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Abstract 

 

The review synthesised evidence examining the association between a.) loneliness with 

inflammation and b.) social isolation with inflammation in adults aged 16 or older from the 

general population. From an initial 7,400 articles we identified 14 papers that examined 

loneliness, and 16 that examined social isolation. Qualitative syntheses indicated mixed results, 

variable study quality, and methodological heterogeneity. Most studies provided associations 

for C-reactive protein (CRP), fibrinogen and Interleukin-6 (IL-6), and these results were 

synthesised using random-effects meta-analyses. There was no association between loneliness 

with CRP or fibrinogen, but there was a significant association between loneliness and IL-6 for 

most-adjusted (but not least-adjusted) analyses. There was also a significant least-adjusted 

association between social isolation with CRP and fibrinogen, which remained significant for 

fibrinogen in most-adjusted analyses. There was no association between social isolation with 

IL-6. Sensitivity analyses indicated that methodological heterogeneity impacted on results. 

Results indicate that social isolation and loneliness could be linked with systemic 

inflammation, but more robust methodology is needed to confirm these associations and 

unpack mechanisms. 
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Highlights 

• This is the first systematic synthesis to examine the association of loneliness, social 

isolation and inflammation. 

• Loneliness was not associated with C-reactive protein or fibrinogen but was associated 

with higher Interleukin-6 in most-adjusted (but not least-adjusted) analyses. 

• Social isolation was not associated with Interleukin-6, but was associated with C-

reactive protein (least-adjusted analyses) and fibrinogen (least and most-adjusted 

analyses). 

• Exploratory sex-stratified estimates indicated that the association between social 

isolation and inflammation was primarily observed in males. 

• There was notable methodological heterogeneity observed between studies which 

influenced results in sensitivity analyses leading to questions about the robustness of 

findings. 
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Introduction 

Researchers define loneliness as the perception of feeling isolated and social isolation as the 

objective state of being isolated from people (Rook, 1984). More specifically, loneliness 

represents the discrepancy between the desired and actual quality and quantity of social 

relationships that a person has (Perlman & Peplau, 1981). Whereas, social isolation represents 

a lack of meaningful contact with a person’s social network or community (Victor, Scambler, 

Bond, & Bowling, 2000).  

An increasing body of evidence indicates both loneliness and social isolation are risk 

factors for worsened health outcomes such as heart disease, stroke, dementia and even mortality 

(Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015; Kuiper et al., 2015; Leigh-Hunt et 

al., 2017; Valtorta, Kanaan, Gilbody, Ronzi, & Hanratty, 2016). Researchers have proposed 

that these poorer health outcomes could be the result of loneliness and social isolation having 

a direct physiological impact on the body (J. T. Cacioppo, Cacioppo, Capitanio, & Cole, 2015; 

J. T. Cacioppo et al., 2002; S. Cacioppo, Capitanio, & Cacioppo, 2014; Hawkley & Cacioppo, 

2003; Karelina & DeVries, 2011). Therefore, there is an interest in better understanding how 

loneliness and social isolation impact on people physiologically. One physiological response 

to loneliness and social isolation that could also lead to worsened health is increased 

inflammation (Hawkley & Cacioppo, 2003; Kiecolt-Glaser, Gouin, & Hantsoo, 2010). 

Inflammation represents a biological response to infection or injury whereby the body 

increases production of various chemicals that help to fight off infection (Serhan, Ward, & 

Gilroy, 2010). Alongside biological threats, research shows that an enhanced inflammatory 

response may also occur in reaction to social stressors and social threats (Audet, McQuaid, 

Merali, & Anisman, 2014; Eisenberger, Moieni, Inagaki, Muscatell, & Irwin, 2017; Hänsel, 

Hong, Camara, & Von Kaenel, 2010; Hennessy, Deak, & Schiml, 2014; Leschak & 

Eisenberger, 2019). Scholars propose that because humans have evolved to be a socially-
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oriented species, that contact with society is necessary to provide biological, psychological and 

social regulation (Cruces, Venero, Pereda-Peeez, & De la Fuente, 2014). More specifically, 

perceived social isolation (loneliness) and objective social isolation are proposed to have a 

biological impact because they act as social stressors and activate the bodies stress response 

(Eisenberger, 2012; Hawkley & Cacioppo, 2003). Previous work shows that activation of the 

stress response (sympatheic nervous system and hypothalamic-pituitary-adrenocortical axis), 

has a direct effect on the bodies inflammatory response (Eisenberger et al., 2017). Furthermore, 

it is proposed that loneliness and social isolation could modify the bodies response to social 

and biological stressors, such that when a social or biological challenge occurs that those people 

who are lonely or socially isolated have an enhanced inflammatory response (Eisenberger et 

al., 2017). Some researchers also propose an evolutionary explanation for the activation of the 

inflammatory system in response to loneliness and social isolation (Leschak & Eisenberger, 

2019). This is because when socially isolated a person would have been more likely to be 

attacked or wounded than when they were around others who could protect them. Therefore, 

the activation of the inflammatory response when one perceives social isolation (loneliness) or 

is socially isolated could confer evolutionary advantage as people would be prepared to respond 

biologically to this increased threat (Eisenberger et al., 2017; Leschak & Eisenberger, 2019). 

Interestingly, a recent synthesis showed that increasing social integration and higher levels of 

support were linked with lowered inflammation (Uchino et al., 2018). Therefore, one could 

hypothesise that indicators of worsened social integration might be linked with increased 

inflammation.  

Previous narrative syntheses suggest that both loneliness and social isolation are 

associated with increased expression of inflammatory markers (Eisenberger et al., 2017; 

Leschak & Eisenberger, 2019). There is a particular interest in markers of systemic 

inflammation such as cytokines, chemokines and acute-phase proteins as these inflammatory 
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markers have been linked with many of the same health outcomes as loneliness and social 

isolation such as cardiovascular disease, dementia and mortality (Kuo et al., 2005; Lai et al., 

2017; Li et al., 2017; Mehra, Ramgolam, & Bender, 2005; Shin, Szuba, & Rockson, 2002).   

Despite previous narrative syntheses suggesting that both loneliness and social isolation 

are associated with increased expression of systemic inflammatory markers (Eisenberger et al., 

2017; Leschak & Eisenberger, 2019) there is no systematic synthesis that has ever investigated 

these associations. Thus, the main aim of this systematic review is to synthesise those studies 

that have examined the association of a.) loneliness with cytokines, chemokines and/or acute-

phase proteins or b.) social isolation with cytokines, chemokines and/or acute-phase proteins 

in adults from the general population aged 16 or older. The secondary aim of the review is to 

examine sources of potential heterogeneity between studies to determine robustness of 

associations. 

 

Methods 

Search strategy 

A systematic review was undertaken by KS and SG between September 2018 and March 2019, 

with an update search for newly published articles undertaken in July 2019. No restrictions 

regarding publication date or language were placed on the search, though only English papers 

were reviewed. 

