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The salience network is functionally twice as large in depression: The first

depression biomarker?
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This commentary examines recent findings demonstrating that
individuals with depression exhibit a functionally expanded salience
network compared to non-depressed controls. Neuroimaging data
reveals this network expansion predates symptom onset and remains
stable regardless of symptom severity or treatment interventions.
The authors propose this distinctive neural signature as a potential
biomarker for depression risk, enabling earlier identification and
intervention. They discuss three potential mechanisms underlying
this expansion: compensatory network changes, genetic
predisposition, and relative expansion secondary to atrophy in other
brain regions. The commentary emphasizes the need to conceptualize
depression as a disorder of neural connectivity rather than isolated
neurotransmitter imbalances, with implications for developing
targeted therapeutic approaches.

Depression is a neuropsychiatric condition defined by persistent low
mood and the inability to experience pleasure, significantly impacting an
individual's overall well-being. Despite depression being one of the most
common contributors to the global disease burden and the leading cause
of health-related disability, the neurobiological mechanisms underlying
this disorder remain poorly understood from the perspective of neural
network systems (1, 2). While the roles of isolated brain areas and neu-
rotransmitters in depression have been relatively well explored, there re-
mains a lack of understanding of the functional interactions among these
systems and how these interactions evolve (1). Furthermore, the majority
of research to date has focused on cross-sectional data (1). As a result,
despite the burden on people’s lives, the economy, and the medical re-
sources that depression inflicts, its genesis and evolution over time at the
system level remain unclear. The absence of this information prevents the
understanding of depression and potential therapeutics from progressing
(1). This is where the recent Nature paper, Frontostriatal Salience Net-
work Expansion in Individuals with Depression by Lynch et al. makes a
significant contribution, shedding light on the functional connectivity of
neural networks in depression (1).

Lynch et al. used functional magnetic resonance imaging (fMRI) to
measure communication among brain areas by analyzing the synchronous
activity levels over multiple sessions over time (1, 3). Their results demon-
strated that, compared to those without a history of depression, nearly
every individual with a current or a history of depression illustrated a
salience network, which, by synchronous activity, was almost twice as
large as that of non-depressed controls (3). The salience network con-
sists of the fronto-insular cortex, the dorsal anterior cingulate cortex,
the amygdala, and the temporal poles (4). This network has been impli-
cated in reward processing and regulating the switch between the de-
fault mode network and the frontoparietal network depending on the
salience of stimuli and how the stimuli align with the internal goals of the
person (3, 5).

Lynch et al. question whether the topology of the salience network var-
ied with the severity of depression symptoms. Subsequently, they found
that quick-acting antidepressant treatment (repetitive transcranial mag-
netic stimulation [rTMS]), frequency of depressive episodes, and the
severity of their symptoms changed the topology of the salience network.
Lynch et al. concluded that the increased functional size of the salience
network was characteristic of individuals with depression but that it was
not indicative of the time course or severity of the disease. This led them
to speculate that the expansion of this network predated and stood as a
potential trait biomarker for depression as opposed to single-handedly
underlying or causing depression. To test this theory, they subsequently
analyzed the brains of children (between the ages of 9 and young adult-
hood) before the onset of depressive symptoms. They discovered that
children who ultimately went on to be diagnosed with depression had ex-
panded salience networks when compared with those who were not. Col-
lectively, these findings illustrate that the functional enlargement of the
salience network is a characteristic feature of brain network organization
among people predisposed to depression. Furthermore, this distinctive
feature predates the onset of symptoms of depression, is stable, and is
unaffected by fluctuations in depressive symptoms (1).

Lynch et al. propose two reasons for this expansion of the salience net-
work in those with depression. First, they comment that their findings are
consistent with multiple studies that indicate brain network topology dis-
tribution is a compensatory response based on use and that individuals
who go on to develop depression are those who have relatively increased
usage of this network (6, 7). Second, they postulate that there could be
a genetic predisposition to developing an enlarged salience network in
individuals who will go on to develop depression (1). Based on previous
research that has consistently found significant atrophy in the brains of
individuals with depression, we propose a third explanation (8). Specifi-
cally, we propose that the salience network could appear to be relatively
functionally expanded as a consequence of atrophy of other brain areas
that could also predate depressive symptoms (8, 9). While Lynch et al.
commented that the salience network may be enlarged to compensate
for the atrophied other areas where connections may not be as strong in
their first reason, we propose that perhaps the salience network is func-
tionally enlarged as a secondary consequence of normalization in other
areas of the individual's atrophied brain.

