Women with
Different Pre-Pregnancy Body Mass Index in a Randomized Control Trial. BMC Pregnancy Childbirth 2014, 14, 331. [CrossRef]
Hui, A.L.; Ludwig, S.M.; Gardiner, P.; Sevenhuysen, G.; Murray, R.; Morris, M.; Shen, G.X. Community-Based Exercise and
Dietary Intervention during Pregnancy: A Pilot Study. Cochrane Library. Available online: https:/ /www.cochranelibrary.com/
central/doi/10.1002 /central /CN-00613161/full (accessed on 7 October 2022).

Laitinen, K.; Poussa, T.; Isolauri, E.; Nutrition, Allergy, Mucosal Immunology and Intestinal Microbiota Group. Probiotics and
Dietary Counselling Contribute to Glucose Regulation during and after Pregnancy: A Randomised Controlled Trial. Br. J. Nutr.
2009, 101, 1679-1687. [CrossRef]

Phelan, S.; Phipps, M.G.; Abrams, B.; Darroch, E; Schaffner, A.; Wing, R.R. Randomized Trial of a Behavioral Intervention to
Prevent Excessive Gestational Weight Gain: The Fit for Delivery Study. Am. J. Clin. Nutr. 2011, 93, 772-779. [CrossRef]

Polley, B.A.; Wing, R.R.; Sims, C.J. Randomized Controlled Trial to Prevent Excessive Weight Gain in Pregnant Women. Int. J.
Obes. Relat. Metab. Disord. 2002, 26, 1494-1502. [CrossRef]

Dodd, ].M.; Louise, J.; Deussen, A.R.; Grivell, RM.; Dekker, G.; McPhee, A.J.; Hague, W. Effect of Metformin in Addition to
Dietary and Lifestyle Advice for Pregnant Women Who Are Overweight or Obese: The GRoW Randomised, Double-Blind,
Placebo-Controlled Trial. Lancet Diabetes Endocrinol. 2019, 7, 15-24. [CrossRef]

The International Weight Management in Pregnancy (i-WIP) Collaborative Group. Effect of Diet and Physical Activity Based
Interventions in Pregnancy on Gestational Weight Gain and Pregnancy Outcomes: Meta-Analysis of Individual Participant Data
from Randomised Trials. BMJ 2017, 358, j3119. [CrossRef]

Catherine, N.L.A.; Boyle, M.; Zheng, Y.; McCandless, L.; Xie, H.; Lever, R.; Sheehan, D.; Gonzalez, A.; Jack, S.M.; Gafni, A.; et al.
Nurse Home Visiting and Prenatal Substance Use in a Socioeconomically Disadvantaged Population in British Columbia: Analysis
of Prenatal Secondary Outcomes in an Ongoing Randomized Controlled Trial. CMA] Open 2020, 8, E667-E675. [CrossRef]

Olds, D.L. Preventing Child Maltreatment and Crime with Prenatal and Infancy Support of Parents: The Nurse-Family Partnership.
J. Scand Stud. Criminol. Crime. Prev. 2008, 9, 2-24. [CrossRef] [PubMed]

Catherine, N.L.A.; Gonzalez, A.; Boyle, M.; Sheehan, D.; Jack, S.M.; Hougham, K.A.; McCandless, L.; MacMillan, H.L.; Waddell,
C.; For the British Columbia Healthy Connections Project Scientific Team. Improving Children’s Health and Development in
British Columbia through Nurse Home Visiting: A Randomized Controlled Trial Protocol. BMC Health Serv. Res. 2016, 16, 349.
[CrossRef] [PubMed]

Catherine, N.L.A_; Lever, R,; Sheehan, D.; Zheng, Y.; Boyle, M.H.; McCandless, L.; Gafni, A.; Gonzalez, A.; Jack, S.M.; Tonmyr, L.;
et al. The British Columbia Healthy Connections Project: Findings on Socioeconomic Disadvantage in Early Pregnancy. BMC
Public Health 2019, 19, 1161. [CrossRef] [PubMed]

Jack, S.M.; Catherine, N.; Gonzalez, A.; MacMillan, H.L.; Sheehan, D.; Waddell, D.; British Columbia Healthy Connections
Project Scientific Team. Adapting, Piloting and Evaluating Complex Public Health Interventions: Lessons Learned from the
Nurse-Family Partnership in Canadian Public Health Settings. Health Promot. Chronic Dis. Prev. Can. 2015, 35, 151-159. [CrossRef]
Dennis, C.-L.; Dowswell, T. Psychosocial and Psychological Interventions for Preventing Postpartum Depression. Cochrane
Database Syst. Rev. 2013, 2, CD001134. [CrossRef]

