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Study Objective: Loneliness has been shown to predict poor health. One hypothesized mechanism is that lonely individuals do not sleep as well
as individuals who feel more connected to others. Our goal was to test whether loneliness is associated with sleep fragmentation or sleep duration.

Design: Cross-sectional study.

Setting: Members of a traditional, communal, agrarian society living in South Dakota.
Participants: Ninety-five participants (mean age 39.8 years, 55% female) who were = 19 years of age at the study’s inception.

Interventions: Not applicable.

Measurements and Results: We conducted interviews querying loneliness, depression, anxiety, and stress, as well as subjective sleep quality
and daytime sleepiness. Study participants wore a wrist actigraph for one week to measure objective sleep properties; the two studied here were
sleep fragmentation and sleep duration. Higher loneliness scores were associated with significantly higher levels of sleep fragmentation (8 = 0.073,
t=2.55, P =0.01), controlling for age, sex, body mass index, risk of sleep apnea, and negative affect (a factor comprising symptoms of depression
and anxiety, and perceived stress). Loneliness was not associated with sleep duration or with either subjective sleep measure.

Conclusions: Loneliness was a significant predictor of sleep fragmentation. Humans’ social nature may partly be manifest through our depen-

dence on feeling secure in our social environment to sleep well.
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INTRODUCTION

Human beings are a social species. The increased risks of
morbidity and mortality conferred by deficits in social connec-
tions—either objective or perceived—illustrate the importance
of our social nature to our health and well-being."® Perceived
isolation, or loneliness, has been associated with increased
blood pressure,’ increased risk of heart disease in women,*® and
increased risks of depression,® cognitive decline,** and mortal-
ity.'*!"* What are the pathways through which loneliness might
affect health? One hypothesis is that sleep, a key restorative
behavior, could be compromised by feelings of loneliness.'
Compromised sleep—including short duration and poor quality
sleep—has been linked with various health outcomes, including
poorer metabolic function, increased cardiovascular risk, poorer
self-rated health, and cognitive and behavioral impairments.'*2

The formation of meaningful social connections is an integral
part of the human experience.** Loneliness is typically defined
as the painful experience that accompanies a discrepancy between
a person’s desired and actual social relationships.” Although
sometimes considered synonymous with social isolation, loneli-
ness and social isolation are distinct concepts. The latter reflects
an objective measure of social interactions and relationships,
whereas loneliness reflects perceived social isolation or feelings
of being an outcast. Accordingly, loneliness is more closely asso-
ciated with the quality rather than the number of relationships.?*?’
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We posit that the experience of loneliness is particularly sa-
lient to sleep because of humans’ presumed need to feel safe in
order to sleep soundly. Cross-sectional studies have shown that
individuals who report greater loneliness also report poorer
sleep quality.'>?*? The results of longitudinal studies suggest
that loneliness predicts decrements in subjective sleep qual-
ity, but not vice-versa.'®* Subjective measures of sleep, how-
ever, may be tapping different dimensions of sleep compared
to objective measures. Self-reported sleep duration is typically
overreported relative to objective measures®' and self-report-
ed sleep quality may be influenced by non-sleep factors. For
example, women typically have more sleep complaints than
men*? and yet get more sleep per night and have better sleep
efficiency according to objective measures.** Individuals with
paradoxical insomnia may report poor quality sleep and yet
have normal sleep according to polysomnography.* It is there-
fore useful to collect both objective and subjective measures,
with the objective measures having the advantage of more
straightforward interpretation.

The one study that tested for associations between social fac-
tors and objective sleep properties, conducted in a convenience
sample of college students, showed that loneliness is associ-
ated with poorer objective sleep efficiency but not differences
in sleep duration.*® That is, loneliness does not appear to change
the total amount of sleep an individual accrues, but rather, it is
associated with more microawakenings during the night.*

From an evolutionary perspective, this finding makes sense;
humans must have relied on a safe social surround to survive
and thrive. The absence of a secure social environment results in
perceptions of social isolation that, in turn, have been shown to
increase vigilance for threat and to heighten feelings of vulnera-
bility.*® This heightened vigilance may be manifested during the
sleep period as greater restlessness or more fragmented sleep.
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Table 1—Description of the study population (N = 95)

