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Abstract

Background: In the first years of their lives, children develop the cognitive, social and emotional skills that will
provide the foundations for their lifelong health and achievements. To increase their life prospects and reduce the
long-term effects of early aversive conditions, it is therefore crucial to understand the risk factors that negatively affect
child development and the factors that are instead beneficial. In this study, we tested (i) the effects of different social
and environmental stressors on maternal stress levels, (i) the dynamic relationship between maternal stress and child
behavior problems during development, and (jii) the potential promotive (i.e. main) or protective (i.e. buffering) effect
of siblings on child behavior problems during development.

Methods: We used longitudinal data from 373 mother—child pairs (188 daughters, 185 sons) from pregnancy until
10 years of age. We assessed maternal stress and child behavior problems (internalizing and externalizing) with vali-

lagged models to analyze the data.

dated questionnaires, and then used linear mixed models, generalized linear mixed models and longitudinal cross-

Results: Our results showed that higher maternal stress levels were predicted by socio-environmental stressors

(i.e. the lack of sufficient social areas in the neighborhood). Moreover, prenatal maternal stress reliably predicted the
occurrence of behavior problems during childhood. Finally, the presence of older siblings had a promotive function,
by reducing the likelihood that children developed externalizing problems.

Conclusions: Overall, our results confirm the negative effects that maternal stress during pregnancy may have on
the offspring, and suggest an important main effect of older siblings in promoting a positive child development.
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Introduction

In the first years of their lives, children develop the cog-
nitive, social and emotional skills that will provide the
foundations for their lifelong health and achievements
[1]. In order to increase child life prospects and reduce
the long-term effects of early aversive conditions, it is
utterly necessary to understand both the risk factors
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that may negatively affect their healthy development
and the factors that may instead promote or protect
it [1-4]. According to the developmental origins of
health and disease theory, exposure to environmental
stressors during critical periods of life can have nega-
tive long-term consequences for children’s health and
development [5-7]. Parental stress (i.e. maternal or
paternal stress), for instance, which is caused by a vari-
ety of social and environmental factors, can have seri-
ous short- and long-term effects on children [8, 9], by
increasing their risk of developing diseases and behav-
ior problems (e.g. [10-12]). Families, however, can

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-022-13261-2&domain=pdf

Amici et al. BMC Public Health (2022) 22:863

have a promotive (i.e. main) and protective (i.e. buff-
ering) function against the negative effects of stress
on child development. Positive sibling relationships,
for instance, may reduce the occurrence of behavior
problems in children [13, 14], or mitigate the negative
consequences of stressful events that children experi-
ence [15, 16]. In this study, we therefore explored (i)
the effects of different socio-environmental stressors
on maternal stress levels, (ii) the dynamic relationship
between maternal stress (including prenatal stress) and
child behavior problems during development, and (iii)
the potential promotive or protective function of sib-
lings toward the emergence of child behavior problems.

Socio-environmental factors contributing to maternal
stress

Among the most studied risk factors for child health
and development are those linked to parental stress
[8, 9]. Depending on the characteristics of the stressors
(e.g. their intensity, duration or predictability), and on
the individual life histories (e.g. early exposure to stress
[17, 18]), stressors can trigger adaptive and/or maladap-
tive responses, allowing individuals to optimally respond
to potential threats and/or triggering the disruption
of stress coping mechanisms, respectively [19]. When
stressors are too intense, or too long, individuals may not
manage to cope with them, i.e. the stress response system
may remain activated and there can be important nega-
tive consequences on individual health [20].

Several stressors can activate the parental stress
response system [21-26], including acute disasters (e.g.
terroristic attacks or droughts), psychological and physi-
ological changes linked to maternity, work-related stress
and even physical and emotional challenges experienced
during everyday life [1, 21, 22, 27]. Parents, for instance,
show higher levels of stress when they receive little
social support, when their offspring experiences health
or behavior problems, in case of conflict among family
members, or in the presence of enduring socio-environ-
mental stressors, like deprived environments [23-26].
Individuals who are satisfied with the environment they
live in, in contrast, may experience lower stress levels: a
safe neighborhood characterized by high environmental
quality (e.g. in terms of air quality), the presence of social
areas, meeting places, shops and other infrastructures,
for example, may all contribute to increase neighborhood
satisfaction and well-being [28-30] and hence decrease
individual stress levels [31]. Similarly, individual stress
levels may be lower when the quality of social relation-
ships with neighbors is high, as neighbors can contribute
to social integration and individual well-being (e.g. [32,
33]).
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Prenatal stress as a long-term risk factor for child
development

When parents are stressed, children have a higher risk
of developing social, emotional, behavior and cognitive
problems [8, 9, 34—36]. Maternal stress can have a nega-
tive impact on offspring development already in the utero
[37-39], and even before conception [40]. Prenatal stress
may have adverse effects on fetal development through
an increase of stress hormones during pregnancy [41,
42], placental inflammation [43, 44], or by altering epi-
genetic regulation through changes in mRNA expression
and DNA methylation [45, 46]. The consequences for
children can be substantial. Prenatal maternal stress can
modify the fetal immune system [47], affect birth out-
come [48, 49] and lead to several diseases during child-
hood, like obesity or wheezing [50, 51].

Prenatal stress can also have negative effects on off-
spring psychosocial development [52-54], as well as
brain and cognitive development [52, 55-57]. Moreover,
stress during pregnancy might increase the likelihood of
behavior problems during childhood [54, 58], including
attention deficit or hyperactivity [53, 59], conduct disor-
ders [53, 60], and even increase the occurrence of autism
[61], depression and schizophrenia in children [62]. Pre-
natal stress, for instance, reliably predicts the occurrence
of internalizing (e.g. anxiety, poor self-estimation) and/
or externalizing (e.g. hyperactivity, aggression) behavior
problems in children (e.g. [12, 58, 63—-68]), even when
accounting for maternal stress levels after pregnancy (e.g.
[69, 70]. These findings are not restricted to extreme pre-
natal stress or response to acute disasters (e.g. terroristic
attacks or droughts), but they may also extend to mater-
nal stress caused by daily challenges, pregnancy anxiety
or relationship strain [21, 22].

The link between maternal stress and child behavior
problems

Maternal stress can also be linked to the occurrence of
offspring behavior problems in the short term. Several
studies have shown a clear link between the occurrence
of parental stress and children’s internalizing and exter-
nalizing behavior problems (e.g. [71-75]). When moth-
ers suffer from stress, for instance, children consistently
show an increasing risk of developing internalizing prob-
lems, like depression and anxiety, and externalizing prob-
lems, like aggressive and rule-breaking behavior [75].

The relationship between maternal stress and child
behavior problems, however, is complex, as parents and
children reciprocally affect each other. Whereas children
are more likely to develop behavior, social or emotional
problems if their parents suffer from stress, children
with these problems may in turn increase parental stress,
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giving rise to a cycle of negative parent—child interac-
tions with adverse outcomes for all parties involved [8,
34, 76-79]. Longitudinal studies and methodological
approaches (e.g. cross-lagged models) that assess how
parental stress and child behavior problems reciprocally
affect each other are therefore necessary to disentangle to
what extent maternal stress contributes to child behavior
problems, and/or the other way round, and/or whether
other external factors can explain the link between these
two variables (see e.g. [8]).

The role of siblings as protective or promotive factor
Among the most important environmental factors
that affect child development are parental and family
well-being (e.g., [80—82]). On the one hand, the family
environment can entail risk factors for the child develop-
ment, including parental stress (see above). On the other
hand, families have an essential promotive or protective
function for children’s healthy development, in the face
of aversive conditions. Although there is no consensus
in literature, promotive factors are usually considered
those factors that have direct ameliorative effects on
child development, being linked to a general decrease
in behavior problems (i.e. as main effect), whereas pro-
tective factors usually indicate those factors that buffer
children from the occurrence of behavior problems in
the face of risk (i.e. in interaction with other factors;
[4]). A healthy social environment, for instance, can pro-
vide increased social support to parents, directly reduc-
ing their stress levels and increasing their psychological
well-being (i.e. promotive function), or it can have an
indirect function by mitigating the negative conse-
quences of parental stress on children (i.e. protective
function) [83, 84].

To date, several studies have shown that siblings can
significantly contribute to family well-being. Siblings
are an essential part of family systems [85], they usually
have long-lasting relationships with each other and spend
abundant time together [86—88]. Therefore, siblings may
learn to understand each other’s thoughts, emotions and
intentions from early on, facilitating the development of
social, emotional and cognitive skills [89-91]. Moreover,
siblings may serve an important promotive or protective
function during child development, reducing the occur-
rence of child behavior problems and/or mitigating the
negative consequences of stressful events [13-16]. By
generally contributing to a healthy social and cognitive
development, positive sibling relationships may indeed
reduce the likelihood that children show adjustment
problems (e.g. [87]; for reviews, see [13, 14]). Children
with siblings, for instance, are less likely to develop inter-
nalizing problems, even when controlling for maternal
stress levels [75].

Page 3 of 16

Moreover, siblings may exert a protective function
for children, by reducing the risk that adverse con-
ditions trigger the emergence of internalizing and
externalizing problems [15, 16]. Positive sibling rela-
tionships, for example, can decrease the probability
that children develop internalizing problems after
experiencing stressful events [15]. However, the mech-
anisms beyond these processes are not clear. Siblings,
especially older ones, may provide each other com-
fort and security, or they may more successfully dis-
tract each other when experiencing stress [15]. Either
way, siblings may have a protective function in case
of adverse conditions, increasing their ability to posi-
tively react to environmental stressors [15, 92].

Although longitudinal studies are especially important
to further explore the promotive and protective function
of siblings and temporally disentangle the complex inter-
play of parental stress and child behavior problems, such
an approach has rarely been used [15]. However, it can
be crucial to understand how parental stress and child
behavior problems are linked to each other through time,
and whether the presence of siblings provides direct or
indirect benefits to children during their development.
Moreover, siblings can have a different role depending
on their age and gender. While older siblings are usu-
ally more prone to engage in caregiving and helping roles
(and their protective/promotive function may thus be
especially relevant), younger siblings are usually more
likely to elicit help and care (see [91]). Furthermore, some
studies have shown that older sisters are more likely to
engage in caretaking and helping behavior toward sib-
lings, as compared to older brothers [93, 94]. Therefore,
separately assessing the role of older brother and sisters
may be essential to understand the protective and/or
promotive function that siblings may have during child
development.

