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Diabetic kidney disease (DKD) is a prevalent and complex disease among patients 
with diabetes in Korea, requiring comprehensive treatment strategies. Traditional 
management strategies targeting blood pressure, blood sugar, lipid, and lifestyles 
are foundational approaches of DKD treatment, each of them still holding importance 
in current paradigms. The four pillars, renin-angiotensin system (RAS) inhibitors, 
sodium-glucose cotransporter-2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1) 
receptor agonists, and non-steroidal mineralocorticoid receptor antagonists (nsMRA) 
can enhance DKD treatment. Expanding beyond these pillars with future-oriented 
pillars including precision medicine, digital health, gut health, anti-inflammatory/ 
fibrotic agents, psychosocial/behavioral health, and regenerative medicine can further 
advance DKD treatment strategies, offering a more cohesive framework which 
shifts a disease-centered approach to a patient-centered approach.
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INTRODUCTION

Diabetic kidney disease (DKD) has become an increas-
ingly prevalent and significant health burden worldwide, 
particularly in Korea, where rates of diabetes continue to 
rise.[1] With Korea’s aging population and evolving lifestyle 
changes, the incidence of diabetes has surged, directly con-
tributing to an increase in DKD cases1). According to recent 
epidemiological data, nearly 40% of older patients with dia-
betes develop kidney complications, placing a strain on 
both patients and healthcare systems1,2). Additionally, the 
high prevalence of hypertension, obesity, and metabolic 
syndrome among Korean adults has escalated the risk of 
progression from diabetes to DKD1).

These factors highlight the urgent need for compre-

hensive and effective management strategies to address 
the complexities of DKD. Although the traditional founda-
tions of DKD treatment — blood pressure control3), glucose 
control2), cholesterol control4), and lifestyle modifications5) 
— provide a strong foundational approach, new pillars are 
required for better management. Current treatment para-
digms integrate traditional foundations with new pillars of 
DKD treatment, but there are still remaining challenges to 
overcome2). Expanding beyond this structure by additionally 
integrating rapidly advancing data science, bioengineering 
techniques and holistic lifestyle modifications may offer a 
more personalized and robust defense against the pro-
gression of DKD and its complications. The objective of this 
article is to explore current treatment paradigms and inves-
tigate future-oriented innovations to establish a compre-
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Fig. 1. An analogy illustrating the strategies of DKD treatment as pillars in a temple. Traditional managements,
which are foundational approaches, are represented as stairs. The pillars include the four pillars and 
future-oriented pillars suggested in this article.

hensive DKD management framework (Fig. 1).

Section 1: The Unwavering Importance of Traditional 
Risk Factor Management

The current approach to managing DKD has evolved to 
incorporate a multifaceted framework that integrates both 
established and emerging therapies. In this approach, tradi-
tional foundations such as blood pressure management, 
blood sugar management, lipid management, and lifestyle 
modifications remain critical due to their proven roles in 
slowing the progression of kidney damage in diabetic pa-
tients4-7). These measures, aimed at maintaining cardiovascular 
and renal stability, emphasize lifestyle adjustments, dietary 
management, and medication adherence as essential com-
ponents in preventing complications associated with DKD8). 
Effective management of blood pressure is particularly im-
portant, as hypertension is both a cause and a consequence 
of DKD3). Proper control of blood pressure reduces mechan-
ical stress on the kidney's vasculature, minimizing glomer-
ular injury and delaying progression to end-stage renal dis-
ease (ESRD)3). Similarly, effective blood sugar regulation 
plays a fundamental role in mitigating hyperglycemia-induced 
damage and microvascular complications2). Lipid regulation 
also plays a complementary role by lowering the risk of 

cardiovascular complications, which are highly prevalent 
among patients with DKD4).

