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Abstract: With the emergence of sodium-glucose cotransporter 2 inhibitors (SGLT2i), the treatment of type 2 diabetes mellitus 
(T2DM) has achieved a new milestone, of which the insulin-independent mechanism could produce weight loss, improve insulin 
resistance (IR) and exert other protective effects. Besides the well-acknowledged biochemical processes, the dysregulated balance 
between sympathetic and parasympathetic activity may play a significant role in IR and obesity. Weight loss caused by SGLT-2i could 
be achieved via activating the liver–brain–adipose neural axis in adipocytes. We previously demonstrated that SGLT-2 are widely 
expressed in central nervous system (CNS) tissues, and SGLT-2i could inhibit central areas associated with autonomic control through 
unidentified pathways, indicating that the role of the central sympathetic inhibition of SGLT-2i on blood pressure and weight loss. 
However, the exact pathway of SGLT2i related to these effects and to what extent it depends on the neural system are not fully 
understood. The evidence of how SGLT-2i interacts with the nervous system is worth exploring. Therefore, in this review, we will 
illustrate the potential neurological processes by which SGLT2i improves IR in skeletal muscle, liver, adipose tissue, and other insulin- 
target organs via the CNS and sympathetic nervous system/parasympathetic nervous system (SNS/PNS). 
Keywords: sodium-glucose cotransporter 2 inhibitors, central nervous system, autonomic nervous system, insulin resistance, weight loss

Introduction
T2DM is a metabolic condition characterized by chronic hyperglycemia and is considered to be one of the primary causes 
of mortality and morbidity.1 Obesity is a significant exogenous factor, and recent data suggest that patients with obesity 
are at high-risk not only for T2DM but also for its comorbidities.2 Both T2DM and obesity are associated with IR, as IR 
contributes majorly to the progression of T2DM. IR could be traced to higher levels of serum pro-inflammatory cytokines 
in obese who possess considerable visceral fat accumulation. The higher incidence of ischemic heart disease, arrhythmia, 
and sudden death reported in obese patients may be attributed to the long-term activation of the SNS by 
hyperinsulinemia.3 Ectopic fat deposition, including visceral fat, skeletal muscle, liver, pancreas, and other organs, has 
been shown to contribute to T2DM by inducing liver and peripheral IR and progressive β-cell function decline.4

Sodium-glucose cotransporter-2 inhibitor (SGLT-2i) is a novel family of medications used to treat T2DM by 
inhibiting SGLT-2 in the renal proximal tubules, which is responsible for 90% of renal glucose reabsorption.5 

According to the physical and chemical properties, SGLT-2i is lipid-soluble drugs with low molecular weight, indicating 
its ability to cross the blood–brain barrier.6 This mechanism depends on the level of blood sugar and has nothing to do 
with the effect and availability of insulin. The increase in urine glucose caused by SGLT2I is accompanied by osmotic 
diuresis and a decrease in blood pressure.7 In the cardiovascular outcome trial (CVOTS), SGLT2i has been shown to 
reduce major adverse cardiovascular events (MACE) and heart failure hospitalization, and is associated with slow 
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progression of kidney disease and reduced incidence of renal end points, and these effects appear to be independent of 
hypoglycemic effects.8,9 In addition to the anti-diabetic effects, weight loss has also been observed in patients receiving 
SGLT-2i therapy.10,11 Clinical research has proved the profound weight-loss advantage of SGLT2i compared with other 
traditional oral antidiabetic drugs (OADs), as both randomized controlled trials (RCT) and real-world studies have shown 
that individuals treated with SGLT2i could lose 1–3 kg of mean body weight.11–13 However, in both human and animal 
research, this effect appears to be far less than predicted, and the underlying mechanisms remain unclear. On the other 
hand, according to previous reports, SGLT2i could ameliorate IR via numerous discrete mechanisms. Among the 
accumulating data from animal and human studies, increased central sympathetic activity may play a pivotal role in 
the aetiology and complications of diabetes and obesity (Table 1). In recent years, the autonomic nervous system has 
emerged as a unique potential regulator of metabolic homeostasis.14,15 However, the precise mechanism that underpins 
the connection between SGLT2i and the neurological system is yet to be determined.

