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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, (ii) the dynamic relationship between maternal stress and child 
behavior problems during development, and (iii) 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-
dated questionnaires, and then used linear mixed models, generalized linear mixed models and longitudinal cross-
lagged models to analyze the data.

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 

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 
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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]).

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].

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).

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. 
 34th-36th 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.

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. 
in the three waves)
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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 

Fremdbeurteilungsbogen für hyperkinetische Störungen 
(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 0 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 0 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 

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: χ2 = 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: χ2 = 20.09, df = 11, 
RMSEA = 0.066, CFI = 0.986, TLI = 0.980, SRMR = 0.037; 
scalar model with intercept invariance: χ2 = 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: χ2 = 7.61, df = 8, 
p = 0.473; metric-scalar model comparison: χ2 = 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) 

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  45th percen-
tile at age 7, and in the  44th 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  50th percentile for emotional symptoms in all waves 
 (54th-59th), they always scored below the  50th percentile 
for all the other dimensions (hyperactivity/lack of atten-
tion:  42nd-47th; conduct problems:  42nd-43th; peer rela-
tionship problems:  36th-40th). 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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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 (χ2 = 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 (χ2 = 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 (χ2 = 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 (χ2 = 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 (χ2 = 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 

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 für hyperkinetische Störungen 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 
outliers. Asterisks denote significant differences
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coupling in waves 2 and 3: p = 0.093 and p = 0.415; behav-
ior 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 (χ2 = 66.23, df = 49, RMSEA = 0.049, CFI = 0.988, 

Table 1 For each model, estimates, standard errors (SE), confidence intervals (CIs), z and p values of test and control predictors

MODEL Estimate SE 2.5% CI 97.5% CI z values P

M1: Probability of reporting maternal stress in the PSQ questionnaire in the 3rd wave
 Intercept 1.00 0.34 0.33 1.66 2.92 0.004

 Relationship with neighbors -0.48 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 0.33 -0.80 0.48 -0.48 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 0.34 -0.61 0.542

 Availability of other infrastructures -0.41 0.37 -1.13 0.32 -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 0.41 3.51  < 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 0.38 1.07 4.09  < 0.001 *
 Number of siblings 0.02 0.05 -0.07 0.11 0.35 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 0.464

M3: Probability of reporting child behavior problems in the FBB‑HKS questionnaire in the 3 waves
 Intercept -2.42 0.25 -2.92 -1.92 -9.52  < 0.001

 Child gender (ref. category: female) 0.47 0.10 0.28 0.67 4.84  < 0.001*
 Maternal stress (prenatal) 0.82 0.33 0.16 1.47 2.45 0.014*
 Maternal stress (in the 3 waves) 0.82 0.21 0.42 1.23 3.98  < 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 -0.47 -0.01 -2.01 0.044*
 Number of older brothers -0.42 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 0.477



Page 10 of 16Amici et al. BMC Public Health          (2022) 22:863 

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 
(χ2 = 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.

Fig. 3 Graphical representation of the longitudinal cross-lagged model used in this study. Latent variables are represented in circles, and observed 
variables in rectangles. One-pointed arrows indicate directed relationships (factor loadings, regressions) and two-pointed arrows undirected ones 
(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 
were aged 7, 8 and 10 years). dBEH1 and dBEH2 represent changes of this variable across waves (i.e. from wave 1 to wave 2, and from wave 2 to 
wave 3, respectively). STR_T1, STR_T2 and STR_T3 stand for maternal stress levels in waves 1, 2 and 3, and dSTR1 and dSTR2 represent changes 
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 für hyperkinetische Störungen 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)
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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  m2 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, 

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, 

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.
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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.
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