Characteristic Mean (SD) Range
Age, years 39.8 (14.2) 19-84
Sex (% female) 55 —
Body mass index (kg/m?) 278(48) 175-413
Obesity (%) 26 —
Hypertension (%) 30 —
Risk of sleep apnea (%) 14 -
Loneliness? 0.69 (1.1) 0-5
Depressive symptoms® 4.6 (2.6) 0-14
Symptoms of anxiety® 5.0 (3.5) 0-13
Perceived stress® 5.3(3.2) 0-15
Sleep fragmentation® (%) 313(9.2) 142-63.2
Sleep duration (hours, actigraphy-derived) 6.3 (0.6) 47-86
Subjective sleep quality’ 5.7 (3.5) 0-20
Subjective daytime sleepiness? 5.5(3.0) 0-13
Average reported weekday bedtime (PSQI) 22.6(0.8) 21-26
Average reported weekday waketime (PSQI) 6.6 (0.6) 3.8-9.0

scores indicate greater sleepiness.

aMeasure derived from the R-UCLA Loneliness Scale;**# scores can range from
0-6. "Based on the MHI-5,% scores can range from 0-20. Based on the anxiety-
related items from the HADS scale;* scores can range from 0-21. “Based on 4
items from the PSS;* scores can range from 0-16. °Sleep fragmentation is the ) . 3 :
sum of the percentage of the sleep period spent moving and the percentage of in the interview for one of the two colonies. One hundred
the number of immobile phases that are only one-minute long. ‘Subjective sleep | fifty-three adults from the two farms were eligible to par-
quality is measured with the PSQI;¥" scores can range from 0-21, and higher ticipate, and the initial participation rate was therefore
scores indicate poorer sleep quality. 9Subjective daytime sleepiness is measured 85%. In order to measure objective sleep properties, the
with a modified version of the ESS;* scores can range from 0-18, and higher study employed wrist actigraphy; the procedures followed

Hutterites are an Anabaptist group of European descent
that originated in the 16th century. Three Hutterite com-
munal farms (called “colonies”) were established in the
Dakota territories in the late 1800s, and the current Hut-
terite population in North America numbers more than
30,000.** Communal living is central to the Hutterites’ re-
ligious philosophy, and they follow a traditional lifestyle
with clearly defined and stratified gender roles.*? Hutterite
colonies consist of approximately 150 individuals and are
large agricultural enterprises. Hutterites share all resourc-
es in common, follow a similar schedule, work together,
and share the same diet. Tobacco use is prohibited. There-
fore, this group offers near uniformity in a number of key
socioeconomic and lifestyle variables.

The study population for the stress and sleep study con-
sisted of eligible Hutterite adults—that is, those 19 years
of age and older—Iliving on two colonies in South Da-
kota. During the winter of 2006-7, we collected data on
psychosocial factors and sleep as well as anthropometric
and blood pressure measurements from study participants.
Data on loneliness, depression, anxiety, stress, subjective
sleep quality, and subjective daytime sleepiness were col-
lected via structured interviews from 130 individuals. Ad-
ditionally, alcohol consumption questions were included

are described in more detail below. Ninety-seven actigra-

Given the limited literature on loneliness in relation to objec-
tive sleep properties, the primary goal of this study was to test
the hypothesis that variation in feelings of loneliness would be
associated with variation in sleep fragmentation—in a very dif-
ferent study population than that previously investigated. We
also tested for associations between loneliness and total sleep
duration and between loneliness and self-reported sleep quality
and daytime sleepiness.

Specifically, we studied sleep and loneliness in a group of
Hutterites. The study participants are part of a traditional, agrar-
ian, communal society, a group we might expect to be among the
most socially connected in the United States. Further, because
of the remarkable lifestyle uniformity in the Hutterites, the re-
sults are protected against the confounding influences of SES
and tobacco that can be problematic for tests of these hypoth-
eses conducted in the general population. Other psychological
phenotypes such as depression, anxiety, and stress, are known
to cluster with loneliness and may themselves have effects on
sleep.’3%¥ We therefore measured these phenotypes in a struc-
tured interview and controlled for their effects in the analyses.

