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Abstract: Diabetes mellitus is a metabolic disorder characterized by chronic
hyperglycemia resulting from insufficient insulin production, impaired insulin action,
or both. In autoimmune-mediated diabetes, pancreatic B-cells are progressively
destroyed, leading to disrupted glucose metabolism. Prolonged hyperglycemia causes
damage to small blood vessels and contributes to serious complications, including
diabetic nephropathy, which may progress to end-stage renal disease requiring
dialysis or kidney transplantation. The reported incidence of kidney failure ranges from
30-40% in patients with type 1 diabetes and 10-40% in those with type 2 diabetes.
Early and accurate assessment of renal function is therefore essential for reducing
morbidity and mortality among diabetic patients. This mini review focuses on the
commonly used methods for evaluating kidney function in diabetes, with particular
emphasis on glomerular function. Various biochemical and clinical approaches are
discussed, including renal function tests, urine analysis, albumin-to-creatinine ratio
(ACR), and estimation of glomerular filtration rate (GFR) using endogenous and
exogenous markers such as inulin. Blood-based assays assessing protein
concentrations and urine-based measurements of solute clearance, combined with
mathematical models, remain fundamental tools for estimating GFR. Early detection
of renal impairment through appropriate diagnostic strategies can significantly reduce
the risk of renal complications in diabetic patients and improve long-term clinical
outcomes.
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Introduction

Chronic diabetes results in elevated blood sugar levels
and alterations in the metabolic processes of lipids and
proteins, among other symptoms. A lack of insulin
secretion from the pancreas and cells that cannot utilize
insulin given by the pancreas contribute to elevated
blood glucose levels [1]. Diabetes has 3 types: Type 1
diabetes, type 2 diabetes and type 3 diabetes. In type 1,
the pancreas does not produce insulin; in type 2 cases,
the body's cells become insulin-resistant, and with time,
insulin production gradually decreases. Similarly, in the
case of gestational diabetes, which occurs during
pregnancy and at birth, complications may arise and
increase the risk of type 2 diabetes in the mother and
obesity among her children [2, 3]. Diabetes mellitus is a
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significant metabolic condition. The multi-system
consequences of Diabetes are Stroke, Ischemic heart
disease, and peripheral vascular disease. Diabetes
prevalence has risen in recent decades, fueled by global
obesity prevalence. Early morbidity, mortality,
shortened life expectancy, and financial and other
expenses to patients, caregivers, and the health system
are caused by diabetes [4]. Diabetes classification and
diagnosis are difficult and subject to decades of
discussion and revision [5]. Polyuria, polydipsia, weight
loss, often accompanied by polyphagia, and blurred
vision is all signs of severe hyperglycemia, according to
the American Diabetes  Association.  Chronic
hyperglycemia may also be associated with growth
retardation and increased susceptibility to certain
diseases [6].
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In the last two decades, the number of persons who
have Diabetes has more than doubled from its previous
level. Given this quick increase, one of the most
concerning developments is the increase in the
Prevalence of type 2 diabetes among children,
adolescents, and young adults [7]. However, the most
remarkable incidence cultures show a male excess,
while the lowest risk populations assessed, largely non-
European, show a female skew [8]. In Asians, type 2
diabetes is becoming more prevalent in the home
country and among migrant communities. In this way,
Asian groups are more prone than other cultures to
develop Diabetes earlier in life. The condition's
complications are more common in young Asian
individuals than in elderly Asian individuals [9]. Without
regard to the age of the people affected, it was
predicted that Diabetes will be present in 2.8% of the
world's people in 2000 and 4.4% by the year 2030. It is
anticipated that the number of people with Diabetes will
rise from 171 million in 2000 to 366 million by 2030 by
studies. Even though Diabetes is more likely to be
diagnosed in males, women are more likely to develop
the condition. Between 2000 and 2030, it is expected
that the urban population in emerging countries will
more than double [10]. The most extraordinary
significant rise is projected in the fastest-growing
developing countries [11].

