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Abstract: CKD is an insidious and slow disease, generally acting over many years to impact the structure and function of the kidneys.
Most cases are a result of long-standing diseases, including diabetes, hypertension, inflammation, and other conditions brought about
by lifestyle factors. Because the early signs and symptoms are rather nonspecific or may even be asymptomatic, most patients are
usually diagnosed well after their kidneys have sustained critical damage. Research over the years has unraveled this progression:
from subtle cellular injury and fibrosis to the impaired accumulation of toxins and repair mechanisms, leading progressively to
diminished filtration capacity. With the discovery of newer biomarkers and better diagnostic tools, early detection has improved.
Similarly, updated clinical guidelines have presented therapies capable of slowing disease progression and protecting kidney function.
The mainstay of management now involves the use of drugs such as RAAS blockers and SGLT2 inhibitors, dietary modifications, and
lifestyle changes. CKD is also associated with cardiovascular disease, bone disorders, and anemia, besides a considerable economic
burden, and so it is a major public health priority. This review summarizes current knowledge about causes, biological mechanisms,
diagnostic developments, treatment strategies, and overall impact. The goal is to emphasize how early screening, personalized care,
and integrated management would provide important leverage in improving long-term outcomes.
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Introduction blockers, improved glycemic control, and dietary interventions-
Chronic Kidney Disease (CKD) is a major global health  have imparted significant benefits in reducing disease
concern, affecting populations worldwide and contributing  progression and improving patient outcomes (3,11,14).
significantly to long-term morbidity and mortality. It is  CKD is also associated with major systemic complications like
characterized by a gradual, irreversible loss of kidney function  cardiovascular disease, bone disorders, anemia, and increased
that develops over several months or years, often remaining  mortality, thus further widening its clinical impact (8,16,17).
undetected in its early stages. The most common risk factors  Given the multisystemic involvement and escalating health
associated with CKD include diabetes, hypertension, burden, there is a definite need to know the causes, mechanisms,
cardiovascular disorders, metabolic abnormalities, and lifestyle-  diagnostics, treatment, and consequences of CKD. This review
related influences (2,7,23). synthesizes evidence from selected literature to present a clear
Scientific literature progress has given far-reaching insight into  and updated overview of CKD.

the biological mechanisms of CKD. Various interlinked
pathways underlying chronic inflammation, oxidative stress,
endothelial ~ dysfunction, tubular injury, fibrosis, and
accumulation of uremic toxins collectively facilitate renal
damage (5, 15, 18). Since internal changes take place silently,
CKD is often diagnosed in advanced stages, making treatment
more difficult and complications more severe (1, 10).

1.1. Epidemiology and Global Burden

CKD is now one of the major non-communicable diseases
worldwide. Its prevalence is increasing due to rising rates of
hypertension, diabetes, and ageing populations [1]. Because
CKD often progresses without early symptoms, many cases
remain undiagnosed until advanced stages[1].

AR ) Key Points:
Improvements in diagnostics, through the use of newer e CKD is rising rapidly in both developed and developing
biomarkers like NGAL, Cystatin-C, and KIM-1, imaging, and countries

risk-prediction models, have facilitated early detection strategies
(4,9,12,19). At the same time, updates in clinical guidelines and
therapeutic approaches-such as SGLT2 inhibitors, RAAS

e lLate diagnosis increases treatment cost and
complications.
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Healthcare systems face financial pressure due to
dialysis, transplant, and long-term care [6].
Global reviews show CKD has a growing economic
burden on families and health systems [13]

1.2 Major Causes and Risk Factors

Diabetes and hypertension are the leading causes of CKD
globally [2]. However, several additional factors contribute to
kidney damage across populations.
Key Points:

Diabetes causes glomerular
albuminuria [11].
Hypertension leads to nephron loss and vascular
stiffness [2].

Obesity and metabolic syndrome increase CKD risk
significantly [14,22].

Recurrent acute kidney injury can develop into CKD
due to maladaptive tubular repair [15].

Ageing, smoking, high-salt diet, and sedentary lifestyle
also contributes.

o injury and persistent

1.3 Pathophysiology and Disease Mechanisms

CKD progression involves interconnected biological pathways
leading to structural kidney damage.

Key Points:

Chronic inflammation and oxidative stress accelerate
nephron damage [15].

Renal fibrosis is the final irreversible stage of tissue
injury.

Uremic toxins damage blood vessels and worsen
anemia by impairing erythropoiesis [5,18].
Cardiovascular complications are strongly linked with
CKD progression [16,17,23].

