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Purpose: Sleep disturbances can lead to the onset and relapse of psychiatric disorders. However, 

the age at which this relationship begins and the role of sleep disturbances in the trajectory to 

the onset of a psychiatric disorder are still not fully understood. The purpose of this study was 

to explore, based on self- and parental-reports of mood symptoms, subjective and objective 

sleep in young children who are at risk of developing a psychiatric disorder but who have not 

yet met diagnostic criteria.

Patients and methods: Twenty-one children (eleven girls) between the ages of 8 and 11 (mean 

age = 9.7 years, standard deviation = 1.1 years) were dichotomized into low mood (LM) and 

not low mood (NLM) groups based on scoring below or above the median  threshold score on at 

least two of the following questionnaires: the Child Depressive Rating Scale (CDRS), Weinberg 

Screening Affective Scale (WSAS), and Quick Inventory of Depressive Symptomatology (QIDS). 

The children completed sleep diaries and underwent two nights (for adaptation and baseline) 

of  polysomnography. Sleep stages and sleep microarchitecture (alpha, sigma, beta, and delta) 

in the first half of the night, were analyzed.

Results: Self-reported sleep disturbance accounted for 72% of the variance (F[3, 20] = 15, 

P , 0.005) of the Weinberg Screening Affective Scale in LM children. LM children had fewer 

arousals at night, but awakened earlier than NLM children. Regardless of mood, girls had more 

sleep disturbance, as well as lower alpha, beta, and delta power in the first half of the night, 

compared to boys. Girls with LM had shorter sleep times and a lower percentage of rapid eye 

movement sleep.

Conclusions: Girls with and without LM, and without a clinical diagnosis of depression, showed 

more sleep disturbances than boys of the same age. Sleep disturbances evident early in life and 

in LM girls may reflect greater risk for future sleep or psychiatric disorders.

Keywords: depression, insomnia, EEG, pediatrics

Introduction
A number of studies have shown that insomnia can predispose an individual to 

developing a psychiatric disorder over time. A large prospective study on individu-

als without insomnia at baseline, revealed that, 7.5 years later, women had a higher 

incidence of insomnia than men, and that poor sleep and mental health were stronger 

predictors of insomnia than physical health.1 Epidemiological studies have shown that 

once insomnia develops, it can predict alcohol use, depression, anxiety, and substance 

abuse several years later.2–4 A meta-analysis showed that nondepressed individuals 

with insomnia were 2.6 times more likely to develop depression.5 These studies sug-

gest there may be a developmental time course by which sleep disruption begins to 

be associated with other symptomatology and the eventual onset of disorders such 
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as depression and alcohol dependence. However, the age at 

which this might occur and how sleep disturbances play a 

role in the trajectory to the onset of a psychiatric disorder 

are still not fully understood.

Much of our knowledge about the mechanisms of sleep 

disturbance in psychiatric disorders derives from studies 

conducted in adults several years after initial diagnosis. For 

example, subjective sleep complaints are common in up to 

90% of both alcohol dependent6,7 and depressed patients.8 

Objective findings in alterations of sleep stages (also 

called sleep macroarchitecture) in depression8 and alcohol 

dependence6 support these findings.

Sophisticated analyses of sleep electroencephalography 

(EEG) (also called microarchitecture) across the night have 

now been able to differentiate alcohol-dependent (AD) adults 

from adults with major depressive disorder and healthy 

 controls. These studies examine slow wave activity (SWA) 

in the first part of the night in response to a sleep delay (ie, 

staying up 3 hours past habitual bedtime) as a way to mea-

sure how individuals discharge the amount of sleep debt 

accumulated across the day.9 Men with major depressive 

disorder have been shown to generate less SWA in the first 

non-rapid eye movement (NREM) period in response to a 

sleep challenge, when compared to healthy controls and men 

with AD.10 SWA dissipation in AD men and women shows 

a similar pattern of blunted SWA response to sleep delay, 

with significantly lower SWA power in ADs than in healthy 

controls.11 Whether these EEG differences are predisposing 

risk factors (and therefore potential biological markers) or a 

consequence of the disorder is still unclear.

Recent studies have begun to measure sleep in high-

risk children and adolescents who have a family history of 

a psychiatric illness, but have yet to be diagnosed with a 

psychiatric disorder. Polysomnography (PSG) studies have 

evaluated sleep in children and adolescents based on their 

having a parent with alcohol dependence,12,13 depression,14 

or having already met criteria for depression.12,14,15 No dif-

ferences in visually scored sleep measures have been found 

in children at high risk for alcoholism, whereas children at 

high risk for depression have shown less time in stage 1 sleep, 

fewer arousals during the night, less time in wakefulness 

in the night, and higher sleep efficiency.14 Last, Rao et al16 

found that changes in REM sleep predicted later depression 

in adolescents (mean age 15) with a family history of a 

psychiatric disorder.