The present study

In this study, we used longitudinal data on maternal
stress levels and child behavior to test (i) the effects of
different social and environmental stressors on mater-
nal stress levels, (ii) the dynamic relationship between
maternal stress and child behavior problems during
development, and (iii) the potential promotive/protec-
tive function of siblings during child development. In this
way, we aimed to contribute novel findings on the com-
plex interplay of socio-environmental stressors, maternal
stress and child behavior problems, by especially focus-
ing on the role of promotive/protective factors in this
relationship. Moreover, we aimed to confirm previous
findings linking maternal stress and child behavior prob-
lems—an important endeavor in psychology to increase
reproducibility (e.g. [95]). Based on previous studies (see
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above), we made the following predictions. First, we pre-
dicted that maternal stress (which we assessed when chil-
dren were aged 10) would be higher when mothers are
less satisfied with the environment they live in, in terms
of living standards (e.g. air quality, safety) and quality of
social relationships with neighbors. Second, we predicted
that higher levels of maternal stress would be linked to an
increased probability of internalizing (e.g. anxiety, poor
self-estimation) and/or externalizing (e.g. hyperactivity,
aggression) behavior problems in children. In particular,
we predicted that prenatal maternal stress would have a
negative long-term effect on offspring behavior during
childhood (which we assessed when children were 7, 8
and 10), whereas maternal stress and behavior problems
(both assessed when children were 7, 8 and 10) would be
linked to each other throughout development. As mater-
nal stress and behavior problems during childhood may
reciprocally affect each other, we further used longitu-
dinal cross-lagged models to better disentangle the link
between these variables. Finally, we predicted that the
presence of older siblings would exert a protective or
promotive function for children [15, 16], by buffering the
negative effects of maternal stress on child behavior or by
overall reducing the occurrence of behavior problems in
children through their development (i.e. when children
were 7, 8 and 10).
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Methods

Participants

This study was based on the prospective mother—child
cohort LINA (Lifestyle and environmental factors and
their Influence on Newborns Allergy risk) and included
longitudinal data on maternal stress levels and child
behavior from pregnancy until the age of 10 years of chil-
dren life. We initially screened the data for 629 mother—
child pairs recruited between March 2006 and December
2008 in Leipzig, Germany, among Caucasian mothers
who did not suffer from severe infectious or immune
diseases during pregnancy [96]. In the analyses pre-
sented here, we only included a LINA sub-cohort of 373
mother—child pairs for which information was available
on both child behavior and maternal stress levels (see
below; Fig. 1). For an overview of the main characteristics
of the LINA sub-cohort analyzed in this study, including
measures of socio-economic status, please refer to Table
S1 in Suppl. Material. Participants were assessed longi-
tudinally with standardized questionnaires (see below)
self-administered by the parents, which measured (i)
maternal stress levels when the mother was pregnant (i.e.
34%-36'h week of gestation), and (ii) both maternal stress
and child behavior in three waves (i.e. when the child was
7, 8 and 10 years of age; Fig. 1). All mothers signed an
informed consent.

Q’
iazuh

Maternal stress PSQ

Child age

Prenatal

Behavioral problems

in the three waves)

Socio-environmental stressors

PSQ PSQ PsSQ

—

7-year 8-year 10-year

(15*wave) (2" wave) (3 wave)
sbQ SDQ sDQ

FBB-HKS FBB-HKS FBB-HKS

Fig. 1 Pictorial representation of the set-up, summarizing in black the moments in which data on maternal stress (PSQ questionnaire) and child
behavior problems (SDQ and FBB-HKS questionnaires) were collected, and in grey the statistical analyses run (with arrows indicating generalized
linear mixed models and linear mixed models, and the square indicating the longitudinal cross-lagged models). Generalized linear mixed models
were used to assess the factors predicting maternal stress levels (Model 1), the link between maternal stress (i.e. prenatal and postnatal) and

child behavior problems, and the potential promotive or protective effect of siblings on child behavior problems (Models 2 and 3). Longitudinal
cross-lagged models were used to study the dynamic relationship between maternal stress and behavior problems during child development (i.e.
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Maternal stress

We assessed maternal stress using a 20-item perceived
stress questionnaire (PSQ [97, 98]). The PSQ is a vali-
dated questionnaire commonly used to assess how often
(on a 4-point scale) mothers experience stress (e.g. wor-
ries, loss of joy, tension). For each questionnaire, we
summed all the scored answers to each item (from
0=almost never to 3=mostly) and then divided the sum
for the maximum score that could be obtained (i.e., 60),
in order to obtain individual indices of maternal stress
ranging from 0 to 1 (i.e., from less to more stressed; see
[98]). Maternal stress was assessed longitudinally, first
during pregnancy, and then in the three waves (i.e. when
the child was 7, 8 and 10 years of age; Fig. 1). Internal
consistency for this questionnaire was high, with Cron-
bach’s alpha ranging from 0.92 to 0.94 in the three waves.

Child behavior: internalizing and externalizing behavior
problems

Mothers were asked to assess their children’s behavior
in the previous six months, at the three waves (i.e. when
the child was 7, 8 and 10 years of age), using the stand-
ardized 25-item Strength and Difficulties Questionnaire
(SDQ) that assesses internalizing and externalizing prob-
lems, including emotional, mental and behavioral ones
[99]. More specifically, the SDQ questionnaire contained
five questions for each of the following five dimensions:
(i) hyperactivity/lack of attention (e.g. how easily the
child is distracted), (ii) emotional symptoms (e.g. how
often the child is unhappy or tearful), (iii) conduct prob-
lems (e.g. how often the child has temper tantrums), (iv)
peer relationship problems (i.e. how solitary the child is),
and (v) prosocial behaviors (i.e. how helpful the child is
when others are hurt or upset). Given that only the first
four dimensions refer to behavior problems [99], we first
aggregated the four dimensions by summing the answers
to the respective items that were assessed using a
response format from 0 (not true) to 2 (true), obtaining a
total difficulties score that ranged between 0 and 40. For
modelling purposes (i.e. to model dependent variables as
proportions, varying from 0 to 1), we then divided this
score by the maximum score that could be obtained (i.e.,
40; see [99]), so that the individual indices ranged from 0
to 1. Internal consistency for this questionnaire was only
moderate (with Cronbach’s alpha ranging from 0.53 to
0.62 in the three waves), as expected given that the ques-
tionnaire includes different dimensions [99].

Child behavior: externalizing behavior problems

We further asked mothers to assess child behav-
ior in the three waves (i.e. when the child was 7, 8
and 10 years of age), using an adapted version of the
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Fremdbeurteilungsbogen fiir hyperkinetische Stérungen
(FBB-HKS), which provides a 20-item external assess-
ment of child hyperkinetic disorders [100], and thus a
more specific focus on children’s externalizing problems.
Mothers were provided with 18 questions (see supple-
mentary material for the list of questions) to be assessed
on a 4-point scale (e.g. how often the child seems not to
be listening when being talked to). As above, we calcu-
lated a second behavioral index ranging from 0 to 1 (i.e.
from less to more problematic), by summing the scored
answers (from O to 3, with 3 always indicating higher
behavior problems) and then dividing the sum for the
maximum score that could be obtained (i.e. 54). Internal
consistency for this questionnaire was high, with Cron-
bach’s alpha ranging from 0.90 to 0.91 in the three waves.
Behavior problems as assessed with the SDQ and the
FBB-HKS questionnaires correlated in the three waves
(Spearman exact test: p<0.001, N=251, rho in the first
wave=0.677, in the second wave: 0.746, and in the third
wave: 0.742).

Other information

In the three waves (i.e. when children were aged 7, 8
and 10), mothers were also asked for information on
the number of siblings at home, their sex and age, and
their own education level (on a 7-point scale, from pre-
primary education to second stage of tertiary education;
see [101]). In the third wave (i.e. when children were 10),
we also used subjective measures to assess the potential
impact of socio-environmental stressors, by asking moth-
ers how satisfied they were with the environment they
lived in, using 16 questions on a 4-point scale (i.e. with
0 meaning low satisfaction, and 3 high satisfaction). We
included questions on mothers’ evaluation of their liv-
ing standards, including (i) natural environment (e.g. air
quality), (ii) safety of the area, (iii) presence of social areas
and meeting places (e.g. playgrounds), (iv) shops and (v)
other infrastructures (e.g. public transport). We thus
calculated 5 indexes ranging from 0 to 1 (i.e. from lower
to higher satisfaction), by summing the relative scored
answers and dividing the sum for the maximum score
that could be obtained. We further included 5 questions
on the quality of social relationships with the neighbors,
2 on a 4-point scale (e.g. how good is the relationship
to the neighbors) and 3 as polar questions (e.g. whether
there are friends in the area, who are regularly met).
As above, we calculated an index from O to 1 (i.e. from
lower to higher satisfaction), by summing the scored
answers and dividing the sum for the maximum score
that could be obtained (i.e. 9). Therefore, these indexes
were higher when mothers rated themselves as happier
with their environment, and lower when they were less
satisfied with it. Finally, mothers in the third wave (i.e.
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when children were 10) also provided information on the
monthly family income (as a categorical variable from 0
to 9, with 0 being a lower income and 9 a higher one).

