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Abstract
The purpose of this study was to characterize the association between recent major life events and depressive symptoms during
early adulthood, and to determine whether adolescents with chronically low positive affect or persistent sleep disturbance were
more vulnerable to the link between stress and depressive symptoms. Adolescents (n = 147; 63.9% female; 33.7% non-Hispanic
white) were recruited in 10th–11th grade and re-assessed 2 and 4 years later. At each assessment, adolescents completed measures
of positive affect and sleep disturbances. At the final assessment, participants reported on their exposure to major life events in the
past 12 months. Exposure to more major life events in the past year was associated with greater depressive symptoms in early
adulthood. Chronically low positive affect and persistent sleep disturbances throughout adolescence each independently mod-
erated this relationship. Specifically, only participants reporting low positive affect across the three assessments showed a positive
and significant association between major life events and depressive symptoms. Further, only participants reporting sleep
disturbances at all three assessments showed a positive and significant association between major life events and depressive
symptoms. Chronically low positive affect and persistent sleep disturbances during adolescence may be useful indicators of risk
for depression during early adulthood. Further, interventions targeting adolescent sleep disturbances and improving positive
affect may be useful in reducing the risk for depression following life stress during this high risk developmental phase.
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Depression remains one of the leading causes of global dis-
ease burden (Vos et al. 2017) and within adolescents this
problem has been worsening since 2005 (Mojtabai et al.
2016). Further, depression tends to be a chronic and recurrent
illness (Lewinsohn et al. 2000; Rohde et al. 2012), meaning
that the global burden of depression may increase exponen-
tially in the foreseeable future. One plausible path to mitigat-
ing the global burden of depression is preventing its onset.
Given that 80% of depressive episodes occur in the wake of
a major life stressor (Hammen 2005, 2015), identifying mod-
ifiable factors that attenuate this link may be particularly im-
portant for developing prevention strategies. Before the age of
12, the annual prevalence of depression is approximately 4%,
increases throughout adolescence, and peaks at approximately
14% during early adulthood (Avenevoli et al. 2015; Mojtabai
et al. 2016; Rohde et al. 2012). Thus, adolescence may be an
ideal developmental phase for identifying promising interven-
tion targets. Indeed, both low positive affect and sleep distur-
bance are intervention targets shown to reduce depressive
symptoms when effectively engaged in treatment (Blake
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et al. 2016; Craske et al. 2016). In the current study, we ex-
amined whether two plausible and modifiable prevention tar-
gets during adolescence – chronically low positive affect and
persistent sleep disturbance –moderate the link between stress
and depressive symptoms in early adulthood.

Stress leads to depression (Hammen 2005, 2015). In fact,
several studies have provided evidence that stress plays a
causal role in the development of depression (Kendler et al.
1999). Given the ubiquity of stressful life events across the
human lifespan, identifying modifiable factors that weaken
the risk for depression in the wake of major life events may
help to reduce the incidence of depression and other stress-
related diseases. So far, effect sizes for depression prevention
programs in youth have been encouraging but modest in
targeted populations (Brent et al. 2015; Hetrick et al. 2016;
Horowitz and Garber 2006; Werner-Seidler et al. 2017).
Depression prevention programs may return larger effects if
programs targeted factors that weakened the risk for depres-
sive symptoms in the wake of life stress, rather than targeting
symptoms alone. Positive affect and sleep have both been
linked to how the body responds to stress (Minkel et al.
2014; Sin et al. 2015; Steptoe et al. 2005; Zautra et al.
2005). Further, both sleep and positive affect have been linked
to resilience in youth at risk for depression (Silk et al. 2007).
Thus, low positive affect and sleep disturbance are important
moderators to investigate in the link between stressful life
events and depression.

Low positive affect is associated with increased risk for
depression for up to 10 years (Wood and Joseph 2010), and
while negative affect tends to decline across adolescence in
youth already at risk for depression, low positive affectivity
persists (Conway et al. 2017). However, whether an individ-
ual’s tendency to experience positive affect mitigates the risk
for depressive symptoms following major life events during
developmental periods of high risk (e.g., adolescence and ear-
ly adulthood) remains unknown. One promising study found
that positive affect during adolescence can mitigate the link
between low social support and later depression (Wetter and
Hankin 2009), suggesting that this pathway is plausible.
While experiencing positive emotions, cognitive abilities such
as visuospatial attention and thought-action repertoires in-
crease (Fredrickson and Branigan 2005; Rowe et al. 2007).
As a result, people who experience more positive emotions
develop larger repertoires of cognitive, behavioral, and social
resources that aid in effective coping with stressors
(Fredrickson 2000, 2001; Garland et al. 2010; Haeffel and
Vargas 2011; Tugade and Fredrickson 2004; Tugade et al.
2004). Positive affect is a plausible prevention target for de-
pression because there is preliminary evidence that it is mod-
ifiable in the short (McMakin et al. 2011) and the long-term
(Cohn and Fredrickson 2010), although these effects have not
yet been shown in adolescents. Nonetheless, there is now
burgeoning evidence that mindfulness training (Cohn and

