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Background: Regulatory problems (RPs; excessive crying, sleeping, or feeding difficulties) that co-occur (i.e.,
multiple) or are persistent have been associated with cognitive and behavioral problems in childhood. However, it
remains unknown if multiple or persistent RPs are associated with cognitive and behavioral problems in adulthood.
Methods: This large prospective longitudinal study (V= 759) was conducted in two cohorts in Germany (N= 342) and
Finland (N =417). RPs were assessed at 5, 20, and 56 months via the same standardized parental interviews and
neurological examinations. In young adulthood, questionnaires were used to assess behavioral problems. Cognitive
functioning was assessed with IQ tests. We examined the effects of multiple or persistent RPs on the outcomes via
analysis of covariance tests and logistic regression controlled for the influence of cohort. Results: Of 163 participants
with RPs, 89 had multiple and 77 had persistent RPs. Adults who had early multiple or persistent RPs (V= 151)
reported more internalizing (p = .001), externalizing (p = .020), and total behavioral problems (p = .001), and,
specifically, more depressive (p=.012), somatic (p=.005), avoidant personality (p < .001), and antisocial personality
problems (p = .006) than those who never had RPs (N = 596). Participants with multiple or persistent RPs were more
likely to receive any ADHD diagnoses (p=.017), particularly of hyperactive /impulsive subtype (p=.032). In contrast,
there were no associations between multiple or persistent RPs and IQ scores in young adulthood. Conclusions: The
results indicate long-lasting associations between multiple or persistent RPs and behavioral problems. Thus,
screening for early RPs could help to identify children who are at risk for later behavioral problems. Keywords:
Regulatory problems; crying; sleeping; feeding; Bavarian Longitudinal Study (BLS); Arvo Ylppo Longitudinal Study
(AYLS).

et al., 2019; Hemmi et al., 2011). Furthermore, RPs
are stressful and challenging for parents and can
result in parental depression, stress, and fatigue
(Petzoldt, Wittchen, Einsle, & Martini, 2016).
Although most early RPs are transient with no long-
term consequences, there is increasing evidence that
multiple RPs in infancy or persistent RPs are asso-
ciated with an increased risk of dysregulation and
behavioral and attention problems during childhood
(Baumann et al., 2019; Cook et al., 2019; Hemmi
et al.,, 2011; Hyde, O’Callaghan, Bor, Williams, &
Najman, 2012; Schmid, Schreier, Meyer, &
Wolke, 2010; Winsper et al., 2020). In addition, new
evidence shows that this association between early
multiple or persistent RPs and behavioral, psychi-
atric, and attention problems lasts into adolescence
(Winsper et al., 2020) and even into adulthood
(Bauml et al., 2019; Bilgin et al.,, 2020; Jaekel
et al., 2020). Moreover, studies focusing on temper-
amental traits related to multiple or persistent RPs
such as negative emotionality and self-regulation

Introduction

Excessive crying beyond 3 months of age and feeding
and sleeping problems beyond 6 months of age may
be labeled as infant or early regulatory problems
(RPs) (Bilgin et al., 2020; Cook et al., 2019). Approx-
imately 20% of infants experience any of these RPs in
the first year of life (Bilgin et al., 2020; Hemmi,
Wolke, & Schneider, 2011), whereas a smaller group
(i.e., 2-8%) have several RPs concurrently (i.e.,
multiple RPs) in infancy or persistently across more
than one assessment point during early childhood
(Bilgin et al., 2020; Cook et al., 2019; Winsper,
Bilgin, & Wolke, 2020). It has been suggested that
early RPs may indicate emerging problems in self-
regulation with a core feature of having difficulties
inhibiting a current state, such as self-soothing
when crying, settling back to sleep at night and
overcoming neophobia to new food (Cook
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provided evidence for long-term associations regard-
ing the development of psychopathology in childhood
and adolescence (Kostyrka-Allchorne, Wass, &
Sonuga-Barke, 2020). On the other hand, the evi-
dence regarding the association between early RPs
and cognitive functioning in childhood has been
contradictory with no studies investigating this link
into adulthood (Baumann et al., 2019; Rao, Brenner,
Schisterman, Vik, & Mills, 2004; Short et al., 2018).

Currently, the existing evidence on the association
between multiple or persistent RPs and adult behav-
ioral outcomes is limited to attention problems (self-
report of attention problems, observed attention
span, ADHD diagnoses) from one study in Germany
(the Bavarian Longitudinal Study; BLS; Bilgin
et al., 2020). In the current study, we use data from
two large prospective longitudinal cohorts in two
countries (Germany and Finland) that assessed RPs
with identical measures in the early childhood years
and have harmonized data on behavioral and cogni-
tive outcomes in adulthood. Only those with multiple
or persistent RPs were followed into adulthood given
that the current study used a case—control design,
and it was not possible to follow-up every participant
until adulthood (i.e., lack of required funds). This
decision was based on the evidence that multiple or
persistent RPs have stronger associations with later
behavioral problems than single RPs (Bilgin &
Wolke, 2016; Cook et al., 2019; Hemmi et al., 2011).
The aim of the current study was to investigate
whether multiple RPs at age 5 months or persistent
RPs over three time points (at least two of the following
points: 5, 20 and 56 months) are associated with
behavioral problems, and cognitive functioning in
adulthood. We further aimed to replicate our previous
finding of higher ADHD diagnoses in adults who had
multiple or persistent RPs than those who never had
RPs (Bilgin et al., 2020) in a larger sample.

Methods
Study design and participants

The Bavarian-Finnish Longitudinal Study (BFLS; Riegel, Ohrt,
Wolke, & Osterlund, 1995) is a prospective geographically
defined birth cohort study of neonatal at-risk children born in
Southern Bavaria, Germany (The Bavarian Longitudinal
Study, BLS), between January 1985 and March 1986
(N = 7,505, 10.6% of all live births) and in the county of
Uusimaa, Finland (Arvo Ylppo Longitudinal Study, AYLS)
between March 1985 and March 1986 (N = 1,535), who
required admission to a children’s hospital within the first
10 days after birth. In addition, 916 and 658 healthy infants
born at term in the same obstetric hospitals were recruited as
controls in Germany and Finland, respectively.

