
Faculty Scholarship 

2018 

Physical activity mediates the association between personality Physical activity mediates the association between personality 

and biomarkers of inflammation and biomarkers of inflammation 

Eileen K. Graham 
Northwestern University, Eileen.graham@northwestern.edu 

Emily D. Bastarache 
Northwestern University 

Elizabeth Milad 
Wayne State University 

Nicholas A. Turiano 
West Virginia University 

Kelly A. Cotter 
California State University 

See next page for additional authors 

Follow this and additional works at: https://researchrepository.wvu.edu/faculty_publications 

 Part of the Mental and Social Health Commons, and the Psychology Commons 

Digital Commons Citation Digital Commons Citation 
Graham, Eileen K.; Bastarache, Emily D.; Milad, Elizabeth; Turiano, Nicholas A.; Cotter, Kelly A.; and 
Mroczek, Daniel K., "Physical activity mediates the association between personality and biomarkers of 
inflammation" (2018). Faculty Scholarship. 1623. 
https://researchrepository.wvu.edu/faculty_publications/1623 

This Article is brought to you for free and open access by The Research Repository @ WVU. It has been accepted 
for inclusion in Faculty Scholarship by an authorized administrator of The Research Repository @ WVU. For more 
information, please contact ian.harmon@mail.wvu.edu. 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by The Research Repository @ WVU (West Virginia University)

https://core.ac.uk/display/322556996?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/faculty_publications
https://researchrepository.wvu.edu/faculty_publications?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F1623&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/709?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F1623&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/404?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F1623&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchrepository.wvu.edu/faculty_publications/1623?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F1623&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ian.harmon@mail.wvu.edu


Authors Authors 
Eileen K. Graham, Emily D. Bastarache, Elizabeth Milad, Nicholas A. Turiano, Kelly A. Cotter, and Daniel K. 
Mroczek 

This article is available at The Research Repository @ WVU: https://researchrepository.wvu.edu/faculty_publications/
1623 

https://researchrepository.wvu.edu/faculty_publications/1623
https://researchrepository.wvu.edu/faculty_publications/1623


SAGE Open Medicine

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons  
Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/2050312118774990

SAGE Open Medicine
Volume 6: 1 –10

© The Author(s) 2018
Reprints and permissions: 

sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/2050312118774990

journals.sagepub.com/home/smo

Introduction

Chronic inflammation can contribute to poor health out-
comes in later life. It can dampen immune function, exac-
erbate symptoms of chronic conditions, and accelerate the 
aging process.1,2 There is evidence for possible psychoso-
cial (e.g. personality)3–5 and behavioral (e.g. physical 
activity)6–9 factors that are associated with markers of 
inflammation. Identifying these factors is important toward 
improved understanding of who is at risk for inflammation 
and the development of interventions to help improve 
health outcomes. The current study examined both psy-
chosocial and behavioral pathways to inflammation. 
Moreover, we connected these pathways via mediation 
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Abstract
Objectives: The current study investigated whether personality traits and facets were associated with interleukin-6, 
C-reactive protein, and fibrinogen, and whether physical activity mediated the relationship between personality and 
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Methods: Personality was assessed in the Midlife Development in the United States study using the Multi-Dimensional 
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fibrinogen, and C-reactive protein were assessed in 2005–2009 as part of the Midlife Development in the United States 
biomarkers subproject.
Results: Lower neuroticism was associated with elevated interleukin-6, and achievement was associated with lower 
fibrinogen. Higher physical activity was associated with lower interleukin-6 and C-reactive protein. Mediation models 
suggested that physical activity mediated the associations between achievement and both interleukin-6 and C-reactive 
protein.
Discussion: Physical activity is an important factor in the Health Behavior Model of personality and explains some of the 
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analysis in order to examine the mechanisms by which 
psychosocial characteristics are associated with inflamma-
tory markers.

Basic construct definitions

Biomarkers of inflammation. Serum interleukin-6 (IL-6) is a 
pro-inflammatory cytokine and a marker of inflammation.10 
When infection occurs in the body, cells of the immune sys-
tem release IL-6 to promote inflammation and notify the 
body that an inflammatory response is taking place.11 C-reac-
tive protein (CRP) is released from the liver in the presence 
of IL-6 and goes to the site of inflammation and helps destroy 
pathogens and return the body to homeostasis.12 Fibrinogen 
is a glycoprotein that acts as an acute phase reactant in the 
bloodstream, responding to physiological stress and dis-
ease.13 Fibrinogen, IL-6, and CRP are part of a critical 
response to battling pathogen invasion.10 Individuals who 
frequently experience these responses over time often 
develop chronic inflammation, which is associated with a 
myriad of negative health outcomes such as cardiovascular 
disease and cancer.14,15

