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Background:  Chronic  social  adversity  activates  a conserved  transcriptional  response  to  adversity  (CTRA)
marked  by  increased  expression  of pro-inflammatory  genes  and  decreased  expression  of  antiviral-
and  antibody-related  genes.  Recent  findings  suggest  that  some  psychological  resilience  factors  may
help  buffer  CTRA  activation,  but  the  relative  impact  of  resilience  and  adversity  factors  remains  poorly
understood.  Here  we  examined  the  relative  strength  of  CTRA  association  for the  two  best-established  psy-
chological  correlates  of  CTRA  gene  expression—the  risk  factor  of perceived  social  isolation  (loneliness)
and  the  resilience  factor  of  eudaimonic  well-being  (purpose  and  meaning  in  life).
Methods:  Peripheral  blood  samples  and  validated  measures  of  loneliness  and  eudaimonic  well-being
were  analyzed  in 108  community-dwelling  older  adults  participating  in  the  longitudinal  US  Health  and
Retirement  Study  (56%  female,  mean  age  73).  Mixed  effect  linear  model  analyses  quantified  the  strength
of  association  between  CTRA  gene  expression  and  measures  of  loneliness  and eudaimonic  well-being  in
separate  and  joint  analyses.
Results:  As  in  previous  studies,  separate  analyses  found  CTRA  gene  expression  to be  up-regulated  in asso-
ciation  with  loneliness  and  down-regulated  in  association  with  eudaimonic  well-being.  In joint  analyses,
effects  of  loneliness  were  completely  abrogated  whereas  eudaimonic  well-being  continued  to  associate
with CTRA  down-regulation.  Similar  eudaimonia-dominant  effects  were  observed  for  positive  and  nega-

tive  affect,  optimism  and  pessimism,  and  anxiety  symptoms.  All  results  were  independent  of  demographic
and  behavioral  health  risk  factors.
Conclusions:  Eudaimonic  well-being  may  have  the  potential  to compensate  for  the  adverse  impact  of
loneliness  on  CTRA  gene  expression.  Findings  suggest  a novel  approach  to  targeting  the  health  risks
associated  with  social  isolation  by  promoting  purpose  and  meaning  in life.

© 2015  Elsevier  Ltd. All  rights  reserved.
. Introduction

Within the realm of conscious experience, negative events
enerally outweigh the impact of positive events on our over-
ll experience of well-being (Lyubomirsky, 2010). Regardless of

hether they are expressed as losses vs. gains (Kahneman and

versky, 1979) or negative vs. positive emotions (Baumeister et al.,
001; Houben et al., 2015), adverse events generally have a greater

∗ Corresponding author at: Department of Medicine, Division of Hematology-
ncology, 11-934 Factor Building, UCLA School of Medicine, Los Angeles, CA
0095-1678, USA.

E-mail address: steve.cole@ucla.edu (S.W. Cole).

ttp://dx.doi.org/10.1016/j.psyneuen.2015.07.001
306-4530/© 2015 Elsevier Ltd. All rights reserved.
impact on subjective psychological well-being than do positive
events. Much less is known, however, about the relative impact of
negative and positive events on physiological well-being and health
(Friedman, 2012). Epidemiologic data suggest that both positive
and negative psychological processes may  have distinct influences
on physical well-being (Chida and Steptoe, 2008; Friedman, 2012),
but no previous studies have examined the relative magnitude of
their effects on the molecular processes underlying human health
and disease risk.

In the present analyses, we compared the relative strength of

association between the normal range of individual differences
on two  established social adversity and resilience factors with
a functional genomics-based measure of “nonconsciously evalu-

