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meet one’s expectations (Heinrich & Gullone, 2006). This 
emotional state is underlined by an inherent need to belong, 
comprising a desire to form and maintain positive, last-
ing, and significant interpersonal relationships (Baumeister 
& Leary, 1995). Over the years, the attention surrounding 
loneliness has steadily grown and findings have linked pro-
longed loneliness to increased mortality and impaired phys-
ical and mental health, highlighting loneliness as a global 
health priority (Lim et al., 2023).

Regulatory loop of loneliness

Even though prolonged loneliness has been associated with 
adverse effects on health, transient feelings of loneliness can 
have an adaptive function. From an evolutionary standpoint, 
loneliness can be understood as a “social thirst” (Cacioppo 

Introduction

Defined as a discrepancy between the desired and actual 
quality and/or quantity of social relationships (Peplau & 
Perlman, 1982), loneliness is a common phenomenon in 
clinical practice and the public. It represents an emotional 
and distressing state stemming from the subjective percep-
tion of social isolation or when existing relationships fail to 
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Abstract
As a major public health issue, chronic loneliness has been associated with increased mortality and impaired physical and 
mental health. The proposed model by Cacioppo and Hawkley (Trends in Cognitive Sciences, 13(10), 447–454, 2009) pic-
tures the emergence and maintenance of chronic loneliness as a vicious cycle containing cognitive and behavioral aspects. 
As a potential source of resilience, self-esteem has been shown to have buffering effects on loneliness. This study aimed 
to investigate the central relationships between the components within the regulatory loop of loneliness and the potential 
buffering effect of self-esteem. In this study, a community sample of 436 adult participants completed measures of loneli-
ness, interpretation bias in social situations, social avoidance behavior, self-esteem, and important covariates (including 
depressive and social anxiety symptoms and social network size). First, we tested bivariant correlations. Subsequently, 
we tested three mediation models representing the regulatory loop of loneliness. Lastly, we tested moderated mediation 
models with self-esteem as a moderator. Loneliness was positively associated with interpretation bias and social avoidance 
and negatively with self-esteem. Indirect effects in all three mediation models testing the regulatory loop were positive and 
strongly significant. Self-esteem was a significant moderator in the mediation models, with higher levels of self-esteem 
attenuating the indirect effect of loneliness on interpretation bias. These effects held even when controlled for relevant 
covariates, such as depressive and social anxiety symptoms. This study gives preliminary empirical support for the pro-
posed model of chronic loneliness by Cacioppo and Hawkley (Trends in Cognitive Sciences, 13(10), 447–454, 2009) and 
the potential buffering effect of self-esteem. Hence, our results support the notion of addressing maladaptive social cogni-
tions and maladaptive social behavior to effectively reduce chronic loneliness and strengthen self-esteem as a protective 
factor.
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et al., 2014), as it can function as a signal pointing to an 
unfulfilled social need. Therefore, loneliness can promote 
adaptive behaviors such as reconnecting with people from 
existing relationships or forming new ones (Cacioppo et al., 
2014). Hence, loneliness can be a healthy reaction, indi-
cating that adjustments must be made regarding social life 
(Cacioppo et al., 2014; Qualter et al., 2015). However, the 
question arises of how this adaptive nature of loneliness 
seems to vanish over a more extended period. Cacioppo and 
Hawkley (2009) have suggested that loneliness may affect 
human cognition in maladaptive ways over time. Accord-
ingly, feelings of loneliness arise from experiencing social 
isolation and/or interpersonal rejection, which can lead to 
a motivational conflict. The desire to reaffiliate with oth-
ers and simultaneously the motive to protect oneself from 
social threats arise, which is assumed to lead to hypervigi-
lance toward social threats and a distorted perception of 
social situations (Qualter et al., 2015). Especially ambigu-
ous social situations seem to be interpreted as more threat-
ening by lonely people (Qualter et al., 2013). This appears 
to be based on biased cognitions, which in turn may lead 
to counterproductive social behaviors and, consequently, 
reexperiencing negative social situations and loneliness 
(Cacioppo & Hawkley, 2009; Qualter et al., 2015).