Personality. Personality is a broad construct that refers to 
individual differences in general patterns of thinking, feel-
ing, and behaving.16 These individual differences are what 
make a person unique and have been linked to both behavior 
and health outcomes across the life span.17–20 Many research-
ers use trait taxonomies to define personality (e.g. the Big 
Five: neuroticism, extraversion, openness to experience, 
conscientiousness, and agreeableness).21,22 Facet-level meas-
ures of personality represent more narrow-bandwidth char-
acteristics (e.g. motivation, anxiety, need for control) and are 
often considered to be underlying characteristics defining 
the traits. In addition, these more narrow facets can be inde-
pendently linked to consequential outcomes.18,23,24 The com-
bined analysis of broad-trait and narrow-facet levels of 
personality is essential in deepening our understanding of 
patterns of associations between personality traits and vari-
ous outcomes.18,25 Thus, the current study used both trait and 
facet measures of personality to examine the links to inflam-
matory markers.

Personality and inflammation

Inflammatory markers have emerged as key factors in under-
standing health and can be partially understood through 
associations with personality.10,12–14 Traits such as higher 
neuroticism, lower conscientiousness, lower extraversion, 
and lower openness are related to elevated fibrinogen, IL-6, 
and CRP.3–5,26,27 Furthermore, specific facets of personality 
such as depressive symptoms, hostility, impulsivity, and 
excitement seeking are also related to serum IL-6 and serum 
CRP, white blood cell count, and lymphocyte count.28–30 
Others have supported these findings, suggesting that higher 

conscientiousness and higher levels of self-directedness 
were associated with lower IL-631 and lower CRP.32 This is 
further evidence for the importance of examining narrower, 
facet-level personality on these biomarkers, as it can be the 
case that associations are not detected at the trait level but 
only emerge when examining these lower order characteris-
tics. Thus, this gives us more precise findings regarding how 
personality may be linked to inflammation.

Physical activity and inflammation

There is a substantial body of literature examining links 
between physical activity and inflammation.6–8,33,34 One 
meta-analysis examined studies that linked levels of activity 
and exercise training to inflammatory markers.7 Results 
showed that regular training over time produced a long-term 
anti-inflammatory effect. This decrease in the inflammatory 
response as a result of physical activity may be a key to 
explaining links between physical activity and reduced car-
diovascular disease risk.

Personality and physical activity

We used the Health Behavior Model (HBM)17,35–37 as our 
theoretical framework for the current study. This theory pos-
its that certain characteristics are associated with either ben-
eficial or detrimental behaviors that are directly related to 
health. There is a growing body of literature on various 
aspects of health in multiple samples supporting this the-
ory,38 and a number of studies have found associations 
between personality and behaviors such as substance abuse 
and physical activity.19,37,39–43 These factors may be a path-
way through which personality influences health. That is, 
personality traits have a direct impact on health, but person-
ality traits are also related to other factors (such as health 
behaviors), which in turn are the stronger influence on health. 
Ultimately, a more cohesive narrative explaining the person-
ality–health relationship can be reached through the inclu-
sion of these health behaviors.

Physical activity is an important health behavior linked to 
personality and health, as shown by a growing body of litera-
ture connecting it to personality.44 Two recent meta-analyses 
reviewed the existing literature on personality and physical 
activity. Rhodes and Smith45 found that higher extraversion 
and conscientiousness were consistently associated with 
higher levels of physical activity, while higher neuroticism 
was associated with lower levels. Others46 have found that 
extraversion, openness, and conscientiousness were consist-
ently associated with more physical activity (both objective 
and self-report), and neuroticism was associated with less 
physical activity. These findings paint a clear picture of per-
sonality traits and physical activity. However, relatively few 
studies have examined personality facets47 to gain a fine-
grained glimpse into what drives these associations. There is 
some evidence48 that personality facets predict exercise 
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behavior. Activity (a facet of extraversion) and self-disci-
pline (a facet of conscientiousness) were direct predictors of 
exercise behavior, while anxiety (a facet of neuroticism) 
moderated the association between exercise intention and 
exercise behavior. Low anxiety, paired with high levels of 
exercise intention, was associated with the greatest likeli-
hood of engaging in exercise behavior.

