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۝ۗ۝ۢۙۘۙیڷ۠ٷ۝ۣۣۗۛ۠ۜۗۺۧێ
یۑێҖۛۦ۝ۘۛۙғۣۦۖۡٷғۗۧ۠ٷۢۦ۩ۣ۞ҖҖۃۤۨۨۜ

ẾỄẮẳẺặẺẲẴẮẬặΝẰắẴẮẴẹẰڷۦۣۚڷ۝۪ۗۙۧۦۙۧڷ۠ٷ۝ۨ۝ۣۢۘۘۆ

ۙۦۙۜڷӨ۠۝ۗ۟ڷۃۧۨۦۙ۠ٷڷ۝۠ٷۡٮ
ۙۦۙۜڷӨ۠۝ۗ۟ڷۃ۝ۤۨ۝ۣۢۧۦۗۧۖ۩ۑ
Өۣۡۡۙڷۃ۝ۢۨۧۦۤۙۦڷ۠ٷ۝ۗۦӨ۠ۙۦۙۜڷ۝ۗ۟
ےۙ ۙۦۙۜڷӨ۠۝ۗ۟ڷۃڷۙۧ۩ڷۣۚڷۧۡۦ

۝ۨۜ۫ڷۘۙۨٷ۝ۣۗۧۧٷڷۙۦٷڷۧۧۙۢۧ۩Өۣۢۧۗ۝ۙۢۨ۝ۣڷۣ۫۠ڷۘۢٷڷ۝ۗ۝ۣۧۡۨۦ۩Іۙڷ۝ۛۜٱ
ڿ۝ۢҒ۟۩ۙ۠ۦ۝ۢۨۙ

ےۙڷғۆڷۃ۝ۢۨ۩ۑڷғېڷғۆ ЂڷۃٷӨۣۧۨڷғےڷғێڷۘۢٷڷۦ۝ۢۛۙۧۧۙ۠ۜۗۑڷөғڷۃٷۘۓڷғیڷۃ۝ۗۗ۩ۦۦۙٯڷғۋڷۃٷۻ۝ۨٷІڷғۑڷۃٷۢٷөۙ۝ڷψғڷۃۣۢٷ۝ۗۗٷۦۦ ғۦ

ڿۂۀڽڷҒڷҢہۀڽڷۤۤڷۃڼڽڼھڷۦۙۖۡۙۨۤۙۑڷҖڷۂڼڷۙ۩ۧۧٲڷҖڷڼۀڷۙۡ۩ۣ۠۔ڷҖڷ۝ۗ۝ۢۙۘۙیڷ۠ٷ۝ۣۣۗۛ۠ۜۗۺۧێ
өڼڽڷۃٲۍғۀڽڼڽҖڷۂڼڷۃ۝ۣۢۙ۠ۢڷ۝ۧۜۙۘ۠ۖ۩ێڷۃۂھڼھۂۂۂڼۀڽۂھڿڿڼڼۑөۙۗۙۡۖۙۂڼڼھڷۦ

ۂھڼھۂۂۂڼۀڽۂھڿڿڼڼۑٵۨۗٷۦۨۧۖٷҖۛۦ۝ۘۛۙғۣۦۖۡٷғۗۧ۠ٷۢۦ۩ۣ۞ҖҖۃۤۨۨۜڷۃ۝ۗ۠ۙۨۦٷڷ۝ۧۜۨڷۣۨڷ۝ۢ۟ۋ

ۃ۝ۗ۠ۙۨۦٷڷ۝ۧۜۨڷ۝ۨۙۗڷۣۨڷۣ۫ٱ
ےۙڷғۆڷۃ۝ۢۨ۩ۑڷғېڷғۆ ЂڷۃٷӨۣۧۨڷғےڷғێڷۘۢٷڷۦ۝ۢۛۙۧۧۙ۠ۜۗۑڷөғڷۃٷۘۓڷғیڷۃ۝ۗۗ۩ۦۦۙٯڷғۋڷۃٷۻ۝ۨٷІڷғۑڷۃٷۢٷөۙ۝ڷψғڷۃۣۢٷ۝ۗۗٷۦۦ ۝ۛۜٱڷғۀڼڽڼھڿڷғۦ
Іۙ۩ڷۣ۫۠ڷۘۢٷڷ۝ۗ۝ۣۧۡۨۦӨۣۢۧۗ۝ۢ۟۩ۙ۠ۦ۝ۢۨۙڷ۝ۨۜ۫ڷۘۙۨٷ۝ۣۗۧۧٷڷۙۦٷڷۧۧۙۢۧ۩۝ۙۢۨ۝ۣҒڿғہۀڽڷۤۤڷۃڼۀڷۃ۝ۗ۝ۢۙۘۙیڷ۠ٷ۝ۣۣۗۛ۠ۜۗۺۧێڷҢҒڿۂۀڽ
ۂھڼھۂۂۂڼۀڽۂھڿڿڼڼۑҖۀڽڼڽғڼڽۃ۝ۣۘ