Subtle EEG findings in sleep microarchitecture (ie, power 

across a range of EEG frequency bands) have distinguished 

children with a family history of alcohol dependence (COAs) 

and with a family history of depression. COAs between 9 

and 10 years old and without a personal or family history of 

other psychopathologies showed less normalized power in 

high spindle frequencies (defined as 13–16 Hz) and slower 

frequency EEG frequencies (defined as 3–6 Hz) during NREM 

sleep in the first half of the night. This finding was thought to 

indicate that decreased spindle activity may reflect a greater 

vulnerability to sleep disruption in this group. The low delta 

power was purported to reflect possible impairment in homeo-

static mechanisms of sleep in COAs.13  Adolescents with a 

personal and family history of depression had decreased sleep 

spindle activity (defined as 11–16 Hz), particularly girls;14 

increased power in the slow alpha frequency band (7.5–11 Hz) 

in both the first and second NREM and REM sleep periods; 

and in boys, increased delta frequencies (0.75–4.50 Hz) during 

the second REM period.12 In summary, despite modest group 

differences in sleep macroarchitecture in high-risk children, 

some sleep EEG measures do distinguish these children from 

healthy controls.

No study has evaluated sleep in children with prodromal 

symptoms of a psychiatric disorder. Studies conducted to date 

have evaluated either high-risk children based on family his-

tory or high risk based on already meeting diagnostic criteria. 

Moreover, many of the participants in previous studies12,14 are 

older than age 14, which is generally after the hormonal changes 

of puberty have begun and is the mean age at which drinking 

alcohol tends to start. Therefore, it is difficult to account for 

sleep outside of the influences of hormones and drinking, and 

perhaps drug use as well. Finally, while PSG measures are 

the gold standard of sleep measures, they may not be the best 

for fully characterizing sleep disturbance. Using subjective 

rating scales, high-risk teenage girls with maternal history of 

depression17 described their sleep as being of poorer quality 

than did low-risk girls, but neither groups’ diaries or actigraphy 

described differences in sleep. Therefore, both subjective and 

objective assessment of sleep in this sample are critical.

The current study focuses on young children who do not 

meet criteria for a psychiatric diagnosis, but are beginning 

to report subclinical signs of mood problems. We are also 

studying prepubertal children because sleep undergoes such 

rapid changes during adolescence18 (linked to puberty and to 

social and environmental influences). Our goal was to identify 

any potential differences in sleep between two groups, that is, 

below and above a set threshold for mood problems. We were 

interested in prodromal symptoms of a mood disorder, and 

this threshold does not reflect a clinical DSM-IV diagnosis 

of depression. Based on our previous work,14,15,19 we propose 

that sleep architecture may begin to change early in childhood 
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development and represent a marker of elevated risk for the 

development of a psychiatric disorder19 (eg, depression or 

substance use disorder). We hypothesized that (1) children 

who are beginning to show signs of a mood disorder will (a) 

report more sleep disturbances subjectively, and (b) show 

greater sleep disruption via PSG; and (2) these findings would 

be more pronounced in girls.

Materials and methods
Participants
Twenty-one children (eleven girls) between the ages of 8 

and 11 (mean = 9.7 years, standard deviation = 1.1) were 

recruited from flyer postings around the larger University 

of Michigan Health System, the Depression Center in the 

Department of Psychiatry, Internet postings on Craigslist.

org, and other studies involving individuals with alcohol 

dependence. One child (female) completed all paper ques-

tionnaires, but chose not to undergo sleep study testing; 

therefore, the sleep study shows data for ten boys and ten 

girls. This study was approved by the University of Michigan 

Institutional Review Board.

Screening
Parents completed phone screens about their children’s 

sleeping patterns to exclude children with known sleeping 

disorders. Each child was later assessed for psychiatric and 

mood disorders using the Schedule for Affective Disorders 

and Schizophrenia for School-Age Children – Present and 

Lifetime Version20 during an interview with the child. Upon 

arrival at the sleep laboratory, the parent and child underwent 

an evaluation by a clinical psychologist. Parents completed 

a demographic questionnaire and a general medical history 

questionnaire about the child. The parent(s) were asked about 

the family history of psychiatry disorders (eg, alcoholism 

and depression) in the child’s first-,second-, and third-degree 

relatives. Children with medical or mental illnesses were 

excluded. All children in the study were healthy: children 

with no medical or mental illnesses – acute or chronic. No 

child was taking medications of any kind.

