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Loneliness Predicts Self-Reported Cold Symptoms After a Viral Challenge
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Objective: Lonelinessis awell-established risk factor for poor physical health. Much less is known about
how loneliness affects patient-reported outcomes (PROs), such as somatic symptoms, which are increas-
ingly important for guiding symptom management and assessing quality of patient care. The current
study investigates whether (a) loneliness and social isolation predict cold symptoms independent of each
other, and (b) whether loneliness is a more robust risk factor than objective socia isolation for
experiencing cold symptoms. Method: As part of a larger parent study, 213 heathy participants
completed the Short Loneliness Scale (LON) and the Social Network Index (SNI) at baseline. They were
given nasal drops containing rhinovirus 39 (RV39; i.e.,, a common cold virus), then quarantined for 5
days during which they reported on subjective cold symptoms in addition to being monitored for
objective indicators of infection. Data from 160 of the participants (who were infected with the virus)
were used in the present analyses. Results: A hierarchical multiple regression revealed that baseline
loneliness predicted self-reported cold symptoms over time (assessed via area under the curve), over and
above demographic variables, season of participation, and depressive affect. Interestingly, socia network
size and diversity did not predict cold symptoms. Conclusions: These findings suggest that the
perception of loneliness is more closely linked to self-reported illness symptoms than objectively
measured social isolation. Assessing psychosocial factors such asloneliness when treating and evaluating
the common cold could contribute to health care practitioners' understanding of their patients’ experi-

ences with acute illness.
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Loneliness, an aversive psychological state experienced when a
discrepancy exists between desired and achieved quality of an indi-
vidual’s social relationships (Perlman & Peplau, 1981), enhances risk
for a wide range of hedth problems. For example, those who were
lonelier reported worse physica hedth and were more likely to
develop serious health conditions such as coronary heart disease than
their less lonely counterparts (Thurston & Kubzansky, 2009). Those

who are lonely have a 26% increase in odds of premature mortdlity,
an outcome that rivals the negative hedlth effects of obesity and
inectivity (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015).
Importantly, the link between loneliness and mortdlity remains after
accounting for a variety of health-relevant risk factors (e.g., physica
inactivity, smoking, income, age, & sex; Luo, Hawkley, Waite, &
Cacioppo, 2012; Perissinotto, Cenzer, & Covinsky, 2012).
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Although loneliness is a well-established risk factor for poor
physical health, much less is known about how loneliness affects
patient-reported outcomes (PROs), such as somatic symptoms.
PROs are increasingly important for guiding symptom manage-
ment and assessing quality of patient care as evidenced by the
increased use of PROs in daily clinical practice to identify and
monitor symptoms, evaluate treatment outcomes, and support
shared decision making (Fagundes et a., 2015; Santana et a.,
2015). Recent work suggests that loneliness may be a key risk
factor for chronic somatic symptoms, including pain and fatigue
(Jaremka et al., 2014). Somatic symptoms are higher among lone-
lier cancer survivors, dementia caregivers, and older adults com-
pared with those who are less lonely (Jaremka et al., 2014; Jar-
emka et al., 2013). The current study extends this small but
growing body of literature in an important and clinically relevant
direction by examining acute self-reported somatic symptoms after
a viral challenge. Suffering from illness symptoms can affect
quality of life, limiting an individua’s ability to fulfill normal
social roles and daily activities. For example, the common cold is
responsible for more than 20 million days of absence from work
and school (Adams, Hendershot, & Marano, 1999). The current
study will fill in the gap in the literature on loneliness and PROs
in the context of acute illness.

Like loneliness, socid isolation has also been consistently as-
sociated with poor physical health outcomes (Cohen, 2004; Cohen
& Wills, 1985). Unlike loneliness, which focuses on per ceptions of
social connectedness with others, social isolation is an objective
and quantifiable reflection of reduced socia network size and
paucity of social contact. Socialy isolated individuals are at in-
creased risk for the development of cardiovascular disease (Case,
Moss, Case, McDermott, & Eberly, 1992) and mortality (Sugisawa
et al., 1994). Greater levels of socia isolation are also associated
with increased depressive symptomology (Cohen & Wills, 1985).

