
SLEEP, Vol. 33, No. 1, 2010 97

Adolescence is A period of significAnt physi-
cAl, cognitive, emotionAl, And sociAl chAnge 
thAt cAn Affect sleep durAtion. it is A common 
perception and societal expectation that adolescents do not need 
as much sleep as preadolescents, yet laboratory data suggest 
that adolescents may actually require more sleep.1 it has been 
estimated that adolescents need just over 9 h of sleep per night2, 
however, a host of issues prevent them from getting enough. 
Adolescence is associated with a circadian phase delay with an 
increasing preference to sleep at later hours3; despite this, in 
most u.s. school districts school days begin progressively ear-
lier as students transition from elementary to middle school and 
then from middle school to high school.4 Adolescents in rhode 
island between the ages of 13 and 19 were found not to go to 
bed significantly earlier to compensate for earlier school start 
times.5 transitions to earlier school start times were shown in 
another sample of rhode island adolescents (14–16 years old) 
to be associated with significant sleep deprivation.6 Adolescent 

sleep time competes with a host of other nighttime options, such 
as cable television, cell phones, the internet, video games, and 
social activities.7 finally, parents are less likely to set bedtimes 
as their children get older.1,4 inadequate sleep resulting from 
these influences can have detrimental effects on teenagers.

the relationship between short sleep duration and depres-
sion has been theorized to be bidirectional,7 with chronic partial 
sleep deprivation being a potential risk factor for depression. 
cross-sectional studies have found associations between inad-
equate sleep and depression in adolescents,3,8 and a longitudinal 
study has shown that getting less sleep over time heightened de-
pressive symptoms among middle school students.9 short sleep 
duration has also been shown to be associated with suicidal 
ideation10 and suicidal behavior11 in adolescents and adults12 in 
cross-sectional studies.

referring to partial sleep deprivation as a risk factor for de-
pression is complicated by the fact that sleep parameters are 
not phenomenologically distinct from the diagnostic symptom 
cluster for depression. intimations of a cause-effect relationship 
between partial sleep deprivation and depression gleaned from 
associations found in epidemiological studies can be weak-
ened by the argument that partial sleep deprivation is simply a 
precursor or prodromal symptom of depression. experimental 
studies have the ability to control the magnitude of change in 
sleep duration and the temporal relationship between sleep du-
ration and depression to strengthen the counterfactual argument 
that if partial sleep restriction had not occurred then depression 
would not have occurred. partial sleep restriction in experimen-
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tal studies has been shown to result in dysphoric mood changes 
in ninth to twelfth graders13 and mood disturbances in adults.14 
the experimental administration of continuous wakefulness for 
56 h has been shown to result in statistically and clinically sig-
nificant increases in depressive symptoms in adults.15 experi-
mental sleep restriction studies have the drawbacks of being 
expensive, having small sample sizes with limited generaliz-
ability, and having untoward side effects given the known detri-
mental effects of sleep deprivation. Quasi-experiments provide 
some of the benefit of controlled experimental studies without 
the drawbacks. A quasi-experiment is a naturally occurring in-
stance of observable phenomenon that approximates the prop-
erties of a controlled experiment.

the national longitudinal study of Adolescent health (Add 
health)16 provides a unique opportunity to examine the relation-
ships between parental set bedtimes, sleep duration, and depres-
sion as a quasi-experiment to explore the question of whether 
chronic partial sleep deprivation can increase the risk for de-
pression. We are not aware of any previous published studies 
that have explored these relationships. the Add health study 
included the administration of in-home interviews with parents 
and their adolescent children. parental interviews contained a 
question on what time the adolescent had to go to bed on week-
nights; while the adolescent interviews included questions on 
sleep duration, perception of getting enough sleep, depression, 
and suicidal ideation. given the need to get up for school on 
weekdays, parental set bedtimes can directly affect sleep dura-
tion by establishing a relatively stable upper limit on bedtimes. 
Adolescents who are more free to choose their own bedtimes 
have been found to go to bed later on average than adolescents 
who are less free to choose.1 the presence of depression in an 
adolescent can affect his or her choice of bedtime, but it is less 
likely to affect a parent’s choice of a set bedtime. We hypoth-
esize that later parental set bedtimes would be associated with 
shorter sleep durations and perceptions of not getting enough 
sleep. We theorize that later parental set bedtimes would be as-
sociated with depression and suicidal ideation and that these as-
sociations would be mediated by sleep duration and perception 
of getting enough sleep. An alternative explanation for associa-
tions between parental set bedtimes, depression, and suicidal 
ideation is that adolescents whose parents set earlier bedtimes 
could infer that their parents care more about them, which, in 
turn, could be protective against depression and suicidal ide-
ation. We therefore also tested the alternative hypothesis that 
the subjects’ self-perception of their parents caring about them 
could act as a mediator of the relationships between parental set 
bedtime, depression, and suicidal ideation.

