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Social and Behavioral Determinants of Sleep
Abstract

There has been an epidemic of sleep deficiency over the past few decades. Previous
research has linked suboptimal sleep to various adverse outcomes (e.g., higher morbidity and
mortality), which warrant efforts to identify factors that predispose people to sleep deficiency.
This three-chapter dissertation aims to examine multiple social and behavioral determinants of
sleep among various populations.

The Background Chapter presents  an overview of sleep deficiency.

Chapter 1 investigates predictors of persistent sleep problems among elderly disaster
survivors. Data came from a prospective cohort that suffered the 2011 Great East Japan
earthquake and tsunami between baseline and follow-up surveys (N = 3,547). Poisson
regression with robust error variance models were used. We found that material aspects of
disaster damage (financial hardship, home destruction, health care disruption) were associated
with persistent sleep problems. In contrast, elderly survivors appeared to have recovered from
loss of loved ones three years after the disaster. Having pre-disaster instrumental support
reduced the risks of sleep problems. Findings could inform targeted disaster recovery efforts for
groups with greatest need.

Chapter 2 explores the relationships between procrastination and sleep among US
adolescents and young adults. Multiple linear regression and Poisson regression with robust
error variance models were used to analyze data from the Healthy Minds Study (N = 8,742).

Results showed that higher levels of procrastination were associated with worse sleep among
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US undergraduate and graduate students. Interventions to prevent and manage procrastination
might help students to improve their sleep health.

Chapter 3 examines how adolescents’ positions relative to cohesive friendship groups
and popularity among peers were associated with their sleep behaviors. Data came from two
schools in the National Longitudinal Study of Adolescent to Adult Health (N = 2,553). Multiple
linear regression and Poisson regression with robust error variance models were used. We
found that the absence of membership in a cohesive group was associated with suboptimal
sleep. Also, there seemed to be a burden of being popular when it came to sleep health. Results
suggested that a social network perspective might inform interventions to improve adolescents’

sleep outcomes.
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Background: Overview of sleep deficiency

Definition of sleep deficiency

Sleep deficiency is a multidimensional concept. The 2011 National Institutes of Health
Sleep Disorders Research Plan offers the following definition of sleep deficiency: a “deficit in
the quantity or quality of sleep obtained versus the amount needed for optimal health,
performance, and well-being.” Sleep deficiency might result from prolonged wakefulness that
leads to sleep deprivation, insufficient sleep duration, sleep fragmentation, or a sleep disorder,
which disrupts sleep and thereby renders sleep non-restorative.
Epidemic of sleep deficiency

There has been an epidemic of sleep deficiency over the past few decades. The
American Academy of Sleep Medicine and Sleep Research Society recommend that “adults
should sleep 7 or more hours per night on a regular basis to promote optimal health.”?
However, according to annual surveys done by the National Sleep Foundation (NSF), 35% of
American adults (aged 18 years or older) reported sleeping less than the recommended 7 hours
on weekdays by 1998 and the number increased to 40% by 2005.> Data from the 2009
Behavioral Risk Factor Surveillance System (BRFSS) survey indicated that 37.9% adult
respondents reported unintentionally falling asleep during the day at least once in the
preceding month, and 4.7% reported nodding off or falling asleep while driving at least once in
the preceding month.*

The sleep crisis is global. In 2013, NSF explored sleep differences among adults between
the ages of 25 and 55 years old in six countries: the United States, Canada, Mexico, Japan, the

United Kingdom, and Germany. Americans and Japanese reported the least amount of sleep



compared to other countries, averaging 6 hours and 31 minutes and 6 hours and 22 minutes of
sleep on workdays, respectively. Approximately one-half of Americans (53%) and two-thirds of
Japanese (66%) said they slept less than 7 hours on workdays, compared to 39% in the United
Kingdom, and roughly one-third of Germans (36%), Canadians (30%), and Mexicans (29%),
respectively.’
Consequences of sleep deficiency
Morbidity and mortality
Epidemiologic studies have linked short sleep duration, poor sleep quality, or both to
chronic diseases and associated risk factors, including weight gain, obesity, type 2 diabetes,
hypertension, metabolic syndrome, and cardiovascular diseases.® > Additionally, short sleep
duration has been associated with cancers such as breast cancer, colorectal cancer, and
prostate cancer.'®®
Research has shown that mortality rates from ischemic heart disease, cancer, stroke,
and all causes combined are lowest for individuals sleeping 7 or 8 hours per night, whereas

1920 rom a

those with shorter or longer sleep have significantly higher mortality risks.
population perspective, long sleep is much less common than short sleep. As documented by
the BRFSS, a long sleep duration of more than 9 hours on workdays was reported by 2.4% of
respondents, whereas 37.1% reported less than 7 hours.” Thus, based on prevalence, short
sleep is likely to have more public health relevance than long sleep.”

Experimental studies have suggested that sleep deprivation in healthy adults causes

detrimental effects on a variety of systems with endocrine, metabolic, and immune alterations,

including inadequate pancreatic insulin secretion, decreased insulin sensitivity, impaired



glucose tolerance, increased evening concentration of cortisol, increased levels of ghrelin,
decreased levels of leptin, increased hunger and appetite, and attenuated immune response to

vaccination.?>™%®

These changes in biological processes in response to sleep deprivation provide
plausibility for a causal relationship between short sleep and development and exacerbation of
chronic diseases and, ultimately, mortality.*
Cognition deficits and performance

Sleep deficiency produces performance deficits in occupational, educational, and other
settings due to increasing sleep propensity and instability of waking neurobehavioral functions.
The deficits include cognitive speed, vigilant and executive attention, working memory, and

27,28

complex decision making. Experiments have revealed that the deterioration of attention

and reaction time caused by sleep loss is cumulative and dose-dependent.”®*° S

urprisingly, such
deficits are usually not fully aware by the affected individuals.?’
Accidents and injuries

Sleep deficiency results in excessive daytime fatigue and sleepiness, which increase the
risk of human-error-related accidents such as motor vehicle crashes, industrial disasters, and

medical and other occupational errors.**?***

In fact, sleep deprivation leads to impairments in
cognitive and motor performance that are equivalent to those induced by alcohol consumption
at or above the legal limit.*”> The National Highway Traffic Safety Administration estimates that
drowsy driving was responsible for 846 deaths in 2014. There was an average of 83,000 crashes

each year related to drowsy driving between 2005 and 2009, with an estimated 37,000 injury

crashes.®



Economic costs

While inadequate reporting and surveillance mechanisms render assessment of the full
economic impact of sleep deficiency difficult, the available data show that sleep deficiency
takes a heavy toll on the economy.

Sleep deficiency incurs both direct costs and indirect costs. Examples of direct costs are
medical costs associated with doctor visits, hospital services, prescriptions, and over-the-
counter medications. In 1999 the direct costs of insomnia in the United States was estimated to
be $13.9 billion.>* Examples of indirect costs are absenteeism, reduction or loss of productivity,
and industrial and motor vehicle accidents. The estimated sleep-related fatigue cost businesses
$150 billion in 2001.%® The cost associated with presenteeism (low on-the-job work
performance defined in the metric of lost workday equivalents) in the US was estimated to be
$63.2 billion in 2008.%°
Improving sleep: a public health priority

To improve the health of all Americans, increasing the proportion of adults and student
who get sufficient sleep has become a new federal priority in the Healthy People 2020
initiative.>® The high prevalence of sleep deficiency and its enormous consequences warrant
efforts to identify factors that predispose people to sleep deficiency. Findings could inform
targeted policy and public health efforts aimed at reducing health and economic burdens of

sleep deficiency.



Chapter 1: Predictors of persistent sleep problems among elderly disaster survivors: a natural
experiment from the 2011 Great East Japan earthquake and tsunami
Abstract
Objective: Sleep problems are among the most prevalent, yet understudied, health concerns of
disaster survivors. This study aimed to examine prospectively the associations of exposure to
disaster damage and pre-disaster social support with persistent sleep problems in the elderly.
Methods: The study design mimicked a natural experiment in that a prospective cohort (5,058
Japanese individuals aged 65 years or older in lwanuma city) suffered the 2011 Great East Japan
earthquake and tsunami between baseline (2010) and follow-up (2013) surveys. Disaster
damage information (financial hardship, home destruction, health care disruption, and loss of
loved ones) was collected during follow-up. We assessed sleep consequences of disaster
damage and pre-disaster social support over 3 years of follow-up with Poisson regression with
robust error variance models adjusted for pre-disaster covariates.
Results: Of 3,547 panel respondents (74 + 6 years old, 57% female), 8% reported short sleep
duration (<=5 hours/day), 13% sleep insufficiency (not feeling well-rested upon waking up >=3
times/week), 27% poor sleep quality, 41% insomnia symptoms (>= 3 times/week), and 22%
sleep medication use. Financial hardship due to disaster was associated with increased risks of
short sleep duration (RR = 1.40; 95% Cl [1.03, 1.90]), sleep insufficiency (RR = 1.29; 95% CI [1.01,
1.66]), poor sleep quality (RR = 1.47; 95% Cl [1.26, 1.70]), and insomnia symptoms (RR = 1.13;
95% Cl [1.01, 1.28]), net of pre-disaster socio-demographic, social support, and lifestyle
covariates. Home destruction was associated with sleep medication use while disrupted access

to health care was associated with poor sleep quality. Surprisingly, loss of loved ones did not



predict any sustained sleep problems. Having pre-disaster instrumental support reduced the
risks of all pro-longed sleep problems while having emotional support reduced the risk of poor
sleep quality.

Conclusion: Three years after the disaster, material aspects of disaster damage (financial
hardship, home destruction, health care disruption) were associated with persistent sleep
problems. In contrast, elderly survivors appeared to have recovered from loss of loved ones.
Findings could inform targeted disaster recovery efforts for groups with greatest need.

Key words: disaster, social support, sleep, natural experiment, Japan

Introduction

In recent decades, accompanying the rising incidence of natural disasters, the scale and
scope of disaster damage have increased notably. Specifically, the number of natural disasters
from 2000 to 2009 was three times as many as that from 1980 to 1989.%’ About 278 million
people were affected by natural disasters by 1990, as compared to 332 million by 2011.%
Throughout history, natural disasters have caused extensive damage in terms of injuries,
casualties, housing and infrastructure damage, and destruction of communities. For instance,
the World Bank estimated that the 2011 Great East Japan earthquake and tsunami had killed
15,214 people and cost US$235 billion.*

In contrast to the wealth of evidence on the persistent mental health effects of exposure

9748 there is scarce literature on the lingering sleep problems during the disaster

to disaster,
recovery phase, particularly among the elderly. Sleep is among the most common, yet

understudied, health concerns of disaster survivors. CDC’s assessment revealed that 54% of the



victims in Santa Rose experienced sleep disturbances six days after Hurricane lvan (a Category 3
storm).* Such sleep consequences of disaster exposure are not just transient. One year after
the 1999 Athens earthquake in Greece, 55% of the survivors developed sleep disorders, 60% of
which were insomnia.”

Short sleep duration, poor sleep quality, or both has been associated with chronic
diseases and risk factors, as well as mortality in various populations (see, e.g.,>*>%).
Additionally, sleep problems have been linked to depression, anxiety, psychological distress,
perceived stress, and post-traumatic stress disorder, particularly among disaster-affected
populations.”* ™

Given the high prevalence of sleep problems and the associated extensive negative health
effects on disaster survivors, it is essential to deepen our understanding of survivors’ sleep. Our
research goal is to examine prospectively determinants of sustained sleep problems among
elderly survivors of the 2011 Great East Japan earthquake and tsunami, with a focus on effects
of disaster damage and social support.

This study is innovative on three fronts. First, our study leveraged a prospective study
design — a natural experiment afforded by the Japan Gerontological Evaluation Survey of
community-dwelling adults aged 65 or older, as the 2011 Japan earthquake and tsunami struck
one of the field sites, Iwanuma city, between the baseline (2010) and follow-up (2013) surveys.
Few prior studies have documented the detrimental effects of exposure to natural disasters on

56-61

sleep. However, there were two main limitations: a) the cross-sectional design employed by

most studies constrains their ability to identify causality and the unavailability of pre-disaster

57-61

information renders their results to recall bias, and b) a comparable control group (who



were unexposed to the disaster) is usually absent,>® hindering appropriate counterfactual
comparisons. Research using pre-disaster social support information to predict post-disaster
sleep consequences with an appropriate control group is extremely scarce (if any). To address
these problems, this study takes advantage of a unique design that strengthens causal
inference by providing a) pre-disaster information that establishes temporality and protects
inference from recall bias, and b) an appropriate control group such that comparisons will be
made between residents living in the same municipality who happened to be in locations that
tsunami did or did not reach.

Second, this study incorporates comprehensive assessments of the outcome of interest —
sleep and the predictors of interest — disaster damage and social support. This allows us to
identify the unique associations of different types of disaster damage and social support with
several sleep indicators. In terms of sleep, the majority of previous research has included only
one measure of sleep, such as sleep duration,’® sleep quality,”’ sleep-related problems,”® and

sleep difficulties.®®®!

This study evaluates multiple dimensions of sleep, including short sleep
duration, sleep insufficiency, poor sleep quality, insomnia symptoms, and sleep medication use,
in order to fully examine how disaster damage and social support are linked to a variety of
sleep behaviors.

With regards to disaster damage, most previous studies have addressed exposure to
disaster as a general experience without differentiating between types of disaster damage or

only considered home destruction.”*™°

Our study contains a variety of disaster damage
indictors (financial hardship, home destruction, health care disruption, and loss of loved ones),

allowing us to evaluate which aspects of disaster damage are most relevant to sleep.



As for social support, it is defined as “a social network’s provision of psychological and

762

material resources intended to benefit an individual’s ability to cope with stress.””” This study
includes information on two different types of social support: instrumental support (help, aid,
or assistance with tangible needs) and emotional support (the expression of empathy,
reassurance, or trust).®® Initial investigations on the relationship between social support and
sleep in disaster-affected populations have suggested that lack of social support is associated

01.64-%¢ However, almost none of the existing studies

with increased risks of sleep problems.
were able to assess the influences of different types of social support on sleep, with the
exception of work done by Matsumoto and colleagues.®* The information in our study would
afford us the opportunity to a richer portrayal of social support’s role in shaping sleep
behaviors among elderly survivors.