ۙۦۙۜڷӨ۠۝ۗ۟ڷۃڷ۝ۧۧ۝ۣۢۧۡۦۙێڷۨۧۙ۩ۥۙې

өۣۣ۫ۢ۠ۃۤۨۨۜڷۣۡۦۚڷۘۙۘٷҖҖ۞ۣ۩ۧ۠ٷۢۦғۗ۝ۘۛۙۦۖۡٷғۣۛۦҖہھڽڷۃۧۧۙۦۘۘٷڷێٲڷۃیۑێғڿہڽғہڿڽғڿڽڼھڷۤۙۑڷۀڽڷۣۢڷڼڽڽ
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Background. High Neuroticism and low Conscientiousness are frequently implicated in health-risk behaviors, such

as smoking and overeating, as well as health outcomes, including mortality. Their associations with physiological

markers of morbidity and mortality, such as inflammation, are less well documented. The present research examines

the association between the five major dimensions of personality and interleukin-6 (IL-6), a pro-inflammatory

cytokine often elevated in patients with chronic morbidity and frailty.

Method. A population-based sample (n=4923) from four towns in Sardinia, Italy, had their levels of IL-6 measured

and completed a comprehensive personality questionnaire, the NEO-PI-R. Analyses controlled for factors known to

have an effect on IL-6 : age ; sex ; smoking ; weight ; aspirin use ; disease burden.

Results. High Neuroticism and low Conscientiousness were both associated with higher levels of IL-6. The findings

remained significant after controlling for the relevant covariates. Similar results were found for C-reactive protein,

a related marker of chronic inflammation. Further, smoking and weight partially mediated the association between

impulsivity-related traits and higher IL-6 levels. Finally, logistic regressions revealed that participants either in the

top 10% of the distribution of Neuroticism or the bottom 10% of conscientiousness had an approximately 40%

greater risk of exceeding clinically relevant thresholds of IL-6.

Conclusions. Consistent with the literature on personality and self-reported health, individuals high on Neuroticism

or low on Conscientiousness show elevated levels of this inflammatory cytokine. Identifying critical medical bio-

markers associated with personality may help to elucidate the physiological mechanisms responsible for the observed

connections between personality traits and physical health.
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Introduction

There is now a substantial body of research show-

ing that individuals high on neuroticism and low on

Conscientiousness are particularly vulnerable to poor

health outcomes. For example, neuroticism and con-

scientiousness are associated with chronic illnesses

(Goodwin & Friedman, 2006), physical health

(Löckenhoff et al. 2008) and, ultimately, mortality

(Wilson et al. 2004 ; Terracciano et al. 2008b). The

negative prognostic implications of high neuroticism

and low Conscientiousness are due, at least in part, to

poor health habits : these individuals are more likely

to smoke, eat too much and engage in other risky be-

haviors (Terracciano et al. 2008a, 2009). Less is known,

however, about the links between personality traits

and physiological biomarkers of morbidity and mor-

tality. This study examines whether neuroticism and

Conscientiousness are associated with immune dys-

function, in particular a pro-inflammatory state.

Interleukin-6 (IL-6) is a peripheral marker of chronic

inflammation that increases with age and is implicated

in a wide range of health outcomes (for a review, see

Maggio et al. 2006). IL-6 is an inflammatory cytokine

that promotes inflammation in response to infection or

injury. Although beneficial in response to acute in-

juries, chronic production of IL-6 leads to increased

morbidity and mortality. Higher levels of IL-6 are as-

sociated with frailty and disability among the elderly,

and elevated IL-6 has been linked to numerous chronic

conditions, such as diabetes, osteoporosis and cardio-

vascular disease.

