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ABSTRACT 
Chronic kidney disease (CKD) is a prevalent and severe complication of diabetes mellitus (DM), significantly 
impacting morbidity and mortality globally. In individuals with diabetes, CKD arises from a confluence of 
mechanisms, including persistent hyperglycemia, glomerular hyperfiltration, oxidative stress, and the 
activation of profibrotic pathways, culminating in progressive kidney injury. Several factors, such as poor 
glycemic control, hypertension, obesity, and genetic predisposition, further accelerate the decline in kidney 
function.  In the early stages of CKD, there are usually no symptoms. Albuminuria or small drops in the 
estimated glomerular filtration rate (eGFR) are usually the first signs that the kidneys are affected. 
Treatment combines renoprotective medications like ACE inhibitors, ARBs, SGLT2 inhibitors, and GLP-1 
receptor agonists with patient education and regular checkups to slow the disease's progress. A proactive, 
multifaceted approach is essential to reduce the burden of CKD in individuals with diabetes and to improve 
long-term kidney and cardiovascular outcomes.  Doctors and researchers need to know how diabetic CKD 
starts, what causes it, how it shows up in patients, and how to treat it so that they can come up with better 
ways to help patients. 
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INTRODUCTION  
Chronic kidney disease (CKD) is defined by lasting 
kidney damage or a reduced estimated glomerular 
filtration rate (eGFR) below 60 mL/min/1.73 m² for 
at least three months. The condition reflects a gradual 
decline in kidney function, which can eventually 
require interventions like dialysis or kidney 
transplantation [9]. 
 
Chronic Kidney Disease (CKD) has emerged as a 
major cause of death around the world, and it is one 
of the few non-communicable diseases with a steadily 
increasing death rate over the past two decades [11]. 
Based on the global studies assessing the prevalence 
of CKD, it is estimated that approximately 843.6 
million people suffer from CKD stage 1-5 [8]. 
 
Among the many risk factors that can lead to CKD, 
diabetes mellitus (DM) has emerged as the major  

 
contributor, particularly in developed countries [9]. 
The global prevalence of DM continues to rise 
gradually, affecting hundreds of millions of people 
worldwide, and is expected to increase further [18]. 
The continued rise of DM will contribute 
significantly to the increasing burden of CKD. Most 
of the increase is expected to occur in the Asian 
region [13]. Therefore, this review focuses on the 
role of DM in the development of CKD, starting with 
pathogenesis, risk factors, clinical manifestation, 
assessment of kidney function, prevention, and 
management. 
 
METHODS 
This study was a focused narrative literature review 
that aimed to bring together the most recent 
research about how diabetes mellitus may lead to 
chronic kidney disease.
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RESULT  
Pathogenesis 
The pathogenesis underlying diabetic-induced CKD 
involves complex interactions between metabolic 
and hemodynamic disturbance and primarily 
begins with chronic hyperglycemia to dysregulated 
intracellular metabolism, inflammatory lesions, 
increased apoptosis processes, and tissue fibrosis 
[4].  
 
Three crucial steps can lead to kidney damage in 
DM patients they are glomerular hypertrophy 
leading to hyperfiltration [15], inflammation of 
glomerular and tubulointerstitial, and altered 
regulation of cellular apoptosis accompanied by 
remodelling of extracellular matrix [4].  
 
The first step is glomerular hyperfiltration. 
Hyperfiltration can occur due to an ultrastructural 
change. From the early stage of DM, enlargement of 
the kidney occurs gradually, particularly in the 
proximal tubules [29,30]. This enlargement is 
primarily driven by chronic hyperglycemia, which 
stimulates the release of cytokines and growth 
factors, although obesity can independently 
contribute to nephromegaly [25]. Experimental 
studies have shown that tubular hypertrophy often 
precedes hyperfiltration, and inhibition of 
hypertrophic pathways, such as suppression of 
ornithine decarboxylase, can proportionally 
reduce hyperfiltration in diabetic models. Since 
tubular growth tends to regress gradually, and full 
restoration of normal kidney size is uncommon 
even with well-controlled blood glucose levels, 
persistent tubular enlargement and functional 
alterations may continue to drive glomerular 
hyperfiltration over time [20].  
 
