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ABSTRACT

Background: Social isolation is known to be associated with poorer health amongst adults, 

including coronary heart disease. It is hypothesized that this association may be mediated by 

inflammation. There has been little prospective research on the long-term impact of social 

isolation in childhood on adult health or the pathways which might be involved. The aim of 

this study was to investigate whether social isolation in childhood is associated with 

increased adult inflammation and the mechanisms involved across the life course.

Methods: This study used multiply-imputed data on 7,462 participants of the National Child 

Development Study in Great Britain. The association between child social isolation (7-11 yrs)

and levels of C-reactive protein (CRP) in middle age (44 yrs) was examined. We additionally 

investigated the role of adult social isolation, psychological distress, health behaviors and 

socioeconomic factors as potential mediators using path analysis and concurrent 

measurements made across the life course.

Results: Socially isolated children had higher levels of C-reactive protein in mid-life

(standardized coefficient= 0.05, p≤0.001). In addition children who were socially isolated 

tended to have lower subsequent educational attainment,  be in a less advantaged social class 

in adulthood, were more likely to be psychologically distressed across adulthood and were 

more likely to be obese and to smoke. All of these factors partially explained the association 

between childhood social isolation and CRP. However this association remained statistically 

significant after considering all mediators simultaneously.

Conclusions: Social isolation in childhood is associated with higher levels of C-reactive 

protein in mid-life. This is explained in part through complex mechanisms acting across the 

life course. Identification and interventions targeted towards socially isolated children may 

help reduce long-term adult health risk.
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1. Introduction

Chronic low-grade inflammation is known to be associated with adverse health outcomes, 

such as type II diabetes (Bassuk et al., 2004), depression (Danner et al., 2003), and coronary 

heart disease (Danesh et al., 2004). Many studies have shown associations between childhood 

adversities and raised C-reactive protein (CRP) levels - a reliable marker of low-grade 

inflammation (Pepys and Hirschfield, 2003). Childhood adversities known to be associated 

with increased adult inflammation include socioeconomic disadvantage (Phillips et al., 2009; 

Carroll et al., 2011; Miller and Cole, 2012), abuse and neglect (Danese et al., 2007), parental 

divorce (Lacey et al., 2013), as well as combined adverse childhood events scores (Slopen et 

al., 2010, 2013).

One childhood adversity which is not frequently investigated in relation to adult health is 

social isolation. Humans have a fundamental need to be socially connected to and supported 

by others (Baumeister and Leary, 1995). Social isolation in adulthood is known to be 

detrimental to health being associated with, for example, coronary heart disease (Kawachi et 

al., 1996). Chronic inflammation is thought to be one pathway linking psychosocial diversity 

to heart disease (Uchino, 2006). Few studies have addressed longer-term processes between

childhood social isolation and adult health. Chronic isolation has been linked to school drop-

out, problem drinking, and depression (Asher and Paquette, 2003) - risk factors for poorer

adult health. However, little research has explored whether childhood social isolation is 

associated with objective markers of poorer adult health, such as inflammation.

Two studies using the Dunedin birth cohort have begun to investigate this association. Caspi 

and colleagues (2006) found that childhood social isolation, as indicated by items of the 

Rutter behavior scale, was associated with cardiovascular risk factors at age 26 (overweight, 
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hypertension, raised glycated hemoglobin concentration, low maximum oxygen consumption 

and elevated total cholesterol). Danese et al (2009) found that children with high levels of 

social isolation had a 60% increased risk of a CRP value >3mg/L at age 32, compared to 

children who experienced a very low level of isolation.

A number of pathways are hypothesized to be important between child isolation and adult 

health. Firstly, poor social relations in childhood may result in lower educational attainment 

and this has many consequences including adverse trajectories of occupational and social 

position (Brown and Taylor, 2008).  Secondly, child social isolation may increase 

psychological distress in adult life (Katz et al., 2011; Takizawa et al., 2014). Danese et al

(2009) also found that severe child social isolation was associated with increased depressive 

symptoms in adulthood. Thirdly childhood social isolation may increase the risk of adult

social isolation through the development of social and emotional mal-adaptation (Coplan et 

al., 2012). Caspi and colleagues (2006) found that child social isolation was strongly 

associated with adolescent and adult isolation, and that adult social isolation was in turn 

strongly associated with cardiovascular risk factors at age 26. Finally, social isolation in 

childhood may lower self-esteem and increase the risk of uptake and maintenance of adverse 

health behaviors, such as smoking (Niemela et al., 2011), problem alcohol consumption

(Zimmerman et al., 1997) and overeating (Ackard et al., 2003). All of these factors in turn 

have been associated with poor health in adulthood. For instance, an association between 

adult socioeconomic position and inflammation has been shown numerous times e.g.(Ramsay 

et al., 2008), as have associations between adult social isolation (Shankar et al., 2011), 

psychological distress (Taylor et al., 2006), smoking (Koenig et al., 1999), alcohol misuse

(Albert et al., 2003), and BMI (Festa et al., 2001), with inflammation.
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Unlike previous studies we propose that mechanisms acting between child social isolation 

and inflammation are linked in complex ways.  We therefore consider pathways in 

combination with each other. We extend previous work by utilizing a British birth cohort 

with follow-up into middle-age (more than a decade greater than previously examined), by 

accounting for missing data and by explicitly modelling the mechanisms involved. We 

conceptualize social isolation in this study as social withdrawal or social rejection, and this is 

reflected in our measure of child social isolation. Our hypothesis is that children who are 

socially isolated have higher CRP levels in midlife, and that this is accounted for by complex 

pathways across the life course acting through adult social isolation, health behaviors, 

material disadvantage and psychological distress. Figure 1 shows the conceptual model tested 

in this study.