dx.doi.org/10.1016/j.psyneuen.2015.07.001
http://www.sciencedirect.com/science/journal/03064530
http://www.elsevier.com/locate/psyneuen
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2015.07.001&domain=pdf
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ted molecular well-being” in the form of a transcriptome profile
nown as the conserved transcriptional response to adversity
CTRA) (Cole, 2013, 2014). Across a wide range of adverse life cir-
umstances, transcriptome profiling studies have found exposed
ndividuals to show a general pattern of up-regulated expression of
ro-inflammatory genes and down-regulated expression of innate
ntiviral and antibody-related genes in peripheral blood leukocytes
Cole, 2013, 2014). Experimental studies in animal models have
hown a causal impact of adverse social conditions on CTRA gene
xpression (Cole et al., 2012; Powell et al., 2013; Tung et al., 2012),
nd mechanistic analyses have identified sympathetic nervous
ystem (SNS)-mediated gene regulation as a mechanism of such
ffects (Powell et al., 2013). Randomized controlled experiments
n human samples have also shown that CTRA gene expression
rofiles can be down-regulated by positive psychological inter-
entions such as cognitive-behavioral stress management (Antoni
t al., 2012), meditation (Black et al., 2013), yoga (Bower et al.,
014), and Tai Chi (Irwin et al., 2014). Recent observational stud-

es have also found down-regulated CTRA gene expression profiles
n people who experience comparatively high levels of eudai-

onic well-being, or a sense of purpose and meaning in their lives
Fredrickson et al., 2013, 2015). However, no study has yet quanti-
ed the relative impacts of an adverse social risk factor with that of

 positive psychological resilience factor to determine the extent to
hich positive processes might match the impact of negative pro-

esses. Do adverse psychological conditions such as social isolation
Cacioppo et al., 2015a; Cacioppo and Hawkley, 2009; Holt-Lunstad
t al., 2010) loom so large in the psychobiological regulation of
eukocyte gene transcription that they overwhelm any salutary
ffects of positive psychological conditions such as eudaimonic
ell-being (Fredrickson et al., 2015, 2013; Friedman, 2012; Ryff,

014; Ryff et al., 2004)? Or might it be the case that psychological
esilience factors such as eudiamonia can potentially match or out-
eigh the impact a relatively common “everyday” social adversity

uch as loneliness? The present analyses addressed this question in
 population-representative sample of older adults from the United
tates Health and Retirement Study (HRS).

. Methods

.1. Participants, recruitment, and procedure

Data were collected from a pilot sample of 121 participants in
he HRS, which is a longitudinal study of a representative sam-
le of U.S. individuals >50 years of age and their spouses (Sonnega
t al., 2014). An “RNA sub-study pilot sample” was  derived as pre-
iously described (Levine et al., 2015) by approaching 200 study
articipants who had completed the HRS 2010 interview and were
andomly selected from within a set of 1000 HRS respondents who
ad completed a face-to-face HRS interview in either 2006 or 2008.
elected participants were asked to provide a blood sample in the
ear future. At the time of the approach interview, 15.9% declined to
articipate. An additional 14.8% did not complete the subsequent
lood draw, resulting in 122 participants with blood samples. Of
hese, 1 blood sample yielded insufficient RNA for analysis, and
3 participants had missing data on one or more of the measured
ovariates, leaving a final analyzed sample of 108 individuals. All
articipants provided written informed consent prior to participa-
ion, and all procedures were approved by the Institutional Review
oard of the University of Michigan, which administers the HRS
nder a collaborative agreement the United States National Insti-

ute on Aging. All procedures contributing to this work complied
ith the ethical standards of the relevant national and institutional

ommittees on human experimentation and with the Helsinki Dec-
aration of 1975, as revised in 2008.
crinology 62 (2015) 11–17

2.2. Materials

2.2.1. Loneliness
Perceived social isolation (loneliness) was assessed using abbre-

viated variants of the UCLA Loneliness Scale (Hughes et al., 2004;
Russell et al., 1980; Smith et al., 2013), which were administered
as part of the HRS psychosocial and lifestyle questionnaire to half
of the sample in 2006 and the other half in 2008 (Smith et al.,
2013). Respondents were asked “how much of the time do you
feel. . .”  loneliness-indicating experiences such as “you lack com-
panionship,” “left out”, and “isolated from others.” Responses were
given on a 3-point scale; 3 = often, 2 = some of the time, 1 = hardly
ever or never. The scale average showed adequate reliability, with
Cronbach  ̨ = .87 and 4-year test-retest stability (estimated for
the 2006-assessed sub-sample, which was  re-assessed in 2010)
of r = .62. Gene expression analyses utilized z-score standardized
scores on the loneliness scale.