metHods

participants
subjects for this study were participants in Wave 1 of the na-

tional longitudinal study of Adolescent health (Add health), 
a school-based, nationally representative, probability based 
sample of adolescents in grades 7 to 12 in the united states 
in 1994–96.16 the Add health study was designed to examine 
relationships between health-related behaviors, social contexts, 
and health outcomes in adolescence and young adulthood. data 
were collected from adolescents and their parents through in-

home interviews. A total of 18,922 subjects were assigned a 
grand sample weight in the Wave 1 in-home sample.17 All of 
the subjects who answered the depression and suicidal ideation 
questions and for whom a parent answered the bedtime ques-
tion were included in the analyses (82.8%, n = 15,659). All Add 
health participants and parents signed informed consent forms. 
We received approval from the columbia university, depart-
ment of psychiatry institutional review Board to conduct anal-
yses of these data.

measures
the primary dependent variables for this study were depres-

sion and suicidal ideation. participants in the Add health study 
were administered an 18 item version of the centers for epi-
demiologic study-depression scale (ces-d) to assess depres-
sive symptoms.18 the ces-d is valid for use in both junior and 
senior high school student populations.19 CES-D scores ≥ 24 in 
females and ≥ 22 in males have been used to indicate depressed 
mood for adolescents,20 so we created a dichotomous variable 
indicating depressed mood based on these cutpoints. the pres-
ence of suicidal ideation was determined by the subjects’ yes or 
no responses to the question: “during the past 12 months, did 
you ever seriously think about committing suicide?”

the primary independent variable for this study was paren-
tal set bedtime. the adolescents’ parents, preferably mothers 
or other female heads of household, were asked: “What time 
does {name} have to go to bed on weeknights?” with responses 
coded as: 9:00 pm or earlier, by 10:00 pm, by 11:00 pm, by 
12:00 Am/midnight, by 1:00 Am, after 1:00 Am, or (he/she) 
has no set bedtime. few parents reported that their children had 
to go to bed by 1:00 Am (n = 126) or after 1:00 Am (n = 76), 
so we created a category for having to go to bed by or after 
midnight (n = 1,067). if we apply parental set bedtime as a con-
tinuous variable in the regression models, then the assumption 
would have to be made that each progressively later parental 
set bedtime is associated with the same change in the depen-
dent variables. We checked the validity of these assumptions by 
running logistic regression models with the different parental 
set bedtimes as the independent variable and depression and 
suicidal ideation as the dependent variables. We then plotted the 
β coefficients for each parental set bedtime and found that the 
plots were not linear and, therefore, indicated that each progres-
sively later bedtime is not associated with the same change in 
the log odds of depression and suicidal ideation. We therefore 
chose to categorize the parental set bedtime variable rather than 
applying it as a continuous variable. The β coefficients for the 2 
earliest bedtimes [9:00 pm or earlier and by 10:00 pm] and for 
the 2 latest bedtimes [by or after 12:00 Am/midnight, and (he/
she) has no set bedtime] were similar for both depression and 
suicidal ideation, so we trichotomized the parental set bedtime 
variable between 10:00 pm or earlier, by 11:00 pm, and by or 
after 12:00 Am/midnight.

the adolescents’ sleep duration and perception of getting 
enough sleep were the primary variables theorized to act as me-
diators of the relationship between the independent variable of 
parental set bedtime and the dependent variables of depression 
and suicidal ideation. the subjects’ self reported sleep duration 
was measured using their answers to the question: “how many 
hours of sleep do you usually get?” with responses ranging from 
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1 to 20. Few subjects reported getting ≤ 4 h of sleep (n = 184) or 
≥ 11 h of sleep (n = 425), so we collapsed the shortest sleep du-
ration category into ≤ 5 h of sleep and the longest sleep duration 
category into ≥ 10 h of sleep. We catego rized the sleep duration 
variable, as opposed to applying it as a continuous variable, 
because each additional hour of sleep was not associated with 
the same change in the dependent variables. the mode sleep 
duration in this sample was 8 h, and the mean sleep duration 
was approximately 8 h (7 h 53 min), so we chose 8 h as the 
reference category. the subjects’ perception of getting enough 
sleep was assessed by their yes or no responses to the question: 
“do you usually get enough sleep?” the adolescents were also 
asked “What time do you usually go to bed on weeknights?” 
with responses ranging from 12:00 Am/midnight to 11:59 pm.

the subjects’ self-perception of parents caring was deter-
mined by their answers to the question: “how much do you feel 
that your parents care about you?” with responses including 
“not at all,” “very little,” “somewhat,” “quite a bit,” and “very 
much.” other covariates that we included in our multivariate 
models included age (continuous variable), sex, race/ethnic-
ity (caucasian, African American, hispanic, other—including 
native American, Asian, and other), parental marital status 
(single/never married, married, widowed, divorced, separated), 
and family’s receipt of public assistance (yes, no).

statistical analyses
We performed univariate analyses and bivariate analy ses us-

ing χ2 tests for categorical variables and t-tests for continuous 
variables. in an effort to gauge the accuracy of our assumption 
that depression in an adolescent is unlikely to affect their par-
ent’s choice of a set bedtime, we compared between depressed 
and non-depressed subjects and between subjects with and 
without suicidal ideation, the average differences between pa-
rental set bedtimes and adolescent set bedtimes. to evaluate the 
accuracy of our assumption that parental set bedtimes establish 
a relatively stable upper limit on bedtimes, we compared paren-
tal set bedtimes with adolescent set bedtimes. We determined 
the number and percentage of subjects who reported bedtimes 
at or earlier than the bedtimes set by their parents. Among ado-
lescents who reported going to bed later than their parents’ set 
bedtimes, we calculated the percentage of subjects who report-
ed going to bed within an hour of their parent’s set bedtimes.

