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ABSTRACT

The dorsal anterior cingulate cortex (dACC) has been shown to be uniquely activated when people -
engage in envy. Similarly, dACC is the major component of a proposed édversity processing circuit that
predicts risks to prevent destructive behaviors and inhibit release of dopamine and serotonin, which
play asignificant role in skeletal health. A causal relationship may therefore exist between chronic envy
and the induction of lowered bone mineral density (BMD) as a result of dACC activation.

A significant body of research shows that depression may induce bone loss, which has resulted in calls
for it to be recognized as a contributing factor for lowered bone mineral density (BMD) and even the
more advanced condition of osteoporaosis. For example rodents subjected to chronic mild stress with
an experimentally established model of depressmn led researchers‘to conclude that depress:on induces
bone loss through stimulation of the sympathetic nervous system, associated with increases in skeletal
" norepinephrine and serum corticosterone levels (1).

~ This raises the intriguing question of whether other mood states may have a similar effect.
Statistically reliable assessment instruments — Dispésitional Envy Scale, Beck Depression Inventory, and
Center for Epidemiological Studies Depression Scale — consistently showed a significant correlation
between measures of envy and depression; p <,001 (2). €an envy play a role in the induction of bone
loss as weH?‘ The dorsal anterior cingulated cortex (dACC) has been shown to be uniquely activated

when humans exhibit envy (3). This “envy center” is also the warning generating component of a
proposed adversity processing circuit that evaluates and predicts risks to stop us from making
destructive choices. This circuit, along with dACC directly, may activate the lateral habenula (LHb) (4),
where afferent projections to the midbrain and brainstern inhibit, rather than excite, release of -

- dopamine and serotonin.

Dopamine’s role in bone health is largely unknown, but it may enhance bone regeneration by
affecting osteogenic gene expression (5), and it may have a role in calcium and phosphorous
metabolism. And serotonin increases, via brain-derived serotonin (BDS), bone mass accrual while
limiting bone resorption through the inhibition of sympathetic activity (6). This is significant because
with age the resorption rate exceeds the rate of replacement with new bone growth which may Iead to

osteoporosis.

There is no serotonergic innervation of bone, although osteocyteé and osteablastic cells can
synthesize serotonin and regulate its uptake in a functional serotonergic system (7). Disruption of the
gene that encodes the serotonin transporter protein (5-HTT or SERT) may cause osteopenia, just as
deletion of the dopamine transporter gene (DAT) caused impairment of skeletal mass, strength and
structural integrity in rodents (8). These neurotransmitter transporters rapidly return the substances to



presynapuc terminais, so their disruption or deietion can result in hyperserotonergia of
Hyperdopaminergia. Bones do not appear to tolerate excessive or insufficient amounts of
neurotransmitter activity well.

Researchers have recently found evidence for lowered BMD and decreased serotonergic synthesis in
the dorsal ranhe nucleus in htau micein a tauopathv model of Alzheimer’s disease (9). This very
serotonin-producing site is inhibited by LHb in the adversity processing aspect of the Vadovicovan models

Persons exhibiting chronic, debilitating envy may well be tempted to engage in risky and destructive
behaviors. The dACC would be activated by envy while stimulating the adversity processing center and
LHb into action, resdlting in inhibition of serotonin and dopamine release and an indirectly causal
relation between envy and reduced bone mass.. !rrespéctive of the merits or shortcomings of the model
proposed here, the role of envy and passibly other affective states in influencing skeletal health
warrants further investigation.
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