Research on IL-6 and all the traits that define the

Five-Factor Model of personality has been relatively

sparse. Because individuals suffering from depression

* Address for correspondence : Dr A. R. Sutin, Laboratory of

Personality and Cognition, National Institute on Aging, NIH, DHHS,

251 Bayview Blvd, Baltimore, MD 21224, USA

(Email : sutina@mail.nih.gov)
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often have elevated levels of IL-6 (Bremmer et al. 2008 ;

Gimeno et al. 2009), researchers interested in person-

ality have focused primarily on the emotion-related

traits of Neuroticism and Extraversion. Despite the

links between IL-6 and depression-related symptoms,

some studies have failed to find an association be-

tween IL-6 and Neuroticism (Chapman et al. 2009).

Although consistent across well-powered studies

(>1500 participants), the association between depress-

ive symptoms and IL-6 is modest in magnitude (r=

0.06) (Penninx et al. 2003 ; Davidson et al. 2009). As

such, the small sample sizes (<150 participants) that

studies of Neuroticism-related traits typically rely on

are underpowered to reliably detect small effects.

Further, some evidence suggests that, rather than

negative emotionality in general, inflammationmay be

more strongly related to the hostility component of

Neuroticism (Marsland et al. 2008).

Extraversion, in contrast, is thought to be protec-

tive against inflammation. After being exposed to

rhinovirus, for example, participants high in positive

emotionality had lower nasal lavage IL-6, as well as

fewer symptoms (Doyle et al. 2006). Among healthy

adults, higher scores on Extraversion-related con-

structs are associated with lower circulating IL-6

(Chapman et al. 2009). This association, however,

may be due more to the activity-related component

of Extraversion rather than the positive emotionality

component (Chapman et al. 2009).

We are unaware of any studies that have examined

the link between IL-6 (or inflammation more gen-

erally) and Conscientiousness. An individual’s dis-

position, such as his/her Conscientiousness, may be

directly associated with physiological mechanisms or

indirectly associated with these mechanisms through

health-related behaviors (Adler & Matthews, 1994).

Given that Conscientiousness is consistently associ-

ated with beneficial health behaviors and negatively

associated with health-risk behaviors ( Ozer & Benet-

Martı́nez, 2006), conscientious individuals may have

lower levels of IL-6.

Studies of personality and physical health typically

do not focus on critical medical biomarkers, such as

IL-6, in large community-based samples. The present

research examines the association between personality

and circulating levels of IL-6 in a large and rela-

tively homogeneous sample of Italians from Sardinia.

Although not always associated with negative health

outcomes (Martin et al. 2007), we expect Neuroticism

to be associated with greater IL-6, as individuals high

on this trait often engage in behaviors that increase

inflammation (e.g. smoking). Further, because of its

association with both health behaviors and disease, we

expect that individuals low in Conscientiousness will

also have higher levels of IL-6. In addition, because

hostility and activity have been associated with IL-6,

we expect that the hostility facet of Neuroticism (N2:

Angry Hostility) and the activity facet of Extraversion

(E4 : Activity) will be associatedwith greater and lower

IL-6, respectively. We also examine whether these

associations hold controlling for relevant covariates

and whether cigarette smoking and body mass index

(BMI) mediate the personality-IL-6 relations. Further,

because of sex differences and age-related changes

for both personality and IL-6, we test age and sex as

moderators. We also test the associations between

personality and C-reactive protein, a related marker of

chronic inflammation (Harris et al. 1999). Finally, we

test whether personality predicts which individuals

have IL-6 levels that exceed clinically relevant thresh-

olds for disability and mortality.

Method

Participants

Participants were drawn from the SardiNIA project, a

large, ongoing multidisciplinary study of the genetic

and environmental basis of complex traits and age-

related processes (Pilia et al. 2006). Approximately

62% of the population (n=6148 individuals ; 56.7%

female), aged 14–102 years, from a cluster of four

towns in the Lanusei Valley enrolled in the study. This

founder population was chosen for the larger project

because such populations tend to have greater genetic

and environmental homogeneity than more diverse

populations. The current study includes a total of 4923

participants (57% female), who completed the self-

report personality questionnaire and were assessed

for IL-6. Age ranged from 14 to 82 (mean=39.31,

S.D.=14.72) years.

Personality assessment

Personality traits were assessed using the Italian

version (Terracciano, 2003) of the Revised NEO

Personality Inventory (NEO-PI-R), which measures

30 facets, six for each of the five major dimensions of

personality (Costa & McCrae, 1992). The 240 items are

answered on a 5-point Likert scale, from ‘strongly

disagree ’ to ‘strongly agree’ ; scales are roughly

balanced to control for the effects of acquiescence.

In this sample, the NEO-PI-R showed good psycho-

metric properties ; internal consistency reliabilities for

the five factors ranged from 0.80 to 0.87. The factor

structure replicated the American normative struc-

ture at the phenotypic and genetic level (Pilia et al.