Parents were approached within 48 h of the infant’s hospital
admission and asked to give written informed consent to
participate. Ethical approval for the studies was granted by the
ethics committees of the University of Munich Children’s
Hospital, the Bavarian Health Council (Landesarztekammer
Bayern), the University Hospital Bonn, the Helsinki City
Maternity Hospital, the Helsinki University Central Hospital,
the Jorvi Hospital, and the Coordinating Ethics Committee of
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the Helsinki and Uusimaa Hospital District. Informed consent
was obtained from parents (childhood) and participants
(adulthood).

Bavarian Longitudinal Study. After the first phase of
the study (birth to 56 months), the decision was made to
reduce the sample size to allow for more intensive psycholog-
ical and neurological assessments while preserving sufficient
statistical power. Sampling criteria and dropout rates are
provided elsewhere (Jaekel, Baumann, & Wolke, 2013).

For the prospective case-control follow-up study, we
excluded (a) those participants who at any time had a single
or non-persistent RPs, and (b) all cases with any missing data
on crying, sleeping, or feeding problems at assessments 5, 20,
and 56 months (N = 787, see Figure 1). Of the remaining
eligible 708 participants (N = 138 with multiple or persistent
RPs and N= 570 without any RPs at any time), we were able to
follow up N = 83 with multiple or persistent RPs and N =259
without RPs into adulthood.

Arvo Ylppo longitudinal study. Of the initial sample
(V= 2,193), 2,086 participants were identified as alive and
living in Finland in adulthood. For the prospective case—control
study, 705 participants were identified with data on multiple or
persistent RPs (crying, sleeping, or feeding/eating problems)
measured at age 5, 20 and 56 months (N= 167 with multiple or
persistent RPs and N = 538 without any RPs; Figure 1). Of
those, 417 participants were assessed in adulthood, including
N = 80 with multiple or persistent RPs and N = 337 without
RPs.

In both cohorts, to ascertain that the controls were compa-
rable to the group with multiple or persistent RPs, controls
were selected and stratified according to gestational age, sex,
and SES with a 3:1 ratio (Figure 1). Descriptive characteristic
of the BLS and AYLS study participants are shown in Table 1.

Measures and outcomes

Multiple or persistent RPs from 5 to 56 months. At
5 months of age, pediatricians asked parents about their
infant’s crying, feeding, and sleeping problems via a standard-
ized interview as part of a neurodevelopmental assessment. At
20 and 56 months, sleeping and eating problems were
assessed via standardized parental interview and neurological
examination of oral motor function both conducted by pedia-
tricians, who were trained to achieve an inter-rater reliability
>90% and received three-monthly booster workshops. The
assessments at 5 and 20 months were carried out corrected for
prematurity, and the assessment at 56 months was carried out
according to chronological age. The definitions for crying,
feeding, and sleeping problems at 5 months and sleeping and
eating problems at 20 and 56 months have been described
previously (Schmid et al., 2010) and are shown in Table S1.
Children with multiple RPs were those who had two or three
RPs at 5 months (BLS: 13.2%, AYLS: 12.0%). Persistent RPs
were defined as having at least one RP at 5, 20 and at
56 months of age (BLS: 14.3%, AYLS: 8.6%). Subsequently,
multiple and/or persistent RPs were combined into one binary
variable: O = never RPs, 1 = multiple or persistent RPs. For a
detailed description of frequencies of RPs, see Table 1.

Behavioral problems in adulthood. At 26-30 years,
participants reported on their behavioral problems using the
German version of the Young Adult Self Report (YASR)
(Achenbach, 1997) and the Finnish version of the Adult Self
Report (ASR; Achenbach & Rescorla, 2003). Both question-
naires are part of the same Achenbach Assessment suite
(ASEBA) with items of the same format. The YASR is composed
of 116, while the ASR has 123 items on a scale ranging from O
(not true) to 2 (very or often true).
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Figure 1 Flow diagram of Bavarian Longitudinal Study and Arvo Ylppo6 Longitudinal Study participants

The Ratings to Scores software by ASEBA (Achenbach, 2005)
was used to compute raw scores and T-scores for scales
according to the ASR form for both the ASR and YASR data.
Consequently, all scores across both cohorts are based on the
same items (Pyhala et al., 2017). The ASR/YASR scales yielded
three sum scales: internalizing, externalizing and total prob-
lems; and six Diagnostic and Statistical Manual of Mental
Diseases, Fourth Edition (DSM-IV)-oriented scales: depressive,
anxiety, somatic, avoidant personality, attention deficit/hy-
peractivity, and antisocial problems. Higher scores indicate
more problems. Scores could be computed for 676 participants
(BLS: N= 333, AYLS: N = 343).

Attention deficit/ hyperactivity disorder (ADHD)

diagnoses in adulthood. ADHD was assessed in adult-
hood with the DSM-IV based adult ADHD rating scales
completed by participants in the BLS (Kooij et al., 2005) and
AYLS (Kessler et al., 2005). These ADHD rating scales are
considered a valid measure of ADHD and associated psychoso-
cial impairment in adulthood (Kooij et al., 2005). Following
guidelines by Kooij et al. (2005) adults exhibiting four out of
nine inattentive symptoms or four out of nine hyperactivity/
impulsivity symptoms ‘often’ or ‘very often’ are considered
significantly impaired and classified as predominantly inat-
tentive (ADHD-IA), predominantly hyperactive/impulsive
(ADHD-HI), or ADHD combined type (ADHD-C). Complete data
on ADHD scores in adulthood were available for 675 partici-
pants (BLS: N = 333, AYLS: N = 342). The harmonization of
both ADHD rating scales is described in Appendix S1.

Cognitive functioning in adulthood. I1Q in adulthood
was tested using the short German version of the Wechsler
Adult Intelligence Scale (WAIS III; von Aster, Neubauer, &
Horn, 2006) and the short Finnish version of the Wechsler
Adult Intelligence Scale-Revised (Ward, 1990).

