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Objective: To assess the prospective association between daily feelings of loneliness and subsequent
feelings of daytime dysfunction indicative of poor sleep quality. Design: Three consecutive end-of-day
diaries were completed by a population-based sample of 215 adults (mean age � 57.5 years, SD � 4.4).
Diary questions probed sleep duration, daytime dysfunction (i.e., fatigue, low energy, sleepiness),
loneliness, physical symptoms, and depressed affect experienced that day. Chronic health condition data
and body mass index were also obtained. Autoregressive cross-lagged panel models were used to
examine the magnitude of reciprocal prospective associations between loneliness and daytime dysfunc-
tion. Main Outcome Measures: Unstandardized path coefficients adjusted for race/ethnicity, sleep
duration, marital status, household income, chronic health conditions, and health symptom severity.
Results: Daily variations in loneliness predicted subsequent feelings of daytime dysfunction (B � 0.16,
p � .05), and daytime dysfunction predicted subsequent loneliness (B � 0.07, p � .05), adjusted for
covariates. Loneliness continued to predict subsequent daytime dysfunction when depressed affect was
held constant. Conclusion: The effect of loneliness on daytime dysfunction was independent of sleep
duration, suggesting that the same amount of sleep is less salubrious when individuals feel more socially
isolated.
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In his pioneering work, Walter Cannon (1871–1945) noted that
physiological responses to contemporary stressors have cumula-
tive health costs because the stress response evolved during a
period in which the metabolic requirements for effective coping
were greater than those required today (Cannon, 1936). Cannon
said nothing about anabolic physiology and the reparative and
restorative capacity afforded by nightly sleep. The same human
physiology that evolved to provide energy to survive stressors also
evolved to use the sleep period to recuperate from spent energies
and to generate and store energy reserves for future use (Laposky,
Bass, Kohsaka, & Turek, 2008).

The role of sleep as a restorative behavior is evident in the
dramatic metabolic consequences of as little as six nights of sleep
deprivation (Spiegel, Leproult, & Van Cauter, 1999). Sleep depri-
vation results in a compensatory increase in sleep duration and
intensity that speaks to its homeostatic and restorative function
(Lesku, Rattenborg, & Almaner, 2006). The restorative effects of
sleep appear to be passively acquired, but sleep itself is an active

process that plays a constructive role in, for example, the consol-
idation of learning and memory (Fenn, Nusbaum, & Margoliash,
2003; Stickgold, Hobson, Fosse, & Fosse, 2001). Accompanying
the notion of sleep as an active process is an increasing appreci-
ation for the role of nonrestorative sleep (i.e., sleep that is nonre-
freshing despite normal sleep duration) in daytime fatigue, cogni-
tive and behavioral impairments (Ohayon, 2005), and nighttime
insomnia (American Psychiatric Association, 2000).

Throughout human evolution, sleep—and salubrious sleep in
particular—has relied on a safe sleeping environment, a need that
has typically been met by cosleeping (Worthman & Melby, 2002).
Given this evolutionary history, it is perhaps not surprising that
social isolation, real and perceived, is associated with poor sleep
quality, whether assessed prospectively as self-reported sleep sat-
isfaction (Jacobs, Cohen, Hammerman-Rozenberg, & Stessman,
2006) or as complaints of poor sleep quality and daytime dysfunc-
tion in surveys of national samples, college student populations,
and adolescents (Allaert & Urbinelli, 2004; Cacioppo, Hawkley,
Crawford, et al., 2002; Mahon, 1994). Feelings of loneliness are
tantamount to feelings of threat and vulnerability (Cacioppo &
Hawkley, 2009), and feeling implicitly unsafe disrupts the sleep of
lonely individuals by increasing the number of nightly microawak-
enings (Cacioppo, Hawkley, Berntson, et al., 2002). Notably, prior
research has shown that the greater daytime dysfunction reported
by lonely individuals is not attributable to differential sleep dura-
tion (Cacioppo, Hawkley, Crawford, et al., 2002) or to individual
differences in the activities of everyday life (Hawkley, Burleson,
Berntson, & Cacioppo, 2003). Given the differences in mi-
croawakenings, lonely individuals are posited to feel less rested
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than are nonlonely individuals after an equivalent night’s sleep
duration.