2.2.2. Eudaimonic well-being
Eudaimonic well-being was  assessed using the purpose in life

scale of the Ryff measures of psychological well-being (Keyes et al.,
2002; Ryff and Keyes, 1995; Smith et al., 2013). This 7-item scale
was administered in parallel with the loneliness scale as part of
the HRS interview in 2006 (half sample) and 2008 (other half)
(Smith et al., 2013). Respondents were presented with statements
such as “I have a sense of direction and purpose in my  life,” “I
am an active person in carrying out the plans I set for myself,”
and “I enjoy making plans for the future and working to make
them a reality,” and asked to “decide the extent to which each
statement describes you.” Responses were given on a 6-point
scale: 1 = strongly disagree, 2 = somewhat disagree, 3 = slightly dis-
agree, 4 = slightly agree, 5 = somewhat agree, 6 = strongly agree. The
scale average showed adequate reliability (  ̨ = .77) and a 4-year
test-retest r = .52. Gene expression analyses utilized z-score stan-
dardized scores on the eudaimonic well-being scale.

2.2.3. Demographic, biometric, and behavioral covariates
Age was measured coincident with blood sample collection in

2010. Sex was based on self-report and coded as 1 for females
and 0 for males. Dummy  variables for Non-Hispanic Black race
and Hispanic ethnicity were coded based on self-reports. Socioeco-
nomic status was assessed by (log-transformed) annual household
income. Presence of a major chronic illness was coded as 1 if par-
ticipants reported any history of diabetes, cancer, cardiovascular
disease, or stroke, and 0 otherwise. Body mass index (BMI) was
represented as a continuous measure (kg/m2). A dummy  variable
for smoking history was coded 1 if participants reported smoking
≥100 cigarettes during their lifetime, and a dummy  variable for
heavy alcohol consumption was  coded 1 if participants reported
consuming an average of ≥14 alcoholic beverages per week.

2.2.4. Other dimensions of affect and well-being
Ancillary analyses examined measures of positive and negative

affect (items from the PANAS) (Smith et al., 2013; Watson et al.,
1988), symptoms of depression (Center for Epidemiologic Studies
Depression scale; CES-D) (Radloff, 1977) and anxiety (5 items from
the Beck Anxiety Inventory) (Beck et al., 1988; Smith et al., 2013),
optimism and pessimism (6 items from the Revised Life Orienta-
tion Test) (Scheier et al., 1994; Smith et al., 2013), and general life

satisfaction (Satisfaction With Life Scale) (Diener et al., 1985), each
collected in parallel with measures of loneliness and eudaimonia.
Measurement details and psychometric characteristics in the HRS
sample are reported in (Smith et al., 2013).
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Table 1
Sample characteristics.

Mean (SD) or%

Age (years) 73.4 (9.3)
Female 55.5%
Race/ethnicity
White 92.6%
Black 4.6%
Hispanic 2.8%
Income (log2 $/yr) 15.3 (1.4)
Body mass index (kg/m2) 27.7 (6.5)
Chronic illness 63.0%
Smoking history 62.0%
S.W. Cole et al. / Psychoneur

.2.5. Transcriptome profiling
Blood samples were collected into PAXgene RNA tubes and

hipped overnight to a central laboratory for storage at −80 ◦C.
amples were subsequently shipped in batch to the UCLA Social
enomics Core Laboratory, where RNA was extracted (Qiagen
IAcube), tested for suitable mass (Nanodrop ND1000) and

ntegrity (Agilent Bioanalyzer), converted to fluorescent cRNA
Ambion TotalPrep) and hybridized to Illumina Human HT-12 v4
eadArrays following the manufacturer’s standard protocol in the
CLA Neuroscience Genomics Core Laboratory. All samples were
ssayed in a single batch and yielded valid results according to stan-
ard quality assurance metrics (e.g., median probe fluorescence

ntensity >100 units). The microarray-based transcriptome profil-
ng approach used here does not require any normalization to a
pecific internal housekeeping control because the quantile-based
ata normalization employed at the outset of data analysis (see
elow) standardizes total assayed RNA mass across samples at the

evel of the whole transcriptome.

