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Abstract: There is a strong relationship between loneliness and depression, but depression is a
heterogeneous disorder. We examined the profile of depressive symptoms most strongly related to
loneliness. Study participants were 2007 community-dwelling individuals (median age 31 years,
70.4% women) who completed an online survey on loneliness (single-item question: “never”, “some-
times”, “often”), depressive symptoms (Patient Health Questionnaire-9) and demographics. The
relationship between loneliness and depressive symptoms was evaluated with linear regression and
network analyses. The prevalence of loneliness (sometimes or often) and of moderate depression
was 47.1% and 24.0%, respectively. Loneliness explained 26% of the variance in the total depressive
symptom score (p < 0.001), independent of covariates. This result was almost exclusively explained
by the relationship with a single depression symptom (“feeling down, depressed, or hopeless”),
irrespective of whether loneliness was treated as a nominal or continuous variable. The findings
of our study suggest that the role of loneliness in depression should not only be investigated at
the syndrome level, but also at the symptom level. Studies are warranted to test whether targeted
treatment of depressive affect is particularly effective against loneliness.

Keywords: depression; depressive symptoms; loneliness; mental health; network analysis

1. Introduction

Loneliness is a subjective negative emotional state, resulting from a perceived deficit in
the quantity or quality of a person’s network of social relationships [1], which has become
a rampant public health concern. For example, the United Kingdom’s government has re-
cently appointed a Minister of Loneliness to combat this “real and diagnosable scourge” [2].
Population-based studies in the Western hemisphere yield a prevalence between 10% and
50% of moderate-to-high loneliness [3–5]. An umbrella review of observational studies
showed an association between loneliness and age (in a U-shaped way), female sex, low
socioeconomic status and chronic medical conditions [6]. Recent research has confirmed
the U-shaped or curvilinear association of loneliness with age, in that younger and much
older individuals experience the most loneliness [7].

Loneliness is associated with numerous adverse health outcomes [8] with ample evi-
dence of premature mortality, cardiovascular disease risk and depression. A meta-analysis
showed an association of loneliness with an increased mortality risk of 26%, statistically
controlling for several possible confounds, including pre-existent health conditions [9]. In
5397 men and women participating in the English Longitudinal Study of Ageing, loneliness
was a predictor of incident coronary heart disease and stroke after a follow-up of 5 years,
increasing the risk by 27%, independently of traditional cardiovascular risk factors [10].
Likewise, in 3003 women who participated in the First National Health and Nutrition Sur-
vey, loneliness was associated with a 76% increased risk of incident coronary heart disease
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after a follow-up of 19 years, controlling for a range of sociodemographics, cardiometabolic
factors, health behaviors and depressive symptoms [11]. There is a strong relation between
loneliness and depression, both cross-sectionally and longitudinally [6,12], even when
controlling for demographic characteristics, marital status, psychosocial risk factors and
social isolation [13], which needs to be distinguished from loneliness [9].

Despite a considerable overlap, loneliness and depressive symptoms are seen as dis-
tinct concepts [8,12]. However, depression is a heterogenous disorder with different clinical
presentations, rendering the assumption that the diagnosis can be made merely on the
number of depressive symptoms present an undue simplification [14]. Accordingly, there is
an increasing number of research arguing that psychopathology needs to be investigated on
an individual symptom level [15]. To our knowledge, the profile of depressive symptoms
most strongly related to loneliness has not been investigated systematically. This informa-
tion could have important clinical implications. For instance, depressive symptoms might
contribute to seeking less social support and maladaptive social cognitions, which are
starting points for effective interventions against loneliness [8]. In turn, although loneliness
often precedes depression [6,8], depressive symptoms could also become a driving source
of feeling lonely [16].

The aim of this study was to investigate the association of loneliness with (a) the
depressive syndrome as a whole and (b) individual depressive symptoms in a sample of
community-dwelling individuals from Switzerland. Thus, we aimed to investigate whether
the known association of loneliness and depression mainly manifests on a syndrome level
(with all symptoms contributing equally to this relationship) or on a symptom level, with a
stronger relationship to some symptoms of depression than others. To investigate the latter,
we applied network analysis as a novel approach to this field of research, which allows
an estimate of all pairwise associations between the included variables with simultaneous
adjustment for the effect of the other variables on a given association [17].