METHODS

Study Design and Subjects

Our study of stress and sleep took place within the context
of an established genetic-epidemiologic cohort study of the
Hutterites that has been ongoing for over two decades.*®*' The
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phy devices were available, and these were offered con-
secutively to individuals following the interview. Eleven
individuals of those initially offered declined, resulting in an
actigraphy uptake rate of 90%. Although 97 individuals wore a
wrist actigraph for one week, one individual’s anthropometric
data were deemed unreliable, and blood pressure data were un-
available for a second. Our analytic sample therefore includes
95 individuals with complete interview, actigraphy, anthro-
pometric, and blood pressure data (Table 1). All participants
provided written informed consent and the study protocol was
approved by the Institutional Review Board of the University
of Chicago.

Psychosocial Measures

Loneliness

Loneliness was measured with the 3-item loneliness scale
derived from the R-UCLA Loneliness Scale.*# Specifically,
participants were asked how often they felt they lacked com-
panionship, felt left out, and felt isolated from others. Respons-
es were on a scale from 0 (hardly ever) to 2 (often). Cronbach
a for this measure was 0.69 in this sample, similar to the value
(0.72) reported for the larger population-based sample in which
the measure was developed.*

Depressive symptoms

Depressive symptoms were measured using the Mental
Health Index 5 (MHI-5) scale,* which queries feelings expe-
rienced during the past month. Responses to the 5 items were
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on a scale from 0 (none of the time) to 4 (all of the
time). Cronbach a for this measure was 0.78.

Symptoms of anxiety

Symptoms of anxiety were measured using the
7 anxiety items from the Hospital Anxiety and De-
pression Scale (HADS),*#” which queries feelings
experienced during the past week. Responses were
on a scale from 0 (none of the time) to 3 (most of
the time). Cronbach a for the measure was 0.76.

Table 2—Correlations among loneliness, depressive symptoms, symptoms of anxiety,
perceived stress, and negative affect (N = 95)

Depressive symptoms
Symptoms of anxiety

Depressive  Symptoms  Perceived
Loneliness symptoms  of anxiety stress
0.30*
0.32* 0.60**
Perceived stress 0.14 0.69** 0.64*
0.28* 0.86** 0.85*** 0.90**

Negative effect

P <0.01; **P <0.001.

Perceived stress

Perceived stress was originally measured using
6 items from Cohen’s perceived stress scale (PSS),* which
queries feelings experienced during the past month. Because
interviewers perceived confusion among respondents for one
of the items and because an additional item was discordant
with cultural precepts, the measure of perceived stress used in
the analyses comprised 4 items, 2 of which overlap with the
more typically used 4-item PSS.*® Responses were on a scale
from 0 (never) to 4 (very often). Cronbach o for this measure
was 0.81.

Negative affect

We expected that depressive symptoms, symptoms of anxi-
ety, and perceived stress would be highly correlated and this
expectation was born out (Table 2). For simplicity’s sake, we
used factor analysis to condense these 3 variables. The princi-
pal-factor method yielded a single factor, which we will refer
to as “negative affect,” with an eigenvalue of 1.65. Depressive
symptoms, symptoms of anxiety, and perceived stress had load-
ing values of 0.73, 0.73, and 0.76, respectively.

Alcohol Consumption

In one of the study colonies, 3 questions were included in the
interview to garner information on typical alcohol consump-
tion. Study participants were asked whether they ever drank
alcoholic beverages, the number of days per week over the last
3 months that they typically consumed alcohol, and the number
of drinks per day they consumed on the days that they drank al-
cohol. These questions were used to calculate a typical number
of drinks per week consumed by each study participant. Be-
cause alcohol consumption data were only collected for half of
the sample, these data were used in exploratory analyses, but
not in the final models.