.3. Statistical analysis

Gene expression values were quantile-normalized (Bolstad
t al., 2003) and log2-transformed for mixed effect linear model
nalyses (McCulloch et al., 2008) quantifying association between
xpression of 53 CTRA indicator transcripts (with inverse com-
onents weighted negatively as described below) and z-score
tandardized measures of loneliness and/or eudaimonic well-being
Fredrickson et al., 2015). All analyses controlled for systematic
ifferences across indicator genes as well as participant age, sex,
ace/ethnicity, socio-economic status, chronic illness, BMI, alco-
ol consumption, smoking history, and expression of 8 mRNA
ranscripts indicting the relative prevalence of major leukocyte
ubsets within the circulating blood cell pool (CD14 for mono-
ytes, CD3D, CD3E, CD4, and CD8A for T lymphocyte subsets, CD19
or B lymphocytes, and CD56/NCAM1 and CD16/FCGR3A for nat-
ral killer cells). The 53 CTRA indicator genes were comprised
f 2 a priori-defined gene sets (Fredrickson et al., 2015, 2013;
edhara et al., 2015): 19 pro-inflammatory genes (IL1A, IL1B, IL6,

L8, TNF, PTGS1, PTGS2, FOS, FOSB, FOSL1, FOSL2, JUN, JUNB, JUND,
FKB1, NFKB2, REL, RELA, RELB) weighted +1 as positive indicators
f the CTRA profile, and 34 genes involved in Type I interferon
esponses (GBP1, IFI16, IFI27, IFI27L1-2, IFI30, IFI35, IFI44, IFI44L,
FI6, IFIH1, IFIT1-3, IFIT5, IFIT1L, IFITM1-3, IFITM4P, IFITM5, IFNB1,
RF2, IRF7-8, MX1-2, OAS1-3, OASL) and antibody synthesis (IGJ,
GLL1, IGLL3) weighted -1 as inverse indicators (Fredrickson et al.,
015, 2013). Models were estimated by maximum likelihood using
AS PROC MIXED, with the 53 indicator transcripts treated as
epeated measurements with a fully parameterized (unstructured)
ovariance matrix (Fredrickson et al., 2015). Effect sizes for the
esulting linear model coefficients (metric: difference in predicted
ene expression per loneliness/eudaimonia SD) were graphed as
he range-spanning magnitude of difference in predicted CTRA
ndicator gene abundance over a standardized range of observed
ontinuous loneliness/eudaimonia scores (i.e., the expected mag-
itude of difference in gene expression over the range from 2 SD
bove the mean loneliness/eudaimonia score to 2 SD below the
ean, corresponding to the difference in expected gene expres-

ion over the 4 SD range that captures 95% of observations in a
ormal distribution). Gene expression data are publicly available
s Gene Expression Omnibus series GSE68526. The statistical sig-
ificance level was set at p < .05, and analyses followed established
tatistical guidelines in controlling for multiple comparisons in

xploratory analyses of many related hypotheses (e.g., correlations
mong covariates and loneliness/eudaimonia) but not in analyses of
istinct substantive hypotheses (e.g., testing associations between

oneliness and/or eudaimonia and specific a priori predicted dif-
Heavy alcohol consumption 3.7%
Loneliness (1–3 scale) 1.37 (0.53)
Eudaimonia (1–6 scale) 4.77 (0.94)

ferences in CTRA gene expression). Initial model specification
tests confirmed previous observations of significant heteroscedas-
ticity across the 53 CTRA indicator transcripts (Levene’s test:
F(52,6360) = 20.97, p < .0001), which was accounted for by specifi-
cation of fully parameterized (unstructured) covariance matrices as
noted above (McCulloch et al., 2008). CTRA gene expression varied
significantly as a function of both a priori-specified sets of demo-
graphic and behavioral covariates (F(9,90) = 10.88, p < .0001) and
mRNA indicators of leukocyte subset prevalence (F(8,90) = 35.63,
p < .0001), so both a priori-specified covariate sets were retained in
all subsequent analyses. Specification analyses showed comparable
CTRA associations with loneliness or eudaimonia across the 2006
and 2008 measurement waves (i.e., no significant wave × loneliness
or wave × eudaimonia interaction). For all primary analyses, Stu-
dentized residual distributions were verified to be approximately
normal as determined by near-linearity of quantile–quantile plots
and normal score correlation coefficients >.99.

