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Abstract: 

Background: Infant regulatory problems (RPs), i.e. problems with crying, feeding, and/or 

sleeping, are associated with behavioral and emotional problems in childhood. It is unclear, 

however, whether these behavioral and emotional problems persist into adulthood. The default 

mode (DMN) and salience networks (SN) support both interoceptive regulation and 

social/emotional abilities. We thus hypothesized that adults with infant RPs have more 

behavioral and emotional problems, mediated by DMN/SN alterations.  

 

Methods: Within the scope of the Bavarian Longitudinal Study, adults (mean age 28 years; 

50% females) with (N = 79) and without (N = 254) a history of multiple and/or persistent infant 

RPs were assessed by the Young Adult Self Report (YASR) to measure behavioral and 

emotional problems, and – in a sub-sample (N = 49 and N = 71) – by resting-state functional 

magnetic resonance imaging (rs-fMRI) to measure DMN/SN integrity via intrinsic functional 

connectivity (iFC). 

 

Results: Compared to adults without infant RPs, adults with infant RPs had more total problems 

(p=0.002), internalizing problems (p = 0.005), and more avoidant personality traits (p < 0.001). 

They showed decreased iFC of the DMN and SN. DMN iFC-decreases were strongest in adults 

with multiple and persistent RPs and linked with avoidant personality traits (r = - 0.42, p = 

0.006). Remarkably, DMN iFC-decrements fully mediated the association between infant RPs 

and adult avoidant personality traits. 

 

Conclusions: Adults with infant RPs have more avoidant personality traits that are mediated 

by the DMN. Persistent/multiple infant RPs and the DMN may be targets to attenuate 

behavioral and emotional problems. 
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Introduction 

Infant crying is a normal part of neurobehavioral development with the majority of infants 

following a similar crying pattern(1). However, in some infants crying duration exceeds the 

normal duration for a given age (e.g. ≥ 2 hours per day beyond the age of three months), with 

the causes being elusive, i.e. not explained by circumscribed organic diseases(2, 3). Often, 

excessive crying is accompanied by additional problems in sleeping and feeding (e.g. infant 

wakes up ≥ 2 times per night, infant does not eat and drink well(4)). Together, these symptoms 

have been subsumed under the term ‘infant regulatory problems’(4-6). RPs are relatively 

common in young infants. For example, single problems (e.g. excessive crying) occur in up to 

45% of infants in their first year of life(6). In contrast, multiple infant RPs (e.g. excessive crying 

and sleeping problems) are less frequent with a prevalence of 2 to 20%(4, 7-9). While RPs are 

transient for the majority of affected infants(10), in a considerable number of infants (~8%) 

they are stable across the preschool years(11) and a major concern for affected parents and 

healthcare providers.  

While initial symptoms (e.g. excessive crying) cease as the child gets older, many infants with 

RPs go on to develop behavioral and emotional problems by late childhood, particularly if RPs 

were present in multiple and/or persistent forms(6). For instance, several studies indicated that 

children with infant RPs are at an increased risk of developing deficits in social skills(11), 

internalizing and externalizing problems, and Attention-Deficit/Hyperactivity Disorder 

(ADHD)(6, 12). It is unclear, however, whether RPs-related behavioral and emotional problems 

persist into early adulthood. Comparable findings in congeneric samples (e.g. behaviorally 

inhibited children or children with conduct problems) suggest lasting behavioral and emotional 

problems, likely persisting into early adulthood(13, 14). Furthermore, theoretical accounts on 

emotion development emphasize the role of social regulation of basic physiological needs and 

emotions (e.g. by primary caregivers) for the successful development of regulatory capabilities 

in infants(15-17). These models suggest that early problems with the regulation of basic 
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physiological needs and emotions may have long-term effects on behavioral and emotional 

development(10). Based on these findings, we hypothesized that individuals with a history of 

infant RPs have more behavioral and emotional problems in adulthood, as measured with the 

Young Adult Self Report (YASR)(18), than individuals without infant RPs (hypothesis 1).   

Information about the persistency of such problems is important as behavioral and emotional 

problems – both in the clinical and subclinical range – are hallmarks of and risk factors for 

several psychiatric disorders, such as affective disorders, social anxiety disorder, and 

schizophrenia(19-21). Furthermore, if infant RPs are indeed associated with increased adult 

behavioral and emotional problems, then the identification of brain mechanisms contributing to 

such problems would be essential to develop specific prevention and intervention strategies. A 

method to investigate such brain mechanisms at the large-scale brain level is resting-state 

functional magnetic resonance imaging (rs-fMRI); rs-fMRI allows to quantify the temporal 

coherence of ongoing (i.e. intrinsic) blood oxygenation level dependent (BOLD) fluctuations 

across spatially distinct brain areas. Brain areas whose BOLD-signals fluctuate synchronously 

show a high intrinsic functional connectivity (iFC). Such iFC-patterns reflect a basic 

organizational principle of large-scale brain activity, namely the organization into distinct 

intrinsic brain networks(22). Accordingly, the present study tested the hypothesis that 

alterations in the iFC of two intrinsic brain networks, the default mode (DMN) and salience 

networks (SN), would mediate the effect of infant RPs on adult behavioral and emotional 

problems (hypothesis 2).  

To understand the specific outline of this second hypothesis, one should recall the following. 

First, DMN and SN are domain-general intrinsic networks involved in a wide range of 

psychological functions such as prospection, memory, theory of mind, empathy, and emotions, 

to name a few(23-26) (for review see(27-29)). However, both the DMN and SN appear to be 

particularly relevant for the interactions of the individual with its social environment(28, 30). 

For instance, a recent meta-analysis demonstrated the DMN and SN to strikingly overlap with 
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two brain networks constituting the neural underpinnings of social cognition and emotional 

processing, respectively(31). Accordingly, aberrant functioning of DMN and SN is 

accompanied by deficits in social cognition, social interaction, and emotional processing, as 

evident in several psychiatric disorders such as autism spectrum disorder(32-34), 

schizophrenia(35, 36), as well as major depression(37, 38). As similar deficits - yet to a lesser 

degree - have been observed in children with infant RPs(6), we expected DMN/SN alterations 

being linked with behavioral and emotional problems in adults with infant RPs. 