Third, this study focuses on the elderly and has an extended follow-up period (3 years),
which would help us to elucidate the long-term struggles of those in greatest needs. Much of
the limited research on predictors of disaster survivors’ sleep has investigated younger

>6-61 However,

populations with a relatively short follow-up time (usually less than one year).
The elderly are disproportionally affected both during and after disasters, because of chronic
diseases or conditions, impaired physiological, sensory, and cognitive changes experienced as
part of aging, as well as social and economic limitations that prevent adequate preparation

6788 For these reasons, CDC urges that the

before disasters and impede recovery after disasters.
frail elderly be recognized as a special-needs population and strategies should be developed to

meet their needs in emergency management.®



In summary, this study aims to examine whether disaster damage and pre-disaster social
support are associated with persistent sleep problems among elderly survivors of the 2011
Great East Japan earthquake and tsunami. Our first aim is to determine the unique impacts of
different types of disaster damage (financial hardship, home destruction, health care
disruption, and loss of loved ones) on sleep problems (short sleep duration, sleep insufficiency,
poor sleep quality, insomnia symptoms, and sleep medication use). We hypothesize that each
type of disaster damage would predict higher risk of each sleep problems among elderly
survivors in tsunami-affected areas over 3 years of follow-up. For instance, experiencing
financial hardship due to the disaster would predict higher risk of short sleep duration at
follow-up. Our second aim is to evaluate the influences of pre-disaster instrumental support
and emotional support on post-disaster sleep. We hypothesize that availability of each type of
social support would be associated with better post-disaster sleep over 3 years of follow-up.

Findings from this study on which dimensions of sleep are sensitive to which aspects of
disaster damage and social support would contribute to inform targeted interventions to
reduce vulnerability to sleep problems and the associated adverse health outcomes, which
would assist in disaster preparedness and recovery efforts to promote reconstruction and
community resilience after disaster.

Methods
Study participants and study design

This paper used data collected as part of a national cohort study — the Japan
Gerontological Evaluation Study (J-AGES) — from residents in lIwanuma city. The J-AGES project

was established in August 2010 to assess prospectively predictors of disability onset among the

10



community-dwelling elderly in Japan. The baseline questionnaire was mailed to every citizen
aged 65 years or older in 31 towns and cities across the country, using the official residential
register (koseki touhon) as the sampling frame. Out of 117,494 elderly people invited, 78,769
eligible individuals responded to the survey, yielding a response rate of 67.0%. The survey
asked questions on participants’ socio-demographic information, lifestyle habits, social
networks and support, life satisfaction, and major life events.

Seven months after the baseline survey, one of the field sites of J-AGES, lwanuma city,
was directly struck by the 2011 Great East Japan earthquake and tsunami on March 11. The
disaster killed 187 residents (out of a total population of 43,903), damaged 5,428 buildings, and
inundated 48% of land area (Figure 1.1).*”7° A follow-up survey was conducted among survivors

in lwanuma city approximately 3 years after the disaster (October 2013-January 2014), which

inquired about participants’ experiences both during and after the disaster.

/ ,
/’ }"\{ Epicenter d)
'/ 7 P

Kilometers

Miyagli\”" |
Prefecture |

{
Tokyo \

Densely Inhabited District
Inundated area

Figure 1.1 Map of Iwanuma, in which 187 people died or are missing, 5,428 buildings were damaged, and 48% of

the area was flooded, Japan, 2010.

Reproduced from Ref. 47.
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Figure 1.2 depicts study recruitment and retention. Specifically, at baseline, invitations
were sent to all residents aged 65 years or older in Iwanuma city. 5,058 individuals agreed to
participate (out of 8,576, participation rate: 59.0%). Among 4,380 participants eligible for the
follow-up study, 3,594 responded and completed the survey (follow-up rate: 82.1%). After
removing 27 respondents with invalid consent data and 20 respondents who reported
erroneous (>24 hours) or extreme sleep duration (< 3 hours or > 13 hours), the analytic sample

consisted of 3,547 individuals.

Enroliments in the baseline
survey (n = 8,576)

—>| Non-response (n = 3,518)
A\ 4

Respondents (n = 5,058)
(Response rate: 59.0%)

Baseline
questionnaire survey
in August, 2010

—>| Invalid ID, sex, & age (n = 101) |
y

A

Valid Respondents
(n = 4,957)

Lost to follow-up (n = 577)
Killed by the disaster (n = 34)
Death from other causes (n = 400)
»| -Before the disaster (n = 95)
-After the disaster (n = 305)
Moved out (n = 92)
Address unknown (n = 17)
Too sick to participate (n = 34)

Earthquake & Tsunami
on March11, 2011

\ 4

Eligible for the follow-up survey

(n =4,380)
Follow-up
questionnaire survey —>| Non-response (n = 786)
in October, 2013 4

Respondents (n = 3,594)
(Follow-up rate: 82.1%)

.| Invalid consent (n = 27)
"| Invaid/extreme sleep (n=20)

A 4

Analytic panel sample
(n =3,547)

Figure 1.2. Sample flow chart.
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Assessment of outcomes

Five indicators of sleep problems were included: short sleep duration, sleep
insufficiency, poor sleep quality, insomnia symptoms, and sleep medication use. The questions
were derived from the Pittsburg Sleep Quality Index (PsQl),”* which had been psychometrically
validated in the Japanese population.”

Sleep duration was determined by asking how many actual hours of sleep respondents
got in the past month. Short sleep duration was defined as sleeping 5 hours or less per day. The
cut-point was chosen because previous studies have shown that sleeping 5 hours or less is
associated with elevated risk of mortality among the elderly population (see, e.g., >">).

Insomnia symptoms were assessed by asking how often respondents “could not fall
asleep within half an hour of going to bed” or “woke up in the middle of the night or early in
the morning”, with response categories of never, less than once a week, 1-2 times a week, and
3 or more times a week. Respondents who experienced the symptoms 3 or more times a week
were regarded as suffering from insomnia because experiencing insomnia most of the time has
been shown to be associated with increased risk of mortality.”®

Sleep insufficiency was defined as experiencing the symptom of “didn’t feel well-rested
when woke up in the morning in the past month” 3 or more times a week.

Sleep quality was measured by asking respondents to rate their sleep quality as a whole
in the past month, with responses ranging from 1 (very poor) to 4 (very good). A response of 1
(very poor) or 2 (poor) indicated poor sleep quality.

Sleep medication use was defined as taking medication to help sleep (that was

prescribed by a doctor or that bought at a pharmacy or other vendors).
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Each sleep indicator was binary and was analyzed separately.
Assessment of exposures

The main exposures of interest were types of disaster damage (Aim 1) and types of pre-
disaster social support (Aim 2). Disaster damage was measured by a series of questions asking
the respondents their experiences of disaster exposure, including financial hardship, home
destruction, health care disruption, and loss of loved ones. Home destruction were categorized
into three levels (0 = no damage, 1 = partially destroyed, and 2 = half destroyed or worse). All
other damage variables were binary.

Two dimensions of pre-disaster social support was measured at baseline: instrumental
and emotional support. Instrumental support was assessed by asking if the respondent had
someone who looked after he/she when he/she was sick and confined to a bed for a few days.
Emotional support was assessed by asking if the respondent had someone who listened to
his/her concerns and complaints. Both social support variables were binary.

Covariates

We controlled for respondents’ socio-demographic and lifestyle characteristics, which
have been found to be important for sleep in prior research (see, e.g., 7779, Adjusted
covariates included gender, age, marital status, education, and equivalized household income,
as well as smoking and drinking status.

Statistical analyses

For the main analyses, we ran multiple Poisson regression with robust error variance

models®® of the form:

log(P(Sleepyost = 1)) = Bo + XpreB*7e + EDB™P + SSy 50 (1)
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where sleep,,,s; is the post-disaster sleep problem indicator. The coefficient vector B*rre
captures the effects of the pre-disaster covariates (Xp;.), including socio-demographic and
lifestyle variables; BEP captures the effects of disaster damage indicators (ED), including
financial hardship, home destruction, health care disruption, and loss of loved ones (Aim 1);
B*°rre captures the effects of pre-disaster social support ($Spre), including instrumental and
emotional support (Aim 2).

We also conducted supplementary analyses to address the issue of missing data by
applying multiple imputation with the chained equations to the main analyses (10 imputed
datasets), under the assumption of missing at random.?

All analyses were performed using STATA, version14.0 (StataCorp LP, College Station,
Texas). All tests were two sided, with a significance level of 5%.

Results

Table 1.1 presents the descriptive traits of the Iwanuma cohort. As for pre-disaster socio-
demographic and lifestyle characteristics, slightly more than half of the respondents were
female. About sixty percent were between the ages of 65 and 74 while the rest were aged 75
years or older. Approximately 2 in three participants were married. Thirty-five percent received
less than nine years of education. About half had an equivalized household income below 2
million JPY. Participants who had never smoked and who had never consumed alcohol
accounted for 61.2% and 59.9%, respectively. With respect to exposures of interest, 96.0% of
the respondents reported having pre-disaster instrumental support and 93.8% pre-disaster
emotional support. Twenty-four percent respondents experienced financial hardships after the

disaster. Home destruction was the most prevalent type of disaster damage: 15.8% reported
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home being half destroyed or worse and 43.1% reported home being partially destroyed.
Thirteen percent of respondents experienced health care disruption, and 37.2% experienced
loss of loved ones. In terms of indicators of post-disaster sleep problems, the percentage of
people experiencing insomnia symptoms was the highest (41.4%), followed by poor sleep
quality (27.1%), sleep medication use (21.6%), sleep insufficiency (13.4%), and short sleep

duration (8.7%).

Table 1.1. Descriptive traits of Iwanuma cohort (N = 3,547)

N % N %
Variables Variables
Pre-disaster socio-demographics Disaster damage
Gender Financial hardship
Male 1,542  43.5% Yes 821 23.7%
Female 2,005 56.5% No 2,640 76.3%
Age Home destruction
65-74 2,122 59.8% Half destroyed or worse 543  15.8%
75 or older 1,425 40.2% Partially destroyed 1,487 43.1%
Marital status No damage 1,417 41.1%
Married 2,445  71.4% Health care disruption
Unmarried 981 28.6% Yes 453 12.8%
Education No 3,094 87.2%
< 6 years 45 1.3% Loss of loved ones
6-9 years 1,174  34.4% Yes 1,321 37.2%
10-12 years 1,484  43.5% No 2,226  62.8%
> 12 years 709  20.8%  Post-disaster sleep problems
Equivalized income Short sleep duration
< 2 million JPY 1,413  48.8% Yes 302 8.7%
2-4 million JPY 1,200 41.4% No 3,168 91.3%
> 4 million JPY 284 9.8% Sleep insufficiency
Pre-disaster lifestyle Yes 462  13.4%
Smoking status No 2,979 86.6%
Current 363 11.2% Poor sleep quality
Used to 898  27.6% Yes 942  27.1%
Never 1,990 61.2% No 2,541  73.0%
Drinking status Insomnia symptoms
Current 1,272 36.7% Yes 1,448 41.4%
Used to 119 3.4% No 2,052 58.6%
Never 2,075 59.9% Sleep medication use
Pre-disaster social support Yes 753 21.6%
Instrumental support No 2,732 78.4%
Yes 3,314  96.0%
No 137 4.0%
Emotional support
Yes 3,196 93.8%
No 212 6.2%
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Table 1.2 reports results from Poisson regression with robust error variance separately
estimating post-disaster short sleep duration, sleep insufficiency, poor sleep quality, insomnia
symptoms, and sleep medication use. Financial hardship predicted the majority of post-disaster
sleep indicators. It was significantly associated with higher risks of short sleep duration (RR =
1.40; 95% CI [1.03, 1.90]), sleep insufficiency (RR = 1.29; 95% CI [1.01-1.66]), poor sleep quality
(RR=1.47;95% CI [1.26-1.70]), and insomnia symptoms (RR = 1.13; 95% CI [1.01-1.28]), after
adjusting for pre-disaster socio-demographic, lifestyle, and social support variables. Home
destruction was significantly linked to sleep medication use (half destroyed or worse vs no
damage: RR = 1.36; 95% CI [1.06-1.74]; partially destroyed vs no damage: RR = 1.37; 95% ClI
[1.15-1.63]). Health care disruption was significantly tied to poor sleep quality (RR = 1.34; 95%
Cl [1.13-1.58]). Surprisingly, loss of loved ones was not significantly associated with any
indicators of sleep problems. With respect to pre-disaster social support, having instrumental
support significantly protected the elderly from short sleep duration (RR =.57; 95% ClI
[.34-.98]), sleep insufficiency (RR = .46; 95% CI [.31-.69]), poor sleep quality (RR = .63; 95% Cl
[.48-.82]), insomnia symptoms (RR =.70; 95% CI [ .57-.87]), and sleep medication use (RR =.70;
95% Cl [.49-.99]). Emotional support significantly protected the elderly from poor sleep quality
(RR =.74; 95% CI [.58-.95]).

The supplementary analyses, in which we used multiple imputation to address missing
data, spoke to the robustness of the study findings. The directions of the effects of disaster
damage and pre-disaster social support were the same and the statistical significance levels

remained largely unchanged (Table 1.51).
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Table 1.2. Poisson regression models estimating persistent sleep problems

Short sleep duration Sleep insufficiency Poor sleep quality Insomnia symptoms Sleep medication use
RR [95% Cl] RR [95% Cl] RR [95% Cl] RR [95% Cl] RR [95% Cl]
Disaster damage
Financial hardship (vs no) 1.40 [1.03,1.90]* 1.29 [1.01,1.66]* 1.47  [1.26,1.70]*** 113 [1.01,1.28]* 1.08 [0.88,1.31]
Home destruction (vs no)
Half destroyed or worse 0.82 [0.52,1.27] 0.98 [0.70,1.37] 0.90 [0.73,1.11] 0.99 [0.84,1.16] 1.36 [1.06,1.74]*
Partially destroyed 1.13 [0.85,1.50] 1.20 [0.96,1.50] 1.12 [0.97,1.29] 1.09 [0.98,1.20] 1.37 [1.15,1.63]***
Health care disruption (vs no)  1.07  [0.73,1.58] 1.04  [0.75,1.42] 1.34  [1.13,1.58]*** 1.08  [0.93,1.24] 1.14  [0.91,1.42]
Loss of loved ones (vs no) 1.07  [0.83,1.39] 1.14  [0.92,1.40] 1.06  [0.93,1.21] 0.97 [0.88,1.07] 0.95 [0.81,1.12]
Pre-disaster social support
Instrumental support (vsno) ~ 0.57  [0.34,0.98]* 0.46  [0.31,0.69]*** 0.63  [0.48,0.82]*** 0.70  [0.57,0.87]** 0.70  [0.49,0.99]*
Emotional support (vs no) 0.97 [0.54,1.73] 0.89  [0.59,1.35] 0.74  [0.58,0.95]* 1.00  [0.83,1.22] 122  [0.80,1.87]
Pre-disaster covariates
Female (vs male) 1.27 [0.80,2.01] 0.98 [0.72,1.34] 1.32 [1.07,1.64]** 0.94 [0.81,1.10] 2.18 [1.66,2.87]***
Age, years 0.98 [0.96,1.01] 1.02 [1.00,1.04]+ 1.00 [0.99,1.01] 1.02 [1.01,1.03]*** 1.04 [1.02,1.05]***
Married (vs no) 0.70 [0.50,0.99]* 0.91 [0.71,1.17] 1.03 [0.87,1.22] 1.01 [0.89,1.15] 1.03 [0.85,1.24]
Education (vs 10-12 years)
<6 years 0.31 [0.04,2.32] 0.73 [0.27,1.97] 1.21 [0.74,1.99] 1.14 [0.79,1.66] 1.13 [0.68,1.89]
6-9 years 0.92 [0.68,1.25] 0.91 [0.72,1.16] 0.95 [0.81,1.11] 0.98 [0.87,1.09] 0.90 [0.75,1.08]
>12 years 0.67 [0.46,0.98]* 0.88 [0.67,1.15] 0.99 [0.83,1.17] 0.97 [0.86,1.09] 1.08 [0.88,1.32]
Equivalized income, JPY (vs 2-4 million)
<2 million 1.01  [0.78,1.32] 1.05  [0.84,1.30] 1.05  [0.92,1.21] 1.04  [0.94,1.15] 1.23  [1.04,1.45]*
>4 million 0.94  [0.58,1.51] 111  [0.77,1.58] 0.98  [0.76,1.25] 0.89  [0.74,1.06)] 1.17  [0.89,1.54]
Smoking status (vs never)
Current 0.88  [0.50,1.53] 127  [0.88,1.83] 1.03  [0.80,1.32] 1.08  [0.91,1.29] 1.02  [0.72,1.44]
Used to 132 [0.88,1.99] 1.19  [0.88,1.61] 1.24  [1.02,1.51]* 1.24  [1.09,1.42]** 1.12  [0.85,1.46]
Drinking status (vs never)
Current 0.75  [0.54,1.04]+ 0.79  [0.62,1.02]+ 1.00  [0.85,1.18] 1.11  [0.99,1.24]+ 0.88  [0.70,1.09]
Used to 0.62  [0.25,1.50] 0.82  [0.47,1.43] 0.95 [0.67,1.36] 0.93  [0.72,1.20] 1.43  [0.95,2.14]+
Observations 2477 2470 2482 2496 2485

