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Abstract

Parental ratings of poor sleep have been associated with early onset of 
substance use and substance-related problems during adolescence and young 
adulthood. Children of alcohol-dependent parents have an increased risk for 
depression as well as substance-related problems. We conducted the current 
study to describe sleep -wake patterns in children of alcoholics (COAs) compared 
to non-alcoholic families (NCOAs), to explore the relationships among sleep 
assessment methods by groups, and to report rates of agreement between 
methods by group. We assessed subjective (sleep diaries) and objective 
(actigraphy-measured) sleep in children with (N=68) and without (N=24) a 
parental history of alcohol use disorder between 7.2 and 12.9 (mean 10.2 +/- 
1.2) years of age. Children were instructed to complete the sleep diaries with 
assistance from parents only if needed. Parents provided descriptions of their 
child’s sleep in a Pediatric Sleep Questionnaire (PSQ). Results showed that 
COAs reported sleeping slightly less time at night and were more likely to nap 
during the day. Actigraphy captured fewer hours of sleep and more nighttime 
motor activity. Sleep diary variables were highly correlated with parent reports 
on the PSQ, except for bedtimes in some COAs, which were later than parent’s 
estimations.

Conclusion: School- aged COAs showed small but significant differences 
in their sleep characteristics compared to NCOAs. COA self-reported sleep 
diaries agreed with parental reports, but differed significantly from actigraphy 
measurements of sleep continuity. Insufficient sleep in COAs may be an 
additional risk factor as they approach adolescence.
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Identifying sleep problems early on in life may have important 
implications for prevention and intervention for mood and substance 
use disorders. There are a myriad of potential factors that could 
contribute to the early onset of substance use, including, additive and 
interactive genetic variations, environmental factors, and childhood 
psychiatric disorders. Genetic factors account for about 50% of the 
risk for alcoholism [16]. Children of alcohol-dependent parents have 
an increased risk for depression as well as substance-related problems 
[17]. Differences in sleep or circadian rhythms may predispose to 
early substance use in children deemed at high risk [18], but it is 
not clear how such differences predispose to the development of 
substance related symptoms once drinking has begun.

Methodological examination of sleep in the pediatric 
population

The use of actigraphy is a method to assess normal and 
disturbed sleep-wake patterns in children. It is easy to use in the 
home environment compared to PSG. Actigraphy has been well 
validated as a way to measure sleep-wake patterns, sleep quality, and 
quantity in normal healthy children [19,20]. Studies on actigraphy in 
children (ages ranging from infants to 12 years of age) are typically 
accompanied by a sleep diary completed by the parent(s) [19,21-24]. 
High correlations have been found between actigraphy and parent 
reported sleep start and stop times [24] and with “trouble sleeping” 
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COA: Children of Alcoholic; NCOA: Not a Child of an Alcoholic; 
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Introduction
Several studies have now shown that sleep disturbances at an 

early age can predict psychiatric disorders, such as depression [1-4] 
suicide [5-7] and drug and alcohol use [8-10]. The etiology of sleep 
problems in children are multifactorial, but can be associated with 
social and cultural family environment as well as marital conflict 
[11]. Sleep and family environment has been evaluated over time 
in children [12,13] however, whether the sleep disruption is an 
endogenous phenomenon (i.e. a genetic influence), an exogenous 
one (i.e. chaotic home environment), or both, is still unclear. To 
our knowledge, few studies have examined sleep in children of an 
alcoholic parent. Objective sleep measures, such as polysomnography 
(PSG) between in children of alcoholics and healthy controls have 
not revealed differences in objective markers, such as sleep stages 
[14,15]. This study sought to understand subjective sleep patterns in 
children of alcoholics and parental reports of their children’s sleep in 
this understudied population.
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[25], but parents also overestimate their child’s total sleep time and 
underestimate wake time after sleep onset and nighttime awakenings 
[24,26]. When compared to polysomnography, actigraphy is poor at 
detecting wake time after sleep onset [20,27]. No study prior to the 
current study has assessed children of alcoholic’s own estimations 
of their sleep time using a sleep diary and compared this to parental 
reports.

The current study
One of the limitations in studies assessing the relationship 

between sleep and behavior in children is that sleep characteristics 
are often only reported by the parent and the sleep problem is defined 
by response to a few items on a questionnaire [10,28-31]. While a 
number of recent studies have utilized actigraphy to examine the 
impact of home environment on sleep actigraphy was often used at 
nighttime only [12,32-36] instead of the more accepted 24 hours a day 
for at least one week. The aims of the current study were as follows:

Aim 1: To describe sleep-wake patterns in children of alcoholics 
(COAs). We hypothesized that sleep would be worse in COAs 
compared to non-COAs (NCOAs).