The search was conducted across five major databases: PubMed (United States National 

Library of Medicine, Bethesda, MD, USA), ProQuest (ProQuest, Ann Arbor, MI, USA), 

EBSCOHost (EBSCO Industries, Ipswich, MA, USA), Scopus (Elsevier, Amsterdam, 

Netherlands), and ISI Web of Science (Thomson Reuters, New York, NY, USA). 
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In addition, hand searches were undertaken in the bibliographies of narrative reviews identified 

during the search and in the abstract booklets of relevant psychoneuroimmunology and 

psychosomatic medicine conferences. 

The study protocol was registered on PROSPERO prior to the study been undertaken: [ID: 

CRD42017069070]. 

Study selection 

The following Population Intervention Comparison Outcome (PICO) criteria were applied to 

the search: Studies that examine the association between loneliness (intervention/comparison) 

and inflammation (outcome) or social isolation (intervention/comparison) and inflammation 

(outcome) in adults aged 16 or older in the general population (population). Search terms 

relating to the major topics of loneliness OR social isolation AND inflammation were 

combined using the Boolean operators “or” plus “and” (see Appendix I). 

Studies eligible for inclusion were required to examine loneliness using either a loneliness 

questionnaire or direct single-item question on how lonely a person felt. To be included, studies 

had to examine the relationship between increasing levels of loneliness with inflammation or 

compare lonely people with a reference group of people who were not lonely. 

As there is also a lack of consensus in how researchers measure social isolation (Nicholson Jr, 

2009) we identified studies that examined an absence of ties, social relationships or lack of 

contact with others as in Valtorta et al. (2016). To be included, studies were required to provide 

a measure which indicated a lack of social ties, lack of social relationships and/or lack of 

contacts or compare socially isolated people to a reference group of people who were not 

socially isolated. 

For our outcome measure studies needed to examine at least one of the following indicators of 

inflammation: circulating (measured in blood) levels of cytokines, chemokines or acute-phase 
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proteins. We limited our inflammatory markers to these indicators as they are indicators of 

systemic inflammation commonly measured in general population and community studies.  

Exclusion criteria for studies included those studies conducted only in people with a chronic 

physical and/or psychiatric condition or illness, as this could influence levels of inflammation. 

We also excluded any experimental studies that had manipulated variables other than loneliness 

or isolation (though if the studies had baseline data pertaining to the relationship between 

loneliness and/or social isolation with inflammation they were included).  

Two authors (KS and SG) independently screened all potentially eligible studies through a 3-

stage process where articles were screened based on titles, followed by abstracts and finally 

full-texts (see Figure 1). Where disagreements occurred these were resolved through 

discussion, or if necessary a third author (NR resolved discrepancies regarding inflammation 

and CV resolved discrepancies regarding loneliness or social isolation).  

Data extraction and quality assessment 

Data extraction and quality assessment were performed by one author (KS), with a second 

author (PK) independently extracting data and assessing quality for a third of the included 

studies. Any disagreements were resolved through consensus.  

We extracted the following characteristics from each study: Authors and date of publication; 

study characteristics (study name, country and number of participants); participant 

characteristics (age, sex and ethnicity); loneliness measurement (measure used, scoring used 

and proportion lonely); inflammation measurement (inflammatory markers measures, assay 

method and venesection protocol); statistical analysis (type of statistical test and confounders 

controlled for) and measures of association (unadjusted/least adjusted and/or most adjusted).  

Quality assessment was performed using a modified version of the Newcastle-Ottawa 

Scale (see Appendix II). The following characteristics of each study were assessed: Participants 

being representative of the general population or community, all participants being drawn from 
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the same population, the predictor (loneliness or social isolation) being measured with a 

validated scale, the study controlled for all of the following important confounders 

(sociodemographics, chronic conditions, cardiometabolic abnormalities and lifestyle), the 

study design or analysis taking account of variables that could affect levels of inflammation 

(examples include excluding people with very high inflammation indicative of acute 

inflammation (e.g., > 10mg/dL), blood samples being taken at the same time of day, people 

being asked to fast/not drink caffeine/not exercise prior to bloods being taken, and/or people 

being excluded based on having an acute illness or taking medications that influence 

inflammation) and inflammation being assessed with a standardised inflammation protocol 

(i.e., measuring inflammation with a validated and consistent assay) . Studies were awarded 

one star for each of the criteria that they met, and higher study quality was indicated by more 

stars being awarded. We used the following cut-points to identify study quality as was done in 

Smith et al. (2018): High quality (5 or 6 stars), moderate quality (3 or 4 stars) and low quality 

(0 to 2 stars). 

Quantitative synthesis: Meta-analyses 

Quantitative results were synthesised using random-effects meta-analyses, which provide more 

conservative estimates when heterogeneity is a potential issue.  

Data for the association of loneliness and social isolation with each inflammatory marker were 

synthesised separately. In order to be synthesised quantitatively a minimum of two studies per 

inflammatory marker were required. Where only one study examined an inflammatory marker 

this study was assessed qualitatively but not quantitatively. We also stratified our synthesis by 

the number of confounders adjusted for: least-adjusted (adjusted for a maximum of two 

confounders) and most-adjusted (model where the highest number of confounders were 

controlled for). We opted to include both models to account for any overestimation of effect 

sizes that could occur from only synthesising least-adjusted estimates.  
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For the least-adjusted analysis the preferred data for synthesis were means for different groups, 

or frequencies of people with high inflammation across different groups. The rationale for this 

was that some studies had least-adjusted analyses that were adjusting for more than two 

confounders and some studies had different reference groups. Where studies compared more 

than two groups, the data for the most lonely or most isolated group was compared with the 

mean level of inflammation across all other non-lonely or non-isolated groups. If means or 

frequencies were not available we preferred effect sizes that could be directly entered into the 

meta-analysis software such as correlations or odds ratios. 

Where studies only provided the results from linear regression analyses with β, these 

were transformed into a correlation coefficient using the formula of Peterson and Brown 

(2005): r = β + 0.5λ as the software used for the synthesis does not allow researchers to directly 

input β values.  

Where studies provided stratified estimates (by age or sex), these were firstly 

synthesised into a single effect size before being entered into the meta-analysis. 

Effect sizes were calculated as correlation coefficients (r) and 95% confidence intervals 

(CI’s). Alongside the main effect size, we also assessed heterogeneity using the Cochrane-Q 

statistic and the I2 inconsistency index. A Cochrane-Q statistic with a p-value <.10 indicates 

that individual effects are further away from the common effect than we might expect due to 

chance. The I2 statistic indicates the percentage of variability in the effect measure due to 

variation across studies with 25% indicating low variability, 50% indicating medium variability 

and 75% indicating high variability. Publication bias was assessed with Egger’s regression 

intercept test and plotted graphically with Funnel plots. 

Sources of heterogeneity were explored using stratified sensitivity analyses to 

determine how robust the overall effect size was to sources of population, methodological, and 

statistical heterogeneity. 
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All analyses were performed with Comprehensive Meta-Analysis Software (version 3.0 

Biostat, Englewood, NJ, USA). 

