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Abstract: This article examined the current research on hyperuricemia (HUA) exacerbating diabetic kidney damage and novel anti- 
diabetic medications for treating these people. Hyperuricemia and type 2 diabetes (T2D), both of which are frequent metabolic 
disorders, are closely connected. Recent studies have shown that hyperuricemia can increase kidney injury in T2D patients by 
aggravating insulin resistance, by activating the renin-angiotensin-aldosterone system (RAAS), and by stimulating inflammatory 
factors, and the diversity, distribution, and metabolites of intestinal flora. Considering this, there are just a few of the research 
examining the effect of hyperuricemia on diabetic kidney injury via intestinal flora. Through the gut-kidney axis, intestinal flora 
primarily influences renal function. The primary mechanism is that variations in diversity, distribution, and metabolites of intestinal 
flora led to alterations in metabolites (such as short-chain fatty acids, Indoxyl sulfate and p-cresol sulfate, Trimethylamine N-oxide 
TMAO). This article reviewed the research and investigates the association between hyperuricemia and T2D, as well as the influence 
of hyperuricemia on diabetic kidney injury via intestinal flora. In addition, the current novel antidiabetic drugs are discussed, and their 
characteristics and mechanisms of action are reviewed. These novel antidiabetic drugs include SGLT2 inhibitors, GLP-1 receptor 
agonists, DDP-4 inhibitors, glucokinase (GK) enzyme activators (GK agonists), and mineralocorticoid receptor antagonists (MRA). 
Recent studies suggest that these new anti-diabetic medications may have a therapeutic effect on hyperuricemia-induced kidney 
impairment in diabetes patients via various mechanisms. Some of these medications may reduce blood uric acid levels, while others 
may improve kidney function by attenuating the overstimulation of RAAS or by decreasing insulin resistance and inflammation in the 
kidneys. These novel antidiabetic medicines may have a multifaceted approach to treating hyperuricemia-induced kidney impairment 
in diabetic patients; nevertheless, additional study is required to establish their efficacy and comprehend their specific mechanisms. 
Keywords: hyperuricemia, intestinal flora, type 2 diabetes, T2D, kidney injury, diabetic kidney disease

Introduction
Hyperuricemia and Type 2 diabetes (T2D) are two prevalent metabolic disorders that are increasing globally. 
Hyperuricemia refers to a blood uric acid content of 420 umol/L or above.1 Diabetic patients with hyperuricemia may 
be prone to develop gout, renal damage, and other disorders. Poor control of hyperglycemia and hyperglycemia over the 
long term may increase the risk of cardiovascular events, neurological disorders, kidney disease, and other complications. 
Hyperuricemia and T2D have a complex interaction, and their coexistence increases the risk of diabetes complications, 
particularly kidney injury.2

Intestinal flora is a complex microbial system, which is involved in various physiological processes of the body. 
Studies have shown that intestinal flora is closely related to T2D and hyperuricemia, and there are significant differences 
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in intestinal flora between patients with T2D and hyperuricemia.3,4 Specifically, T2D patients showed an increase in 
multiple pathogenic bacteria, such as Clostridium hardtii, commensal Clostridium, and Escherichia coli, while healthy 
controls had a high abundance of butyrate-producing bacteria.5 In patients with hyperuricemia, it is characterized by 
a decrease in probiotics (eg, Lactobacillus) and an increase in harmful bacteria (eg, Escherichia coli).6 Furthermore, these 
studies suggest that Intestinal flora is involved in the occurrence and development of T2D and hyperuricemia.

In addition to conventional medications, there are currently many new anti-diabetic therapies that have been approved 
for clinical application or are on the approach of approval. Compared to conventional anti-diabetic treatments, these 
novel medications have significant advantages, which is why they have attracted so much interest. For patients with T2D 
and hyperuricemia, the newer anti-diabetic drugs appear to be a viable option.

For the prevention and treatment of complications associated with related diseases, it is of extremely important to 
understand the mechanism and diagnostic methods of renal damage in diabetic patients with hyperuricemia. In addition, 
a comprehensive examination of the association between hyperuricemia and T2D can provide physicians with more 
effective preventive, diagnosis, and treatment programs to encourage the prevention and treatment of these two 
conditions. Understanding the mechanism of action of innovative anti-diabetic medicines provides physicians with 
information and aids in medication selection. In order to serve as a reference for future therapeutic strategies, the 
purpose of the current review is to demonstrate the research development of hyperuricemia exacerbating renal injury in 
diabetic patients, with a special emphasis on the research progress of intestinal flora.

Literature Retrieval Strategy
This review was conducted under the standard of PRISMA 2020 procedure. Literature retrieval strategy of this paper is 
via in PubMed, WanFang Database, VIP database, China hownet (CNKI). The detailed literature inclusion process can be 
seen in Figure 1. In addition, we also summarized the included epidemiological studies, as shown in Table 1.

