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Abstract
Background
Internalizing symptoms are among the most common psychological symptoms in childhood and adolescence, are highly stable and can cause severe impairment. Current research discusses lower capacities of self-regulation (SR) as risk factors for the development of internalizing symptoms. The present study identifies trajectories of internalizing symptoms in the transition phase from middle childhood to adolescence and examines multiple SR facets as predictors of potentially unfavorable trajectories, also in the presence of other established risk factors.

Methods
The study utilized a community sample of N = 1453 (52.2% female) German children, who provided data at up to three measurement points (t1: 6–11 years, t2: 7–11 years, t3: 9–13 years). Trajectories of internalizing symptoms were based on parents’ ratings of the emotional problems scale of the Strengths and Difficulties Questionnaire. SR facets were assessed using multiple methods and informants. Two multinomial regression analyses were conducted to predict class membership by (1) SR facets and gender and (2) SR facets, gender, and other established risk factors (education status, family adversity, peer problems).

Results
Using growth mixture modelling, we identified three trajectory classes with stable low (n = 1200), increasing (n = 124), and early high decreasing internalizing symptoms (n = 129). In the regression analysis controlling for risk factors, membership in the increasing trajectory was significantly predicted by higher emotional reactivity (OR = 2.65, p < .001), higher cognitive flexibility/set-shifting (OR = 1.48, p = .032), and higher family adversity (OR = 1.38, p = .046). Membership in the early high decreasing trajectory was significantly predicted by higher emotional reactivity (OR = 4.15, p < .001), higher inhibitory control (OR = 1.47, p = .045), lower working-memory updating (OR = 0.69, p = .016), lower delay of gratification (OR = 0.75, p = .028), and higher family adversity (OR = 1.63, p = .001).

Conclusions
SR facets incrementally and differentially predict potentially unfavorable trajectories of internalizing symptoms from age 6 to 13, surpassing the predictive value of gender or education status. Higher emotional reactivity emerged as the most influential factor, which could therefore be addressed in future prevention and intervention efforts.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13034-023-00670-3.
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Introduction
Middle childhood and early adolescence encompass the developmental period from about age 6 to 13 and are characterized by significant cognitive, emotional, and social changes. During this critical phase, children’s internalizing symptoms, including anxiety, depression, somatic symptoms and withdrawal [1], can manifest and impact children’s well-being, family and school environment [2]. With prevalence rates of 11.2% of German 7- to 19-year-olds suffering from clinically relevant depressive symptoms and 10.6% of the same age group showing clinically relevant anxiety symptoms [3], internalizing symptoms are among the most common mental health problems at this age. However, the onset and the stability of these symptoms can vary across individuals.
Developmental trajectories of internalizing symptoms
Following a developmental psychopathology framework [4], studies using group-based trajectory modelling have burgeoned in the last two decades, allowing for a more heterogeneous, person-centered specification of differential trajectories of symptoms. In these studies, the number of identified trajectories of internalizing symptoms varies between three and six, which differ in severity (low, medium, high) and stability (stable, increasing/decreasing) of symptoms [e.g., 5, 6, 7, 8, 9]. Most participants in these studies reported stable low or no symptoms, while a minority (usually < 10%) suffered from stable high symptoms [10]. Given the high risk of chronification in adulthood [11], and to devise targeted strategies to promote healthy socio-emotional development in children, it is critical to identify predictors of unfavorable trajectories of internalizing symptoms, such as increasing or stable high symptoms.

Self-regulation facets as potential predictors
In recent years, the role of various facets of self-regulation (SR) as potential predictors of internalizing symptoms has become a focus of research. In general, SR can be defined as the ability to control and modulate one’s cognitions, behaviors, emotions, and physiological responses in order to attain future benefits [12–14]. However, as a multidimensional construct, SR serves as an umbrella term for many different SR facets, which are sometimes used inconsistently [for a comprehensive overview see 13]. Most studies linking SR to internalizing symptoms focus on single or only few SR facets [15, 16], whereas little research has examined various SR facets simultaneously as predictors of unfavorable trajectories of internalizing symptoms and thus can compare their predictive value. To address this research gap, the current study examines multiple SR facets which include working-memory updating, cognitive flexibility/set-shifting, inhibition, inhibitory control, planning behavior, affective decision-making, delay of gratification, emotional reactivity, anger regulation, and heart-rate variability. Additionally, several established risk factors (e.g., female gender) are considered to test the incremental contribution of SR facets in predicting unfavorable trajectories of internalizing symptoms.
Executive functions
Multiple SR facets examined in this study are known as executive functions (EF), for example the three core EF [17, 18]: working-memory updating (i.e., the ability to mentally hold and manipulate information), cognitive flexibility/set-shifting (i.e., the capacity to switch between different tasks, perspectives, or rules), and inhibition or inhibitory control (i.e., the ability to suppress inappropriate responses and inhibit impulsive behaviors). These can be considered as basal cognitive facets of SR and play a vital role in adjusting to new situational demands and social contexts. From these, more complex EF such as planning behavior (i.e., the ability to set goals, formulate strategies, and organize actions accordingly) develop [18, 19]. Based on considerable behavioral and neural evidence, these cognitive abilities are often referred to as “cool” EF as opposed to “hot” EF, which refer to emotion-driven processes [20]. Hot EF include affective decision-making (i.e., the process of integrating emotions and cognitions when making choices), and delay of gratification (i.e., the ability to postpone immediate rewards for future benefits).
The influence of cool and hot EF on the development of internalizing symptoms was recently evaluated in a large meta-analysis of 167 longitudinal studies during childhood and adolescence [16]. The authors reported that lower capacities of EF during childhood were associated with higher levels of later internalizing symptoms (k = 178, r = −.07). However, different correlations were found depending on the types of EF and of symptoms: Only cool EF were significantly negatively associated with later internalizing symptoms (r = −.07), while hot EF were not [16]. As only few studies exist on hot EF, this result can be considered preliminary. Moreover, EF were only significantly negatively associated with later depressive symptoms (k = 88, r = −.05) but not with later anxiety symptoms [16]. One study even found associations between higher capacities of EF and higher symptom burden [21]. These remaining inconsistencies demand further examination of the differential impact of single EF on developmental trajectories of internalizing symptoms.

Emotional reactivity and emotion regulation
Further SR facets that have been consistently associated with internalizing symptoms are emotional reactivity and emotion regulation. Emotional reactivity is considered a basal temperament aspect of SR determining the emotional reaction to events in terms of response threshold, latency, amplitude, rise time to peak intensity, and recovery time [22]. Adolescents who reported higher emotional reactivity showed higher depressive symptoms [23, 24], physical anxiety symptoms, and social anxiety symptoms [23]. Additionally, higher negative affectivity (i.e., a higher tendency to experience negative moods including worry, sadness and anger), which is a closely related construct, correlated positively with internalizing symptoms in both childhood and adolescence [25]. High negative affectivity also predicted the membership in increasing [e.g., 5, 6] or stable high [26] trajectories of internalizing symptoms demonstrating its critical value in early detection of unfavorable trajectories of internalizing symptoms.
Emotion regulation is a complex SR facet, which is considered to involve many of the abilities mentioned previously, and refers to “processes used to manage and change if, when, and how (e.g., how intensely) one experiences emotions and emotion-related motivational and physiological states, as well as how emotions are expressed behaviorally” [27 p.288]. In a meta-analysis of 35 studies during adolescence, adaptive emotion regulation strategies were negatively (k = 4–10, r = −.30 – −.46), whereas maladaptive emotion regulation strategies were positively associated with anxiety and depression symptoms (k = 6–25, r = .22 – .51) [28]. Regarding internalizing symptoms, another meta-analysis of 212 studies during childhood and adolescence also confirmed that these were negatively associated with better emotion regulation in cross-sectional studies (k = 15, r = −.23) [29]. However, this association was not found in longitudinal studies. The authors attribute this to the lack of longitudinal studies, but also consider it possible that poorer emotion regulation is causal only in individuals with more severe symptoms and not in those with less severe symptoms [29]. This underscores the importance of examining heterogeneous trajectories of internalizing symptoms and their differential predictors.