Aim 2: To explore the relationships among sleep variables in 
parent and child. We hypothesized that there would be a significant 
difference between children’s estimates of sleep variables from their 
parents and from actigraphy.

Material and Methods
Sample recruitment

Participants were recruited from the Michigan Longitudinal 
Study (MLS), an ongoing, prospective community-recruited study 
of families with parental alcohol use disorder along with a contrast 
sample of nonalcoholic families drawn from the same neighborhoods 
[37,38]. The study has been ongoing for approximately 25 years. 
Families in which the target child exhibited signs of fetal alcohol 
syndrome (FAS) were excluded from the original ascertainment. 
Exclusionary FAS characteristics included prenatal or postnatal 
growth retardation or both, central nervous system involvement, 
and characteristic facial dysmorphology [39,40]. Full details on the 
prospective assessment and data collection protocol in the MLS can 
be found elsewhere [37].

MLS participants were originally recruited via (a) drunk driving 
records of all district courts in the four counties surrounding Lansing, 
Michigan, a medium size Midwestern city; and (b) community 
canvassing in the neighborhoods where the court alcoholics and 
control families lived. The court alcoholic sample consists of convicted 
male drunk drivers with a blood alcohol concentration of 0.15% or 
higher (0.12% or higher if this was a second or more documented 
drinking-related legal problem), who had a biological son between 
the ages of 3-5 currently living with them, and who were living with 
the boy’s biological mother at the time of first contact. Mother’s 
substance use disorder history was not constrained. Of the drunk 
drivers identified through the courts, 79% agreed to be contacted 
and 92% of those agreed to participate in the study. Control families 
were recruited from the same neighborhoods where the alcoholic 
families resided. This way, many other variables are a function of 
their diagnosis, including their selection of the neighborhood. In this 

context, if one controls for socioeconomic status (SES), and lower 
SES is a result of the alcoholism i.e., downward mobility [41] then one 
is removing some of the alcoholism-specific variance. The families 
were interviewed at 3-year intervals, beginning when children were 
3-5 years old (Time1: 3-5 years old, Time 2: 6-8 years old, Time 3: 
9-11 years old, Time 4: 12-14 years old). Sample retention rate was 
approximately 85 %. This study sample includes children ages 9-11 
participating in the Time 3 sample interval of the longitudinal study. 
The study was approved by the University of Michigan Review 
Board (IRB) as well as the IRB from Michigan State University, a 
collaborating institution for the larger MLS. Informed consent was 
obtained from parents and all children assented to participation in 
the study.

Study sample
Parents

All alcoholic families were required to have at least one parent 
with a lifetime history of an alcohol use disorder. Diagnoses were 
made via an interview with a study psychologist or social worker. In 
the families from the MLS (n=57), the diagnosis of lifetime history 
of alcohol dependence was made based on a combination of criteria 
from the Diagnostic and Statistical Manual, 4th edition (DSM-IV) as 
determined from the Diagnostic Interview Schedule.

Children

The study population consisted of 68 COAs (age range 7.2-12.9 
years; mean=10.1, SD=1.2) and 24 NCOAs (age range 8-12.9 years; 
mean=10.2, SD=1.3). The study was restricted to this age range 
because the median age of a first drink in the U.S. is 14 [42] and our 
goal was to capture sleep-wake patterns before drinking behavior 
began. For all participants, inclusion criteria were willingness and 
ability to complete the study protocol. Exclusion criteria included 
any medical problem that restricted the child’s mobility, significant 
previous or concurrent medical illness, lifetime history of any head 
injury with loss of consciousness, independent /intrinsic sleep 
disorder based on history, a current diagnosis of any Axis I disorder 
according to the DSM-IV criteria, use of stimulants, and the presence 
of either fetal alcohol syndrome or any fetal alcohol effects. No child 
had current psychiatric or developmental disorder. No child was 
taking any medication at the time of the study.