2006 ; Costa et al. 2007). Raw scores were converted

to T-scores (mean=50, S.D.=10) using American

combined-sex norms (Costa & McCrae, 1992).

1486 A. R. Sutin et al.



Assays

IL-6

Serum IL-6 levels were measured by Quantikine High

Sensitive Human IL-6 Immunoassay (R&D Systems,

Inc., USA), according to manufacturer’s instructions.

This method employs solid-phase enzyme-linked im-

munosorbent assay techniques and has a detection

limit of 0.016–0.110 pg/ml, with mean sensitivity of

0.039 pg/ml. The intra-assay coefficient of variations

were 6.9–7.4% over the range 0.43–5.53 pg/ml. Across

the entire sample, IL-6 had a mean of 2.75 pg/ml

(S.D.=2.35). Because the distribution of IL-6 showed

the typical right skew, we took the natural log to nor-

malize the distribution. The correlation between the

raw and transformed data was 0.91.

High sensitivity C-reactive protein

Serum levels of high sensitivity C-reactive protein

were measured by the high sensitivity Vermont assay

(University of Vermont, USA), an enzyme-linked im-

munosorbent assay calibrated with WHO reference

material (Macy et al. 1997). The lower detection limit of

this assay is 0.007 mg/l, with an inter-assay coefficient

of variation of 5.14%.

Covariates

In addition to age and sex, we controlled for a

number of variables that are known to have an effect

on IL-6 : current smoking status [smokers (23%) v.

never/former (77%)] ; BMI derived from staff-assessed

weight and height (mean=24.77, S.D.=4.42) ; aspirin

use within the last 2 weeks (8%) ; disease burden.

Disease burden was defined as the sum of diseases

or disorders that participants were currently enduring

from 16 different classes of disease (e.g. neurological,

immunological). In the current sample, disease burden

ranged from 0 to 9, out of a possible 16 (median=1). In

the current sample, IL-6 correlated 0.28 (p<0.01) with

age, 0.05 (p<0.01) with sex, 0.27 (p<0.01) with BMI,

0.03 (p<0.05) with smoking, 0.03 (p<0.05) with dis-

ease burden and 0.02 (N.S.) with aspirin use.

Analytic strategy

We examined the association between personality

and IL-6 in several ways. First, we examined the par-

tial correlations between personality and IL-6, con-

trolling for sex and age and the other covariates. In

addition to the Pearson correlations, to ensure that

the correlations are not distorted by outliers, we also

present the non-parametric Spearman rank corre-

lations on age and sex residualized scores. Second, we

tested whether these associations were moderated by

either sex or age, using Aiken & West’s (1991) meth-

odology for testing interactions. We used age both as

a continuous variable and, because of a non-linear

increase in IL-6 in old age, a dichotomous variable

split at age 65 years. Third, to follow up on the broad

domain-level findings, we examined the association

between IL-6 and the more specific facets of person-

ality. Fourth, we tested whether the findings held

when individuals with acute inflammation were ex-

cluded from the analyses and if the findings were

similar using a related marker of systemic inflam-

mation, C-reactive protein. Fifth, we tested whether

the covariates mediated the association between per-

sonality and IL-6. Finally, we used logistic regression

to test whether personality predicts which participants

would exceed clinical thresholds for increased risk of

disability and mortality.

Results

We first correlated IL-6 with the five major personality

dimensions, controlling for sex and age (see Table 1).

Consistent with our expectations, both higher neuro-

ticism and lower Conscientiousness scores were re-

lated to greater circulating levels of this inflammatory

marker (see Fig. 1). Thus, two major personality

dimensions commonly implicated in health-related

behaviors and outcomes – high Neuroticism and low

Conscientiousness – are also associated with high

circulating IL-6, a condition associated with chronic

disease and frailty. The remaining three personality

dimensions were unrelated to IL-6. The correlations

remained significant when we controlled for current

smoking status, BMI, aspirin use in the last 2 weeks

and disease burden. Thus, althoughmodest, the associ-

ations were remarkably stable, even when accounting

for factors known to increase circulating levels of

IL-6, and they are of similar magnitude to the associ-

ation often reported between IL-6 and depression in

large-scale studies (Penninx et al. 2003 ; Davidson et al.

2009 ; Gimeno et al. 2009).