Heart rate variability
As a physiological SR facet, heart rate variability (HRV) reflects the variation of intervals between heartbeats. Higher HRV is considered a sign of better physiological adaptation to emotional stimuli and therefore more efficient SR [30]. Accordingly, abnormally low resting HRV has been found to be associated with higher internalizing [31, 32], anxiety [33], and depressive symptoms [34].


Further established risk factors
As mentioned previously, this study additionally includes established risk factors to test the incremental contribution of SR facets in predicting unfavorable trajectories of internalizing symptoms. According to numerous studies, important risk factors for internalizing symptoms are female gender (gender differences in depressive symptoms occur after the onset of puberty) [35], lower education of parents [10], problems in peer relationships [10, 36], and higher family adversity [10, 37], which is also associated with higher psychiatric symptoms and disorders in general [38].

Current study and hypotheses
There are major research gaps regarding the contribution of SR facets to the development of internalizing symptoms. Firstly, there is a lack of longitudinal studies examining SR facets as predictors of trajectories of internalizing symptoms during the transition from middle childhood to early adolescence. However, since associations between SR facets and internalizing symptoms may differ depending on symptom level [29], understanding how SR facets relate to different trajectories of internalizing symptoms is crucial. Secondly, most studies examine only one or a few SR facets neglecting the simultaneous examination of multiple SR facets and their incremental contribution beyond established risk factors. Thus, they cannot determine which SR facets and risk factors are most influential.
To address these research gaps, we conducted a prospective study assessing internalizing symptoms at three measurement points from middle childhood to early adolescence. Our objectives were to identify trajectories of internalizing symptoms, examine the differential predictive contributions of SR facets to the membership in unfavorable trajectories, and determine whether SR facets incrementally contribute to this prediction also when established risk factors are included. Based on previous research, we expected to identify at least three trajectories of internalizing symptoms, with at least two of these showing stable courses and at least one of these showing increasing symptoms. Furthermore, we expected membership in unfavorable trajectories to be negatively associated with all SR facets, except for emotional reactivity which we expected to be positively associated. With respect to the established risk factors, we expected family adversity and peer problems to be positively associated, and education status to be negatively associated with internalizing symptoms. We explored gender differences without specific predictions, given the age range of our sample.
The study’s hypotheses and analysis plan were preregistered to ensure transparency and reduce publication bias, see https://​doi.​org/​10.​17605/​OSF.​IO/​RQM5N. Minor deviations from preregistration are explained in supplementary Table S1 [see Additional file 1].


Methods
Sample and procedure
The data of this study were collected as part of a large longitudinal study on intrapersonal developmental risk factors in childhood and adolescence conducted at the University of Potsdam, Germany (for an overview, see study protocol [39]). Participants provided data at up to three measurement points (t1–t3) in childhood and early adolescence. Participating families were recruited from 120 classes in 33 public primary schools in the Federal State of Brandenburg, Germany. Assessments were self-, parent-, and teacher-rated. At t1, 1657 children (52.2% girls), aged between 6 and 11 years (Mage = 8.36, SD = 0.95), and 1340 (80.7%) parents participated. At t2, 1612 children (51.9% girls; Mage = 9.11 years, SD = 0.93; 97.5% retention rate) and 1197 (72.1%) parents took part on average 9.14 months (SD = 1.80) after t1. At t3, 1534 children (51.7% girls, Mage = 11.06 years, SD = 0.92; 92.6% retention rate) and 1070 (64.5%) parents participated again, on average 23.83 months (SD = 1.66) after t2. Parent-questionnaires were completed by mothers (69–77%), by both parents jointly (12.1–20.4%), by fathers (6.8–7.2%) or by other caregivers (0.8−1.5%).
In this study, we examined the developmental trajectories of internalizing symptoms based on parent-reported data collected at t1, t2, and t3. To account for missing data, we employed full information maximum likelihood (FIML) estimation as proposed by Little and Rubin [40]. This approach allowed us to include all children whose parents reported their symptoms at least once, resulting in a final sample size of N = 1453. Table 1 provides an overview of the sociodemographic characteristics of the final sample and their respective families. Importantly, the final sample (N = 1453) did not differ significantly from the total sample of participants at t1 (N = 1657) in terms of age, gender, domestic situation, or parents’ highest education degree (all ps > .920). Predictors, including SR facets and risk factors, were assessed at t1, except for family adversity, which was only available at t2.
Table 1Sociodemographic characteristics of the final sample (N = 1453)


	 	n
	(%)

	Females (measured at t1)
	758
	(52.2%)

	Domestic situation (measured at t1)
	 	 
	Lives with both parents
	971
	(66.8%)

	Lives with one parent and new partner
	84
	(5.8%)

	Lives with only one parent
	21
	(1.5%)

	Another social situation
	9
	(0.6%)

	Missing
	368
	(25.3%)

	Household income (measured at t2)
	 	 
	less than €2000/month
	218
	(15.0%)

	€2000 to €5000/month
	729
	(50.2%)

	more than €5000/month
	178
	(12.3%)

	Missing
	328
	(22.6%)

	Highest education degree of both parents (measured at t1)
	 	 
	No degree / Special school
	14
	(0.9%)

	Lower secondary school
	34
	(2.3%)

	Upper secondary school
	418
	(28.8%)

	High school diploma
	257
	(17.7%)

	University degree
	602
	(41.4%)

	Missing
	128
	(8.8%)




Participation in the study was voluntary. Parents and children provided informed consent after receiving information about the study. All assessments were approved by the Research Ethics Board at the University of Potsdam and by the Ministry of Education, Youth, and Sport of the Federal State of Brandenburg, Germany. The children completed a standardized test battery in two testing sessions each lasting one hour. The participants obtained small gifts and cinema vouchers for their participation. Parents and teachers filled in questionnaires either online or in printed format. Teachers received 5€ for the class fund for each child for whom they filled in questionnaires.

Measures
Our main outcome measure, internalizing symptoms, was assessed with the emotional problems scale of the Strengths and Difficulties Questionnaire (SDQ) [41] at t1, t2, and t3. The scale contains 5 items about anxiety, depressive, and psychosomatic symptoms (e.g., “Many fears, easily scared”), scored by parents as not true (0), somewhat true (1), or certainly true (2) in the last 6 months (sum score 0–10). With respect to German norm data, sum scores of 0 to 3 are classified as “close to average”, scores of 4 as “slightly raised”, scores of 5 to 6 as “high” and scores of 7 to 10 as “very high” [42]. Adequate reliabilities were confirmed at all measurement points (α = .66 − .72).
SR facets
Using a multimethod approach, SR facets were assessed at t1 with a variety of questionnaires completed by different informants, computer-based experiments, and a physiological measurement.
Working-memory updating was measured experimentally by the sum of correctly answered sequences (max. 16) in the digit-span backwards task (ZN-R) from the German version of the Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV) [43]. Children were asked to repeat digit-spans backwards while the span length increased from 2 to 8 in a maximum of 8 trials. Each trial consisted of two sequences of the same length, and the test was stopped when a child incorrectly repeated both sequences during one trial.
Cognitive flexibility/set-shifting was measured experimentally by the number of correct responses in switch trials of the Cognitive Flexibility Task [44]. In 46 trials, children were asked to alternately feed plain and multi-colored fish with one type of fish displayed on the left side of the screen and another type on the right at the same time. In 22 randomly occurring switch trials, the plain and multi-colored fish switched sides, so response patterns had to be adapted.
Inhibition was measured experimentally by the interference score of the Fruit-Stroop task [45], an adapted version of the Stroop task [46]. Children were presented with four pages of 25 stimuli each under different conditions (pages 1 and 2: no interference, pages 3 and 4: interference). An interference score was calculated with a formula based on the time (in seconds) the children needed to name the colors of all 25 stimuli per page [time page 4 – (time page 1 x time page 3) / (time page 1 + time page 3)] [45]. The interference score was z-standardized and inverted so that higher values indicate higher inhibition capability.
Inhibitory control was measured by the mean score of 6 items of the inhibitory control scale of the Temperament in Middle Childhood Questionnaire (TMCQ) [47], rated by parents from not at all (1) to a lot (5). Higher values indicate higher inhibitory control and items showed an adequate reliability of α = .68.
Planning behavior was measured by the mean score of 8 items of the planning/organizing scale of the Behavior Rating Inventory of Executive Function (BRIEF) [48], rated by teachers on an adapted 5-point scale ranging from never (1) to always (5). Items were reverse scored so that higher values indicate higher planning behavior. Items showed a high reliability of α = .93.
Affective decision-making was measured experimentally by the net-score difference between advantageous and disadvantageous choices in the Hungry Donkey Task [49], a computer based, age-appropriate version of the Iowa Gambling Task [50]. The task encompassed 10 practice and 50 test trials in which children could choose between four doors with different win/lose contingencies.
Delay of gratification was measured experimentally by the sum of delayed rewards in 4 questions in which children were asked whether they wanted to obtain smaller rewards (2 sweets, 2 toys) instantly or larger rewards later.
Emotional reactivity was measured by the mean score of 10 items of the emotional control scale of the BRIEF [48], rated by parents on an adapted 5-point scale from never (1) to always (5). Higher values indicate higher emotional reactivity, and items showed a high reliability of α = .91.
Anger regulation was measured by the mean score of 4 items of the dealing with rage scale of the German Questionnaire on Emotion Regulation in Children and Adolescents (FEEL-KJ) [51], rated by parents from never (1) to often (3). Following the procedure of Rohlf and Krahé [52], two items assessing the anger regulation strategies perseveration and venting were recoded after being classified as maladaptive strategies as opposed to the other two items assessing the strategy distraction, which was classified as an adaptive strategy. Items showed an acceptable reliability of α = .59.
HRV was measured by the root mean square of successive differences (RMSSD; in ms) during a three-minute resting phase, assessed by using a strap with two electrodes, which was fixed to the table and attached to the children’s hands. The electrodes were connected to the polar watch RS800CX (Polar Electro Oy, Kempele, Finland), a mobile device enabling non-invasive recording of heartbeat intervals. Signals were sampled at 1000 Hz and analyzed with the corresponding Polar ProTrainer 5 software (version 5.40.172) [53]. Higher values indicate higher variability.