The Current State of Research on Type 2 Diabetes, Hyperuricemia, 
Intestinal Flora, and Kidney Injury
The Study Investigated the Relationship Between Hyperuricemia and Type 2 Diabetes
Numerous research have examined the relationship between hyperuricemia and T2D, and the academic consensus today 
believes that hyperuricemia is an independent risk factor for T2D and its consequences.21 According to the Framingham 
Heart Study and a recent Korean cohort, each 1 mg/dL increase in uric acid is related with a 20% and 14% increased risk 
of type 2 diabetes, respectively.7 In prospective Chinese research of 9471 participants, 762 developed type 2 diabetes 
over a mean follow-up period of 2.9 years. Risk variables include alcohol use, triglycerides, low-density lipoprotein 
cholesterol, and time-dependent BMI after controlling for age, sex, smoking, family history of diabetes, and current 
smoking. Across tertiles of baseline blood uric acid, the hazard ratio (HR) and confidence interval (CI) for diabetes were 
1.00, 1.18 (95% CI 0.97–1.43), and 1.34 (95% CI1.11–1.66), respectively (P for trend 0.011). Serum uric acid as 
a continuous variable was found to have a positive linear correlation with the risk of type 2 diabetes, as determined by 
restricted cubic spline models. Compared to participants whose uric acid levels remained constant (10%), those with the 
greatest increase in uric acid had a 36% (95%ci 1.01–1.85) greater risk of diabetes.8 Krishnan et al investigated whether 
hyperuricemia is a marker of diabetes and prediabetes in young adults by including 5012 United States residents who 
were initially free of T2D.9 Cox proportional hazard regression models revealed in his study that individuals with higher 
blood uric acid levels also had a greater prevalence of diabetes and prediabetes. Kodama et al conducted a comprehensive 
meta-analysis of genetic studies examining causal relationships between serum uric acid levels and other metabolic 
characteristics, including diabetes.10 The study identified several genetic variants associated with uric acid levels and 
established a causal connection between raised blood uric acid levels and an increased risk of diabetes, suggesting that 
uric acid control may be a potential therapeutic therapy for the patients with T2D.
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The Research into the Connection Between Hyperuricemia and Intestinal Flora
As a massive micro-ecosystem in the human body, intestine micro-ecology is considered an organ that regulates the 
host’s metabolism. Intestinal flora refers to the vast number of microorganisms found in the digestive tract of humans. In 
recent years, numerous studies have revealed a close relationship between hyperuricemia and intestinal flora. According 
to studies, the composition of intestinal flora differs significantly between patients with hyperuricemia and healthy 
individuals.22 In gout patients, the abundance of Bacteroides faecalis and Bacteroides xylans is greatly increased, 
whereas faecalibacterium prowazekii and bifidobacterium pseudosmall chain is significantly decreased.6 Similarly, the 
numbers of Prevotella, Dehalogenobacter, Ruminococcus, and Lactobacillus were reduced in the rat model of 
hyperuricemia.23 Diet is an important factor affecting the composition of gut microbiota. The composition of Intestinal 
flora changes in animal models of hyperuricemia caused by high-fructose diet, high-fat diet, high-purpurin diet, and high- 
oxalate diet.22 Hyperuricemia has an impact on intestinal flora. In addition, intestinal flora can influence the uric acid 
metabolism and exacerbate hyperuricemia. Through metabolites, such as short chain fatty acid (SCFA) and amino acid 
metabolites, as well as diverse routes, such as glucagon-like peptide −1 (GLP1), intestinal flora primarily participate in 
numerous physiological functions of the organism.24 Some intestinal flora can enhance glucose-triggered GLP-1 
secretion by upregulating the activity of G-protein-coupled receptor 43/41 (GPR43/41), proglucagon, and proconvertase 
1/3, which is the primary mechanism by which intestinal flora regulate GLP-1.25

Figure 1 Literature inclusion process for the study. 
Abbreviations: DN, diabetic nephropathy; VIP, vip database; CNKI, China national knowledge infrastructure; SGLT-2, Sodium-glucose cotransporter 2; GLP-1, glucagon-like 
peptide-1; DPP-4, Dipeptidyl peptidase-4; MRA, mineralocorticoid receptor antagonist; GKA, glucokinase antagonist.
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Table 1 Summary of Epidemiological Studies

Author, Year Methods Result and Main Findings

Choi BG, Kim DJ, Baek MJ, 

Ryu YG, Kim SW, Lee MW 
et al 20187

Meta-analysis studies: a total of 10,505 consecutive patients who visited the 

cardiovascular center of Korea University Guro Hospital (KUGH) from 
January 2004 to February 2014 were retrospectively enrolled using the electronic 

database of KUGH.((hyperuricemia group, n=1138; normal-range group, n=9367)

In the Cox-proportional hazard ratio analysis, when uric acid concentration 

increased by 1 mg/dL, the risks of T2DM increased by 13.8% (6.1% to 22.1%, p< 
0.001), in crude population and increased by 18.7% [5.0% to 34.2%, p=0.006] in 

matched population. 

Hyperuricemia is a risk factor for type 2 diabetes
Su H, Liu T, Li Y, Fan Y, Wang 

B, Liu M et al 20128

This study was based on the annual health check dataset Health Management 

Center of Tianjin Medical University General Hospital. A total of 9471 participants 

were included in the analysis, and they were followed up for physical examination.

Elevated uric acid was associated with a 36% (95% CI 1.01−1.85) increased risk of 

diabetes.Decreased uric acid was associated with a 24% (95% CI 0.63−0.98) 

reduction in the risk of diabetes. 
There is a close relationship between hyperuricemia and type 2 diabetes, and 

hyperuricemia is a risk factor for type 2 diabetes.

Krishnan E, Pandya BJ, Chung 
L, Hariri A et al 20129

Using Cox proportional hazards regression models, the authors analyzed 15-year 
follow-up data on 5012 persons in 4 US cities who were aged 18–30 years and 

diabetes-free at the time of enrollment.

The hazard ratios for diabetes, insulin resistance, and prediabetes in patients with 
hyperuricemia were 1.87 (95% confidence interval (CI): 1.33, 2.62), 1.36 (95% CI: 

1.23, 1.51), and 1.25 (95% CI: 1.04, 1.52), respectively. 

Hyperuricemia in the mid twenties is an independent marker for predicting 
diabetes and prediabetes among young adults in the subsequent 15 years.

Kodama S, Saito K, Yachi Y, 

Asumi M, Sugawara A, 
Totsuka K et al 200910

A cohort study of 2518 patients with type 2 diabetes mellitus was enrolled and 

registered in the Japan Diabetes Registry. Cox proportional hazards model was 
used to analyze the independent association between serum uric acid and the 

occurrence or progression of diabetic nephropathy.

Uric acid levels are associated with the progression of nephropathy. After 

multivariate adjustment, the hazard ratio was 2.17 (95% confidence interval 1.15 to 
4.08; p = 0.016), 3.04 (95% CI 1.67–5.53; p < 0.001) and 3.56 (95% CI 1.83–6.93; 

P < 0.0011). 

In patients with type 2 diabetes, hyperuricemia is closely related to the progression 
of diabetic nephropathy

Zeng Y, Guo M, Fang X, Teng 

F, Tan X, Li X et al 202111

Meta regression and subgroup analysis were used to identify possible sources of 

heterogeneity. A total of 32 eligible studies were included, including 42,062 
participants.

Advanced CKD was associated with a 67.9 μmol/L (95% CI: 52.7, 83.2; P < 0.01) 

increase in TMAO concentration, and subjects with high concentrations of TMAO 
had a 12.9 mL/(min·1.73 m2) (95% CI: −16.6, −9.14; P < 0.01) decrease in 

glomerular filtration rate (GFR). 

To reveal a negative correlation between circulating TMAO concentration and 
renal function.

Obermayr RP, Temml C, 

Gutjahr G et al 200812

In this study, data from 21,475 healthy volunteers who were followed prospectively 

for a median of 7 yr were analyzed to examine the association between uric acid 
level and incident kidney disease.