Fredrickson 2010) and behavioral activation increase positive
emotions (Mazzucchelli et al. 2010). Importantly,
mindfulness-based interventions appear to promote increases
in positive emotions through an “upward spiral” of cognition
and positive emotions that serve to combat negative emotions
(Garland et al. 2015; Goleman and Schwartz 1976). Indeed,
interventions aimed specifically at increasing positive emo-
tions can reduce the recurrence of depressive symptoms
among adults (Seligman et al. 2006; Sin and Lyubomirsky
2009).

Whether the presence of persistent sleep disturbances
across adolescence creates a vulnerability to depressive symp-
toms following major life events also remains unknown.
Insomnia is a prospective risk factor for depression during
adolescence (Roberts and Duong 2014) and in adulthood
(Cho et al. 2008). Consistent with this idea, adolescents who
regularly sleep 7.5–9.5 h per night are at the lowest risk for
depression and anxiety (Fuligni et al. 2017a; Fuligni et al.
2017b; Ojio et al. 2016), and sleep disorders (e.g., pediatric
sleep apnea) are prospectively associated with increased de-
pression risk (Chang et al. 2017). This may be the case be-
cause sleep disturbances are associated with exaggerated psy-
chological and biological responses to stress (Capaldi et al.
2005; Chiang et al. 2017; Hamilton et al. 2007; Meerlo et al.
2008). For example, in analyses of earlier waves of the present
study, we demonstrated that poor sleep efficiency strength-
ened the association between daily family stress and negative
affect (Chiang et al. 2017). Sleep is also a plausible prevention
target for depression, given that interventions targeting sleep
disturbances in adolescence are modestly effective (Blake
et al. 2016).

Adolescence is a phase of development characterized by
profound changes in affect as well as sleep (Carskadon 2011;
Cicchetti and Rogosch 2002; Dahl 2004). Therefore, it is dif-
ficult to discern whether single assessments of these potential
risk factors in cross-sectional studies reflect stable individual
differences across adolescence or recent changes in the indi-
vidual or their life. Therefore, trait-like difficulties experienc-
ing positive affect or persistent problems with sleep measured
repeatedly across this developmental phase may be a more
reliable and clinically-meaningful indicator of risk.

In the present study, we examined the association between
major life events in the past year (e.g., such as parental di-
vorce, occupational problems at school or at work, interper-
sonal challenges with a friend or partner, financial difficulties)
and depressive symptoms during early adulthood when risk
for depressive episodes is highest (Kessler et al. 2005, 2012;
Rohde et al. 2012). Based on the extant literature on the asso-
ciation between stress and depression, we hypothesized that
individuals who reported more major life events would also
report more depressive symptoms. Further, we hypothesized
that the association between major life events and depressive
symptoms would be the strongest among participants who
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reported chronically low positive affect and persistent sleep
disturbances using reports of these factors across 6 years of
adolescent development.

Method

Participants

Participants in the current study were from a three-wave lon-
gitudinal investigation designed to understand how psychoso-
cial factors, family processes, and daily experiences contribute
to early risk for poor health across adolescence (Chiang et al.
2017, 2019; Guan et al. 2016). The study enrolled 316 partic-
ipants at Wave 1 of which 214 returned for Wave 2 and 180
returned for Wave 3; 148 participants participated in all three
waves of data collection (Chiang et al. 2019). The analytic
sample of the current study included 147 individuals, 63.9%
female, Mage = 20.31, SDage = 0.69, with complete data for
major life events and depressive symptoms at the third and
final assessment. At this assessment, participants were 2–
3 years post-high school. Of these participants, 59.2% (n =
87) were enrolled in either a 2- or 4-year college, 53.7% (n =
79) were working part-time, and 14.3% (n = 21) were working
full-time (percentages add up to greater than 100% due to
individuals both attending college and working). Participants
were from diverse backgrounds: 46.3% of the sample was
Latino, 15.0% was Asian-American, 33.7% was European-
American, and 6.1% reported “other” for ethnicity.
Adolescents came from families with a median income of
$60,000, and had parents with a wide range of educational
backgrounds; 14.2% had parents that did not complete high
school, 11.7% had parents with a high school diploma, 46.7%
had parents with some college including vocational training,
and 27.5% had parents with a bachelor’s degree or higher.