2. Materials and Methods

The data for this study were collected through an anonymous, nationwide online
survey conducted in German, French, and Italian language from 9–14 May 2020, as part of
a larger study investigating the mental health of healthcare workers and working controls
not working in the healthcare sector during the SARS-CoV-2 pandemic in Switzerland.
There was no requirement for ethical approval because the study did not fall within the
scope of the Human Research Act (decision of the ethics committee of the canton Zurich;
BASEC-Nr. Req-2020-00471). To be included in the larger study, participants had to be older
than 18 years and younger than 70 years, which is the age of the latest official retirement
in Switzerland. We recruited participants via mailing lists, institutional websites and
personal contacts of the study team members. A total of 2077 participants did take part
in the larger study. Due to the handling of the data for the network analysis, 3 (0.1%)
participants who indicated their gender as “other” were excluded from the analysis. In
addition, 67 participants (3.2%) with incomplete data on the variables of interest outlined
below were excluded, resulting in a final sample size of 2007 individuals.

We assessed demographic factors (age, gender, living with children, language, pro-
fession), average number of sleep hours in the previous 7 days, loneliness and depressive
symptoms. Demographic factors were collected using single-item questions using a binary
option (yes/no), a list with multiple options (e.g., gender) or a continuous scale (e.g., hours
of sleep). Loneliness was assessed with a direct single-item question asking, “How often
did you feel lonely during the past 7 days” with response options “never”, “sometimes” or
“often” [10]. Depressive symptoms in the last 7 days were assessed with the Patient Health
Questionnaire-9 (PHQ-9; [18]). Each of the 9 symptoms is rated on a 4-point Likert scale
ranging from 0 = “not at all” to 3 = “nearly every day”, yielding a sum score for depressive
symptom severity between 0 and 27. Sum scores of 10 or higher indicate moderate (i.e.,
clinically relevant) depressive symptoms and have a sensitivity of 88% and a specificity of
88% for major depression [18].
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To assess the relationship between loneliness and depression on a syndrome level, we
calculated multivariable regression. In a first analysis, the PHQ-9 sum score was set as the
dependent variable, and loneliness, age, gender, living with children and sleep hours per
night as independent variables. We selected these potentially confounding variables as
covariates based on the literature showing that the prevalence of depression is higher in
women than men and decreases with age [19]. Moreover, shorter sleep duration has been
associated with an increased risk of depression in community-dwelling middle-aged and
elderly individuals [20]. Parents in a national sample reported higher levels of depression
than nonparents when sociodemographic variables were held constant [21].

For the network analysis, we included age, gender, living with children (yes/no), the
average hours of night sleep in the previous 7 days, loneliness (two dummy variables)
and the nine symptoms of the PHQ-9. Prior to the network analysis itself, we assessed
the overlap of the symptoms planned to be included into the network analysis using the
standard settings of the goldbricker function of the networktools package (treating all
variables as continuous). No exclusion of symptoms was suggested. Next, we estimated
the network using a regularization technique based on LASSO (the least absolute shrinkage
and selection operator) that sets very small edges to zero. This reduces the false positive
rate of the analysis [22]. The network analysis and the stability and realizability analyses
were carried out using the package bootnet [23]. In the resulting network, variables are
represented by nodes, and edges between these variables represent statistical relationships
adjusted for the effect of all other variables included in the network (in case of edges
between two continuous variables, these relationships correspond to a partial correlation).
The visualization of the network was conducted using the package qgraph.

Given that loneliness was assessed with a single-item question that does formally
yield a score, we included loneliness as a nominal variable and therefore coded it with two
dummy variables in all analyses. However, in a sensitivity analysis, we also performed the
above outlined network analysis in which loneliness was treated as a continuous variable.
All analyses were performed in the R-statistical environment using R version 3.6.1.