Exponentiated coefficients; 95% confidence intervals in brackets
*p <0.10, p <0.05,"p <0.01, " p <0.001
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Discussion

This study investigated the associations of disaster damage and pre-disaster social
support with persistent post-disaster sleep problems among elderly survivors of the 2011 Great
East Japan earthquake and tsunami. To our knowledge, this is the first study that has
incorporated a) a prospective study design that mimicked a natural experiment, b) a variety of
indicators of disaster damage, pre-disaster social support, and post-disaster sleep problems,
and c) a focus on the elderly followed for an extended period of time. We hypothesized that
each type of disaster damage and pre-disaster social support would predict each dimension of
post-disaster sleep problems. But the results painted a more complicated picture. Specifically,
financial hardship predicted higher risks of short sleep duration, sleep insufficiency, poor sleep
guality, and insomnia symptoms. Home destruction was associated with more sleep medication
use. Health care disruption was linked to poor sleep quality. Unexpectedly, loss of loved ones
was not associated with any indicators of sleep problems. As for pre-disaster social support,
instrumental support was linked to lower risks of all sleep problems whereas emotional support
was tied to lower risk of poor sleep quality.

With respect to disaster damage, it seemed that the material aspects of damage caused
by the disaster (financial hardship, home destruction, health care disruption) emerged as
salient predictors of sustained sleep problems whereas there was no evidence that loss of loved
ones was associated with sleep problems over 3 years of follow-up. This might arise from the
fact that our sample consisted of participants aged 65 years or older. In terms of the material
aspects of disaster damage, it was likely that elderly survivors endured on-going struggles to

rebuild their lives; they might not have fully recovered after 3 years because the destruction
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caused by the disaster was so tremendous. For instance, survivors with financial hardships
might be unable to afford tangible life essentials such as replacing an inundated mattress or
buying quality food, which would affect their sleep. They might also have to deal with other
sources of stress such as the tassels of getting insurance payment and government
compensation. Given that most of the elderly were retired and that their capacity to earn
money (besides pension and government compensation) might be limited, it was no wonder
that financial hardship was a big concern. Additionally, people whose home were destructed by
the disaster lived in worse physical environment — most people with partially destroyed
property stayed at home whereas most people with more severe property damage relocated to
temporary shelter. The limited living space, the thin walls, together with the suboptimal
thermal environment and sanitary conditions, in both partially destroyed property and
temporary shelter, might have contributed to sleep problems. Moreover, the elderly might be
more sensitive to health care disruption compared to younger generations as they were
generally frailer and were in greater needs of health care. On the other hand, loss of close
friends or relatives might be a more normative experience as people age. Thus, the elderly
might become more resilient and might have recovered from loss of loved ones over 3 years.
The implication from our findings, that the material aspects of disaster damage, but not loss of
loved ones, had persistent impacts on the elderly’s sleep over 3 years of follow-up was
consistent with findings from previous research on disaster damage’s impacts on depressive
symptoms and cognitive decline among elderly survivors of the 2011 Great East Japan

earthquake and tsunami.*®®
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Most prior studies focusing on sleep have not differentiated between types of disaster

damage. An exception in this regard is Matsumoto and colleagues’ work.?*®!

They conducted a
cross-sectional survey on 4,176 household members in the Ishinomaki area 6-12 months after
the 2011 Great East Japan earthquake and tsunami. They found that lack of pleasure in life and
lack of interaction with neighbors were associated with sleep difficulties (consistent with our
findings that social networks were important predictors of sleep) but none of the disaster
exposure variables were associated with sleep difficulties.®® The same team of investigators
reported similar results using cross-sectional data on 2,593 respondents in the same area 1-2
years after the disaster.®* There are at least three reasons why they did not find associations
between disaster damage and sleep but we did. First, the different definitions of sleep
outcomes used made it difficult to directly compare the results. Specifically, Mastumoto and
colleagues assessed sleep with just one question asking whether or not the subjects had sleep
difficulties. The question was answered by the representatives of households but not
necessarily by the individuals who had actually experienced the symptoms. In contrast, we
incorporated five indicators of sleep problems that were reported by the individuals who
experienced the symptoms themselves. Second, the sample populations were different in that
Mastumoto and colleagues assessed sleep difficulties in younger populations who stayed at
home after the disaster while our study targeted older populations including those who stayed
at home and those who relocated to temporary shelter. Third, the follow-up times was

different as Mastumoto and colleagues evaluated the question in a shorter period (6 months —

2 years) compared to our study (3 years).
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With regards to pre-disaster social support, the results revealed a similar pattern as that
of disaster damage: the tangible form — instrumental support had protected the elderly from
more adverse sleep indicators than emotional support did. This might be true because the
elderly people generally had worse physical health compared to the younger age groups and
had more needs for people to take care of them while sick. Our findings are in line with
previous research showing that having social support protects people from sleep problems. We
made a unique contribution by using a prospective study design with pre-disaster social support
information that distinguished between types of social support and by showing that
instrumental support was more relevant to sleep outcomes than emotional support among
elderly disaster survivors.

We also tested for interaction effects between disaster damage and pre-disaster social
support variables on post-disaster sleep indicators (results available upon request). But there
was no evidence that disaster damage and social support interacted. Thus, it was likely that
they had independent effects on post-disaster sleep.

The findings on the different associations of aspects of disaster damage and pre-disaster
social support with persistent sleep problems add new knowledge to the research field. They
could also shed light on targeted interventions to mitigate lingering sleep problems and the
associated adverse health outcomes among elderly survivors. For instance, in additional to grief
counselling, the long-term reconstruction efforts for the elderly survivors could be directed to
the provision of material support such as financial assistance, home repair and shelter
assistance, and continued access to health care, in order to promote recovery after the

disaster. Efforts could also be directed to the promotion of instrumental support before the
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trauma. These efforts would contribute to higher resilience, better disaster preparedness, and
faster recovery after the disaster among disaster-affected communities.
Limitations and future directions

The first limitation of the study was that post-disaster sleep, disaster damage, and pre-
disaster social support, were all self-reported, which might induce a common-method bias.
When the same respondent provides information on measures of both the predictor and the
outcome, artifactual covariance between the two variables might arise.®

The second limitation is that the main analyses did not control for pre-disaster sleep.
We did not include pre-disaster sleep because we believed that pre-disaster sleep was not a
confounder of the associations between disaster damage and social support with post-disaster
sleep. Specifically, it was very unlikely that exposure to disaster damage was determined by
pre-disaster sleep. Thus, controlling for pre-disaster sleep would not help to decrease
confounding bias. While including pre-disaster sleep could help to increase precision in
estimation as it was likely to be linked to post-disaster sleep, only a quarter of the sample was
asked the sleep questions at baseline. Controlling for the variables would substantially decrease
our sample size and power. Moreover, the subsample was not randomly chosen as the decision
was largely based on residential region such that the respondents who were asked the sleep
qguestions were those who live furthest from the coastline. As a result, controlling for pre-
disaster sleep would cost us the insights on sleep problems among those who were most
severely hit by the disaster. In sensitivity analyses, we run additional models controlling for pre-
disaster sleep in the subsample where the information was available. The majority of the

effects remained in the same direction but most effects were no longer statistically significant.
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This was expected due to the sharp decrease in sample size. It would be of interest for future
studies to take pre-disaster sleep into consideration.

Moreover, selection bias was a potential problem due to the 59.0% response rate to the
baseline survey and the 82.1% response rate to the follow-up survey. However, it was shown in
prior research that the Iwanuma cohort at baseline was representative of the whole elderly
population in Iwanuma city in terms of demographic characteristics.”’ Thanks to the
cooperation of the Iwanuma city administration using the official residential register, only 17
respondents could not be tracked at follow-up. 560 other respondents were successfully
tracked but lost to follow-up due to sickness, death, and relocation. Out of 4,380 participants
eligible for the follow-up survey, 786 did not responded. We found that people who responded
to the follow-up survey did not differ significantly from those who did not respond, especially in
terms of disaster damage: while we did not have disaster damage information from people who
did not respond, residential distance from coastline information was collected at baseline,
which could serve as a proxy for disaster damage. It turned out that the distribution of distance
from coastline between people who responded and who did not respond was very similar
(Table 1.52).

Lastly, while our findings contribute to knowledge on persistent sleep problems among
elderly survivors, future research is warranted to assess if the findings are generalizable to

populations in other age groups and/or from other countries.
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Appendix

Table 1.S1. Poisson regression models estimating persistent sleep problems using multiple imputation

Short sleep duration

Sleep insufficiency

Poor sleep quality

Insomnia symptoms

Sleep medication use

RR [95% Cl] RR [95% Cl] RR [95% Cl] RR [95% Cl] RR [95% Cl]
Disaster damage
Financial hardship (vs no) 1.36 [1.05,1.76]* 1.30 [1.05,1.59]* 1.43 [1.26,1.62]*** 1.09 [0.99,1.21]+ 1.11 [0.95,1.30]
Home destruction (vs no)
Half destroyed or worse 0.96 [0.67,1.38] 0.98 [0.74,1.29] 0.90 [0.75,1.07] 1.00 [0.88,1.14] 1.16 [0.94,1.43]
Partially destroyed 1.23 [0.96,1.56]+ 1.15 [0.95,1.39] 1.14 [1.01,1.29]* 1.06 [0.97,1.16] 1.38 [1.20,1.59]***
Health care disruption (vs no) 0.96 [0.69,1.35] 1.07 [0.83,1.37] 1.30 [1.13,1.50]*** 1.08 [0.96,1.21] 1.21 [1.02,1.44]*
Loss of loved ones (vs no) 1.06 [0.85,1.32] 1.03 [0.86,1.23] 1.04 [0.93,1.16] 0.97 [0.89,1.06] 0.99 [0.87,1.13]
Pre-disaster social support
Instrumental support (vs no) 0.55 [0.35,0.86]** 0.52 [0.37,0.74]*** 0.58 [0.47,0.71]*** 0.75 [0.63,0.90]** 0.69 [0.52,0.92]*
Emotional support (vs no) 1.02 [0.63,1.63] 0.98 [0.68,1.41] 0.87 [0.70,1.09] 0.97 [0.83,1.14] 1.27 [0.92,1.76]
Pre-disaster covariates
Female (vs male) 1.23 [0.84,1.80] 1.11 [0.84,1.45] 1.31 [1.09,1.57]** 0.98 [0.86,1.11] 211 [1.67,2.67]***
Age, years 0.98 [0.96,1.00]+ 1.02 [1.00,1.03]* 1.00 [0.99,1.01] 1.02 [1.01,1.03]*** 1.03 [1.02,1.04]***
Married (vs no) 0.78 [0.59,1.03]+ 0.98 [0.79,1.21] 1.00 [0.87,1.15] 1.00 [0.90,1.10] 1.05 [0.90,1.22]
Education (vs 10-12 years)
<6 years 0.48 [0.12,1.96] 0.88 [0.41,1.89] 1.10 [0.70,1.71] 1.24 [0.94,1.64] 1.00 [0.63,1.59]
6-9 years 0.93 [0.72,1.20] 1.05 [0.86,1.28] 0.90 [0.79,1.03] 1.00 [0.91,1.10] 0.93 [0.80,1.08]
>12 years 0.77 [0.56,1.06] 0.96 [0.75,1.22] 0.99 [0.85,1.15] 0.99 [0.89,1.11] 1.03 [0.86,1.22]
Equivalized income, JPY (vs 2-4 million)
<2 million 1.08 [0.84,1.40] 1.04 [0.85,1.27] 1.08 [0.95,1.23] 1.05 [0.95,1.15] 1.17 [1.00,1.37]*
>4 million 0.90 [0.56,1.44] 1.05 [0.75,1.48] 0.91 [0.72,1.13] 0.91 [0.76,1.08] 1.09 [0.85,1.39]
Smoking status (vs never)
Current 0.79 [0.48,1.29] 1.14 [0.81,1.61] 0.98 [0.79,1.23] 1.03 [0.88,1.20] 0.95 [0.70,1.29]
Used to 1.13 [0.80,1.61] 1.18 [0.90,1.56] 1.19 [1.00,1.41]+ 1.20 [1.06,1.35]** 1.10 [0.88,1.39]
Drinking status (vs never)
Current 0.85 [0.64,1.14] 0.89 [0.71,1.11] 1.05 [0.91,1.21] 1.09 [0.99,1.20]+ 0.92 [0.76,1.11]
Used to 0.97 [0.50,1.87] 0.91 [0.56,1.47] 0.96 [0.70,1.32] 1.06 [0.86,1.29] 1.48 [1.05,2.09]*
Observations 3547 3547 3547 3547 3547

Exponentiated coefficients; 95% confidence intervals in brackets

*p <0.10, p <0.05,  p <0.01," p <0.001
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Table 1.52. Comparisons of baseline characteristics: analytic sample and non-respondents in follow-up