To date, the finding that daily functioning is impaired to a
greater degree in lonely than in nonlonely individuals has been
studied in convenience samples with cross-sectional designs. In the
present study, we use a 3-day diary study to examine whether
end-of-day feelings of loneliness are prospectively associated with
next-day reports of dysfunction (i.e., sleepiness, fatigue, and low
energy) in a population-based sample of 50- to 68-year-old adults,
and whether these effects are independent of sleep duration. De-
pressed affect is associated with loneliness and is a known risk
factor for poor sleep and daytime dysfunction (Harvey, 2001), so
we also tested whether the effect of loneliness on daytime dys-
function was independent of depressed affect. Finally, because
prior research has shown that insomnia predicts interpersonal
functioning (Roberts, Roberts, & Chen, 2002), we also examine
the extent to which dysfunction leads to subsequent feelings of
loneliness.

Method

Participants

Data for this study were collected in the first year of the Chicago
Health, Aging, and Social Relations Study (CHASRS), a longitu-
dinal, population-based study of persons born between 1935 and
1952. The target population was non-Hispanic Caucasian, African
American, and nonblack Latino American persons living in Cook
County, Illinois, who were English-speaking and sufficiently am-
bulatory to come to the University of Chicago for a daylong visit
to the laboratory. The sampling description and response rates
have been described elsewhere (Hawkley et al., 2008). The final
sample size of CHASRS is 229. The sample is 35.8% White,
35.4% Black, and 28.8% Hispanic, and 52.4% of the sample are
women. The mean age of the sample is 57.5 years (SD � 4.4).

Participants were paid $126 for participating in the lab compo-
nent of the protocol, and an additional $36 for completing the
3-day at-home diary component of the protocol. A total of 204
participants completed the entire 3-day diary protocol, and 215
participants completed at least 1 day of the diary protocol.

Procedure

Data from the diary component of the protocol were used to
examine the temporal dynamics of the association between day-
time dysfunction and loneliness. At the end of each of 3 consec-
utive days, Sunday through Tuesday, participants were asked to
complete a diary that included questions about sleep duration, time
in bed and time in bed awake the prior night, and questions about
daytime dysfunction, loneliness, physical symptoms, and de-
pressed affect experienced that day, as well as measures of daily
smoking, drinking, and exercise behaviors. In addition, survey,
health, and anthropometric measures completed during the labo-
ratory component of the protocol were used to assess basic demo-
graphic information, chronic health conditions, and body mass
index (BMI).

Measures

Daytime dysfunction. Participants were asked the extent to
which they felt sleepy, exhausted, lively, energetic, and fatigued,

on a scale of 1 � not at all to 5 � very much. Cronbach’s alpha
for this scale was .82. After reverse scaling the items for “lively”
and “energetic,” the mean response across all items was calculated
to represent daytime dysfunction. Across all subjects and days, the
mean value on this measure was 1.73 (SD � 0.62; range � 1–5).

Loneliness. Participants were asked items from the Univer-
sity of California, Los Angeles (UCLA) loneliness scale (Russell,
Peplau, & Cutrona, 1980). We selected six items from this scale
that assess feelings of social isolation (e.g., “could not find com-
panionship when I wanted it”; “felt like I didn’t belong”; “felt like
no one really knew me well”), and one additional item with face
validity (“felt lonely”). Participants were asked, “Overall today, to
what extent did you feel [like I could not find companionship when
I wanted it, and so forth],” and responses were made on a scale of
1 � not at all to 5 � very much. Cronbach’s alpha for this measure
was .81. After reverse scaling appropriate items, the mean re-
sponse across all seven items was calculated to represent loneli-
ness. Collapsed across days, the mean value on this measure was
1.75 (SD � 0.56; range � 1–5).

