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Abstract

Sleep is a modifiable risk factor for suicidal thoughts and behaviors in adolescents,
and social media use may be one factor linked to sleep outcomes. The current study
examined self-reported subjective daytime and nighttime social media use (SMU)
as a predictor of both subjective and objectively- captured sleep (timing, duration,
and quality) among adolescents at high risk for suicide in an intensive outpatient
program (IOP) for depression and suicidality. Data from two studies were used to
evaluate these relationships for one month; Study 1 as part of standard clinical care
among adolescents (N=95, 75% female) and Study 2 as part of an intensive moni-
toring study among adolescents and young adults in the IOP (N=30, 67% female).
Multilevel modeling indicated that adolescents with more nighttime subjective SMU
experienced later self-reported sleep timing and daily SMU predicted poorer sleep
quality (Study 1). Both daytime and nighttime subjective SMU predicted later sleep
timing as assessed by actigraphy (Study 2). Subjective SMU did not predict sleep
duration or quality in Study 2. Findings suggest that SMU may be one actionable
factor to improve sleep timing, which has implications for suicide prevention among
individuals at high risk for suicide.
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Introduction

Poor sleep health is a significant risk factor for depression and suicide-related
outcomes in adolescents and young adults, including suicidal thoughts, suicidal
behaviors, and even death by suicide (e.g., Goldstein & Franzen, 2022; Goldstein
et al., 2008; Liu et al., 2020; Roberts et al., 2009). Sleep is a promising target for
suicide prevention and interventions because it is dynamic (i.e., fluctuates on a
day-to-day basis) and actionable, as there are existing and effective sleep inter-
ventions (e.g., Griggs et al., 2020; Aslund et al., 2018; Dong et al., 2020). Under-
standing factors that affect sleep health is critical to improve sleep and suicide-
related outcomes in youth, particularly among adolescents and young adults who
are at high risk for suicide.

One factor that may impact sleep is social media use (SMU), particularly in ado-
lescents and young adults. In recent years, there has been a significant increase in
SMU, with the majority of adolescents having at least one SMU account and 95%
owning a smartphone (Vogels et al., 2022). SMU can benefit teens’ mental health
and well-being, such as facilitating social connectedness and identity development
(Hamilton et al., 2020b). Yet, recent research also suggests that SMU may interfere
with sleep (e.g., Scott & Woods, 2019), including when teens fall asleep (i.e., sleep
start timing), how much sleep teens receive (i.e., sleep duration), and how well teens
sleep (i.e., perceived sleep quality). Indeed, more SMU on a typical day has been
found to be associated with insufficient sleep (e.g., Charmaraman et al., 2021), poor
sleep quality (Levenson et al., 2016), daytime sleepiness (Hamilton & Lee, 2021),
later sleep timing (e.g., Scott & Woods, 2018; Scott & Woods, 2019; LeBourgeois
et al., 2017), and variability of sleep timing and duration among adolescents (Ham-
ilton et al., 2020a, b). Nighttime SMU may be particularly important to consider
when evaluating its effects on sleep given its potential to displace sleep (i.e., take
away time spent sleeping), suppress the release of melatonin indirectly through light
exposure at night, and induce positive and/or negative experiences to SMU, either of
which could induce arousal and interfere with sleep onset (e.g., Carter et al., 2016;
Hale & Guan, 2015). Studies of nighttime SMU on sleep are mixed; some research
indicates that more SMU at nighttime is associated with poorer perceived sleep
quality and sleep disturbance (Levenson et al., 2017), shorter sleep duration (Scott
& Woods, 2018), later bedtime (Orzech et al., 2016), lower sleep efficiency (Fobian
et al., 2016), later sleep onset (Hale et al., 2018), and poorer sleep health (i.e., habits
which promote or inhibit sleep; Tandon et al., 2020) among adolescents and young
adults. However, other studies have found no effects of nighttime SMU on sleep out-
comes (Orben & Przybylski, 2020), which may be due to different methodological
designs and assessment of SMU and sleep domains.

Despite recent advances in our understanding of SMU and sleep, there con-
tinue to be key methodological and design limitations upon which this study
seeks to improve. Most research to date uses cross-sectional designs, which
limit conclusions regarding temporality (e.g., those with poor sleep may be
more likely to have nighttime SMU), and only include self-report measures of
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sleep and SMU. There are a few notable exceptions using daily measures or acti-
graphic methods in adolescents (e.g.,.Burnell et al., 2021; Harbard et al., 2016).
For instance, a large, nationally- representative study in the United Kingdom used
time-use diaries and found no association between bedtime digital media use and
sleep outcomes in adolescents (Orben & Przybylski, 2020). One study found that
daily digital technology for non-academic purposes and messaging with peers
was associated with shorter objective and subjective sleep duration over a 3-day
period (Burnell et al., 2021), though neither specifically evaluated SMU. Further,
a daily diary study of SMU and sleep in adolescent girls found only cross-sec-
tional associations between SMU and sleep timing over 10 days during COVID-
19, with no effect on sleep duration or quality (Hamilton et al., 2022). These find-
ings highlight the importance of evaluating SMU and sleep outcomes on a more
fine-grained scale and with objective metrics of behavioral sleep.