The purpose of this review is to exhibit an overview of the mechanisms of weight loss and IR improvement by SGLT- 
2i. This review will focus on the putative role of the nervous system in inducing IR, with particular emphasis on how 
SGLT2i ameliorates IR via central/peripheral neural pathways such as CNS, SNS, PNS.

The Effect and Mechanism of Body Weight Reduction by SGLT2i
According to a review study, diabetic patients treated with SGLT2i may achieve an average weight loss ranged from 
−0.591 kg (95% confidence interval [CI] −0.663, −0.519) to −2.1 kg (95% CI −2.3, −2.0).16 In a meta-analysis, data 
suggested that SGLT2i led a significantly greater decrease in the body weight (WMD, −2.01 kg; 95% CI, −2.18 to 
−1.83 kg, P<0.001, in random-effects).17 In a retrospective cohort analysis in Canada, 1052 T2DM patients treated with 
dapagliflozin for monotherapy for 3 to 6 months have lost weight about 2.2± 3.1 kg (P < 0.01).10 Furthermore, in 
a randomized to double-blind study (N=50, 25 dapagliflozin + exenatide and 25 placebo; aged 18–70 years; body mass 
index 30–45kg/m2), dapagliflozin, in combination with GLP-1 receptor agonist exenatide, resulted in a mean body weight 
loss of 4.5 kg and 5.7 kg at 24 weeks (95% confidence interval [CI] −6.09, −2.88) and 52 weeks (95% confidence interval 
[CI] −8.63, −2.75), respectively (P<0.005).18 According to another prior study conducted in Japanese patients with type 2 
diabetes by a 24-week, ipragliflozin significantly decreased visceral and hepatic fat, along with body fat mass.19 In 
patients treated with SGLT2i displayed a tendency of weight loss in dose-dependent manner.20 Initial explanation for this 
effect with SGLT2i only relied on glycosuria, which results in energy deficit and water excretion via osmotic diuresis.21 

Intriguingly, according to this mechanism, weight loss is predicted to reach 10 kg per year, which exceeds what has been 
reported in clinical research.22,23 Although fluid loss may have a little impact on weight loss, an observational research 
on body adipose composition indicated that fat mass reduction would be primarily responsible for weight loss, as 
significant reduction was observed in visceral adipose tissue after 16 weeks’ treatment with ipragliflozin (110±33 to 101 

Table 1 Factors Induce Sympathetic Nervous System Overactivity and Insulin Resistance

