3 THE ROYAL
@ SOCIETY

Publhed olne |1 Anguost 2004

Well-being and affective style: neural substrates
and biobehavioural correlates

Richard J. Davidson

Laborarory for Affecrioe Newroscience, W M. Keck Laborarory for Functional Bram Imaging and Behamior,
Urttoersity of Wisconstn-Madizon, 1202 Wen Joknson Sereer, Madizon, WT 53706, USA (gdavids{alemise. edu)

O of the meoat salicnt feamures of emotion is the pronounced variability among individaals in their reactions
o cmotional incentives and in their disposimonal mood. Collectively, these individual differences have been
described as affectve siyle. Becent rescarch has bepun o dissect the constmuents of affectve siyle. The
scarch for these components s guided by the newral systems that instantiate emonon and cmoton regu-
lation. In this armicle, this body of rescarch and theory i applicd specifically to positve affect and well-being.
The central substrates and peripheral biological corrclates of well-being are described. A resilicnt affectiee
aryle is associaved with high levels of left prefroneal actvarion, effective modulanon of activation in the amyg-
dala and fast recovery in response o negative and stressful evenis. In peripheral biology, these cenoral pat-
tcrns arce associated with lower lewels of basal cortisol and with higher levels of antobody tires o influcnza
vaccine. The amicle conclodes with a consideration of whether these pamerns of cenrral and peripheral
biclogy can be modificd by training and shifted toward a more salubriows dircction.
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1. INTRODUCTION
One of the most salicnt charactenistcs of emoton s the
cxiraordinary heterogenciry in how different individuals
respond to the same cmotonally provocatee challenge.
such differences in patterns of cmotional reactivity play a
crucial role in shaping varatons in well-being. Although
mdividual differences in emotion processing can be found
at many levels of phylogeny, they are parmicularly pro-
nounced in primarcs and probably arc most exireme in
humans. A number of cvolutionary theorists have specu-
lated on the adaprive significance of such individual diffier-
cnces (Wilson 1994). Although these arguments hawe
never been applicd to the domain of emotion and affective
style, it is not difficult 1o develop hypotheses about how
such differences might provide advanrages o individuals
liwimg in groups. However, rather than focus on the distal
causcs of such individual differences which are so difficulr
to subject to rigorous test, 1 wish only to call anention o
the possibility thar variability in characrerisnics such as
Yearfulness” or "checrfulness’ might provide some adaptive
benefit o indwviduals living together in groups. Instead,
this article cxamines the proximal mechanisms that under-
lic such mdmvidual differences, with a focus on well-being.
The central substrates of individual differences in compo-
nents of well-being will be deseribed. The possible influ-
cnce of the cenrral circuitry of cmotion on peripheral
biological indices that are relevant to physical health and
llncss will also be considered. It is helpful 1o contrast well-

being with specific types of psychopathology that involee
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dysfuncuons in the circuitry of adapowe cmotional
reaponding. Accordingly, some mention of recent work on
the neurobiology of mood and anxicty disorders will be
made. Finally, plastcity in the underlying brain circuitry
that instantiatcs affective style will be described and s role
in promoting resilicnce will be considered.

Affectve style refers to consistent individual differences
in cmoticnal reactvity and regulation (see Davidson
1998y Dravidson ¢ af. 2000a2,4). It is a phrase thart & meant
o capiure a broad array of processes thart, cither singly or
in combination, modulate an individual’s response
cmotional challenges, dispositional moosd and affect-
relevant cognitive processcs. Affective soyle can refer o
valence-apecific featmares of emotional reacrivity or mood,
or it can refer to discrete emotion-specific features. Both
lewels of analysis are equally valid and the choice of level
should be dictared by the queston posed.