Further, most studies of SMU and sleep have focused on community samples of
adolescents. While the SMU-sleep associations are important to understand in gen-
eral adolescent and young adult populations, the consequences of poor sleep may be
particularly dire among adolescents who are at high-risk for suicide (Kearns et al.,
2020; Liu et al., 2020). For example, one study using actigraphy and daily reports
of affective reactivity and suicidal ideation found that individual nights of shorter or
poorer sleep affected the occurrence and intensity of suicidal thoughts the next day
through emotional responses to interpersonal events (Hamilton et al., 2023). Further,
a recent cross-sectional study of psychiatrically hospitalized adolescents found that
teens who had more frequent negative emotional responses to SMU also had greater
sleep disturbance and higher clinical symptom severity (Nesi et al., 2021b). Thus,
youth who have depression or suicidal thoughts may experience heightened emo-
tions in response to experiences during SMU (Nesi et al., 2021a, b), which may dis-
rupt sleep and further exacerbate risk for suicidal thoughts and behaviors (e.g., Liu,
2004; Liu et al., 2020). These findings highlight the importance of studying SMU
and sleep among adolescents who are at high-risk for suicide (as well as depression
and other adverse mental health outcomes), who may be particularly vulnerable to
the negative effects of SMU (e.g., Das-Friebel et al., 2020). Further, identifying the
extent to which nighttime SMU may affect sleep in a youth population at high risk
for suicide may provide more concrete recommendations for intervening on SMU
in ways that are evidence-based and actionable, as well as specific time recommen-
dations when teens and parents can implement change around SMU to potentially
reduce risk for suicide.

The Current Studies

The current manuscript examines the associations between SMU during the day
and at nighttime (assessed at baseline) and subsequent sleep outcomes over the next
month (30 days) of an intensive outpatient program (IOP) among adolescents and
young adults. Secondary data analyses were conducted with two data sources to
evaluate these associations among adolescents and young adults from the IOP pro-
grams. Data for Study 1 were collected as part of standard clinical care in the IOP
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from any IOP patient who provided consent for their research to be used (i.e., those
who enrolled in a research registry within the clinic). Study 2 included individu-
als enrolled in the IOP and recruited to participate in a separately-funded intensive
monitoring study for up to three months. Subjective SMU was assessed using self-
reported surveys at baseline in both studies, which may not accurately reflect SMU
(Parry et al., 2021, 2022) and may be biased by depression symptoms (Sewall et al.,
2020). Despite this, an individuals’ estimate of SMU may be helpful in clinical set-
tings if associated with risk factors for suicide, such as sleep, and provide a rela-
tively accessible clinical tool for assessment. Sleep outcomes were assessed daily
or weekly over the first month after the initial evaluation, and objective methods for
behavioral sleep were used in Study 2. Given the dynamic nature of SMU (Hamilton
et al., 2022), the first month after completion of baseline SMU was selected to iden-
tify the more proximal effects of SMU on sleep outcomes. It was hypothesized that
nighttime SMU, but not daytime SMU, would be associated with shorter, later, and
poorer sleep as assessed via self-report (Study 1; Study 2) and actigraphy (Study 2).

Method
Participants and Recruitment for Study 1 and Study 2

Adolescents at high risk for suicidal behavior were recruited from two Intensive
Outpatient Programs (IOP)— one serving adolescents in secondary school (age
13-18) and one for college students (age 18-25) with depression and suicidality in
separate sessions. Study 1 included only adolescents (13-18 years), whereas Study
2 included both adolescents and college students (18-25 years). This IOP often
serves as a hospital diversion and/or as a step-down from inpatient care (see Hamil-
ton et al., 2021 for more details), and includes 9 h of treatment per week (3 h each/
3 days per week) consisting of skills groups, individual psychotherapy, and medica-
tion management. The Institutional Review Board approved both study procedures.
More detail is provided below about the specific methods of each study.