A slightly elevated uric acid level (7.0 to 8.9 mg/dl) was associated with a nearly 

doubled risk for incident kidney disease (OR 1.74; 95% CI 1.45 to 2.09), and an 
elevated uric acid (> or =9.0 mg/dl) was associated with a tripled risk (OR 3.12; 

95% CI 2.29 to 4.25). 
Elevated uric acid levels alone increase the risk of new kidney disease.
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Xu X, Hu J, Song N, Chen 
R et al 201713

This randomized effects meta-analysis analyzed 18 cohort studies involving 75,200 
patients. Hyperuricemia is defined as SUA levels greater than 360–420 μmol/L (6– 

7 mg/dl).

The hyperuricemia group significantly exerted a higher risk of AKI compared to the 
controls (OR 2.24, 95% CI 1.76–2.86, p < 0.01). Furthermore, there is less 

difference of the pooled rate of AKI after cardiac surgery between hyperuricemia 

and control group (34.3% vs 29.7%, OR 1.24, 95% CI 0.96–1.60, p = 0.10), while 
the rates after PCI were much higher in hyperuricemia group than that in control 

group (16.0% vs 5.3%, OR 3.24, 95% CI 1.93–5.45, p < 0.01). 

Elevated SUA level showed an increased risk for AKI in patients
Zoppini G, Targher G, 

Chonchol M et al 201214

A total of 1449 type 2 diabetic patients with normal renal function and without 

overt proteinuria were enrolled and followed for a 5-year incidence of CKD.

During 5 years of follow-up, 194 patients developed incident CKD. The cumulative 

incidence of CKD in the hyperuricemia group was significantly higher than that in 
the non-hyperuricemia group (29.5% vs 11.4%, P < 0.001). The risk of CKD in 

patients with hyperuricemia was increased by about 2 times (OR 2.55 95% CI 1.71– 

3.85 P < 0.001). 
In type 2 diabetic individuals with preserved kidney function, hyperuricemia seems 

to be an independent risk factor for the development of incident CKD.

Li CX, Liang S, Gao L et al 
202115

In 14 studies, including 3,157,259 patients, the primary outcome was MACE and all- 
cause mortality (ACM). Secondary outcomes were hospitalization for heart failure 

(HHF), atrial fibrillation (AF), myocardial infarction (MI), stroke, cardiovascular 

mortality (CVM), unstable angina (UA), heart failure (HF). Odds ratio (OR) with 
95% CIs were pooled across trials, and cardiovascular outcomes were stratified by 

baseline incidence of cardiovascular disease (CVD), usage rate of cardiovascular 

benefit drug, follow-up period and region.

SGLT-2i reduced MACE (OR, 0.71; 95% CI, 0.67 0.75, P < 0.001) and ACM (OR, 
0.53; 95% CI, 0.49 0.57, P < 0.001). The SGLT - 2 I had significantly lowered the risk 

of HHF (OR, 0.56; 95% CI 0.46,0.68, P<0.001), MI (OR, 0.77; 95% CI 0.73,0.81, 

P<0.001), stroke (OR, 0.75; 95% CI 0.72,0.78, P<0.001), CVM (OR, 0.58; 95% CI, 
0.49 0.69, P < 0.001) and HF (OR, 0.56; 95% CI 0.48,0.67, P<0.001), but there was 

no benefit from UA or AF. SGLT-2i significantly reduced the risk of severe 

hypoglycemia (OR, 0.78; 95% CI, 0.69 0.90, P < 0.001) and the lower limb 
amputation (OR, 0.83; 95% CI, 0.71 0.98, P < 0.001), but it may happens the risk of 

diabetic ketoacidosis.

David Fitchett, Silvio 
E Inzucchi et al 201916

The participants were randomly divided into two groups. Patients received 
empagliflozin 10 mg, empagliflozin 25 mg, or placebo.

Of 7020 patients who received the study drug, 65% had a prior myocardial 
infarction or stroke, and 12%, 40%, 30%, and 18% were at low, intermediate, high, 

and highest estimated cardiovascular risk according to TIMI Risk Score for 

Secondary Prevention (≤2, 3, 4, and ≥5 points, respectively). In the placebo group, 
3-point MACE occurred during the trial in 7.3%, 9.4%, 12.6%, and 20.6% of patients 

at low, intermediate, high, and highest estimated baseline risk, respectively. 

Empagliflozin can significantly reduce the incidence of cardiovascular events and 
heart failure in hospitalized patients
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Table 1 (Continued). 

Author, Year Methods Result and Main Findings

Zhao Y, Xu L, Tian D, Xia P, 
Zheng H, Wang L et al 

201817

A total of 62 Studies involving34941patients were included. Studies meeting the 
following criteria were included: (1) population: patients withT2DM; (2) 

intervention: SGLT2 inhibitor monotherapy or as add-on to other hypoglycemic 

therapy; (3) comparison: active or placebo control or standard care; (4) outcome: 
serum uric acid changes from baseline; and (5) design: randomized controlled trials 

(RCTs); (6) follow-up duration at least 4 weeks. We excluded observational 

studies, pooled-analyses, trials that were not randomized, and trials with no 
control.

SGLT2 inhibitors significantly decreased SUA levels compared with control (Total 
WMD –37.73 μmol/L, 95% CI [–40.51, –34.95], empagliflozin WMD –45.83 μmol/ 

L, 95% CI [–53.03, –38.63], canagliflozin WMD –41.22 μmol/L, 95% CI [–45.03, – 

37.42], dapagliflozin WMD –36.99 μmol/L, 95% CI [–41.73, –32.25], luseogliflozin 
WMD –28.20 μmol/L, 95% CI[–34.73, –21.67], tofogliflozin WMD –21.48 μmol/L, 

95% CI [–35.15, –7.81], and pragliflozin WMD –17.40 μmol/L, 95% CI [–23.78, – 

11.02]). The effect of SGLT2 inhibitors on uric acid reduction in patients with type 
2 diabetes mellitus was systematically analyzed. After SLGT2 inhibition, SUA 

decreased by 17.4–45.8 μmol/L.

Hussain M, Elahi A, Hussain 
A, Iqbal J et al 202118

In this double-blind randomized controlled trial, 70 patients with type 2 diabetes 
and elevated SUA levels were assigned to two treatment groups. Patients in group 

A received SGLT-2 inhibitors tablet dapagliflozin 5 mg to 10 mg and empagliflozin 

10 mg to 25 mg. Group B patients received OADs such as glimepiride, metformin, 
sitagliptin, gliclazide, and glibenclamide as monotherapy or combination therapy.