We used two separate sets of logistic regression analyses to 
further examine the relationships between parental set bedtime 
and depression and between parental set bedtime and suicidal 
ideation. in the set of analyses for depression, covari ates in 
the first adjusted multivariate model (Model 2) included age, 
sex, race/ethnicity, parental marital status, and family’s receipt 
of public assistance. covariates in the second adjusted model 
(model 3) included the variables in model 2 plus self-percep-
tion of parents caring to test whether this variable acted as a 
partial mediator of the relationship between parental set bed-
time and depression. model 4 included the variables in model 
3 plus sleep duration and perception of getting enough sleep 
to assess whether these variables acted as mediators. The first 
3 multivariate models for suicidal ideation included the same 
covariates as those used for depression. model 4 included the 
variables in model 3 plus depression to examine whether it act-
ed as a mediator, while model 5 included the variables in model 

4 plus sleep duration and perception of getting enough sleep 
to test whether they acted as mediators. to test for mediation 
we looked at the amount of the change in the β coefficients of 
the main exposure term (parental set bedtime) after introduc-
ing the hypothesized mediating variables (sleep duration and 
enough sleep). We considered a change ≥ 10% as a cutoff for 
an attenuation sufficient to be consistent with mediation.21 to 
evaluate whether there were collinearity issues in using both 
parental-set bedtime and child-reported sleep duration in the 
same regression models, we conducted multicollinearity diag-
nostic statistics using the proc reg procedure with options 
vif tol with sAs software22 and found the variance inflation 
factor well below the threshold indicative of multicollinearity. 
to obtain unbiased estimates from the Add health data, we cor-
rected for complex sampling design effects and unequal proba-
bility of selection using the sAs callable version of sudAAn 
software.23 We divided the individual weights by the total mean 
weight to maintain the original sample size. the use of weights 
in categorical analyses resulted in sample sizes that were not 
whole numbers, so we rounded sample sizes to the nearest in-
teger. The significance of individual coefficients in the logistic 
regression models were determined by the 95% confidence lim-
its for odds ratios.

resUlts
the average adolescent sleep duration was 7 h 53 min, which 

contrasted sharply with an estimated adolescent sleep duration 
need of 9 h.2 As the adolescents’ self-reported sleep durations 
increased, their likelihood of perceiving that they were get-
ting enough sleep progressively increased (X2 = 293.43, p < 
0.0001). With the exception of sleep duration ≥ 10 h, higher 
average self-reported sleep durations were associated with pro-
gressively earlier average bedtimes, with sleep durations of ≤ 
5 h, 6 h, 7 h, 8 h, 9 h, and ≥ 10 h associated with average bed-
times of 11:15 pm, 10:45 pm, 10:40 pm, 10:21 pm, 10:03 pm, 
and 10:16 pm, respectively. in support of our assumption that 
parental set bedtimes establish a relatively stable upper limit 
on adolescent bedtimes, we found adolescents to largely com-
ply with parental set bedtimes. over two-thirds (n = 10,922, 
69.7%) of the adolescents reported going to bed at a time that 
complied with their parents reported set bedtime. Among ado-
lescents who reported going to bed later than their parents’ set 
bedtimes, two-thirds reported going to bed within an hour of 
their parent’s set bedtimes. Among adolescents whose parents 
set specific bedtimes at or before 1:00 AM, adolescents reported 
going to bed an average of only 2.7 min later than their parents’ 
set bedtimes. in comparison to non-depressed adolescents, de-
pressed adolescents reported going to bed an average of 4.9 min 
later than their parents’ set bedtimes, but this difference was not 
statistically significant (P = 0.47). In comparison to adolescents 
without suicidal ideation, adolescents with suicidal ideation 
reported going to bed an average of 7.3 min later than their 
parents’ set bedtimes, and this difference approached statistical 
significance (P = 0.06).

tables 1 and 2 show results from bivariate analyses. table 
1 shows the relationships between depression, suicidal ide-
ation, and covariates. on average adolescents suffering from 
depression and suicidal ideation self-reported going to bed lat-
er. depression and suicidal ideation were associated with later 
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table 1—Relationships between parental set bedtimes, covariates, depression, and suicidal ideation

depression suicidal ideation
Yes no Yes no

n (%) 1,050 (7%) 14,609 (93%) 2,038 (13%) 13,621 (87%)

mean mean t-test (p-value) mean mean t-test (p-value)
adolescent-reported 
average bedtime 10:36 PM 10:25 PM 1.74 (P = 0.0834) 10:34 PM 10:25 PM 2.31 (P = 0.0227)

adolescent-reported
average sleep duration 7 h 23 min 7 h 55 min 7.97 (P < 0.0001) 7 h 36 min 7 h 55 min 7.77 (P < 0.0001)

n (row %) n (row %) X2 (p-value) n (row %) n (row %) X2 (p-value)
parental set bedtime
on weekday nights