Objective Sleep Measures

Sleep duration and fragmentation were measured with
wrist actigraphy (Actiwatch model AW-16, Philips/Respiron-
ics, Bend, OR) using 1-minute epochs. Actiwatches are small,
watch-like devices that have sensitive omnidirectional accel-
erometers that digitally record an integrated measure of gross
motor activity, which is analyzed to identify sleep periods. Par-
ticipants were instructed to wear the Actiwatch continuously
for 7 days. The Actiwatch has an event marker button that par-
ticipants were instructed to press to record bedtimes and wake
times. Actiwatches have been validated against polysomnog-
raphy; for healthy adults, reported correlations with total sleep
time as assessed by polysomnography are as high as 0.97.4-5!
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Actigraphy yields a number of different metrics for sleep,
some of which require an accurate indicator of when the subject
began to try to fall asleep, which we were missing from some
subjects on some nights. For our outcome measures, we chose
not use the metrics that depended strongly on that information
and focused on 2 metrics—sleep duration and sleep fragmenta-
tion—that are moderately correlated (» =—-0.37, P <0.001). We
limited the analyses to these 2 measures because our primary
hypothesis concerned fragmentation and we wished to avoid
redundancy and control the number of statistical tests conduct-
ed. These 2 sleep measures were derived from the Actiwatch
recording using the manufacturer’s software algorithms (Acti-
ware 3.4). An average value over all of the days of actigraphy
recordings was calculated for each sleep measure for each in-
dividual.

Sleep fragmentation

Fragmentation is an index of restlessness during the sleep
period expressed as a percentage. It is defined by the manufac-
turer’s software as the sum of 2 percentages: (1) the percentage
of the sleep period spent moving (an epoch with more than 2
activity counts is considered moving), and (2) the percentage of
the number of immobile phases (i.c., an epoch with no move-
ment) that are only one minute long.

Fragmentation is an appealing actigraphy metric because it is
an indicator of sleep disruption or disturbance’*** and because
it most closely approximates the polysomnography measure of
microarousals, which have been shown to be associated with
poor health outcomes.** Further, actigraphy-defined sleep frag-
mentation has now been used in several studies of sleep and
healt .16‘55,56

Sleep duration

This is the total amount of sleep obtained at night (expressed
in hours). It excludes periods of wakefulness between bedtime
and wake time.

Subjective Sleep Quality Measures

Pittsburgh Sleep Quality Index (PSQI)

The PSQI is designed to assess sleep quality during the past
month, and contains 19 self-rated questions from which 7 com-
ponent scores are calculated and summed into a global score.’’
Higher scores represent worse sleep quality: component scores
range from 0 to 3, and global scores range from 0 to 21. Pre-
vious studies have demonstrated good test-retest reliability for
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the PSQI, with correlation coefficients of 0.85 and 0.87 over a
period of 2 days to a month.’”® The PSQI also includes ques-
tions about respondents’ usual bedtime and usual arising time
for both weekdays and weekend days.

Epworth Sleepiness Scale (ESS)

The ESS is an 8-item questionnaire designed to assess an
individual’s level of daytime sleepiness, and scores on this in-
strument range from 0-24, where higher scores indicate greater
sleepiness.” A test-retest reliability study of the ESS yielded a
Pearson correlation of 0.82 over a 5-month interval.®® In this
study, we employed a modified ESS from which 2 questions
were removed because they were not relevant to the study pop-
ulation’s experience, i.e., how likely the respondent was to fall
asleep while watching TV or while in a car, while stopped for a
few minutes in traffic. There are no TVs on the Hutterite colo-
nies, and car travel is rare, especially for women. We then used
the modified scale to identify excessive daytime sleepiness. Ex-
cessive daytime sleepiness is typically defined as a score > 10
of a possible range of 24 on the standard ESS.* On our modi-
fied scale, therefore, individuals scoring > 8 (of a possible 18)
were classified as having excessive daytime sleepiness; 23% of
the study population had scores > 8.

Body Mass Index

Body mass index (BMI, kg/m?) was calculated for each of
the study participants and included in the analyses because of
its cross-sectional associations with the sleep outcomes of in-
terest.>® Height was measured to the nearest 3 mm with a plastic
stadiometer with the participants in stocking feet. Weight was
measured with a Health-O-Meter 349KL digital medical scale
with the subject wearing light clothing. BMI was modeled as a
continuous variable in the analyses.

Blood Pressure

Nurses used mercury-gravity sphygmomanometers to mea-
sure blood pressure for each individual. Blood pressure mea-
surements were taken on each individual in a seated position
2 times, with a 2-minute interval between the 2 measurements,
following an initial 5-minute rest period.®!

