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Abstract 
Objective: Recent research indicates that sleep problems in childhood precede the development of borderline personality disorder (BPD) symptoms, but the mechanisms by which sleep problems associate with BPD are still unknown. This narrative review aims to provide some potential explanations for how early sleep problems might associate with BPD. 
[bookmark: _Hlk80472409]Methods: We used the Biosocial Developmental Model of BPD as a framework to discuss how sleep problems may associate with BPD. Articles were identified via PubMed and Embase, and papers published between January 1991 and April 2021 were extracted. Authors made a series of literature searches using the following keywords: Sleep problems, Insomnia, Nightmares, Hypothalamic–Pituitary–Adrenal Axis (HPA), Prefrontal Cortex, Family Psychopathology, Disrupted Attachment, Child Maltreatment, Impulsivity, Emotion Regulation, Internalizing, Externalizing, Rumination, Childhood, Adolescence, Young people. The inclusion criteria were: published in peer- reviewed journals; human studies or reviews; published in English. The exclusion criteria were: commentaries; abstracts from conferences; studies with animal samples. A total of 96 articles were included for the purpose of this review. 
Results: The evidence from this review suggests that some biological factors and core features of BPD acti as potential mechanisms mediating the associations between early sleep and subsequent BPD, while some family-related factors might constitute common risk factors for sleep problems and BPD. 	Comment by Ayten Bilgin: I wonder if it would be more informative to write what these factors are. But maybe we do not have space for this.	Comment by Ayten Bilgin: Same comment as above
Conclusion: The Biosocial Developmental Model of BPD provides a plausible characterization of how sleep disruption might lead to subsequent BPD. Further research on new developmental and early intervention approaches to understand how sleep in early stages associates with BPD could have significant clinical impact in these patients and could inform targeted therapeutic interventions.
Keywords: Sleep, Borderline Personality Disorder, Biosocial Developmental Model, Childhood, Adolescence, Mechanisms
Introduction
[bookmark: _Hlk80472306]Borderline Personality Disorder (BPD) is characterized by emotional instability, impulsivity, disturbed cognition, sleeplessness and states of high inner tension. Sleep problems are common in BPD and exacerbate some core symptoms, such as emotion dysregulation (i.e. the inability to flexibly respond to and manage emotions).1 However, the nature of the associations between sleep problems and BPD needs exploration and is also characterized by lack of specificity (e.g. sleep also associates with other mental disorders, such as depression).2 Therefore, further research is required to understand the specific role of sleep in the development and exacerbation of BPD. 
[bookmark: _Hlk80472362]It is possible that sleep problems may precede the development of BPD. Findings from two recent longitudinal studies have provided support for the existence of prospective associations between sleep problems in childhood and subsequent BPD symptoms in adolescence. First, it was shown that persistent nightmares in childhood (i.e. at 2.5, 3.5, 4.8 and 6.8 years of age) were associated with more BPD symptoms in adolescence.3 Second, shorter sleep duration at 3.5 years was prospectively associated with the development of BPD symptoms in adolescence.4 Therefore, emerging evidence suggests that nightmares and specific sleep problems occurring in early childhood are prospectively associated with the development of BPD symptoms in adolescence, at least in the general population. However, the potential mechanisms/factors underlying the associations between early sleep problems and BPD are still unknown. 
[bookmark: _Hlk80472458]The Biosocial Developmental Model of Borderline Personality (Crowell et al. (2019))5 provides a framework which helps to understand the development of BPD. In this model, the authors suggest one probable pathway that leads to BPD, which begins with early vulnerability, expressed initially as impulsivity and followed by heightened emotional sensitivity. These vulnerabilities are then potentiated across development by environmental risk factors that give rise to more significant and functionally damaging emotional, behavioral, and cognitive dysregulation. In this model, several biological correlates, psychosocial risk factors and etiological hypotheses are presented. Therefore, we will use this model as a framework to discuss how sleep problems might associate with the development of BPD. More specifically, we will focus on the factors (i.e., biological, psychosocial and core features) from the model with the strongest evidence in the development of BPD and that also have links with early sleep problems. Therefore, among the biological correlates we will focus on the hypothalamic–pituitary–adrenal axis (HPA) and prefrontal cortex. Among the psychosocial risk factors, we will focus on family psychopathology, disrupted attachment and childhood maltreatment. Finally, among the core features of BPD, we will focus on impulsivity, emotion regulation, and internalizing (e.g. sadness, anxiety or loneliness) and externalizing (e.g. aggression or hyperactivity) symptoms. Thus, this article reviews the links between early sleep and each of these factors, as potential mechanisms and/or contributing factors explaining the association between sleep problems and subsequent BPD, and aims to answer the following research questions: 
(1) What is the association between sleep and HPA in adolescence and childhood?