3. Results

3.1. Sample characteristics

As shown in Table 1, the analyzed sample comprised 108
community-dwelling older adults who were broadly represen-
tative of the HRS sample of older Americans: average age 73,
predominately white, with a slight majority of females, moderate
BMI, and low rates of heavy alcohol consumption. Consistent with
current norms for this age cohort, slight majorities reported a his-
tory of smoking and one or more chronic illness (cardiovascular
disease and diabetes being the most prevalent). Average levels of
loneliness fell well below the response scale mid-point, with only
18% of respondents reporting average rates of loneliness-indicating
experiences “some of the time” or “often.” Average levels of eudai-
monic well-being fell well above its response scale mid-point,
with 52% of the sample reporting an average score that indicated
“somewhat” or “strongly” experiencing a sense of purpose in life.
Loneliness and eudaimonic well-being were inversely correlated
(Fig. 1; r = −.40, p < .0001), but each measure also tapped significant
unique variance distinct from the other (loneliness: unique = 82% of
systematic score variance; eudaimonia: unique = 79% of systematic
score variance).

3.2. CTRA gene expression

Primary analyses examined the relationship between aver-
age expression of the 53 CTRA indicator genes and continuously

measured individual differences in loneliness and eudaimonic
well-being while controlling for demographic characteristics (age,
sex, race/ethnicity, socioeconomic status) and health-related risk
factors (BMI, smoking history, heavy alcohol consumption, chronic
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Fig. 1. Loneliness and eudaimonic well-being.

Table 2
CTRA relationship to loneliness and eudaimonia.

Separate Mutually adjusted

ba (SE) p value ba (SE) p value

Loneliness .0033 (.0016) .0379 −.0002 (.0016) .9080
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Table 3
CTRA, eudaimonia, and other aspects of affect and well-being.

Separate Mutually adjusted

ba (SE) p value ba (SE) p value

Positive affect −.0042 (.0016) .0101 .0006 (.0018) .7449
Eudaimonia −.0089 (.0015) <.0001 −.0090 (.0018) <.0001

Negative affect .0065 (.0016) <.0001 .0019 (.0017) .2674
Eudaimonia −.0089 (.0015) <.0001 −.0079 (.0017) <.0001

Depression −.0002 (.0018) .9155 −.0045 (.0018) .0147
Eudaimonia −.0089 (.0015) <.0001 −.0103 (.0016) <.0001

Anxiety .0070 (.0015) <.0001 .0047 (.0015) .0028
Eudaimonia −.0089 (.0015) <.0001 −.0077 (.0015) <.0001

Optimism −.0032 (.0016) .0528 −.0012 (.0017) .4834
Eudaimonia −.0089 (.0015) <.0001 −.0088 (.0016) <.0001

Pessimism .0049 (.0017) .0063 −.0007 (.0019) .6963
Eudaimonia −.0089 (.0015) <.0001 −.0093 (.0017) <.0001

Life satisfaction .0011 (.0016) .4970 .0024 (.0016) .1323
Eudaimonia −.0089 (.0015) <.0001 −.0092 (.0016) <.0001

a Linear model parameter estimate: log2 CTRA RNA abundance/predictor SD.

F
D
e

Eudaimonia −.0089 (.0015) <.0001 −.0090 (.0016) <.0001

a Linear model parameter estimate: log2 CTRA RNA abundance/predictor SD.

llness). CTRA gene expression was significantly up-regulated
n association with increasing degrees of loneliness (p = .038;
able 2). In contrast, CTRA gene expression was significantly down-
egulated in association with increasing degrees of eudaimonic
ell-being (p < .001; Table 2).