2. Methods

2.1 Sample

This study used data from the National Child Development Study (NCDS) which aimed to 

recruit all babies born in Great Britain during one week of 1958, achieving a sample of 

17,414 (98.2%) (Power and Elliott, 2005). Participants were surveyed at the following ages: 

7, 11, 16, 23, 33, 42, 44, 46, and 50 years. Information was collected from multiple sources 

on educational, social, medical, economic and aspects of participants’ lives. Informed consent 

was sought from respondents for each survey and ethical approval was obtained from the 

South East and London multicenter research ethics committees (Shepherd, 2012). The age 44 

survey took the form of a biomedical assessment, during which blood samples were taken on 

a sub-sample of participants. We used information on participants from childhood through to 

age 44 from whom blood samples were taken (n=8,233, 87.8% of target).
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2.2 Measures

2.2.1 Adult inflammation

CRP was measured in citrated plasma by high-sensitivity nephelometric analysis of latex 

particles coated with CRP-monoclonal antibodies (Elliott et al., 2008). Inter and intra-assay 

coefficients of variation were <10%. This is the only inflammatory marker measured in this 

cohort. Participants with values of ≥10mg/L (n=230), indicative of recent infection and 

pathology (Pepys and Hirschfield, 2003), were removed from the analyses. CRP values were 

positively-skewed and were therefore log-transformed.

2.2.2 Childhood social isolation

As previously mentioned we conceptualized social isolation as social rejection or withdrawal. 

Taking Caspi and colleague’s (2006) approach two items from the Rutter behavior scale A 

(parent-reported) were taken from the survey at age 7 and the same two items also taken from 

age 11. The two items were - ‘prefers to do things on his/her own rather than with others’

(social withdrawal) and ‘is bullied by other children’ (social rejection). Responses to both 

items at both surveys were ‘does not apply’ (coded 0), ‘applies somewhat’ (coded 1) and 

‘certainly applies’ (coded 2). An isolation score was created which summed the responses 

across all four variables (2 items across both surveys), creating a variable with a range of 0 

(equivalent to no problems at age 7 or 11) to 8 (equivalent to severe problems at age 7 and 

11). Scores of 7 and 8 were combined into a single category as there were few participants 

with a score of 8 (n=10). Unfortunately items directly comparable to those used in Caspi et al

(2006) were not available until age 16 in this cohort, as they used a later form of the Rutter 

behavior scale which was not available in our study in 1965 and 1969.

2.2.3 Pathway variables
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Socioeconomic factors

Educational attainment was taken as the highest qualification achieved by age 23 (no 

qualifications, Certificate of Secondary Education (CSE) or Ordinary-level (O-level), 

Advanced-level (A-level), or degree/higher qualification). For reference, CSE/O-level 

qualifications are broadly comparable to US high school (or general equivalency) degree, A-

level is equivalent to ‘some college’ and degree plus is equivalent to a completed bachelor’s

degree or higher (Crosby and Hawkes, 2007). Adult social class (highest in the household)

was measured using the Registrar General’s Social Class (RGSC) schema, based upon 

occupation (I professional, II managerial/technical, IIINM skilled non-manual, IIIM skilled 

manual, IV semi-skilled manual and V unskilled).

Psychological distress

Psychological distress was measured using Rutter’s Malaise Inventory at ages 23, 33 and 42, 

comprising 24 yes/no items regarding emotional and somatic symptoms (Rutter, 1970). A

hierarchical factor analysis was conducted, firstly deriving two factors for each age (one 

emotional and one somatic) which have previously been identified (Rodgers et al., 1999).

Secondly an overall factor was derived using just the three emotional factors derived in the 

previous step. This ensures that an association seen with CRP is not driven by physical 

symptoms captured by the Malaise Inventory and also measures psychological distress across 

adulthood.

Adult social isolation

Social isolation was measured at age 33. Participants were asked to list up to four people who

could provide help in six situations indicative of different forms of support – personal advice, 

confiding support, distress support, domestic help, financial support and household DIY.
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Following the approach by Matthews et al (1999) responses were summed for the emotional

(personal advice, confiding support and distress support) and practical support items 

(household DIY, financial support and domestic help). Participants with <3 sources of 

emotional or practical support were classified as socially isolated.

Health behaviors

Smoking status was collected at age 42 as ‘never smoked’, ‘ex-smoker’ or ‘current smoker’.

The CAGE questionnaire was used to identify problem drinking at age 42. Participants with a 

CAGE score of 1 or more were identified as alcohol misusers. Body mass index (BMI) was 

self-reported at age 42. A sensitivity analysis suggested that this correlated highly with 

measured BMI at ages 33 and 44 (r=0.739 BMI33-BMI42, r=0.821 BMI42-BMI44, r=0.783 

BMI33-BMI42). We used BMI from age 42 as this fitted well in our conceptual model, being 

prior to CRP measurement at age 44 but after, or concurrent to, many other pathway 

variables.

2.2.4 Covariates

Gender, childhood BMI and parental divorce were included as covariates. Information on 

parental divorce by age 7 (prior to the childhood social isolation measures) was collected 

from the parental interview. Parental divorce in childhood is known to be associated with

raised CRP in adulthood (Lacey et al., 2013) and also greater peer isolation (Teja and 

Stolberg, 1994). We additionally controlled for child BMI measured at age 7. Child BMI is 

also known to be associated with both increased adult health risk (Biro and Wien, 2010) and 

increased risk of social isolation (Strauss and Pollack, 2003).