• Blood Pressure Management: Independently, manag-
ing hypertension reduces glomerular pressure and pro-
tects vascular autoregulation, mitigating renal injury 
and delaying progression to ESRD3). Maintaining target 
blood pressure levels has been shown to significantly 
reduce the risk of kidney failure in diabetic patients6). 
Cardiovascular events also have been shown to reduce 
with intensive blood pressure control among diabetic 
patients in the BPROAD trial9). The SPRINT trial, which 
tested intensive blood pressure control in patients 
without diabetes, showed that intensive blood pres-
sure control can lower cardiovascular risk regardless 
of diabetes status9). Considering that cardiovascular 
diseases are the most common complications of DKD, 
blood pressure control is a key factor in DKD patient 
treatment. Selecting an adequate blood pressure tar-
get is important, since there is no RCT specifically de-
termining target levels in DKD patients and excessively 
low blood pressure can rather cause harm2-3).

• Blood Sugar Management: Effective glycemic control 
minimizes hyperglycemia-induced oxidative stress and 
renal damage, helping to reduce the incidence of mi-
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crovascular complications and macrovascular complica-
tions, including diabetic nephropathy and cardiovascular 
events2). The DCCT trial showed that intensive glucose 
control therapy with the target of 6.05% or less glyco-
sylated hemoglobin, can reduce the risk of nephrop-
athy up to 34% and slow disease progression in dia-
betic patients7).

• Lipid Management: Controlling lipid levels lowers the 
risk of atherosclerosis and cardiovascular complications, 
which are major comorbidities in DKD. Statins and oth-
er lipid-lowering agents such as ezetimibe, fibrates, 
bempedoic acid, and PCSK9 inhibitors are required in 
minimizing cardiovascular risks in these patients4). The 
CTT meta-analysis showed that statin therapy targeting 
LDL reduction lowered the risk of cardiovascular dis-
ease by 21%4).

• Lifestyle Modifications: Lifestyle modifications such as 
dietary management, exercising, cessation of harmful 
habits are also important in DKD patients. Dietary 
management includes sodium restriction, protein con-
trol, and phosphorus control. Harmful habits include 
alcohol consumption, and smoking. These modifications 
address overall metabolic health, reducing inflammatory 
and oxidative stressors that contribute to kidney dis-
ease progression8,10). A systematic review of behavior 
change techniques used for lifestyle modifications of 
chronic kidney disease (CKD) patients identified that 
education was the most commonly used technique fol-
lowed by enablement, training, persuading, and envi-
ronmental restructuring5).

In addition to these traditional measures, recent ther-
apeutic developments focus on novel pharmacologic agents 
that target mechanisms of renal and cardiovascular disease 
progression. Key among these are renin-angiotensin system 
(RAS) inhibitors6,11), sodium-glucose cotransporter-2 (SGLT2) 
inhibitors12-14), Glucagon-like peptide-1 (GLP-1) receptor ag-
onists15,16), and non-steroidal mineralocorticoid receptor an-
tagonists (nsMRAs)17). These developments address that 
new therapies can lead to a more tailored and advanced 
approach on DKD patients. However, it is crucial to empha-
size that while new therapies can significantly enhance pa-
tient outcomes, the foundation of DKD management still 
relies on traditional risk factor management and that these 

traditional methods should not be overlooked.

Section 2: The Four Pillars in DKD and their Synergistic 
Effects with Traditional Management Therapies

The four pillars (RAS inhibitors, SGLT2 inhibitors, GLP-1 
receptor agonists, nsMRAs) have been proven as significant 
DKD treatment choices in large-scale evidences. These pil-
lars complement and enhance the efficacy of established 
practices, providing a more comprehensive approach to 
DKD. Each approach offers unique, independent effects in 
mitigating disease progression, while also demonstrating 
synergistic benefits when combined with traditional man-
agement strategies.

• Renin-Angiotensin System(RAS) Inhibitors: RAS inhibitors 
such as angiotensin-converting enzyme (ACE) inhibitors 
or angiotensin ii receptor blockers (ARB) directly pro-
tect the kidneys by reducing intraglomerular pressure 
and proteinuria, addressing specific pathways involved 
in renal injury6,11). The IDNT study demonstrated that 
irbesartan has renoprotective benefits independent of 
achieved systolic blood pressure in diabetic patients11). 
However, combination of ACEi and ARB therapy is not 
recommended because it can increase the risk of ad-
verse events3,18).