(2) What is the impact of sleep on the prefrontal cortex in young adulthood, adolescence and childhood?
(3) What is the association between sleep and family psychopathology in early childhood?
(4) How do sleep and disrupted attached interact in early childhood?
(5) What is the impact of childhood maltreatment on sleep in childhood, adolescence and young adulthood?
(6) What is the link between sleep and impulsivity in young adulthood, adolescence and childhood?
(7)  What is the association between sleep and emotion regulation in young adulthood, adolescence and childhood?
(8) How do sleep and internalizing/externalizing symptoms associate in adolescence and childhood?


Method
A literature search was conducted via PubMed and Embase for studies published between January 1991 and April 2021. IMM and BD conducted a series of literature searches, using the following keywords in indexed fields: ‘Sleep problems’, ‘Insomnia’, ‘Nightmares’, ‘HPA’, ‘prefrontal cortex’, ‘family psychopathology’, ‘disrupted attachment’, ‘child maltreatment’, ‘impulsivity’, ‘emotion regulation’, ‘internalizing’, ‘externalizing’ and ‘rumination’, together with ‘childhood’, ‘adolescence’, ‘young people’. The keywords of sleep problems OR insomnia OR nightmares AND childhood OR adolescence OR young people, together with one of the correlates, separately, were used in all possible permutations and abstracts from the results of searches were assessed. Selected papers had to meet the following criteria: (1) published in peer- reviewed journals; (2) human studies or reviews on the related topic; (3) published in English. The exclusion criteria were: (1) commentaries; (2) abstracts from conferences; (3) studies with animal samples. In the next step, the full text of eligible articles was obtained and assessed. After a full-text assessment of all articles by the research team, their inclusion was subjected to open discussion by the research team. Finally, a total of 96 articles were included for the purpose of this review. See flowchart for details of the search and selection strategy.
------- Insert Figure 1 here ----------
Overlapping biological correlates of BPD and sleep
Sleep and hypothalamic–pituitary–adrenal axis
The HPA axis represents a key stress response system, and growing evidence suggests that it is dysfunctional in the BPD population.6 Further, sleep, and in particular deep sleep, has an inhibitory influence on the HPA axis, whereas activation of the HPA can lead to sleeplessness.7 
What is the association between sleep and HPA in adolescence and childhood?
In adolescents, the existing studies on the topic have focused on actigraphy-based measures. For instance, in a cross-sectional study with 19-year-old healthy adolescents (N= 119), longer sleep duration was related to steeper decline in cortisol.8 Another study conducted in 265 participants with a mean age of 12.3 years old  reported that actigraph-based sleep duration and sleep quality were both related to diurnal cortisol levels in boys, but not in girls.9 Further, a recent actigraphy-based cross-sectional study conducted with 55 healthy individuals aged 8-16 years found that increased HPA activity was associated with longer duration of staying awake as well as poorer sleep efficiency and greater number of awakenings.10 
Further cross-sectional research has been conducted in younger ages, using both objective and subjective sleep measures. In an actigraphy-based study in eight-year-old children (N= 282), shorter average sleep duration and lower sleep efficiency were both  associated with higher levels of salivary cortisol.11 Another study using sleep-electroencephalography in 113 children aged 6-10 years found that morning cortisol secretion was negatively associated with sleep duration and slow wave sleep and positively associated with the relative amount of Stage 2 sleep during the preceding night.12 Further, El-Sheik et al. (2008) reported in a study where they combined actigraphy and self-reported sleep measures in a group of nine-year-old children (N= 64), that higher levels of cortisol were related to increased subjective sleep problems and objective shorter sleep duration and poorer sleep quality.13 Pesonen et al. (2012)14 examined 284 eight year-old children and found that boys with parent-reported sleep problems (e.g. difficulties in initiating and maintaining sleep, excessive somnolence, or nightmares) had lower levels of diurnal salivary cortisol. But these findings were unrelated to actual sleep duration measured by actigraphy. Finally, another study combining parent‐reported insomnia symptoms with polysomnography-based sleep duration in 327 children aged 5-12 years old showed that parent‐reported insomnia with objective short sleep duration were associated with higher cortisol levels.15 
The existing studies in preschoolers have mainly used objective sleep measures. The first of these studies was done using polysomnography-based sleep recordings in 67 preschool-children aged 5.34 years, and showed that the level of cortisol secretion was significantly lower in good sleepers,16 while poor sleepers16 displayed a significantly increased cortisol secretion.17 Another cross-sectional study conducted with 82 preschoolers (mean age=4.91 years) using actigraphy showed that children with high cortisol secretion had extended sleep-onset latency and decreased sleep efficiency.18
Finally, few longitudinal studies have been conducted in infants and toddlers using parent-reported sleep measures. In a study of 322 infants aged 12-20 months, infants with a flatter diurnal cortisol slope, which is considered maladaptive, and those with a more marked morning cortisol rise had shorter nighttime sleep duration.19 Further, a longitudinal study in 51 mothers and their 18–20 month-old toddlers showed that blunted cortisol secretion patterns predicted risk for early-emerging sleep problems.20  
Therefore, the existing evidence suggests that associations between sleep problems and HPA axis dysfunction are evident in young ages, from adolescence to infancy. And this evidence has been supported using both subjective and objective sleep measures. More specifically, it seems that sleep difficulties are associated with increased cortisol levels, and consequently with increased HPA axis activity, in early stages of the development. However, further longitudinal studies are still needed and there is still some inconsistency concerning the associations between objective sleep duration and cortisol levels. In addition, little is known yet about the directionality of these associations. Within the context of the associations between early sleep problems and subsequent BPD symptoms, which is the focus of this review, sleep difficulties in early childhood might increase HPA axis activity, which would consequently lead to BPD symptomatology. However, further specific studies on this topic are required to test this pathway.  