2.3 Statistical analysis
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Missing data were accounted for by multiple imputation by chained equations, imputing 

missing information on all variables for those participants who had CRP values. Imputation 

models included all analysis variables, variables predictive of missingness (e.g. indicators of 

social disadvantage) and the same measures from preceding and subsequent waves, where

available. 20 imputed datasets were created and the estimates from regression models for 

each dataset were combined using Rubin’s rules (1987). Table 1 shows a comparison of 

observed and imputed data. The imputed and observed data look similar, therefore suggesting 

that the imputation has been conducted appropriately. The final sample for analysis was 

7,462.

Multivariate linear regression models were run, firstly testing the association between 

childhood isolation and CRP, controlling for gender, child BMI and parental divorce. As a 

preliminary step to the analysis of pathways successive linear models were run including 

each group of pathway variables one at a time, followed by a final model controlling for all 

pathway variables simultaneously. To formally test the proposed mechanisms path analysis 

was conducted. The model was refined according to modification indices and statistically 

non-significant associations were removed starting with that closest to 1. The ‘total effect’ of 

childhood social isolation was then decomposed into its ‘direct’ and ‘indirect’ components.

To clarify, the path modelling term of ‘indirect effect’ refers to the proportion of the 

association between social isolation and CRP which is attributable to the mechanisms 

considered in the model (e.g. adult social isolation, health behaviors, socioeconomic factors 

and psychological distress). The ‘direct effect’ does not necessarily mean a causal effect, but 

could also represent residual confounding or other mechanisms which were not considered in 

the present analyses. The 95% confidence intervals for the indirect and direct effects were 

calculated using a bias-corrected bootstrapping method with 1000 replications. This method 
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is recommended to reduce bias associated with the assumption of multivariate normality 

when testing mediation and the standard errors of indirect effects (Preacher and Hayes, 

2008).

3. Results

3.1 Childhood isolation and inflammation

Table 1 shows the distribution of social isolation, CRP, pathway and control variables in the 

sample. Results of preliminary regression analyses (standardized coefficients) testing the 

association between childhood isolation and adult CRP are shown in the supplementary table.

Model 1 shows that a one standard deviation increase in child isolation increased adult CRP

by 0.06 standard deviations (equivalent to 1.07mg/L increase in CRP) after accounting for 

gender, parental divorce and child BMI. Approximately 1.3% of the variability in CRP was 

accounted for by these factors (R-squared =1.25%). The second model is additionally 

adjusted for socioeconomic variables (educational attainment and social class). The 

association between social isolation and CRP changed very little and remained statistically 

significant (β=0.05, p=≤0.001, R-squared=4.2%). This was also the case in model 3 which 

controlled for adult psychological distress (β=0.06, p=≤0.001, R-squared=1.7%). Adult social 

isolation appeared to be less important; adding this variable in model 4 did not change the 

estimate for the main association, nor was adult social isolation associated with adult CRP 

(p=0.922). Model 5 controlled for health behaviors. The association between childhood social 

isolation and CRP remained statistically significant (β=0.05, p=≤0.001, R-squared=1.3%).

The proportion of CRP variance explained rose to 15.1% in this model, suggesting that health 

behaviors and adult BMI explain more than other factors in previous models. After 

controlling for all pathway variables simultaneously (model 6) childhood social isolation was 

still associated with an increase in adult CRP (β=0.04, p=0.002, R-squared=16.1%). In all
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models pathway variables, with the exception of adult social isolation, remained independent 

predictors of adult CRP.

3.2 Pathways between childhood isolation and inflammation

In order to test the mechanisms between childhood social isolation and adult CRP path 

analysis was conducted. The final model and estimates are shown in figure 2 and table 2.

Figure 2 differs from figure 1 as associations were added in response to modification indices 

and some of the hypothesized associations were removed as they were not statistically 

significant. In particular, paths operating through adult social isolation and problem alcohol 

consumption were removed as neither variable was associated with adult CRP (P=0.969 and 

P=0.636 respectively). Two additional paths were added between educational attainment and 

adult BMI, and between psychological distress and adult BMI in response to modification 

indices.

Looking firstly at the socioeconomic pathway we found that children who were socially 

isolated tended to have lower educational attainment by age 23. Educational attainment was 

strongly associated with occupational social class at age 42. Social class was in turn 

associated with CRP levels at age 44 (CRP levels decrease with increasing disadvantage as 

indicated by social class). Adult psychological distress was also found to be an important 

mediator; as child isolation increases psychological distress scores also increase. 

Psychological distress was in turn associated with increased CRP levels at age 44. Health 

behaviors were also found to be important mediators of the association between child 

isolation and adult CRP. In particular, socially isolated children were more likely to be ex-

smokers compared to never smokers, though no differences were observed for current 

smoking status. Smoking status was associated with CRP, with current smokers having 
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higher CRP levels on average. Child social isolation was not found to be associated with 

alcohol misuse, as mentioned above. In addition, child social isolation was associated with 

having a higher BMI at age 42, a risk factor for increased CRP.

The path model suggests that the mechanisms operating across the life course are particularly 

complex as each group of pathway variables are also interlinked. For instance, educational 

attainment is not only associated with social class, but also independently with adult 

psychological distress and adult BMI. Similarly adult psychological distress is negatively 

related to adult BMI (as psychological distress increases, BMI decreases).

