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Abstract

Kidney disease has serious
complications whether acute or chronic. CKD
cases are in focus due to an unparalleled
increase in cases to an unexpected level
because of metabolic diseases like diabetes
mellitus (DM-II). Other causes of CKD
include hypertension (HTN), chronic urinary
tract infections, cystic kidney disease and
glomerulonephritis. The burden of CKD will
rise as the potentiating factors like HTN, DM-
2 and obesity are increasing in Asian
countries. Recent biomarkers are being tested
and used in early and better diagnosis of
CKD. These markers are usually present
mostly in both serum and urine. Key markers,
including neutrophil  gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1
(KIM-1), and  tissue inhibitor  of
metalloproteinases-2 (TIMP-2) and insulin-
like growth factor-binding protein 7 (IGFBP7)
(TIMP-2/IGFBP7) are discussed in detail,
shedding light on their sensitivity and
specificity. The combination of recentmarkers
may be found effective for early and accurate
diagnosis. This chapter explores the latest
developments in  urinary  biomarkers,
providing a comprehensive overview of their
role in assessing CKD progression.As the
medical community continues to embrace
these advancements, urinary markers emerge
as promising tools for enhancing the precision
and effectiveness of CKD diagnosis and
management.
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I. KIDNEY DISEASE

Kidney diseases form an important aspect of non-communicable diseases carrying
high morbidity and mortality. Irrespective of this high weightage remark kidney diseases are
neglected when it comes to the early diagnosis and treatment. This helps disease to spread
further and increase mortality as well as treatment cost to rise manifolds.

Causes of kidney disease include diarrhoea, HIV, Low Birth weight, malaria, preterm
birth, lifestyle changes. Kidney disease have its serious complications when it comes to its
both type of presentations, either it being acute or it bechronic. Acute kidney injury (AKI)
have its deleterious effects as the excretory functions are lost rapidly and serum urea and
creatinine rise abruptly which currently are being used in AKI diagnosis (1).

1. Chronic Kidney Disease (CKD)

Time duration for conversion to CKD have been found to have a range of 3.8 years to
12 years depending upon the management of under lying condition (2). Definition of Chronic
kidney diseases(CKD) includes GFR<60mL/min/1.73m2 or presence of protein in the urine
(3). Biopsy of the renal tissues in CKD cases shows renal sclerosis, tubular atrophy and
interstitial fibrosis. CKD is associated with number of complications which affects the
treatment protocol, these are decreased hemoglobin content as the erythropoietin levels are
decreased in renal damage. Bone health is also adversely affected as the calcium and
phosphorus metabolismis affected. Complications ultimately increase chances to premature
death to five to ten percent as the CKD progress to end stage renal failure, main cause being
cardiovascular event (4).

CKD cases are in focus due to an unparalleled increase in cases to an unexpected
levels because of metabolic diseases like diabetes mellitus (DM-I11). Other causes of CKD
includes hypertension (HTN), chronic urinary tract infections (UTI’s), cystic kidney disease
and glomerulonephritis (5).

In certain tropical countries like Sri Lanka, India, Nicaragua, Costa Rica and central
American states outbreaks of CKD were seen where no evidence of the etiology could be
find. Here risk factor could be related to environmental pollutants, prolonged dehydration,
smoking, drinking and chewing betel (6).

In a study it was seen that around 23% of the cystic kidney disease patients progressed
to end stage renal disease (ESRD) per year whereas this stage conversion rate to ESRD was
about 12% in diabetic nephropathy patients. But important point of consideration was that the
risk of death in diabetic nephropathy cases was about two fold more than the cystic kidney
disease (7).

DM-II being one of the most common cause in today’s scenario needs to be
extensively studied so that chronic kidney disease can be attended as early as possible
because of the effects it can pose to patient and the healthcare burden to the society.

Some data suggests that DM-II accounts for around 50% for end stage renal disease in
developed countries (8). Diabetic nephropathy is one of the most important cause of death in
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Insulin dependent diabetes mellitus (IDDM) patients. Risk of Renal mortality in diabetics
increased by two folds after age of 45 year (9).