To determine whether either loneliness or eudaimonia showed a
ignificant unique relationship to CTRA gene expression (i.e., above
nd beyond their 16% shared variance), an additional “mutually
djusted” model analyzed the effects of both variables simulta-
eously (Table 2, final column). After controlling for individual
ifferences in loneliness, eudaimonic well-being continued to asso-
iate with down-regulated CTRA gene expression (p < .001), with
o appreciable change in the estimated strength of association
<1% change in parameter estimate). In contrast, controlling for
ndividual differences in eudaimonia completely abrogated CTRA
ssociation with loneliness (p = .908, 106% reduction in parameter

stimate).

Fig. 2 shows results from additional sensitivity analyses that
eleted all observations from 3 participants who showed unusu-
lly heterogeneous gene expression values (generating aberrant

ig. 2. Loneliness, eudaimonia, and CTRA gene expression.
ata represent strength of association (b ± SE) between indicated predictor variables an
udaimonia and (B) analyses in which each was adjusted for covariance with the other.
residuals). In analyses of loneliness and eudaimonia in isolation
(Fig. 2A), results again linked loneliness to up-regulated CTRA gene
expression (p < .001) and eudaimonia to down-regulated CTRA gene
expression (p < .001). In mutually adjusted analyses (Fig. 2B), eudai-
monia continued to associate with down-regulated CTRA gene
expression (p < .001; <10% change in parameter estimate), whereas
CTRA associations with loneliness were rendered non-significant
(p = .232, 64% reduction in strength of association).

To assess the specificity of eudaimonia’s association with CTRA
gene expression, we conducted additional exploratory analyses of
other dimensions of affect and well-being that correlated with
eudaimonia including positive and negative affect, symptoms of
depression and anxiety, optimism and pessimism, and general life
satisfaction (all .35 < |r| < .56, all p < .001). Results (Table 3, Column
1) identified CTRA down-regulation in association with positive
affect (p = .010) and a similar trend for optimism (p = .053), as
well as CTRA up-regulation in association with negative affect and
anxiety symptoms (both p < .001) and pessimism (p = .006). CTRA
gene expression was not substantially associated with depressive
symptoms or general life satisfaction (both p > .490). Among the
constructs that did individually associate with CTRA gene expres-
sion, all relationships except anxiety were rendered non-significant
by inclusion of eudaimonia in the model (Table 3, Column 2). In
contrast, eudaimonia continued to show a robust independent rela-
tionship to CTRA gene expression in all models that controlled
for other dimensions of affect and well-being (all p < .001 and all

parameter estimates reduced by <14%; Table 3, Column 2).

d the 53-gene CTRA indicator contrast in (A) separate analyses of loneliness and
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. Discussion

These results show an unanticipated relationship between two
reviously distinct research literatures identifying loneliness as a
sychological risk factor for CTRA up-regulation (Cole et al., 2011,
007; Creswell et al., 2012) and eudiamonic well-being as a psy-
hological resilience factor for CTRA down-regulation (Fredrickson
t al., 2015, 2013): whereas both factors associated with gene
xpression profiles when considered in isolation, eudiamonic well-
eing clearly dominated the effects of loneliness in simultaneous
nalyses. CTRA associations with loneliness were largely abrogated
y control for individual differences in eudaimonia, whereas eudai-
onia continued to show a highly significant association with

TRA gene expression in analyses controlling for loneliness. The
symmetry of these effects is remarkable in light of the fact that
oneliness was only moderately associated with eudaimonia in this
ample (r = −.40) and thus shares only a small fraction of variance in
ommon with it (approximately 16%). That small fraction of shared
ariance nevertheless carried much of loneliness’ association with
TRA gene expression (and very little of eudaimonia’s association
ith CTRA gene expression). These results were independent of

eneral demographic and health-related risk factors, independent
f differences in major leukocyte subset distributions, and unaf-
ected by the removal of aberrant gene expression profiles that may
eflect disease processes. Loneliness and eudaimonic well-being
onstitute two of the best-established psychological correlates of
TRA gene expression, and these results suggest that, at least in the
resent context, the positive psychological resilience factor has the
otential to at least match and perhaps even outweigh the effects
f a robust psychological risk condition such as perceived social
solation.

