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Abstract: Diabetic kidney disease (DKD) is a major and severe chronic complication of diabetes, with a multifactorial pathogenesis
involving glycolipid metabolism disorders, inflammation, oxidative stress, and glomerular injury. Emerging evidence highlights glycolipid
metabolism disorders as a central driver in the development and progression of DKD. In traditional Chinese medicine (TCM), DKD is
classified under “Xiaoke-related kidney disease,” “edema,” and “deficiency-fatigue syndromes,” with its pathogenesis characterized by
deficiency in the spleen and kidney and excess due to phlegm-turbidity, blood stasis, and damp-heat. The concept of “internal obstruction
by phlegm-turbidity” aligns with the pathological role of glycolipid disorders. Modern pharmacological and clinical studies further
demonstrate that TCM interventions can regulate glycolipid metabolism, improve insulin resistance, and suppress inflammatory and
oxidative stress pathways, thereby delaying renal damage. This review discusses the pathogenesis and progression of DKD from the
perspective of glycolipid metabolism, providing a theoretical basis for the application of TCM in its treatment.

Keywords: Diabetic nephropathy, Glycolipid metabolism, Western medicine pathogenesis, Traditional Chinese medicine theory,

Traditional Chinese medicine therapy.

1. Introduction

Diabetic kidney disease (DKD), as one of the most serious
microvascular complications of diabetes mellitus, has become
the leading cause of end-stage renal disease (ESRD)
worldwide [1]. According to the International Diabetes
Federation, the number of people with diabetes is expected to
reach 700 million globally by 2045, accounting for
approximately 10.9% of the adult population [2]. Among
them, about 40% will eventually progress to DKD [3].

The pathological alterations of DKD involve both metabolic
and hemodynamic factors, including activation of the polyol
pathway, hexosamine pathway, protein kinase C (PKC)
pathway, and the formation of advanced glycation end
products (AGEs). These processes induce intracellular
signaling activation, oxidative stress, hypoxia, dysregulated
autophagy, and epigenetic modifications, ultimately leading
to renal inflammation and fibrosis [4]. Glycolipid metabolic
abnormalities encompass both disordered glucose metabolism
and lipid metabolism. Research has shown that the interplay
between glucotoxicity and lipotoxicity exacerbates renal
fibrosis and injury by activating these pathogenic pathways

[3].

From the perspective of traditional Chinese medicine (TCM),
DKD often arises from congenital deficiencies, improper diet,
emotional disturbances, or invasion of exogenous pathogenic
factors. Prolonged illness depletes qi and yin, damaging the
internal organs and leading to the generation of pathological
products such as phlegm, dampness, heat, and blood stasis.
Literature indicates that the overarching pathogenesis of DKD
is characterized by “deficiency in origin and excess in
manifestation.” The primary deficiency lies in yin deficiency,
frequently accompanied by qi deficiency and yang deficiency,
while the excess mainly manifests as damp-heat,

phlegm-turbidity, and blood stasis. Professor Pi Chiheng [6]
pointed out that throughout the course of DKD, prolonged
spleen-kidney deficiency and internal dampness accumulation
result in the formation of “turbidity,” which constitutes a key
pathological product throughout disease progression.

Clinically, glycolipid metabolic disorder, often manifested as
hyperglycemia and hyperlipidemia, intensifies the onset and
progression of DKD, easily generating phlegm-dampness and
blood stasis within the body. Therefore, exploring DKD
pathogenesis from the perspective of glycolipid metabolism
provides important theoretical insights for TCM-based
interventions.

2. Glucose Metabolism and Kidney Disease

The kidney participates in the regulation of systemic glucose
homeostasis through three distinct mechanisms: (1) releasing
glucose into circulation via gluconeogenesis; (2) utilizing
glucose from the bloodstream to meet its own energy
demands; and (3) reabsorbing glucose from glomerular filtrate
[7]. In healthy individuals, urine is essentially glucose-free
because nearly all filtered glucose is reabsorbed into
circulation. As plasma glucose levels rise, glucose
concentration in the glomerular filtrate increases linearly, and
renal glucose reabsorption rises accordingly until reaching the
maximum reabsorptive capacity (renal threshold). When
plasma glucose exceeds this threshold, excessive glucose is
excreted in urine, leading to glucosuria [8].