Inthe BLS, intelligence tests were carried out by psychologists.
The 6 subtests were vocabulary, similarities, letter-number-
sequence, block design, matrix reasoning, and digit symbol
coding. Cognitive functioning scores of the subtests were con-
verted into age-normed IQ scores. In the AYLS, tests were carried
out by psychology graduate students under the supervision of a
licensed psychologist, and the 7 subtests were information,
similarities, arithmetics, digit span, picture completion, matrix
reasoning, and digit symbol. IQ scores were calculated according
to Ward (1990). Complete verbal, performance and full-scale 1Q
Scores were available for N=647, N= 648, N= 646 participants,
respectively (BLS: N=302, AYLS: N= 347, 346, 344).

Confounding variables. GA at birth was determined
from maternal reports of the last menstrual period and serial
ultrasounds during pregnancy. Information on family SES at
birth was collected via structured parental interviews and
computed as a weighted composite score derived from the
occupation of the self-identified head of each family together
with the highest educational qualification held by either parent
into three categories of low, medium, and high SES. Evidence
of childhood neurosensory impairment was collated from data
indicating severe visual impairment (blindness), hearing
impairment (uncorrected by assistive devices), severe cerebral
palsy (grade 3 or 4), or childhood cognitive impairment
(IQ < 2SD). If data regarding a certain neurosensory impair-
ment variable were missing for a participant, the individual
was categorized as having no evidence of the presence of that
impairment. Data indicating the presence of neurosensory
impairment were combined into a binary childhood neurosen-
sory impairment variable (any evidence of impairment vs. no
evidence of impairment; Eves et al., 2021). We also included
participant’s sex, age at assessment in adulthood, and cohort
membership (BLS and AYLS) as further confounding variables.

Statistical analysis

All analyses were conducted with SPSS Version 22 (IBM SPSS
Statistics, IBM Corporation). First, we conducted t-tests and
chi-square tests to document sample characteristics and to
investigate differences between those who had multiple or
persistent RPs and who never had RPs. Statistical significance
level was set at p < .05.

Second, to test the main effects of RPs on adulthood
outcomes, we performed Analyses of Covariance (ANCOVAs)
for behavioral symptoms (YASR/ASR) and I1Q (WAIS-III/WAIS-
R) and logistic regressions for ADHD diagnoses. Gestational
age, sex, socioeconomic status, age at assessment in adult-
hood, neurosensory impairment, and cohort membership (BLS
and AYLS) were included as covariates in all analyses. Effect
sizes (np2) were interpreted as follows: 0.02 =small, 0.13 = med-
ium, 0.26 = large effects. To correct for the influence of multiple
comparisons, the Benjamini-Hochberg procedure (Yoav &
Yosef, 1995) was applied (i.e., using 25% false discovery rate).
Two sets of sensitivity analyses were conducted. First, given
the high percentage of preterm born individuals in our sample,
main analyses were repeated using data of term (>37 weeks
gestational age) born adults only (see Table S2). Second, the
main analyses were repeated separately for individuals with
multiple versus persistent RPs (Tables S3 and S4).
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Table 1 Comparison of those with multiple or persistent regulatory problems (RPs) and those who never had RPs
Never RPs Multiple/Persistent RPs
N =596 (78.5%) N=163 (21.5%) p

Gestation (weeks): M (SD) 37.64 (3.57) 37.42 (3.83) .50
Birth weight (g): M (SD) 3,042 (916) 2,904 (927) .09
SGA <10%: N (%) 88 (14.8%) 37 (22.7%) 016
Multiple births: N (%) 38 (6.4%) 10 (6.1%) 91
Sex: N (%)

Male 288 (48.3%) 86 (52.8%) .32

Female 308 (51.7%) 77 (47.2%)
Socioeconomic status: N (%)

High 201 (33.8%) 55 (34.4%) .10

Middle 265 (44.6%) 59 (36.9%)

Low 128 (21.5%) 46 (28.7%)
Complication scores: M (SD)

Pre-pregnancy 1.23 (0.86) 1.31 (0.88) .34

Prenatal 1.31 (1.22) 1.34 (1.39) .73

Perinatal 2.95 (1.66) 2.88 (1.61) .64

Neonatal 2.98 (3.35) 3.57 (3.64) .053
Hospitalization (days): M (SD) 16.33 (24.82) 21.28 (30.21) .06
Neurosensory impairment in childhood?®: N (%) 17 (2.9%) 16 (9.8%) <.001
Participant’s age at assessment in adulthood: M (SD) 26.37 (1.61) 26.92 (1.92) .001

SGA, Small for Gestational Age.

2Evidence of childhood neurosensory impairment was collated from data indicating severe visual impairment (blindness), hearing
impairment (uncorrected by assistive devices), severe cerebral palsy (grade 3 or 4), or childhood cognitive impairment (IQ < 2SD).

Role of the funding source

The views expressed are those of the authors and not neces-
sarily those of the German Federal Ministry of Education and
Science (BMBF), the Academy of Finland, and the German
Research Foundation (DFG). The funders had no role in the
study design, data collection, data analysis, data interpreta-
tion, or writing of the report. Two of the authors (DW; NB) have
full access to all study data, and all authors take responsibility
for the decision to submit for publication. All authors have
approved the final version of the paper.

Results
Sample characteristics

There were no significant differences between adults
with multiple or persistent RPs in infancy and early
childhood and those who never had RPs with regards
to the majority of perinatal, neonatal and childhood
characteristics. However, more participants in the
multiple or persistent RPs group were born small for
gestational age (SGA) and had neurosensory impair-
ment in childhood than participants in the never RPs
group. In addition, those who had multiple or
persistent RPs in early childhood were older at the
time of the follow-up assessment in adulthood com-
pared to those who never had RPs (Table 1).

Multiple or persistent RPs and adulthood behavioral
problems, ADHD, and cognitive functioning

Adults who experienced multiple or persistent RPs
reported more internalizing, externalizing, and total
behavioral problems in adulthood in comparison to
those who never had RPs (Table 2). Among the

behavioral problems, only internalizing and total
problems remained significant after correction for
multiple comparisons. Moreover, multiple, or persis-
tent RPs were associated with a higher risk of any
ADHD diagnoses in adulthood, particularly of the
hyperactive/impulsive subtype with only any ADHD
diagnoses remaining significant after correction for
multiple comparisons. In contrast, there were no
significant differences between those with multiple
RPs in infancy and those who never had RPs in terms
of IQ scores in adulthood. (Table 2).