Statistical analyses
We used linear mixed models, generalized linear mixed
models and longitudinal cross-lagged models to analyze
the data. For this purpose, we prepared three data-sets,
(i) to study the factors predicting maternal stress levels
(Model 1); (ii) to assess the link between maternal stress
(i.e. prenatal and postnatal) and child behavior problems,
and the potential promotive or protective effect of sib-
lings on child behavior problems (Models 2 and 3); and
(iii) to study the dynamic relationship between maternal
stress and behavior problems during child development
(i.e. in the three waves; longitudinal cross-lagged models).
In the first data-set we entered one line for each child (i.e.
only including the third wave; N=268; Fig. 1). We then
entered the individual indices for maternal stress levels
in the third wave, maternal satisfaction (i.e. with neigh-
bors, natural environment, safety of the area, presence
of social areas, shops and other infrastructures), family
income (as low income has been associated to increased
stress, e.g. [102]), maternal education level (as educa-
tion may have a protective function against stress, e.g.
[103]) and number of children in the household (as the
presence of more children at home can increase paren-
tal stress levels, e.g. [104]). In the second data-set, we
entered one line for each child and wave (i.e. up to three
lines per child, as tested at 7, 8 and 10 years of age; Fig. 1).
As some children were not tested at all ages, we ended up
with N=974 lines in this data-set. We then entered child
identity, SDQ and FBB-HKS behavioral indexes, maternal
stress as assessed (i) prenatally and (ii) in the three waves,
the number of siblings living in the same household (i.e.
the overall number, the number of older sisters and the
number of older brothers), the child’s gender (because
males were more likely be reported to show behavioral
problems, e.g. [105]), the child’s age (because the occur-
rence of behavioral problems may vary through develop-
ment), and maternal education level (as this may have a
positive impact on child development, e.g. [106, 107]).
Further controls (e.g. family income) could not be added
in this data-set, as this information was not available for
all waves. In the third data-set, we entered one line for
each child (N=373), including maternal stress levels and
SDQ and FBB-HKS behavioral indexes for each of the
three waves, and further specifying whether the child
had older siblings. We never aggregated data of the three
waves.

Data were analyzed using R (version 3.5.0 [108]). We
first used the glmmTMB package (version 1.0.1 [109]) to
build three linear mixed models and generalized linear
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mixed models (Models 1 to 3; Fig. 1). In order to test for
the role of social and environmental factors on maternal
stress levels, we run the first linear mixed model with
the first data-set, using maternal stress in the third wave
as the dependent variable (Model 1). As predictors, we
included several measures of maternal satisfaction with
the environment (i.e. relationship quality with neighbors,
natural environment, safety of the area, presence of social
areas, shops and other infrastructures). We further con-
trolled for the number of children in the household and
for family income (which is known to reliably predict
parental stress [110]).

In order to test for the link between maternal stress
and child behavior problems, as well as the potential pro-
tective effect of siblings, we ran two generalized linear
mixed models with the second data-set, using the SDQ
(Model 2) and FBB-HKS (Model 3) behavioral indexes
in the three waves, respectively, as dependent variables
(Fig. 1). In both models, we included prenatal maternal
stress and maternal stress in the wave as test predictors.
To assess the protective role of siblings as social buffers
against maternal stress, we further included as predic-
tor the three 2-way interactions of maternal stress in
the three waves with i) the overall number of siblings at
home, ii) the number of older brothers and iii) the num-
ber of older sisters, respectively, and their main terms. If
the 2-way interactions were non-significant, the interac-
tion was removed and the model was re-run by including
only the single predictors, thus allowing us to test for the
promotive role of siblings on child behavior problems.
We also included children’s sex as predictor, as sex may
also predict behavior problems in children [111]. Finally,
we controlled for children’s age (as our data were col-
lected in three different waves), and included child iden-
tity as random factor to control for lack of independence,
as the same children were entered multiple times in the
data-set.

As the dependent variables in Models 1 to 3 were
modelled as proportions including 0 and 1, we used a
beta distribution after transforming them [112]. We also
z-transformed continuous test predictors (i.e. age) to
facilitate convergence. We compared full models to null
models (i.e. only containing control predictors and ran-
dom factors) using likelihood ratio tests [113]. When full
and null models significantly differed, we obtained the p
values for each test predictor using the R function sum-
mary. We detected no over-dispersion, convergence or
stability issues in our models. There was also no problem
of collinearity in our models (maximum VIFs across all
models =2.08).

In order to test for the dynamic relationship between
changes in maternal stress and changes in child behav-
ior problems during development, we run a further set
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of models, using the third dataset and the lavaan pack-
age (version 4.0 [114]) to build longitudinal cross-lagged
models [115] (Fig. 1). These longitudinal models allow to
disentangle the interplay of two variables across waves,
and thus better infer possible causal pathways linking the
two variables. In particular, it is possible to assess both
cross domain-relationships (i.e. the predictive effect of
one variable on the other one as tested in the following
wave) and autocorrelations (i.e. the predictive effect of
one variable on the same variable as tested in the follow-
ing wave). In these longitudinal models, we always used
full information maximum likelihood for missing data to
reduce bias and increase statistical power [115]. We com-
pared models of increasing complexity (see below) using
likelihood ratio tests and also reported fit indices for the
individual models, including robust Root Mean Square
Error of Approximation (RMSEA), robust Comparative
Fit Index (CFI), robust Tucker-Lewis Index (TLI) and
Standardized Root Mean Square Residual (SRMR).

To run our longitudinal cross-lagged models, we first
constructed child behavior problems as a latent vari-
able, measured by a set of two observed measurements
(i.e. SDQ and FBB-HKS behavioral indexes). We estab-
lished measurement invariance through time by using
a multiple indicator univariate model. In particular,
we established configural, metric and scalar invari-
ance by sequentially constraining factor loadings, error
terms and intercepts through time [115]. All models fit
the data well (configural model with no parameter con-
straints: x*=19.28, df=3, RMSEA =0.130, CFI=0.985,
TLI=0.925, SRMR=0.024; metric model with factor
loading and error term invariance: x*=20.09, df=11,
RMSEA =0.066, CF1=0.986, TLI=0.980, SRMR =0.037;
scalar model with intercept invariance: x*=24.00,
df=13, RMSEA=0.064, CFI=0.984, TLI=0.982,
SRMR=0.038). Crucially, there were no significant dif-
ferences between models with increasing constraints
(configural-metric model comparison: y*=7.61, df=8,
p=0.473; metric-scalar model comparison: x*=4.23,
df=2, p=0.121), suggesting scalar measurement invari-
ance for child behavior problems through time.

After establishing measurement invariance, we tested
for possible relationships between changes of maternal
stress and changes in child behavior problems during
the three waves (i.e. at 7, 8 and 10 years of age), using a
longitudinal cross-lagged model. We decomposed each
of the two variables into its score in the preceding wave
and its change from the preceding to the current wave
[115]. We then tested all possible relationships between
maternal stress and child behavior problems: (i) stress-
behavior covariance in the first wave, (ii) stress to behav-
ior coupling, to assess whether stress scores in one wave
predicted rates of changes in behavioral scores, (iii)
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behavior to stress coupling, to test whether behavioral
scores in one wave predicted rates of changes in stress
scores, and (iv) estimates of correlated changes, to assess
whether stress-behavior changes co-occur after account-
ing for the coupling pathways (see [115] for details). In
the model, we also specified an auto-regression param-
eter for maternal stress and another one for child behav-
ior problems, to measure how change in each variable
depended on the scores in the preceding wave. To obtain
finer-graded measures of these relationships, and given
the low number of waves in our model, we only assessed
changes between adjacent waves [116]. Finally, we tested
whether the relationships between maternal stress and
child behavior problems differed for children with or
without older siblings, and assessed whether this more
complex model provided an increase of fit as compared
to the preceding one [115].

Results

With regards to their behavior problems as scored with
the SDQ, children in our study were in the 45" percen-
tile at age 7, and in the 44 percentile at age 8 and 10,
as compared to normative data for the German popula-
tion [117, 118]. In particular, whereas they scored above
the 501 percentile for emotional symptoms in all waves
(54-59'), they always scored below the 50™ percentile
for all the other dimensions (hyperactivity/lack of atten-
tion: 42"4-47%; conduct problems: 42"4-43th; peer rela-
tionship problems: 36™-40™). Moreover, most mothers
(69% on average) reported a low incidence of behavior
problems in their children (i.e. SDQ indices between
0 and 0.25; at 7 years: 70%, at 8 years: 69%, at 10 years:
68%). Further 26% of mothers reported an intermediate
incidence of behavior problems (i.e. 0.25<SDQ indi-
ces<0.50; 26% across all age classes). The minority of
mothers reported either no child behavior problems (at
7 years: 2%; at 8 years: 3%; at 10 years: 3%), or frequent
problems (i.e. SDQ>0.50; at 7 years: 2%; at 8 years: 2%;
at 10 years: 4%). Figure 2 summarizes the mean indices
for maternal stress levels (as assessed with the PSQ ques-
tionnaire) and for child behavior problems (as assessed
with the SDQ and FBB-HKS questionnaires) in the three
waves. Perceived maternal stress increased across child
development. On average (£SD), mothers reported a
PSQ index of 0.31 (£0.16) during pregnancy, which
increased to 0.43 (+0.19) in the first wave (i.e. when the
child was 7), 0.41 (£0.19) in the second wave (i.e. when
the child was 8) and 0.42 (£0.19) in the third wave (i.e.
when the child was 10). Therefore, maternal stress was
significantly higher in the first, second and third wave,
as compared to prenatal stress levels (exact Wilcoxon
test for prenatal vs. the first wave: N=235, z=-9.261,
p<0.001; vs. the second wave: N=227, z=-7.879,
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Fig. 2 Boxplots representing data distribution for A maternal stress levels, as assessed with the PSQ questionnaire during pregnancy and in

the three waves (i.e. when the child was 7, 8 and 10 years old); and for B child behavior problems, as assessed with the Strength and Difficulties
Questionnaire (SDQ) and the Fremdbeurteilungsbogen fiir hyperkinetische Stérungen questionnaire (FBB-HKS), in the three waves. The horizontal
ends of the boxes represent the upper and lower quartiles, and the ends of the whiskers represent the maximum and minimum indices, excluding

p<0.001; vs. the third wave: N=229, z=-8.620, p<0.001;
Fig. 2).

In Model 1, we analyzed the effects of different social
and environmental stressors on maternal stress levels.
We detected a significant difference between the full and
the null model (y*=22.14, df=6, p=0.001; Table 1). In
particular, the probability of reported maternal stress was
higher when mothers were not satisfied with the pres-
ence of social areas in the place they lived (p=0.017,
est=-0.72, se=0.30, z=-2.39; Fig. S1), while no other
test predictor had a significant effect in our study.