Risk factors
Children rated their gender as female (1) or male (2), and parents specified their highest education degree from no school degree (1) to university degree (6), which served as an indicator of the education status of the household.
Family adversity was measured by a sum score of existing family risk factors that children had experienced until t2, based on 9 items (e.g., mental illness of a parent, separation or divorce of parents, or frequent parental quarrels), which were adapted from the family adversity index by Rutter and Quinton [54] and the German translated version by Voll and Allehoff [55], and were rated by parents as not present (0) or present (1).
Peer problems were assessed with the eponymous scale of the SDQ [41], rated by parents (5 items) and teachers (3 items) from not true (0) to certainly true (2). The internal consistency was α = .65 for the parents’ scale and α = .70 for the teachers’ scale. To take into account both informants, a mean score was calculated from the parents’ and teachers’ mean scores, resulting in an internal consistency of α = .52. Given the fact that this scale contains only these two items reflecting different environmental contexts (home and school), this reliability is considered adequate.


Statistical analyses
We estimated growth mixture models of internalizing symptoms with the maximum likelihood estimator with robust standard errors (MLR) using Mplus (version 8.8) [56]. To address missing data, we utilized full information maximum likelihood (FIML) estimation [40]. Considering the variation in children’s ages across the three measurement points (e.g., ages 6 to 11 years at t1), we specified individually varying times of observation using the TSCORES function [56]. This allowed us to encompass the age range from 6 to 13 years in our analyses.
We conducted a series of models with increasing numbers of classes, commencing with a general growth model consisting of a single class. To determine the best-fitting model, we compared various fit indices, including the Akaike information criterion (AIC), Bayesian information criterion (BIC), and sample-size adjusted Bayesian information criterion (aBIC). Lower values of these fit indices indicate a better fit to the data. Additionally, we calculated entropy, a measure of class distinctness and classification accuracy ranging from zero to one. Higher entropy values indicate greater separation between classes and better categorization of participants within those classes [57].
After identifying the best fitting solution, we performed two multinomial logistic regression analyses. The first regression analysis included z-standardized scores of the 10 facets of self-regulation (SR) and gender as independent variables. In the second regression analysis z-standardized scores of further established risk factors for internalizing symptoms (educational status, family adversity, peer problems) were added as independent variables. In both analyses, class membership served as the dependent variable, with the largest and most resilient class serving as the reference group.


Results
First, the basic developmental course of internalizing symptoms was estimated by a general growth model. This resulted in a mean intercept (mean level of internalizing symptoms at age 6) of 1.68, which differed significantly from zero (p < .001) and a slope of 0.008, which did not significantly differ from zero (p = .701). Considering SDQ norm data, the sample on average showed a “close to average” (SDQ cut-off = 0–3) symptom level. The interindividual variance was significant in both the intercept (σ2 = 2.52, p < .001) and the slope (σ2 = 0.08, p = .032), which indicates that there were participants with different symptom levels at age 6 as well as changing symptom levels over time. Hence, deriving different trajectory classes for internalizing symptoms was justified.
Estimation of latent trajectory classes
With increasing number of classes, the fit indices AIC, BIC, and aBIC consistently improved (see Table 2). However, this was accompanied by a decrease in class sizes, rendering further analyses unfeasible (e.g., one class with only n = 8 in the seven-class solution), which suggests over-parametrization. Considering previous research [6, 58] and aiming for parsimony, we opted for the three-class solution consisting of a “stable low”, an “increasing”, and an “early high decreasing” class. These classes demonstrated a good entropy of 0.81. Comparisons of the three-class solution with higher-class solutions revealed that the additional classes did not provide theoretically meaningful information to differentiate between participants. For example, in the four-class solution, the “early high decreasing” class from the three-class solution was split into two “decreasing” classes with slightly different intercepts, and in the five-class solution, the “increasing” class from the three-class solution was further divided into two “increasing” classes with slightly different intercepts.
Table 2Model fit statistics for growth mixture models with increasing number of trajectory classes


	 	AIC
	BIC
	aBIC
	Entropy
	Smallest n

	1 class
	13289.11
	13331.36
	13305.95
	 	1453

	2 classes
	13009.12
	13067.21
	13032.27
	0.82
	255

	3 classes
	12842.10
	12916.04
	12871.57
	0.81
	124

	4 classes
	12770.70
	12860.49
	12806.48
	0.77
	59

	5 classes
	12725.53
	12831.16
	12767.63
	0.79
	24

	6 classes
	12672.87
	12794.34
	12721.28
	0.72
	30

	7 classes
	12627.05
	12764.36
	12681.49
	0.77
	8


Note: For AIC (Akaike information criterion), BIC (Bayesian information criterion), and aBIC (sample-size adjusted BIC) lower values indicate better fitting models. For entropy higher values indicate better quality of class assignment. Smallest n refers to the class with the smallest number of participants.



The three estimated trajectories of internalizing symptoms between ages 6 and 13 are illustrated in Fig. 1. The largest group of children belonged to a “stable low” class (n = 1200, 82.6%, 615 females) with “close to average” (SDQ cut-off = 0–3) initial levels of internalizing symptoms (b = 1.18, p < .001) and no change over time (b = -0.02, p = .502). 129 children (8.9%, 74 females) belonged to an “increasing” class with “close to average” initial levels of internalizing symptoms (b = 0.96, p = .013) that increased as they grew older (b = 0.93, p < .001) to “high” (SDQ cut-off = 5–6) levels. 124 children (8.5%, 69 females) were assigned to an “early high decreasing” class with “high” initial levels of internalizing symptoms (b = 6.69, p < .001) that decreased over time (b = -0.71, p < .001) to levels “close to average”. The posterior probability of being assigned to the right class (ranging from zero to one) was .81 for the “stable low” class, .77 for the “increasing” class, and .95 for the “early high decreasing” class.
[image: ]
Fig. 1Estimated trajectories of internalizing symptoms from age 6 to 13


Preliminary analyses
Classes did not differ with respect to gender, 𝜒2 (2, N = 1453) = 2.40, p = .298, and age at T1, F (2, N = 1450) = 2.55, p = .078.
Bivariate correlations of all variables examined are presented in supplementary Table S2 [see Additional file 2], and descriptive data of SR facets and risk factors for the latent trajectory classes are presented in supplementary Table S3 [see Additional file 3].