In their comprehensive review, Spithoven et al. (2017) 
have examined cognitive aspects of the regulatory loop pos-
tulated by Cacioppo and Hawkley (2009) that may lead to 
prolonged loneliness. They have gathered existing evidence 
on the relationship between cognitive aspects and loneliness 
and showed that lonely individuals seem to exhibit nega-
tive biases in several areas of social information processing. 
This distorted information processing appears to manifest 
itself in an increased attentional focus on socially threat-
ening stimuli, negative evaluations of oneself and others, 
increased avoidance goals, and enhanced social avoidance 
behavior, among others (Spithoven et al., 2017). However, 
most of the findings seldomly include several aspects of the 
regulatory loop simultaneously (Lau et al., 2021; Okruszek 
et al., 2021; van Winkel et al., 2017). Hence, what the rela-
tionships between the components of the regulatory loop 
may look like and if the proposed circular structure of the 
vicious cycle can be empirically confirmed remain to be 
seen.

Self-esteem as a potential buffer

Qualter et al. (2015) have extended the regulatory loop with 
an alternate pathway out of this vicious circle. Arguing for 
the adaptive nature of loneliness, they propose a possible 
crossway before the maladaptive (biased) interpretations 
and the counterproductive behavioral enactment. Follow-
ing the activated reaffiliation motive, a phase of social 

withdrawal to monitor social situations and potential social 
threats can either lead to a regulation of behavior to recon-
nect or the abovementioned maladaptive cycle (Qualter et 
al., 2015). However, the question arises, what could pro-
mote this adaptive pathway.

In their review, Heinrich and Gullone (2006) highlighted 
that one of the most pertinent issues of psychosocial prob-
lems surrounding loneliness might be its consistent associa-
tion with low self-esteem in several findings. Similarly, a 
longitudinal study has not only found negative between-
person associations between loneliness and self-esteem but 
negative within-person effects of loneliness on self-esteem 
over time as well (Ti et al., 2022). Besides these negative 
associations with loneliness, self-esteem can also have its 
merits. At its core, self-esteem can be understood as a global 
evaluation of the self (Baumeister et al., 2003). High self-
esteem is predictive of one’s success and well-being in sev-
eral life domains, even after controlling for prior levels of 
self-esteem and success (Orth & Robins, 2014). Previous 
studies have also shown that high self-esteem had not only 
a buffering effect on loneliness itself but also the effects of 
loneliness on other constructs, such as life satisfaction and 
symptoms of depression and anxiety (Baumeister et al., 
2003; Çivitci & Çivitci, 2009; Kong & You, 2013; Rossi et 
al., 2020). This begs the question if self-esteem could play a 
crucial role in the regulatory loop of loneliness.

While no studies have taken a closer look at this ques-
tion, other studies have examined the connection between 
self-esteem, social information processing, and perceived 
social rejection, which arguably can be seen as conceptual 
parts of the regulatory loop of loneliness (Rokach, 1988). 
Numerous of those studies indicate that high self-esteem 
might be a source of resilience when facing social rejection, 
which is closely linked to loneliness (Qualter et al., 2015). 
More specifically, self-esteem seems to moderate the rela-
tionship between social rejection and its cognitive evalua-
tions (Ford & Collins, 2010, 2013; Gyurak & Ayduk, 2007; 
Kashdan et al., 2014). Therefore, the moderation between 
social rejection and its cognitive evaluation could be simi-
larly found between loneliness and social cognitions. The 
findings of Geukens et al. (2022) support this notion as they 
found higher loneliness connected to elevated fear of nega-
tive evaluation and lower self-esteem. With the postulated 
regulatory loop of loneliness in mind, self-esteem might 
serve as a buffer for the relationship between feelings of 
loneliness and biased social information processing. There-
fore, with self-esteem potentially attenuating this relation-
ship, the chances of engaging in social situations with less 
avoidance tendencies might grow due to less biased inter-
pretations of social situations.
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The present study

The present study’s first aim is to investigate central rela-
tionships within the regulatory loop of loneliness. Accord-
ingly, we expect positive relationships between the three 
components: loneliness, negative interpretation bias in 
social situations, and social avoidance behavior. These 
hypotheses account for the reinforcement of loneliness 

through the behavioral confirmation of lonely individuals’ 
negative social expectations (Cacioppo & Hawkley, 2009). 
Secondly, to account for the cyclical structure in which 
these components lie, three simple mediation models, cor-
responding to the ones depicted in Fig.  1, are tested con-
taining those three constructs, where we expect significant 
indirect effects in all models. The third aim is to investigate 
if self-esteem moderates the relationship between loneliness 

