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Abstract
Background
Antidepressants are increasingly used in children for various psychiatric disorders but also for sleep disorders such as insomnia; however, it is currently unknown how many children undergoing polysomnography (PSG) are taking anti-depressants. The aims were: to determine the frequency of use of antidepressants in paediatric patients referred for PSG, to identify the most common antidepressants used, to investigate the reasons for their use, and to analyse the PSG parameters found in children taking antidepressants.

Method
An observational cross-sectional retrospective chart review of all children undergoing PSG at Seattle Children’s Hospital from 6/14/2020 to 12/8/2022 was carried out. Clinical features (such as diagnosis, especially psychiatric), sleep disorders (such as insomnia and restless sleep), and class of antidepressant used [selective serotonin reuptake inhibitors (SSRIs), serotonin and norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCA), or atypical antidepressants], and PSG parameters were collected for further analysis.

Results
Among 3,371 patients who underwent PSG during the study, 367 children were selected who were taking one antidepressant only (154 boys and 213 girls, mean age was 13.7 ± years 3.69). A significantly decreased sleep stage N3 was found in girls, who were older than boys. Children with insomnia had longer sleep latency than children without, but more N3. There was a prolonged rapid eye movement (REM) sleep latency in children with attention-deficit/hyperactivity disorder and children with autism. REM latency was longer and REM percentage smaller in children taking SNRIs. Periodic leg movement index ≥ 5/hour was found in a higher number of children taking SSRIs or SNRIs (24.9%) than in subjects taking TCA or atypical antidepressants (13.3%) (chi-square 5.29, p = 0.013).

Conclusions
Child and adolescent psychiatrists should question about the effects on sleep (both positive and negative) after initiating therapy with antidepressant medications.
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Background
Antidepressants are increasingly used in children for various psychiatric disorders but also for sleep disorders such as insomnia. Anxiety is one of the most common diagnoses for antidepressant use in children with a prevalence 7.2% [1], followed by major depressive disorder with a prevalence of 3.2% [1]. Both diagnoses are often comorbid [1]. Selective serotonin reuptake inhibitors (SSRIs) are the antidepressants most frequently used in children [2]. Previous studies have demonstrated that some antidepressants, particularly SSRIs, have an effect on leg movements during polysomnography (PSG), not only in adults but also in children [3]. This may be secondary to a serotonin-mediated decrease in monoaminergic inhibitory activity over the brainstem and spinal cord during sleep, especially REM sleep [4]. Similarly, chin muscle tone during rapid eye movement (REM) sleep can be pharmacologically increased, possibly interfering with the scoring of this sleep stage. Due to these effects on movements and muscle tone, the American Academy of Sleep Medicine (AASM) recommends withdrawing antidepressants several weeks prior to performing a PSG study for the diagnosis of sleep disorders that depend on the identification of REM sleep for diagnosis (e.g., narcolepsy) [5]. Furthermore, studies in adults have demonstrated that antidepressants diminish REM sleep and prolong REM latency [6]. Due to the bidirectional relationship between sleep disorders and depression/anxiety, the prevalence of depression and anxiety is higher in children with sleep disorders: 35% anxiety and 32% depression in children with obstructive sleep apnoea [7], 29.1% mood disturbances and 11.5% anxiety in children with RLS [8]. Although the risk of depression/anxiety is higher in children with sleep disorders [9], the risk of developing sleep disturbance is also higher in children with depression and anxiety [10]. It is therefore of utmost importance to understand the PSG changes in children with psychiatric disorders who are taking antidepressant medicine, as it is currently unknown how many children undergoing PSG are taking anti-depressants. This knowledge can help us understand PSG changes and establish clinical protocols in these patients.
In this study our aims were to determine the frequency of use of antidepressants in paediatric patients referred for PSG, to identify the most common antidepressants used in children referred for PSG, to investigate the reasons for the use of antidepressants, and to analyse the PSG parameters found in children taking antidepressants taking into consideration other factors or covariables that can produce these effects on the PSG.