Research linking social isolation to acute self-reported illness-
related outcomes is limited. Within this sparse literature, most
studies focused primarily on objective measures of infection rather
than patient-reported outcomes. One notable exception demon-
strated that those with less social network diversity (i.e., partici-
pation in different types of social relationships) experienced more
objectively measured cold symptoms than those with more social
network diversity (Cohen, Doyle, Skoner, Rabin, & Gwaltney,
1997). In contrast, a separate study reported that having a more
diversified network was not associated with the incidence of upper
respiratory illness symptoms (Hamrick, Cohen, & Rodriguez,
2002).

As described above, both loneliness and social isolation are risk
factors for a variety of health outcomes. Interestingly, although
loneliness and social isolation are similar in this way, they are
distinct and separable phenomenological experiences. Specifically,
individuals with small social networks may be socially isolated,
but are not necessarily lonely (Wenger, Davies, Shahtahmasebi, &
Scott, 1996). Likewise, lonely people can have small or large
social networks; loneliness relies on the perception of the quality
of one's socia relationships, and high quality relationships can
occur within any size social network. These phenomenological
differences suggest that loneliness and social isolation may also
have different health consequences. Accordingly, an important
next step is to begin unpacking the boundary conditions for the
global similarities between loneliness, social isolation, and health.

In other words, it would be beneficial to investigate whether (@)
loneliness and social isolation predict somatic symptoms indepen-
dent of each other, and whether (b) perceived social isolation (i.e.,
loneliness) is a more robust risk factor than objective social iso-
lation (or vice versa) for experiencing somatic symptoms. The
current study accomplishes these goals by examining loneliness,
social network size, and socia network diversity as predictors of
self-reported cold symptoms after exposure to rhinovirus 39
(RV39; a common cold virus).

The Present Study

The vira chalenge paradigm provides an excellent way to
examine links between psychosocial factors and self-reported
acute illness-related symptoms in a controlled environment. Using
this paradigm, researchers expose individuals to a virus and ex-
amine how psychological factors are associated with susceptibility
to the virus, after accounting for previous exposure to the virus
(Cohen et a., 1997; Luecken & Gallo, 2007). This paradigm also
provides a well-controlled framework to examine patient reported
outcomes such as cold symptoms post-exposure.

The aims of the current study are asfollows: 1. Examinethe link
between loneliness and self-reported cold symptoms over time. 2.
Evaluate the link between socia isolation (i.e., social network size
[24], socia network diversity [2b]) and self-reported cold symp-
toms over time. 3. Determine whether loneliness predicts self-
reported cold symptoms over and above social isolation and
whether thislink is explained by demographic variables, season of
participation, or depressive affect. Importantly, we expected the
social variables to predict self-reported cold symptoms over and
above the covariates. A research question of secondary interest
was whether individuals who were lonely were more likely to get
infected with the virus. The current study extends existing research
in a novel new direction by simultaneously examining both lone-
liness and social isolation, and by focusing on patient reported
outcomes (i.e.,, cold symptoms) in the context of acute illness
within the same investigation of these social factors. Further, by
testing whether both loneliness and socia isolation predict self-
reported cold symptoms independent of one ancther, this study
will establish whether one is a more robust risk factor for self-
reported symptoms during acute illness.