Secondly, DMN and SN are part of a larger allostatic-interoceptive system(39). Previous studies 

suggest that this system continually anticipates the body’s energy needs with the goal of 

meeting those needs before they arise (e.g. food intake before the blood sugar gets too low). 

This process is called allostasis(40). Allostasis ensures the availability of resources necessary 

for an organism to grow, survive, thrive and reproduce. Likewise, all psychological functions 

performed in the service of growing, surviving, thriving and reproducing (e.g. social 

interactions) require the efficient regulation of biological resources(39). This circumstance may 

explain why the very same brain system (consisting of DMN and SN) subserves both basic 

regulatory processes (i.e. predictively regulating the body’s physiology) and a wide range of 

psychological functions(39). As the allostatic-interoceptive system prepares the organism for 

current and upcoming interactions with the social and physical environment (see also(41-43)), 

allostatic-interoceptive regulatory processes are essential for any behavioral function, but 

particularly for social/emotional functions(44). Thus, allostatic-interoceptive functions are not 

distinct, but equivalent to social and emotional functions. Some authors have even argued that 

social stimuli are inherently linked to allostasis because they help organisms to regulate their 

needs. This is particularly the case for human infants, who require caregivers to regulate their 

allostasis for many years of their lives(15). Based on this evidence, we suggest that alterations 

in the allostatic-interoceptive system, namely DMN and SN, do mediate the effect of infant RPs 

on adult behavioral and emotional problems. 
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Materials and methods 

Study design, participants and measures 

The BLS is a geographically defined whole population sample of neonatal at-risk children born 

between January 1985 and March 1986 in Southern Bavaria (Germany)(45). The present 

prospective case-control study utilizes data collected from birth to early adulthood. Out of 1495 

participants invited for the 6-year assessment, we excluded those who had single and transient 

RPs or missing data on crying, sleeping or feeding problems at any assessment from 5 to 56 

months (Figure 1). Of the eligible 708 participants, we were able to follow up 342 adults of 

whom 333 completed the YASR, main outcome of the current study. Participants from this 

sample were subsequently invited to take part in the rs-fMRI study. Before entering the imaging 

study, each participant was carefully screened for MR-related contraindications (e.g. 

claustrophobia, pregnancy, ferromagnetic implants). Finally, 49 adults with and 73 without 

infant RPs were willing and able to participate in the MRI sub-study. Groups (never RPs vs. 

multiple and/or persistent RPs) were matched for potential confounding variables, such as 

gestational age, sex, socioeconomic status, as well as scanner type (for variable definitions see 

supplemental materials; for final group characteristics see Table 1). Ethical approval for the 

study was granted by the ethics committees of the University of Munich Children’s Hospital, 

the Bavarian Health Council (Landesärztekammer Bayern), and the University Hospital Bonn. 

Informed consent was obtained from parents (childhood) and participants (adulthood).  

 

RPs.  

As part of a neurodevelopmental assessment, pediatricians conducted a standardized interview 

with the parents concerning their child’s crying, feeding and sleeping problems at 5 months. At 

20 and 56 months, sleeping and eating problems were assessed via standardized parental 

interviews, while the neurological examination of oral motor function was conducted by 

pediatricians. The detailed definitions for crying, feeding and sleeping problems at 5 months 
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and sleeping and eating problems at 20 and 56 months can be found in Table S1 and in(11). 

The assessments at 5 and 20 months were carried out corrected for premature birth and the 56 

months’ assessment at chronological age (Table 1). RPs were categorized as single (e.g. single 

crying problem) or multiple (e.g. crying and sleeping problems), and transient (RPs present at 

one or two measurement points) or persistent (RPs present at all three measurement points). 

 

Behavioral and emotional problems.  

To assess behavioral and emotional problems in adulthood, we used the German version of the 

YASR, which includes 119 questions of distinct types to evaluate multiple traits and 

problems(18).  General behavioral and emotional problems were assessed with the Sum-scales, 

covering internalizing, externalizing and total problems. The Diagnostic and Statistical Manual 

of Mental Diseases, Fourth Edition (DSM-IV)-oriented scales (Depressive, Anxiety, Somatic, 

Avoidant personality, Attention deficit/hyperactivity problems, and Antisocial personality) 

were used to evaluate which aspects of behavioral and emotional functioning were impaired 

(Table 2). As the DSM-oriented scales overlap to a large degree with the syndrome scales, the 

latter are not reported here(18). We used T scores of the scales as outcome measures. 

 

MRI.  

As our rs-fMRI account on social-DMN iFC follows canonical procedures, their current 

description is brief (for more details see supplemental materials and elsewhere(46)). 

MRI data acquisition and preprocessing. MRI data were acquired by gradient-echo echo-planar 

sequences at two sites, Klinikum rechts der Isar der Technischen Universität München and 

University Hospital Bonn (for sequence specifications please refer to the supplemental 

materials). To account for the effect of different scanners, participants of both groups were 

equally distributed across all four scanners (χ²(3) = 1.39, p = 0.708).  In addition, data analyses 

included scanner types as dummy control variables. Rs-fMRI data were preprocessed using 



9 
 

FSL(47), including realignment, non-brain-tissue removal, spatial smoothing with a Gaussian 

kernel of FWHM 5 mm, high-pass temporal filtering (200s), co-registration to structural T1-

image(48), and normalization to MNI space at 2 x 2 x 2-mm resolution(49). Four RPs- and two 

non-RPs subjects had to be excluded due to excessive head motion, defined as a cumulative 

motion translation or rotation > 3 mm or 3° and mean point-to-point translation or rotation > 

0.15 mm or 0.1°. Three RPs subjects were excluded due to missing/incomplete resting-state 

scans. The final imaging sample consisted of 42 adults with and 71 without infant RPs. Both 

groups did not differ in head motion parameters, namely point-to-point translation or rotation 

of any direction (p = 0.18) and frame-wise displacement (p = 0.18)(50, 51).  

 

Brain outcome measure – iFC of the DMN and SN.  

To investigate the iFC of the DMN and SN, we used the following multi-step procedure. 