• Sodium-Glucose Cotransporter-2 (SGLT2) Inhibitors: SGLT2 
inhibitors reduce hyperfiltration and improve metabol-
ic control, exerting renoprotective effects through mech-
anisms beyond glucose reduction12). The CREDENCE tri-
al12) and the CANVAS trial14) showed improved kidney 
outcomes with canagliflozin in DKD patients. The EMPA-REG 
OUTCOME trial demonstrated the effect of empagli-
flozin on improving kidney outcomes in DKD pa-
tients13). Through these evidences, SGLT2 inhibitors 
stand as an important pillar in preventing kidney func-
tion decline in DKD patients.

• Glucagon-like Peptide-1 (GLP-1) Receptor Agonists: GLP-1 
receptor agonists were first recognized to control glu-
cose level, decrease body weight, and reduce car-
diovascular risk in diabetic patients16). Recent trials on 
DKD patients demonstrated that GLP-1 receptor ago-
nists have additional renoprotective benefits along 
with previously known effects. GLP-1 receptor agonists 
can improve kidney functions in DKD patients in-
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directly by preventing hyperglycemia, hypertension, 
obesity and also directly, by reducing oxidative stress 
and inflammation19,20). Liraglutide and dulaglutide have 
been demonstrated to lower albuminuria, slow eGFR 
decline, and reduce risk of kidney function loss in the 
LEADER trial15) and the REWIND trial20), respectively. 
Semaglutide was shown to induce 24% reduction of 
kidney related outcomes (albuminuria, low eGFR, ini-
tiation of RRT, kidney related death) in the FLOW tri-
al16) and the SUSTAIN 6 trial15). Other novel GLP-1 re-
ceptor agonists showed similar promising results. Tirze- 
patide showed renoprotective effects by slowering 
eGFR decrease and stabilizing urine albumin-creatinine 
ratio (UACR) in the SURPASS-4 trial21,22). Efpeglenatide also 
mitigated kidney related outcomes such as albuminuria 
in the AMPLITUDE-O trial23). These evidences support 
the position of GLP-1 receptor agonists as a promising 
new pillar in DKD treatment.

• Non-steroidal Mineralocorticoid Receptor Antagonists 
(nsMRAs): Novel nsMRAs act to reduce inflammation 
and fibrosis within the kidney, targeting mechanisms 
that are not adequately addressed by traditional thera-
pies or other agents such as SGLT2 inhibitors and GLP-1 
receptor agonists17). By limiting the fibrotic response, 
these agents help preserve kidney function over time. 
In the FIDELIO-DKD study and the FIGARO-DKD study, 
finerenone reduced disease progression and the risk 
of cardiovascular diseases in DKD patients8,17). The ad-
ditive effect of finerenone on patients treated with 
SGLT2 inhibitors and GLP-1 receptor agonists needs 
further investigation8).

Synergistic Effects between the Four Pillars and 
Traditional Management Therapies

While each of the four pillars has independent effects, 
a synergistic benefit arises when traditional risk factor man-
agement is combined with the four pillars. For instance, 
blood pressure control alongside RAS inhibition provides 
an enhanced protective effect on glomerular pressure. The 
RENAAL study demonstrated that combining losartan with 
other BP management therapy can slow ESRD progression6). 
Similarly, blood sugar regulation such as use of metformin 
complements the glucose-lowering effect of SGLT2 in-

hibitors and GLP-1 receptor agonists, together offering 
greater metabolic control and reduced renal workload2,8,24).

The combination of lipid management with GLP-1 re-
ceptor agonists also results in reduced cardiovascular risk, 
a major cause of morbidity and mortality among patients 
with DKD8). Lifestyle interventions, such as diet and ex-
ercise, have shown synergistic effects with pharmacological 
therapies, helping to maximize therapeutic outcomes2,10,24). 
This suggests that significant lifestyle modifications are re-
quired to patients undergoing treatment24).