Biochemical markers are critical in making an
accurate diagnosis, assessing risk, and selecting the
treatment to enhance the patient's clinical result [12].
To accurately detect the levels of venous plasma glucose
and HbAlc, only standardized and quality-certified
laboratory methods must be used. Diabetes is currently
diagnosed by measuring glucose levels in venous
plasma, which is considered the gold standard [13].
Diabetes, it is undeniably true, can result in renal
disease. Diabetic people have an increased chance of
developing hypertension, a risk factor for renal damage.
Diabetic nephropathy, a kidney condition brought on by
high blood sugar levels, is thought to be aided by the
renin-angiotensin system, which is also thought to be
involved in blood pressure regulation [14]. For the most
part, renal function tests are performed to diagnose
renal disease, select the best course of treatment, and
prevent further renal function deterioration. Other
indications for renal disease testing in patients who have
been diagnosed include determining the stage or type of
renal disease, monitoring the progression of renal
disease to ensure that optimal management occurs, and
monitoring response to interventions in patients who
have been diagnosed with renal disease [15].

Renal function tests

An estimated $23 billion is spent yearly in the
United States on health care for people with end-stage
renal disease (ESRD) caused by chronic kidney disease
(CKD) [16]. The following signs and symptoms may point
to a problem with your kidneys, infrequent urination
because of the high blood pressure, or the presence of
urine with blood in its enlargement of the hands and
feet due to fluid retention in the body. Single symptoms
may not indicate more severe conditions [17, 18].
However, if you have both of these symptoms
simultaneously, it may signify that your kidneys aren't
functioning well. Having a kidney function test can help
you figure out what's wrong. Numerous clinical
laboratory tests can be performed when studying and
analyzing kidney function. The most practical techniques
to perform to assess renal function in the clinic are
obtaining an estimate of the glomerular filtration rate
(GFR.) and screening for proteinuria (Alouminuria) [19,
20]. Glomerular proteinuria can be produced by
changing the glomerular capillary wall's permeability to
usually filtered proteins in various renal diseases. An
individual's 24-hour proteinuria might range from less
than 1 gram to more than 30 grams [21]. The glomerular
filtration rate (G.F.R.) is often the most significant
overall marker for kidney health and sickness since it
considers functional, clinical, pathological, and
prognostic factors. The "positive" glomerulotubular
balance and the "negative" tubuloglomerular feedback
are critical to the relationship between G.F.R. and
nephron function. G.F.R. measures are used by the
National Renal Foundation to diagnose and treat CKD
[20].

CKD testing can be used in public health and clinical
contexts without knowing about the patient's
underlying medical condition, which is a significant
advantage of the technique [22]. The function of the
kidney can also be assessed through the use of blood
testing. Various tests are available to measure kidney
function and seek for signs of aberrant kidney function.
Kidney health is assessed by the GFR. The most often
used biomarker of renal function is serum creatinine,
but it is not a direct measurement [23]. Other tests that
can help determine kidney function include assessing
electrolyte levels like potassium and phosphate,
measuring bicarbonate levels from a vein, and checking
for anaemia in a complete blood count. More
accurately, changes in blood creatinine concentration
can estimate GFR than changes in serum urea
concentrations [24]. GFR determines most creatinine
levels in the blood, and the rate at which Creatinine
develops is constant. There are a lot of factors that
influence urea production, including liver function and
protein intake [25]. An independent risk factor for
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patients with ESRD was blood albumin levels, commonly
accepted as renal function indicators [26].

Urine analysis

Urine and its contents are measured as part of the
evaluation of kidney function. Pee production may be
affected by abnormal kidney function, resulting in too
much or too little urine being excreted. Urine albumin or
urine protein levels are common indicators of the
kidneys' ability to filter protein. It is possible to detect
protein and blood in the urine with a urinalysis. Having
protein in your urine does not necessarily mean an
illness. Urine protein levels are increased by infection,
but so is a strenuous workout. If the results are the same
after a few weeks, your doctor may order a follow-up
test. Your doctor may also request a 24-hour urine
collection sample. Doctors can use this to monitor the
rate at which a waste product known as Creatinine
leaves your system [27].

Albumin to creatinine ratio

Albumin has lately been recommended as a marker
of kidney impairment due to the standardization of this
test and the fact that albumin is the most common
protein lost in the urine of persons with chronic kidney
disease. When analyzing urine albumin, the ACR.
(albumin-to-creatinine ratio) is the most frequently
utilized statistic [28]. This urine test's an ACR. Albumin-
to-creatinine ratio is abbreviated as ACR. The urine will
be tested for albumin. A protein is an albumin. Protein is
a nutrient that every cell in your body needs to function
correctly.