We noted a significant reduction of mean SUA levels in the SGLT-2 inhibitor group 
from 7.5 ± 2.5 to 6.3 ± 0.8 mg/dl versus comparator group from 7.1 ± 1.8 to 6.8 ± 

2.2 mg/dl (p = 0.001). Mean body weight was significantly reduced in the SGLT-2 

group from 82 ± 10.4 to 78 ± 12.5 kg versus comparator group from 78 ± 13.2 to 
79.2 ± 9.7 kg (p = 0.001). Similarly, the mean BMI of patients in the SGLT-2 group 

was significantly reduced from 25.7 ± 3.2 to 24.2 ± 3.2 kg/m2 versus comparator 

group from 27.5 ± 4.2 to 28 ± 3.6 kg/m2 (p = 0.002). 
SGLT-2 inhibitors have a strong potential to decrease SUA levels in patients with 

type 2 diabetes.

Najafi S, Bahrami M et al 
202219

Randomized controlled trials, observational studies, uncontrolled trials, and 
conference abstracts were included. Studies with insufficient data, unrelated types 

of studies, and studies with less than 1 month of follow-up were excluded. Finally, 

in the 1004 study to determine 17 conform to the conditions included in this 
system were summarized.

Pre- to post-administration analysis of GLP-1 RA effects on SUA demonstrated 
that GLP-1 RAs could significantly reduce SUA concentration (difference in means 

−0.341, SE 0.063, P value <0.001). However, when compared to placebo, GLP- 

1RAs did not perform any better in lowering SUA concentration (difference in 
means −0.455, SE 0.259, P value 0.079). Surprisingly, the active controls, which 

included insulin, metformin, sodium-glucose co-transporter 2 (SGLT-2) inhibitors 

and dipeptidyl-peptidase 4 inhibitors, did outperform GLP-1 RAs in reducing SUA 
concentration (difference in means 0.250, SE 0.038, P value <0.001).Administration 

of GLP-1 RAs can result in a significant reduction in SUA concentration.

Zhao Y, Wang H, Ke D et al 
202120

442 patients with type 2 diabetes mellitus (T2DM) were randomized to add-on 
sitagliptin or usual care. According to the serum uric acid level of all study 

population in the preface study, they were divided into hyperuricemia subgroup (n 

= 104) and non-hyperuricemia subgroup (n = 331).

In the hyperuricemia subgroup, compared with the conventional therapy group, the 
changes in the mean internal carotid artery (ICA)-IMT and max ICA-IMT at 24 

months were significantly lower in the sitagliptin group [−0.233 mm, 95% 

confidence interval (CI) (−0.419 to 0.046), p = 0.015 and −0.325 mm, 95% CI 
(−0.583 to −0.068), p = 0.014], although there was no significant difference in the 

common carotid artery CIMT. The results of our analysis indicated that sitagliptin 

attenuated the progression of CIMT than conventional therapy in T2DM and 
hyperuricemia patients.
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The Relationship Between Intestinal Flora and Kidney
Intestinal microbiota varies among individuals and is impacted by a range of factors, such as nutrition, age, lifestyle, 
disease status and medication.26,27 These variables may influence the dynamic composition and diversity of the gut flora, 
which has an impact on health and disease. Consequently, an increasingly complex and integrated mechanism of the 
gastrointestinal tract and associated microbiota has been demonstrated. The “intestinal-organ axis” is emerging to be 
crucial in maintaining the homeostasis of multiple organs, such as the gut-brain axis, gut-kidney axis, gut-liver axis and 
gut-bone axis.28 Among these cross-talk pathways, intestinal flora has a significant effect on the gut-kidney axis. The 
intestinal flora is essential to the maintenance of kidney function by synthesizing short-chain fatty acids, p-cresol sulfate, 
indoxyl sulfate, trimethylamine N-Oxide (TMAO), and other compounds.29 Short-chain fatty acids are necessary for 
maintaining the integrity of the intestinal epithelium and energy balance. They may attenuate hypoxia damage in renal 
epithelial cells by promoting mitochondrial biogenesis, whereas para-cresol sulfate and indoxyl sulfate bind to albumin in 
the blood and are secreted by renal tubules. If uremic retained solute accumulates in the body, the progression of 
glomerulosclerosis and renal disease will be accelerated. TMAO concentrations were up to 20 times higher in patients 
with end-stage renal disease than in healthy controls.11 Increased TMAO levels can produce tubulointerstitial fibrosis and 
contribute to the pathophysiology of atherosclerosis. Thus, TMAO concentration could be used to predict GFR and renal 
function.11,30

Relationship Between Hyperuricemia and Kidney
Several studies have demonstrated that chronic hyperuricemia can result in kidney injury. Obermayr et al conducted 
a prospective study on 21,457 healthy participants and followed up for 7 years, they discovered mildly elevated uric acid 
levels (7.0–8.9 mg/dl) were associated with nearly doubling the risk for new-onset kidney disease (OR=1.74,95% CI 
1.45–2.09), whereas elevated uric acid (> OR =9.0 mg/dl) was associated with a threefold increased risk (OR=3.12,95% 
CI 2.29–4.25).12 This increased risk remained significant even after adjustment for baseline eGFR, sex, age, antihyper-
tensive medications, and metabolic syndrome components (waist circumference, HDL cholesterol, glucose, triglycerides, 
and blood pressure). A 2017 meta-analysis included 18 studies with a total of 75,200 patients showed that the 
hyperuricemia group significantly exerted a higher risk of AKI compared to the controls (odds ratio OR 2.24, 95% CI 
1.76–2.86, p < 0.01).13 The mechanism by which hyperuricemia affects renal injury may involve vascular endothelial 
dysfunction, activation of the renin-angiotensin-aldosterone system (RAAS), release of inflammatory factors, and an 
increase in oxidative stress.31

One of the most critical mechanisms is that uric acid crystals cause immediate renal injury. In patients with primary 
hyperuricemia, an excess of uric acid in the blood will precipitate, produce urate crystals, deposit in the renal vascular 
endothelium, and induce renal vascular lesions. When the PH is 7.1, the majority of uric acid in plasma, glomerular 
filtration fluid, and renal interstitium will dissociate into urate ions, resulting in the deposition of urate in the 
tubulointerstitial region of the kidney, which will be surrounded by leukocyte and track macrophage infiltration, 
increasing in renal tubulointerstitial inflammation and fibrosis, and renal tubular damage.32–34