Prediction of class membership by SR facets and other risk factors
After identifying the three-class solution, we performed two multinomial logistic regression analyses, the first with SR facets and gender and the second additionally with further established risk factors as predictors for class membership. The individual parameter estimates of both regression analyses can be found in Table 3.
Table 3Parameter estimates from two multinomial logistic regression analyses, both with class membership as the dependent variable, while in the first SR facets and gender, and in the second additionally added risk factors form the independent variables


	 	First regression analysis
	 	Second regression analysis

	 	95% CI for odds ratios
	 	 	95% CI for odds ratios

	B (SE)
	Lower
	Odds ratio
	Upper
	 	B (SE)
	Lower
	Odds ratio
	Upper

	Class 2 (increasing) vs. class 1 (stable low)
	 	 	 	 	 
	Working-memory updating
	-0.28 (0.16)+
	0.56
	0.75
	1.03
	 	-0.30 (0.16)+
	0.54
	0.74
	1.00

	Cognitive flexibility/set-shifting
	 0.29 (0.17)+
	0.96
	1.33
	1.85
	 	 0.39 (0.18)*
	1.04
	1.48
	2.11

	Inhibition
	 0.10 (0.16)
	0.80
	1.10
	1.50
	 	 0.05 (0.17)
	0.76
	1.05
	1.45

	Inhibitory control
	 0.02 (0.19)
	0.70
	1.02
	1.47
	 	 0.17 (0.21)
	0.79
	1.18
	1.77

	Planning behavior
	-0.50 (0.17)**
	0.43
	0.60
	0.85
	 	-0.27 (0.19)
	0.52
	0.76
	1.11

	Affective decision-making
	-0.19 (0.17)
	0.60
	0.83
	1.15
	 	-0.16 (0.16)
	0.61
	0.86
	1.21

	Delay of gratification
	-0.21 (0.14)
	0.61
	0.81
	1.07
	 	-0.23 (0.16)
	0.59
	0.80
	1.08

	Emotional reactivity
	 1.03 (0.21)***
	1.85
	2.81
	4.27
	 	 0.97 (0.23)***
	1.70
	2.65
	4.13

	Anger regulation
	-0.18 (0.30)
	0.46
	0.83
	1.49
	 	-0.21 (0.29)
	0.46
	0.81
	1.42

	Heart-rate variability
	-0.11 (0.17)
	0.65
	0.90
	1.25
	 	-0.16 (0.17)
	0.61
	0.85
	1.19

	Gender
	-0.43 (0.32)
	0.35
	0.65
	1.22
	 	-0.29 (0.33)
	0.39
	0.75
	1.42

	Education status
	 	 	 	 	 	-0.27 (0.17)+
	0.55
	0.76
	1.05

	Family adversity
	 	 	 	 	 	 0.32 (0.16)*
	1.01
	1.38
	1.89

	Peer problems
	 	 	 	 	 	 0.35 (0.19)+
	0.99
	1.42
	2.04

	Class 3 (early high decreasing) vs. class 1 (stable low)
	 	 	 	 	 
	Working-memory updating
	-0.37 (0.17)*
	0.50
	0.69
	0.96
	 	-0.37 (0.15)*
	0.52
	0.69
	0.93

	Cognitive flexibility/set-shifting
	 0.15 (0.16)
	0.85
	1.17
	1.60
	 	 0.23 (0.17)
	0.90
	1.25
	1.74

	Inhibition
	 0.18 (0.15)
	0.89
	1.20
	1.62
	 	 0.12 (0.14)
	0.85
	1.13
	1.49

	Inhibitory control
	 0.31 (0.20)
	0.92
	1.37
	2.02
	 	 0.38 (0.19)*
	1.01
	1.47
	2.13

	Planning behavior
	-0.55 (0.17)**
	0.41
	0.58
	0.80
	 	-0.32 (0.20)
	0.50
	0.73
	1.07

	Affective decision-making
	 0.23 (0.15)
	0.94
	1.26
	1.70
	 	 0.26 (0.15)+
	0.97
	1.30
	1.74

	Delay of gratification
	-0.25 (0.13)*
	0.61
	0.78
	1.00
	 	-0.29 (0.13)*
	0.58
	0.75
	0.97

	Emotional reactivity
	 1.50 (0.23)***
	2.87
	4.50
	7.05
	 	 1.43 (0.23)***
	2.65
	4.15
	6.50

	Anger regulation
	 0.16 (0.19)
	0.81
	1.18
	1.72
	 	 0.09 (0.19)
	0.74
	1.09
	1.59

	Heart-rate variability
	 0.07 (0.16)
	0.78
	1.07
	1.48
	 	 0.05 (0.17)
	0.76
	1.06
	1.47

	Gender
	-0.29 (0.30)
	0.42
	0.75
	1.36
	 	-0.18 (0.31)
	0.45
	0.83
	1.53

	Education status
	 	 	 	 	 	-0.14 (0.17)
	0.63
	0.87
	1.20

	Family adversity
	 	 	 	 	 	 0.49 (0.14)**
	1.23
	1.63
	2.16

	Peer problems
	 	 	 	 	 	 0.24 (0.16)
	0.93
	1.27
	1.74


+p < .10, *p < .05, **p < .01, ***p < .001



Predictors for distinguishing between the increasing and stable low classes
The first regression analysis showed that lower planning behavior (OR = 0.60, p = .003) and higher emotional reactivity (OR = 2.81, p < .001) were significantly associated with a heightened probability of belonging to the increasing rather than the stable low class. After including established risk factors in the second regression analysis, only emotional reactivity (OR = 2.65, p < .001) remained significant and higher cognitive flexibility/set-shifting (OR = 1.48, p = .032) became significant. Only one added risk factor, higher family adversity (OR = 1.38, p = .046), reached significance.

Predictors for distinguishing between the early high decreasing and stable low classes
The first regression analysis showed that lower working-memory updating (OR = 0.69, p = .029), lower planning behavior (OR = 0.58, p = .001), lower delay of gratification (OR = 0.78, p = .047), and higher emotional reactivity (OR = 4.50, p < .001) were significantly associated with a heightened probability of belonging to the early high decreasing rather than the stable low class. After including established risk factors in the second regression analysis, working-memory updating (OR = 0.69, p = .016), delay of gratification (OR = 0.75, p = .028), and emotional reactivity (OR = 4.15, p < .001), but not planning behavior, remained significant. Instead, higher inhibitory control (OR = 1.47, p = .045) and one added risk factor, higher family adversity (OR = 1.63, p = .001), became significant.