Rapid developments in our understanding of conotion,
mood and affecrove siyle have come from the soudy of the
ncural substrates of these phenomena. The idenufication
of the brain circuiry responsible for different aspects of
affective processing has helped vo parse the domain of emo-
LiON INto mMore clemeniary Constnents in a manner similar
to that found in cognitve neurcsscience, where an appeal to
the brain has facilitaied the rapid devclopment of theory
and data on the subcomponents of various cognitive pro-
cesacs (cog. Kosslyn & Kocnig 1992,

This armicle will highlight some of the advances thar have
been made in owr understanding of the brain mechanisms
that underdic affective style. These advances have emerged
from three majpor sources: studics of paticnts with discrere
lesions of the brain; neuroimaging studics of normal indivi-
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duals; and smudics of pathologics of brain function in
paticnts with varicus psychiamric and neurological disorders
that involve abnormalitics in emotion. [ will wse the
matcrial on pathology to help to idenuafy the newral cir-
cuitry crucial to certain forms of positive affect so thar we
can begin o place well-being squarcly within a neurobiolo-
gical framework.

Both lesion and neurcimaging studics provide infor-
mation primarily on the “where” quesnon; that is, where in
the brain are computations relared o specific aspects of
affective processing occurring. It is important at the ourset
o consider both the unlity of knowing “where” and how
such informarion can provide insight into the *how” ques-
vion; that is, how might a pamicular pan of the brain
insrantiate 3 specific process thar 18 casennal o affecrve
style. The brain scicnces are now replete with information
on the essental namre of speafic types of mformanon pro-
cessing in different regions of the brain. For example, there
B evidence to sugeest thar the DILPFC & important for
maintaining a represenmaton of information online in the
abscnce of mmediare cucs. The neuwrophysiological basis
of this type of information processing has been actively
studicd in the animal laboravory (cg. Goldman-Rakic
1906, 20:0:07). If this region of the brain & acovared ar ocr-
tain times in the stream of affective informaton processing,
we can develop hypotheses on the basis of cxtant work
about what this rerrtory of PEC might be domg during the
affective behaviowr and how it might be doing it. A related
consideration is the network of anaromical connectivity to
and from a particular brain region. From a consideration of
connecuviry, insights may be gleaned as vo how a parocular
brain region might react during a partcolar form of
cmotional processing. For example, we know thar regions
of the amypdala have extensive connectivity with cortical
termnporics that can become activated following activation of
the amygdala. In this way, the amypdala can issoe a cortical
call for further processing in response to potcntially threar-
cning somuli, which must be processed further to asscas
danger. (Mher regions of the amypdala have extensive con-
nections to limbic and brainstem crcuins that can modulane
behaviowral and auronomic outflow. Adjustments in auto-
nomic responscs and action tendencies are typical compo-
nents of conotion.

2. CONCEPTUAL AND METHODOLOGICAL
CONSIDERATIONS IN THE STUDY OF
AFFECTIVESTYLE
Current rescarch on well-being is based largely on the use
of sclf-report measures o make inferences about variation
among individuals in type and magnitude of well-being.
One important component of neurobiological reacarch on
woll-being is o begin o dissect well-being into more spe-
cific constiteents that may underlic the coarse phenomeno-
loggical descriptions provided by subjects. In addition,
rescarch on the newral correlates of well-being may provide
an independent biological measure sensitive 1o variations in
wll-being that are not subject to the kinds of reporang and
judgemental biascs commonly found in the sclf~report
mcasures. For cxample, rescarchers hawve found thar
questions that precede items asking about well-being can
inflocnce a subject’s report of well-being. Variadons in the
woather can similarly affect such repons. These examples
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illustrate the fact that when subjects are queried about glo-
bal well-being, they froquently use convenient houristics to
answer such questions and rypically do niot cngage in a sys-
temanc integration of unlity values owver tme. It may be
that certain parameters of brain funcron are beter reposi-
torics of the cumulatve expericnoes that inevitably shape
well-being. At the present point in the development of this
science, these are mere speculations in scarch of evidence
but dhe nme is ripe for such evidence to be gathered.

The stams of rescarch on well-being s now ar a point
occupied about a decade ago or more by rescarch on mood
and anxicty disorders, though o continucs o suffer from
arc gencrally conceprualized as being caused, or ar least
acoompanied by, dysfuncrions of cmotion. Howewer, what
specific affective process is dysfuncrional is rarely, if ever,
delinecared, and nosological schemes for caregorizing these
dizorders do not rely upon the specific namure of the affect-
e dysfunction in gqueston, but rather are based upon
phenomenological descriprion. Bescarch in my laboratory
ower the past 15 years has been predicated on the viesw that
more meaningful and rapid progress in undersranding
the brain bases of mood and anxicry disorders can be
achicved if we move to an intermediate level of description
that penetratcs below the catcgorical, phenomenologi-
cally based classifications of the diagnostic and statistcal
meanual {135M) and secks o characterize the specific namare
of the affecrve sryles that are associated with valncerability
o these formes of peychoparhology.