When we conducted the sensitivity analysis using
only term-born participants (GA > 37 weeks), the find-
ings remained the same, except no associations were
found between multiple or persistent RPs and ADHD
diagnoses (Table S2). When we repeated the analyses
separately for multiple RPs, there were significant
differences between the two groups in internalizing,
externalizing and total behavioral problems, but no
associations with ADHD diagnoses (except a marginal
significance for hyperactivity/impulsive subtype) and
IQ scores (Table S3). Those with persistent RPs had
more internalizing and total behavioral problems, as
well as more any and inattentive ADHD diagnoses than
those who never had RPs, but no associations were
found with IQ scores in adulthood (Table S4).

Multiple or persistent RPs and adulthood scores in
DSM-oriented scales (YASR/ASR)

Figure 2 illustrates that those who had multiple or
persistent RPs in early childhood scored higher on
depression, somatic symptoms, avoidant personal-
ity, and antisocial personality problems in adulthood
than those who never had RPs.
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Table 2 Early multiple or persistent regulatory problems and adult behavioral and cognitive outcomes

Multiple/
Never RPs Persistent RPs Main effect Main effect
(V= 596) (N=163) RPs p-value* RPs partial n? Significant covariates (n?)

YASR/ASR (T-scores) N=535 N=141
Sum scales

Total problems 42.95 45.50 (10.06) .001 .02 Male sex (.02), cohort (.07)
(10.12)
Internalizing problems 45.57 49.30 (12.09) .001 .02 Male sex (.02)
(11.30)
Externalizing 45.64 47.30 (9.44) .020 .01 Gestation (.01), male sex (.01), cohort
problems (9.52) (.04)
DSM-oriented Scales
Depressive 53.92 55.23 (7.81) .012 .01 Male sex (.03), cohort (.02)
(6.60)
Anxiety 51.56 52.06 (4.68) .116 .00 Gestation (.01), male sex (.02)
(3.61)
Somatic 52.12 53.69 (5.41) .005 .01 Male sex (.01), cohort (.01)
(4.58)
Avoidant personality 53.36 55.53 (7.15) <.001 .02 Male sex (.01)
(5.86)
Attention deficit/ 52.43 52.93 (5.56) .106 .00 Neurosensory impairment (.01),
hyperactivity (5.25) cohort (.10)
Antisocial personality 52.26 53.22 (5.62) .006 .01 Male sex (.02), low SES (.01), cohort
(4.31) (.04)
ADHD, n (%)° n=534 n=141
Any 59 (11.0%) 27 (19.1%) .017 n/a ./.
Inattentive 31 (5.8%) 14 (9.9%) .086 n/a Cohort®
Hyperactive /impulsive 42 (7.9%) 20 (14.2%) .032 n/a ./
Combined 14 (2.6%) 7 (5.0%) .166 n/a ./
IQ n= 2507/ n= 142
506/
504
Verbal 1Q 99.31 97.48 (15.15) 934 .00 All covariates: gestation (.01),
(14.68) neurosensory impairment (.04),

male sex (.02), low SES (.02), high
SES (.05), age (.07), cohort (.03)

Performance 1Q 97.51 96.48 (16.42) 991 .00 Gestation (.02), neurosensory
(14.97) impairment (.08), low SES (.01),
high SES (.01)
Overall IQ 98.27 96.58 (16.38) 964 .00 Gestation (.02), neurosensory
(14.46) impairment (.07), male sex (.01),
low SES (.02), high SES (.04), age
(.02)

ASR, Adult Self Report; RPs, Regulatory Problems Data are mean (SD); YASR, Young Adult Self Report. Means are unadjusted, and
all p-values are adjusted for gestational age, male sex, socioeconomic status, age at assessment in adulthood, neurosensory
impairment in childhood and cohort effects. Partial n%: 0.01 = small, 0.09 = medium and 0.25 = large effect. Bold indicates
statistically significant p-values.

2Please note that the presented p-values are not corrected for multiple comparisons.

PTo be consistent with the values for the other outcomes (unadjusted means and SDs and adjusted p-values), the Ns and
percentages are based on chi-square (unadjusted) and the p-values on logistic regressions (adjusted for gestational age, male sex,
socioeconomic status, age at assessment in adulthood, neurosensory impairment in childhood and cohort effects).

“Please note that n? is not available for ADHD diagnoses. However, the Odds Ratio (OR) for the covariate ‘cohort’ was OR = 3.41 (95%
Confidence Interval: 1.30-8.97).

Analyses of term born adults showed that those
with multiple or persistent RPs had higher scores on
avoidant and antisocial personality scores than
those who never had RPs, but no significant differ-
ences were found between the two groups on depres-
sive, somatic and attention deficit/hyperactivity
scores (Table S2). When individuals with multiple
and persistent RPs were investigated separately,
avoidant personality symptoms were found to be
consistently higher in those who had RPs compared
to those who never had RPs (Tables S3 and S4).