10:00 PM or earlier 495 (6%) 7,976 (94%) 20.14 (P = 0.0001) 1,012 (12%) 7,459 (88%) 14.10 (P = 0.0012)
By 11:00 PM 231 (7%) 3,108 (93%) 451 (14%) 2,888 (86%)
By or after midnight 324 (8%) 3,525 (92%) 575 (15%) 3,274 (85%)

adolescent-reported
sleep duration

≤ 5 h 118 (18%) 524 (82%) 76.86 (P < 0.0001) 152 (24%) 490 (76%) 82.29 (P < 0.0001)
6 h 170 (11%) 1,412 (89%) 302 (19%) 1,279 (81%)
7 h 257 (8%) 3,023 (92%) 470 (14%) 2,810 (86%)
8 h 289 (5%) 5,628 (95%) 654 (11%) 5,263 (89%)
9 h 115 (4%) 2,452 (96%) 246 (10%) 2,321 (90%)

≥ 10 h 100 (6%) 1,570 (94%) 213 (13%) 1,457 (87%)
self-perception of getting 
enough sleep

No 570 (14%) 3,437 (86%) 142.86 (P < 0.0001) 804 (20%) 3,203 (80%) 89.60 (P < 0.0001)
Yes 480 (4%) 11,172 (96%) 1,234 (11%) 10,418 (89%)

adolescent-reported 
bedtime before parental set 
bedtime

No 349 (7%) 4,388 (93%) 2.21 (P = 0.1398) 675 (14%) 4,062 (86%) 6.41 (P = 0.0126)
Yes 701 (6%) 10,221 (94%) 1,363 (12%) 9,559 (88%)

sex
Female 596 (8%) 7,063 (92%) 14.59 (P = 0.0002) 1,220 (16%) 6,438 (84%) 45.43 (P < 0.0001)
Male 454 (6%) 7,546 (94%) 818 (10%) 7,183 (90%)

age (y)
11-13 29 (4%) 622 (96%) 35.38 (P < 0.0001) 64 (10%) 587 (90%) 10.70 (P = 0.0348)
14-15 249 (5%) 4,879 (95%) 597 (12%) 4,531 (88%)
16-17 408 (8%) 4,977 (92%) 776 (14%) 4,609 (86%)
18-19 329 (8%) 3,908 (92%) 561 (13%) 3,676 (87%)
20-21 34 (13%) 223 (89%) 39 (15%) 218 (85%)

parents marital status
Single, never married 84 (10%) 752 (90%) 27.93 (P < 0.0001) 104 (12%) 732 (88%) 1.33 (P = 0.8559)
Married 653 (6%) 10,609 (94%) 1,437 (13%) 9,826 (87%)
Widowed 45 (10%) 420 (90%) 65 (14%) 400 (86%)
Divorced 187 (8%) 2,168 (92%) 331 (14%) 2,024 (86%)
Separated 81 (11%) 659 (89%) 101 (14%) 639 (86%)

Family receives public 
assistance

No 850 (6%) 13,225 (94%) 32.43 (P < 0.0001) 212 (13%) 1,371 (87%) 0.10 (P = 0.7528)
Yes 200 (13%) 1,384 (87%) 1,826 (13%) 12,250 (87%)

Table 1 continued on following page
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would act as significant mediators of the relationship between 
parental set bedtimes and the risk for depression, the inclusion 
of sleep duration and getting enough sleep in model 4 apprecia-
bly attenuated the association (or = 1.07, 95% ci 0.88-1.30). 
the relationship between depression and sleep duration was u-
shaped, with both short and long sleep duration being associ-
ated with depression, although only sleep durations ≤ 5 h per 
night were significantly associated with depression (OR = 1.71, 
95% ci 1.22-2.39). subjects who reported getting enough sleep 
were significantly less likely to suffer from depression (OR = 
0.35, 95% ci 0.28-0.43).

table 4 shows the logistic regression results for suicidal 
ideation. Adolescents with parental set bedtimes of 12:00 Am/
midnight or later and 11:00 pm were 30% and 15% more likely 
to suffer from suicidal ideation respectively in comparison to 
adolescents with parental set bedtimes of 10:00 pm or earlier 
in the unadjusted analyses (model 1). the inclusion of the de-
mographic variables in model 2 reduced the odds ratios. the 
inclusion of the self-perception of parents caring variable in 
Model 3 attenuated the results, but the change in the β coef-
ficient was < 10%, so this variable did not significantly explain 
the relationship. the results were appreciably attenuated with 
a change in the β coefficient > 10% in Model 4 with the inclu-
sion of depression, which supports the study hypothesis that 
depression would act as a mediating variable between paren-
tal set bedtime and suicidal ideation. parental set bedtimes by 
or after midnight continued to be significantly associated with 
increased risk for suicidal ideation (or = 1.20, 95% ci 1.01-
1.41). the appreciable attenuation in the odds ratio with the in-
clusion of sleep duration and perception of getting enough sleep 
in model 5 (or = 1.09, 95% ci 0.92-1.29) supported the study 
hypothesis that these variables would act as significant media-
tors of the relationship between parental set bedtimes and the 
risk for suicidal ideation. Subjects who reported getting ≤ 5 h 
and 6 h of sleep were significantly more likely to have suicidal 
ideation than subjects who reported getting 8 h of sleep. sleep 
durations ≥ 9 h were not significantly associated with suicidal 