Even after considering all pathways simultaneously childhood social isolation was still 

associated with increased CRP many years later (β=0.03, P=0.002, equivalent to 1.03mg/L 

increase per standard deviation of child social isolation), consistent with the preliminary 

regression results. The ‘direct’ and ‘indirect effects’ were decomposed and the results suggest 

that the indirect mechanisms investigated accounted for more than half of the ‘total effect’ of 

child social isolation on adult CRP (total effect=0.058 95% CI: 0.036, 0.080, indirect 

effect=0.031 95% CI: 0.022, 0.040 therefore the % of total effect explained by indirect 

mechanisms = 0.031/0.058 = 0.535 or 53.5%). The overall ‘indirect effect’ was statistically 

significant (P≤0.001). More specifically the indirect mechanisms operating via adult BMI

(child isolation → adult BMI → CRP) and that operating via socioeconomic factors (child 

isolation → educational attainment → social class → CRP) appear to be the most important 

(data not shown).

4. Discussion
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These findings provide further evidence of the life-long impact of childhood circumstances, 

and adversities, on adult health. In particular, observations suggest that childhood isolation is 

related to an inflammatory marker in mid-life, only part of this relationship being accounted 

for by mediating psycho-social and behavioral factors. C-reactive protein has repeatedly been 

described as a predictor of adverse health outcomes (Danesh et al., 2004). Our results

therefore provide evidence of potential mechanisms by which childhood social isolation 

might be related to poorer health in adulthood. Our findings extend those from the Dunedin 

study in which CRP was measured at age 32 (Danese et al., 2009) and indicate that effects 

persist later into life. Our findings also complement Caspi and colleagues (2006) who find 

that socially isolated children have heightened risk of cardiovascular diseases as indicated by 

hypertension, obesity, hypercholesterolemia, raised glycated hemoglobin concentration and 

low maximum oxygen consumption.

In addition we extend these previous observations to enhance the understanding of mediating 

pathways between child isolation and adult inflammation. Our mediation model was 

developed using previous literature linking childhood social isolation with adult health 

outcomes, particularly drawing on Caspi (2006). Their hypothesis was that isolated children 

had a higher risk of cardiovascular disease because they were more likely to be socially 

isolated across the life course, were more likely to engage in risky health behaviors such as 

smoking, heavy drinking and physical inactivity, and were more likely to be depressed as 

adults. These factors in turn were thought to be associated with indicators of increased 

cardiovascular risk. We therefore included these same mediators in our model, but 

additionally included a path involving adult socioeconomic factors. There is evidence from 

the same cohort study that socially isolated children tended to have lower educational 
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attainment, which has consequences for adult socioeconomic attainment (Brown and Taylor, 

2008).

Our findings suggest that this association is indeed explained in part by a complex web of life 

course mechanisms. Two pathways involved socioeconomic factors and adult psychological 

distress. In particular social isolation in childhood predicted lower educational attainment and 

increased psychological distress, as has been previously described for this cohort (Katz et al., 

2011; Ammermueller, 2012; Takizawa et al., 2014). In addition child social isolation was 

associated with the uptake of risky health behaviors, with increased adult BMI and smoking, 

as shown by other studies of pathways from childhood adversities to adult inflammation. For 

instance Raposa and colleagues (2014) found that the association between early adversity and 

adult inflammation was largely explained by smoking and BMI. Similar to our study they 

found that alcohol consumption was not involved as a mediator, although they looked at 

frequency of drinking rather than alcohol misuse. The association of ever smoking but not 

current smoking at age 42 suggests that child social isolation is associated with smoking 

initiation rather than cessation. 

The finding that child isolation is not associated with adult isolation disagrees with the notion 

that childhood social isolation represents a developmental mal-adaption (Hymel et al., 1990).

However this finding may relate to the measure of adult isolation used in this study. Recent 

data suggests that bullying in childhood is associated with isolation in adult life, when 

participants in this cohort were aged 50 (Takizawa et al., 2014). Unfortunately we were not 

able to use the same measure of adult isolation as this was only available after measurement 

of CRP.
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After considering all mediators child social isolation was still associated with increased CRP 

in mid-life. After considering all mediators, child social isolation was still associated with 

increased CRP in mid-life in accordance with Danese and colleagues (2009). The effect size 

seen is clinically significant as a one standard deviation increase in child social isolation

(equivalent to a score of 1.5 on this variable) produced an increase in CRP of 1.07mg/L. For 

comparison, Danesh and colleagues (1998) reported a 70% increased risk of coronary heart 

disease amongst those in the highest tertile of the CRP distribution (mean CRP of this group 

= 2.4mg/L). This mean CRP level is approximately equivalent to that produced by a two 

standard deviation increase in child social isolation in our study, assuming the same 

associations of CRP and event rate.

It is possible that child isolation exerts a direct effect upon physiological functioning and that 

our findings provide further evidence of the ‘biological embedding’ of early life stress to 

enact permanent changes in health (Hertzman, 1999). The mechanisms by which this occurs 

may include changes in direct beta cell mediated inflammation (Nance and Sanders, 2007; 

Irwin and Cole, 2011). Recent data from animals and humans suggest that the adverse social 

environment (social disadvantage in man and ‘social defeat’ in mice) results in changes in 

blood cell composition and pro-inflammatory gene expression (Powell et al., 2013)

potentially leading to mechanisms that may predispose to changes such as cytokine induced 

‘sickness behavior’ (Dantzer and Kelley, 2007) or adverse health (Hingorani and Casas, 