Factors Proceeding of SNS 
Overactivity

Cause of IR By SNS 
Overactivity

Consequence

Overeating Thermogenesis↑→SNS↑ Blood flow↓→glucose 

uptake↓
IR

NPY SNS↑ IR

Visceral adiposity Leptin↑→leptin 
resistance→SNS↑

IR

Oxidative stress HPA axis↑→SNS↑ IR

Arterial stiffness Arterial baroreflex↓→arterial 

pressure↑→SNS↑
IR

Abbreviations: HPA axis, hypothalamus–pituitary–adrenal axis; SNS, sympathetic nervous system; IR, insulin resistance; NPY, 
neuropeptide Y; thermogenesis↑, thermogenesis increase; SNS↑, SNS activity increase; Leptin↑, leptin excretion increase; HPA 
axis, activity of HPA axis increase; →, induce; ↓, decrease.
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±36 cm2, p = 0.005).24 In addition, glycosuria caused by SGLT2i might result in a decrease in serum insulin levels, 
accompanied by an elevation in glucagon concentration and in the ratio of glucagon to insulin, which accelerates 
lipolysis and lipid oxidation.25 In addition, the activity of brown adipose tissue (BAT) has anti-obesity and anti-diabetic 
properties, and SGLT2i could increase the browning of white adipose tissue by acting on the polarized adipose tissue 
macrophage M2.26 Additionally, mitochondrial function is linked to fat catabolism. Following treatment with SGLT2i, 
the activity of mammalian target of rapamycin complex 1 (mTORC1) is suppressed with induced autophagy and 
lysosomal degradation, resulting in a transformation of mitochondrial morphology and an improvement in its 
function.27 Multiple studies have demonstrated that weight loss may be associated with decreased SNS and increased 
PNS response in addition to the established non-neural mechanism.28,29

An Overview of Non-Neural Mechanisms SGLT2i Improving IR in Obesity 
and T2DM
Retrospective Review of Proposed Peripheral Mechanisms of IR
Mechanisms for generation of IR are complicated, which have not been elucidated thoroughly to date. Compiled 
evidence suggests that mitochondrial dysfunction driven by T2DM or obesity may accelerate IR progression through 
increased production of reactive oxygen species (ROS) and decreased synthesis rate of ATP.30 Glucotoxicity produced by 
chronic hyperglycemia inhibits the function of islet cells and causes IR in liver, muscle, and fat tissue.31 The decreased 
activation of the IRS-1/PI3K/Akt signaling pathway targeted by insulin may contribute to the development of IR in 
skeletal muscle.32 Non-esterified fatty acids (NEFAs) generated by adipose tissue are one critical resource of IR, and 
increased NEFAs release has been reported in T2DM and obesity highly associated with IR.33 NEFAs play a major role 
in reducing insulin clearance, and reduced insulin clearance in the liver can result in chronic hyperinsulinemia, which in 
turn causes downregulation of insulin receptor and IR.34 In patients with obesity and T2DM, it is well recognized that 
fatty acids (FAs) play a crucial role in impairment of insulin sensitivity.35 FAs inhibit the genetic expression of insulin 
receptor, through inducing phosphorylation of protein kinase Cε (PKCε), giving rise to an attenuation of insulin 
sensitivity.36 Diacylglycerol (DAG) and ceramides were positively correlated with the severity of IR, as DAG and 
ceramides can affect the insulin-mediated signal pathway of liver and muscle glucose metabolism. Ceramide mediates IR 
by inhibiting the phosphorylation and activation of protein kinase B (PKB), while DAG accumulation stimulates the 
activation of PKCθ, the phosphorylation of insulin receptor substrate-1 (IRS-1), ultimately generating IR37,38 In addition, 
latent inflammation is another risk factor for IR in adipose tissue, where inflammation-induced oxidative stress severely 
affect insulin signal transmission.39,40 Macrophages are the main types of immune cells that cause islet inflammation in 
obesity and T2DM. In normal adipose tissue, macrophages account for only 10% of the total local cells, while the 
proportion can be as high as 50% in obese people. The subtype that is increased is pro-inflammatory M1 macrophages, 
which have been prove to be the main source of inflammatory factors in adipose tissue. The study shows that deletion of 
M1 macrophages in mice can significantly improve IR.41

Improvement of IR Associated with SGLT2i Treatment
IR improvement is clinically significant following SGLT2i treatment. Notably, it is acknowledged that SGLT2i can increase 
whole-body insulin sensitivity, regardless this effect in individuals with T2DM is still debatable.42 Muscle glycogen 
synthesis is the main route for glucose disposal in normal and patients with T2DM and obesity, and muscle glycogen 
synthesis deficiency is predominantly in the occurrence of IR. However, SGLT2i could not directly affect the glucose 
metabolism in skeletal muscle since SGLT2 is merely expressed on skeletal muscle.43,44 One plausible explanation suggests 
that SGLT2i may minimize glucotoxicity by eliminating excessive glucose from tissue fluid and circulation.45 In T2DM 
patients treated with dapagliflozin, fasting plasma glucose decreased significantly, and dapagliflozin-induced glucosuria 
enhanced muscle insulin sensitivity.46 In a hyperinsulinemic-normoglycemic clamp study, tofogliflozin significantly 
improved insulin sensitivity and peripheral glucose uptake in patients with T2DM, and these improvements were 
transparently associated with reduced body fat mass.47 In addition, emerging evidence suggests that SGLT2i could improve 
redox state and oxidative stress, thereby reducing oxidative damages to ameliorate IR, by regulating the activity of the 
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renin–angiotensin system (RAAS), down-regulating the pro-oxidant enzymes and enhancing mitochondrial function.48,49 