The current study sought to bring these areas of inquiry 
together, using the theoretical framework of the HBM, and 
the associations between personality (traits and facets) and 
inflammatory biomarkers, via physical activity. Specifically, 
it is expected that personality would be associated with phys-
ical activity and that physical activity would be associated 
with IL-6, CRP, and fibrinogen. Three indicators of inflam-
mation were chosen as key to outcomes of health, as they 
were the key inflammatory markers measured by the Midlife 
Development in the United States (MIDUS) study team.

Methods

Sample

Data for this study were taken from the MIDUS study,49 a 
national sample of 7108 participants recruited by random-
digit-dialing completed data collection (mail questionnaires 
and phone interviews) in 1994–1995. A second wave of data 
collection (MIDUS II) occurred in 2004–2005 and consisted 
of a total sample of 4963 participants from the original sample 
(a full analysis of sample attrition can be found in Radler and 
Ryff50). In addition to the time 2 follow-up, a subset of 
respondents was recruited for participation in the biomarker 
study (2004–2009). These participants (N = 1255) were 
required to travel to one of three General Clinical Research 
Centers to provide blood, urine, and saliva specimens for an 
intensive study of hypothalamic–pituitary–adrenal (HPA) 
axis, autonomic, immune, cardiovascular, musculoskeletal, 
and metabolic function. Trained medical staff collected these 
data in addition to vital signs, a physical exam, and a medical 
history. An attrition analysis of the key variables in the current 
study indicated that individuals who dropped out before com-
pleting the biomarkers project were higher in neuroticism 
(t(1811.8) = 2.48, p = .013) and lower in openness 
(t(1878.7) = –4.08, p ≤ .001), as well as less healthy 
(t(1794.1) = 6.39, p < .001), less educated (t(1654.4) = –7.96, 
p < .001), and more likely to be Caucasian (χ2(1) = 16.31, 
p < .001.

Measures

Personality traits. Traits were assessed at Time 2 using the 
Midlife Development Inventory (MIDI) personality scales.22,51 
Participants rated the extent to which 26 adjectives described 
them on a 1–4 scale (1 = not at all, 4 = a lot). These adjectives 
were used to measure the Big Five: Neuroticism (moody, wor-
rying, nervous, calm (reverse), α = .74); Extraversion 

(outgoing, friendly, lively, active, talkative, α = .76); Openness 
to Experience (creative, imaginative, intelligent, curious, 
broad-minded, sophisticated, adventurous, α = .77); Conscien-
tiousness (organized, responsible, hardworking, thorough, 
careless (reverse) α = .68); and Agreeableness (helpful, warm, 
caring, softhearted, sympathetic, α = .80).

Personality facets. Facets were assessed at Time 2 using the 
Multi-Dimensional Personality Questionnaire (MPQ),52,53 
based on the Tellegen three-factor model (positive emotion-
ality, negative emotionality, behavioral constraint) assessing 
10 sub-facets of personality (well-being (α = .73), social 
potency (α = .71), achievement (α = .67), social closeness 
(α = .69), stress reactivity (α = .74), aggression (α = .66), 
alienation (α = .61), behavioral control (α = .61), traditional-
ism (α = .59), and harm avoidance (α = .57). Participants 
rated the extent to which certain statements described them 
(1 = true, 2 = somewhat true, 3 = somewhat false, 4 = false) 
(e.g. “I usually find ways to liven up my day” and “when I 
get angry, I am often ready to hit someone”). In constructing 
the measurement for harm avoidance, two statements were 
used in addition to a set of two scenarios where participants 
were asked to choose the scenario they would dislike more 
(“riding a long stretch of rapids in a canoe,” or “waiting for 
someone who’s late,”). This was done to measure this facet 
as a self-report behavioral measure of harm avoidance, rather 
than an indicator of characteristic anxiety.

Physical activity. Physical activity was assessed at time 2 via 
12 items that asked about the frequency of moderate and vig-
orous physical activity that the respondent engaged in 
(0 = never to 5 = several times a week). Frequency of moder-
ate/vigorous activity was asked about separately by domain 
(leisure, work, or home) and by season (winter or summer). 
Items were combined per Cotter and Lachman’s19 scoring 
procedure (α = .92). Seasonal scores (winter vs summer) 
were first averaged within each domain for moderate and 
vigorous activity, then the domain with the highest score (lei-
sure, work, or home) was used as the moderate or vigorous 
activity score. Finally, moderate and vigorous activity scores 
were averaged together, resulting in the final total physical 
activity score.