Compared to the sample recruited initially (n = 316), the
present analytic sample had a higher proportion of female
participants, χ2 (315) = 6.33, p = 0.012, r = 0.36, and a lower
proportion of Asian participants, χ2 (315) = 10.39, p = 0.016,
r = 0.58. There were no differences in household income, p =
0.31, parent education, p = 0.09, BMI, p = 0.26, or depressive

symptoms, p = 0.90 between the sample in the present analy-
ses and the participants initially enrolled in the larger study.

Procedures

All study procedures were reviewed and approved by the
Institutional Review Board at UCLA. Adolescents and their
primary caregivers were recruited from four high schools in
the Los Angeles metropolitan area. Recruitment involved in-
class presentations, distribution of study flyers and recruit-
ment forms during presentations, and postal mailings to stu-
dents’ homes. Enrollment for the larger study (n = 316) began
in 10th and 11th grade and included follow-up assessments 2
and 4 years after enrollment. All participants and their parents
provided written assent and consent, respectively, at the start
of the initial study visit. Participants were compensated in
cash for their time; $50 for the initial assessment, $75 for the
second assessment, and $120 for the third and final assess-
ment. All questionnaires were completed by youth on elec-
tronic tablets. The current study focused on the association
between major life events and depressive symptoms assessed
at the third assessment (i.e., 4 years after enrollment), and used
positive affect and sleep data collected at all three study as-
sessments. Trained research staff visited participants at home
and all study questionnaires were completed via an electronic
tablet. See Fig. 1 for timeline of study assessments.

Measures

Major Life EventsMajor life events in the past 12 months were
queried at the Wave 3 assessment using a 21-item checklist
developed from previous studies linking stressful life events
across multiple domains (family, friends, school) to negative
health outcomes (Chiang et al. 2019; Conger et al. 2002;
Hammen 1991). See Table 1 for the list of items in the check-
list and the frequency with which participants endorsed their
occurrence. For each item, participants indicated whether each
event had occurred during the past year with a no or yes. The
number of yes responses was summed to create a total major
life events score for each participant over the past year.

Wave 1  
10th & 11th grade

• Demographic questionnaires
• Sleep problems (PSQI)
• Positive affect

Wave 2 
12th grade & 1 year post high 
school

• Sleep problems (PSQI)
• Positive affect
• Depressive symptoms 

(CESD)

Wave 3 
2 & 3 years post high school

• Major life events 
• Sleep problems (PSQI)
• Positive affect
• Depressive symptoms 

(CESD)

Fig. 1 Timeline of study procedures
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Positive Affect Positive affect was assessed at all 3 assess-
ments via 8-items from the Positive and Negative Affect
Scale (PANAS) (Watson and Clark 1999). In this measure,
participants were asked to indicate the extent to which they
have felt happy, joyful, delighted, cheerful, excited, enthusi-
astic, lively, and energetic during the past week according to a
5-point Likert scale from 1 =Very slightly or not at all to 5 =
extremely. Participant scores on each item were averaged for
each wave and then averaged across all waves as a measure of
trait positive affect across adolescence. Internal reliability of
positive affect in this sample was excellent, α > 0.95 at each
wave, and did not change significantly across waves, b
(437) = −0.1, SE = 0.02, p = 0.74.

Sleep DisturbanceAt each assessment, participants completed
the 19-item Pittsburgh Sleep Quality Index (PSQI) about their
sleep over the past month (Buysse et al. 1989). The PSQI
returns a global sleep disturbance score that ranges from 0 to
21 and scores greater than 5 indicate clinically meaningful
problems with sleep (Backhaus et al. 2002; Dietch et al.
2016). Given that adolescence is a period characterized by
atypical sleep (Carskadon 2011; Owens et al. 2014), we fo-
cused on youth reporting sleep disturbances that would be
clinically meaningful. Therefore, participant scores on the
PSQI at each assessment were recoded into a dichotomous
variable reflecting individuals above and below the clinical

threshold, and summed. The number of times a participant
exceeded the clinical threshold at each of the three waves
was used as their frequency of sleep disturbance across ado-
lescence. Scores ranged from 0 to 3. The tendency to have
clinically significant sleep problems across the three waves of
data collection increased, b (437) = 0.04, SE = 0.01, p < 0.01.