Cortical rs-fMRI activity was separated in distinct intrinsic brain networks by independent 

component analysis (see networks in Figure S1). Networks of interest were chosen based on 

their spatial correlation with the meta-analytically defined maps of social cognition and 

emotional processing, respectively(31). To foreshadow results, the posterior DMN (cf.(52)) 

most strongly correlated with the social cognition-, and the SN with the emotional processing 

network. Non-overlapping cortical component masks were created by assigning each voxel to 

one specific component depending on which component had the highest Z-score at that 

voxel(53). Via dual regression and group cortical network masks, subject-specific spatial 

networks were defined(54), and used to define network-specific time courses. These time 

courses were ultimately entered into single partial correlation models to calculate the (partial) 

correlation between the time course of the posterior DMN and SN, respectively, and the time 

series of each other voxel in the brain, regressing out the time series of all other networks, the 

signal of white matter and cerebrospinal fluid, as well as the six head motion parameters. The 

partial correlation approach helped to identify those voxels in the brain which were specifically 
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correlated with one specific network and not the other. Finally, resulting partial r-maps per 

subject were converted into Z-maps using Fisher’s r-to-z transformation. 

To assure that effects of infant RPs on intrinsic networks were specific to DMN and SN, the 

very same procedure was repeated for the sensorimotor network (SMN). The SMN was chosen 

as control network as there is no evidence for the SMN’s involvement in either behavior or 

interoceptive processes and thus no RPs-related effects were expected.  

 

Statistical analyses 

Between-group differences: Group differences in the YASR were tested by Mann-Whitney U-

Tests, as implemented in SPSS (significance threshold p < 0.006, Bonferroni adjusted for 

multiple testing). Behavioral problems in the clinically relevant range (T-value >= 64) were 

tested by Chi-square tests. In the MRI sub-sample, we restricted our analyses to those YASR 

scales that showed significant (i.e. Bonferroni adjusted) group differences in the whole sample. 

To test for group differences in DMN, SN and SMN between adults with and without infant 

RPs, we used voxel-wise two-sample t-tests as implemented in SPM 8, controlling for 

gestational age, sex and scanner type (P < 0.05, FWE corrected). Group differences in DMN 

and SN were overlapped with the meta-analytically derived social cognition and emotional 

processing maps, respectively, defined by Schilbach and colleagues(31).  

Within-group differences: To test which aspect of RPs (i.e. single-persistent, multiple-transient, 

multiple-persistent RPs) was most strongly associated with changes in DMN/SN iFC, we 

performed one-way ANCOVAs with three levels and subsequent post-hoc t-tests within the 

RPs-group, controlling for gestational age, sex and scanner type.  

Brain-behavior relationship and mediation analysis: To test whether variance in DMN/SN iFC 

was associated with behavioral and emotional problems, averaged group-different iFC 

(controlled for scanner type) was correlated with group different YASR T-scores via 

Spearman’s rank correlation. To test whether DMN iFC (controlled for scanner type) mediated 
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the association between infant RPs and adult avoidant personality trait, mediation analysis was 

performed. Path coefficients were estimated using (unstandardized) regression coefficients of 

multiple regression analyses, and statistical significance of the indirect effect was tested using 

a nonparametric bootstrap approach (with 5000 repetitions) to obtain 95% confidence intervals 

using the SPSS PROCESS Macro(55).  
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Results 

Adults with infant RPs have more behavioral and emotional problems than adults without 

RPs 

Adults who had infant RPs were more likely to have total problems (p=0.002), internalizing 

problems in the subclinical (p = 0.005) and clinical range (p = 0.021), and more avoidant 

personality traits (p < 0.001) in comparison to the ones who never had RPs (Table 2). They 

were also more likely to have externalizing problems (p = 0.014), somatic complaints (p = 

0.010) and ADHD problems (p = 0.036), as well as anti-social personality traits (p = 0.011) 

when compared to the ones who never had RPs. Nevertheless, the differences in the latter scales 

disappeared after correction for multiple testing (p < 0.006, Bonferroni adjusted). 

 

Adults with infant RPs show decreased iFC of the DMN and SN 

Concerning the MRI sub-sample, adults who had infant RPs were more likely to have avoidant 

personality traits in comparison to the ones who never had RPs (p = 0.037). There were, 

however, no group differences in internalizing or total problems (p > 0.05). Voxel-wise two-

sample t-tests revealed that adults with infant RPs had a significantly decreased DMN iFC in 

the precuneus and medial prefrontal cortex, as well as decreased SN iFC in lateral occipital 

cortices (p < 0.05, FWE-corrected). DMN iFC overlapped with the social cognition network, 

while SN iFC differences showed little overlap with the emotional processing network (Figure 

2 B1, B2; Table S2a,b). Mean iFC of the DMN clusters differed significantly across RPs sub-

groups (F(2, 38) = 4.43, p = 0.019), with strongest decreases in adults with multiple and 

persistent RPs (Scheffe’s post-hoc test, p = 0.04) (Figure 2 C1). SN iFC did not show similar 

effects of infant RPs (F(2, 38) = 1.02, p = 0.37). IFC in the SMN was not different between 

adults with and without infant RPs, indicating the specificity of our results for the DMN and 

SN. 
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Decreased DMN iFC is related to avoidant personality traits in adults with infant RPs 

Decreased residual iFC in the posterior DMN was associated with an increase in avoidant 

personality traits (r = – 0.42, p = 0.006) (Figure 2 D1). This association was not significant in 

adults who never had infant RPs (r = – 0.01, p = 0.92). Across all subjects, the correlation 

between residual posterior DMN iFC and avoidant personality traits was r = – 0.22, p = 0.02. 

In contrast, group-different residual SN iFC was not significantly related to avoidant personality 

traits, neither within the RPs-group (r = 0.12, p = 0.44), nor across all participants (r = -0.02, p 

= 0.85). 

 

DMN iFC fully mediates the relation between infant RPs and adult avoidant personality 

traits 

In the mediation analysis (Figure 3), the association between infant RPs and adult avoidant 

personality traits (total effect: c = 2.07 ± 1.27), was not significant when controlling for residual 

posterior-DMN iFC (direct effect: c´= 0.54 ± 1.40). Moreover, the bootstrapped confidence 

interval revealed the indirect effects (i.e. the mediation: total – direct effect) to be significantly 

different from zero (0.52, 3.22). 
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Discussion 

Adults with a history of infant RPs had more total behavioral and emotional problems, in 

particular more internalizing problems, both in the clinical and subclinical range, as well as 

more avoidant personality traits than adults without infant RPs. This finding indicates that 

multiple and/or persistent infant RPs have long-term effects on behavioral and emotional 

functioning in adulthood. It contradicts a previous study,(56) which demonstrated a significant 

association between infant RPs and behavioral and emotional problems in childhood, but not in 

adolescence and early adulthood. However, Hyde et al. did not distinguish between transient 

and persistent RPs. Moreover, they assessed RPs only once (at six months of age) instead of 

several time points (i.e. at 5, 20, and 56 months of age) as in the present study. Thus, their study 

does not allow to make a distinction between single/multiple and transient/persistent RPs. 