Fig. 1   Conceptual models of 
the proposed relationships in the 
regulatory loop of loneliness. 
Note. The solid circles show 
the postulated signs of the path 
coefficients corresponding to the 
arrows
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and Bortz (1993). Sample items are: “How often do you feel 
that you lack companionship?”, “How often do you feel that 
you have a lot in common with the people around you?”. 
The items were rated on a Likert scale from 1 (never) to 4 
(always). This short version showed sufficient convergent 
validity (Luhmann et al., 2016). For the analyses, the mean 
score over all items was calculated and ranged from 1 to 4 
with higher scores reflecting higher levels of loneliness.

Interpretation bias

Interpretation bias in social situations was assessed with the 
respective subscale of the Interpretation and Judgmental 
Questionnaire (IJQ; Brettschneider et al., 2015; Voncken 
et al., 2007). The scale consists of social events with posi-
tive, ambivalent, mildly negative, or profoundly negative 
valence. Five scripts were presented for each valence. Four 
interpretations for every event were used as the response 
format, ranging from positive, ambiguous, and mildly nega-
tive to profoundly negative, which the participants had to 
rate for plausibility (“Which of the four answers seems 
most plausible/appropriate to you?”) by ranking them from 
one to four. First, the mean rank of the profoundly negative 
interpretation was calculated over situations with the same 
valence, resulting in four subscales. The score is the mean 
rank given to the profoundly negative interpretation of the 
scenarios and ranges between 1 and 4. After recoding higher 
score indicates more negatively biased processing.

Social avoidance behavior

Social avoidance behavior was measured with a subscale 
from the Cognitive-Behavioral Avoidance Scale (CBAS; 
Ottenbreit & Dobson, 2004; Röthlin et al., 2010). For this 
study, the 8-item behavior social subscale was used (e.g., “I 
tend to make up excuses to get out of social activities,” “I 
avoid attending social activities”). The rating consisted of a 
five-point Likert scale ranging from 1 (not at all true for me) 
to 5 (completely true for me). The mean score over all items 
ranging from 1 to 5 was used, with higher scores reflecting 
higher levels of social avoidance behavior.

Self-esteem

Self-esteem was measured with the 10-item revised Ger-
man version of the Rosenberg Self-Esteem Scale (RSES; 
Rosenberg et al., 1989; von Collani & Herzberg, 2003). The 
questionnaire was answered with a Likert-Scale ranging 
from 0 (strongly agree) to 3 (strongly disagree) (e.g., “I feel 
that I’m a person of worth, at least on an equal plane with 
others”, “I feel I do not have much to be proud of”). The 

and interpretation bias, with higher self-esteem weakening 
this connection. Finally, the three conceptual models (see 
Fig. 1) are examined to test the moderating effect of self-
esteem on the mediations. Model 1 pictures the relationship 
between loneliness and social avoidance behavior, mediated 
by interpretation bias, with self-esteem as a moderator of 
the relationship between loneliness and interpretation bias. 
In Model 2, the relationship between interpretation bias and 
loneliness is pictured, mediated by social avoidance behav-
ior. Lastly, Model 3 pictures the relationship between social 
avoidance behavior and interpretation bias mediated by 
loneliness. Since loneliness serves as a predictor for inter-
pretation bias in Model 3, this path also includes the moder-
ating influence of self-esteem.

Methods

Participants and procedure

The sample of this cross-sectional study consisted of 436 
German-speaking adult participants from the general pub-
lic (72.5% females; age (years): M(SD) = 32.24 (15.25), 
Mdn = 25.5, range = 18  – 82; occupation: 67% employed, 
33% unemployed; highest educational degree: 63.1% uni-
versity/university of applied sciences, 11.7% higher techni-
cal college, 15.1% apprenticeship, 9.9% compulsory school 
and 0.2% no degree; relationship status: 55.5% unattached, 
44.5% in a relationship or married), who completed an 
online survey (N = 424) or a paper–pencil questionnaire 
(N = 12). Participants were recruited through personal con-
nections, social media, or E-mail directories, and the data 
collection was fully anonymized. The data collection took 
place between November 2019 and June 2020. The inclu-
sion criteria were age above 18  years and the ability to 
understand and write German since the survey was in Ger-
man. Since we aimed to preliminarily test the dynamics of 
the cognitive model and the buffering effect of self-esteem 
in the general public, we did not recruit participants with a 
specific community in mind. The online survey contained 
two bogus items designed to detect random responses. At 
the beginning of the survey, the participants gave their 
informed consent. After completing the survey, participants 
could enter a gift card drawing.