2012). However, long-term changes in gene expression in this context have yet to be 

described. Raised levels of inflammatory markers may also be due to unmeasured sub-

clinical health such as atheroma (Drakopoulou et al., 2009). However we were unable to 

account for this in our analyses. It is also possible that this remaining ‘direct effect’ was 

explained by residual confounding or other mechanisms not considered in this study.
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This study is not without its limitations. CRP was only measured at age 44 therefore we do 

not know from which point this may be raised; for example, it is possible that CRP might be 

chronically raised from early adulthood, or some other age, but we are unable to distinguish 

the point of change in this study. There was no formal measure of childhood social isolation 

available, however our measure comprises a question relating to peer withdrawal (isolation) 

and a question relating to peer rejection (bullying) which likely represent different aspects of 

social isolation. When we looked separately at each of these questions, the associations we 

saw were largely driven by the bullying item although the other item about preferring to be 

alone was still associated with raised CRP without considering the bullying item (results not 

shown). These observations may support the findings of Rubin et al (1991) who suggest that 

the type of isolation in childhood may determine consequent outcomes. Thus peer rejection 

may have more adverse sequelae than peer withdrawal because this may be more outside of 

the child’s control. Therefore our findings implicate a role of low control on inflammatory 

marker levels. We do not have a multi-dimensional measure of child isolation, for example 

covering the family, school, and religious ties. It might be that some children are well 

integrated within one domain, such as the family, but not in others, such as with peers. We 

additionally do not have measures of the subjective experience of social isolation, such as 

loneliness, in this dataset in childhood or adulthood. Previous research by Cacioppo and other 

authors has shown that the subjective experience, particularly loneliness, is more likely to 

result in adverse health outcomes than objective measures of isolation (Uchino et al., 1996; 

McDade et al., 2006; Cornwell and Waite, 2009). However we hypothesized that the socially 

withdrawn or socially rejected child would have a higher probability of remaining in an 

environment that fails to provide sufficient social support. This is likely to be perceived as 

stressful, which in turn activates stress mechanisms in the body resulting in increased CRP 
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levels by mid-life. We also do not take account of comorbidities contemporaneous to our 

measure of CRP. However data from the Health Survey for England (Craig and Mindell, 

2012) has shown that the prevalence of disease is low for this age group. For example, the 

prevalence of diabetes is <3%, ischemic heart disease or stroke is <2% and around 6% have

any cardiovascular disease. It is possible that the association is confounded by sub-clinical 

illness leading to fatigue and reduced engagement with others. However we were not able to 

capture this in our study.

This study also has a number of strengths, such as the use of a large sample representative of 

the British population of a similar age. Missing data were accounted for, thereby reducing 

bias associated with differential non-response. The data were collected prospectively thereby 

minimizing recall bias and offered a long follow-up period of 44 years. In addition path 

analysis is more appropriate than standard regression techniques for examining explanatory 

pathways, therefore adding strength to the literature base on the mechanisms linking 

childhood adversities to later health.

In conclusion, child social isolation is associated with increased adult inflammation as 

measured by CRP. This is explained in part through complex mechanisms acting across the 

life course. Identification and interventions targeted towards isolated children may help 

reduce long-term adult health risk. In particular, interventions towards preventing smoking 

uptake, maintaining healthy BMIs and encouraging educational attainment may be useful.

Further research is also required to investigate pathways into child isolation, as interventions 

targeted towards these may also help alleviate health risk in later life.



Page 19 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

19

References

Ackard, D.M., Neumark-Sztainer, D., Story, M., Perry, C., 2003. Overeating among 
adolescents: prevalence and associations with weight-related characteristics and 
psychological health. Pediatrics 111, 67–74. doi:10.1542/peds.111.1.67

Albert, M.A., Glynn, R.J., Ridker, P.M., Albert, M.A., Glynn, R.J., Ridker, P.M., 2003. 
Alcohol consumption and plasma concentration of C-reactive protein. Circulation 107, 
443–447.

Ammermueller, A., 2012. Violence in European schools: A widespread phenomenon that 
matters for educational production. Labour Econ. 19, 908–922. 
doi:10.1016/j.labeco.2012.08.010

Asher, S.R., Paquette, J.A., 2003. Loneliness and peer relations in childhood. Curr. Dir. 
Psychol. Sci. 12, 75–78. doi:10.1111/1467-8721.01233

Bassuk, S., Rifai, N., Ridker, P., 2004. High-sensitivity c-reactive protein: clinical 
importance. Cardiology 29, 439–493.

Baumeister, R.F., Leary, M.R., 1995. The need to belong: desire for interpersonal 
attachments as a fundamental human motivation. Psychol. Bull. 117, 497–529.

Biro, F.M., Wien, M., 2010. Childhood obesity and adult morbidities. Am. J. Clin. Nutr. 91, 
1499S–1505S. doi:10.3945/ajcn.2010.28701B

Brown, S., Taylor, K., 2008. Bullying, education and earnings: Evidence from the National 
Child Development Study. Econ. Educ. Rev. 27, 387–401. 
doi:10.1016/j.econedurev.2007.03.003

Carroll, J.E., Cohen, S., Marsland, A.L., 2011. Early childhood socioeconomic status is 
associated with circulating interleukin-6 among mid-life adults. Brain. Behav. Immun. 
25, 1468–1474. doi:10.1016/j.bbi.2011.05.016

Caspi, A., Harrington, H., Moffitt, T.E., Milne, B.J., Poulton, R., 2006. Socially isolated 
children 20 years later: risk of cardiovascular disease. Arch. Pediatr. Adolesc. Med. 160, 
805–811. doi:10.1001/archpedi.160.8.805

Coplan, R.J., Rose-Krasnor, L., Weeks, M., Kingsbury, A., Kingsbury, M., Bullock, A., 
2012. Alone Is a Crowd: Social Motivations, Social Withdrawal, and Socioemotional 
Functioning in Later Childhood. Dev. Psychol. 49, 861–875. doi:10.1037/a0028861

Cornwell, E.Y., Waite, L.J., 2009. Social disconnectedness, perceived isolation, and health 
among older adults. J. Health Soc. Behav. 50, 31–48. doi:10.1177/002214650905000103

Craig, R., Mindell, J., 2012. Health Survey for England - 2011, health, social care and 
lifestyles. London.