Discussion
In this large community-based longitudinal study, we identified three distinct trajectories characterizing the development of internalizing symptoms during the transition from middle childhood to early adolescence: a stable low class, an increasing class, and an early high decreasing class. In contrast to many prior studies that focused on examining individual or limited SR facets as predictors, we simultaneously investigated multiple SR facets using a multimethod approach. Further, we investigated their incremental contribution in predicting the increasing and early high decreasing trajectories of internalizing symptoms, while considering the presence of other well-established risk factors. Before delving into the specific results for each trajectory, it is crucial to emphasize that among the included risk factors, only higher family adversity was associated with an increased likelihood of belonging to both aforementioned trajectories. This underscores the clear significance of the SR facets in predicting internalizing symptoms, surpassing the relevance of other factors such as gender, educational status, or peer problems.
Trajectories of internalizing symptoms
The trajectories identified in our study are largely consistent with our hypotheses, with the exception that we expected to find at least two stable trajectories, as suggested by the broad evidence for stable high trajectories [e.g., 8, 58, 59] besides stable low trajectories. However, this deviation can likely be attributed to our community-based sample, as other studies using similar samples have also failed to identify a stable high trajectory [6, 60]. Consistent with previous findings [e.g., 7, 8, 10, 61], the largest proportion of children (82.6%) belonged to the stable low trajectory, while the remaining participants were equally assigned to the increasing and early high decreasing trajectories. According to the SDQ norm data [42], children in the increasing trajectory exhibited initial symptoms close to the average, which subsequently escalated to high symptom levels over time. In contrast, the early high decreasing trajectory initially exhibited high symptoms on average, which then gradually decreased. While the increasing trajectory clearly represents an unfavorable course, it remains uncertain whether the same can be concluded about the early high decreasing trajectory. Participants in the decreasing trajectory descriptively exhibited higher symptoms compared to those in the stable low class across the investigated age range, suggesting a lingering risk of redeveloping higher internalizing symptoms in the future. The onset of puberty, particularly for girls, is associated with heightened vulnerability to internalizing [62] and depressive symptoms [35]. Furthermore, anxiety symptoms tend to decrease during early adolescence and then rise again during middle or late adolescence [63]. In line with this, Sterba et al. [8] identified a trajectory where symptoms initially decreased and then increased again. However, since in our study statistical analyses revealed no significant differences between all three trajectories in terms of age or gender, it is unlikely that these variables would explain the different trajectory patterns. Instead, it is plausible that participants in the early high decreasing trajectory, or their families, have developed better coping mechanisms helping to reduce the children’s early high symptoms. Consequently, we consider the increasing trajectory an unfavorable course while children following an early high decreasing course could show a remaining risk. Accordingly, it is crucial to gain a comprehensive understanding of the similarities and differences between children following a stable low trajectory which can be considered the most favorable course and children following other developmental pathways.

SR facets as predictors for the increasing trajectory of internalizing symptoms
Higher emotional reactivity and higher cognitive flexibility/set-shifting were associated with an increased likelihood of belonging to the increasing trajectory compared to the stable low trajectory, even when established risk factors were taken into account. However, in the first regression analysis without risk factors, cognitive flexibility/set-shifting was not significant, but planning behavior was, as further discussed below. Interestingly, emotional reactivity was significant in both regression analyses, displaying notably higher odds ratios than other predictors, indicating its significant influence. This finding aligns with our hypothesis, which was supported by a meta-analysis conducted by Kostyrka-Allchorne et al. [64], indicating a positive association between negative emotionality in early childhood and later development of internalizing symptoms. Similarly, two other studies reported that higher levels of negative affectivity predicted membership in increasing trajectories [e.g., 5, 6], while another study found that difficult temperament did not predict the onset of internalizing symptoms during adolescence [61]. It is noteworthy that the effect of emotional reactivity on the probability of membership in the increasing trajectory in our sample is substantial, surpassing the magnitude observed in the meta-analysis by Kostyrka-Allchorne et al. [64]. This suggests that heightened emotional reactivity may serve as an early observable marker and a highly promising target for preventive interventions in children who have not yet exhibited internalizing symptoms.
Regarding cognitive flexibility/set-shifting, our findings contradict our initial hypothesis and current meta-analyses [15, 16] demonstrating negative associations between cool EF and subsequent internalizing symptoms. Likewise, our results challenge the theoretical framework proposed by Henderson and colleagues [65, 66], wherein attention shifting is regarded as a protective factor against specific anxiety symptoms through the enhancement of dynamic social information processing. Different explanations for this can be considered. For example, higher cognitive flexibility/set-shifting might amplify the impact of other risk factors, ultimately leading to an escalation in internalizing symptoms. It is also possible that both increased cognitive flexibility/set-shifting and internalizing symptoms stem from a common cause, with the former manifesting earlier. For example, a study conducted by Mittal et al. [67] revealed that adults who had experienced an unpredictable childhood demonstrated greater proficiency in set-shifting, as adaptability is particularly advantageous in unpredictable environments. However, it is worth considering the potential occurrence of a suppressor effect, as cognitive flexibility/set-shifting exhibited significance solely in the regression analysis with and not the one without established risk factors. This limitation warrants cautious interpretation and underscores the need for further longitudinal investigations.
Planning behavior was significantly negatively associated with membership in the increasing trajectory, but only in the first regression analysis without established risk factors. This suggests that, in the presence of other risk factors, lower planning capabilities may not be of relevance. Nonetheless, given that teachers can readily observe and assess this predictor, as done in our study, lower planning behavior should still be regarded as an indicative marker for increasing symptoms within the school environment, if its relevance is further confirmed in future investigations.

SR facets as predictors for the early high decreasing trajectory of internalizing symptoms
SR facets that demonstrated a significant association with an increased likelihood of belonging to the early high decreasing trajectory compared to the stable low trajectory, even in the presence of other established risk factors, encompassed higher emotional reactivity, lower working-memory updating, lower delay of gratification, and higher inhibitory control. Again, our findings regarding emotional reactivity align with our initial hypothesis and are consistent with the meta-analysis conducted by Kostyrka-Allchorne et al. [64]. Interestingly, the odds ratio for emotional reactivity is even higher for the early high decreasing trajectory compared to the increasing trajectory. Similar patterns, i.e., that odds ratios correspond to the initial symptom levels of trajectories, have been reported in several studies reviewed by Musliner et al. [10], leading them to suggest this as a dose-response pattern. Nevertheless, it is surprising that the group exhibiting the highest emotional reactivity demonstrates a decline in symptoms over time. It is plausible that individuals belonging to this trajectory, or significant persons in their environment, develop improved coping mechanisms to manage their heightened reactivity as time progresses.
In accordance with our hypothesis and two meta-analyses [15, 16], working-memory updating displayed a negative association with membership in the early high decreasing trajectory, as observed in regression analyses with and without established risk factors. However, it did not predict membership in the increasing trajectory. This suggests that working-memory updating may not be a significant contributing factor in the development of internalizing symptoms, but rather a consequence or byproduct of pre-existing symptoms, as indicated by reviews of case-control studies conducted by Baune et al. [68] and Vilgis et al. [69]. Furthermore, these reviews highlight that the impact of EF might vary depending on the severity of symptoms. Nonetheless, it is crucial to emphasize that working-memory updating consistently demonstrated significance in both regression analyses, with and without other risk factors, predicting the early high decreasing trajectory thus indicating its particular importance in this context.
Delay of gratification but not affective decision-making, as indicators of hot EF, showed a significant negative association with membership in the early high decreasing trajectory, partly supporting our hypothesis. Earlier findings were inconsistent, e.g. the meta-analysis by Yang et al. [16] did not demonstrate associations between impaired hot EF and later internalizing symptoms, while two studies reported negative associations between affective decision-making and internalizing symptoms, but only in boys [70, 71]. Notably, delay of gratification, along with emotional reactivity and working-memory updating, was significant in both regression analyses, with and without established risk factors. Therefore, further longitudinal studies should investigate the strength and significance of this relationship.
Contrary to our expectations and previous research, inhibitory control showed a positive association with membership in the early high decreasing trajectory. While most studies link deficits in EF to depressive symptoms [15, 16], some find enhanced EF in individuals with anxiety symptoms [21, 72, 73]. This unexpected finding may suggest that participants belonging to the early high decreasing trajectory experience primarily anxiety rather than depressive symptoms. However, our measures did not allow to test this hypothesis. Furthermore, parent-rated inhibitory control may overlap with behavioral inhibition (BI), a related construct associated with withdrawal and elevated negative reactivity [74–77]. Longitudinal studies indicate that BI increases risk for later anxiety [78, 79], but not all highly inhibited children develop internalizing disorders [80]. Our results align with this, as inhibitory control did not predict membership in the increasing trajectory. Regarding the prediction of the membership in the early high decreasing trajectory, inhibitory control was only significant in the regression analysis with established risk factors, indicating a possible suppressor effect. Thus, it should be interpreted with caution.
In a manner akin to the findings concerning the increasing trajectory, there was a noteworthy negative association between planning behavior and membership in the early high trajectory, although this relationship emerged solely in the regression analysis that did not include established risk factors. Thus, it can be inferred that planning behavior, while not the most prominent factor, still holds relevance within the school context and should not be disregarded.