Increased liver IR is related to decreased AMP kinase (AMPK) phosphorylation and the production of TNF and IL6 in 
hepatic tissue.50 Evidence suggested that empagliflozin could up-regulate AMPK activation to lower lipid deposition and 
the levels of FAs, serum TGs, and cholesterol.51 Tofogliflozin boosted glucose uptake in skeletal muscle and lipolysis in 
adipose tissue, leading to weight loss and a reduction in IR in male mice treated with tofogliflozin.52 Similarly, O’Brien et al 
conducted a study demonstrating that the insulin sensitivity of skeletal muscle improved due to the decreased intracellular 
lipid content and increased lipid oxidation, as well as the enhancement of skeletal muscle. In another previous study, Zucker 
diabetic fatty rats treated with SGLT2i were able to restore normal levels of whole-body IR with better glucose utilization in 
the liver and enhanced insulin sensitivity in the muscle.53 There are also hypotheses that SGLT2i can improve insulin 
sensitivity by reducing inflammation. For instance, empagliflozin can lower the proportions of T cells and M1 macrophages 
and raise that of M2 macrophages in obese patients, hence decreasing inflammation and IR.54 Most importantly, the 
proposed mechanism indicated that the infiltration of Th1 and CD8+ T cells precedes the recruitment of M1-polarized 
macrophages, and the interaction between T cells and macrophages constitutes a maladaptive feedforward loop, which lead 
to adipose inflammation and IR55 (Figure 1).

Neural Pathways on Improvement of IR in Obesity and T2DM
It was proposed previously that overeating increases sympathetic activity in human, which can be measured with an 
increase in systemic norepinephrine spillover rate.56 Hyperinsulinemia caused by obesity produces long-term stimulation 
of the sympathetic nervous system and increased basal sympathetic activity has been reported and correlated with the 
degree of IR.57 Stina Lindmark et al demonstrated that the association between visceral adiposity and IR may be 
mediated in part by altered responsiveness of the sympathetic or parasympathetic activity.58 The link between the balance 
of sympathetic/parasympathetic activity and visceral abdominal fat suggest that large amounts of visceral fat may 
activate the sympathetic or suppress the PNS, which indicated the dysregulation of sympathetic/parasympathetic balance, 
and the outcome of IR.59 In addition, it is demonstrated that SGLT2i dapagliflozin may act on PVN, NTS, PAG and other 
nuclei, reducing the activity of SNS in organs such as kidney and heart to decrease the hypertension.60,61 SGLT-2 is 

Figure 1 The Summaries on referred non-neural pathways regarding the mechanism of SGLT2i in improving IR: 1. Glucotoxicity alleviation via increasing glycosuria, 2. 
Lipolysis increase and lipid content reduction, 3. Up-regulation of AMPK activity, 4. β-cell function improvement, 5. Oxidative stress mitigation, 6. Inflammation attenuation 
by reducing T cells and M1 macrophages accumulation. Up arrows: increase; down arrows: decrease.
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expressed in the CNS of rats, including the brain and the blood–brain barrier, according to a previous anatomic 
localization study.62 In a recent work, we proposed that SGLT2 is highly expressed in the brain, primarily on the 
microvessels of the blood–brain barrier (BBB), as well as in the amygdala, hypothalamus, periaqueductal gray (PAG) and 
dorsomedial medulla-nucleus of solitary tract (NTS).63 In this research, after intra-gavage administration of SGLT-2i, 
c-Fos expression was widespread throughout the autonomic nerve region, extending from the telencephalon to the caudal 
brainstem. Furthermore, SGLT-2i may act on the rostral ventrolateral medulla (RVLM) and affect the sympathetic 
outflow of sympathetic preganglionic neurons to the intermediolateral nucleus of spinal cord (IML), thereby promoting 
parasympathetic activity.

