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Diabetic cardiovascular autonomic neuropathy 

(DCAN) is a common complication of diabetes mellitus, 
characterized by impairment of cardiovascular autonomic 
function, and the diagnosis can only be established after 
the exclusion of other possible etiologies [1 2]. DCAN 
exhibits an insidious onset, with clinical manifestations 
that progress gradually. In the early stage of the disease, it 
primarily presents with symptoms of autonomic 
dysfunction, including reduced heart rate variability 
(HRV), increased resting heart rate, and decreased exercise 
tolerance. As the disease advances, it may progressively 
develop into severe complications such as orthostatic 
hypotension and silent myocardial infarction, and may 
ultimately lead to sudden cardiac death. This series of 
pathophysiological alterations constitutes a significant 
mortality risk factor for patients with diabetes mellitus [3]. 

From the perspective of traditional Chinese medicine 
(TCM), DCAN is approached based on its etiology and 
pathogenesis, adhering to the preventive philosophy of 
"preventing disease before it occurs, preventing 
progression when it has already occurred, and preventing 
recurrence after recovery," with treatment administered 
according to syndrome differentiation following the 
pattern of syndrome evolution. Western medicine, on the 
other hand, primarily manages DCAN through glycemic 
control, neurotrophic support, and alleviation of 
cardiovascular clinical symptoms. The present article aims 
to analyze the pathogenesis and therapeutic advances of 
DCAN from both TCM and Western medicine 
perspectives, thereby providing an important theoretical 
basis for its clinical prevention and treatment. 

1 Understanding and Treatment of DCAN 
from the TCM Perspective 

1.1 TCM Understanding of the Etiology and 
Pathogenesis of DCAN 

In TCM, DCAN does not have a specific disease 
name; based on its clinical manifestations, it is classified 
under the category of "palpitations" (Zhengchong, ). 
The Jingyue Quanshu (Complete Works of Jingyue, 

) states: "The disease of palpitations... this syndrome 
is seen only in patients with yin deficiency and 
consumptive damage, for when yin is deficient below, the 
ancestral qi lacks root, and qi fails to return to its source." 
TCM holds that the disease location of DCAN is in the 
heart, involving the three viscera of the heart, spleen, and 
kidney. The pathogenesis of palpitations is mainly related 
to deficiency of healthy qi in the body, and its causes can 
be summarized as congenital insufficiency, emotional 
disturbance, or prolonged illness leading to depletion, 
resulting in imbalance of qi, blood, yin, and yang, which 
gives rise to palpitations. 

National Master of TCM Lyu Renhe recognized 
DCAN from the perspective of "collaterals capillaries," 
and considered that deficiency of the heart collaterals 
constitutes its basic pathogenesis, while stasis in the 
collateral vessels is the key factor in disease progression. 
In terms of treatment, according to the characteristic that 
"collaterals function through patency," he advocated the 
methods of supplementing deficiency, activating blood, 
and unblocking collaterals, combining supplementation 
and unblocking [4]. Based on the statement in the 
Nanjing·Fourteen Difficulties that "when the heart is 
damaged, regulate the nutritive and defensive qi," some 
scholars have proposed a treatment regimen with 
"regulating the nutritive and defensive qi" as the 
fundamental principle: supplementing for those with 
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deficiency of nutritive and defensive qi, promoting patency 
for those with stagnation, and harmonizing for those with 
disharmony, with the emphasis on restoring the balance of 
qi, blood, yin, and yang in the body, so that when the 
nutritive and defensive qi are harmonized, the disease will 
resolve naturally [5]. The Suwen·Yinyang Yingxiang 
Dalun records: "Pungent and sweet, dispersing and 
emitting, pertain to yang; sour and bitter, purging and 
draining, pertain to yin" [6]. Accordingly, Sun Xuemei et 
al. [7] proposed the therapeutic principle of combining 
sour and bitter flavors to eliminate heart fire and treat 
palpitations. Guo Lizhong et al. [8], based on Professor 
Zhou Zhongying's "three-heat theory," suggested that the 
treatment of DCAN should follow the principles of 
simultaneously clearing all three types of heat, 
concurrently treating qi and blood, and addressing both the 
root and the branch, with clearing and moistening drying 
approaches advanced together, and resolving dampness 
and eliminating stasis combined with generating fluids and 
cooling moistening. 