Depressive Symptoms Depressive symptoms during the past
month were assessed at all study waves via the Center for
Epidemiologic Studies Depression Scale (CES-D; Radloff
1977). Symptoms atWave 3were used as the dependent variable
in all models, and symptoms atWave 2 were used as a covariate.
The CES-D is a 20-question, self-report instrument with excel-
lent reliability and validity (Radloff 1977). For each item, partic-
ipants indicated the frequency of a given symptom according to a
4-point scalewhere 1 = rarely or none of the time and 4 =most or
all of the time. Scores on the CES-D can range from 0 to 60,
higher scores indicate more frequent and severe depressive
symptoms, and scores greater than 15 suggest clinically signifi-
cant symptoms of depression. The CES-D has demonstrated
good sensitivity and specificity with major depressive episodes
determined via semi-structured clinical interview (Mulrow et al.
1995; Stockings et al. 2015). The CES-D demonstrated excellent
internal reliability in the current sample,α = 0.91, and depressive
symptoms did not change significantly across the three waves of
data collection, b (437) = −0.21, SE = 0.19, p = 0.28.

Table 1 List of major life events
(MLE) participants completed
(n = 147)

% (n)

During the past 12 months, have any of the following occurred?

Did not see your mother for one month or longer 32.0 (47)

Did not see your father for one month or longer 48.3 (71)

Became seriously ill 5.4 (8)

A sister or brother had a drug or alcohol problem 5.4 (8)

A close family friend was arrested 7.5 (11)

A close friend moved quite far away 28.6 (42)

Had a serious falling-out or ended a friendship with a close friend 30.6 (45)

Got pregnant or your girlfriend got pregnant 2.0 (3)

Your grades in school went down a lot 15.0 (22)

Suspended or expelled from school 1.4 (2)

Did not get into a club or sports team you really wanted to be involved in 5.4 (8)

Your physical appearance got worse (e.g., weight, acne, etc.) 26.5 (39)

Lost your job 4.8 (7)

Did not get into a school or college that you wanted to attend 4.8 (7)

Divorced or separated from your spouse or partner 5.4 (8)

A parent lost his/her job 11.6 (17)

Your parents divorced or separated 2.7 (4)

A close family member or friend passed away 28.6 (42)

Your parent suffered a financial loss or loss of property not related to work 6.1 (9)

An immediate family member became seriously ill 22.4 (33)

Your family experienced serious financial problems 17.7 (26)
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Data Analysis

All continuous variables were assessed for normality and
heteroscedasticity and found to be normally distributed.
Multiple linear regressions were used to determine the associa-
tion between major life events during the 12 months prior to the
Wave 3 assessment and depressive symptoms at Wave 3, as well
as the moderating roles of positive affect and persistent sleep
disturbances across adolescence on this association. All models
were conducted with and without adjusting for age, sex, ethnic-
ity, household income, and depressive symptoms at Wave 2. In
order to determine the specificity of positive affect and persistent
sleep problems in the association between MLE and depressive
symptoms, our model of the interaction between trait positive
affect andMLEon depressive symptoms controlled for persistent
sleep problems and our model of the interaction between persis-
tent sleep problems and MLE on depressive symptoms con-
trolled for trait positive affect. When a significant interaction
was observed in these regression models, we then computed
simple slopes for the association between major life events and
depressive symptoms at varying levels of the moderator to fur-
ther characterize the interaction. All models where p < 0.05 were
considered statistically significant, and all p-values less than 0.10
are reported to facilitate comparison with existing theoretical
models and previously published findings.

Results

Participants in this sample reported exposure to between 0 and
10 major life events in the past year during young adulthood,

MMLE = 3.12, SDMLE = 2.20. Each of the major life events in
our assessment was endorsed by at least 3 participants, and the
most commonly-reported events were separation from father,
falling out with a friend, separation frommother, bereavement
due to loss of a family member, and worsening physical ap-
pearance (See Table 1). Participants reported a wide range of
depressive symptoms during young adulthood, RangeCESD 0–
50, MCESD = 14.86, SDCESD = 0.83, and 35.4% (n = 52) par-
ticipants reported clinically significant depressive symptoms.

Table 2 provides key study variables and the bivariate as-
sociations between them. Positive affect scores were generally
high at eachWave,Mpositive affect = 3.61–3.67, with a moderate
amount of rank-order stability scores across the assessments,
rs = 0.31–0.49. Sleep disturbance was pervasive in this sam-
ple such that 39.5% (n = 58) of participants reported
clinically-meaningful sleep disturbance at study enrollment,
49.0% (n = 72) of participants reported clinically-meaningful
sleep disturbance at the 2-year follow-up, 53.1% (n = 78) of
participants reported clinically-meaningful sleep disturbance
at the 4-year follow-up. Only 26.5% (n = 39) never exhibited
clinicallymeaningful problemswith sleep, and 18.4% (n = 27)
exhibited clinically meaningful sleep problems at all three
assessments. Notably, sleep latency and overall sleep quality
were consistently among the highest correlated sleep compo-
nents with global sleep disturbance scores at all three assess-
ments, rs = 0.64–0.70, ps < 0.001 and rs = 0.67–0.73, ps <
0.001 respectively.