In Models 2 and 3, we tested the link between mater-
nal stress and child behavior problems, and the potential
protective effect of older siblings. For Model 2, we found
a significant difference between the full and the null
model (y*=58.33, df=9, p<0.001; Table 1). In particu-
lar, the probability of reporting child behavior problems
in the SDQ questionnaire was higher for male children
(p<0.001, est=0.26, se=0.07, z=3.51), when moth-
ers reported higher prenatal stress (p =0.002, est=0.78,
se=0.26, z=3.03; Fig. S2a) and when they were more
stressed in that wave (p<0.001, est=0.72, se=0.18,
z=4.09; Fig. S2b).

The full and the null model also significantly differed
for Model 3 (y*=74.17, df=9, p<0.001; Table 1). The
probability of reporting child behavior problems in the
FBB-HKS questionnaire was higher for male children
(p<0.001, est=0.47, se=0.10, z=4.84), when moth-
ers reported higher prenatal stress (p =0.014, est=0.82,

se=0.33, z=2.45; Fig. S2c¢) and when mothers reported
higher stress in that wave (p<0.001, est=0.82, se=0.21,
z=3.98; Fig. S2d). In addition, the presence of older
brothers (p<0.001, est=-0.42, se=0.12, z=-3.60) and
older sisters (p=0.044, est=-0.24, se=0.12, z=-2.01)
was linked to a lower probability of reporting child
behavior problems, regardless of maternal stress levels,
suggesting a promotive (i.e. main) effect of older siblings.

The longitudinal cross-lagged model in Fig. 3
allowed us to assess the dynamic relationship between
maternal stress and child behavior problems during
development. The model had a good fit (x*=44.18,
df=24, RMSEA=0.056, CFI=0.985, TLI=0.976,
SRMR =0.032), which was significantly better than the
one of the corresponding univariate model (x*=20.12,
df=11, p=0.044). Variances in the cross-lagged model
showed significant inter-individual differences in mater-
nal stress and child behavior in the first wave (both
p<0.001), and in their rate of change between wave 1
and 2 (both p <0.002), and between wave 2 and 3 (both
p <0.001; Table S2 in Suppl. Material). Intercept values
showed significant mean level changes in maternal stress
(but not in child behavior), with stress increasing from
wave 1 to wave 2 (p=0.013; est =0.05, se =0.02, z=2.48)
and from wave 2 to wave 3 (p <0.001; est=0.09, se=0.02,
z=4.00; Table S2 in Suppl. Material).

Inspection of the four parameters linking maternal
stress and child behavior across waves showed no sig-
nificant cross-domain relationships (stress to behavior
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Table 1 For each model, estimates, standard errors (SE), confidence intervals (Cls), zand p values of test and control predictors

MODEL Estimate SE 2.5%Cl 97.5% Cl zvalues P

M1: Probability of reporting maternal stress in the PSQ questionnaire in the 3" wave
Intercept 1.00 0.34 033 1.66 292 0.004
Relationship with neighbors -048 0.28 -1.02 0.07 -1.70 0.090
Natural environment 0.12 0.34 -0.54 0.78 0.36 0.722
Safety of the area -0.16 033 -0.80 048 -048 0.630
Availability of social areas -0.72 0.30 -1.31 -0.13 -2.39 0.017*
Availability of shops -0.15 0.25 -0.65 034 -0.61 0.542
Availability of other infrastructures -041 037 -1.13 032 -1.10 0.272
Maternal education 0.02 0.05 -0.08 0.12 0.36 0.717
Family monthly income -0.03 0.02 -0.08 0.01 -1.36 0.174
Number of children in household -0.05 0.06 -0.18 0.07 -0.87 0.382

M2: Probability of reporting child behavior problems in the SDQ questionnaire in the 3 waves
Intercept -1.97 0.19 -2.35 -1.59 -10.12 <0.001
Child gender (ref. category: female) 0.26 0.07 0.12 041 351 <0.001 *
Maternal stress (prenatal) 0.78 0.26 0.27 1.28 3.03 0.002 *
Maternal stress (in the 3 waves) 0.72 0.18 038 1.07 4.09 <0.001 *
Number of siblings 0.02 0.05 -0.07 0.11 035 0.728
Number of older sisters -0.10 0.10 -0.29 0.09 -0.99 0.324
Number of older brothers -0.12 0.10 -0.31 0.07 -1.25 0.211
Maternal education -0.07 0.04 -0.15 0.00 -1.87 0.061
Child age -0.01 0.02 -0.05 0.02 -0.73 0464

M3: Probability of reporting child behavior problems in the FBB-HKS questionnaire in the 3 waves
Intercept -242 0.25 -2.92 -1.92 -9.52 <0.001
Child gender (ref. category: female) 047 0.10 0.28 0.67 4.84 <0.001*
Maternal stress (prenatal) 0.82 033 0.16 147 245 0.014*
Maternal stress (in the 3 waves) 0.82 0.21 042 1.23 398 <0.001*
Number of siblings 0.10 0.05 -0.01 0.20 1.79 0.073
Number of older sisters -0.24 0.12 -047 -0.01 -2.01 0.044*
Number of older brothers -042 0.12 -0.65 -0.19 -3.60 <0.001*
Maternal education -0.05 0.05 -0.15 0.06 -0.91 0.365
Child age -0.01 0.02 -0.05 0.02 -0.71 0477

coupling in waves 2 and 3: p=0.093 and p =0.415; behav-
jor to stress coupling in waves 2 and 3: p=0.260 and
p=0.969; estimate of correlated change in waves 2 and
3: p=0.115 and p=0.118), except for stress-behavior
covariance in the first wave (p <0.001; est=0.01, se =0.00,
z=>5.98; Fig. 3; Table S2 in Suppl. Material). In other
words, higher maternal stress was linked to higher behav-
ior problems in children at 7 years of age, and although
maternal stress and child behavior problems were always
significantly correlated in the three waves (Spearman
exact test: all p<0.001, N=228, with rho ranging from
0.229 to 0.402), these relationships failed to reach sig-
nificance after taking into account the other dynamic
parameters (see non-significant estimates of correlated
change in Table S2 in Suppl. Material). Furthermore,
auto-regression parameters for both maternal stress

and child behavior showed significant autocorrelation
of stress and behavior. In particular, changes in mater-
nal stress between waves 1 and 2 depended on maternal
stress in the first wave (p=0.044; est=-0.11, se=0.05,
z=-2.01), and changes in maternal stress between 2
and 3 depended on maternal stress in the second wave
(p<0.001; est=-0.20, se=0.05, z=-3.83; Fig. 3; Table S2
in Suppl. Material). Moreover, changes in child behavior
between waves 1 and 2 depended on child behavior in
the first wave (p=0.033; est=-0.13, se=0.06, z=-2.13),
although this relationship was not significant between
waves 2 and 3 (p=0.231; Fig. 3; Table S2 in Suppl. Mate-
rial). Finally, we tested whether these relationships
between maternal stress and child behavior differed for
children with or without older siblings by using a multi-
group model. Although the multi-group model had a
good fit (x*>=66.23, df=49, RMSEA = 0.049, CF1=0.988,
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Fig. 3 Graphical representation of the longitudinal cross-lagged model used in this study. Latent variables are represented in circles, and observed
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(variance, covariance, error). BEH_T1, BEH_T2 and BEH_T3 stand for child behavior problems in waves 1, 2 and 3, respectively (i.e. when children
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of this variable from wave 1 to wave 2, and from wave 2 to wave 3). SDQ and FBB-HKS stand for the two sets of observed measurements for child
behavior problems (i.e. the Strength and Difficulties Questionnaire and the Fremdbeurteilungsbogen fir hyperkinetische Stérungen questionnaire).
Estimates are reported for all the cross-domain parameters (i.e. linking maternal stress levels and child behavior problems) and the autocorrelation
parameters (i.e. linking both variables to the same variable in the preceding wave), with asterisks denoting a significant relationship. Other values

are omitted for visual clarity (Table S2 in Suppl. Material)

TLI=0.985, SRMR =0.036), including the effect of sib-
lings did not provide a significant increase of fit as com-
pared to the less complex cross-lagged model from Fig. 3
(x*=19.41, df=25, p=0.777). Therefore, we retained
the latter model and refrained from further comparisons
between children with and without older siblings.

Discussion

In this study, we used longitudinal data from 373
mother—child pairs to investigate the complex link
between socio-environmental stressors, maternal stress
and child behavior problems, in order to detect potential

risk factors and protective or promotive factors. First,
we assessed whether maternal satisfaction with the envi-
ronment they lived in (in terms of living standards and
quality of social relationships with neighbors) predicted
maternal stress levels. Second, we tested whether prena-
tal stress predicted the occurrence of behavior problems
during childhood, and how maternal stress and child
behavior problems dynamically affected each other dur-
ing development. Finally, we assessed the role of siblings
as a protective factor buffering the negative effects of
maternal stress on child behavior, or generally promoting
a healthy child development.
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Partially in line with our predictions, mothers
reported higher levels of perceived stress when they
were not satisfied with the quality of the environment
they lived in (Model 1). In particular, the lack of suf-
ficient social areas in the neighborhood (including play-
grounds, meeting venues for young people and cultural
activities) significantly predicted higher levels of mater-
nal stress. In contrast, other potential stressors (e.g.
poor quality relationship with neighbors, low quality of
the natural environment, low safety, lack of infrastruc-
tures) did not significantly predict maternal stress lev-
els in our study. Incidentally, having a higher number of
children also did not predict higher maternal stress lev-
els (Table 1). Previous research has shown a consistent
link between environmental quality (e.g. air pollution,
lack of green spaces) and individual stress levels [119,
120]. Access to green areas, for instance, is known to
buffer the relation between income-related deprivation
and mortality in other countries [120]. In our study,
however, it was the presence of social meeting places
and cultural offers in the neighborhood (rather than the
quality of the natural environment) that mostly exerted
a positive impact on maternal stress levels. Our study
was conducted in Leipzig, which is a relatively small
city (about 600,000 inhabitants) with a high propor-
tion of greenness (i.e. on average, 16 m? green space
per inhabitant [121]. Therefore, it is possible that the
quality of the natural environment is generally high
compared to other areas, and the relative importance of
social areas on maternal stress may be more important.