1.2 TCM Treatment of DCAN 
1.2.1 Chinese Herbal Medicine Treatment 
Yu Jinlian et al. [9] found that Mudan Granules possess the 
effects of activating blood, resolving stasis, and 
supplementing primordial qi, and can restore the elasticity 
of the vascular wall, increase blood flow, improve nerve 
conduction velocity, and alleviate diabetic symptoms. Gao 
Qian et al. [10] also found that the combination of Mudan 
Granules and mecobalamin was superior to mecobalamin 
alone in improving electrocardiographic parameters in 
patients with DCAN, as it significantly enhanced 
parameters including QT dispersion (QTd), the 
Tpeak to Tend interval (Tp e), and the Tp e/QT ratio, 
demonstrating potential clinical value for the prevention of 
arrhythmias. Additionally, Cai Huijuan et al. [11] treated 
DCAN patients with qi yin deficiency pattern using 
Shensong Yangxin Capsules combined with mecobalamin, 
and found that after 12 weeks, the treatment group showed 
lower scores on the Scales for Outcomes in Parkinson's 
Disease Autonomic Dysfunction (SCOPA AUT) and the 
Composite Autonomic Symptom Score 31 (COMPASS 31) 
compared with the control group, while QTd and the 
Valsalva ratio were higher. Yu Donglei [12] treated DCAN 
patients with heart spleen deficiency pattern using Guipi 
Decoction, and patients with heart yin blood deficiency 
pattern using Xuefu Zhuyu Decoction, with a treatment 
course of 2 months, and found that parameters including 
respiratory difference, the ratio of cardiac intervals, and 
recumbent heart rate were significantly improved after 
treatment. Chinese herbal medicines primarily improve 
DCAN symptoms and clinical parameters by enhancing 
blood circulation and neural function, and the combined 
TCM Western medicine treatment regimens have 
demonstrated superior efficacy. 
1.2.2 Acupuncture Treatment 

Acupuncture has certain therapeutic effects on 
diabetic neurological complications, with advantages 

including low cost and few adverse reactions. Potential 
mechanisms may include improvement of pancreatic islet 
function, reduction of blood glucose, regulation of relevant 
hormones, and restoration of the balance between 
sympathetic and parasympathetic nerves [13 14]. A 
domestic clinical study demonstrated that alpha lipoic acid 
combined with acupuncture at Neiguan (PC6), Pishu 
(BL20), Zusanli (ST36), and Taixi (KI3) yielded better 
therapeutic effects on HRV parameters compared with 
alpha lipoic acid alone [15]. Xu Min et al. [16] found that 
after acupuncture at Lingtai (GV10) and Shendao (GV11), 
the frequency domain HRV parameter low frequency 
(LF)/high frequency (HF) ratio in DCAN patients 
decreased significantly, suggesting that acupuncture at 
these points may be associated with improved balance 
between sympathetic and vagal function. Yan Liu et al. [17] 
conducted a randomized controlled study comparing the 
effects of acupuncture at different acupoints on DCAN 
patients, and the results showed that compared with the 
Xuanzhong (GB39) group, the Neiguan (PC6) group had a 
significantly higher HF, indicating that acupuncture at 
Neiguan can effectively enhance cardiac vagal activity. 
Currently, acupuncture treatment for DCAN remains 
predominantly based on clinical observational studies, and 
further basic research is required to elucidate its specific 
molecular mechanisms. 

2 Understanding and Treatment of DCAN 
from the Western Medicine Perspective 

2.1 Western Medicine Understanding of the 
Pathogenesis of DCAN 

2.1.1 Glucose and Lipid Metabolic Disorders 
Chronic hyperglycemia can lead to metabolic 

disturbances in nerve cells, increase oxidative stress, and 
result in neuronal damage. Under hyperglycemic 
conditions, the activation of the polyol pathway is 
enhanced, leading to intracellular accumulation of sorbitol, 
which in turn triggers intracellular oxidative stress 
responses and damages nerve cells [18]. Patients with 
diabetes mellitus often present with lipid metabolic 
disorders, such as elevated triglyceride and cholesterol 
levels. An animal study has demonstrated that lipid 
metabolic disturbances can alter the lipid composition of 
neuronal cell membranes, affecting the function and 
structure of nerve cells [19]. Jang et al. [20] showed that 
the triglyceride-to-high-density lipoprotein cholesterol 
ratio and the mean particle size of low-density lipoprotein 
cholesterol were positively correlated with the prevalence 
of DCAN in female patients with type 2 diabetes mellitus. 
These studies collectively indicate that glucose and lipid 
metabolic disorders are among the pathogenic mechanisms 
of DCAN. 
2.1.2 Oxidative Stress 