Analytic sample (total = 3,547) Nonrespondents in folllow-up (total = 786)
N % N % P-value
Distance damage (proxy)
Distance to coast
< 2km 253 7.1% 47 6.0% 0.514
2-4km 323 9.1% 73 9.3%
> 4km 2,971 83.8% 666 84.7%
Pre-disaster socio-demographics
Gender
Male 1,542 43.5% 326 41.5% 0.306
Female 2,005 56.5% 460 58.5%
Age, years <.001
65-74 2,122 59.8% 356 45.3%
>=75 1,425 40.2% 430 54.7%
Marital status
Married 2,445 71.4% 496 62.8% <.001
Unmarried 981 28.6% 278 37.2%
Education
< 6 years 45 1.3% 35 4.7% <.001
6-9 years 1,174 34.4% 277 37.2%
10-12 years 1,484 43.5% 286 38.4%
> 12 years 709 20.8% 146 19.6%
Equivalized income, JPY
< 2 million JPY 1,413 48.8% 312 52.6% 0.017
2-4 million JPY 1,200 41.4% 210 35.4%
> 4 million JPY 284 9.8% 593 12.0%
Pre-disaster lifestyle
Smoking status
Current 363 11.2% 86 12.2% 0.753
Used to 898 27.6% 192 27.1%
Never 1,990 61.2% 430 60.7%
Drinking status
Current 1,272 36.7% 246 32.0% 0.024
Used to 119 3.4% 35 4.6%
Never 2,075 59.9% 489 63.5%
Pre-disaster social support
Instrumental support
Yes 3,314 96.0% 706 94.0% 0.014
No 137 4.0% 45 6.0%
Emotional support
Yes 3,196 93.8% 669 90.5% 0.001
No 212 6.2% 70 9.5%
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Chapter 2: Procrastination and sleep in US undergraduate and graduate students: evidence
from the Healthy Minds Study

Abstract
Objective: Procrastination, or delays to begin or complete intended tasks, is a widespread and
potentially harmful phenomenon that has been understudied in the realm of health behaviors,
especially sleep. This study aimed to examine the relationships between procrastination and
multiple dimensions of sleep in a large national sample of US undergraduate and graduate
students.
Methods: A random sample of 8,742 students from 11 US universities provided self-reports of
procrastination (measured by the General Procrastination Scale-Short Form) and sleep
indicators including sleep duration (mean weekly, weeknight, and weekend night), social jetlag
(misalignment of circadian and social clocks, quantified as the difference between mid-sleep
times on weeknights and weekend nights), and sleep quality including insomnia symptoms
(trouble falling asleep or staying asleep), daytime sleepiness (feeling tired or having little
energy), and sleep medication use. We assessed cross-sectional relationships between
procrastination and sleep indicators using multiple linear regression and Poisson regression
with robust error variance models. Analyses adjusted for socio-demographic and academic
characteristics and response propensity weights.
Results: Higher levels of procrastination were significantly associated with shorter mean weekly
sleep duration (B = -4.44 min; 95% ClI [-6.36, -2.52]) driven by the shorter weeknight sleep
duration (3 =-6.10 min; 95% Cl [-8.37, -3.84]) experienced by procrastinators. In contrast,

procrastination was not significantly associated with weekend night sleep duration. In addition,
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procrastinators experienced more social jetlag (3 = 3.34 min; 95% Cl [1.86, 4.81]) compared to
non-procrastinators. Moreover, procrastination significantly predicted elevated risks of
insomnia symptoms (RR = 1.27; 95% Cl [1.19, 1.37]) and daytime sleepiness (RR = 1.32; 95% ClI
[1.27, 1.38]), but not sleep medication use.

Conclusions: Results highlighted the unique associations of procrastination with sleep duration
on different types of days (weeknights and weekend nights), with social jetlag, and with indices
of sleep quality. Interventions to prevent and manage procrastination might help students to
improve their sleep health and academic performance.

Key words: procrastination, sleep duration, weeknights, weekend nights, social jetlag, sleep

quality

Introduction

Procrastination, or “delays to begin or complete intended tasks,”®*

is a prevalent and
potentially harmful phenomenon.* Although most of us have the experience of putting off an
action, some people, especially student populations in technologically-advanced societies,
suffer from habitual procrastination. It is estimated that almost 50% of undergraduate and

graduate students habitually procrastinate on academic tasks.® For instance, Solomon and

Rothblum investigated the frequency of procrastination behavior among undergraduate

" Ancient Roman use of the word procrastination seemed to reflect positive connotations since deferred
judgment, as opposed to impulsiveness and acting without adequate forethought, could be necessary and
wise in military conflicts. The negative connotations of the term did not emerge until the mid-18"
century, the time of the Industrial Revolution.*> Researchers have described procrastination as a modern
malady, as the construct becomes more salient in countries where technology is advanced and punctuality
is emphasized.*® Nowadays, the use of the term typically implies blameworthy delays (through laziness
and apathy).*” This study focuses on the negative form of procrastination.

28



students and found that 46.0% of the participants reported that they had nearly always or
always procrastinated on writing a term paper, 27.6% had procrastinated on studying for an
examination, and 30.1% had procrastinated on keeping up with weekly reading assignments.*
The corresponding percentages of graduate students were similar.”® These numbers remain
high despite procrastinators’ stated intention to reduce the behavior.” Gallagher and
colleagues found that 52.0% of the 608 surveyed college students indicated a moderate or high
need for help with overcoming procrastination.

A substantial literature has documented the detrimental effects of procrastination on

89,92,93

academic achievements and work performance (see, e.g., ). Procrastinators also tend to

experience more financial difficulties for reasons such as failing to file taxes or start retirement

savings in a timely manner.***>

A variety of fields has repeated the theme that procrastination
is harmful, as reviewed by Steel.” In contrast, less attention has been paid to address the role
of procrastination in health behaviors and outcomes; thus, scholars have advocated giving

greater priority to research in this area.”®®’

Work by Sirois and colleagues has contributed to a
growing body of literature showing that procrastination is associated with poor health,
perceived stress, treatment delay, and the practice of fewer health-promoting behaviors such

as fruit and vegetable intake and physical activity.’®®

However, the relationship between
procrastination and sleep has been minimally explored.

Initial investigations have indicated that procrastination increases vulnerability for sleep
problems. Kroese and colleagues introduced the concept of bedtime procrastination, “failing to

go to bed at the intended time, while no external circumstances prevent a person from doing

s0.””” They found that bedtime procrastination was linked to reports of insufficient sleep in an
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Amazon Mechanical Turk sample (N = 177) and a Dutch adult sample (N = 2,431). However,
these two studies addressed only one specific domain of procrastination — bedtime
procrastination, but not general procrastination. Two other studies did examine the link
between general procrastination and sleep. Hairston surveyed 598 individuals and found that
procrastination predicted insomnia symptoms.*® Sirois and colleagues evaluated the problem
in two samples, one of Greek undergraduate students (N = 141) and one of Canadian students
(N =339). Results revealed that procrastination was associated with indices of poor sleep
quality and that higher stress seemed to play a role in explaining the association.'®* These
findings, while suggestive, are limited by the small samples involved and the few sleep
measures used.

Our goal is to expand the knowledge in this line of research by assessing the cross-
sectional associations between procrastination and multiple dimensions of sleep (sleep
duration, social jetlag, and sleep quality) using data from a large national sample of US
undergraduate and graduate students. This study contributes to the literature in four ways.

First, this study is innovative in that it investigates the distinct associations between
procrastination and mean weekly sleep duration, weeknight sleep duration, and weekend night
sleep duration. Prior research has only investigated if procrastination is linked to
average/typical sleep duration during the past month'®* or just weekday sleep duration.””*® A
differentiation between mean weekly, weeknight, and weekend night sleep duration would

elucidate the mechanisms by which procrastination is tied to sleep duration on different types

of days.
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Second, this study is the first to evaluate the relationship between procrastination and
social jetlag in a student sample. The concept of social jetlag has recently gained attention from
the field of sleep research. Social jetlag reflects the discrepancy that arises between circadian

192 The circadian clock controls processes (e.g., sleep and energy homeostasis)

and social clocks.
to occur at distinct times over the course of a 24-hour day. But people often use alarm clocks
and/or medication to align their sleep and wake times with social obligations (e.g., work and
school schedules), despite the circadian control. This results in differences in sleep timing
between work and free days that leads to sleep debts on workdays, which are compensated for
on free days. Since the sleep timing differences between work and free days resemble the
situation of “travelling across several time zones to the West on Friday evenings and flying back
on Monday mornings”, the phenomenon of weekly changes in sleep timing was coined “social
jetlag”.lo3 Social jetlag reflects a disruption in circadian rhythm and is quantified as the
difference between mid-sleep times on free days and on workdays. While the travel-induced
jetlag is transient (symptoms disappear when the clock re-entrains), social jetlag could be
chronic throughout a working career.'® An online study with more than 65,000 participants
found that two-thirds of the sample suffered from at least one hour of social jetlag each

week. %

Moreover, Social jetlag has been linked to obesity, psychological well-being, and
consumption of stimulants (e.g., nicotine, alcohol, and caffeine).103 Research has also shown
that circadian misalignment causes an imbalanced glucose metabolism, a risk factor for

104

metabolic syndrome or type 2 diabetes.” " Given its high prevalence and negative health

consequences, social jetlag is of high societal relevance. An understanding of how

31



procrastination relates to social jetlag would shed light on if procrastinators endure a disruption
in circadian rhythm, which might expose them to various health risk factors.

Third, we investigate the relationships between procrastination with indices of sleep
guality, including insomnia symptoms, daytime sleepiness, and sleep medication use. Combined
with sleep duration and social jetlag, these different aspects of sleep paint a comprehensive
picture of sleep health. Fourth, this study focuses on US adolescents and young adults, a
population that suffers from serious problems of both procrastination and sleep

deprivation.?*1%

The large national sample used would afford generalizable insights on
procrastination and sleep among US undergraduate and graduate students.
Methods
Study participants and study design

Data came from the Healthy Minds Study (HMS) conducted by the Healthy Minds
Network for Research on Adolescent and Young Adult Mental Health (HMN). The HMS is a
nationwide annual web-based survey addressing mental health and related issues among
undergraduate and graduate students aged 18 and older. At each participating campus, a
random sample is selected from the full student population using the databases of school
registrars. Mostly this initial sample is 4,000 students. From 2007 to 2009, students were
invited through postal mail (with a $2 incentive) and up to 4 email reminders. Starting from
2010, recruitment has been via email only. All students have been informed that they are

entered into a cash sweepstake drawing regardless of participation. Since its establishment in

2007, HMS has collected information on 100,000 survey respondents from over 100 colleges
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and universities. The study was approved by the institutional review boards at all participating

schools. More information is available at http://healthymindsnetwork.org/hms.

This study used data collected in 2011, as it is the only year when questions about
procrastination were included. In 2011, 11 schools participated in the survey. Out of 33,257
students invited, 9,596 started the survey, among whom 92.4% completed it, yielding a sample
of 8,870 students (overall participation rate 26.7%).

We excluded participants who reported extreme values in sleep duration (< 3 hours or >
13 hours) as they were likely to have serious sleep disorders. We also excluded participants
with extreme values of sleep timing (midpoint later than noon) and those who were potentially
shift workers as they were likely to have irregular sleep patterns. Participants who identified
themselves as "transgender" were excluded as well since the group sample size (8) was too
small to make meaningful inferences. In total, 128 were excluded and the final sample
consisted of 8,742 participants (for data cleaning protocols, see Table 2.51).

Sample probability weights were constructed by the HMN to address the possibility that
students who completed the survey were different in important ways from those who did not.
Administrative data on all students randomly selected for the study were provided by most
participating schools, including gender, race/ethnicity, academic level (undergraduate or
graduate), and GPA. These variables were used in a logistic regression to estimate the
probability of response, the inverse of which equaled response propensity weights. These

weights were used in all analyses.
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Assessment of outcomes

Mean weekly sleep duration, weeknight sleep duration, and weekend night sleep
duration were assessed separately. Respondents were asked at approximately what times they
had typically gone to sleep and woken up on weeknights and weekend nights during the school
year (four separate questions). Weeknight sleep duration and weekend night sleep duration
were evaluated by taking the differences between sleep offsets and onsets on weeknights and
weekend nights, respectively. Mean weekly sleep duration was calculated as the average
duration of five weeknights and two weekend nights.T

Social jetlag was evaluated as the absolute difference between mid-sleep times on
weeknights and on weekend nights. For instance, a person who went to sleep at midnight and
woke up at 7:00am during weeknights had a mid-point of sleep at 3:30am on weeknights. If this
person’s sleep onset and offset times shifted to 1am and 9am during weekend, respectively,
the mid-point of sleep on weekend nights would be 5am and he/she would have a social jetlag
of 1.5 hours.

Insomnia symptoms was measured by the question: “Over the last 4 weeks, how often
have you been bothered by trouble falling asleep or staying asleep?” Responses ranged from 1
(not at all) to 3 (more than half the days). Respondents who indicated that they had
experienced the problems for more than half the days were regarded as suffering from
insomnia symptoms.

Daytime sleepiness was evaluated by the question: “Over the last 2 weeks, how often

have you been bothered by feeling tired or having little energy?” Responses were rated on a

" See appendix for procedures on correction of apparent entry-related errors in sleep timing.
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scale ranging from 1 (not at all) to 4 (nearly every day). Those who were bothered by the
problem for more than half the days were defined as suffering from daytime sleepiness.

Sleep medication use was assessed by one item: “In the past month, have you taken any
prescribed sleep medications (e.g., zolpidem (Ambien), zaleplon (Sonata), etc.)? Please count
only those you took, or are taking, several times per week.”