Sleep and prefrontal cortex
A number of studies have described abnormal prefrontal cortex in individuals with BPD.21 For example, reduced glucose metabolism in the prefrontal cortex has been reported in BPD patients (mean age=34.2 years old).22 Further, BPD patients (aged 20-43 years old) demonstrated decreased metabolism in anterior cingulate and prefrontal cortex.23 In addition, some adolescents with BPD had structural alterations in frontolimbic regions.24 Concerning the role that sleep problems may have in the prefrontal cortex, there is evidence that the prefrontal cortex is particularly sensitive to sleep deprivation and benefits from good sleep practices.25 However, most of the existing evidence comes from studies in adults with a limited number of studies focusing on young people. 
What is the impact of sleep on the prefrontal cortex in young adulthood, adolescence and childhood?
A cross-sectional study in 20 young subjects (age range 17–23) using functional magnetic resonance imaging (fMRI) showed that sleep deprivation associated with deficits in the bilateral inferior frontal gyrus, left subthalamic nucleus and left lingual gyrus.24 Further, a recent cross-sectional study with 25 healthy young adults and adolescents (age range = 12–22) using actigraphy and resting-state fMRI showed that irregular sleep patterns are associated with increased network connectivity in the default mode network– specifically in the right and left lateral parietal lobule.26 In adolescents, three studies have examined the associations between sleep and brain structure. In one of these studies using structural MRI, the brain areas in which higher volume was correlated with longer sleep duration included the orbitofrontal cortex, prefrontal and temporal cortex, precuneus, and supramarginal gyrus.27  Another cross-sectional study conducted in 177 adolescents (mean age 14.4 years), the medial prefrontal cortex correlated both with bedtime and wake-up times.28 A third study conducted in forty-six adolescents using a functional MRI scan during which they completed a cognitive control and risk taking task, found that adolescents who reported poorer sleep also exhibited less recruitment of the dorsolateral prefrontal cortex during cognitive control.29
So far, only two studies have examined the associations between sleep and brain areas in children. In a cross-sectional study in 15 male children (ages 7-11 years), shorter sleep duration contributed to neural alterations of brain regions involved in the regulation of emotion and reward processing (including prefrontal areas).30 In a longitudinal study from the Generation R cohort, mothers reported sleep disturbances in 720 children at ages 2 months, 1.5, 2, 3, and 6 years and T1-weighted MRI images were used to assess brain structure at 7 years. The authors reported that more adverse developmental course of childhood sleep disturbances were associated with smaller grey matter volumes and thinner dorsolateral prefrontal cortex.31Therefore, there is still limited research examining the specific effects of sleep in prefrontal brain areas in young ages. Among the existing evidence, the studies support those findings from adult research, and suggest that sleep problems have an impact in the prefrontal cortex. However, further studies in this area are still needed and especially longitudinal studies and manipulation studies in young children and infants. The current evidence, and specially the one that comes from sleep deprivation studies, supports the notion that early sleep problems might have an impact in prefrontal areas, and subsequently, impairments at this cortical level might underlie the development of BPD symptoms. 