Discussion

This study investigated the association of multiple or
persistent RPs in early childhood with adulthood
behavioral problems and IQ using a combined sam-
ple of two cohorts in two countries. Adults who
experienced multiple or persistent RPs in early
childhood reported more internalizing and total
behavioral problems, and any ADHD diagnoses in
comparison with those who never experienced early
RPs. In contrast, no differences in IQ scores were
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found between those who had multiple or persistent Long-term follow up studies that span from
RPs and those who never had RPs. infancy to adulthood and focus on early childhood
The results support previous findings of the asso- crying, sleeping, and feeding problems and behav-
ciations between early multiple or persistent RPs and ioral problems are rare. Currently, the only other
behavioral problems in adulthood (Jaekel additional evidence comes from a study in the UK
et al.,, 2020), and these effects were found in a that followed individuals from early childhood to
combined sample of two cohorts in two countries. adulthood and reported that severe but not moderate
The associations between multiple or persistent RPs sleeping difficulties in early childhood were associ-
and internalizing and total behavioral problems were ated with depression in adulthood (Greene, Gregory,
stronger than the association with externalizing Fone, & White, 2015). This finding is in line with the
problems which diminished after correction for mul- results of the current study which indicate that
tiple comparisons. The same pattern was found when adults who had multiple or persistent RPs are more
the analyses were repeated including only term-born likely to have DSM-oriented depressive symptoms
adults. The effect sizes were statistically significant than adults who did not have early multiple or
but small explaining around 1-2% of unique vari- persistent RPs. Furthermore, our results show that
ance. However, these effect sizes should be consid- those who had early multiple or persistent RPs are
ered within the long timespan of individual more likely to have DSM-oriented somatic, avoidant,
development from infancy to adulthood. To illustrate, and antisocial personality symptoms, but not anxi-
even the most stable characteristics in individuals, ety and attention deficit/hyperactivity symptoms.
such as cognitive abilities or intelligence, have a Furthermore, when we included only adults born at
correlation of r = .03 when tested with structured term, the results on behavioral problems and DSM-
developmental assessment at 5 months and IQ at oriented scales remained similar, although term
26 years, which was not significant in the general born adults with multiple or persistent RPs reported
population (Breeman, Jaekel, Baumann, Bartmann, higher scores only in avoidant and antisocial per-
& Wolke, 2015). The new findings presented here sonality symptoms compared to those who never had
extend the results of previous studies which showed RPs. Thus, in line with the findings of a previous
a link between early RPs and behavioral problems in study (Bauml et al., 2019), there is evidence that
childhood and adolescence (Baumann et al., 2019; early RPs may be particularly associated with
Cook et al., 2019; Winsper et al., 2020). avoidant personality symptoms.
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Figure 2 Early multiple or persistent regulatory problems and YASR/ASR DSM-oriented scales in adulthood. ASR, Adult Self Report; YASR,
Young Adult Self Report. Please note that regulatory problems reflect multiple or persistent regulatory problems. Means are unadjusted,
and all p-values are adjusted for gestational age, sex, socioeconomic status, age at assessment in adulthood, neurosensory impairment in
childhood, and cohort effects. *p < .05, **p < .01, ***p < .001. Please note that the presented p-values are not corrected for multiple
comparisons
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This particular association between early multiple
or persistent RPs and personality disorder symptoms
could be due to the comorbidities between anxiety
(particularly social anxiety) and avoidant personality
symptoms (Isomura et al., 2015), and between atten-
tion deficit/hyperactivity (particularly impulsivity
symptoms) and antisocial personality symptoms
(Cumyn, French, & Hechtman, 2009). We may spec-
ulate that personality disorder symptoms may indi-
cate more severe difficulties than anxiety and
attention deficit/hyperactivity symptoms. Further-
more, both avoidant and antisocial personality symp-
toms include difficulties in close relationships and are
associated with parental neglect during the early years
(Waxman, Fenton, Skodol, Grant, & Hasin, 2014).
Parental neglect is also associated with the develop-
ment of disorganized attachment, which predicts
difficulties in social competence (Groh et al., 2014).
Considering the evidence that multiple RPs are asso-
ciated with disorganized attachment (Bilgin &
Wolke, 2020), early multiple or persistent RPs might
be particularly associated with the development of
problems in social skills reflected as personality dis-
order symptoms (Winsper et al., 2020) in adulthood,
particularly avoidant symptoms.

However, considering symptomatology in the con-
text of normative development, it should be noted
that these findings could also be attributed to the
fact that symptoms of both externalizing problems
and ADHD tend to decrease as individuals get older
(Pyhala et al., 2017). This and comorbidities with
antisocial personality symptoms could further
explain the variation of findings regarding ADHD in
DSM-oriented and diagnostic scores. Adults who
had early multiple or persistent RPs had more ADHD
diagnoses than those who never had RPs as docu-
mented previously (Bilgin et al., 2020), while there
were no significant differences on the DSM-oriented
ADHD symptoms scale. However, when multiple and
persistent RPs were analyzed separately, higher
DSM-oriented ADHD symptoms were found in those
who had multiple RPs, while higher diagnoses of
ADHD were found in those who had persistent RPs.
Thus, both multiple and persistent RPs might reflect
underlying neurodevelopmental differences.

Although individuals with multiple or persistent
RPs had, on average, higher behavioral problems in
adulthood, they were not different than adults who
never had early RPs in terms of their IQ scores. No
previous studies have reported on the link between
early multiple or persistent RPs and IQ scores in
adulthood. However, a small association between
sleep duration and cognitive development in children
(r=.06) has been reported, suggestive of a link with
verbal 1Q but not fluid IQ (Short et al., 2018). Our
results suggest that this small association between
RPs in early childhood and cognitive functioning may
not last into adulthood (Rao et al., 2004).

While we report here on direct associations of early
RPs with behavioral problems in adulthood, a

J Child Psychol Psychiatr 2023; 64(6): 876-85

cascade model of the associations between early
multiple or persistent RPs and behavioral problems
across the life course has been recently suggested
(Winsper et al., 2020). The cascade model suggests
that early risk predictors cumulatively affect the
development of maladaptive outcomes over time via
influencing the regulation of behaviors in the next
proximate phase of development, which in turn will
dynamically affect the following stage (Bornstein,
Hahn, & Wolke, 2013). Within this framework, we
previously showed that the association of early RPs
with attention problems in childhood is partly medi-
ated by impaired inhibitory control in the second
year of life (Baumann et al., 2019). Furthermore, in a
large UK population study it was shown that early
RPs in infancy/toddlerhood increased the risk of co-
occurring internalizing and externalizing problem
trajectories across childhood, which in turn
increased the risk of psychopathology in adolescence
such as depression and borderline personality dis-
order (Winsper et al., 2020). Thus, there is evidence
that early RPs may be a risk factor for having
problems in self-regulation affecting early inhibitory
control, organization of attachment formation (Bilgin
& Wolke, 2020), and subsequent dysregulation in
behavioral and emotional control across childhood
(Winsper et al., 2020). However, this requires further
testing using data across multiple time points across
the life course. Moreover, consistent with the theory
of multifinality (Cicchetti & Rogosch, 1996), early
RPs may be a global risk factor for various dysreg-
ulation trajectories with different psychopathological
outcomes over the life course.