Strengths and limitations
The findings of this study should be interpreted in light of its strengths and limitations. Data were obtained from a large community-based sample of children and adolescents over four years. The use of an accelerated longitudinal design, accounting for varying ages at different measurement points, allowed us to cover the critical transition phase from middle childhood to early adolescence when many mental disorders tend to emerge [81]. While our results may be generalizable to other community samples, they may not apply to clinical samples due to the absence of a stable high trajectory.
By simultaneously investigating multiple SR facets, we were able to assess their incremental contribution in predicting differential trajectories of internalizing symptoms, while considering the effect of other well-established risk factors. Consequently, our study provides valuable insights for prevention and intervention efforts, particularly by highlighting the significance of higher emotional reactivity, diverse EF capabilities, and family adversity. These predictors can be identified as important risk factors for the development or maintenance of internalizing symptoms in middle childhood, and could be targeted by interventions, if further studies confirm their relevance.
Another strength is the use of multiple methods to assess SR facets, including validated scales and experiments, with input from different informants (self, parents, and teachers). This approach mitigated the risk of overestimating associations due to shared method or informant variance. However, latent modelling as suggested by Kraemer et al. [82] was not feasible due to limited availability of multiple measures or informants for individual SR facets, potentially introducing biases. Additionally, we could not differentiate between specific anxiety and depressive symptoms or explore their distinct developmental trajectories.
The assessment of internalizing symptoms in this study relied exclusively on parent reports, which tend to yield lower scores when compared to self-reports during adolescence [83]. However, all participants at T1 and the majority at T2 were younger than 11 years and therefore too young to apply the self-rating version of the SDQ. In addition, a meta-analysis has shown that in children, it is mainly external informants (such as teachers) who underestimate internalizing symptoms, whereas parents have a higher sensitivity to their child’s emotions [84]. However, even an underestimation of individual results should have little impact on our results since we mainly focus on the relationship between the different constructs. Nevertheless, future studies should consider also including the perspective of the children themselves to enable a combination of parent and self-ratings.
Moreover, our findings are generally consistent with the growing body of research identifying SR or specific SR facets as transdiagnostic markers of psychopathology [e.g., 85, 86, 87]. In the narrow sense, however, this applies specifically to emotional reactivity [25] and EF [e.g., 15, 19]. In contrast to previous findings, no evidence was found for the relevance of HRV [31] and emotion regulation [88, 89], though we only tested specific anger regulation. It should also be emphasized that, opposed to most studies identifying SR or SR facets as transdiagnostic factors, we also identified positive associations between specific EF and potentially adverse trajectories of internalizing symptoms. Further research is needed to explore the possibility that not only lower but also higher abilities in SR might contribute to potentially unfavorable courses of internalizing symptoms. In addition, cross-lagged modelling could provide insight into potential bidirectional influences between SR facets and internalizing symptoms over time.


Conclusion
Overall, our study demonstrates that SR facets incrementally and differentially contribute to the prediction of potentially unfavorable trajectories of internalizing symptoms from age 6 to 13, surpassing the predictive value of other well-established risk factors such as gender, education status or peer problems. Already during middle childhood, SR facets can serve as observable markers of existing or increasing internalizing symptoms, with higher emotional reactivity being the most influential factor. Additionally, not only lower EF (working-memory updating, delay of gratification) but also higher EF (inhibitory control, cognitive flexibility/set-shifting) appear to contribute to the development or maintenance of internalizing symptoms. Our findings imply distinct relationships between specific SR facets and potentially unfavorable trajectories of internalizing symptoms, which should be addressed in future prevention and intervention measures.

Acknowledgements
We thank the schools, children and their parents for their contribution and all members of the PIER study for collecting the data.

Author contributions
Funding acquisition, conceptualization and project administration was performed by Annette M. Klein. Writing of the first draft and data analysis was performed by Johanna L. Klinge. All authors commented on previous versions of the manuscript and read and approved the final manuscript. Supervision was provided by Annette M. Klein, Petra Warschburger, and Robert Busching.

Funding
This work is funded by the German Research Foundation (DFG) (KL 2338/2 − 1) as part of the research group FOR 5034 (project number 426314138). The first three measurement points (t1-t3) used in this study were funded by the DFG as part of the research training group GRK 1668. The design of the study and collection, analysis, and interpretation of data as well as writing of the manuscript were done independently of the funding body.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The datasets used and analyzed during the current study are not publicly available, as the participants were not asked to consent to publication within repositories but are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All assessments were approved by the Research Ethics Board at the University of Potsdam and by the Ministry of Education, Youth, and Sport of the Federal State of Brandenburg, Germany. Parents and children provided informed consent after receiving information about the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	1.
Achenbach TM. Manual for the child behavior Checklist/4–18 and 1991 profile. University of Vermont, Deparment of Psychiatry; 1991.

	2.
Wille N, Bettge S, Ravens-Sieberer U, group Bs. Risk and protective factors for children’s and adolescents’ mental health: results of the BELLA study. Eur Child Adolesc Psychiatry. 2008;17(Suppl 1):133–47.PubMed

	3.
Klasen F, Petermann F, Meyrose A-K, Barkmann C, Otto C, Haller A-C, et al. Verlauf Psychischer Auffälligkeiten Von Kindern Und Jugendlichen. Kindh Entwickl. 2016;25(1):10–20.

	4.
Cicchetti D, Rogosch FA. A developmental psychopathology perspective on adolescence. J Consult Clin Psychol. 2002;70(1):6–20.PubMed

	5.
Klein AM, Schlesier-Michel A, Otto Y, White LO, Andreas A, Sierau S, et al. Latent trajectories of internalizing symptoms from preschool to school age: a multi-informant study in a high-risk sample. Dev Psychopathol. 2018;31(2):657–81.PubMed

	6.
Mezulis A, Salk RH, Hyde JS, Priess-Groben HA, Simonson JL. Affective, biological, and cognitive predictors of depressive symptom trajectories in adolescence. J Abnorm Child Psychol. 2014;42(4):539–50.PubMedPubMedCentral

	7.
Nantel-Vivier A, Pihl RO, Côté SM, Tremblay RE. Developmental association of prosocial behaviour with aggression, anxiety and depression from infancy to preadolescence. J Child Psychol Psychiatr. 2014;55(10):1135–44.

	8.
Sterba SK, Prinstein MJ, Cox MJ. Trajectories of internalizing problems across childhood: heterogeneity, external validity, and gender differences. Dev Psychopathol. 2007;19(2):345–66.PubMed

	9.
Burnson C, Poehlmann J, Schwichtenberg AJ. Effortful control, positive emotional expression, and behavior problems in children born preterm. Infant Behav Dev. 2013;36(4):564–74.PubMed

	10.
Musliner KL, Munk-Olsen T, Eaton WW, Zandi PP. Heterogeneity in long-term trajectories of depressive symptoms: patterns, predictors and outcomes. J Affect Disord. 2016;192:199–211.PubMed

	11.
Leadbeater B, Thompson K, Gruppuso V. Co-occurring trajectories of symptoms of anxiety, depression, and oppositional defiance from adolescence to young adulthood. J Clin Child Adolesc Psychol. 2012;41(6):719–30.PubMedPubMedCentral

	12.
Bailey R, Jones SM. An Integrated Model of Regulation for Applied Settings. Clin Child Fam Psychol Rev. 2019;22(1):2–23.PubMed

	13.
Nigg JT. Annual Research Review: on the relations among self-regulation, self-control, executive functioning, effortful control, cognitive control, impulsivity, risk-taking, and inhibition for developmental psychopathology. J Child Psychol Psychiatr. 2017;58(4):361–83.