Inflammatory markers. While other studies have typically 
used a single biomarker (most commonly IL-6), we used 
multiple indicators of inflammation that were available in 
the MIDUS biomarker subproject. IL-6, CRP, and fibrinogen 
each represent a distinct part of the immune process. For pre-
dictive validity of personality traits, we tested multiple out-
comes to determine whether parallel effects would be found. 
Inflammatory markers were assessed between 2005 and 
2009 as part of the MIDUS Biomarker Subproject (project 
4), whose primary aim was to identify biological pathways 
associated with health outcomes. Investigators randomly 
selected individuals from the MIDUS II sample to 
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participate. Consenting participants then traveled to one of 
three data collection sites (University of California, Los 
Angeles (UCLA); University of Wisconsin; and Georgetown 
University). The testing protocol included blood samples, 
morphology, functional capacities, bone densitometry, medi-
cation use, and a physical exam, all conducted by clinicians 
or trained staff. For full details on the project 4 data collec-
tion, see Ryff et al.54 As biomarkers also tend to be affected 
by a series of medications, all models controlled for the use 
of blood thinners, statins, steroids, chronic condition comor-
bidity, and time between the measurement of personality and 
the biomarker measurement.5

Data analysis

Preliminary analyses were conducted using linear regression 
models to estimate the effects of personality and physical 
activity on inflammatory markers. We tested personality 
traits and facets separately, and tested each of the three 
inflammatory markers separately as well (IL-6, CRP, and 
fibrinogen). Due to positively skewed distributions, IL-6 and 
CRP were natural log-transformed for analysis. The distribu-
tion for fibrinogen was normal and is in gram per deciliter 
units. We kept the models for the MPQ and Big Five scales 
separate, as personality dimensions tend to be correlated and 
could over-saturate the models if combined.55 All models 
included physical activity and also controlled for age, gen-
der, education, race, self-rated health, depression, body com-
position, medications, comorbidities, and time (from 
personality measurement to biomarkers assessment).

Linear regression models also tested the associations 
between personality and physical activity, in order to deci-
pher the factors that were candidates for mediation. The per-
sonality–biomarker models and personality–physical activity 
models were then combined into a series of mediation mod-
els, using the R package “mediation.”56,57 These models test 
the effect of personality on inflammatory markers through 
physical activity.58,59 We used the default simulation type, 
which was a quasi-Bayesian Monte Carlo method based on 
normal approximation.56,57 Traditionally, mediation is estab-
lished when the effect of an independent variable on a depend-
ent variable is reduced (partial mediation) or eliminated (full 
mediation) by a mediating variable.58 However, current meth-
odological models of mediation55 hold that mediation can be 

present when there is no direct pathway between predictor 
and outcome. This suggests that the predictor is indeed related 
to the outcome but only through a mediator. See Figure 1 for 
a theoretical model. Table 4 contains the results of the final 
mediation models and includes the indirect effect (media-
tion), direct effect (the part of the effect not mediated), and 
total effects (the sum of the indirect and direct effects). The 
similarity among the three outcomes is acknowledged, and 
while these were not any formal adjustments for multiple 
comparisons, alpha criteria were set to .01, and interpretation 
reflects interpreted only those effects that are significant at 
p < .01. Some discussion is mentioned for those trends that 
were significant at alpha values between .01 and .05; how-
ever, we emphasize the need for replication of all effects 
reported in this study. The full analytic script for this study 
can be found at https://osf.io/h6jnm/.

Results

Direct effects

Personality facets and inflammatory markers. The models 
showed that very few facet-level predictors were directly 
associated with inflammatory markers after adjusting for 
covariates. However one facet, achievement, was associated 
with lower fibrinogen (p = .004). This effect was robust and 
held up when controlling for the other personality facets as 
well as physical activity. In addition, a few facets were 
weakly related with p values between .01 and .05. Specifi-
cally, higher reactivity was related to lower IL-6 (p = .031), 
and higher social potency (p = .019) and control (p = .035) 
were related to higher fibrinogen. See Table 1 for a complete 
summary of the facet models.

Personality traits and inflammatory markers. The models test-
ing associations between personality traits and inflammatory 
markers yield few significant results (see Table 2). Specifi-
cally, the fully adjusted models showed that lower neuroti-
cism (p = .004) predicted higher serum IL-6. This effect was 
robust and was independent of other traits as well as physical 
activity.

Physical activity on inflammatory markers. Physical activity was 
included in the above reported models estimating the effects 

Figure 1. Theoretical mediation model.

https://osf.io/h6jnm/
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of personality traits and facets on inflammatory markers, and 
showed in both sets of models that higher physical activity 
predicted lower levels of both IL-6 (p < .001) and CRP 
(p < .01), reflecting the expected pattern that individuals who 
reported higher amounts of physical activity had lower levels 
of inflammatory markers (see Tables 1 and 2).