Covariates. Marital status was dichotomously coded to con-
trast those with a spouse or live-in partner (61% of sample) versus
all other marital status groups. Two dummy-coded variables were
used to contrast the Black and the Hispanic with the White racial/
ethnic group. Socioeconomic status was represented in measures
of education (having completed a high school diploma or equiv-
alent; 79.5% of the sample) and household income (12 categories
ranging from less than $5,000 to more than $200,000; median �
$50,001 to $75,000). Median household income category values
were subjected to a natural log transformation to achieve a more
continuous distribution.

Chronic health conditions were quantified by calculating the
Charlson Comorbidity Index (Katz, Chang, Sangha, Fossel, &
Bates, 1996), a weighted measure of disease burden that takes
severity into consideration. The mean score on this index was 0.7
(SD � 1.4; 68% had a score of zero, and 8% had a score of 2 or
more; range � 0–14). BMI was calculated as (weight in kilo-
grams)/(height in meters)2 (M � 31.5, SD � 7.0).

At the diary level, daily reports were obtained for health behaviors.
On at least one of the 3 days, 13% of the sample reported smoking,
35% reported consuming alcohol, and 33% reported exercising �30
min. Daily reports of physical illness symptom severity (e.g.,
headache) were obtained on a scale of 1 (not at all) to 5 (very
much), and mean symptom severity across subjects and days was
1.54 (SD � 0.84). Self-reported sleep duration averaged 7.1 hr
(SD � 1.0; range � 4.5–10.2). Self-reported time in bed averaged
7.6 hr (SD � 1.2; range � 4.8–12.0), and time in bed awake
averaged 31.2 min (SD � 56.8; range � 0– 330). Depressed affect
was assessed with two items (sad and discouraged) taken from the
Profile of Mood States (POMS) inventory (Shacham, 1983). Col-
lapsed across days, the mean value for depressed affect was 1.42
(SD � 0.66, range � 1–5).

Data Analysis

Stationary autoregressive cross-lagged (ARCL) panel models
(Curran, 2000) were used to assess the magnitude and significance
of the effect of loneliness on subsequent daytime dysfunction, and
the effect of daytime dysfunction on subsequent loneliness, net of
a set of covariates. ARCL models are path analysis/structural
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equation models in which measurements of constructs at time t are
treated as predictors of those same constructs at time t � 1, often
for several consecutive periods of data collection. Coefficients
linking variables are interpretable as regression weights. In addi-
tion to estimating time-lagged effects, ARCL models provide
information about both the stability of individual differences over
time and the stationarity of effects linking two variables across
different periods of data collection. Because the model is complex
and sample size is small, only measures that were correlated with
both loneliness and daytime dysfunction (see Table 1) were in-
cluded as covariates. Race/ethnicity was also included as a covari-
ate because of known racial/ethnic differences in sleep (Profant,
Ancoli-Israel, & Dimsdale, 2002). To rule out sleep duration as an
explanation for daytime dysfunction, hours of sleep was treated as
a time-varying covariate in all analyses. Models were fit using
Mplus 5.2, and confidence intervals (CIs) were obtained using
5000 bootstrap resamples.

Results

Preliminary analyses of data averaged across 3 diary days re-
vealed a significant correlation between loneliness and daytime
dysfunction, r(215) � .48, p � .001. Sleep duration was not
associated with loneliness, r(215) � .02, or daytime dysfunction,
r(215) � �.08, ps � .2. These results from a population-based
sample replicate prior research based on convenience samples.
Unlike sleep duration, time in bed was positively correlated with
loneliness, r(215) � .17, p � .05. Moreover, loneliness was
positively associated with time spent in bed awake (i.e., poorer
sleep efficiency), r(215) � .20, p � .01, a finding that is consistent
with previously observed associations between loneliness and poor
sleep quality as is indicated by more microawakenings objectively
assessed via Sleep Caps (Cacioppo, Hawkley, Berntson, et al.,
2002). Average daytime dysfunction was not associated with time

spent in bed but, as with loneliness, was associated with time spent
in bed awake, r(215) � .14, p � .05.