We next tested for moderators of the personality–

IL-6 associations. Neither sex nor age – measured as a

continuous variable or dichotomized at age 65 years –

moderated the association between personality and

IL-6. Although not a statistically significant inter-

action, the findings for Neuroticism and conscien-

tiousness were slightly stronger among participants

o65 years of age (r=0.07 for Neuroticism and r=

x0.16 for Conscientiousness, both p’s<0.05).

The more specific facets of personality revealed an

interesting pattern of associations (see Table 1). Con-

sistent with previous research (Marsland et al. 2008),

the hostility component of Neuroticism, rather than

other aspects of negative affectivity, was associated

Personality and IL-6 1487



with higher IL-6. Similarly, although factor-level

Extraversion was unrelated to IL-6, the activity facet

showed the expected negative correlation, whereas

the positive emotionality aspects of Extraversion were

unrelated to IL-6. In addition, N5: Impulsivity and

N6: Vulnerability correlated positively and, following

the factor-level association, all facets of Conscientious-

ness correlated negatively with IL-6.

In addition to the Pearson correlations, we exam-

ined Spearman rank correlations between personality

and the untransformed IL-6 scores, residualized for

age and sex (see Table 1). In this set of analyses, we

Table 1. Associations between markers of inflammation and personality controlling for sex and age (n=4923)

Personality

Correlations
Logistic regressions

Pearson

Spearman

OR (95% CI)a

Log IL-6 Raw IL-6 Raw hsCRP IL-6 o3.19 mg/ml

Neuroticism 0.04** 0.06** 0.03* 1.12 (1.04–1.21)**

Extraversion x0.02 0.00 0.00 0.94 (0.87–1.02)

Openness x0.01 0.01 x0.02 0.96 (0.89–1.03)

Agreeableness x0.02 x0.04** x0.02 0.96 (0.89–1.04)

Conscientiousness x0.07** x0.10** x0.03* 0.87 (0.81–0.93)**

Facets

N1 : Anxiety x0.01 0.00 0.00 0.99 (0.92–1.08)

N2 : Angry hostility 0.05** 0.06** 0.03* 1.14 (1.06–1.23)**

N3 : Depression 0.02 0.04** 0.02 1.08 (1.01–1.16)*b

N4: Self-consciousness 0.02 0.02 0.01 1.04 (0.98–1.12)

N5 : Impulsivity 0.05** 0.09** 0.08** 1.15 (1.07–1.24)**

N6 : Vulnerability 0.03* 0.05** 0.02 1.08 (1.01–1.15)*

E1 : Warmth x0.02 x0.02 0.01 0.98 (0.91–1.05)

E2 : Gregariousness x0.02 0.00 0.00 0.94 (0.88–1.01)

E3 : Assertiveness x0.01 0.00 0.00 0.96 (0.89–1.05)

E4 : Activity x0.03* x0.03* x0.04** 0.90 (0.84–0.98)*

E5 : Excitement-seeking 0.01 0.04** 0.02 1.02 (0.94–1.10)

E6 : Positive emotions 0.00 0.01 0.02 0.99 (0.93–1.06)

O1 : Fantasy 0.00 0.02 x0.01 0.96 (0.90–1.04)

O2 : Aesthetics x0.02 x0.01 x0.03* 0.96 (0.89–1.04)

O3 : Feelings x0.01 0.02 x0.01 0.95 (0.88–1.02)

O4 : Actions 0.00 0.03* x0.01 0.99 (0.92–1.06)

O5 : Ideas x0.01 x0.01 0.00 0.97 (0.90–1.04)

O6 : Values 0.00 0.01 x0.01 1.00 (0.93–1.08)

A1 : Trust x0.02 x0.04** x0.03* 0.96 (0.90–1.02)

A2 : Straightforwardness x0.02 x0.03* x0.02 0.96 (0.90–1.03)

A3 : Altruism x0.02 x0.03* 0.00 0.98 (0.91–1.05)

A4 : Compliance x0.02 x0.05** x0.04** 0.95 (0.90–1.02)

A5 : Modesty 0.00 0.00 0.00 1.03 (0.96–1.11)

A6 : Tender-mindedness 0.00 0.00 0.02 1.02 (0.96–1.09)

C1 : Competence x0.04** x0.06** 0.00 0.94 (0.88–1.01)

C2 : Order x0.06** x0.07** x0.04* 0.89 (0.83–0.95)**

C3 : Dutifulness x0.07** x0.09** x0.01 0.87 (0.81–0.93)**

C4 : Achievement striving x0.03* x0.04** x0.01 0.92 (0.86–0.99)*

C5 : Self-discipline x0.07** x0.09** x0.05** 0.86 (0.80–0.92)**

C6 : Deliberation x0.04** x0.06** x0.03 0.95 (0.89–1.02)

OR, odds ratio ; CI, confidence interval ; IL-6 ; interleukin-6 ; hsCRP, high sensitivity C-reactive protein.
a Per 1 S.D. increase in personality.
bLogistic regression effect reduced to non-significance when controlling for smoking, body mass index, aspirin use and

disease burden.