Study 1: IOP Treatment Study
Participants and Procedure

Participants included 95 adolescents (13—18 years) who were enrolled and par-
ticipated in the specialized IOP program during the period of data collection from
March 2019- March 2020 (prior to COVID-19 shutdown). Study measures were
completed as a part of standard clinical care within the IOP for youth who agreed to
enroll in the research registry (i.e., signed informed consent forms granting permis-
sion for their data to be used in research). This included intake (baseline) measures,
followed by weekly measures completed during the participant’s scheduled 1OP
sessions.
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Measures

Subjective Social Media Use At the baseline assessment, participants responded to
items about SMU, including daily SMU (e.g., Instagram, Facebook, etc.) on a typi-
cal day over the past month. Participants responded on a scale from 0-5: “Less than
30 min”, “30 min to 1 h”, “more than 1 h to 2 h”, “more than 2 h to 3 h”, “more
than 3 h to 4 h”, and “more than 4 h”. In addition, participants reported how much
social media they used before sleep: “On a typical night, how much time do you
use social media in bed before falling asleep at night? *“. Participants responded on
a scale from 0-5: “Less than 30 min” (0), “30 min to 1 h”, “more than 1 h to 2 h”,
“more than 2 h to 3 h”, “more than 3 h to 4 h”, and “more than 4 h” (5). Due to lim-
ited responses for more than 2 h for nighttime SMU, responses were recoded from
0-3, with responses of more than 2 h in one category.

Sleep Subjective sleep quality was measured using the Pittsburgh Sleep Quality
Index (PSQI), which asks participants to rate their sleep quality and disturbance
(Buysse et al., 1989). The PSQI includes subjective measures of sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep-
ing medication, and daytime dysfunction. In the current study, participants reported
their perceptions of sleep over the past week during weekly follow-up assessments.
The global PSQI scores were used for sleep quality, and we calculated sleep onset
timing and sleep duration from the sleep start and wake time items.

Depressive Symptoms The abbreviated version of the Mood and Feelings Question-
naire (MFQ-short) was used to examine depressive symptoms at baseline and weekly
visits (Angold et al., 1995). Participants responded to each of the 13-items (e.g., ‘I felt
miserable or unhappy’) on a scale of 0 (‘not true’), 1 (‘sometimes true’), and 2 (‘true’),
for a maximum score of 26 with higher scores reflecting more depressive symptoms.

Analytic Plan

All analyses were conducted in R 4.2. First, hierarchical linear regressions were
used to evaluate the associations between baseline subjective social media use
(SMU) and baseline global PSQI scores and sleep duration and sleep timing derived
from the PSQI. Then, two-level multilevel modeling was used to examine whether
subjective SMU at baseline predicted sleep timing, duration, and quality (average
in a week) over the next month, with Restricted Estimation Maximum Likelihood
(REML) given the smaller sample size. In these models, we calculated the within-
person fluctuations and between-person means using the EMATools package in R.
The Level 2 (between-person) predictor was SMU (daily and nighttime). Level 2
(between-person) covariates included age, gender, baseline PSQI, number of IOP
sessions, and average depression symptoms over the course of the study (based on
weekly measures). Random intercept and slopes for sleep outcomes were included
in these models to account for clustering effects and slopes at the individual level.
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Study 1 Results
Descriptives

A total of 95 individuals between the ages of 12-18 (75% female identifying; Mean
age=15.19, SD=1.43) were included in the study who completed at least one PSQI pro-
spectively over the first 30 days of IOP treatment. A total of 86% of participants identi-
fied as White, 9% as Black/African American, 4% as Asian American, and 1% as biracial
(4 participants did not answer the race/ethnicity question). In addition, 32% of partici-
pants identified as lesbian, gay, or bisexual. On average, participants started their course
of IOP treatment within 9 days of baseline evaluation (range 1-28 days) and completed
between 2—7 weekly sessions in the month following the baseline evaluation (M =4.29
sessions; SD=1.39). Only sleep data collected during the first month after the baseline
evaluation was included to assess more proximal sleep outcomes to SMU. Correlations
between primary study variables are included in Supplemental Table 1.

In terms of SMU during the day, 57% of participants self-reported having more
than 2 h of SMU per day with 28% having more than 3 h per day. In terms of night-
time SMU, 45% of participants reported SMU for less than 30 min before sleep,
26% used social media between 30 min to 1 h before sleep, 18% used social media
for between 1 and 2 h, and 12% used social media for more than 2 h before falling
asleep. The average amount of self-reported sleep across the first month of IOP was
7.18 h (SD=1.89) and sleep start times were 11:43PM (M =23.71; SD=1.74 h).
Mean global PSQI was 8.65 (SD=3.33) on average across the first month, with 82%
of participants having an average PSQI score greater than 5 indicating clinically sig-
nificant poor sleep (Buysse et al., 1989). Overall, there was significant variability
of sleep outcomes, with most variability occurring between people (Sleep Quality:
65%; Sleep Timing: 75%; Sleep Duration: 62%).

Nighttime SMU and sleep timing, duration, and quality

Linear regressions indicated that baseline self-reported nighttime SMU was signifi-
cantly associated with baseline sleep scores. Specifically, more nighttime SMU was
associated with later sleep timing (B=0.75, SE=0.18, t=4.17, p<0.001), shorter
sleep duration (B=-0.56, SE=0.22, t=-2.53, p=0.01), and poorer sleep quality
(higher PSQI scores; B=1.07, SE=0.44, t=2.44, p=0.02).