parental set bedtime, shorter sleep duration, self-perception of 
not getting enough sleep, female sex, older age, and lower self-
perception of how much parents care. African American sub-
jects and subjects of other races/ethnicities were at greater risk 
for depression than caucasian and hispanic subjects. previous 
studies have found African American adolescents to have both 
higher24 and lower25 rates of depression compared to whites. 
caucasian subjects and subjects of other races/ethnicities were 
at greater risk for suicidal ideation than African American and 
hispanic subjects. parental marital status and receipt of public 
assistance were significantly associated with depression, but 
not with suicidal ideation. table 2 shows the relationships be-
tween parental set bedtimes and covariates. later parental set 
bedtimes were generally associated with later adolescent self-
reported bedtimes, shorter sleep durations, self-perceptions 
of not getting enough sleep, male sex, older age, and lower 
self-perception of how much parents care. African American, 
hispanic, and subjects of other racial/ethnic groups were more 
likely than caucasian subjects to have set bedtimes by 10:00 
pm or earlier. parental marital status and receipt of public assis-
tance were significantly associated with parental set bedtimes.

table 3 shows the odds ratios for depression as computed by 
logistic regression analyses. in results from unadjusted analyses 
(model 1), adolescents with parental set bedtimes of 12:00 Am/
midnight or later and 11:00 pm were 42% and 15% more likely 
to suffer from depression, respectively, than adolescents with 
parental set bedtimes of 10:00 pm or earlier. the odds ratios 
were reduced with the inclusion of the demographic variables 
in model 2. the results were attenuated with the inclusion of the 
self-perception of parents caring variable in model 3, but the 
reduction in the β coefficient was less than 10%, falsifying the 
alternative hypothesis that this variable significantly explained 
the relationship between parental set bedtime and depression. 
parental set bedtimes by or after 12:00 Am/midnight continued 
to be significantly associated with increased risk for depression 
(or = 1.24, 95% ci 1.04-1.49). in support of the study hypoth-
esis that sleep duration and perception of getting enough sleep 
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n (row %) n (row %) X2 (p-value) n (row %) n (row %) X2 (p-value)
race/ethnicity

Caucasian 604 (6%) 9,942 (94%) 32.54 (P < 0.0001) 1,415 (13%) 9,131 (87%) 7.67 (P = 0.0581)
African American 208 (9%) 2,082 (91%) 256 (11%) 2,034 (89%)
Hispanic 45 (6%) 716 (93%) 85 (11%) 676 (89%)
Other 194 (9%) 1,870 (91%) 282 (14%) 1,781 (86%)

self-perception of how 
much parents care 

1 – Not at all 15 (27%) 39 (73%) 91.48 (P < 0.0001) 15 (29%) 39 (71%) 118.63 (P < 0.0001)
2 – Very little 28 (29%) 68 (71%) 38 (40%) 57 (60%)
3 – Somewhat 103 (26%) 298 (74%) 153 (38%) 247 (62%)
4 – Quite a bit 203 (12%) 1,476 (88%) 389 (23%) 1,290 (77%)
5 – Very much 702 (5%) 12,728 (95%) 1,442 (11%) 11,988 (89%)

depression
Yes 499 (47%) 551 (53%) 150.41 (P < 0.0001)
No 1,539 (11%) 13,070 (89%)

table 1 (continued)—Relationships between parental set bedtimes, covariates, depression, and suicidal ideation
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table 2—Relationships between parental set bedtimes and covariates

parental set bedtime on Weekday nights
10:00 pm or earlier by 11:00 pm by or after midnight

n (%) 8,471 (54%) 3,339 (21%) 3,849 (25%)

mean mean mean t-test (p-value)
adolescent-reported 
average bedtime 10:04 PM 10:45 PM 10:59 PM 273.12 (P < 0.0001)

adolescent-reported
average sleep duration 8 h 10 min 7 h 37 min 7 h 30 min 268.57 (P < 0.0001)

n (column %) n (column %) n (column %) X2 (p-value)
adolescent-reported
sleep duration

≤ 5 h 191 (2%) 150 (4%) 301 (8%) 348.44 (P < 0.0001)
6 h 535 (6%) 420 (13%) 627 (16%)
7 h 1,338 (16%) 948 (28%) 995 (26%)
8 h 3,584 (42%) 1,202 (36%) 1,131 (29%)
9 h 1,771 (21%) 355 (11%) 442 (11%)

≥ 10 h 1,052 (12%) 265 (8%) 353 (9%)
self-perception of getting
enough sleep

No 1,720 (20%) 1,020 (31%) 1,266 (33%) 100.17 (P < 0.0001)
Yes 6,751 (80%) 2,319 (69%) 2,583 (67%)

sex
Female 4,294 (51%) 1,498 (45%) 1,866 (48%) 15.62 (P = 0.0006)
Male 4,176 (49%) 1,841 (55%) 1,983 (52%)

age (y)
12-13 562 (7%) 60 (2%) 29 (1%) 405.46 (P < 0.0001)
14-15 3,943 (47%) 730 (22%) 454 (12%)
16-17 2,747 (32%) 1,433 (43%) 1,206 (31%)
18-19 1,125 (13%) 1,070 (32%) 2,042 (53%)
20-21 93 (1%) 47 (1%) 117 (3%)

parents marital status
Single, never married 503 (6%) 159 (5%) 174 (5%) 17.25 (P = 0.0350)
Married 6,142 (73%) 2,338 (70%) 2,782 (72%)
Widowed 241 (3%) 106 (3%) 118 (3%)
Divorced 1,191 (14%) 562 (17%) 601 (16%)
Separated 393 (5%) 174 (5%) 174 (5%)

