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Psychiatry presents the highlights of the virtual consensus panel 
meeting “Dysregulation of Noradrenergic Activity: Its Role in 
Diagnosing and Treating Major Depressive Disorder, Schizophrenia, 
Agitation in Alzheimer’s Disease, and Posttraumatic Stress Disorder,” 
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When discussing neurotransmitters whose 
signaling plays an important role in psychiatric 
illnesses, serotonin and dopamine may 

be the first that come to mind. Although serotonin 
and dopamine have significant roles, the impact 
of norepinephrine signaling is often overlooked. A 
growing body of evidence suggests that hyperactivity 
of norepinephrine signaling is an underlying issue in 
psychiatric disorders; conversely, there is evidence to 
suggest that deficits in the noradrenergic system are just 
as significant. Hence, alterations in noradrenergic activity 
are better characterized as dysregulation rather than a 
reductive, outdated formulation of “too much” or “too 
little” activity. Therefore, symptoms such as agitation, 
irritability, hyperarousal, and insomnia could be treated 
by targeting the underlying pathophysiology related to 
noradrenergic dysregulation with targeted treatments.  In 
a recent consensus panel meeting, 5 experts reviewed the 
available evidence of altered noradrenergic activity and 
its potential role in some of the most common psychiatric 
disorders. This Academic Highlights article summarizes 
their discussion and presents the panel’s conclusions.

OVERVIEW OF NOREPINEPHRINE 
PATHWAYS AND MODULATION

Norepinephrine is a neurotransmitter that plays a 
significant role in the regulation of mood, level of arousal, 
cognition, aggression, and awareness via a complex 
signaling pathway beginning at the locus ceruleus (LC).1,2 
The LC is a bilateral nucleus positioned in the upper 
dorsolateral pontine tegmentum and is responsible for 
producing the majority of available norepinephrine 
in the brain. It is widely recognized as the primary 
noradrenergic nucleus in the central nervous system and 
serves as a central hub that sends signals to most of the 
brain. It receives and combines information from several 
centers responsible for sympathetic, parasympathetic, 
limbic, and cortical functions. Norepinephrine signaling 
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dopamine in the thalamus and hippocampus, which has 
a role in stress and cognitive functioning.4 The possibility 
of additional crosstalk between norepinephrine and other 
stress responses has been considered. For example, in 
people with depression, systems like insulin dysregulation 
can lead to fluctuations in weight and have been associated 
with worsening of depressive symptoms and suicidality.5 

As with all catecholamines, norepinephrine synthesis 
begins via an amino acid conversion. Phenylalanine is 
first converted to tyrosine by phenylalanine hydroxylase 
and then to dihydroxyphenylalanine (DOPA) by tyrosine 
hydroxylase. DOPA is then converted to dopamine 
by aromatic L-amino acid decarboxylase and finally 
to norepinephrine by dopamine beta-hydroxylase. 
Following synthesis, norepinephrine is stored in 
presynaptic vesicles before being released into the 
synaptic cleft via exocytosis. Norepinephrine may be 
removed from the synaptic space by the norepinephrine 
transporter, inactivated via the catabolic enzyme 
catechol-O-methyltransferase, or metabolized by 
monoamine oxidase. Under normal conditions, this 
collection of enzymes and receptors plays an important 
role in regulating the activity of norepinephrine by 
maintaining an appropriate balance of activity.6

As norepinephrine is released, it can bind to 9 alpha- 
and beta-noradrenergic receptor subtypes.3 The alpha-1 
receptor subtypes include alpha-1a, alpha-1b, and alpha-
1d; the alpha-2 receptor subtypes include alpha-2a, 
alpha-2b, and alpha-2c; and the beta receptor subtypes 
include beta-1, beta-2, and beta-3. The nomenclature 
for alpha-1 receptors skips alpha-1c, because receptors 
initially identified as alpha-1c were later discovered to 
be identical to alpha-1a receptors.6 The receptor type 
and location in the synapse, either presynaptically or 
postsynaptically, determine the signaling effect.7 Receptor 
subtype density is also variable within brain section, and 
the receptor’s physiologic effect is variable depending on 
its location in the brain. For example, alpha-2a receptors 
are the predominant subtype found in the prefrontal 
cortex (PFC). However, only small amounts of alpha-
2c receptors are found in the PFC.8 Alpha-1 receptor 
subtypes are expressed in the amygdala, hippocampus, 
cerebellum, cortex, hypothalamus, and midbrain.9 
Consistent with the distribution of alpha-2 receptors, 

pathways project widely from the LC to many regions 
of the brain, including the subcortical and dorsal areas 
and other neuromodulatory systems (Figure 1).1

Additionally, the LC is interconnected with 
other systems that modulate neural activity.3 While 
noradrenergic neurons constitute the most abundant 
cell population within the LC, GABAergic interneurons 
are also present and form synapses to provide inhibitory 
regulation of the activity of noradrenergic neurons. The 
receptor structure and expression exhibit significant 
heterogeneity, encompassing adrenergic, GABAergic, 
serotonergic, glutamatergic, µ-opioid, orexin, nicotinic 
acetylcholine, and cannabinoid receptors.4