Methods
This was an observational cross-sectional retrospective study, which involved a chart review of all children undergoing PSG at Seattle Children’s Hospital from 6/14/2020 to 12/8/2022. Inclusion criteria included any child currently taking antidepressants at the time of the study. Data collected included: age, sex, antidepressant name, dose, psychiatric diagnosis, and PSG data (sleep latency, sleep efficiency, total sleep time, percent of time spent in non-REM sleep stages N1, N2, N3 and REM sleep, REM latency, obstructive apnoea/hypopnea index, central apnoea index, periodic limb movement during sleep [PLMS] index). Exclusion criteria included studies with less than six hours of recording, studies with artefacts that did not allow identification of sleep stages.
Polysomnography
PSG was performed according to AASM criteria [11] overnight, in an outpatient laboratory. Patients were allowed to sleep “ad libitum”. Data were recorded using the Sandman Elite Natus system. Parameters recorded included electroencephalogram (two frontal, two central, and two occipital channels, referred to the contralateral mastoid); electro-oculogram, electromyogram of the submentalis muscle, electromyogram of the right and left tibialis anterior muscles, respiratory signals, effort signals for thorax and abdomen, oximetry, capnography, a single-lead electrocardiogram, video and audio recording. Calibrations were performed per routine standard by technicians. Sleep stages and leg movements were scored by a certified sleep technologist and board-certified sleep physician according to the AASM criteria [11].

Statistical analysis
For the statistical analysis of data, beside the descriptive approach, we checked for the simultaneous effect of a series of independent factors/predictors (age, sex, presence of insomnia, diagnosis of attention-deficit/hyperactivity disorder or autism, psychiatric diagnosis and antidepressant treatment class) all known to influence sleep PSG parameters (dependent variables), by means of the General Linear Model module of the STATISTICA version 6 StatSoft Inc., Tulsa, OK. This module allows to build models for design with both categorical and continuous predictor variables. For each dependent variable, the statistical significance of the effect of the independent factors/predictors was obtained by taking into consideration the effect of the other independent factors and the univariate statistical analysis results were taken into consideration. For the analysis of frequencies, the chi-square test was used, as none of the expected frequencies in the frequency tables was below 5. The significance level was set at p < 0.05.


Results
The total number of patients who underwent PSG during the study was 3,371 among whom 400 were taking at least one antidepressant medication; this represents 11.9% of children undergoing a PSG study. The most common reasons for referral to PSG included snoring, frequent awakenings and restless sleep. Thirty-three children were taking more than one antidepressant and were excluded from the subsequent analysis (in order to avoid uncertainty on the assignment of such subjects to an antidepressant category). Thus, the remaining 367 children were taking one antidepressant only. Their mean age was 13.7 years (standard deviation 3.69). One-hundred-and-fifty-four where male (42%) and 213 (58%) were female. Table 1 summarizes antidepressant use; the most frequently used antidepressant was sertraline, followed by fluoxetine and trazodone. Table 2 summarizes the most common diagnosis seen in this group of children: slightly more than half of them had anxiety, one third depression, and a quarter had both depression and anxiety. Attention-deficit/hyperactivity disorder (ADHD) was reported in 26.7% and 11.4% had a diagnosis of autism spectrum disorder (ASD); 3.5% reported a suicide attempt in the past. Diagnosis was per patient clinical chart as documented by the psychiatrist/primary care physician who prescribed the antidepressant.
Table 1Frequency of antidepressant use