Assessment of exposure

Procrastination was assessed by 3 items drawn from a previously psychometrically-

validated scale — the General Procrastination Scale, which assesses the global tendencies

towards procrastination across a variety of daily tasks.**®

In the 3-item procrastination scale,
respondents were asked how well the statements described themselves: 1) “I often find myself
performing tasks that | had intended to do days before,” 2) “I generally delay before starting on
work | have to do,” and 3) “l am continually saying ‘I'll do it tomorrow’.” Reponses to these
items were given along a five-point Likert scale (extremely unlike me, moderately unlike me,
neutral, moderately like me, and extremely like me). A continuous composite procrastination
score was calculated by taking the mean of the items, with higher values indicating higher levels
of procrastination. The 3-item scale was estimated to have good internal consistency reliability
(Cronbach alpha = .86) in the 2011 HMS sample. The variable was centered at the sample mean
in all regression analyses.
Covariates

Given that participants’ gender and age may determine both procrastination and sleep

95,103

behaviors, we controlled for these two variables to reduce potential confounding bias. We

also controlled for respondents’ sociodemographic and academic characteristics to increase
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197 Adjusted variables include race/ethnicity,

precision as they are known correlates of sleep.
relationship status, living arrangement (with parents/guardians or not), past financial status,
parental education (highest level of education completed by mom or dad), academic level, and
daily school work time. Additionally, dummy variables of schools were included to account for
systematic differences that might affect sleep such as school start times.
Statistical analyses

For the main analyses, we ran multiple linear regression models to examine the
associations of procrastination with sleep duration and social jetlag. Poisson regression models
with robust error variance were used to evaluate the relationships between procrastination
with binary sleep quality indicators (insomnia symptoms, daytime sleepiness, and sleep
medication use).?® Supplementary analyses were conducted to assess if the results were
influenced by data cleaning by excluding observations with identified sleep timing entry errors.
Inverse probability weighting were applied to all analyses using weights provided by HMN to
improve representativeness of the full student population in terms of the administrative
variables available.'®

All analyses were performed using STATA version 14.0 (StataCorp LP, College Station,
Texas). All tests were two sided, with a significance level of 5%.
Results

Descriptive traits of the analytic sample are presented in Table 2.1. Slightly more than half

(58.0%) of the weighted sample were females. About three-quarters (78.6%) of the total were

between the ages 18 and 22. The racial/ethnic composition was 77.2% white, 7.0% black, 5.3%

Hispanic/Latino, 4.5% Asian, and 5.9% other. Approximately 1 in two (52.9%) were single; 9.9%
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were living with parents or guardians. Few participants (2.7%) grew up in a very poor financial
situation without enough to get by, 29.7% enough to get by, about half (56.3%) comfortable,
and 11.3% well to do; 29.5% had a parent with a college degree, 36.1% with a graduate degree,
22.5% associate’s degree or some college, and 12.0% high school or less. The majority (81.1%)
were undergraduate students. About one-third (35.6%) spent 2 hours or less per day on school

work, 37.3% spent 3-4 hours, and 27.1% spent 5 hours or more.

Table 2.1. Descriptive traits of HMS cohort (N = 8,742)

% | Mean(SD) % | Mean(SD)
Socio-demographics Academic factors
Gender Degree level
Female 58.0% Undergraduate 81.1%
Male 42.0% Graduate 12.1%
Age (y) Other 6.9%
18-22 78.6% School work time (h/day)
23-25 8.6% <=2 39.8%
26-30 5.5% 3-4 36.2%
31+ 7.3% >=5 24.0%
Race/ethnicity Procrastination
White 77.2% Procrastination (1-5 scale) 3.32 (1.10)
Black 7.0% Sleep indicators
Hispanic/Latino 5.3% Mean weekly sleep duration (h/day) 8.06 (1.26)
Asian 4.5% Weeknight sleep duration (h/day) 7.84 (1.46)
Other 5.9% Weekend night sleep duration (h/day) 8.60 (1.40)
Relationship status Social jetlag (h/week) 1.76 (.99)
Single 52.9% Insomnia symptoms
In a relationship 37.0% Yes 20.8%
Married 9.3% No 79.2%
Divorced/widowed 0.7% Daytime sleepiness
Living with parents or guardians Yes 31.6%
Yes 9.9% No 68.4%
No 90.1% Sleep medication use
Past financial situation Yes 3.9%
Very poor, not enough to get by 2.7% No 96.1%
Enough to get by 29.7%
Comfortable 56.3%
Well to do 11.3%
Parental education
High school or less 12.0%
Associate’s degree or some college 22.5%
College degree 29.5%
Graduate degree 36.1%

Response propensity weights applied.

The mean of procrastination score was 3.3 (SD: 1.1) on a 1-5 scale (see Figure 2.1 for its

distribution). Respondents slept longer on weekend nights (mean: 8.6 hours; SD: 1.4) than on
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weeknights (mean: 7.8 hours; SD: 1.5); the mean of weekly average sleep duration was 8.1
hours (SD: 1.3) (see Figure 2.2 for distributions of sleep duration). The mean of social jetlag was
1.8 hours (SD: 1.0). Figure 2.3A presents its distribution. About four-fifths (81.3%) of the sample
suffered from at least one hour of social jetlag. Figure 2.3B presents the relationship between
social jetlag and age, highlighting that social jetlag peaked at the end of adolescence and
decreased afterwards. About twenty percent were bothered by insomnia symptoms, 31.2 %

daytime sleepiness, and 3.7% sleep medication use.
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x9Figure 2.1. Distribution of procrastination score, weighted
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Figure 2.3B. Average social jetlag as a function of age, weighted

Table 2.2 reports results from multiple linear regression models separately estimating
mean weekly sleep duration, weeknight sleep duration, and weekend night sleep duration, as
well as social jetlag (all assessed in minutes). For sleep duration, higher procrastination scores
were significantly associated with shorter mean weekly sleep duration (3 = -4.44 min; 95% ClI [-
6.36, -2.52]) and shorter weeknight sleep duration ( =-6.10 min; 95% ClI [-8.37, -3.84]), after
controlling for sociodemographic and academic factors. On the other hand, procrastination was
not significantly associated with weekend night sleep duration. It seemed that the shorter
mean weekly sleep duration experienced by procrastinators were driven by their shorter
weeknight sleep duration. Specifically, with a one-unit increase in procrastination score,
weeknight sleep duration decreased by 6 min, resulting in a total 24 min difference between
the lowest and the highest levels of procrastination. On the other hand, concerning the mean
weekly sleep duration, an average of 4 min less sleep per night was associated with a one-unit
increase in procrastination score, which was approximately half an hour per week decrease in

sleep.
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Procrastination was positively linked to social jetlag (8 = 3.34 min; 95% CI [1.86, 4.81]),
indicating that procrastinators suffer more circadian rhythm disruptions than non-
procrastinators.

Table 2.3 reports results from multiple Poisson regression models with robust error
variance separately estimating indices of sleep quality, including insomnia symptoms, daytime
sleepiness, and sleep medication use. Higher levels of procrastination predicted elevated risks
of insomnia symptoms (RR = 1.27; 95% CI [1.19, 1.37]) and daytime sleepiness (RR = 1.32; 95%
Cl [1.27, 1.38]). However, there was no evidence that procrastination was associated with sleep

medication use.
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Table 2.2. Linear regression models estimating continuous sleep outcomes

Mean weekly duration (min)

Weeknight duration (min)

Weekend night duration (min)

Social jetlag (min)

Beta [95% Cl] Beta [95% Cl] Beta [95% Cl] Beta [95% Cl]
Procrastination (centered) -4.44 [-6.36,-2.52]*** -6.10 [-8.37,-3.84]*** -0.29 [-2.39,1.82] 3.34 [1.86,4.81]***
Female (vs male) 1.19 [-3.28,5.67] -0.07 [-5.22,5.08] 4.36 [-0.67,9.39]+ -1.01 [-4.39,2.37]
Age (vs 18 - 22 )
23-25 -4.37 [-13.31,4.56] -3.07 [-13.27,7.13] -7.64 [-17.47,2.20] -7.26 [-13.69,-0.82]*
26-30 -10.70 [-21.46,0.07]+ -11.83 [-25.13,1.48]+ -7.86 [-19.49,3.76] -19.49 [-27.50,-11.49]***
31+ -39.32 [-52.66,-25.99]*** -41.40 [-56.37,-26.43]*** -34.12 [-48.04,-20.21]*** -31.65 [-40.41,-22.89]***
Race/ethnicity (vs White)
Black -15.76 [-28.50,-3.02]* -17.86 [-32.45,-3.27]* -10.51 [-24.53,3.51] 5.05 [-2.29,12.39]
Hispanic/Latino -15.50 [-27.73,-3.27]* -20.90 [-34.93,-6.87]** -2.00 [-14.31,10.31] 6.85 [-1.22,14.92]+
Asian -14.25 [-23.21,-5.30]** -20.80 [-31.22,-10.39]*** 2.12 [-8.26,12.49] -1.71 [-8.42,5.00]
Other -15.28 [-24.47,-6.09]** -19.56 [-30.11,-9.01]*** -4.60 [-14.70,5.51] -2.71 [-9.46,4.05]
Relationship status (vs single)
In a relationship 3.94" [-0.45,8.34] 4.24 [-0.87,9.35] 3.20 [-1.80,8.19] -5.28 [-8.77,-1.79]**
Married 5.60 [-5.29,16.50] 5.95 [-7.05,18.95] 4.73 [-6.10,15.56] -18.87 [-25.79,-11.94]***
Divorced/Widowed -15.77 [-52.22,20.68] -19.22 [-56.24,17.79] -7.14 [-48.06,33.78] -8.72 [-23.90,6.47]
Living with parents or guardians (vs not) 0.55 [-8.31,9.41] -1.79 [-11.71,8.14] 6.39 [-3.71,16.50] -13.37 [-19.59,-7.15]***
Past financial situation (vs comfortable)
Very poor, not enough to get by -11.35 [-27.80,5.11] -14.25 [-33.61,5.10] -4.08 [-22.30,14.15] -5.54 [-16.15,5.08]
Enough to get by but not many 'extras' -5.45 [-10.64,-0.26]* -7.12 [-13.16,-1.07]* -1.29 [-7.00,4.43] -2.42 [-6.31,1.47]
Well to do 3.15 [-2.96,9.25] 5.49 [-1.74,12.72] -2.71 [-9.93,4.52] 4.65" [-0.26,9.57]
Parental education (vs graduate degree)
High school degree or less 8.64 [0.05,17.22]* 8.28 [-1.61,18.16] 9.53 [0.32,18.75]* -1.09 [-7.14,4.97]
Associate's degree or some college 2.12 [-3.90,8.15] 2.13 [-4.91,9.16] 2.12 [-4.76,8.99] 4.80 [0.15,9.46]*
College degree 2.00 [-2.93,6.93] 1.40 [-4.33,7.14] 3.49 [-2.12,9.09] 2.58 [-1.35,6.52]
Degree level (vs undergraduate)
Graduate 3.00 [-5.48,11.48] 3.42 [-6.97,13.80] 1.95 [-6.47,10.36] -1.25 [-7.26,4.76]
Other 2.51 [-8.78,13.79] 2.44 [-10.47,15.35] 2.68 [-8.32,13.69] 9.48 [1.87,17.10]*
School work time (h/day) -4.79 [-5.94,-3.64]*** -5.85 [-7.20,-4.50]*** -2.15 [-3.43,-0.87]*** -1.58 [-2.39,-0.77]***
Constant 504.55 [497.49,511.62]*** 499.32 [491.09,507.56]*** 517.62 [509.75,525.50]*** 117.40 [112.05,122.76]***
Observations 8555 8555 8555 8555
R? 0.05 0.06 0.02 0.09

95% confidence intervals in brackets

*p <0.10, p <0.05, p <0.01, " p <0.001
Adjusted for school dummies. Response propensity weights applied.
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Table 2.3. Poisson regression models estimating binary sleep outcomes

Insomnia symptoms

Daytime sleepiness

Sleep medication use

RR [95% Cl] RR [95% Cl] RR [95% Cl]

Procrastination (centered) 1.27 [1.19,1.37]*** 1.32 [1.27,1.38]*** 1.11 [0.95,1.29]
Female (vs male) 1.01 [0.88,1.16] 1.20 [1.10,1.31]*** 1.53 [1.12,2.08]**
Age (vs 18-22Yy)

23-25 0.99 [0.78,1.26] 1.05 [0.90,1.22] 1.47 [0.87,2.51]
26-30 0.75 [0.54,1.05]+ 0.99 [0.82,1.20] 2.02 [1.10,3.72]*
31+ 1.00 [0.71,1.42] 0.79 [0.61,1.01]+ 2.63 [1.48,4.68]***
Race/ethnicity (vs White)

Black 0.69 [0.48,0.98]* 0.92 [0.76,1.11] 0.49 [0.21,1.17]
Hispanic/Latino 1.05 [0.77,1.45] 1.20 [1.02,1.43]* 1.27 [0.57,2.83]
Asian 0.69 [0.51,0.94]* 0.86 [0.72,1.03] 0.68 [0.37,1.24]
Other 0.97 [0.75,1.25] 0.93 [0.78,1.10] 0.73 [0.42,1.26]
Relationship status (vs single)

In a relationship 0.85 [0.74,0.97]* 0.96 [0.88,1.04] 0.66 [0.49,0.90]**
Married 0.87 [0.64,1.18] 0.99 [0.82,1.21] 0.73 [0.46,1.16]
Divorced/Widowed 0.93 [0.49,1.77] 1.02 [0.56,1.87] 0.63 [0.21,1.88]
Living with parents or guardians (vs not) 0.93 [0.74,1.17] 1.01 [0.88,1.16] 0.64 [0.34,1.20]
Past financial situation (vs comfortable)

Very poor, not enough to get by 1.49 [1.08,2.04]* 1.43 [1.16,1.78]** 2.39 [1.23,4.66]*
Enough to get by but not many 'extras’ 1.29 [1.11,1.49]*** 1.30 [1.19,1.42]*** 1.17 [0.82,1.68]
Well to do 0.93 [0.75,1.16] 0.98 [0.85,1.13] 1.50 [0.97,2.31]+
Parental education (vs graduate degree)

High school degree or less 1.13 [0.90,1.43] 1.03 [0.89,1.19] 1.02 [0.61,1.73]
Associate's degree or some college 1.05 [0.88,1.26] 1.00 [0.89,1.12] 0.72 [0.47,1.08]
College degree 1.10 [0.94,1.29] 0.98 [0.89,1.09] 0.80 [0.56,1.13]
Degree level (vs undergraduate)

Graduate 1.02 [0.80,1.30] 0.94 [0.81,1.10] 1.00 [0.54,1.82]
Other 1.22 [0.92,1.61] 1.08 [0.91,1.29] 1.29 [0.65,2.54]
School work time (h/day) 1.02 [0.99,1.06] 1.05 [1.03,1.07]*** 0.94 [0.86,1.02]
Observations 6304 8534 8410

Exponentiated coefficients; 95% confidence intervals in brackets

*p <0.10, p <0.05, p <0.01,  p <0.001
Adjusted for school dummies. Response propensity weights applied.
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Discussion

This study investigated the relationships between procrastination and a variety of sleep
indicators (sleep duration, social jetlag, and sleep quality) among US undergraduate and
graduate students. The results highlighted three key findings. First, higher levels of
procrastination predicted shorter mean weekly sleep duration, which was driven by the shorter
weeknight sleep duration experienced by procrastinators. In contrast, weekend night sleep
duration was not linked to procrastination. Second, procrastination was positively associated
with social jetlag, indicating that procrastinators experience more disruption of circadian
rhythm than non-procrastinators. Third, procrastination predicted increased risks of insomnia
symptoms and daytime sleepiness, but not sleep medication use.