Another mechanism is that hyperuricemia could have direct effects on the RAAS and indirect effects on angiotensin 
II and aldosterone via macrophage and T cell polarization.35 In a rat model of hyperuricemia, Stellato D et al36 observed 
thickening of renal glomerular arterioles, renal tubulointerstitial fibrosis lesions, renal cortical vasoconstriction, and 
a 35% reduction in single glomerular filtration rate, which may be primarily attributable to the proliferation of vascular 
smooth muscle cells stimulated by uric acid. In adult adipocytes, soluble uric acid increases NADPH oxidase activity and 
reactive oxygen species (ROS) generation, which may result in endothelial dysfunction and vasoconstriction.37 In 
addition, uric acid can raise blood viscosity, decrease nitric oxide levels in the endothelium and macula densus, and 
promote renal contraction by increasing oxidative stress.38 Long-term contraction of blood arteries results in thickening 
of the vascular wall, secondary ischemic alterations, and stimulation of tubular interstitial changes, which leads to renal 
interstitial fibrosis and arterial hypertension. However, uric acid plays a different role according to where it acts. In the 
cytoplasm or in an atherogenic plaque it plays a pro-oxidant role, promoting oxidative stress and thus contributing to 
kidney disease and cardiovascular diseases and development.39 In addition, uric acid has antioxidant effects, and studies 
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have shown that in the blood, uric acid may help extend human lifespan by providing protection against oxidative stress- 
induced aging and cancer, uric acid is an oxidizable substrate of the haem protein/H2O2 systems and is able to prevent 
oxidative damage by acting as an electron donor.40

Thirdly, hyperuricemia can stimulate the synthesis of certain inflammatory factors. By activating nuclear transcription 
factor (NF-κB), uric acid can upregulate the production of monocyte chemoattractant protein-1 (MCP-1) in endothelial 
cells, according to an in vitro cell investigation conducted by Kanellis.41 Under the influence of MCP-1, monocytes 
accumulate and adhere to endothelial cells, which activates endothelial cells, resulting in a series of alterations to both 
their function and structure, as well as an increase in the production of harmful cytokines such as tumor necrosis factor-α 
(TNF-α), intercellular adhesion molecule-1, and interleukin-6 (IL-6), generating an inflammatory cascade. This results in 
a vicious loop that compromises the endothelial function of the blood vessels. Moreover, high levels of UA significantly 
upregulated HMGB1 expression by activating Toll-like receptor 4(TLR4) and MEK/ERK pathways.42 HMGB1 amplify 
inflammatory responses through several pathways, including promoting the secretion of proinflammatory cytokines by 
monocytes, such as Interleukin—1β (IL-1β) and TNF-α, expression of adhesion molecules, and inflammatory cell 
infiltration.43 In particular, HMGB1 promotes its own release from endothelial cells through a positive feedback 
mechanism. After UA-induced HMGB1 binds to the receptor for advanced glycation end products (RAGE), it activates 
the NF-κB signaling pathway and promotes the production of cytokines such as TNF-α and IL-6, leading to oxidative 
stress and inflammatory response.44 Therefore, uric acid can act as an inflammatory mediator to trigger the inflammatory 
response of the endothelium within the cardiovascular system. In a rat model of hyperuricemia,41,45 the renal parenchyma 
of rats exhibited a substantial increase in macrophage infiltration. It also suggests that hyperuricemia is a promoting 
factor in the release of inflammatory mediators, which preferably cause renal tubular damage. Therefore, even moder-
ately elevated uric acid could be lethal to the normal function of vascular endothelial as the major consequence of 
inflammation, which may be at risk of progression to severe kidney injury.

The Kidney Injury Due to the Interactions of Type 2 Diabetes, Hyperuricemia, and 
Intestinal Flora
Multiple studies have demonstrated that the combination of T2D and hyperuricemia might accelerate the diabetic pro-
gression and cause to consequences such as kidney damage. Hyperuricemia and diabetes have a complex relationship, 
and the presence of both can exacerbate the complications of diabetes, particularly kidney damage.46 Zoppini et al 
followed 1449 type 2 diabetic patients with normal renal function and no significant proteinuria for 5 years to investigate 
the onset of diabetic kidney disease (DKD, defined as significant proteinuria or estimated glomerular filtration rate 
[eGFR] <60 mL/ minute / 1.73 m2). The results showed that 194 patients (13.4%) had new onset CKD. The cumulative 
incidence of CKD in the hyperuricemia group was significantly higher than that in the non-hyperuricemia group (29.5% 
vs 11.4%, P < 0.001). Univariate logistic regression analysis showed that the risk of CKD in patients with hyperuricemia 
was increased by about 2 times [OR=2.55 (95% CI 1.71–3.85), P < 0.001]. After adjustment for age, sex, BMI, smoking 
status, duration of diabetes, systolic blood pressure, antihypertensive therapy, insulin therapy, hba1c, eGFR, and 
albuminuria, hyperuricemia was associated with an increased risk of CKD (adjusted OR 2.10 [1.16–3.76], P < 0.01). 
In continuous analyses, each 1-SD increase in serum uric acid level was significantly associated with a 21% increase in 
CKD risk.14 It is speculated that hyperuricemia is an independent risk factor for diabetic kidney disease in type 2 diabetic 
patients with normal renal function.

Currently, the mechanism of renal injury induced or aggravated by hyperuricemia in patients with T2D consists 
primarily of the three components mentioned below:

1. Patients with T2D or diabetic kidney disease (DKD) have a distinct degree of insulin resistance (IR), and 
hyperuricemia can reduce the level of NO in endothelial cells, which enhances the IR. Long-term hyperuricemia, 
on the other hand, can result in the deposition of urate crystals in islet B cells, directly impairing insulin secretion, 
thereby having an effect on glucose metabolism, which is associated with the deterioration of T2D and DKD.47
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2. Patients with T2D will increase the release of inflammatory factors such as C-reactive protein (CRP), TNF-a, IL-6, etc, 
due to long-term hyperglycemia and tissue hypoxia, and high uric acid will activate inflammatory cells to release 
inflammatory mediators such as tumor necrosis factor-α (TNF-a), intercellular adhesion molecule-1 (ICAM-1), 
interleukin-6 (IL-6), etc. Patients with T2D complicated with hyperuricemia will furtherly the activation of inflam-
matory factors, adding to the severity of inflammation and oxidative stress, which increase IR, causing glucose 
metabolism disorders and renal vascular damage, and thereby accelerating the progression of DKD.