3. Results

Table 1 shows the characteristics of the 2007 study participants that provided full
information about the variables of interest.

Table 1. Characteristics of the 2007 study participants.

Variable Overall Females (n = 1413) Males (n = 594) p-Value

Age, years (median IQR) 31 (24–41) 31 (24–42) 30 (25–38) 0.202 §

Female gender, n (%) 1413 (70.4)
Spoken language <0.001
German, n (%) 901 (44.9) 667 (47.2) 234 (39.4)
French, n (%) 955 (47.6) 657 (46.5) 298 (50.2)
Italian, n (%) 151 (7.5) 89 (6.3) 62 (10.4)
Living with Children, n (%) 559 (25.3) 398 (28.2) 161 (27.2) 0.628
Average number of sleep hours in
the previous 7 days (median, IQR) 7 (6–8) 7 (6–8) 7 (6–8) 0.853 §

Patient Health Questionnaire-9,
total score (median, IQR) 5 (2–9) 6 (3–10) 5 (2–8) <0.001 §

Loneliness 0.280
Never, n (%) 1062 (52.9) 734 (51.9) 328 (55.2)
Sometimes, n (%) 706 (35.2) 502 (35.5) 204 (34.3)
Often, n (%) 239 (11.9) 177 (12.5) 62 (10.4)

IQR, inter-quartile range. Between-group comparisons using chi-square for categorical variables and Mann–
Whitney U test (§) for continuous variables.

With a median of 31 years (range 18–69 years), the sample was rather young, with
twice as many women than men, and with one fourth of participants living together with
children. The sizes of the language regions were fairly well represented. Whereas the
median PHQ-9 sum score indicated mild depression on average, 482 (24.0%) participants
scored 10 or higher, indicating moderate depression. About one in three participants
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(35.2%) felt sometimes lonely and one in eight (11.9%) felt often lonely. Regarding gender
differences, women had a higher PHQ-9 total score and fewer women than men were
German speaking in our sample.

Table 2 presents the correlation matrix between the assessed variables.

Table 2. Zero order correlation matrix.

Variable 1 2 3 4 5 6 7

1. Gender (f) -
2. Age 0.03 -
3. Children 0.01 0.32 ** -
4. Sleep (h) 0.00 −0.23 ** −0.05 * -
5. PHQ9 0.10 ** −0.07 ** 0.00 −0.20 ** -
6. L_some a 0.03 −0.07 ** −0.06 ** −0.09 ** 0.38 ** -
7. L_often b 0.01 −0.13 ** −0.06 ** −0.06 ** 0.21 ** −0.27 ** -

PHQ9-Patient Health Questionnaire-9. Spearman coefficients are shown. f, female; h, hours; L, loneliness;
a L_some = dummy variable encoding loneliness “sometimes” as 1, “never” or “often” as 0; b L_often = dummy
variable encoding loneliness “often” as 1, “never” or “sometimes” as 0. * p-value < 0.050, ** p-value < 0.010.

Table 3 shows the results of the multivariable regression.

Table 3. Associations with overall Patient Health Questionnaire-9 score.

Effect Estimate SE 95% CI p

LL UL

Intercept 4.02 0.392 3.25 4.79 <0.001
Gender (f) 0.81 0.216 0.38 1.23 <0.001

Age −0.01 0.009 −0.02 0.01 0.546
Children 0.47 0.229 0.02 0.92 0.039
Sleep (h) −0.03 0.017 −0.06 0.00 0.093
L_some a 3.09 0.217 2.67 3.52 <0.001
L_often b 8.31 0.318 7.69 8.93 <0.001

Values are unstandardized beta coefficients with standard error (SE) and 95% confidence interval (CI); f, female;
h, hours; L, loneliness; a L_some = dummy variable encoding loneliness “sometimes” as 1, “never” or “often”
as 0; b L_often = dummy variable encoding loneliness “often ” as 1, “never” or “sometimes” as 0; F-statistic:
129.1 on 6 and 2000 degrees of freedom, p-value: < 0.001; adjusted R2 overall = 0.277; adjusted R2 change due to
loneliness = 0.265.