	Antidepressant
	N
	Percentage

	Sertraline
	112
	30.5

	Fluoxetine
	103
	28.1

	Trazodone
	50
	13.6

	Escitalopram
	22
	6.0

	Mirtazapine
	17
	4.6

	Citalopram
	13
	3.5

	Duloxetine
	12
	3.3

	Bupropion
	11
	3.0

	Venlafaxine
	9
	2.5

	Amitriptyline
	8
	2.2

	Fluvoxamine
	3
	0.8

	Desvenlafaxine
	2
	0.5

	Lithium
	2
	0.5

	Nortriptyline
	2
	0.5

	Paroxetine
	1
	0.3

	total
	367
	100




Table 2Frequency of diagnosis


	Diagnosis
	N
	Percentage

	Anxiety
	186
	50.7

	Depression
	121
	33.0

	Attention-deficit/hyperactivity disorder
	98
	26.7

	Depression & anxiety
	87
	23.7

	Autism spectrum disorder
	42
	11.4

	Migraine/headache
	33
	9.0

	Epilepsy
	22
	6.0

	Suicide attempt
	13
	3.5

	Post-traumatic stress disorder
	13
	3.5

	Obesity
	13
	3.5

	Tourette syndrome
	8
	2.2

	Cerebral palsy
	7
	1.9

	Eating disorders
	4
	1.1


Note that the total number of diagnoses exceeds that of the participants because of some multiple diagnoses in the same patient.



Table 3 summarizes the PSG results comparing groups by sex, diagnosis of insomnia, ADHD and ASD. Overall, females were older than males; the periodic leg movement index and the obstructive apnoea/hypopnea index were higher in males. There were some sleep stage changes, such as a significantly decreased N3 in girls, but this is likely secondary to the natural decrease in N3 occurring during adolescence with a concomitant increase in N2. Children with insomnia had a statistically significant longer sleep latency than children without insomnia, but more N3. There was a prolonged REM latency in children with ADHD and children with ASD.
Table 3Results of the univariate analysis of the polysomnographic findings in the whole group of subjects recruited in this study, sub-grouped by sex, presence of insomnia, and diagnosis of attention-deficit/hyperactivity disorder or autism. All values are expressed as mean ± standard deviation


	 	Sex
	Insomnia
	ADHD
	ASD

	 	Males (n = 154)
	Females (n = 213)
	p<
	No (n = 280)
	Yes (n = 50)
	p<
	No (n = 235)
	Yes (n = 95)
	p<
	No (n = 291)
	Yes (n = 39)
	p<

	Age, years
	12.6 ± 3.35
	14.3 ± 3.28
	0.00006
	13.6 ± 3.28
	13.9 ± 4.07
	NS
	13.9 ± 3.49
	13.0 ± 3.13
	NS
	13.7 ± 3.34
	12.9 ± 3.81
	NS

	Total sleep time, min
	421.4 ± 78.64
	406.5 ± 80.25
	NS
	413.2 ± 79.58
	408.3 ± 81.83
	NS
	410.0 ± 81.39
	418.7 ± 75.84
	NS
	412.4 ± 78.61
	413.1 ± 89.45
	NS

	Sleep latency, min
	32.2 ± 42.27
	32.5 ± 32.45
	NS
	30.6 ± 29.45
	42.2 ± 63.02
	0.016
	33.3 ± 38.53
	30.2 ± 31.66
	NS
	32.5 ± 35.92
	31.5 ± 42.33
	NS

	Sleep efficiency, %
	81.1 ± 15.92
	80.9 ± 13.95
	NS
	80.9 ± 14.6
	81.5 ± 15.72
	NS
	80.8 ± 14.45
	81.4 ± 15.55
	NS
	81.4 ± 14.35
	77.4 ± 17.28
	NS

	Stage N1, %
	11 ± 7.08
	11.4 ± 7.71
	NS
	11.6 ± 7.64
	9.2 ± 5.98
	NS
	11.4 ± 7.72
	10.8 ± 6.77
	NS
	11.2 ± 7.35
	11.8 ± 8.24
	NS

	Stage N2, %
	44.3 ± 11.05
	50.3 ± 10.32
	0.00013
	48.1 ± 10.77
	47.1 ± 12.34
	NS
	48.3 ± 11.19
	47 ± 10.54
	NS
	47.9 ± 11.07
	47.8 ± 10.64
	NS

	Stage N3, %
	29.5 ± 11.25
	23.7 ± 9.13
	0.0034
	25.4 ± 9.77
	29.4 ± 13.09
	0.017
	25.2 ± 10.64
	28 ± 9.62
	NS
	25.8 ± 10.35
	27.8 ± 10.92
	NS

	Stage R latency
	181.1 ± 100.6
	174.8 ± 108.52
	NS
	179.3 ± 106.57
	166.2 ± 98.11
	NS
	168.5 ± 103.1
	199.2 ± 108
	0.045
	171.5 ± 99.15
	221.1 ± 136.86
	0.0032