Mood instruments
Quick inventory of depressive symptomatology
The parent completed the Quick Inventory of Depressive 

Symptomatology (QIDS)21 on behalf of the child in the evening 

of the adaptation night in the sleep laboratory. The QIDS is a 

16-item test that assesses for nine criteria domains for depres-

sion: sleep disturbance, sadness, appetite changes, weight 

changes,  concentration/decision making, view of oneself, 

thoughts of death or suicide, interests, and changes in energy 

level.

Children’s Depression Rating Scale
The Children’s Depression Rating Scale (CDRS)22 was 

administered on the day of the screening interview. The 

CDRS is a brief rating scale designed for children 6–12 years 

of age that is based on a semistructured interview with the 

child. The interviewer rates 17 symptom areas on a 7-point 

scale and generates a t-score.

Weinberg Screening Affective Scale
The child completed the Weinberg Screening Affective 

Scale (WSAS)23 in the evening of the adaptation night in 

the sleep laboratory. The WSAS has 56 yes/no questions 

that are completed by the child. Items are classified into ten 

categories: (1) dysphoric mood, (2) self-deprecatory ideation, 

(3) agitation, (4) sleep disturbance, (5) change in school 

performance, (6) diminished socialization, (7) change in 

attitudes toward school, (8) somatic complaints, (9) loss of 

usual energy, and (10) usual change in appetite.

Family environment questionnaires
Family global Assessment Scale
With the Family Global Assessment Scale (FGAS),25 the 

parent(s) were asked to rate the family’s functioning over 

the past year by considering the following areas: (1) social 

functioning of parents as related to economic and social 

goals, (2) marital/parental teamwork, (3) parental understand-

ing and provision for the developmental needs of the child, 

and (4) integrity and stability of the family relationships. 

A rating of 1–100 was provided. For example, 1–10 indicated 

prolonged or permanent disruption of family functioning and 

91–100 indicated superior functioning in all areas.

Family Environment Scale
The Family Environment Scale (FES)26 is a 90-item scale 

with true/false responses completed by the parent. Of the 

90 items, ten subscales are generated that include family cohe-

sion, expressiveness, conflict, independence, achievement-

 orientation, intellectual-cultural orientation, active-recreational 

orientation, moral-religious emphasis, organization, and family 

control. Summary scores were then summed.

Sleep instruments
Sleep diaries
The children completed a week-long sleep diary, which was 

verified by actigraphy. Children slept on their own habitual 
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sleep/wake schedule. In the sleep diary, the children recorded 

the following items for each night: time lights were turned 

out, how long it took to fall asleep, how long they were awake 

during the night, final wake time, if they took naps during the 

day, and the duration of the naps. They rated the quality of 

their sleep on a scale of 1 to 3: 1 = poor, 2 = fair, 3 = good.

Polysomnography
After the seven days of completing sleep diaries, the child 

slept in the laboratory for two consecutive nights. On the first 

night of study, a full clinical polysomnogram assessment was 

conducted to verify the absence of sleep disorders. Nasal oral 

thermistors were included for monitoring airflow, a chest 

band assessed respiratory effort, and tibialis electrodes were 

included for assessing periodic limb movements and restless 

legs. Oximetry was also included to assess oxygen desatura-

tion, and EKG electrodes were included to assess electro-

cardiography. The PSG data from the screening night was 

then read by a board-certified sleep specialist (D Conroy) to 

ensure that no participant had an independent intrinsic sleep 

disorder. After screening, these breathing-monitoring and leg 

leads were discontinued, as is standard procedure. Data from 

the second night were used in this study. EEG was recorded 

from left and right frontal central, occipital, and parietal 

electrode sites according to the International 10–20 System.27 

Electromyography was recorded from a bipolar chin-cheek 

montage. Monopolar and bipolar electro-oculography record-

ings were made from the supraorbital and infraorbital ridges 

of the eyes. The monopolar electro-oculography recordings 

facilitate sleep stage scoring, reflecting binocularly synchro-

nous eye movements in REM. The bipolar montage is used 

by the computer algorithm to measure electro-oculography 

count and amplitude. Primary outcome variables from PSG 

include: total sleep time, sleep onset latency, stage 1 (N1), 

stage 2 (N2), stage 3 and 4 (N3) percentages, REM sleep 

percentage, REM sleep latency, number of arousals across 

the sleep period, percentage time spent awake and moving, 

the time spent awake before the scheduled wake time (early 

awakening), and sleep efficiency (%).