Prospective results of self-reported nighttime SMU predicting sleep outcomes
over the next month after beginning IOP treatment are presented in Table 1. Find-
ings indicate that more nighttime SMU at baseline predicted later sleep timing over
the first 30 days of the IOP program (B=0.51, SE=0.16, r=3.12, p=0.002), cova-
rying for age, gender, depression, and time in study (number of IOP visits). Night-
time SMU did not predict shorter sleep duration (B=-0.30, SE=0.21, r=-1.44,
p=0.15) or poorer sleep quality (B=-0.21, SE=0.35, t=-0.59, p=0.56). Of note,
there was significant variability in the effects of self-reported nighttime SMU and
sleep outcomes, based on random slopes. Figure 1 presents the relationship between
nighttime subjective SMU and prospective self-reported sleep timing.
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Table 1 Subjective Nighttime SMU Predicting Self-reported Sleep Outcomes in Study 1

Sleep Timing Sleep Duration Sleep Quality
Predictors Estimates SE p Estimates SE p Estimates SE p
Intercept 23.91 0.77 <0.01 6.94 099 <0.01 6.78 1.64 <0.01
(22.09-25.14) (4.99-8.89) (3.54-10.02)
NSMU 0.51 0.16 0.002 -0.30 0.21 0.15 -0.21 035 0.56
(0.19-0.83) (-0.72-0.12) (-0.91-0.50)
Age 0.29 0.11 0.01 -0.06 0.14 0.64 -0.24 0.23 0.31
(0.08-0.50) (-0.33-0.20) (-0.69-0.22)
Female sex 0.38 035 0.27 0.02 0.42 0.95 0.78 0.76 0.31
assigned at  (-0.29-0.50) (-0.82-0.87) (-0.74-2.29)
birth (1)
Mean Depres- -0.03 0.03 037  -0.002 0.04 095 0.14 0.07 0.04
sion (-0.08- 0.04) (-0.08-0.08) (0.01-0.27)
IOP Visits -0.13 0.11 024 0.16 021 0.15 -0.26 0.25 0.31
(-0.33-0.13) (-0.72-0.12) (-0.76-0.24)
Random Effects
o? (Residual)  0.75 1.68 4.55
Too (Intercept)  1.88 2.05 10.46
T, (Slope) 0.28 0.07 2.28

“Bold significance of the p-values
NSMU =Nighttime Social Media Use; IOP =Intensive Outpatient
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Fig. 1 Subjective nighttime social media use and self-reported sleep timing among adolescents in Study 1
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Daily SMU and sleep timing, duration, and quality

Linear regressions indicated that baseline self-reported daily SMU was only signifi-
cantly associated with baseline sleep timing (B=0.24, SE=0.12, t=2.04, p=0.04), but
not sleep duration (B=-0.02, SE=0.14, t=0.15, p=0.88) or sleep quality (B=0.12,
SE=0.27, t=0.44, p=0.66). In contrast, prospective multilevel models indicated that
daily subjective SMU reported at baseline also did not predict sleep timing or sleep
duration over the next month (See Supplemental Table 2), but there was a significant
effect of daily SMU on sleep quality (B=-0.58, SE=0.21, t=-2.81, p=0.01), covary-
ing for age, gender, depression, and time in study (number of IOP visits).

Study 2: Intensive Monitoring Study
Participants and Procedure

This study included 30 adolescents and young adults (13-22 years) who were
enrolled in the same IOP program for adolescent depression and suicidality as
described in Study 1 and were recruited to participate in an intensive monitoring
study. Participants first completed a baseline assessment which included a clini-
cal interview and self-report questionnaire of subjective SMU. Participants then
completed daily subjective ratings of sleep quality and mood via SMS text mes-
saging of links to a secure website. During this same period, participants wore
wrist actigraphs to capture activity to measure behavioral sleep/wake patterns.
During an initial visit, study staff provided the participants with the Actigraphs
and explained proper use of the device. The current study includes only the first
month (after baseline) of actigraphy data. Of note, only 30 of the total 59 partici-
pants in this study were included due to the later inclusion of self-reported SMU
assessment in the baseline questionnaires. There were no demographic differences
in those who participated in this study and the full sample (Hamilton et al., 2022).

Baseline Measure

Subjective Social Media Use At the baseline assessment, participants completed a meas-
ure of subjective social media use, which included daily SMU: “On average, how many
minutes do you spend on social media per day?” and nighttime SMU: “How many
minutes did you use social media in the two hours before falling asleep?”’. Response
options included increments of 10 min with 0-1440 min (0-24 h) for daily SMU and
0-120 min (0-2 h) for nighttime SMU. For calculating daytime SMU (outside of night-
time SMU), nighttime SMU was subtracted from total SMU and converted to hours to
hours per day. Note that this measure was different from that administered in Study 1.