In line with our predictions, higher levels of mater-
nal stress were linked to an increased probability of
behavior problems in children. In particular, prenatal
maternal stress predicted the occurrence of behavior
problems during childhood, as measured with both the
SDQ and the FBB-HKS questionnaires (Models 2 and
3). These results confirm the long-term negative effect
of prenatal stress on child behavior [53, 54, 58-60],
which can happen through a variety of mechanisms,
from placental signaling to changes in inflammatory
and epigenetic pathways (for a review, see [122]). Our
results held true in all three waves (i.e. when children
were 7, 8 and 10 years), and thus confirm that the nega-
tive effects of prenatal stress might last at least into
late childhood [56, 58]. This is consistent with previous
studies suggesting that prenatal stress, through epige-
netic mechanisms or stress hormones directly affecting
the placenta and the fetus [45, 46] might have a uniquely
powerful impact on child development. Therefore, our
study confirms the importance of prevention of pre-
natal stress and early intervention to improve mater-
nal health and well-being already during pregnancy,
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in order to reduce the risks of maternal stress and its
negative consequences on child development.

In our study, the use of the SDQ and FBB-HKS ques-
tionnaires led to similar results, in that prenatal stress
predicted the occurrence of behavior problems dur-
ing childhood when using both the SDQ questionnaire
(Model 2) and the FBB-HKS questionnaire (Model 3).
These two questionnaires partly measure different behav-
ior problems. In particular, while the SDQ questionnaire
assesses both internalizing and externalizing problems
(i.e. including behavior problems that span from hyper-
activity/lack of attention to emotional symptoms, con-
duct problems and peer relationship problems [99]), the
FBB-HKS questionnaire is more strictly focused on the
occurrence of externalizing problems like child hyper-
kinetic disorders [100]. Therefore, these results suggest
that prenatal stress may have a negative impact on a wide
range of behavior problems, from hyperkinetic disorders
to emotional symptoms, conduct problems and peer rela-
tionship problems. In the future, it would be interesting
to further investigate whether maternal stress is linked
to specific domains of the SDQ questionnaire (e.g. emo-
tional symptoms rather than conduct problems), as inter-
nal consistency in this study suggest important variation
across these domains.

Also in line with our predictions, higher maternal stress
in the tree waves predicted a higher probability of report-
ing behavior problems in children, as assessed by both
the SDQ (Model 2) and the FBB-HKS questionnaires
(Model 3). To disentangle whether high maternal stress
levels triggered the onset of child behavior problems, or
the other way round, or if other external factors explained
the link between child behavior and maternal stress, we
used longitudinal models. Previous studies have sug-
gested that contingent parental stress may increase the
risk that children develop behavioral and cognitive prob-
lems [34—36]. In turn, the occurrence of behavior prob-
lems in children would increase parental stress [23, 123],
triggering a cycle of negative parent—child interactions
[8, 34, 76, 77]. Our longitudinal models, however, did not
replicate these findings and showed no clear evidence
of cross-domain-relationships, except for a significant
covariance of maternal stress and child behavior in the
first wave. Given that both measures of maternal stress
and child behavior problems were based on maternal
reports (rather than more objective assessments), cau-
tion is needed even when interpreting this cross-domain
relationship (e.g. being more stressed, mothers might
have wrongly perceived their children as showing more
behavior problems). In contrast, we found an interesting
autocorrelation effect for both maternal stress and child
behavior, with higher maternal stress levels predicting
a decrease in maternal stress in the following wave, and
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more behavior problems in the first wave also predict-
ing a decrease in behavior problems in the second wave.
These results suggest a self-containment effect of stress
and behavior problems, with a tendency to return to
average levels, perhaps because parents may search for
help or take more effective measures when reaching criti-
cal stress levels or when detecting high behavior prob-
lems in their children.

In line with our predictions on the promotive role of
siblings as generally promoting a healthy child develop-
ment, mothers were overall more likely to report child
behavior problems in the absence of older brothers and
sisters, independently of their stress levels and child’s
gender. Therefore, our results suggest that the presence of
older siblings overall reduced the likelihood that younger
siblings developed behavior problems during childhood,
rather than acting as social buffers in case of maternal
stress (i.e. the presence of older siblings had a significant
main effect in Model 3). This effect was however lim-
ited to Model 3, in which child behavior problems were
assessed through the FBB-HKS questionnaire (i.e. focus-
ing on externalizing problems such as hyperkinetic disor-
ders [100]), and did not extend to Model 2, in which child
behavior problems were instead assessed through the
SDQ questionnaire (i.e. including both internalizing and
externalizing problems [99]). Therefore, it is possible that
the promotive function of older siblings may be limited
to externalizing problems.

Interestingly, the presence of older siblings was a sig-
nificant negative predictor of child behavior problems
in Model 3, but the interaction between contingent
maternal stress levels and presence of older siblings
was not significant, neither in Model 2 nor in Model 3.
Therefore, the presence of older siblings overall reduced
the likelihood that children developed behavior prob-
lems during childhood, but did not specifically mitigate
maternal stress. Hence, we agree with authors suggest-
ing an important promotive function of older siblings
(see [13, 14, 87]). These results are confirmed by the lack
of a significant increase of fit when using multi-group
models (see the non-significant comparison between the
multi-group and the cross-lagged models). This suggests
that the presence of older siblings, while being gener-
ally linked to a lower occurrence of child behavior prob-
lems (Model 3), failed to modulate the negative effects of
maternal stress (as instead found by Gass and colleagues
[15]). The direct link between presence of older siblings
and lower incidence of child behavior problems may be
easily explained with existing literature. By interacting
with their older siblings, children may develop better
emotional, perspective taking and problem solving skills
[123, 124], which are linked to higher social compe-
tence and emotion understanding also later in life [125,
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126]. Moreover, it is possible that the presence of older
siblings provided learning opportunities for parents,
affecting their expectations and behavior toward younger
offspring (see [14]). Parents with previous experience
with adolescent offspring, for instance, are less likely to
expect behavior problems during adolescence in younger
children [127]. Therefore, a lower incidence of behavior
problems in children with older siblings may also depend
on different expectations and better parental skills [128].

Finally, mothers were more likely to report child behav-
ior problems for male offspring, with both questionnaires
(Models 2 and 3). Our results are not surprising, as sons
have often been reported to show more behavior prob-
lems than daughters, especially in terms of hyperactivity
and lack of attention [101, 129]. In our opinion, however,
these results should warn us against the risk that cur-
rent questionnaires on child behavior might inappropri-
ately categorize male behavior as being problematic (or
even suggestive of serious behavioral disorders), simply
because the needs of children (both boys and girls) are
unlikely to be satisfied in modern Western cultures.

The main strength of our study is the availability and
use of longitudinal data from mother—child pairs with
several follow-ups from birth until the age of 10. How-
ever, in the future, it would be interesting to include
biological measures of individual stress rather than
self-reported ones and better differentiate between dif-
ferent forms of stress (e.g. acute, episodic, chronic), in
order to specifically investigate the promotive and/or
protective function of siblings and other members of
the social network during child development. Moreo-
ver, it would be important to better understand how
the role of siblings and other family members differs in
different cultural contexts, as there is substantial vari-
ation in the way sibling relationships are valued across
cultures [130]. In this regard, it would be especially
interesting to include measures that specifically assess
the quality of sibling relationships, while still using a
longitudinal approach, as this allows to better disen-
tangle the complex interplay of parental stress, child
behavior problems and several other factors through
time. Furthermore, our study sample was unfortunately
limited, in that it only included mother—child pairs
living in Germany. However, there may be important
cross-cultural differences in the link between mater-
nal stress, the occurrence of child behavior problems
and the promotive role of older siblings. The promo-
tive function of older siblings, for instance, may be even
stronger in cultures where siblings spend more time
with each other, or in populations at increased risk of
negative stress responses, like families with lower fam-
ily income or education level [102, 103]. Finally, con-
sidering that small household sizes with only one child
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have become increasingly common in several countries
(e.g. in Europe, North-America, China [131]), future
studies should particularly focus on how the lack of sib-
lings may affect child development and, especially, on
the identification of other promotive factors that may
avoid the emergence of internalizing and externalizing
problems in children, even in the absence of siblings.
Overall, our study largely confirms previous research
on the relationship between social and environmen-
tal stressors, maternal stress levels and child behavior,
and thus contributes in highlighting the importance of
long-term policies of prevention of prenatal stress and
early intervention, aimed to increase maternal well-
being and reduce the risks of maternal stress already
during pregnancy. In particular, this study emphasizes
the important role that siblings may have in the family
to increase the likelihood of a healthy development for
children, and calls for public health policies that directly
target children and their siblings, and aim to promote
their general well-being and a healthy environment for
the development of high-quality sibling relationships.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-13261-2.

Additional file 1: Table S1. Main characteristics of the LINA sub-cohort
analyzed in this study, overall and separately for each wave. Table S2.
Results of the longitudinal model, including estimates, standard errors
(SE), z values and p values. Significant test predictors are marked with

an asterisk and are in bold in the p column. Figure S1. Maternal stress at
testing time as measured with the PSQ questionnaire, as a function of
parental satisfaction about the social areas in the enviroment they live in
(from 0to 1, i.e. from low to high satisfaction). Circles represent individual
responses, and the dashed black line the fitted model unconditional on all
the other predictors. Data were jittered horizontally to avoid overplot-
ting. Figure S2. (a) SDQ child behavioral index (from O to 1, i.e. from less to
more problematic), as a function of prenatal maternal stress, and (b) as a
function of maternal stress at testing time; and (c) FBB-HKS child behavio-
ral index (from 0 to 1, i.e. from less to more problematic), as a function of
prenatal maternal stress, and (d) as a function of maternal stress at testing
time. In all cases, maternal stress was measured with the PSQ question-
naire. Individual responses are represented with black circles for mothers
of female children, and with grey crosses for mothers of male children.
The dashed black line represents the fitted model unconditional on all the
other predictors. Data were jittered horizontally to avoid overplotting.