 

 
Results 

Study selection 

After excluding duplicates, we retrieved 7,400 articles. In a first step, we screened the titles of 

articles and removed any papers that were not relevant based on broad criteria (e.g., the study 

was in animals). Following this, we screened the abstracts of the remaining 525 studies, and 

removed those studies that we could determine did not meet inclusion criteria (e.g., the age of 

the population, not examining inflammation, not a primary research study) leaving us with 163 

studies (see Figure 1). The remaining studies were put forward for full-text assessment, 

following which 136 studies were excluded (reasons are listed in Figure 1). Inter-rater 

agreement for study screening at phase 3 was found to be very good (κ=0.81, 95% CI: 0.69, 

0.93). Following an update search in July 2019, we were able to identify an additional three 

papers to include in the synthesis. Results are discussed with reference to those studies that 

examined loneliness and social isolation below. 

 

Loneliness and inflammation 

A total of 14 papers with data for 27,246 participants were identified that examined the 

association between loneliness and inflammation (see Table 1). The inflammatory markers 

examined in these studies included CRP, fibrinogen, IL-1RA, IL-6 and MCP-1. 

CRP 

The most commonly investigated inflammatory marker was the acute-phase protein CRP with 

eleven studies examining the association of loneliness with CRP (n=24,790). Of those 11 

studies, five provided only a least adjusted estimate, three provided only a fully-adjusted 
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estimate and three provided both unadjusted and adjusted estimates (see Table 1). Of the eight 

studies that examined an unadjusted association between loneliness and CRP, three found a 

significant positive association (Cho, Seeman, Kiefe, Lauderdale, & Irwin, 2015; Nersesian et 

al., 2018; Pavela, Kim, & Salvy, 2018). However, of the seven studies that provided a most-

adjusted estimate, only one study conducted in 927 people from the Midlife in the US study 

found a significant association (Nersesian et al., 2018). 

Random effects meta-analyses found that there was not an association between 

loneliness and CRP when synthesising the least adjusted (r=0.047, 95% CI: -0.003-0.098, 

p=.067) or most adjusted estimates (r=0.023, 95% CI: -0.018-0.065, p=.27) (see Figure 2a and 

2b). Both the I2 and Cochrane-Q statistics indicated moderate-high statistical heterogeneity, 

however there was no evidence of publication bias for either analysis when assessed using 

Egger’s test (see  Appendix III). 

Fibrinogen 

Four studies examined the association between loneliness with the acute-phase protein 

fibrinogen (n=7,612), with three providing both unadjusted and adjusted estimates (B. Mezuk 

et al., 2016; Moller & Kristensen, 1991; Nersesian et al., 2018) and one paper providing only 

an adjusted estimate (Shankar, McMunn, Banks, & Steptoe, 2011). Only the study of Nersesian 

et al. (2018) conducted in the Midlife in the US sample found an association between loneliness 

and fibrinogen, all other studies found null associations (see Table 1). 

Results from random effects meta-analyses indicated that there was neither an 

unadjusted (r=0.006, 95% CI: -0.057, 0.070, p=0.846) or confounder adjusted (r=0.037, 95% 

CI: -0.015, 0.089; p=.167) association between loneliness with fibrinogen (see Figure 2c and 

2d). The I2 and Cochrane-Q statistics both indicated moderate heterogeneity and there was no 

evidence of publication bias when assessed using Egger’s test or by visually inspecting funnel 

plots (see Appendix III). 
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IL-6 

Five studies (n=4,692) examined IL-6 with three providing unadjusted estimates, one adjusted 

estimates only and one both unadjusted and adjusted estimates (see Table 1). Of the four studies 

examining an unadjusted association, two found a significant association (Cho et al., 2015; 

Nersesian et al., 2018). Of the two studies providing a most-adjusted estimate, only one found 

a significant association (Nersesian et al., 2018).  

Results from the random effects meta-analyses indicated there was a borderline non-

significant least-adjusted association between loneliness with IL-6 (r=0.082, 95% CI: -0.001, 

0.163, p=.052). However, there was evidence of a significant most-adjusted association 

(r=0.070, 95% CI: 0.015, 0.124, p=.012) (see Figure 2e and 2f). Heterogeneity statistics 

indicated high heterogeneity for the unadjusted estimate with no publication bias evident using 

Egger’s test or when inspecting funnel plots (see Appendix III). However, there was low 

heterogeneity with no publication bias for the most-adjusted estimate (see Appendix III). 

Other inflammatory markers  

Only one study examined IL-1RA and the chemokine MCP-1 (Hackett, Hamer, Endrighi, 

Brydon, & Steptoe, 2012). They did not find an adjusted association between IL-1RA with 

loneliness though they did find a significant association between MCP-1 and loneliness using 

data from 524 civil servants from the Whitehall II study (Hackett et al., 2012). As only one 

study examined these inflammatory markers, these data were not assessed using meta-analysis.  

Study heterogeneity 

There was methodological heterogeneity between studies in terms of population studied, 

loneliness measurement, inflammation measurement, statistical analysis and study quality (see 

Table 1 and Appendix IV).  Study heterogeneity was explored qualitatively and quantitatively 

with sensitivity analyses. Sensitivity analyses could not be performed for the most-adjusted IL-

6 estimate as only two studies were included. 
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Populations studied 

The majority of studies were conducted in the USA, with an additional three studies being 

conducted in the UK, and one each in Denmark, Ireland and Canada (see Table 1 and Appendix 

IV). The most commonly investigated populations were middle-aged and older adult 

community samples with only one study examining younger adults (see Table 1 and Appendix 

IV). 

Sensitivity analyses for different aspects of the population studied for fibrinogen and 

IL-6 revealed that the non-significant associations remained consistent (see Table 2). However, 

for the least-adjusted association between loneliness and CRP significant associations were 

seen for those studies conducted in US samples (r=0.077, 95% CI: 0.027, 0.126, p=.002), and 

those studies conducted in people 35 and older (r=0.063, 95% CI: 0.018, 0.106, p=.005) or 50 

and older (r=0.062, 95% CI: 0.025, 0.098, p=.001). These significant associations were not 

observed in the most-adjusted sensitivity analyses for loneliness and CRP.  

Loneliness measurement 

A total of seven studies used the full or shortened versions of the UCLA-loneliness scale, with 

two studies utilising other loneliness questionnaires (see Table 1 and Appendix IV).  The 

remaining studies used either one or two single-item self-rated questions (see Table 1 and 

Appendix IV). 

Sensitivity analyses indicated that the associations between loneliness with CRP and 

IL-6 were not affected by loneliness measurement in either unadjusted or adjusted analyses 

(see Table 2). However, sensitivity analyses examining fibrinogen revealed that the most-

adjusted non-significant association between loneliness with fibrinogen was significant when 

only those studies that used a single-item loneliness question were synthesised (r=0.071, 95% 

CI: 0.017, 0.125, p=.011). 

Inflammation measurement 
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All studies employed a standardised protocol for assessing blood samples, however blood draw 

protocols did differ between studies (see Table 1 and Appendix IV). Only one study prohibited 

people from engaging in a variety of activities known to influence inflammation prior to the 

blood draw such as drinking caffeine and exercise (Hackett et al., 2012). Five studies 

mentioned that fasting bloods were taken or that bloods were taken at a particular time of day 

(see Table 1 and Appendix IV). However, nine studies did not mention any limits on blood 

collection.  