Although the LC does not directly connect to nuclei that 
are extensively innervated by the dopaminergic system, 
it can nonetheless impact the distal transmission of 
dopamine. LC-tyrosine hydroxylase-positive fibers in the 
cortex, specifically the prefrontal, parietal, and occipital 
cortices, can release norepinephrine and dopamine, with 
the release being regulated by alpha-2 adrenoceptors. 
Activation of the LC also stimulates the release of 
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alpha-1a and alpha-1d receptors are predominantly 
expressed in the PFC; however, the specific location within 
the PFC has not been determined.8,10 Beta-1 and beta-
2 receptors are primarily located in the cerebral cortex 
and cerebellum and aid in sympathetic nerve activities, 
while beta-3 receptors are primarily located in brown 
adipose tissue and urinary detrusor muscle and have less 
of a role in regulating norepinephrine signaling.11,12

Alpha and beta receptor subtypes located 
postsynaptically can have either a stimulatory or an 
inhibitory signaling response, whereas presynaptic 
receptors exert an inhibitory response by slowing the 
signaling of norepinephrine into the synaptic space. 
Postsynaptic alpha-1, beta-1, and beta-2 receptors have 
stimulatory effects; postsynaptic alpha-1 receptors 

increase the production and signaling of phospholipase 
C, whereas postsynaptic beta-1 and beta-2 receptors 
increase the production and signaling of cyclic adenosine 
monophosphate (cAMP). These receptors typically 
interact with Gq proteins, leading to the activation of 
phospholipase C and phosphatidyl inositol intracellular 
signaling pathways. This activation then triggers 
the release of intracellular calcium through inositol 
1,4,5-triphosphate (IP3) and the activation of protein 
kinase C (PKC), ultimately producing an excitatory 
cellular effect.8,10 Conversely, postsynaptic alpha-2 
receptor subtypes decrease the activity of intracellular 
cAMP by inhibiting specific adenylyl cyclase isoforms, 
preventing the previously mentioned activation of IP3 and 
PKC. Presynaptic alpha-2 receptor subtypes and beta-2 

Figure 1. 
Overview of the Actions of Norepinephrine in Neural Synapsesa

aReprinted from Maletic et al.6

Abbreviations: AADC=aromatic L-amino acid decarboxylase, cAMP=cyclic adenosine monophosphate, COMT=catechol-O-methyltransferase, DA=dopamine, 
DA β-H=dopamine β-hydroxylase, DHPG=dihydroxyphenylglycol, DOPA=3,4-dihydroxyphenylalanine, MAO=monoamine oxidase, MHPG=3-methoxy-
4-hydroxyphenylglycol, NE=norepinephrine, NET=NE transporter, NM=normetanephrine, PHL=phenylalanine, PHL-H=phenylalanine hydroxylase, 
PLC=phospholipase C, TYR=tyrosine, TYR-H=tyrosine hydroxylase.
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receptors decrease the release of norepinephrine into 
the synaptic cleft via autoreceptor feedback activity.6

Increasing levels of cAMP in the hippocampus 
allows for improvements in long-term memory, but, 
conversely, increased cAMP signaling in the PFC has 
shown impairments in working memory and performance. 
The upregulation of cAMP production has a vital role in 
initiating a wide range of cellular responses, such as protein 
kinase A (PKA), also known as cAMP-dependent protein 
kinase, cyclic nucleotide-gated channels, or exchange 
protein activated by cAMP.13 Activated PKA is responsible 
for adding phosphate groups to various substances 
found in the cytoplasm and nucleus and ultimately plays 
an important role in facilitating neuronal plasticity.13 
The regulation of cAMP is thought to be impaired in 
psychiatric disorders like schizophrenia, posttraumatic 
stress disorder (PTSD), and major depressive disorder 
(MDD). Decreased cAMP activity in the hippocampus is 
thought to be directly associated with worse fear memory 
regulation in people with PTSD, as well as worse anxiety 
and depressive symptoms in people with schizophrenia 
and MDD.14–16 Additionally, increases in phospholipase C 
have been shown to aid in the cellular process of regulating 
learning and memory in coordination with cAMP.17

Norepinephrine has the highest affinity for alpha-2 
receptor subtypes, intermediate binding affinity for alpha-1 
receptor subtypes, and the lowest binding affinity for beta 
receptor subtypes.6,8 Lower levels of norepinephrine will 
favor inhibitory signaling effects due to the high affinity 
for alpha-2 receptors. Because alpha-2 receptors on both 
sides of the synapse will be activated with lower levels of 
norepinephrine activity, presynaptic alpha-2 receptors 
create an additional inhibitory effect by decreasing the 
release of norepinephrine into the synaptic cleft. The rate 
and timing at which the LC releases norepinephrine, the 
receptor subtype, and the location to which norepinephrine 
binds significantly impact an individual’s symptom 
presentation. Delayed release of norepinephrine to the 
PFC is directly related to one’s degree of working memory 
and is potentiated by the alpha-2 receptor.6 When 
norepinephrine binds to postsynaptic alpha-2 receptors, 
this allows for improved PFC and hippocampal function, 
such as working memory and executive functioning.3 