Acknowledgements
We acknowledge support from the Max Planck Society for the opportunity to
publish Open Access.

Authors’ contributions

GH and SR conceptualized the study and organized data collection, with sup-
port from MB, WK, and ACZ. FA and AW contributed to the refinement of the
research questions. FA, AW and GH wrote the manuscript and analyzed the
data. All authors read and approved the final manuscript.

Funding

The LINA study was supported by institutional funding from the Department of
Environmental Immunology/Helmholtz Centre for Environmental Research — UFZ,
Leipzig, Germany. Open Access funding enabled and organized by Projekt DEAL.

Page 13 of 16

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was carried out in accordance with the declaration of Helsinki and
complied with APA ethical standards. It was approved by the Institutional
Review Board of the University of Leipzig and the Saxonian Board of Physi-
cians (046-2006, 160-2008, 160b/2008, 144-10-31052010, 113-11-18042011,
206-12-02072012, 169/13-ff, 150/14-ff, EK-allg-28/14-1, 008/17-ek). Informed
consent was obtained from all study subjects (i.e. mothers).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Comparative Cultural Psychology, Max Planck Institute

for Evolutionary Anthropology, Deutscher Platz 6, 04103 Leipzig, Germany.
2Behavioural Ecology Research Group, Institute of Biology, University of Leip-
7ig, 04103 Leipzig, Germany. *Department of Environmental Immunology,
Helmholtz Centre for Environmental Research-UFZ, Leipzig, Germany. “Depart-
ment of Women and Child Health, Center of Paediatric Research (CPL), Hospi-
tal for Children and Adolescents, Leipzig University, Leipzig, Germany. °Leipzig
Research Centre for Civilization Diseases (LIFE), Leipzig University, Leipzig, Ger-
many. *Children’s Hospital, Municipal Hospital “St. Georg’, Academic Teaching
Hospital of the University of Leipzig, 04129 Leipzig, Germany. ’German Centre
for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, 04103 Leipzig,
Germany. ®Department of Human Behaviour, Ecology and Culture, Max Planck
Institute for Evolutionary Anthropology, 04103 Leipzig, Germany.

Received: 23 November 2021 Accepted: 19 April 2022
Published online: 29 April 2022

References

1. Shonkoff JP, Garner AS. The lifelong effects of early childhood adversity
and toxic stress. Pediatrics. 2012;129:232-46.

2. Austin AE, Gottfredson NC, Halpern CT, Zolotor AJ, Marshall SW, Parrish
JW, Shanahan ME. Patterns of risk and protective factors among Alaska
children: association with maternal and child well-being. Chid Dev.
2020;91:1650-62.

3. Garmezy N, Masten AS, Tellegen A. The study of stress and competence
in children: a building block for developmental psychopathology. Child
Dev. 1984;55:97-111.

4. Brumley LD, Jaffee SR. Defining and distinguishing promotive and
protective effects for childhood externalizing psychopathology: a
systematic review. Soc Psychiatry Psychiatr Epidemiol. 2016;51:803-15.

5. Barker DJ. The fetal and infant origins of adult disease. BMJ.
1990;301:1111.

6. Barker DJ. The origins of the developmental origins theory. J Intern
Med. 2007;261(5):412-7.

7. GloverV, O'Connor TG, O'Donnell K. Prenatal stress and the program-
ming of the HPA axis. Neurosci Biobehav Rev. 2010;35:17-22.

8. Crnic K, Low C. Everyday stresses and parenting. In: Bornstein MH,
editor. Handbook of parenting: practical issues in parenting. Lawrence
Erlbaum Associates Publishers; 2002. p. 243-67.

9. Deater-Deckard K, Panneton R, editors. Parental stress and early child
development. Springer; 2017.

10. Kingsbury M, Weeks M, MacKinnon N, Evans J, Mahedy L, Dykxhoorn
J, Colman I. Stressful life events during pregnancy and offspring
depression: evidence from a prospective cohort study. J Am Acad Child
Adolesc Psychiatry. 2016;55:709-16.

11. MacKinnon N, Kingsbury M, Mahedy L, Evans J, Colman I. The associa-
tion between prenatal stress and externalizing symptoms in childhood:


https://doi.org/10.1186/s12889-022-13261-2
https://doi.org/10.1186/s12889-022-13261-2

Amici et al. BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34,

35.

36.

(2022) 22:863

evidence from the avon longitudinal study of parents and children. Biol
Psychiatry. 2018;83:100-8.

Van den Bergh BRH, van den Heuvel M|, Lahti M, Braeken M, de Rooij
SR, Entringer S, Hoyer D, Roseboom T, Raikkénen K, King S, Schwab

M. Prenatal developmental origins of behavior and mental health:

the influence of maternal stress in pregnancy. Neurosci Biobehav Rev.
2020;117:26-64.

Feinberg ME, Solmeyer AR, McHale SM. The third rail of family systems:
sibling relationships, mental and behavioral health, and preventive
intervention in childhood and adolescence. Clin Child Fam Psychol Rev.
2012;15:43-57.

McHale SM, Updegraff KA, Whiteman SD. Sibling relationships

and influences in childhood and adolescence. J Marriage Family.
2012;74:913-30.

Gass K, Jenkins J, Dunn J. Are sibling relationships protective? A longitu-
dinal study. J Child Psychol Psychiatry. 2007;48:167-75.

Peltonen K, Qouta S, El Sarraj E, Punamaki RL. Military trauma and social
development: the moderating and mediating roles of peer and sibling
relations in mental health. Int J Behav Dev. 2010;34:554-63.

Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout
the lifespan on the brain, behaviour and cognition. Nat Rev Neurosci.
2009;10:434-45.

McEwen BS. Physiology and neurobiology of stress and adaptation:
central role of the brain. Physiol Rev. 2007;87:873-904.

Suri D, Vaidya VA. The adaptive and maladaptive continuum of stress
responses - a hippocampal perspective. Rev Neurosci. 2015;26:415-42.
Mariotti A. The effects of chronic stress on health: new insights into the
molecular mechanisms of brain-body communication. Future Sci OA.
2015;1:FSO23.

Davis EP, Hankin BL, Glynn LM, Head K, Kim DJ, Sandman CA. Prenatal
maternal stress, child cortical thickness, and adolescent depressive
symptoms. Child Dev. 2020,91:432-50.

Glover V. The effects of prenatal stress on child behavioral and cognitive
outcomes start at the beginning encyclopedia on early childhood
development. 2011,

Nelson SK, Kushlev K, Lyubomirsky S. The pains and pleasures of parent-
ing: when, why, and how is parenthood associated with more or less
well-being? Psychol Bull. 2014;140:846-95.

Evans GW, Kim P. Childhood poverty, chronic stress, self-regulation, and
coping. Child Dev Persp. 2013;7:43-8.

Hair NL, Hanson JL, Wolfe BL, Pollak SD. Association of child poverty,
brain development, and academic achievement. JAMA Pediatr.
2015;169:822-9.

Miller GE, Chen E. The biological residue of childhood poverty. Child
Dev Persp. 2013;7:67-73.

Razurel C, Kaiser B, Sellenet C, Epiney M. Relation between perceived
stress, social support, and coping strategies and maternal well-being: a
review of the literature. Women Health. 2013;53:74-99.

Mouratidis K. Neighborhood characteristics, neighborhood satisfaction,
and well-being: the links with neighborhood deprivation. Land Use
Policy. 2020;99:104886.

Macintyre S, Maclver S, Sooman A. Area, class and health: should we be
focusing on places or people? J Soc Policy. 1993;22:213-34.

Rogerson RJ, Findlay AM, Morris AS. Indicators of quality of life: Some
methodological issues. Environ Plan. 1989;21:1655-66.

Steptoe A, Feldman PJ. Neighborhood problems as sources of chronic
stress: development of a measure of neighborhood problems, and
associations with socioeconomic status and health. Ann Behav Med.
2001;23:177-85.

Cohen S, Doyle WJ, Skoner DP, Rabin BS, Gwaltney JM. Social ties and
susceptibility to the common cold. JAMA. 1997,277:1940-4.

Cohen S. Social relationships and health. Am Psychol. 2004;59:676-84.
Baker CE, Brooks-Gunn J, Goiskova N. Reciprocal relations between
maternal depression and child behavior problems in families served by
head start. Child Dev. 2020;91:1563-76.

Cummings E, Keller PS, Davies PT. Towards a family process model of mater-
nal and paternal depressive symptoms: exploring multiple relations with
child and family functioning. J Child Psychol Psychiatry. 2005;46:479-89.
Weitzman M, Rosenthal DG, Liu YH. Paternal depressive symptoms and
child behavioral or emotional problems in the United States. Pediatrics.
2011;128:1126-34.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 14 of 16

Bussieres EL, Tarabulsy GM, Pearson J, Tessier R, Forest JC, Giguere Y.
Maternal prenatal stress and infant birth weight and gestational age: a
meta-analysis of prospective studies. Dev Rev. 2015;36:179-99.

Grote NK, Bridge JA, Gavin AR, Melville JL, lyengar S, Katon WJ. A
meta-analysis of depression during pregnancy and the risk of preterm
birth, low birth weight, and intrauterine growth restriction. Arch Gen
Psychiatry. 2010,67:1012-24.

Kingston D, Tough S, Whitfield H. Prenatal and postpartum maternal
psychological distress and infant development: a systematic review.
Child Psychiatry Hum Dev. 2012;43:683-714.

Spry E, Moreno-Betancur M, Becker D, Romaniuk H, Carlin JB, Moly-
neaux EFL, et al. Maternal mental health and infant emotional reactivity:
a 20-year two-cohort study of preconception and perinatal exposures.
Psychol Med. 2019;50:827-37.