Power spectral analysis
During visual scoring, epochs were tagged for artifact rejec-

tion. Epochs with any movement or electrical artifact, baseline 

shift, or electrode problems were excluded from analysis. 

Power spectral analysis was performed on digitized EEG 

signals. Delta power was defined as 0.5–3.9 Hz, alpha as 

8.0–11.9 Hz, sigma as 12.0–15.9 Hz, and beta as 16–32 Hz. 

The power spectral analysis algorithm, based on a fast  Fourier 

transform, was taken from Press et al,26 and processed data 

in 2-second epochs (512 samples for each 2 seconds) with a 

Hanning window taper is the correct term. Hanning window 

taper. The power spectral analysis generated power (area under 

the curve) in the respective band expressed as µV2. Power was 

then averaged in 30-second epochs to provide epoch lengths 

identical to the stage-score data. The definition of NREM 

periods closely followed that outlined by Dijk et al9,28–33 and 

Feinberg.34 NREM periods were defined as the succession of 

stages 2, 3, or 4 of 15 minutes in duration and terminated by 

REM sleep or a period of wakefulness of at least 5 minutes. 

Stage 1 sleep epochs were excluded from delta power. Because 

we anticipated many of the power spectral analyses to differ 

in the first half of the night, based on previous studies in both 

children12,13 and adults,10,11 power spectral analyses were done 

for the first half of the night (ie, first and second NREM and 

REM periods), as well as for the entire night.

Data analysis
Independent samples t-tests and chi-square tests were con-

ducted to compare diagnostic groups on demographic and 

questionnaire data. Pearson correlational analyses were con-

ducted to assess statistical relationships between variables. 

Multiple regression analyses analyzed the relationship 

between mood and sleep variables. All statistical analyses 

were two-tailed, they used a P-value of ,0.05 for signifi-

cance, and they were performed using the Statistical Package 

for Social Sciences (SPSS), version 17.0 (IBM Corporation, 

Chicago, IL). Values in the text are presented as means and 

standard deviation.

Results
Demographic and clinical characteristics
The children were dichotomized into low-mood or not-low-

mood groups based on scoring below or above the median 

threshold score on at least two of the following three ques-

tionnaires: the QIDS, CDRS, and WSAS. The median score 

of the QIDS was 3, the median CDRS T-score was 33, and 

the median number of positive categories on the WSAS was 

three. Of the total sample, three (14.3%) did not meet any 

criteria for any questionnaire, six (28.6%) met criteria on one 

questionnaire, eight (38.1%) met criteria on two question-

naires, and four (19.0%) met criteria on all three question-

naires. Of the twelve children classified as having low mood 

(LM), eight (66.7%) met criteria on two questionnaires, and 

four (33.3%) met criteria on three questionnaires. Six (50%) 

were girls, eight (66.7%) had a parent with alcoholism, and 

five (41.7%) had a parent with depression. Of the nine not 
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low mood (NLM) children, three (33.3%) did not meet any 

criteria on the questionnaires, and six (66.7%) met criteria 

on one questionnaire (two on QIDS, three on CDRS, and one 

on WSAS). Five (55.6%) were girls, three (33.3%) had a par-

ent with alcoholism, and none had a parent with depression. 

Table 1 describes other participant characteristics.

Sleep characteristics
Independent t-tests by mood status and by family history of 

depression did not reveal any significant differences in sleep-diary 

reports. An overall, significant difference as a function of mood, 

sex, or their interaction was observed in six of twelve PSG vari-

ables (Table 2). When the sample was split by children with a par-

ent with alcohol dependence (n = 11), COAs reported better sleep 

quality (2.8 ± 0.4) than non-COAs (n = 10; 2.4 ± 0.4, t = −2.4, 

P = 0.03). When controlling for age, a sex-by-mood analysis of 

variance (ANOVA) did not reveal any significant main effects or 

interaction effects for any of the sleep-diary variables.

The impact of mood and sex on sleep macroarchitecture 

is displayed in Table 2. There was a trend toward a main 

effect of mood (P = 0.05) and sex (P = 0.03) on the number 

of arousals across the night, such that LM girls (n = 5) had a 

lower number of arousals in the total sleep period than NLM 

girls (n = 5) (18 ± 7.3 versus 30 ± 7.0, t = 3.3, P = 0.03). 