	Stage R, %
	15.2 ± 7.25
	14.5 ± 6.78
	NS
	14.9 ± 6.93
	14.1 ± 7.25
	NS
	15 ± 7.23
	14.2 ± 6.29
	NS
	15.1 ± 6.81
	12.8 ± 7.87
	0.022

	PLMS index, n/hour
	4.6 ± 8
	2.6 ± 5.93
	0.019
	3.7 ± 7.27
	1.8 ± 3.88
	NS
	3.3 ± 7.26
	3.8 ± 5.94
	NS
	3.4 ± 7.04
	3.2 ± 5.77
	NS

	Obstructive AHI, n/hour
	6.6 ± 16.1
	3.7 ± 6.38
	0.0017
	5.2 ± 12.1
	3.3 ± 6.23
	NS
	5.3 ± 13.1
	3.9 ± 5.25
	NS
	4.3 ± 6.88
	9.3 ± 27.29
	0.01

	Central AHI, n/hour
	1.5 ± 3.59
	1.7 ± 10.14
	NS
	1.8 ± 8.83
	0.8 ± 1.17
	NS
	1.5 ± 7.1
	1.9 ± 10.33
	NS
	1.7 ± 8.67
	0.9 ± 1.07
	NS


Note: the total number of subjects in each comparison can be different, depending on the presence of missing information in the database.
ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; PLMS = periodic leg movements during sleep; AHI = apnoea/hypopnea index; NS = not significant.



Table 4 shows no statistically significant differences between PSG parameters in children with anxiety, depression, and the group with combined diagnosis. Children with a diagnosis of depression were older than children with a diagnosis of anxiety. Table 4 also shows a comparison of PSG results between classes of antidepressants; the only significant difference was in REM latency, longer in children taking serotonin and norepinephrine reuptake inhibitors (SNRIs) and REM percentage (smaller in the same group). PLMS index was ≥ 5/hour in 22.1% of the total patient group, in 24.9% of children taking SSRIs or SNRIs and in 13.3% of subjects taking TCAs or atypical antidepressants (chi-square 5.29, p = 0.013).
Table 4Results of the univariate analysis of the polysomnographic findings in the whole group of subjects recruited in this study, sub-grouped by psychiatric diagnosis and antidepressant treatment class. All values are expressed as mean ± standard deviation


	 	Psychiatric Diagnosis Group
	Antidepressant Class

	 	None (n = 119)
	Anxiety (n = 95)
	Depression (n = 33)
	Depression + Anxiety (n = 83)
	p<
	SSRI (n = 233)
	SNRI (n = 22)
	TCA (n = 9)
	Atypical (n = 64)
	p<

	Age, years
	12.5 ± 3.88
	12.9 ± 3.07
	15.4 ± 2.34
	15.4 ± 2.21
	0.000001
	13.7 ± 2.99
	16.0 ± 2.05
	14.9 ± 1.96
	12.7 ± 4.59
	0.000023

	Total sleep time, min
	411.8 ± 86.85
	420.3 ± 69.81
	418.4 ± 88.51
	402.2 ± 76.63
	NS
	412.7 ± 73.11
	368.2 ± 114.15
	392.1 ± 65.38
	426.9 ± 86.36
	NS

	Sleep latency, min
	31.5 ± 40.21
	35.7 ± 40.34
	27.1 ± 22.57
	32 ± 31.28
	NS
	32.9 ± 35.63
	34.9 ± 31.1
	38.5 ± 27.66
	29.7 ± 43.41
	NS

	Sleep efficiency, %
	80.1 ± 16.78
	81.1 ± 12.86
	78.9 ± 18.6
	82.9 ± 11.71
	NS
	80.8 ± 14.6
	80.1 ± 15.73
	82.9 ± 10.82
	81.2 ± 15.8
	NS

	Stage N1, %
	10.1 ± 7.08
	10.1 ± 6.04
	13.6 ± 7.94
	13.4 ± 8.58
	NS
	11.7 ± 7.59
	14.4 ± 8.3
	8.2 ± 3.63
	9.2 ± 6.48
	NS