SGLT2i May Decrease Liver IR Through the Parasympathetic Nervous System (PNS) 
and Sympathetic Nervous System (SNS)
Individuals with IR, especially those associated with central obesity, displayed a slow sympathetic response to physio-
logical hyperinsulinemia, glucose consumption and changes in energy status. There is a great deal of evidence that the 
SNS is abnormally active in individuals with centripetal obesity and IR.64,65 Recently, the pathways such as the liver– 
brain–adipose axis, brain-liver circuit, gut-liver-kidney axis, and autonomic nervous system, have been proclaimed 
risingly in popularity. Numerous studies have demonstrated that circulating nutrients and peptides can affect food intake 
and alter hepatic glucose production via the vagus nerve efferent pathway in the dorsal motor nucleus of the vagus 
(DMV), which is the principal neural output of the parasympathetic nervous system (PNS).66 In addition, it has been 
suggested that attenuated parasympathetic activity may promote IR.67 The vagus nerve is thought to be a vital CNS 
communication pathway for regulating liver metabolism.68 Furthermore, insulin and leptin signals in the hypothalamic 
arcuate nucleus (ARC) can alter hepatic insulin sensitivity via the information transducted by vagus nerve.69 The glucose 
production and systemic insulin sensitivity are regulated via a circuit between the brain and liver.70 Liver glycogen 
depletion signals directly promote lipolysis in white adipose tissue by activating liver–brain–adipose neurocircuitry that 
is independent of blood glucose concentrations and insulin/glucagon levels.71