2. Globalprevalence of CKD

Chronic kidney disease (CKD) has emerged as one of the leading public non
communicable disease worldwide. The overall global estimated presence of CKD is around
13.4% (11.7-15.1%), and patients who reaches end-stage kidney disease (ESKD) needing
renal replacement therapy is somewhere between 4.902 to 7.083 million (10).

In India the renal transplant data suggests that around eighteen to twenty thousand
patients require renal replacement every year (11).

As per global burden of disease study 2010 the list of total number of death
worldwide had numbered CKD at 18" place, which was huge ascent in the list from 27"
place in 1990 (12).

In Asia the prevalence of CKD is 14% and in India the prevalence of CKD is around
16% and proteinuria is around 2.2%. The incidence of CKD is found to be as high as 27% in
adults with hypertension and 31% in adults with diabetes. In overweight and obese patient the
incidence is found to be 14% in Asian countries (13).

The burden of CKD will rise as the potentiating factors like HTN, DM-2 and obesity
are increasing in Asian countries. Also burden of death due to risk factor like cardiac event
are upto before the age of 65 years. Some regions in Asia carry risk of developing CKD
without any known factor, labelled as CKDu. Endemic regions of south Asian region carry
risk of about 8% for CKDu (13).

Non-communicable diseases (such as heart disease, diabetes, or kidney disease) have
replaced communicable diseases (such as influence, malaria, or AIDs) as the most common
causes of premature death worldwide. An estimated 80% of this burden occurs in low- or
middle-income countries, and 25% is in people younger than 60 years (14).

3. CKbDstaging and Markers

Once the cause sets in to damage the nephrons in the renal tissue, adaptation
mechanisms starts to compensate for the loss. Eventually the damage in renal tissue
supersedes the compensatory mechanism and GFR starts to decline. Underlying
pathophysiology for injury involves tubule interstitial hypoxia, oxidative injury and
inflammation in a cyclic manner. So we need markers to assess renal dysfunction according
to the damage caused during the progression of CKD and early diagnosis to minimize the
mortality and morbidity (15).

To find the better markers we need to understand the progression criteria of the
chronic kidney disease. Diagnosis of chronic kidney disease based on Kidney
disease: Improvingglobaloutcomes(KDIGO)andKidneydiseaseoutcomequality initiative
(KDOQI) criteria suggests that stage | includes kidney damage with increased or normal GFR
mentioned as GFR>= 90, stage 2 includes kidney damage with mild decrease in GFR and
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GFR of 60-89, stage 3 includes moderate decrease in GFR up to 30-59, stage 4 includes
severe decrease in GFR to a level of 15-29and stage 5 if patient have GFR less than<15 to be
labeled as kidney failure and to be treated by dialysis (16).

Yet the renal biopsy is necessary for diagnosis of CKD, it comes with risk of bleeding
which can be minor to life threatening one. So we definitely need different Markers to
diagnose CKD, these includes serum markers and urinary markers (17).

Currently used some of the serum markers include serum urea, serum creatinine and
eGFR. Others are urinary markers. One of the most important urinary marker used these days
is urinary albumin excretion. Presence of albumin is considered to be one of the earliest
manifestation of Diabetic nephropathy, but renal impairment start seven before the albumin
starts to appear in the urine.

Even in minute amounts it predicts increased morbidity and mortality due to renal
complications and CVS diseases. Microvascular complications in CKD patients leads to
albumin loss more than 300 mg/day and decreases glomerular filtration rate, major cause
being DM- Il among various causes. Low GFR of range <60ml/min/1.73m2 established
independent risk factor for Cardiac event and death (18).

This is established by studies that diagnosing kidney disease before protein start to
appear in the urine, can help to use interventions which can reverse or prevent the onset of
nephropathy. Option constraints are there once the proteinuria sets in to slow the nephropathy
stage conversion (19).