Nevertheless, it should be found in the blood rather
than the urine. You may be experiencing renal failure if
you notice protein in your urine. This could be a
symptom of renal disease in its earliest stages. You
should repeat a urine test if the findings are "positive"
for protein in your urine. Kidney disease is detected
when three consecutively positive tests are performed
over three months or longer [29].

Serum creatinine test

A decent estimate of renal function can be
obtained by measuring serum creatinine and calculating
creatinine clearance. If you collect all your urine, you can
get a more accurate reading of your creatinine clearance
[30]. This blood test looks to see if you're accumulating
creatinine levels. In most people, the kidneys can
remove all Creatinine from their blood. Abnormally high
creatinine levels indicate an issue with the kidneys [31].
Women with a creatinine level of 1.2 mg/dL or higher
and males with a level of 1.4 mg/dL or higher are

considered to be at risk for kidney disease, according to
the National Kidney Foundation (NKF) [32].

Blood test to estimate GFR

The glomerular capillaries filter fluid into the
Bowman's capsule is the rate at which the kidney's GFR.
The GFR in an average adult male is around 125 ml/min.
GFR. is 10% lower in the typical adult female. An average
of 180 ml of fluid is filtered per 24 hours with this GFR.
However, the daily output of urine is only 1 to 2 litres.
Assuming these values are accurate, the renal tubules
must reabsorb 99 percent of the glomerular filtrate [33].

GFR using creatinine

A blood test to estimate your G.F.R. Using creatinine
clearance, one can approximate the GFR. by
determining how much Creatinine is removed from the
blood per unit time [34]. Due to creatinine excretion,
creatinine clearance exceeds G.F.R., which can be
prevented with cimetidine. Excessive urinary retention
(eGFR) and excess urea nitrogen (eC.) can be accurately
measured utilizing comparisons between blood and
urine samples (eGFR). The findings of these tests are
used to evaluate kidney excretion [35]. The creatinine
level in your blood will be checked because it is a
consequence of cellular metabolism and measured.
Creatine is a byproduct of the metabolism of muscular
tissue.

The creatinine test is just the beginning. The GFR is
then calculated from your creatinine result using a
mathematical procedure (GFR) [36]. Your doctor can tell
how well your kidneys operate by looking at your GFR.
Make an appointment with your doctor to get a GFR
test. This test measures the efficiency of your kidneys in
removing waste from your bloodstream. The rate is
determined by looking at various aspects, such as
multiple data points, including creatinine levels and
other demographic information. If your kidney function
is below 60 milliliters/minute/1.73 square feet, you may
be at risk for developing renal disease. It is common to
use GFR equations to evaluate renal function [37].

GFF= Urine Concentration x Urine Flow

Plasma Concentration

The glomerular filtration rate can be calculated or
estimated using various methods GFR. Only when the
Clearance Rate is equal to the GFR does the preceding
formula apply.

Serum creatinine

Many primary care physicians use serum creatinine
(SCr) levels as a screening test for renal impairment.
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However, SCr values may remain within normal ranges
even if renal function is severely impaired [38]. When
determining renal function, a patient's serum creatinine
levels are tested. The reference range is 53-115 mol/L
or 0.6-1.3 mg/dL. Serum creatinine is the most often
used measure of renal function, and it is a simple test.
When nephrons are severely damaged, blood creatinine
levels rise as a late indicator. As a result, this test is
useless for detecting kidney disease in its earliest stages
[39].

GRF using Inulin

The GFR can be determined by injecting Inulin
or inulin-analogue sinistrin into the bloodstream. The
vast majority of potential donors are screened using
very reliable renal function tests, such as G.F.R. and
effective renal plasma flow (ERPF) assessments based on
inulin clearances [40]. This means that the excretion
rate of Inulin and sinistrin is directly related to the rate
at which the kidney filters water and solutes through the
glomerular filter. Inulin concentrations in the blood and
urine are measured using an enzymatic technique. For
this test, Inulin is hydrolyzed with inulinase, and the
native Glucose is simultaneously oxidized with H202,
followed by the measurement of fructose. This time-
saving approach can achieve high specificity, sensitivity,
and accuracy with tiny sample volumes. [41]. Inulin
clearance measurements are frequently tainted by
incomplete urine collection [42].