There was no difference in number of arousals between 

LM boys and NLM boys. Girls had a higher percentage 

of stage 1 sleep and a greater time spent awake during the 

night, compared to boys. NLM boys had the shortest total 

sleep time and girls with LM slept less than boys with LM 

(544 minutes ± 17 vs 562 ± 15, Cohen’s d = −1.1). A sig-

nificant interaction between mood and sex was observed for 

REM%, such that LM girls had a significantly lower REM 

sleep percentage than LM boys (17% ± 2.1% vs 22% ± 3.5%, 

Cohen’s d = −1.7). When collapsed across sex and controlling 

for age, children with LM (n = 11) spent a longer time awake 

in the morning than NLM children (n = 9) (18 minutes ± 18.5 

versus 5 minutes ± 8.1), and they had fewer arousals across 

the night (17 ± 5.9 versus 25 ± 8.9).

The impact of mood and sex on sleep microarchitecture 

is displayed in Table 3. There was no main effect of mood or 

interaction between sex and mood on any of the microarchi-

tecture variables. Regardless of mood, girls had lower alpha, 

beta, and delta than boys.

Family history of psychopathology
A sex by family history (FH) of depression ANOVA was 

conducted in a small number of children with an FH of 

depression (FH-positive n = 5 vs FH-negative n = 15) on 

microarchitecture across the night. There was an interaction 

between sex and FH of depression on all bandwidths measured 

across the night. FH-positive girls had more beta across the 

night than FH-negative girls (32 ± 3.3 Hz vs 24.6 ± 1.9 Hz, 

t = 0.27, P = 0.005), and FH-positive boys had less beta power 

than FH-negative boys (24 ± 2.8 Hz vs 29 ± 2.4 Hz, t = 0.96, 

P = 0.023). FH-positive boys had lower delta power across the 

night than FH-negative boys (628.6 ± 24.2 vs 747.7 ± 66.4 Hz, 

t = 2.9, P = 0.02). There was no difference in delta power 

between FH-positive and FH-negative girls. FH-negative 

boys had more alpha (129.0 ± 14.3) than FH-negative girls 

(102.9 ± 16.6, t = −3.2, P = 0.01) across the night.

When examining microarchitecture in the first half of the 

night, there was an interaction between FH of depression and 

sex on alpha in NREM1 (F[15, 20] = 5.6, P = 0.03). There was 

no interaction between sex and family history of alcoholism 

on any of the bandwidths across the entire night, or in the 

first two NREM and REM periods.

Table 1 Demographic and clinical variables

Boys (n = 10) Girls (n = 11) Statistical effects (F[16, 19])

LM (n = 5) NLM (n = 4) LM (n = 6) NLM (n = 5) Mood Sex Mood * 
sexa

Age (years) 6.7 (1.0) 8.8 (1.0) 10.0 (1.0) 10.2 (1.3) 0.59 3.7 1.4
Body mass index 17.5 (3.2) 18.1 (1.0) 19.7 (3.3) 17.6 (3.4) 0.26 0.32 0.95
Tanner stage 1.0 (0) 1.0 (0) 2.0 (1.3) 2.6 (1.1) 0.59 11.1* 0.59
% Caucasian 4 (67%) 4 (100%) 6 (100%) 3 (60%) 0.18 0.18 20.9
FgAS 69.7 (11.8) 79.5 (9.8) 82.3 (7.7) 80.6 (17.1) 0.51 1.8 1.3
FES 52.8 (5.8) 57.8 (10.7) 58.8 (7.0) 62.0 (6.1) 1.6 2.5 0.08
WSAS 3.5 (2.9) 1.8(2.9) 5.2 (2.1) 0.4 (0.9) 10.0* 0.02 2.1
CDRS (T-score) 35.5 (5.0) 35.0 (5.8) 34.5 (8.2) 35.0 (5.8) 0.30 0.54 0.13
QIDS 4.3 (1.2) 1.3 (0.50) 4.5 (2.3) 2.6 (1.3) 12.6* 1.2 0.71

Notes: Variables with a significant main effect or interaction are in bold. Tanner stage is an index of pubertal development; WSAS scoring: number of low mood categories; 
CDRS scoring: ,39 = low likelihood of depression; QIDS scoring: 0–5 = no depression. aMood*Sex describes the interaction term between the two variables.
Abbreviations: FGAS, Family Global Assessment Scale; FES, Family Environment Scale; WSAS, Weinberg Screening Affective Scale; CDRS, Children’s Depression Rating 
Scale; QIDS, Quick Inventory of Depressive Symptomatology.
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Table 2 Polysomnographic variables, mood, and sexa

Boys (n = 10) Girls (n = 10) Statistical effects (F[16, 19])