Method

Participants and Procedure

Potential participants who responded to advertisements were
screened for eligibility over the phone, and then medically exam-
ined by a study physician (see also Cohen et a., 2013; Janicki-
Deverts, Cohen, Doyle, Mardand, & Bosch, 2014). Participants
were required to be between the ages of 18 and 55, not married or
in a marriage-like relationship with another participant in the trial,
and available to stay in quarantine for 5-6 days. In addition,
participants were required to be in good health as determined by
their medical history and the physica exam, be proficient in
English, and have no evidence of immunity to the challenge virus
(i.e., viral specific antibody titers =4). Those who had a history of
psychiatric illness within one year prior to study enrollment,
chronic physical illness (e.g., diabetes, asthma, hepatitis), egg
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alergies, or nasal or specific otologic surgeries were excluded
from the study. Also excluded were individuals who had an ab-
normal urinalysis, abnormal complete blood count (CBC) or blood
enzymes, or were pregnant, lactating, seropositive for the HIV, or
were taking regular medication (especially use of steroids or
immunosuppressants). Participants could not be participating in
another study involving psychological questionnaires and/or in-
vestigational products, or have had a cold or flu-like illness within
30 days prior to the trial. This study was approved by both the
Carnegie Mellon University and University of Pittsburgh Internal
Review Boards. Participants gave oral consent prior to their phone
screening, and if eligible, completed a thorough consent process
prior to enrolling in the study.

The parent study sample consisted of 213 healthy individuals.
Because the primary goal was to understand illness symptoms, we
conducted analyses (Aims 1-3) on the portion of the sample who
met criteria for infection (75.1%) after being exposed to the
common cold (Cohen et al., 1997). An additional participant was
removed because of incomplete data, yielding a fina sample of
159 participants (59.4% male) aged 18 to 55 years (M = 30.15,
SD = 11.08) who were predominantly Caucasian (68.8%) and
African American (24.4%). After completing psychosocial mea-
sures and biological assessments (including testing for viral spe-
cific antibody titers) at baseline, participants were given nasa
drops containing rhinovirus 39 (RV39), a common cold virus
(Cohen et a., 2013). Participants were then quarantined for 5 days
and monitored for development of infection. In quarantine, partic-
ipants stayed at a hotel with meal service three times per day;
participants were not allowed to have visitors and were required to
stay on the floors of the hotel designated for the study. The only
socialization permitted were brief interactions with other study
participants in passing; participants were prohibited to enter other
participants rooms and maintained a distance of 3 feet from one
another to avoid transference of infection. Approximately 28 days
after exposure to the virus, blood was collected for serological
testing. Each participant was paid $1,060 for completion of all
study procedures.

M easur es

Demographics. During the phone screening, participants re-
ported their marital status. Age, sex, income, and education data
was obtained during a prequarantine study visit. Participants
height and weight were measured in order to calculate body mass
index (BMI = weight (kg)/[height (m)]?) between 3 days and 3
weeks prior to being exposed to the virus.

Season of participation. Similar to past studies on the com-
mon cold (e.g., Cohen et a., 1997), we included the season of the
year in which participants completed the study as a covariate.
Because the incidence of the common cold peaks during the fall,
with a smaller peak following in the spring (Gwaltney, Hendley,
Simon, & Jordan, 1966), we coded those who participated in the
fall or spring (i.e., “cold season”) as 1 and all others as 0.

Depressive affect.  Participants were asked by interviewers to
rate the extent to which a series of 14 mood adjectives (e.g.,
cheerful, angry, sad, unhappy) described how they had been feel-
ing that day, on a scale of 0 to 4, with 0 meaning “you haven't felt
that way at all today” and 4 meaning “you’ve felt that way a lot
today.” A depressive affect composite score was calculated by

taking a mean of one “sad” and one “unhappy” item, which of the
series of mood adjectives, best reflected depressive affect (Cohen,
2007-2011).

Loneliness. Participants indicated their perceived loneliness
using the Short Loneliness Scale (LON; Hughes, Waite, Hawkley,
& Cacioppo, 2004). This measure asks participants to think about
their relationship with others (i.e., friends, neighbors, or family
members) when answering three items on a 1 (never) to 4 (very
often) scale.

These itemsinclude, “In general, how often do you feel that you
lack companionship?’ “In general, how often do you feel left out?’
and “In genera, how often do you feel isolated from others?” A
total score is computed by taking the sum of the three items. This
measure has been validated for use with adults (Matthews-Ewald
& Zullig, 2013), and demonstrated adequate reliability in the
current sample (o = .79).