Study participants were asked to bring all regularly used
medications (both prescription and non-prescription) with
them. Medication names together with indication, dosage, and
frequency of use were recorded for all study participants.

Sleep Apnea Risk

Controlling for sleep apnea risk is important because of its
possible associations with the sleep outcomes.®® Individuals
were classified as at risk of having sleep apnea if they had >
2 of the 3 following conditions: snoring; excessive daytime
sleepiness; and obesity or hypertension. Individuals were con-
sidered to snore if they endorsed having trouble sleeping >
3 times per week during the last month because they either
“could not breathe comfortably” or “coughed or snored loud-
ly”” on the PSQL.%” Excessive daytime sleepiness was identified
using the modified ESS*® as described above. Per convention,
individuals with a BMI > 30 kg/m? were classified as obese.
Finally, study participants were classified as hypertensive if
they had elevated blood pressure at the physical exam (= 130
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mm Hg systolic or > 85 mm Hg diastolic) or were on drug
treatment for hypertension.

Analytic Strategy

The primary outcome of interest in the study was sleep frag-
mentation and the secondary outcomes were sleep duration,
subjective sleep quality, and subjective daytime sleepiness. All
outcomes were treated as continuous variables. The fragmenta-
tion data were normalized with a natural log transform and the
PSQI data were normalized with a square root transform. Be-
cause the Hutterites are a founder population, with some relat-
edness among individuals, we used mixed linear models (SAS
PROC MIXED) to test for associations between the sleep out-
comes and loneliness. In order to take into account the related-
ness between individuals, a random genetic effect was modeled
with mean zero and a covariance structure that is dependent
on the relationships between study participants, using a kinship
coefficient developed from the population’s pedigree.®>

Two models were run for each of the sleep outcomes. The
first model was a simple regression with loneliness, modeled
continuously, as the sole predictor of the sleep outcome, con-
trolling for relatedness among individuals. The second set of
models included age, sex, BMI, risk of sleep apnea, and nega-
tive affect. Risk of sleep apnea was omitted as a predictor of
daytime sleepiness, because of the strong collinearity between
the two. Age, BMI, and negative affect were modeled continu-
ously, and sex and risk of sleep apnea were included as dichoto-
mous variables. Sensitivity analyses were run to test for effects
of including objective social connections and alcohol con-
sumption as predictors on the associations of interest between
loneliness and the sleep outcomes. We also tested for effects of
compliance with use of actigraphy event markers. Descriptive
statistics and correlations were calculated using Stata version
11.1 (StataCorp, College Station, TX). The mixed linear models
were run with SAS version 9.1 (SAS, Cary, NC).

RESULTS

Table 1 presents a descriptive summary of the demographic,
physical, psychological, and sleep-related characteristics of the
study population. There were approximately equal numbers of
men and women, and age distributions in the two sexes were
similar. Half of the study population was between 19 and 36
years of age, the third quartile was between 37 and 47 years of
age, and the top quartile was between 48 and 84 years of age.

Overall, on average, we observed low levels of loneliness
and low levels of depressive or anxious symptomatology
(Table 1). Bedtimes and arising times were generally uniform;
for example, 90% of the sample reported going to bed on week-
days between 21:30 and 23:30, and all but two individuals re-
ported arising on weekdays between 05:00 and 07:00. Average
bedtimes and arising times for weekends were similar to those
for weekdays.

Table 2 presents the correlations among the psychosocial
variables. As noted earlier, depressive symptoms, symptoms of
anxiety, and perceived stress were all strongly and significantly
related to each other, with correlation coefficients between 0.6
and 0.7. As expected, each of these psychosocial variables was
also strongly related to the negative affect factor derived from
them. Loneliness shows low to moderate correlations with de-
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pression, anxiety, stress, and negative affect; this is evidence
that despite its ties to these variables, loneliness is also captur-
ing a distinct aspect of humans’ psychological experience.

Table 3 presents the results of the analyses regressing the 4
sleep outcomes on loneliness. In these simple models, loneliness
was significantly associated with both objective sleep measures
but was not associated with either subjective sleep measure.