The general observation from our study that procrastination predicted worse sleep health

h.>”%%71%1 Our study is innovative

is consistent with the initial investigations in this line of researc
because it is the first that has evaluated procrastination’s distinct relationships with sleep
duration on weeknights and weekend nights separately, and the first that have evaluated the
relationship between procrastination and social jetlag in a large national student sample.
Moreover, the results that procrastination was linked to insomnia symptoms and daytime

100190 A prior study found an association

sleepiness confirmed previous studies’ findings.
between procrastination and sleep medication use'® whereas we did not. A reason for the
difference could be that the question in the HMS survey was very strict in asking respondents to
only count “prescribed” sleep medications they took or were taking “several times per week”,

which could signal serious sleep disorders. In contrast, other surveys usually ask respondents

how often they took prescribed or over-the-counter sleep medications.
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The Procrastination-Health Model proposed by Sirois and colleagues®® could be used to
explain the associations between procrastination and poor sleep. The model posits that
procrastination may affect health through both direct and indirect pathways. The direct
pathway relates to the excessive stress that habitual procrastinators frequently experience

from last-minute rushing to finish tasks or from missing deadlines.'®*

The indirect pathway
concerns behavioral routes: procrastinators might engage more in unhealthy behaviors that
bring instant gratification and delay health-protective behaviors that incurs costs and efforts at

the moment. Both stress and behaviors are known predictors of sleep,’®'%

and thus might
explain the relationships between procrastination and sleep. In unreported analyses, we found
that controlling for smoking and binge drinking reduced the magnitude of the relationships
between procrastination and sleep behaviors and that the relationships remain statistically
significant after the adjustment, which provided evidence for the behavioral pathways between
procrastination and sleep. Since our goal is to examine the total effects of procrastination on
sleep outcomes, we did not include health behaviors in the main analyses to avoid over-
controlling.

The fact that procrastination was only associated with weeknight but not weekend night
sleep duration could arise from different sleep patterns (times) on weeknights and weekend
nights based on levels of procrastination. Specifically, procrastinators had later sleep onsets
compared to non-procrastinators on both weeknights and weekend nights (observation from
the HMS data, summary available upon request). This resulted in a shorter sleep duration on

weeknights (because of early sleep offsets as schools start at the same time regardless of

students’ bedtime) and a slightly longer sleep duration on weekend nights (because of late
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sleep offsets thanks to fewer external constraints on free days) to compensate for the sleep
debts accumulated during weekdays. Therefore, procrastination was only related to weeknight
sleep duration but not weekend night sleep duration. Procrastinators’ shifted sleep times
between weeknights and weekend nights also explained the greater social jetlag they
experienced: the difference between their mid-sleep times on weekdays and weekends were
bigger than that of non-procrastinators’.

There are a few possible explanations for procrastinators’ late sleep onsets. First,
procrastinators might have to stay up late to finish the tasks they had postponed doing. Second,
they might simply delay the action of going to bed (bedtime procrastination97) by not quitting
other activities such as checking Facebook or watching TV. The extra (blue) light exposure they
got (e.g., from using electronic devices) before bedtime could suppress their melatonin

levels,*°

which in turn would delay their sleep onsets.
With the increasing prevalence and availability of temptations (e.g., ubiquity of electronic
devices and 24/7 entertainment industry), people are facing more distractions than before and

the problem of procrastination might continue to increase.”?

Findings from this study should
shed light on targeted interventions to help adolescents and young adults to prevent and
manage procrastination and to improve their sleep health, which in turn, would promote their
overall well-being (mental and physical health) and performance in various fields (e.g., the
academic domain). Procrastination treatment programs that improve people’s time
management skills would be of value, so would recommendations tailored to reduce

procrastination on going to bed. For instance, by simply adjusting proximity to temptations

(e.g., keep the cell-phone out of the bedroom), procrastination could be reduced.
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Limitations and future directions

This study has limitations. First, while applying the response propensity weights
constructed by the HMN to analyses increased our confidence that the weighted estimates
were representative of the full student population in terms of the administrative variables, our
results were not immune from selection bias as it was possible that students who were
procrastinators and whose sleep was suboptimal were less likely to respond to the survey.
Second, the cross-sectional nature of the data constrained our ability to make causal
inferences. In fact, some researchers have argued that the causal direction could be the
opposite. Namely, sleep deprivation results in depleted self-control resources, which make the
affected individuals more likely to procrastinate."** There might exist feedback loops between
procrastination and sleep such that procrastination compromises sleep, which causes a
reduction in self-regulation resources, which in turn contributes to procrastination. Given the
complicated and potentially cyclic relationship between procrastination and sleep, more studies
with longitudinal or experimental designs are warranted. Efforts could also be devoted to
investigating the potential mediating roles of health behaviors. Third, both procrastination and
sleep indicators were self-reported by respondents in the HMS data, which might induce
common-method bias. It would be of interest for future research to use objective measures of
sleep (e.g., long-term actigraphy data). Lastly, while the procrastination scale we used assessed
the general tendency of procrastination across a variety of tasks, it did not incorporate the
notion of temporal discounting, which was developed and widely used in economics and has

95,112-114

been shown to be a key determinant of procrastination (see, e.g., ). Future work should

47



invest in integrating the knowledge on procrastination accrued by psychologists and economists

and in sharing findings more effectively.
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Appendix

Correction of apparent data entry errors in sleep timing

Respondents answered the questions by inputting a time and chose between pm or am.
Responses were transformed to the 24-hour scale. Sleep duration on weeknights and weekend
nights were tentatively calculated as the differences between the respective sleep offset and
onset times on weeknights and weekend nights. Then, apparent data entry errors in a single
am/pm designation (criteria: sleep duration > 13 hours on either weeknights or weekend
nights) were corrected by switching the am/pm time. For instance, a participant who reported
sleep onset at 11:30 and offset at 7:30 (duration: 20 hours) was recoded to sleep onset at 23:30
and offset at 7:30 (duration: 8 hours). The majority of entry errors came from misreported
onset times (especially around midnight where participants confused 12:00 with 0:00) and
some from offset times. In total, 595 respondents misreported onset times and 158
misreported offset times on weeknights whereas 620 misreported onset times and 282
misreported offset times on weekend nights. Within the subsample whose sleep duration was
longer than 13 hours, some respondents were considered as true long sleepers (no correction
applied) and were later excluded from analyses (20 such respondents, see Table 2.51). The
criteria are: onset times between 0:00 and 6:00 and offset times between 12:00 and 18:00 (e.g.,
onset at 0:00 and offset at 15:00), onset times between 18:00 and 0:00 and offset times
between 6:00 and 12:00, and onset times between 18:00 and 24:00 and offset times between
12:00 and 18:00. After correction of apparent entry-related errors in sleep timing, weeknight
sleep duration and weekend night sleep duration were re-evaluated by taking the differences

between sleep offsets and onsets on weeknights and weekend nights, respectively. Mean
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weekly sleep duration was calculated as the average duration of five weeknights and two

weekend nights.

Table 2.51. Exclusion criteria applied to the data (N = 8,870) and the remaining number of participants

Exclusion criteria Number of exclusions

Sleep duration > 13 h (weeknights or weekend nights) 20
Sleep duration < 3 h (weeknights or weekend nights) 33
Mid-sleep time > 12:00 (weeknights or weekend nights) 7
Shift workers: sleeping for less than 3 h between 23:00 and 7:00 (weeknights or weekend 60
Transgender 8
Final sample size 8742
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Chapter 3: Group position, popularity, and sleep among US adolescents
Abstract
Objective: Studies have documented the salience of social networks for various health
outcomes and behaviors among adolescents. But sleep has received minimal attention. This
paper aimed to examine how adolescents’ positions relative to cohesive friendship groups and
popularity among peers were associated with their sleep behaviors.
Methods: Social network data were drawn from two schools in the National Longitudinal Study
of Adolescent to Adult Health, where 2,553 students in grades 7-12 nominated up to five
female friends and five male friends. We mapped the global networks and identified
participants’ group positions (members of groups, isolates, and liaisons between groups) and
popularity (number of friendship nominations received). Respondents provided self-reports of
sleep duration, weeknight bedtime, insomnia symptoms, and sleep insufficiency. We evaluated
the relationships between respondents’ group positions and popularity with their sleep
behaviors using multiple linear regression and Poisson regression with robust error variance,
adjusting for socio-demographics, self-rated health, integration in non-peer contexts (school,
family, and religion), and friends’ sleep.
Results: As for group positions, isolates reported significantly later weeknight bedtime
compared to members (f = 10.21 min; 95% Cl [.89, 19.53]); liaisons reported significantly
elevated risk of sleep insufficiency compared to members (RR = 1.16; 95% CI[1.01, 1.33]). With
regards to popularity, higher popularity status significantly predicted shorter sleep duration (S
=-2.40 min; 95% CI[-3.81, -.98]), later weeknight bedtime (f = 2.02 min; 95% CI[.71, 3.33]), and

more sleep insufficiency (RR = 1.04; 95% CI[1.02, 1.07]).
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Conclusions: The absence of membership in a cohesive group (as experienced by isolates and
liaisons) was associated with suboptimal sleep. Also, there seemed to be a burden of being
popular when it came to sleep health. Results suggested that a social network perspective
might inform targeted interventions to improve adolescents’ sleep outcomes.

Key words: social networks, group positions, popularity, sleep

Introduction

Since Durkheim’s study that revealed how the most private and personal behavior —
suicide —is related to social integration and regulation, evidence has accumulated showing the
fundamental role of social relationships/networks in determining health throughout the
lifecourse.®**

The salience of social networks for health is especially prominent among adolescents for
at least two reasons. First, peers are highlighted by the modern social organization of
adolescent life. The academic, extracurricular, social, and work activities of adolescents
intersect with those of other teenagers so often that peer relations are ubiquitous. Second,
during the developmental processes, adolescents gain increasing independence and autonomy
from parents. Due to these factors, there is essentially an age-segregated social world for
adolescents."***’

Network effects stem from both content and structure.'*® Content effects involve the
flow of things (e.g., social support) between connected individuals. Along this line of thinking, a

substantial literature has documented the protective effects of social support on health (see 63

for a review). On the other hand, structural effects of networks summarize relational patterns
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that create behavior pressures or signal a social position (e.g., group membership). Studies on
structural effects mostly use global network data and map subjects’ networks and see whole
groups of subjects and their connections at once.'®® In recent decades, thanks to the increasing
availability of global network data and analytic methods, a fast-growing body of research has
described structural effects of networks on health behaviors. For instance, individuals’ obesity,
smoking initiation and cessation, binge drinking, marijuana use, and suicidal behaviors have

been linked to their friends’ behaviors.'** ™%

However, one imperative domain in which social
networks have received remarkably little attention is sleep (for an exception, see ***). Given the
extensive negative health effects and performance deficits associated with sleep problems (see,
e.g., 727} as well as the salience of social bonds with peers during adolescence, it is of profound
importance that we gain more understanding on social network predictors of adolescent sleep.

The goal of this paper is to investigate how adolescents’ sleep behaviors are related to
their positions in cohesive groups and popularity among friends, using data from a large sample
of US adolescents.

This study makes a contribution in four ways. First, we explore the associations of the
types of positions adolescents hold in cohesive peer groups within school friendship networks
with their sleep behaviors, which, to our knowledge, has never been done before. Prior studies
investigating health effects of group positions have mainly focus on substance use,"”***71% byt
never sleep. The literature has most commonly identified three positions relative to cohesive

127

groupsi: member, isolate, and liaison.”™" Members are youths who are multiply tied to peers in

! Groups are defined by “the presence of relatively dense dyadic friendship ties within the set and
sparse ties with individuals outside.” '’
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one cohesive group. Social engagement and social participation in groups enable members to
. . . . 63
experience a sense of belonging, attachment, and identity.” Moreover, members have access

129,130

to group-level social cohesion, the protective effects of which on health have been

demonstrated in a vast literature.”** 3

Thus, members of cohesive groups are the most
integrated ones and might generally be healthier compared to isolated individuals. In contrast,
isolates are the least socially integrated because of their minimal friendships and their lack of
alignment with any cohesive groups. As a result, socially isolated individuals are believed to be
less able than others to buffer the impacts of health stressors and consequently are more likely
to suffer from poorer health.'*® The other category of non-group members comprises of
adolescents who have friends from different groups but are difficult to be assigned to a single
group. These youths may serve as liaisons who bridge two or more groups. Scholars have mixed
views on liaisons’ health status. On the one hand, they are viewed as relatively healthy in
demonstrating a capacity for flexible social integration. On the other hand, they are viewed as
experiencing increased levels of stress due to the need to reconcile the different demands from
multiple groups.'” Our study would fill the gap in this line of research on sleep behaviors by
investigating sleep in the context of positions in cohesive groups.

Second, this paper presents one of the first studies on the relationship between
popularity and sleep among adolescents. Popularity has been linked to smoking, sexual

135-138

behavior, and mental health among adolescents. It is measured as the sum of friendship

nominations an individual received (in—degree).139

The popular individuals — accepted and
appreciated by peers — while exhibiting higher levels of self-worth and perceived

competence,140 could also face several challenges such as strain owing to requests for support
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from friends and chronic fear of status loss.*

The concepts of popularity and group position
are related, but each addresses a distinct aspect of social network status. Specifically,
popularity assesses the connectedness of an individual whereas group position reflects whether
the individual is clearly aligned with one cohesive group (member), multiple groups (liaison), or
no group (isolate).

Third, we use a battery of sleep measures (sleep duration, weeknight bedtime, insomnia
symptoms, and sleep insufficiency) and examine their relationships with group positions and
popularity, which paints a comprehensive portrayal of adolescent sleep health.

Fourth, we make strategic use of two sets of controls to elucidate the adjusted
relationships between group positions, popularity, and sleep behaviors. The first set of controls
account for social integration in other major contexts of adolescent life beyond the friendship
network — school, family, and religious settings — such that the results are net of these factors.
The second set of controls are friends’ sleep behaviors. These variables account for peer

influence and the tendency to select similar friends.*"’

After adjusting for these controls and
other known correlates of sleep, the remaining variations in sleep should be specific to group
positions and popularity.

In summary, the aim of this study is to assess the associations of group positions and
popularity with sleep behaviors among US adolescents. The significance of our study is that by
understanding the social network predictors of sleep in youths, interventions could be tailored

to and delivered to those at greater risks of sleep problems more effectively and efficiently,

such that adolescent sleep health and overall well-being could be improved.
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Methods
Study participants and study design

This paper used data drawn from the National Longitudinal Study of Adolescent to Adult
Health (Add Health), a nationally representative sample of students in grades 7-12 in the US
during the 1994-95 school year. The purpose of the program is to help explain causes of
adolescent health and health behaviors with a focus on the effects of various contexts of
adolescent life. At the beginning of the study, in-school questionnaires were administered to
students in 132 schools, forming a sample of over 90,000 students. A subset of this sample
(N=12,105) was chosen for an in-depth Wave | in-home follow-up. To enable social network
analyses, in 16 saturated field settings (two large schools and 14 small schools), Add Health
attempted home interviews with all enrolled students at Wave I. The in-home questionnaire
inquired about students’ health behaviors and asked them to list up to five closest female
friends and five closest male friends. Nominated friends were later identified from school
rosters to generate information about each school’s social network. More information is

available at http://www.cpc.unc.edu/projects/addhealth.