Social isolation. Social network size and social network di-
versity were measured using the Social Network Index (SNI;
Cohen et al., 1997) to reflect participant’s social isolation. The SNI
assesses participation in 12 types of socia relationships (e.g.,
spouse, parents, children, friends, workmates, etc.). Social network
size was computed as the sum of all individuals with whom an
individual had contact with at least once every two weeks (Bris-
sette, Cohen, & Seeman, 2000). The SNI also assesses the number
of high contact socia roles (e.g., spouse, parent, friend, etc.)
individuals engage in at least once every two weeks. Total social
network diversity was computed as the sum of all high contact
roles (Cohen et al., 1997).

Cold incidence. To determine whether participants had been
infected with RV39 (i.e., a common cold virus), evidence of viral
replication (i.e., shedding) and/or changes in virus-specific anti-
body titers were analyzed. As part of the larger parent study
procedures, participants were considered to have aclinical cold if
they displayed either recovery of the challenge virus in nasal
secretions on any of the five days postchallenge or a fourfold or
greater increase in serum level virus-specific antibody titers be-
tween the previral challenge baseline and 28 days postchallenge
(Cohen et d., 1997; Cohen, Tyrrell, & Smith, 1991).

Sdf-reported cold symptoms.  Participants self-reported daily
cold symptoms (i.e., runny nose, sneezing, sore throat, nasal con-
gestion, headache, chills, malaise) at baseline and over the course
of the five days in quarantine. Participants completed their daily
self-reports using a modified version of the Jackson scoring sys-
tem, a symptom scoring system used to differentiate adults with
viral upper respiratory infections from adults with other conditions
(Jackson, Dowling, Spiesman, & Boand, 1958). This scale has
been used in previous investigations of RV39 and similar viruses
(Cohen et a., 1997; Gwaltney, Moskalski, & Hendley, 1980).
Using a5-point scale, 0 (none) to 4 (very severe), participants rated
the severity of the 8 symptoms during the past 24 hours.

Analytic Strategy

Prior to conducting linear regression analyses, we examined
assumptions of normality, linearity, and homoscedasticity, in ad-
dition to evaluating collinearity statistics (i.e., Tolerance and VIF).
For Aim 1, we conducted a simple linear regression investigating
whether loneliness predicted self-reported cold symptoms. We
followed the same strategy for Aim 2a and 2b, but replaced
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loneliness with socia network size and social network diversity
(respectively) as the key predictor. To investigate Aim 3, a five
step hierarchical multiple regression was conducted to determine
whether loneliness predicted self-reported cold symptoms over and
above social isolation (i.e., social network size and social network
diversity) and vice versa. This analysis also examined whether the
effects held after controlling for demographic variables, season of
participation, and depressive affect. The covariates were selected
based on previous literature reporting a relationship among these
variables and loneliness, social network size and diversity, or
common cold-related outcomes (Cohen et al., 1997; Cohen, Doyle,
Turner, Alper, & Skoner, 2003a; Essex & Nam, 1987; Hawkley &
Cacioppo, 2007; Berg & Peplau, 1982; Pinquart & Sorensen,
2001). Based on previous research suggesting that varying affec-
tive states may impact symptom complaints (e.g., Cohen et a.,
1995), we adjusted for depressive affect to rule out the possibility
that depressive affect explained the association between loneliness
and self-reported symptoms.

Consistent with prior research examining the cold symptom
trajectory (Heikkinen & Jérvinen, 2003), the number of cold
symptoms reported reached the highest level at day three and then

Table 1
Study Sample Characteristics Stratified into Subsamples

decreased over time. In this type of nonlinear repeated data, the
distance from the ground (i.e., the intensity or magnitude of the
response) and its distance from its neighboring time point (i.e.,
changes over time) can be calculated.

Both pieces of this information are captured through the use of
area under the curve (AUC). We utilized this approach in order to
reduce the number of statistical comparisons between groups,
which minimized the need for multiple comparison adjustments.
Our analyses were specific to area under the curve with respect to
increase from baseline (AUCI; Fekedulegn et al., 2007). Impor-
tantly, AUCI does not assume bhaseline measurements are zero and
thus provides a more precise measurement of the true area under
the curve compared with AUC relative to the ground, which
assumes baseline measurements are zero. In this sample, baseline
self-reported cold symptoms were on average, sightly greater than
zero (M = .86, SD = 1.30), making AUCI a more precise calcu-
lation choice. AUCI was calculated by subtracting the AUC with
respect to baseline from the AUC with respect to the ground
(Fekedulegn et al., 2007), and is used to reflect self-reported cold
symptoms over time.

