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Preface 

Loneliness and social isolation have gained substantial attention from researchers, policymakers, and 

general society in the past decade. Moreover, the public health risk associated with loneliness and 

social isolation has helped put loneliness and social isolation high on the political agenda in Denmark. 

In addition, the recent COVID-19-pandemic has further fuelled the interest of policymakers, 

stakeholders, and researchers. However, people have always been interested in human social 

connections - loneliness especially. For instance, loneliness has been vastly addressed in the literature 

since the 17th century.  

Moreover, nowadays, loneliness is also portrayed in pop culture, including in music and movies. 

Loneliness is even thematised in many children's books. For instance, my son's favourite night-time 

story revolves around the lonely protagonist 'Knytten', who sets out to find a friend1.  

 
'Knytten' as he sits in his lonely house in the dark night before leaving on his trip. There he will meet 'Tutten', a girl who will relieve 

him from his 'great' loneliness. Copyright (2022), with permission from Carlsens.   

 

                                                                 
1 From 'Hvem skal trøste knytten' ['Who will comfort knytten'] by Tove Jansson  
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My personal interest in loneliness and social isolation did not, however, stem from children's books, 

pop songs, or developed during the COVID-19-pandemic. However, participation in an intervention 

study (investigating the effect of a loneliness prevention program) when I was a young psychology 

student excited my interest in loneliness research. Moreover, in 2013 - greatly encouraged by Dr. 

Mathias Lasgaard – I conducted a pregraduate research project. The project focused on the association 

of loneliness with adverse health outcomes among older adults. Moreover, as part of my pregraduate 

research project, I contributed to the 2013 Central Denmark Region sub-survey of the Danish National 

Health Survey (DNHS), which kindled my interest in public health research. Taken together, the 

foundation and motivation for this thesis were sparked almost a decade ago. 

Initially, my thesis was going to comprise three studies investigating the association of loneliness and 

social isolation with adverse health outcomes. However, reflecting the growing interest from 

policymakers and stakeholders, knowledge of the effectiveness of loneliness interventions was 

suddenly in high demand. As such, midway through my Ph.D., I got the opportunity to participate in 

an extensive systematic review and meta-analysis investigating the effectiveness of loneliness 

interventions. As I was one of the leading researchers on the project, the study is included in my thesis 

(study IV). This systematic review and meta-analysis were also published in a Danish report, in 

which I was the first author. 
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English summery 

Background Loneliness and social isolation have been recognised as serious public health issues. 

Hence, loneliness and social isolation are associated with increased morbidity and mortality.  

Aim The overall purpose of the present thesis was to examine the association of loneliness and social 

isolation with adverse health outcomes and determine whether and in what way loneliness and social 

isolation contribute to poor health. In addition, the present thesis aimed to investigate possible 

solutions by examining the effect of interventions to reduce loneliness.  

Methods Present thesis comprises four individual pieces of empirical research. Study I and II 

comprised secondary data from the DNHS (2013) linked with individual-level register data using a 

prospective cohort design. The studies investigated the associations of loneliness and social isolation 

with chronic disease outcomes and HCU, respectively. Study III comprised cross-sectional data from 

the DNHS (2017). The study investigated the association of loneliness and social isolation among 

adolescents and young adults with physical and mental health. Lastly, the thesis includes a systematic 

review and meta-analysis investigating the effectiveness of loneliness interventions.  

Results Findings from study I demonstrated that loneliness and social isolation increased the risk of 

CVD and T2D. However, neither loneliness nor social isolation was associated with the risk of COPD 

and cancer. Study II demonstrated that loneliness significantly increased the amount of HCU, 

including GP utilisation and emergency healthcare. However, social isolation did not affect HCU 

over time. Findings from study III demonstrated that loneliness was strongly associated with poor 

physical health, including chronic diseases, among adolescents and young adults. Social isolation 

among adolescents and young adults was not associated with physical health. Both loneliness and 

social isolation among adolescents and young adults were associated with mental health problems. 

Findings from study IV demonstrated a small to moderate statistically significant effect of loneliness 

interventions. Psychological treatment, social support interventions, and social and emotional skills 

training appeared to be the most effective intervention strategies.  

Conclusion Findings from the present thesis show that loneliness and social isolation are associated 

with chronic disease outcomes in the general population. Moreover, loneliness is associated with 

increased HCU and correlates strongly with poor physical and mental health among adolescents and 

young adults. Given the consequences of loneliness and social isolation, there is a need to continue 

developing and evaluating loneliness interventions.  
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Dansk resumé (Danish summary) 

Baggrund Ensomhed og social isolation anses for at udgøre selvstændige folkesundhedsmæssige 

udfordringer. Tidligere studier har vist, at ensomhed og social isolation begge er forbundet med øget 

sygelighed og dødelighed.  

Formål Det overordnede formål med denne afhandling var at undersøge sammenhængen mellem 

ensomhed og social isolation med dårligt helbred, herunder afgøre om og i hvilken grad ensomhed 

og social isolation bidrager til dårligt helbred. Afhandling havde desuden til formål at undersøge 

effekten af interventioner, der har til formål at mindske ensomhedsfølelse.  

Metode Denne afhandling består af fire individuelle studier. Studie I og II bestod af data fra Den 

Nationale Sundhedsprofil (2013) kombineret med registerdata på individniveau. Studierne 

undersøgte ensomhed og social isolation som risikofaktorer for henholdsvis kronisk sygdom og brug 

af sundhedsydelser. Studie III var baseret på tværsnitsdata fra Den Nationale Sundhedsprofil (2017) 

og undersøgte sammenhængen mellem ensomhed og social isolation med fysisk og mentalt helbred 

blandt unge og unge voksne. Afslutningsvis bestod denne afhandling af en systematisk litteratur-

gennemgang og meta-analyse, der havde til formål at undersøge effekten af ensomhedsinterventioner.  

Resultater Studie I viste, at ensomhed og social isolation øger risikoen for hjerte-kar-sygdomme og 

type 2-diabetes. Hverken ensomhed eller social isolation øger risikoen for kronisk obstruktiv 

lungesygdom eller kræft over tid. Studie II viste, at ensomhed er forbundet med et øget forbrug af 

sundhedsydelser over tid, herunder flere konsultationer i almen praksis, flere skadestuebesøg og flere 

akutte indlæggelser. Social isolation påvirkede ikke brug af sundhedsydelser over tid. Studie III viste, 

at ensomhed blandt unge og unge voksne er stærkt associeret med kroniske sygdomme, mens social 

isolation ikke var associeret med fysisk helbred. Både ensomhed og social isolation var associeret 

med mentale helbredsproblemer. Resultater fra studie IV viste, at ensomhedsinterventioner reducerer 

ensomhed svarende til en lille til moderat effektstørrelse og at flere forskellige interventionsstrategier 

effektivt reducerer ensomhed. 

Konklusion Resultater fra denne afhandling viser, at ensomhed og social isolation er forbundet med 

øget risiko for dårligt helbred, og at ensomhed er forbundet med et øget forbrug af sundhedsydelser 

og er stærkt forbundet med dårligt fysisk og mentalt helbred blandt unge og unge voksne. I lyset af 

de konsekvenser, der er forbundet med både ensomhed og social isolation, er der behov for at fortsætte 

udviklingen af ensomhedsindsatser med henblik på at etablere effektive tilbud til ensomme.  
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Chapter 1 

Introduction and background 

Loneliness and social isolation are considered serious yet underappreciated public health risks 

(National Academies of Sciences, 2020). Moreover, during the COVID-19-pandemic, the issues of 

loneliness and social isolation have grown significantly due to national lockdowns, quarantines, and 

social distancing strategies.  

Even before the pandemic, loneliness and social isolation attracted immense political, societal, and 

mass media attention due to the growing evidence of their associations with morbidity and mortality. 

However, despite compelling evidence of loneliness and social isolation as social determinates of 

health, we still lack knowledge of the associations of loneliness and social isolation with poor health, 

including but not limited to knowledge of specific disease outcomes and use of healthcare services. 

Hence, the present thesis aims to disentangle the associations of loneliness and social isolation with 

adverse health outcomes to further increase our understanding of the health risk associated with 

loneliness and social isolation. In addition, due to the widespread consequences of loneliness and 

social isolation, the present thesis seeks to increase our knowledge of interventions.  

In the present chapter, relevant theory and previous research are outlined. First, loneliness and social 

isolation are defined based on the most common theories and definitions. Second, summarizing 

previous empirical work, evidence of the associations of loneliness and social isolation with health is 

described. Moreover, indirect pathways thought to underlie the associations of loneliness and social 

isolation with health are described. This chapter further includes a section summarizing current 

knowledge on interventions. Lastly, the chapter includes a brief overview of current gaps in the 

literature and presents the overall aim of the thesis.  

Defining loneliness and social isolation   

Loneliness and social isolation are related but separate constructs. Even though laymen – and some 

researchers – often use the two interchangeably, there are important distinctions.  

Loneliness is most often defined as a subjective, unpleasant emotional state that arises when a person 

perceives a discrepancy (or mismatch) between desired and achieved levels of social contact (Perlman 

& Peplau, 1998; Peplau & Perlman, 1982). This definition stems from the seminal work of Peplau 

and Perlman (1981), describing the cognitive discrepancy model of loneliness (Figure 1), in which 

both emotional and cognitive manifestations comprise loneliness. As such, loneliness occurs when a 
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person feels that he or she has fewer social contacts than desired (quantity) or when a person feels 

that current social relationships lack specific quality characteristics such as intimacy or confidentiality 

(Peplau & Perlman, 1982). This implies that there are neither normative standards for the amount of 

social contact a person needs nor any objective standards for which qualities a person requires in a 

relationship. Hence, social needs are determined by individual characteristics, social skills, social 

experiences, social expectations, and cultural norms and values (de Jong Gierveld & Tesch-Römer, 

2012; Perlman & Peplau, 1998; Peplau & Perlman, 1979). In addition, individuals are fundamentally 

different in terms of cognitive processes and abilities, including attribution style, which determines 

how a person perceives and thinks about their social life when experiencing a mismatch between 

desired and actual social relationships (Perlman & Peplau, 1998). Based on this understanding of 

loneliness, the Evolutionary Theory of Loneliness (ETL) was developed (Cacioppo & Cacioppo, 

2018). The ETL has recently gained significant prominence in the research field and constitutes an 

extensive theoretical framework in which loneliness is derived through evolutionary processes. 

Accordingly, feelings of loneliness have evolved to ensure survival and reproduction and are thought 

to signal that salutary social relations are endangered or damaged (Cacioppo & Cacioppo, 2018; 

Spithoven et al., 2019). Central to the theory is that loneliness is usually transient and that loneliness 

comprises both adaptive and maladaptive potentials (Qualter et al., 2015). Hence, loneliness is 

thought to increase the motivation to reconnect with other people, which constitutes the adaptive 

potential (Qualter et al., 2015). By contrast, loneliness also increases the motivation for self-

preservation, which involve processes of implicit hyper-vigilance and social withdrawal that increase 

the risk of prolonged loneliness and subsequent physical decline and poor health (Cacioppo & 

Cacioppo, 2018). 
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Figure 1. The Cognitive Discrepancy Model of Loneliness 

 
The cognitive discrepancy model of loneliness includes predisposing factors (individual characteristics and cultural values and norms), 

increasing the risk of loneliness. Moreover, the model poses potential precipitating events that reflect changes in a person's desired 

and actual social relationships (i.e., triggering a mismatch/cognitive discrepancy), which initiates the onset of loneliness. This, 

however, requires cognitive processes such as social comparison and causal attribution. Figure 1 is reproduced from Perlman and 

Peplau (1998). Copyright (2022), with permission from Elsevier.  

 

Social isolation refers to a lack of ties to other people, including infrequent social contact or having 

few or no social relationships with others (National Academies of Sciences, 2020). Social isolation 

is easily mistaken for related concepts such as social exclusion, which encompasses lack of ties with 

broader society (Huisman & van Tilburg, 2021), or social support, which refers to the network of 

social resources that a person perceives (Zhou, 2014). This confusion might be attributed to the 

various ways of measuring social isolation and the lack of recognition of the quantitative or qualitative 

approach to social isolation (Huisman & van Tilburg, 2021). Hence, the quantitative approach to 

social isolation is concerned with the number of social ties a person maintains only, for instance, the 

number of friends or family members with whom a person engages. In contrast, the qualitative 

approach considers the nature of a person's social ties and recognizes that some social relationships 

might be more meaningful than others (Huisman & van Tilburg, 2021). If summarizing the 

quantitative and qualitative approaches, social isolation can be understood as the absence of 

meaningful contact with other people (Huisman & van Tilburg, 2021). However, it is essential to note 

that both the quantitative and qualitative approaches to social isolation consider social isolation as a 

purely objective condition that should be distinguished from loneliness. Moreover, despite not being 

evident from the definition, social isolation is not necessarily absolute. Instead – especially for 

research purposes – social isolation is viewed as a continuum stretching from no social connectedness 

to complete social integration (de Jong Gierveld et al., 2006).  

Holt-Lunstad (2018) describes social connection as an umbrella term covering structural, functional, 

and qualitative indicators of social relationships (Figure 2). Structural indicators of social 

relationships are characterised as quantitative, i.e., such indicators often involve measuring the 

number or diversity of social relationships or the frequency of social contact. This includes social 
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isolation, social network, and living alone (Holt-Lunstad, 2018; Valtorta et al., 2016). By contrast, 

functional indicators of social relationships involve the actual and perceived availability of aid and 

resources that a person's social relationships provide (Holt-Lunstad, 2018). This includes loneliness 

and perceptions of social support. Lastly, qualitative indicators of social relationships involve the 

sense of connection to others based on either positive or negative qualities, such as the quality of a 

person's marriage (Holt-Lunstad, 2018). Hence, loneliness and social isolation represent different 

social indicators, structural and functional, respectively 

Figure 2. Social Connection as a Multifactorial Construct 

 
Figure 2 is reproduced from Holt-Lunstad (2018). Copyright (2022), with permission from Annual Review.   