LM (n = 6) NLM (n = 4) LM (n = 5) NLM (n = 5) Mood Sex Mood * 
sex

Total sleep time (minutes) 562 (30) 512 (8.7) 544 (33) 580 (56) 0.24 2.2 6.3b

Sleep onset latency (minutes) 37 (30) 11 (13) 14 (5.0) 18 (15) 1.0 1.0 2.3
Stage 1% (N1) 0.65 (0.15) 0.79 (1.1) 3.3 (1.7) 1.6 (0.58) 2.9 10.4b 3.7
Stage 2% (N2) 39 (2.5) 38 (8.1) 44 (11.3) 42 (9.8) 0.10 0.93 0.00
Stages 3% and 4% (N3) 36 (5.6) 39 (9.6) 30 (8.5) 28 (8.5) 0.01 2.6 0.23
REM% 22 (3.5) 20 (2.2) 17 (2.1) 21 (3.5) 1.2 4.2 4.7b

REM latency 124 (61) 115 (42) 137 (56) 98 (30.7) 1.4 0.07 0.18
Awake and moving % 2.0 (0.4) 2.7 (1.9) 5.5 (3.2) 6.5 (3.9) 0.63 5.7b 0.00
Number arousals in TSP 17 (5.2) 19 (7.3) 18 (7.4) 30 (7.0) 4.4 5.7b 4.0
Early awakening (minutes) 15 (15.6) 10 (10.7) 22 (23) 0.8 (0.4) 4.7b 0.21 0.78
Sleep efficiency % 90 (5.2) 93 (3.5) 89 (3.6) 90 (4.8) 1.4 0.62 0.15

Notes: Variables with a significant main effect or interaction are in bold. aControlling for age; b#0.05; Mood*Sex describes the interaction term between the two variables.
Abbreviations: LM, Low mood; NLM, Not low mood; REM, Rapid eye movement sleep; TSP, Total sleep period.

Table 3 Spectral power in frequency bands, mood, and sex in the first half of the nighta

Band Boys (n = 10) Girls (n = 10) Statistical effects (F[16, 19])

LM (n = 6) NLM (n = 4) LM (n = 5) NLM (n = 5) Mood (M) Sex (S) Mood * sex

Alpha NREM1 161.3 (32.5) 160.7 (17.3) 125.8 (9.8) 121.4 (24.1) 0.033 17.3b 0.37
Alpha REM1 84.2 (10.6) 86.4 (11.0) 72.4 (8.2) 87.6 (25.9) 1.3 0.37 0.81
Alpha NREM2 130.4 (19.6) 136.5 (11.9) 109.9 (13.4) 105.3 (27.2) 0.17 11.0b 0.86
Alpha REM2 80.3 (13.5) 92.9 (18.1) 73.1 (6.1) 82.1 (19.5) 3.6 3.2 0.32
Alpha all night 121.8 (21.7) 124.7 (10.1) 107.1 (12.2) 103.7 (20.8) 0.06 6.4b 0.43
Sigma NREM1 78.3 (18.4) 76.0 (4.5) 71.8 (11.9) 64.6 (12.6) 0.25 3.5 0.40
Sigma REM1 44.6 (7.7) 45.8 (6.8) 39.7 (4.7) 43.6 (11.5) 0.50 0.94 0.08
Sigma NREM2 66.3 (15.7) 65.3 (5.1) 66.1 (12.1) 61.8 (16.1) 0.04 0.54 0.24
Sigma REM2 41.0 (8.4) 50.6 (10.0) 39.5 (5.1) 40.8 (8.3) 2.7 2.7 1.7
Sigma all night 64.0 (15.3) 63.3 (3.4) 63.9 (10.4) 63.3 (3.4) 0.10 0.68 0.40
Beta NREM1 31.7 (3.6) 30.8 (0.96) 28.3 (2.9) 27.5 (2.2) 0.33 6.3b 0.00
Beta REM1 21.4 (3.1) 23.4 (3.1) 22.7 (4.7) 24.4 (5.2) 0.66 0.59 0.00
Beta NREM2 26.3 (2.4) 27.4 (1.7) 23.9 (2.6) 25.5 (2.9) 2.2 5.0b 0.00
Beta REM2 20.8 (2.9) 24.8 (3.3) 20.6 (2.2) 21.4 (2.3) 3.3 1.4 1.3
Beta all night 27.2 (4.1) 28.5 (1.7) 27.5 (4.6) 26.2 (1.9) 0.00 0.38 0.61
Delta NREM1 1194.9 (233.7) 1130.7 (73.3) 969.1 (129.4) 939.6 (142.8) 0.28 6.3b 0.03
Delta REM1 443.8 (46.8) 509.7 (96.4) 395.7 (82.8) 484.1 (187.6) 1.3 0.05 0.47
Delta NREM2 738.9 (290.0) 885.5 (127.8) 609.5 (147.0) 615.8 (189.1) 0.70 4.2 0.66
Delta REM2 419.2 (58.4) 518.2 (85.6) 374.6 (92.0) 405.5 (92.7) 2.3 2.5 0.54
Delta all night 687.9 (94.6) 748.1 (37.0) 606.8 (67.7) 597.2 (91.9) 0.32 6.7b 0.68