It is important to note the impact of receptor 
downregulation and upregulation on norepinephrine 
dysregulation. In the absence of norepinephrine, 
upregulation of both alpha-1 and beta receptors has 
been observed in hippocampal tissue. Conversely, 
downregulation of alpha-1 and beta receptors occurs in 
the setting of an abundance of norepinephrine activity.18 
Up- and downregulation of alpha-2 receptors occur linearly 
relative to the severity and duration of psychosocial stress; 
upregulation of alpha-2 receptors occurs as the duration 
and severity of stress increases, and downregulation 
occurs as stress begins to decrease. This effect is more 
pronounced for the alpha-2a subtype compared to others.19 

Postsynaptic alpha-1 receptors tend to become 
activated under stress responses when there is increased 
norepinephrine released into the synaptic space. Their 
activation is related to increased neuronal activity in 
the somatosensory cortex.3 Due to having the lowest 
binding affinity, postsynaptic beta-1 receptor subtypes are 
activated when there is increased norepinephrine release. 
When activated, typically under a stress response as well, 
they support the engagement of sensorimotor cortices, 
allowing for increased information processing. Under 
normal conditions, the activation of alpha-2 receptors 
maintains a homeostatic balance of norepinephrine 
signaling. During a stress response, activation of 
alpha-1 receptor subtypes and beta-1 receptors allows 
for increased sensory and information processing.3 
If norepinephrine activity is increased, it could mean 
overactivation of excitatory alpha-1 and beta-1 receptors, 
causing a state of hyperarousal, or overactivation of 
alpha-2 receptors, causing a state of hypoarousal. 

While at the receptor level, signaling responses are 
described as inhibitory or stimulatory, and the resulting 
behavioral effect depends on the type of receptors inhibited 
or stimulated. During periods of calm wakefulness, 
inhibitory signaling of the postsynaptic alpha-2 receptor 
leads to enhanced rational cognitive functioning at modest 
concentrations of norepinephrine. During stressful 
situations, higher concentrations of norepinephrine 
stimulate alpha-1 receptors, producing the behavioral 
changes of the fight-or-flight response, such as heightened 
arousal, wakefulness, increased attention to novel stimuli, 
and impaired rational working memory. Additionally, 
higher concentrations of norepinephrine lead to increased 
peripheral sympathetic nervous system noradrenergic 
signaling, causing physical symptoms of increased 
blood pressure, elevated heart rate, and sweating.20

The panel discussed the pharmacology of noradrenergic 
dysregulation and the importance of norepinephrine as a 
neurotransmitter target. The panelists offered the analogy 
of “a tale of two cities”: the problem with norepinephrine in 
psychiatric disorders is not hyperarousal alone, but, rather, 
is also hypoarousal and the coexistence of both hyper- 
and hypoarousal at the same time. There can be rapid 
fluctuation, or oscillation, of the norepinephrine tone. This 
may seem paradoxical when compared to nonpsychiatric 
disorders like diabetes, in which a person cannot be both 
hyperglycemic and hypoglycemic at the same time. 

The panel highlighted that coexisting neurotransmitter 
dysregulation in opposite directions is present in 
conditions such as schizophrenia, in which it is 
well understood that there can be hyperactivity 
of dopamine signaling in the limbic pathway and 
hypofunction in the mesocortical pathway.3 Comparing 
this phenomenon in schizophrenia dopaminergic 
signaling may help the understanding of how hyper- 
and hypoarousal due to norepinephrine signaling 
oscillation can coexist in other conditions.
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Panel Consensus Statement #1 
Norepinephrine is an important, albeit underappreciated, 
neurotransmitter with a diverse array of tasks in normal 
physiological functioning. Dysregulation of the norepinephrine 
system’s functioning in both the hypo- and hyperfunctionality 
domains gives rise to numerous manifestations of psychiatric 
pathology. Norepinephrine has a large number of receptors 
at its disposal, and today’s clinician should appreciate their 
diverse roles in modulating norepinephrine functioning.

HYPO- AND HYPERACTIVITY SYMPTOMS 
RELATED TO NOREPINEPHRINE 
DISTURBANCE

Symptoms from impaired norepinephrine activity 
stem from both hypo- and hyperactivity. A patient’s level 
of arousal may be directly correlated to the level of their 
norepinephrine activity. Table 1 highlights symptoms of 
overactive and underactive norepinephrine signaling. 
Overactive norepinephrine signaling may lead to increased 
sympathetic activity, anhedonia, hyperarousal, insomnia, 
anxiety, panic, agitation and irritability, fear or paranoia, 
hypervigilance, distractibility, memory impairment, 
emotional instability, and aggression. Overactive signaling 
can also present as the physical symptoms of the fight-or-
flight response, including increased blood pressure, heart 
rate, and sweating. In contrast, hypoactive norepinephrine 
signaling may lead to decreased sympathetic activity, 
hypoarousal, poor concentration, hypersomnia, fatigue, 
lassitude, decreased energy, cognitive slowing, and 
apathy.21 Little to no activity leads to a rested state 
with minimal working memory, whereas increased 
activity leads to a hyperarousal state associated with 
uncontrollable stress and hypervigilance (Figure 2).22 

The panel highlighted the importance of avoiding 
binary thinking when approaching the assessment of 
symptoms related to hyperaroused and hypoaroused states. 
Traditionally, assessments and treatments have focused 
on either decreasing or increasing norepinephrine activity, 
which could result in treatment failure because of the 
potential coexistence of hyperaroused and hypoaroused 
states in many psychiatric conditions. Because the LC 

influences norepinephrine release throughout the brain 
via tonic and phasic firing, norepinephrine activity can 
be distributed differently in each neuronal body. 