Kapoor A, Dunn E, Kostaki A, Andrews MH, Matthews SG. Fetal pro-
gramming of hypothalamo-pituitary-adrenal function: prenatal stress
and glucocorticoids. J Physiol. 2006;572:31-44.

Sandman CA, Davis EP, Buss C, Glynn LM. Exposure to prenatal psycho-
biological stress exerts programming influences on the mother and her
fetus. Neuroendocrinology. 2012;95:7-21.

Bronson SL, Bale TL. Prenatal stress-induced increases in placental
inflammation and offspring hyperactivity are male-specific and
ameliorated by maternal antiinflammatory treatment. Endocrinology.
2014;155:2635-46.

Chen HJ, Antonson AM, Rajasekera TA, Patterson JM, Bailey MT, Gur

TL. Prenatal stress causes intrauterine inflammation and serotonergic
dysfunction, and long-term behavioral deficits through microbe- and
CCL2-dependent mechanisms. Transl Psychiatry. 2020;10:191.

Babenko O, Kovalchuk I, Metz GAS. Stress-induced perinatal and
transgenerational epigenetic programming of brain development and
mental health. Neurosci Biobehav Rev. 2015;48:70-91.

Monk C, Spicer J, Champagne FA. Linking prenatal maternal adversity
to developmental outcomes in infants: the role of epigenetic pathways.
Dev Psychopathol. 2012,24:1361-76.

Wright RJ. Prenatal maternal stress and early caregiving experiences:
implications for childhood asthma risk. Paediatr Perinat Epidemiol.
2007;21:8-14.

Hobel CJ, Goldstein A, Barrett ES. Psychosocial stress and pregnancy
outcome. Clin Obstet Gynecol. 2008;51:333-48.

Walsh K, McCormack CA, Webster R, Pinto A, Lee S, Feng T, Krakovsky
SH, O'Grady SM, Tycko B, Champagne FA, Werner EA, Liu G, Monk C.
Maternal prenatal stress phenotypes associate with fetal neurodevelop-
ment and birth outcomes. PNAS. 2019;116:23996-4005.

Dancause KN, Laplante DP, Hart KJ, O'Hara MW, Elgbeili G, Brunet A,
King S. Prenatal stress due to a natural disaster predicts adiposity in
childhood: the lowa flood study. J Obes. 2015;2015:570541.

Trump S, Bieg M, Gu Z, Thirmann L, Bauer T, Bauer M, Ishaque N, Réder
S, Gu L, Herberth G, Lawerenz C, Borte M, Schlesner M, Plass C, Diess! N,
Eszlinger M, Miicke O, Elvers HD, Wissenbach DK, von Bergen M, Her-
rmann C, Weichenhan D, Wright RJ, Lehmann |, Eils R. Prenatal maternal
stress and wheeze in children: novel insights into epigenetic regulation.
Sci Rep. 2016;6:28616.

Bergman K, Sarkar P, O'Connor TG, Modi N, Glover V. Maternal stress
during pregnancy predicts cognitive ability and fearfulness in infancy.
JAAPEE. 2007;46:1454-63.

O'Connor TG, Heron J, Golding J, Glover V. Maternal antenatal anxiety
and behavioral/emotional problems in children: a test of a program-
ming hypothesis. J Child Psychol Psychiatry. 2003;44:1025-36.

van den Bergh BR, Marcoen A. High antenatal maternal anxiety is
related to ADHD symptoms, externalizing problems, and anxiety in 8-
and 9-year-olds. Child Dev. 2004;75:1085-97.

Buss C, Davis EP, Muftuler LT, Head K, Sandman CA. High pregnancy anxiety
during mid-gestation is associated with decreased gray matter density in
6-9-year-old children. Psychoneuroendocrinology. 2009;35:141-53.

Davis EP, Sandman CA. The timing of prenatal exposure to maternal
cortisol and psychosocial stress is associated with human infant cogni-
tive development. Child Dev. 2010;81:131-48.

Troller-Renfree SV, Brito NH, Desai PM, Leon-Santos A, Wiltshire CA,
Motten SN, Meyer JS, Isler JR, Fifer WP, Noble KG. Infants of mothers with
higher physiological stress show alterations in brain function. Dev Sci.
2020;23:e12976.



Amici et al. BMC Public Health

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

(2022) 22:863

O'Donnell KJ, Glover V, Barker ED, O'Connor TG. The persisting effect

of maternal mood in pregnancy on childhood psychopathology. Dev
Psychopathol. 2014;26:393-403.

Huizink AC, Dick DM, Sihvola E, Pulkkinen L, Rose RJ, Kaprio J. Chernobyl
exposure as stressor during pregnancy and behavior in adolescent
offspring. Acta Psychiatr Scand. 2007;116:438-46.

Barker ED, Maughan B. Differentiating early-onset persistent

versus childhood-limited conduct problem youth. Am J Psychiatry.
2009;166:900-8.

Walder DJ, Laplante DP, Sousa-Pires A, Veru F, Brunet A, King S. Prenatal
maternal stress predicts autism traits in 6'/? year-old children: project
ice storm. Psychiatry Res. 2014,219:353-60.

Khashan AS, Abel KM, McNamee R, Pedersen MG, Webb RT, Baker

PN, et al. Higher risk of offspring schizophrenia following antenatal
maternal exposure to severe adverse life events. Arch Gen Psychiatry.
2008;65:146-52.

Betts KS, Williams GM, Najman JM, Alati R. Maternal depressive, anxious,
and stress symptoms during pregnancy predict internalizing problems
in adolescence. Depress Anxiety. 2014;31:9-18.

Huizink AC, de Medina PG, Mulder EJ, Visser GH, Buitelaar JK. Psycho-
logical measures of prenatal stress as predictors of infant temperament.
J Am Acad Child Adolesc Psychiatr. 2002;41:1078-85.

Clayborne ZM, Nilsen W, Torvik FA, Gustavson K, Bekkhus M, Gilman

SE, et al. Prenatal maternal stress, child internalizing and external-

izing symptoms, and the moderating role of parenting: findings from
the Norwegian mother, father, and child cohort study. Psychol Med.
2021;1-11. https://doi.org/10.1017/50033291721004311.

Gerardin P, Wendland J, Bodeau N, Galin A, Bialobos S, Tordjman S,
Mazet P, Darbois Y, Nizard J, Dommergues M, Cohen D. Depression
during pregnancy: is the developmental impact earlier in boys? A
prospective case-control study. J Clin Psychiatry. 2011;72:378-87.

Leis JA, Heron J, Stuart EA, Mendelson T. Associations between maternal
mental health and child emotional and behavioral problems: does pre-
natal mental health matter? J Abnorm Child Psychol. 2014;42:161-71.
van Batenburg-Eddes T, Brion MJ, Henrichs J, Jaddoe VW, Hofman A,
Verhulst FC, Lawlor DA, Davey Smith G, Tiemeier H. Parental depressive
and anxiety symptoms during pregnancy and attention problems in
children: a cross-cohort consistency study. J Child Psychol Psychiatry.
2013;54:591-600.

Barker ED, Jaffee SR, Uher R, Maughan B. The contribution of prenatal
and postnatal maternal anxiety and depression to child maladjustment.
Depress Anxiety. 2011;28:696-702.

Park S, Kim BN, Kim JW, Shin MS, Yoo HJ, Lee J, Cho SC. Associations between
maternal stress during pregnancy and offspring internalizing and external-
izing problems in childhood. Int J Ment Health Syst. 2014;8:44.

Renk K, Roddenberry A, Oliveros A, Sieger K. The relationship of mater-
nal characteristics and perceptions of children to children’s emotional
and behavioral problems. Child Fam Behav Ther. 2007,29:37-57.

Costa NM, Weems CF, Pellerin K, Dalton R. Parenting stress and child-
hood psychopathology: an examination of specificity to internal-

izing and externalizing symptoms. J PsychopatholBehavAssess.
2006;28:113-22.

Barry TD, Dunlap ST, Cotten SJ, Lochman JE, Wells KC. The influence of
maternal stress and distress on disruptive behavior problems in boys. J
Am Acad Child Adolesc Psychiatry. 2005;44:265-73.

Anthony LG, Anthony BJ, Glanville DN, Naiman DQ, Waanders C, Shaffer
S.The relationships between parenting stress, parenting behavior and
preschoolers’social competence and behavior problems in the class-
room. Infant Child Dev. 2005;14:133-54.

Bayer JK, Hiscock H, Ukoumunne OC, Price A, Wake M. Early childhood
aetiology of mental health problems: a longitudinal population-based
study. J Child Psychol Psychiatry. 2008;49:1166-74.

Barroso NE, Mendez L, Graziano PA, Bagner DM. Parenting stress
through the lens of different clinical groups: a systematic review and
meta-analysis. J Abnorm Child Psychol. 2018;46:449-61.

Neece CL, Green SA, Baker BL. Parenting stress and child behavior prob-
lems: a transactional relationship across time. Am J Intellect Dev Disabil.
2012;117:48-66.

Rodriguez CM. Association between independent reports of maternal
parenting stress and children’s internalizing symptomatology. J Child
Fam Stud. 2011;20:631-9.

79.

80.

82.

83.

84.

85.

86.

87.
88.
89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Page 150f 16

Williford AP, Calkins SD, Keane SP. Predicting change in parenting stress
across early childhood: child and maternal factors. J Abnorm Child
Psychol. 2007;35:251-63.

Dix T. The affective organization of parenting: adaptive and maladaptive
processes. Psychol Bull. 1991;110:3-25.

Goodman SH, Rouse MH, Connell AM, Broth MR, Hall CM, Heyward

D. Maternal depression and child psychopathology: a meta-analytic
review. Clin Child Fam Psychol Rev. 2011;14:1-27.

NICHD Early Child Care Research Network. Chronicity of maternal
depressive symptoms, maternal sensitivity, and child functioning at 36
months. Dev Psychol. 1999;35:1297-310.

Cohen S, Wills TA. Stress, social support, and the buffering hypothesis.
Psychol Bull. 1985;98:310-57.

Moak ZB, Agrawal A. The association between perceived interper-
sonal social support and physical and mental health. J Public Health.
2010;32:191-201.