G.R.F. using Cystatin C

The cystatin C level in a type 2 diabetes patient is a
more sensitive marker for determining G.F.R. than the
patient's creatinine level [43]. At 13kDa, CysC is the most
negligible cysteine proteinase inhibitor. It's a member of
the cysteine proteinase inhibitors. All nucleated cells
result from a "housekeeping" gene that is expressed and
generated at a steady rate [44]. Cystatin Cis a biomarker
for the early diagnosis of kidney illness that has only
recently been found [45]. In addition to the fact that it is
produced uniformly throughout the body and filtered
out, it is brought back into the body by the tubular cells,
where it is digested. Because of this, cystatin C levels in
the blood rise as G.F.R. drops, which is harmful.
According to some research, the levels of cystatin C in
the blood are more constant than the levels of serum
creatinine in the general population. Proximal tubular
cells are monitored by urinary cystatin C [46]. The urine
levels of cystatin C in healthy people are nearly
undetectable. Cystatin C excretion can be increased if
the proximal tubular cells are damaged, reducing the
reabsorption of cystatin C [47]. There have been specific
issues with Creatinine (variable muscle mass, recent

meat-eating, etc.) that have necessitated examining
other G.F.R. measurement methods. According to
researchers, the endogenous marker of G.F.R., Cystatin
C (CysC), is unaffected by body composition [48]. There
are many more proteins than cystatin C, which is
secreted by most cells in the body (it is an inhibitor of
cysteine protease). Cystatin C is filtered out at the
glomerulus. After filtration, it is reabsorbed and
destroyed by tubular epithelial cells, with only trace
amounts excreted in the urine. As a result, Cystatin C
levels are evaluated in the bloodstream rather than in
the urine. GFR estimation and serum cystatin C levels
have been linked mathematically. (Sex, Age, and Race)
Adjusted Cystatin C and Creatine have lately been
integrated in certain proposed formulae Cystatine-C
alone is slightly less accurate than Cystatine-C combined
with (adjusted for) creatinine (adjusted for) age, gender,
and race [49].

Blood urea nitrogen (BUN)

The determination of BUN and creatinine
levels in the laboratory is "standard fare" in evaluating
renal function. This testing is not unreasonably
expensive for most patients because most hospitals
have the necessary equipment and experience to carry
out the tests [50]. To begin examining kidney function,
blood urea nitrogen (BUN) levels in the serum or plasma
were first measured [51]. Because the kidneys eliminate
more than 90% of the urea produced, it is considered a
significant consequence of protein metabolism. The
glomerulus does not secrete urea; instead, it filters it out
of the bloodstream.

Given that some of the urea excreted into the
bloodstream is passively reabsorbed from the renal
tubules, its concentration in the blood will
underestimate GFR in conditions of reduced renal
perfusion. Furthermore, nutritional consumption, liver
function, and a wide range of disorders can all impact
the levels of the hormone in the blood [52]. Additionally,
waste materials in your blood can be detected with the
BUN test. BUN tests are used to determine the blood's
nitrogen content. Protein degradation produces urea
nitrogen as a byproduct. While the renal disease is a
common cause of increased BUN levels, it is not the only
one. BUN levels can be elevated by various common
drugs, including high dosages of aspirin and certain
antibiotics. Your doctor should know about any
medications or supplements you take daily. Certain
medications may need to be stopped for a few days
before the test. A BUN level of 7 to 20 mg/dL is
considered normal. The greater the value, the more
likely it is to indicate various health issues. The BUN test
determines the amount of nitrogen present in the blood.
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BUN levels and renal function degradation are inversely
linked [53].

Albuminuria

Albuminuria is yet another marker of renal
microvascular dysfunction that should be taken
seriously [54]. Its Prevalence has increased over the
previous two decades, coinciding with the rise in the
Prevalence of high blood pressure, diabetes, and obesity
[55]. Three-quarters of patients with diabetes are
diagnosed by the time they are 60-69 years old. The
term "albuminuria" refers to urine that contains
abnormally high albumin levels. The presence of
Albuminuria aids the detection of incipient nephropathy
in diabetics. It is an independent marker for
cardiovascular disease because it indicates increased
endothelial permeability and chronic renal impairment.
An albumin/creatinine ratio can be calculated from 24-
hour urine samples or randomly selected specimens. In
the absence of a urinary tract infection, the discovery of
two episodes of Albuminuria points to glomerular
dysfunction. Chronic renal disease is diagnosed when
Albuminuria persists for more than three months [19].