 

Valtorta and colleagues (2016) used a two-dimensional approach to classify measures of social 

relationships. In addition to differentiating between structure and function (first dimension), measures 

of social relationships can also vary in degree of subjectivity (second dimension). Hence, some 

measures of social connection – especially those attempting to assess social isolation – aim to capture 

people’s access to social relationships using an objective approach, such as quantifying a person's 

social relationships with numerical answers ("number of relatives with whom one interacts weekly") 

(Valtorta et al., 2016). By contrast, measures such as those assessing loneliness include questions 

focusing on emotions associated with social relationships; for instance, whether a person "feels 

starved for company" or "feels left out" (UCLA Loneliness scale; (Russell et al., 1980; Valtorta et al., 

2016). Hence, measures of loneliness and social isolation differ in degree of subjectivity, underlining 

that loneliness and social isolation are conceptually distinct. This has also been documented 

empirically, and studies across different age groups have consistently reported that loneliness and 
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social isolation are only moderately correlated (rs ~.20-40) (e.g. Beller & Wagner, 2018b; 

Christiansen et al., 2020; Coyle & Dugan, 2012; Matthews et al., 2016).  

Despite their evident distinction, loneliness and social isolation are also related. Social isolation may 

act as a precursor to loneliness, for instance, in the case of bereavement (Townsend & Tunstall, 1973), 

and people with few meaningful ties might be at greater risk of becoming lonely (Huisman & van 

Tilburg, 2021). Furthermore, social isolation could be regarded as a potential consequence of 

prolonged loneliness within the ETL (Cacioppo & Cacioppo, 2018). When prolonged, loneliness 

involves implicit hyper-vigilance toward social threats, which sets of attentional confirmatory and 

memory biases, generating negative social expectations that elicit behaviors from others that confirm 

such expectations (Cacioppo & Cacioppo, 2018; Hawkley & Cacioppo, 2010). Eventually, the lonely 

person withdraws from the social world, ultimately leading to a state of isolation (Hawkley & 

Cacioppo, 2010; Qualter et al., 2015).  

Loneliness and social isolation as social determinates of health  

Evidence of the health consequences of social connections has accumulated across decades. However, 

the interest in loneliness and social isolation as social determinants of adverse health has a shorter 

history (National Academies of Sciences, 2020; Fried et al., 2020). In 1979, Berkman and Syme were 

the first to document an association between social relationships and all-cause mortality by using an 

epidemiological study design and adjusting for potential confounders. They demonstrated that people 

who lacked social and community ties were more likely to die across a nine-year follow-up period 

than those with more social contacts.  

Meta-analyses of prospective studies have demonstrated that loneliness and social isolation are risk 

factors for coronary heart disease and stroke (Valtorta et al., 2016) and increase the risk of premature 

death (Holt-Lundstad et al., 2015). In addition, recent prospective studies have further identified 

loneliness and social isolation as risk factors for myocardial infarction (Hakulinen et al., 2018) and 

CVD in general (e.g., Naito et al., 2021; Valtorta et al., 2018). Hence, there is compelling evidence 

that loneliness and social isolation comprise risk factors for CVD. Moreover, the extensive and robust 

literature on the associations of loneliness and social isolation with premature death supports a causal 

link according to the Bradford Hill guidelines (also known as Hill's criteria for causation) (Holt-

Lunstad, 2021). For non-cardiovascular disease, prospective studies have consistently identified 

loneliness and social isolation as risk factors for dementia (Holwerda et al., 2014; Penninkilampi et 

al., 2018; Sundström et al., 2020; Sutin et al., 2020). Moreover, during the present thesis, loneliness 
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has been identified as a risk factor for T2D (Hackett et al., 2019). In contrast, social isolation has been 

found to increase the risk of pneumonia (Naito et al., 2021), and both have been found to increase the 

risk of cancer and cancer incidence (Kraav et al., 2021). 

Many cross-sectional studies have also documented the associations of loneliness and social isolation 

with health. However, cross-sectional studies cannot establish temporal precedence – for instance, 

determine whether loneliness or social isolation precedes poor health – and in such studies, it is not 

possible to rule out reversed causality. Moreover, the issue of reversed causality is of high importance 

when investigating the associations of loneliness and social isolation with health, which are thought 

to be reciprocal. For instance, having a chronic disease might involve treatment regimens, keeping 

symptoms controlled, and avoiding exposure to infections (Miller, 1985), leading to decreased social 

interaction or the loss of social ties. Likewise, the peculiar or unrelatable circumstances of being 

chronically ill might make individuals feel different and apart from family and friends triggering 

feelings of loneliness. Similarly, avoiding sharing concerns about one's illness because of the risk of 

alienating friends may also provoke feelings of loneliness (Miller, 1985). 

Given the well-established associations of loneliness and social isolation with poor health, loneliness 

and social isolation have also been associated with healthcare utilisation (HCU) in cross-sectional 

studies (e.g. Beutel et al., 2017; Molloy et al., 2010; Zhang et al., 2018). Furthermore, a handful of 

prospective studies have investigated loneliness and social isolation as risk factors for HCU. Contrary 

to the effects of loneliness and social isolation on morbidity and mortality (i.e., both increase the risk 

of poor health), research on the associations with HCU has shown ambiguous results. As such, 

findings from prospective studies have indicated that loneliness and social isolation increase the use 

of certain types of healthcare services over time (e.g., Burns et al., 2020; Wang et al., 2019). Contrary, 

other studies have found that loneliness and social isolation decrease HCU (e.g., Dahlberg et al., 

2018; Lim & Chan, 2017; Shaw et al., 2017). The vast heterogeneity of findings might reflect the 

sizeable methodological diversity characterising previous studies. This includes large variations in 

healthcare outcomes, the use of both self-reported and register-based data on HCU, different measures 

of loneliness and social isolation (continuous data, threshold variables, and one-item measures), 

differences in analytical approaches, and the use of non-probability samples.  

While substantial research has investigated the health effects of loneliness and social isolation, 

respectively, much of our knowledge of the associations of loneliness and social isolation with health 

and HCU continue to exist in parallel literature bases. As such, loneliness and social isolation are 



LONELINESS SOCIAL ISOLATION ADVERSE HEALTH OUTCOMES 

   

 

  Julie Christiansen, 2022 

18 
 

rarely included in the same studies (National Academies of Sciences, 2020). In a 2016 meta-analysis, 

Valtorta and colleagues (2016) found the associations of loneliness and social isolation with coronary 

heart disease and stroke incidence to be equally strong, with an increased risk of approximately 30%. 

However, only a fraction of the included studies (2/23) examined loneliness and social isolation 

simultaneously, permitting the examination of putative independent effects. Likewise, findings from 

a large meta-analysis by Holt-Lunstad and colleagues (2015) demonstrated an increased likelihood 

of premature death at approximately 30% for loneliness and social isolation. However, only two of 

the 70 studies included in the meta-analysis examined the risk factors simultaneously, and their 

findings proved to be inconsistent (Holt-Lunstad et al., 2015). One study demonstrated that loneliness 

was a stronger risk factor for premature death than social isolation (Holwerda et al., 2012). Another 

study demonstrated that social isolation was a stronger risk factor for premature death than loneliness 

(Steptoe et al., 2013). To further complicate matters, two recent studies have found that loneliness is 

not a significant risk factor for mortality when adjusting for social isolation (Elovainio et al., 2017; 

Tanskanen & Anttila, 2016). Similarly, a large population-based study by Hakulinen and colleagues 

(2018) demonstrated that only social isolation was a significant, independent risk factor for mortality 

after myocardial infarction and stroke. By contrast, studies have found loneliness to be the only 

independent risk factor for chronic diseases such as incident cardiovascular disease (Valtorta et al., 

2018), dementia (Holwerda et al., 2014), and T2D (Hackett et al., 2019). The contradictory nature of 

these findings is striking. However, they might suggest that loneliness and social isolation have 

fundamentally different independent effects on human health or have distinct pathways to morbidity 

and mortality.  

Indirect pathways - how loneliness and social isolation affect health  

When summarizing theoretical perspectives and conceptual models, three generic pathways 

underlying the associations of loneliness and social isolation with health have been suggested. One 

such comprehensive conceptual model has been proposed by Berkman and colleagues (2000) (Figure 

3), delineating the processes through which social networks impact health. The model considers social 

networks embedded within a polynomial chain of causation that moves from 'upstream forces' to 

'downstream factors'. Hence, 'upstream forces' reflects how factors at a macro-societal level (e.g., 

culture and socioeconomic factors) impact the shape and experience of social networks and social 

relations. 'Downstream factors' further reflect how the structure and function of social networks affect 

different psychosocial mechanisms (e.g., the provision of social support, social engagement, social 

influence, and access to resources and material goods). Accordingly, psychosocial mechanisms 
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influence three proximate pathways to health; a health behavioural pathway, a psychological 

pathway, and a physiological pathway.  

Figure 3. Berkman's Conceptual Model of the Impact of Social Networks on Health 

 

 
Figure 3 is reproduced from Berkman et al. (2010). Copyright (2022), with permission from Elsevier. 

Similar pathways have been proposed elsewhere (Hawkley & Cacioppo, 2010; Holt-Lunstad & 

Smith, 2016; National Academies of Sciences, 2020; Uchino, 2006). The biological/physiological 

pathway is often considered predominantly intermediate (Holt-Lunstad & Smith, 2016; Mezuk et al., 

2016; Uchino, 2006). However, there is evidence of some direct influence of social connections on 

physiological and biological mechanisms (National Academies of Sciences, 2020). Moreover, it is 

essential to note that the pathways are interconnected; for instance, the behavioral and psychological 

pathways are expected to influence one another mutually (Uchino, 2006). Likewise, the pathways are 

considered multifaceted, each comprised of several explanatory factors (Berkman et al., 2000). 

The behavioural pathway is constituted by lifestyle factors and health-related behaviours such as 

physical activity, dietary patterns, sleep, medical adherence, and help-seeking behaviours, thought to 

directly or indirectly increase the risk of morbidity and mortality. Social connections, e.g., loneliness 

and social isolation, are thought to influence such behaviours in several ways. The lack of social ties 

may decrease personal control and hinder self-regulation and the facilitation of healthy behaviours 

(Umberson et al., 2010). Especially hyper-vigilance – as described previously – might lead to 

diminished self-regulatory processes in lonely individuals (Hawkley & Cacioppo, 2010). Moreover, 

having close and meaningful relationships with others might promote a sense of purpose and mutual 

responsibility for one another, motivating individuals to a healthy lifestyle to protect their overall 

health and well-being (Umberson et al., 2010). Similarly, emotional support from close friends and 
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family members might prove important in changing unhealthy behaviours (e.g., smoking, unhealthy 

eating, or heavy drinking) and maintaining new habits.  

The psychological pathway is generally viewed as an assembly of different psychological factors. As 

such, functional and structural indicators of social relationships are thought to affect a range of 

psychological processes (Berkman et al., 2000; Holt-Lunstad, 2022), including emotional regulation, 

stress appraisal, coping, and motivation. The experience of loneliness and social isolation might, thus, 

cause higher levels of perceived stress, depression, or anxiety, that in turn influence health directly 

or indirectly through physiological mechanisms and unhealthy behaviors. Hence, emotional 

dysregulation might diminish the likelihood of physical activity (Hawkley & Cacioppo, 2010). 

Similar, socially isolated individuals might be less resilient to the influence of stress, triggering 

physiological stress responses that put a physiological strain on the body (Huisman & van Tilburg, 

2021). Hence, healthy social relationships help us cope with stress and increase positive emotions, 

thereby buffering the adverse health effects of stress (Holt-Lunstad, 2022).   

Lastly, the biological/physiological pathway is thought to consist of multiple biological and 

physiological mechanisms. There is evidence of cardiovascular, neuroendocrine, immune, and 

inflammatory mechanisms (Cacioppo & Cacioppo, 2018; National Academies of Sciences, 2020) in 

explaining the association of social connections with the incidence of disease and the risk of 

premature death. Especially chronic inflammation has been highlighted as a mechanism of particular 

importance in explaining the adverse health effects of social connection (Holt-Lunstad, 2022).  

Alleviating feelings of loneliness and reducing social isolation 

Given the far-reaching health consequences of loneliness and social isolation, the need for effective 

intervention efforts seems obvious. However, the evidence of the effectiveness of loneliness and 

social isolation interventions for specific populations and settings is limited (National Academies of 

Sciences, 2020).  

Moreover, when reviewing the available literature, it is evident that interventions uniquely designed 

to reduce social isolation have received little attention (Holt-Lunstad & Steptoe, 2022). Generally, 

previous reviews of interventions to reduce social isolation have included and mixed interventions 

targeting social isolation, social support, and loneliness (e.g., Chipps et al., 2017; Cotterell et al., 

2018; Dickens et al., 2011; Findlay, 2003). During so, it is difficult to identify the effects of 

interventions targeting social isolation specifically. However, we should be cautious about assuming 

that interventions to improve social relationships, in general, can impact specific aspects of social 



LONELINESS SOCIAL ISOLATION ADVERSE HEALTH OUTCOMES 

   

 

  Julie Christiansen, 2022 

21 
 

relationships, including loneliness and social isolation. Hence, distinct aetiology and the different 

associations with physical and mental health might rather warrant tailored interventions.  