Oxidative stress is an important factor in the 
pathogenesis of diabetic neuropathy, involving both 
increased formation of free radicals and defective 
antioxidant defenses [21]. Hyperglycemia leads to 
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excessive production of reactive oxygen species, which 
can damage nerve cells and result in autonomic 
dysfunction [22]. Oxidative stress not only affects neurons 
but also impacts the neurovascular system, thereby 
exacerbating the progression of DCAN [23]. An 
international study suggested that oxidative stress 
primarily triggers autonomic dysfunction through 
oxidative mediated inactivation of neuronal nicotinic 
acetylcholine receptors (nAChRs), affecting synaptic 
transmission in sympathetic ganglia and leading to 
autonomic failure [24]. 
2.1.3 Inflammation  

Studies have indicated that inflammatory cytokines 
play a dual role in the development and progression of 
DCAN, being both closely associated with its pathogenesis 
and directly involved in the pathophysiological processes 
of disease progression [25]. Another study demonstrated 
that glomus cells related to the autonomic nervous system 
can specifically sense oxygen, glucose, and other 
metabolites. Interleukin (IL) 1 binds to glomus cells, 
activates Toll like receptors, and leads to increased 
expression of nuclear factor kappa B (NF B) and 
subsequent release of inflammatory cytokines such as 
tumor necrosis factor  (TNF ) and IL 6, and these 
inflammatory changes are associated with abnormalities in 
the sympathetic parasympathetic balance [26]. A 
cross sectional study showed that plasma levels of 
leukotriene B4 (LTB4) in patients with type 2 diabetes 
mellitus may be associated with cardiovascular autonomic 
neuropathy, independent of the degree of glycemic control 
[27]. The above studies indicate a certain relationship 
between DCAN and inflammation, but further research is 
still needed to elucidate the specific roles and mechanisms 
of inflammation in DCAN. 
2.1.4 Genetic Factors 

The genetic predisposition to DCAN involves 
multiple genes and genetic markers. Tang et al. [28] found 
that in patients with type 2 diabetes, the genetic locus 
rs779142 located on chromosome 1p36 was significantly 
associated with the development of DCAN, with this 
variant increasing the risk of DCAN by 35%. In addition, 
the human leukocyte antigen (HLA) DR3/4 phenotype has 
also been closely associated with the development of 
DCAN in patients with type 1 diabetes, indicating that 
genetic factors play an important role in the development 
of DCAN [29]. Further studies have shown that 
polymorphisms of the HLA DQB1 gene are also 
associated with susceptibility and resistance to type 1 
diabetes, which may indirectly affect the development of 
DCAN [30]. These findings provide important clues for 
understanding the genetic basis of DCAN and may offer 
potential targets for future therapeutic strategies. 

2.2 Western Medicine Treatment of DCAN 
2.2.1 Lifestyle Modification 

Studies have shown that Mediterranean diet, aerobic 
exercise, smoking cessation, glycemic control, blood 
pressure lowering, lipid regulation, and health education 

can effectively prevent DCAN [31]. An international study 
demonstrated that lifestyle intervention (including yoga 
practice and restriction of dietary fat intake) in patients 
with prediabetes significantly improved cardiac function 
indices [32]. Furthermore, Ziegler et al. [33] showed that 
after 12 weeks of combined aerobic exercise and resistance 
training, HRV indices in both time domain and 
frequency domain parameters decreased significantly 
compared with baseline in both the control and exercise 
groups. Compared with the control group, combined 
exercise significantly increased time domain indices 
[standard deviation of normal to normal intervals (SDNN) 
and root mean square of successive differences (RMSSD)] 
and frequency domain indices (LF/HF) in DCAN patients, 
suggesting that combined aerobic and resistance training is 
beneficial for the prevention and control of DCAN. 
2.2.2 Correction of Metabolic Disorders 

Chronic hyperglycemia is a major risk factor for the 
development of DCAN in patients with diabetes mellitus 
[34]. The Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and 
Complications (DCCT/EDIC) confirmed that intensive 
glycemic control strategies can effectively reduce the 
incidence of both peripheral neuropathy and DCAN in 
diabetic patients [35]. Tang et al. [36] found in the 
ACCORD study that during a median follow up of 5 years, 
intensive glycemic and blood pressure interventions 
exerted significant protective effects against DCAN in 
patients with type 2 diabetes. The Steno 2 study on 
multifactorial intervention and cardiovascular outcomes in 
type 2 diabetic patients demonstrated that combined 
control of blood pressure, glycated hemoglobin, 
triglycerides, and total cholesterol significantly reduced 
the risk of developing autonomic neuropathy [37]. 
2.2.3 Neurotrophic Therapy 