Study measurements
Daily sleep diaries

The sleep diary packet included 7 pages. Each page reflected sleep 
patterns for each night. The diary was explained to each child directly 
with the mother, father, or legal guardian present. At least one adult 
took responsibility for assisting the child in completing the diary as 
needed. Each morning, children (with guidance from their parents 
only if requested), were asked to record the day and date, the time 
when lights were turned out the previous night (“What time was 
lights out”), how long it took to fall asleep after the lights were turned 
out (sleep onset latency, SOL), rise time (“The time you got out of 
bed”), quality of sleep (the child circled the words good, fair, or poor), 
number of nighttime awakenings, total wake time after sleep onset 
in the night (WASO) (“If you woke up, how long were you awake 
for each time”, and napping for the previous day (“If you nap during 
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the day about what time did the nap start and end.” The child also 
indicated on the bottom of the sleep diary whether the actigraph was 
removed, for how long, for what purpose, and if any problems arose 
with the watch. Unlike a typical sleep diary, this diary was colorful 
and had cartoon pictures of children sleeping to make it more fun for 
the child. All children maintained their usual sleep-/wake schedule. 
Two dependent variables were calculated from the sleep diaries: total 
sleep time (TST) and sleep efficiency (SE %). TST was obtained by 
subtracting SOL and WASO from reported time in bed (TIB). SE is 
a percentage calculated from dividing TST by TIB multiplied by 100.

Actigraphy

The actiwatch (Actiwatch-L, Mini Mitter, Respironics, Bend, 
OR) was worn on the non-dominant wrist of each participant for at 
least five days. Actigraphs were set to begin recording data shortly 
after the meeting with the study coordinator (typically between 
the hours of 9 am and 5 pm). Epoch length was set to 1 minute 
for all recordings. Activity data were derived from the number of 

movements that exceeded a threshold of 0.01 g (gravitational force) 
per minute of recording. A sleep epoch was defined as a minute in 
which movements did not exceed 80counts/minute. Given that light 
is the primary zeitgeber to the endogenous circadian pacemaker; we 
were interested in characterizing the amount of light exposure across 
the day and sleep period between the two groups. Therefore, the 
actiwatches were equipped with a photoconductive cell to record light 
level exposure > 10 lux. Actigraphy was used to provide information 
about sleep-wake habits, sleep continuity (SOL, WASO, TST, and SE 
%), light exposure (daytime light and sleep time light), and level of 
activity (activity during daytime and activity during sleep time) and 
amplitude of rest/activity cycles (amplitude) expressed in z-scores.

Actigraphy data was downloaded using an ActireaderTM device 
(Actiware 5 Philips/Respironics, Bend, OR). Activity and light levels 
were obtained for active (day) and sleep (night) periods. An “active” 
period is defined by the average of all valid physical activity counts 
per 1 minute from the start time to the end time of the given interval. 
Average daily light exposure was defined by the average of all valid 
light data for all 1-min epochs from the start time to the end time of 
the given period. All analyses were conducted using SPSS version 17.0 
(PASW, Inc., San Ramon, CA).

The pediatric sleep questionnaire (PSQ)

The PSQ [43] is a 45-item instrument that is completed by the 
parent and used to identify several types of sleep problems, particularly 
sleep-related breathing problems when polysomnography is not 
feasible. The PSQ will also be referred herein as the parent completed 
questionnaire. The PSQ was also used in this study to rule out the 
presence of sleep-related breathing disorders. The questionnaire was 
explained directly to the parent(s), and they were asked to complete it 
at home at a time that was most convenient. The child did not complete 
any part of the PSQ. There are 22 items that relate to sleep-related 
breathing disorder (SRBD). These questions ask specifically about the 
child having difficulty breathing in sleep, e.g. “Does your child snore 
more than half the time?”, but also about unrefreshing sleep, e.g. “Does 
your child wake up feeling unrefreshed in the morning?” and about 
attention/hyperactivity problems, “Is your child easily distracted by 
extraneous stimuli?” The presence of SRBD is indicated when 33% 
of the 22 items are answered affirmatively. Parents responded in a 
yes/no format to the questions. Items were first grouped according 
to general sleep complaint: sleep-disordered breathing, restlessness 
(e.g. “does your child have restless sleep, describe restlessness in bed, 
brief kicks of one or both legs, and repeated kicks or jerks”), insomnia 
(e.g. “does your child have difficulty falling asleep, have difficulty with 
routines at bedtime, wake up >2 times/night, have trouble falling back 
to sleep, wake up early and have difficulty going back to sleep, do 
bedtimes vary?”), excessive daytime sleepiness (e.g. “ have a problem 
with sleepiness during the day, complain of feeling sleepy during the 
day, does your child nap during the day?”), and parasomnias (e.g. 
“has your child ever walked during sleep, have nightmares, wake up 
screaming?”). Parents were allowed free space at the end of the PSQ to 
list if they or other family members had a sleep disorder. Parent sleep 
characteristics are presented in Table 1.