* p<0.05. ** p<0.01.
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found the same pattern of results, with a few ad-

ditional significant correlations. IL-6 correlated nega-

tively with Agreeableness and four of its facets, A1:

trust, A2: straightforwardness, A3: altruism and A4:

compliance, and positively with N3: depression, E5 :

excitement-seeking and O4: actions. Interestingly, the

negative correlation with Agreeableness is consistent

with the literature on antagonism-related constructs,

which shows that antagonistic individuals tend to

have higher levels of IL-6 (Sjögren et al. 2006 ;

Marsland et al. 2008).

To ensure that the effects were not due to indi-

viduals experiencing acute inflammation, we ran two

additional sets of analyses. First, we re-ran the corre-

lations after excluding participants who had levels of

IL-6 that were 2 S.D. above the mean. The correlations

between this truncated IL-6 variable and personality

were virtually identical to the correlations on the

entire sample. Second, because C-reactive protein

measures more systemic inflammation than IL-6, we

also tested whether personality was associated with

this marker of inflammation. We examined Spearman

correlations between personality and C-reactive pro-

tein, residualized for sex and age. Albeit with slightly

weaker correlations, we replicated the basic findings

for Neuroticism and Conscientiousness, as well as

several of the facets, including N5: Impulsivity and

C5: Self-Discipline (see Table 1).

Although the correlations remained significant

after controlling for behavioral risk factors known to

be associated with IL-6, we explored the possibility

that these variables may partially mediate the as-

sociation between personality and IL-6. We simul-

taneously tested smoking, BMI, aspirin use and

disease burden as mediators, controlling for sex

and age, using bootstrapping techniques (Preacher &

Hayes, 2008). BMI and smoking both accounted for

part of the association between N5: Impulsivity and

IL-6 : impulsive participants had high circulating

levels of IL-6, in part, because of their smoking habits

and weight [point estimates=0.0030 and 0.0011,

95% confidence intervals (CIs)=0.0021–0.0040 and

0.0006–0.0017 for smoking and BMI, respectively,

p’s<0.05]. In addition, smoking mediated four facets

of Conscientiousness (C1: Competence, C3: Dutiful-

ness, C4: Achievement Striving and C6: Deliberation;

median point estimate=x0.0005, 95% CI=x0.001 to

x0.0001, p<0.05) and BMI mediated C2: order (point

estimate=x0.0013, 95% CI=x0.002 to –0.0006, p<

0.05), indicating participants low in Conscientiousness

had higher IL-6 ; in part, because they smoked and

were overweight (see Table 2).

Finally, we tested whether personality was associ-

ated with a greater risk for elevated levels of IL-6

above a clinically significant threshold. Previous

research has identified IL-6 levels o3.19 pg/ml as a

threshold that confers greater risk of mortality (Harris

et al. 1999). We used logistic regression, controlling for

sex and age, to test whether personality was associated

with a greater relative risk for supra threshold levels

of IL-6 (approximately 26% of the current sample).

The results from the logistic regressions paralleled

the correlational analyses (see Table 1). For every 1 S.D.

increase in Neuroticism, for example, the risk of ex-

ceeding this threshold increased by 12%; whereas

for every 1 S.D. increase in Conscientiousness, the risk

of exceeding this threshold was reduced by 13%.

Further, those participants who either scored in the

top 10% of the distribution of Neuroticism or in the

bottom 10% of Conscientiousness were almost 40%

more likely to have levels of IL-6 >3.19 pg/ml [odds

ratio (OR) 1.37, 95% CI 1.09–1.71 and OR 1.40, CI 1.12–

1.75, for Neuroticism and Conscientiousness, respect-

ively, p’s<0.05]. By comparison, (male) sex increased

the risk of exceeding the clinical threshold by about

20% (OR 1.21, CI 1.06–1.38, p<0.05) and for every

decade increase in age, risk increased by about 30%

(OR 1.34, CI 1.28–1.40, p<0.05).