Declining GFR increases toxin accumulation, leading to
multi-system effects.

1.4 Diagnostic Approaches and Emerging Biomarkers
Traditional markers like creatinine and GFR often detect CKD
late. Therefore, modern research focuses on early biomarkers.
Key Points:

Early detection improves outcomes significantly.
Emerging biomarkers: NGAL, KIM-1, cystatin C, urine
protein markers [9,12,19].

Machine-learning models help predict CKD onset,
progression, and treatment response more accurately
[4].

Advanced imaging and risk calculators support clinical
decision-making.

1.5 Complications Associated with CKD
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As CKD worsens, multiple organs and metabolic functions are
affected.

Key Points:

Toxin accumulation causes fatigue, anemia, acidosis,
and fluid imbalance [18].

CKD-MBD increases risk of osteoporosis and bone
fractures [8].

Cardiovascular diseases are the leading cause of death
in CKD patients [16,17].

Electrolyte disorders, especially high potassium levels,
may become life-threatening.

Mental fatigue and reduced mobility affect daily
functioning.

1.6 Therapeutic Advances and Treatment Strategies

Modern treatment focuses on slowing disease progression and
preventing complications.

Key Points:

SGLT?2 inhibitors improve kidney outcomes regardless
of diabetes status [3].

KDIGO guidelines recommend BP control, glycemic
control, and lifestyle changes [7,11].

Nutritional therapy: low-sodium, controlled protein
intake, adequate hydration [14].
Management  of  diabetes,
cardiovascular disease is essential.
Early referral to nephrologists improves long-term
outcomes.

hypertension,  and

1.7 Psychosocial Impact and Quality of Life

CKD significantly affects mental and emotional health.

Key Points:

Patients face stress due to dietary restrictions and
frequent hospital visits [24].

Persistent fatigue and lifestyle changes lower quality of
life.

Counselling, patient education, and support groups
improve coping ability.

Long-term medication burden affects motivation and
mental well-being.

I.  Methodology

This review follows a conceptual methodology, where previously
published, scientific studies were analysed to understand how
chronic kidney disease (CKD) begins, progresses, is diagnosed,
and treated. No new experiments were performed; instead, key
literature was reviewed to build a clear picture of the disease
process.

2.1 Understanding How CKD Begins
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CKD most commonly starts due to long-standing diabetes and
hypertension, which slowly damage the nephrons, the filtering
units of the kidneys. Studies show that persistent high glucose
and pressure trigger inflammation, oxidative stress, and
microvascular injury that set the foundation for CKD progression
(2, 11, 23).

Over time, this early damage gradually reduces kidney function
and leads to structural abnormalities (1, 7).

2.2 Biological Mechanisms Behind Disease Progression

To understand how CKD worsens, literature describing internal
molecular pathways were reviewed.

Common mechanisms repeatedly highlighted include:

Fibrosis and scarring of kidney tissue (15)

Endothelial dysfunction caused by uremic toxins (5, 18)
Tubular injury leading to incomplete repair (15)
Inflammation and toxin accumulation worsening overall
decline (5, 18)

These processes explain why CKD progresses silently for years
before symptoms appear.

2.3 Diagnostic Approach in Literature

Published research and guidelines were reviewed to identify how
CKD is commonly diagnosed.
Core diagnostic tools include:

eGFR estimation (7, 20)

Albuminuria and proteinuria analysis (7, 2)

Imaging studies

Biomarkers such as NGAL, KIM-1, Cystatin-C (9, 12,
19)

Machine-learning—based prediction models (4)

These literature findings show that diagnosis has shifted from
traditional tests toward more sensitive early-detection methods.

2.4 Treatment Strategies Identified from Literature

The methodology also included reviewing therapeutic research.
Core treatment themes from studies include:

Blood pressure control & RAAS blockade (2, 7)
SGLT2 inhibitors slowing CKD progression (3)
Diabetes management in CKD patients (11, 25)

Diet and lifestyle adjustments (14)

Managing complications such as bone disease,
cardiovascular risk, and anemia (8, 17, 18)

These findings help identify the most effective, evidence-based
approaches used globally.

2.5 Early Conclusions Reported by Previous Studies
Across all reviewed literature, some common conclusions
repeatedly appear:

CKD progresses silently and often remains undetected
for years (1, 2, 10).

Early screening greatly reduces complications (9, 12).
A combined management approach—medications + diet
+ lifestyle—works best (3, 11, 14).

CKD increases cardiovascular and metabolic risk (16,
17).

Late-stage CKD leads to high healthcare and financial
burden (6, 13, 20).