Page 20 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

20

Crosby, D.A., Hawkes, D.D., 2007. Cross-National Research Using Contemporary Birth 
Cohort Studies: A Look at Early Maternal Employment in the United Kingdom and 
United States. Int. J. Soc. Res. Methodol. Spec. Issue - Child Cohort Stud. 10, 379–404.

Danese, A., Moffitt, T., Harrington, H., Milne, B., Polanczyk, G., Pariante, C., Poulton, R., 
Caspi, A., 2009. Adverse childhood experiences and adult risk factors for age-related 
disease. Arch. Pediatr. Adolesc. Med. 163, 1135–1143.

Danese, A., Pariante, C., Caspi, A., Taylor, A., Poulton, R., 2007. Childhood maltreatment 
predicts adult inflammation in a life-course study. Proc. Natl. Acad. Sci. U. S. A. 104, 
1319–1324.

Danesh, J., Collins, R., Appleby, P., Peto, R., 1998. Association of fibrinogen, C-reactive 
protein, albumin, or leukocyte count with coronary heart disease: meta-analyses of 
prospective studies. JAMA 279, 1477–1482. doi:10.1001/jama.279.18.1477

Danesh, J., Wheeler, J., Hirschfield, G., Eda, S., Eiriksdottir, G., Rumley, A., Lowe, G., 
Pepys, M., Gudnason, V., 2004. C-reactive protein and other circulating markers of 
inflammation in the prediction of coronary heart disease. New Engl. J. Med. 350, 1387–
1397.

Danner, M., Kasl, S., Abramson, J., Vaccarino, V., 2003. Association between depression 
and elevated c-reactive protein. Psychosom. Med. 65, 347–356.

Dantzer, R., Kelley, K.W., 2007. Twenty years of research on cytokine-induced sickness 
behavior. Brain. Behav. Immun. 21, 153–60. doi:10.1016/j.bbi.2006.09.006

Drakopoulou, M., Toutouzas, K., Stefanadi, E., Tsiamis, E., Tousoulis, D., Stefanadis, C., 
2009. Association of inflammatory markers with angiographic severity and extent of 
coronary artery disease. Atherosclerosis 206, 335–339. 
doi:10.1016/j.atherosclerosis.2009.01.041

Elliott, J., Johnson, J., Shepherd, P., 2008. User guide to the biomedical survey 2002-2004 
dataset. Centre for Longitudinal Studies, Institute of Education, London.

Festa, A., D’Agostino  Jr., R., Williams, K., Karter, A.J., Mayer-Davis, E.J., Tracy, R.P., 
Haffner, S.M., 2001. The relation of body fat mass and distribution to markers of 
chronic inflammation. Int J Obes Relat Metab Disord 25, 1407–1415. 
doi:10.1038/sj.ijo.0801792

Hertzman, C., 1999. The biological embedding of early experience and its effects on health in 
adulthood. Ann. N. Y. Acad. Sci. 896, 85–95. doi:10.1111/j.1749-6632.1999.tb08107.x

Hingorani, A.D., Casas, J.P., 2012. The interleukin-6 receptor as a target for prevention of 
coronary heart disease: a mendelian randomisation analysis. Lancet 379, 1214–24. 
doi:10.1016/S0140-6736(12)60110-X

Hymel, S., Rubin, K.H., Rowden, L., LeMare, L., 1990. Children’s Peer Relationships: 
Longitudinal Prediction of Internalizing and Externaliziing Problems from Middle to 
Late Childhood. Child Dev. 61, 2004–2021. doi:10.1111/j.1467-8624.1990.tb03582.x



Page 21 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

21

Irwin, M.R., Cole, S.W., 2011. Reciprocal regulation of the neural and innate immune 
systems. Nat. Rev. Immunol. 11, 625–32. doi:10.1038/nri3042

Katz, S.J., Conway, C.C., Hammen, C.L., Brennan, P.A., Najman, J.M., 2011. Childhood 
social withdrawal, interpersonal impairment, and young adult depression: A mediational 
model. J. Abnorm. Child Psychol. 39, 1227–1238. doi:10.1007/s10802-011-9537-z

Kawachi, I., Colditz, G.A., Ascherio, A., Rimm, E.B., Giovannucci, E., Stampfer, M.J., 
Willett, W.C., 1996. A prospective study of social networks in relation to total mortality 
and cardiovascular disease in men in the USA. J. Epidemiol. Community Health 50, 
245–251. doi:10.1136/jech.50.3.245

Koenig, W., Sund, M., Frohlich, M., Fischer, H.-G., Lowel, H., Doring, a., Hutchinson, W.L., 
Pepys, M.B., 1999. C-Reactive Protein, a Sensitive Marker of Inflammation, Predicts 
Future Risk of Coronary Heart Disease in Initially Healthy Middle-Aged Men : Results 
From the MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) 
Augsburg Cohort Study, 198. Circulation 99, 237–242. doi:10.1161/01.CIR.99.2.237

Lacey, R.E., Kumari, M., McMunn, A., 2013. Parental separation in childhood and adult 
inflammation: The importance of material and psychosocial pathways. 
Psychoneuroendocrinology 38, 2476–2484.

Matthews, S., Stansfeld, S., Power, C., 1999. Social support at age 33: the influence of 
gender, employment status and social class. Soc. Sci. Med. 49, 133–142.