Number (%) or mean (SD)

Variable Overall Infected Not infected
Age 30.13 (10.85) 30.15 (11.08) 30.08 (.50)
Ethnicity
Caucasian 142 (66.7) 110 (68.8) 32(60.4)
African-American 58 (27.2) 39 (24.4) 19 (35.8)
Asian 4(1.9 4(2.5) none
Native American, Eskimo, Aleut 1(.5) 1(.6) none
Hispanic 3(1.4) 1(.6) 2(3.8)
Other 5(2.3) 5(3.1) none
Sex
Male 123 (57.7) 95 (59.4) 28 (52.8)
Female 90 (42.3) 65 (40.6) 25 (47.2)
Education
<High school 7(3.3) 6(3.6) 1(1.9)
High school graduate 44 (20.7) 32(20.0) 12 (22.6)
Completed high school & vocational/technical program 15(7.0) 11 (6.9) 4(7.5)
<2 years of college 42 (19.7) 32(20.0) 10 (19.0)
>2 years of college 51 (23.9) 38(23.8) 13(24.5)
College degree or higher (Bachelor's, Master's, PhD, MD,
or other higher degree) 54 (25.4) 41 (25.7) 13(24.5)
Marital Status
Currently married or living together 32(15) 26 (16.2) 6(11.3)
Never married 155 (72.8) 112 (70.0) 43 (81.1)
Separated 10 (4.7) 7 (4.4) 3(5.7)
Divorced 14 (6.6) 13(8.1) 1(1.9)
Widowed 2(9 2(1.3) none
Income $22,205.19 ($25,251.14) $22,091 ($25,251) $22,547.17 ($24,614.78)
Body mass index (BMI) 27.36 (6.47) 27.39 (6.46) 27.26 (6.57)
Depressive affect .32 (.59) .32 (.56) .33(.70)
Loneliness 5.39(1.92) 5.41 (2.04) 5.36 (1.52)
Social network size (total # network members) 16.48 (8.94) 15.94 (8.76) 18.09 (9.38)
Social network diversity (total # of high contact social roles) 5.15(1.88) 5.04 (1.85) 5.53 (1.96)
Self-reported cold symptoms 3.06 (2.63) 3.61(2.71) 1.38(1.41)
Season of participation (“cold season”) 70 (32.9) 54 (33.8) 16 (30.2)

Note. The mean and standard deviation for self-reported cold symptoms reflect the mean symptom level over the 5 days in quarantine. The percentage
reported for season of participation reflects the number of participants who participated in the study during “cold season” (i.e., fall or spring). Total N =
213 (missing 1 participant’s income information); Infected Subsample n = 160 (missing 1 participant’s income information); Not infected subsample n = 53.
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Results

Of the total sample (N = 213), 160 (75.1%) participants met
criteria for infection with the virus and 53 (24.9%) participants did
not. After adjusting for demographics, season of participation,
depressive affect, and socia isolation, a logistic regression re-
vealed that participants who were lonely were no more likely to get
infected with the virus than less lonely participants (OR = 0.994,
p = .941). As more and less lonely people were equally as likely
to get infected and because our goal was to understand self-
reported cold symptoms post-infection, we focused our analyses
on those who were infected.