The second step is inflammation of the glomerular 
and tubulointestitial. In a diabetic patient, 
hyperglycemia can trigger a complex inflammatory 
response within the glomerular and 
tubulointerstitial [27]. It also activates the resident 
glomerular cells, tubular epithelial cells, and 
infiltrating immune cells, particularly macrophages 
and T lymphocytes, leading to the production of 
proinflammatory cytokines and chemokines such as 
TNF‑α, IL‑6, IL‑1β, and MCP‑1.  This inflammatory 
microenvironment encourages white blood cells to 
gather and cause local tissue damage, which can 
cause scarring [28]. Importantly, the degree of 
interstitial immune‑cell infiltration has been shown 
to correlate with worsening kidney function, which 
highlights that inflammation is not just a bystander 
but also a driving force in diabetic kidney injury [6].  
The third step is altered regulation of cellular 
apoptosis, accompanied by remodelling of the 
extracellular matrix, which can be a hallmark of 
kidney injury. Kidney cells such as podocytes, 
tubular epithelial cells, and mesangial cells are 
particularly vulnerable to oxidative stress and 
inflammatory signals under diabetic conditions, 
which trigger apoptotic pathways (e.g., 
p53/Bax/caspase‑3) and disrupt essential 
processes like autophagy that normally maintain cell 
health [6]. The loss of podocytes weakens the 

glomerular filtration barrier, leading to protein 
leakage into the urine, while apoptosis of tubular 
cells results in tubular atrophy and the formation of 
a tubular glomeruli, further impairing nephron 
function [24]. Meanwhile, the kidney’s structural 
framework, the extracellular matrix, becomes 
excessively built up. Overproduction of collagen 
types I and IV, fibronectin, and laminin, coupled with 
reduced activity of matrix-degrading enzymes 
(MMPs), leads to thickening of the glomerular 
basement membrane, expansion of the mesangial 
matrix, and progressive tubulointerstitial fibrosis 
[7].  
 
Profibrotic signals, including TGF‑β, CTGF, and 
Smad2/3, which are activated by sustained 
hyperglycemia and chronic inflammation, drive 
tubular epithelial cells to undergo epithelial-to-
mesenchymal transition (EMT) into myofibroblasts, 
thereby amplifying extracellular matrix 
accumulation [19].  
 
Together, the interplay of uncontrolled cell death 
and excessive ECM deposition leads to lasting 
structural alterations in the kidney, including 
glomerulosclerosis and interstitial fibrosis, 
ultimately driving progressive loss of kidney 
function. These pathways are now recognized as 
critical targets for emerging therapies in diabetic 
kidney disease [21]. 
 
Risk Factor 
In individuals with diabetes mellitus, the kidneys 
face a multifactorial assault, and the accumulation of 
risk factors dramatically increases the likelihood of 
kidney injury. Among the strongest predictors is 
disease duration: a retrospective study of 424 
patients with type 2 diabetes (T2DM) found that a 
diabetes duration of ≥15 years was significantly 
associated with a high or very high risk of CKD 
progression (OR ~1.75) compared with lower‑risk 
groups [16]. 
 
Another key driver is hypertension. Elevated 
systemic blood pressure exerts increased 
intraglomerular pressure and mechanical stress on 
the filtration barrier. In the same cohort, 
hypertension increased the odds of high‑risk CKD 
status by approximately four‑fold (OR ~4.4, 95% CI 
2.6–7.5) [16]. Evidence from multiple large-scale 
prospective studies indicates that having both 
diabetes mellitus and hypertension significantly 
amplifies the risk of developing chronic kidney 
disease, exceeding the risk posed by either condition 
alone. In a cohort of 21,905 participants, individuals 
with both conditions exhibited a CKD incidence of 
45.1 per 1,000 person-years, with an adjusted 
hazard ratio of 1.52 (95% CI 1.35–1.70) compared 
with those who had hypertension only [22]. 
 