In order to capture the most complete picture of friendship networks, we only used data
from the two large saturated schools in Wave I. The other 14 small schools were excluded
because a computer error during data collection restricted respondents’ ability to nominate
more than a single female friend and a single male friend: on average about half of the students
in the 14 small schools were impacted. The remaining two large schools, commonly referred to
as the “Jefferson High” and the “Sunshine High”, were less affected, in that 94.4% of the

surveyed students in Jefferson High and 95.6% in Sunshine High were allowed to nominate up
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to five female and five male friends. Thus, almost complete network data were available for
students in these two schools, which provided unique opportunities to study adolescents’
school friendship networks.®

Jefferson High was predominantly white and was located in a mid-sized town whereas
Sunshine High was racially/ethnically diverse and was located in a major metropolitan area. In
total, 2,553 students from these two schools (Jefferson High: 832; Sunshine High: 1,721)
participated in the Wave | in-home survey. We excluded 3 participants who reported extreme
values of sleep duration (<3 hours or > 13 hours) as they were likely to have serious sleep
disorders.'® The final analytic sample consisted of 2,550 participants.
Assessment of outcomes

Sleep duration was measured by asking respondents how many hours of sleep they
usually got.

Weeknight bedtime was assessed by asking respondents what time they usually went to
bed on week nights. We added 24 to the reported times that were at or after midnight (0:00)
such that bigger numbers indicated later bedtimes. For instance, a person who reported going
to bed at 1:00 on week nights would have a recoded value of 25:00, which was bigger/later
than a person who went to bed at 23:00.

Insomnia symptoms was evaluated by asking respondents how often they had trouble

falling asleep or staying asleep. Responses were rated on a five-point Likert scale ranging from 0

¥ The computer error restricting students’ ability to nominate friends has been recognized by
prior studies and researchers have used data from the two large schools to study how social
networks relate to suicidal behaviors, romantic relationships, and smoking.'*'**
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(=never) to 4 (=every day). Respondents who indicated they had experienced the problems
almost every day or every day were regarded as having insomnia symptoms.

Sleep insufficiency was assessed by asking respondents if they usually got enough sleep.
Respondents who indicated “No” were regarded as suffering from sleep insufficiency.
Assessment of predictors of interest

The predictors of interest were group positions and popularity among friends. Group
positions were identified with Moody’s CROWDS algorithm, which first identified cohesive
groups within the school network and then defined group positions of individuals according to
their ties relative to the detected groups.'*> Members were those who were multiply connected
to one group. Isolates were those who were truly isolated (no ties at all), or those who were not
members of the largest bi-component of the school-wide network (including those who were
singly connected because removing a single tie would disconnect such an individual from the
main portion of the network). Liaisons were non-group members who had ties to members of
two or more groups. Figure 3.1 provides an illustration of group positions. Dummy variables
indicating group positions were created, with members serving as the reference as they
outnumbered individuals in the other two positions.

Popularity (in-degree) was measured as the sum of all nominations received. We top

coded in-degree at 15 or more friends to minimize the role of outliers.*°
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| @ Member () Isolate Liaison ‘

Figure 3.1. Group position illustration

Covariates

The analyses controlled for socio-demographics (gender, age, race/ethnicity, mother’s
education) and self-rated health, which had been found to be important for sleep in prior
research.””**® We also included a dummy variable for Jefferson High to account for systematic
school differences.

Three additional variables indicated social integration in non-peer settings. Specifically,
school attachment was the mean of five items that asked respondents how much they agreed
with statements on school bonding, such as “You feel like you are part of your school,” and
“You are happy to be at your school.” Responses were rated on a five-point Likert scale ranging
from 1 (=strongly agree) to 5 (= strongly disagree). The responses were reverse coded such that
higher scores reflected more school attachment. Family relations was the mean of four items
that asked respondents to indicate their degree of agreement with statements concerning
family bonding. These items include “How close do you feel to you mother?”, “How much do
you think she cares about you?”, “How close do you feel to your father?”, and “How much do

you think he cares about you?” with responses ranging from 1 (= not at all) to 5 (= very much).
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Higher scores indicated closer family relations and more integration in the family context.
Religiosity was assessed by a single item indicating whether or not respondents had attended
religious services in the past 12 months.

Lastly, friends’ sleep behaviors (for peer influences and the tendency to select similar
friends) were measured by the mean levels of sleep behaviors among individuals who
nominated the respondent as a friend or who were nominated by the respondent. The mean
was calculated separately for each measure of sleep. For continuous sleep variables including
sleep duration and weeknight bedtime, the means were the average sleep quantity and
bedtime among friends of the respondent. For binary sleep variables including insomnia
symptoms and sleep insufficiency, the means were the proportions of friends reporting the
respective sleep problem. Respondents with no friends were assigned the sample-wide mean
value.

Statistical analyses

A series of regression models were run to estimate each of the sleep outcomes. Model 1
started with the inclusion of predictors of interest (group positions and popularity) and basic
controls (socio-demographics, self-rated health, and school dummy). Model 2 introduced
covariates on school attachment, family relations, and religiosity. Lastly, Model 3 included
friends’ sleep variables. Such a series of models would help to clarify the likely sources of the
relationships between friendship group positions, popularity, and sleep outcomes: Model 2
controlled for integration in non-peer settings and Model 3 additionally controlled for peer
influence and homophily, after which any remaining differences in sleep outcomes must be

specific to group positions and popularity. Multiple linear regression models were used for
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continuous sleep outcomes (sleep duration and weeknight bedtime) while Poisson regression
models with robust error variance were used for binary sleep outcomes (insomnia symptoms
and sleep insufficiency).

We also conducted supplementary analyses to address the issue of missing data by
applying multiple imputation with the chained equations to the main analyses (10 imputed
datasets), under the assumption of missing at random.

All regression analyses were performed using STATA version 14.0 (StataCorp LP, College
Station, TX). All tests were two sided, with a significance level of 5%. Network data
management and computation were conducted in Python version 3.6.0
(https://www.python.org/) and SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

Table 3.1 summarizes the descriptive statistics of the analytic sample. The sample
included 47.9% female students and 52.1% male students. Participants had a mean age of 17.2
(SD: 1.1). Approximately one in three respondents were white, 14.1% black, 26.8% Hispanic,
20.5% Asian, and 5.0% other. The mean of mother’s education was 6.1 (SD: 2.5).** Most
respondents rated their health as good or better while only 9.7% fair or poor. In terms of
integration in non-peer settings, respondents reported a moderate level of school attachment
(mean =3.7 on a 1-5 scale) and a high level of family bonding (mean = 4.5 on a 1-5 scale).

Thirty-nine percent attended religious services during the past 12 months.

™ Mother’s education was a ten-item scale (0 = never went to school, 1 = gt grade or less, ..., 10
= professional training beyond a 4-year college or university).
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Table 3.1. Sample descriptive traits (N = 2,550)

N % M (SD) [Range]
Socio-demographics
Gender
Male 1,328 52.1%
Female 1,222 47.9%
Age, years 2,548 17.18 (1.11) [13, 21]
Race/ethnicity
White 858 33.7%
Black 358 14.1%
Hispanic 682 26.8%
Asian 523 20.5%
Other 126 5.0%
Mother's education 2,267 6.09 (2.50) [1 = Low, 10 = High]
Health
Self-rated health
Excellent 610 23.9%
Very good 965 37.9%
Good 725 28.5%
Fair or poor 248 9.7%
Integration in non-peer settings
School attachment 2,478 3.66(.85) [1=Low, 5 =High]
Family bonding 2,504 4.51(.61) [1=Low, 5= High]
Religion: church attendance
Yes 997 39.1%
No 1,551 60.9%
Friends' sleep (mean)
Friends' sleep duration (h/day) 2,550 7.41(.76) [3,12]
Friends' weeknight bedtime 2,550 22:50 (.75h) [20:00 - 4:30]
Friends' insomnia symptoms 2,550 .10(.17) [0, 1]
Friends' sleep insufficiency 2,550 .34 (.27) [0, 1]
Sleep indicators
Sleep duration (h/day) 2,545 7.43 (1.33) [3, 13]
Weeknight bedtime 2,542 23:00 (1.29h) [18:00 - 5:00]
Insomnia symptoms
Yes 258 10.1%
No 2,288 89.9%
Sleep insufficiency
Yes 872 34.3%
No 1,673 65.7%
Network measures
Friendship group position
Member 1,320 51.8%
Isolate 571 22.4%
Liaison 659 25.8%
Popularity 2,550 2.88 (2.84) [0, 19]

With regards to sleep outcomes, the mean sleep duration was 7.4 hours (SD: .8) per day
with a mode of 8.0 hours (Figure 3.2A); the mean weeknight bedtime was 23:00 (SD: 1.3 hours)
with a mode of 22:00 (Figure 3.2B); 10.1% suffered from insomnia symptoms; and 34.3%
suffered from sleep insufficiency. As for predictors of interest, about half of the sample were

categorized as members, 22.4% isolates, and 25.8% liaisons. The group position composition
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was similar to previous studies’ reports.’?”**® The mean popularity was 2.9 (SD: 2.8), indicating
that on average, each respondent received about three nominations from friends. The

popularity distribution skewed to the left (Figure 3.3).
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Figure 3.2. Distributions of sleep duration and weeknight bedtime
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Figure 3.3. Distribution of popularity: in-degree

Table 3.2 presents results from multiple linear regression models separately estimating
sleep duration and weeknight bedtime (both assessed in minutes). For sleep duration, the
results in Model 1 indicated that group positions did not predict sleep duration while higher
popularity status was significantly associated with shorter sleep duration, controlling for socio-
demographics and self-rated health. Further inclusion of controls for integration in school,
family, and religion did not change the results much (Model 2). The final Model 3 added friends’
sleep and yielded similar results: a one-unit increase in popularity (one additional friendship
nomination) was associated with a 2.4-min reduction in the average sleep duration (S =-2.40;
95% CI[-3.81, -.98]), resulting in a total of 36.0 min difference between the least popular (zero
nominations) and the most popular (15 nominations) individuals.

For weeknight bedtime, Model 1’s results showed that isolates had significantly later
weeknight bedtime compared to group members and that those who were more popular had
significantly later weeknight bedtime compared to the less popular ones, which cannot be
explained by socio-demographics and self-rated health. The addition of integration in non-peer

contexts and friends’ sleep did not change the substantive results (Model 2 and Model 3). The
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final model demonstrated an average of 10.2 min later weeknight bedtime for isolates
compared to members (f = 10.21; 95% CI[.89, 19.53]), net of controls. Furthermore, each
additional friendship nomination was associated with a 2.0-min postponement of weeknight
bedtime (f =2.02; 95% CI[.71, 3.33]). Namely, the most popular ones went to bed 30 min later
on week nights than the least popular ones.

Table 3.3 shows results from multiple Poisson regression with robust error variance
separately estimating insomnia symptoms and sleep insufficiency. There was no evidence that
group positions or popularity were associated with insomnia symptoms. In terms of sleep
insufficiency, results from Model 1 suggested that after taking socio-demographics and self-
rated health into account, there was a significantly elevated risk of sleep insufficiency for
liaisons compared to members, as well as a significant positive association between popularity
and sleep insufficiency. The final model that controlled for integration in non-peer settings and
friends’ sleep indicated that there were significant differences in sleep insufficiency specific to
variations in group positions and popularity: liaisons’ risk of sleep insufficiency was 16% higher
than that for members (RR = 1.16; 95% CI[1.01, 1.33]); each additional friendship nomination
increased the risk of sleep insufficiency by 4% (RR = 1.04; 95% CI[1.02, 1.07]).

The supplementary analyses using multiple imputation yielded very similar results: the
directions and significance levels of all predictors of interest were unchanged (See Table 3.51

and Table 3.52).
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Table 3.2. Linear regression models estimating continuous sleep outcomes

Sleep duration Weeknight bedtime
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Beta [95% Cl] Beta [95% Cl] Beta [95% Cl] Beta [95% Cl] Beta [95% Cl] Beta [95% Cl]
Social network status
Friendship group position (vs members)
Isolate -2.40 [-12.36,7.56] -1.98 [-12.03,8.08] -2.38 [-12.44,7.69] 12.19 [2.80,21.58]* 9.53 [0.13,18.94]* 10.21 [0.89,19.53]*
Liaison -1.70 [-9.90,6.51] -1.58 [-9.81,6.64] -1.55 [-9.77,6.67] -3.54 [-11.27,4.18] -4.96 [-12.65,2.73] -4.30 [-11.92,3.32]
Popularity -1.84 [-3.24,-0.43]* -2.44 [-3.85,-1.02]*** -2.40 [-3.81,-0.98]*** 1.40 [0.07,2.72]* 2.11 [0.78,3.43]** 2.02 [0.71,3.33]**
Socio-demographics
Female (vs male) -9.82 [-16.39,-3.25]** -7.45 [-14.10,-0.80]* -7.20 [-13.85,-0.55]* -5.31 [-11.49,0.88]+ -7.66 [-13.88,-1.45]* -8.51 [-14.67,-2.35]**
Age -9.60 [-12.66,-6.55]*** -8.85 [-11.92,-5.77]*** -8.39 [-11.50,-5.28]*** 12.49 [9.61,15.37]*** 11.70 [8.83,14.58]*** 9.49 [6.56,12.41]***
Race/ethnicity ( vs White)
Asian -14.11 [-31.29,3.06] -17.18 [-34.58,0.22]+ -15.67 [-33.14,1.81]+ 6.91 [-9.26,23.07] 10.68 [-5.58,26.94] 5.14 [-11.05,21.33]
Black -5.77 [-23.44,11.89] -5.89 [-23.67,11.88] -5.13 [-22.92,12.66] 1.94 [-14.69,18.57] 3.85 [-12.77,20.47] 0.29 [-16.21,16.78]
Hispanic -3.49 [-20.11,13.12] -5.24 [-21.95,11.48] -4.90 [-21.61,11.81] -9.00 [-24.63,6.64] -8.19 [-23.81,7.43] -9.76 [-25.24,5.73]
Other -5.88 [-24.24,12.47] -4.71 [-23.25,13.83] -4.17 [-22.71,14.37] 16.56 [-0.72,33.84]+ 15.67 [-1.66,32.99]+ 14.36 [-2.81,31.53]
Mother's education -2.19 [-3.74,-0.63]** -2.41 [-3.97,-0.85]** -2.35 [-3.91,-0.79]** 0.90 [-0.57,2.37] 0.99 [-0.46,2.45] 0.89 [-0.55,2.34]
Health
Self-rated health (vs excellent)
Very Good -2.67 [-11.10,5.76] -0.05 [-8.52,8.43] 0.03 [-8.44,8.51] 4.40 [-3.55,12.34] 1.32 [-6.61,9.25] 1.93 [-5.92,9.79]
Good -6.42 [-15.54,2.69] -2.54 [-11.80,6.73] -2.13 [-11.40,7.14]) 14.41 [5.82,22.99]** 8.09 [-0.57,16.74]+ 7.26 [-1.32,15.85]+
Fair or Poor -10.31 [-23.02,2.41] -3.20 [-16.24,9.84] -3.33 [-16.37,9.71] 16.95 [4.97,28.92]** 8.29 [-3.90,20.48] 7.49 [-4.59,19.57]
Research design
Jefferson High (vs Sunshine High) 5.21 [-10.88,21.31] 9.23 [-7.02,25.47] 9.01 [-7.23,25.25] 5.63 [-9.53,20.78] 1.99 [-13.19,17.17] -2.15 [-17.25,12.94]
Integration in non-peer settings
School attachment 7.22 [3.08,11.35]*** 7.10 [2.96,11.24]*** -9.94 [-13.81,-6.07]*** -9.32 [-13.16,-5.48]***
Family relations 12.87 [7.14,18.60]*** 12.62 [6.88,18.35]*** -11.05 [-16.41,-5.70]*** -10.15 [-15.47,-4.84]***
Religion: church attendance 3.17 [-3.72,10.05] 3.02 [-3.86,9.90] -8.77 [-15.21,-2.34]** -8.25 [-14.63,-1.88]*
Friends' sleep
Friends' sleep duration 0.07" [-0.01,0.15]
Friends' weeknight bedtime 0.24 [0.17,0.31]***
Observations 2265 2204 2204 2262 2201 2201