At this stage, the increased glomerular filtration of glucose
stimulates enhanced proximal tubular reabsorption of both
glucose and sodium, reducing sodium delivery to the macula
densa in the distal tubules. This triggers dysregulation of the
renin—angiotensin system, elevating intraglomerular pressure.
Sustained intraglomerular hypertension exerts mechanical
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stress on  capillary  walls, eventually causing
glomerulosclerosis and peritubular capillary rarefaction.
Simultaneously, excessive protein filtration into the tubule
lumen and subsequent reabsorption by tubular cells induce the
synthesis of pro-inflammatory and pro-fibrotic mediators,
exacerbating renal injury [4].

Chronic  hyperglycemia activates multiple metabolic
pathways, including the polyol pathway, hexosamine pathway,
PKC pathway, and AGEs-related pathways. These pathways
promote the accumulation of reactive oxygen species (ROS),
aggravating oxidative stress and mitochondrial damage [9].

2.1 Polyol Pathway

In the polyol pathway, excess glucose is reduced to sorbitol by
aldose reductase (AR), accompanied by the oxidation of
nicotinamide adenine dinucleotide phosphate (NADPH) to
NADP* [10]. Sorbitol, being highly hydrophilic, is poorly
metabolized and accumulates intracellularly, leading to
increased osmotic stress. Studies have shown that intracellular
sorbitol accumulation impairs proximal tubular cell function
in diabetic rats [11]. AR, the rate-limiting enzyme of the
polyol pathway, plays a critical role in the pathogenesis of
diabetic complications and is markedly upregulated in
glomeruli of diabetic patients [12].

Animal studies demonstrated that deletion of the AR gene
significantly attenuates early DKD progression, reduces
urinary albumin excretion, and prevents renal cortical
activation of PKC and TGF-Bl1 as well as glomerular
hypertrophy [13]. Subsequently, sorbitol is converted to
fructose by sorbitol dehydrogenase, generating NADH and
altering the NADH/NAD" ratio, thereby causing redox
imbalance. Excess fructose can undergo nonenzymatic
glycation of proteins, leading to protein dysfunction [14].
Moreover, fructose metabolism bypasses glycolytic
regulation via fructokinase, producing excessive acetyl-CoA
and consuming large amounts of ATP, thereby promoting
protein hyperacetylation and further functional impairment.
Consequently, elevated fructose levels exacerbate diabetes
and its complications [15].

2.2 Hexosamine Pathway

Under normal physiological conditions, only 2-5% of
intracellular glucose enters the hexosamine pathway,
generating a small amount of fructose-6-phosphate (Fruc-6-P)
[16]. This pathway plays a pivotal role in the biosynthesis of
proteoglycans, glycolipids, and glycoproteins. Under
hyperglycemia, excess Fruc-6-P is converted to
glucosamine-6-phosphate (GIcN-6-P) via the rate-limiting
enzyme glutamine: fructose-6-phosphate amidotransferase
(GFAT), which is subsequently transformed into
UDP-N-acetylglucosamine (UDP-GIcNAc) [17].

UDP-GIcNAc, the donor substrate for O-linked glycosylation,
is catalyzed by O-GlcNAc transferase to modify proteins and
lipids. Its accumulation leads to excessive O-GlcNAcylation
of transcription factors, signaling proteins, and structural
proteins, disrupting gene expression and protein function [18].
Furthermore, UDP-GIcNAc enhances ROS generation and
activates pro-apoptotic caspase-3, contributing to mesangial

cell injury [19].
2.3 PKC Pathway

Protein kinase C (PKC) is a family of serine/threonine kinases
primarily activated by diacylglycerol (DAG) [20].
Hyperglycemia elevates intracellular DAG levels, thereby
activating PKC. The DAG-PKC axis is a core signaling
pathway in DKD pathogenesis. PKC activation induces
multiple pathogenic processes: It alters glomerular
hemodynamics by upregulating endothelin-1 (ET-1) and
inhibiting nitric oxide synthase, leading to intraglomerular
hypertension and hyperfiltration, thereby accelerating
vascular injury [21]. It enhances pro-fibrotic factor expression
(e.g., TGF-B1, CTGF, PAI-1), driving mesangial proliferation,
extracellular matrix (ECM) accumulation, and basement
membrane thickening, which promote glomerulosclerosis
[22]. It stimulates NADPH oxidase, exacerbating oxidative
stress, which activates NF-kB signaling and upregulates
inflammatory cytokines (MCP-1, TNF-a, IL-6), aggravating
renal inflammation [23]. It interacts with MAPK pathways
(ERK, JNK, p38), further amplifying fibrotic and proliferative
responses [24].