An ARCL panel model supported a fully stationary process
(equal lagged and cross-lagged effects over time) showing that
loneliness during one day predicted greater daytime dysfunction
the next day, controlling for marital status, race/ethnicity, house-
hold income, Charlson comorbidity index, physical symptom se-
verity, hours of sleep the prior night, and dysfunction during the
previous day. Model fit was good, �2(48) � 67.05, p � .04; root
mean square error of approximation (RMSEA) � .043, 90% CI:
.012, .066; standardized root mean square residual (SRMR) �
.049. The stationary autoregressive effect of loneliness was signif-
icant (B � 0.55, 95% CI: 0.39, 0.67), as was the stationary
autoregressive effect of daytime dysfunction (B � 0.50, 95% CI:
0.41, 0.60). These coefficients indicate moderate day-to-day sta-
bility of feelings of loneliness and daytime dysfunction over a
3-day period, leaving substantial day-to-day variability in feelings
of loneliness and daytime dysfunction. Importantly, day-to-day
variability in loneliness was systematically associated with vari-
ability in daytime dysfunction. Net of autoregressive effects, the
stationary lagged effect of loneliness on dysfunction was signifi-
cant (B � 0.16, 95% CI: 0.05, 0.25), as was the stationary lagged
effect of dysfunction on loneliness (B � 0.07, 95% CI: 0.001,
0.15), indicating reciprocal influences (see Figure 1). None of the
covariates, including sleep duration, exhibited significant lagged
effects on loneliness or daytime dysfunction (all CIs included
zero). In addition, total time in bed and time spent in bed awake
were sequentially substituted for sleep duration as covariates, and
analyses showed that neither explained the significant cross-lagged
associations between lonely feelings and daytime dysfunction.

To test whether depressed affect explained the effect of loneli-
ness on daytime dysfunction, we simplified the model by exclud-
ing all covariates except sleep duration and race/ethnicity. Model
fit was good, �2(31) � 56.64, p � .003; RMSEA � .062, 90% CI:
.035, .087; SRMR � .046. Depressed affect did not exhibit a
significant stationary lagged effect on loneliness (B � 0.02, 95%
CI: �0.12, 0.14) or on daytime dysfunction (B � 0.09, 95% CI:
�0.02, 0.20). Daytime dysfunction did not exhibit a stationary
lagged effect on depressed affect (B � 0.07, 95% CI: �0.03, 0.18)
or on loneliness (B � 0.06, 95% CI: �0.01, 0.16). Notably,
loneliness exhibited a significant stationary lagged effect on day-
time dysfunction net of the lagged effects of depressed affect, sleep
duration, and the prior day’s dysfunction (B � .14, 95% CI: 0.01,
0.27; see Figure 2). In addition, loneliness exhibited a stationary
lagged effect on depressed affect (B � 0.26, 95% CI: 0.10, 0.43),
and depressed affect explained a small portion of the prospective
association between loneliness and daytime dysfunction (indirect
effect � .024, 95% CI: .001, .068).

Finally, we addressed the possibility that daily events explain
differences in daytime dysfunction. Specifically, we used the
stacked diary data and multilevel regression to model day-level
variability in daytime dysfunction and to examine the within-
subject association between prior day’s loneliness and present-day
dysfunction holding constant present-day loneliness. In the first
multilevel model, prior-day’s loneliness predicted daytime dys-
function (B � 0.34, SE � 0.06, p � .001). In the second model,
holding constant same-day loneliness (and the daily events and
experiences for which this is a proxy), prior-day’s loneliness

Table 1
Correlations With Mean Daily Feelings of Loneliness and
Daytime Dysfunction

Variable N Loneliness
Daytime

dysfunction

Age 215 �.17� �.11
Female 215 �.08 .15�

Married/partnered 215 �.18�� �.15�

High school diploma 215 �.13 �.02
Household income 215 �.26�� �.27��

Charlson comorbidity
index 215 .14� .29��

Body mass index 214 .05 .15�

Smoke cigarettes 214 .13 �.02
Drink alcohol 215 .10 �.08
Exercise at least 30

min/day 212 .08 .01
Symptom severity 214 .29�� .39��

Hours of sleep 215 .02 �.08
Time in bed 215 .17� .05
Time in bed awake 215 .20�� .14�

Depressed affect 213 .70�� .46��

� p � .05. �� p � .01.
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continued to predict daytime dysfunction (B � 0.23, SE � 0.07,
p � .001).