Conclusion

Diabetic nephropathy remains one of the most
serious and prevalent complications of diabetes
mellitus, significantly contributing to morbidity and
progression to end-stage renal disease. Regular and
accurate assessment of kidney function is essential for
the early identification of renal impairment in diabetic
patients. The use of biochemical markers, renal function
tests, urine analysis, albumin-to-creatinine ratio, and
reliable estimation of glomerular filtration rate provides
a comprehensive approach to evaluating glomerular
function. Early diagnosis and timely intervention based
on these assessments can substantially reduce the risk
of renal complications, slow disease progression, and
improve overall clinical outcomes in individuals with
diabetes mellitus.

Author Contributions: Conceptualization, M.A. and H.A.A,;
methodology, M.A.; validation, S.E., S.A. and H.AA;
resources, A.A.A.; writing—original draft preparation, M.A.
and S.E.; writing—review and editing, S.A.,, H.AA,;
supervision, H.A.A.; project administration, H.A.A. All authors
have read and agreed to the published version of the
manuscript.

Funding: This review received no external funding.

Acknowledgments: Authors would like to thank Superior
University for providing facilities to conduct this literature
review.

Conflicts of Interest: The authors declare no conflict of
interest.

References

1. Diabetes, N.I.O. and Diseases, K., Diabetes Special Report.
1994: US Department of Health and Human Services,
Public Health Service, National ....

2. Roglic, G. WHO Global report on diabetes: A summary.
International Journal of Noncommunicable Diseases.
2016. 1(1): 3.

3. Geiss, LS. and Herman, W.H. Dependent Diabetes.
Diabetes in America. 1995(95): 233.

4. Reenders, K., De Nobel, E., et al. Diabetes and its long-
term complications in general practice: a survey in a well-
defined population. Family practice. 1993. 10(2): 169-
172.

5. Forouhi, N.G. and Wareham, N.J. Epidemiology of
diabetes. Medicine. 2010. 38(11): 602-606.

6. Mellitus, D. Diagnosis and classification of diabetes
mellitus. Diabetes care. 2005. 28(S37): S5-510.

7. Zimmet, P.Z.,, Magliano, D.)., et al. Diabetes: a 21st
century challenge. The lancet Diabetes & endocrinology.
2014. 2(1): 56-64.

8. Gale, E.A. and Gillespie, K.M. Diabetes and gender.
Diabetologia. 2001. 44(1): 3-15.

9. Ramachandran, A., Wan Ma, R.C., and Snehalatha, C.
Diabetes in Asia. The Lancet. 2010. 375(9712): 408-418
https://doi.org/10.1016/50140-6736(09)60937-5.

10. Wild, S., Roglic, G., et al. Global Prevalence of Diabetes:
Estimates for the year 2000 and projections for 2030.
Diabetes Care. 2004. 27(5): 1047-1053
10.2337/diacare.27.5.1047.

11.Sicree, R., Shaw, J., and Zimmet, P. Prevalence and
projections. Diabetes atlas. 2006. 3: 16-104.

12.Vasan, R.S. Biomarkers of cardiovascular disease:
molecular basis and practical considerations. Circulation.
2006. 113(19): 2335-2362.

13.Kerner, W. and Brilickel, J. Definition, classification and
diagnosis of diabetes mellitus. Experimental and clinical
endocrinology & diabetes. 2014. 122(07): 384-386.

14. Hippisley-Cox, J. and Coupland, C. Diabetes treatments
and risk of amputation, blindness, severe kidney failure,
hyperglycaemia, and hypoglycaemia: open cohort study
in primary care. bmj. 2016. 352.

15. Gounden, V., Bhatt, H., and Jialal, I. Renal function tests.
2018.

16.Go, A.S., Chertow, G.M., et al. Chronic kidney disease and
the risks of death, cardiovascular events, and
hospitalization. New England Journal of Medicine. 2004.
351(13): 1296-1305.

17. Mazzucco, G., Bertani, T., et al. Different patterns of renal
damage in type 2 diabetes mellitus: a multicentric study
on 393 biopsies. American Journal of Kidney Diseases.
2002. 39(4): 713-720.

