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What is Wisdom?

Wisdom is an ancient cross- cultural concept that has been extensively 
analyzed in religious and philosophical contexts for millennia (Jeste  & Vahia, 
2008; Takahashi, 2000). However, wisdom has been a relatively new focus of 
empirical research since the 1970s (Sternberg, 1990; Sternberg & Jordan, 2005). 
There are different conceptualizations of wisdom that range from extensive prag-
matic knowledge that enables keen insight and judgment (Baltes & Staudinger, 
2000) to applying knowledge mediated by a balance of individual and societal 
interests. The latter refers to the application of tacit knowledge as mediated by 
values toward the achievement of a common good through a balance among mul-
tiple (a) intrapersonal, (b) interpersonal, and (c) extrapersonal interests in order to 
achieve a balance among (a) adaptation to existing environments, (b) shaping of 
existing environments, and (c) selection of new environments (Sternberg, 1998).

There is evidence that wisdom is a neurobiologically  based construct, a psy-
chological trait with putative neuroanatomy, neurotransmitters, and neuro-
circuitry. Below, we provide a definition of wisdom as well as a brief  history 
of neurobiology of wisdom. Then we explore the putative neurocircuitry of 
 wisdom, based on the current published literature. We discuss whether wisdom 
increases with aging and, if  so, how this fits in with the neurobiology of aging. 
We review the limitations of this approach and future implications for wisdom 
research.

Wisdom may be defined as a unique, complex, multi component human trait, 
involving dynamic and balanced integration of various components. Greater 
than the sum of its parts, wisdom is purposeful, seeking to enhance the well- 
being of the self  and of the society (Jeste & Harris, 2010). Though the relative 
importance of each component is not clear, the concept of wisdom as a whole 
has been thought to be beneficial to aging and the “optimal outcome of human 
development” (Bangen, Meeks, & Jeste, 2013; Erikson, 1966).

This definition is based on a review of scientific literature (Bangen et al., 2013; 
Meeks & Jeste, 2009) and gathering opinions of international experts to form a 
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70 ellen e. lee and dilip v. jeste

consensus (Jeste et al., 2010) based on modern conceptualizations of wisdom. 
The scientific literature yielded a multicomponent construct of wisdom that 
included nine common themes: social decision- making and pragmatic knowledge 
of life; prosocial attitudes and behaviors; emotional homeostasis (with a tendency 
to favor positive emotions); reflection and self- understanding; acknowledgment 
of and coping effectively with uncertainty; value relativism and tolerance; spirit-
uality; openness to new experience; and a sense of humor (Bangen et al., 2013; 
Meeks & Jeste, 2009). The panel of international experts, most of whom had pub-
lished at least two peer- reviewed papers or book chapters on wisdom or spiritual-
ity, agreed on most of these facets of wisdom and further identified several other 
qualities: social cognition, recognition of one’s limits, realism, ability to give good 
advice, and generativity (Jeste et al., 2010). There are some suggestions that con-
ceptualization of wisdom may vary by culture. However, an examination of the 
construct of wisdom in the Bhagavad Gita, an ancient philosophical and religious 
Indian document (Jeste & Vahia, 2008), showed a number of similar themes asso-
ciated with wisdom: broad general knowledge of life, emotional regulation, con-
trol over desires, compassion/sacrifice, insight/humility, decisiveness, spirituality, 
focus on duty and work, self- contentedness, and yoga (which, in Sanskrit, indi-
cates integration of personality) (Jeste & Vahia, 2008). Thus several approaches 
resulted in largely similar conceptual definitions of wisdom across different peri-
ods and cultures. This suggests that wisdom is likely to be biologically based.