Despite the inclination to mix interventions targeting related but different aspects of social 

relationships (e.g., Gardiner et al., 2018; Poscia et al., 2018; Shvedko et al., 2018), there is evidence 

of the effect of interventions specifically addressing loneliness (Eccles & Qualter, 2021; Masi et al., 

2011). Hence, much recent research in interventions focusing on social relationships has concentrated 

on interventions targeting loneliness. 

Mann and colleagues (2017) have proposed that loneliness can be addressed either directly (i.e., 

explicitly targeting loneliness and related concepts in social relationships) or indirectly (i.e., broader 

approaches focusing on health and well-being). Moreover, several broad intervention strategies can 

be distinguished by summarizing influential reviews focusing on loneliness interventions. In the 

seminal work by Masi and colleagues (2011), four primary intervention strategies were described; 

improving social skills, enhancing social support, increasing opportunities for social interaction, and 

addressing maladaptive social cognition. Others have differentiated between changing cognitions, 

social skills and psychoeducation, supported socialization, and wider community approaches (Mann 

et al., 2017). Lastly, a recent review on loneliness interventions among children and adolescents 

categorized interventions into social skills, social and emotional skills, increased social interaction, 

enhanced social support, and psychotherapy (Eccles & Qualter, 2021). Hence, central strategies seem 

to emerge across different proposal to summarise intervention strategies. Thus, social and emotional 

skill training is thought to equip the individual to better form meaningful social relationships and 

strengthen the skills to maintain them over time (Mann et al., 2017). Moreover, increasing social 

support and creating opportunities for social interaction might prove effective by fulfilling social 

needs by fostering intimate relationships or a network of friendships (Weiss, 1973). Lastly, based on 

the ETL (Cacioppo & Cacioppo, 2018), CBT might prove especially effective in reducing feelings of 

loneliness by targeting maladaptive cognitions and unconscious processes. Likewise, loneliness 

might overlap with cognitions contributing to (other) mental health problems (Mann et al., 2017), 

further highlighting the potential of CBT. Despite the emphasis on CBT, psychological interventions, 

in general, have proved promising in reducing levels of loneliness (Hickin et al., 2021). 

Interventions addressing loneliness have shown some promise (Masi et al., 2011), and previous 

reviews have looked into the effect of loneliness interventions in specific age groups (e.g. Eccles & 

Qualter, 2021; Poscia et al., 2018). Likewise, reviews have investigated the effect of specific types 
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of interventions, for instance, physical activity interventions (Shvedko et al., 2020) and digital 

interventions (Chipps et al., 2017). However, no review of the literature assessing the effectiveness 

of loneliness interventions in general (e.g., across different age groups, settings and interventions 

strategies) has been conducted for over a decade. Meanwhile, the number of loneliness interventions 

has increased markedly.  

Current research gaps 

Overall, there is substantial evidence of loneliness and social isolation as risk factors for specific 

adverse health outcomes – especially robust longitudinal data have documented the effect on CVD 

and mortality (Holt-Lunstad, 2022). However, there is promising but limited data on the prospective 

associations of loneliness and social isolation with specific chronic diseases (Holt-Lunstad, 2022; 

National Academies of Sciences, 2020). Hence, additional research is needed to support confidence 

in a causal relationship (Holt-Lunstad, 2021). Likewise, our knowledge of the associations of 

loneliness and social isolation with HCU is severely limited due to the sizeable heterogeneity of 

previous findings. Understanding the nature of loneliness and social isolation as risk factors for HCU 

is vital, as inequitable use of health care services due to loneliness and social isolation may have 

considerable socioeconomic consequences. This is especially important when considering the 

increasing pressure on healthcare resources in the Western world (OECD, 2021). Furthermore, 

despite a growing evidence base documenting the indirect behavioral, psychological, and 

physiological pathways that contribute to the associations of social connection with morbidity and 

mortality, why and how social connections impact health is not yet fully understood (Fried et al., 

2020; Holt-Lunstad & Steptoe, 2022). For instance, knowledge of the explanatory factors underlying 

the associations of loneliness and social isolation with respect to specific chronic diseases is sparse. 

Part of the research introduced in this thesis addresses these gaps by investigating the prospective 

associations of loneliness and social isolation with specific chronic diseases and HCU, including 

exploring indirect pathways. Such basic research might contribute to more robust evidence of the 

associations of loneliness and social isolation with health outcomes, with practical implications for 

prevention and intervention strategies for social isolation and loneliness (National Academies of 

Sciences, 2020). Further, the present thesis will investigate loneliness and social isolation 

simultaneously with health outcomes. The independent nature of the two constructs, their occasional 

coexistence, and potential reciprocal association highlight the need for researchers to investigate both 

risk factors in mutually adjusted analysis when studying adverse health outcomes. As such, our 

knowledge of the independent and potential synergistic effects of loneliness and social isolation on 
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health is sparse, leaving a wide gap in this area of research (Beller & Wagner, 2018b; Donovan & 

Blazer, 2020; Holt-Lunstad, 2018; Holt-Lunstad 2022).  

Lastly, our knowledge of the effectiveness of loneliness interventions is limited (National Academies 

of Sciences, 2020). Moreover, previous reviews have been inclined to confuse and mix interventions 

targeting related but different aspects of social relationships, including loneliness and social isolation. 

However, tailored interventions – targeting specific aspects of social relationships – might prove most 

effective. Hence, knowledge of the effectiveness of loneliness interventions across the lifespan and 

different intervention strategies is lacking as no extensive review has been conducted since the 

influential meta-analytic review by Masi and colleagues (2011). Hence, part of the research covered 

by the present thesis will address these knowledge gaps.   

Aim of the present thesis  

The overall aim of the present thesis was to examine the associations of loneliness and social isolation 

with adverse health outcomes and determine whether and in what way loneliness and social isolation 

contribute to poor health. In addition, the present thesis aimed to investigate possible solutions by 

examining the effect of interventions to reduce loneliness.  

The study-specific aims are outlined below. 

Study I (Christiansen et al., 2021, Appendix 1) aimed to investigate 1) loneliness and social isolation 

as independent risk factors for chronic disease (CVD, T2D, COPD, cancer) 2) potential synergistic 

effects of loneliness and social isolation with chronic disease, 3) the extent to which baseline 

psychological factors and behavioral factors explain the associations of loneliness and social isolation 

with chronic disease (Figure 4).  
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Figure 4. A Conceptual Model of Explanatory Factors 

 
Figure 4 illustrates a basic model of putative direct and indirect pathways by which social isolation and loneliness impact health. The 

figure is published in Christiansen et al. (2020). Copyright (2022), with permission from Oxford University Press. 

 

Study II (Christiansen et al., 2022, Appendix 2, not available) aimed to investigate the associations 

between loneliness and social isolation and person-specific GP utilisation and secondary HCU over 

a 6-year follow-up period. 

Study III (Christiansen et al., 2021, Appendix 3) aimed to investigate the cross-sectional associations 

of loneliness and social isolation with poor physical and mental health among adolescents and young 

adults.   

Study IV (Lasgaard et al., 2022, Appendix 4, not available) aimed to identify, assess and summarize 

the effects of interventions with respect to alleviating loneliness.  
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Chapter 2  

Methods and methodological considerations 

Placed within the methodological field of social epidemiology - the branch of epidemiology that 

studies the social distribution and social determinants of states of health (Berkman & Kawachi, 

2000), study I, III, and III were conducted. Study I and II comprised secondary data from the Danish 

National Health Survey (DNHS) linked with individual-level register data using a prospective cohort 

study design with a fixed population, whereas study III was based on cross-sectional data from the 

DNHS. Study IV was based on a systematic literature search and meta-analysis.  

In the following sections, the applied methodology of the four studies will be described. The applied 

methods of study I, II, and III will be described together, whereas the methodology of study IV will 

be described separately.  
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The Danish National Health Survey (DNHS) 

For study I, study II and study III, secondary data analyses were performed using data from the 

DNHS. The DNHS is a large national representative and cross-sectional population-based survey 

conducted in Denmark every fourth year by the five Danish regions, the National Institute of Public 

Health at the University of Southern Denmark, and the National Board of Health (Christensen et al., 

2022). The survey is based on self-administered questionnaires and aims to describe health, 

morbidity, and well-being among Danish adults aged 16 years and older. A concurrent mixed-mode 

approach is used to collect the data, in which each participant can fill out an enclosed questionnaire 

or use a unique web access (Larsen et al., 2017). The survey is based on a random sample of 

individuals that are drawn from the Danish Registration System using a personal registry number. 

The survey comprises six mutually exclusive subsamples: based on five random samples and one 

national sample (Christensen et al., 2022). A standard questionnaire that includes 52 questions (2017) 

is used in all sub-samples. Hence, multiple questions in the survey are similar across the subsamples. 

In addition, each region can add its own questions. The response rate of the DNHS has been slightly 

decreasing from 2010 to 2021 [2010; 59.5%, 2013; 54.0%; 2017; 58.7% 2021; 56.7%]. Nonetheless, 

the response rate is overall comparable to the response rates from large health surveys obtained in 

similar countries (Christensen et al., 2022). However, the response rate is systematically lower among 

men, unmarried individuals, individuals with <10 years of education, individuals who are 

unemployed or outside the labour market, and individuals with a non-Danish ethnic background 

(Christensen et al., 2022). Sampling weights to correct for differences in selection probabilities and 

response rates are used (described in detail on p. 37). 

Health-related data from Danish registers 

In Denmark, individual-level data is routinely collected. Especially – and due to the universal 

government-funded health care system2 - high-quality individual-level health care data have been 

recorded since 1978 with complete nationwide coverage (Schmidt et al., 2019). Moreover, detailed 

collection of data on migration and emigration, social conditions (including information on 

education), income, labour market affiliation, and housing conditions (Thygesen et al., 2011) are also 

recorded in individual registers. Using a unique personal identification number assigned to all persons 

with a permanent residence in Denmark (CPR-number), it is possible to link data from one or more 

                                                                 
2 The Danish National Health Service provides tax-supported health care for the entire Danish population (Schmidt & Sørensen, 

2015) 
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registers (Thygesen et al., 2011) within the extensive networks of interlink-able longitudinal 

population-based registries (Schmidt et al., 2019). This enables researchers to conduct extensive 

population-based epidemiological studies comprising the entire Danish population. However, some 

information remains unobservable in the administrative registers, such as certain subjective and 

complex social and psychological phenomena, including loneliness and social isolation (Plana-Ripoll 

et al., 2021). In such cases, the combination of survey and register data can enable the investigation 

of multifaceted methodological research questions that cannot be addressed using a single data source 

(Sakshaug et al., 2012). Hence, on this ground, the linkage of survey and register data was chosen to 

investigate the longitudinal associations of loneliness and social isolation with chronic disease and 

HCU in study I and II.  

Hence, for study I and II, a prospective cohort design was applied, linking 2013 survey data with 

almost complete individual-level data from health-related registers on diagnoses (The Danish 

National Patient Register; Schmidt et al., 2015) and HCU (The Danish National Patient Register; 

Schmidt et al., 2015; Danish National Health Service Registry; Andersen et al., 2011). For these 

studies, survey data on baseline exposures (loneliness and social isolation) and covariates (Figure 5 

and Table 1) stemmed from the DNHS 2013 Central Denmark Region subsample. In 2013, The 

Central Denmark Region was home to approximately 23 % of the Danish population's 5.7 million 

inhabitants. The study population’s demographic composition (sex, age, and civil status) was similar 

to that of the Danish population at the time of the data collection. In 2013, only the Central Denmark 

Region subsample comprised data on loneliness.  
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Figure 5. Study designs 

 
Figure 5 illustrates the study designs of studies I, II, and III. A prospective cohort design was applied in study I and II linking survey data with prospective and retrospective register data. 

Study III used cross-sectional data. Arrows indicate the period for data collection.
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To investigate the cross-sectional association of loneliness and social isolation with poor physical and 

mental health among adolescents and young adults, study III comprised data from the 2017 DNHS 

stemming from four of the five Danish administrative regions (the Central Denmark Region, the 

North Denmark Region, Region Zealand and the Capital Region of Denmark), covering 79% of the 

total Danish population aged 16 years and older at the time of data collection. In 2017, these four 

regional subsamples comprised data on loneliness. 

Survey studies in Denmark are not approved by any ethics committee or similar research oversight. 

However, all processing of personal data is reported to internal registers, either regional or university-

based registers. Furthermore, participants must provide informed consent when participating in a 

survey. In the DNHS, all potential participants receive a letter of invitation emphasizing that 

participation in the survey is voluntary. Moreover, the participants are informed that data will be 

linked with register data and that data can be passed on and used for other statistical and scientific 

purposes. The participants’ voluntary completion of the survey questionnaires constitutes implied 

consent. Contrary, according to Danish law, studies solely based on register data do not require 

informed consent. 

Measuring loneliness and social isolation  

For researchers to measure loneliness and social isolation reliably, standardised and validated 

measures of loneliness and social isolation are crucial (Donovan & Blazer, 2020).  

In a recent consensus statement (Fried et al., 2020), the need for more robust research using validated 

measures of loneliness was underlined. Hence, in order to generate reliable knowledge of loneliness 

as a social determinate of health, the use of measures such as the UCLA Loneliness Scale (Russell et 

al., 1980) and the de Jong Gierveld Loneliness Scale (de Jong Gierveld & van Tilburg, 1999) was 

encouraged (Fried et al., 2020). In the conducted studies, loneliness was assessed using one of the 

most widely-used measures of loneliness (Fried et al., 2020); the three-item Loneliness Scale (TILS; 

Hughes & Cacioppo, 2004), a short version of the 20-item UCLA Loneliness Scale (Russel et al., 

1980) developed especially with reference to large population-based surveys. The scale demonstrates 

good internal consistency, as measured by Cronbach’s alpha (Study 1: α = .75; Study 2: α = .76, Study 

3: α = .80). Moreover, the scale has a high concurrent and discriminant validity and correlates strongly 

with the full UCLA Loneliness scale (Hughes & Cacioppo, 2004). The TILS contains the following 

questions: "How often do you feel isolated from others?", "How often do you feel you lack 

companionship?", and "How often do you feel left out?". All items are rated on a three-point Likert 
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scale from "hardly ever" to "often". The sum of the items (ranging from 3 to 9) provides a global 

measure of loneliness, with higher scores indicating greater loneliness. The TILS does not specify the 

time period in question. As such, it is not possible to distinguish between prolonged and transient 

loneliness (Lasgaard et al., 2016). 