In the glomerular filtration barrier, aberrant PKC activation
disrupts podocyte function. Activation of PKC isoforms
(PKC-a, PKC-B, PKC-8) reduces nephrin expression,
damages podocyte cytoskeleton, and causes foot process
effacement, ultimately leading to barrier dysfunction and
proteinuria [25].

2.4 AGEs-RAGE Pathway

The liver and kidneys are primary sites for clearance of
advanced glycation end products (AGEs) [26]. Under normal
conditions, AGEs filtered by glomeruli are reabsorbed by
proximal tubules and subsequently metabolized. In persistent
hyperglycemia, accelerated nonenzymatic glycation leads to
AGE accumulation in plasma and renal tissues. Concurrently,
receptor for AGEs (RAGE) expression is upregulated in
glomerular, tubular, and vascular endothelial cells, triggering
pathogenic signaling cascades [27].

The AGEs—RAGE interaction activates NADPH oxidase and
other oxidative systems, markedly increasing ROS generation
and oxidative stress, thereby damaging the glomerular
basement membrane and tubular epithelium [28].
Furthermore, AGEs-RAGE signaling activates NF-kB,
MAPK (ERK/INK/p38), and JAK/STAT pathways,
upregulating inflammatory cytokines and adhesion molecules,
resulting in immune cell infiltration, endothelial and podocyte
injury, increased capillary permeability, and proteinuria [29].

Additionally, AGEs—RAGE induces TGF-f1/Smad signaling,
stimulating collagen and fibronectin synthesis while
suppressing matrix metalloproteinase activity. This promotes
excessive ECM accumulation, basement membrane
thickening, and glomerulosclerosis, ultimately leading to
irreversible renal functional impairment [30].

3. Lipid Metabolism and Kidney Disease

Although DKD has traditionally been regarded as a disorder
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driven by  hyperglycemia-induced  metabolic  and
hemodynamic alterations, growing evidence indicates that
lipid metabolism disorders also play a crucial role in its onset
and progression [31]. A global case—control study
demonstrated that decreased high-density lipoprotein
cholesterol (HDL-C) and elevated triglyceride (TG) levels are
independent risk factors for DKD development ([32].
Clinically, DKD patients frequently present with dyslipidemia
characterized by increased TG, total cholesterol (TC), and
low-density lipoprotein cholesterol (LDL-C), accompanied
by decreased HDL-C [33].

3.1 Tubular Lipotoxicity

Abnormal lipid deposition in non-adipose tissues such as the
liver, pancreas, skeletal muscle, and kidneys is referred to as
ectopic fat accumulation [34]. In the kidney, these deposits
not only damage endothelial cells but also spread to adjacent
mesangial cells, podocytes, and tubular epithelial cells,
contributing to local injury [35].

Renal tubules are among the most metabolically active
structures in the kidney, relying heavily on fatty acid
oxidation for energy [36]. Lipid accumulation in tubular cells
is considered a major driver of lipotoxicity. Tubular
lipotoxicity triggers diverse forms of renal injury, including
oxidative stress, endoplasmic reticulum (ER) stress, tubular
epithelial apoptosis, tubulointerstitial fibrosis, mitochondrial
dysfunction, and inflammation [37].

Mitochondrial dysfunction is a critical mechanism underlying
ectopic lipid accumulation. In DKD, tubular mitochondria
exhibit disrupted cristae and vacuolization, with impaired
oxidative phosphorylation and reduced fatty acid B-oxidation,
leading to lipid metabolic imbalance [38]. Furthermore,
hyperglycemia, dyslipidemia, and albumin overload disrupt
protein homeostasis in renal cells, persistently activating ER
stress signaling networks. This cascade drives oxidative stress,
apoptosis, inflammation, and fibrosis, thereby accelerating
DKD progression [39].