While wisdom is generally considered to be a religious, philosophical, social, 
and cultural concept, it should be viewed as a scientific construct as well. While 
there is no objective way of measuring wisdom, there are a number of scales 
or other assessment tools in the published literature (Bangen et  al., 2013). 
These measures were validated in samples of varying size, age, and character-
istics. Most of these measures assess six or fewer components of wisdom. The 
Berlin Wisdom Paradigm, one particularly widely studied scale, evaluates how 
subjects problem- solve in an array of scenarios (Baltes  & Staudinger, 2000; 
Baltes, Staudinger, Maercker, & Smith, 1995; Pasupathi, Staudinger, & Baltes, 
2001; Smith & Baltes, 1990; Staudinger, Lopez, & Baltes, 1997). The Personal 
Wisdom Task and Reasoning about Social Conflicts Scales also pose problems 
for the subjects to reason through out loud (Grossmann et al., 2010; Mickler & 
Staudinger, 2008). The Adolescent Wisdom Scale, Three- Dimensional Wisdom 
Scale, Self- Assessed Wisdom Scale, Wisdom Development Scale, and the Wise 
Thinking and Acting Questionnaire are all self- report questionnaires that 
include between 13 and 79 items rated on Likert scales, measuring three to six 
components of wisdom (Ardelt, 2003; Brown & Greene, 2006; Greene & Brown, 
2009; Moraitou & Efklides, 2011; Perry et al., 2002; Webster, 2003, 2007, 2009). 
The Practical Wisdom Scale and Ratings of Transcendent Wisdom scale com-
bines a self- reported checklist questionnaire with open- ended questions regard-
ing examples of wisdom (Wink & Helson, 1997). The newest scale, SD- WISE, 
uses 24 items to measure six major domains of wisdom: social advising, emo-
tional regulation, prosocial behaviors, insight, tolerance for divergent values, 
and decisiveness (Thomas et al., 2017).
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 Neurobiology of  Wisdom 71

Importance of Neurobiology

Understanding health through the body’s anatomy harkens back to 
the ancient study of “humors” or vital substances in the body, popularized by 
Galen, the Greek anatomist, physician/surgeon, and scholar in ad 129. The 
study of humors extended across both Eastern and Western medicine. Disease 
pathology was attributed to imbalances in the different humors.

In terms of brain localization of different functions, Franz Joseph Gall 
founded phrenology in the nineteenth century. He mapped different cognitive 
and emotional abilities to different areas of the brain represented by bumps 
on the skull. Distinct mental functions were assigned to specific brain regions, 
the importance of each function being correlated with the size of the respective 
brain region. Interestingly, Gall assigned the function of “comparative sagac-
ity,” analogous to wisdom, to an area in the front of the brain – correspond-
ing to the frontal cortex (Zola- Morgan, 1995). Phrenologists used the size and 
shape of people’s heads to draw associations between personality traits and 
brain regions, though contradictory findings were often minimized or ignored. 
Phrenology was later discredited and widely viewed as pseudoscience.

However, the concept of neuroanatomy correlating with brain function laid 
the groundwork for Korbinian Brodmann’s work, published in 1909 (Finger, 
1994). Brodmann was a German neurologist who created functional neuroan-
atomical maps, derived from his animal studies. He systematically stimulated 
or ablated specific brain regions and studied the impact on function. The 52 
Brodmann areas of the cerebral cortex are associated with distinct functions. 
While the motoric or sensory effects of stimulating certain areas can be dis-
cerned easily from animal studies, the areas responsible for wisdom or its com-
ponents are far more difficult to pinpoint directly.

One way of postulating neurobiology of wisdom is to study “experiments of 
nature” in which focal lesions in the brain, due to trauma or disease, result in loss 
of behaviors that characterize wisdom or components of wisdom, e.g., increased 
impulsivity, dysregulated mood, or irrational behaviors. The most famous case is 
that of Phineas Gage, a construction foreman in Vermont in the late nineteenth 
century, who suffered an unusual injury at a job site when an iron rod penetrated 
his skull. The rod passed through Gage’s left frontal lobe while leaving the rest 
of his brain relatively unaffected (Haas, 2001; Koenigs et al., 2007). Due to the 
specificity of his lesion, Gage did not lose consciousness, retained his speech and 
motor abilities, and lived for another 12 years. Gage’s lesion specifically caused 
a distinct change in personality from a disciplined, shrewd, and virtuous per-
son to a profane, impulsive, and intemperate person. Other case studies, includ-
ing a “modern- day Phineas Gage” case who suffered a traumatic brain injury 
(Adolphs, Tranel, Damasio, & Damasio, 1994; Cato, Delis, Abildskov, & Bigler, 
2004), have also reported evidence of localized brain damage in the prefrontal 
cortex or limbic striatum causing specific behavioral and psychological changes 
that indicate a loss of multiple components of wisdom, such as prosocial behav-
iors, emotional regulation, and self- reflection, sometimes resulting in a decline in 
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social and behavioral functioning. Clinically, frontotemporal dementia or FTD 
(a relatively common form of dementia that usually appears in the fifth decade of 
life and is characterized by personality changes rather than memory loss, at least 
in the early stages) and frontal lobe tumors target the frontal cortex and result in 
drastic personality changes that include impulsivity, poor social awareness, dis-
inhibition, and apathy. The prefrontal cortex (PFC) is uniquely human and has 
important roles in executive function. Associated with the PFC, the insula has a 
wide variety of roles from bodily homeostatic functions to emotional regulation. 
The hippocampus is associated with memory, which is critical to being wise, and 
the amygdala governs emotion and emotionally-linked memories. The ability to 
link specific brain regions to wisdom’s components can expand our potential 
understanding of how to preserve and enhance wisdom. Table 4.1 lists some of 
the regions of the brain and their abbreviations.