Dyslipidaemia has become increasingly recognized 
as an important factor that independently 
contributes to the risk of CKD. In a cross-sectional 
study, patients with high lipid levels were found to 
have about three times greater likelihood of falling 
into the high or very high CKD risk category, with an 
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odds ratio of roughly 3.2 [16]. This suggests that 
abnormal cholesterol and triglyceride levels may 
play a direct role in worsening kidney function, 
potentially through mechanisms such as 
inflammation, oxidative stress, and damage to blood 
vessels in the kidneys [3].  
 
Maintaining good blood sugar control continues to 
be a cornerstone in protecting kidney health. 
Higher HbA1c levels and greater fluctuations in 
blood glucose have been closely linked to both an 
increase in microalbuminuria and a faster decline 
in estimated glomerular filtration rate (eGFR), 
reflecting worsening kidney function. A 
comprehensive meta-analysis of patients with DM 
from around the world confirms that 
hyperglycaemia remains the most important 
modifiable risk factor for kidney disease, even in 
the presence of other comorbid conditions. This 
highlights that keeping blood glucose stable is not 
just about managing diabetes but also a critical 
strategy for slowing the progression of CKD [3]. 
 
Obesity and elevated body mass index (BMI) 
impose additional hemodynamic and metabolic 
stress on the kidneys. A Mendelian randomisation 
study identified obesity, adverse blood lipids, and 
height as causal traits shared between DM and CKD, 
suggesting the excess adiposity is not just a 
coincidence but a mechanistic risk [31]. 
 
Smoking habit further magnifies risk by triggering 
oxidative stress, endothelial dysfunction, and 
microvascular damage in kidney tissue. A 
systematic review found smoking increased the 
odds of diabetic kidney disease (DKD) in T2DM (OR 
~1.64, 95% CI 1.30–2.07) [31].  
 
Certain factors that we cannot change also play a 
significant role in increasing the risk of CKD. Aging is 
one of the most important factors, as kidneys 
gradually lose nephrons and their overall functional 
reserve over time, making them more susceptible to 
damage from high blood sugar, high blood pressure, 
and other metabolic stresses [3]. Men are generally at 
higher risk than women, which may be related to 
hormonal differences, body composition, and 
cardiovascular risk patterns that affect kidney health 
[26]. Additionally, having a family history of kidney 
disease or diabetes further increases vulnerability, 
emphasizing that inherited risk is an important part 
of the picture [10]. Altogether, these non-modifiable 
factors combine with lifestyle and health conditions 
to shape an individual’s overall susceptibility, 
highlighting the need for early monitoring and 
preventive strategies in those at higher risk [9]. 
 
Clinical Manifestation 
In people with diabetes, whether type 1 or type 2, 
kidney problems often develop quietly. For a long 
time, they might not notice any symptoms, even as 
changes in kidney structure and function are already 
taking place [12]. In many patients, one of the first 
signs of kidney involvement is a slight rise in the 
amount of albumin in the urine, often referred to as 
“microalbuminuria.” This is usually measured as a 

urinary albumin‑to‑creatinine ratio between 30 and 
300 mg/g, indicating early damage to the glomeruli 
and that the glomerular filtration barrier is 
becoming more permeable [14] .  
 
As kidney disease advances, some patients may 
develop noticeable protein in the urine, known as 
“macroalbuminuria,” along with a slow but steady 
drop in kidney function. This is often reflected by a 
decline in estimated glomerular filtration rate 
(eGFR) below 60 mL/min/1.73 m², and in later 
stages, the eGFR can fall even further, indicating 
more severe kidney impairment [35].  When kidney 
damage becomes more pronounced, patients may 
start to notice clinical symptoms such as swelling in 
the legs and ankles, persistent fatigue, anemia, and 
imbalances in fluids and electrolytes, including high 
potassium levels or metabolic acidosis. These 
symptoms arise not just from glomerular injury but 
also from damage to the kidney’s tubules and 
interstitial tissue, a reduced number of functioning 
nephrons, and the wider systemic effects of 
impaired kidney function [12].  
 