3.2 Inflammation and Oxidative Stress

Inflammation and oxidative stress act synergistically to
promote oxidative modification of LDL, generating oxidized
LDL (ox-LDL). As a potent pro-inflammatory and cytotoxic
mediator, ox-LDL directly damages glomerular and proximal
tubular epithelial cells, while further stimulating oxidative
stress and cytokine release [40]. This process exacerbates
proteinuria and accelerates renal functional decline.
Lipotoxicity induces inflammatory responses through
multiple mechanisms: Accumulated saturated fatty acids,
ox-LDL, and lipid intermediates are taken up by cells via
scavenger receptors such as CD36, which activate the
TLR4/NF-xB pathway, promoting the expression of MCP-1,
TNF-0, IL-6 and driving macrophage infiltration and
interstitial inflammation [41]. Lipotoxic cell injury releases
ROS and activates the NLRP3 inflammasome, leading to
IL-1B and IL-18 secretion, further amplifying inflammation
and fibrosis [42]. Lipotoxic ER stress disrupts fatty acid
oxidation, causing excessive fatty acid accumulation and
enhanced ROS production. This not only induces tubular
apoptosis but also stimulates pro-fibrotic factor expression,

aggravating renal dysfunction [43].

Moreover, lipid metabolism disorders induce oxidative stress
mainly via NADPH oxidases (e.g., NOX4) and mitochondrial
electron transport chain leakage [44]. Mitochondrial ROS
(mtROS) dissociate the TXNIP-Trx complex, activating the
NLRP3 inflammasome and propagating inflammatory
cascades [45].

Lipid metabolic imbalance also results in intracellular lipid
droplet accumulation and reduced fatty acid oxidation (FAO),
associated with downregulation of PPARa/PGC-1a signaling
and dysregulated inhibition of SREBP-1c. These processes
sustain chronic inflammation and oxidative stress, driving
glomerulosclerosis, tubulointerstitial fibrosis, and progressive
renal decline [46].

4. TCM Theory on Glycolipid Metabolism
Disorders and Diabetic Kidney Disease

In traditional Chinese medicine (TCM), DKD is categorized
under  “Xiaoke-related  kidney  disease,” “edema,”
“deficiency-fatigue syndromes,” and “Guange” (obstructive
syndromes). Its pathogenesis is complex, and most TCM
scholars believe that prolonged diabetes leads to depletion of
yin and qi, impairing yin—yang balance and resulting in a dual
deficiency of qi and yin or yin and yang. At the same time,
pathogenic excesses such as phlegm, dampness, blood stasis,
and toxins combine with the underlying deficiency, forming a
complicated mechanism characterized by “deficiency in
origin and excess in manifestation.”

Professor Zou Yanqin [47] emphasizes that the core
pathogenesis of DKD lies in “spleen—kidney deficiency as the
root, with dampness and stasis obstructing the collaterals as
the manifestation.” This indicates that the disease is closely
related to dysfunction of the spleen and kidney, with
dampness and stasis persisting throughout the disease course.

Although TCM has no direct disease concept corresponding
to “glycolipid metabolism disorder,” its clinical
manifestations align with the categories of “phlegm-turbidity,”
“blood stasis,” and “gaozhi (fat accumulation).” As described
in Huangdi Neijing, “Food enters the stomach, the essence of
grain diffuses upward to the spleen; the spleen transports
essence upward to the lung, which regulates water pathways;
downward, it is transmitted to the bladder, and water essence
is distributed across the channels.” This describes normal
metabolic circulation. However, overindulgence in rich,
greasy foods, emotional disturbances, or overexertion impair
spleen and stomach function, leading to improper distribution
of nutrients. This results in accumulation of dampness,
phlegm, and turbidity, which circulate internally and obstruct
qi and blood flow.

4.1 Pathological Changes of “Gaozhi” (Fat Essence)

In Lingshu - Wuléng Jin Ye Bie, “gaozhi” is described as:
“The essence of grains combines to form fat-essence, which
permeates the bones, nourishes the brain marrow, and flows
downward to the thighs.” It is believed that “gaozhi”
originates from the refined essence of food and drink, which
not only nourishes the brain and marrow but also moistens and
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supports the entire body. Distributed throughout viscera and
skin, “gaozhi” condenses into fat or accumulates as oily
deposits. While not inherently pathological, it is regarded as a
reserve form of vital essence that provides nourishment,
warmth, and pr However, excessive intake of rich, greasy
foods burdens the middle jiao, impairing spleen function and
blocking the normal distribution of nutrients. This results in
dampness stagnation, which over time transforms into
phlegm-turbidity. As noted in Suwen - Qibing Lun: “It arises
from indulgence in rich foods. Such individuals habitually
consume sweets and fatty foods. Fat causes internal heat, and
sweetness causes fullness; this excess leads to upward
overflow of qi, transforming into Xiaoke (diabetes).” This
illustrates that excessive accumulation of “gaozhi” not only
hinders spleen transportation but also generates damp-heat,
disturbing qi dynamics. The retained “gaozhi” transforms into
heat, consuming body fluids, first injuring stomach yin
(manifested as polyphagia and emaciation), and eventually
depleting lung and kidney yin, producing the classical “three
excesses” of Xiaoke (polydipsia, polyphagia, polyuria) [48].