Denktas, S.; Poeran, J.; van Voorst, S.F.; Vos, A.A.; de Jong-Potjer, L.C.; Waelput, A.].; Birnie, E.; Bonsel, G.J.; Steegers, E.A. Design
and Outline of the Healthy Pregnancy 4 All Study. BMC Pregnancy Childbirth 2014, 14, 253. [CrossRef]

Vos, A.A.; van Veen, M.].; Birnie, E.; Denktas, S.; Steegers, E.A.P,; Bonsel, G.J. An Instrument for Broadened Risk Assessment in
Antenatal Health Care Including Non-Medical Issues. Int. J. Integr. Care 2015, 15, €002. [CrossRef]

Rayment-Jones, H.; Murrells, T.; Sandall, ]. An Investigation of the Relationship between the Caseload Model of Midwifery for
Socially Disadvantaged Women and Childbirth Outcomes Using Routine Data—a Retrospective, Observational Study. Midwifery
2015, 31, 409-417. [CrossRef]

Sandall, J.; Soltani, H.; Gates, S.; Shennan, A.; Devane, D. Midwife-Led Continuity Models versus Other Models of Care for
Childbearing Women. Cochrane Database Syst. Rev. 2016, 4, CD004667. [CrossRef]

Hadebe, R.; Seed, P.T.; Essien, D.; Headen, K.; Mahmud, S.; Owasil, S.; Fernandez Turienzo, C.; Stanke, C.; Sandall, J.; Bruno,
M.; et al. Can Birth Outcome Inequality Be Reduced Using Targeted Caseload Midwifery in a Deprived Diverse Inner City
Population? A Retrospective Cohort Study, London, UK. BM] Open 2021, 11, e049991. [CrossRef]

Kennedy, H.P. A Model of Exemplary Midwifery Practice: Results of a Delphi Study. . Midwifery Womens Health 2000, 45, 4-19.
[CrossRef] [PubMed]

Davis, J.A.P. Midwives and Normalcy in Childbirth: A Phenomenologic Concept Development Study. J. Midwifery Womens Health
2010, 55, 206-215. [CrossRef] [PubMed]

Phillippi, J.C.; Avery, M.D. The 2012 American College of Nurse-Midwives Core Competencies for Basic Midwifery Practice:
History and Revision. J. Midwifery Womens Health 2014, 59, 82-90. [CrossRef] [PubMed]

Rayment-Jones, H.; Silverio, S.A.; Harris, J.; Harden, A.; Sandall, J. Project 20: Midwives’ Insight into Continuity of Care Models
for Women with Social Risk Factors: What Works, for Whom, in What Circumstances, and How. Midwifery 2020, 84, 102654.
[CrossRef]

ten Hoope-Bender, P; de Bernis, L.; Campbell, ].; Downe, S.; Fauveau, V.; Fogstad, H.; Homer, C.S.E.; Kennedy, H.P.; Matthews, Z.;
McFadden, A.; et al. Improvement of Maternal and Newborn Health through Midwifery. Lancet 2014, 384, 1226-1235. [CrossRef]


http://doi.org/10.1186/1471-2393-14-331
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00613161/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00613161/full
http://doi.org/10.1017/S0007114508111461
http://doi.org/10.3945/ajcn.110.005306
http://doi.org/10.1038/sj.ijo.0802130
http://doi.org/10.1016/S2213-8587(18)30310-3
http://doi.org/10.1136/bmj.j3119
http://doi.org/10.9778/cmajo.20200063
http://doi.org/10.1080/14043850802450096
http://www.ncbi.nlm.nih.gov/pubmed/20885797
http://doi.org/10.1186/s12913-016-1594-0
http://www.ncbi.nlm.nih.gov/pubmed/27488474
http://doi.org/10.1186/s12889-019-7479-5
http://www.ncbi.nlm.nih.gov/pubmed/31438906
http://doi.org/10.24095/hpcdp.35.8/9.07
http://doi.org/10.1002/14651858.CD001134.pub3
http://doi.org/10.1186/1471-2393-14-253
http://doi.org/10.5334/ijic.1512
http://doi.org/10.1016/j.midw.2015.01.003
http://doi.org/10.1002/14651858.CD004667.pub5
http://doi.org/10.1136/bmjopen-2021-049991
http://doi.org/10.1016/S1526-9523(99)00018-5
http://www.ncbi.nlm.nih.gov/pubmed/10772731
http://doi.org/10.1016/j.jmwh.2009.12.007
http://www.ncbi.nlm.nih.gov/pubmed/20434080
http://doi.org/10.1111/jmwh.12148
http://www.ncbi.nlm.nih.gov/pubmed/24588880
http://doi.org/10.1016/j.midw.2020.102654
http://doi.org/10.1016/S0140-6736(14)60930-2

Int. ]. Environ. Res. Public Health 2022, 19, 16592 43 of 43

269.