Discussion

Consistent with the literature on personality and

health-related behaviors and outcomes, Neuroticism

and Conscientiousness had the expected associations

with IL-6 : high Neuroticism and low Conscientious-

ness were associated with greater circulating levels of

this inflammatory marker. Controlling for a variety

of factors known to increase levels of IL-6, including

smoking and disease burden, did not reduce these
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n = 524 n = 3917 n = 482 n = 478 n = 3976 n = 469

Fig. 1. Estimated marginal means of raw interleukin-6 (IL-6)

measurements by groups scoring in the top 10% (%), middle

( ) and bottom 10% ( ) of the distribution on Neuroticism

and Conscientiousness, controlling for sex and age.
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correlations to non-significance. Previous research

on personality and health has focused primarily on

self-reported subjective health or the ultimate health

outcome – mortality – rather than the more proximal

physiological mechanisms that mediate personality

and physical health. The current research joins the

growing effort to elucidate these links, particularly

the connection between personality traits and IL-6, a

marker of inflammation known to increase the risk

of morbidity and mortality.

Beyond the five broad factors, the facet-level analy-

ses provided additional insights into the specific

aspects of personality associated with greater inflam-

mation. IL-6 was associated with different aspects of

impulsivity, from the inability to resist cravings (high

impulsiveness), to difficulty staying on task (low self-

discipline), to the tendency to make hasty decisions

without careful consideration (low deliberation).

Individuals with higher IL-6 were also disorganized

(low order) and unable to strictly adhere to their own

principles (low dutifulness). For these individuals,

the temptations of smoking, food and a sedentary

life-style may be too great to resist, despite the conse-

quences, and this inability to maintain a healthy life-

style may contribute to greater levels of IL-6. Indeed,

we found that smoking and weight partially me-

diated these associations. In particular, individuals

with impulsive-related personality traits tend to

smoke (Terracciano et al. 2008a) and are overweight

(Terracciano et al. 2009) and these behaviors, in turn,

are associated with higher levels of IL-6. Finally, the

negative association between activity and IL-6 is

notable, as the decline in activity typically observed

in older adulthood (Terracciano et al. 2005) may cor-

respond with increases in inflammation also observed

at this stage of the life course (Harris et al. 1999).

Our findings replicate and extend previous research

on the association between personality and IL-6. Con-

sistent with the depression literature (Penninx et al.

2003 ; Davidson et al. 2009), trait Neuroticism was as-

sociated with higher levels of IL-6, as was the hostility

facet, which has also been associated with greater

IL-6 (Marsland et al. 2008). Although some have not

found an association between IL-6 and Neuroticism

(e.g. Chapman et al. 2009), this may be due to differ-

ences in sampling strategies (e.g. age distribution,

community versus patient, etc). In addition, large

samples are necessary to be able to detect small effects

reliably. Finally, consistent with Chapman and col-

leagues (2009), the activity component of Extraversion

was associated with lower levels of IL-6, whereas the

positive affect aspects of this trait were not. To our

knowledge, we are the first to report an association

between IL-6 and Conscientiousness.

Reciprocal interactions between personality and

inflammation likely serve to influence and reinforce

each other over time. An individual’s characteristic

way of thinking, feeling and behaving may shape the

circumstances that lead to increased inflammation. For

example, compared with emotionally stable persons,

individuals who are vulnerable to stress may perceive

more situations as stressful, yet lack the necessary re-

sources to cope with the negative emotions evoked

during such situations. This tendency to experience

negative emotions contributes to chronic inflam-

mation over time (Stewart et al. 2009). Unhealthy be-

haviors represent another pathway that may account,

at least in part, for the relationship between person-

ality and inflammation. As noted above, individuals

who are disorganized and lack self-discipline have

higher levels of IL-6, in part, because of their un-

healthy behaviors.

Table 2. Correlations between personality and the significant mediators and between

personality and interleukin-6 (IL-6) controlling for the mediators (n=4923)

Personality trait

Mediators

Log IL-6Smoking BMI

Disease

burden Aspirin

N5 : Impulsivity 0.09**a 0.11**a 0.03* 0.02 0.03*

C1 : Competence x0.04*a 0.00 x0.02 0.00 x0.03**

C2 : Order x0.03* x0.05**a 0.01 0.01 x0.05**

C3 : Dutifulness x0.04*a 0.01 0.00 x0.01 x0.06**

C4 : Achievement striving x0.04*a 0.00 0.02 0.00 x0.02

C6 : Deliberation x0.08**a 0.00 x0.02 0.00 x0.03*

BMI, Body mass index.
a Indicates significant mediator between the personality trait and IL-6.