Discussion

The results of the present prospective study extend prior cross-
sectional research and indicate that optimal functioning (i.e., high
levels of energy, low levels of sleepiness and fatigue) is not limited
solely by sleep duration but is actively altered by the daily expe-
rience of social isolation. Given an equal number of hours spent
sleeping, a socially contented individual appears to derive greater
recovery and restoration of function than his or her lonelier coun-
terpart. Moreover, our data show that daytime dysfunction feeds
forward to further increase feelings of loneliness, thus setting in
motion a vicious cycle that potentially traps lonely individuals in
their lonely state. Finally, the population-based nature of our
sample implies that our results are generalizable, more so than
results based on the convenience samples that have characterized
much of the research on loneliness.

Depressed feelings did not exert a direct effect on daytime
dysfunction but explained in small part the influence of loneliness
on subsequent dysfunction. Depressed affect may be more potent
than loneliness in predicting other indicators of poor sleep (e.g.,
latency and efficiency), but present data indicate that the direct
effect of loneliness on daily functioning outweighs its indirect
effect through depressed affect.

Reports of daytime dysfunction must, of necessity, be obtained
retrospectively at the end of the day, and this raises the possibility
that events of the day may be sufficient to explain differences in
daytime dysfunction. Ancillary analyses, however, revealed a per-
sistent lagged effect of loneliness on daytime dysfunction even
when concurrent loneliness was held constant. These data weaken
the argument that events and experiences of the day are responsi-
ble for loneliness differences in daytime dysfunction.

In our prior research in which time in bed and sleep duration
were measured objectively, we found no bias in the reporting of
these variables as a function of loneliness (Cacioppo, Hawkley,
Berntson, et al., 2002). In this study, we used alternative measures
to self-reported sleep duration (i.e., total time in bed and time in
bed awake) to evaluate the robustness of the cross-lagged associ-
ations between loneliness and daytime dysfunction. In each case,
the reciprocal association between loneliness and daytime dys-
function remained intact. Notably, objective sleep characteristics
do not correspond well to subjective sleep complaints (American
Academy of Sleep Medicine Standards of Practice Committee,

1995), and “it is in fact this complaint that is of primary interest to
clinicians and policymakers” (Alapin et al., 2000, p. 387). Our data
indicate that for individuals experiencing day-to-day vacillations
in feelings of loneliness, sleep complaints are not ignorable be-
cause they may have measurable consequences for daily function-
ing as indexed by energy levels, fatigue, and sleepiness.

Measures of sleep quality were not assessed directly in this
study, but in a study of young adults who wore a “Sleep Cap” for
each of 7 nights, we observed that sleep quality was indeed altered
in lonely individuals as was indicated by more microawakenings
and poorer sleep efficiency (Cacioppo, Hawkley, Berntson, et al.,
2002). Consistent with these objective results, self-reports of
middle-aged adults in the present study revealed that lonely indi-
viduals exhibited poorer sleep efficiency (i.e., more time in bed
awake), a finding that also replicates prior observations of poor
self-reported sleep efficiency in lonely elderly adults (Cacioppo,
Hawkley, Crawford, et al., 2002). Sleep efficiency did not explain
the cross-lagged association between loneliness and daytime dys-
function in the present study, but microawakenings remain a
plausible mechanism for the effect of feelings of loneliness on
next-day dysfunction.

We have posited that loneliness feels unsafe, and that this places
lonely people in a heightened state of vigilance for potential threats
in the environment (Cacioppo et al., 2006; Cacioppo & Patrick,
2008). Our recent research has revealed that perceptual and atten-
tional differences between lonely and nonlonely individuals are
consistent with heightened feelings of threat and danger in lonely
individuals in relation to nonlonely individuals. In a Stroop study
in which participants had competing attentional demands (i.e.,
color vs. content of verbal stimuli), negative social words (e.g.,
rejected, alone, and disliked) created greater interference for lonely
individuals than for nonlonely individuals (Egidi, Shintel, Nus-
baum, & Cacioppo, 2008). Positive social words did not elicit
loneliness differences. These data suggest that loneliness primes
people to look for the negative in their social environment. A
subsequent functional magnetic resonance imaging (fMRI) study
(Cacioppo, Norris, Decety, Monteleone, & Nusbaum, 2009)
showed that activation of the visual cortex is greater in lonely
individuals than in nonlonely individuals when viewing negative
social (in comparison with nonsocial) stimuli—a significant effect
that was not observed for the positive social contrast minus posi-
tive nonsocial contrast. These data again suggest that loneliness