Overlapping psychosocial risk factors for BPD and sleep 
Sleep and family psychopathology 
There is convincing evidence that the families of patients with BPD have greater rates of psychopathology (e.g. depressive, substance abuse, or antisocial disorders) than the families of healthy controls.32 This may be due to the familial risk and heritability observed in BPD patients,33 or due to the maladaptive parenting strategies frequently experienced by BPD patients.34 Research investigating the links between offspring sleep and parental psychopathology has been limited. Most studies in this area are related to maternal depression, and more specifically in the perinatal and postnatal period. Further, all these studies have mainly focused on the effects of parental mental health on their offspring’s sleep during childhood or infancy, and thus for this specific section, we will focus here in these stages. 
What is the association between sleep and family psychopathology in early childhood?
Concerning the effect that parental mental health has in sleep development in early childhood, and in relation to the perinatal period, depressed pregnant women seem to have newborns exhibiting higher levels of disrupted sleep.35 Similarly, prenatal maternal anxiety and depression predict more sleep problems in toddlers aged 18–30 months, 36 and mothers with prenatal depression report more night awakenings in their one-year-old infants.37 There is also evidence that both mother's prenatal and early postpartum depression symptoms associate with the emergence of infant's sleep problems.38 With respect to postpartum depression only, depressed mothers report more infants' sleep difficulties in the first weeks,39 and in the first year.40 Further, maternal report of infant sleep problem can be considered a significant predictor of maternal postnatal depression,41 Beyond the infancy period, in a clinical sample of mothers with mood disorders,42 sleep problems are more frequent, severe and persistent in infants of depressed mothers. Similarly, maternal symptoms of anxiety and depression during the first year of the child´s life are associated with nocturnal awakening at six and 18 months.43 Finally, infant sleeping problems relate to maternal depressive (and comorbid anxiety) disorders irrespective of maternal parity.44
Among the effects that maternal depression has in toddlers’ and/or children’s sleep functioning, most evidence supports the negative effect of maternal depression. In a large cross-sectional study using a large representative sample of 2-3 years old children, self-reported mother depressive symptomatology contributed to parent-reported sleep problems in toddlers.45 Similarly, in another cross-sectional study in 6000+ 3-to-4 years old twin pairs, maternal depression was associated with sleep problems.46 Another cross-sectional study conducted in 4-9 years old children (N=1391), corroborated the associations between maternal depression and children's sleep disturbances also in preschoolers and school-aged children.47 Only one study, so far, has examined the effects of maternal depression in their offspring sleep using polysomnography in 64 healthy infants and showed that altered sleep structure was observed in children born from depressed mothers.48
Few studies have also examined other maternal mental health problems, rather than maternal depression. Previous research suggests that infant sleep problems are associated with poorer health in both parents.49 In a study conducted by Warran et al (2003),50 the authors examined four- and 14-month-old infants of mothers with panic disorder (PD) and showed that infants from the four-month cohort with PD mothers had more fragmented sleep at eight months. In another study, in a sample of cocaine-exposed seven-month-old infants,51  the findings showed that exposed infants who had mothers with higher levels of anxiety showed higher levels of sleep problems. Finally, a recent study reported that several maternal risk factors during pregnancy were related to sleep difficulties in infants.52 In relation to children, in a study conducted including 182 families, bedtime behavior and daytime sleepiness seemed to be greatly affected in those children of mothers with mental health problems.53
To sum up, the existing literature has been mainly focused on maternal depression, especially perinatal and postnatal depression and mostly in children and infants. Also, most of these studies have been conducted using parent-reported sleep measures and scarce research has used objective-based sleep measures. Further, some attempts have been made to investigate the role of other maternal mental disorders on infants’ sleep. The existing evidence suggests that mother mental health problems may lead to subsequent sleep problems in their children, although there is also some evidence suggesting the opposite effect (i.e. the impact of sleep on parent´s psychopathology). In the context of the development of BPD and the role of sleep, this evidence suggests that parental mental health problems could be a common risk factor for sleep problems and BPD symptoms.
Sleep and disrupted attachment
Problems in secure attachment formation are associated with both BPD psychopathology54 and child sleeping problems.55 Considering that attachment has been mainly studied in infancy and childhood, the studies reported in this section will cover these stages.
How do sleep and disrupted attached interact in early childhood?
In a meta-analyses study conducted in 2017, the authors reported positive associations between secure infant-mother attachment and sleep efficiency and insecure-resistant attachment and sleep problems.56 Most of the studies on the topic have been conducted using a longitudinal approach. For instance, in a study using objective measures of sleep and attachment in 62 middle-class families, children with secure attachment subsequently slept more and had higher sleep efﬁciency than those with insecure attachment.57 In another longitudinal study using parent-reported sleep measures in 134 mother–child dyads between six and 36 months,58 it was shown that children with disorganized attachment had prospectively shorter sleep duration, later bedtime, and more awakenings. In another longitudinal study where attachment at 18 months and  children’s actigraph-based and parent-reported sleep quality at 24 months were examined in 55 families,59 higher resistance predicted longer wake duration at night. 