	Stage N2, %
	46.6 ± 12.96
	47.3 ± 9.6
	50.6 ± 10.36
	49.4 ± 9.41
	NS
	48.4 ± 9.88
	53.1 ± 13.0
	50.0 ± 5.39
	44.5 ± 13.44
	NS

	Stage N3, %
	28.7 ± 12.79
	27.2 ± 9.06
	23.3 ± 6.49
	21.8 ± 7.52
	NS
	25.3 ± 9.41
	21.1 ± 10.17
	28.1 ± 4.57
	29.6 ± 12.95
	NS

	Stage R latency
	172.3 ± 109.95
	185.6 ± 104.86
	187.8 ± 111.92
	171 ± 96.91
	NS
	186.3 ± 101.02
	191.4 ± 128.42
	120.2 ± 71.49
	148.5 ± 110.68
	0.045

	Stage R, %
	14.7 ± 7.65
	15.4 ± 6.94
	12.5 ± 6.34
	15.2 ± 6.09
	NS
	14.6 ± 6.75
	11.4 ± 6.72
	13.7 ± 5.05
	16.7 ± 7.69
	0.0076

	PLMS index, n/hour
	3.8 ± 8.74
	3 ± 5.2
	4.5 ± 8.1
	3 ± 4.83
	NS
	4.0 ± 7.73
	3.7 ± 5.06
	2.5 ± 6.18
	1.6 ± 3.14
	NS

	Obstructive AHI, n/hour
	5.7 ± 16.84
	3.6 ± 4.34
	7.5 ± 12.55
	4.1 ± 5.02
	NS
	5.1 ± 12.91
	6.3 ± 7.4
	1.5 ± 1.04
	4.4 ± 6.73
	NS

	Central AHI, n/hour
	2.3 ± 9.9
	1.9 ± 10.32
	0.8 ± 0.9
	0.6 ± 0.97
	NS
	1.9 ± 9.65
	0.9 ± 1.66
	0.5 ± 0.6
	0.9 ± 1.13
	NS


Note: the total number of subjects in each comparison can be different, depending on the presence of missing information in the database.
SSRI = selective serotonin reuptake inhibitor; SNRI = serotonin and norepinephrine reuptake inhibitor; TCA = tricyclic antidepressant; PLMS = periodic leg movements during sleep; AHI = apnoea/hypopnea index; NS = not significant.