A baseline level of arousal is a normal physiologic 
homeostatic set point. In response to a stressor, one’s 
level of arousal may adapt and increase. However, if the 
adaptation is chronic, it can result in a dysregulation of 
arousal that manifests as psychopathological presentations, 
as seen in those with attention and anxiety disorders. 
The tonic, or baseline, firing rate of LC-norepinephrine 
neurons must be maintained in a specific range of 1 to 3 
Hz to support the phasic firing of these neurons.25 Tonic 
discharge tends to be higher during periods of stress 
and agitation, moderate during active wakefulness, and 
lower during drowsiness or sleep. Phasic firing occurs 
in short bursts at frequencies between 10 to 15 Hz in 
response to salient stimuli or spontaneously.26 In normal 
physiology, these two patterns of neuronal activity 
work together to enable balanced levels of attention. 
Individuals with hypoarousal experience reduced activity 
in the LC-norepinephrine system, leading to decreased 
cortical arousal and impaired attentional performance. 
Individuals with hyperarousal, such as those with anxiety 
disorders, experience heightened activity in the LC-
norepinephrine system, leading to increased alertness 
in the brain and reduced ability to focus attention.25

Tonic noradrenergic activity is at its peak level during 
an active and alert waking state. It gradually drops as 
the arousal level falls, from quiet waking to a drowsy 
state and finally to slow-wave sleep. During REM sleep, 
these neurons are entirely inactive. Phasic activation 
of the noradrenergic system reaches higher activity 
levels in response to specific environmental cues. This 
activation can enhance acute behavioral reactivity to 
incoming stimuli. Unlike the relationship between tonic 
noradrenergic activity and arousal, phasic noradrenergic 
activity is most likely to have widespread acute modulatory 
effects in response to stress and is strongly activated 
by various acute stressors. The activation may also be 
for a brief amount of time or for an extended period of 
time, depending on the nature of the stressful stimuli. 
Additionally, during these situations, the activation of 
norepinephrine due to stress increases the reflex responses 
of the sensorimotor system.21 While certain responses 

Table 1. 
Symptoms Caused by Impaired Norepinephrine Activitya

Central noradrenergic activity Overactive Underactive
Sympathetic activity Increase Decrease
Arousal level Hyperarousal Hypoarousal
Sleep Insomnia Hypersomnia
Emotion Sensitive, anxious, instable → 

Agitation, fear, irritability, or aggression
Insensitive, sedated → 
Blunted affect, apathy

aAdapted with permission from Yamamoto et al.21
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can be regulated by inducing activity specific to the 
location and receptor, it is crucial to acknowledge that the 
noradrenergic system as a whole is activated in the setting 
of stress. The brain’s noradrenergic system has a unique 
anatomical organization, responds to various stimuli, 
and brings about overall changes in brain function during 
states of heightened alertness. Therefore, if there is an 
imbalance in norepinephrine signaling, it could potentially 
contribute to the characteristic symptoms of anxiety 
disorders and depression. Additionally, changes in brain 
function in heightened alertness states from pharmacologic 
treatment could potentially aid in treating these conditions 
if they restore balanced norepinephrine activity.27  

The panel emphasized the relationship between tonic 
and phasic control of norepinephrine signaling, and that 
both are negatively impacted in the majority of psychiatric 
disorders. Additionally, the overlapping symptoms seen 
in hyperaroused and hypoaroused states are also related 
to impairments in both tonic and phasic firing. The 
panel also discussed the importance of clinicians being 
mindful of the transdiagnostic symptoms that altered 
norepinephrine activity may cause when approaching the 
treatment and management of MDD, PTSD, Alzheimer’s 
disease (AD), and schizophrenia. Additionally, there 
should be a focus on patients who have not responded to 
serotonergic interventions, such as those with anxiety, 
anhedonia, irritability, and ruminative behavior. 