3. Thirdly, DKD patients are intimately associated to RAAS overstimulation, which plays a crucial role in diabetic 
vascular disease. Multiple large clinical trials have demonstrated that suppressing RAAS can dramatically 
decrease the progression of microalbuminuria and macroalbuminuria in patients with DKD. Hyperuricemia can 
affect the RAAS axis via both direct and indirect pathway.31 Blood uric acid in patients with T2D may contribute 
to the etiology of DKD by activating the RAAS system, according to studies.48 After T2D complicated by 
hyperuricemia, it will accelerate glomerular arteriosclerosis and increase the development of T2D and DKD.48

Moreover, in the patients with T2D complicated with hyperuricemia, intestinal flora is also involved in the occurrence 
and development of DKD under the influence of high uric acid. The composition and diversity of intestinal flora are 
drastically altered in patients with hyperuricemia, manifested mostly as a decrease in probiotics. A few of studies have 
demonstrated that the abundance of Lactobacillus and Pseudomonas in the intestine of the patients with hyperuricemia is 
significantly decreased, whereas Escherichia coli and Proteus are significantly increased,6 resulting in a decrease in short- 
chain fatty acid(SCFA) production and an increase in p-cresyl sulfate, indoxyl sulfate, and TAMO. The effects of 
intestinal flora on the kidney are mainly achieved through the gut-kidney axis, which causes injuries to the kidneys via 
the following three ways:

1. Short-chain fatty acids (SCFA) are metabolites of intestinal flora, which play an important role in regulating host 
immune response and inflammation. Butyric acid in SCFA is the main energy source for intestinal epithelial cells. 
The absorption of butyrate by intestinal epithelial cells is the main energy source for adenosine phosphate- 
activated protein kinase (AMPK) activation and glucagon-like peptide- 1(GLP-1) production. SCFA can also 
regulate the release of peptide YY (PYY) and GLP-1 from L-cells or the regulation of inflammatory factors TNF- 
α, IL-6 and IL-1β were involved in insulin resistance. Intestinal flora imbalance in patients with hyperuricemia 
reduces the production SCFA, thereby reducing the secretion of GLP-1 and PYY, leading to increased blood 
glucose and deterioration of renal injury in diabetic patients, and accelerating the progress of DKD. In addition, 
the production of SCFA is reduced, which promotes the increase of inflammatory factors such as TNF-α, IL-6 and 
IL-1β, and aggravates insulin resistance. It further promotes the occurrence and development of diabetic 
complications.49,50

2. Indoxyl sulfate and p-cresol sulfate are also metabolites of intestinal flora, mainly produced by harmful bacteria. 
The intestinal flora in patients with hyperuricemia is dysregulated, which is characterized by a decrease in 
beneficial bacteria and an increase in harmful bacteria. When patients with T2D are complicated with hyperur-
icemia, the production of indoxyl sulfate and p-cresol sulfate will increase. Due to their strong affinity for 
albumin, they circulation in the blood and are released by renal tubular secretions. If excessive accumulation in 
the body, it can increase the incidence of glomerulosclerosis and promote the occurrence and development of 
kidney diseases.51

3. Trimethylamine N-oxide (TMAO) is also a metabolite of harmful bacteria in the intestinal flora. In patients with 
hyperuricemia, the intestinal flora is dysregulated, and TMAO production is increased. Many studies have reported that 
TMAO concentration levels are positively correlated with the development of a variety of diseases, such as cardio-
vascular and renal diseases, including atherosclerosis, hypertension, ischemic stroke, atrial fibrillation, heart failure, 
acute myocardial infarction, and chronic kidney disease.52 It is also positively correlated with the occurrence and 
development of diabetes, metabolic syndrome, cancer (gastric cancer, colon cancer) and nervous system diseases.52 In 
recent years, the relationship between TMAO and chronic kidney disease (CKD) has been gradually recognized, the 
level of TMAO is associated with the occurrence and prognosis of CKD. It can be used as a potential risk factor for the 
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development of CKD and is expected to become a new target for the treatment of CKD.53 TMAO can enter the 
bloodstream and be excreted by the kidneys. Compared with healthy controls, patients with end-stage renal disease 
have up to 20-fold higher TMAO concentrations, which directly correlate with the course of CKD.54 TMAO-mediated 
inflammation is an important mechanism for the occurrence and development of CKD. High concentrations of TMAO 
promote oxidative stress and inflammation in the kidney.55 Similarly, high concentrations of TMAO can reduce NO 
production by inducing vascular oxidative stress and inflammation, which triggers CKD complications such as 
endothelial dysfunction and cardiovascular disease.56 TMAO activates the NLRP3 inflammasome, leading to the 
release of IL-1β and IL-18, which accelerates renal inflammation.57 In addition, TMAO causes vascular inflammation 
and myocardial fibrosis to exacerbate cardiovascular disease by activating the NLRP3 inflammasome.58

As described above, hyperuricemia can affect renal function by inducing vascular endothelial dysfunction, stimulating 
the RAAS, releasing inflammatory substances, elevating oxidative stress, and disrupting intestinal flora (Figure 2). 
Through the above mechanisms, hyperuricemia leads to glomerular sclerosis and renal tubule fibrosis in patients with 
type 2 diabetes, resulting in decreased glomerular filtration rate and increased excretion of urinary proteins. Among them, 
intestinal flora plays a significant role in the process by which hyperuricemia exacerbates kidney injury in individuals 
with type 2 diabetes, a phenomenon that needs consideration.

Treatment of Kidney Injury Caused on by Type 2 Diabetes, Hyperuricemia, 
and Intestinal Flora Metabolites May Benefit from the Recent Innovative 
Medications
Sodium-glucose cotransporter 2 inhibitor (SGLT-2i) are a relatively recent family of diabetes medications. Because of its 
good hypoglycemic effect, it has been widely used in clinic in recent years. Sodium-glucose cotransporter 2(SGLT-2) 
mainly exists on the renal tubules, and its main function is to promote the reabsorption of glucose in the original urine. 
The mechanism of SGLT-2 inhibitors is to inhibit the activity of SGLT-2, restrict the reabsorption of glucose in the 
proximal renal tubules, and discharge excess glucose, thereby reducing the blood sugar of patients. And its effect on 
lowering blood sugar is independent of insulin secretion.59 Numerous studies have demonstrated that SGLT-2 inhibitors 
have a beneficial effect on cardiovascular and renal protection, and multiple mechanisms have been proposed to explain 
the cardiovascular and renal benefits of SGLT-2i, including hemodynamic, anti-inflammatory, anti-fibrotic, antioxidant, 
and metabolic effects.60,61 Studies have shown that SGLT - 2 inhibitors can also reduce the uric acid level, its mechanism 
has three aspects: 1) Urate reabsorption protein 1 (URAT1) increases uric acid secretion due to glucose reabsorption, and 
SGLT-2i may increase glucose excretion by blocking renal tubular URAT1, resulting in increased uric acid excretion. In 
addition, SGLT-2i can also inhibit URAT1 reabsorption of uric acid by reducing serum insulin levels;62 2) SGLT-2i may 
activate Sirtuin-1 (SIRT1) to inhibit the enzyme xanthine oxidase (OX), leading to a decrease in uric acid levels;63 3) 
SGLT-2i can down-regulate XO activity and inhibit inflammatory response through RAAS and sympathetic nervous 
system (SNS), thereby reducing serum uric acid formation.63