Measures

Loneliness

Loneliness was measured with the German 9-item ver-
sion (Luhmann et al., 2016) of the UCLA loneliness scale 
(UCLA-LS; Russell, 1996) with item translations by Döring 
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production were performed with SPSS 28.0 (IBM Corp., 
2021) and R 4.1.2 (R Core Team, 2022). To test the pre-
sented models, this study followed the approach of Hayes 
(2018), firstly separating tests of individual components and 
secondly integrating testing of all components using condi-
tional process analysis. For this reason, six regression-based 
analyses were conducted in three stages. First, three simple 
mediation models were tested. They correspond to the three 
conceptual models in Fig. 1 without the moderating role of 
self-esteem in Model 1 and Model 3. Second, a simple mod-
eration model was tested where the effect of loneliness on 
interpretation bias was moderated by self-esteem. Third, for 
the two conceptual models in Fig. 1 containing loneliness 
as a predictor for interpretation bias (Model 1 and Model 
3), the moderation by self-esteem was integrated into the 
mediation models. This step was only conducted if all previ-
ous analyses were consistent with the hypotheses. In these 
so-called conditional process analyses, the unconditional 
direct and conditional indirect effects were estimated and 
tested using inferential methods. All bootstrap confidence 
intervals were based on 10′000 samples.

Results

Table 1 presents the means, standard deviations, ranges, 
Cronbach’s alphas as indicators of internal consistency and 
intercorrelations for the measures. All correlations were sig-
nificant and consistent with the first three hypotheses.

Simple mediation models

Following Model 1 of the conceptual models (see Fig. 1), we 
first evaluated interpretation bias as a mediator of the rela-
tionship between loneliness and social avoidance behavior. 
The corresponding regression equations and a visual rep-
resentation of the statistical model, including the standard-
ized path coefficients, are displayed in Fig.  2. Loneliness 
affected the reported social avoidance behavior directly as 
well as indirectly mediated by interpretation bias. Individu-
als with higher levels of loneliness also reported a higher 
interpretation bias, and individuals with a higher interpreta-
tion bias also reported more social avoidance behavior. The 
95% bootstrap confidence interval for the indirect effect was 
above zero, which indicates that a high level of loneliness 
partially leads to social avoidance behavior through social 
interpretation bias.

The second simple mediation model corresponding to 
Model 2 tested if the positive relationship between inter-
pretation bias and loneliness was mediated through social 
avoidance behavior. Figure  2 displays the corresponding 
regression equations and a visual representation of the 

mean score over all items ranging from 0 to 3 was used with 
higher scores reflecting higher levels of self-esteem.

Covariates

As for the covariates, we assessed depressive symptoms with 
the sum score of 9-item depression module of the Patient 
Health Questionnaire (PHQ-9; Kroenke et al., 2001; Löwe 
et al., 2004) symptoms of social interaction anxiety with the 
sum score of the short-form of the Social Interaction Anxi-
ety Subscale (SIAS-6; Peters et al., 2012), mobility with 
the corresponding subscale of the Patient Questionnaire for 
Medical Rehabilitation (IRES-4; Bührlen et al., 2005; Wirtz 
et al., 2005), social network with the social network index 
(SNI; Berkman & Syme, 1979; Härtel et al., 1988).