18. Gambara, V., Mecca, G., et al. Heterogeneous nature of
renal lesions in type Il diabetes. Journal of the American
Society of Nephrology. 1993. 3(8): 1458-1466.

19. Gounden, V., Bhatt, H., and Jialal, I., Renal Function Tests.

10


https://doi.org/10.64813/ejmr.2026.067
https://doi.org/10.1016/S0140-6736(09)60937-5

Anas, M et al. / Electron J Med Res, 2026,2(1): 6-12. https://doi.org/10.64813/ejmr.2026.067

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

2021: StatPearls Publishing, Treasure Island (FL).

Levey, A.S., Eckardt, K.-U., et al. Definition and
classification of chronic kidney disease: a position
statement from Kidney Disease: Improving Global
Outcomes (KDIGO). Kidney international. 2005. 67(6):
2089-2100.

Robert M. Kliegman MD, J.W.S.G.M., Nathan J. Blum MD,
Samir S. Shah MD, MSCE, Robert C. Tasker MBBS, MD and
Karen M. Wilson MD, MPH. Conditions Associated With
Proteinuria Nelson Textbook of Pediatrics. 2020(Chapter
544): 2750-2752.el.

Stevens, L.A. and Levey, A.S. Current Status and Future
Perspectives for CKD Testing. American Journal of Kidney
Diseases. 2009. 53(3, Supplement 3): S17-S26
https://doi.org/10.1053/j.ajkd.2008.07.047.

Samra, M. and Abcar, A.C. False estimates of elevated
creatinine. The Permanente journal. 2012. 16(2): 51-52
10.7812/tpp/11-121.

Snyder, S. and Pendergraph, B. Detection and evaluation
of chronic kidney disease. American family physician.
2005. 72(9): 1723-1732.

Griffin, K.A., Kramer, H., and Bidani, A.K. Adverse renal
consequences of obesity. American Journal of
Physiology-Renal Physiology. 2008.

Keane, W.F., Brenner, B.M., et al. The risk of developing
end-stage renal disease in patients with type 2 diabetes
and nephropathy: the RENAAL study. Kidney
international. 2003. 63(4): 1499-1507.

Evaluation and Management of Chronic Kidney Disease:
Synopsis of the Kidney Disease: Improving Global
Outcomes 2012 Clinical Practice Guideline. Annals of
Internal Medicine. 2013. 158(11): 825-830
10.7326/0003-4819-158-11-201306040-00007 %m
23732715.

Levin, A., Stevens, P.E., et al. Kidney Disease: Improving
Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012
clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney
international supplements. 2013. 3(1): 1-150.

Methven, S., MacGregor, M.S., et al. Assessing
proteinuria in chronic kidney disease: protein—creatinine
ratio v ersus albumin—creatinine ratio. Nephrology
Dialysis Transplantation. 2010. 25(9): 2991-2996.
Nankivell, B.J., Creatinine clearance and the assessment
of renal function. 2001: Australian Prescriber.

Levey, A.S., Perrone, R.D.,, and Madias, N.E. Serum
creatinine and renal function. Annual review of medicine.
1988. 39(1): 465-490.

Hull, J.H., Hak, LJ., et al. Influence of range of renal
function and liver disease on predictability of creatinine
clearance. Clinical Pharmacology & Therapeutics. 1981.
29(4): 516-521.

Nosek, T.M. "Glomerular Filtration Rate". Essentials of
Human Physiology. 2016. ("Section 7/7ch04/7ch04p11"

.Levey, AS., Stevens, L.A., et al. A new equation to

estimate glomerular filtration rate. Annals of internal
medicine. 2009. 150(9): 604-612.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

Ganong. "Renal Function & Micturition". Review of
Medical Physiology. 2016. 25th ed. McGraw-Hill
Education(ISBN 978-0-07-184897-8.): 677.

Rule, A.D., Larson, T.S., et al. Using serum creatinine to
estimate glomerular filtration rate: accuracy in good
health and in chronic kidney disease. Annals of internal
medicine. 2004. 141(12): 929-937.

Levey, A.S., Coresh, J., et al. Using standardized serum
creatinine values in the modification of diet in renal
disease study equation for estimating glomerular
filtration rate. Annals of internal medicine. 2006. 145(4):
247-254.