The neuroanatomical evidence of wisdom’s components is based partly on func-
tional magnetic resonance imaging (fMRI) and positron emission tomography 
(PET) studies that map the areas of increased brain activity during or in response 
to a task (e.g., making decisions, identifying ambiguity) or emotional state. While 
not directly causational, these studies identify brain regions that are closely asso-
ciated with specific components of wisdom. Such studies have several limitations 
such as individual heterogeneity in brain structure and function, exclusion of sub-
jects in whom such scanning is contraindicated (e.g., persons with a pacemaker) as 
well as the ability of laboratory- based tasks to mimic real- life situations.

Neurobiology of Components of Wisdom

Prosocial Attitudes and Behaviors

Prosocial attitudes and behaviors (i.e., empathy, compassion, social cooperation, 
altruism, warmth, and a sense of fairness) promote the well- being of society over 
individual self- interest (Sternberg 1990). Prosocial behaviors are moderately (about 

Table 4.1 Abbreviations used for specific brain regions

Abbreviation Brain Region

ACC Anterior cingulate cortex

DLPFC Dorsolateral prefrontal cortex

MPFC Medial prefrontal cortex

OFC Orbitofrontal cortex

PCC Posterior cingulate cortex

PFC Prefrontal cortex
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50–60 %) heritable (Hur & Rushton, 2007; Rushton, 2004; Rushton, Fulker, Neale, 
Nias,  & Eysenck, 1986). Dopamine receptor variants are associated with self- 
reported selflessness (Bachner- Melman et al., 2005) and socially desirable responses 
(Reeves et  al., 2007). Monoamine oxidase inhibitor type- A polymorphisms are 
associated with antisocial personality features (Young et al., 2006), and dietary 
tryptophan depletion (which lowers serotonin within the body) has been reported 
to result in decreased social cooperation (Wood, Rilling, Sanfey, Bhagwagar, & 
Rogers, 2006). Repeated sequences in the vasopressin receptor gene are associated 
with increased altruistic behavior (Knafo et al., 2008), while polymorphisms in the 
oxytocin receptor gene are associated with autism (Jacob et al., 2007).

The medial prefrontal cortex (MPFC) has a prominent role in prosocial atti-
tudes and behaviors. “Theory of mind” tasks which assess how an individual 
understands the mental states and emotions of others are associated with acti-
vation in the MPFC and posterior superior temporal sulcus (Brunet, Sarfati, 
Hardy- Baylé, & Decety, 2000; Fletcher, 1995). The MPFC’s role in empathy has 
been observed consistently in studies of shared emotional experiences (Seitz 
et al., 2008) and empathic social judgments (Farrow et al., 2001) and in a meta- 
analysis of 80 imaging studies (Seitz, Nickel, & Azari, 2006). The MPFC is also 
activated in social cooperation fMRI tasks (de Quervain, 2004; Decety, Jackson, 
Sommerville, Chaminade, & Meltzoff, 2004; Rilling et al., 2002; Singer, Kiebel, 
Winston, Dolan, & Frith, 2004).

Activated in emotional responses, the amygdala also has a prominent role in 
prosocial behaviors. Sociopathic individuals have decreased amygdala responses 
when being uncooperative during social cooperation tasks (Rilling et al., 2007). 
The aversive amygdala response may encourage social cooperation in persons 
with low level of sociopathy.

As part of the central reward circuit, the nucleus accumbens and ventral 
striatum are also involved in prosocial behaviors. These brain regions are acti-
vated in social cooperation activities where pursuit of one’s own self- interest 
results in a worse outcome than a socially cooperative approach (de Quervain, 
2004; Decety et al., 2004; Rilling et al., 2002; Singer et al., 2004). Similarly, the 
reward circuitry is activated with altruistic acts (de Quervain, 2004; Harbaugh, 
Mayr, & Burghart, 2007). The superior temporal sulcus and inferior parietal 
lobe are important for differentiating one’s own emotions from those of others 
(Lawrence et al., 2006).

Social Decision- Making and Pragmatic Knowledge of Life

Social decision- making and pragmatic knowledge of life refer to the ability to 
give good advice and extend to social reasoning and decision- making. In stud-
ies of autism and schizophrenia, both dopamine and serotonin play important 
roles in social cognition and the ability to mentalize or understand someone’s 
mental state that is driving their behavior (Green et al., 2008).