There were no significant differences between male and
female participants in trait positivity, F(1,145) = 0.30, p =
0.59, or frequency of sleep disturbances, F(1,145) = 0.23,
p = 0.63. Female participants reported slightly higher MLE

Table 2 Means, standard deviations, and bivariate correlations between major life events, positivity, sleep disturbances, depressive symptoms (n =
147)

Study Assessment M (SD) Correlations

1. 2. 3. 4. 5. 6. 7. 8. 9.

Study enrollment

1. Positivity 3.67 (0.98) 1.00

2. Sleep disturbances 5.18 (3.1) −0.30** 1.00

2-year follow-up

3. Positivity 3.61 (1.00) 0.36** −0.21* 1.00

4. Sleep disturbances 5.72 (2.93) −0.04 0.47** −0.34** 1.00

5. Depressive symptoms 15.14 (9.82) −0.23** 0.38** −0.59** 0.46** 1.00

4-year follow-up

6. Age 20.31 (0.69) −0.01 0.07 −0.03 −0.07 −0.09 1.00

7. Positivity 3.62 (0.99) 0.31** −0.28** 0.49** −0.22** −0.32** −0.04 1.00

8. Sleep disturbances 5.97 (2.90) −0.11 0.37** −0.20* 0.54 0.28** −0.06 −0.32** 1.00

9. Major life events 3.12 (2.20) −0.13 0.34** −0.16+ 0.21* 0.27** 0.06 −0.16+ 0.23** 1.00

10. Depressive symptoms 14.86 (10.10) −0.34** 0.33** −0.39** 0.21* 0.45** −0.05 −0.65** 0.40** 0.27**

**p < 0.01, *p < 0.05, +p < 0.10
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exposure during the past year, MMLE (female) = 3.35, SDMLE

(female) = 2.12 vs. MMLE (male) = 2.72, SDMLE (male) = 2.29, and
slightly higher depressive symptoms, MMLE (female) = 15.90,
SDMLE (female) = 10.49 vs.MMLE (male) = 13.02, SDMLE (male) =
9.19, although these differences were non-significant,
F(1,145) = 2.86, p = 0.093 and F(1,145) = 2.80, p = 0.096
respectively.

Major Life Events Are Associated with more
Depressive Symptoms in Young Adulthood

As expected, participants who reported moreMLEs in the past
year also reported higher depressive symptoms, b (145) =
1.24, SE = 0.37, p = 0.001, and the number of MLEs in the
past year accounted for 7.3% of the variance in depressive
symptoms, R2 = 0.073, p = 0.001. Exposure to each additional
MLE was associated with a 1.24-point increase in total CESD
score. The association between MLEs and depressive symp-
toms remained when accounting for age, sex, household in-
come, ethnicity, and depressive symptoms at the Wave 2 as-
sessment, b (141) = 0.80, SE = 0.37, p = 0.03. See Table 3
Model 1 for coefficient estimates for all covariates and
MLEs predicting depressive symptoms in young adulthood.

Chronically Low Positive Affect across Adolescence
Moderates the Link between Stress and Depressive
Symptoms in Young Adulthood

There was a main effect of positive affect on depressive
symptoms. When accounting for MLEs in the past year,

past depressive symptoms, age, sex, household income,
ethnicity, and persistent sleep disturbance, higher aver-
age positive affect across the 4-year assessment period
was associated with lower depressive symptoms, b
(139) = −6.66, SE = 0.97, p < 0.001.

See Table 3 (Model 2) for detailed results of the
interaction model. There was a significant interaction
between positive affect across adolescence and major
life events in the past year, b (138) = −0.97, SE = 0.45,
p = 0.032, and the addition of the interaction between
MLE and positive affect to the model contributed to a
significant increase in variance accounted for, ΔF =
4.67, p = 0.030. The association between major life
events and depressive symptoms among participants
with above average positive affect across adolescence
was non-significant, b = 0.06, SE = 0.45, p = 0.90, where-
as the association among participants with below aver-
age positive affect was positive, b = 1.10, SE = 0.53, p =
0.04. See Fig. 2a for the associations between major life
events and depressive symptoms in early adulthood at
above and below average trait positive affect across
adolescence.