Sensitivity analyses indicated that associations between loneliness with CRP and IL-6 

were not changed based on inflammation measurement (see Table 3). When synthesising the 

most-adjusted fibrinogen studies that did not exclude people based on high levels of 

inflammation or inflammatory conditions there was a significant association (r=0.069, 95% CI: 

0.016, 0.122, p=.010). All other fibrinogen sensitivity analyses remained non-significant (see 

Table 2). 

Statistical analysis 

A variety of statistical methodologies were employed by the researchers. Eleven studies 

examined inflammation as a continuous outcome using either correlational analyses and/or 

linear regression analyses. However, only seven of these studies checked the normality of their 

data prior to running their analyses (see Appendix IV). Furthermore, confounder control was 

mixed with only three of the seven studies that controlled for confounders accounting for all 

important confounders (see Appendix IV). Finally, three studies provided estimates that 

accounted for the level of loneliness, finding no difference in results based on whether someone 

was sometimes or often lonely (B. Mezuk et al., 2016; Pavela et al., 2018; Shiovitz-Ezra & 

Parag, 2018). 

Sensitivity analyses indicated that the associations between loneliness with fibrinogen 

and IL-6 remained consistent (see Table 2). However, a significant least adjusted association 
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between loneliness and CRP was observed for those studies that employed linear analyses 

where CRP was not log transformed (r=0.065, 95% CI: 0.028, 0.103, p=.001). Furthermore, a 

significant most-adjusted association between loneliness and CRP was observed for those 

studies that did not control for important confounders (r=0.045, 95% CI: 0.006, 0.084, p=.024). 

Quality assessment 

Results from the quality assessment tool indicated that study quality ranged from high to low 

(see Appendix II). In total, four studies were high quality (Mezuk et al., 2016; Nersesian et al., 

2018; Pavela et al., 2018; Shankar et al., 2011), nine were moderate quality (Cho et al., 2015; 

Hackett et al., 2012; Hasselmo et al., 2018; Lutgendorf, Ullrich, Wallace, Russell, & Harris, 

2004; Matthews et al., 2019; McDade, Hawkley, & Cacioppo, 2006; Moller & Kristensen, 

1991; O'Luanaigh et al., 2012; Shiovitz-Ezra & Parag, 2018)  and one study was low quality 

(Rueggeberg, Wrosch, Miller, & McDade, 2012). The sources of bias most commonly seen 

across the included studies involved inadequate confounder control and studies not accounting 

for high levels of inflammation or confounders that could affect inflammation (see Appendix 

II). 

Sensitivity analyses indicated that the associations between loneliness with CRP, 

fibrinogen and IL-6 were not affected by study quality (see Table 2). 

 

Social isolation and inflammation 

A total of 16 different papers with data for 57,532 participants were included in the synthesis 

(see Table 3). Two papers used data from the NHANES III study, however they analysed 

different inflammatory markers with Ford et al (2006) examining CRP and Yang et al (2013) 

examining fibrinogen and albumin. Likewise two papers used data from the MacArthur 

Successful ageing study but examined different inflammatory markers and so were synthesised 

in separate analyses (Loucks, Berkman, Gruenewald, & Seeman, 2005, 2006). Finally, one 
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study analysed data from two studies: Midlife in the US and Social Environment and 

Biomarkers of Aging Study (Glei, Goldman, Ryff, Lin, & Weinstein, 2012). 

The inflammatory markers examined included CRP, fibrinogen, albumin and IL-6.  In 

total, eight of the included papers found a least-adjusted association and eight found a 

significant most-adjusted association between social isolation with inflammation (see Table 3). 

CRP 

The most commonly investigated inflammatory marker was CRP, which was assessed across 

11 papers (n=55,597). One paper provided means with no association (Nagayoshi et al., 2014), 

four provided only a confounder adjusted estimate (Das, 2013; Glei et al., 2012; Lacey, 

Kumari, & Bartley, 2014; Shankar et al., 2011) and six provided both least adjusted and most 

adjusted estimates (Ford, Loucks, & Berkman, 2006; Haefner et al., 2011; Heffner, Waring, 

Roberts, Eaton, & Gramling, 2011; Loucks, Berkman, et al., 2006; Loucks, Sullivan, et al., 

2006; Briana Mezuk, Roux, & Seeman, 2010).  

Of the six studies that provided a least adjusted estimate five found at least one 

significant association between social isolation with CRP (Ford et al., 2006; Haefner et al., 

2011; Loucks, Berkman, et al., 2006; Loucks, Sullivan, et al., 2006; Briana Mezuk et al., 2010). 

Of the 11 studies that provided a most adjusted estimate, five found at least one significant 

association between social isolation with CRP (Ford et al., 2006; Heffner et al., 2011; Loucks, 

Berkman, et al., 2006; Briana Mezuk et al., 2010; Shankar et al., 2011).  

Results from random effect meta-analyses indicated a significant unadjusted 

association between social isolation and CRP (r=0.186, 95% CI: 0.063, 0.303; p=.003). 

However, results from the most adjusted synthesis indicated no association between social 

isolation and CRP once confounders were controlled for (r=0.021, 95% CI: -0.051, 0.092; 

p=.567) (see Figure 3a and 3b). Heterogeneity estimates suggested there was high study 

heterogeneity, with no statistical evidence of publication bias (see Appendix V). However, 
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visual inspection of the funnel plot indicated one outlying study with a notably larger effect 

size than other studies for the least-adjusted estimate (see Appendix V). 

Fibrinogen 

A total of nine studies (n=23,239) examined the association between social isolation with 

fibrinogen. Of those nine studies one provided means with no measure of association (A. 

Steptoe et al., 2003), two provided least adjusted estimates only (Helminen, Rankinen, 

Väisänen, & Rauramaa, 1997; Rosengren & Wilhelmsen, 1996) and three provided both least 

and fully adjusted estimates (Loucks et al., 2005; Briana Mezuk et al., 2010; Yang, 

McClintock, Kozloski, & Li, 2013). Of the six studies that provided a least-adjusted estimate, 

four found a significant association between social isolation with fibrinogen (Loucks et al., 

2005; Briana Mezuk et al., 2010; Rosengren & Wilhelmsen, 1996; Yang et al., 2013). Of the 

six studies that provided a most-adjusted estimate, three found a significant association (Loucks 

et al., 2005; Shankar et al., 2011; Yang et al., 2013). 

Random-effects meta-analyses found a significant association between social isolation 

with fibrinogen for the least-adjusted analysis (r= 0.103, 95% CI: 0.043, 0.163; p=.001) and 

most-adjusted analysis (r= 0.039, 95% CI: 0.011, 0.067; p=.007) (see Figure 3c and 3d). The 

I2 and Cochrane-Q statistics indicated high heterogeneity for the unadjusted analysis, and low-

moderate heterogeneity for the most-adjusted analysis (see Appendix V). Egger’s test and 

funnel plots suggested there was little evidence of publication bias (see Appendix V) 

IL-6 

A total of five papers (n=14,423) examined the association between social isolation with IL-6. 