Prefrontal cortical regions are crucial in decision- making. Specifically, the 
dorsolateral prefrontal cortex (DLPFC) is activated (Ernst  & Paulus, 2005) 
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when choosing delayed rewards (McClure, 2004) and activity is decreased when 
making risky decisions. Increased medial prefrontal cortex (MPFC) activity is 
associated with the ability to recognize a moral dilemma (Robertson et al., 2007) 
and with personal moral reasoning tasks (Greene, 2001). The orbitofrontal cor-
tex (OFC) is also important in delayed- reward decision- making. Lesions in the 
OFC increase impulsivity and a bias toward immediate rewards (Berlin, 2004). 
OFC activity is decreased in risky decision- making (Eshel, Nelson, Blair, Pine, & 
Ernst, 2007). Limbic regions are activated in decision- making (Ernst & Paulus, 
2005), especially in choosing immediate rewards (McClure, 2004). Interactions 
between the PFC and limbic region are involved in contemplation about the 
choices.

The anterior cingulate cortex (ACC) is activated in utilitarian- based moral 
decision- making (when one’s personal morals may have to be violated for the 
sake of the common good) (Greene, Nystrom, Engell, Darley, & Cohen, 2004). 
Decreased activity in the dorsal ACC is associated with risky decision- making 
(Eshel et al., 2007). Similarly, activity in the posterior cingulate cortex (PCC) 
and posterior superior temporal sulcus is associated with increased moral sen-
sitivity or the ability to recognize a moral dilemma (Robertson et  al., 2007). 
Personal moral reasoning tasks increase activity in the PCC and angular gyrus 
(J. D. Greene, 2001).

Emotional Homeostasis or Regulation

Emotional homeostasis refers to the ability to regulate affect by inhibiting 
prolonged negative emotions and maintaining self- control. Emotional home-
ostasis and social decision- making share the component of impulse control. 
Impulsivity has a moderate heritability of 45% (Pedersen, Plomin, McClearn, & 
Friberg, 1988; Seroczynski, Bergeman, & Coccaro, 1999) and has been shown in 
studies of attention-deficit/hyperactivity disorder (ADHD) to be modulated by 
dopaminergic pathways. Polymorphisms in dopamine receptor D4, dopamine 
transporter, and catechol-O-methyltransferase (COMT) genes are linked to 
increased risk of ADHD and impulsivity (Cornish et al., 2005; Eisenberg et al., 
1999; Faraone, Doyle, Mick, & Biederman, 2001). Certain COMT genotypes 
are associated with increased amygdala/hippocampus/prefrontal cortex (PFC) 
activity in response to emotionally provocative stimuli (Drabant et al., 2006). 
Serotonergic pathways are also associated with impulsivity. Polymorphisms in 
the serotonin receptor (Nomura  & Nomura, 2006) and monoamine oxidase 
genes (Meyer- Lindenberg et  al., 2006; Passamonti et  al., 2006) are linked to 
increased impulsivity. Serotonin also modulates the amygdala response. Specific 
alleles of tryptophan hydroxylase (Canli, Congdon, Gutknecht, Constable, & 
Lesch, 2005; Gutknecht et al., 2007; Herrmann et al., 2006) and serotonin trans-
porters (Canli, Omura, et al., 2005; Canli et al., 2006; Caspi et al., 2005; David, 
2005; Hariri, 2002; Hariri et al., 2005; Heinz et al., 2004) are associated with 
amygdala activity as well as its functional connectivity with the anterior cingu-
late cortex (ACC) (Pezawas et al., 2005).
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As with the other components, the PFC has a major role in emotional 
homeostasis. The lateral PFC has a role in impulse control, both in retain-
ing the overarching social goal in the working memory (Congdon  & Canli, 
2005) and inhibiting inappropriate responses (Congdon  & Canli, 2005). The 
lateral, medial, and orbitofrontal regions of the PFC are all involved in the 
reappraisal of emotion, dampening amygdala activity in response to negative 
emotional experiences (Cooney, Joormann, Atlas, Eugène,  & Gotlib, 2007; 
Goldin, McRae, Ramel, & Gross, 2008; Kim & Hamann, 2007; Ochsner, Bunge, 
Gross, & Gabrieli, 2002; Phan et al., 2005). The ventrolateral PFC is involved in 
“unintentional self- regulation” or the labeling of negative emotions with words 
(Hariri, Bookheimer,  & Mazziotta, 2000; Lieberman et  al., 2007). The PFC 
plays a role in regulating positive emotions as well (Kim & Hamann, 2007).