Persistent Sleep Disturbance across Adolescence
Moderates the Link between Stress and Depressive
Symptoms in Early Adulthood

There was also a main effect of persistent sleep disturbance on
depressive symptoms. When accounting for MLEs in the past
year, past depressive symptoms, age, sex, ethnicity, household

Table 3 Positivity and sleep disturbance during adolescence moderate the association between recent life stress and depressive symptoms

Model 1 Model 2 Model 3

R2 b (SE) p R2 b (SE) p R2 b (SE) p

0.24 <0.001 0.50 <0.001 0.51 < 0.001

Intercept 12.56 (22.35) 0.56 16.76 (18.72) 0.37 30.87 (18.52) 0.10

Major life events 0.80 (0.37) 0.03 0.41 (0.31) 0.19 −0.73 (0.55) 0.19

Sleep Disturbance – – 2.30 (0.67) 0.001 2.26 (0.66) 0.001

Positive affect – – −6.71 (0.96) < 0.001 −6.67 (0.95) <0.001

MLE x Positive affect – – −0.97 (0.45) 0.03 – –

MLE x Sleep Disturbances – – – – 0.75 (0.28) 0.008

Covariates

Depressive symptoms (Age 18) 0.42 (0.08) <0.001 0.08 (0.08) 0.33 0.08 (0.08) 0.31

Sex 1.95 (1.60) 0.22 1.62 (1.31) 0.22 2.11 (1.30) 0.11

Household income <0.01 (0.00) 0.67 < 0.01 (0.00) 0.75 <0.01 (0.00) 0.67

Ethnicity −0.90 (0.78) 0.25 −1.52 (1.31) 0.22 −1.51 (0.64) 0.02

MLEMajor Life Events. Additionally, we ran a 4th regressionmodel that includes both interaction terms. In this model, the interaction between persistent
sleep problems and MLEs remained significant, b = 0.62, SE = 0.30, p = 0.04, and the interaction between positive affect and MLEs did not, b = −0.65,
SE = 0.47, p = 0.17. The results of this model seem to suggest that sleep problems more robustly moderate the link between MLEs and depressive
symptoms in early adulthood than positive affect. However the collinearity statistic for the interaction between sleep problems and MLE’s was too low
for us to interpret with any confidence, tolerance = 0.27

J Abnorm Child Psychol



income, and trait positive affect, the presence of each addi-
tional occurrence of clinically-meaningful sleep disturbance
across the four-year follow-up was associated with more de-
pressive symptoms in young adulthood, b (139) = 2.27, SE =
0.67, p = 0.001.

See Table 3 (Model 3) for detailed results of this mod-
el. There was a significant interaction between the inci-
dence of sleep disturbance across adolescence and major
life events in the past year, b (139) = 0.75, SE = 0.28, p =
0.008, and the addition of the interaction between MLE
and sleep disturbance to the model contributed to a sig-
nificant increase in variance accounted for, ΔF = 7.15,
p = 0.008. Specifically, participants reporting sleep distur-
bance at all three assessments exhibited a strong positive
association between major life events and depressive
symptoms, p = 0.038, participants reporting sleep distur-
bance at two of the three assessments exhibited a non-
significant, positive association between major life events
and depressive symptoms, p = 0.089, and participants
reporting no or only one incidence of sleep disturbance
across adolescence showed no relationship between major
life events and depressive symptoms, p > 0.50. See Fig.
2b for the association between major life events and de-
pressive symptoms in early adulthood at varying frequen-
cies of sleep disturbance across adolescence.

Posthoc Analyses

Given that trait measures of positive affect and sleep distur-
bances included assessments at Wave 3 which co-occurred
with our dependent variable, we conducted two additional
models to test the temporal precedence of positive affect and
sleep problems. Positive affect at Wave 2 alone moderated the
link between life events and depression at wave 3, b = 1.02,
p = 0.01, R2 = 0.35, p < 0.001, and sleep disturbances at Wave
2 also moderated the link between life events and depression
at Wave 3, b = 1.60, p = 0.029, R2 = 0.28, p < 0.001.

Discussion

As hypothesized, and consistent with the extant literature,
more major life events in the past year were associated with
greater depressive symptoms during early adulthood in this
sample. Yet, this association was only present in participants
reporting lower average positive affect or persistent sleep dis-
turbances across adolescence. The clinical implications of
these findings are that efforts to increase experiences of pos-
itive affect or improve sleep in adolescents may reduce the
risk of depressive symptoms following life stress in early
adulthood. Perhaps more importantly, interventions that aim
to either increase positive affect or improve sleep during ado-
lescence may reduce the risk for developing symptoms in the
wake of life stress among transitional age youth, when risk is
highest.