4.2 Visceral Dysfunction and Glycolipid Metabolism

As Suwen states: “The five zang organs derive qi from the
stomach,” and “the stomach is the sea of the five zang and six
fu organs.” When spleen—stomach function is intact, nutrients
are properly distributed, with pure qi ascending to the heart
and lung while turbid qi descends to the intestines, ensuring
smooth metabolism and fluid balance. However, dietary
excesses, particularly rich, greasy foods, overwhelm the
spleen, causing stagnation and dysfunction.

Li Dongyuan noted in Treatise on the Spleen and Stomach:
“When the spleen and stomach are injured internally, a
hundred diseases arise.” Spleen deficiency prevents the ascent
of clear yang and descent of turbid yin, leading to fluid
retention. Prolonged dampness transforms into phlegm, which
congeals into turbidity and corresponds to glycolipid
metabolic disorders in modern terms. Thus, impaired spleen
transportation and internal generation of phlegm-dampness
are not only the initial pathogenic factors of DKD but also
trigger deeper involvement of other viscera.

Stagnant spleen function also affects the liver’s ability to
regulate qi. The liver governs free coursing and dislikes
constraint. Impaired liver function leads to qi stagnation,
allowing phlegm and dampness to combine with stagnant qi.

Constrained liver qi attacks the spleen, worsening dysfunction.

Liver constraint may transform into fire, further consuming
yin and fluids, exacerbating the essence of Xiaoke. As noted
in Suwen - Yin Yang Ying Xiang Dalun: “When the liver
suffers from urgency, eat sweet foods to relax it.” Modern
preference for sweets as emotional comfort worsens
phlegm-damp retention, leading to qi stagnation, phlegm-qi
binding, lipid-turbidity accumulation, vascular obstruction,
and blood stasis formation.

The kidney, regarded as the root of congenital essence,
governs water and urination, and is the direct target organ
damaged in DKD. The kidney depends on the spleen and
stomach for nourishment; when spleen transport fails, kidney
supply is impaired. Damp-phlegm accumulation blocks
kidney channels, while kidney qi deficiency leads to impaired

fluid regulation, manifesting as turbid wurine or
proteinuria—hallmarks of renal collateral injury. Suwen
states: “The kidney stores essence and governs closure.”
When kidney essence is depleted, closure fails, leading to
kidney qi deficiency, impaired water metabolism, and clinical
manifestations such as lumbar soreness, emaciation, edema,
or generalized swelling, indicative of kidney yang deficiency.

Throughout DKD pathogenesis, phlegm-dampness and blood
stasis formation are key pathological markers. Dampness
arises from spleen deficiency and improper diet, later
transforming into heat; blood stasis develops from qi
stagnation, phlegm obstruction, and impaired circulation. As
noted in Lingshu: “When blood does not move freely, it turns
into water.” Dampness obstructs blood flow, causing further
stagnation; blood stasis in turn prevents the resolution of
damp-phlegm, forming a vicious cycle. Their combination
produces “turbid stasis,” which infiltrates kidney collaterals,
ultimately resulting in severe obstructive syndromes
(“Guange”).

In summary, visceral dysfunction leads to the internal
generation and accumulation of phlegm-dampness, blood
stasis, and turbidity, progressively damaging renal collaterals.
This forms a mixed syndrome of deficiency and excess, with
spleen—kidney deficiency as the root and phlegm-dampness
and turbid stasis as the manifestations—deficiency within
excess, and excess further consuming deficiency.

5. TCM Interventions Targeting Glycolipid
Metabolism in DKD

In exploring TCM-based strategies for DKD, interventions
guided by the concept of glycolipid metabolism disorder have
become an important direction in both research and clinical
practice.