Some studies also indicate that diabetic nephropathy can also progress even when
urinary albumins are not fluctuating. Some other factors like increase body weight, bad food
habit and infections also affect albumin levels (20).

On the other hand e- GFR, which is one of the best available index to calculate the
kidney function, but it can evaluate functional changes of the kidney, exact structural
alterations cannot be assessed. So we do need to have more markers which can overcome
these short comings of available markers, urinary markers in particular where no needle prick
is required and better patient compliance is there (21).

4. Recent Markers Advancement in Diagnosis and Prognosis of CKD

Recent biomarkers are being tested and used in early and better diagnosis of CKD.
These markers are usually present mostly in both serum and urine. Some of these recent
markers are cystatin-C, L-FABP, KIM-1, NGAL, uromodulin(UMOD) (22).

As the collection of blood sample is a painful procedure and can be a cause that patient
might avoid proper follow up during the treatment. So urine markers can play an important role
in early diagnosis and prognosis for CKD patients.

Urinary markers of recent origin includes cystatin-C, KIM-1, NGAL, L-FABP, NAG
osteopontin (OPN), retinol binding protein-4 (RBP-4) ACE-2, Angiotensinogen and alpha-1
microglobulin. These markers are used to assess different structural renal damage in CKD
patients. Other recent urinary markers include 8-OHdG, transferrin, Type IV-collagen and
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cystatin-C which helps to find glomerular damage and oxidative stress (23).

Cystatin-C is a new marker which is stable, no effect of muscle mass, also not
affected by re absorption or secretion in the kidney, also not affected by muscle mass, age or
diet. This fact increases its usefulness in terms of sensitivity in these patients. It is
r aised in prediabetic nephropathy and early diabetic nephropathy, which makes it better
marker to assess the damage in early CKD to minimize the damage by starting effective
therapy during early times. Limitations being costly due to high cost of immunoassay and is
not widely available (24).

Any damage to tubules plays an important role in progression and poor prognosis of
renal nephropathy. And markers reflecting tubular injury helps to find the extent of kidney
damage in CKD patients. Important recent markers to find out tubular damage are urinary
Liver-type fatty acid binding protein (L-FABP), urinary neutrophil gelatinase-associated
Lipocalin (NGAL), Urinary kidney injury molecule (KIM-1) and N-acetyl-beta-
glucosaminidase (NAG) (25).

L-FABP is a protein found in abundance in cytoplasm of proximal renal tubules and
liver cells with a weight of 14000kDa. Other tissues expressing L-FABP are intestine,
muscles and heart, brain and epidermis. It is seen in association with long chain fatty acids.
Presence of L-FABP in urine is found to have role in early diagnosis as well as prognosis of
CKD with high sensitivity and specificity (26).

Excretion of L-FABP starts in urine in case in case of tubular injury even before
presence albumin in the urine. Various factors found to increase and up regulate the synthesis
of L-FABP in kidney includes stress factors like increased blood glucose levels,
hypertension, increased protein loss and various toxins (26).

So injury at the proximal tubular region activates the genes related to production of L-
FABP and increased levels in the urine, ultimately they parallels the extent of injury in the
tubule interstitial cells (26).

L-FABP helps to estimate the extent of injury and also helps to understand the
conversion of acute to chronic state of kidney injury. It has been seen that L-FABP appears to
be more sensitive than presence of protein in the urine to measure CKD
progression. ItisalsoseentobeassociatedwithdeclineinGFRinpatientswhoare not yet showing
proteinuria. L-FABPisalsoseentoparallelcardiacmarkersindiabeticpatientsatCKDstagel and 2.
Which ultimately can be useful in predicting outcome of the progression and planning the
therapy accordingly (27).

The above mentioned facts not only increase L-FABP’s effectiveness in CKD related
with diabetic nephropathy, also L-FABP is an effective marker to diagnose acute kidney
injury and a good marker for renal injury prognosis (27).