The present results highlight the close conceptual relationship
etween psychological well-being (of which purpose is a part) and
ocial well-being (of which social integration is a part), and sug-
est that their shared components may  be particularly relevant
o molecular physiology and health. These findings are consistent
ith previous observations linking CTRA gene expression to the

ariance shared in common by psychological well-being and social
ell-being (Fredrickson et al., 2015). Eudaimonia and social inte-

ration are clearly distinct constructs, but both contribute to overall
uman thriving (Keyes, 1998; Keyes et al., 2002; Keyes and Simoes,
012). The two domains are functionally related in that social
ngagements provide a major source of purpose in life (Baumeister
t al., 2013; Lambert et al., 2013; Stillman et al., 2009) and eudai-
onic purpose can promote social engagement (Ryff, 2014). There

s also a conceptual relationship between eudaimonia (as a self-
ranscendent orientation outward and toward others) (Baumeister
t al., 2013) and the social perceptual dynamics underlying lone-
iness (which involves a generalized sense of social mistrust and
erceived social threat, resulting in a more self-focused and defen-
ive orientation) (Cacioppo et al., 2015a,b; Cacioppo and Hawkley,
009; Lambert et al., 2013; Stillman et al., 2009). The current
ndings suggest that such shared conceptual and functional rela-
ionships may  also play a key role in engaging the biological
ignaling pathways that regulate CTRA gene expression in immune
ells (Cole, 2014). If this pattern of results continues to be sub-
tantiated in future research, it could provide a rationale for the
evelopment of new intervention strategies to mitigate the health
isks associated with loneliness not by directly targeting social
nteraction per se, but rather by promoting social well-being indi-
ectly via the development of pro-social eudaimonic well-being.
uch purpose-based interventions have already shown promise in

everal studies (Ryff, 2014), and research involving experimental
nduction of eudaimonic well-being represents a promising area
or future research.
crinology 62 (2015) 11–17 15

Another important topic for future research is the identifi-
cation of the specific neural and endocrine pathways by which
eudaimonic well-being might regulate peripheral physiological
function. Previous research has shown that SNS activity plays a
key role in activating the CTRA gene expression profile (Cole,
2014; Powell et al., 2013). No measures of SNS activity are avail-
able in the present study, but it is plausible that eudaimonic
well-being might reduce SNS activity either by reducing the
sense of threat or uncertainty that stimulates sympathetic activ-
ity (Weiner, 1992) or by stimulating the pro-social care-giving
system (Churchland, 2011; Eisenberger and Cole, 2012) that is
associated with parasympathetic activity (Porges, 1998, 2011)
(which physiologically antagonizes SNS effects). Future research
using pharmacologic antagonists and experimental models will
be required to determine whether effects are mediated by sym-
pathetic/parasympathetic dynamics or perhaps by other neural
or endocrine signaling pathways that may  be engaged by eudai-
monic well-being (Ryff, 2014; Ryff et al., 2006, 2004; Taylor, 2006).
Additional insights could also come from mapping the functional
interactions between the CNS substrates of eudaimonia (Heller
et al., 2013; Kong et al., 2015; Lewis et al., 2014; Telzer et al.,
2014) and those involved in autonomic nervous system regulation
(Beissner et al., 2013).

Ancillary analyses identified CTRA associations with several
other dimensions of affect and social perception, including posi-
tive and negative affect, anxiety symptoms, optimism (marginally),
and pessimism. CTRA gene expression was  not significantly associ-
ated with either depressive symptoms or general life satisfaction.
Moreover, among the affective dimensions that were associated
with CTRA expression, their relationships were generally ren-
dered non-significant by statistical control for correlated variations
in eudaimonia whereas eudaimonia continued to show signifi-
cant CTRA association. The sole exception to this general pattern
involved anxiety symptoms, which showed some residual signif-
icant CTRA association in parallel with eudaimonia’s significant
CTRA association. These findings replicate previous observations
linking anxiety to elevated expression of the “Axis 2” component
of the blood-informative transcript set, which shares consider-
able variance with the CTRA profile (Wingo and Gibson, 2015).
More broadly, these results also suggest that relationships between
eudaimonic well-being and physiological well-being might poten-
tially be misattributed to a wide variety of correlated affective,
social, and perceptual constructs.