Table 4 presents results of the multivariate models includ-
ing loneliness and all control variables as predictors. Each unit
increase in the UCLA loneliness scale was associated with an
approximately 8% increase in sleep fragmentation (f = 0.073,
t=2.55,P=0.01). Loneliness was not significantly associated
with sleep duration, self-reported sleep quality, or self-reported
daytime sleepiness in these models (Table 4). Negative affect
was significantly associated with subjective sleep quality, but
not with any of the other sleep outcomes. Females had signifi-
cantly lower levels of sleep fragmentation and reported daytime
sleepiness than did males. Finally, age was positively and sig-
nificantly associated with sleep duration. There was, however,
one influential observation, and when this individual was re-
moved from the analysis, the association between age and sleep
duration was no longer significant.

Adding sleep duration, objective measures of social connect-
edness (i.e., marital status or the number of family members
living in the same colony), and alcohol consumption (for the
subset of study participants with consumption data) as predic-
tors to the sleep fragmentation model had no material effect
on the association between loneliness and sleep fragmentation.
Restricting the analysis to those individuals who used their ac-
tigraphy event markers > 85% of the time also resulted in no
change to our loneliness/sleep outcomes associations.

DISCUSSION

In this study, lonely individuals experienced significantly
more sleep fragmentation than did those who reported more
connection to others, suggesting that perceptions of a secure so-
cial surround may promote a better, more restful night’s sleep.
On average, each unit increase in loneliness was associated with
an 8% increase in sleep fragmentation. In contrast, we did not
observe an association between loneliness and sleep duration.
Our findings replicate those of an earlier study**—conducted
in a very different sample—and lend support to the hypothesis
that sleep quality, at least as indexed by sleep fragmentation,

may be one pathway through which feelings of social connect-
edness influence future health.

The first study of perceived social connectedness and objec-
tive sleep properties utilized a sample of college students,* a
younger and more ethnically and socioeconomically diverse
population occupying a very different social space compared
with the Hutterites. Social networks are dynamic in college and
the undergraduates in the study were selected to represent the
spectrum of loneliness. In contrast, Hutterites follow a com-
munal lifestyle notable for frequent interaction (e.g., working
and eating together). Their lives revolve around a community
with strong residential stability and presumably deep social ties
of long duration. Finally, among the present study population,
approximately half of the group was between 19 and 40 years
of age and the other half between 40 and 84 years of age.

Even given the pronounced differences in the study popu-
lations, effectively identical results were obtained in the two
studies. Individuals who reported greater feelings of loneliness
had more fragmented sleep, but the same amount of total sleep,
compared with those who reported greater perceived social con-
nectedness. This effect persisted in the present study even when
controlling for negative affect, pointing to a particularly salient
link between feelings of loneliness and sleeping soundly.

Our findings are particularly noteworthy because levels of
loneliness in this population are quite low compared to those in
other populations, including a nationally representative sample
of individuals 50 years of age and older* as well as that of
a college-aged sample (L. Hawkley, personal communication,
June 4, 2010). What our findings suggest, therefore, is that the
relationship between loneliness and sleep is consistent across
the range of perceived connectedness and is not just the product

Table 3—Results of simple models regressing the 4 sleep outcomes on
loneliness (N = 95)

Sleep Outcome B (SE)
Sleep fragmentation (In-transformed) 0.064 (0.028)*
Sleep duration -0.13 (0.06)*
Subjective sleep quality (square root-transformed) 0.095 (0.071)
Subjective daytime sleepiness 0.36 (0.27)

*P < 0.05.

well as negative affect (N = 95)

Sleep fragmentation

*P < 0.05; **P < 0.01; **P < 0.001.