Experiencing more major life events in the past year was
associated with more depressive symptoms. This is consistent
with decades of research on the etiology of depression
(Hammen 2005, 2015). In this sample, the most commonly
reported major life events were separation from father for
more than one month, separation from mother for more than
one month, having a serious falling out or ending to a friend-
ship, having a close friendmove far away, and death of a close
family member or friend. These are uniformly interpersonal
events, which have already been linked to risk for depression
(Hammen 2005; Rudolph et al. 2000). Further, it is important
to note that these interpersonal events are somewhat norma-
tive for adolescents transitioning to early adulthood. For ex-
ample, it is not uncommon for adolescents to move away for
college resulting in a disruption in their relationships with
friends and family. Yet, little research has been done to ac-
knowledge the role that normative stressors that occur in the
transition from adolescence to early adulthood play in the high
risk for depression observed in this phase of the lifespan.

Despite the robust association between major life events in
the past year and depressive symptoms during early adult-
hood, participants who consistently reported high positive
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affect at each assessment throughout adolescence did not dem-
onstrate an association between stress and depressive symp-
toms. This observation can be interpreted in several ways.
First, adolescents who consistently demonstrate low positive
affect may be particularly at risk for depression following
major life events. Indeed, low positive affect carries increased
risk for depression for up to 10 years (Wood and Joseph 2010)
and there appears to be a distinct neural signature associated
with high positive affect and low depressive symptoms in
adolescents (Forbes et al. 2010). This finding could also im-
plicate positive affect as a beneficial intervention target for
adolescents to mitigate the well-documented risk for depres-
sion that increases across adolescence and into early adult-
hood. Increasing an adolescent’s capacity for positive affect
may decrease the impact of negative events and other risk
factors on their lives (e.g., Wetter and Hankin 2009), thus
preventing increases in depressive symptoms in their wake.
Indeed, a large experience sampling study of adult twins
found that positive affect decreased the link between stressful
experiences and negative affect throughout the day (Wichers
et al. 2007). Indeed, there is early evidence that positive affect
interventions can mitigate the negative behavioral effects of
stress (Charlson et al. 2014). Yet, no study to our knowledge
has tested the preventive efficacy of a positive affect interven-
tion for depressive symptoms in adolescents. In one of the
largest depression prevention programs in youth to date, the
Penn Resiliency Program, effectiveness was mediated by im-
provements in explanatory style (Brunwasser et al. 2018).
Indeed, humans naturally exhibit an attributional bias in pos-
itive compared to negative events. This phenomenon is dimin-
ished among depressed individuals and most exaggerated dur-
ing phases of the lifespan when risk for depression is lowest
(i.e., young children and older adults) (Mezulis et al. 2004). It
is possible that persistently low capacity for positive affect
may impede an adolescent’s experience of positive events as
such, and therefore decrease their opportunities to engage this
positive attributional bias.

We also observed that the association between stress and
depressive symptoms in early adulthood was moderated by
persistent sleep disturbance throughout adolescence. Only
participants who reported clinically significant symptoms of
sleep disturbance at all three assessments showed a positive
and significant association between life events and depressive
symptoms. Participants who reported sleep disturbance at two
of the three assessments showed non-significant evidence of
sensitization to life events (See Fig. 2b). Although, it is nota-
ble that participants who were exposed to more than 2 events
in the past year reported depressive symptoms that exceeded
the clinical threshold for depression (CESD >15) (See Fig.
2b), suggesting that this group may be clinically relevant even
if not statistically so. Persistent sleep disturbance may contrib-
ute to depressive symptoms by increasing adolescent expo-
sure to stressful life events through increased risk-taking