Loneliness is a mainly subjective phenomenon, distinct 
from objective isolation (Cornwell & Waite, 2009; Pep-
lau & Perlman, 1979). Hence, the relationships presented 
here should hold even when controlling for objective fac-
tors such as the social network size. Reduced mobility can 
also be such a factor, limiting socialization opportunities, 
especially in the elderly (Cohen-Mansfield & Parpura-Gill, 
2007). Furthermore, there have been bidirectional associa-
tions between loneliness and symptoms of mental disorders 
such as depression or anxiety disorders (Danneel et al., 2020; 
Maes et al., 2019a, b; Santini et al., 2020; Vanhalst et al., 
2012). To account for these two factors, potentially leading 
to objective social isolation and the presence of symptoms 
of depression or social anxiety, all regression models were 
calculated with social network size, mobility, and symp-
toms of depression and social interaction anxiety as covari-
ates. Regarding gender differences, on the one hand, men 
have been shown to report more loneliness when indirect 
measures were used, as in the current study (Barreto et al., 
2021). On the other hand, a meta-analysis has shown gender 
differences in loneliness to be close to zero (Maes et al., 
2019a, b). Nevertheless, we included gender as a covariate 
to account for a potential influence and due to our predomi-
nantly female sample (0 = female, 1 = male). Furthermore, 
age was incorporated as a covariance even though it has not 
been shown to be a predictor of loneliness by itself (Luh-
mann et al., 2023). See Appendix A for detailed descriptions 
of the questionnaires used to assess the covariates.

Statistical analyses

Bivariate Pearson correlations were computed to assess the 
relationship between loneliness, interpretation bias in social 
situations, and social avoidance behavior. Mediation, mod-
eration, and conditional process analysis were conducted 
using the PROCESS macro by Hayes (2018) for SPSS. Data 
cleaning, descriptive and inferential analyses, and graphics 

1 3



Current Psychology

statistical model, including the standardized path coef-
ficients. Interpretation bias affected loneliness directly as 
well as indirectly mediated by social avoidance behavior. 
Individuals who reported higher interpretation bias showed 
more social avoidance behavior, and individuals with more 
social avoidance behavior exhibited higher levels of loneli-
ness. The 95% bootstrap interval for the indirect effect was 
above zero, which indicates that the effect of interpretation 
bias on loneliness is partially mediated by social avoidance.

The third simple mediation model corresponding to 
Model 3 tested the mediation of social avoidance behavior 
on interpretation bias by loneliness without considering the 
moderation by self-esteem. The corresponding regression 
equations and a visual representation of the statistical model, 
including the standardized path coefficients, are displayed 
in Fig. 2. Social avoidance behavior affected interpretation 
bias directly as well as indirectly mediated by loneliness. 
More social avoidance behavior led to a higher degree of 
loneliness, and higher loneliness led to higher levels of 
interpretation bias. The 95% bootstrap confidence interval 
for the indirect effect was above zero, which indicates that 
the indirect effect of social avoidance behavior on interpre-
tation bias mediated by loneliness is significant. For more 
detailed results of all mediation models, see Appendix B.

Simple moderation model

The regression analysis results investigating the modera-
tion of the effect of loneliness on interpretation bias by self-
esteem can be found in Appendix C. Of primary interest 
was the significant regression coefficient of the interaction 
term Loneliness × Self-esteem (b3 = -0.08, p = 0.016). Con-
sequently, the effect of loneliness on interpretation bias 
depended on the level of self-esteem. Figure 3 shows that 
a higher degree of loneliness was associated with more 
interpretation bias; this connection was higher in individu-
als with low self-esteem (M – 1 SD; Simple Slope = 0.22) 
than in individuals with high self-esteem (M + 1 SD; Simple 
Slope = 0.06).

Conditional process analyses

The conditional process analysis aimed to integrate the 
initial moderation analysis in the simple mediation mod-
els. The condition that all previous analyses were consis-
tent with the hypotheses was met. In Models 1 and 3 in 
Fig. 1, loneliness serves as a predictor of interpretation bias. 
Accordingly, the moderating effect of self-esteem on the 
relationship between loneliness and interpretation bias can 
be incorporated into these models using the conditional pro-
cess analysis by Hayes (2018).
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covariates, which provide preliminary support for the view 
of the regulatory loop where the components seem to rein-
force each other, leading to a potentially vicious cycle of 
loneliness (Cacioppo & Hawkley, 2009).

As for the buffering effect of self-esteem, results con-
firmed self-esteem as a moderator of the positive relation-
ship between loneliness and interpretation bias, with higher 
self-esteem attenuating this connection. The probing of the 
interaction revealed that the effect of loneliness on interpre-
tation bias ceased to be significant when self-esteem reached 
a certain level. Regarding the conditional process analyses, 
the results support our hypotheses only to a certain degree. 
On the one hand, the conditional indirect effect of loneliness 
on social avoidance behavior partially mediated by inter-
pretation bias was not dependent on self-esteem (Model 1). 
However, probing the conditional indirect effect revealed a 
significant dependency of low self-esteem on the mediation. 
On the other hand, the indirect effect of avoidance behavior 
on interpretation bias partially mediated by loneliness was 
dependent on the level of self-esteem (Model 3). The prob-
ing revealed that the conditional indirect effect was only 
significant for low and medium levels of self-esteem. Taken 
together, the results suggest that low self-esteem increases 
the effects of loneliness on interpretation bias in social situ-
ations, and high self-esteem seems to buffer the effects of 
loneliness on interpretation bias.