Sleep Quality Baseline subjective sleep quality was measured using the Pittsburgh

Sleep Quality Index (PSQI), described above. Total sleep quality score was included
as a covariate for prospective analyses.
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Intensive Monitoring Measures

Objective Daily Sleep Assessment Objective daily behavioral sleep data were col-
lected through Actigraph watches. Actigraphs are wristwatch-like devices that
assess participant sleep and circadian rhythm disruptions over time within an
individual’s natural environment and are considered the gold standard method
of ambulatory objective sleep data collection (Meltzer et al., 2012). Participants
wore GT9x Link actigraph devices (ActiGraph Corp, Pensacola, FL) for the dura-
tion of their involvement in the study (up to three months). Actigraphs estimate
sleep factors (e.g., sleep timing, sleep quality, sleep duration, etc.) by measuring
average activity in 60-s epochs. The Cole-Kripke algorithm was used to compute
sleep epochs, as implemented by ActiLife software (ActiGraph Corp, Pensacola,
FL), with software settings of sleep period detections using a 10-min bedtime defi-
nition and a 20-min wake time definition. In other words, low participant activity
for 10 consecutive minutes was defined as bedtime sleep detection, and 20 min of
increased activity was defined as wake time detection. In the current study, the pri-
mary objective sleep outcomes of interest, as measured by actigraphy, were sleep
duration and sleep timing.

Subjective Daily Sleep Quality Daily diary ratings included a sleep diary in the
morning of sleep quality from the Pittsburgh Sleep Diary (Monk et al., 1994).
Each morning, participants rated their perceived sleep quality on a Visual Analog
Scale of 0 (“very bad”) to 100 (“very good”). Participants were prompted to com-
plete their daily sleep diaries 30 min following their reported habitual times on
weekdays and weekends.

Daily Mood Each night, participants reported their daily mood by responding to the
following statement: “The worst my depression was today.” Scores ranges from 0 (“I
didn’t feel depressed at all””) to 100 (“Horrible, the worst it gets”). The average mood
over the first month was used as a study covariate.

Analytic Plan

Multilevel modeling was conducted to examine whether self-reported SMU
at baseline (daytime and nighttime) predicted sleep timing, duration, and qual-
ity (using daily actigraphic and self-reported sleep) over the next month, with
REML given smaller sample size. Level 2 (between-person) predictor was SMU
(daytime and nighttime) and between-person covariates included age, gender,
baseline PSQI, average depression, and whether it was a weekday or weekend.
Random intercepts and slopes were included in models with nighttime SMU to
account for clustering effects and slopes at the individual level. Due to singular
fit and non-convergence with daytime SMU models, only random intercept was
included in daytime SMU models.
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Study 2 Results
Descriptives

A total of 30 individuals between the ages of 13-22 (67% female-identifying; Mean
age=16.97, SD=2.71) who completed a measure of baseline self-reported SMU
were included in this study, with a total of 750 observations for sleep timing and
duration across the study and 695 observations for sleep quality. On average, par-
ticipants had 25 days of actigraphic sleep days (range=7-31 days). Participants in
the sample included 63% who identified as White, 10% as Black/African American,
20% as Asian American, and 7% identified as biracial or as another race. Correla-
tions between primary study variables are included in Supplemental Table 3.

For subjective daytime SMU, participants reported spending an average of 2.48 h
per day on SMU (SD=1.29; range=0-5.33 h). For nighttime SMU, participants
reported SMU before bed for 46.00 min (SD=31.36; range=0—100 min before
going to bed). For actigraphy, 87% of possible nights were completed, and 81% of
sleep diaries were completed. The average amount of time spent sleeping was 6.65 h
(SD=0.86) and the average sleep start time was 12:01 AM (24.03 h; SD=1.30) as
indicated by actigraphy. For sleep quality, participants had an average score of 56.15
(SD=14.79) out of 100 across the daily ratings of sleep quality and a score of 8.24
(SD=3.00) on the baseline PSQI. In terms of intraclass correlations (ICCs), there
was significant variability in sleep outcomes, with most variance at the within-per-
son level compared to between-person levels. Within-person variances for 82.15%
for sleep start timing, 80.69% for actigraphy-derived sleep duration, and 58.31% for
self-reported sleep quality.

Nighttime social media use and sleep timing, duration, and quality

Table 2 presents results with self-reported nighttime SMU predicting prospective
daily self-reported and actigraphic-derived sleep outcomes. Higher levels of night-
time SMU predicted later sleep timing over the first 30 days of the IOP program
(B=0.02, SE=0.01, t=2.52, p=0.02), covarying for age, gender, depression, base-
line PSQI, and whether it is a weekday or weekend. While significant, effects in this
study are small, with a 10-min increase in nighttime SMU associated with 1.2 min
later sleep timing within-person. However, nighttime social media did not predict
shorter sleep duration (B=0.002, SE=0.01, r=0.39, p=0.70) or poorer sleep qual-
ity (B=-0.03, SE=0.09, t=-0.31, p=0.76). Of note, there was significant variabil-
ity in individual slopes of self-reported nighttime SMU and sleep outcomes. Fig-
ure 2 graphically presents the relationship between self-reported nighttime SMU
and actigraphy-derived sleep timing.