Procedures

Once the families met study criteria, the participating 

Variable NCOAs (n=24)
Mean (SD)

COAs (n=68)
Mean (SD) t pa

Age 10.2 (1.3) 10.1 (1.2) .36 .72

Sex (% male) 75.0 58.8 --- .15

Race (% white) 82.6 45.3 --- .01

Tanner stageb 1.6 (0.9) 2.0 (1.0) -1.6 .12

Body Mass Index 23.5(6.1) 23.4 (5.2) -.26 .80

Alcoholism (% father) 0 50.0 --- <.001

Alcoholism (% mother) 0 10.3 --- <.001

Alcoholism (% both) 0 39.7 --- <.001

Parent sleep problems (count)c

--Sleep apnea 2 2

--“Sleep disturbance”d 1 11

--Restless Legs Syndrome 0 1

--Hypnotic dependence 0 1

--Hypersomnolence 0 1

--Parasomnia 1 0

Total count 4 16

Child sleep problemse

Insomniaf .52 .91 -1.5 .14

Restlessnessf .44 .56 -.48 .63

Parasomniasf .39 .49 -.60 .56

Daytime sleepinessf .53 .77 -1.1 .28

Breathing problems in sleepg 2.9 2.0 .82 .41

Table 1: Sample characteristics.

Note: a=Likelihood ratio is presented for Chi Square test. b=Tanner refers to a 
measure of pubertal development with scores ranging from 1-5, (1=no clinical 
signs of puberty to 5=completed puberty). c=number of sleep disorders reported 
by both parents about themselves on the Pediatric Sleep Questionnaire (PSQ). 
d= “Sleep disturbance” is a term used to group various descriptions of disturbed 
sleep e.g. “insomnia” or “sleep problems.” e=rated by parents on the PSQ. f 

=Means reflect parental response to the respective sleep problems in a 0=no, 1= 
yes format. g= In addition to no/yes questions about breathing in sleep, means 
include responses to a 4 item-Likert scale inquiring about child’s hyperactivity 
symptoms during the day, 0=does not apply, 1=applies just a little, 2=applies 
quite a bit, and 3=definitely applies.
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families met with one of the study investigators (DC or IH) at the 
University of Michigan for a full explanation of the study. The study 
investigator first explained the purpose of the study to the parent(s) 
and child. Once the family agreed to participate, they underwent a 
comprehensive informed consent procedure. The study investigator 
explained directly to the child how to complete the sleep diary. The 
role of the parent in this process was to provide assistance to the child 
per his or her request. The diaries used in this study were written in 
child friendly language and included cartoon pictures of getting into 
and out of bed. The actigraph was then shown to the child and the 
functionality of the watch was explained. Children were asked to 
remove the actigraph for sporting events and during bathing. The 
parent was then given the Pediatric Sleep Questionnaire and asked to 
complete the questionnaire at a convenient time at some point over 
the next week.

Study compliance
Following the initial meeting with the study investigators, the 

parent and child were sent home with the study materials, a pre-
paid Federal Express® envelope, and a list of Federal Express® drop 
off locations closest to the family’s home. After one week of wearing 
the actiwatch, the family placed the questionnaires and actiwatch in 
the envelope and mailed it back to the laboratory investigators. Once 
received, the researchers evaluated the integrity of the data. In the 
case of missing diary or questionnaire data or data that appeared 
suspect, the researcher contacted the family to obtain any missing 
information.

Data analysis
To describe sleep-wake patterns in children of alcoholics, we 

conducted independent t-tests of sleep variables collected by the 
diaries, actigraphy, and parental sleep questionnaire data separated 
by family history of alcoholism. ANCOVAs were used to examine the 
effect of family history on sleep variables while controlling for age, 
gender, and pubertal status. To explore the relationships among sleep 
variables by groups, we conducted partial correlations and multiple 
regressions between subjective (diary and questionnaire) measures 

and actigraphy. To report rates of agreement of between methods by 
group, we presented Bland-Altman plots.