Compared to participants who felt never lonely, those who felt often lonely had a more
than 8-point higher PHQ-9 sum score (p < 0.001); those who felt sometimes lonely had a
more than 3-point higher PHQ-9 sum score (p < 0.001), adjusting for the other covariates in
the model. Female gender and living with children were also significantly associated with
more severe depressive symptoms, whereas age and sleep hours were not. The results were
similar in the sensitivity analysis when loneliness was treated as a continuous variable
(Supplementary Table S1). The result of the network analysis is shown in Figure 1 (and in
Figure S1 using the Fruchterman–Reingold algorithm for node placement).

There was a strong relationship between loneliness and item 2 of the PHQ-9, which is
“feeling down, depressed or hopeless”. Except for a weak relationship with item 1 (“little
interest or pleasure in doing things”) and 7 (“trouble concentrating on things”) of the
PHQ-9, there emerged no significant and independent relationship between loneliness
and any other depressive symptom. The result of the network analysis treating loneliness
as a continuous variable was similar with additional weak relationships of loneliness
with items 3 (“trouble falling or staying asleep, or sleeping too much”) and 6 (“feeling
bad about yourself”; Supplementary Figure S2). Further supplementary figures show the
Bootstrap 95% confidence intervals of the edge weights of the network (Figure S3) and for
the edge weights difference test between non-zero estimated edge-weights in the network
(Figure S4) shown in Figure 1. The result of a relationship between loneliness and item 2
of the PHQ-9 was confirmed in a multivariable regression, controlling for the other eight
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PHQ-items (Table S2). Moreover, a regression analysis with age as a linear and a quadratic
term suggested a U-shaped association of age with loneliness (Table S3).

Figure 1. Relationships between PHQ-9 items, demographics and loneliness. Green: demograph-
ics; orange: loneliness; blue: PHQ; the edge between L_sometimes and L_often was excluded.
L_sometimes = dummy variable encoding loneliness “sometimes” as 1, “never” or “often” as
0; L_often = dummy variable encoding loneliness “often” as 1, “never” or “sometimes” as 0;
children = living with children in the same household; sleep = average hours of sleep per night
in the previous 7 days; Patient Health Questionnaire (PHQ)-1 = little interest or pleasure in doing
things; PHQ-2 = feeling down, depressed, or hopeless; PHQ-3 = trouble falling or staying asleep,
or sleeping too much; PHQ-4 = feeling tired or having little energy; PHQ-5 = poor appetite or
overeating; PHQ-6 = feeling bad about yourself—or that you are a failure or have let yourself or your
family down; PHQ-7 = trouble concentrating on things, such as reading the newspaper or watching
television; PHQ-8 = moving or speaking so slowly that other people could have noticed. Or the
opposite—being so fidgety or restless that you have been moving around a lot more than usual;
PHQ-9 = thoughts that you would be better off dead, or of hurting yourself.

4. Discussion

Our aim was to investigate the relationship between loneliness depression on a syn-
dromal and an individual symptom level, applying the widely used PHQ-9 to allow a
major depression diagnosis at a cut-off score of 10 with a sensitivity and specificity of 88%
each [18]. In our sample of over 2000 people living in the community, 24% met this cut-off,
indicating moderate depression, and 47% of participants felt lonely, consistent with other
population surveys [3–5]. This prevalence suggested sufficient variation in the severity of
loneliness and depression to allow a reliable analysis of their relationships.
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We found that loneliness explained 26% of the variance in the total depressive symp-
tom score that was based on all nine items of the PHQ-9, adjusting for age, gender, living
with children and sleep hours per night. It made no difference whether we treated lone-
liness as a dummy or continuous variable. Expressed differently, participants who often
felt lonely had an 8-point higher PHQ-9 total score compared with the nonlonely. This
difference clearly exceeds the minimal clinical important difference of 5 points on the
PHQ-9 [24]. To compare, although gender was also significantly associated with total
depressive symptoms, as expected, women scored barely one point higher on the PHQ-9
total score than men. Likewise, only half a score point was significantly explained by
whether a person lived with children or not. The latter observation could be understood
in the context of the SARS-CoV-2 pandemic, as it is consistent with the results of a large
study from England [25]. In that study, living with children was a risk factor for increased
depressive symptoms, also measured with the PHQ-9, at the onset of forced isolation
due to COVID-19 [25]. These authors argued that subsequent improvement in depressive
symptoms may have been dependent on the level of information, suggesting that children
were less affected by COVID-19. At the time we collected the data for the present study,
there was still considerable controversy in the media in Switzerland regarding this issue.
Another explanation could be the temporary closure of schools, which increased parental
level of distress due to the forced care and schooling of children in the home environment.
The relationship between less hours of sleep and greater severity of depressive symptoms
was in the expected direction [20], but it did not reach statistical significance. On the whole,
our finding of a robust and clinically highly relevant association between loneliness and
depression, independent of covariates, is largely consistent with the literature [6,8,12].