The inferior frontal gyrus and dorsal anterior cingulate cortex (ACC) are also 
involved in impulse control. The inferior frontal gyrus is activated in behavioral 
inhibition tasks (Horn, Dolan, Elliott, Deakin, & Woodruff, 2003). The dor-
sal ACC has a role in recognizing the conflict between instinctual emotional 
response and more reasonable social goal, allowing the individual to inhibit his 
or her personal impulses for the common good (Congdon & Canli, 2005).

Reflection and Self-Understanding

The reflection and self- understanding component involves the individual’s 
introspection, insight, intuition, self- knowledge, and self- awareness. As a part 
of the “default mode” network, the PFC has an important role in “resting” brain 
activities, including autobiographical reminiscence, self- referential thought, 
and inner speech (Uddin, Iacoboni, Lange,  & Keenan, 2007). Specifically, 
the medial PFC is activated by reflection on one’s own experiences (Fossati 
et al., 2003) as well as by autobiographical memories (Gilboa, 2004). This self- 
preoccupation could become ruminative and pathological, as in depression or 
obsessive thinking, and is moderated by the lateral PFC, which is involved in 
non- autobiographical episodic memory (Gilboa, 2004; Samson, Apperly,  & 
Humphreys, 2007).

Value Relativism and Tolerance

Value relativism and tolerance refer to a non judgmental stance and accept-
ance of  other value systems. The existing literature stems mostly from stud-
ies of  racial and ethnic prejudices, assessing the control of  “automatic” 
prejudicial responses using similar neurocircuitry as impulse control. The 
dorsal ACC first detects undesirable attitude and then triggers the lateral 
PFC to inhibit that attitude and deactivate the amygdala (Amodio et  al., 
2004; Cunningham et al., 2004). However, value relativism and tolerance are 
likely more complex than automatic prejudicial responses. The lateral PFC 
has also been shown to have an important role in “theory of  mind” stud-
ies. Lesions in the lateral PFC affect individuals’ ability to stop focusing on  
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their own experience and consider another person’s state of mind (Samson et al., 
2007; Samson, Apperly, Kathirgamanathan, & Humphreys, 2005). Without the 
lateral PFC, individuals may assume others share their viewpoint and cannot 
acknowledge alternative perspectives (Lieberman, 2007).

Acknowledgment of and Dealing Effectively 
with Uncertainty and Ambiguity

Similar to social decision- making, making decisions when significant ambigu-
ity is present involves the DLPFC and dorsal anterior cingulate cortex (dorsal 
ACC) as well. The DLPFC and dorsal ACC are activated during such decisions, 
requiring analytical executive function (Krain, Wilson, Arbuckle, Castellanos, & 
Milham, 2006; Zelazo & Müller, 2002). The insula and parietal areas are also 
activated. In contrast, affectively charged executive function (utilized in risk- 
based decision- making) activates the MPFC, OFC, caudate and rostral ACC.

Spirituality

Spirituality is generally defined more broadly than religiosity, and its definitions 
vary to some extent. According to one definition, spirituality refers to the under-
standing of answers to ultimate questions about life, meaning, and relationships 
with the sacred or transcendent as well as sacred or transcendental experiences 
and how those underlie one’s attitude or approach toward life (Blazer, 2012; 
Blazer, 2009; George, Kinghorn, Koenig, Gammon,  & Blazer, 2013; Koenig, 
2015; Newberg, 2014). While there is some overlap between wisdom and spirit-
uality, wisdom incorporates several unique dimensions that are typically not 
included in definitions of spirituality – e.g., rich knowledge of life, pragmatic 
decision- making, recognizing limits of one’s knowledge, acceptance of uncer-
tainty in life, value relativism, self- reflection, emotional regulation, openness 
to new experiences, or sense of humor (Ardelt, 2003; Clayton & Birren, 1980).

Self-transcendence has been reported to be associated with low serotonin 
transporter (SERT) availability in the caudal raphe nuclei and median raphe 
nuclei in the brainstem (Kim et al., 2015), though the findings regarding the 
association between spirituality and serotonin 1A receptor are mixed (Borg, 
Andree, Soderstrom, & Farde, 2003; Karlsson, Hirvonen, Salminen, & Hietala, 
2011).