For instance, Wu Jie et al. induced glycolipid metabolic
disorders in rats through a high-fat, high-sugar diet and
intervened with astragalus polysaccharides. The results
showed that astragalus polysaccharides inhibited the Wntl
signaling pathway, reduced oxidative stress, improved
mitochondrial function, regulated glycolipid metabolism—
related protein expression, thereby lowering blood glucose
and lipid levels and reducing apoptosis [49]. Li Xueqian et al.
demonstrated in animal studies that ginsenoside Rgl inhibited
the Wnt3a/B-catenin signaling pathway, reduced glucose and
lipid levels, alleviated renal inflammation, and improved renal
function, exerting protective effects against diabetic renal
injury [50].

Flavonoids in rhubarb, such as quercetin, exhibit antioxidant
activity and effectively lower TC, LDL-C, TG, and blood
glucose levels in patients with hyperlipidemia and diabetes
[51]. Danshen (Salvia miltiorrhiza) has also been shown to
significantly reduce serum lipid peroxidation products and
enhance superoxide dismutase activity in patients with
coronary heart disease, demonstrating potent free radical
scavenging and anti-lipid peroxidation effects [52]. On this
basis, Chen Ying et al. used Shuangdan Oral Liquid
(containing tanshinol and paeonol) in DKD rats, showing
improvements in lipid metabolism disorders, antioxidant
capacity, hemorheology, and renal pathology [53].
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Clinical studies also support these findings. For example,
Zhenwu Decoction, when applied to DKD patients with
phlegm-—stasis obstruction, not only improved renal function
indicators but also modulated lipid metabolism by lowering
TC, TG, and LDL-C levels, while enhancing vascular
endothelial growth factor to protect endothelial function [54].
Wuling Powder, rich in polysaccharides and other active
compounds, significantly reduced blood glucose and lipids,
correcting glycolipid metabolic imbalance [55]. Animal
studies further demonstrated that Danggui Buxue Decoction
alleviated ER stress in DKD rats, mainly by inhibiting PERK
pathway proteins, thereby protecting renal tissue and
improving lipid profiles [56].

In a clinical trial involving 186 DKD patients, modified
Shenqi Dihuang Decoction significantly reduced blood
glucose, renal function indicators, TG, TC, and LDL-C,
suggesting protective effects via glycolipid metabolism
regulation [57]. Huangkui Capsule significantly improved
renal function and lipid metabolism disorders in DKD patients,
possibly by reducing serum malondialdehyde (MDA) levels
and increasing glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) activity, thereby suppressing
oxidative stress [58]. Bailing Capsule, made from fermented
Cordyceps sinensis mycelia, contains mannitol, adenosine,
and amino acids as its core components. Clinical studies have
shown that it significantly reduces proteinuria, protects renal
function, and improves lipid metabolism in DKD patients. Its
mechanisms may involve antioxidative and anti-inflammatory
effects, microcirculation improvement, and inhibition of
mesangial cell proliferation [59].

Overall, TCM therapies targeting glycolipid metabolism in
DKD emphasize strengthening the spleen for transportation,
clearing heat and dampness, and promoting blood circulation
to resolve stasis. This holistic approach not only aligns with
classical TCM theory but also integrates modern research on
metabolic pathways. With its multi-target and multi-pathway
regulatory advantages, TCM offers significant translational
potential in both clinical and scientific settings for DKD
management.

6. Conclusion and Prospects

DKD is one of the most common and severe chronic
complications of diabetes, with a multifactorial pathogenesis
in which glycolipid metabolism plays a central role
throughout disease progression. Glycolipid metabolic
disorders are closely linked to the onset and progression of
DKD, and effective control of lipid levels can significantly
delay disease advancement. Thus, regulating lipid metabolism
has become one of the key strategies for DKD prevention and
treatment.

The pathological concept of glycolipid metabolism disorder
closely corresponds to the TCM theory of “internal
obstruction by phlegm-turbidity.” Recent studies have
demonstrated that various Chinese herbal medicines, formulas,
and active components can delay disease progression through
multiple mechanisms, including improving glycolipid
metabolism, suppressing inflammation and oxidative stress,
and protecting podocytes.

With its advantages of multi-target, multi-pathway, and
integrative regulation, TCM provides novel insights for the
prevention and management of DKD. In the future, further
research should focus on modern elucidation of TCM
mechanisms, integrating advanced techniques such as
metabolomics and network pharmacology to expand
investigations in this field. Such efforts will contribute to
providing more effective therapeutic options for patients with
DKD.
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