Performing a network analysis, we found, as a novelty, that the association between
loneliness and depression could be explained almost exclusively by the relationship with
one single PHQ-9 item, reflecting depressive affect. This observation was robust, irre-
spective of whether loneliness was analyzed as a dummy or continuous measure, and
independent of the relationship of loneliness with both demographic factors and the re-
maining PHQ-9 items. In agreement with a previous study [26], sleep duration was not
associated with loneliness. Moreover, the result of a relationship between loneliness and
item 2 of the PHQ-9 (“feeling down, depressed, or hopeless”) was also confirmed in a
supplementary regression analysis. This observation suggests that the role of loneliness in
depression should not only be investigated at the syndrome level but also at the symptom
level. Moreover, studies on interactions between loneliness and depression should be
careful to assume that depression is a latent factor, otherwise the association of loneliness
with all nine depressive items should have turned out to be equally strong in our study.
This was clearly not the case, in line with the growing recognition of depression as a
heterogeneous disorder [14].

There may be several explanations for the prominent relationship of loneliness with
the PHQ-9 item “feeling down, depressed or hopeless”, a core symptom of the depressive
syndrome. Loneliness has been claimed to make people “sad” [13]. Although experi-
encing a similar number of uplifts throughout the day like nonlonely individuals, lonely
people seem to experience less pleasure from these uplifts [27]. Finally, loneliness is a
fundamental biological stressor, which might activate pro-inflammatory mechanisms [28],
thereby inducing chronic sickness behavior of which depressive mood is a characteristic
feature. Intervention studies could specifically target depressive mood in lonely peo-
ple, for instance through modification of maladaptive social cognitions, with or without
pharmacotherapy [8].

The large sample size, network analysis and use of established psychometric tools
were strengths of our study, which also has notable limitations. The cross-sectional design
does not allow conclusions to be drawn about the direction and causality of the relation-
ship between loneliness and depressive symptoms. Data were not from a representative
population sample and collected during a pandemic. The usual PHQ-9 format asks for the
presence of symptoms over 14 days, the interval required to make a diagnosis of a depres-
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sive episode. We asked for symptoms in the previous seven days, so transient depressive
reactions should be considered when interpreting our findings. Moreover, it has not been
formally investigated whether the cut-offs and other psychometric properties of the original
scale apply to our adapted version. As in previous population-based studies [10,11], we
assessed loneliness with a one-item question, but multi-item questionnaires might be more
reliable for measuring loneliness. Multi-item scales, such as the three-item Revised UCLA
Loneliness Scale, which asks about the frequency of lack of companionship, feelings of
being left out and of being isolated from others [29], would have provided more specific
information about reasons for loneliness. For instance, as we collected our data during
the SARS-CoV-2 pandemic, it may be that participants felt particularly lonely because of
the lack of physical interaction with friends and family members. Our results must be
interpreted with caution in relation to persons with major depression and older persons
over 70 years of age. We controlled for living with children, which may, in the youngest
study participants, refer to siblings rather than their children. Since the survey was to
take only a few minutes, we lacked data on medical comorbidities and social isolation,
covariates that are common in the loneliness literature.