McDade, T., Hawkley, L., Cacioppo, J., 2006. Psychosocial and behavioural predictors of 
inflammation in middle-aged and older adults: the Chicago health, aging, and social 
relations study. Psychosom. Med. 68, 376–381.

Miller, G., Cole, S., 2012. Clustering of depression and inflammation in adolescents 
previously exposed to childhood adversity. Biol. Psychiatry 72, 34–40.

Nance, D.M., Sanders, V.M., 2007. Autonomic innervation and regulation of the immune 
system (1987-2007). Brain. Behav. Immun. 21, 736–45. doi:10.1016/j.bbi.2007.03.008

Niemela, S., Brunstein-Klomek, A., Sillanmaki, L., Helenius, H., Piha, J., Kumpulainen, K., 
Moilanen, I., Tamminen, T., Almqvist, F., Sourander, A., 2011. Childhood bullying 
behaviors at age eight and substance use at age 18 among males. A nationwide 
prospective study. Addict. Behav. 36, 256–260. doi:10.1016/j.addbeh.2010.10.012

Pepys, M., Hirschfield, G., 2003. C-reactive protein: a critical update. J. Clin. Invest. 111, 
1805–1812.

Phillips, J., Marsland, A., Flory, J., Muldoon, M., Cohen, S., Manuck, S., 2009. Parental 
education is related to c-reactive protein among female middle aged community 
volunteers. Brain Behav. Immun. 23, 677–683.

Powell, N.D., Sloan, E.K., Bailey, M.T., Arevalo, J.M.G., Miller, G.E., Chen, E., Kobor, 
M.S., Reader, B.F., Sheridan, J.F., Cole, S.W., 2013. Social stress up-regulates 
inflammatory gene expression in the leukocyte transcriptome via β-adrenergic induction 



Page 22 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

22

of myelopoiesis. Proc. Natl. Acad. Sci. U. S. A. 110, 16574–9. 
doi:10.1073/pnas.1310655110

Power, C., Elliott, J., 2005. Cohort profile: 1958 British birth cohort. Int. J. Epidemiol. 35, 
34–41.

Preacher, K.J., Hayes, A.F., 2008. Asymptotic and resampling strategies for assessing and 
comparing indirect effects in multiple mediator models. Behav. Res. Methods 40, 879–
891. doi:10.3758/BRM.40.3.879

Ramsay, S., Lowe, G.D.O., Whincup, P.H., Rumley, A., Morris, R.W., Wannamethee, S.G., 
2008. Relationships of inflammatory and haemostatic markers with social class: Results 
from a population-based study of older men. Atherosclerosis 197, 654–661. 
doi:10.1016/j.atherosclerosis.2007.02.022

Raposa, E.B., Bower, J.E., Hammen, C.L., Najman, J.M., Brennan, P.A., 2014. A 
Developmental Pathway From Early Life Stress to Inflammation: The Role of Negative 
Health Behaviors. Psychol. Sci. 25, 1268–1274. doi:10.1177/0956797614530570

Rodgers, B., Pickles, A., Power, C., Collishaw, S., Maughan, B., 1999. Validity of the 
malaise inventory in general population samples. Soc. Psychiatry Psychiatr. Epidemiol. 
34, 333–341.

Rubin, D., 1987. Multiple imputation for non response in surveys. J. Wiley & Sons, New 
York.

Rubin, K.H., Hymel, S., Mills, R., Rose-Krasnor, L., 1991. Conceptualizing different 
developmental pathways to and from social isolation in childhood, in: Chicchetti, D., 
Toth, S. (Eds.), Internalizing and Externalizing Expressions of Dysfunction. Lawrence 
Erlbaum, Hillsdale, New Jersey, pp. 91–122.

Rutter, M., 1970. Education, health and behaviour. Longman, Harlow.

Shankar, A., McMunn, A., Banks, J., Steptoe, A., 2011. Loneliness, social isolation, and 
behavioral and biological health indicators in older adults. Health Psychol. 30, 377–385. 
doi:10.1037/a0022826

Shepherd, P., 2012. 1958 National Child Development Study ethical review and consent. 
London.

Slopen, N., Kubzansky, L.D., McLaughlin, K.A., Koenen, K.C., 2013. Childhood adversity 
and inflammatory processes in youth: A prospective study. Psychoneuroendocrinology 
38, 188–200. doi:10.1016/j.psyneuen.2012.05.013

Slopen, N., Lewis, T., Gruenewald, T., Mujahid, M., Ryff, C., Albert, M., Williams, D., 
2010. Early life adversity and inflammation in African Americans and whites in the 
midlife in the united states survey. Psychosom. Med. 72, 694–701.

Strauss, R.S., Pollack, H.A., 2003. Social marginalization of overweight children. Arch. 
Pediatr. Adolesc. Med. 157, 746–752. doi:10.1001/archpedi.157.8.746



Page 23 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

23

Takizawa, R., Maughan, B., Arseneault, L., 2014. Adult Health Outcomes of Childhood 
Bullying Victimization: Evidence From a Five-Decade Longitudinal British Birth 
Cohort. Am. J. Psychiatry 171, 777–784. doi:10.1176/appi.ajp.2014.13101401

Taylor, S., Lehman, B., Kiefe, C., Seeman, T., 2006. Relationship of early life stress and 
psychological functioning to adult c-reactive protein in the coronary artery risk 
development in young adults study. Biol. Psychiatry 60, 819–824.