Daily SMU and sleep timing, duration, and quality

Table 3 presents results with self-reported daytime SMU predicting actigraphic and
self-reported sleep outcomes. Higher levels of subjective daytime SMU also predicted
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Table2 Subjective nighttime SMU (NSMU) as a predictor of daytime sleep outcomes in Study 2

Sleep Timing Sleep Duration Sleep Quality
Predictors Estimates SE p Estimates SE p Estimates  SE P
Intercept 17.07 1.67 <0.01 6.80 1.75 <0.01 65.22 20.96 <0.01
(13.78- (3.36- (21.18-
20.37) 10.25) 109.25)
NSMU 0.02 0.01 0.02 0.002 0.01 0.70 -0.03 0.08 0.61
(0.00-0.03) (-0.01- (-0.21-
0.01) 0.15)
Age 0.30 0.09 <0.01 0.06 0.08 0.46 -0.44 1.06 0.66
(0.13-0.48) (-0.11- (-2.82—
0.23) 1.94)
Female sex  0.47 040 0.25 -0.01 0.36 0.97 4.14 496 0.46
assigned at  (-0.35-1.28) (-0.77- (-7.16—
birth (1) 0.74) 15.45)
PSQI 0.03 0.07 0.73 -0.11 0.08 0.09 -2.36 092 0.02
(-0.13-0.18) (-0.24- (-4.46—
0.02) 0.26)
Mean 0.01 0.01 0.66 -0.01 0.01 0.43 0.30 0.20 0.09
Depression (-0.03-0.04) (-0.04- (-0.16-
0.02) 0.76)
Weekend (1) 0.67 022 <0.01 0.77 0.13 <0.01 5.08 1.31 <0.01
(0.25-0.1.10) (0.51- (2.52-7.65)
1.02)
Random Effects
o (Residual) 6.90 1.95 244.54
Tgo (Inter- 0.58 2.57 134.76
cept)
T, (Slope) 0.58 <0.01 0.01

“Bold significance of the p-values
NSMU =Nighttime Social Media Use; PSQI=Pittsburgh Sleep Quality Index at baseline

later actigraphy-derived sleep timing (B=0.01, SE=0.002, t=3.71, p=0.001) over
the first 30 days of the IOP program, covarying for age, gender, depression, baseline
PSQI, and whether it is a weekday or weekend. Specifically, a 10-min increase in daily
SMU was associated with later sleep timing by 27.36 min. Daily subjective SMU did
not predict actigraphy-derived sleep duration (B=-0.25, SE=0.12, r=-2.00, p=0.06)
or self-reported sleep quality (B=0.03, SE=0.38, r=1.11, p=0.28).

Discussion
Growing research has linked self-reported or subjective SMU with poor sleep out-
comes among adolescents and young adults (e.g., Scott & Woods, 2019). Yet, lim-

ited research has examined this relationship using prospective designs, using both
self-report and actigraphic methods to assess sleep, or among adolescents and young
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Nighttime SMU Predicting Daily Sleep Timing
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Note: SMU = Social Media Use. Nighttime SMU indicates
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Fig.2 Subjective nighttime social media use and actigraphic sleep timing among adolescents in Study 2

adults who are at high risk for suicide. This may be a particularly important popu-
lation to study given that poor sleep is a proximal risk factor for suicidal thoughts,
behaviors, and death by suicide (Goldstein & Franzen, 2022; Liu et al., 2020). Spe-
cifically, factors including sleep duration (getting both too little sleep and too much
sleep) and insomnia have been linked to increased rates of suicidal thoughts and

Table 3 Subjective daytime SMU as a predictor of daily sleep outcomes in Study 2

Sleep Timing Sleep Duration Sleep Quality

Predictors Estimates SE  p Estimates SE  p Estimates SE P
Intercept 16.60 140 <0.01 7.11 1.41 <0.01 63.42 20.64 <0.01
Daytime SMU 0.46 0.12 <0.01 -0.25 0.12 0.06 2.00 1.80 0.28
Age 0.33 0.07 <0.01 0.04 0.07 0.54 -0.79 1.01 044
Female sex 0.05 0.34 0.88 0.24 035 057 1.80 518 0.73

assigned at

birth (1)
PSQI 0.03 0.06 0.68 -0.11 0.06 0.08 -1.97 090 0.04
Mean Depression  0.00 0.01 0.74 -0.00 0.01 0.98 0.29 0.20 0.15
Weekend (1) 0.67 022 <0.01 0.76 0.13 <0.01 5.07 1.31 <0.01
Random Effects
o? (Residual) 6.88 2.56 244.15
Ty (Intercept) 0.32 0.50 118.93