Discussion
In this study we have fulfilled our initial aims. We have determined the frequency of use of one or more antidepressants in paediatric patients referred for PSG to be one out of 10. We also identified the most common antidepressants used in children referred for PSG to be sertraline (30.5%), fluoxetine (28.1%) and trazodone (13.6%). We identified the reasons for the use of antidepressants. We found that the most common diagnosis was anxiety followed by depression, while the most common comorbid conditions were ADHD and ASD. In our study, older children had more depression while younger children had more anxiety; this matches findings in the medical literature that have demonstrated that the prevalence of depression significantly increases during adolescence [12], while the median age at onset of anxiety is 11 years [13].
And, finally, we analysed the PSG parameters found in children taking antidepressants taking into consideration other factors or covariables that can produce these effects in PSG. In total, 22.1% of patients taking an antidepressant had a PLMS index > 5/hour. It can be speculated that this could contribute to sleep disruption, and perhaps daytime consequences such as daytime sleepiness or hyperactivity[14–16]; however, this cannot be established within the framework of a cross-sectional observational study, such as this study, and therefore needs future attention. In addition, although we did not observe any significant difference in the average PLMS index among the different classes of antidepressants, as we could have expected, based on our previous studies [3, 17], both SSRIs and SNRIs were associated with a higher percentage of children with PLMS index above 5/hour (24.9%) than the other antidepressant classes (13.3%). This result might be accounted for by the fact that PLMS were scored and quantified according to the AASM criteria [11], due to the retrospective nature of this study. We cannot exclude the possibility of how the use of the more recent World Association of Sleep Medicine criteria [18], used in our previous analysis [3], could have provided different results.
In addition, the retrospective design did not allow for an analysis of the effects of antidepressants on chin tone during REM sleep because this is not a parameter that is routinely assessed in children; however, we have already reported that different types of antidepressants exert different degrees of reduction in REM sleep muscle tone atonia (resulting in increased REM sleep chin muscle tone) also in children [4, 19, 20]. REM latency has already been reported to be shorter in children with ADHD [21] and ASD [22]. We can speculate that children with ADHD and ASD may take other medications that have an additive effect on REM sleep; for example, clonidine or guanfacine can significantly suppress REM sleep [23].
It was also interesting to note that insomnia was accompanied by a prolonged sleep latency, as expected, but also accompanied by increased N3 sleep stage. This might be interpreted as an attempt to recover slow wave sleep because of the chronic sleep loss experienced by these children [24].
It is also important to underline that our statistical analysis enabled us to analyse the effects of the different factors influencing PSG parameter while taking into consideration the combined effects of the other factors and, thus, indicating the probable true independent effect of each factor. This is a clear strength of this study which was possible because of the relatively large number of subjects included.
The interrelationship between sleep and psychiatric disorders is well documented and complex, with a positive correlation between the severity of psychiatric and sleep disturbance in both children and adults [9, 10, 25, 26]. However, despite this relationship, studies using objective measures of sleep such as PSG in this population are scarce [27]. An older PSG study by Emslie et al. [28] in 20 children hospitalized with depression, compared to healthy controls, showed a pattern of sleep stages similar to that seen in adults with depression, including shortened REM latency and increased REM density and REM sleep duration [29]. In this respect, it is interesting to note that among the different classes of antidepressants assessed in our study, SNRIs and SSRIs were associated with longer REM sleep latency, and smaller percentage of this stage in the case of SNRIs. This might indicate a more effective counteraction of the PSG correlates of depression in children taking these antidepressants. However, the beneficial effects on these REM sleep findings associated with SNRIs and SSRIs in children need to be further elaborated in future studies, in order to more firmly justify the conclusions. Although improving sleep quality with cognitive behavioural interventions has demonstrated a significant positive effect on mental health [30], studies correlating changes in PSG sleep parameters and clinical changes in depression/anxiety are sparse [31].
Limitations were represented by the retrospective analysis of data, the presence of missing information, the wide age range of the subjects and the absence of a matched control group, as well as the impossibility to take into account any other type of medication that might have affected the PSG results in individual subjects.

Conclusions
In conclusion, our findings seem to indicate that it is important to understand that intervention with pharmacological treatment of psychiatric disorders in children and adolescents can contribute to sleep alterations that may have clinical consequences. However, our data can also be interpreted as being reassuring, as many of the sleep parameters were not substantially affected by the medications. Therefore, child and adolescent psychiatrists should question about the effects on sleep (both positive and negative) after initiating therapy with antidepressant medications.

Acknowledgements
Special thanks to the children, adolescents, and families for their collaboration.

Author Contribution
LMD: Conceptualization, methodology, writing original draft preparation, project administration, supervision. OB, MPM, AF, CHG: writing review and editing. RF: formal analysis, writing review and editing, supervision. All authors read and approved the final manuscript.

Funding
This work was partially supported by a grant from the Italian Ministry of Health to RF (Grant Number: RC2773798).

Data Availability
The datasets generated and/or analysed during the current study are not publicly available due privacy and data protection reasons but are available from the first author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and approved by the Seattle Children’s Hospital Internal Review Board (IRBD ID: STUDY00003581, October 10, 2022).

Consent for publication
The patients or their guardians provided their written informed consent to participate in this study.

Competing interests
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest. This manuscript has not been published nor is it being considered for publication elsewhere. There are no conflicts of interest to declare, associated with the publication of this manuscript.