5. Conclusions

In this community sample, the relationship between loneliness and depression was
largely driven by depressive affect. To identify effective therapeutic interventions, lon-
gitudinal studies in clinical samples are warranted to better understand the temporal
relationship and generalizability of this observation.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/5/2408/s1, Figure S1: Visualization of Figure 1 using the Fruchterman–Reingold algorithm;
Figure S2: Relationships between Patient Health Questionnaire-9 items, demographics and loneliness
treated as a continuous variable; Figure S3: Bootstrap 95% confidence intervals of the edge weights of
the network shown in Figure 1; Figure S4: Bootstrap edge weights difference test between non-zero
estimated edge-weights in the network shown in Figure 1; Table S1: Predicting overall Patient Health
Questionnaire-9 score with loneliness treated as a continuous variable. Table S2: Association of
PHQ-2 (Feeling down, depressed, or hopeless) with loneliness; Table S3: Association of age and age2

with loneliness.

Author Contributions: Study design, R.v.K.; S.W. and T.R.S.; data acquisition, S.W. and T.R.S.; data
analysis, T.R.S.; data interpretation, R.v.K., S.W. and T.R.S.; writing of first draft, R.v.K. and T.R.S.;
revising draft, S.W.; approval of final draft for submission, R.v.K., S.W. and T.R.S. All authors have
read and agreed to the published version of the manuscript.

Funding: T.R.S. was financially supported by a “Forschungskredit” of the University of Zurich,
Switzerland (grant no. FK-19-048).

Institutional Review Board Statement: There was no requirement for ethical approval because the
study did not fall within the scope of the Human Research Act for Switzerland (decision of the ethics
committee of the canton Zurich; BASEC-Nr. Req-2020-00471).

Informed Consent Statement: Although no authorization from the ethics committee was required,
informed consent to participate in this study was given by the participants at the beginning of
the survey.

Data Availability Statement: The anonymized data that support the findings of this study are
available from the corresponding author on reasonable request.

Acknowledgments: We thank (in alphabetical order) Oriane Aebischer, Jutta Ernst, David Gachoud,
Samuel Gehrke, Marie Méan, Naser Morina, Francesca Paolercio, Heidi Petry, Monique Pfaltz and
Onur Sazpinar for the planning and/or conducting the online survey, from which we used the data
for the present study. Furthermore, we would like to express our gratitude to all professional societies
and hospitals who supported us and kindly distributed our survey among healthcare workers.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/1660-4601/18/5/2408/s1
https://www.mdpi.com/1660-4601/18/5/2408/s1


Int. J. Environ. Res. Public Health 2021, 18, 2408 8 of 9

References
1. Perlman, D.; Peplau, L.A. Loneliness research: A survey of empirical findings. In Preventing the Harmful Consequences of Severe and

Persistent Loneliness; Peplau, L.A., Goldston, S.E., Eds.; DDHS Publication No. (ADM) 84-1312; U.S. Government Printing Office:
Washington, DC, USA, 1984; pp. 13–46.

2. Pimlott, N. The ministry of loneliness. Can. Fam. Physician 2018, 64, 166.
3. Lee, E.E.; Depp, C.; Palmer, B.W.; Glorioso, D.; Daly, R.; Liu, J.; Tu, X.M.; Kim, H.C.; Tarr, P.; Yamada, Y.; et al. High prevalence

and adverse health effects of loneliness in community-dwelling adults across the lifespan: Role of wisdom as a protective factor.
Int. Psychogeriatr. 2019, 31, 1447–1462. [CrossRef] [PubMed]

4. Beutel, M.E.; Klein, E.M.; Brähler, E.; Reiner, I.; Jünger, C.; Michal, M.; Wiltink, J.; Wild, P.S.; Münzel, T.; Lackner, K.J.; et al.
Loneliness in the general population: Prevalence, determinants and relations to mental health. BMC Psychiatry 2017, 17, 97.
[CrossRef] [PubMed]

5. Musich, S.; Wang, S.S.; Hawkins, K.; Yeh, C.S. The Impact of Loneliness on Quality of Life and Patient Satisfaction Among Older,
Sicker Adults. Gerontol. Geriatr. Med. 2015, 1, 2333721415582119. [CrossRef]