There is a general agreement that social isolation is an objective indicator of being alone, having 

few/infrequent social contacts, and having little or no involvement in the local community, clubs, or 

organizations (Holt-Lunstad & Steptoe, 2022), and that the measurement of social isolation should 

preferably involve several indicators (Cornwell & Waite, 2009). However, studies of the association 

between social isolation and health are complicated by profound conceptual ambiguity. Many studies 

have used single items to tap into social isolation (e.g., living alone, being single, or having infrequent 

contact with family). Hence, there is no agreement on standard measures of social isolation and a 

unified approach in which standardised and validated measures are systematically applied is lacking 

(Fried et al., 2020).  

Social isolation was assessed using an index based on questions about social contact inspired by the 

comprehensive Social Network Index (Berkman & Syme, 1979; Berkman & Beslow, 1983) and the 

five item Steptoe Social Isolation Index (Donovan & Blazer, 2020; Steptoe et al., 2013). The 

following indicators were included: (1) living alone, (2) less than monthly contact with family with 

whom one does not live, (3) less than monthly contact with friends, (4) less than monthly contact with 

colleagues or fellow students outside the workplace or school, and (5) less than monthly contact with 

neighbours or the local community. The indicators generated a score ranging from 0 to 5, in which 

higher scores reflected greater social isolation.  

Measurements of loneliness and social isolation were similar across study I, II and III. However, in 

study I, loneliness and social isolation threshold variables were used, in which the measures of 

loneliness and social isolation were dichotomized. The use of continuous scale measures is preferable 

in most cases. Nonetheless, this method was used to enable comparisons with previous studies on the 

longitudinal associations of loneliness and social isolation with chronic disease, in which loneliness 

and social isolation have predominantly been treated as categorical variables (Valtorta et al., 2016). 

A cut-off score of above five on the TILS was used to reflect moderate to severe loneliness (Lasgaard 

et al., 2016; Musich et al., 2015). In addition, a score between three and five, corresponding to a 

maximum of two areas of social interfaces, was treated as an indicator of social isolation comparable 
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to the approach used in previous population-based studies (Elovainio et al., 2017; Steptoe et al., 

2013).  

Definition of disease outcomes and healthcare utilisation in the three studies 

For study I, all data on diagnoses (CVD, T2D, COPD, and cancer) were obtained from DNPR using 

ICD-10 codes (Table 1). Register data from the DNPR from a three-year period prior to the survey 

were used to identify respondents diagnosed with one of the four chronic diseases prior to 2013, who 

were then excluded from the analyses.  

Data on GP contacts were obtained from the DNHSR for study II. GP contacts were operationalised 

as the total number of weeks for any appointment or consultation was made with a GP. This approach 

was chosen due to limitations (e.g., lack of detailed information on individual GP consultations) in 

the registration details provided in the DNHSR. Data on secondary HCU during the 6-year follow-up 

period were obtained from the DNPR on treatment in a hospital at a somatic ward and comprised the 

number of (a) planned outpatient treatments, (b) planned admissions, (c) ER treatments, (d) 

emergency admissions and (e) hospital admission days (in total).  

For study III, cross-sectional survey data was applied to investigate loneliness and social isolation 

as associates of poor physical and mental health among adolescents and young adults. Physical health 

included self-reported chronic conditions: asthma, allergy, diabetes, migraine (or frequent headache), 

osteoarthritis, rheumatoid arthritis, hypertension, slipped disc/back pain, and tinnitus. Questions on 

chronic diseases were based on a survey instrument recommended by the World Health Organization 

for national health surveys (Buratta et al., 2003). Mental health included long-term mental illness, 

depressive symptomatology, anxiety symptomatology, and alcohol problems. Respondents were 

categorised as having a long-term mental illness if they self-reported having a mental illness lasting 

for more than six months. Depressive symptomatology was assessed using the single item “Have you 

been troubled by low spirit, depressive feelings and unhappiness [in the past two weeks)?” and 

anxiety symptomatology was assessed using the single item “Have you been troubled by anxiety, 

nervousness and unease (in the past two weeks)?”. For both items, response options were "yes, very 

troubled", "yes, a little troubled" and "no". Scoring "yes, very troubled" was considered to reflect 

increased symptomatology. Lastly, alcohol problems were assessed with CAGE-C (Zierau et al., 

2005), consisting of six questions on problem drinking such as “Have you ever felt you should cut 

down on your drinking?”. A minimum of two positive answers to questions 1-5, or one positive 
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answer to questions 1-5 in addition to having an alcohol intake on four or more days per week 

(question 6) was considered having alcohol problems.    

Statistical data analyses 

This section includes a description of the applied statistical analyses in study I, II, and III. All 

statistical analyses were performed using STATA, version 15, and the significance level used was 

5%. HR, OR, and IRR are presented with 95% CI.  

Study I 

Cox proportional hazard regression analysis was conducted to investigate loneliness and social 

isolation as independent risk factors of chronic disease. Cox proportional hazard regression analysis 

is the most common model for analysing survival/time-to-event data (Harrell, 2015), especially 

within medical, public health, and behavioural studies (Chen, 2021). Cox proportional hazard 

regression analysis calculates the hazard rate, which provides a measurement of the instantaneous 

risk for an event (e.g., death or disease incidence) to occur while statistically handling missing data, 

known as censoring (Chen, 2021). Hence, in many cases data is incomplete because the respondents 

in a longitudinal study did not experience the event of interest during the time that the respondents 

were followed. As such, it is unknown whether and when the event of interest will occur for the 

respondents who have not yet experienced the event by the end of the study. In survival analysis, such 

respondents are described as having right-censored or right-truncated data (Chen, 2021). In study I, 

cox proportional hazard regression analysis was used to calculate HRs for the association between 

loneliness and social isolation and each specific chronic disease (i.e., CVD, T2D, COPD, and cancer) 

in mutually adjusted analysis, while further adjusting for relevant covariates (i.e., gender, age, and 

educational attainment). When investigating synergistic effects, an adjusted cox proportional hazard 

regression analysis was conducted in which loneliness, social isolation, and the interaction between 

loneliness and social isolation were entered into the same model. Survival time was measured from 

the end of data collection (May 31, 2013) to the event occurred (disease) or the end of follow-up 

(December 31, 2018). 

Multiple mediation analysis was used to investigate relevant explanatory factors (mediators) that 

could explain the associations of loneliness and social isolation with chronic diseases. Contrary to 

confounders, thought to confuse an estimated association, mediators are thought to constitute the 

association between an exposure and an outcome. Hence, a mediated effect (also labeled an indirect 

effect) indicates that the exposure causes the mediator, which, in turn, causes the outcome (Sobel, 
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1990). To investigate the indirect effect of relevant explanatory factors, the STATA command khb 

was used (Breen et al., 2013; Kohler & Holm, 2011). The khb method is a general decomposition 

method that is unaffected by the rescaling or attenuation bias that arises in cross-model comparisons 

in nonlinear models (Kohler & Holm, 2011). Hence, the command decomposes the total effect of an 

exposure on an outcome (Path C) into the direct effect (Path c; the effect of an exposure on an 

outcome when controlling for mediating variables) and the indirect effect (Path a and Path b; the 

effect of an exposure on an outcome through mediators) –see Figure 6. Moreover, it also decomposes 

the effects of both discrete and continuous variables (Kohler & Holm, 2011). In study I, the khb 

method was used to determine the indirect effect of loneliness and social isolation through the 

explanatory factors on each disease for which a significant association was detected using cox 

proportional hazard regression analyses. Moreover, each explanatory factor was tested individually a 

priori, and only factors that demonstrated a significant indirect effect (between exposure and disease) 

were included in the final multiple mediation models. All models were adjusted for gender, age, and 

educational attainment. Moreover, each model was adjusted for loneliness and social isolation, 

respectively, and total follow-up time in days (0-2040) as the khb method does not handle survival 

data.   

Figure 6. Specified Multiple Mediation Model 

 
Figure 6 is published in Christiansen et al. (2021) as electronic supplementary material. Copyright (2022), with permission from 

Oxford University Press.    
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Study II 

Negative binomial regression analysis for count data was used due to 'over-dispersed' data (Hilbe, 

2007) to examine loneliness and social isolation as risk factors of GP utilisation and secondary HCU. 

Often Poisson regression models are used for count data. However, the Poisson model rarely fits the 

actual data because of over-dispersion. Hence, the Poisson model is based on the assumption that the 

dependent variable's mean and variance are equal. However, in most cases, this assumption is 

violated, and in such cases, the negative binomial model should be used (Mozahem, 2021). Moreover, 

the Poisson model assumes the independence of events, which is not assumed in negative binominal 

regression analysis (Shaaban et al., 2021). Hence, given the influence of individual differences on the 

likelihood of an event occurring, negative binomial regression analysis can handle that events can be 

repeated (Shaaban et al., 2021).  

In study II, negative binomial regression analysis was conducted to determine if loneliness and social 

isolation were associated with each outcome variable (i.e., contacts to the GP and secondary HCU) 

in mutually adjusted analyses during the 6-year follow-up period. In the study, several models were 

estimated: 1) a model in which loneliness and social isolation were mutually adjusted for, 2) a 

partially adjusted model that was further adjusted for baseline demographics, and 3) a fully adjusted 

model that was further adjusted for baseline chronic diseases. Furthermore, to test for equality of the 

estimates of loneliness and social isolation, the Wald (X2) test was performed. In all models, 

differences in follow-up time were accounted for by an exposure variable (total follow-up time in 

days; 43-2,190 days). This permitted respondents, who had left Denmark during the follow-up period, 

died, or were otherwise inaccessible to be followed until the event occurred.  

Study III 

Logistic regression analysis was conducted to examine loneliness and social isolation as associates 

of physical and mental health. The analyses were conducted separately for each chronic disease and 

mental health problem. In the study, several models were estimated: 1) unadjusted models conducted 

for loneliness and social isolation separately, 2) partially adjusted models that were adjusted for 

sociodemographic factors, and 3) fully adjusted models in which loneliness and social isolation were 

also mutually adjusted for.  
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Weighting   

In study I, II, and III, calibrated weights were applied in all analyses to account for potential 

differences in selection probabilities and response rates for different sub-groups and thereby enhance 

the representativeness of the study population. Weights were constructed by Statistics Denmark using 

a model-based calibration approach (Särndal & Lundstrøm, 2005) and information used to compute 

the weights included administrative data on responders and non-responders (i.e., sex, age, 

municipality of residence, highest completed level of education, ethnic background, hospitalisation 

and occupational status) (Christensen et al., 2022). The weight variable was added to the data (i.e., 

all respondents in an under-represented group received a weight >1, and all respondents in an over-

represented groups received a weight<1), making it possible to weight data to represent the population 

in question.  

To be or not to be (a cause)  

The systematic collection of high-quality data in Denmark that comprises complete long-term follow-

up and data that is censored only at emigration or death provides vast possibilities for epidemiological 

research (Schmidt et al., 2019). In the same manner, health-related register data linked with survey 

data provides countless opportunities for research in social epidemiology, in which the understanding 

of disease aetiology involves investigating the role of complex social experiences, such as loneliness 

and social isolation, as risk factors for disease (Berkman & Kawachi, 2010). However, establishing 

causation in observational studies is difficult – even when statistically adjusting for known 

confounders. Hence, besides the obvious uncertainty that arises when only a sample of a population 

is studied rather than its entirety (Gianicolo et al., 2020), the critical difficulty when establishing 

causation in observational studies is rooted in confounding, especially unmeasured confounding3 

(Fewell et al., 2007). As such, confounders can either conceal an actual effect or mimic an effect that 

is not really present (Gianicolo et al., 2020). This signifies the dangers and pitfalls of referring to 

cause in observational research. Hence, in many cases, it will be more appropriate to refer to 

exposures – such as loneliness and social isolation – as risk factors and not causes per se (Holt-

Lunstad, 2018).  

Kraemer and colleagues (1997) defined a risk factor as a measurable characterization of each subject 

in a specified population that precedes the outcome of interest and which can be used to divide the 

population into 2 groups (the high-risk and the low-risk groups that comprise the total population) 

                                                                 
3 Unmeasured confounding refers to confounding due to the omission of a confounder from the model (Fewell et al., 2007) 
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(p. 338). Hence, to establish a factor as a risk, the risk factor is required to precede the outcome of 

interest. A risk factor is therefore defined as a particular type of correlate that requires evidence of 

temporal precedence (Kraemer et al., 1997). Similarly, the WHO characterizes a risk factor as any 

attribute, characteristic, or exposure of an individual that increases the likelihood of developing a 

disease or injury (WHO, 2009).  

Throughout the thesis, loneliness and social isolation will be referred to as risk factors and not causes. 