Norepinephrine and MDD
Major depressive disorder is known to have a complex 

etiology involving biological, genetic, environmental, 
and psychological components and commonly presents 
with symptoms of irritability, agitation, anxiety, mood, 
anhedonia, fatigue, somatic symptoms, pain, and 
rumination of negative thoughts. Previously, MDD was 
thought to be due to irregularities in neurotransmitters, 
particularly serotonin, norepinephrine, and dopamine. 
However, recent hypotheses suggest that it is 
predominantly linked to more intricate neuroregulatory 
systems and neuronal circuits, resulting in subsequent 

disruptions of neurotransmitter systems. The depressive 
effects of impaired norepinephrine signaling are well 
known, as serotonin-norepinephrine reuptake inhibitors 
(SNRIs) have been used in the treatment of MDD for 
many years.28 SNRIs increase norepinephrine signaling 
by inhibiting norepinephrine reuptake in the synaptic 
cleft, allowing for binding to stimulatory receptors.29 
However, data from the Sequenced Treatment 
Alternatives to Relieve Depression (STAR*D) trial 
showed that only a minority of patients with MDD will 
reach symptom remission with first-line therapies.30 

The panel emphasized that there is evidence of 
high and, conversely, low adrenergic signaling that 
contributes to depressive symptoms and that there 
may be subgroups of patients with norepinephrine 
dysregulation that need to be considered when selecting 
pharmacologic treatment. Additionally, for patients 
with treatment-resistant depression or patients who 
failed or had inadequate response to selective serotonin 
reuptake inhibitor (SSRI) treatment, it may be vital 
to target modulating norepinephrine activity as part 
of the treatment protocol. The SNRI venlafaxine has 
demonstrated significant improvements in anhedonia 
and amotivation symptoms in those with MDD.31 The US 
Food and Drug Administration (FDA) and the European 
Medicines Agency define treatment-resistant depression as 
the inability to respond to 2 or more antidepressant 
treatments, even when given at appropriate doses and for 
a sufficient duration, while also adhering to the prescribed 
treatment. However, the regulatory bodies acknowledge 
the imprecision of this concept and its similarity to 
definitions of “partial response” to antidepressant 
medication.32 These patients may present an opportunity 
to evaluate how impaired norepinephrine signaling may 
influence their symptoms. This is supported by the results 
of a meta-analysis evaluating the role of norepinephrine 
dysregulation in MDD and schizophrenia that identified 
norepinephrine as a possible treatment pathway for 
patients that require more personalized, targeted therapy, 
like those with treatment-resistant depression.6

Figure 2. 
Adrenoreceptors Can Modulate Symptoms Caused by Noradrenergic System Dysregulationa

aBased on Yamamoto et al,21 Moret and Briley,23 Arnsten et al,24 and Nutt.29 
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Norepinephrine and PTSD
Since the signs and symptoms of PTSD were codified 

in DSM-III, it has been hypothesized that distressing 
PTSD hyperarousal and intrusive symptoms, such 
as sleep disturbance, irritability, hypervigilance, and 
trauma content nightmares, reflect persistent and/or 
inappropriate excessive activation of the noradrenergically 
mediated components of the “fight or flight” response 
to environmental threat.33 Over the past 4 decades, 
multiple neurobiologic studies of the sympathetic 
nervous system (SNS) and central nervous system 
(CNS) noradrenergic systems have supported this 
hypothesis and have provided rationale for antiadrenergic 
pharmacotherapeutic approaches to PTSD.34

Studies addressing peripheral SNS noradrenergic 
signaling across multiple parameters are consistent with 
increased noradrenergic signaling in persons with PTSD 
compared to controls. These findings include increased 
alpha-amylase in saliva,35 increased NE in urine,36–38 and 
increased NE concentrations in plasma at rest and in 
response to trauma cues.39,40 Because the SNS and CNS 
systems are co-regulated, these elevated SNS noradrenergic 
signaling findings in PTSD likely also represent elevated 
CNS as well as SNS noradrenergic activation. More 
direct studies of the CNS noradrenergic system also 
are consistent with increased noradrenergic signaling. 
Measurements of NE concentrations in cerebrospinal 
fluid (CSF) in persons with PTSD demonstrate higher 
CSF NE concentrations at rest41 and trauma reminders.42 
Increased pupillary diameter, a correlate of CNS 
noradrenergic activation, has been demonstrated in 
PTSD.42 In a recent study using neuromelanin magnetic 
resonance imaging signal in the LC to provide an 
integrated measure of LC activity over time, this LC 
signal was elevated in military veterans with PTSD.43

The repeatedly demonstrated increased noradrenergic 
signaling in PTSD pathophysiology has provided rationale 
for an anti-adrenergic approach to pharmacotherapy. This 
approach has been facilitated by the clinical availability 
of drugs developed to treat hypertension by reducing 
noradrenergic signaling. The alpha-2 adrenergic (AR) 
agonist clonidine and the beta-AR antagonist propranolol 
appeared helpful for reducing PTSD symptoms in open-
label case series.44,45 Unfortunately, parallel-group 
randomized controlled trials (RCTs) for PTSD of the 
alpha-2 agonist guanfacine have been negative,46,47 and 
beta-AR antagonists have not been evaluated in parallel-
group RCTs and may actually increase nightmare intensity.

Drugs that antagonize CNS alpha-1 ARs, particularly the 
brain-penetrant alpha-1 AR antagonist prazosin, as well 
as the atypical antipsychotics, have been more successful. 
Prazosin has demonstrated efficacy for PTSD trauma 
nightmares and hyperarousal symptoms in most, but not 
all, parallel-group RCTs.48–51 The atypical antipsychotics 
quetiapine52 and brexpiprazole53 have demonstrated 
efficacy for reducing PTSD symptoms in RCTs.