Family receives
public assistance

No 7,511 (89%) 3,047 (91%) 3,517 (91%) 6.79 (P = 0.0366)
Yes 959 (11%) 292 (9%) 332 (9%)

race/ethnicity
Caucasian 5,493 (65%) 2,274 (95%) 2,779 (72%) 17.56 (P = 0.0104)
African American 1,287 (15%) 508 (2%) 494 (13%)
Hispanic 485 (6%) 153 (0.6%) 123 (3%)
Other 1,206 (14%) 404 (2%) 453 (12%)

self-perception of 
how much parents care  

1 – Not at all 29 (.3%) 8 (.2%) 18 (0.4%) 33.41 (P = 0.0002)
2 – Very little 47 (.6%) 20 (.6%) 29 (0.8%)
3 – Somewhat 187 (2%) 95 (3%) 118 (3%)
4 – Quite a bit 784 (9%) 423 (13%) 471 (12%)
5 – Very much 7,424 (87%) 2,794 (84%) 3,212 (83%)
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enough sleep. These findings concur with results from previous 
studies showing that as adolescents’ freedom to choose their 
own bedtimes increases, they tend to choose to go to bed later.1 
earlier versus later parental set bedtimes could therefore repre-
sent naturalistic quasi-experimental conditions that can be used 
to model chronic partial sleep deprivation.

We found that adolescents with earlier parental set bedtimes 
were significantly less likely to suffer from depression and to 
have suicidal ideation after controlling for demographic vari-
ables. We theorized that the relationships between parental set 
bedtime, depression, and suicidal ideation may be partially me-
diated by the adolescents’ perception of how much their par-
ents cared about them, but the inclusion of this variable in the 
multivariate models only slightly attenuated the associations. 
the inclusion of sleep duration and getting enough sleep in the 
multivariate models appreciably attenuated the associations 
between parental set bedtime and the risks for depression and 
suicidal ideation. These findings are in accord with our hypoth-
esis that sleep duration and getting enough sleep would medi-
ate the relationships between parental set bedtime and the risks 
for depression and suicidal ideation. later parental set bedtimes 
therefore appear to result in shorter sleep durations and a higher 
likelihood of not getting enough sleep, which in turn are associ-
ated with depression and suicidal ideation.

there are a number of potential mechanisms by which chron-
ic partial sleep deprivation could contribute toward depression 
and suicidal ideation. first, in an experimental sleep deprivation 

ideation in comparison to sleep durations of 8 h. subjects who 
reported getting enough sleep were significantly less likely to 
suffer from suicidal ideation (or = 0.71, 95% ci 0.61-0.84).

discUssion
We found that later adolescent reported bedtimes were associ-

ated with shorter sleep durations and a perception of not getting 
enough sleep. school start times were likely to have contribut-
ed toward these results by limiting how late the students could 
sleep in the morning. consistent with previous epidemiologi-
cal studies on the associations between sleep duration, depres-
sion,3,8 and suicidal ideation,10 we found that adolescents who 
suffered from depression and had suicidal ideation had later 
bedtimes, shorter sleep durations, and greater likelihood of per-
ceiving that they were not getting enough sleep. given the fact 
that sleep parameters are part of the symptom cluster for depres-
sion, it would be expected that the presence of depression in ad-
olescents would affect their choice of bedtime, sleep duration, 
and perception of getting enough sleep. however, we would 
not expect parents’ choices of set bedtimes for their adolescent 
children to be affected by the presence of depression in those 
adolescents. Consistent with this assumption, we did not find 
significant differences between depressed and non-depressed 
adolescents in their reports of going to bed at times different 
from their parents’ set bedtimes. parental set bedtimes can es-
tablish relatively stable upper limits on the bedtimes of adoles-
cents. We wanted to check the accuracy of this assumption since 
parental set bedtimes do not 
strictly determine what time 
adolescents go to bed and 
to sleep since they can stay 
up later in their rooms after 
bedtime reading, surfing the 
internet, watching television, 
or listening to music. We 
found that the adolescents in 
this study complied to a large 
extent with their parents’ set 
bedtimes, with adolescents 
reporting going to bed only 
about 5 minutes later on 
average than their parental 
set bedtimes, and over two-
thirds of adolescents report-
ing going to bed at a time that 
complied with their parents 
reported set bedtimes. We 
hypothesize that earlier pa-
rental set bedtimes function 
to lengthen sleep durations 
and to increase the likelihood 
of getting enough sleep. con-
sistent with this hypothesis, 
we found that adolescents 
with earlier parental set bed-
times were significantly less 
likely to have short sleep du-
ration and were significantly 
more likely to report getting 
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table 3—Odds ratios (95% CI) for depression