Duncan, L., Heathcote, J., et al. Screening for renal
disease using serum creatinine: who are we missing?
Nephrology Dialysis Transplantation. 2001. 16(5): 1042-
1046.

Demirci, R. and Akyliz, O. The effect of isosorbide-
mononitrate on proteinuria in patients with diabetic
nephropathy. Journal of Surgery and Medicine. 2021.
5(6): 620-622.

Berg, U. Long-term follow-up of renal function in
recipients and donors following pediatric kidney
transplantation. Pediatric Nephrology. 2001. 16(12): 957-
963.

Kuehnle, H., Dahl, K.v., and Schmidt, F. Fully enzymatic
inulin determination in small volume samples without
deproteinization. Nephron. 1992. 62(1): 104-107.

Rose, G.A. Measurement of glomerular filtration rate by
inulin clearance without urine collection. British medical
journal. 1969. 2(5649): 91-93 10.1136/bm;.2.5649.91.
Mussap, M., Vestra, M.D., et al. Cystatin C is a more
sensitive marker than creatinine for the estimation of
GFR in type 2 diabetic patients. Kidney International.
2002. 61(4): 1453-1461 https://doi.org/10.1046/j.1523-
1755.2002.00253.x.

Abrahamson, M., Olafsson, ., et al. Structure and
expression of the human cystatin C gene. Biochemical
journal. 1990. 268(2): 287-294.

Finney, H., Newman, D.., et al. Initial evaluation of
cystatin  C  measurement by particle-enhanced
immunonephelometry on the Behring nephelometer
systems (BNA, BN IlI). Clinical chemistry. 1997. 43(6):
1016-1022.

Laterza, O.F., Price, C.P., and Scott, M.G. Cystatin C: an
improved estimator of glomerular filtration rate? Clinical
chemistry. 2002. 48(5): 699-707.

Koyner, C.R.P.a.J.L. and Biomarkers in Acute and Chronic
Kidney Diseases

Brenner and Rector's The Kidney,. 2020. 27: 872-904.e12.

48.

49.

Macdonald, J., Marcora, S., et al. GFR estimation using
cystatin C is not independent of body composition.
American journal of kidney diseases. 2006. 48(5): 712-
719.

Stevens, L.A., Coresh, J., et al. Estimating GFR using serum
cystatin C alone and in combination with serum
creatinine: a pooled analysis of 3,418 individuals with
CKD. American journal of kidney diseases : the official
journal of the National Kidney Foundation. 2008. 51(3):

11


https://doi.org/10.64813/ejmr.2026.067
https://doi.org/10.1053/j.ajkd.2008.07.047
https://doi.org/10.1046/j.1523-1755.2002.00253.x
https://doi.org/10.1046/j.1523-1755.2002.00253.x

Anas, M et al. / Electron J Med Res, 2026,2(1): 6-12. https://doi.org/10.64813/ejmr.2026.067

395-406 10.1053/j.ajkd.2007.11.018.

50.Lyman, J.L. Blood Urea Nitrogen and Creatinine.
Emergency Medicine Clinics of North America. 1986. 4(2):
223-233 https://doi.org/10.1016/S0733-8627(20)30997-

4.
51.Smith, H.W., The kidney: structure and function in health
and disease. 1951: Oxford University Press, USA.
52.Newman, D. Renal function and nitrogen metabolites.
Tietz textbook of clinical chemistry. 1999: 1204-1270.
53. DOSSETOR, J.B. Creatininemia versus uremia: The relative

54.

55.

significance of blood urea nitrogen and serum creatinine
concentrations in azotemia. Annals of Internal Medicine.
1966. 65(6): 1287-1299.

Coresh, J., Selvin, E., et al. Prevalence of chronic kidney
disease in the United States. Jama. 2007. 298(17): 2038-
2047.

Garg, AX., Kiberd, B.A., et al. Alouminuria and renal
insufficiency prevalence guides population screening:
results from the NHANES lll. Kidney international. 2002.
61(6): 2165-2175.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of RES Publishers and/or the editor(s). RES Publishers and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

12


https://doi.org/10.64813/ejmr.2026.067
https://doi.org/10.1016/S0733-8627(20)30997-4
https://doi.org/10.1016/S0733-8627(20)30997-4