Norepinephrine and Agitation in AD
Agitation manifested by irritability, anger outbursts, 

physical and/or verbal aggression, and pressured motor 
hyperactivity is a frequent distressing problem for persons 
with AD and their caregivers54 that is increasingly prevalent 
as dementia progresses. It is the most common precipitant 
of placement into long-term care.55 Although agitation in 
AD is phenomenologically suggestive of excessive CNS 
noradrenergic signaling, the loss of LC noradrenergic 
neurons in AD seems inconsistent with this hypothesis. 
This paradox has been resolved by demonstrations of 
compensatory upregulation of the CNS noradrenergic 
system in AD. Concentrations in CSF of NE and its 
metabolite 3-methoxy-4-hydroxyphenylglycol (MHPG) are 
elevated in advanced AD.56,57 AD postmortem brain tissue 
studies demonstrate upregulation of the LC neuronal ability 
to produce and secrete NE and increased expression of 
alpha-1 AR in LC projection areas.58–60 Increased behavioral 
sensitivity to CNS NE in living AD patients has also been 
demonstrated.61 In that study, increased CNS noradrenergic 
signaling stimulated by the alpha-2 AR antagonist 
yohimbine produced equivalently robust increases in CSF 
NE in AD and normal older comparison participants, 
but produced agitated behaviors only in the AD group.

The demonstrated increased CNS noradrenergic 
signaling contribution to agitation in AD provided impetus 
for trials of postsynaptic AR antagonists to treat agitation 
in AD. The beta-AR antagonist propranolol effectively 
reduced agitation compared to placebo in patients with 
AD, but adverse effects, particularly bradycardia, at 
doses necessary for reducing agitation over time were 
problematic.62 A trial of the alpha-1 AR antagonist prazosin 
for agitation in AD participants in long-term care was 
more successful,63 with substantial reduction of agitated 
behaviors in the prazosin vs placebo condition, and was 
well tolerated with careful dose titration to minimize 
orthostatic hypotension. Atypical antipsychotics with 
alpha-1 antagonist activity have been widely prescribed 
off-label to treat agitation in AD. Secondary analyses of 
earlier atypical antipsychotic RCTs for “psychosis in AD” as 
the primary outcome measure have demonstrated efficacy 
signals for agitation.64 Recent positive trials of the atypical 
antipsychotic brexpiprazole65 have led to the first FDA-
approved drug for the specific indication of agitation in AD.
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Norepinephrine and Schizophrenia
Schizophrenia is a highly debilitating mental condition 

marked by hallucinations and delusions, a lack of drive 
and emotional responsiveness, and cognitive impairments. 
Psychosis is the most recognizable symptom of 
schizophrenia, which is represented by positive symptoms 
that result in a detachment from reality. These symptoms 
include hallucinations, delusions, aggression, and 
disordered thinking. These symptoms are also frequently 
accompanied by negative symptoms such as diminished 
emotions, loss of motivation, lack of interest, rumination, 
insomnia, and disordered conduct. Although there may 
be differences in how the symptoms appear, the most 
frequent manifestation in schizophrenia is the presence 
of paranoid delusions and auditory hallucinations that 
typically begin in late adolescence or early adulthood, 
leading to a decline in overall quality of life. Additionally, 
negative symptoms of schizophrenia are interrelated with 
traditional manifestations of psychosis and influence 
one’s decline in quality of life as well.66 Traditionally, the 
causes of these symptoms have been thought to be due 
to impairments in the neuromodulation of dopamine, 
serotonin, and glutamate. However, impairments in 
norepinephrine activity may also play a significant 
role in schizophrenia pathophysiology, precipitating 
cognitive deficits, reducing motivation, and impacting 
arousal levels. Additionally, cognitive deficits are known 
to precede schizophrenia onset and predict worse 
outcomes the more significant the deficits become.3

The Positive and Negative Syndrome Scale (PANSS) 
is used to measure the severity of 7 positive syndromes, 
7 negative syndromes, and 16 general psychopathology 
symptoms for patients with schizophrenia. Some 
symptoms assessed by the PANSS may represent symptoms 
that can be attributed to altered norepinephrine signaling, 
such as anxiety, agitation, tension due to excessive 
anxiety or agitation, poor attention or awareness, and 
alterations in cognitive functioning. Additionally, altered 
norepinephrine activity may be related to the majority of 
positive and negative syndromes scored by the PANSS with 
a positive correlation. Positive symptoms are associated 
with increased cognitive excitement, grandiosity, 
hypervigilance, and hostility, which may correlate with 
increased norepinephrine activity. Conversely, negative 
symptoms are associated with emotional and social 
withdrawal, difficulty thinking, and blunted affect, which 
may be related to decreased norepinephrine activity. 

The review of the previously mentioned disorders 
highlights their similar presenting symptoms and 
the possible role altered norepinephrine activity 
may have in each one. To some degree, these 
symptoms can be graded and possibly attributed 
to either increased or decreased norepinephrine. 
It’s important for clinicians to be cognizant of the 
potential symptoms patients may experience that could 
be related to impaired norepinephrine activity. 