Longitudinal studies in infants have also reported the association between attachment and sleep.60 For instance, information on night wakings in 93 infant showed that attachment at 12 months was related to infant night waking patterns in the first six months of life. In another longitudinal study where attachment and sleep were measured from seven to 14 months of child´s life, infants with a secure attachment had lower number of night wakings over time.61 Further, there is also evidence about the impact of sleep difficulties in subsequent disruption of attachment in early childhood. For instance, infants with insecure-resistant attachments at 15 months have greater numbers of night wakings and longer night-waking episodes at six and 15 months.62 Similarly, sleep problems in infants at three months were associated with disorganized attachment at 18 months.63 
In whole, the existing evidence suggests that disruptive attachment leads to sleep difficulties in infancy and childhood, but there is also evidence that early sleep problems might impact later attachment styles, suggesting a bidirectional association between sleep and attachment. In relation to the associations between early sleep and BPD, one explanation could be that disrupted attachment may be a common risk factor for both sleep problems and BPD. But also, other potential explanation could be that early sleep problems would lead to disrupted attachment, which consequently leads to the development of BPD symptoms. Further longitudinal research on how disrupted attachment, early sleep difficulties and BPD symptoms interact with each other is still needed. 
Sleep and childhood maltreatment
BPD associates with history of maltreatment in childhood.64 Further, childhood abuse could be also a risk factor for sleep difficulties. Although the effects of childhood maltreatment can also lead to sleep problems in adulthood,65 for this review, we will only focus on those relevant studies investigating the associations between childhood maltreatment and sleep in childhood, adolescence and young adults. 
What is the impact of childhood maltreatment on sleep in childhood, adolescence and young adulthood?
In a recent study conducted in 18-22 years old young adults, childhood emotional neglect predicted insomnia symptoms.66 Further, in a recent study conducted including 181 college students, those who reported more childhood maltreatment also reported significantly lower quality sleep and felt less rested upon awakening.67 In adolescence , a study conducted in 73 subjects found that more severe childhood maltreatment was related to increased sleep disturbances.68 In another longitudinal study using 2910 adolescents aged 14–17 years old, sexual abuse, physical abuse, intimate partner violence, emotional maltreatment and physical neglect in childhood were all associated with several sleep problems in adolescence.69 Another recent study conducted in 153,547 adolescents found that physical abuse, emotional abuse, sexual abuse, physical neglect or emotional neglect associated with increased risk of sleep disturbance.70 In 1997, a study using 44 pre-pubertal children found that abused children had prolonged actigraphy-based sleep latency and decreased sleep efficiency.71	Comment by Ayten Bilgin: It would be good to insert the age range here
In a large population-based sample of adolescents (N=9582), youth exposed to childhood adversity were more likely to have insomnia, with a larger risk for those exposed to interpersonal violence during early childhood or adolescence, and a clear dose–response relationship between exposure to multiple types of adversity and risk for insomnia.72 Another longitudinal study in 147 female adolescents showed that sexually abused participants reported greater rates of sleep disturbances.73  Finally, in a recent longitudinal cohort study of 2491 children at 5–9 and 10–16 years old, having an accumulation of childhood adversities significantly associated with sleep disturbances in youth 10–16 years, but not in younger children.74
Therefore, the existing evidence suggests that childhood maltreatment may lead to sleep difficulties in young adulthood, adolescence and childhood. However, most of this research has been conducted using subjective sleep measures and further research using objective-based sleep measures is needed. Within the context of the associations between early sleep and BPD, childhood maltreatment could be a common risk factor for sleep and BPD symptoms. 
Core features of BPD
Sleep and impulsivity
Impulsivity in BPD is a central symptom.75 Further, although inadequate sleep has been linked to poor impulse control in adults, little research has investigated the role of sleep on impulsive behaviors in younger ages. 
What is the link between sleep and impulsivity in young adulthood, adolescence and childhood?