In sum, traditional risk factor management and the four 
pillars work in concert to provide a multi-layered defense 
against DKD progression. The independent and synergistic 
effects underscore the importance of a holistic and compre-
hensive approach to DKD management, leveraging each 
component to achieve optimal renal and cardiovascular 
outcomes for patients.

Section 3: Future-Oriented Expansion of DKD Treatment 
Pillars

As DKD continues to evolve in both prevalence and com-
plexity, expanding beyond the current paradigm is called 
for. These future pillars aim to address gaps in treatment 
and embrace advancing technologies, precision medicine, 
and comprehensive patient-centered care. The following 
potential pillars could reshape the DKD treatment land-
scape:

1. Precision Medicine

Future treatments may incorporate genetic profiling and 
biomarker-based diagnostics, allowing therapies tailored to 
each patient’s unique genetic and biological profile25).

In terms of genetic profile, current studies perform ge-
nome-wide association studies (GWAS) or investigate ex-
perimental models to identify differentially expressed genes 
(DEG) in DKD groups using bioinformatic technologies26). 
Therapeutic strategies for disease-mediating genes include 
small molecules or oligonucleotides such as antisense oligo-
nucleotides, small interfering RNA, and micro RNA27).

In terms of biological profile, kidney biopsy provides his-
topathological biomarkers, aiding in personalized treatment 
plans28). Also, assay-based biomarkers of DKD including neu-
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trophil gelatinase-associated lipocalin (NGAL)29), kidney in-
jury molecule-1 (KIM-1)30), and advanced glycation end 
products (AGEs)2,31) can act as diagnostic tools as well as 
treatment targets25). Proteomics, metabolomics, and tran-
scriptomics methods can be further used for identifying 
novel biomarkers for risk stratification. Proteomics has been 
used to identify proteins such as uromodulin, progranulin, 
clusterin, α1 acid glycoprotein, and haptoglobin. Metabolomics 
identified metabolites including octanol, oxalic acid, phos-
phoric acid, and benzamide. Transcriptomics identified vari-
ous types of micro RNAs. These identified proteins, metabo-
lites, and micro RNAs have been actively studied for their 
predictive effects25).

AI-based predictive models can also be used to identify 
patients at higher risk for DKD progression, facilitating early 
intervention and prevention strategies32). Based on these 
comprehensive profiles, a more personalized approach 
could optimize responses to specific medications and mini-
mize adverse effects, particularly among diverse patient 
populations25).

2. Digital Health

• Continuous Glucose and Blood Pressure Monitoring: 
Wearable devices and sensors for real-time monitoring 
could allow patients to manage blood glucose and 
blood pressure levels with unprecedented accuracy, 
enhancing adherence and early detection of dysregula-
tion8,33).

• Telemedicine and Remote Care Platforms: As digital 
health solutions evolve, patients could access continuous 
medical support, enabling timely adjustments to treat-
ment plans based on remote monitoring data, which 
is particularly beneficial for those in remote or under-
served regions.

3. Microbiome and Gut Health

Research on the gut microbiome’s role in kidney health 
suggests that there is a close interplay between the gut 
microbiome and DKD. Targeting the microbiome could re-
duce systemic inflammation and improve metabolic regu-
lation, indirectly benefiting kidney function. Researches 
suggest elevated levels of gut-microbiota derived metabo-

lites (such as PBUTs) in circulation increase inflammation 
and exert negative effects including fibrosis34). Specific diet-
ary supplements or probiotic interventions could become 
standard practices for managing the gut-kidney axis, provid-
ing a novel, non-invasive means of supporting renal health34).

4. Anti-Inflammatory and Anti-Fibrotic Therapies

• Targeting Inflammatory Pathways: Future therapies 
are likely to focus on renal inflammation reduction, 
as inflammation contributes significantly to DKD pro- 
gression. Upregulation of cytokines such as IL-6, IL-1 
are suggested to be associated with decline in kidney 
function. Anti-inflammatory drugs or biologics target-
ing key inflammatory mediators could slow kidney 
damage35).