One paper provided only most-adjusted estimates (Glei et al., 2012) and four provided both 

least and most adjusted estimates (Haefner et al., 2011; Loucks, Berkman, et al., 2006; Loucks, 

Sullivan, et al., 2006; Briana Mezuk et al., 2010). Of the four studies that provided a least 

adjusted estimate, two found a significant association between social isolation and IL-6 
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(Loucks, Sullivan, et al., 2006; Briana Mezuk et al., 2010). Of the five papers that provided a 

most-adjusted estimate, only Loucks, Sullivan et al. (2006) found a significant association 

between social isolation and IL-6 in men from the Framingham heart study.  

Results from the random-effects meta-analyses found no association between social 

isolation and IL-6 for the least-adjusted analysis (r= 0.267, 95% CI: -0.341, 0.718; p=.393), or 

the most-adjusted analysis (r= -0.003, 95% CI: -0.148, 0.141; p=.966) (see Figure 3e and 3f). 

There was evidence of high heterogeneity for both estimates (see Appendix V). Furthermore, 

while Egger’s test did not indicate publication bias, visual inspection of the funnel plot 

indicated that for the most-adjusted analysis all studies lay outside the funnel indicating 

heterogeneity (see Appendix V).  

Other inflammatory markers 

Yang et al. (2013) also examined albumin in their analysis of the NHANES III study, and found 

no association between social isolation with this inflammatory marker. As this was the only 

study that examined albumin, it was not put forward for meta-analysis.  

Study heterogeneity 

There was heterogeneity between studies for population studied, social isolation measurement, 

inflammation measurement, statistical analysis and study quality (see Table 3). Study 

heterogeneity was explored qualitatively and quantitatively with sensitivity analyses. 

Populations studied 

The majority of studies were conducted in the USA or Western Europe, with one additional 

study being conducted in a Taiwanese population (see Appendix VI). Most of the included 

papers sampled people from the community (see Table 3 and Appendix VI), with one additional 

study sampling from civil servants (A. Steptoe et al., 2003). The age of the included samples 

ranged from 20 or older (Ford et al., 2006) to 70-75 (Loucks et al., 2005; Loucks, Berkman, et 
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al., 2006), with the majority of studies being conducted in people aged 35 or older (see Table 

3 and Appendix VI). 

Seven papers provided sex-stratified estimates (Ford et al., 2006; Haefner et al., 2011; 

Loucks et al., 2005; Loucks, Berkman, et al., 2006; Loucks, Sullivan, et al., 2006; Briana 

Mezuk et al., 2010; Yang et al., 2013) with a further three being conducted in males only (Das, 

2013; Helminen et al., 1997; Rosengren & Wilhelmsen, 1996). Where studies did provide sex-

stratified estimates they more often found significant results for males. Of the six studies that 

provided sex-stratified estimates for CRP three found a significant association for males (Ford 

et al., 2006; Loucks, Berkman, et al., 2006; Briana Mezuk et al., 2010), with only one finding 

a significant association for females (Ford et al., 2006). Of the five papers that provided sex-

stratified estimates for fibrinogen, four found a significant association in males (Loucks et al., 

2005; Briana Mezuk et al., 2010; Rosengren & Wilhelmsen, 1996; Yang et al., 2013), whereas 

only one found a significant association in females (Yang et al., 2013). Of the four studies that 

provided sex-stratified estimates for IL-6, two found significant associations in males (Loucks, 

Sullivan, et al., 2006; Briana Mezuk et al., 2010) and one found a significant association in 

females (Loucks, Sullivan, et al., 2006). 

Sensitivity analyses revealed that the majority of results were robust to stratification by 

different aspects of the population being studied (see Table 4). However, for the least-adjusted 

CRP and fibrinogen results sex stratification revealed that there was a significant association 

between these inflammatory markers with social isolation in males (CRP: r=0.102, 95% CI: 

0.022, 0.180, p=.013; Fibrinogen: r=0.117, 95%CI: 0.047, 0.185, p=.001) but not females 

(CRP: r =0.052, 95%CI:-0.007, 0.111, p=.083; Fibrinogen: r =0.041, 95%CI:-0.016, 0.097, 

p=.160). The significant association for social isolation with these inflammatory markers for 

males was not seen in the most-adjusted analyses (see Table 4). Furthermore, the most-adjusted 

association between social isolation and fibrinogen became non-significant when only 
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examining USA samples (r =0.034, 95%CI:-0.018, 0.086, p=.197) and when examining sex-

stratified estimates (Males: r =0.105, 95%CI: -0.005, 0.212, p=.060; F: r =0.015, 95%CI: -

0.038, 0.068, p=.585). 

Social isolation measurement 

Most included studies measured social isolation by measuring a person’s social network (see 

Table 3 and Appendix VI). The most common measure was a derived social network index, 

normally based off the Berkman-Syme index (see Appendix VI), with most studies utilising a 

score of ≤ 1 to indicate social isolation (see Table 3). Other social network questionnaires 

included the Lubben social network index (Nagayoshi et al., 2014), the close person’s 

questionnaire (A. Steptoe et al., 2003) and the social network component of the schedule for 

social interaction (Rosengren & Wilhelmsen, 1996). Two studies used social support 

questionnaires (Lacey et al., 2014; Briana Mezuk et al., 2010), and identified people with low 

social support.  

Sensitivity analyses revealed that the association between social isolation and 

inflammation remained robust to the method of social isolation measurement, apart from one 

most-adjusted analysis (see Table 4). The overall most-adjusted effect for CRP was non-

significant, however when social isolation was assessed with social support questions there was 

a significant association (r=0.027, 95% CI: 0.003, 0.052, p=.027) 

Inflammation measurement 

All included studies had a standardised protocol for assessing blood samples but differed in 

terms of venesection protocols (see Table 3). Eight papers mentioned a blood draw protocol 

that involved either having participants fast, having bloods taken at a specific time of and/or 

desisting from taking part in activities that could influence inflammation such as taking anti-

inflammatory medication or drinking caffeine (see Appendix VI). In addition, only five studies 
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excluded participants with high levels of inflammation prior to running their analyses, or 

controlled for factors known to influence inflammation (see Appendix VI).  

Sensitivity analyses revealed that stratifying for different aspects of inflammation 

measurement did not affect estimates for IL-6 (see Table 4). However, the significant least-

adjusted association between social isolation and CRP was only significant in those studies that 

did not account for high levels of inflammation (r=0.259, 95% CI: 0.041, 0.453, p=.020) or did 

not have a blood draw protocol that accounted for inflammatory confounders (r=0.213, 95% 

CI: 0.057, 0.358, p=.008). Where these inflammatory confounders were taken into account 

within the study design or analysis, there was not a significant unadjusted association (see 

Table 4). Finally, while the association between social isolation and fibrinogen remained 

mostly consistent, the fully-adjusted association in studies that accounted for high levels of 

inflammation became non-significant (r=0.029, 95% CI:-0.000, 0.059, p=.054). 