Descriptive statistics for al study variables are presented in
Table 1 and zero-order correlations are presented in Table 2. A
simple linear regression determined that loneliness at baseline
predicted greater cold symptom severity after being exposed to the
common cold, such that lonelier individuals reported more severe
cold symptoms than less lonely people (Aim 1; Table 3). In
contrast, a second simple linear regression determined that social
network size failed to predict cold symptom severity (Aim 2g;
Table 3). Similarly, number of socia roles (i.e., socia network
diversity) also failed to predict symptom severity (Aim 2b; Table
3). A five step hierarchical multiple regression (Aim 3; Table 4)
revealed that at Step 1, the demographic covariates accounted for
9.5% of the variahility in self-reported cold symptom severity, F(6,
150) = 2.62, p = .02. At Step 2, introducing season of participa-
tion into the model explained an additional 8.6% of variability in
self-reported cold symptom severity, F(1, 149) = 15.55, p < .001.
At Step 3, introducing depressive affect into the model explained
an additional 2.5% of variation in cold symptoms, F(1, 148) =
4.66, p = .03. At Step 4, introducing objective measures of social
isolation (i.e., socia network size and diversity) explained an
additional .2% of variation in cold symptom severity, but failed to
reach significance, F(2, 146) = .20, p = .82. Findly, at Step 5,
loneliness explained an additional 2.4% of variation in cold symp-
tom severity, F(1, 145) = 4.56, p = .03 and the R squared change
was significant (p = .02). See Figure 1 depicting self-reported cold

symptom severity as a function of high, average, and low levels of
loneliness.

Ancillary Analyses

We tested our primary research questions (Aims 1-3) using
individuals who were infected to make clinically relevant conclu-
sions about loneliness in the context of acuteillness. To ensure that
acute illness was the context driving our effects, we repeated our
analyses using only participants who were not infected with the
virus. If acute illness was a critical contextual factor, the link
between loneliness and cold symptoms would not be present
among those uninfected with a cold. Indeed, loneliness, socia
network size, and social network diversity did not predict cold
symptom severity among those who were not infected (al p
values > .55). In addition, because individuals with neuroticism
(i.e., emotional instability) may overreport symptoms (e.g., Cohen,
Doyle, Turner, Alper, & Skoner, 2003b), we tested whether the
effect persisted when including neuroticism as a covariate in the
model. Loneliness remained significantly associated with self-
reported cold symptoms after controlling for neuroticism (p =
.045). Lastly, we ran an ancillary analysis to examine whether
loneliness was also associated with an objective common cold
indicator (i.e.,, mucus weight). When we replaced self-reported
symptoms with mucus weight for each model (Aims 1-3), none
were significant (all p values > .56).

Discussion

The current results indicate that loneliness is an important risk
factor for more severe self-reported cold symptoms after infection.
Compared with those who were less lonely, lonely individuals
were more likely to report experiencing higher levels of cold
symptoms over the course of five days in quarantine after being
exposed to RV39, a common cold virus. These results held after
accounting for age, sex, education, income, marital status, BMI,
season of participation, and depressive affect. Furthermore, lone-

Table 2
Zero-Order Correlations
Variable 1 2 3 4 6 7 8 9 10 11 12
1. Loneliness —
2. SNS —.16" —
3. SND —.25"" 79" —
4. Depressive affect .23 .02 —.02 —
5. Cold symptoms .20" -.07 .16" 16"
6. Age 12 -.14 —.24" —.01 —-.01 —
7. Sex .02 .05 .003 24" .04 .04 —
8. Income —.16" .03 .05 -.03 .16 —.08 —-.04 —
9. Education .10 .18" A1 —.02 .08 .09 217" —.08 —
10. Marital status 18" -.14 -.07 A7 .36 A1 —.04 .04 21 —
11. BMI —.07 —.09 —-.22 A1 .33 14 —.04 -.10 .06 -.10 —
12. Season -.07 .05 A1 -.07 -.30"" -.07 —-.11 —.06 —.001 —.06 —-.03 —

Note. SNS = Socia Network Size; SND = Social Network Diversity; Cold symptoms (self-reported) calculated by area under the curve; Sex coded as
0 = mae and 1 = female; Income coded in $5000 increments from 1 ($2500) to 13 ($162,500); Education coded as 1 = didn’t finish high school, 2 =
less than high school, completed vocational/technical program, 3 = completed high school, 4 = high school and vocational/technical program, 5 = less
than 2 years of college, 6 = more than 2 years of college, 7 = Bachelor’s degree, 8 = Master's degree, 9 = PhD, MD, or other higher degree; Marital
status coded as 1 = currently married or living together, 2 = never married, 3 = separated, 4 = divorced, 5 = widowed; BMI = Body Mass Index;
Season = Season of participation in the study, coded as 1 = fall or spring (i.e., “cold season”), 0 = winter or summer.