Alpha lipoic acid is a natural antioxidant and is 
widely used in the treatment of diabetic peripheral 
neuropathy, with multiple effects including improvement 
of glucose homeostasis and lipid profiles, 
anti inflammatory activity, and reduction of oxidative 
stress [38 39]. A 4 year study of alpha lipoic acid 
treatment for diabetic peripheral neuropathy showed that 
alpha lipoic acid significantly improved the deep breathing 
test results in patients with diabetic peripheral neuropathy 
who were receiving angiotensin converting enzyme 
inhibitor (ACEI) therapy, suggesting that the combination 
of alpha lipoic acid and ACEI may confer additional 
DCAN protective effects [40]. In addition, Tankova et al. 
[41] included 46 patients with type 1 diabetes in their study; 
the patients first received intravenous alpha lipoic acid at 
600 mg for 10 days, followed by oral alpha lipoic acid at 
600 mg for 50 days, and the results showed that the 
Cardiovascular Autonomic Reflex Tests (CARTs) score 
improved significantly. However, these findings remain 
primarily based on clinical studies, and further basic 
research is needed to elucidate the underlying mechanisms. 
2.2.4 Treatment of Orthostatic Hypotension 

Orthostatic hypotension caused by severe DCAN can 
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be managed through pharmacological and 
non pharmacological approaches [42 43]. 
Non pharmacological treatment mainly consists of 
lifestyle adjustments, including adequate fluid intake, 
appropriate high sodium diet, and prolonged standing time 
[43 44]. Commonly used pharmacological interventions 
encompass multiple mechanisms of action, including 

receptor agonists (midodrine), mineralocorticoids 
(fludrocortisone), norepinephrine precursors (droxidopa), 
hematopoietic stimulants (erythropoietin), antidiuretic 
hormones (desmopressin), gastrointestinal hormones 
(somatostatin analogues), and receptor blockers [45 48]. 
Approved by the U.S. Food and Drug Administration, 
droxidopa and midodrine are the two standard therapeutic 
agents for neurogenic orthostatic hypotension [48]. As a 
mineralocorticoid, fludrocortisone exerts its therapeutic 
effects by promoting sodium and water retention and 
enhancing vascular sensitivity to catecholamines, but its 
clinical application may be associated with adverse effects 
such as orthostatic hypertension and electrolyte 
disturbances [45 48]. Selective blockers (e.g., 
ivabradine) can be used for the treatment of postural 
tachycardia syndrome [49]. 
2.2.5 Other Pharmacological Treatments 

Sodium glucose linked transporter 2 (SGLT 2) 
inhibitors, as a novel class of oral hypoglycemic agents, 
have important clinical therapeutic value. They lower 
blood glucose by inhibiting glucose reabsorption in the 
proximal renal tubules, with representative drugs including 
dapagliflozin and empagliflozin. Clinical data have 
demonstrated that dapagliflozin (10 mg/d) administered to 
DCAN patients for 24 weeks significantly improved HRV 
[50]. An animal study indicated that sympathetic 
denervation in obese type 2 diabetic mice was associated 
with inhibition of SGLT 2 overexpression [51]. Moreover, 
in a high fat diet induced C57BL6/J mouse model, 
dapagliflozin significantly suppressed the expression of 
tyrosine hydroxylase in cardiac and renal tissues, thereby 
reducing norepinephrine biosynthesis [52], whereas in an 
alloxan induced diabetic rabbit model, empagliflozin 
restored renal sympathetic reflexes [53]. These findings 
suggest that the sympathetic nervous system is closely 
related to SGLT 2 levels, and that SGLT 2 inhibitors can 
effectively improve cardiovascular autonomic function; 
however, more comprehensive studies are still needed to 
identify the optimal therapeutic regimen for DCAN. 

3 Conclusion 
The present article has reviewed the pathogenesis and 

therapeutic advances of DCAN from both traditional 
Chinese medicine and Western medicine perspectives. As 
a serious complication of diabetes mellitus, DCAN is 
characterized by high prevalence, concealed clinical 
manifestations, and poor prognosis. Recent studies have 
revealed that traditional Chinese medicine has certain 
therapeutic efficacy against DCAN. How to fully integrate 
it with Western medical therapies and leverage the 
respective advantages for the treatment of DCAN warrants 

further consideration and investigation. Future research 
should further utilize integrated traditional Chinese and 
Western medicine approaches, conduct prospective 
high quality clinical studies and related basic research, 
provide a theoretical foundation for the pathogenesis and 
treatment strategies of DCAN, and offer clinical evidence 
for new drug development and the formulation of 
integrated TCM Western medicine diagnostic and 
therapeutic protocols. 
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