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ABSTRACT

ESTIMATION AND COMPARISON OF eGFR USING SERUM CYSTATIN

C AND SERUM CREATININE FOR DETECTION OF EARLY

NEPHROPATHY IN TYPE 2 DIABETES MELLITUS

INTRODUCTION:

Type 2 diabetes is a common and chronic metabolic condition charadtdrys
insulin resistance, deficiency or both and is usually irreverdibédfects more than
120 million people worldwide and is estimated to affect 370 million gebplthe
year 2030. Diabetic nephropathy is a clinical syndrome charzetierby the
occurrence of persistent microalbuminuria in concomitance with iRsatimon—
insulin dependent diabetes. Diabetic nephropathy is currently onee deading

causes of morbidity and mortality in the diabetic population, acoauror the

greatest proportion of end stage renal disease worldwide. The enasatg of

patients with diabetes and End stage renal disease contrilgndaintly to health
care costs. This study was undertaken to evaluate the ef6E#twg new molecule in
assessing renal dysfunction at a phase when timely interveofionse instituted and
the progression of nephropathy can be delayed.
OBJECTIVES:
1. To estimate serum cystatin C based eGFR and serum crediasad eGFR in
type 2 diabetes mellitus patients.
. To detect early nephropathy using the above findings in type 2 elsabmellitus
patients.
. To compare diagnosis of early nephropathy in Type 2 DM by usengns

cystatin C based eGFR and serum creatinine based eGFR.




MATERIALS AND METHODS:

This is a observational prospective stud®. patients with type 2 diabetes mellitu
meeting the inclusion and exclusion criteria's admitted taJBlappa Hospital and
Research center attached to Sri Devaraj Urs MedicagmllTamaka, Kolar during
March 2016 to March 2017 were included in the study. The data wastedllezsed
on detailed history and clinical examination done as per the profalomg with

investigations FBS,PPBS,HbA1c, serum creatinine and serum cystatin-C.

RESULTS:

Total of forty two patients satisfying inclusion criterine included in study. The
mean duration of diabetes in the study population was 8.3 years anahnagei of

patients was 61.50 years. Males were predominant than femalespgmiynof study

group constituted by more than 60 years of age. The mean serumimceeats 0.70

mg/dl ranging from 0.721 + 0.256 and eGFR based on serum creatirsns \Wee

range of 122 + 17.96 ml/min/1.73°m The mean serum cystatin-c was 1.0 mg

ranging from 0.75 £ 1.20 and Mean eGFR based on serum cystatig--8Qva
ml/min/1.73nf with range of 81.14 + 16.53 ml/min/1.78n87 patients had eGFR
>90 ml/min/1.73m based on serum creatinine. Out of whom, 26 patients
normoalbuminuria, 9 had microalbuminuria and 2 had macroalbuminuria. 5 pat
had eGFR between 60-89 ml/min/1.73pased on serum creatinine. Out of which,
had microalbuminuria and 2 had macroalbuminuria. 16 patients had eGFR
ml/min/1.73nf based onserum cystatin-c and all of them had normoalbuminuria.
patients eGFR between 60-89 ml/min/1.73 wut of which, 10 patients who hag

normoalbuminuria, 12 patients had micro albuminuria and 4 patients

hd
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macroalbuminuria. we found most of the patients who had normal seeatmuore
based eGFR and normoalbuminuria had diabetic nephropathy (CKD stagasidp
serum cystatin C. This study shows serum cystatin-c is hggnlgitivity compared to

serum creatinine to detect early diabetic nephropathy.