The ARC in hypothalamus is identified as one of the key sites where insulin increases sympathetic activity and 
sympathetic baroreflex.72 It is postulated that central hyperinsulinemia induced by overfeeding leads to a contradictory 
increase in the expression of neuropeptide Y (NPY) in the ARC, and then the activation of NPY neurons increases liver 
IR and endogenous glucose production by increasing sympathetic outflow to the liver.73 The action of NPY or agouti- 
related peptide (NPY/AgRP) neurons in the ARC mediates hepatic glucose production, inducing the IR of liver. For 
instance, intracerebroventricular injection of NPY in rats can acutely hinder the ability of insulin to inhibit glucose 
production by activating the sympathetic nerves which innervate the liver.74 Furthermore, resistin is a secreted protein 
produced by adipocytes, and studies show that central injection of resistin is related to the activation of neurons in ARC, 
paraventricular nucleus (PVN) and dorsomedial nucleus, increasing expression of NPY in hypothalamus, which impairs 
insulin sensitivity in liver.75 These results are in accord with previous reports showing that the ARC plays an important 
role in the control of the SNS. Intraventricular administration of SGLT2i can increase the expression of c-Fos in the 
PVN, ARC, and lateral hypothalamus nucleus (LH), elucidating that the excessive phagocytosis associated with SGLT2i 
increases food intake, at least in part via CNS.76 The ARC, PVN, and dorsomedial hypothalamic nucleus (DMH) all had 
their roles in glucose regulation. From the PVN and LHA, efferent projections synapse in the locus coeruleus (LC), 
which controls the SNS SGLT2i are supposed to activate the PVN of the hypothalamus, activating the parvocellular 
portion that could project to the brainstem to release factors, and regulate the autonomic neural efferent.77 Furthermore, it 
has been proposed that SGLT2i could down-regulate sympathetic activity as evidenced by decreases in markers of the 
SNS such as norepinephrine (NE) and NPY,78 which may be a pathway for SGLT2i to improve hepatic IR. In addition, 
activation of central melanocortin pathways enhances insulin sensitivity, and overexpression of pro-opiomelanocortin 
(POMC) attenuates IR.79 However, even though the mRNA levels of POMC and AgRP under treatment with an SGLT2i 
were observed significantly decreased and increased respectively, which is in contradict with the theory mentioned above, 
the glucose metabolism was observed to be improved, one possible explanation will be the compensatory response 
associated with glucose and energy deplete in SGLT-2i treatment.80 (Figure 2)
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SGLT2i May Improve the Adipose IR Through the Sympathetic Nervous System (SNS)
It is worth noting that adipose tissue is innervated only by sympathetic nerve, which makes it an important regulator of fat 
mobilization.81 Norepinephrine binds to β3 adrenergic receptors, stimulates hormone-sensitive lipase and promotes the 
decomposition of stored triglycerides into free fatty acids. Central sympathetic outflow directly stimulates lipolysis of 
adipocytes by binding to β-adrenergic receptors in white adipose tissue and activating cAMP-dependent pathways to 
translocate inactivated lipases, while activating α-adrenergic receptors will inhibit lipolysis.82 Dapagliflozin significantly 
inhibited the turnover of norepinephrine (NE) in brown adipose tissue and the expression of c-Fos in the raphe pallidus lateral 
nucleus (RRPA) of the thermogenic sympathetic premotor neurons, to regulate an interorgan neural network composed of 
common hepatic vagal branches and sympathetic nerves.83 These nuclei have been proposed by previous study in light of 
metabolic control and association with autonomic control. Canagliflozin increased sympathetic innervation and NE secretion 
in adipose tissue, via the cAMP-PKA signal pathway, consequently improving IR in mice fed a high-fat diet.84 SGLT2i 
induces the beiging of white adipose tissue by promoting sympathetic excitation in it, as well verified the existence of brain– 
adipose axis.85 In diet-induced obese mice, tofogliflozin activate liver–brain–adipose neurocircuitry by depleting hepatic 
glycogen, which leads to the activation of PKA (protein kinase A, thought to be an effector of the liver–brain–adipose axis that 
activates triglyceride lipase) in adipocytes and triggers fat decomposition in adipose tissue, leading to fat mass reduction and 
IR improvement.86 It is believed that a reduction in fat mass contributes to an improvement of IR.52,53 Therefore, it is plausible 
that SGLT2i activates the brain–adipose axis and induces fat mass loss, thereby ameliorating IR. (Figure 2)

SGLT2i Improve IR in Skeletal Muscle by Inhibiting SNS Directly and Indirectly
Skeletal muscle microvascular perfusion, hemodynamics and insulin permeability are the critical determinants of insulin 
action in skeletal muscle. The increase of sympathetic outflow to skeletal muscle plays an important role in glucose 
metabolism, mainly through the decrease in skeletal muscle blood flow.87 Chadderdon et al pointed out that in the early 