(Owens et al. 2014; Shochat et al. 2014); but also through
exaggerated biological processes (Capaldi et al. 2005; Irwin
et al. 2016), that are activated by stressful events and have
been independently linked to the pathogenesis of depression
(Slavich and Irwin 2014). What’s notable is that youth
reporting no problemswith sleep across adolescence or at only
one assessment were less vulnerable to the depressive effects
of major life events in young adulthood. These observations
underscore the utility of persistent sleep disturbances across
adolescence as a reliable indicator of risk for depression, par-
ticularly following stressful life events. Screening for sleep
disturbances regularly by healthcare providers with a high
degree of continuity in adolescent populations (e.g., primary
care physicians, dentists, school counselors) may be an effec-
tive way of triaging youth into preventive programs. In par-
ticular, persistent sleep problems in this sample were largely
driven by difficulty falling asleep (sleep latency) and lower
subjective sleep quality. These factors could be a useful guide
to health care providers given that relatively simple behavioral
factors such as media use before bed can be a major contrib-
utor to sleep latency (Lemola et al. 2015; Shochat et al. 2010).
Treating these behavioral factors with sleep hygiene may also
mitigate larger problems such as the association between fam-
ily dysfunction and sleep latency (Billows et al. 2009). Yet,
screening for sleep disturbances in pediatric primary care set-
tings remains uncommon (Honaker and Meltzer 2016). It is
well-established that effectively treating sleep disturbances
leads to reductions in depressive symptoms (Ballesio et al.
2018). There is growing interest in using cognitive behavioral
therapy for insomnia (CBTi) to prevent depression (Baglioni
et al. 2011), and some preliminary evidence for its effective-
ness (Christensen et al. 2016; See Irwin 2015 for review),
although to our knowledge the evidence in adolescent popu-
lations remains limited.

The results of this study should be considered in the context
of its strengths and limitations. Most importantly, this is a
large longitudinal study in a diverse sample of adolescents
that can only draw correlational, rather than causal, conclu-
sions. Further, only 46.5% of the initially enrolled sample
contributed data at all three assessments. We have covaried
for factors that distinguish our present analytic sample from
the initially enrolled sample, however it is possible that un-
measured factors contributing to study attrition may also in-
fluence our observations in ways that were not accounted for.
Our MLE checklist only assessed for whether an event oc-
curred and did not include any measures of subjective re-
sponse to that event. It is therefore possible that some items
in the checklist were not stressful or upsetting to our sample
given their age (e.g., separation from parents), which may
have resulted in an underestimation of the association between
MLE and depressive symptoms. Additionally, exposure to
MLEs and the final depressive symptom assessment occurred
simultaneously which introduces the confound that stress and
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depression are bi-directionally related (Hazel et al. 2008; Liu
and Alloy 2010; Uliaszek et al. 2012). Likewise, the clinically
validated measures used in this study, CESD and PSQI, probe
symptoms occurring in the past month rather than the entire
period of time between each assessment. Thus it is possible
that more participants experienced depressive episodes or
sleep disturbances outside of these windows and are not cap-
tured in our data. To this point, no semi-structured clinical
interview was used to complement the self-reported measures
of depressive symptoms or sleep disturbances, which would
help us to confirm the presence of depressive episodes and
insomnia in this sample. Further, we have made the assump-
tion that participants’ positive affect and sleep disturbances
across the assessment periods were stable, although more fre-
quent assessment of each of these constructs would be helpful
to understand the degree to which adolescents fluctuate
throughout the year. Finally, our final measure of sleep distur-
bance and positive affect temporally overlapped with the as-
sessment of major life events and depressive symptoms, thus
obscuring the possible roles of low positive affect and sleep
problems in the etiology of depression.

Depression is a recurrent and debilitating disorder, particu-
larly for individuals whose first depressive episode occurs
early in lifespan development. Thus, prevention may be the
most effective way of reducing the burden of depression on
individuals and society. There is growing evidence that de-
pression prevention programs can be effective for youth
(Brent et al. 2015; Rohde et al. 2015; Stice et al. 2009;
Werner-Seidler et al. 2017), particularly when delivered out-
side of a phase of acute distress (Biesheuvel-Leliefeld et al.
2015). However, there remains room for improvement given
that existing programs are effective for preventing depressive
symptoms but not necessarily depressive episodes (Hetrick
et al. 2016; Rohde et al. 2015). We propose that the most
effective depression prevention programs will mitigate the
impact of stress on individuals. Yet, depression prevention
trials often focus only on the presence or absence of symptoms
over time. A more sensitive measure of program effectiveness
may be an individual’s tendency to develop symptoms in the
wake of life stress, rather than symptoms alone. This is par-
ticularly important given that the well-established sex differ-
ences observed in depression can be explained largely by dif-
ferences in stress exposure by males and females (Hankin
et al. 2007; Shih et al. 2006). Here we identify positive affect
and sleep disturbance as two important factors in risk for de-
pressive symptoms in early adulthood in the wake of recent
major life events. Future studies are needed that test whether
existing prevention programs are disproportionately effective
for adolescents and transitional age youth with a history of
low positive affect or sleep disturbances, or whether effective
adolescent depression prevention programs engage these in-
tervention targets. Further, investigations into whether inter-
ventions that increase positive affect or improve sleep are

particularly effective in reducing the incidence of depression
following stressful events during early adulthood could be
instrumental in reducing the burden of depression across the
lifespan.
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