Statistical analysis 

Studies assessed the association between social isolation and inflammation using a range of 

statistical techniques (see Table 4) including linear regression, logistic regression and 

comparison of means (see Appendix VI). Of those studies that modelled inflammation as a 

continuous outcome, only five mentioned that they had checked for normality and when 

necessary, log-transformed their outcome or used non-parametric tests (see Appendix VI). 

There was also heterogeneity for confounder control. Four studies provided only 

unadjusted or minimally adjusted estimates. Where studies provided confounder-adjusted 

estimates seven controlled for all those important confounders identified for the quality 

assessment (Ford et al., 2006; Glei et al., 2012; Loucks et al., 2005; Loucks, Berkman, et al., 

2006; Loucks, Sullivan, et al., 2006; Briana Mezuk et al., 2010; Yang et al., 2013) and five 

controlled for some, but not all important confounders (see Appendix VI). 
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Sensitivity analyses indicated that the association between social isolation and IL-6 

remained consistently non-significant (see Table 4). However, estimates for both CRP and 

fibrinogen were affected by different aspects of statistical analyses. For CRP, the significant 

least-adjusted estimate was reduced to non-significance for those studies that examined CRP 

as a linear outcome but had not accounted for the normality of their outcome (r=0.066, 95% 

CI: -0.018, 0.149, p=.121). Furthermore, there was a significant most-adjusted association for 

CRP when only examining those studies that compared the most socially isolated groups to the 

most integrated groups (r=0.050, 95% ci: 0.001, 0.098, p=.047).  

The association between fibrinogen and social isolation was reduced to non-

significance when examining only those studies that had accounted for data normality in linear 

analyses for both the least (r=0.066, 95% CI: -0.018, 0.149, p=.121) and most-adjusted 

(r=0.011, 95% CI:-0.091, 0.113, p=.829) analyses. In addition, those most-adjusted analyses 

where social isolation was assessed as a categorical predictor and fibrinogen as a continuous 

outcome (r=0.011, 95% CI: -0.091, 0.113, p=.829) and when studies accounted for the most 

important confounders (r=0.039, 95% CI:-0.013, 0.091, p=.145) were both reduced to non-

significance. 

Study quality 

Only four studies were assessed as being high quality (Glei et al., 2012; Loucks, Sullivan, et 

al., 2006; Briana Mezuk et al., 2010; Rosengren & Wilhelmsen, 1996), with all remaining 

studies having moderate quality (see Appendix II). The most common reasons for lowered 

quality assessment scores were having a protocol and/or analysis that did not account for high 

levels of inflammation, not accounting for all important confounders or not assessing social 

isolation with a validated questionnaire (see Appendix II). 

When we conducted sensitivity analyses based on study quality, there was no effect on 

IL-6 estimates. However, the significant least-adjusted association between social isolation 
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with CRP (r=0.230, 95% CI: 0.037, 0.408, p=.020) and fibrinogen (r=0.130, 95% CI: 0.076, 

0.183, p<.001) was only observed in moderate quality studies (see Table 4). This pattern was 

also observed for the most-adjusted analysis between social isolation and fibrinogen (r=0.050, 

95% CI: 0.027, 0.072, p<.001) (see Table 4).  

 
Discussion 

Results from this review indicate that there was an association between loneliness with the 

inflammatory cytokine IL-6 in adjusted analyses. Furthermore, there was a least-adjusted 

association between social isolation with the acute-phase proteins CRP and fibrinogen, and a 

most-adjusted association with fibrinogen. Our results also indicated that there was notable 

heterogeneity between studies both statistically and theoretically. Theoretical heterogeneity 

could be observed between studies for populations studied, statistical analyses, study quality 

and assessment of predictors and outcomes. When formally assessed with sensitivity analyses 

we found that sources of theoretical heterogeneity also impacted on some study results, leading 

to questions about the robustness of findings. A more detailed consideration of the link between 

loneliness with inflammation, and social isolation with inflammation is taken below. 

Loneliness and inflammation 

Previous narrative reviews have proposed that loneliness is linked with systemic inflammation 

(Eisenberger et al., 2017; Leschak & Eisenberger, 2019). We found a most-adjusted significant 

association between loneliness and IL-6. However, this result was based off two studies, one 

of which found a significant association (Nersesian et al., 2018) and one of which found a non-

significant association (Hackett et al., 2012). As only two studies were synthesised we were 

unable to perform sensitivity analyses to determine the robustness of this association. 

Therefore, this result needs to be interpreted with caution. It is also worth noting that while the 

least-adjusted analysis was not significant, it did indicate a trend towards significance (p=052). 
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Taken in tandem, these findings indicate that more work on the association between loneliness 

and IL-6 is needed in order to draw any firm conclusions. 

In addition we found that there was no overall association between loneliness with CRP 

or fibrinogen in either least-adjusted or most-adjusted analyses. However, when we examined 

sources of heterogeneity we did find that the age of the populations studied (being 50 or older), 

the location of the study (USA studies) and statistical analyses (linear analyses) led to some 

significant associations being uncovered in least-adjusted but not most-adjusted sensitivity 

analyses for CRP. Furthermore, we found that in most-adjusted analyses for fibrinogen that 

those studies that assessed loneliness with a single-item question and those where the protocol 

had not accounted for high levels of inflammation found significant associations between 

loneliness and fibrinogen.  

The mixed results found for loneliness and inflammation could be because the 

relationship between loneliness and inflammation is not direct. The proposed pathway via 

which loneliness influences inflammation is through activation of the bodies stress system, 

including the sympathetic nervous system (SNS) and Hypothalamic Pituitary Adrenocortical 

(HPA) axis (Naomi I Eisenberger & Steve W Cole, 2012; Eisenberger et al., 2017). 

Interestingly, experimental studies often do not find a direct relationship between loneliness 

and inflammation, but do find that the inflammatory response increases in reponse to 

manipulation of different stressors. For example, existing research shows us that lonely people 

have an increased inflammatory response in reaction to acute social stressors (Brown, 

Gallagher, & Creaven, 2018). Other studies show that people who are lonely have an enhanced 

immune response to biological challenges such as endotoxin (Jaremka et al., 2013) or  

vaccination (Balter et al., 2019). These findings suggest that loneliness could moderate how 

the immune system responds to biological and social stressors rather than having a direct 

impact on the immune system.  
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In considering how loneliness may be linked with inflammation there is also a need to 

consider the course of loneliness. For some people loneliness could be an acute state, and for 

others it could be chronic (Qualter et al., 2015). Theorists propose that acute and chronic 

psychosocial stressors have different effects on the inflammatory system (Hawkley, Bosch, 

Engeland, Marucha, & Cacioppo, 2007). Acute stressors prime the immune system so that the 

body is prepared to react, so we typically oberve an association of acute stressors with upstream 

inflammatory markers such as interleukins (Marsland, Walsh, Lockwood, & John-Henderson, 

2017). However, chronic stress is proposed to be associated with dysregulation of the HPA-

axis and higher levels of peripheral markers of systemic inflammation such as CRP (Hänsel et 

al., 2010).  Interestingly recent longitudinal work from the English Longitudinal Study of 

Ageing suggested that a more chronic course of loneliness was associated with higher CRP in 

men (Vingeliene, Hiyoshi, Lentjes, Fall, & Montgomery, 2019). Therefore, considering the 

chronicity of loneliness may be important for future work examining associations with 

inflammation. Furthermore, we need to bear in mind that reactions to loneliness may vary. For 

some people loneliness can be a transformative and overall positive experience as it acts as a 

motivator for them to reach out and develop new relationships (Moustakas, 2016). We suggest 

that future work is necessitated to understand whether the experience of loneliness as a chronic 

and/or stressful experience has a greater biological impact.  