Assessment of multiple/persistent RPs may provide long-lasting impacts since it was shown 

that only multiple and/or persistent RPs affect the child’s behavior, while transient RPs show 

an overall good prognosis(12, 57, 58). Except for internalizing problems, aberrant YASR scores 

were in the subclinical range, indicating mild to moderate lasting effects of infant RPs on adult 

behavior. However, it should be noted that such mild to moderate problems represent relevant 

risk factors for later psychiatric disorders, such as major depression and anxiety disorders,(59) 

as well as life outcomes, such as work and social relationships(60, 61). As most participants 

were young adults (mean age: 28 years) at the time the study was conducted, one cannot rule 

out the possibility that subclinical behavioral problems turn into more severe forms later in 

life(19). 

 

Interestingly, infant RPs mainly predicted adult behavioral and emotional problems within the 

internalizing spectrum. This is in contrast to childhood data where externalizing problems and 

ADHD were the predominant behavioral and emotional problems(6). Even though significant 

associations between infant RPs and both externalizing problems and ADHD in adulthood were 
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found in the current study, these associations disappeared after correcting for multiple 

comparisons. This may be due to the lack of statistical power with a relatively small sample 

size. In addition, two other explanations may also be able to account for these results. First, 

externalizing problems mitigate in a remarkable portion of children as they get older(62, 63). 

Secondly, internalizing problems in childhood may comprise a “secret illness”(64) as they are 

often difficult to detect by external observers. This may result in a systematic over-

representation of externalizing problems and an under-representation of internalizing problems 

in childhood data. 

 

The DMN mediates the association between infant RPs and adult avoidant personality 

traits 

Adults with infant RPs showed decreased iFC of the DMN in the precuneus and medial 

prefrontal cortex, as well as of the SN in lateral occipital cortices (Figure 2 B1). In contrast, 

SMN iFC was unchanged in the RPs group, indicating that RPs-related iFC alterations do not 

influence all intrinsic networks in the same manner. The impact of infant RPs on adult DMN 

iFC was strongest in adults with multiple and persistent RPs, suggesting DMN iFC decrements 

to follow a ‘dose’ response (Figure 2 C1). This dose effect was absent in SN iFC indicating SN 

alterations to not follow a similar trajectory.  

Interestingly, DMN iFC group differences showed a marked spatial pattern strikingly 

overlapping with the social cognition network (Figure 2 B1). In contrast, iFC differences in the 

SN showed little overlap with the emotional processing network(31). The social cognition 

network refers to the meta-analytically defined neural correlate of social cognition(31). Thus, 

aberrant iFC of the DMN – overlapping with the social cognition network – may reflect 

impaired social cognition and associated changes in social behavior, such as social withdrawal.   

Moreover, the pattern and direction of DMN iFC changes resemble findings in several 

psychiatric disorders, such as major depression(65), ADHD(66), autism(32-34), as well as 
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schizophrenia(35, 36). Although most adults with infant RPs in the present study did not receive 

psychiatric diagnoses per se, they showed more social withdrawal/avoidant behaviors (Table 

2), which are core symptoms of aforementioned psychiatric disorders(67). Thus, decreased 

DMN iFC may be the neural underpinning of a socially withdrawn phenotype independent of 

the etiology. For instance, a study investigating DMN iFC alterations in adolescents and young 

adults with autistic spectrum disorder – a disorder characterized by social withdrawal behavior 

and deficits in social cognition – found an inverse correlation between decreased 

precuneus/medial prefrontal cortex iFC and the severity of patients’ social and communication 

deficits(33). In line with that, we found RPs-related avoidant personality traits to be correlated 

with DMN iFC decreases, i.e. the more DMN iFC was decreased, the more were avoidant 

personality traits pronounced (Figure 2 D1). Even more, DMN iFC alterations fully mediated 

the effect of infant RPs on adult avoidant personality traits. This finding suggests DMN 

malfunctioning to be an important factor in contributing to RPs-related social 

withdrawal/avoidant problems. In contrast, avoidant personality traits showed no correlation 

with decreased SN iFC, possibly due to the lacking overlap with the emotional processing 

network(31).  

A possible explanation for the intimate link between body-oriented regulatory problems, DMN 

alterations, and avoidant personality traits may reside in the DMN’s role in the allostatic-

interoceptive system. The allostatic-interoceptive system constantly matches the body’s current 

physiological processes to its behavioral state(39). Aberrant functioning of the DMN may thus 

result in a mismatch between the body’s signals and the brain’s interpretation and prediction of 

those signals in the interactions with the (social) environment, ultimately giving rise to mental 

disorders and associated symptoms(42, 68). For instance, withdrawal behavior has often been 

linked to social fear and associated sensations of intense physiological arousal(67). Thus, social 

withdrawal may be a coping mechanism of affected individuals to reduce visceral arousal(67). 
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As the DMN plays a vital role in the regulation and representation of such visceral-interoceptive 

processes, DMN alterations may have an important mediating role in this matter. 

 

Further issues: implications, strengths, and limitations  

In the following sections we briefly list both potential implications of our findings for 

individuals with infant RPs and the study’s potential strengths and limitations.  

Implications. The DMN mediates the link between infant RPs and adult avoidant personality 

traits as well as the link between social cognition/interactions and emotion regulation. For 

example, we recently demonstrated that socially-induced emotion regulation (i.e. in which a 

social ‘interactant’ regulates another ‘target’ person’s emotions via, for example, reappraisal) 

works by ‘activating’ the target person’s DMN(69). These ‘parallel’ findings have important 

implications:   

(i) For the origin of infant RPs: if socially-induced emotion regulation in adults depends on the 

DMN, then analogously, impaired body-focused regulation in a RPs-social caregiver context, 

may depend on congenital DMN impairments and/or deficits in the interactions with primary 

caregivers(15).  