model 1a model 2b model 3c model 4d

parental set bedtime
on weekday nights

10:00 PM or earlier 1.00 1.00 1.00 1.00
By 11:00 PM 1.15 (0.94-1.40) 1.13 (0.90-1.42) 1.10 (0.87-1.39) 0.97 (0.76-1.24)
By or after midnight 1.42 (1.21-1.67) 1.28 (1.07-1.52) 1.24 (1.04-1.49) 1.07 (0.88-1.30)

self-perception of 
how much parents care

1 – Not at all 6.82 (3.11-14.98) 5.88 (2.79-12.40)
2 – Very little 8.32 (4.58-15.12) 6.73 (3.49-12.98)
3 – Somewhat 5.50 (3.72-8.13) 4.93 (3.32-7.30)
4 – Quite a bit 2.43 (1.89-3.13) 2.16 (1.69-2.76)
5 – Very much 1.00 1.00

adolescent-reported
sleep duration

≤ 5 h 1.71 (1.22-2.39)
6 h 1.29 (0.97-1.70)
7 h 1.19 (0.96-1.48)
8 h 1.00
9 h 1.17 (0.88-1.56)

≥ 10 h 1.34 (0.95-1.89)
enough sleep 0.35 (0.28-0.43)

amodel 1 – Unadjusted.
bmodel 2 – Adjusted for age, sex, race/ethnicity, parent’s marital status, and family receipt of public assistance.
cmodel 3 – Adjusted for variables in Model 2 plus self perception of how much parents care.
dmodel 4 – Adjusted for variables in Model 3 plus adolescent reported sleep duration and perception of getting 
enough sleep.
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light of the limitations of these analyses. some of these limita-
tions relate to how closely the study has the characteristics of 
an ideal quasi-experiment. in an ideal quasi-experiment, the in-
dependent variable is exogenously determined. in this case the 
independent variable (parental set bedtime) could be influenced 
by characteristics and behaviors of the adolescent. for instance, 
we found that males and younger adolescents were significantly 
more likely to have earlier parental set bedtimes, but we con-
tinued to find significant differences after controlling for these 
variables. Another characteristic of an ideal quasi-experiment is 
the occurrence of the independent variable temporally before the 
dependent variable. Although we hypothesize that parental set 
bedtimes and resultant short sleep durations were relatively sta-
ble and therefore were likely to have preceded the adolescents’ 
depression, some of these bedtimes could have been established 
while the adolescent suffered from depression. We would not 
expect the presence of depression in adolescents to affect their 
parents’ choices of set bedtimes. however, it is possible that ad-
olescents’ depression and associated symptoms could influence 
their parents to set either earlier or later bedtimes. the paren-
tal and adolescent at home interviews were conducted in close 
proximity, so the cross-sectional nature of these analyses lim-
its our ability to determine the temporal relationships between 
parental set bedtimes, sleep duration, and depression. future 
studies on the relationship between parental set bedtimes and 

study with healthy participants using fmri, investigators from 
harvard medical school and the university of california, Berke-
ley, found that a lack of sleep resulted in inappropriate modu-
lation of human emotional brain responses to aversive stimuli. 
sleep deprived participants exhibited a hyper-limbic response by 
the amygdala in response to exposure to increasingly negative 
picture stimuli.25 According to the authors of the study, their re-
sults may provide insights into the relationship between sleep de-
privation and mood disorders, “which instead of being viewed as 
co-occurring, may be more causally related.” second, moodiness 
resulting from insufficient sleep has been theorized to interfere 
with teenagers’ abilities to cope with daily stresses and to impair 
their relationships with peers and adults.1 Adverse and stressful 
life events have been shown to contribute to depression,27 and in-
adequate skills to cope with these events could exacerbate these 
effects. deteriorations in relationships with peers and parents 
can lead to deficits in social support, which have been shown to 
be associated with depression.28 third, the association between 
short sleep duration and suicidality has been hypothesized to be 
due, in part, to the negative effects of insufficient sleep on judg-
ment, concentration, and impulse control.11 treatment of sleep 
disorders has been shown to significantly reduce aggressive and 
impulsive behaviors in hospitalized youth.29

the associations between parental set bedtimes, depression, 
and suicidal ideation that we found should be considered in 
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table 4—Odds ratios (95% CI) for suicidal ideation
model 1a model 2b model 3c model 4d model 5e

parental set bedtime
on weekday nights
  10:00 PM or Earlier 1.00 1.00 1.00 1.00 1.00
  By 11:00 PM 1.15 (0.98-1.35) 1.15 (0.98-1.36) 1.12 (0.95-1.33) 1.12 (0.95-1.32) 1.04 (0.88-1.23)
  By or after midnight 1.30 (1.13-1.49) 1.25 (1.07-1.45) 1.23 (1.05-1.44) 1.20 (1.01-1.41) 1.09 (0.92-1.29)
self-perception of 
how much parents care
  1 – Not at all 3.78 (1.91-7.46) 2.55 (1.24-5.24) 2.45 (1.21-4.97)
  2 – Very little 5.08 (3.15-8.19) 3.60 (2.01-6.43) 3.26 (1.82-5.81)
  3 – Somewhat 5.17 (3.79-7.06) 3.75 (2.62-5.37) 3.56 (2.51-5.06)
  4 – Quite a bit 2.51 (2.12-2.98) 2.23 (1.86-2.66) 2.14 (1.79-2.55)
  5 – Very much 1.00 1.00 1.00
depression 6.57 (5.32-8.11) 5.83 (4.68-7.27)

adolescent-reported
sleep duration

≤ 5 h 1.48 (1.06-2.06)
6 h 1.44 (1.17-1.79)
7 h 1.17 (0.97-1.40)
8 h 1.00
9 h 0.88 (0.69-1.13)