It is also possible that loneliness could be a consequence rather than antecedent of 

psychosocial stress. There are various studies showing that those people who experience 

stressful major life events such as bereavements, experience chronic health conditions and are 

depressed could become lonely because of these stressors (J. T. Cacioppo, Hughes, Waite, 

Hawkley, & Thisted, 2006; Dahlberg, Andersson, McKee, & Lennartsson, 2015). All of these 

stressors share direct, independent associations with increased inflammation (Hänsel et al., 

2010; Holwerda et al., 2014; Smith, Au, Ollis, & Schmitz, 2018).  It is, therefore, possible that 
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loneliness itself does not cause inflammation, but it is risk factors for loneliness causing 

inflammation or that it is the interaction of loneliness with other social stressors that leads to 

activation of the immune system (Hawkley et al., 2007).  There is a need for longitudinal 

studies to plot the relationship between psychosocial stressors, loneliness and inflammation 

over time to be better understand whether loneliness may be a moderator, rather than predictor 

of inflammation. 

Social isolation and inflammation 

Results from meta-analyses did not find any association between social isolation and IL-6, but 

they did find least-adjusted associations between social isolation with CRP and fibrinogen. 

Furthermore, we found that the association between social isolation and fibrinogen was also 

significant in most-adjusted analyses. However, we did find notable statistical and theoretical 

heterogeneity, which did impact on the robustness of estimates in some sensitivity analyses. 

The least-adjusted estimate between social isolation with CRP and fibrinogen was affected by 

different aspects of study heterogeneity, in particular, inflammation protocols and statistical 

analyses. Notably, significant associations were observed primarily in moderate quality studies 

that often did not account for important confounders, or inflammatory confounders within their 

study design or analysis. This indicates that the associations between social isolation and 

inflammation were found in studies that were less methodologically rigorous.  However, in 

considering important confounders and methodological rigor it will be important for us as 

researchers to determine whether we want to ‘control out’ the effect of specific confounders to 

observe direct effects or whether it may be more important for us to examine potential 

intersections and interactions of different risk factors in predicting health outcomes in people 

who are socially isolated.  

 Social isolation has long being considered a potent social stressor which increases the 

risk of chronic illness and mortality (J. T. Cacioppo et al., 2015; Collaboration, 2010; Danesh, 
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Collins, Appleby, & Peto, 1998). Social isolation is proposed to be particularly stressful 

because humans have evolved to be a social species, and when we don’t have the contact with 

society that we need that this can have a direct impact on our biological, psychological and 

social wellbeing (Cruces et al., 2014). As noted in the discussion on loneliness, acute and 

chronic psychosocial stressors may have a differential impact on the inflammatory response. 

Interestingly, we observed an association between social isolation with downstream indicators 

of systemic inflammation (CRP and fibrinogen), suggesting that social isolation may be acting 

as a chronic stressor (Hänsel et al., 2010). However, more work is needed to understand the 

course of social isolation and how this might impact on inflammation. 

As there is not a validated measure of social isolation we utilised a broad definition of 

social isolation as applied in previous research (Valtorta et al., 2016). This meant that many of 

the scales included were not designed to measure social isolation per se, instead they were 

designed to measure social networks and social support. Therefore, many studies were 

examining less socially integrated people rather than socially isolated people.  

 Sex-stratified sensitivity analyses revealed that the significant least-adjusted 

association between social isolation with CRP and fibrinogen was significant in males rather 

than females. However, it should be noted that of the sixteen included studies, only seven 

studies provided sex-stratified estimates and three were conducted in males only. It should also 

be noted that these were exploratory analyses. Despite this, we feel that these were interesting 

findings that could be explored more in future research.  It is possible that sex differences could 

occur because males have increased activation of the HPA-axis in response to stress (Kudielka 

& Kirschbaum, 2005),  which could, in turn, lead to greater inflammation (Black, 2002). 

Furthermore, research suggests that males and females exhibit different behavioural responses 

to social stress, with females being more likely to “tend-and-befriend” (i.e., seek out support) 

and males more likely to display a classic fight-or-flight stress response (Taylor et al., 2000). 
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However, once confounders were taken into account there was no association between sex and 

inflammation. This suggests that rather than there being a direct relationship between social 

isolation and inflammation in males, that this might be explained by other factors. For example, 

the study of Haefner et al. (2011) found that social isolation did not have a significant 

association with inflammation. However, when they examined the interaction of social 

isolation with depression, they found that males had a greater inflammatory response. 

Therefore, further work investigating the role of confounders and effect modifiers may reveal 

interesting results with regards to the association of social isolation and inflammation in males. 

Direction of causality 

Only one study examining loneliness (Shiovitz-Ezra & Parag, 2018), and one study examining 

social isolation (Lacey et al., 2014) employed a longitudinal study design. The remaining 

studies were cross-sectional, meaning there are issues with inferring causality. Two recent 

papers not eligible for inclusion in this review as they used data utilised by Shankar et al. (2011) 

have modelled the longitudinal association between loneliness with inflammation (Vingeliene 

et al., 2019; Walker, Ploubidis, & Fancourt, 2019). Both employed different statistical 

methodologies, and one found that persistant loneliness was associated with higher CRP and 

fibrinogen  in males (Vingeliene et al., 2019), whereas the other found that loneliness was not 

associated with CRP or fibrinogen but instead with markers of inflammation regulation 

(Walker et al., 2019). These differences in results using the same dataset highlight the impact 

that employing different statistical methodologies can have on results. 