(ii) For development of RPs: the fact that infant RPs may occur in transient vs. persistent and 

single vs. multiple forms, raises the possibility that an impaired developmental trajectory of the 

DMN contributes to the developmental trajectory of infant RPs. During normal development, 

the functional connectivity of the DMN, particularly between its posterior and anterior hubs, 

increases significantly over time(70). Our finding that DMN iFC decrements between anterior 

and posterior parts are strongest in adults with multiple and persistent RPs may thus indicate a 

differential developmental DMN trajectory in those individuals.  

(iii) For potential interventions: if DMN activity can be modulated by specifically targeted 

interventions, then these may be used to support individuals with infant RPs. For instance, 

Brauer and colleagues demonstrated, that the functioning of the DMN could be increased by 
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frequent maternal touch(71). Additionally, socially-induced emotion regulation enhances 

positive feelings by recruiting the target person’s DMN(69).  Beyond that, transcranial magnetic 

stimulation has been shown to be effective for boosting DMN activity(72). Such interventions 

may be particularly appropriate for individuals with multiple and persistent RPs as they have 

the highest risk for behavioral and emotional problems.  

 

Strengths/limitations: (i) One particular strength of the present study is its prospective design 

from birth to adulthood, with multiple/persistent RPs assessed before adult behavioral and 

emotional problems started. Furthermore, access to diverse demographic, socio-economic and 

neonatal variables allowed us to match study groups with respect to gestational age, sex, SES 

or scanner distribution, limiting the risk of confounding variables to bias our results. 

(ii) As can be seen from supplemental table S4, participants of the MRI subsample may 

represent a positive selection of the whole sample. However, this is not necessarily unique to 

the present MRI sample. It is well known that cognitively and mentally ‘fitter’ individuals are 

more likely to take part in the more demanding MRI scanning procedure than individuals 

suffering from mental health problems (e.g.(73, 74)). While not invalidating the results, the 

group differences in this cognitively and mentally “fitter” subsample may only represent the 

lower boundary of what could have been observed if more impaired participants were included. 

(ii) Due to the study design, approximately 64% (68% in the MRI sub-sample) of the infants 

were born with neonatal risks (i.e. very preterm and/or with very low birth weight) and were 

thus at increased risk for potential developmental problems. However, by employing an 

additional control analysis using behavioral and MRI data from term born participants only (cf. 

Figure S2), we made sure that our results are generalizable to a population of individuals with 

multiple/persistent RPs but less neonatal risks. 

(iii) A major drawback of our study is the lack of rs-fMRI data in infancy before RPs occurred. 

This may have enabled us to determine whether DMN/SN iFC alterations are the cause or 
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consequence of RPs. Future studies may investigate DMN/SN iFC in infants with and without 

RPs and track their development longitudinally. 

(iv) The present study’s focus was on potential biological mediators of long-term behavioral 

problems following infant RPs.  Therefore, we did not consider further factors (e.g. genetic or 

environmental factors) which may have contributed to variance in adult behavior.  For instance, 

several studies suggested that suboptimal parenting may have negative effects on 

neurodevelopmental outcome(75). Future studies may investigate the influence of other factors 

on the behavioral outcome of individuals with infant RPs in more detail. 

 

Conclusion  

Results demonstrate that adults with infant RPs have more avoidant personality traits that are 

mediated by the DMN. 



20 
 

Acknowledgments 

We thank all current and former members of the Bavarian Longitudinal Study group who 

contributed to general study organization, recruitment, and data collection, management and 

subsequent analyses. We are grateful to the staff of the Department of Neuroradiology in 

Munich and the Department of Radiology in Bonn for their help in data collection. Most 

importantly, we thank all our study participants and their families for their efforts to take part 

in this study. This study was supported by Deutsche Forschungsgemeinschaft (SO 1336/1-1, 

SCHM 3045/2-1) and German Federal Ministry of Education and Science (BMBF 01ER0801 

to P.B. and D.W., BMBF 01ER0803 to C.S.).  

 

Disclosures 

Conflict of Interest: None declared. All authors report no biomedical financial interests or 

potential conflicts of interest. 

 

 



21 
 

References 

1. Barr RG (1990): The normal crying curve: what do we really know? Developmental Medicine 

& Child Neurology. 32:356-362. 

 
2. James‐Roberts IS, Halil T (1991): Infant crying patterns in the first year: normal community 

and clinical findings. Journal of Child Psychology and Psychiatry. 32:951-968. 

 
3. Wolke D, Bilgin A, Samara M (2017): Systematic review and meta-analysis: fussing and 

crying durations and prevalence of colic in infants. The Journal of pediatrics. 185:55-61. e54. 

 
4. Wolke D, Meyer R, Ohrt B, Riegel K (1995): Co‐morbidity of crying and feeding problems 

with sleeping problems in infancy: Concurrent and predictive associations. Infant and Child 

Development. 4:191-207. 

 
5. Degangi GA, Dipietro JA, Greenspan SI, Porges SW (1991): Psychophysiological 

characteristics of the regulatory disordered infant. Infant Behavior and Development. 14:37-50. 

 
6. Hemmi MH, Wolke D, Schneider S (2011): Associations between problems with crying, 

sleeping and/or feeding in infancy and long-term behavioural outcomes in childhood: a meta-

analysis. Archives of Disease in Childhood. 96:622-629. 

 
7. Rao M, Brenner R, Schisterman E, Vik T, Mills J (2004): Long term cognitive development 

in children with prolonged crying. Archives of Disease in Childhood. 89:989-992. 

 
8. Bilgin A, Wolke D (2017): Development of comorbid crying, sleeping, feeding problems 

across infancy: Neurodevelopmental vulnerability and parenting. Early human development. 

109:37-43. 

 
9. Becker K, Holtmann M, Laucht M, Schmidt M (2004): Are regulatory problems in infancy 

precursors of later hyperkinetic symptoms? Acta Paediatrica. 93:1463-1469. 

 
10. Schmid G, Wolke D (2014): Preschool regulatory problems and attention-

deficit/hyperactivity and cognitive deficits at school age in children born at risk: different 

phenotypes of dysregulation? Early human development. 90:399-405. 