“Bold significance of the p-values

SMU = Social Media Use; PSQI =Pittsburgh Sleep Quality Index at baseline
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behaviors in youth (Goldstein & Franzen, 2022). The current study is the first to
examine the prospective relationships between both daily and nighttime subjective
SMU and sleep timing, duration, and quality among adolescents and young adults in
an intensive outpatient program (IOP) for depression and suicidality using both self-
report (Study 1) and actigraphic methods to assess behavioral sleep (Study 2). Find-
ings from both studies indicate that more self-reported nighttime SMU prospectively
predicts later sleep timing after the first month of an IOP intake evaluation based on
self-report (Study 1) and actigraphy (Study 2), though effect sizes were relatively
small. Self-reported daily SMU also was prospectively associated with self-reported
sleep quality in Study 1 and daytime SMU with actigraphy-derived later sleep tim-
ing in Study 2, with larger effects on sleep timing than nighttime subjective SMU.
In contrast to hypotheses, there were no associations between subjective SMU (day-
time/daily or nighttime) and sleep duration in either study.

Importantly, these findings have significance for adolescents and young adults at
high risk for suicide. Being awake later at night may be an important period of risk
for individuals who are already at high risk for suicide, as research shows that sui-
cidal ideation increases at night (Tubbs et al., 2021), and recent findings also point
to increases in suicidal behavior at night (Perlis et al., 2016; Ploderl, 2021). Thus,
SMU during the day and at nighttime may delay bedtimes and contribute to adoles-
cents and young adults being awake late at night when others are asleep, heighten-
ing feelings of loneliness and limiting availability of natural social supports (e.g.,
Chu et al, 2016; Hom et al., 2017). Even more, negative emotions and rumination
levels are higher at night (Takano & Tanno, 2011), which may impact how individu-
als are using and experiencing social media and increase the likelihood of negative
experiences (Radovic et al., 2017). Better understanding the timing of SMU among
high-risk individuals may be an important target for depression and suicide-focused
interventions to improve sleep outcomes, which may have downstream effects on
improving treatment outcomes. Although daytime subjective SMU was more
strongly associated with later sleep timing in Study 2, nighttime SMU may be more
actionable than total self-reported daytime or overall SMU since it is more specific,
concrete, and proximal to bedtime, which may elicit actual behavior change as a
starting place. However, it is important to acknowledge that nighttime SMU may not
necessarily always have negative effects for high-risk youth (Hamilton et al., 2021),
such that SMU may serve as a distraction, coping strategy, source of support, or cri-
sis resource when youth have suicidal thoughts.

Overall, our findings highlight the importance of assessing SMU in association
with when adolescents and young adults fall asleep, but may be less critical in the
duration or potentially day-to-day quality of sleep in this high-risk population. There
are several reasons why daytime and nighttime subjective SMU might specifically
be associated with sleep onset start times. First, SMU, especially before bedtime,
may displace time that individuals would otherwise be sleeping, thereby delaying
the times at which individuals try to fall asleep. Second, SMU may heighten psycho-
logical and physiological arousal, thereby delaying feelings of sleepiness or making
it harder for individuals to fall asleep (e.g., LeBourgeois et al., 2017). While we
might expect these factors to disrupt sleep and impact sleep quality, only Study 1
found an association between daily SMU and weekly-repprted sleep quality, which
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may be due to the more comprehensive measure of sleep quality (PSQI) used in
Study 1 compared to the single item of perceived daily sleep quality used in Study
2. Further, the absence of significant effects of SMU on sleep duration is surprising
given prior research linking SMU with shorter sleep duration (Sampasa-Kanyinga
et al., 2018), though it is consistent with other research not finding effects using
daily designs (Hamilton et al., 2022). It is possible that individuals enrolled in the
IOP have less regimented schedules due to their involvement in IOP (e.g., not hav-
ing a wake-up time based on early school start times), thereby granting them more
agency over their wake times than other youth in the community. However, it is also
possible that SMU provides young people with social connection and support, as
well as distraction or coping strategies that reduces stress or distress (Biernesser
et al., 2022) and promotes some sleep outcomes (Matthews et al., 2017). Further,
most individuals in the current studies reported poor sleep quality on average, with
the majority of adolescents in our studies having clinically significant poor sleep.
Given that the sample is comprised of individuals enrolled in an IOP for depres-
sion and suicidality, these high rates of poor sleep are not surprising since sleep
disruption is a common symptom of depression and a known risk factor for suicidal
thoughts and behaviors (Liu et al., 2020). Thus, it is possible that subjective SMU
has less of an effect on perceived sleep quality, depending on how it is measured,
or that other components of SMU may impact sleep duration or sleep disturbances
(e.g., Nesi et al., 2021a, b). Given the potential benefits of SMU (Hamilton et al.,
2020a, b), it is important for further research to explore the nuanced relationship
between SMU and sleep outcomes and examine whether its potential benefits on
mental health (including buffering effects against suicidal thoughts and behaviors in
high-risk youth) outweigh its negative effects on sleep.