Moreover, similar to other common health risk factors, the influence of social relationships both 

complex and multifactorial (Holt-Lunstad, 2018). Hence, in most cases, no single causal factor causes 

an outcome of interest (Holt-Lunstad, 2018), and we hereby stress that loneliness and social isolation 

are not thought to singlehandedly cause the development of disease or HCU. Likewise, when referring 

to loneliness and social isolation as risk factors, we stress that loneliness and social isolation are not 

necessary or sufficient conditions for an outcome of interest to occur (Kraemer et al., 1997).   
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Methodology of the systematic review and meta-analysis 

To identify, assess and summarize the effect of interventions aiming to alleviate loneliness in study 

VI, a systematic review and meta-analysis were conducted. The study was preregistered in 

PROSPERO (registration no.: 175954). Moreover, the study was conducted and reported according 

to the PRISMA (Moher et al., 2009).  

Search strategy  

The literature search was conducted in nine scientific databases and trial registers: PsycInfo, PubMed, 

Embase, Web of Science, Cochrane Library and ProQuest Dissertations & Theses Global, 

ClinicalTrials.gov, International Clinical Trials Registry Platform and The European Union Clinical 

Trials Register [February 2020] using a search string (see Appendix 7, not available). The search 

string was piloted together with a Liberian at Aarhus University, Denmark, to balance sensitivity and 

specificity.  

The inclusion of grey literature in systematic reviews is broadly encouraged to provide a more 

complete view of available evidence (Mahood et al., 2014). Hence, grey literature was searched in a 

wide range of databases (Open Grey, MedNar, WorldCat Library Catalog, National Institute for 

Health and Care Excellence, Grey Matters and Google Scholar), on Google (using a simple 

combination of keywords and by screening the websites of selected stakeholders), and on Twitter 

(using hashtags based on key terms). Moreover, 34 researchers representing 13 different countries 

were contacted in order to collect additional material.   

Eligibility  

Inclusion criteria were developed according to the PICOS (Higgins et al., 2019). The specific a 

priori in- and exclusion criteria are listed in Table 2 Eligibility criteria.  

Primary studies from journal articles, book chapters, scientific reports, documents for peers, theses, 

and dissertations were included. To minimize publication bias, both published and unpublished 

publications were included. Besides the specific PICOS criteria, additional criteria used included 

language of publication and publication year.  
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Table 2 Eligibility criteria 

Inclusion criteria (PICOS) 

Population: All age groups (independent of the participants’ 

degree of loneliness) 

Intervention: Loneliness interventions primarily aiming to 

alleviate loneliness (direct interventions; see definition p. 40) 

Comparison: Studies with and without comparison groups 

Outcome: Studies that measured loneliness as an outcome using 

a validated scale measure or a self-labelling single-item  

Study design: RCTs, multi-cohort studies, and single-cohort 

studies  

Exclusion Criteria  

Studies not measuring or reporting quantitative data 

Studies with a small sample size (n < 10 in the intervention 

group). 

Studies not in English, German or Scandinavian  

Studies conducted before 1980  

For an intervention to be considered a direct loneliness intervention (Mann et al., 2017), it must be 

explicitly targeting loneliness; i.e., its primary aim needed to be alleviation of loneliness. Hence, this 

should be clear either from the base or programme theory or be stated as a specific aim of the 

intervention. If the intervention had several aims, the intervention was included, provided alleviation 

of loneliness was one of no more than three primary aims.  

As recommended elsewhere (Tufanaru et al., 2015), an inclusive approach was applied in which 

different study designs were included. This allows for the investigation of the totality of empirical 

evidence within the field of loneliness interventions. Moreover, it allows for potentially essential 

insights regarding the agreement or disagreement of intervention effects from different study designs 

(Tufanaru et al., 2015).  

Screening process 

The search identified 14,267 references (see Flow Diagram, Figure 7). References identified through 

scientific databases and trial registers were exported to Covidence, which allowed raters to 
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independently and systematically assess all publications in phase 1 (screening of title and abstract) 

and phase two (screening of full text). References identified through the comprehensive grey 

literature search were handled in an excel-document, in which raters could independently assess each 

reference.   

Based on phase 1 screening, 528 references were identified for full-text screening. This included 

references identified through scientific databases and trial registers, as well as references identified 

through the grey literature search. The literature/references covered 336 primary studies, 69 

conference abstracts, 74 reviews, 38 clinical trials/study protocols, and 11 book chapters.  

To identify primary studies based on already identified conference abstracts and clinical trials/study 

protocols, further searches were conducted. No additional primary studies were identified on this 

basis. Likewise, identified reviews were screened to identify primary studies not included in the initial 

search. This identified five additional studies. Thirty-one primary studies were unavailable (mostly 

earlier theses and dissertations). In total, the full-text of 310 publications was assessed by two raters 

performing dual screening to ensure that all eligibility criteria were met. Any disagreement between 

raters was carefully discussed to reach an agreement. Otherwise, a third rater was included as a 

tiebreaker.  

In total, 136 primary studies reported across 121 publications matched the eligibility criteria.  
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Figure 7. PRISMA Flow Diagram 
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Data Extraction  

One coder extracted data from the included studies using a pre-defined coding scheme including 

author(s), year of publication, country, study design, eligibility, sample size, sample characteristics, 

loneliness measure, time points, description of the intervention, intervention strategies [(1) social 

support, (2) social network, (3) social and emotional skills training, (4) psychological treatment and 

(5) psychoeducation], intervention format [mode distinguished between individual and group-based 

interventions; delivery distinguished between non-digital and digital interventions] and data on 

intervention effects. A second coder validated extracted data.   

Risk of Bias Assessment  

Two raters independently assessed risk of bias for each of the included studies in order to evaluate 

the methodological quality of the included studies. Depending on the study design in question (RCT, 

multi-cohort study, or single cohort study), the well-established Cochrane Risk of Bias Tool (Higgins 

et al., 2019) and an adapted4 version the Scottish Intercollegiate Guidelines Network (SIGN) checklist 

for cohort studies (SIGN, 2019) was applied. Any disagreement between raters was carefully 

discussed to reach an agreement. Otherwise, a third rater was included as a tiebreaker.  

Regardless of their risk of bias, all studies were included in the meta-analysis. However – as 

recommended (Tufanaru et al., 2015) – the risk of bias in included studies was considered during data 

synthesis, presentation of the results, and also included in the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) assessment (Guyatt et al., 2011) (see description 

on p. 44).  

Meta-analytical technique and GRADE assessment  

The standardized mean difference (SMD) was used as summary statistic using the Hedges’ g effect 

size. The SMD is applied in cases where included studies measured the same outcome but on different 

measures (Tufanaru et al., 2015). As such, all included studies measured loneliness as an outcome. 

However, the measures (types of scale measure or single-items) deviated substantially across studies.  

SMD was calculated based on unadjusted mean change and standard deviation (SD) of mean change 

when available. However, different procedures were used to calculate SMD if data were reported in 

                                                                 
4 Two criteria [1.4 and 1.12] were found irrelevant within this field of research, and two criteria [1.9 and 1.10] were slightly modified 

to fit the subject matter. 
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other ways (e.g., using OR) or if estimates were missing (e.g., SD). Moreover, 8 of 136 studies were 

excluded from the meta-analysis due to insufficient data for the calculation of SMD.  

A meta-analysis was conducted using a random-effects model. This was chosen as the random-effects 

model is appropriate when the number of included studies is large and when the included studies 

demonstrate large clinical and/or methodological heterogeneity, in which cases it is unfavourably to 

assume that they share one common effect (Tufanaru et al., 2015). Moreover, a meta-analysis was 

conducted separately for each study design (RCT, multi-cohort study, and single cohort study). This 

also included sub-group analyses, which were run separately for each study design. Hence, if the 

included studies are too heterogeneous, such as applying widely different study designs, it is not 

advisable to synthesize the respective studies (Tufanaru et al., 2015). 

Using the highly recommended GRADE system (Guyatt et al., 2011), the certainty of the evidence 

(i.e., the confidence in the estimates) was assessed. GRADE is a so-called “outcome-centric” rating 

system in which a rating is made for each outcome across the body of studies, not referring to 

individual studies. Hence, in cases with multiple outcomes, the quality of the evidence may differ 

from one outcome to another within a single study and across the body of evidence (Guyatt et al., 

2011). GRADE has four levels of evidence: very low, low, moderate, and high. 'High' reflects being 

very confident that the true effect lies close to that of the estimate of the effect and 'very low' reflects 

having very little confidence in the effect estimate: The true effect is likely to be substantially different 

from the estimate of effect (Balshem et al., 2011). The certainty of evidence is determined based on 

the study design (e.g., evidence from randomised controlled trials starts at high quality and evidence 

from all observational studies starts at low quality) and can be rated down based on five criteria, 

including risk of bias, inconsistency of results, indirectness of evidence, imprecision and other 

considerations (Guyatt et al., 2011; Schünemann et al., 2013)  

The certainty of the evidence was assessed separately across the three study designs.  
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Chapter 3 

Results 

The following section briefly summarizes the results from the main analyses of study I, II, III, and 

IV.  

Summary of results from study I  

The present sample comprised 24,687 individuals (Mage: 54.65, SD 12.00). Cox proportional hazard 

regression analysis demonstrated that baseline loneliness and social isolation independently increased 

the risk of being diagnosed with CVD by 30% and 24%, respectively, and T2D by 98% and 56%, 

respectively, across a 6-year follow-up period adjusting for gender, age, and educational attainment 

(Table 3). Neither baseline loneliness nor social isolation predicted being diagnosed with COPD or 

cancer. Subsequent analysis demonstrated that the interaction between loneliness and social isolation 

was not significantly associated with an increased risk of CVD or T2D. Multiple mediation analysis 

demonstrated that both loneliness and social isolation had a significant indirect effect on CVD 

through psychological and behavioral factors, in which perceived stress explained most of the 

variance in the association of loneliness with CVD (43 %) (Table 4). In contrast, daily smoking and 

perceived stress explained the most variance, in the association of social isolation with CVD (17 % 

and 11%) (Table 5). Further, a multiple mediation model demonstrated that loneliness and social 

isolation had a significant indirect effect on T2D through psychological and behavioral factors. 

Negative affect explained most of the variance in the association of loneliness with T2D (26%) (Table 

4). In contrast, insufficient sleep duration and physical inactivity explained the most variance in the 

association of social isolation with T2D, 11% and 9%, respectively (Table 5). 
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Summary of results from study II 

The present sample comprised 29,472 individuals (Mage: 52.1, SD 16.3). In mutually adjusted 

analyses, negative binominal regression analysis found baseline loneliness and social isolation were 

associated with contacts with the GP, planned outpatient treatments, ER treatments and emergency 

admissions (Table 6). Only social isolation was associated with an increased number of planned 

admissions and hospital admission days. When adjusting for baseline demographics and chronic 

diseases, loneliness continued to increase the risk of GP contacts, ER treatments, emergency 

admissions, and hospital admission days (Table 7). Testing the equality of the fully adjusted estimates 

of loneliness and social isolation using Wald test, the association of loneliness with GP contacts and 

ER treatments, respectively, was statistically different from the associations of social isolation with 

GP contacts and ER treatments. 

 

  



LONELINESS SOCIAL ISOLATION ADVERSE HEALTH OUTCOMES    

 

  Julie Christiansen, 2022 

48 
 



  

 

49 
 

Summary of results from study III 

The present sample comprised 19,890 individuals (Mage: 22.64, SD 0.03). Adjusted logistic 

regression analyses demonstrated that loneliness was independently associated with increased 

odds of having asthma, migraine, osteoarthritis, rheumatoid arthritis, hypertension, slipped 

disc/back pain, and tinnitus (Table 8). Contrary, social isolation was independently associated 

with decreased odds of having migraine and osteoarthritis (Table 8). Moreover, logistic 

regression analyses demonstrated that loneliness was independently associated with increased 

odds of having long-term mental illness, depressive symptomatology, anxiety symptomatology 

and alcohol problems. Likewise, social isolation was associated with increased odds of long-

term mental illness, depressive symptomatology, and anxiety symptomatology. In contrast, 

social isolation was associated with decreased odds of having alcohol problems (Table 8). The 

associations of loneliness with mental health variables were significantly stronger than the 

associations of social isolation with mental health variables.  
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Summary of results from study IV 

The 136 included primary studies comprised 60 RCTs, 25 multi-cohort studies, and 51 single-

cohort studies. More than half of the interventions targeted older people (65+ years) (57%). 

Most studies measured loneliness using continuous measures, including the UCLA Loneliness 

Scale and De Jong Gierveld Scale. Social support and social network were the most common 

intervention strategies applied in 40% and 39% of the interventions. Moreover, a large 

percentage of the interventions utilised multiple intervention strategies (40%). Most 

interventions were group-based and non-digital, 67% and 82%, respectively.   

Of all studies, 128 were included in the meta-analysis, including 125 studies reporting data on 

short-term effects (i.e., up to four weeks after the intervention) and 41 studies reporting data 

on long-term effects (i.e., one to six months after the intervention). A summary of the meta-

analyses of short-term and long-term effects is described below.  

In total, 54 RCTs (n = 6,379) indicated that the short-term effect of interventions on loneliness 

was moderate (SMD= -0.47, Table 9). Using GRADE, the certainty of the evidence was 

assessed as low. In total, 22 multi-cohort studies (n = 2,832) [one outlier excluded] indicated 

that the short-term effect of interventions on loneliness was small (SMD= -0.24, Table 9). Further, 

the certainty of the evidence was assessed as very low.  In total, 48 single-cohort studies (n = 

3,009) indicated that the short-term effect of interventions on loneliness was moderate (SMD= 

-0.42, Table 9). The certainty of the evidence was assessed as very low. 