All those results emerged even when accounting for 
social network size, mobility, gender, age, symptoms of 
depression, and social interaction anxiety. Interestingly, 
we observed that the standardized coefficients from symp-
toms of depression and social interaction anxiety to lone-
liness in all three models were, in most cases, significant, 
which underlines the similarities between the constructs 
but also the importance of distinguishing them from each 
other (Danneel et al., 2020). Nevertheless, this shows the 
need to incorporate these two constructs when investigating 
loneliness.

Preliminary support for the regulatory loop of 
loneliness

The results add further preliminary evidence to the pro-
posed relationships of the conceptual model of loneliness 
introduced in this study (Cacioppo et al., 2009; Qualter et 
al., 2015). Compared to non-lonely individuals, lonely indi-
viduals seemed more prone to distorted interpretations of 
social situations. Furthermore, these biased interpretations 
in social situations mediated the relationship between lone-
liness and social avoidance behavior. The altered social-
cognitive processing of lonely individuals might lead them 
to engage in different behavioral response patterns than 
non-lonely individuals, as seen by the positive relationship 

Figure  4 visualizes the corresponding unstandardized 
path coefficients and the conditionality of the indirect effect 
of loneliness on social avoidance behavior through inter-
pretation bias, where c’ represents the unconditional direct 
effect of loneliness on social avoidance behavior and a3b 
represents the slope of the conditional indirect effect (Model 
1). The 95% bootstrap confidence interval of the slope of 
the conditional indirect effect (a3b = -0.02) was around zero 
[− 0.05, 0.00]. Hence, the indirect effect of loneliness on 
social avoidance behavior mediated by interpretation bias 
was not significantly dependent on the level of self-esteem. 
However, the probing with 95% bootstrap confidence inter-
vals for low (M – SD), average (M), and high self-esteem 
(M + SD) revealed that the conditional indirect effect of 
loneliness on avoidance behavior mediated through inter-
pretation bias was only significant when self-esteem was 
low.

The corresponding unstandardized path coefficients and 
the conditionality of the indirect effect of social avoid-
ance behavior on interpretation bias through loneliness are 
depicted in Fig. 4 (Model 3). In this figure, c’ represents the 
unconditional direct effect of avoidance behavior on cog-
nitive bias, and ab3 represents the slope of the conditional 
indirect effect. The 95% bootstrap confidence interval of the 
indirect effect (ab3 = -0.02) was below zero [− 0.04, − 0.00]. 
Therefore, the indirect effect of avoidance behavior on inter-
pretation bias mediated by loneliness depended on the level 
of self-esteem. Higher levels of avoidance behavior led to 
more loneliness and, thus, higher interpretation bias. This 
connection was stronger in individuals with low self-esteem 
(M – SD; Simple Slope of the indirect effect: 0.02) in com-
parison to individuals with high self-esteem (M + SD; Sim-
ple Slope of the indirect effect: 0.00). The probing with 95% 
bootstrap confidence intervals for low (M – SD), moderate 
(M), and high self-esteem (M + SD) revealed that the con-
ditional indirect effect of avoidance behavior on interpreta-
tion bias mediated through loneliness was only significant 
when self-esteem was low and moderate. For more detailed 
results of all conditional process analyses, see Appendix D.