TRANSDIAGNOSTIC VARIABLES

Understanding the network hypothesis can help 
explain the underlying transdiagnostic neurobiological 
mechanism that links symptoms of norepinephrine 
dysregulation across these 4 disease states. Rather than 
seeking a traditional common root cause for a disease, 
the network hypothesis emphasizes identifying symptoms 
that cause other symptoms. Symptoms can be thought of 
as nodes that interact and connect with other nodes, thus 
creating a framework in which symptoms like delusion 
can connect to and create symptoms of paranoia.67,68 The 
network hypothesis provides a framework to evaluate 
patterns of connectivity and their dysfunctions between 
the default mode network (DMN), the central executive 
network (CEN), and the salience network (SN) which 
serve as the 3 core neurocognitive networks. The DMN 
is the primary network during times of cognitive leisure, 
the CEN is the primary network during times of cognitive 
exertion, such as times of focus and completing tasks, and 
the SN serves as a switch between the other two networks. 
Similar to norepinephrine dysregulation, dysfunctions 
in SN activity have been correlated to clinical disorders, 
including anxiety, MDD, insomnia, PTSD, schizophrenia, 
bipolar disorder, and neurodegenerative illnesses.69,70 

Additionally, LC activation of norepinephrine signaling 
is strongly correlated to network shifting to salience 
processing and may have a role in the network hypothesis 
as well. As shown in mouse models, LC activation rapidly 
interrupts current behavior and significantly increases 
brain-wide connectivity. This change is significantly 
associated with norepinephrine release and activation 
of alpha-1 and beta-1 receptors across the brain.71 Our 
current understanding of the network hypothesis, along 
with the LC’s regulation of norepinephrine, further 
highlights the transdiagnostic nature and shared 
symptomatology of many psychiatric disorders. 

The panel highlighted that trouble initiating sleep 
or staying asleep has significant potential to both be 
caused by and further contribute to the dysregulation 
of norepinephrine signaling and may appear in many 
psychiatric disorders. Additionally, it is important 
to know that hypervigilance, hyperarousal, sleep 
maintenance, REM sleep disruption, and the orexin 
system are all connected with norepinephrine regulation 
and that improving sleep quality and sleep hygiene 
in people with PTSD, MDD, schizophrenia, and AD 
can aid in balancing norepinephrine activity.

The panel emphasized the importance of clinicians 
recognizing the impact of symptoms related to impaired 
norepinephrine activity. Even though the DSM offers 
a clean division between these disorders, the data and 
neurobiological studies do not. Patients with psychiatric 
conditions may be recognized as having comorbidities, 
but, in reality, these comorbidities may have the same 
underlying neuropathology. Because clinicians cannot 
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measure levels of norepinephrine in their clinic patients, 
it is beneficial to assess a patient’s phenotypic information 
and how it relates to norepinephrine dysregulation. For 
example, a patient diagnosed with both MDD and PTSD 
may present with symptoms and meet the diagnostic 
criteria of each disorder, but one underlying pathology of 
norepinephrine dysregulation could be responsible for both 
conditions. Shared symptoms between MDD and PTSD 
related to norepinephrine dysregulation could include 
irritability, insomnia, agitation, anxiety, fatigue, and many 
others related to both hyperaroused and hypoaroused 
states. The panelists state that the noradrenergic 
receptors are a fulcrum that can be targeted with receptor-
specific medications, but the therapeutic payload is in 
the network. Utilizing a selective, targeted approach to 
pharmacologic treatments can improve patient care.

Panel Consensus Statement #2 
Norepinephrine dysfunction shows up in a transdiagnostic 
manner, spanning a variety of seemingly disparate symptoms in 
a single disorder. For example, norepinephrine may be involved 
in both the symptoms of fatigue and poor concentration in 
a patient afflicted with MDD. There is compelling reason to 
believe norepinephrine disruption is involved in multiple DSM 
disorders, including MDD, PTSD, schizophrenia, and agitation 
in AD, among others. It is important to not be monolithic in our 
conceptualization of the role of various neurotransmitters in 
these psychiatric pathologies, as norepinephrine is intimately 
connected to a variety of other neurotransmitters such 
as glutamate, GABA, serotonin, and dopamine.

THE ROLE OF NOREPINEPHRINE AS 
A COMMON TREATMENT TARGET 

Management of norepinephrine signaling alterations 
should focus on maintaining a balanced level of 
norepinephrine activity. Balancing norepinephrine 
activity can be accomplished by adjusting the extracellular 
availability of norepinephrine; however, it is possible to 
overcorrect and cause the reverse effect. Overcorrection of 
norepinephrine activity in either direction can reverse the 
symptoms. For example, overcorrection of hyperarousal 
can lead to hypoarousal and vice versa. Balancing 
norepinephrine activity can be accomplished by adjusting 
the availability of norepinephrine in the synaptic cleft, 
both with and without medications. Medications such as 
SNRIs are traditionally used to improve the availability 
of norepinephrine and increase activity. Increasing the 
amount of norepinephrine available in the synaptic 
cleft increases norepinephrine’s binding to postsynaptic 
alpha-2 receptors.6 Some evidence suggests targeting the 
noradrenergic system can successfully treat AD-related 
agitation with the use of atypical antidepressants.72 

Additionally, since sleep disruptions are a major source 
of increased norepinephrine activity, improving sleep 
hygiene can help balance norepinephrine activity.73 

As the panel discussed, the focus on modulating 
norepinephrine activity should be toward the center 
and requires an understanding of the extracellular 
availability of norepinephrine, the receptor localization 
both presynaptically and postsynaptically, and receptor 
affinity. Because of the varying receptor affinity 
discussed above, it can be confusing and counterintuitive 
for clinicians to be told to target the noradrenergic 
system for both anxious and agitated patients. 