CONCLUSION:

Our results shows serum cystatin-C is more sensitive as oednpga serum

creatinine as serum cystatin-c which could detect diabetic nephydi@2D stage 2)

in patients who had normoalbuminuria and normal eGFR based on serumr@ea
Serum Cystatin C appears to hold promise in predicting early dgatunction and

more so as an indicator of overt nephropathy.
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INTRODUCTION

Type 2 diabetes is a common and chronic metabolic condition chaedter
by insulin resistance, deficiency or both and is usually irrdMersiype 2 Diabetes
was previously referred to as non insulin dependent or adult ondeitetiaand
accounts for 90-95% of the total diabetic cases. Its complicatesudts in reduced
life expectancy and reduced quality of life. These include mascalar disease,
leading to an increased prevalence of coronary artery dispaspheral vascular
disease, and stroke, and microvascular damage, causing diabetic tktinopa
neuropathy and nephropatf.

It affects more than 120 million people worldwide and is estimeteaffect
370 million people by the year 2030. The greatest increases in prevaeac
anticipated to occur in the Middle East, sub- Saharan Africaratid. lIt is the most
common metabolic disorder in India. It is assuming epidemic proportithsthe
Asian-Indian phenotype being more susceptible for the development of the didease.

Among Indians, the onset of type 2 diabetes occurs at a youngerakyey
them more prone to develop all the complications of diabetes due to ldungdion
of the disease®Diabetic nephropathy is a clinical syndrome characterizechby t
occurrence of persistent microalbuminuria in concomitance with iRsatimon—
insulin dependent diabeté$.

Diabetic nephropathy is currently one of the leading causesodfidity and
mortality in the diabetic population, accounting for the greatest piopoof end
stage renal disease worldwide. This microvascular complicasordue to a
progressive change in the structure and function of the kidney owimguttiple
diabetes associated factors. Rate of renal function declaneases as the disease

progresses and thereby morbidity and mortality too.



The management of patients with diabetes and End stage renatedise
contributes significantly to health care costs. Renal failuneatrents with diabetes
became a major issue when numbers of diabetic patients req@nalgreplacement
therapy are increasing day by d&y.

In the past few decades, there have been notable advances in our knowledge
regarding the early stages of diabetic nephropathy, likeadwent of interventions
that can significantly slow or even reverse the progression ehgbs Substantial
under-diagnosis of diabetic CKD leads to loss of opportunities riareption and
inadequate treatment of patients with early diabetic nephropathy.

Previously used parameters to assess renal function include bl@pdemem
creatinine and urine albumin estimation. These are known to be inddidrycseveral
physiological and pathological factors that render them insensitivenreliable for
early detection of renal dysfunction. Hence research has béem @o for finding
more dependable markers for estimating kidney function. Recently ciedldstudies
have identified Cystatin C as a new and reliable marker which can lotedeteearly
in nephropathy and helps in prompt diagnosis of early kidney failure.

This study was undertaken to evaluate the efficacy of thismelgecule in
assessing renal dysfunction at a phase when timely intervenfiorni®e instituted and

the progression of nephropathy can be delayed.



OBJECTIVES:

. To estimate serum cystatin C based eGFR and serum creatinine bagedretgpe 2

diabetes mellitus patients.

. To detect early nephropathy using the above findings in type 2 dialetiétis

patients

. To compare diagnosis of early nephropathy in Type 2 DM by usingrscystatin C

based eGFR and serum creatinine based eGFR.



REVIEW OF LITERATURE:

EPIDEMIOLOGY OF TYPE 2 DIABETES MELLITUS:

The prevalence of diabetes is rapidly increasing all overwbed at an
alarming rate. According to the International Federation of &edy 120 million
adults around the world are suffering from diabetes, and it imasd that the
numbers will reach around 642 million by 2020.

The first World Health Organization (WHO) global report on diabe
demonstrates that the number of adults living with diabetes hasstatinadrupled
since 1980 to 422 million adultd. Diabetes has become one of the leading causes of
premature illness and deaths in most countries, mainly through tieased risk of
cardiovascular disease which is responsible for over 50% of deaffeysons with
diabeted® Although diabetes is sometimes considered the major concern for
developed nations, the loss of life from premature death among persortBabetes
is greatest in developing countries. Nearly 80% of the total dddetics are in low-
or middle-income countrie®. India leads the World and stands at the second position
after China, with 69 million persons affected by diabetes posesrdima challenge
to the sustainable development of the nation as almost every tenth(Qae) in
India is estimated to be affected by diab&eghe WHO estimated every 26 per
100,000 persons die due to diabetes in India though it declined margindlipra
males increased between 2000 and 2{1.2.