	14.
Robson DA, Allen MS, Howard SJ. Self-regulation in childhood as a predictor of future outcomes: a meta-analytic review. Psychol Bull. 2020. https://​doi.​org/​10.​1037/​bul0000227.CrossrefPubMed

	15.
Lynch SJ, Sunderland M, Newton NC, Chapman C. A systematic review of transdiagnostic risk and protective factors for general and specific psychopathology in young people. Clin Psychol Rev. 2021;87:102036.PubMed

	16.
Yang Y, Shields GS, Zhang Y, Wu H, Chen H, Romer AL. Child executive function and future externalizing and internalizing problems: a meta-analysis of prospective longitudinal studies. Clin Psychol Rev. 2022;97:102194.PubMed

	17.
Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of executive functions and their contributions to complex frontal lobe tasks: a latent variable analysis. Cogn Psychol. 2000;41(1):49–100.PubMed

	18.
Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135–68.PubMed

	19.
Zelazo PD. Executive function and psychopathology: a neurodevelopmental perspective. Annu Rev Clin Psychol. 2020;16:431–54.PubMed

	20.
Poon K. Hot and cool executive functions in adolescence: development and contributions to important developmental outcomes. Front Psychol. 2017;8:2311.PubMed

	21.
White LK, Moore TM, Calkins ME, Wolf DH, Satterthwaite TD, Leibenluft E, et al. An evaluation of the specificity of executive function impairment in Developmental Psychopathology. J Am Acad Child Adolesc Psychiatry. 2017;56(11):975–82e3.PubMedPubMedCentral

	22.
Rothbart M, Derryberry D. Development of individual differences in temperament. In: Lamb ME, A. L. Brown, editor. Advances in Developmental Psychology. Vol. 11981. p. 33–86.

	23.
Shapero BG, Abramson LY, Alloy LB. Emotional reactivity and internalizing symptoms: moderating role of emotion regulation. Cognit Ther Res. 2016;40(3):328–40.PubMed

	24.
Silk JS, Steinberg L, Morris AS. Adolescents’ emotion regulation in Daily Life: links to depressive symptoms and Problem Behavior. Child Dev. 2003;74(6):1869–80.PubMed

	25.
Hankin BL, Davis EP, Snyder H, Young JF, Glynn LM, Sandman CA. Temperament factors and dimensional, latent bifactor models of child psychopathology: Transdiagnostic and specific associations in two youth samples. Psychiatry Res. 2017;252:139–46.PubMedPubMedCentral

	26.
Brendgen M, Wanner B, Morin AJ, Vitaro F. Relations with parents and with peers, temperament, and trajectories of depressed mood during early adolescence. J Abnorm Child Psychol. 2005;33(5):579–94.PubMed

	27.
Eisenberg N, Hofer C, Vaughan J. Effortful control and its socioemotional consequences. In: Gross J, editor. Handbook of emotion regulation. New York, NY: Guilford: New York, NY US: Guilford Press;; 2007. pp. 287–306.

	28.
Schäfer JO, Naumann E, Holmes EA, Tuschen-Caffier B, Samson AC. Emotion regulation strategies in depressive and anxiety symptoms in Youth: a Meta-Analytic Review. J Youth Adolesc. 2017;46(2):261–76.PubMed

	29.
Compas BE, Jaser SS, Bettis AH, Watson KH, Gruhn MA, Dunbar JP, et al. Coping, emotion regulation, and psychopathology in childhood and adolescence: a meta-analysis and narrative review. Psychol Bull. 2017;143(9):939–91.PubMedPubMedCentral

	30.
Butler EA, Wilhelm FH, Gross JJ. Respiratory sinus arrhythmia, emotion, and emotion regulation during social interaction. Psychophysiology. 2006;43(6):612–22.PubMed

	31.
Beauchaine TP, Thayer JF. Heart rate variability as a transdiagnostic biomarker of psychopathology. Int J Psychophysiol. 2017;98(2 Pt 2):338–50.

	32.
Porges SW. The polyvagal perspective. Biol Psychol. 2007;74(2):116–43.PubMed

	33.
Hastings PD, Sullivan C, McShane KE, Utendale WT, Coplan RJ, Vyncke JD. Parental Socialization, vagal regulation, and preschoolers’ anxious difficulties: direct mothers and moderated fathers. Child Dev. 2008;79(1):45–64.PubMed

	34.
Rottenberg J. In: Rottenberg J, Johnson SL, editors. Major depressive disorder: emerging evidence for emotion context insensitivity. Washingtion DC: American Psychological Society; 2007.

	35.
Hankin BL, Young JF, Abela JR, Smolen A, Jenness JL, Gulley LD, et al. Depression from childhood into late adolescence: influence of gender, development, genetic susceptibility, and peer stress. J Abnorm Child Psychol. 2015;124(4):803–16.

	36.
Costello DM, Swendsen J, Rose JS, Dierker LC. Risk and protective factors associated with trajectories of depressed mood from adolescence to early adulthood. J Consult Clin Psychol. 2008;76(2):173–83.PubMedPubMedCentral

	37.
Reiss F, Meyrose AK, Otto C, Lampert T, Klasen F, Ravens-Sieberer U. Socioeconomic status, stressful life situations and mental health problems in children and adolescents: results of the German BELLA cohort-study. PLoS ONE. 2019;14(3):e0213700.PubMedPubMedCentral

	38.
Bachler E, Nickel M. Aufsuchende Familientherapie Bei Multiproblemfamilien (MPF): Zum stand Der Empirischen Forschung und aktuellen deutschsprachigen Forschungsergebnissen. Prax Kinderpsychol Kinderpsychiatr. 2022;71(8):741–59.PubMed

	39.
Warschburger P, Gmeiner MS, Bondü R, Klein AM, Busching R, Elsner B. Self-regulation as a resource for coping with developmental challenges during middle childhood and adolescence: the prospective longitudinal PIERYOUTH-study. BMC Psychol. 2023;11(1):97.PubMedPubMedCentral

	40.
Little RJA, Rubin DB. Statistical analysis with missing data. New York: John Wiley; 1987.

	41.
Goodman R. The strengths and difficulties Questionnaire: A Research note. J Child Psychol Psychiatr. 1997;38(5):581–6.

	42.
Janitza S, Klipker K, Hölling H. Age-specific norms and validation of the German SDQ parent version based on a nationally representative sample (KiGGS). Eur Child Adolesc Psychiatry. 2020;29(2):123–36.PubMed

	43.
Petermann F, Petermann U, HAWIK-IV. Kindh Entwickl. 2008;17(2):71–5.

	44.
Roebers CM, Kauer M. Motor and cognitive control in a normative sample of 7-year-olds. Dev Sci. 2009;12(1):175–81.PubMed

	45.
Roebers CM, Röthlisberger M, Cimeli P, Michel E, Neuenschwander R. School enrolment and executive functioning: a longitudinal perspective on developmental changes, the influence of learning context, and the prediction of pre-academic skills. Eur J Dev Psychol. 2011;8:526–40.

	46.
Archibald SJ, Kerns KA. Identification and description of new tests of executive functioning in children. Child Neuropsychol. 1999;5(2):115–29.

	47.
Simonds J, Kieras JE, Rueda MR, Rothbart MK. Effortful control, executive attention, and emotional regulation in 7–10-year-old children. Cogn Dev. 2007;22(4):474–88.

	48.
Gioia G, Isquith P, Guy SC, Kenworthy L. Behavior rating inventory of executive function. Child Neuropsychol. 2000;6:235–8.

	49.
Crone EA, van der Molen MW. Developmental changes in real life decision making: performance on a gambling task previously shown to depend on the ventromedial prefrontal cortex. Dev Psychopathol. 2004;25(3):251–79.

	50.
Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future consequences following damage to human prefrontal cortex. Cognition. 1994;50(1):7–15.PubMed

	51.
Grob A, Smolenski C. Fragebogen Zur Erhebung Der Emotionsregulation Bei Kindern Und Jugendlichen. Bern: Hogrefe; 2005.

	52.
Rohlf HL, Krahé B. Assessing anger regulation in middle childhood: development and validation of a behavioral observation measure. Front Psychol. 2015;6:453.PubMedPubMedCentral

	53.
Niskanen JP, Tarvainen MP, Ranta-Aho PO, Karjalainen PA. Software for advanced HRV analysis. Comput Methods Programs Biomed. 2004;76(1):73–81.PubMed

	54.
Rutter M, Quinton O. Psychiatric disorder: ecologicalfactors and concepts of causation. Ecological Factors in Human Development. 1977:173 – 87.