 

In total, 18 RCTs (n = 1,826) indicated that the long-term effect of interventions on loneliness 

was moderate (SMD = -0.49, Table 10). Using GRADE, the certainty of the evidence was 

assessed as moderate. In total, 9 multi-cohort studies (n = 557) indicated that the long-term 
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effect of interventions on loneliness was small (SMD = -0.22, Table 10). Using GRADE, the 

certainty of the evidence was assessed as very low. In total, 14 single-cohort studies (n = 785) 

indicated that the long-term effect of interventions was small to moderate (SMD = -0.32, Table 

10). The certainty of the evidence was assessed as very low. 

 

Sub-group analyses on intervention strategy and intervention mode 

Stratified across study design, comparing intervention strategies demonstrated some 

differences. A statistically significantly larger effect was found in multi-cohort studies utilising 

psychological treatment and in single-cohort studies utilising social support as an intervention 

strategy. Moreover, a significantly smaller effect was found in multi- and single-cohort studies 

utilising social network. Furthermore, no statistically significant differences were found across 

all study designs between the short-term effects of group-based versus individual interventions. 

Likewise, across all study designs, no statistically significant differences were found with 

regard to the short-term effects of non-digital versus digital interventions.  
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Chapter 4  

Discussion 

The following chapter will discuss the findings across the four studies that constitute the 

present thesis. First, the main findings will be discussed within existing knowledge, followed 

by implications for theory and future research. Next, methodological strengths and limitations 

will be introduced. Lastly, implications for practice and policy will be discussed, and a general 

conclusion will be presented.  

Loneliness and social isolation as risk factors for chronic disease and HCU 

The findings from the present thesis contribute to the growing body of literature documenting 

the adverse health effects of loneliness and social isolation. Hence, study I and II show that 

loneliness and social isolation increase the risk of CVD and T2D and that loneliness, but not 

social isolation, is associated with increased GP utilisation and secondary HCU over time. 

Moreover, using cross-sectional data, study III indicates that loneliness is significantly 

associated with poor physical health among adolescents and young adults, whereas social 

isolation is not. Moreover, findings show that loneliness and social isolation among adolescents 

and young adults are associated with mental health problems.  

Previous studies have documented the associations of loneliness and social isolation with 

adverse health outcomes, especially CVD and mortality (Holt-Lunstad et al., 2015; Valtorta et 

al., 2016). However, evidence of loneliness and social isolation as risk factors for non-

cardiovascular diseases is limited. Moreover, few studies have investigated loneliness and 

social isolation as risk factors for adverse health outcomes simultaneously or investigated 

possible synergistic effects. Study I fills those gaps by simultaneously investigating loneliness 

and social isolation as risk factors for different chronic diseases aside from CVD, including 

T2D, COPD, and cancer. The present findings replicate results from previous studies on CVD. 

Hence, findings support the notion that loneliness and social isolation increase CVD risk, 

thereby strengthening the confidence in the conclusion that there is a causal relationship 

between social connections and CVD (Holt-Lunstad, 2021). Nevertheless, the impact of social 

connections on health is complex and multifactorial, and loneliness and social isolation should 

not be considered single risk factors (Holt-Lunstad, 2021).  

Prior to study I, knowledge of a prospective association of loneliness and social isolation with 

T2D was sparse. However, in 2020 a British study comprising 4,112 older adults found that 
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loneliness increased the risk of T2D by 42% (Hackett et al., 2020). By comparison, findings 

from study I show that loneliness increases the risk of T2D by 98%. Previous studies on the 

association of loneliness with CVD have reported a risk of approximately 30% (Valtorta et al., 

2016). Hence, the strength of the associations of loneliness with T2D might be greater than the 

association with CVD. 

Contrary to findings from study I, in which social isolation was found to increase the risk of 

T2D by 56%, Hackett and colleagues (2020) found that social isolation did not increase the 

risk of T2D. However, Hackett and colleagues (2020) used self-reported data on T2D, which 

might explain the conflicting findings. Misreporting of chronic diseases has been found to 

differ by respondents' socioeconomic status (e.g., Mackenbach et al., 1996). Hence, individuals 

who are more educated and wealthy tend to have better knowledge of disease symptoms and 

individual health conditions than individuals from more disadvantaged socioeconomic groups 

(e.g., low income or low educational level) (Vellakkal et al., 2015). As socially isolated 

individuals are more often unemployed, report a lower educational level, and have a lower 

income (Röhr et al., 2021), using self-reported data on chronic diseases might bias results, 

underestimating disease prevalence among socially isolated individuals. Nonetheless, due to 

the novelty of these findings, future studies are needed to investigate loneliness and social 

isolation as risk factors for T2D. 

Prior to the onset of this thesis, no previous study had investigated the prospective association 

of loneliness and social isolation with cancer incidence or COPD. However, findings from 

study I show that neither loneliness nor social isolation is associated with cancer. However, a 

recent study of 2,570 middle-aged Finnish men showed that loneliness and social isolation 

increased the risk of total cancer incidence and that loneliness increased the risk of lung cancer 

(Kraav et al., 2021). These contradictory findings might reflect critical methodological 

differences, including variations in sample characteristics and follow-up time. Especially, 

Kraav and colleagues (2021) were able to follow respondents for an average of 20.44 years, 

which is merely four times longer than respondents who were followed in study I. Hence, a 

longer follow-up time may be essential to elucidate the associations of loneliness and social 

isolation with cancer incidence. This highlights the need for prospective studies to investigate 

the associations of loneliness and social isolation with cancer incidence, preferably comprising 

representative population-based data and long-term follow-up.   

Findings from study I do not support a link between loneliness or social isolation and COPD. 

This is in line with another recent study, in which social isolation did not increase the risk of 
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COPD in a large cross-national prospective cohort-study comprising data from more than 

100,000 respondents (Naito et al., 2021). Taken together, findings across both studies suggest 

that loneliness and social isolation are not risk factors for COPD.  

Similar to the findings on the associations of loneliness and social isolation with CVD and 

T2D, study II shows that loneliness is an independent risk factor for HCU in the general 

population. Previous studies have reported mixed findings – arguably because of sizeable 

methodological heterogeneity and low study quality. With that in mind, study II shows a 

prospective association between loneliness and increased HCU using a large representative 

sample, validated measures, and reliable data on HCU from national registers. These findings 

demonstrate that loneliness is associated with increased GP utilisation and specific types of 

secondary HCU after controlling for baseline demographics and chronic diseases. This is 

similar to a recent British study, in which loneliness was found to slightly increase the number 

of GP visits among older adults (Burns et al., 2020). Other studies have also shown that 

loneliness increases the risk of GP utilization (e.g., Gerst-Emerson & Jayawardhana, 2015; 

Wang et al., 2019). By contrast, previous findings on the association with secondary HCU, 

including emergency healthcare, are mixed (e.g., Bock et al., 2018; Burns et al., 2020; Dahlberg 

et al., 2018; Löfvenmark et al., 2009; Newall et al., 2015). However, previous studies have 

most often examined the association of loneliness with secondary HCU, including emergency 

health, among older adults and relied on data from non-probability samples. Hence, the 

contradictory findings among previous studies might result from low external validity, so the 

results of the studies are only applicable to populations with similar characteristics as the 

sample. However, by using data from a large representative sample, study II demonstrates 

strong external validity and generalizability of the findings. 

Contrary to some previous studies (e.g., Chappell & Blandford, 1987; Choi & Wodarski, 1996; 

Dahlberg et al., 2018; Lee et al., 2008; Newall et al., 2015; Rodríguez-Artalejo et al., 2006; 

Shaw et al., 2017), study II found that social isolation did not affect HCU, adjusting for 

loneliness, baseline demographics, and chronic diseases. The sizeable methodological 

variations characterising previous research might also help explain such contradictory findings. 

For instance, many previous studies have comprised data from non-probability samples, e.g., 

patients with heart failure (Rodríguez-Artalejo et al., 2006), older adults with disabilities (Lee 

et al., 2008), or older adults living in institutional care facilities/receiving home-care (Chappell 

& Blandford, 1987; Mitsutake et al., 2020). Hence, social isolation might affect HCU in certain 

sections of the population but not in the general population per se. 
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Previous studies have argued that loneliness might affect the use of GP in order to compensate 

for lack of social support (Gerst-Emerson & Jayawardhana, 2015; Zhang et al., 2018) and that 

GPs act as a confidante (Ellaway et al., 1999). In the present study, loneliness – not social 

isolation – impacts HCU, emphasising that the use of certain healthcare services could be a 

way of compensating for lack of relational intimacy and closeness. Others have suggested that 

the increased use of healthcare services might solely be due to a higher disease prevalence 

among lonely individuals (Newall et al., 2015). Nevertheless, in study II the association of 

loneliness with GP utilisation and secondary HCU remained significant despite being largely 

confounded by baseline chronic diseases. However, the development of new chronic diseases 

during the follow-period was not accounted for. Hence, incident disease and disease 

progression may be indirect pathways through which loneliness increases the use of HCU over 

time. Future studies are needed to investigate such pathways using time-varying information 

on chronic diseases and disease prognosis.  

To further broaden our understanding of the associations of loneliness and social isolation with 

health, study III used cross-sectional data to investigate the associations of loneliness and 

social isolation among adolescents and young adults with physical and mental health. Findings 

from study III show that loneliness among adolescents and young adults is associated with 

chronic diseases, including asthma, migraine, osteoarthritis, rheumatoid arthritis, hypertension, 

slipped disc/back pain, and tinnitus. Previous studies have documented similar findings. 

However, most previous research has focused on older adults (e.g., Fried et al., 2020; Hämmig 

et al., 2019; Thompson et al., 2020). Contrary to findings among adults (e.g., Christiansen et 

al., 2021; Hakulinen et al., 2018; Kraav et al., 2021), study III shows that social isolation is 

not associated with chronic diseases and even decreases the risk of migraine and arthritis.  

Findings from study III cannot determine whether loneliness proceeds disease incidence or 

vice versa. Nevertheless, loneliness is thought to hasten physiological decline over time, 

thereby slowly progressing into physiological disease (Hawkley & Cacioppo, 2016). Hence, it 

seems most plausible that the present findings reflect a tendency among adolescents and young 

adults suffering from chronic disease to experience more intense feelings of loneliness. This 

would also help explain the surprising results of social isolation with chronic disease. For 

instance, living with chronic disease as a young person might not hinder or decrease the amount 

of social contact or interaction because illnesses among young individuals are not yet 

accompanied by physical restrains or functional impairment. By contrast, the unique 
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circumstances of living with a chronic disease as a young person might affect the perception 

or actual quality of adolescent relationships, that is, increasing feelings of loneliness.  

Study III also shows that loneliness and social isolation are associated with mental health 

problems, including long-term mental illness, depressive and anxiety symptomatology. 

Moreover, findings demonstrated that loneliness was more robustly associated with mental 

health problems. This was not surprising as previous studies – including studies of adolescents 

and young adults– have documented a strong association between loneliness and various 

mental health outcomes (e.g., Matthews et al., 2016; Wang et al., 2018). The association of 

social isolation with poor mental health has received less attention, especially among 

adolescents and young adults. Hence, findings from the present study demonstrating an 

association between social isolation and mental health problems are novel. 

Total effects, direct effects, and indirect effects – what are we measuring? 

Theoretic models and proposals have outlined three indirect pathways through which loneliness 

and social isolation affect health. However, the pathways have yet to be investigated 

empirically with respect to specific chronic diseases. In study I, findings demonstrate that 

psychological and behavioural factors help explain the associations of loneliness and social 

isolation with CVD and T2D. Hence, the results confirm the theoretical pathways which have 

been proposed. Moreover, findings show that the specific explanatory factors vary across 

disease outcomes, suggesting that loneliness and social isolation increase the risk of chronic 

disease through disease-specific pathways. Study I could not investigate potential 

physiological factors that might contribute to the associations of loneliness and social isolation 

with CVD and T2D. Hence, physiological factors, including cardiovascular, neuroendocrine, 

immune, and inflammatory mechanisms, might also be disease-specific. Future studies should 

unravel the impact of physiological factors on the associations of loneliness and social isolation 

with specific chronic diseases, including CVD and T2D.   

Previous studies have sought to investigate the indirect effect of proposed explanatory factors 

(Christiansen et el., 2016; Elovainio et al., 2017; Hakulinen et al., 2018; Luo et al., 2012; Segrin 

& Passalacqua, 2010). However, few studies have explored indirect effects using advanced 

statistical mediation methods, including but not limited to multiple mediation analysis (used in 

study I) or structural equation modelling. Hence, the indirect effects of specific mediators have 

often been investigated by stepwise including mediators and comparing the adjusted and 

unadjusted models. 
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Moreover, much previous research has merely adjusted for potential mediators, treating 

mediators no different than confounders when investigating the association of loneliness and 

social isolation with health outcomes (e.g., Freak-Poli et al., 2021; Hackett et al., 2020; Hu et 

al., 2021; Kraav et al., 2020; Kraav et al., 2021). It is easy to confuse the total and direct effect 

when merely adjusting for 'thought-to-be' mediators. Hence, the total effect represents the 

effect of an exposure on an outcome adjusted for confounders only. By contrast, the direct 

effect represents the effect of an exposure on an outcome adjusted for both confounders and 

mediators. Hence, a mediator is thought to be caused by the exposure and in turn, causes the 

outcome and is, therefore, part of the causal chain leading from the exposure to the outcome. 

A mediator should not be adjusted for unless the aim of the statistical analysis is to intentionally 

estimate the direct effect (Kirkwood & Sterne, 2005). Hence, when unintentionally adjusting 

for mediators, the total effect of an exposure on an outcome will be underestimated, and the 

total effect will fail to capture the specific effect mediated through the included mediators 

(Inoue et al., 2020; Kirkwood & Sterne, 2005).   