While our study modelled social isolation and loneliness as the predictors of 

inflammation it is plausible to assume that the opposite direction of causality could also explain 

findings. Previous research in the field of psychoneuroimmunology has posited the cytokine 

theory of depression, which suggests that depression is the result of a small yet significant 

increase in circulating inflammatory cytokines (Felger & Lotrich, 2013; Schiepers, Wichers, 
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& Maes, 2005). Part of the support for the cytokine theory of depression comes from the fact 

that increases in cytokines cause a group of phenomenon termed ‘sickness behaviours’ which 

are similar to depression (Dantzer & Kelley, 2007; Schiepers et al., 2005). These symptoms 

include anhedonia, fatigue, sleep difficulties and mood dysregulation (Loftis, Huckans, & 

Morasco, 2010). Interestingly another part of sickness behaviours includes socially isolating 

oneself, which could confer evolutionary advantage as those people who socially isolate 

themselves when ill are less likely to infect others (Moieni & Eisenberger, 2018). Furthermore, 

some researchers propose that inflammation may act to increase our sensitivity to social cues, 

and increase our desire to be around others to help with the healing process all of which could 

lead to increased feelings of loneliness (Eisenberger et al., 2017). It is, therefore, possible that 

inflammation could lead to social isolation and feelings of loneliness. This is supported by 

studies not eligible for inclusion in this review which show that when people are given an 

inflammatory challenge such as endotoxin or infected with the common cold that this often 

results people feeling significantly more socially disconnected or lonely than before the 

inflammatory challenge (N. I. Eisenberger & S. W. Cole, 2012; Eisenberger, Inagaki, Mashal, 

& Irwin, 2010; Muscatell et al., 2016).  This indicates that rather than loneliness and social 

isolation causing inflammation, that the opposite direction of association could be plausible 

and should be investigated in future work. 

Strengths and limitations 

This is the first systematic study to synthesise findings related to loneliness and social 

isolation with inflammation. However, some limitations with the review should also be noted. 

The inflammatory response is highly sensitive to influences beyond biological stressors such 

as viruses and physical illness, including adiposity (Elks & Francis, 2010), metabolic 

abnormalities (Sutherland, McKinley, & Eckel, 2004), physical activity (Abramson & 

Vaccarino, 2002), mental illness (Bauer & Teixeira, 2019), older age (Baylis, Bartlett, Patel, 
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& Roberts, 2013), psychological stress (Andrew Steptoe, Hamer, & Chida, 2007), smoking 

(Lee, Taneja, & Vassallo, 2012) and diet (Kiecolt-Glaser, 2010). However, few studies 

accounted for these within their statistical analysis or blood draw protocol. Furthermore, the 

use of anti-inflammatory medication would have a direct impact on levels of inflammation, but 

only seven studies accounted for this within their blood draw protocol (Hackett et al., 2012; 

Hasselmo et al., 2018; Helminen et al., 1997) or analysis (Glei et al., 2012; B. Mezuk et al., 

2016; Briana Mezuk et al., 2010; Shiovitz-Ezra & Parag, 2018).  In future it will be important 

for studies to be more mindful of accounting for those confounders that can influence 

inflammation so that more reliable associations can be uncovered. 

There was notable statistical and theoretical heterogeneity between studies, however 

these were explored qualitatively and quantitatively to assess the robustness of our findings. 

Broader issues with publication bias did not appear to be an issue with the review as many non-

significant papers were found, though language bias may have been an issue as we only 

reviewed English language studies. Due to the nature of the studies included, it is possible that 

many socially isolated people would not have taken part, as recruiting socially isolated people 

would be difficult. Therefore, it is also possible that the results for social isolation may be 

underestimated. 

Study generalisability could also be limited as many of the included studies were 

conducted in older adults limiting inferences to younger populations. Existing research 

suggests that loneliness and social isolation may affect health differently across the lifecourse 

(Hawkley & Capitanio, 2015) and researchers suggest that it is not until middle and older age 

that we are likely to observe an association between loneliness and isolation with physical 

health outcomes (Hawkley et al., 2007; Hawkley & Capitanio, 2015). However, we were not 

able to explore age-related differences due to the paucity of research in younger adults. This 

could represent an interesting avenue for future research.  However, when looking at loneliness 
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and social isolation with inflammation in older age it will be worth considering that older age 

in otherwise healthy individuals is also associated with increased low-grade inflammation, 

sometimes termed as ‘inflammaging’ (Baylis et al., 2013; H. Chung et al., 2011; H. Y. Chung 

et al., 2009; Krabbe, Pedersen, & Bruunsgaard, 2004; Wolff, Starfield, & Anderson, 2002). 

This could make uncovering associations more difficult, but it could also be interesting to 

examine the interaction of inflammaging with social stressors such as loneliness and social 

isolation. 

Finally, we were limited in terms of the inflammatory markers that we could synthesise 

due to the small number of studies that examined markers other than CRP, fibrinogen and IL-

6. More work is needed to ascertain whether other markers of inflammation may be linked with 

loneliness and social isolation. We also limited ourselves to markers of systemic inflammation. 

There is evidence showing that loneliness and social isolation are linked with the acute 

inflammatory response (Cruces et al., 2014; Kiecolt Glaser, Garner, & Speicher, 1984), and 

that loneliness alters the expression of genes involved in inflammation (Cole et al., 2007). 

Therefore, by only focusing on systemic inflammation we did not take into account other parts 

of the inflammatory system, which may also be associated with loneliness and social isolation. 

Loneliness, social isolation and inflammation: Do we need to think about the bigger picture? 

The relationship between loneliness and social isolation with inflammation is likely much more 

complex than a simple direct relationship as we examined in this review. Loneliness and social 

isolation often co-occur with a wide range of individual (e.g., mental illness, chronic physical 

illness, major life events, lifestyle behaviours), social (e.g., living arrangements, 

discrimination, social networks) and structural (e.g., housing, poverty, neighbourhood 

characteristics) issues many of which are also risk factors for inflammation and poor health 

(Cohen-Mansfield, Hazan, Lerman, & Shalom, 2016; Hämmig, 2019; Mahon, Yarcheski, 

Yarcheski, Cannella, & Hanks, 2006). This suggests that loneliness and social isolation should 
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be considered as parts of a much bigger psychosocial picture of co-occurring issues that could 

all impact on inflammation (Egger, Stevens, Binns, & Morgan, 2019). Rather than examine 

these risk factors singly, it will be important for future work to examine how different risk 

factors intersect and interact with both loneliness and social isolation in influencing health 

outcomes. Furthermore, by focusing only on inflammation we ignore the numerous related 

pathways (e.g., metabolic abnormalities, cardiac abnormalities, obesity) which can also be 

associated with loneliness and social isolation and also contribute to pathophysiological 

dysregulation and poorer long-term health (Cruces et al., 2014; Henriksen, Nilsen, & 

Strandberg, 2019; O'Luanaigh et al., 2012; Xia & Li, 2018). Therefore, there is also a need for 

us to examine  how inflammation intersects with other biological pathways that may link 

loneliness and social isolation to poorer health. By acknowledging the bigger picture in future 

work we will be able to better understand how and why loneliness and social isolation may 

affect health outcomes. 

Conclusions 

Results from this study provide some evidence that loneliness is linked with IL-6 and social 

isolation with CRP and fibrinogen. However, inferences are limited by the heterogeneity 

observed between studies and the fact that estimates were not robust to exploration of different 

sources of heterogeneity. In order to fully elucidate whether loneliness and social isolation are 

linked with inflammation there needs to be more consistency in methodology particular with 

regards to measurement, statistical analysis and accounting for important confounders. We also 

suggest that future studies might want to examine broader pathophysiological indicators 

beyond inflammation, and that consideration of the range of individual, social and structural 

issues linked with loneliness and social isolation may need to be taken into account. 
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