	55.
Voll R, Allehoff W. Widrige familiäre und soziale bedingungen und psychiatrische Auffälligkeiten Bei Achtjährigen. Z für Kinder- und Jugenpsychiatrie. 1982;10:100–9.

	56.
Muthén BO. In: Muthén LK, editor. Mplus user’s guide. Los Angeles: Author; 1998-2012.

	57.
Lubke G, Muthén B. Performance of factor mixture models as a function of model size, Covariate effects, and class-specific parameters. Struct Equ Modeling. 2007;14(1):26–47.

	58.
Fanti KA, Henrich CC. Trajectories of pure and co-occurring internalizing and externalizing problems from age 2 to age 12: findings from the National Institute of Child Health and Human Development Study of Early Child Care. Dev Psychopathol. 2010;46(5):1159–75.

	59.
Reinke WM, Eddy JM, Dishion TJ, Reid JB. Joint trajectories of symptoms of disruptive behavior problems and depressive symptoms during Early Adolescence and Adjustment problems during emerging Adulthood. J Abnorm Child Psychol. 2012;40(7):1123–36.PubMedPubMedCentral

	60.
Davis S, Votruba-Drzal E, Silk JS. Trajectories of internalizing symptoms from early childhood to adolescence: associations with temperament and parenting. Soc Dev. 2015;24(3):501–20.

	61.
Weeks M, Cairney J, Wild TC, Ploubidis GB, Naicker K, Colman I. Early-life predictors of internalizing symptom trajectories in Canadian children. Depress Anxiety. 2014;31(7):608–16.PubMed

	62.
Gutman LM, Codiroli McMaster N. Gendered pathways of internalizing problems from early childhood to Adolescence and Associated adolescent outcomes. J Abnorm Child Psychol. 2020;48(5):703–18.PubMedPubMedCentral

	63.
Van Oort FV, Greaves-Lord K, Verhulst FC, Ormel J, Huizink AC. The developmental course of anxiety symptoms during adolescence: the TRAILS study. J Child Psychol Psychiatr. 2009;50(10):1209–17.

	64.
Kostyrka-Allchorne K, Wass SV, Sonuga-Barke EJS. 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. J Child Psychol Psychiatr. 2020:16.

	65.
Henderson H, Wilson M. Attention processes underlying risk and resilience in behaviorally inhibited children. Curr Behav Neurosci Rep. 2017;4.

	66.
Henderson HA, Pine DS, Fox NA. Behavioral inhibition and developmental risk: a Dual-Processing Perspective. Neuropsychopharmacology. 2015;40(1):207–24.PubMed

	67.
Mittal C, Griskevicius V, Simpson JA, Sung S, Young ES. Cognitive adaptations to stressful environments: when Childhood Adversity enhances adult executive function. J Personality Soical Psychol. 2015;109(4):604–21.

	68.
Baune BT, Fuhr M, Air T, Hering C. Neuropsychological functioning in adolescents and young adults with major depressive disorder - a review. Psychiatry Res. 2014;218(3):261–71.PubMed

	69.
Vilgis V, Silk TJ, Vance A. Executive function and attention in children and adolescents with depressive disorders: a systematic review. Eur Child Adolesc Psychiatry. 2015;24(4):365–84.PubMed

	70.
Forbes EE, Shaw DS, Dahl RE. Alterations in reward-related decision making in boys with recent and future depression. Biol Psychiatry. 2007;61(5):633–9.PubMed

	71.
Han ZR, Lei XM, Qian J, Li PP, Wang H, Zhang XT. Parent and child psychopathological symptoms: the mediating role of parental emotion dysregulation. Child Adolesc Mental Health. 2015;21(3):161–8.

	72.
Grillon C, Robinson OJ, O’Connell K, Davis A, Alvarez G, Pine DS, et al. Clinical anxiety promotes excessive response inhibition. Psychol Med. 2017;47(3):484–94.PubMed

	73.
McDermott LM, Ebmeier KP. A meta-analysis of depression severity and cognitive function. J Affect Disord. 2009;119(1–3):1–8.PubMed

	74.
Kagan J, Reznick JS, Snidman N. Biological bases of childhood shyness. Science. 1988;240(4849):167–71.PubMed

	75.
Coplan RJ, Rubin KH, Fox NA, Calkins SD, Stewart SL. Being alone, playing alone, and acting alone: distinguishing among reticence and passive and active solitude in young children. Child Dev. 1994;65(1):129–37.PubMed

	76.
Degnan KA, Almas AN, Henderson HA, Hane AA, Walker OL, Fox NA. Longitudinal trajectories of social reticence with unfamiliar peers across early childhood. Dev Psychopathol. 2014;50(10):2311–23.

	77.
Fox NA, Henderson HA, Marshall PJ, Nichols KE, Ghera MM. Behavioral inhibition: linking biology and behavior within a developmental framework. Annu Rev Psychol. 2005;56:235–62.PubMed

	78.
Chronis-Tuscano A, Degnan KA, Pine DS, Perez-Edgar K, Henderson HA, Diaz Y, et al. Stable early maternal report of behavioral inhibition predicts lifetime social anxiety disorder in adolescence. J Am Acad Child Adolesc Psychiatry. 2009;48(9):928–35.PubMedPubMedCentral

	79.
Hirshfeld DR, Rosenbaum JF, Biederman J, Bolduc EA, Faraone SV, Snidman N, et al. Stable behavioral inhibition and its association with anxiety disorder. J Am Acad Child Adolesc Psychiatry. 1992;31(1):103–11.PubMed

	80.
Degnan KA, Fox NA. Behavioral inhibition and anxiety disorders: multiple levels of a resilience process. Dev Psychopathol. 2007;19(3):729–46.PubMed

	81.
Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62(6):593–602.PubMed

	82.
Kraemer HC, Measelle JR, Ablow JC, Essex MJ, Boyce WT, Kupfer DJ. A new approach to integrating data from multiple informants in psychiatric assessment and research: mixing and matching contexts and perspectives. Am J Psychiatry. 2003;160(9):1566–77.PubMed

	83.
Klasen F, Meyrose AK, Otto C, Reiss F, Ravens-Sieberer U. Psychische Auffälligkeiten Von Kindern Und Jugendlichen in Deutschland. Monatsschrift Kinderheilkunde. 2017;165(5):402–7.

	84.
Conell AM, Arin M, Goodman SH. The association between psychopathology in fathers versus mothers and children’s internalizing and externalizing behavior problems: a meta-analysis. Psychoological Bull. 2002;128(5):746–73.

	85.
Deutz MHF, Geeraerts SB, Belsky J, Dekovic M, van Baar AL, Prinzie P, et al. General Psychopathology and Dysregulation Profile in a Longitudinal Community Sample: Stability, antecedents and outcomes. Child Psychiatry Hum Dev. 2020;51(1):114–26.PubMed

	86.
Romer AL, Hariri AR, Strauman TJ. Regulatory focus and the p factor: evidence for self-regulatory dysfunction as a transdiagnostic feature of general psychopathology. J Psychiatr Res. 2021;137:178–85.PubMedPubMedCentral

	87.
Santens E, Claes L, Dierckx E, Dom G. Effortful Control - A Transdiagnostic Dimension underlying internalizing and externalizing psychopathology. Neuropsychobiology. 2020;79(4–5):255–69.PubMed

	88.
Aldao A, Gee DG, De Los Reyes A, Seager I. Emotion regulation as a transdiagnostic factor in the development of internalizing and externalizing psychopathology: current and future directions. Dev Psychopathol. 2016;28(4pt1):927–46.PubMed

	89.
Cludius B, Mennin D, Ehring T. Emotion regulation as a transdiagnostic process. Emotion. 2020;20(1):37–42.PubMed



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Self-regulation facets differentially predict internalizing symptom trajectories from middle childhood to early adolescence: a longitudinal multimethod study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13034_2023_670_Figa_HTML.png
101

Legend:

stable low (n = 1200, 82.6%)

— —increasing (n = 129, 8.9%)

----- early high decreasing (n = 124, 8.6%)

Internalizing symptoms
(6)]

8 9 10
Age (years)

11

12

13





OEBPS/css/sidebar.gif