Discussion

The aims of the present study were first to test the relation-
ships between the components of the postulated regulatory 
loop of loneliness and second to test the buffering effect 
of self-esteem on the relationship between loneliness and 
interpretation bias. The results support our hypotheses con-
cerning the relationships between loneliness, interpretation 
bias in social situations, and social avoidance behavior. All 
pathways of the three simple mediation models were sig-
nificantly positive even when controlling for a variety of 
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Fig. 2   Path coefficients for the 
simple mediation analysis of Model 
1–3 with the corresponding regres-
sion equations. Note. For the dotted 
path representing the indirect effect 
ab, the 95% bootstrap confidence 
interval is indicated. c represents 
the total effect according to the 
regression equation Y = iY + cX + eY. 
To improve readability, control 
variables (depressive symptoms, 
symptoms of social interaction 
anxiety, mobility, social network 
size, age, and gender) are not shown 
in the figure. N = 436
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research, where high self-esteem had a buffering effect not 
only on loneliness but also on the effects of loneliness on 
other constructs (Çivitci & Çivitci, 2009; Kong & You, 
2013; Rossi et al., 2020). Yet the results have also shown 
increased moderating effects of lower levels of self-esteem 
on the relationship between loneliness and interpretation 
bias, pointing towards the fact that loneliness evokes dif-
ferent reactions to perceived social rejection depending on 
self-esteem: Low self-esteem goes hand in hand with an 
oversensitivity to threats in the relational domain (Leary et 
al., 1998). Combining these insights with the findings on 
increased reactivity to social rejection cues (Ford & Col-
lins, 2013), the experience of loneliness may initially be 
quite stressful regardless of the level of self-esteem. How-
ever, individuals seem to process social rejection cues dif-
ferently depending on their level of self-esteem (Kashdan 
et al., 2014). Moreover, individuals with low self-esteem 
recover more slowly from perceived daily rejection situa-
tions regarding mental and physical health outcomes, poten-
tially leading to cumulative effects with greater health risks 
in the longer term (Ford & Collins, 2013). Given that per-
ceived social rejection is a fundamental aspect of loneliness, 
it is reasonable to suggest that high self-esteem might serve 
as a protective factor against prolonged loneliness, thereby 
fostering the evolutionary adaptive function of this emo-
tional state (Qualter et al., 2015). Additionally, it must be 
considered that low self-esteem seems to be a risk factor 
for the development and perpetuation of loneliness as well 
(Geukens et al., 2022).

Even though the results of the conditional indirect effects 
are inconclusive, self-esteem seems to have both a buffer-
ing and intensifying effect in the mediation models. These 
results cautiously point towards the view of Qualter et al. 
(2015) and Spithoven et al. (2017) regarding the regula-
tory loop’s cognitive part as the pivotal point of prolonged 
loneliness, where protective factors such as self-esteem can 

between interpretation bias in social situations and social 
avoidance behavior. The effect of biased social-cognitive 
processing exhibits its effect on promoting further feel-
ings of loneliness through these behavioral consequences 
and aligns with the conclusion that “lonely individuals may 
view themselves to be passive victims in their social world, 
but they are active contributors through their self-protective 
and paradoxically self-defeating interactions with others” 
(Cacioppo & Hawkley, 2009). Ultimately, our findings 
showed that the behavioral pattern of lonely individuals, in 
turn, is likely to promote further biases in social cognition 
mediated by loneliness.

In sum, the results support the theorized relationship 
between affective, cognitive, and behavioral components 
proposed by current models of loneliness (Cacioppo & 
Hawkley, 2009; Qualter et al., 2015; Spithoven et al., 2017). 
However, the present study did not examine the longitudi-
nal effects with repeated measures over multiple time points 
of those three components. The regulatory loop hypothesis 
posits that the effects of these components are likely to 
manifest over time. Only a few studies have examined those 
components in a longitudinal design and found no clear 
evidence for reciprocal effects over time (Lau et al., 2021; 
van Winkel et al., 2017). Further research needs to address 
the interaction between the components of the regulatory 
loop over time and shed light on the mechanisms behind the 
development of prolonged loneliness.

Potential buffering role of self-esteem

This study proposed higher levels of self-esteem as a poten-
tial buffer of the effect of loneliness on interpretation bias 
in social situations. As hypothesized, this relationship 
depended on a person’s self-esteem, where higher levels 
lessened the effects of loneliness on interpretation bias in 
social situations. The results support and broaden previous 

Fig. 3   Visual representation: 
Moderation of the effect of 
loneliness on interpretation bias 
by self-esteem. Note. Regression 
lines for the relationship between 
loneliness and interpretation 
bias (standardized) at low levels 
(M − SD), average levels (M), 
and high levels of self-esteem 
(M + SD). N = 436
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is well known that increasing the number of social contacts 
alone does not necessarily address the cognitive and affec-
tive factors that can perpetuate loneliness (Käll et al., 2020). 
Recent meta-analyses have shown that interventions aimed 
at reducing loneliness are most effective when maladaptive 
social cognitions (e.g., interpretation biases in social situa-
tions) and social avoidance behavior are targeted (Masi et 
al., 2011; Zagic et al., 2022). The findings of the present 
study support the idea that socio-cognitive processes play a 
pivotal role in the perpetuation of loneliness. Consequently, 
interventions should prioritize addressing these processes to 
combat and alleviate loneliness effectively.

be crucial in determining which path an individual follows 
after experiencing loneliness: the adaptive one, promoting 
social reconnection, or the one leading into a cycle of nega-
tive reinforcement.