A considerable number of current medical investigations have demonstrated that SGLT-2 inhibitors have a certain 
cardiovascular protective effect. Li et al conducted a meta-analysis in 2021 on cardiovascular outcomes associated with 
SGLT-2 inhibitors and other hypoglycemic medications in T2D patients. A total of 14 studies including 3,157,259 
patients were included. The findings demonstrated that SGLT-2 inhibitors can decrease the risk of cardiovascular 
disease.15 There is currently inadequate information to clarify the relationship between heart failure and SGLT-2 inhibitor 
benefits. It is believed to be associated with weight loss, improvement in blood lipids, influence on endothelial function 
and vascular sclerosis, oxidative stress, and inflammatory cytokines. SGLT-2 inhibitors can successfully lower the 
incidence of a renal composite endpoint and protect the kidneys. The systematic review/meta-analysis by Neuen et al,16 

which included four randomized controlled trials (ie, EMPAREG OUTCOME, CANVAS Program, CREDENCE, and 
DECLARE-TIMI 58), demonstrated that SGLT-2 is capable of inhibiting the progression of chronic kidney disease 
(CKD) in patients with type 2 diabetes.64 It may protect the kidney by reducing glucose and uric acid levels, alleviating 
renal hyperfiltration, reducing proteinuria, oxidative stress, and chronic inflammation.

https://doi.org/10.2147/DMSO.S429068                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 3038

Yan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


SGLT2 Inhibitors may also protect the kidney by decreasing hyperuricemia (HUA). Zhao et al conducted a meta- 
analysis comprising 62 research on the effect of SGLT-2 inhibitors on serum uric acid levels.17 Patients with T2D had 
significantly reduced serum uric acid levels when administering SGLT-2 inhibitors, according to a study involving 34,941 
participants. Patients with diabetes and hyperuricemia may obtain additional benefits from SGLT-2 inhibitors. Alicia and 
colleagues did a meta-analysis on the effects of SGLT2 inhibitors on serum uric acid levels in diabetic and non-diabetic 
patients in 2022.18 There were a total of 43 randomized controlled studies with 31,921 patients enrolled. The research 
shown that SGLT-2 inhibitors decreased serum uric acid levels in both diabetic and non-diabetic individuals. Therefore, 
SGLT-2 inhibitors may assist to the management of hyperuricemia in patients with and without diabetes. It is unknown 
how SGLT2 inhibitors lower serum uric acid, however it is considered to be associated to the renal SLC2A9 and GLUT9 
transporter.62

GLP-1 receptor agonists are also emerging as novel antidiabetic agents that have received great attention in the 
treatment of obesity and diabetes due to their potent incretin effects, which are incretin hormones secreted by L cells in 
the distal small intestine and colon. Animal studies have shown that administration of native GLP-1 reduces blood 

Figure 2 The mechanism of aggravated kidney injury in patients with type 2 diabetes mellitus and hyperuricemia. 
Notes: These novel antidiabetic medicines, including SGLT2 inhibitors, GLP-1 receptor agonists, DDP-4 inhibitor, Glucokinase enzyme activator (GK agonist), and 
mineralocorticoid receptor antagonist (MRA), may have a multifaceted approach to treating hyperuricemia-induced kidney impairment in diabetic patients; nevertheless, 
additional study is required to establish their efficacy and comprehend their specific mechanisms. 
Abbreviations: T2D, type 2 diabetes; HUA, hyperuricemia; PYY, peptide YY; RAAS, renin-angiotensin-aldosterone system; SCFA, Short-chain fatty acids; TMAO, 
trimethylamine N-oxide; GLP-1, glucagon-like peptide- 1; GK, glucokinase; TNF-a, tumor necrosis factor-α; IL-6, interleukin-6; SGLT-2i, Sodium-glucose cotransporter 2 
inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonists; DPP-4i, Dipeptidyl peptidase-4 inhibitors; MRA, mineralocorticoid receptor antagonist.
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glucose levels in a glucose-dependent manner, improves the function and quality of B cells,65 increases insulin sensitivity 
and has direct cardioprotective effects.66 Numerous studies have shown that GLP-1 receptor agonists have potential renal 
protective effects. The beneficial effects of GLP-1 receptor agonists on the kidney are generally believed to be related to 
lowering blood glucose and blood pressure (BP), lowering insulin levels, and leading to weight loss.67 Emerging 
evidence suggests that the potential kidney-protective effects of GLP-1 receptor agonists are independent of their 
glucose-lowering effects, and that some of them may play a role in inhibiting the development and progression of 
DKD.68 Studies have shown that GLP-1RA can inhibits the RAAS, which may imply additional potential renal protective 
mechanisms of GLP-1 receptor agonists in DKD.69 In addition, the potential renal protection of GLP-1 receptor agonists 
may also be related to the improvement of glomerular atherosclerosis, renal vasodilatation, renal hypoxia, improvement 
of insulin sensitivity, weight loss, and reduction of intestinal lipid uptake.19 There are also reports of a presumed 
association with intestinal microbiota, but more studies are needed to confirm this.25 In addition, investigations have 
indicated that GLP-1 receptor agonists have a substantial effect on serum uric acid levels, but their effect on uric acid 
reduction is smaller than that of SGLT-2 inhibitors.19 The mechanism by which GLP-1 receptor agonists reduce uric acid 
is still unclear, and it is speculated that GLP-1RA improves renal tubules and glomeruli to promote uric acid excretion.