Personality traits/facets on physical activity. Models showed 
small effects on physical activity. For facets, higher achieve-
ment (p = .011) and lower harm avoidance (p = .041) were 
associated with greater physical activity. For the broader per-
sonality traits, higher extraversion (p = .015) was associated 
with greater physical activity (see Table 3).

Mediation effects

The mediation models adjusted for the same covariates as 
the preliminary analyses. These models suggested that the 
personality–inflammation associations were mediated by 
physical activity (see Table 4). Specifically, mediation was 
found for the facet achievement on both IL-6 (p = .01) and 
CRP (p = .01). The direction of the estimates indicates that 

the individuals higher on achievement had lower levels of 
both IL-6 and CRP, and this association is operated at least 
partially through engagement in more physical activity. In 
addition, a few mediation models showed weak effects with 
p values between .01 and .05. Specifically, there was an 
effect for harm avoidance on both IL-6 (p = .028) and CRP 
(p = .048), and for extraversion on both IL-6 (p = .016) and 
CRP (p = .024).

Discussion

The current study found evidence for the relationship 
between personality and key inflammatory markers. From 
the trait-level taxonomy of personality, higher neuroticism 
was associated with lower levels of IL-6; however, there was 
no evidence for associations between traits and physical 
activity. At the facet level, we found a few associations 
between facets and inflammation, but at the more conserva-
tive alpha criteria (p < .01), the only effect was for the asso-
ciation between achievement and fibrinogen. Achievement 
was associated with higher levels of physical activity and 
also with markers of inflammation, specifically IL-6 and 

Table 1. Effects of personality facets on biomarkers.

Interleukin-6 C-reactive protein Fibrinogen

 B (95% CI) p B (95% CI) p B (95% CI) p

Intercept 0.49 (0.28 to 0.69) <.001 0.47 (0.14 to 0.80) .005 0.35 (0.33 to 0.38) <.001
Age 0.10 (0.04 to 0.16) <.001 −0.06 (–0.15 to 0.04) .244 0.01 (0.01 to 0.02) <.001
Education −0.01 (–0.05 to 0.04) .837 −0.06 (–0.14 to 0.02) .114 −0.01 (–0.01 to −0.00) .011
Sex 0.02 (–0.08 to 0.11) .707 −0.19 (–0.35 to −0.04) .016 −0.02 (–0.04 to −0.01) <.001
Self-rated health 0.09 (0.03 to 0.14) .002 0.15 (0.06 to 0.23) .001 0.01 (–0.00 to 0.01) .098
Race 0.06 (–0.13 to 0.25) .511 0.12 (–0.19 to 0.43) .450 −0.03 (–0.05 to −0.01) .014
Blood 0.08 (0.03 to 0.13) .003 0.05 (–0.03 to 0.14) .232 −0.00 (–0.01 to 0.00) .493
Statin 0.02 (–0.03 to 0.06) .526 −0.09 (–0.17 to −0.02) .018 0.00 (–0.00 to 0.01) .705
Steroid −0.01 (–0.05 to 0.03) .650 0.07 (–0.00 to 0.14) .051 −0.01 (–0.01 to −0.00) <.001
Time 0.08 (0.04 to 0.11) <.001 −0.03 (–0.08 to 0.03) .309 0.01 (0.01 to 0.01) <.001
CountCom 0.04 (–0.02 to 0.10) .179 0.13 (0.03 to 0.23) .012 0.01 (–0.00 to 0.01) .124
Depression 0.08 (0.03 to 0.12) <.001 0.09 (0.02 to 0.16) .009 0.00 (–0.00 to 0.01) .067
Waist–hip ratio −0.00 (–0.00 to 0.00) .374 0.00 (–0.00 to 0.00) .783 0.00 (–0.00 to 0.00) .242
Physical activity −0.09 (–0.14 to −0.05) <.001 −0.11 (–0.19 to −0.03) .005 −0.00 (–0.01 to 0.00) .172
Well-being 0.04 (–0.01 to 0.10) .141 0.06 (–0.03 to 0.16) .178 0.00 (–0.01 to 0.01) .686
Social potency −0.02 (–0.07 to 0.04) .518 0.08 (–0.01 to 0.17) .067 0.01 (0.00 to 0.01) .019
Achievement −0.03 (–0.08 to 0.03) .374 −0.09 (–0.18 to 0.00) .062 −0.01 (–0.02 to −0.00) .004
Social closeness −0.00 (–0.05 to 0.04) .853 0.02 (–0.06 to 0.09) .621 −0.00 (–0.01 to 0.00) .712
Reactivity −0.06 (–0.11 to −0.01) .031 −0.09 (–0.18 to 0.00) .060 −0.01 (–0.01 to 0.00) .072
Aggression 0.04 (–0.01 to 0.10) .112 0.04 (–0.05 to 0.13) .405 0.00 (–0.00 to 0.01) .506
Alienation 0.03 (–0.02 to 0.08) .234 0.06 (–0.03 to 0.14) .186 0.00 (–0.00 to 0.01) .195
Control 0.01 (–0.04 to 0.05) .759 0.04 (–0.03 to 0.11) .293 0.01 (0.00 to 0.01) .035
Traditional 0.03 (–0.02 to 0.07) .223 −0.03 (–0.10 to 0.04) .445 −0.00 (–0.01 to 0.00) .670
Harm avoidance 0.05 (–0.00 to 0.09) .063 0.06 (–0.02 to 0.14) .124 −0.00 (–0.01 to 0.01) .937
Observations 958 958 958
R2/adjusted R2 .176/.155 .114/.093 .123/.101