• Targeting Fibrosis Pathways: Tubulointerstitial fibrosis 
is highly associated with DKD and various fibrotic fac-
tors play a key role in the pathogenesis of DKD35). Emerging 
drugs that specifically inhibit renal fibrosis pathways 
could directly prevent the scarring that leads to kidney 
dysfunction, offering an alternative mechanism to tra-
ditional therapies. Adding on to nsMRAs, endothelin 
receptor antagonists are being studied on their effects 
of reducing fibrosis and kidney inflammation. Atrasentan, 
avosentan, and zibotentan were studied in the ASCEND 
trial, the SONAR trial, and the ZENITH-CKD trial, re-
spectively35).

5. Comprehensive Psychosocial and Behavioral Health 
Support

• Psychosocial Health Support: Mental health support 
may become an integral part of DKD management. 
Patients with diabetes and CKD have higher risk of 
depression, and as a combination of these two dis-
eases, DKD is expected to increase risk of depression36). 
It is important to acknowledge stress and depression 
in diabetic patients due to its association with treat-
ment adherence37). One way to improve mental health 
status in DKD patients is changing weight to optimal 
level through lifestyle modifications36). Additional ho-
listic approaches for depression are required to en-
hance patient engagement and treatment adherence.
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• Patient Education and Self-Management Tools: Digital 
applications for patient education, tailored lifestyle 
coaching, and enhanced self-management would em-
power patients to actively engage in their health, ad-
dressing lifestyle factors crucial to DKD management8).

6. Regenerative Medicine

• Stem Cell Therapy: Stem cell-based therapies, aimed 
at repairing damaged kidney tissue or regenerating 
functional kidney cells, hold future promise for halting 
or even reversing DKD progression. Strategies for re-
generating kidney cells include decellularized scaffold 
technology, 3D bioprinting, and kidney organoid fabrication. 
Strategies for repairing kidney cells include injection 
of stem cells or secretome such as growth factors38,39).

• Bioengineered Renal Tissue: Advances in microphysio- 
logical systems and bioengineered kidney tissues could 
provide functional alternatives or support to damaged 
kidneys, delaying or potentially eliminating the need 
for dialysis40).

Looking forward, the integration of these future pillars 
could revolutionize DKD management by expanding from 
a disease-centered approach to a comprehensive, patient- 
centered approach. Precision medicine, digital health tools, 
advanced anti-inflammatory and anti-fibrotic therapies, com- 
prehensive psychosocial support, and regenerative treat-
ments represent forward-oriented paths that hold the po-
tential to mitigate DKD progression and improve quality 
of life. Together, these future-oriented approaches form 
a cohesive framework that supports early intervention, per-
sonalized treatment, and holistic patient care.

CONCLUSION

In summary, continued research and collaboration among 
healthcare providers will be crucial to successfully integrate 
these treatment pillars into everyday clinical practice. A 
multi-dimensional approach that integrates traditional risk 
factor management, the four pillars, and emerging future 
pillars is needed for effective DKD management. Traditional 
foundations —control of blood pressure, blood sugar, and 
cholesterol along with lifestyle modifications—remain foun-

dational to slowing DKD progression. The four pillars—RAS 
inhibitors, SGLT2 inhibitors, GLP-1 receptor agonists, and 
nsMRAs—have added crucial, targeted therapies that ad-
dress both renal and cardiovascular risks.

Future-oriented pillars such as precision medicine, digital 
health innovations, microbiome modulation, advanced an-
ti-inflammatory, anti-fibrotic therapies, behavioral and psy-
chosocial support, and regenerative medicine offer promis-
ing new avenues to further enhance DKD management. 
Combining these pillars creates a comprehensive frame-
work that addresses the complex and evolving needs of 
DKD patients. Developing these pillars and discussing ways 
to effectively and safely integrate them will be essential.
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