Figure 1. Autoregressive cross-lagged panel model including marital
status, household income, Charlson comorbidity index, symptom severity,
and sleep duration as covariates. Parameter estimates are unstandardized
path coefficients. Gray estimates are not significant at � � .05.

Figure 2. Autoregressive cross-lagged panel model including depressed
affect as a potential mediator with sleep duration and race/ethnicity as
covariates. Parameter estimates are unstandardized path coefficients. Gray
estimates are not significant at � � .05.
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increases attention to negative social information and potential
social threats. This pattern of findings corresponds to well-
substantiated characterizations of the lonely individual as distrust-
ful, fearful of negative evaluation, and anxious (Cacioppo et al.,
2006; Ernst & Cacioppo, 1999; Rotenberg, 1994). These percep-
tions and emotions prompt vigilance and self-defense and contrib-
ute to the experience of loneliness as threatening and unsafe.
Feelings of threat need not be conscious for them to influence
everyday life, and even the unconscious state of sleep seems to be
affected. With systems on high alert, lonely individuals appear
unable to achieve the restoration and recovery afforded individuals
who can rest secure in the knowledge, conscious or unconscious,
that they are safe and protected.

Recent research has shown that feelings of social isolation and
loneliness predict an increased rate of cognitive decline and de-
velopment of late-life dementia (Wilson et al., 2007) and is asso-
ciated with increases in blood pressure (Hawkley, Masi, Berry, &
Cacioppo, 2006). Given the active role of sleep in cognitive
processes (Fenn et al., 2003; Stickgold et al., 2001), and in chronic
diseases such as hypertension (Suka, Yoshida, & Sugimori, 2003;
Tochikubo, Ikeda, Miyajima, & Ishii, 1996), an important question
for future research is whether nonrestorative sleep contributes to
the health consequences of loneliness. In this regard, we note that
vigor, a construct that is opposite to daytime dysfunction (i.e.,
feelings of physical strength, emotional energy, and cognitive
liveliness) has recently been shown to predict changes in self-rated
health (Shirom, Toker, Berliner, Shapira, & Melamed, 2008). Data
linking daytime dysfunction and health are beginning to accrue in
large population studies. For instance, sleepiness, one component
of daytime dysfunction, has recently been shown to moderate the
association between sleep apnea and hypertension. Excessive
sleepiness is a characteristic of only one third of moderate-to-
severe sleep apnea cases. Whereas apnea patients with infrequent
sleepiness had no increase in risk for hypertension, OR � 1.22
(0.89–1.22), frequent sleepiness increased the odds of hyperten-
sion significantly, OR � 2.83 (1.33–6.04; Gottlieb, 2008). Given
the greater risk for high blood pressure in lonely individuals
(Hawkley et al., 2006), sleepiness is a plausible explanatory mech-
anism that future research will address.

Public health concerns about sleep duration are not unfounded,
of course, but sleep quality is at least as important for optimal daily
functioning. Large-scale studies have shown that in relation to
other insomnia symptoms (i.e., difficulty falling or staying asleep,
waking too early), nonrestorative sleep is associated with signifi-
cantly greater physical and intellectual fatigue, role impairments,
difficulty staying alert, irritability, and cognitive and memory
problems (Ohayon, 2005; Roth et al., 2006). To the extent that
feelings of social connection and belonging alleviate the burden of
nonrestorative sleep, developing and maintaining good-quality so-
cial relationships may serve as an effective treatment for a perva-
sive public health problem. The challenge for contemporary soci-
ety is to utilize rather than ignore (McPherson, Smith-Lovin, &
Brashears, 2006) our evolutionary design as a social species.
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