CI: confidence interval.
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CRP. Mediation models revealed that indeed physical activ-
ity mediated the associations between achievement and 
inflammation (IL-6 and CRP). This suggests that the associ-
ations between achievement and inflammation may operate 
through physical activity59,60 and is consistent with our 
expectations. Overall, these effects are consistent with our 
theoretical framework of the HBM, suggesting that the 
effects that personality have on inflammation are operating 
through the specific health behavior of physical activity. At 
the trait level, past work had indicated that extraversion and 
conscientiousness are associated with health and behavior 
outcomes.32,48 Achievement, a facet that is closely aligned 
with those traits, indicated a similar relationship to health 
outcomes of inflammation through physical activity. These 
findings suggest that the fine-grained facet-level analyses 
may be a more robust approach to understanding individual 
differences in behavior and health and may provide a more 
comprehensive understanding in the personality–health 
relationship.

The small effect sizes of the current study are still consid-
ered to be of importance, as the nature of personality research 
shows small coefficients with impactful implications, espe-
cially when considered over long periods of time. When pre-
dicting objective, medical outcomes, these effects are 
non-trivial and should not be ignored.61 These effects can be 
interpreted in standard deviation units, so the estimates are 
for individuals at 1 standard deviation beyond the mean. 

When extrapolated out to the individuals who are 2 or even 3 
standard deviations above or below the mean of personality, 
these effects are much greater. In this case, effects were 
found even after controlling many potential confounders and 
can still mean something important for how personality psy-
chology is utilized in understanding health-related outcomes 
in a medical setting.

The current study has shown support for HBM36 as a means 
of explaining the associations between personality and inflam-
mation. Other potential pathways not accounted for with the 
HBM exist and require further attention. For example, social 
support, major life events, and social roles may be more 
important than health behaviors in contributing to serum lev-
els of inflammatory markers,62 particularly when mediating 
pathways from some personality traits/facets. These additional 
pathways between personality and inflammatory markers may 
be why we only found associations between personality and 
physical activity for some traits/facets and not all. However, 
the current research may suggest that physical activity is par-
ticularly important for health regulation for those individuals 
high in achievement. Future studies should explore additional 
pathways that could explain the associations of other aspects 
of personality to health outcomes.

Personality gets “outside the skin” via several potential 
processes, such as reactive process (moderation) or self-reg-
ulative process (mediation).63 In this study, we tested the 
self-regulative process of personality on health, specifically 

Table 2. Effects of personality traits on biomarkers.