For more than a decade, Dipeptidyl peptidase-4 (DPP-4) inhibitors have been used as second-line treatment for 
patients with T2D, and they are now routinely utilized in clinical practice. The primary mechanism of DPP-4 inhibitors is 
to inhibit the activity of dipeptidyl peptidase IV, hence preventing the degradation of incretin, GLP-1, and glucose- 
dependent insulinotropic peptide (GIP), resulting in increased endogenous levels of GLP-1 and GIP. At the same time, it 
also leads to the inhibition of glucagon secretion.70 DPP-4 inhibitors may improve the two main risk factors of DKD, 
thus producing potential renal benefits in addition to blood glucose control. DPP-4 mainly degrades GLP-1 and other 
incretin, so DPP-4 inhibitors can restore GLP-1 signaling pathway.71 GLP-1 receptor mediated cAMP-PKA pathway 
signaling in the kidney, which is important for renal homeostasis,72 and GLP-1 receptor stimulation can regulate cardiac 
natriuretic hormone (ANP) and renin-angiotensin system (RAS), which may be GLP-1-mediated renal protection.73 DPP- 
4 can also degrade many peptide substrates in addition to GLP-1, and DPP-4 inhibitors may affect different pathways of 
diabetic and non-diabetic CKD.74 Recent studies, including CARMELINA (NCT01897532) have shown that DPP-4 
inhibitors have a kidney protective effect in patients with DKD, and in an animal experiment, knocking out the GLP-1R 
gene in rats and removing 5/6 of the rats’ kidneys showed delayed progression of chronic kidney disease (CKD). These 
results suggest that DPP-4 inhibitors have protective effects on GLP-1R independent kidneys. Proteomic analysis showed 
that collagen I homeostasis, heterogeneous nuclear ribonucleoprotein A1 (HNRNPA1), Y box binding protein-1 (YB-1), 
thymosin β4 and transforming growth factor-β1 may potentially contribute to the protection of kidneys by DPP-4 
inhibition.75 A recent study indicated that DDP-4i could contribute to the reduction of uric acid.20

In recent years, glucokinase (GK) has become a target for anti-diabetes treatment because of its glucose sensor and 
hyperglycemia control function. Glucokinase (GK) is mainly distributed in the liver and pancreas. GK acts as a “glucose sensor” 
in pancreatic cells, mainly triggering glucose-stimulated insulin secretion, and promoting hepatic glycogen synthesis in the liver. 
Therefore, glucokinase (GK) can promote insulin secretion and hepatic glycogen synthesis. Studies have shown that impaired islet 
function, resulting in impaired glucokinase (GK) activity, leads to abnormal insulin secretion and impaired liver glycogen 
synthesis in T2D, and up-regulation of GK activity by drugs can solve the above pathophysiological disorders.76 The main 
mechanism of glucokinase activator (GKA) is to activate glucokinase (GK), thereby promoting insulin secretion, while inhibiting 
glucagon release, and promoting liver glycogen synthesis, and at the same time, it has the effect of promoting GLP-1 secretion.

Mineralocorticoid receptor antagonist (MRA) is primarily used to treat chronic kidney disease in Type 2 Diabetes (T2D) 
patients. MRA has no influence on blood sugar regulation. Its primary mechanism is to inhibit MR overactivation, reduce 
inflammatory factors, decrease the reduction of fibrosis medium, inhibit the proliferation of fibroblasts, inhibit the apoptosis 
of podocytes, delay myocardial hypertrophy and myocardial cell apoptosis, inhibit vascular contraction, reduce vascular 
damage, and prevent vascular sclerosis, thereby improving renal fibrosis and glomerulosclerosis, and enhancing kidney 
function.77 Future research will determine whether or not MRA improves renal function via intestinal flora (Figure 3).

In conclusion, hyperuricemia and T2D are two prevalent metabolic conditions whose prevalence has increased in 
recent years. More and more research indicated that hyperuricemia and T2D are tightly connected and mutually affect 
each other. At present, hyperuricemia is considered to be an independent risk factor for T2D, and its presence 
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significantly increases the probability of T2D. In addition, patients with T2D are prone to hyperuricemia, with elevated 
levels of uric acid in the serum. The coexistence of these two diseases can easily lead to serious complications such as 
nervous system diseases and cardiovascular diseases, especially aggravating kidney diseases in diabetic patients. The 
main pathways by which hyperuricemia aggravates renal damage in T2D are the aggravation of insulin resistance, the 
activation of RAAS, the activation of inflammatory factors, and the change of intestinal flora, while the latter of which 
might play an essential role. Therefore, when T2D patients with hyperuricemia have renal injury, the role of intestinal 
flora should be considered, and the intestinal flora should be adjusted if necessary. Although the relationship between 
hyperuricemia and T2D has been widely studied, the mechanism of hyperuricemia through intestinal flora to aggravate 

Figure 3 The therapeutic mechanism of new antidiabetic medicines on hyperuricemia-induced chronic kidney injury in the patients with T2D. 
Notes: It is unclear whether the GKA and MRA could contribute to the reduction of uric acid. SGLT2i, sodium-glucose cotransporter 2 inhibitors, GLP-1RA, glucagon like 
peptide-1 receptor agonist, DDP-4i, DDP-4 inhibitor, GKA, glucokinase activator, MRA, mineralocorticoid antagonist. 
Abbreviations: SGLT-2i, Sodium-glucose cotransporter 2 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonists; DPP-4i, Dipeptidyl peptidase-4 inhibitors; MRA, 
mineralocorticoid receptor antagonist; GKA, glucokinase antagonist.
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T2D renal injury is not completely clear, and it can only make inferences based on clinical research and theory. 
Therefore, this article has certain limitations. In the future, animal experiments can be done to study the specific 
mechanism of hyperuricemia aggravating T2D renal injury through intestinal flora.

For patients with T2D and hyperuricemia, innovative diabetic medications, such as SGLT2 inhibitors, GLP-1 receptor 
agonists, and DDP-4 inhibitor, can be selected to regulate blood glucose. Not only can these new anti-diabetes medications 
regulate glucose levels, but they can also preserve heart and kidney function. To determine whether GK agonist is beneficial for 
DKD, additional clinical studies are required. When hyperuricemia exacerbates DKD in type 2 diabetic individuals, miner-
alocorticoid receptor antagonists appear to be an alternative therapy option. Because of SGLT-2i inhibitors, GLP-1 agonists, 
DDP-4 inhibitors such as innovation diabetes drugs for cardiovascular and renal protection concrete mechanism is not entirely 
clear, so there are some limitations in this article, you need to do in the future more animal experiments to clarify specific 
mechanisms of cardiovascular and renal, It is expected that intestinal flora can be used as a new target for the treatment of 
diabetic nephropathy in the future, and continue to actively explore, develop new anti-diabetic drugs, and benefit human health.
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