270.

271.

272.

273.

274.

275.

McRae, D.N.; Muhajarine, N.; Stoll, K.; Mayhew, M.; Vedam, S.; Mpofu, D.; Janssen, P.A. Is Model of Care Associated with Infant
Birth Outcomes among Vulnerable Women? A Scoping Review of Midwifery-Led versus Physician-Led Care. SSM Popul. Health
2016, 2, 182-193. [CrossRef]

Bhandari, N.; Mazumder, S.; Bahl, R.; Martines, J.; Black, R.E.; Bhan, M.K. Use of Multiple Opportunities for Improving Feeding
Practices in Under-Twos within Child Health Programmes. Health Policy Plan. 2005, 20, 328-336. [CrossRef]

Menon, P; Saha, K.; Kennedy, A.; Khaled, A.; Tyagi, T.; Sanghvi, T.; Afsana, K.; Haque, R.; Frongillo, E.; Ruel, M.; et al. Social and
Behavioral Change Interventions Delivered at Scale Have Large Impacts on Infant and Young Child Feeding (IYCF) Practices in
Bangladesh. FASEB J. 2015, 29, 584.30. [CrossRef]

Training in Complementary Feeding Counselling of Healthcare Workers and Its Influence on Maternal Behaviours and Child
Growth: A Cluster-Randomized Controlled Trial in Lahore, Pakistan-PubMed. Available online: https://pubmed.ncbi.nlm.nih.
gov /18686554 / (accessed on 7 October 2022).

Lee, S.H.; Nurmatov, U.B.; Nwaru, B.L,; Mukherjee, M.; Grant, L.; Pagliari, C. Effectiveness of MHealth Interventions for Maternal,
Newborn and Child Health in Low— and Middle-Income Countries: Systematic Review and Meta—Analysis. J. Glob. Health 2016,
6,010401. [CrossRef]

Sondaal, S.EV,; Browne, ].L.; Amoakoh-Coleman, M.; Borgstein, A.; Miltenburg, A.S.; Verwijs, M.; Klipstein-Grobusch, K.
Assessing the Effect of MHealth Interventions in Improving Maternal and Neonatal Care in Low- and Middle-Income Countries:
A Systematic Review. PLoS ONE 2016, 11, e0154664. [CrossRef]

Lunze, K.; Higgins-Steele, A.; Simen-Kapeu, A.; Vesel, L.; Kim, J.; Dickson, K. Innovative Approaches for Improving Maternal
and Newborn Health—A Landscape Analysis. BMC Pregnancy Childbirth 2015, 15, 337. [CrossRef] [PubMed]


http://doi.org/10.1016/j.ssmph.2016.01.007
http://doi.org/10.1093/heapol/czi039
http://doi.org/10.1096/fasebj.29.1_supplement.584.30
https://pubmed.ncbi.nlm.nih.gov/18686554/
https://pubmed.ncbi.nlm.nih.gov/18686554/
http://doi.org/10.7189/jogh.06.010401
http://doi.org/10.1371/journal.pone.0154664
http://doi.org/10.1186/s12884-015-0784-9
http://www.ncbi.nlm.nih.gov/pubmed/26679709

	Introduction 
	Material and Methods 
	Search Strategy 
	Studies Selection Strategy 

	Results 
	Location and Population 
	Adverse Pregnancy Outcomes 
	Methodological Approaches 
	Assessment of Social Inequalities 
	Various Confounders 
	Definition of Social Determinants 
	Findings in Terms of Social Determinants and Health Inequalities 
	Framework for Action on Social Determinants of Health 
	A Theoretical Contribution Aimed at Gaining a Better Understanding of the Potential Social Deprivation Effect on Maternal and Newborn Health 

	Pathway 1—The Mediating Role Played by Deprived Material Circumstances 
	The Effect of Deprived Material Circumstances via the Direct-Action Pathway 
	The Effect of Deprived Neighborhood via the Indirect-Action Pathway 

	Pathway 2—The Mediating Role Played by Healthy Behaviors and Living Conditions 
	Pathway 3—The Mediating Role Played by Psychosocial Environment 
	The Psychosocial Environment Effect: A Direct-Action Pathway 
	The Psychosocial Environment Effect: An Indirect-Action Pathway 

	Pathway 4—The Mediating Role of Access to Adequate Prenatal Healthcare Utilization 
	Public Health Intervention for Pregnant Women and Birth Health 
	Recommendations 
	Conclusions 
	References