List of Abbreviations
	AASM
	American Academy of Sleep Medicine

	ADHD
	attention-deficit/hyperactivity disorder

	ASD
	autism spectrum disorder

	N1, N2, N3
	non-REM sleep stages 1, 2, and 3

	PLMS
	periodic limb movement during sleep

	PSG
	polysomnography

	REM
	rapid eye movement

	SNRIs
	serotonin and norepinephrine reuptake inhibitors

	SSRIs
	Selective serotonin reuptake inhibitors





References
	1.
Ghandour RM, Sherman LJ, Vladutiu CJ, Ali MM, Lynch SE, Bitsko RH, et al. Prevalence and treatment of Depression, anxiety, and Conduct problems in US children. J Pediatr. 2019;206:256–67. e3.CrossrefPubMed

	2.
Dwyer JB, Bloch MH. Antidepressants for Pediatric Patients. Curr Psychiatr. 2019;18(9):26–42F.PubMedPubMedCentral

	3.
Ferri R, Mogavero MP, Bruni O, Picchietti DL, Kapoor V, Del Rosso LM. Leg movements during sleep in children treated with serotonergic antidepressants. Sleep. 2022;45:zsab236.

	4.
Ferri R, Mogavero MP, Bruni O, Plazzi G, Schenck CH, DelRosso LM. Increased Chin muscle tone during all sleep stages in children taking SSRI Antidepressants and in children with narcolepsy type 1. Sleep. 2021;44:zsab147.CrossrefPubMed

	5.
Littner MR, Kushida C, Wise M, Davila DG, Morgenthaler T, Lee-Chiong T, et al. Practice parameters for clinical use of the multiple sleep latency test and the maintenance of wakefulness test. Sleep. 2005;28(1):113–21.CrossrefPubMed

	6.
McCarter SJ, St Louis EK, Sandness DJ, Arndt K, Erickson M, Tabatabai G, et al. Antidepressants increase REM sleep muscle tone in patients with and without REM sleep behavior disorder. Sleep. 2015;38(6):907–17.PubMedPubMedCentral

	7.
Garbarino S, Bardwell WA, Guglielmi O, Chiorri C, Bonanni E, Magnavita N. Association of anxiety and depression in Obstructive Sleep Apnea Patients: a systematic review and Meta-analysis. Behav Sleep Med. 2020;18(1):35–57.CrossrefPubMed

	8.
Pullen SJ, Wall CA, Angstman ER, Munitz GE, Kotagal S. Psychiatric comorbidity in children and adolescents with restless legs syndrome: a retrospective study. J Clin sleep medicine: JCSM : official publication Am Acad Sleep Med. 2011;7(6):587–96.

	9.
Inkelis SM, Ancoli-Israel S, Thomas JD, Bhattacharjee R. Elevated risk of depression among adolescents presenting with sleep disorders. J Clin Sleep Med. 2021;17(4):675–83.CrossrefPubMedPubMedCentral

	10.
Chorney DB, Detweiler MF, Morris TL, Kuhn BR. The interplay of sleep disturbance, anxiety, and depression in children. J Pediatr Psychol. 2008;33(4):339–48.CrossrefPubMed

	11.
Berry RB, Quan SF, Abreu AR, Bibbs ML, DelRosso L, Harding SM, et al. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications, Ver. 2.6. Darien, IL: American Academy of Sleep Medicine; 2020.

	12.
Rueter MA, Scaramella L, Wallace LE, Conger RD. First onset of depressive or anxiety disorders predicted by the longitudinal course of internalizing symptoms and parent-adolescent disagreements. Arch Gen Psychiatry. 1999;56(8):726–32.CrossrefPubMed

	13.
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.CrossrefPubMed

	14.
Martinez S, Guilleminault C. Periodic leg movements in prepubertal children with sleep disturbance. Dev Med Child Neurol. 2004;46(11):765–70.CrossrefPubMed

	15.
Rogers VE, Marcus CL, Jawad AF, Smith-Whitley K, Ohene-Frempong K, Bowdre C, et al. Periodic limb movements and disrupted sleep in children with sickle cell disease. Sleep. 2011;34(7):899–908.PubMedPubMedCentral

	16.
Pockett C, Kirk V. Periodic limb movements in sleep and attention deficit hyperactivity disorder: are they related? Paediatr Child Health. 2006;11(6):355–8.CrossrefPubMedPubMedCentral

