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COMMENT

Anxiety and hypertension in the COVID-19 era: how is the central
autonomic network linked?
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Fear and avoidance of trigger cues are common to many
anxiety disorders and resemble the arousal and avoidance
responses shown to conditioned fear cues [1]. Thus, a
common element of anxiety disorders might be an abnor-
mally elevated fear response. Coronavirus disease 2019
(COVID-19) is caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and is currently a
worldwide pandemic. In the general population during the
COVID-19 epidemic, up to half of UK adults were reported
to have increased anxiety, depression, or stress due to fear
of contracting SARS-CoV-2 [2]. Concomitant with
increased anxiety, poor sleep hygiene has also been high-
lighted during the COVID-19 pandemic [3].

The paper by Zhang et al. [4]. in this issue of the Journal
provides several new insights into the relationship between
anxiety and elevated blood pressure (BP) in the COVID-19
era. Hypertensive patients with an increased level of anxiety
showed higher morning systolic blood pressure (SBP) than
those without anxiety. In addition, significant between-
group differences were observed in SBP changes during the
outbreak and plateau periods. During the 1-year follow-up
period, patients with anxiety had a significantly increased
risk of cardiovascular events [4].

It has been speculated that a central autonomic network
(CAN) comprising the peri-aqueductal gray matter, para-
brachial nucleus, nucleus tractus solitarius, ventrolateral
medulla, hypothalamus, amygdala, and insular cortex (Ic)
regulates the human cardiovascular system and that the
network of these cortical regions is necessary to regulate the
CAN in response to emotional stress [5, 6]. The CAN
functions as an integral component of an internal regulation
system with which the brain controls the visceromotor and

neuroendocrine systems [5]. The involvement of a network
within the CAN consisting of the amygdala and Ic was
shown to be associated with the relationship between the
processing of emotional information and autonomic nervous
system responses [7]. Specifically, in a meta-analysis of
functional neuroimaging studies of anxiety, hyperactivation
in the amygdala and Ic was more frequently observed in
social anxiety disorder and specific phobia [8] (Fig. 1).

The amygdala forms the core of a neural system for pro-
cessing fearful and threatening stimuli, and acute emotional
stressors have been suggested to induce amygdala activation
in hypertension [9]. Several neuroimaging studies showed
that activation of the Ic is also involved in the processing of
negative emotions such as anger, fear, and anxiety [7]. When
an individual confronts a danger to fearful things, a combi-
nation of autonomic, behavioral, and cognitive responses
occurs for self-preservation. These features are shown to be
merged at the Ic, which fine-tunes behavioral responses to
match the level of expected danger for fearful things [10].

In spontaneously hypertensive rats, increased sympathetic
nervous system (SNS) activity was shown to be attributed to
alterations in the neurovascular unit in the Ic, leading to
changes in neurogenic BP elevation [11]. In contrast, Ic was
reported to store immune-related information using activity-
dependent cell labeling in mice [12]. Clinical studies
revealed that the damage involving the Ic is associated with
a nocturnal BP rise, cardiac overload, a higher plasma level
of catecholamine, and a poor prognosis [5].

In the Jichi Medical School ABPM Study Wave 2 Core,
left Ic atrophy had a significant correlation with the level of
brain natriuretic peptide, and right Ic atrophy had a sig-
nificant correlation with the level of noradrenaline [5]. In
addition, Ic atrophy was associated with disrupted diurnal
ambulatory BP rhythm [13]. Patients who had an ischemic
stroke involving the Ic more frequently showed a rise in
nocturnal BP, and they presented with higher nor-
epinephrine levels than patients without Ic-involved ische-
mia [14]. Thus, in elderly hypertensive patients during the
COVID-19 era, disruption of CAN, including Ic, might
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cause the predominant sympathovagal balance to increase
SNS activity, leading to higher morning BP, as reported by
Zhang et al. [4].

A study using experimental stroke models reported that
occlusion of the right middle cerebral artery resulted in
neurochemical derangements in the ipsilateral Ic and
amygdala, which led to an enhancement of sympathetic
outflow to the cardiovascular system, resulting in an
increase in synaptic norepinephrine levels [15]. Enhanced
sympathetic outflow could also occur as a result of emo-
tional stimulation, such as anxiety, which might induce
cardiovascular system changes similar to those observed in
acute cerebrovascular disease [5].

Close reciprocal anatomical functional connections
between the Ic and amygdala have been shown [15]. A
neuropeptide Y increase in the basolateral nucleus of the
amygdala as well as leucine-enkephalin, dynorphin, and
neurotensin increases in the central nucleus of the amygdala
were seen only when the ipsilateral Ic was lesioned [15].
The axonal transport of signals from the Ic to the amygdala
was critical in mediating the neuropeptide changes in the
amygdala seen after stroke [15]. Thus, the functional dis-
rupted coupling of the amygdalo-insular connection would
be an important consideration when investigating the
pathophysiology of anxiety-related BP elevation (Fig. 1).

Until now, there have been few reports assessing the
relationships of anxiety with elevated BP and unfavorable
outcomes in the COVID-19 era. In addition to strict BP
control, it might be important to minimize anxiety to pre-
vent further cardiovascular events. The data presented in the
study by Zhang et al. [4]. thus make an important con-
tribution, provided that they are considered within the
context of the precise pathophysiology underlying the

relationship between anxiety and elevated BP in the
COVID-19 era.
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Fig. 1 A possible pathway for the relationship between anxiety and
elevated blood pressure in the COVID-19 era. COVID-19 indicates
coronavirus disease 2019
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