Table 4—Results of mixed linear models analyzing loneliness in relation to the 4 sleep outcomes controlling for demographic and health-related factors as

(In-transformed) Sleep duration (sqrt-transformed) sleepiness
Predictor B (SE) B (SE) B (SE) B (SE)

Loneliness 0.073 (0.029)* -0.089 (0.064) 0.020 (0.068) 0.45 (0.26)
Age (years) 0.00052 (0.0022) 0.011 (0.0052)* 0.0040 (0.0057) 0.0054 (0.02)
Sex (reference = males) -0.22 (0.066)** -0.045 (0.14) 0.069 (0.15) -2.84 (0.59)**
BMI (kg/m?) 0.0030 (0.0072) -0.015(0.016) -0.0096 (0.017) -0.018 (0.06)
Risk of sleep apnea -0.107 (0.091) -0.062 (0.20) -0.33(0.22) -
Negative affect 0.038 (0.034) -0.059 (0.076) 0.35 (0.08)*** 0.55 (0.30)

Subjective sleep quality Subjective daytime
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of comparing very lonely with very connected individuals. The
replication of the association between loneliness and sleep frag-
mentation across the two disparate samples indicate that this
finding may be more widely generalizable.

It is possible, of course, that it is not loneliness that increases
sleep fragmentation, but that individuals with more fragmented
sleep then suffer from greater feelings of disconnection. Rob-
erts et al., for example, documented prospective effects of in-
somnia on interpersonal functioning among adolescents.®> We
cannot infer directionality in this study, given the cross-section-
al nature of the data. However, it may be telling that sleep frag-
mentation is most strongly associated with feelings of social
connection versus, for example, negative affect. If the effect
were mainly from sleep to psychological symptoms, it is not
obvious why the effect would be stronger for perceived connec-
tion than for negative affect. We would also draw attention to
a longitudinal study of loneliness and subjective sleep quality
conducted across three days which showed that while loneli-
ness decreased future subjective sleep quality, subjective sleep
quality did not influence loneliness.*

Interestingly, the differences in sleep observed are not due to
differences in health behaviors (i.e., getting more sleep). Rather,
it is the soundness of sleep that appears to be compromised by
feelings of loneliness. Adding sleep duration as a predictor to
the sleep fragmentation model had no effect on the association
between loneliness and sleep fragmentation. It is also worth
noting that it is the perception of connectedness that is driving
the association. When we added more objective measures of so-
cial connectedness (i.e., marital status or the number of family
members living in the same colony) as control variables to the
analysis, the association between loneliness and sleep fragmen-
tation was unchanged.

Known effects of alcohol and caffeine on sleep®” prompt-
ed us to consider these in our study. Our exploratory analyses
showed no change in the association between loneliness and
the sleep outcomes when alcohol consumption was added to
the model for the subset of participants for whom the data were
available. Hutterite adults do typically drink a lot of coffee but,
unfortunately, we did not formally assess caffeine consumption
in our study.

One concern using actigraphy data is that sleep duration
may be overestimated when individuals lie very quietly, but are
awake; this may be particularly challenging when event mark-
ers are not used. Sensitivity analyses showed that our results
were unchanged even when restricted to the subset of par-
ticipants who used event markers the majority (> 85%) of the
time. If lonely people were more likely to lie very still (without
sleeping), their sleep duration could be overestimated and sleep
fragmentation underestimated. However, very high correla-
tions—up to 0.97—have been reported between actigraphy and
polysomnography for total sleep time.**°

In contrast to some past studies,'>* neither subjective sleep
quality nor subjective daytime sleepiness was associated with
loneliness in either the simple or adjusted models. This may be
because we had insufficient range in subjective sleep quality in
this population. While we found that both the global PSQI score
and the daytime dysfunction component score of the PSQI were
higher in lonely compared to non-lonely individuals in our
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study, consistent with reports in past studies,'> the Hutterites
had lower scores on these measures overall.

This study was partly motivated by the substantial litera-
ture documenting ill health effects of loneliness. Could greater
sleep fragmentation among lonelier individuals help to explain
this association? Cross-sectional associations between sleep
fragmentation and BMI**%® and type 2 diabetes® have been
reported. Past experimental studies conducted in humans and
animals have documented hormonal and behavioral effects of
induced sleep fragmentation.” Recent experimental studies in
humans have shown that fragmented sleep had a negative im-
pact on glucose metabolism and caused increased sympathetic
nervous system activity.”"”* It is plausible, therefore, that sleep
fragmentation may be a link between loneliness and down-
stream health outcomes.

In summary, our study provides evidence that those indi-
viduals who perceive themselves as less connected to others
have more fragmented sleep. Sleep could be a pathway through
which perceived social isolation influences health.
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