Notes: aControlling for age; b#0.05; All EEG measures expressed in power (mV2); Delta power = 0.5–3.9 Hz, theta = 4.0–7.9 Hz, alpha = 8.0–11.9 Hz, sigma = 12.0–15.9 Hz, 
and beta = 16–32 Hz. Variables with a significant main effect or interaction are in bold. Mood*Sex describes the interaction term between the two variables.
Abbreviations: LM, Low mood; NLM, Not low mood; REM, Rapid eye movement sleep.

Relationship between mood and sleep
Multiple regression analysis was used to test if LM, sex, 

or sleep disturbance significantly predicted total WSAS 

score. The results of the regression indicated that the three 

predictors explained 72% of the variance in the WSAS 

score (R2 = 0.72, F[3,20] = 15, P , 0.005). Neither sex 

(beta = −15, P = 0.27) nor LM (beta = 0.22, P = 0.16) inde-

pendently predicted total WSAS score, but sleep disturbance 

did (beta = 0.71, P , 0.01) (see Figure 1). A linear regression 

analysis also revealed that in girls, the total number of positive 

categories on the WSAS predicted sleep efficiency via sleep 

diary (beta = 0.67, P , 0.05), but not in boys (beta = −0.31, 

P = 0.39).

Bivariate correlation revealed sleep onset latency captured 

via the sleep diary was correlated with objective sleep onset 

latency in LM children (r = 0.84, P , 0.005), but not in those 

without LM (r = 0.60, P = 0.09). When conducting a partial 

correlation, controlling for family history of depression or 

alcoholism, this correlation remained significant, suggesting 

that family history did not have an influence on this relation-

ship. There were no other significant correlations between 

subjective and objective sleep measures.
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Figure 1 Self-reported mood symptoms on the Weinberg Screening Affective Scale between not low mood and low mood. *Indicates significant difference in mean number 
of symptoms between groups.

Discussion
The purpose of this study was to explore subjective and 

objective sleep in young boys and girls who are at risk for 

developing a psychiatric disorder based on emerging mood 

symptoms. We hypothesized (1) that children who are begin-

ning to show signs of a mood disorder (a) would report more 

sleep disturbances subjectively and (b) would show greater 

sleep disruption via polysomnography, and (2) that these 

findings would be more pronounced in girls.

Our findings only partially supported our first hypothesis. 

Daily sleep diaries prior to the study revealed no differences 

on sleep measures between LM and NLM children. However, 

in the context of a mood questionnaire completed by the child 

(and not by the parent, such as on the other mood question-

naires), sleep disturbances accounted for a significant portion 

of the total score endorsed in LM children. The fact that LM 

children reported sleep disturbance is consistent with previ-

ous studies showing that insomnia is a common complaint 

in depressed children.35,36 Sleep-diary estimates of sleep 

onset latency in LM children were more consistent with the 

objective sleep latency measured by PSG, consistent with pre-

vious reports in a similar sample.35 Family history of depres-

sion was not associated with any pattern of subjective sleep 

assessments unlike another study;17 however, family history 

of alcoholism was associated with more positive assessment 

of sleep quality. The etiology of this finding is unclear.

Polysomnography showed the LM children were begin-

ning to show sleep characteristics similar to those found 

in both adolescent depressed patients. LM children had 

longer early morning awakenings, a common complaint in 

depression and one that has been linked to multiple nega-

tive behavioral outcomes in adolescents.37 LM children had 

fewer arousals during the night than NLM children, a find-

ing consistent with Bertocci et al35 and Lopez et al.14 It is 

unlikely that this finding could be explained by prior partial 

sleep deprivation in this study, because all participants 

maintained regular sleep schedules (verified by actigraphy 

before the sleep laboratory study) and there were no dif-

ferences in sleep reported in the diaries or in PSG on the 

adaptation night. The etiology of this consistent finding 

remains unclear.