The literature highlights the fronto-parietal-temporal network as under-
lying spiritual experiences. In particular, increased activity in the prefrontal 
regions is associated with prayer experiences (Newberg, Pourdehnad, Alavi, & 
d’Aquili, 2003) and meditation practices (Newberg, 2014). The default mode 
network circuitry, including the medial PFC and PCC, are important for self- 
referential processing, and activity is often decreased with loss of self- awareness, 
transcendental or mystical experiences (van Elk & Aleman, 2017). Decreased 
default mode network activity is associated with hallucinogen- induced self- 
transcendental experiences, such as with psilocybin (van Elk & Aleman, 2017).
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 Neurobiology of  Wisdom 77

Crucial for spatial and body processing, the parietal lobe has also been asso-
ciated with spirituality. Higher cortical thickness in bilateral parietal regions is 
associated with increased importance of religion or spirituality, independent of 
familial risk for major depression (Miller et al., 2014). Increased excitability in 
the right inferior parietal lobe, induced through intermittent theta burst stimu-
lation, decreases implicit religiousness/spirituality (Crescentini, Di Bucchianico, 
Fabbro, & Urgesi, 2015), while inhibition of inferior parietal lobe activity via 
transcranial magnetic stimulation resulted in increased religiousness/spirituality  
(Crescentini, Aglioti, Fabbro, & Urgesi, 2014). Head injuries affecting the pari-
etal lobe are associated with feelings of self- transcendence (Urgesi, Aglioti, 
Skrap, & Fabbro, 2010) and decreased activation of superior parietal lobes and 
temporo- parietal junction are associated with meditative practices in monks (A. 
Newberg et  al., 2001). Studies in nuns (Beauregard  & Paquette, 2006, 2008) 
and long- term meditators (Brefczynski- Lewis, Lutz, Schaefer, Levinson,  & 
Davidson, 2007) show increased bilateral parietal activation, possibly related to 
parietal lobe involvement in attention.

Temporal lobe pathology (including seizures, brain tumors, and stroke) are 
associated with spiritual experiences or alterations in religious beliefs (Newberg, 
2014). Temporal lobe epilepsy is associated with hyperreligiosity and religious 
conversions (Bear, 1979; Bear & Fedio, 1977). Disturbed temporal lobe activ-
ity, as seen in schizophrenia, epilepsy, and right temporal atrophy, are associ-
ated with religious visions (Chan et al., 2009; Horga, Schatz, Abi- Dargham, & 
Peterson, 2014).

Other brain regions, including the hippocampus and occipito-temporo- 
parietal cortex are also regions of interest in spirituality. In older adults, greater 
hippocampal atrophy was associated with reporting impactful religious expe-
riences, with religious affiliation, and identification as “born- again Christian” 
(Owen, Hayward, Koenig, Steffens,  & Payne, 2011) while in another study, 
greater orbitofrontal cortex atrophy was observed in persons who partici-
pated more frequently in public religious worship (Hayward, Owen, Koenig, 
Steffens, & Payne, 2011). However, these studies specifically focused on religious 
factors – including public and private religious worship, group membership, and 
born- again status, while spirituality includes sacred or self- transcendent expe-
riences outside the realm of organized religions. Removal of high- grade and 
low- grade gliomas in the occipito-temporo-parietal cortex was associated with 
increased self- transcendence (Urgesi et al., 2010).

Putative Neurocircuitry of Wisdom

It is clear that the prefrontal cortex has a major role in the wisdom 
neurocircuitry (Figure 4.1). The lateral PFC is activated when making analyt-
ical, utilitarian choices, such as in life knowledge, decision- making, emotional 
regulation, value relativism, and processing ambiguity. The lateral PFC has 
important inhibitory effects on the amygdala and ventral striatum (which are 
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 Neurobiology of  Wisdom 79

associated with emotionality and immediate reward dependence). The lateral 
PFC works in concert with the dorsal ACC (important in detecting conflicts 
such as undesirable attitudes), as well as the OFC and medial PFC. On the other 
hand, the medial PFC and reward neurocircuitry feature prominently in the 
emotion- laden wisdom components, such as prosocial behaviors (e.g., empathy 
and compassion), as well as in the component of self- reflection. The ventrome-
dial PFC has important roles in emotional regulation and compassion, and is 
thus a critical facilitator of wisdom.

Limitations of Proposed Neurobiology of Wisdom

This proposed neurobiological model of wisdom presented here is 
based on an exploratory analysis of the published literature. Wisdom is a com-
plex multidimensional trait that involves many different neurocircuits and brain 
regions, likely beyond our current understanding of neuroanatomical function-
ing. The literature itself  has a number of limitations: varying definitions of the 
wisdom components, not explicitly purporting to measure wisdom, discordance 
between experimental tasks and real- world situations, some studies using small 
sample sizes, and varied neuroanatomical definitions. The research literature 
continues to evolve with improving technological approaches and increasing 
understanding of the biological processes underlying complex human traits.