Interleukin-6 C-reactive protein Fibrinogen

 B (95% CI) p B (95% CI) p B (95% CI) p

Intercept 0.56 (0.36 to 0.76) <.001 0.56 (0.23 to 0.88) <.001 0.36 (0.34 to 0.38) <.001
Age 0.11 (0.05 to 0.16) <.001 −0.06 (–0.15 to 0.03) .216 0.01 (0.01 to 0.02) <.001
Education −0.03 (–0.07 to 0.02) .280 −0.05 (–0.13 to 0.02) .157 −0.01 (–0.01 to −0.00) .011
Sex −0.01 (–0.11 to 0.08) .785 −0.17 (–0.33 to −0.02) .028 −0.02 (–0.04 to −0.01) <.001
Self-rated health 0.09 (0.04 to 0.14) .001 0.15 (0.06 to 0.24) .001 0.01 (–0.00 to 0.01) .110
Race −0.00 (–0.19 to 0.18) .970 0.00 (–0.30 to 0.31) .981 −0.04 (–0.06 to −0.01) .002
Blood 0.09 (0.03 to 0.14) .002 0.06 (–0.03 to 0.14) .200 −0.00 (–0.01 to 0.00) .443
Statin 0.01 (–0.03 to 0.06) .555 −0.09 (–0.17 to −0.01) .027 0.00 (–0.00 to 0.01) .480
Steroid −0.01 (–0.06 to 0.03) .577 0.07 (0.00 to 0.15) .039 −0.01 (–0.01 to −0.00) <.001
Time 0.08 (0.04 to 0.11) <.001 −0.03 (–0.08 to 0.03) .351 0.01 (0.01 to 0.01) <.001
CountCom 0.04 (–0.02 to 0.10) .227 0.13 (0.03 to 0.23) .011 0.01 (–0.00 to 0.01) .130
Depression 0.08 (0.04 to 0.12) <.001 0.09 (0.02 to 0.16) .009 0.01 (0.00 to 0.01) .036
Waist–hip ratio −0.00 (–0.00 to 0.00) .220 0.00 (–0.00 to 0.00) .996 0.00 (–0.00 to 0.00) .295
Physical activity −0.09 (–0.14 to −0.04) <.001 −0.11 (–0.19 to –.03) .006 −0.00 (–0.01 to 0.00) .136
Neuroticism −0.07 (–0.12 to −0.02) .004 −0.06 (–0.14 to 0.01) .104 −0.01 (–0.01 to −0.00) .044
Extraversion 0.02 (–0.04 to 0.07) .586 0.05 (–0.04 to 0.14) .247 0.00 (–0.01 to 0.01) .708
Openness −0.03 (–0.08 to 0.02) .278 −0.05 (–0.14 to 0.04) .293 −0.00 (–0.01 to 0.00) .378
Conscientiousness −0.04 (–0.09 to 0.01) .084 −0.05 (–0.13 to 0.03) .236 −0.00 (–0.01 to 0.00) .561
Agreeableness 0.00 (–0.05 to 0.06) .873 0.07 (–0.02 to 0.15) .110 −0.00 (–0.01 to 0.00) .379
Observations 960 960 960
R2/adjusted R2 .173/.157 .109/.092 .113/.096

CI: confidence interval.
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Table 3. Effects of personality traits and facets on physical activity.

Physical activity Physical activity

 B (95% CI) p B (95% CI) p

Intercept 2.78 (2.35 to 3.21) <.001 2.72 (2.29 to 3.14) <.001
Age −0.35 (–0.47 to −0.23) <.001 −0.35 (–0.46 to −0.23) <.001
Education 0.12 (0.02 to 0.22) .021 0.14 (0.04 to 0.24) .005
Sex 0.22 (0.02 to 0.43) .034 0.27 (0.07 to 0.48) .009
Self-rated health −0.26 (–0.37 to −0.14) <.001 −0.28 (–0.40 to −0.16) <.001
Race 0.31 (–0.09 to 0.72) .129 0.40 (–0.00 to 0.80) .052
Blood 0.07 (–0.05 to 0.18) .257 0.07 (–0.05 to 0.18) .247
Statin 0.07 (–0.03 to 0.18) .154 0.07 (–0.03 to 0.17) .172
Steroid 0.09 (–0.01 to 0.18) .073 0.08 (–0.02 to 0.17) .100
Time −0.01 (–0.08 to 0.06) .838 −0.02 (–0.09 to 0.05) .638
CountCom −0.10 (–0.23 to 0.03) .128 −0.11 (–0.24 to 0.02) .110
Depression 0.02 (–0.07 to 0.11) .639 0.01 (–0.08 to 0.10) .806
Waist–hip ratio −0.00 (–0.00 to 0.00) .452 −0.00 (–0.00 to 0.00) .665
Well-being 0.07 (–0.05 to 0.19) .233  
Social potency −0.06 (–0.18 to 0.05) .271  
Achievement 0.15 (0.03 to 0.27) .011  
Social closeness 0.05 (–0.05 to 0.14) .351  
Reactivity −0.02 (–0.14 to 0.09) .688  
Aggression 0.06 (–0.06 to 0.17) .328  
Alienation −0.03 (–0.14 to 0.08) .623  
Control 0.05 (–0.05 to 0.14) .359  
Traditional −0.07 (–0.16 to 0.03) .169  
Harm avoidance −0.11 (–0.21 to −0.00) .041  
Neuroticism 0.07 (–0.03 to 0.17) .185
Extraversion 0.15 (0.03 to 0.26) .015
Openness 0.07 (–0.05 to 0.18) .255
Conscientiousness 0.01 (–0.09 to 0.11) .816
Agreeableness −0.11 (–0.22 to 0.01) .062
Observations 958 960
R2/adjusted R2 .137/.117 .125/.110

CI: confidence interval.