There are several potential explanations for how
early multiple or persistent RPs can cascade into
later psychopathological outcomes in adulthood.
First, it is plausible that early RPs disrupt the quality
of interaction between parent-infant dyads and
socio-emotional relationships, which in turn influ-
ence the development of later psychological prob-
lems (Bilgin & Wolke, 2020; Jaekel et al., 2020).
Second, early RPs may be linked to adulthood
behavioral outcomes due to dysregulation of the
Hypothalamic Pituitary-Adrenal (HPA) axis consid-
ering the evidence that RPs are associated with HPA
axis dysregulation, and dysregulation of the HPA
axis correlates with internalizing and attention prob-
lems (Scher, Zukerman, & Epstein, 2005). Third,
there is evidence that early RPs are associated with
reduced intrinsic functional connectivity of the
default mode network in the brain, which is a
domain general network involved in a wide range of
functions and particularly relevant for the interac-
tions of the individual with the social environment
(Bauml et al., 2019). Fourth, genetic vulnerability
may explain the increased risk of behavioral prob-
lems and ADHD in children who had early RPs
(Poustka et al., 2015), suggesting that early RPs
might reflect manifestations of a genetic profile
which first expresses itself as problems in self-
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regulation and then as behavioral problems at later
stages of development. Finally, it has been suggested
that disruptions in brain stem development during
the prenatal period might be associated with the
development of infant RPs (Geva & Feldman, 2008),
which might contribute to the longitudinal associa-
tions between multiple or persistent RPs and adult
behavioral problems. These suggested mechanisms
call for future research.

The current study has several strengths, including
the prospective design from infancy to adulthood,
harmonized data from two cohorts in two countries,
repeated measurement of early childhood RPs and a
relatively large sample size that includes participants
across the full spectrum of gestational age. Further-
more, the assessment of RPs was made via both
clinical parent interviews and neurological examina-
tions in both countries. However, there are also
limitations. First, RPs were not assessed via struc-
tured diaries. However, this was not feasible in these
two long-term prospective cohorts due to the often-
reported high attrition rates in diary studies. Second,
we reported adulthood outcomes only for individuals
who had multiple or persistent RPs excluding those
who had single RPs. This was due to lack of funding to
follow up the whole sample until adulthood which
resulted in a decision to focus on the highest risk group
based on previous evidence (Hemmi et al., 2011).
Third, the samples of both cohorts included partici-
pants who were born preterm (i.e., born before
37 weeks of gestation). However, we controlled for
the influence of preterm birth in all analyses and
conducted sensitivity analyses that replicated the
findings while excluding those born preterm. Fourth,
we were unable to consider the role of other potential
conditions such as Autism Spectrum Disorder due to
unavailability of this information across cohorts.

Conclusions

Multiple or persistent RPs experienced during early
childhood are associated with increased behavioral
problems and ADHD diagnoses in adulthood, but not

Early regulatory problems and adult outcomes in two cohorts 883

with differences in 1Q. These findings suggest that
children with early RPs should be included in
screening and intervention programs to help prevent
long-term behavioral problems.

Supporting information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Appendix S1. Description of the assessment of ADHD
diagnoses.

Table S1. Definition of crying, feeding, and sleeping
problems at 5, 20 and 56 months and assessment
mode.

Table S2. Early multiple or persistent regulatory
problems and adult behavioral and cognitive outcomes
(Gestational age > 37 weeks).

Table S3. Early multiple regulatory problems (at
5 months) and adult behavioral and cognitive out-
comes.

Table S4. Early persistentregulatory problems (from 5 to
56 months) and adult behavioral and cognitive outcomes.
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Key points

adolescence.

still detectable in adulthood.

later behavioral problems.

* Early childhood regulatory problems (RPs; excessive crying, sleeping, and feeding difficulties) occurring
concurrently (i.e., multiple) or persistently are associated with behavioral problems in childhood and

* The current study showed that multiple or persistent RPs are associated with more behavioral problems in
adulthood, particularly internalizing problems. However, there were no associations between multiple or
persistent RPs and cognitive functioning in adulthood.

* This evidence suggests that having multiple RPs as early as 5 months or persistent RPs spanning from infancy
to early childhood may be the starting point of a pathway of dysregulation leading to behavioral problems

* The clinical implication of this finding is that screening for RPs could help identify children who are at risk for

© 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for

Child and Adolescent Mental Health.

8508017 SUOLILLOD aAITeaID) 8(qeal(dde sy Ag peusenob afe Ssjole YO ‘8sn Jo S9N Jo) Akelqi 8UIUO A8]IA UO (SUONIPUOD-PUR-SLLBIAL0D A3 1M Afelq 1 [eul |UO//:SdNY) SUONIPUOD pue Swws | 81 89S *[£202/80/c2] o AriqiTauliuo A8|IM ‘881 Ad 2i2£T ddol/TTTT 0T/10p/W0d A8 1M Areuq 1 jpul JUO yurede,/:sdny woly papeo|umoq ‘9 ‘€202 ‘0T9L69FT



884 Dieter Wolke et al.

References

Achenbach, T.M. (1997). Manual for the young adult Self-report
and young adult behavior checklist. Burlington, VT: Depart-
ment of Psychiatry, University of Vermont.

Achenbach, T.M. (2005). User guide for the ratings to scores
utility (RTS). Burlington, VT: University of Vermont.

Achenbach, T.M., & Rescorla, R. (2003). Manual for the ASEBA
adult forms & profiles. Burlington, VT: Research Center for
Children, Youth & Families, University of Vermont.

Baumann, N., Jaekel, J., Breeman, L., Bartmann, P., Bauml,
J.G., Avram, M., ... Wolke, D. (2019). The association of
infant crying, feeding, and sleeping problems and inhibitory
control with attention regulation at school age. Infancy, 24,
768-786.

Bauml, J.G., Baumann, N., Avram, M., Mulej Bratec, S.,
Breeman, L., Berndt, M., ... Sorg, C. (2019). The default
mode network mediates the impact of infant regulatory
problems on adult avoidant personality traits. Biological
Psychiatry: Cognitive Neuroscience and Neuroimaging, 4,
333-342.

Bilgin, A., Baumann, N., Jaekel, J., Breeman, L.D., Bartmann,
P., Bauml, J.G., ... Wolke, D. (2020). Early crying, sleeping,
and feeding problems and trajectories of attention problems
from childhood to adulthood. Child Development, 91, e77—
e91.