≥ 10 h 1.22 (0.97-1.53)

enough sleep 0.71 (0.61-0.84)

amodel 1 – Unadjusted.
bmodel 2 – Adjusted for age, sex, race/ethnicity, parent’s marital status, and family receipt of public assistance.
cmodel 3 – Adjusted for variables in Model 2 plus self perception of how much parents care.
dmodel 4 – Adjusted for variables in Model 3 plus depression.
emodel 5 – Adjusted for variables in Model 4 plus adolescent reported sleep duration and perception of getting enough sleep. 
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tween self-reported sleep duration and sleep duration measure 
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reported sleep duration to overestimate that measured by acti-
graphic32 and polysomnographic33 monitoring.

Our findings suggest that later parental set bedtimes con-
tribute to shorter sleep durations and perceptions of not getting 
enough sleep, which in turn are associated with depression and 
suicidal ideation. the results from this study provide new evi-
dence to strengthen the argument that inadequate sleep could 
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acKnoWledGments
financial support for this study was provided by a grant from 

the robert Wood Johnson health and society scholars pro-
gram at columbia university. this research uses data from Add 
health, a program project designed by J. richard udry, peter s. 
Bearman, and Kathleen mullan harris, and funded by a grant 
p01-hd31921 from the eunice Kennedy shriver national in-
stitute of child health and human development, with coopera-
tive funding from 17 other agencies. special acknowledgment 
is due ronald r. rindfuss and Barbara entwisle for assistance 
in the original design. Persons interested in obtaining data files 
from Add health should contact Add health, carolina popula-
tion center, 123 W. franklin street, chapel hill, nc 27516-
2524 (addhealth@unc.edu). no direct support was received 
from grant p01-hd31921 for this analysis.

disclosUre statement
this was not an industry supported study. dr. Zammit has re-

ceived research support from Actelion, Ancile pharmaceuticals, 
Arena, Aventis, cephalon, elan, epix, evotec, forest, glaxo-
smithKline, h. lundbeck A/s, King pharmaceuticals, merck, 
neurim, neurocrine Biosciences, neurogen, organon, orphan 
Medical, Pfizer, Respironics, Sanofi-Aventis, Sanofi-Synthela-
bo, schering-plough, sepracor, somaxon, takeda, targacept, 
transcept, ucB pharma, predix, vanda, and Wyeth-Ayerst 

Parental Set Bedtimes and Risk for Depression—Gangwisch et al

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/33/1/97/2454645 by guest on 20 August 2022



SLEEP, Vol. 33, No. 1, 2010 106

 29. pakyurek m, gutkovich Z, Weintraub s. reduced aggression in two inpa-
tient children with the treatment of their sleep disorder. J American Acad-
emy child Adolesc psychiatry 2002;41:1025.

 30. lockley sW, skene dJ, Arendt J. comparison between subjective 
and actigraphic measurement of sleep and sleep rhythms. J sleep res 
1999;8:175-83.

 31. hauri pJ, Wisbey J. Wrist actigraphy in insomnia. sleep 1992;15: 
293-301.

 32. lauderdale ds, Knutson Kl, yan ll, et al. objectively measured sleep 
characteristics among early-middle-aged adults. the cAr diA study. Am 
J epidemiol 2006;164:5-16.

 33. Walsleben JA, Kapur vK, newman AB, et al. sleep and reported day-
time sleepiness in normal subjects: the sleep heart health study. sleep 
2004;27:293-8.

 24. Kubik my, lytle lA, Birnbaum As, murray dm, perry cl. prevalence 
and correlates of depressive symptoms in young adolescents. Am J health 
Behav 2003;27:546-53.

 25. saluja g, iachan r, scheidt pc, overpeck md, sun W, giedd Jn. preva-
lence of and risk factors for depressive symptoms among young adoles-
cents. Arch pediatr Adolesc med 2004;158:760-5.

 26. yoo s, gujar n, hu p, Jolesz fA, Walker mp. the human emotional 
brain without sleep – A prefrontal amygdala disconnect. curr Biol 
2007;17:r877-8.

 27. dohrenwend Bp. the role of adversity and stress in psychopathology: 
some evidence and its implications for theory and research. J health so-
cial Behav 2000;41:1-19.

 28. stice e, ragan J, randall p. prospective relations between social support 
and depression: differential direction of effects for parent and peer sup-
port? J Abnormal psychol 2004;113:155-9.

Parental Set Bedtimes and Risk for Depression—Gangwisch et al

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/33/1/97/2454645 by guest on 20 August 2022