In addition to kidney-specific symptoms, diabetes-
related kidney disease often occurs alongside other 
health issues. High blood pressure is commonly 
seen, and having albumin in the urine or a lowered 
eGFR significantly raises the risk of cardiovascular 
problems. Interestingly, in many patients with 
type 2 diabetes, a decline in eGFR can appear even 
before albuminuria develops, meaning the 
traditional progression from microalbuminuria to 
macroalbuminuria and then to reduced kidney 
function does not always follow a strict pattern [1]. 
 
Prevention and Management 
According to the Kidney Disease: Improving Global 
Outcomes (KDIGO) 2022 guidelines, recommended 
early screening for albuminuria and kidney 
function decline, optimization of glycemic and 
blood pressure, and the use of renoprotective 
drugs, such as ACE inhibitors, ARBs, sodium-
glucose cotransporter 2 (SGLT2) inhibitors, and 
glucagon-like peptide-1 (GLP-1) receptor agonists 
in patients with DM to prevent or delay the 
progression of CKD [8]. 
 
Individuals with diabetes are at a considerable risk 
of developing kidney problems, but the encouraging 
fact is that proactive prevention and careful 
management can substantially slow or even prevent 
the progression of kidney damage. Maintaining early 
and consistent blood sugar control is key. Numerous 
reviews emphasize that keeping HbA1c within 
recommended targets and minimizing fluctuations 
in blood glucose can help prevent the development 
of microalbuminuria and slow the decline in kidney 
filtration function [2].  
 
In addition to controlling blood sugar, careful 
management of high blood pressure and abnormal 
lipid levels is essential. Guidelines stress that keeping 
blood pressure well-controlled, typically below 
130/80 mmHg, using RAAS-blocking medications, and 
addressing cholesterol with  lipid-lowering therapies
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all play a vital role in protecting kidney health [17].  
 
Lifestyle changes form the foundation of kidney 
disease prevention in diabetes. Keeping a healthy 
weight, engaging in regular physical activity, 
following a kidney-supportive diet, such as limiting 
sodium and avoiding excessive protein intake 
when appropriate, and quitting smoking are all 
strongly linked to a reduced risk of diabetic kidney 
disease progression [5].  
 
In recent years, treatment options have expanded. 
Newer glucose-lowering drugs, especially SGLT2 
inhibitors and GLP‑1 receptor agonists, not only 
help control blood sugar but also offer direct 
kidney protection. Studies show they can reduce 
albuminuria, slow the decline of eGFR, and lower 
the risk of progressing to end-stage kidney disease 
[23]. For individuals already showing evidence of 
kidney damage, such as albumin in the urine or a 
falling eGFR, early detection through yearly 
monitoring of UACR and eGFR, along with prompt 
referral and coordinated multidisciplinary care, is 
crucial for optimal outcomes [2].  
 
In practice, managing established kidney disease in 
diabetes works best with a multi-pronged strategy. 
This includes tightly controlling blood sugar, blood 
pressure, and cholesterol; using RAAS-blocking 
medications; considering SGLT2 inhibitors or GLP‑1 
receptor agonists; reinforcing healthy lifestyle 
habits; regularly monitoring kidney and 
cardiovascular health; and managing complications 
like anemia or mineral-bone disorders as kidney 
function worsens [2]. 
 
CONCLUSION 
Diabetes mellitus plays a central role in the onset 
and progression of chronic kidney disease, acting 
through mechanisms such as persistent high blood 
sugar, overworking of the kidneys, oxidative stress, 
and pathways that promote kidney scarring. Factors 
like poor blood sugar control, high blood pressure, 
obesity, and genetic susceptibility can further 
accelerate kidney damage.  
 
Early kidney changes are often silent, making 
routine monitoring with eGFR and urine albumin-to-
creatinine ratio essential for early detection and risk 
assessment. Prevention emphasizes maintaining 
healthy blood sugar and blood pressure, adopting a 
balanced lifestyle, and managing other related 
conditions. Treatment combines medications that 
protect the kidneys—such as ACE inhibitors, ARBs, 
SGLT2 inhibitors, and GLP-1 receptor agonists—
with patient education and regular follow-up. 
Taking a proactive, comprehensive approach is 
crucial to slowing disease progression and 
improving both kidney and heart health over the 
long term. 
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