	17.
Delrosso LM, Lockhart C, Wrede JE, Chen ML, Samson M, Reed J, et al. Comorbidities in children with elevated periodic limb movement index during sleep. Sleep. 2020;43(2):zsz221.PubMed

	18.
Ferri R, Fulda S, Allen RP, Zucconi M, Bruni O, Chokroverty S, et al. World Association of Sleep Medicine (WASM) 2016 standards for recording and scoring leg movements in polysomnograms developed by a joint task force from the International and the european restless legs syndrome study groups (IRLSSG and EURLSSG). Sleep Med. 2016;26:86–95.CrossrefPubMed

	19.
DelRosso LM, Mogavero MP, Fickensher A, Bruni O, Schenck CH, Ferri R. Effects of bupropion and SSRI antidepressants on leg movement activity and chin muscle tone during sleep in adolescents. J Clin sleep medicine: JCSM : official publication Am Acad Sleep Med. 2023;19(1):151–61.

	20.
DelRosso LM, Mogavero MP, Bruni O, Schenck CH, Fickenscher A, Ferri R. Trazodone affects periodic leg movements and chin muscle tone during sleep less than selective serotonin reuptake inhibitor antidepressants in children. J Clin sleep medicine: JCSM : official publication Am Acad Sleep Med. 2022;18(12):2829–36.

	21.
Diaz-Roman A, Buela-Casal G. Shorter REM latency in children with attention-deficit/hyperactivity disorder. Psychiatry Res. 2019;278:188–93.CrossrefPubMed

	22.
Giannotti F, Cortesi F, Cerquiglini A, Vagnoni C, Valente D. Sleep in children with autism with and without autistic regression. J Sleep Res. 2011;20(2):338–47.CrossrefPubMed

	23.
Monti JM. Disturbances of sleep and wakefulness associated with the use of antihypertensive agents. Life Sci. 1987;41(17):1979–88.CrossrefPubMed

	24.
Xin Q, Yuan RK, Zitting KM, Wang W, Purcell SM, Vujovic N et al. Impact of chronic sleep restriction on sleep continuity, sleep structure, and neurobehavioral performance. Sleep. 2022;45(7):zsac046.

	25.
Toyoshima K, Ichiki M, Inoue T, Shimura A, Masuya J, Fujimura Y, et al. Cognitive complaints mediate the influence of sleep disturbance and state anxiety on subjective well-being and ill-being in adult community volunteers: a cross sectional study. BMC Public Health. 2022;22(1):566.CrossrefPubMedPubMedCentral

	26.
Nyer M, Farabaugh A, Fehling K, Soskin D, Holt D, Papakostas GI, et al. Relationship between sleep disturbance and depression, anxiety, and functioning in college students. Depress Anxiety. 2013;30(9):873–80.CrossrefPubMed

	27.
Ramtekkar U, Ivanenko A. Sleep in Children with Psychiatric Disorders. Semin Pediatr Neurol. 2015;22(2):148–55.CrossrefPubMed

	28.
Emslie GJ, Rush AJ, Weinberg WA, Rintelmann JW, Roffwarg HP. Children with major depression show reduced rapid eye movement latencies. Arch Gen Psychiatry. 1990;47(2):119–24.CrossrefPubMed

	29.
Riemann D, Krone LB, Wulff K, Nissen C. Sleep, insomnia, and depression. Neuropsychopharmacology: official publication of the American College of Neuropsychopharmacology. 2020;45(1):74–89.CrossrefPubMed

	30.
Scott AJ, Webb TL, Martyn-St James M, Rowse G, Weich S. Improving sleep quality leads to better mental health: a meta-analysis of randomised controlled trials. Sleep Med Rev. 2021;60:101556.CrossrefPubMedPubMedCentral

	31.
Dyrberg H, Bjorvatn B, Larsen ER. Cognitive Behavioral Therapy for Chronic Insomnia in Outpatients with Major Depression-A Randomised Controlled Trial. Journal of clinical medicine. 2022;11(19).



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Frequency of antidepressant use and clinical characteristics of children and adolescents undergoing polysomnography: an observational study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