Bland altman charts
Bland Altman Charts provide an interval in which 95% of the 

differences between measurements are expected to lie (limits of 
agreement). The information is displayed as scatter plots with the 
difference of the two measurements for each sample on the vertical 
axis and the average of the two measurements on the horizontal axis. 
Three superimposed lines are also on the scatter plot. The middle line 
represents the average difference between the measurements. The top 
and bottom line are the upper and lower limits of plus and minus 
1.96* sigma (sigma=the standard deviation of the measurement 
differences). If the two methods are comparable, then differences 
should be small and the mean of the differences is close to zero. If it 
is not close to zero, this indicates that the two methods are producing 
different results. They should show no systematic variation with the 
mean of the two measurements. One also looks for a trend, i.e., if 
the difference between methods tend to get larger (or smaller) as the 
average increases and if the variability is consistent across the graph. 
A small difference is an amount that is clinically insignificant for 
the factor being measured [44]. If the differences within mean +/-
1.96 SD are not clinically important, the two methods may be used 
interchangeably.

Results
Participant characteristics

A total of 92 children participated (34 females and 58 males). 
There were 24 children from control families (6 female and 18 males) 
and 68 from alcoholic families (28 females and 40 males). There were 
no differences in age between groups. The ethnic distribution of the 
sample was 48 Caucasian, 14 African American, 1 Native American, 
14 Hispanic, and10 biracial. Five families did not report their 
ethnicity. There was no difference in family income between alcoholic 
and control families (mean family income for COA families $73, 000 
(SD=31, 000) vs. $80, 000 (SD=16, 000) for NCOA, [t=1.0, p=.29]. 

Mean (SD)

Actigraphy Child Diary Parent Questionnaire

Variable NCOA COA dfb (t) NCOA COA dfb (t) NCOA COA dfb (t)

BTa --- --- --- 22:13(00:59) 22:26 (01:11) 89 (-.81) 22:03 (00:40) 22:00 (00:48) 88 (.26)

WTa --- --- --- 07:48 00:59) 07:56 (1:08) 89 ( -.46) 07:56(00:47) 07:53 (00:58) 85 (.23)

Sleep latency 37.5 (25.4) 34.9 20.3) 75 (.46) 15.1 (9.1) 18.0 (11.4) 83 (-1.1) 15.9 (9.4) 19.8 (14.2) 87 (.23)
Wake after sleep 
onset 40.6 (16.6) 44.2 (15.2) 79 (.13) 2.2 (2.3) 2.0 (2.5) 83 (.42) .00 (.00) .11 (.31) 4.3c (.04)*

Total 
sleep time 8.6 (0.7) 7.9 (0.7) 79 (3.2)** 9.4 (0.7) 9.1

(0.7) 88 (2.5)* 9.6 (.95) 9.6 (.92) 84 (.22)

Sleep efficiency 80.5 (8.0) 80.6 (5.0) 72 (-.01) 97% (1.5) 96% (2.1) 84 (1.9) 97% (.02) 97% (.02) 84 (.98)

Nap duration (min) --- --- --- 7.1 (17.9) 28.4 (72.0) 90 (-2.2)* .53d (.74) .77d (.10) 88d (-1.0)

Sleep quality --- --- --- 2.6e (0.3) 2.8e (0.3) 88 (-1.5) 0.5f (.90) 0.9f (1.1) 88 (-1.5)

Amplitude 58.0 (2.1) 57.3 (6.6) .42 (.67) --- --- --- --- --- ---

Table 2: Overview of Sleep Variables Assessed by Actigraphy, Diary, and Questionnaire.

Note: Bedtime (BT); Waketime (WT); a=Bedtimes and Waketimes for actigraphy were based on the information provided in the sleep diaries. b= Degrees of freedom 
for independent sample t-tests by COA vs. NCOA. Levene’s tests for equality of variance were not significant. c= Chi-square likelihood ratio for parental questionnaire, 
scores are for the item, “Does your child have trouble falling back asleep if awoken?” d = for parental questionnaire data, summary scores for items endorsed relating to 
daytime sleepiness were used. e= Sleep quality scores on diaries ranged from 1 (poor), 2 (fair), and 3 (good). f=for parental questionnaire, summary scores for endorsed 
items relating to insomnia were used. *p<.05, **p<.01.
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The average height of the subjects was 4 feet 5.5 inches and weight 
was 86.6 pounds (SD=24.2), yielding an average BMI of 21.7. The 
mean Tanner scores, a measure of pubertal development with scores 
ranging from 1-5, (1=no clinical signs of puberty to 5=completed 
puberty) was stage 2 and did not differ between groups. These scores 
were derived by asking the parent to circle the appropriate stage of 
their child’s pubertal development from a series of pictures (breast 
development and pubic hair for females and development in size 
of male genitalia and pubic hair in males). Thirteen COA parents 
identified having a sleep disorder compared to three NCOAs parents 
(Table 1). COA parents reported that their child was slightly more 
likely to demonstrate symptoms of insomnia (Cohen’s d=.28) and 
daytime sleepiness (d=.39) compared to NCOAs. While the children 
reported more frequent napping in their sleep diaries, parents did not 
describe their children as typical “nappers.” A Chi-square analysis 
revealed that only one COA parent reported that their child was a 
“napper”, but no NCOA parent endorsed napping in their child. A 
greater percentage of COA parents reported that their child drank 