“p<.05 *p< 0L
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Table 3
Smple Linear Regression Results Depicting Self-Reported Cold Symptoms as a Function of Variables of Interest
Predictor variable B b S t Sig Cl d
Loneliness (Aim 1) 20 1.12 46 2.60 o1 [.28, 2.09] 41
Size of socia network (Aim 2a) -.07 —.09 a1 —.86 .39 [-.31, .12 -.13
Socia network diversity (Aim 2b) —.06 -.37 51 -.73 A7 [—1.39, .64] -1

Note. df (1, 158) for all models reported above; N = 159; Cl 95%.
*p < .05.

liness predicted self-reported cold symptoms independent of social
network size and social network diversity. Interestingly, social
network size and social network diversity did not predict self-
reported cold symptoms across our analyses, suggesting that lone-
liness may be a more important social factor linked to the expe-
rience of acute illness compared with social isolation. Specifically,
loneliness may be an important risk factor for suffering from cold
symptoms after getting infected. Interestingly, individuals who
were lonely were no more likely than less lonely individuals to get
infected with the common cold, but upon infection, their self-
reported cold symptoms were more severe. These findings are in
line with a wide range of research suggesting that loneliness is
predictive of health-related outcomes (Adam, Hawkley, Kudielka,
& Cacioppo, 2006; Hawkley, Masi, Berry, & Cacioppo, 2006;
Hawkley, Thisted, & Cacioppo, 2009).

Put simply, lonelier people feel worse when they are sick than
less lonely people. Based on the current study findings, it is critical
for clinicians and researchers to consider the perceived quality of
peoples socia relationships (i.e., the experience of loneliness),
which may be an even more powerful predictor of acute illness-
related symptoms than the quantity of relationships and social
roles. More broadly, our findings contribute to a growing literature
on socia factors and susceptibility to acute illness and disease
(Cohen et al., 2003b) by expanding previous research on social
networks and susceptibility to illness to the somatic experience of
acute illness.

Previous research has demonstrated that people with less social
network diversity (i.e., participation in different types of social
relationships) experienced more self-reported cold symptoms than
those with more social network diversity (e.g., Cohen et a., 1997).
In contrast, others reported that having a more diversified network
was not associated with upper respiratory illness symptoms (Ham-
rick, Cohen, & Rodriguez, 2002). The current results shed light on
these inconsistent findings and suggest that social isolation may
not be reliably related to self-reported cold symptoms. More re-
search is needed to conclusively establish the role of social isola-
tion across different illnesses, with different samples, and within
different contexts. For example, studiesinvestigating illness symp-
toms produced naturally without a viral challenge (e.g., Hamrick,
Cohen, & Rodriguez, 2002) may differ in their results compared
with those among individuals inoculated with an acute illnessin a
more controlled environment, as was the case in the current study.
Likewise, inoculation of RV39 may facilitate a different illness
experience than other strains (e.g., Hanks Strain; Cohen et d.,
1997).

The viral challenge employed in the current study provides a
well-controlled framework to rule out potential confounds. In the
current study, we ruled out the possibility that the association
between loneliness and self-reported cold symptoms was attribut-
able to social isolation. Indeed, the current findings support the
notion that loneliness is a potential risk factor for self-reported
symptoms surrounding acute illness. Assessing psychosocial fac-