Table 4. Mediating effects of personality traits/facets on inflammatory markers through physical activity.

IL-6 CRP

 Estimate 95% CI p Estimate 95% CI p

Extraversion
 Mediation effect −.01 −0.03 to 0.00 .016 −.02 −0.04 to 0.00 .024
 Direct effect  .02 −0.04 to 0.08 .570  .05 −0.04 to 0.14 .280
 Total effect  .002 −0.05 to 0.06 .950  .04 −0.06 to 0.12 .434
Achievement
 Mediation effect −.01 −0.03 to 0.00 .010 −.02 −0.04 to 0.00 .010
 Direct effect −.03 −0.08 to 0.03 .360 −.09 −0.18 to 0.00 .056
 Total effect −.04 −0.10 to 0.02 .160 −.10 −0.19 to −0.01 .030
Harm avoidance
 Mediation effect .01 0.001 to 0.02 .028  .01 0.0002 to 0.03 .048
 Direct effect .05 −0.003 to 0.09 .070 .06 −0.01 to 0.14 .092
 Total effect .06 0.01 to 0.10 .018 .08 0.001 to 0.15 .050

IL-6: interleukin-6; CRP: C-reactive protein; CI: confidence interval.
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inflammation, via mediation. Additional work with more 
long-term longitudinal data will give us further insight into 
the effects on objective long-term health outcomes, such as 
disease onset and mortality.

Among the limitations to the current study were the rela-
tively low reliabilities (between .6 and .7) of the personality 
scales used in MIDUS. The results need to be interpreted 
with caution, and future studies need to extend these findings 
using different measures. While we did measure personality 
prior to the measurements of inflammatory markers, another 
limitation to this study is that we did not have baseline levels 
of serum inflammatory markers to control for, as they were 
not available at the time 1 wave of the MIDUS data collec-
tion. As such, we do not know whether personality is related 
to subsequent change in inflammation, and future studies 
with additional follow-up data of these inflammatory mark-
ers are needed. In addition, the temporal structure for testing 
mediation was not ideal, as physical activity and personality 
were assessed in the same measurement occasion. That said, 
further research should clarify whether physical activity acts 
as a true mediator of the personality–inflammatory marker 
associations, rather than a confound. Future work will need 
to continue this line of inquiry and attempt to replicate these 
findings with optimal data, both using MIDUS as new waves 
of data collection are added, and with other data sets.

Conclusion

These findings contribute to the broader fields of aging and 
health by providing evidence that individual difference fac-
tors, specifically personality traits and facets, are linked to 
key markers of inflammation. In addition, the current study 
describes a complex process underlying direct relationships. 
Specific behaviors, in this case physical activity, may be an 
important factor toward understanding the role that individual 
differences have on health outcomes. As the medical field 
continues to examine how chronic inflammation contributes 
to health outcomes in old age, the psychological sciences will 
do their part in identifying how individual differences may 
begin to influence those processes earlier in life. If the field 
continues to find robust evidence that both personality and 
physical fitness may help reduce inflammation and improve 
health, this will aid in the development of more tailored inter-
ventions in younger individuals who may be at greater risk. 
This has already begun to be examined for trait conscientious 
in identifying that an individual who is low in conscientious-
ness and less likely to engage in healthy behaviors may be 
more susceptible to inflammation and disease and require 
some kind of personality informed intervention to mitigate 
negative outcomes. Personality-based precision medicine can 
help identify such individuals and tailor preventive care in 
light of their unique psychological risk factors. The HBM is a 
theoretical framework that describes why personality charac-
teristics influence health and longevity. Our findings provide 
empirical support for this model suggesting that higher levels 

of achievement are associated with lower levels of inflamma-
tory markers via more physical activity and suggest that per-
sonality may be contributing to our biological health in very 
real ways. Physical activity is an important mechanism by 
which personality gets under the skin and may help future 
researchers and practitioners understand how’s and why’s of 
the associations between personality, inflammation, and 
downstream health.
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