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Insulin resistance (IR) is a risk factor of type 2 diabetes and car-
diovascular diseases1. IR is a result of energy surplus often asso-
ciated with obesity, non-alcoholic fatty liver disease (NAFLD), and
aging2. Regarding the mechanism of insulin resistance, there are
several hypotheses3. However, these hypotheses do not cover the
role of nervous system in the mechanism3. A recent study pub-
lished in Cell Metabolism by Sakamoto et al.4 suggests that the
sympathetic nervous activity (SNA) plays a crucial role in energy
surplus-induced insulin resistance.

IR refers to a pathophysiological state where the body’s
response or sensitivity to insulin is below the physiological level.
In the IR conditions, insulin’s activity is reduced in the stimu-
lation of glucose uptake in muscles and adipose tissue, the ability
to suppress hepatic glucose output is decreased5. Insulin receptor
signaling is impaired in the classical theory of IR, while it does
not always accompany IR6. The role of SNA in IR is contro-
versial, as both increased and decreased SNA have been reported
in the literature. The new study found that SNA is increased by
energy surplus (nutrition surplus) for IR under challenge with
excess-energy, as inhibition of SNA in a transgenic mouse is able
to decrease parameters of IR including hyperglucagonemia,
adipose tissue dysfunction, and fatty liver disease in the mice4.
The study provides a set of new evidence regarding SNA in
insulin resistance.

The article reports the relationship between SNA and IR by
conducting investigation in three model systems. Firstly, excessive

activation of the sympathetic nervous system (SNS) was found as
a key mechanism leading to IR and metabolic disorders. A high-
fat diet (for generation of energy surplus) rapidly increased the
levels of norepinephrine (NE) in the plasma of mice, leading to
excessive elevation of SNA, and reducing the release of NE from
the SNS protected the mice from IR and hyperglycemia. Secondly,
lipolysis in adipose tissue (AT) was found as a key mechanism for
SNA induction of IR. Excessive activation of the SNS enhanced
the activation of hormone-sensitive lipase (HSL) in the white
adipose tissue (WAT), promoting lipolysis and resulting in
elevated level of plasma glycerol, which induced IR. However, IR
was significantly alleviated in adipose tissue-specific ATGL (ad-
ipose triglyceride lipase) knockout mice (which regulate lipolysis)
under the condition of energy surplus by high-fat diet (HFD).
Lastly, using an inducible and peripherally restricted tyrosine
hydroxylase (TH; THDper) knockout mouse model, they found
that SNA reduction by gene knockout improved glucose intoler-
ance from short-term and long-term HFD, and improved insulin
sensitivity in the liver and AT, while also reduced the risk of fatty
liver, inflammation, and adipose tissue fibrosis.

The nerve system regulates the whole body energy metabolism
through innervation of peripheral organs or tisuues7. The sympa-
thetic nervous releases NE in AT to act on NE receptors on adi-
pocytes, promoting thermogenesis and lipolysis, thereby
antagonizes insulin activity in to cause tissue IR. Sensory nerves
can transmit leptin signals from AT to the central nervous system8.
When leptin levels are high, the brain reduces appetite to limit
energy intake, thereby improving insulin sensitivity. In the gut,
SNS controls blood flow to the intestine to reduce the secretion of
digestive enzymes, which slows down the rate of food digestion
and glucose absorption, leading to a more gradual insulin secre-
tion and helping to maintain insulin sensitivity. Sensory nerves can
sense gut-derived glucagon-like peptide-1 (GLP-1) and transmit
satiety signals to the central nervous system, thus limiting food
intake. Reduced energy intake can improve insulin sensitivity.
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In the pancreas, sympathetic PVNOXT neurons directly regulate
insulin secretion. Activation of these neurons reduces insulin secre-
tion and leads to hyperglycemia, while the inhibition induces hy-
poglycemia9. Sensory TRPV1 neurons regulate pancreatic function
and systemic glucose homeostasis but intriguingly do not intervene
insulin sensitivity. In animal models of type 2 diabetes mellitus
(T2DM), such as db/dbmice, three-dimensional panoramic histology
revealed an increase in the density of pancreatic sympathetic
nerves10. Similarly, an increase in islet nerve density has also been
observed in the pancreas of T2DM patients, indicating that T2DM is
significantly associated with the remodeling of islet nerve input11.

In the liver, the metabolic functions are closely controlled by
the nervous system12. The SNS activate glycogenolysis and
gluconeogenesis through secretion of NE, which causes hepatic IR.
Sensory nerves, on the other hand, can recognize GLP-1 signal to
inhibit hepatic gluconeogenesis for improvement of insulin sensi-
tivity. Subdiaphragmatic vagotomy effectively deactivates vagal
nerve signals, inhibits VLDL biogenesis, increases lipid loss in
feces, and reduces circulating triglycerides (TG), thereby protect-
ing mice from HFD-induced hepatic steatosis and hyperlipid-
emia12. Yuki Oka and colleagues13 have used optogenetic and
chemogenetic approaches to precisely activate the CG-
SMGRXFP1 neuronal population, which projects to secretory or-
gans such as the liver and pancreas. This activation suppresses bile
secretion and stimulates glucagon release. These studies provide
more details by which the SNS modulates insulin sensitivity and
glucose metabolism through innervation of multiple organs.

In summary, the new study provides a set of convincing evi-
dence to support that SNA is induced by energy surplus in acute
manner and chronic manner. More importantly, SNA is opposite to
insulin activity leading to IR for induction of energy mobilization
and expenditure. Especially, SNA leads to systemic IR through
inhibition of the insulin activity in WAT raising glycerol levels in
the circulation. This activity is blocked in THDper mice following
inactivation of peripheral SNA by blocking neurotransmitter pro-
duction. The article has several limitations, mainly that the THDper
model used cannot assess the impact of SNA in specific organs,
and further research is needed to determine the roles of systemic
and tissue-specific SNA in obesity-related metabolic diseases. In
addition, the study was limited to male mice and did not address
gender differences and the impact of menopause. In the NE infu-
sion studies, NE levels were outside the physiological range, which
may affect the interpretation of the results. Therefore, future
research needs to employ more precise models and methods to gain
new insight into the SNS roles in obesity and metabolic diseases.
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