Bilgin, A., & Wolke, D. (2016). Regulatory problems in very
preterm and full-term infants over the first 18 months.
Journal of Developmental & Behavioral Pediatrics, 37, 298-
305.

Bilgin, A., & Wolke, D. (2020). Infant crying problems and
symptoms of sleeping problems predict attachment disorga-
nization at 18 months. Attachment & Human Development,
22, 367-391.

Bornstein, M.H., Hahn, C.-S., & Wolke, D. (2013). Systems and
cascades in cognitive development and academic achieve-
ment. Child Development, 84, 154-162.

Breeman, L.D., Jaekel, J., Baumann, N., Bartmann, P., &
Wolke, D. (2015). Preterm cognitive function into adulthood.
Pediatrics, 136, 415-423.

Cicchetti, D., & Rogosch, F.A. (1996). Equifinality and multi-
finality in developmental psychopathology. Development and
Psychopathology, 8, 597-600.

Cook, F., Giallo, R., Hiscock, H., Mensah, F., Sanchez, K., &
Reilly, S. (2019). Infant regulation and child mental health
concerns: A longitudinal study. Pediatrics, 143, e20180977.

Cumyn, L., French, L., & Hechtman, L. (2009). Comorbidity in
adults with attention-deficit hyperactivity disorder. Cana-
dian Journal of Psychiatry, 54, 673-683.

Eves, R., Mendong¢a, M., Baumann, N., Ni, Y., Darlow, B.A.,
Horwood, J., ... Wolke, D. (2021). Association of very
preterm birth or very low birth weight with intelligence in
adulthood: An individual participant data meta-analysis.
JAMA Pediatrics, 175, e211058.

Geva, R., & Feldman, R. (2008). A neurobiological model for the
effects of early brainstem functioning on the development of
behavior and emotion regulation in infants: Implications for
prenatal and perinatal risk. Journal of Child Psychology and
Psychiatry, 49, 1031-1041.

Greene, G., Gregory, A.M., Fone, D., & White, J. (2015).
Childhood sleeping difficulties and depression in adulthood:
The 1970 British cohort study. Journal of Sleep Research,
24, 19-23.

Groh, A.M., Fearon, R.P., Bakermans-Kranenburg, M.J., van
Ijzendoorn, M.H., Steele, R.D., & Roisman, G.I. (2014). The
significance of attachment security for children’s social
competence with peers: A meta-analytic study. Attachment
& Human Development, 16, 103-136.

Hemmi, M.H., Wolke, D., & Schneider, S. (2011). Associations
between problems with crying, sleeping and/or feeding in
infancy and long-term behavioural outcomes in childhood: A

J Child Psychol Psychiatr 2023; 64(6): 876-85

meta-analysis. Archives of Disease in Childhood, 96, 622—
629.

Hyde, R., O’Callaghan, M.J., Bor, W., Williams, G.M., &
Najman, J.M. (2012). Long-term outcomes of infant behav-
ioral dysregulation. Pediatrics, 130, E1243-E1251.

Isomura, K., Boman, M., Ruck, C., Serlachius, E., Larsson, H.,
Lichtenstein, P., & Mataix-Cols, D. (2015). Population-
based, multi-generational family clustering study of
socialanxiety disorder and avoidant personality disorder.
Psychological Medicine, 45, 1581-1589.

Jaekel, J., Baumann, N., & Wolke, D. (2013). Effects of
gestational age at birth on cognitive performance: A function
of cognitive workload demands. PLoS One, 8, €65219.

Jaekel, J., Sorg, C., Breeman, L., Baumann, N., Bilgin, A.,
Bauml, J.G., & Wolke, D. (2020). Early regulatory problems
and parenting: Life-long risk, vulnerability or susceptibility
for attention, internalizing and externalizing outcomes?
European Child & Adolescent Psychiatry, 30, 1523-1531.

Kessler, R.C., Adler, L., Ames, M., Demler, O., Faraone, S.,
Hiripi, E., ... Walters, E.E. (2005). The World Health
Organization adult ADHD self-report scale (ASRS): A short
screening scale for use in the general population. Psycho-
logical Medicine, 35, 245-256.

Kooij, J.J.S., Buitelaar, J.K., Van den Oord, E.J., Furer, JW.,
Rijnders, C.A.T., & Hodiamont, P.P.G. (2005). Internal and
external validity of attention-deficit hyperactivity disorder in
a population-based sample of adults. Psychological Medi-
cine, 35, 817-827.

Kostyrka-Allchorne, K., Wass, S.V., & Sonuga-Barke, E.J.
(2020). Research review: Do parent ratings of infant negative
emotionality and self-regulation predict psychopathology in
childhood and adolescence? A systematic review and meta-
analysis of prospective longitudinal studies. Journal of Child
Psychology and Psychiatry, 61, 401-416.

Petzoldt, J., Wittchen, H.U., Einsle, F., & Martini, J. (2016).
Maternal anxiety versus depressive disorders: Specific rela-
tions to infants’ crying, feeding and sleeping problems.
Child: Care, Health and Development, 42, 231-245.

Poustka, L., Zohsel, K., Blomeyer, D., Jennen-Steinmetz, C.,
Schmid, B., Trautmann-Villalba, P., ... Laucht, M. (2015).
Interacting effects of maternal responsiveness, infant regu-
latory problems and dopamine D4 receptor gene in the
development of dysregulation during childhood: A longitu-
dinal analysis. Journal of Psychiatric Research, 70, 83-90.

Pyhala, R., Wolford, E., Kautiainen, H., Andersson, S., Bart-
mann, P., Baumann, N., ... Raikkonen, K. (2017). Self-
reported mental health problems among adults born pre-
term: A meta-analysis. Pediatrics, 139, €20162690. https://
doi.org/10.1542 /peds.2016-2690

Rao, M.R., Brenner, R.A., Schisterman, E.F., Vik, T., & Mills,
J.L. (2004). Long term cognitive development in children
with prolonged crying. Archives of Disease in Childhood, 89,
989-992.

Riegel, K., Ohrt, B., Wolke, D., & Osterlund, K. (1995). Die
Entwicklung gefahrdet geborener Kinder bis zum funften
Lebensjahr: Die Arvo Ylppo-Neugeborenen-Nachfolgestudie in
Sudbayern und Sudfinnland [The development of at-risk
children until the fifth year of life. The Arvo Ylppo longitudinal
study in South Bavaria and South Finland]. Stuttgart:
Ferdinand Enke Verlag.