Many of the parameters of affectove swyle, such as the
threshold 1o respond, magnitoede of response, latcncy o
peak of response and recovery functon, are feamures thart
arc ofticn opaque o conscious report, though they may
mfluence the subjective expericnce of emotion. These
paramcicers of responding can be measured in many differ-
cnt response systems including both central and peripheral
systems. For example, magnitude of response can be
measured in a peripheral measure such as the emotion-
modulated startle (Lang 1995) or in a central measure such
as actvanon in the amygdala asscssed wiath fMEL The
cxtent vo which coherence across reaponsc systems in these
paramcters i prescnt has not vet been systematically
addressed. In previous work, we have arpocd thar varia-
tons in some of these parameters in paricular response
systems are cspecially relevant o valnerabiliny o mond,
anxicty and other disorders and also o resilicnee (e
Dyavidson 20004,8). One of the important developmenis in
cmotion rescarch in gencral, and in affective neuroscicnoe
in particular, is the capacity o objectively measure these
paramcters of responding. For example, in scveral studies
we hawve used the emotion-modulated srartle 1o caprore
the tme-course of valence—specific cmotion responding
(Larson & al. 1998; Jackson er al 2000). The stanle reflex
s controlled by a brainstem circwit thar i nfluenced by
activity in forebrain soructures. Davis (1992) clegantdy dis-
sected the circuitry through which the magnimode of this
reflex is modulaved during the arowsal of fear in rodents.
He demonsoraved that i s via a descending pathway from
the central mocleus of the amygdala to the nuclews ponrine
reticularis in the brainstem that the magnitude of starnde is
cnhanced in response to 3 conditoned fear cue. Lesions of
the central nocleus of the amygdala abolish the fear
potentiation of the stande bur do not affect the magnimade
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of the bascline starle. Lang and his colleagues (Virana e al
1988) wore the first to show systematically thar in humans,
the same basic phenomenon can be produced. They ook
advantape of the fact that brief acoustic nodse bursts pro-
duce the eyeblink component of the starde and linde clse,
thes cnabling their presenration as innocwous stmuali in the
from the orbicularis oculi muscle with reo miniamre clee-
trodes under one cye, they were able o quantfy the
strength of the blink response and show thar the magnimade
of the blink was grearer when subjects were presented with
unpleasant picoures in the foreground, compared with the
presenation of neurral pictures. Morcover, when subjects
were cxposed o positive stmuli, the magnitude of startde
was acmually amenuared relative o a2 newral condimon
(Vrana e al. 1988). This same basic cffect has now been
reported with many different oypes of foreground somuli in
several modalites (see Lang {1995%) for a review).

We have cxploited the cmotion-modulated stande to
begin wo characterize the time-course of affective respond-
img, or what [ have referred o as affectve chronometry
(Davidson 19984). By nscrming acoustic noisc probes at
different latencics before and after a critical cmotional
samulus 18 presented, both the anticipatory limb and the
rocovery limb of the response can be measured. By using
paradigms in the MREI scanner thar were first stodiced in the
paychophysiology laboratory, the newral circuitry underhy-
ing the different phases of affective proccssing can be inoer-
rogated with fMEL Our current work in this arca has
cmphaseed the importance of the recovery function fol-
lowing neganve cvents for vulnerability oo certain forms of
paychopathology as well as for resilicnoe. We have argucd
that the fallure to recover rapidly following a negarive cvent
can be a crocial ingredient of valnerability to both anxicty
and mood disorders, parmicalarly when such a siyle 18 com-
bined with frequent cxposure 1o CgANve CYCRLE OVCr 3 S8
tained period of tme. The faillure to recover adequatcly
would result in susmamed clevanons in multple systems
that are activarcd in response oo nogative cvents. By con-
trast, the capaciy for rapid recovery following ncgative
cvents may define an important ingredient of resilicnoe. We
have defined resilicnoe as the maintenance of high levels of
poaitive affect and well-being in the face of significant
adversity. It is not that resilicnt individuals never cxperi-
cnce negarive affect, burt rather thar the negarive affect does
ot persist. Soch individuals are able o profin from the
mformarion provided by the negative affect and their
capacity for ‘'meaning making’ in response 1o such cvents
may be part and parcel of their ability 1o show rapid decre-
ments in various biological systems following cxposurne to a
negative or stressful event (gee (icse-Davis & Spicgel
2005).