Pharmacologic Modulation of 
Norepinephrine Activity

Pharmacologic management of norepinephrine 
activity is primarily approached with the use of SNRIs. 
SNRIs inhibit the presynaptic reuptake of serotonin and 
norepinephrine from the synaptic cleft.74 Inhibiting the 
reuptake of norepinephrine allows for increased signaling, 
which typically increases activity at the stimulatory 
receptor alpha-2. Based on receptor activity, SNRIs have 
efficacy in treating symptoms of decreased norepinephrine 
signaling, such as depressive symptoms, fatigue, and 
hypoarousal states. Other pharmacologic targets to be 
considered are beta-blockers and alpha-1 blockers that 
can cross the blood-brain barrier. These could potentially 
allow for some blockade of the stimulatory effects of 
norepinephrine signaling if their receptor affinity is high 
enough for postsynaptic alpha-1 and beta-1 receptors.75 
Additionally, noradrenergic atypical antipsychotics have 
demonstrated efficacy in decreasing symptoms related 
to increased norepinephrine activity in AD-related 
agitation via antagonist activity at alpha-1b and alpha-2c 
receptors. However, this is specific to broad-spectrum 
atypical antipsychotics that can affect norepinephrine 
modulation both presynaptically and postsynaptically.72 

The panel discussion highlighted the counterintuitive 
nature of targeting the noradrenergic system in patients 
with anxiety, agitation, or fatigue, as modulation of 
norepinephrine activity without targeted treatments may 
lead to overcorrection and create opposing symptoms. 
The focus should be on targeted treatments, identifying 
patients’ phenotypic symptoms, and the neurobiological 
evidence of the responsible receptors. However, it may 
be confusing or counterintuitive to try and target any 
system in a patient experiencing anxiety or agitation. 
The panel provides an analogy that only braking or 
accelerating will never make a car reach its safe location, 
but, rather, both a functioning brake and an accelerator 
mechanism are needed to function appropriately. Targeted 
treatments for conditions with underlying dysregulation 
of noradrenergic signaling would be able to affect both 
the “accelerating” and “braking” mechanisms in the 
neuronal system pharmacologically better to mimic 
the body’s homeostatic regulation of norepinephrine 
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firing. The most commonly used agents, including 
norepinephrine reuptake inhibitors, are too nonspecific, 
preventing norepinephrine reuptake everywhere and 
flooding the brain with norepinephrine. Conversely, some 
direct norepinephrine receptor modulators like prazosin, 
clonidine, and guanfacine, which target only the braking or 
the accelerating mechanisms, may be too narrow. As such, 
treatment goals should focus on the ability to modulate 
the symptoms created both by hypernoradrenergia 
and hyponoradrenergia safely and appropriately. 

Targeted, precision therapeutic options for 
norepinephrine modulation would be the ideal 
therapeutic choice if available. Clinicians should 
approach norepinephrine modulators wisely, as 
modulation may worsen symptoms if overcorrection 
occurs or if norepinephrine modulation is too broad 
pharmacologically. The panel agreed that, if done 
wisely, the use of norepinephrine modulators is 
recommended and stated, “Our focus should be on 
precision therapeutics in our treatment efforts rather 
than broad spectrum, nonspecific interventions.” 

Panel Consensus Statement #3
The norepinephrine system’s dysregulation is squarely at 
the center of a large number of psychiatric disorders and 
psychopathological symptoms. For decades, norepinephrine 
has been in the shadows, but recent research is bringing 
it center stage in our clinical conceptualization of various 
psychopathologies. Treatment of various disorders should 
consider norepinephrine modulation as one of the goals of 
treatment, while keeping in mind that simplistic conversations 
of decreasing or increasing norepinephrine levels are 
now scientifically antiquated. Instead, today’s clinician is 
called to think astutely and thoughtfully about the optimum 
modulation of norepinephrine functioning through a wise 
combination of pre- and post-synaptic receptor actions. 
The goal of treatment will always remain the minimization 
of side effects and maximization of clinical outcomes in 
the short and long run holistic treatment of patients.

CONCLUSIONS

As the panel emphasized, the focus on altered 
norepinephrine signaling involves 3 parts: the 
extracellular availability of norepinephrine, receptor 
localization both pre- and postsynaptically, and 
receptor affinity. Treatments focusing on maintaining 
a balance of norepinephrine activity are crucial since 
symptoms can develop at both high and low levels of 
activity because of the varying receptor affinity and 
activation at different levels of norepinephrine activity. 
Lastly, it is important to be aware of the nuanced role 
of norepinephrine activity in these disease states. 
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