Scher, A., Zukerman, S., & Epstein, R. (2005). Persistent night
waking and settling difficulties across the first year: Early
precursors of later behavioural problems? Journal of Repro-
ductive and Infant Psychology, 23, 77-88.

Schmid, G., Schreier, A., Meyer, R., & Wolke, D. (2010). A
prospective study on the persistence of infant crying, sleep-
ing and feeding problems and preschool behaviour. Acta
Paediatrica, 99, 286-290.

Short, M.A., Blunden, S., Rigney, G., Matricciani, L., Cous-
sens, S., Reynolds, C.M., & Galland, B. (2018). Cognition
and objectively measured sleep duration in children: A

© 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for

Child and Adolescent Mental Health.

8508017 SUOLILLOD aAITeaID) 8(qeal(dde sy Ag peusenob afe Ssjole YO ‘8sn Jo S9N Jo) Akelqi 8UIUO A8]IA UO (SUONIPUOD-PUR-SLLBIAL0D A3 1M Afelq 1 [eul |UO//:SdNY) SUONIPUOD pue Swws | 81 89S *[£202/80/c2] o AriqiTauliuo A8|IM ‘881 Ad 2i2£T ddol/TTTT 0T/10p/W0d A8 1M Areuq 1 jpul JUO yurede,/:sdny woly papeo|umoq ‘9 ‘€202 ‘0T9L69FT


https://doi.org/10.1542/peds.2016-2690
https://doi.org/10.1542/peds.2016-2690

doi:10.1111/jcpp.13742

systematic review and meta-analysis. Sleep Health, 4, 292—
300.

von Aster, M., Neubauer, A., & Horn, R. (2006). Wechsler-
Intelligenztest fur Erwachsene WIE. Manual — Ubersetzung
und Adaption der WAIS-III von David Wechsler. Frankfurt:
Pearson Assessment & Information.

Ward, L.C. (1990). Prediction of verbal, performance, and full
scale IQS from seven subtest of the WAIS-r. Journal of
Clinical Psychology, 46, 436-440.

Waxman, R., Fenton, M.C., Skodol, A.E., Grant, B.F., & Hasin,
D. (2014). Childhood maltreatment and personality disor-
ders in the USA: Specificity of effects and the impact of
gender. Personality and Mental Health, 8, 30-41.

© 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for

Child and Adolescent Mental Health.

Early regulatory problems and adult outcomes in two cohorts 885

Winsper, C., Bilgin, A., & Wolke, D. (2020). Associations
between infant and toddler regulatory problems, childhood
co-developing internalising and externalising trajectories,
and adolescent depression, psychotic and borderline per-
sonality disorder symptoms. Journal of Child Psychology
and Psychiatry, 61, 182-194.

Yoav, B., & Yosef, H. (1995). Controlling the false discovery
rate: A practical and powerful approach to multiple testing.
Journal of the Royal Statistical Society: Series B: Method-
ological, 57, 289.

Accepted for publication: 7 November 2022

8508017 SUOLILLOD aAITeaID) 8(qeal(dde sy Ag peusenob afe Ssjole YO ‘8sn Jo S9N Jo) Akelqi 8UIUO A8]IA UO (SUONIPUOD-PUR-SLLBIAL0D A3 1M Afelq 1 [eul |UO//:SdNY) SUONIPUOD pue Swws | 81 89S *[£202/80/c2] o AriqiTauliuo A8|IM ‘881 Ad 2i2£T ddol/TTTT 0T/10p/W0d A8 1M Areuq 1 jpul JUO yurede,/:sdny woly papeo|umoq ‘9 ‘€202 ‘0T9L69FT



	Outline placeholder
	 Study design and par�tic�i�pants
	 Bavar�ian Lon�gi�tu�di�nal Study
	 Arvo YlppÎ lon�gi�tu�di�nal study

	 Mea�sures and out�comes
	 Mul�ti�ple or per�sis�tent RPs from 5 to 56&thinsp;months
	 Behav�ioral prob�lems in adult�hood
	 Atten�tion deficit/hy�per�ac�tiv�ity dis�or�der (ADHD) diag�noses in adult�hood
	 Cog�ni�tive func�tion�ing in adult�hood
	 Con�found�ing vari�ables

	 Sta�tis�ti�cal anal�y�sis
	jcpp13742-fig-0001
	 Role of the fund�ing source
	 Sam�ple char�ac�ter�is�tics
	 Mul�ti�ple or per�sis�tent RPs and adult�hood behav�ioral prob�lems, ADHD, and cog�ni�tive func�tion�ing
	 Mul�ti�ple or per�sis�tent RPs and adult�hood scores in DSM-ori�ented scales (YASR/ASR)
	jcpp13742-fig-0002

	 Ref�er�ences
	jcpp13742-bib-0001
	jcpp13742-bib-0002
	jcpp13742-bib-0003
	jcpp13742-bib-0004
	jcpp13742-bib-0005
	jcpp13742-bib-0006
	jcpp13742-bib-0007
	jcpp13742-bib-0008
	jcpp13742-bib-0009
	jcpp13742-bib-0010
	jcpp13742-bib-0011
	jcpp13742-bib-0012
	jcpp13742-bib-0013
	jcpp13742-bib-0014
	jcpp13742-bib-0015
	jcpp13742-bib-0016
	jcpp13742-bib-0017
	jcpp13742-bib-0018
	jcpp13742-bib-0019
	jcpp13742-bib-0020
	jcpp13742-bib-0021
	jcpp13742-bib-0022
	jcpp13742-bib-0023
	jcpp13742-bib-0024
	jcpp13742-bib-0025
	jcpp13742-bib-0026
	jcpp13742-bib-0027
	jcpp13742-bib-0028
	jcpp13742-bib-0029
	jcpp13742-bib-0030
	jcpp13742-bib-0031
	jcpp13742-bib-0032
	jcpp13742-bib-0033
	jcpp13742-bib-0034
	jcpp13742-bib-0035
	jcpp13742-bib-0036
	jcpp13742-bib-0037
	jcpp13742-bib-0038