Our third hypothesis was that sleep disturbances would 

be more pronounced in girls. Regardless of mood status, 

girls showed more sleep disturbances both in macro- and 

micro-architecture, compared to boys. Girls had less alpha 

power (8.0–11.9 Hz) than boys in the first two NREM 

periods, as well as across the whole night. Dahl et al12 also 

found a main effect of sex on both low (7.50–11 Hz) and 
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high alpha amplitude (11.0–12.25 Hz) across the night in 

young depressed boys and girls. It is known that females 

are twice as likely to develop insomnia as males38 and that 

much of this may be due to hormonal influences.39 However, 

girls in this sample were all prepubertal, and analyses were 

statistically controlled for age; therefore, differences cannot 

be assumed to reflect hormonal or age differences. While 

the sample size in this study was quite small, these findings 

suggest that the higher risk of insomnia for girls may begin 

at an earlier age than previously thought, and as some stud-

ies now support,14,40 that this does not necessarily reflect the 

presence of a clinical disorder.

In the small number of boys and girls with a family history 

of depression in this study, there were interactions between 

sex and family history of depression on all bandwidths. 

Girls with a family history of depression had significantly 

more beta activity (16–32 Hz) in sleep compared to girls 

with no family history. Although the sample size was small, 

beta has been documented in adults with insomnia;41 this 

raises a question about the meaningfulness of this finding 

in individuals with a family history of depression that may 

reflect a predisposing factor to insomnia. We did not find a 

relationship in the family history-positive group with sigma 

(11–16 Hz), in contrast to Lopez et al.14 These findings may 

reflect our low statistical power or the fact that our sample 

was younger. Decreases in sleep spindles in high-risk children 

may decline with age.

This study also found that young girls with LM have less 

delta activity in the first two NREM periods. This is consis-

tent with previous studies showing abnormal distribution of 

delta activity in non-REM sleep in adults with depression42 

and may reflect impairment of homeostatic sleep drive. 

Given that there are no differences in sleep homeostasis 

from childhood to adolescence in healthy individuals,43 

impairment in the ability to generate and discharge sleep 

“pressure” as measured by delta activity may be a biomarker 

of clinically significant mood changes or other psychiatric 

disorders in the future. This also suggests that the relation-

ship between insomnia and psychiatric disorders may begin 

with a weakening of sleep/wake homeostasis that is evident 

at a young age.

Predisposition to poor sleep may have relevance to 

clinicians considering pharmacological treatment options. 

Studies have now shown that adolescents with depression 

and with insomnia are less likely to respond to serotonin-

selective reuptake-inhibitor medication regimens.44,45 

Moreover, treatment-resistant depressed adolescents treated 

with such a regimen, plus an adjunctive sleep aid such as 

 trazodone, were six times less likely to respond than those 

with no sleep medication.45 Early intervention strategies 

such as teaching young children, particularly girls, the 

importance of keeping a consistent sleep/wake schedule 

cannot be underestimated. Nonpharmacological insomnia 

treatment options for depressed youth and adolescents are 

needed.

There are limitations to the present study that warrant 

consideration. First, the sample size was small, which limited 

the statistical power of our comparisons, particularly inter-

action effects. Future research should include longitudinal 

studies of sleep in children with LM to help clarify the rela-

tionship between LM and later depression. Second, the sleep 

studies began at the children’s typical bedtime. The most 

effective way to assess homeostatic regulation of delta 

activity would have been to conduct a sleep challenge10,11 

(eg, subjects stay awake for later than their typical bedtime). 

Future studies should include a sleep-challenge protocol 

to extend these findings. Third, many of the parents in this 

study had a psychiatric disorder, which may have introduced 

a possible source of bias. Their perception of their children’s 

sleep and their motivation to enter their children into the 

study may not be reflective of the general population. Last, 

the difference in the age of boys and girls in this study may 

be a limiting factor with respect to sex differences.

The study’s strengths include an assessment of raw EEG 

power. A previous study13 used normalized power to examine 

the EEG power spectra rather than absolute power values. 

This method can be vulnerable to insensitivities in group 

differences. We also measured the child’s home environ-

ment in order to rule out a chaotic home environment as a 

possible explanation.

Conclusion
This study is a first step in evaluating sleep characteristics 

in boys and girls prior to the diagnosis of a psychiatric 

disorder. The study suggests that girls, regardless of mood 

symptoms, have more sleep disturbance than boys their 

age. Girls with LM show signs of compromised sleep in 

the first half of the night. Girls with LM, but before clinical 

diagnosis of depression, show sleep disturbances that may 

potentially increase their risk for insomnia and psychiatric 

disorders.
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