caffeinated beverages (88%) compared to NCOAs (12%). Across the 
entire sample, parental reports of insomnia and parasomnias were 
correlated with total time spent napping (r=.50, p=.029 and r=.53, 
p=.020, respectively). When the group was split according to COA vs. 
NCOAs, the duration of daytime napping in NCOAs was correlated 
with parental reports of insomnia only (r=.68, p<.01). The duration 
of daytime napping in COAs was correlated with parental reports of 
insomnia (r=.30, p=.01), restlessness during sleep (r=.29, p=.05), and 
parasomnias (r=.31, p=.01).

Comparison of sleep characteristics by family history
Sleep diaries revealed a significant difference in TST between the 

COA group and NCOA groups, although perhaps a small clinical 
difference of 18 minutes. COAs reported napping for longer than 
NCOAs (see Table 2). Fifteen (22%) COAs took 1-4 naps per week 
that ranged from 10-375 minutes, while five (21%) NCOAs took 1 
nap per week that ranged from 10-75 minutes. Actigraphy was used 
to provide a secondary measure of sleep as well as information on 

Figure 1: Actigraphy data in a male COA (A), female COA (B), male NCOA (C) and female NCOA (D).
Actigraphy with sleep periods (turquois bars), time watch was removed (navy blue bars), activity (black vertical lines and red bars along bottom of each row), and 
light levels (vertical yellow lines along middle of row); A) Top left-male COA 9.7 years old, B) Top right-male NCOA 9.6 years old, C) Bottom left – female COA 9.3 
years old, D) Bottom right-female NCOA 10.2 years old. Gray bars in the first rows of B, C and D indicate the time before the watch was schedule to start. COAs 
with napping and most discrepant sleep patterns were chosen to present pictorially.
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motor activity, light exposure, and rest/activity patterns. Figure 1 
displays individual graphs from actigraphy from four participants 
matched by age and sex. COAs with the most extreme pattern 
deviations and presence of naps were selected. Naps are shown by 
the shorter turquoise bars in the two COAs. Analyses revealed higher 
average nocturnal motor activity in COAs, 53.7 (23.9) counts per 
minute versus 39.8 (21.9) in NCOAs, t=-2.3, (p=.03). No differences 
were found in light exposure between groups.

To explore the effects of family history on sleep variables while 
controlling for age, gender, and pubertal status, we ran ANCOVAs. 
After controlling for these variables, sleep diary sleep quality was 
significantly different between COAs and NCOAs [F (1, 50) =5.7, 
p=.02, eta squared =.10], with COAs reporting better sleep quality. 
For the sleep diary, there was a significant effect of age on bedtime [F 
(1, 51) =6.5, p=.014, eta squared =.11)], such that the older children 
went to bed later and had more wake after sleep onset [F (1, 47) =9.7, 
p=.003, eta squared =.17]. For actigraphy, there was an effect of age 
on activity during sleep [F (1, 44) =4.7, p=.036, eta squared =.10) and 
a significant effect of both age [F (1, 44) =4.5, p=.041, eta squared=.10] 
and Tanner stage [F (1, 44) =4.1, p=.049, eta squared=.10] on wake 
time after sleep onset. For the parent rated PSQ, there was a significant 
effect of Tanner stage on PSQ calculated sleep efficiency [F (1, 48) 
=4.6, p=.038, eta squared =.09] and an effect of age [F (1, 57) =9.2, 
p=.004, eta squared=.15] and Tanner stage [F (1, 57) =10.5, p=.002, 
eta squared=.17] on PSQ rated daytime sleepiness.