* p<0.05 ; ** p<0.01.
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The indirect effect through health-risk behaviors,

however, only partially accounts for the association

between personality and levels of IL-6. Thus, in ad-

dition to health-risk behaviors, personality may have a

direct effect on an individual’s physical health through

physiological mechanisms. For example, Neuroticism-

related constructs have consistently been associated

with activation of the hypothalamic–pituitary–

adrenocortical (HPA) axis (e.g. Mangold & Wand,

2006; Tyrka et al. 2008). Although the research on

Conscientiousness and HPA reactivity is still in its

infancy, some evidence suggests that conscientious

individuals have lower physiological reactivity in re-

sponse to a stressor and return more quickly to base-

line (Zobel et al. 2004) and positive psychological traits

in general are associated with lower HPA reactivity

(Chida & Hamer, 2008). As such, personality has both

independent and incremental effects on health, even

after controlling for major behavioral contributors to

health-related outcomes.

Chronic psychosocial stressors can also exact a

physiological toll on the individual. For example,

caregivers of cancer patients show increases in in-

flammatory markers over time (Rohleder et al. 2009)

and chronic interpersonal difficulties are associated

with an increased sensitivity to hyperinflammatory

responses (Miller et al. 2009). Both high Neurot-

icism and low Conscientiousness are associated

with environmental stressors, such as less successful

careers (Judge et al. 1999), the inability to make

decisions at work (Sutin & Costa, in press) and lower

income (Sutin et al. 2009) and marital adjustment

(Bouchard et al. 1999). Over time, such stressors can

have deleterious effects on physical health. For these

individuals, the social environments in which they

function may compound the risk for chronic in-

flammation.

At the same time, genetic predispositions or en-

vironmental factors that increase inflammation may

likewise contribute to an individual’s personality.

For example, experimentally raising circulating levels

of IL-6 leads to increases in state negative affect-

ivity and decreases in performance on memory tasks

(Reichenberg et al. 2001). Similarly, chronic inflam-

mation due to diseases or other causes may reduce

an individual’s emotional resiliency or the cognitive

resources necessary to control impulsive behavior.

Further, mutual feedback between personality and

IL-6, as well as other inflammatory mediators, may

progressively increase morbid tendencies over time.

We found some evidence of this in the current study:

the correlations between IL-6 and Neuroticism and

Conscientiousness were stronger among the older

participants in our sample. In future research, mul-

tiple assessments of personality and levels of IL-6 over

time are needed to test for this potential reciprocal

influence.

Despite the inherent limitation of a cross-sectional

assessment, the present study had several strengths,

including a large community sample that ranged

across most of the lifespan and a comprehensive

measure of personality that covered the facets, as well

as the five major dimensions, of personality. Our

sample, however, was derived from a rural area in

Sardinia, which differs in several respects from more

metropolitan areas. Despite life-style differences and

fewer economic opportunities, personality traits in

this sample do not differ from personality measured in

other Italian samples (Costa et al. 2007). The present

research moves beyond the typical self-reported

health ratings to identify a critical medical biomarker

associated with personality. Interestingly, our findings

for this physiological marker mirror those typically

observed for self-reported health-related outcomes.

Individuals with the combination of high Neuroticism

and low Conscientiousness are particularly vulnerable

to elevated levels of this inflammatory cytokine.

Identifying such biomarkers will help to elucidate the

physiological mechanisms that link personality traits

and physical health.
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Sjögren E, Leanderson P, Kristenson M, Ernerudh J (2006).

Interleukin-6 levels in relation to psychosocial factors :

Studies on serum, saliva, and in vitro production by

blood mononuclear cells. Brain, Behavior, and Immunity 20,

270–278.

Stewart JC, Rand KL, Muldoon MF, Kamarck TW (2009).

A prospective evaluation of the directionality of the

depression-inflammation relationship. Brain, Behavior,

and Immunity 23, 936–944.

Sutin AR, Costa Jr. PT, Miech R, Eaton WW (2009).

Personality and career success : Concurrent and

longitudinal relations. European Journal of Personality 23,

71–84.

Sutin AR, Costa Jr. PT (in press). Reciprocal influences of

personality and job characteristics across middle

adulthood. Journal of Personality.

Terracciano A (2003). The Italian version of the NEO PI-R :

Conceptual and empirical support for the use of

targeted rotation. Personality and Individual Differences 35,

1859–1872.

1492 A. R. Sutin et al.
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