3. NEURAL SUBSTRATES OF EMOTION AND
AFFECTIVE STYLE

In the following three sections, a bricf overview is provided
of core components of the circuiry that instantiates some
important aspects of cmotion and affectve style, with an
cmphasis on PFC and the amygdala. It is not meant to be
an exhaustive review, bar rather will present sclected
highlights to illustrate some of the key advances that hawe
been made inthe recent past.
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Emotion and affective soyle are governed by a circuir that
includes the following structures, and probably also others:
DILPFC, vmPPFC, OFC, amygdala, hippocampus, ACC
and insular cortex. It i arpued thar differenn subprocesscs
are mstantated in cach of these structures, and thar they
normally work together 1o process, generape and regulane
cmotional informaton and emotional behaviowr.

4. PREFRONTAL CORTEX

A large corpus of dara ar both the animal and human levels
implicaic vanous secoors of the PFC n emotion. The PFC
is not a homogeneous zone of ossue bur, rather, has been
differenmiated on the basis of both cyvoarchitectonic and
functional considerations. The three subdivisions of the
primatc PEC that have been consistently distinguished
include the DILPFC, vinPFC and OFC. In addinon, there
appcar to be important funcrional differences berween the
left and right sides within some of these sectons.

The case for the differential importance of left and rght
PFC secvors for cmotional proccssing was first made sys-
tematically in a serics of stedies on patenis with unilateral
cortical damage ((ainomi 1972; Sackeim e ol 1982;
Robinson er al. 1984). Each of these smudics compared the
mocd of paticnts with unilateral lefi- or right-sided brain
damage and found a greater incidence of depressive symp-
toms following lefi-sided damage. In most cases, the dam-
age was fairly substanial, and probably included more than
onc scctor of PFC and oficn also incloded other brain
regions. The general interpretaton thar has been placed
upon these smudics s that depressive symproms  arc
increased  following  lefisided amenor PP damage
because this hrain errivory parmicipates in cerrain forms of
positive affect and when damaged leads wo deficiis in the
capacity to expericnce posiove affect, a hallmark feamure of
depression (Warson arall 1995). It should be noted that not
all smdics support this conclusion. Inm a recent meta-
analyzis of lesion studics, Carson e al. (20007 failed vo find
suppon for this hypothesis. Dawvidson (1993) has pre-
viously revicwod many of these smudics and has addressed a
number of critical methodological and conceprual con-
cerns in this literamure. The most important of these ssucs
is thar according 1o the diathesis-stress model of ancerior
activation asymmetry proposed by Davidson (1995,
19984) and colleagues (Henrigues & Davidson 1991),
individual differences in anerior activaton SsymMmcrry,
whether lesion-induced or funcronal, represent a diathesis.
As guch, they alver the probability thar specific forms of
cmotional reactions will oocur in response o the requisite
covironmental challenge. In the absence of such a chal-
lenge, the pamern of asymmetric actvaton will simply
reflect a propensiny but will not necessanly culminare in
differences in mood or sympioms. In a stody with the lar-
gcatl sample sime o dawe (m = 193) for a smudy of mood
sequclac in paticnts with unilateral lesions, Morris er all
(1996) found that among stroke panents, it was only in
those with amall lesions that the relation berereen left PFC
damage and depressive sympioms was obscrved. It is likcly
that larger lesions immrude on other brain territorics and
mask the reladon between left PFC damage and
depression.

A growing corpus of evidence in normal intact humans is
consistent with the findings derived from the lesion evi-