Interrelations between and within methods by group
Table 3 displays the partial relationship between parental 

report of sleep (via the PSQ), actigraphy, and sleep diaries while 
controlling for family history. Preliminary analyses were performed 
to ensure no violation of the assumptions of normality, linearity, 
and homoscedasticity. Significant relationships were found between 
parent reports and 5 out of 6 of the corresponding sleep diary measures 
and 1 out of 3 of the corresponding actigraphy sleep measures. The 
one sleep diary measure that did not show a relationship to parental 
report was total daytime napping. An inspection of the zero order 
correlation [r=.21, n=88, p=.04] suggested that family history did 
have an effect on the strength of the relationship between napping 
reported by the child and daytime sleepiness reported by the parent. 
Actigraphically defined sleep latency and wake time after sleep onset 
were not consistent with parental reports of difficulty staying asleep.

Multiple regressions of diary-reported sleep quality and other 
measures of sleep continuity revealed that sleep quality was predicted 
by the number of awakenings during the night, (beta=-.33; p=.01) 
in both groups, but with a slightly stronger relationship in NCOAs 
(beta=-.46, p=.03). Sleep quality was predicted by wake time after 
sleep onset in COAs (df= 1, 62, beta=-.29, p=.02), but not in NCOAs, 
(df=1, 20, beta=-.30, p=.19).

Agreement between measurement methods by FH status
Bland Altman plots are displayed for three variables: Bedtime, 

Waketime and Wake after sleep onset so that the reader can visually 
inspect for the subtle differences between groups. Figure 2 shows 
that child- and parent-reported bedtime (graphs A and B) and 
waketime (graphs C and D) are generally comparable because the 
mean differences are relatively small, are close to zero, and there is 
no systematic variation with the mean of the two measurements. 
However, there is a slight trend in the COA data with parent and 
child reports of bedtime becoming more discrepant the later bedtime 
becomes. Indeed, parent-rated bedtimes were significantly different 
from child-rated bedtimes in COAs, but not NCOAs. There were no 
differences between parents- and -child-rated waketimes.

Mean differences between sleep diaries compared to actigraphy 
ranged from 15.5 minutes and 63.5 minutes. The Bland Altman 
plot of wake time after sleep onset in Figure 2 shows that the mean 
differences are not close to zero, there is a clear trend in the data, 
as the difference between methods gets larger, the average increases, 
and the variability is consistent across the graph. Therefore, the two 
methods are producing different results.

Discussion
The purpose of the present study was to describe sleep-wake 

patterns in the children of alcoholics (COAs), to explore relationships 
between sleep variables between COAs to children of control families 
(NCOAs), and to explore the relationships among sleep variables by 
groups.

These preliminary results suggest that COAs napped more during 
the day than NCOAs, had statistically significantly less nocturnal 
sleep time, and had more motor activity during sleep. Children’s 
sleep diary reports appear to correlate well with parental reports, 
except for bedtime in some COAs, where in some cases, parents rated 
bedtime earlier than their children. There were also discrepancies 
between sleep diaries and actigraphy-derived sleep measurements in 
both groups. Compared to sleep diaries, actigraphy overestimated the 
amount of nocturnal awakening by approximately 30 minutes.

COAs reported more napping compared to NCOAs. Additional 
assessments of where and under what circumstances the naps were 
taking place e.g. scheduled versus spontaneous may have provided 
more insight into this. Most children (34.5%) stop taking natural/
unscheduled napping by age 4 [23]. According to a Sleep in America 
Poll, out of a sample of 635 school-aged children in the US, only 2% 
slept 1-2 hours in the daytime [45]. Environmental or family factors 
may be at play, e.g. the COA’s attempt to seek refuge in bed from 
a disturbing home environment or fewer after school activities. 
Interestingly, parents were not aware of the frequency of their 
child’s daytime naps. Given the common genetic risk for alcoholism 
and mood disorders in first degree relatives of alcoholics [17], this 

r (P value)

Actigraphy Diary

Bedtime NA .67 (.0005)

Waketime NA .57 (.0005)

Sleep latency .12 (.30) .68 (.0005)

Wake after sleep onseta .00 (.99) .28 (.012)

Total sleep time .32 (.005) .32 (.003)

Nappingb ---- .20 (.060)c

Table 3: Partial correlation between sleep variables assessed by actigraphy, 
diary, and Pediatric Sleep Questionnaire (PSQ) completed by parent.

Note: a=for parental questionnaire data, scores for the item “does your child have 
trouble falling back asleep if awoken?” was used. b= PSQ summary score of items 
relating to daytime sleepiness were used to correlate total nap time reported by 
the child in the diary. c= when not controlling for family history, this relationship 
becomes significant (r=.21, p=.04).
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may reflect, at least in part, the early signs of mood disorders, (e.g. 
hypersomnolence [46]). Other studies have shown that COAs 
between the ages of 6-17 are twice as likely as controls to present with 
subclinical symptoms of psychiatric problems and four times more 
likely to have a diagnosis of any psychiatric disorder [47].