In relation to the associations in young adults, one study conducted in 373 young adults (18–29 years) found that higher levels of sleepiness associated with several types of impulsivity.76 Another recent study in 13‐ to-19-year‐olds diagnosed with bipolar disorder (BD; n=33, 16.2 years), the change in sleep duration between school days and weekends was associated with increased impulsivity.77 Further, one study conducted in 19 young adults showed that acute sleep restriction  caused deregulation of cognitive control that may manifest in increased impulsivity.78
In children and adolescents, there is also some research on the associations between sleep and impulsivity. In one study conducted in 87 healthy participants (8.6 to 15.8 years),79 sleepiness following acute sleep restriction was not sufficient to produce deficits on impulsivity and sustained attention. Further, other study conducted in 1180 children (7-10 years) showed that children with sleep disorders had greater predisposition to impulsivity.80 A randomized trial using a sample of 34 typically developing children aged 7 to 11 years reported that a cumulative restriction of sleep of 54.04 minutes was associated with detectable deterioration on restless-impulsive behavior scores.81
Therefore, the existing scarce evidence from studies in young people and adolescents suggest that sleep might play a causal role in the development of impulsive behaviours, while further research is still needed to confirm whether this is also true in children. However, with the existing evidence we can hypothesize that impulsivity could be considered a mediating factor in the associations between early sleep and BPD symptoms; however, further research is still needed. 
Sleep and emotion regulation
Emotion dysregulation is often considered a core characteristic of BPD.82 Further, there is also evidence about the associations between emotion regulation and sleep, such as the developmental cascade model in which sleep problems have a persistent negative effect on emotional regulation, which in turn contributes to ongoing sleep problems and poorer attentional regulation in children over time.83 In recent years, there has been also an increasing research interest in understanding the bidirectional relationship between emotion and sleep. The relationship between inadequate sleep and mood has been well-established in adults. However, further studies are still needed in younger ages, and especially to investigate the potential role of sleep in emotion regulation.
What is the association between sleep and emotion regulation in young adulthood, adolescence and childhood?
In a recent cross-sectional study conducted in young people (20 years old), distraction and reappraisal (i.e. two emotion regulation strategies) were impaired by sleep deprivation.84 Another sleep deprivation study with 50 healthy adolescents, aged 14–17, confirmed that several nights of sleep restriction adversely affects adolescents’ ability to regulate their emotions.85 In another manipulation study, but this time in 32 children (8–12 years), modest differences in sleep duration, accumulated over few days, affected critical emotional functions in children.85 Further, a recent study showed that after two nights of sleep restriction conducted in a sample of 53 children  aged 7-11 years old alterations in children's affect, emotional arousal, facial expressions, and emotion regulation appeared.86 In young children, in a sleep restriction study conducted in 10 healthy toddlers (30-36 months),87 sleep restriction resulted in an increase in negative emotion responses.
This relationship between sleep and emotion regulation has been also tested in large representative samples of adolescents. For instance, in a nationally representative sample (N=10,148; 13–18 years), differential relations between sleep problems and certain regulation strategies were found.88 Finally, some attempts have been conducted to specifically investigate the role of sleep problems and emotion regulation in BPD. In a study conducted in 450 undergraduates (23 years old), BPD characteristics capturing emotion dysregulation showed the strongest correlations with poor sleep quality.89 Further, a recent study conducted in 217 adolescent inpatients with self-reported measures of sleep disturbance, emotion dysregulation and BPD symptoms showed that BPD features and emotion dysregulation were significantly related to indices of sleep disturbance, but there was not empirical support for the mediating role of emotion regulation in the relation between sleep and BPD.90 Also in relation to sleep problems and emotion regulation in BPD, one study examined the level of dream disturbances (i.e. nightmares) in connection with measures of emotional instability in 23 subjects diagnosed with BPD and 23 controls, and found an association between dream disturbances and levels of emotional instability in BPD patients.91
Therefore, the existing evidence supports the notion that sleep problems might have a role in the development of emotion dysregulation. In relation to the topic of this review, sleep problems in early childhood might lead to emotion dysregulation, which subsequently would lead to BPD symptoms. Therefore, emotion dysregulation could be treated as a mediating factor in the associations between early sleep and subsequent BPD. However, the potential mediation role of emotion dysregulation in the association between sleep and BPD should be further investigated, preferably using longitudinal approaches in large sample size of individuals.  
Sleep and internalizing/externalizing problems
BPD is highly comorbid with internalizing and externalizing psychopathology.92 Concerning sleep in childhood, one common finding is the links with internalizing and externalizing difficulties. Some studies have focused in internalizing and externalizing problems separately, while others have included both constructs together. 
How do sleep and internalizing/externalizing symptoms associate in adolescence and childhood?