Implications

As already elaborated, loneliness has been linked to 
increased mortality and impaired physical and mental health 
(Hawkley & Capitanio, 2015; Holt-Lunstad et al., 2015; Lau 
et al., 2021; Rico-Uribe et al., 2018), which leads to the con-
clusion that the need for interventions seems to be evident. It 

Fig. 4   Path coefficients for the 
conditional process analyses of 
Model 1 & 3 with the corre-
sponding regression equations. 
Note. To improve readability, 
control variables (depressive 
symptoms, symptoms of social 
interaction anxiety, mobility, 
social network size, age, and 
gender) are not shown in the 
Figure. MW = the interaction of 
loneliness and self-esteem
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Conclusion

This study examined the affective, cognitive, and behav-
ioral aspects of the proposed model of chronic loneliness by 
Cacioppo and Hawkley (2009) and the effect of self-esteem 
as a buffer. Our results may provide preliminary empirical 
support for the central relationships depicted in the regula-
tory loop, which includes loneliness, interpretation bias in 
social situations, and social avoidance behavior. Further-
more, self-esteem moderated the effects of loneliness on 
interpretation bias. The present study’s findings support the 
idea that socio-cognitive processes are pivotal in perpetuat-
ing loneliness. Consequently, interventions should address 
these processes to combat and alleviate loneliness effec-
tively. Furthermore, they may also profit from additionally 
focusing on self-esteem to potentially promote the motive 
to reaffiliate. Future research should adopt longitudinal 
designs to further explore and corroborate the present find-
ings over time.
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Furthermore, the present results suggest that loneliness 
interventions might profit from an additional focus on self-
esteem, which could theoretically promote the reaffiliation 
motive and potentially reduce loneliness. Equally to lone-
liness, cognitive behavior therapy seems to be an effec-
tive intervention for increasing self-esteem (Niveau et al., 
2021). Therefore, it might be beneficial if interventions 
tackle loneliness and boost self-esteem simultaneously with 
a cognitive behavioral approach. However, more studies 
are needed to evaluate different approaches to interventions 
addressing loneliness since many current studies have pri-
marily focused on cognitive behavioral therapy and social 
interventions like social skills training or the enhancement 
of social support (Masi et al., 2011).

Limitations

Some critical limitations in the current study need to be 
addressed. First, since the models tested were based on 
cross-sectional data only, no causality can be attributed to 
the reported pathways. Thus, the data needs to be interpreted 
with caution and caveats. Nonetheless, cross-sectional data 
does not impede the application of the methods used in this 
study (Hayes, 2018). Under these circumstances, the results 
cannot be seen as evidence for the circular relationship but 
rather as a preliminary indicator that the models are worth 
exploring in more detail and with longitudinal data to deter-
mine temporal associations. Nevertheless, the incorporation 
of several constructs previously associated with loneliness 
as covariates provides further support for the results. Sec-
ond, the probing of non-significant conditional indirect 
effects can be done as such, but the results must be inter-
preted cautiously (Hayes, 2015). Third, the sample cannot 
be seen as representative of the general public in German-
speaking countries, mainly due to the predominantly female, 
highly educated participants. The age distribution is also not 
normally distributed and consists mostly of younger partici-
pants. A further limitation is that we did not assess ethnicity 
in the sample. We primarily aimed for a big enough sample 
size for the analyses regarding the power without consider-
ing the representativeness. Lastly, the loneliness model pre-
sented here considerably simplifies the actual occurrences 
surrounding such a phenomenon. The measures used to 
assess social-cognitive biases (interpretation bias in social 
situations) and social behavior changes (social avoidance 
behavior) cannot depict these areas’ entire width since they 
only cover particular aspects of these complex constructs.
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