Misperceptions of total and direct effects are evident in the literature, potentially confusing the 

evidence base. Hence, some studies, including study I and II (e.g., Christiansen et al., 2021; 

Christiansen et al., 2022; Elovainio et al., 2017; Hakulinen et al., 2018), interpret the total effect 

as a main finding. Contrary, other studies have adjusted comprehensively for 'thought-to-be' 

mediators and thereby reported the direct effect as the main result (e.g. Hackett et al., 2020; 

Kraav et al., 2020; Kraav et al., 2021). The implications of this confusion are a potential 

underestimation of loneliness and social isolation as risk factors for chronic disease. Hence, 

relying mainly on the results of the direct effects might mask the health risk associated with 

loneliness and social isolation by failing to capture the indirect effects constituting the causal 

link between loneliness, social isolation, and health. Ultimately, this might justify inactions 

despite the need for preventive efforts targeting lonely and socially isolated individuals.  

Are loneliness and social isolation mutually influential?  

Regarding the independent and synergistic effects of loneliness and social isolation on health, 

findings across the three studies consistently show that loneliness is an independent risk factor 

for chronic diseases and HCU. Moreover, loneliness is a strong associate of poor physical 

health and mental health problems among adolescents and young adults. On the other hand, 

findings on the effects of social isolation were less consistent.  
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Social isolation was a risk factor for CVD and T2D. Nevertheless, social isolation demonstrated 

a smaller association with T2D than loneliness with T2D (HR 1.56 vs. 1.98). Likewise, social 

isolation was not associated with HCU or an associate of poor physical health among 

adolescents and young adults. Moreover, despite being an associate of mental health problems 

among adolescents and young adults, the association of social isolation with mental health 

problem was less robust compared to the association of loneliness with mental health problems. 

The is surprising as previous studies have consistently shown that social isolation is associated 

with mortality (Hakulinen et al., 2018; Kraav et al., 2020; Steptoe et al., 2013). However, 

similar to findings from study I, II, and III, recent studies examining loneliness and social 

isolation simultaneously have found that loneliness is the strongest risk factor for morbidity 

(Hackett et al., 2020; Kraav et al., 2021; Valtorta et al., 2018). This might suggest that 

loneliness is the strongest risk factor for incident disease, whereas social isolation is primarily 

a risk factor for mortality. Hence, loneliness might often lead to poor health, whereas social 

isolation - due to social opportunities naturally diminishing - often accompanies severe illness. 

However, the issue of the putative differential effects of loneliness and social isolation on 

morbidity and mortality is far from solved (Beller & Wagner, 2018a), and future research is 

encouraged to continue the investigation of differential effects by examining loneliness and 

social isolation together.  

The present thesis investigated the synergistic effect of loneliness and social isolation with 

chronic disease. Similar to findings on myocardial infarction and stroke (Hakulinen et al., 

2018), findings from study I indicate that the co-occurrence of loneliness and social isolation 

do not demonstrate a synergistic effect on chronic diseases. However, a previous study has 

found loneliness and social isolation to demonstrate a synergistic effect on mortality (Beller & 

Wagner, 2018b). Despite mixed findings investigating the synergetic effect of loneliness and 

social isolation, the additive effect of co-occurring loneliness and social isolation might still be 

important.  

Interventions to reduce loneliness    

Investigating the effectiveness of interventions to alleviate loneliness, the present systematic 

review and meta-analysis (study IV) found that loneliness interventions show both short- and 

long-term effects and that such effects do not differ across the lifespan. Nevertheless, the 

effects of the included interventions were small to moderate, and significant heterogeneity 

within interventions, study populations, and study designs was detected.  
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A recent umbrella review comprising data from RCTs only (Veronese et al., 2021), suggests 

that interventions to reduce loneliness should focus on three specific types of interventions; 

meditation/mindfulness, social cognitive training, and social support, despite investigating 

seven different intervention types (befriending interventions, technological interventions, 

meditation, animal therapy, social cognitive training, social skills training and social support). 

However, comprising 128 primary studies, study IV showed that the effect of loneliness 

interventions did not vary substantially across different intervention strategies, suggesting that 

it is not possible to firmly determine the superiority of one intervention strategy over the others. 

Nevertheless, results suggested that interventions designed to increase social networks were 

the least effective. Hence, social activities in which lonely individuals are merely provided with 

the opportunity for social interaction are not as successful as other intervention strategies.  

Similar to recent findings by Eccles and Qualter (2021), the present findings highlight that 

social and emotional skill training successfully reduces loneliness. Hence, improving social 

and emotional skills may alleviate loneliness by helping to better equip the individual to initiate 

social contact, build meaningful relationships and strengthen the skills to priorities and 

maintain social relationships over time (Mann et al., 2017). Likewise, increasing social support 

was found to reduce loneliness effectively. Hence, creating close attachment ties and 

companionship – for instance, through mentorships and befriending – might help fulfill 

interpersonal needs and reduce loneliness. Lastly, in line with previous reviews (Eccles & 

Qualter, 2021; Hickin et al., 2021; Masi et al., 2011), the present findings demonstrate that 

psychological treatment successfully reduces loneliness. Contrary to previous claims (Eccles 

& Qualter, 2021; Masi et al., 2011), psychological treatment did not stand out as a superior 

intervention strategy. Unlike the meta-analysis by Masi (2011) in which findings were based 

on four RCTs of interventions addressing maladaptive social cognitions, the present meta-

analytical review comprised 16 RCTs, four multi-cohort studies, and 11 single-cohort studies 

of interventions comprising psychological interventions. Only in the multi-cohort studies 

psychological treatments were found to be a superior intervention strategy. Nonetheless, the 

specific type of psychological treatment employed (e.g., CBT, reminiscence therapy, and 

mindfulness) might influence the magnitude of the effect. A recent review of psychological 

interventions for loneliness found that different psychological interventions had varying effects 

on loneliness and that those differences were borderline significant (Hickin et al., 2021). Hence, 

reminiscence therapy had the largest effect, followed by social identity approach interventions, 

followed by CBT (Hickin et al., 2021). Hence, in addition to core components of CBT thought 
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to alleviate feelings of loneliness (e.g., targeting maladaptive cognition and unconscious 

processes and changing behaviors), other therapeutic components (e.g., re-experience and re-

shaping of past events, common to reminiscence therapy) might also help reduce loneliness. 

However, despite current evidence (Hickin et al., 2021) suggesting that the type of 

psychological intervention used might moderate the intervention effect, our knowledge of the 

active components of psychological interventions is sparse. Hence, insights into specific 

intervention components are needed to establish knowledge of the effectiveness of specific 

psychological interventions and active components.  

Lastly, despite demonstrating a small to moderate effect of loneliness interventions, the 

certainty of the evidence was assessed as very low to moderate using the GRADE system. 

Hence, the true effect may differ substantially from the estimated effect reported here. 

Especially, evidence was downgraded due to risk of bias, e.g., failure to control confounding, 

selection bias, and attrition bias. For the RCTs, the randomization process was often unclear, 

and allocation was rarely concealed. Moreover, based on GRADE criteria, most studies were 

observational and therefore rated as providing low quality evidence unless special 

methodological strengths were evident (Schünemann et al., 2013). 

Despite the vast potential of assessing the evidence of public health interventions using the 

GRADE system, employing the stringent GRADE criteria for complex public health 

interventions or a research field in which randomized studies are often not feasible poses some 

difficulties (Hilton et al., 2021; Rehfuess & Akl, 2013). Using the GRADE system, all 

observational studies, which are defined as all studies that are not randomized, are rated low-

quality evidence without distinguishing between different types of observational studies 

(Rehfuess & Akl, 2013). Hence, using the GRADE system to assess the evidence of 

interventions seems most feasible when interventions are only evaluated in RCTs. However, 

as evident from the current review, merely excluding multi-cohort or single-cohort studies 

based on study design would reduce the number of included interventions by more than half, 

potentially distorting and biasing the results. Hence, there are concerns about the emphasis put 

on RCTs by the GRADE system at the expense of more pragmatic and holistic observational 

evaluations (Barnish & Turner, 2017). Observational studies can demonstrate greater external 

validity than RCTs when investigating complex public health interventions, and findings might 

– to a larger degree – reflect real-world applicability (Barnish & Turner, 2017; Victora et al., 

2004). Lastly, using the GRADE system within public health has also raised concerns about 

the – potentially misleading – terminology (Rehfuess & Akl, 2013). Hence, the wording 
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describing the body of evidence (e.g., low certainty of the evidence/low confidence in the 

estimate) might confuse and mislead policy-makers and stakeholders (Rehfuess & Akl, 2013). 

Lastly, the present systematic review and meta-analysis only focused on interventions that 

aimed to reduce loneliness. As such, our knowledge of interventions to reduce social isolation 

is limited, and evidence of the effectiveness of social isolation interventions is currently not 

possible to detach from knowledge on loneliness or social support interventions. Many reviews 

targeting social isolation have included and mixed interventions targeting social isolation, 

social support, and loneliness (e.g., (Chipps et al., 2017; Cotterell et al., 2018; Dickens et al., 

2011; Findlay, 2003). However, as described, loneliness and social isolation are distinct 

constructs. As such, intervention efforts targeting loneliness and social isolation may need to 

be tailored to accommodate the different aetiology and distinct associations with physical and 

mental health.  

Methodological strengths and limitations 

The four studies comprising the present thesis have several strengths. First and foremost, study 

I, II, and III were based on data from a large population-based survey in which loneliness and 

social isolation could be investigated simultaneously to determine their independent 

associations with adverse health outcomes. In addition, the survey included a validated measure 

of loneliness and multiple indicators of social contact, permitting a social isolation index to be 

calculated, inspired by the five item Steptoe Social Isolation Index (Donovan & Blazer, 2020; 

Steptoe et al., 2013). Moreover, Study I and II linked survey data with high-quality individual-

level register data. Hence, these registry-based studies comprise nearly complete follow-up 

data, virtually eliminating the risk of attrition bias. Likewise, register data on HCU and chronic 

diseases are generally reliable contrary to self-reports of chronic disease and HCU, which often 

demonstrates low validity and underestimates disease prevalence or the actual use of healthcare 

services (e.g., Hunger et al., 2013; Muggah et al., 2013; Ritter et al., 2001).  

Despite these methodological strengths, the studies have several limitations. Focusing on 

general bias related to using secondary data, the following section focus on limitations across 

study I, II, and III, including the risk of information bias and selection bias.  

When conducting secondary data analyses using survey- and register data, information bias - 

or misclassification bias - is especially relevant to consider. Hence, data is pre-determined, 

implying that data is collected or recorded for different purposes than what is intended by the 

researcher. Likewise, the data collection is often conducted and determined by others than the 
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researchers. This has several disadvantages. Conducting secondary data analyses on survey 

data limits the type and amount of available data, so information of special interest might be 

missing. For instance, a standardised measure of depressive symptomatology was missing in 

the DNHS. Instead, a purpose-designed measure of negative affect was used in study I and 

single-item questions were used to reflect depressive symptomatology and anxiety 

symptomatology in study III. However, a reliable and validated measure of depression would 

have been a strength and reduced the risk of misclassification. The use of register data – despite 

comprising highly reliable and detailed data – also poses similar limitations. For instance, it is 

not possible to collect data on diagnosis and specific treatments within general practice. 

Moreover, some chronic diseases, such as T2D, are most often treated and diagnosed in general 

practice (Jørgensen et al., 2016). Hence, relying solely on data from the Danish National Patient 

Registry (as is the case for study I), only patients with T2D who have received hospital 

treatment will be classified as having T2D, potentially underestimating the prevalence of T2D 

in the study sample.  

When using survey data, there is a risk of selection bias, which occurs when the subjects studied 

are not representative of the target population. For instance, the response rate of the DNHS is 

systematically lower among men, unmarried individuals, individuals with <10 years of 

education, individuals who are unemployed or outside the labour market, and individuals with 

a non-Danish ethnic background (Christensen et al., 2022), representing a common non-

response bias. Both loneliness and social isolation are more prevalent among individuals, who 

are unmarried, have a low educational level, and are unemployed (Lasgaard et al., 2016; Röhr 

et al., 2021), which may weaken the representativeness of the sample and underestimate the 

prevalence of lonely and socially isolated individuals. Moreover, non-response may also be 

related to the outcome variables of interest (such as health status), representing what is often 

labelled 'volunteer'-bias (Salkind, 2010) or 'the healthy volunteer'-effect (Froom et al., 1999). 

Hence, respondents in health surveys often systematically report having better health than non-

respondents, including having fewer chronic diseases, a healthier lifestyle, and better self-rated 

health (Cheung et al., 2017). A sample comprising healthier individuals than in the general 

population could severely limit the validity of the present findings. However, a recent study of 

the impact of applying calibrated weights on prevalence estimates of HCU among NDHS-

respondents compared to the prevalence estimates of the entire eligible sample confirmed the 

applicableness of the weighting in accounting for selection probabilities (Jensen et al., 2022). 



  

 

63 
 

Hence, calibrated weights proved to efficiently reduce the bias of non-response and increase 

generalisability efficiently. 

Study IV had several methodological strengths. The systematic review and meta-analysis were 

based on a comprehensive pre-registered protocol and followed the PRISMA reporting 

guidelines. In addition, a robust search strategy was employed, including a comprehensive 

search of grey literature in various databases, on social media, and by reaching out to numerous 

experts in the field. The use of the GRADE system to assess the evidence also poses a strength, 

even though the GRADE system does not easily apply to this field of research. However, study 

IV was limited by the poor quality of many included studies and the heterogeneity 

characterizing the interventions and the participants. Hence, there is a crucial need for better 

and more extensive evaluations of loneliness interventions to improve our evidence base.  

Implications for policy and practice  

Findings across the four studies have important practical implications. First, findings contribute 

with important knowledge of the health effects of loneliness and social isolation and underline 

that loneliness and social isolation increase the risk of specific chronic diseases and HCU. 