These insights help build a unified, evidence-based
understanding of CKD without conducting new experiments.

Results and Discussions

Current Challenges in Chronic Kidney Disease (CKD)

CKD is a major global health problem caused mainly by long-
term diabetes and high blood pressure. Early detection is difficult
because current tests often only identify kidney damage once it is
advanced. Late diagnosis results in higher treatment costs and
poorer patient outcomes.

3.1 Tables

Table 1: Limitations of Conventional Biomarkers

Traditional biomarkers like serum creatinine and estimated
glomerular filtration rate (eGFR) are widely used, but they have
limitations:

Advantages Limitations
Rises  only  after
Serum Widely available; significant kidney
. inexpensive; routinely damage; influenced by
Creatinine L .
used in clinical practice age, muscle mass,
diet, and hydration
Standard method to Not accurate in early
estimate kidney kidney injury; affected
eGFR . -
function; useful for by creatinine
staging CKD variability
More sensitive than Higher cost; limited
Cystatin-C  creatinine; unaffected availability in some
by muscle mass settings
Detects early tubular Can be elevated in
NGAL injury; usefL_JI in _acute !nfectlons_ and
and chronic kidney inflammation;
disease expensive
Strong indicator  of . .
Not widely available;
KIM-1 tubular damage; helpful ot widely available;

. . higher test cost
in early detection g

Albuminuria Simple, quick test; Can be affected by
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Advantages Limitations

predicts cardiovascular exercise, fever, and
and renal risk infections; not specific
to structural damage

Novel Biomarkers Improving Early Detection
Recent research has identified novel biomarkers that can detect
kidney injury earlier:

e Cystatin C: Less affected by muscle mass, offers
improved estimation of kidney filtration.

e NGAL (Neutrophil Gelatinase-Associated
Lipocalin): Rises shortly after tubular injury, signaling
early damage.

e KIM-1 (Kidney Injury Molecule-1): Indicates damage
to kidney tubules before changes in creatinine occur.

Table 2: Overview of Novel CKD Biomarkers

i Farly . Clinical Use
Biomarker ~ Type Detection
. Status
Capability
Cystatin C Filtration Yes Increasingly
marker used
Tubular
P R h
NGAL | gy
marker ging
Tubular
KIM-1 injury Yes Research
level
marker
3.2 FIGURES

Fig 1 - Biomarker Levels Across Stages of Chronic Kidney

Disease
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Blomaricer Levels in CXD Stages

This figure illustrates the changing levels of key biomarkers—
NGAL, KIM-1, Cystatin C, and Serum Creatinine—across the
progression of chronic kidney disease (CKD) from normal
kidney function through early, middle, and late stages. NGAL
and KIM-1 rise sharply in the early stages, signaling initial
tubular injury. Cystatin C levels increase in the middle stages,
reflecting declining glomerular filtration. Serum Creatinine
elevates primarily in late stages, indicating significant kidney
damage. Early detection through novel biomarkers like NGAL
and KIM-1 can enable timely intervention and better patient
outcomes

I11. CONCLUSION

Chronic Kidney Disease continues to pose a serious global health
challenge, largely driven by diabetes and hypertension. Early
diagnosis is critical but remains difficult with conventional tests
like serum creatinine and eGFR, which often miss early kidney
damage. This underlines the importance of novel biomarkers
such as Cystatin C, NGAL, and KIM-1 that provide earlier and
more sensitive detection of kidney injury.

The integration of these advanced biomarkers, along with
emerging technologies like multi-omics and artificial
intelligence, offers promising opportunities to improve diagnosis,
risk stratification, and personalized management of CKD.
However, further research is needed to validate these biomarkers
in diverse populations, standardize testing procedures, and make
these tools affordable and accessible worldwide.

By focusing on early detection and biomarker-guided treatment,
healthcare providers can better slow CKD progression, reduce
complications, and enhance patient quality of life. This
comprehensive approach has the potential to transform CKD care
and alleviate the growing healthcare burden associated with this
disease.

Fig:2
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A schematic comparing traditional and novel biomarkers with
respect to their capacity to detect kidney injury at various stages
of CKD. This figure highlights how newer biomarkers such as
NGAL and KIM-1 enable earlier detection compared to
creatinine-based tests.

Source:

Mizdrak, M., Kumri¢, M., Kurir, T., & Bozi¢, J. (2022)°.
Emerging Biomarkers for Early Detection of Chronic Kidney
Disease.  Journal  of  Personalized Medicine, 12.
https://doi.org/10.3390/jpm12040548
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