Brody GH. Sibling relationship quality: Its causes and consequences.
Ann Rev Psychol. 1998;49:1-24.

Noller P. Sibling relationships in adolescence: learning and growing
together. Pers Relatsh. 2005;12:1-22.

Pare RD. Development in the family. Ann Rev Psychol. 2004;55:365-99.
Sanders R. Sibling relationships. Red Globe Press. 2004.

Howe N, Ross H, Recchia H. Sibling relations in early childhood. In: Hart
C, Smith PK, editors. New York. NY: Wiley; 2011. p. 356-72.

Dunn J. Sibling relationships. In: Smith PK, Hart CH, editors. Blackwell
handbook of childhood social development. Malden, Mass: Blackwell
Publishing; 2002. p. 223-37.

Howe N, Recchia H. Sibling relations and their impact on children’s
development. In: Tremblay RE, Barr RG, Peters RDeV, editors.
Encyclopedia on Early Childhood Development [online]. Montreal,
Quebec: Centre of Excellence for Early Childhood Development;
2006. p. 1-8.

Goldberg S, Grusec JE, Jenkins JM. Confidence in protection: arguments
for a narrow definition of attachment. J Fam Psychol. 1999;13:475-83.
Garner PW, Jones DC, Miner JL. Social competence among low-income
preschoolers: emotion socialization practices and social cognitive cor-
relates. Child Dev. 1994;65:622-37.

White N, Ensor R, Marks A, Jacobs L, Hughes C."It's mine!” does sharing
with siblings at age 3 predict sharing with siblings, friends, and unfamil-
iar peers at age 67 Early Educ Dev. 2014;25:185-201.

Open Science Collaboration. Estimating the reproducibility of psycho-
logical science. Science. 2015;349:aac4716.

Hinz D, Bauer M, Roder S, Olek S, Huehn J, Sack U, Borte M, Simon

JC, Lehmann |, Herberth G, LINA study group. Cord blood tregs with
stable FOXP3 expression are influenced by prenatal environment

and associated with atopic dermatitis at the age of one year. Allergy.
2012;67:380-9.

Fliege H, Rose M, Arck P, Walter OB, Kocalevent RD, Weber C, Klapp BF.
The perceived stress questionnaire. PSQ; reconsidered: validation and
reference values from different clinical and healthy adult samples.
Psychosom Med. 2005;67:78-88.

Levenstein S, Prantera C, Varvo V, Scribano ML, Berto E, Luzi C, Andreoli
A. Development of the perceived stress questionnaire: a new tool for
psychosomatic research. J Psychosom Res. 1993;37:19-32.

Goodman R. The strengths and difficulties questionnaire: a research. J
Child Psychol Psychiatry. 1997,38:581-6.

Brihl B, Dépfner M, Lehmkuhl G. Der Fremdbeurteilungsbogen fiir
hyperkinetische Stérungen. FBB-HKS; - Prévalenz hyperkinetischer
Stérungen im Elternurteil und psychometrische Kriterien. Kindh
Entwickl. 2000,9:116-26.

Schneider SL, Kogan I. The international standard classification of
education 1997: Challenges in the application to national data and
the implementation in crossnational surveys. In: Schneider SL, editor.
The international standard classification of education (ISCED-97). An
evaluation of content and criterion validity for 15 European countries.
Mannheim: MZES; 2008. p. 13-46.

Pickett KE, Wilkinson RG. Income inequality and health: a causal review.
Soc Sci Med. 2015;128:316-26.

Swartz JR, Knodt AR, Radtke SR, Hariri AR. Post-secondary maternal
education buffers against neural risk for psychological vulnerability to
future life stress. Neuropsychol. 2018;109:134-9.


https://doi.org/10.1017/S0033291721004311

Amici et al. BMC Public Health

104.

105.

106.

107.

108.

109.

111,

113.

114.

115.

116.
117.

119.

120.

123.

126.

(2022) 22:863

Kahneman D, Krueger AB, Schkade DA, Schwarz N, Stone AA. A survey
method for characterizing daily life experience: the day reconstruction
method. Science. 2004;306:1776-80.

Scher A, Sharabany R. Parenting anxiety and stress: does gender play a
part at 3 months of age? J Genet Psychol. 2005;166:203-13.

Donald KA, Wedderburn CJ, Barnett W, Nhapi RT, Rehman AM, Stadler
JAM, Hoffman N, Koen N, Zar HJ, Stein DJ. Risk and protective factors for
child development: an observational South African birth cohort. PLoS
Med. 2019;16:¢1002920.

Walker SP, Wachs TD, Grantham-McGregor S, Black MM, Nelson CA,
Huffman SL, Baker-Henningham H, Chang SM, Hamadani JD, Lozoff B,
Gardner JM, Powell CA, Rahman A, Richter L. Inequality in early child-
hood: risk and protective factors for early child development. Lancet.
2011;378:1325-38.

R Core Team. R: A language and environment for statistical comput-
ing. Vienna: R Foundation for Statistical Computing; 2020. https://
www.R-project.org/.

Brooks M, Kristensen K, van Benthem KJ, Magnusson A, Berg CW,
Nielsen A, Skaug HJ, Méchler M, Bolker BM. gimmTMB balances speed
and flexibility among packages for zero-inflated Generalized linear
mixed modeling. R J. 2017;9:378-400.

Zimmerman FJ, Katon W. Socioeconomic status, depression disparities,
and financial strain: what lies behind the income-depression relation-
ship? Health Econ. 2005;14:1197-215.

Hasson R, Goldenring FJ. Gender differences among children with
ADHD on continuous performance tests: a meta-analytic review. J
Atten Disord. 2012;16:190-8.

Smithson M, Verkuilen J. A better lemon squeezer? Maximum-likelihood
regression with beta-distributed dependent variables. Psychol Meth-
ods. 2006;11:54-71.

Dobson A, Zidek J, Lindsey J. An introduction to generalized linear
models. London: Chapman and Hall; 2001.

Rosseel Y. Lavaan: an R package for structural equation modeling and
moreVersion 0.5-12 BETA. J Stat Softw. 2012;48:1-36.

Kievit RA, Brandmaier AM, Ziegler G, van Harmelen AL, de Mooij SMM,
Moutoussis M, Goodyer IM, Bullmore E, Jones PB, Fonagy P, Consortium
NSPN, Lindenberger U, Dolan RJ. Developmental cognitive neurosci-
ence using latent change score models: a tutorial and applications. Dev
Cogn Neurosci. 2018;33:.99-117.

Geiser C. Data analysis with MplusNew York. NY: Guilford Press; 2012.
Woerner W, Becker A, Rothenberger A. Normative data and scale
properties of the German parent SDQ. Eur Child Adolesc Psychiatry.
2004;13:3-10.

Woerner W, Becker A, Friedrich C, Klasen H, Goodman R, Rothen-
berger A. Normierung und Evaluation der deutschen Elternversion
des Strengths and Difficulties Questionnaire (SDQ): Ergebnisse

einer reprasentativen Felderhebung. Z Kinder Jugendpsychiatr.
2002;30:105-12.

LinY, Zhou L, Xu J, Luo Z, Kan H, Zhang J. The impacts of air pollution
on maternal stress during pregnancy. Sci Rep. 2017,7:40956.

Mitchell R, Popham F. Effect of exposure to natural environment

on health inequalities: an observational population study. Lancet.
2008;372:1655-60.

Leipzig S. Lebendig griine Stadt am Wasser. Leipzig: Freiraumstrategie
der Stadt Leipzig; 2017.

Chan JC, Nugent BM, Bale TL. Parental advisory: maternal and paternal
stress can impact offspring neurodevelopment. Biol Psychiatry.
2017,83:886-94.

Dunn J. Siblings and socialization. In: Grusec JE, Hastings PD, editors.
Handbook of socialization: theory and research. New York: Guilford
Press; 2001. p. 309-27.

Howe N, Rinaldi CM, Jennings M, Petrakos H. No! The lambs can stay
out because they got cozies! Child Dev. 2002;73:1460-73.

Shepherd D, Goedeke S, Landon J, Taylor S, Williams J. The impact of sib-
ling relationships on later-life psychological and subjective well-being. J
Adult Dev. 2020;28:76-86.

Youngblade LM, Dunn J. Individual differences in young children’s
pretend play with mother and sibling: links to relationships and
understanding of other people’s feelings and beliefs. Child Dev.
1995,66:1472-92.

127.

130.

131.

Page 16 of 16

Whiteman SD, Buchanan CM. Mothers'and children’s expectations for
adolescence: the impact of perceptions of an older sibling’s experience.
J Fam Psychol. 2002;16:157-71.

Whiteman SD, McHale SM, Crouter AC. What parents learn from experi-
ence: the first child as a first draft? J Marriage Fam. 2003;65:608-21.
Marzocchi GM, Capron C, Pietro MD, Tauleria ED, Duyme M, Frigerio A,
Gaspar MF, Hamilton H, Pithon G, Simdes A, Thérond C. The use of the
strengths and difficulties questionnaire. SDQ in Southern European
countries. Eur Child Adolesc Psychiatry. 2004;13:40-6.

Updegraff KA, McHale SM, Killoren SE, Rodriguez SA. Cultural varia-
tions in sibling relationships. In: Caspi J, editor. Sibling development:
implications for mental health practitioners. New York: Springer; 2010.
p. 83-105.

The United Nations Database on Household Size and Composition
2019. Retrieved from: https://www.un.org/development/desa/pd/data/
household-size-and-composition.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC



https://www.R-project.org/
https://www.R-project.org/
https://www.un.org/development/desa/pd/data/household-size-and-composition
https://www.un.org/development/desa/pd/data/household-size-and-composition

	Maternal stress, child behavior and the promotive role of older siblings
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Socio-environmental factors contributing to maternal stress
	Prenatal stress as a long-term risk factor for child development
	The link between maternal stress and child behavior problems
	The role of siblings as protective or promotive factor
	The present study

	Methods
	Participants
	Maternal stress
	Child behavior: internalizing and externalizing behavior problems
	Child behavior: externalizing behavior problems
	Other information
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