6. Solmi, M.; Veronese, N.; Galvano, D.; Favaro, A.; Ostinelli, E.G.; Noventa, V.; Favaretto, E.; Tudor, F.; Finessi, M.; Shin, J.I.; et al.
Factors Associated With Loneliness: An Umbrella Review of Observational Studies. J. Affect. Disord. 2020, 271, 131–138. [CrossRef]

7. MacDonald, K.J.; Willemsen, G.; Boomsma, D.I.; Schermer, J.A. Predicting Loneliness from Where and Whate People Do. Soc. Sci.
2020, 9, 51. [CrossRef]

8. Cacioppo, S.; Grippo, A.J.; London, S.; Goossens, L.; Cacioppo, J.T. Loneliness: Clinical import and interventions. Perspect. Psychol.
Sci. 2015, 10, 238–249. [CrossRef]

9. Holt-Lunstad, J.; Smith, T.B.; Baker, M.; Harris, T.; Stephenson, D. Loneliness and social isolation as risk factors for mortality:
A meta-analytic review. Perspect. Psychol. Sci. 2015, 10, 227–237. [CrossRef]

10. Valtorta, N.K.; Kanaan, M.; Gilbody, S.; Hanratty, B. Loneliness, social isolation and risk of cardiovascular disease in the English
Longitudinal Study of Ageing. Eur. J. Prev. Cardiol. 2018, 25, 1387–1396. [CrossRef]

11. Thurston, R.C.; Kubzansky, L.D. Women, loneliness, and incident coronary heart disease. Psychosom. Med. 2009, 71, 836–842.
[CrossRef]

12. Courtin, E.; Knapp, M. Social isolation, loneliness and health in old age: A scoping review. Health Soc. Care Community 2017, 25,
799–812. [CrossRef] [PubMed]

13. Cacioppo, J.T.; Hawkley, L.C.; Thisted, R.A. Perceived social isolation makes me sad: 5-year cross-lagged analyses of loneliness
and depressive symptomatology in the Chicago Health, Aging, and Social Relations Study. Psychol. Aging 2010, 25, 453–463.
[CrossRef]

14. Goldberg, D. The heterogeneity of “major depression”. World Psychiatry 2011, 10, 226–228. [CrossRef]
15. Fried, E.I.; Nesse, R.M. Depression sum-scores don’t add up: Why analyzing specific depression symptoms is essential. BMC

Med. 2015, 13, 72. [CrossRef]
16. Barg, F.K.; Huss-Ashmore, R.; Wittink, M.N.; Murray, G.F.; Bogner, H.R.; Gallo, J.J. A mixed-methods approach to understanding

loneliness and depression in older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 2006, 61, S329–S339. [CrossRef] [PubMed]
17. Robinaugh, D.J.; Hoekstra, R.H.A.; Toner, E.R.; Borsboom, D. The network approach to psychopathology: A review of the

literature 2008-2018 and an agenda for future research. Psychol. Med. 2020, 50, 353–366. [CrossRef]
18. Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16,

606–613. [CrossRef] [PubMed]
19. Patten, S.B.; Williams, J.V.; Lavorato, D.H.; Wang, J.L.; Bulloch, A.G.; Sajobi, T. The association between major depression

prevalence and sex becomes weaker with age. Soc. Psychiatry Psychiatr. Epidemiol. 2016, 51, 203–210. [CrossRef]
20. Sun, Y.; Shi, L.; Bao, Y.; Sun, Y.; Shi, J.; Lu, L. The bidirectional relationship between sleep duration and depression in community-

dwelling middle-aged and elderly individuals: Evidence from a longitudinal study. Sleep Med. 2018, 52, 221–229. [CrossRef]
21. Evenson, R.J.; Simon, R.W. Clarifying the relationship between parenthood and depression. J. Health Soc. Behav. 2005, 46, 341–358.

[CrossRef]
22. Epskamp, S.; Borsboom, D.; Fried, E.I. Estimating psychological networks and their accuracy: A tutorial paper. Behav. Res.