 
11. Schmid G, Schreier A, Meyer R, Wolke D (2010): A prospective study on the persistence of 

infant crying, sleeping and feeding problems and preschool behaviour. Acta Paediatrica. 

99:286-290. 

 
12. Wolke D, Rizzo P, Woods S (2002): Persistent infant crying and hyperactivity problems in 

middle childhood. Pediatrics. 109:1054-1060. 

 



22 
 

13. Fergusson DM, John Horwood L, Ridder EM (2005): Show me the child at seven: the 

consequences of conduct problems in childhood for psychosocial functioning in adulthood. 

Journal of child psychology and psychiatry. 46:837-849. 

 
14. Chronis-Tuscano A, Degnan KA, Pine DS, Perez-Edgar K, Henderson HA, Diaz Y, et al. 

(2009): Stable early maternal report of behavioral inhibition predicts lifetime social anxiety 

disorder in adolescence. Journal of the American Academy of Child & Adolescent Psychiatry. 

48:928-935. 

 
15. Atzil S, Barrett LF (2017): Social regulation of allostasis: Commentary on “Mentalizing 

homeostasis: The social origins of interoceptive inference” by Fotopoulou and Tsakiris. 

Neuropsychoanalysis. 19:29-33. 

 
16. Atzil S, Gendron M (2017): Bio-behavioral synchrony promotes the development of 

conceptualized emotions. Current opinion in psychology. 17:162-169. 

 
17. Feldman R (2007): Parent–infant synchrony: Biological foundations and developmental 

outcomes. Current directions in psychological science. 16:340-345. 

 
18. Achenbach TM (1997): Manual for the young adult self-report and young adult behavior 

checklist. University of Vermont, Department of Psychiatry. 

 
19. Reinherz HZ, Paradis AD, Giaconia RM, Stashwick CK, Fitzmaurice G (2003): Childhood 

and adolescent predictors of major depression in the transition to adulthood. American Journal 

of Psychiatry. 160:2141-2147. 

 
20. Aderka IM, Hofmann SG, Nickerson A, Hermesh H, Gilboa-Schechtman E, Marom S 

(2012): Functional impairment in social anxiety disorder. Journal of anxiety disorders. 26:393-

400. 

 
21. Brüne M (2005): “Theory of mind” in schizophrenia: a review of the literature. Schizophrenia 

bulletin. 31:21-42. 

 
22. Fox MD, Raichle ME (2007): Spontaneous fluctuations in brain activity observed with 

functional magnetic resonance imaging. Nature reviews Neuroscience. 8:700-711. 

 
23. Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL (2001): A 

default mode of brain function. Proceedings of the National Academy of Sciences. 98:676-682. 

 
24. Andrews-Hanna JR, Reidler JS, Sepulcre J, Poulin R, Buckner RL (2010): Functional-

anatomic fractionation of the brain's default network. Neuron. 65:550-562. 

 



23 
 

25. Spreng RN, Grady CL (2010): Patterns of brain activity supporting autobiographical 

memory, prospection, and theory of mind, and their relationship to the default mode network. 

Journal of cognitive neuroscience. 22:1112-1123. 

 
26. Binder JR, Desai RH (2011): The neurobiology of semantic memory. Trends in cognitive 

sciences. 15:527-536. 

 
27. Raichle ME (2015): The brain's default mode network. Annual review of neuroscience. 

38:433-447. 

 
28. Mars RB, Neubert F-X, Noonan MP, Sallet J, Toni I, Rushworth MF (2012): On the 

relationship between the “default mode network” and the “social brain”. Frontiers in human 

neuroscience. 6:189. 

 
29. Li W, Mai X, Liu C (2014): The default mode network and social understanding of others: 

what do brain connectivity studies tell us. Frontiers in human neuroscience. 8:74. 

 
30. Barrett LF, Satpute AB (2013): Large-scale brain networks in affective and social 

neuroscience: towards an integrative functional architecture of the brain. Current Opinion in 

Neurobiology. 23:361-372. 

 
31. Schilbach L, Bzdok D, Timmermans B, Fox PT, Laird AR, Vogeley K, et al. (2012): 

Introspective minds: using ALE meta-analyses to study commonalities in the neural correlates 

of emotional processing, social & unconstrained cognition. PloS One. 7:e30920. 

 
32. Kennedy DP, Courchesne E (2008): The intrinsic functional organization of the brain is 

altered in autism. Neuroimage. 39:1877-1885. 

 
33. Assaf M, Jagannathan K, Calhoun VD, Miller L, Stevens MC, Sahl R, et al. (2010): 

Abnormal functional connectivity of default mode sub-networks in autism spectrum disorder 

patients. Neuroimage. 53:247-256. 

 
34. von dem Hagen EA, Stoyanova RS, Baron-Cohen S, Calder AJ (2012): Reduced functional 

connectivity within and between ‘social’resting state networks in autism spectrum conditions. 

Social cognitive and affective neuroscience. 8:694-701. 

 
35. Garrity AG, Pearlson GD, McKiernan K, Lloyd D, Kiehl KA, Calhoun VD (2007): Aberrant 

“default mode” functional connectivity in schizophrenia. American journal of psychiatry. 

164:450-457. 

 
36. Mingoia G, Wagner G, Langbein K, Maitra R, Smesny S, Dietzek M, et al. (2012): Default 

mode network activity in schizophrenia studied at resting state using probabilistic ICA. 

Schizophrenia research. 138:143-149. 



24 
 

 
37. Broyd SJ, Demanuele C, Debener S, Helps SK, James CJ, Sonuga-Barke EJ (2009): Default-

mode brain dysfunction in mental disorders: a systematic review. Neuroscience & 

biobehavioral reviews. 33:279-296. 

 
38. Orosz A, Jann K, Federspiel A, Horn H, Höfle O, Dierks T, et al. (2012): Reduced cerebral 

blood flow within the default-mode network and within total gray matter in major depression. 

Brain connectivity. 2:303-310. 

 
39. Kleckner IR, Zhang J, Touroutoglou A, Chanes L, Xia C, Simmons WK, et al. (2017): 

Evidence for a large-scale brain system supporting allostasis and interoception in humans. 

Nature human behaviour. 1:0069. 

 
40. Sterling P (2012): Allostasis: a model of predictive regulation. Physiology & behavior. 

106:5-15. 