A higher level of motor activity was captured by actigraphy during 
sleep in the COAs compared to NCOAs. This may have been due to 
actigraphy detecting subtle motor movements in sleep that is not 
perceived as wakefulness. In a comparison study between actigraphy 
and polysomnography, it was found that time awake after sleep onset 
was overestimated with actigraphy by 26.3 +/-34.4 minutes [23]. 
Moreover, our findings suggest that in this sample, actigraphy and 

Figure 2: Bland Altman Plots for Bedtime, Waketime, and Waketime after sleep onset by group.
Bland Altman plots of the differences between parental report of bedtime plotted against bedtime reported by the child in the sleep diary in NCOAs (A) and COAs 
(B); differences between parental report of waketime plotted against waketime reported by the child in the sleep diary in NCOAs (C) and COAs (D); differences of 
Waketime after sleep recorded in the sleep diary plotted against wake after sleep onset measured by actigraphy in NCOAs (E) and COAs (F).

sleep diaries may be producing different results. Nevertheless, should 
the COA group have subtle sleep disturbance, the sleep disturbances 
could be associated with future problems.

Interrelationships between methods by group
We hypothesized that there would be a significant difference 

between children’s estimation of sleep from their parents estimations 
as well as from an objective measure (actigraphy). In general, the 
study findings did not support this hypothesis, but rather that child 
and parent reports are similar. However, there was a high degree of 
inter-individual variability. A similar study in children (ages 4-7) 
using Bland Altman plots [24] to describe discrepancies between 
actigraphy and sleep diary used a range of <30 minutes between 
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measures to be considered a useful measure. The authors found 
that actigraphically determined sleep start, sleep end, and “assumed 
sleep” were comparable to parent reports which were made every 
15 minutes across 6-8 nights of actigraphy. Our study differed from 
Werner et al not only in terms of the age of our participants, but 
because parent participants made a one-time assessment of typical 
bedtime and waketime and this was compared to the mean of a 7-day 
sleep diary. In addition, we relied on child-reported bedtimes in the 
sleep diary and not actigraphically defined sleep start and end times. 
Future studies should examine sleep start and end times as derived by 
actigraphy alone in this population.

Study limitations
There were a number of limitations to the study. Therefore, the 

results should be interpreted with caution. First, the sample size 
was quite small. Second, anxiety and depressive symptoms were 
not included in this study and therefore we cannot statistically test 
whether depressive mood symptoms acted as a mediator to explain 
differences in sleep observed between COAs and NCOAs. Third, we 
did not determine if the parent that helped guide the child’s sleep 
diary was an alcoholic or not. Fourth, this study utilized child’s own 
reports of sleep in the sleep diaries instead of parental reports, which 
may have accounted for the high degree of variability in our results. 
Fifth, we did not have an equal distribution of males to females in 
both groups to examine our measures by sex. This is important 
given the sex difference in vulnerability to develop alcoholism. 
Sixth, we had a smaller control group than study group, which may 
have led to the absence of associations between parental reports of 
sleep and daytime napping. Last, the study did not include sleep 
electroencephalography (EEG), so possible differences in sleep 
architecture could not be studied. Future studies may further explore 
sleep EEG characteristics, including homeostatic regulation of sleep, 
temporal coherence between EEG and actigraphy, and biological 
circadian markers (e.g. dim light melatonin onset). Studies should also 
compare raw actigraphy to actigraphy combined with bedtimes and 
waketimes from sleep logs in this population. These finite analyses in 
combination with assessments of the child’s mood or early traumatic 
events may provide a better understanding of the neurophysiological 
predisposition to a healthy or problem outcome later in life.

Conclusions
In summary, children with a high risk status based on their 

family history of alcoholism slept more during the day and slightly 
less at night compared to control children. Self-report of sleep was 
correlated strongly with parental reports, except for bedtime reports 
in some COAs. Diary and actigraphy assessments of sleep did not 
agree well and therefore these were not interchangeable methods of 
assessing sleep in this sample. A focus on achieving sufficient sleep in 
COAs at this age group may be important, since sleep hours are likely 
to be further curtailed when these children approach adolescence due 
to biological (puberty, circadian rhythm changes) and environmental 
(earlier school start times) factors. Behavioral sleep interventions may 
also worthwhile to consider, given their potential to also affect clinical 
course.
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