Table 4
Hierarchical Multiple Regression Results Depicting Self-Reported Cold Symptoms as a Function of Variables of Interest at Each Step
of Analysis
Variable B SE t Sig cl R? AR?
Step 1 .095 .095"
Sex 20 1.95 252 01" [1.05, 8.74]
Age -.11 .10 -1.121 23 [—31, .08]
Income .02 <.001 .26 .80 [.000, .000]
Education —.013 .56 -.16 .88 [-1.20, 1.03]
Marital status 18 1.26 2.18 03" [.24, 5.23]
BMI 13 .16 1.47 14 [—.08, .55]
Step 2 18 .09"*
Season of participation —.30 1.90 —3.94 <.001* [—11.26, —3.74]
Step 3 21 03"
Depressive affect 17 1.66 2.16 .03* [.30, 6.84]
Step 4 21 .002
Social network size -.07 A7 —.60 55 [—.43, .23]
Socia network diversity .04 .78 34 .73 [—1.28, 1.82]
Step 5 .23 .02¢
Loneliness 48 .50 214 .03" [.08, 1.97]
Note. N = 159; Cl 95%.

“p<.05 *p< .00L
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Figure 1. Self-reported cold symptoms as a function of high, mean, and low levels of loneliness.

tors such as loneliness when treating and evaluating the common
cold could contribute to health care practitioners' understanding of
their patients experiences with acute illness. Further, helping lonely
individuals establish satisfying interpersonal ties could reduce the
severity of their cold symptoms when infected.

The way a patient feels when infected can have a profound
impact on their daily life, regardless of objective indicators of
illness. For example, “not feeling well” is more likely the culprit
for the more than 20 million days of absence from work and school
per year the common cold is responsible for (Adams, Hendershot,
& Marano, 1999), rather than objective indicators (e.g., an indi-
vidual’s production of mucus). Thus, these findings also have
important economic implications; the economic cost of lost pro-
ductivity attributable to the common cold approaches 25 billion
(Bramley, Lerner, & Sarnes, 2002).

Interventions and treatments that may reduce feelings of lone-
liness may also reduce an individual’s risk of experiencing acute
illness symptoms. Fewer illness symptoms may trandate into
fewer visits to see a physician and fewer absences from the
workplace, reducing both health care costs and overall economic
burden. These results support the utility of interventions designed
to improve maladaptive social cognitions that enhance feelings of
loneliness, social skills, and opportunities for high quality social
interaction rather than interventions that simply increase social
network size (Masi, Chen, Hawkley, & Cacioppo, 2011).

The current investigation has limitations. Loneliness was only
assessed at baseline; future studies should investigate whether
fluctuations in loneliness over time also predict self-reported cold
symptoms throughout the cold trajectory. In addition, other unex-
amined variables could account for the relationship between lone-
liness and the severity of cold symptoms. For example, lonely
individuals report poorer sleep than nonlonely individuals (Ca-
cioppo et al., 2002), and this may in turn affect their response to a
viral challenge and the subsequent experience of symptoms. In
addition, we did not directly test specific mechanisms that may
explain the relationship between loneliness and self-reported cold
symptoms, limiting our conclusions about how loneliness is driv-
ing these differences in symptoms. Future research should inves-
tigate potential mechanisms that may explain these effects. In
addition, future research should include stronger measures in
which multiple symptom domains of depression are evaluated.

Lastly, participants in the current sample were largely middle-
aged, and were considered healthy at the time of the experiment.
Future investigations of loneliness and acute illness symptoms
should target the aging; loneliness is associated with a broad range
of negative health outcomes among older adults (Holmén & Fu-
rukawa, 2002; Luo et al., 2012; Shankar, McMunn, Banks, &
Steptoe, 2011). Studying how loneliness influences acute illness
symptoms is important among the elderly as they are more likely
to have compromised immune systems (Miller, 1996) and may
have a higher susceptibility to experiencing loneliness than the age
group of the current sample (Qualter et a., 2015).

This study suggests that loneliness is an important factor in
predicting self-reported cold symptoms associated with acute ill-
ness above and beyond a host of demographic factors and depres-
sive affect. Interestingly, social network size and social network
diversity failed to predict cold symptoms altogether, whereas lone-
liness predicted symptoms independent of social network size and
diversity, suggesting that loneliness may be a more important
social factor linked to the experience of acute illness. Conse-
quently, the present study suggests that loneliness enhances risk
for increased severity of cold symptoms. These data also provide
insight into the pathways through which loneliness may impact
physical well-being.
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