KIM -1 is seen in apical membrane of proximal tubules and is seen to rises

nephropathyadvancedstages. TreatmentwithRASblockingagentsdecreaseKIM- 1 in the urine
which correlates with decreased blood pressure and decrease in urinary albumin loss (28).
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KIM-1 is an integral protein found to be raised with tubular injury and shows signs to
be a good early marker in tubular damage. Also being found in higher amount in diabetic
patients and complementing other markers like serum creatinine, urea, and BUN also
increases its usefulness in these patient’s diagnosis and progression of nephropathy (28).

It has been observed that glomerular injury in renal nephropathy may be following
tubular injury. And as it is noted KIM-1 being an early marker for tubular injury

It can surely be helpful in controlling further damage and nephropathy stage
conversion in these patients. KIM-1 along with NGAL depicts ongoing injury so
theextentofinjurycanbeaccuratelymeasuredwhereascystatin-Calsoreflectsthe previous or old
injury. KIM-1 levels in some instances when found to be high were coinciding with faster
decrease in GFR, thus enhancing mortality, which establish KIM-1 as prognostic marker as
well (29).

Treatment with Irbesartan in diabetic nephropathy patients showed in KIM-1 level
regression along with microalbuminuria improvement which indicates role of KIM-I in
monitoring efficacy of treatment in such patients (30).

NGALcarriesironinitsstructureandissecretedbyneutrophilswhenactivated
duringtheinfections.Alsopresentintubularepithelialcellsofkidneysois released at the time of
tubular injury. NGAL is a highly sensitive marker having more accuracy for acute kidney
injury. Also high amount of NGAL rises in relation with decreased GFR in nephropathy
patients (31).

NGAL have been studied to be negatively correlated with e-GFR and have been
found to have positive correlation with other important markers of nephropathylike
proteinuria, serum creatinine and urinary albumin creatinine ratio. These studies hint that
urinary NGAL may have bole in clinical usage with other diagnostic and prognostic markers
for Nephropathy (32).

And some important observations suggested that NGAL is closely correlated with
duration of hyperglycemia in diabetes, correlated with glycated hemoglobin and interleukin-
18 (Pro-inflammatory marker) (33).

Some studies suggested that NGAL may have role in renal adaptation to
hyperglycemia so its measurement becomes even more useful in these patients.

Presence of NGAL in raised amount with micro albumin urea nearly stages of
nephropathy suggest its role in early diagnosis of Nephropathy onset. NGAL have been found
to be moderately correlated with five stages of CKD for predicting progression to ESRD and
risk of death (34).

NAG belongs to glycosidase family and is present in lysosomes of renal tubules.
Having molecular weight of 130,000 Da. It does not cross glomerulus so any presence of
NAG in the urine will suggest proximal renal tubular damage (35).

NAG levels are effective to diagnose kidney injury as its levels remain high as long as
sustained toxin insult continues and levels return to baseline once the injury incidence are
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over. False positive results are relatively very few with NAG evaluations. NAG when used in
conjunction with other urinary markers, predicts the extent and progression of CKD very
effectively (36).

A strong association has been noted in CKD progression in patients with chronic heart
failure in respect to NAG and KIM-1 levels but not in NGAL levels. In some other instances
NGAL was found to be more strongly related to advance CKD progression Than KIM-1 and
NAG. Out of these NGAL was the main predictor of final stage conversion to ESRD and
death (37).

Overall benefit of recent urinary markers not only includes better patient compliance
but also overcome the shortcomings of routine markers of CKD. For instance the creatinine
have a significant blind area in diagnosis of renal injury and serum urea is affected by diet
and detection of albuminuria may be delayed as the considerable extent of injury have also
been occurred.

So combination of recent markers may be found effective for early and accurate
diagnose the renal damage, which form the base of better treatment planning. This effect will
ultimately improve disease outcome with delayed stage progression, decreased cardiovascular
events and decreased dialysis burden. Patient treatment cost will improve once the CKD it
diagnosed early and thus patient can have better prognosis with less disability adjusted life
years.
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