Wisdom and Aging

Despite the conventional wisdom that wisdom increases with age, this 
relationship has not been established in the published empirical research stud-
ies (Baltes et al., 1995; Smith & Baltes, 1997; Staudinger & Baltes, 1996). Yet a 
number of abilities have been shown to be at a higher level in older compared 
to younger adults (Carstensen, Mikels, & Mather, 2006) including emotional 
regulation (Brassen, Gamer, Peters, Gluth,  & Buchel, 2012; Mara Mather  & 
Carstensen, 2005), tendency toward favoring positive emotions (Kennedy, 
Mather, & Carstensen, 2004; Mather et al., 2004), experience- based decision- 
making and conflict- resolution (Grossmann et  al., 2010; Worthy, Gorlick, 
Pacheco, Schnyer,  & Maddox, 2011), pro- social behaviors such as empathy 
and compassion (Beadle, Sheehan, Dahlben,  & Gutchess, 2015), subjective 
emotional well- being (Carstensen et  al., 2011; Helmuth, 2003), self- reflection 
or insight (Brassen et al., 2012), and ability to maintain positive relationships 
(Birditt, Fingerman,  & Almeida, 2005; Birditt, Jackey,  & Antonucci, 2009). 
Overall, the neurocircuitry of wisdom seems to rely on a balance between the 
newest and oldest parts of the brain, namely, the PFC and limbic striatum, 
respectively (Meeks & Jeste, 2009).
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80 ellen e. lee and dilip v. jeste

Recent studies have examined how an aging brain could actually enable an 
increase in the abilities associated with wisdom. In adults who are active physi-
cally, cognitively, and socially, researchers have found significant brain changes. 
To compensate for aging processes in the brain that result in a loss of synapses 
and neurons, more neuronal networks are involved in performing a mental 
activity in older than in younger adults (Bangen et al., 2012). This compensa-
tion may also involve an enhanced ability to recruit alternate brain networks as 
needed and more efficient utilization of the same brain networks (Eyler, Sherzai, 
Kaup,  & Jeste, 2011; Stern, 2002; Stern et  al., 2000). Larger structures and 
stronger connections within the prefrontal cortex and medial temporal lobes 
have been found to be associated significantly with successful cognitive aging 
(Kaup, Mirzakhanian, Jeste, & Eyler, 2011), though it is not clear what leads to 
these structural changes.

One question is how this neuroplasticity of aging – i.e., continued develop-
ment of the brain in active older adults – relates to the specific brain regions 
involved in wisdom – i.e., prefrontal cortex and amygdala. Imaging studies in 
older adults have found some notable patterns of altered brain activity com-
pared to younger adults. Posterior Anterior Shift with Aging (PASA) describes 
decreased activity in the posterior regions and increased activity in the anterior 
brain regions (especially frontal and prefrontal cortex) in older adults (Davis, 
Dennis, Daselaar, Fleck, & Cabeza, 2008; Dennis & Cabeza, 2008). Hemispheric 
Asymmetry Reduction in OLDer adults (HAROLD) describes increased bilat-
eral activity and decreased lateralization in older adults, suggesting involvement 
of greater numbers of neuronal networks in both hemispheres (Cabeza, 2002). 
Formation of new synapses and even new neurons in specific brain regions, in 
response to physical and psychosocial stimulation (Gage, 2002), may also com-
pensate for age- related degenerative changes in the brain (Dennis, Hayes, et al., 
2008; Dennis, Kim, & Cabeza, 2008). Eight- week meditation training positively 
impacts connectivity between the default mode (resting state) network and other 
networks (Cotier, Zhang, & Lee, 2017). Individuals with long- term meditative 
practice have reduced age- related brain changes with increased gray matter in 
the ventromedial PFC, anterior cingulate cortex, insula, temporo- parietal junc-
tion and posterior cingulate cortex/precuneus (Chetelat et al., 2017). Another 
study suggested that long- term meditation results in 7.5 year “younger” brains 
compared with those of age- matched controls (Luders, Cherbuin,  & Gaser, 
2016). Six- week mindfulness interventions have been shown to significantly 
increase gray matter within the precuneus (Kurth, Luders, Wu, & Black, 2014). 
Memory enhancement training increases gray matter volume in the dorsal ante-
rior cingulate cortex and decreases choline- containing metabolites within the 
brain in older subjects, suggesting increased neuroplasticity (Yang et al., 2016). 
Older individuals have increased emotional positivity, as the aging amygdala 
becomes less responsive to stressful images and negative emotions on functional 
imaging studies (Mather et al., 2004; St. Jacques, Bessette- Symons, & Cabeza, 
2009), the dopaminergic activity in the reward circuitry is reduced (Dreher, 
Meyer- Lindenberg, Kohn, & Berman, 2008), and brain activation in response 
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to negative emotional stimuli, regret, and fear is decreased (Brassen et al., 2012). 
All these studies suggest that despite physiological brain atrophy associated 
with normal aging, there is evidence of structural and functional adaptability 
and compensation in older brains specifically involving brain regions related to 
wisdom – i.e., the prefrontal cortex and amygdala.