Teja, S., Stolberg, A.L., 1994. Peer Support, Divorce, and Children’s Adjustment. J. Divorce 
Remarriage 20, 45–64. doi:10.1300/J087v20n03_04

Uchino, B.N., 2006. Social support and health: A review of physiological processes 
potentially underlying links to disease outcomes. J. Behav. Med. 29, 377–387. 
doi:10.1007/s10865-006-9056-5

Uchino, B.N., Cacioppo, J.T., Kiecolt-Glaser, J.K., 1996. The relationship between social 
support and physiological processes: a review with emphasis on underlying mechanisms 
and implications for health. Psychol. Bull. 119, 488–531. doi:10.1037/0021-
9010.88.5.879

Zimmerman, M., Copeland, L., Shope, J., Dielman, T., 1997. A longitudinal study of self-
esteem: Implications for adolescent development. J. Youth Adolesc. 26, 117–141. 
doi:10.1023/A:1024596313925



Page 24 of 35

Acc
ep

te
d 

M
an

us
cr

ip
t

24

Figure 1. Proposed conceptual model of pathways between child social isolation and adult 

inflammation

Figure 2. Final model of pathways linking child social isolation and adult inflammation

(effect estimates and path descriptions given in table 2)
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Table 1. Sample Characteristics and a Comparison of Observed and Imputed Data

% missing Observed, N(%) Imputed, %a

Main exposure

Childhood social isolation, median [IQR] 26.4 2 [1, 4] 2 [1, 4]

Main outcome

CRP, median [IQR], mg/L (44 yrs) 0b 0.94 [0.46, 2.08] 0.94 [0.46, 2.08]

Socioeconomic pathway

Educational attainment (23 yrs)

   No qualifications 16.7 674 (10.9) 11.7

   CSE 2-5/O-level 3080 (49.6) 49.7

   A-level 1157 (18.6) 18.3

   Higher qualification/degree 1302 (21.0) 20.4

Household social class (42 yrs)

   I 8.7 618 (9.1) 8.7

   II 3240 (47.6) 46.4

   IIINM 2147 (31.5) 31.8

   IIIM 635 (9.3) 10.2

   IV 152 (2.2) 2.5

   V 18 (0.3) 0.3

Psychological distress

Adult malaise score (23-42 yrs)

   Mean of hierarchical factor score [SD] 26.0 -0.04 [0.8] -0.01 [0.8]

Adult social isolation 

Socially isolated (33 yrs)
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   Yes 11.1 5352 (80.7) 80.1

   No 1280 (19.3) 19.9

Health behaviors

Smoking status (42 yrs)

   Never smoker 3.2 3302 (45.7) 45.7

   Ex-smoker 1887 (26.1) 26.1

   Current smoker 2034 (28.2) 28.3

Problem drinking (42 yrs)

   CAGE score=0 4.3 4943 (69.2) 69.2

   CAGE score ≥1 2196 (30.8) 30.8

BMI, mean [SD], kg/m2 (42 yrs) 9.5 25.6 [4.5] 25.7 [4.5]

Control variables

Gender (0 yrs)

   Male 0 3768 (50.5) 50.5

   Female 3694 (49.5) 49.5

Parental divorce (7 yrs)

   No 16.3 6026 (96.5) 96.4

   Yes 221 (3.5) 3.6

Child BMI, mean [SD], kg/m2 (7 yrs) 23.8 15.8 [1.7] 15.8 [1.7]

aOnly %s are given for imputed data as Ns vary across the 20 imputed datasets; bNo missing 

values as analysis is on those with CRP values

Abbreviations: IQR interquartile range; CRP C-reactive protein; CSE Certificate of 

Secondary Education; O-level Ordinary Level; A-level Advanced Level; NM non-manual; M

manual; SD standard deviation; CAGE cut down, annoyed, guilty, eye-opener – items used to 

screen for problem alcohol consumption
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Table 2. Standardized Path Coefficients for Pathways Between Child Social Isolation and 

Adult CRP

Path

label Description βa P

a Child social isolation → CRP 0.03 0.002

b Child social isolation → educational attainment -0.11 ≤0.001

c Child social isolation → psychological distress 0.07 ≤0.001

d Child social isolation → never smoker Ref

Child social isolation → ex-smoker -0.08 0.001

Child social isolation → current smoker 0.03 0.280

Child social isolation → BMI 0.02 0.036

e

Educational attainment → psychological

distress -0.19 ≤0.001

f Educational attainment → social class -0.53 ≤0.001

g Social class → psychological distress 0.09 ≤0.001

h Social class → CRP 0.12 ≤0.001

i Psychological distress → BMI -0.04 0.001

j Psychological distress → CRP 0.06 ≤0.001

k Never smoker → CRP Ref

Ex-smoker → CRP -0.02 0.182

Current smoker → CRP 0.13 ≤0.001

BMI → CRP 0.34 ≤0.001

l Educational attainment → BMI -0.14 ≤0.001

Abbreviations: CRP C-reactive protein; BMI body mass index, Ref reference category
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Model fit: TLI=0.965; CFI=0.976; RMSEA=0.018

aConfidence intervals are not available with STDYX estimates with imputed data in MPlus

Path model is adjusted for gender, parental divorce and child BMI
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Figure 1. Proposed conceptual model of pathways between child social isolation and adult 
inflammation
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Figure 2. Final model of pathways linking child social isolation and adult inflammation (effect 
estimates and path descriptions given in table 3)

aAlcohol misuse was removed as was not significantly associated with CRP
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Highlights

 Child social isolation is associated with raised CRP levels almost 40 years later.

 This is partly explained by complex life course mechanisms.

 Mechanisms via health behaviours and BMI were particularly important.