 
41. Craig AD (2002): How do you feel? Interoception: the sense of the physiological condition 

of the body. Nature reviews neuroscience. 3:655. 

 
42. Critchley HD, Harrison NA (2013): Visceral influences on brain and behavior. Neuron. 

77:624-638. 

 
43. Park H-D, Tallon-Baudry C (2014): The neural subjective frame: from bodily signals to 

perceptual consciousness. Phil Trans R Soc B. 369:20130208. 

 
44. Damasio A, Carvalho GB (2013): The nature of feelings: evolutionary and neurobiological 

origins. Nature Reviews Neuroscience. 14:143. 

 
45. Riegel K (1995): Die Entwicklung gefährdet geborener Kinder bis zum fünften Lebensjahr: 

die Arvo-Ylppö-Neugeborenen-Nachfolgestudie in Südbayern und Südfinnland. Stuttgart: 

Enke. 

 
46. Toulmin H, Beckmann CF, O'Muircheartaigh J, Ball G, Nongena P, Makropoulos A, et al. 

(2015): Specialization and integration of functional thalamocortical connectivity in the human 

infant. Proceedings of the National Academy of Sciences of the United States of America. 

112:6485-6490. 

 
47. Jenkinson M, Beckmann CF, Behrens TE, Woolrich MW, Smith SM (2012): Fsl. 

NeuroImage. 62:782-790. 

 
48. Greve DN, Fischl B (2009): Accurate and robust brain image alignment using boundary-

based registration. NeuroImage. 48:63-72. 

 



25 
 

49. Andersson JL, Jenkinson M, Smith S (2007): Non-linear registration, aka Spatial 

normalisation FMRIB technical report TR07JA2. FMRIB Analysis Group of the University of 

Oxford. 2. 

 
50. Murphy K, Bodurka J, Bandettini PA (2007): How long to scan? The relationship between 

fMRI temporal signal to noise ratio and necessary scan duration. NeuroImage. 34:565-574. 

 
51. Van Dijk KR, Sabuncu MR, Buckner RL (2012): The influence of head motion on intrinsic 

functional connectivity MRI. NeuroImage. 59:431-438. 

 
52. Allen EA, Erhardt EB, Damaraju E, Gruner W, Segall JM, Silva RF, et al. (2011): A baseline 

for the multivariate comparison of resting-state networks. Front Syst Neurosci. 5:2. 

 
53. Toulmin H, Beckmann CF, O'Muircheartaigh J, Ball G, Nongena P, Makropoulos A, et al. 

(2015): Specialization and integration of functional thalamocortical connectivity in the human 

infant. Proceedings of the National Academy of Sciences. 112:6485-6490. 

 
54. Filippini N, MacIntosh BJ, Hough MG, Goodwin GM, Frisoni GB, Smith SM, et al. (2009): 

Distinct patterns of brain activity in young carriers of the APOE-ε4 allele. Proceedings of the 

National Academy of Sciences. 106:7209-7214. 

 
55. Hayes A (2013): Introduction to Mediation, Moderation, and Conditional Process Analysis: 

A Regression-Based Approach [ebook]. New York, NY, USA: Guilford Press. 

 
56. Hyde R, O’Callaghan MJ, Bor W, Williams GM, Najman JM (2012): Long-term outcomes 

of infant behavioral dysregulation. Pediatrics. 130:e1243-e1251. 

 
57. Stifter CA, Braungart J (1992): Infant colic: A transient condition with no apparent effects. 

Journal of Applied Developmental Psychology. 13:447-462. 

 
58. DeGangi GA, Breinbauer C, Roosevelt JD, Porges S, Greenspan S (2000): Prediction of 

childhood problems at three years in children experiencing disorders of regulation during 

infancy. Infant Mental Health Journal. 21:156-175. 

 
59. Roza SJ, Hofstra MB, van der Ende J, Verhulst FC (2003): Stable prediction of mood and 

anxiety disorders based on behavioral and emotional problems in childhood: A 14-year follow-

up during childhood, adolescence, and young adulthood. American Journal of Psychiatry. 

160:2116-2121. 

 
60. Copeland WE, Wolke D, Shanahan L, Costello EJ (2015): Adult functional outcomes of 

common childhood psychiatric problems: a prospective, longitudinal study. JAMA psychiatry. 

72:892-899. 

 



26 
 

61. Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ, Harrington H, et al. (2011): A 

gradient of childhood self-control predicts health, wealth, and public safety. Proceedings of the 

National Academy of Sciences. 108:2693-2698. 

 
62. Mesman J, Stoel R, Bakermans-Kranenburg MJ, van IJzendoorn MH, Juffer F, Koot HM, et 

al. (2009): Predicting Growth Curves of Early Childhood Externalizing Problems: Differential 

Susceptibility of Children with Difficult Temperament. Journal of Abnormal Child Psychology. 

37:625. 

 
63. Galambos NL, Barker ET, Almeida DM (2003): Parents do matter: Trajectories of change in 

externalizing and internalizing problems in early adolescence. Child development. 74:578-594. 

 
64. Reynolds WM (1992): Internalizing disorders in children and adolescents. John Wiley & 

Sons. 

 
65. Zhu X, Wang X, Xiao J, Liao J, Zhong M, Wang W, et al. (2012): Evidence of a dissociation 

pattern in resting-state default mode network connectivity in first-episode, treatment-naive 

major depression patients. Biological psychiatry. 71:611-617. 

 
66. Castellanos FX, Margulies DS, Kelly C, Uddin LQ, Ghaffari M, Kirsch A, et al. (2008): 

Cingulate-precuneus interactions: a new locus of dysfunction in adult attention-

deficit/hyperactivity disorder. Biological psychiatry. 63:332-337. 

 
67. Rubin KH, Coplan RJ, Bowker JC (2009): Social withdrawal in childhood. Annual review of 

psychology. 60:141-171. 

 
68. Paulus MP, Stein MB (2006): An insular view of anxiety. Biological psychiatry. 60:383-387. 

 
69. Xie X, Bratec SM, Schmid G, Meng C, Doll A, Wohlschläger A, et al. (2016): How do you 

make me feel better? Social cognitive emotion regulation and the default mode network. 

NeuroImage. 134:270-280. 