Figure 2 Scheme of the neural and metabolic mechanisms by which SGLT2i improves hepatic and adipose IR. SGLT2i triggers glycogen depletion signals in the liver, and liver 
may convey information to the CNS via the afferent vagus, activating efferent sympathetic nerves to adipose tissues, which promotes lipolysis leading to fat mass reduction. 
Meanwhile, activation of neurons in hypothalamus attenuates the glucose production and lipogenesis via efferent vagus to liver. SGLT2i could downregulate sympathetic 
activity innervating the liver by inhibiting expression of norepinephrine (NE) and NPY. SGLT2i activates the brain–adipose axis and induces fat mass loss. Both reduction of 
adipose tissue mass and hepatic glucose production could contribute to IR amelioration. Up arrows: increase; down arrows: decrease; (+): promote; (-): inhibit.
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stage of obesity induced by high-fat diet in rhesus macaques, increasing basal and glucose-mediated capillary blood 
volume through endothelium-derived vasodilators may be a compensatory mechanism of IR.88 The enhanced activation 
of renin–angiotensin–aldosterone system (RAAS) in obesity/T2DM further leads to vascular IR and endothelial 
dysfunction.89,90 Aldosterone promotes IR by increasing the expression of insulin-like growth factor-1 (IGF-1) receptor 
and hybridization with IRS-1, and mediating the phosphorylation of ERK1/2 in vascular smooth muscle cells stimulated 
by angiotensin II (Ang II).91 The expression of angiotensin type 1 (AT1R) in the kidney of Otsuka Long-Evans 
Tokushima Fatty (OLETF) rats was increased, while the expression of AT1R was down-regulated after treatment with 
dapagliflozin, thus inhibiting the activation of RAAS.92 Leptin-induced sympathetic outflow from skeletal muscle 
vasculature mediates skeletal muscle vasoconstriction, reducing glucose transport and uptake in muscle, while the 
impairment of glucose uptake by skeletal muscle is a hallmark of IR syndrome.93,94 Considering a previous study in 
which treatment with SGLT2i led to attenuation of circulating leptin secretion and actions, IR in skeletal muscle could be 
improved with SGLT2i combination effects of suppressing SNS and decreasing leptin levels95 (Figure 3).

Figure 3 Regulation of neural pathway to attenuate muscular IR. Overeating and secretion of leptin increase sympathetic activity that induce IR of liver and skeletal muscle, 
so does overexpression of NPY. SGLT2i downregulates SNS by decreasing leptin, norepinephrine (NE) and NYP. SGLT-2i affect the sympathetic outflow of sympathetic 
preganglionic neurons to the intermediolateral nucleus of spinal cord (IML), thereby promoting parasympathetic activity of liver to improve hepatic glucose regulation and 
insulin sensitivity. Also, SGLT2i improves IR via suppression of renal RAAS component expression such as AT1R. Whether or to what extent SGLT2i act on neurons in the 
brain directly require further exploration. Down arrow: decrease; (-): inhibit; (+): promote.
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Conclusion
In this review, we discuss the existing evidence for the mechanisms of SGLT2i improving insulin resistance and reducing 
body weight. There are many factors that cause IR, such as superabundant visceral fat, oxidative stress, accumulation of 
inflammatory factors, excessive activation of sympathetic nervous system and so on. The neural, hormonal and 
nutritional mechanisms involved furtherly complicate this situation. As reported in this review, there are two avenues 
of communication between the brain and other tissues: humoral factors and neuronal pathways, via which SGLT2i could 
improve the IR of peripheral tissues. Even though a large number of studies have shown that SGLT2i can improve insulin 
resistance and weight loss, the specific mechanism is not clear, especially the neuroendocrine mechanism. SGLT2i 
improves IR and induces weight loss via glucotoxicity alleviation, inflammation attenuation, β-cell function improve-
ment, lipid content reduction and oxidative stress mitigation. Of note, the activities of nervous system, including CNS, 
SNS, and PNS, play an important role in IR. Interestingly, SGLT2i activates efferent sympathetic nerves to adipose 
tissues and central efferent vagus nerve to liver via liver–brain–adipose axis, resulting in upregulation of lipolysis and 
reduction of hepatic glucose production, which attenuates IR. On top of that, through inhibiting activation of RAAS and 
excessive SNS, SGLT2i may improve muscle IR. Furthermore, it has been proposed that SGLT2i could downregulate 
sympathetic activity as evidenced by decreases in markers of the SNS such as norepinephrine (NE) and NPY. Overall, of 
potential major interest, a better understanding of the mechanisms linking SGLT2i and nervous system deserves further 
investigation.
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