It is important to note several limitations of this study includ-
ing it its correlational design, which precludes drawing any causal
conclusions (e.g., it is conceivable that CTRA pro-inflammatory
signaling might modulate loneliness and/or eudaimonia (Dantzer
et al., 2008; Eisenberger et al., 2010)), and the older adult sam-
ple, which increases the potential for confounding by disease. The
present sample excluded participants with serious illness requir-
ing institutional residence, but the sample did include people with
chronic illness diagnoses prevalent among community-dwelling
adults in this age cohort (predominately cardiovascular disease
and diabetes). Although all analyses controlled for the presence of
such diagnoses and additional sensitivity analyses confirmed the
stability of findings after removal of atypical gene expression pro-
files that could reflect disease, undiagnosed disease processes may
well exist and simultaneously affect both psychological processes
and gene expression. However, such effects would not explain
the asymmetric pattern of CTRA associations noted for loneliness
vs. eudaimonia. In addition, parallel CTRA associations have been
previously observed in younger samples with little or no disease

exposure (Cole et al., 2011, 2007; Creswell et al., 2012; Fredrickson
et al., 2015, 2013). Nevertheless, the present results should be
regarded as most relevant to older Americans from this demo-
graphic/historical cohort and future studies will be required to
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valuate the generality these findings. No assessments of clin-
cal health outcomes or immune function are available in this
ample, so the implications of the observed transcriptome differ-
nces for health and immune function remain to be determined in
uture studies. However, the present data are consistent with pre-
ious epidemiologic observations relating eudaimonic well-being
o favorable health outcomes (Boyle et al., 2009, 2010a,b; Friedman
nd Ryff, 2012; Hill and Turiano, 2014; Kim et al., 2014, 2013; Ryff,
014; Yu et al., 2015) and loneliness or social isolation to elevated
isease risk and mortality (Cacioppo et al., 2015; Holt-Lunstad et al.,
010; Luo et al., 2012). This study tested an a priori hypothesis

nvolving the CTRA gene set as a whole (Cole, 2014; Fredrickson
t al., 2015, 2013; Vedhara et al., 2015). No discovery-based anal-
ses were attempted to identify individual gene transcripts that
ight empirically associate with either loneliness or eudaimonia,

nd no statistical testing was conducted at the level of individ-
al genes. As such, other genes besides those examined here may
ell be regulated by loneliness or eudaimonia (either individually

r as elements of other empirically defined gene sets such as the
lood-Informative Transcripts (Preininger et al., 2013)). Discovery
f additional gene modules linked to eudaimonic well-being and
oneliness represents an important topic for future research.

Despite these limitations, the present results identify eudaimo-
ia as a stronger correlate of CTRA gene expression than loneliness
and a variety of related affective characteristics) in a representa-
ive sample of US older adults. These findings are consistent with
he possibility that psychological resilience factors can, at least in
ome circumstances, outweigh the effects of a well-established and
uantitatively robust psychological risk factor such as perceived
ocial isolation (Cacioppo et al., 2015; Cacioppo and Hawkley, 2009;
olt-Lunstad et al., 2010; Luo et al., 2012). Given the central role of

inflammaging” and immunosenescence in most major diseases of
ging (Finch, 2007), the present findings may  also provide a molec-
lar framework for understanding how generativity and pro-social
ngagement in life can potentially support health and well-being
n older adults (Boyle et al., 2009, 2010a,b; Gruenewald et al., 2012,
015; Hill and Turiano, 2014; Kim et al., 2014, 2013; Kim and
erraro, 2014; Yu et al., 2015).
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