Contrary to much previous research, the present studies have investigated the associations of 

loneliness and social isolation with chronic diseases and HCU in a representative sample of 

adults from young adulthood to old age. Hence, the present findings highlight that the adverse 

effects of loneliness and social isolation are not only present among older adults. In addition, 

the increased risk of morbidity associated with loneliness and social isolation, combined with 

the increased use of HCU associated with loneliness, not only affects the individual alone. At 

the population level, a high disease prevalence and inequitable use of healthcare services 

among lonely or socially isolated individuals might put further pressure on already increasing 

healthcare resources in Western society (OECD, 2021). Taken together, the present findings 

emphasise the need for intervention efforts to target individuals of all ages to reduce loneliness 

and social isolation. Such interventions could migrate the risk of disease or even lower the use 

of healthcare services. In addition, findings on the psychological and behavioral pathways point 

to holistic prevention and intervention models targeting coexisting poor mental health and 

lifestyle factors. In that way, interventions might try to engage users in maintaining or 

enhancing their physical health or involve targeted treatment of anxiety and negative cognitive 

biases.  
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Taken together, findings from study I, II, and III have large practical implications and call for 

necessary actions to reduce loneliness and social isolation. At the same time, results from the 

meta-analytical review (study IV) demonstrate that interventions aimed at reducing loneliness 

have increased markedly over the last decade. The development and evaluation of loneliness 

interventions thus reflect the growing focus on the adverse health effects of loneliness. 

Moreover, findings from the systematic review and meta-analysis demonstrate that loneliness 

interventions have a small to moderate effect, despite a large heterogeneity among identified 

interventions. Hence, loneliness interventions appear to reduce loneliness, which is promising 

given the well-established negative health effects. However, the effects established were 

modest, and interventions might only reduce loneliness to a certain degree. By comparison, 

common interventions targeting clinical depression generally demonstrate large intervention 

effects, reducing symptomology substantially (e.g., 54% of adults show clinically significant 

improvement after antidepressant medication, and 62% of adults show clinically significant 

improvement after psychotherapy; Cuijpers et al., 2020). Given the strong link to adverse 

health outcomes and the negative emotional experience of loneliness, we should aim for the 

effect of loneliness interventions to reflect the same magnitude. One way of doing so might be 

through specialized, targeted, and person-centered interventions (Fried et al., 2020; Stojanovic 

et al., 2017). Hence, a one-size-fits-all approach is not likely to effectively reduce loneliness.  

Using a public health intervention approach may also be a promising avenue for future 

interventions aiming to reduce loneliness (Fried et al., 2020). This preferably involves complex 

intervention programs comprising large-scale community initiatives that integrate multiple 

perspectives and act on various levels, including targeted individual interventions and larger 

community-level and society-level strategies. However, such complex public health 

interventions require large coalitions involving both public and private sectors and including 

community organizations and relevant stakeholders to collectively develop intervention 

strategies (National Academies of Sciences, 2020). Very few studies in the meta-analytic 

review addressed interventions for loneliness at the community level, underlying the need to 

develop and evaluate such interventions in the future.  

Finally, findings from the thesis strongly suggest an acute need for effective interventions to 

reduce loneliness and social isolation. However, our knowledge of interventions to reduce 

social isolation is profoundly limited, and knowledge of social isolation interventions is 

difficult to detach from knowledge of loneliness or social support interventions. Nevertheless, 

despite the extensive systematic review and meta-analysis included in the present thesis, our 
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knowledge of effective loneliness interventions is still – to some degree – limited. Hence, there 

is an incongruity between the serious health effects of loneliness, the large number of 

intervention studies, and the modest effects of the examined loneliness interventions. We still 

lack evidence of whom the interventions are effective for, what active components comprise 

effective interventions, and if complex public health intervention programs successfully reduce 

loneliness. Clearly, it is of utter importance to identify the most effective loneliness 

interventions to be able to confidently offer interventions – which we presume will be 

successful – to vulnerable individuals who require assistance to overcome their loneliness. In 

addition, this will help to make solid decisions about the allocation of resources when new 

interventions are formed and implemented (de Jong Gierveld et al., 2018). Therefore, 

researchers, stakeholders, and policy-makers are urged to continue developing and evaluating 

the effectiveness of loneliness interventions – both as prevention and treatment.  

Conclusions  

This thesis aimed to examine the associations of loneliness and social isolation with adverse 

health outcomes and determine whether and in what way loneliness and social isolation 

contribute to poor health. Based on findings from study I, II, and III, the present thesis 

contributes to the growing body of literature on the health effects of loneliness and social 

isolation. The present findings demonstrate that loneliness and social isolation increase the risk 

of CVD and T2D and that loneliness, but not social isolation, is associated with several types 

of HCU. Moreover, loneliness among adolescents and young adults is significantly associated 

with poor physical health, contrary to social isolation. Both loneliness and social isolation 

among adolescents and young adults were found to be associates of mental health problems. 

Previously, knowledge of prospective associations of loneliness and social isolation with non-

cardiovascular diseases was sparse. Similarly, due to the sizeable methodological heterogeneity 

characterizing previous studies, evidence of an association between loneliness and social 

isolation with HCU was limited. Hence, the present thesis helps to fill those gaps.  

The present thesis also aimed to investigate possible solutions by examining the effect of 

interventions to reduce loneliness. Hence, study IV found that loneliness interventions show 

both short- and long-term effects. In addition, the effect of loneliness interventions did not vary 

substantially across different intervention strategies. Nevertheless, results suggested that 

interventions designed to increase social networks were the least effective in reducing 

loneliness.  



  

 

66 
 

The four studies comprising the present thesis have several methodological strengths, including 

but not limited to the use of representative survey data and high-quality register data. However, 

for study I, II, and III, there was a risk of information and selection bias, which are common 

for studies comprising secondary data. Moreover, the systematic review and meta-analysis was 

limited by the poor quality of included studies and the heterogeneity characterizing the 

interventions and the participants in the included studies.  

Lastly, findings from the systematic review and meta-analysis demonstrated that loneliness 

interventions show some promise in reducing loneliness. However, given the vast public health 

consequences associated with both loneliness and social isolation, there is a need to continue 

developing and evaluating the effectiveness of loneliness interventions both as primary and 

secondary prevention. 
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Appendix 1 Loneliness, social isolation, and chronic disease outcomes 
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Appendix 2 The association of loneliness and social isolation with general 

practice utilization and secondary healthcare utilization in the general 

population (not available) 
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Appendix 3 Associations of loneliness and social isolation with physical and 

mental health among adolescents and young adults
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Appendix 4 Are Loneliness Interventions Effective in Reducing Loneliness? 

- A Meta-Analytic Review of 128 Studies (not available) 
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Appendix 5  Supplementary material for study I 

Electronic Supplementary Material 2 

Correlation Matrix Including All Predictors and Baseline Explanatory Factors 

 1 2 3 4 5 6 7 8 9 10 

1 Loneliness 1          

2 Social isolation  .18 1         

3 Perceived stress .38 .13 1        

4 Negative affect .39 .12 .67 1       

5 Daily smoking .05 .06 .09 .08 1      

6 High alcohol consumption .02 .04 .04 .05 .11 1     

7 Unhealthy diet .02 .08 .05 .04 .18 .07 1    

8 Physical inactivity .10 .08 .14 .11 .07 .03 .10 1   

9 Insufficient sleep duration .11 .08 .21 .20 .06 .05 .05 .08 1  

10 Obesity  .06 .03 .07 .04 -.03 <.01 .01 .12 .06 1 

Note. Correlation coefficient calculated using Pearson Correlation (r) 
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Electronic Supplementary Material 3 

 

Loneliness and Social Isolation as Predictors of Chronic Disease in Fully Adjusted Cox Proportional Hazard Regression Analysis 

 CVDa T2Db COPDc Cancerd 

 HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Loneliness 1.06 (.87-1.30 ) .554 1.28 (.86-1.89) .222 .75 (.48-1.18) .216 1.15 (.86-1.59) .355 

Social isolation 1.14 (.92-1.41) .222 1.22 (.82-1.80) .313 .92 (.56-1.53) .716 .89 (.64-1.23) .472 

Gender (female) .56 (.49-.65) <.001 .78 (.58-1.03) .076 .86 (.63-1.17) .331 1.13 (.93-1.37) .281 

Age 1.08 (1.07-1.08) <.001 1.05 (1.04-1.07) <.001 1.09 (1.08-1.11) <.001 1.07 (1.07-1.08) <.001 

Education 

- Medium 

- High 

 

.91 (.77-1.07) 

.81 (.66-.99) 

 

.258 

.048 

 

.85 (.62-1.17) 

.74 (.49-1.11) 

 

.327 

.147 

 

.74 (.53-1.03) 

.60 (.37-.98) 

 

.077 

.040 

 

.85 (.68-1.07) 

.67 (.50-.89) 

 

.178 

.005 

Perceived stress 1.02 (1.01-1.03) .005 1.01 (.99-1.04) .266 1.04 (1.02-1.08) .003 1.01 (.98-1.03) .474 

Negative affect 1.02 (.92-1.16) .756 1.15 (.96-1.36) .123 1.09 (.89-1.34) .418 .93 (.80-1.07) .303 

Daily smoking 2.02 (1.73-2.35) <.001 1.73 (1.25-2.39) .001 3.24 (2.31-4.53) <.001 2.32 (1.87-2.88) <.001 

High alcohol consumption .88 (.69-1.11) .272 .72 (.42-1.23) .234 .91 (.56-1.47) .691 1.18 (.85-1.63) .319 

Unhealthy diet .99 (.82-1.22) .985 .79 (.51-1.23) .303 1.85 (1.23-2.80) .003 1.02 (.76-1.35) .910 

Physical inactivity 1.19 (1.01-1.41) .042 1.09 (.78-1.53) .611 1.07 (.72-1.60) .747 1.13 (.89-1.45) .324 

Insufficient sleep duration 1.17 (.99-1.39) .070 1.59 (1.15-2.20) .005 1.38 (.95-2.01) .088 .92 (.71-1.20) .527 

Obesity 1.28 (1.08-1.51) .005 4.54 (3.44-5.99) <.001 1.09 (.75-1.60) .639 1.04 (.81-1.32) .781 
Note. CDV = Cardiovascular disease; T2D = Diabetes Mellitus Type 2; COPD = Chronic obstructive pulmonary disease. a Respondents with CVD three years prior to the survey in 2013 were excluded from 
the analysis b Respondents with T2D three years prior to the survey in 2013 were excluded from the analysis c Respondents with COPD three years prior to the survey in 2013 were excluded from the analysis 
d Respondents with cancer three years prior to the survey in 2013 were excluded from the analysis. HR = Hazard Ratios, CI = Confidence interval. All estimates are weighted based on register data to 

represent the population of the Central Denmark Region, 2013. 
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Electronic Supplementary Material 4 

 

Direct and Indirect Effects of Loneliness/Social Isolation and Explanatory Factors on 

Cardiovascular Disease and Diabetes 

 CVDa T2Db 

AOR (95% CI) p AOR (95% CI) p 

Lonelinss1     

Total effect 1.33 (1.09-1.61) .005 2.01 (1.46-2.77) <.001 

Direct effect 1.07 (.87-1.31) .535 1.35 (.94-1.95) .103 

Indirect effect 1.24 (1.14-1.36) <.001 1.49 (1.26-1.75) <.001 

Social isolation1     

Total effect 1.26 (1.02-1.56) .035 1.36 (.95-1.95) .098 

Direct effect 1.16 (.93-1.44) .193 1.21 (.84-1.75) .308 

Indirect effect 1.09 (1.06-1.13) <.001 1.12 (1.07-1.18) <.001 
Note. CDV = Cardiovascular disease; T2D = Diabetes mellitus type 2. a Respondents with CVD three years prior to the 

survey in 2013 were excluded from the analysis b Respondents with T2D three years prior to the survey in 2013 were 

excluded from the analysis 1 Adjusted for gender, age, and educational level. AOR = Adjusted odds ratio; CI = Confidence 

interval. All estimates are weighted based on register data to represent the population of the Central Denmark Region, 

2013. 
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Electronic Supplementary Material 5 

  

Sensitivity analysis. Loneliness and Social Isolation as Predictors of Chronic Disease in Partially 

Adjusted Cox Proportional Hazard Regression Analysis using the Total Sum of TILS and the 

Social Isolation Index 

 CVDa T2Db COPDc Cancerd 

 HR1 (95 % 

CI) 

HR1 (95 % CI) HR1 (95 % CI) HR1 (95 % CI) 

Loneliness using total 

sum 

1.09 (1.04-

1.15) 

1.25 (1.14-1.37) 1.11 (.99-1.24) 1.02 (.94-1.11) 

Social isolation using 

total sum 

1.05 (.99-

1.12) 

1.10 (.99-1.24) 1.20 (1.08-1.33) 1.06 (.97-1.15) 

Note. CDV = Cardiovascular disease; T2D = Diabetes Mellitus Type 2; COPD = Chronic obstructive pulmonary disease.  a Respondents with 

CVD three years prior to the survey in 2013 were excluded from the analysis b Respondents with T2D three years prior to the survey in 2013 were 

excluded from the analysis c Respondents with COPD three years prior to the survey in 2013 were excluded from the analysis d Respondents with 

cancer three years prior to the survey in 2013 were excluded from the analysis. HR = Hazard Ratios, CI = Confidence interval. 1 Adjusted for 
gender, age, and educational level. All estimates are weighted based on register data to represent the population of the Central Denmark Region, 

2013. 
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Appendix 6 Supplementary material for study II (not available) 
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Appendix 7 Supplementary material for study IV (not available) 
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