Although our study is strengthened by its prospective design and multi-method
approach, there are several key limitations that could be enhanced in future
research. First, while our findings highlight the importance of considering when
adolescents are using social media, it is also critical to consider how social media
is being used, which also may impact sleep (Scott & Woods, 2019). For instance,
youth who are more emotionally invested in social media or place greater empha-
sis on social media for social belonging are more likely to be affected (Hamilton
& Lee, 2021) and potentially have poorer sleep (Scott & Woods, 2019). Further,
negative (or positive) emotional responses to SMU may be particularly important
to consider at nighttime (Nesi et al., 2021a, b), which may exacerbate the effects
of nighttime SMU. The current study also only evaluated SMU using self-report
methods, at bedtime, and at a single timepoint (e.g., baseline), which may not accu-
rately reflect the fluctuating nature of SMU (Hamilton et al., 2022). Using a self-
reported and retrospective measure of SMU may bias estimates of SMU across the
day and subjective SMU may not reflect actual usage patterns of SMU that would
be captured using objective measure. Prior research has found significant differ-
ences between individual’s self-reported compared to objectively measured SMU,
and studies using objective metrics have not found significant effects on mental
health (Sewall et al., 2020). Though we covaried for depression symptoms in the
current study, it also is possible that estimates of SMU are biased by current symp-
toms (Sewall et al., 2020), or that some participants may have underreported SMU
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due to fear of judgement or negative perceptions about their SMU. The limitations
of self-reported SMU, compared to objective SMU metrics, may partially explain
demonstrated effects of SMU on sleep timing. It also is likely that our findings
reflect individuals’ perceptions of SMU rather than actual SMU. Future studies
that objectively assess SMU using smartphone sensing and intensive monitoring
designs would be better suited to investigate the dynamic and temporal associations
between SMU patterns and sleep outcomes, including the ability to better isolate
daytime and nighttime SMU prior to sleep.

This study also did not evaluate the mediational or longitudinal effects of SMU to
suicidal thoughts or behaviors. Yet, sleep disruption may be a critical mechanism link-
ing social media and mental health outcomes among adolescents and young adults
who are at high risk for suicide, which has only been investigated in community sam-
ples or using cross-sectional designs (Nesi et al., 2021b; Scott & Woods, 2019; Vernon
et al., 2017). Examining the potential link of later sleep timing remains an important
next step of the current research. Further, our sample was relatively homogeneous
with regard to racial and ethnic identity. This, in part, highlights important differences
in access and utilization of mental health treatment (e.g., IOP programs) in the United
States (e.g., Cook et al., 2017). Given known disparities in sleep outcomes (e.g., Ahn
et al., 2021), as well as elevated rates of suicide in some racial/ethnic minority pop-
ulations (e.g., youth who identify as Black, Hispanic/Latine, Indigenous; Ramchand
et al., 2021), sexual minority youth, and gender expansive youth (The Trevor Project
National Survey, 2021), future research should focus on these complex relationships
between nighttime SMU, sleep, and suicide among adolescents and young adults with
minoritized identities (Dolsen et al., 2022; Johnson et al., 2022).

Overall, findings of both studies suggest that daytime and nighttime subjec-
tive SMU may be a prospective predictor of later sleep timing for adolescents and
young adults who are at risk for suicide. Two prospective studies with adolescents
and young adults in an intensive outpatient program for depression and suicidality
document the association between nighttime subjective SMU and sleep start timing
as assessed via self-report and actigraphy over one month, and Study 2 found effects
of daytime SMU on later sleep timing as well. Given the importance of sleep timing
for mental and physical health (Bei et al., 2017), and potentially for suicidal ideation
and behavior (Tubbs et al., 2021), interventions targeting depression and suicidality
may benefit from considering the timing of SMU as a means of prevention. Inter-
ventions targeting SMU may promote earlier bedtimes, which may protect against
suicidal thoughts, feelings, and behaviors, specifically in individuals at elevated risk
of STBs. However, this study focused only on the effects of sleep as an important
outcome, without examining its potential effects on subsequent suicidal thoughts or
behaviors. Given the strength of relationships between sleep and suicidal thoughts
and behaviors, sleep may be a prime target for suicide prevention research and treat-
ment. Given the behavioral components of both SMU and sleep, and based on the
empirical evidence behind behaviorally-based interventions for suicide prevention,
treatment that focuses on SMU and sleep may be particularly actionable and effective
(McCall, 2022). Future research is needed to fully explore how and when individuals
are using social media during treatment, and whether reducing SMU at specific times
impacts sleep and suicide-related outcomes to inform prevention programs.
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