Concerning the associations between sleep and internalizing problems, in a study in 300 eight-year-old twin pairs, several sleep difficulties were associated with depression, and the overall association was largely influenced by genes.93 Following the research on the genetic contribution, a recent study conducted with 5111 adolescent twin pairs reported also a large genetic overlap between sleep problems and internalizing symptoms.94 Some other studies have focused on the prospective associations between sleep and internalizing symptoms. In a recent longitudinal study among 319 youth (aged 11-26 years), dysregulated sleep was bidirectionally associated with clinician-rated anxiety and depression symptom severity.95 In another recent study in 993 and 736 participants (longitudinal cohort entry age of 10/11 years), sleep duration was not longitudinally associated with internalizing problems but it was in the cross-sectional analyses.96  Further, a longitudinal study conducted in 2,510 adolescents reported the effect of sleep duration and cigarette smoking on later internalizing problems.97 Another longitudinal study conducted in 1,089 children found that bedtime but not nighttime waking problems significantly predicted adolescent internalizing problems.98 In younger ages, a recent longitudinal study conducted in 35,075 mothers of children between 1.5 and 8 years old showed a bidirectional association between subjective sleep and internalizing symptoms from toddlerhood to middle childhood.99 Further, and using actigraphy measures, a recent study conducted in 119 children assessed longitudinally at 30, 36, 42, and 54 months reported that sleep variability and late sleep timing in toddlerhood were associated with higher levels of internalizing problems.100
Regarding the research on the associations between sleep and externalizing problems, in a longitudinal study by Muratori et al. (2019) in 227 children (6–10  years),101 increased sleep problems associated with worsening of inattentive and hyperactive behavioral problems one year later. Similarly, in a cross-sectional study in 8950 preschoolers, shorter nighttime sleep duration was associated with higher likelihood of parent-reported externalizing symptoms.102 Also in preschoolers, a study with 510 children aged 2 to 5 years reported that parent-reported short sleep was associated with more externalizing problems.103 Further, in a recent study conducted in 196 children aged 34–77 months externalizing problems rather than cognitive development were associated with sleep difficulties in preschool children with developmental disability.104
Most of the studies on the topic have examined the effects of sleep with both internalizing and externalizing symptoms. In adolescents, in a longitudinal study in 555 young adolescents (Mean age=13.96), sleep problems were precursors of substance use, internalizing and externalizing problems in adolescence.105 Concerning studies in childhood, in a cohort study using data obtained every 2 years in 4983 children aged 4-5 years, bidirectional associations were found between sleep problems and externalizing but bot with internalizing symptoms.106  Further, in a longitudinal study including 270 children with ADHD, aged 5-13 years, the main findings showed a weak evidence of a bidirectional relationship between sleep problems and internalizing/externalizing problems.107 
In younger children, in a study conducted in 297 families with 5-6-year-old preschoolers, both short sleep duration and sleeping difficulties were associated with children's behavioral symptoms.108 Childhood sleep problems have also been related to maternal ratings of internalizing and externalizing problems during adolescence for both boys and girls in a study with 292 boys and 94 girls from a community sample of high risk families.109 Further, a recent study conducted in 48 boys and 74 girls aged 7–11 years reported that parental reports of sleep disturbances can be used to identify children at increased risk for internalizing and externalizing problems.110 Another study conducted in a sample of 285 elementary school students found that self-reported time in bed and sleep quality was negatively associated with internalizing and externalizing symptoms.111 In a recent longitudinal study, Williamson et al. (2020) examined 4517 children recruited at birth and found that children with increased middle childhood sleep problems experienced greater internalizing and externalizing symptoms at 10-11 years.112 
Also, in a recent longitudinal study with more than 1000 infants and toddlers,113 short sleep duration and more night wakings in infancy were associated with internalizing symptoms at 24 months; and more night wakings and longer sleep-onset latency in infancy with externalizing problems at 24 months. Another study in 123 toddlers reported that short sleep predicted greater externalizing behaviors a year later.114 In a 2017 study, later bedtimes and less total sleep predicted social-emotional problems in infants and toddlers.115 A larger longitudinal study conducted in 32,662 children reported that short sleep duration and frequent nocturnal awakenings at 18 months significantly predicted both concurrent and later incidence of emotional and behavioral problems at 5 years.116 In a cross-sectional study among a community sample of children and adolescents (N=175), depressive symptoms showed a greater association with sleep problems among adolescents, while anxiety symptoms were generally associated with sleep problems in all youth.117 Similarly, a longitudinal study in 1001 toddlers from 24- to 36-months found specific relations between sleep problems and internalizing and externalizing problems during toddlerhood.118 
To sum up, these findings suggest that there is a robust association between sleep problems and both internalizing and externalizing problems at different stages from infancy to young adulthood. Several studies suggest the existence of a bidirectional association, but more evidence supports the notion that sleep affects internalizing/externalizing symptoms, rather than the opposite direction. However, further research is still needed. In the context of this review, we suggest that early sleep problems might underlie the development of internalizing/externalizing problems which subsequently may lead to BPD symptoms. However, other approach could be that internalizing/externalizing symptoms are a common factor of sleep and BPD symptoms, thus further investigation is required. 