95% confidence intervals in brackets
*p <0.10, "p <0.05,"p <0.01, "p <0.001
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Table 3.3. Poisson regression models estimating binary sleep outcomes

Insomnia symptoms

Sleep insufficiency

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
RR [95% Cl] RR [95% Cl] RR [95% CI] RR [95% Cl] RR [95% Cl] RR [95% Cl]
Social network status
Friendship group position (vs members)
Isolate 1.22 [0.85,1.75] 1.19 [0.83,1.72] 1.19 [0.83,1.72] 1.04 [0.87,1.24] 0.98 [0.82,1.17] 0.98 [0.82,1.17]
Liaison 0.97 [0.70,1.34] 0.94 [0.68,1.29] 0.93 [0.67,1.29] 1.19 [1.04,1.37]* 1.16 [1.01,1.33]* 1.16 [1.01,1.33]***
Popularity 0.96 [0.91,1.01] 0.98 [0.93,1.04] 0.99 [0.93,1.04] 1.03 [1.01,1.06]** 1.04 [1.02,1.07]*** 1.04 [1.02,1.07]***
Socio-demographics
Female (vs male) 1.77 [1.36,2.30]*** 1.58 [1.21,2.06]*** 1.57 [1.20,2.05]** 1.26 [1.12,1.41]*** 1.22 [1.09,1.37]*** 1.22 [1.08,1.37]***
Age 0.92 [0.82,1.02] 0.90 [0.80,1.00]+ 0.90 [0.80,1.00]+ 1.04 [0.98,1.09] 1.03 [0.97,1.08] 1.02 [0.97,1.08]
Race/ethnicity ( vs White)
Asian 1.46 [0.84,2.53] 1.61 [0.93,2.79]+ 1.61 [0.93,2.79]+ 1.03 [0.76,1.41] 1.15 [0.86,1.56] 1.15 [0.85,1.54]
Black 0.93 [0.49,1.74] 1.01 [0.54,1.87] 1.02 [0.55,1.89] 0.99 [0.72,1.36] 1.05 [0.77,1.43] 1.06 [0.78,1.43]
Hispanic 1.67 [1.02,2.72]* 1.78 [1.10,2.89]* 1.78 [1.10,2.90]* 1.06 [0.79,1.43] 1.10 [0.82,1.46] 1.09 [0.82,1.45]
Other 1.35 [0.75,2.43] 1.45 [0.82,2.56] 1.47 [0.83,2.59] 0.87 [0.61,1.23] 0.90 [0.64,1.27] 0.89 [0.63,1.25]
Mother's education 1.03 [0.97,1.09] 1.03 [0.97,1.09] 1.03 [0.97,1.09] 1.04 [1.01,1.07]** 1.03 [1.01,1.06]* 1.03 [1.00,1.06]*
Health
Self-rated health (vs excellent)
Very Good 1.30 [0.87,1.94] 1.16 [0.78,1.73] 1.16 [0.78,1.72] 1.14 [0.97,1.33] 1.08 [0.91,1.26] 1.07 [0.91,1.26]
Good 1.92 [1.30,2.84]** 1.57 [1.05,2.33]* 1.56 [1.05,2.32]* 1.38 [1.18,1.63]*** 1.26 [1.07,1.49]** 1.26 [1.07,1.49]**
Fair or Poor 2.73 [1.77,4.24]*** 1.96 [1.24,3.08]** 1.96 [1.24,3.09]** 1.34 [1.08,1.67]** 1.17 [0.94,1.45] 1.17 [0.94,1.45]
Research design
Jefferson High (vs Sunshine High) 2.01 [1.25,3.25]** 1.90 [1.19,3.05]** 1.88 [1.17,3.01]** 0.82 [0.61,1.10] 0.79 [0.59,1.04]+ 0.80 [0.61,1.06]
Integration in non-peer settings
School attachment 0.70 [0.61,0.80]*** 0.70 [0.61,0.80]*** 0.82 [0.77,0.88]*** 0.83 [0.77,0.88]***
Family relations 0.73 [0.62,0.86]*** 0.74 [0.63,0.86]*** 0.87 [0.80,0.95]** 0.87 [0.80,0.95]**
Religion: church attendance 1.08 [0.84,1.41] 1.08 [0.84,1.41] 0.91 [0.81,1.03] 0.91 [0.81,1.03]
Friends' sleep
Friends' insomnia symptoms 1.43 [0.76,2.72]
Friends' sleep insufficiency 1.41 [1.15,1.74]**
Observations 2265 2204 2204 2265 2204 2204

Exponentiated coefficients; 95% confidence intervals in brackets
*p <0.10, p <0.05, " p <0.01, " p <0.001
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Discussion

This paper presents the first empirical investigation on the associations of network group
positions and popularity with sleep behaviors among a large sample of US adolescents. The rich
global network data collected by Add Health afforded us the opportunity to map out the school
friendship networks and evaluated participants’ group positions and popularity. An adolescent’s
group position and popularity, while correlated, each captured a unique aspect of social
network status: group position described whether the individual’s ties link him/her to cohesive
groups whereas popularity addressed the connectedness of the individual. With the strategic
use of controls, we sought to identify how variations in multiple sleep behaviors were specific
to differences in group positions and popularity among adolescents, independent of integration
in non-peer settings and friends’ sleep.

Results showed that isolates had significantly later weeknight bedtime compared to
members, net of controls. Liaisons experienced increased risk of sleep insufficiency compared
to members. In terms of popularity, we found that compared to the less popular adolescents,
the more popular ones had shorter sleep duration, later weeknight bedtime, and more sleep
insufficiency.

The findings suggested that being an isolate or a liaison might carry a higher risk of
suboptimal sleep. For isolates, not having friends to sit with during lunch or to simply hang out
might produce stress or boredom. The feeling of exclusion and loneliness could compromise
their well-being and sleep. For liaisons, lacking a coherent and consistent sense of identity
might be a source of stress, just as witnessing and mitigating conflicting demands from different

groups, which together, could have negatively affected their sleep. The observation that not
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being a member of a cohesive group is associated with worse health outcomes and behaviors is
consistent with prior findings that isolates and liaisons were more likely to use tobacco and
alcohol and that isolates were more likely to have suicidal thoughts.'2**?¢*?

In terms of popularity, it seemed that there was a burden of being popular when it came
to sleep health. This might be true for two reasons. First, being a friend entails a set of
behavioral expectations, such as providing comfort or assistance and spending time together.
As the number of friends an individual has increases, the time and energy costs to cultivate and

maintain the relationships also increases.*®**’

When those of higher popularity status were
short of time (as a result of fulfilling friends’ requests) and needed to find some extra time, they
might turn to sleep, which might explain their shorter sleep duration, later bedtime, and more
sleep insufficiency. Additionally, when the demands on the popular adolescents to fulfill the
role of friendship were greater than what their capabilities could handle, they might experience
role strain,39 which could have detrimental effects on their sleep as well. Second, for some
adolescents, being popular means being pretty for girls and being athletically fit for boys. The
popular students might have spent more time on building such skills and thus had less time for
sleep. Besides these two reasons, research has linked higher popularity status with elevated
cortisol levels and has shown that maintaining a large number of relationships exerted a toll on

141198 5 1ch biological processes provide plausibility for a

the immune system performance.
causal relationship between popularity and worse health and sleep. A prior study found similar
results as ours, reporting that being central in the network increased the possibility of having

short sleep duration.'”® The study used eigenvector centrality to measure centrality, the

assumption behind which was that each individual’s centrality was the sum of the centrality
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values of the friends that the individual was connected to. By contrast, our measure of
popularity (in-degree) captured the most proximal and direct friendships for individuals, and
was among the most stable measures in the face of incomplete or missing data.'*’

Besides the predictors of interest (group positions and popularity), our results also
showed that friends’ sleep significantly predicted individuals” weeknight bedtime and sleep
insufficiency, and marginally predicted sleep duration. These are consistent with previous
literature that has documented that short sleep spread in connected individuals.'?®

The findings of this study suggested the importance of several network characteristics in
predicting adolescent sleep outcomes. A social network perspective might help to increase the
effectiveness of programs aiming at improving adolescents’ sleep health. Intervention
strategies could be tailored to different adolescents depending on their group positions and
popularity among friends. For example, efforts could be devoted to identifying isolates or
liaisons and providing them with training on stress management and social skills, as well as
more opportunities to build positive social connections, which would help them to join and
prosper in cohesive groups and gain more social integration. In turn, this might help to improve
their sleep and overall well-being. In addition, interventions designed to improve sleep (e.g.,
sleep hygiene education programs) could be targeted to those at higher risks of sleep problems
— adolescents of higher popularity status — who might benefit more from such programs.
Limitations and future directions

Several limitations of our study should be noted when interpreting the results. First, our

results might suffer from selection bias if respondents and non-respondents differ in important

ways in terms of social network status and sleep. For instance, it was possible that adolescents
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who were isolates also had worse sleep, and were less likely to participate. Second, while the
findings in this study provided the plausibility of different group positions and popularity giving
rise to different sleep outcomes, the cross-sectional data prevented us from making causal
inferences. Given the constant evolving nature of adolescent networks, future studies should
employ longitudinal designs to elucidate the mechanisms. Third, since respondents were only
allowed to list up to ten friends, there might be truncation for some students. The group
position classification and popularity might differ for some students had they given unlimited
opportunities to nominate friends. Lastly, although our sample covered both urban and rural
settings and were racially/ethnically heterogeneous, the results might not apply to adolescents
in other settings. Future research could consider using a more nationally representative sample
to make generalizable inferences. Furthermore, with the increasing availability of smartphones
and other electronic devices, adolescents move more and more of their peer activities online
and gain an ability to interact with friends continuously 7/24. We would expect peers to play an
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even greater role in adolescent life nowadays.” ™ Future efforts could be directed to capture the

online aspect of adolescent social life and assess its impacts on adolescent health.
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Appendix

Table 3.5S1. Linear regression models estimating continuous sleep outcomes using multiple imputation

Sleep duration Weeknight bedtime

Beta SE Beta SE

Social network status
Friendship group position (vs members)

Isolate -0.73 -4.70 10.84° -4.44
Liaison -0.43 -3.91 -3.87 -3.70
Popularity -1.98"" -0.68 1.65 -0.64
Socio-demographics
Female (vs male) -6.79" -3.16 -8.13 -2.99
Age -8.90 -1.46 10.46 -1.40
Race/ethnicity ( vs White)
Asian -11.73 -8.29 8.40 -7.84
Black -1.82 -8.49 0.59 -8.06
Hispanic -0.59 -7.96 -4.46 -7.55
Other -2.03 -8.77 12.26 -8.30
Mother's education 211 -0.85 1.09 -0.81
Health
Self-rated health (vs excellent)
Very Good 0.00 -4.09 1.82 -3.87
Good -0.63 -4.43 8.15" -4.19
Fair or Poor -6.26 -6.03 13.73" -5.71
Research design
Jefferson High (vs Sunshine High) 7.43 -7.67 3.98 -7.30
Integration in non-peer settings
School attachment 570" -1.98 870" -1.87
Family relations 10.81°" -2.70 899 -2.54
Religion: church attendance 3.01 -3.29 -7.99' -3.11
Friends' sleep
Friends' sleep duration 0.10"" -0.03
Friends' weeknight bedtime 022" -0.03
Constant 508.16 -36.24 951.21"" -51.18
Observations 2550 2550

*p <0.10, p <0.05, p <0.01,  p <0.001
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Table 3.52. Poisson regression models estimating binary sleep outcomes using multiple imputation

Social network status

Friendship group position (vs members)

Isolate
Liaison
Popularity
Socio-demographics
Female (vs male)
Age
Race/ethnicity ( vs White)
Asian
Black
Hispanic
Other
Mother's education
Health
Self-rated health (vs excellent)
Very Good
Good
Fair or Poor
Research design
Jefferson High (vs Sunshine High)
Integration in non-peer settings
School attachment
Family relations
Religion: church attendance
Friends' sleep
Friends' insomnia symptoms
Friends' sleep insufficiency
Observations

Insomnia symptoms

Sleep insufficiency

RR [95% Cl] RR [95% Cl]

1.15 [0.82,1.60] 1.00 [0.85,1.18]
0.96 [0.71,1.29] 1.15 [1.01,1.30]*
0.98 [0.93,1.03] 1.04 [1.01,1.06]**
1.54 [1.21,1.96]*** 1.23 [1.10,1.37]***
0.92 [0.83,1.02] 1.04 [0.99,1.09]
1.49 [0.89,2.49] 1.19 [0.90,1.57]
1.02 [0.57,1.83] 1.10 [0.82,1.47]
1.72 [1.09,2.71]* 1.16 [0.89,1.52]
1.19 [0.68,2.08] 0.90 [0.65,1.25]
1.03 [0.97,1.09] 1.03 [1.00,1.06]*
1.15 [0.79,1.68] 1.06 [0.91,1.23]
1.68 [1.16,2.45]** 1.22 [1.05,1.43]*
2.28 [1.50,3.46]*** 1.15 [0.94,1.40]
2.05 [1.31,3.19]** 0.90 [0.69,1.18]
0.73 [0.64,0.83]*** 0.83 [0.78,0.88]***
0.75 [0.65,0.87]*** 0.88 [0.82,0.96]**
1.13 [0.88,1.43] 0.92 [0.82,1.03]
1.46 [0.83,2.58]

1.39 [1.15,1.69]%**
2550 2550

Exponentiated coefficients; 95% confidence intervals in brackets

+

p <0.10,"p <0.05, p <0.01," p <0.001
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