Wisdom in aging humans may have an evolutionary value. While humans 
can now live to be into their 80s and beyond, fertility declines steeply in the fifth 
decade of life, especially in women. The evolutionary advantage of having older 
non- reproducing humans may be directly tied to greater wisdom in these indi-
viduals and their ability to directly confer survival advantages on their grand-
children as well as other youth. In fact, the “Grandma hypothesis” builds on the 
finding across species (humans, bottlenose dolphins, orca whales, and Seychelles 
warblers) that when grandparents are involved in raising grandchildren, those 
grandchildren live longer, are happier, and have more children than the grand-
parents did (Foster et  al., 2012; Lahdenpera, Lummaa, Helle, Tremblay,  & 
Russell, 2004; Richardson, Burke, & Komdeur, 2007). Specific variants of genes 
CD33 and APOE that are related to better immune function and decreased 
amyloid deposition in the heart and brain, respectively, are more common in 
humans than in chimpanzees (Schwarz et al., 2016). These “grandparent genes” 
may have evolved to delay cognitive decline in older individuals, thus preserving 
wise grandparents (Schwarz et al., 2016).

Next Steps

If  wisdom can be impaired by specifically localized brain damage or 
injury or disease, there may also be an opportunity to increase wisdom through 
better understanding of its neurobiology. Further research must define a valid 
wisdom phenotype for consistent use in studies, utilize objective measures of 
wisdom, study the developmental course of wisdom, examine wisdom in relation 
to aging and gender, study specific neuropsychiatric disorders (e.g., FTD) that 
affect wisdom, and assess the healthcare implications of wisdom. Prospective 
longitudinal studies of large samples of people across the lifespan using vali-
dated measures of wisdom are needed. Furthermore, development of interven-
tions to enhance wisdom is likely to have important individual and societal- level 
benefits. We found one pilot study of a psychosocial intervention to increase 
wisdom in the published literature (Daniels, Boehnlein,  & McCallion, 2015), 
though a number of studies have attempted to improve specific components 
of wisdom (most notably prosocial attitudes and emotional homeostasis). The 
effects of these behavioral interventions on brain biology have not been directly 
studied, though there is evidence that interventions like meditative practices can 
alter brain function and possibly even structure (Boccia, Piccardi, & Guariglia, 
2015; Fox et  al., 2014). Better understanding of wisdom’s neurobiology may 
enable future clinicians to selectively stimulate areas of the brain (e.g., with tran-
scranial magnetic stimulation or with deep brain stimulation), correct or modify 
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82 ellen e. lee and dilip v. jeste

gene expression, or design medications to improve components of wisdom in 
specific conditions, such as autism or FTD.

As with other complex psychological traits, wisdom is a product of interac-
tions of neurobiology with behavior and environment. Behaviors can trigger 
significant biological changes and vice versa. For example, mindfulness medita-
tion has been reported to increase telomerase activity, which is associated with 
improved health and longevity (Schutte  & Malouff, 2014), and also increase 
white matter connectivity (Laneri et al., 2015; Tang, Lu, Fan, Yang, & Posner, 
2012) as well as produce gray matter changes (Fox et al., 2016; Fox et al., 2014). 
On the other hand, environmental changes can influence neurobiology. Studies 
of stress and resilience have shown that exposure to early life stress is associated 
with specific epigenetic changes and structural effects on the hippocampus and 
amygdala (Feder, Nestler, & Charney, 2009; Russo, Murrough, Han, Charney, & 
Nestler, 2012). Maternal behaviors in rats (high- versus low- nurturing) influ-
ence gene expression within the offspring, shaping the offspring’s behavioral 
response to stress (Meaney & Szyf, 2005). Transcriptional changes within the 
reward neurocircuitry (ventral tegmental area and nucleus accumbens) have 
been proposed to underlie vulnerability and resilience to stress reactions within 
the brain (Feder et  al., 2009). Thus, this proposed neurobiological model of 
wisdom requires further examination in the context of behavioral and environ-
mental influences.
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