Methods 2018, 50, 195–212. [CrossRef] [PubMed]
23. Epskamp, S.; Fried, E.I. A tutorial on regularized partial correlation networks. Psychol. Methods 2018, 23, 617–634. [CrossRef]

[PubMed]
24. Löwe, B.; Unützer, J.; Callahan, C.M.; Perkins, A.J.; Kroenke, K. Monitoring depression treatment outcomes with the patient

health questionnaire-9. Med. Care 2004, 42, 1194–1201. [CrossRef]
25. Fancourt, D.; Steptoe, A.; Bu, F. Trajectories of anxiety and depressive symptoms during enforced isolation due to COVID-19 in

England: A longitudinal observational study. Lancet Psychiatry 2021, 8, 141–149. [CrossRef]
26. Kurina, L.M.; Knutson, K.L.; Hawkley, L.C.; Cacioppo, J.T.; Lauderdale, D.S.; Ober, C. Loneliness is associated with sleep

fragmentation in a communal society. Sleep 2011, 34, 1519–1526. [CrossRef]
27. Cacioppo, J.T.; Ernst, J.M.; Burleson, M.H.; McClintock, M.K.; Malarkey, W.B.; Hawkley, L.C.; Kowalewski, R.B.; Paulsen, A.;

Hobson, J.A.; Hugdahl, K.; et al. Lonely traits and concomitant physiological processes: The MacArthur social neuroscience
studies. Int. J. Psychophysiol. 2000, 35, 143–154. [CrossRef]

http://doi.org/10.1017/S1041610218002120
http://www.ncbi.nlm.nih.gov/pubmed/30560747
http://doi.org/10.1186/s12888-017-1262-x
http://www.ncbi.nlm.nih.gov/pubmed/28320380
http://doi.org/10.1177/2333721415582119
http://doi.org/10.1016/j.jad.2020.03.075
http://doi.org/10.3390/socsci9040051
http://doi.org/10.1177/1745691615570616
http://doi.org/10.1177/1745691614568352
http://doi.org/10.1177/2047487318792696
http://doi.org/10.1097/PSY.0b013e3181b40efc
http://doi.org/10.1111/hsc.12311
http://www.ncbi.nlm.nih.gov/pubmed/26712585
http://doi.org/10.1037/a0017216
http://doi.org/10.1002/j.2051-5545.2011.tb00061.x
http://doi.org/10.1186/s12916-015-0325-4
http://doi.org/10.1093/geronb/61.6.S329
http://www.ncbi.nlm.nih.gov/pubmed/17114313
http://doi.org/10.1017/S0033291719003404
http://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
http://doi.org/10.1007/s00127-015-1166-3
http://doi.org/10.1016/j.sleep.2018.03.011
http://doi.org/10.1177/002214650504600403
http://doi.org/10.3758/s13428-017-0862-1
http://www.ncbi.nlm.nih.gov/pubmed/28342071
http://doi.org/10.1037/met0000167
http://www.ncbi.nlm.nih.gov/pubmed/29595293
http://doi.org/10.1097/00005650-200412000-00006
http://doi.org/10.1016/S2215-0366(20)30482-X
http://doi.org/10.5665/sleep.1390
http://doi.org/10.1016/S0167-8760(99)00049-5


Int. J. Environ. Res. Public Health 2021, 18, 2408 9 of 9

28. Cole, S.W.; Hawkley, L.C.; Arevalo, J.M.; Sung, C.Y.; Rose, R.M.; Cacioppo, J.T. Social regulation of gene expression in human
leukocytes. Genome Biol. 2007, 8, R189. [CrossRef]

29. Hughes, M.E.; Waite, L.J.; Hawkley, L.C.; Cacioppo, J.T. A Short Scale for Measuring Loneliness in Large Surveys: Results from
Two Population-Based Studies. Res. Aging 2004, 26, 655–672. [CrossRef]

http://doi.org/10.1186/gb-2007-8-9-r189
http://doi.org/10.1177/0164027504268574

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