 
70. Fair DA, Cohen AL, Dosenbach NU, Church JA, Miezin FM, Barch DM, et al. (2008): The 

maturing architecture of the brain's default network. Proceedings of the National Academy of 

Sciences. 105:4028-4032. 

 
71. Brauer J, Xiao Y, Poulain T, Friederici AD, Schirmer A (2016): Frequency of maternal touch 

predicts resting activity and connectivity of the developing social brain. Cerebral Cortex. 

26:3544-3552. 

 
72. Fox MD, Buckner RL, White MP, Greicius MD, Pascual-Leone A (2012): Efficacy of 

transcranial magnetic stimulation targets for depression is related to intrinsic functional 

connectivity with the subgenual cingulate. Biological psychiatry. 72:595-603. 



27 
 

 
73. Nosarti C, Giouroukou E, Healy E, Rifkin L, Walshe M, Reichenberg A, et al. (2007): Grey 

and white matter distribution in very preterm adolescents mediates neurodevelopmental 

outcome. Brain. 131:205-217. 

 
74. Daamen M, Bäuml JG, Scheef L, Sorg C, Busch B, Baumann N, et al. (2015): Working 

memory in preterm‐born adults: load‐dependent compensatory activity of the posterior default 

mode network. Hum Brain Mapp. 36:1121-1137. 

 
75. Breeman LD, Jaekel J, Baumann N, Bartmann P, Bäuml JG, Avram M, et al. (2018): Infant 

regulatory problems, parenting quality and childhood attention problems. Early human 

development. 124:11-16. 

 

 

 



28 
 

Tables 

Table 1. Demographic data of the whole sample and MRI sub-sample 

 

 Whole sample   MRI sub-sample 
 

 

 Never RPs Multiple/Persistent RPs  

 

 Never RPs Multiple/Persistent RPs  

 n=259 (75.7%) n=83 (24.3%) p-value  n=71 (62.2%) n=43 (37.8%) p-value 

Age: M (SD) 27.44 (1.81) 28.14 (1.85) 0.002  27.8 (1.96) 28.5 (1.87) 0.095 

Sex: N (%)   0.71    0.77 

Male 131 (50.6%) 40 (48.2%)   36 (50.7%) 23 (53.5%)  

Female 128 (49.4%) 43 (51.8%)   35 (49.3%) 20 (46.5%)  

Gestation (weeks): M (SD) 36.73 (4.17) 36.71 (4.39) 0.97  37.2 (3.78) 37.7 (3.47) 0.49 

Birth weight (grams): M (SD) 2705 (960) 2611 (951) 0.44  2713 (919) 2765 (822) 0.76 

Socioeconomic status: N (%)   0.83    0.24 

High 81 (31.3%) 26 (31.3%)   25 (35.2%) 15 (34.9%)  

Middle 111 (42.9%) 33 (39.8%)   32 (45.1%) 14 (32.6%)  

Low 67 (25.9%) 24 (28.9%)   14 (19.7%) 14 (32.6%)  

 

Statistics: t-tests for interval scaled variables and chi-square tests for nominal variables.  
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Table 2. Whole sample: Adults with RPs have more behavioral and emotional problems than adults without infant RPs 

 Never RPs  

 

Multiple/Persistent RPs Mann-Whitney-U-Test 

p-value 

 n=254 n=79  

YASR    

Sum scales (T-score)    

Total problems  39.57 (8.85) 42.99 (8.84) .002* 

Internalizing problems 45.34 (11.29) 49.44 (11.90) .005* 

Externalizing problems 42.69 (8.14) 45.20 (7.54) .014 

DSM-oriented scales (T-score)     

Depressive 52.69 (5.41) 53.90 (6.13) .071 

Anxiety 51.38 (3.42) 51.67 (3.69) .578 

Somatic 53.04 (5.65) 54.11 (5.40) .010 

Avoidant personality 53.47 (6.17) 56.01 (6.92) <.001* 

Attention deficit/hyperactivity problems 50.36 (0.83) 50.75 (1.61) .036 

Antisocial personality  51.12 (2.65) 51.73 (2.93) .011 

Data are represented as mean (Standard Deviation). *Significant after Bonferroni-adjustment: p<0.006 
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Figure Legends 

 

Figure 1. Flow-diagram depicting the final sample compositions 

 

 

Figure 2. RPs-related iFC differences in the DMN overlap with the social cognition 

network and are associated with avoidant personality traits.  

A1. One-sample t-tests (p<0,05, FWE-corrected) of the DMN for adults with (bright green) and 

without infant RPs (blue). Dark green areas represent brain regions where one-sample t-tests 

for both groups overlap. Images are displayed according to the Neurological Convention. 

B1. Adults with infant RPs demonstrate decreased iFC of the DMN in the precuneus and medial 

prefrontal cortex (yellow areas; p < 0,05, FWE-corrected). Red voxels mark the social cognition 

network (p<0,05, FWE-corrected) as identified in the meta-analysis of Schilbach and 

colleagues(31). 

C1. The one-way ANCOVA within adults with infant RPs revealed a dose effect of RPs on 

DMN iFC. Scheffé’s post-hoc t-tests revealed that adults with multiple and persistent RPs had 

a significantly lower iFC than adults with multiple but transient RPs. Barplots show mean 

residual DMN iFC for each group with 95%-confidence intervals.  

D1. Within the RPs-group, decreased iFC of the DMN is significantly correlated with avoidant 

personality traits (Spearman’s rank correlation: r = – 0.42, p = 0.006). 

A2. Same logic as in A1 for the SN. B2. Between group differences in SN iFC (yellow areas; 

p < 0,05, FWE-corrected) show little overlap with the emotional processing network identified 

by Schilbach and colleagues (red areas; p<0,05, FWE-corrected). C2. The one-way ANCOVA 

within the RPs-group showed no significant dose effect of RPs on SN iFC. D2. SN iFC within 

the RPs-group shows no significant correlation with avoidant personality traits (r = 0.12, p = 

0.44). 
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Figure 3. Decreased DMN iFC in the precuneus and medial prefrontal cortex mediates 

the association between infant RPs and avoidant personality traits. 

Displayed are the total effect (c), direct effect (c’) and indirect effect (a*b) for the triangular 

relationship of infant RPs (“group”), adult avoidant personality traits (“Avoidant”) and residual 

DMN iFC. 