Table 1 describes the key features of each of the studies included in this narrative review.
------------- Insert Table 1 here ---------------
Conclusion
[bookmark: _Hlk80472751]There are several pathways that could explain why sleep problems and subsequent BPD symptoms associate (see Figure 2). In this review, we used the Biosocial Developmental Model of BPD as a framework to discuss how sleep problems might associate with the development of BPD including some of the correlates, risk and/or etiological factors described in this model. For instance, here we present evidence that supports the link between early sleep and some of the most relevant features that characterize BPD (i.e. dysfunction of the HPA axis and  prefrontal cortex, family psychopathology, disrupted attachment, childhood maltreatment, impulsivity, emotion regulation, and internalizing/externalizing symptoms). Therefore, this suggests that some of these factors could act as mediating factors in the associations between sleep and subsequent BPD symptoms (i.e. HPA, prefrontal functioning, emotion dysregulation, impulsivity and internalizing/externalizing symptoms), while some other factors might constitute a common risk factor (i.e. family psychopathology, disrupted attachment and childhood maltreatment). Other potential explanations using the Biosocial Developmental Model of BPD could relate to the fact that early sleep problems could be an indicator of early difficulties with regulation, which in turn would predict higher levels of co-developing internalizing and externalizing symptoms which subsequently lead to the development of BPD psychopathology in adolescence.119 In addition, there is some evidence to support the causal role of sleep disturbance in some of these processes. For instance, sleep deprivation studies support the causal role of sleep deprivation on deficits at the prefrontal cortex, in addition to increased impulsivity and/or dysregulation problems. Further, longitudinal studies partially support the potential causal role of early sleep problems in the disruption of attachment in early childhood, in addition to the development of externalizing and internalizing symptom in childhood. Understanding the potential mechanisms by which sleep disturbances might lead to some of these processes is still under investigated. However, family factors, parenting strategies, or biochemical changes in the central nervous system might constitute all potential mechanisms which need further research. 
------- Insert Figure 2 here ----------
A strength of the literature included in this review is the inclusion of a variety of processes potentially associated with sleep and which could explain the link between sleep and BPD. Therefore, this provides evidence of a number of potential mechanisms underlying these associations and allows us to advance on the current knowledge of the topic. Further, to do so, this narrative review uses as a framework the Biosocial Development Model of BPD, which is a well-tested model in BPD. Other strength of this narrative review is the inclusion of both subjective and objective sleep measures. Further, we also included not only cross-sectional studies but also longitudinal and sleep manipulation studies, which allows to decipher the potential causal role of sleep in some of these processes. However, we only focused here on some of the processes presented in the Biosocial Development Model of BPD, while some other potentially relevant mechanisms are not discussed in this narrative review, which constituted a disadvantage of the present work. Further, other limitations of the current review of the literature are: (i) the small sample size used in some of the studies; (ii) many of the studies were cross-sectional and thus causality cannot be inferred; and (iii) a relatively short follow-up period in most of the longitudinal studies included. In addition, due to the nature of the current review (i.e. narrative review), this was limited by the subjective nature of its methodology, rather than presenting the operationalization of the variables, the magnitude of effect sizes, and/or the sample sizes, which is characteristic of a systematic review. Further, we only included two databases as search engines and there was no critical appraisal of the included studies. Future studies should consider conducting a systematic review and/or meta-analysis to reveal patterns in the current literature that could not be detected through a narrative review. 
Further research should specifically investigate sleep in childhood and subsequent BPD symptoms in combination with some of the relevant features described in this review. Future research should also examine whether this pathway and potential factors described here are specific to BPD or whether this could also apply to other mental health problems, such as psychosis or depression. One hypotheses could be that under the combination of specific core features of BPD, such as the ones described in this model, impairment of sleep at specific stages of the development could lead to the development of subsequent BPD symptoms, instead of other mental health problems. However, further research is still required. This will help us to better understand how early sleep associates with BPD symptoms. This would lead to a better characterization of the potential underlying mechanisms of BPD symptoms, and to a better understanding of how sleep disruption in early stages might lead to the development of subsequent BPD symptoms. In addition, further studies should focus on investigating whether sleep in early childhood might play a causal role in the development of BPD symptoms. Investigation of new developmental and early intervention approaches to understand how sleep in early childhood associates with subsequent BPD symptoms could have significant clinical impact in these patients and would aid to design better targeted therapeutic interventions. 
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