It is important to note that there are many similarities between the
regions implicated in atrophy in depression and the salience network,
including the insular cortex, anterior cingulate cortex, and sections of
the prefrontal cortex. However, the hippocampus and striatum are found
to be atrophied in individuals with depression and are not found in the
salience network (10). Furthermore, while some regions of the prefrontal
cortex have been associated with the salience network, atrophyis found to
be more widespread throughout the prefrontal cortex in individuals with
depression (10). The atrophy of these regions found outside the salience
network could account for the appearance of relative functional expan-
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sion of the salience network in the paper by Lynch et al.
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Regardless of the foundation of these findings, the topological dif-
ference in the salience exists, persists, and predates the onset of de-
pressive symptoms. This suggests that a functionally enlarged salience
network could be interpreted as a predictive depression biomarker. The
United States National Institute of Health defines a biomarker as a mea-
surable trait indicative of a normal process, a pathogenic one, or in re-
sponse to intervention (11). Biomarkers in psychiatry remain challenging
to characterize due to disorders' overlap and heterogeneous presentation
(11). However, despite the heterogeneous presentation of depression, the
salience network is observed to be consistently enlarged in those with de-
pression. Those findings suggest that there is potential for identifying in-
dividuals at risk of developing the disorder.

Depression remains a poorly predicted and diagnosed disorder despite
the significant burden it inflicts. By identifying those at risk of developing
the disorder earlier, more strenuous proactive monitoring and preventa-
tive measures could be brought to bear, and fewer individuals would fail
to receive a diagnosis and, ultimately, treatment. Symptoms of depression
have life-lasting physical, professional, and social consequences, partic-
ularly with the typical onset of depression falling synchronously with sig-
nificant life decisions in adolescence (12). By identifying individuals at
risk before they experience the full impact of depression, we can inter-
vene earlier, leading to lasting improvements in their quality of life. Fi-
nally, early detection has been proven to support remission in those with
depressive symptoms and decrease the likelihood of progression to treat-
ment resistance, ultimately lessening the likelihood of relapse, longer de-
pressive episodes, and shorter periods of remission (13, 14).

Additionally, it is important to consider the strong association be-
tween adverse life events and later life psychopathology (15). Adverse
life events are also associated with functional and morphological changes
in brain regions found in the salience network (16). This raises the ques-
tion as to whether the enlarged salience network and the increased risk
of depression associated with it, found by Lynch et al., are simply an ef-
fect of these adverse events. However, while previous work has illustrated
dysfunction in the salience network in a multitude of cognitive disorders
associated with adverse life events, the dysfunction of the salience net-
work presents on a spectrum of hypo and hyperactivity in varying psy-
chiatric disorders (5). Specifically, past work demonstrates hyperactivity
in the network in individuals with PTSD, a mix of hyper and hypoactivity
in anxiety, and hypoactivity in anorexia nervosa (17-19). Therefore, while
dysfunctional connectivity in the salience network presents in a majority
of individuals with psychiatric disorders strongly associated with adverse
life events, the exact dysfunctions appear to vary across multiple psychi-
atric presentations.

In addition to identifying individuals at risk for depression earlier,
these findings hold the potential to inform the development of depres-
sion therapeutics that target the reduction in functional connectivity in
the salience network. While Lynch et al. found that a larger salience net-
work was characteristic of individuals with depression but not indicative
of the time course or severity of the disease, it remains unclear if we can
modulate the network’s size with any therapeutics other than rTMS (as
rTMS was found to have no impact), and if so, how would this impact
the course of disease in individuals. There could be value in investigat-
ing the effects of other established and novel treatments for depression,
including antidepressants, exercise, diet, electroconvulsive therapy, ke-
tamine, and psychedelics, among others, as emerging studies have found
that all the above have been implicated in the central nervous system
plasticity (20-22). In particular, one day after psilocybin therapy, a sig-
nificant reduction in the default mode network (DMN) recruitment was
observed, with increased between-network integration between the DMN
and salience network (23). Specifically, longitudinal studies tracking how
the size of the salience network evolves with different treatment modal-
ities could provide transformative insights into whether external stimuli
can modify this network, the impact of these interventions on the network
at various stages of life, and if a reduction in the size of the salience net-
work impacts symptoms of depression. Ultimately, these insights could
lead to a more substantial understanding of how external factors alter the
salience network and if alterations in this network can lead to improved
symptoms of depression, thereby paving the way for the development of
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improved personalized treatments to mitigate the continued impact of
depression.

Depression is not a simple disease characterized by independently
functioning brain areas or isolated neurotransmitter imbalances. In-
stead, by record, it is a multifaceted condition with altered brain-wide
connectivity that cannot be comprehensively understood through these
fragmented lenses. Furthermore, should the identified expansion in the
salience network prove to be related to the likelihood of developing other
psychiatric disorders, it could be used as a potential biomarker for the de-
velopment of these disorders as well, improving outcomes for patients
with multiple psychiatric conditions. Future advances in the treatment
of depression must recognize that depression is a disease characterized
by altered connectivity across the brain versus taking a (too) low-level
e.g., 'reductionist’ approach. Only then will we make truly incremental
advances on addressing the burden of depression at the individual and
societal levels.
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