A study in India indicates that more than 50% of people with dialhetes
poor glycemic control, uncontrolled hypertension, and dyslipidemia anarge |
percentage have diabetic vascular complicatifisAnother study on Indian data

shows that the common risk factors such as greater duration of didigiertension,



poor metabolic control, smoking, obesity, and dyslipidemia are more aley¢lop
diabetic complicationS®

Some of the review studies on DM showed a rising trend in the prexabf
diabetes across different parts of IndfaThe first national study on the prevalence of
type 2 diabetes based on clinical data (blood glucose level >170) nmgldtlia was
done by the Indian Council Medical Research estimated diabetedgmee of 2.1%
in urban and 1.5% in the rural area in 1972—1€%%\ national rural diabetes survey
estimated 2.8% of diabetes (based on the WHO 1985 cfit8yidn 1989
1991 Subsequent studies used the WHO 19%diterion estimated a high
prevalence of diabetes ranging in rural area from 10% in‘®da 19.8% in
Karnatakd'” and in an urban area from 9.3% in Mumbai (18)to 19.5% in
Ernakulam™® However, due to lack of clinical data at large scale, availatldies
provided estimates of DM for the rural, or urban area of selest&tes or districts and
many studies used the different criterion to define DM.

The Asian Indian phenotype is associated with increased insulstaress,
greater abdominal adiposity despite lower body mass index, |aihmsrectin levels
and higher high sensitive C-reactive protein which makes Indiane prone to
diabetes. Among Indians, the onset of type 2 diabetes occure®angey age making
them more vulnerable to all its complications owing to longer duration of dis&ase.

Being a multi-organ disease, diabetes causes macrovascular and midesvasc
complications that in turn contribute to the morbidity and mortalisp@ated with it.
Nearly 30% of chronic kidney disease in our country is due to diabepicropathy

and it is thus the single most common cause of chronic renal failure in‘fdia.



DIABETIC NEPHROPATHY

DEFINITION:

Diabetic nephropathy is a syndrome characterized by pamrsiatbuminuria (>300
mg/24 hr) that is confirmed on at least 2 occasions 3-6 months apamgressive
decline in GFR, raised arterial BP, and enhanced cardiovascudyidiy and
mortality. ®® A clinical diagnosis of diabetic nephropathy can be made ifjdiitian
to persistent albuminuria there is co-existent retinopathy imlisence of clinical or

laboratory evidence of other kidney or renal tract disease.

PATHOPHYSIOLOGY:

Diabetes leads to progressive structural alterations of kideeys including
extracellular matrix (ECM) accumulation in the mesangium, gloar basement
membrane, and tubulointerstitial tissue. The pathophysiology of tiategihropathy

is complex and multifactorial.

Three major histological changes occur in the glomeruli of patients vaitiewis.

1. Mesangial expansion, which is probably a direct consequence
hyperglycemia owing to increased matrix production or glycasylabf
matrix proteins.

2. Thickening of the glomerular basement membrane.

3. Intra-glomerular hypertension induced sclerosis. This is causelydlyne
narrowing of arteries due to ischenffd)

» Augmentation of extracellular matrix is hallmark change in belig

glomerulopathy.

of



» The earliest morphologic abnormality in diabetic nephropathy is the
thickening of the GBM and expansion of the mesangium due to accumulation
of extracellular matrix.

The glomerular mesangium expands initially by cell proliferatand then by cell
hypertrophy. Increased mesangial stretch and pressure can stimiglaepansion, as

can high glucose levels.
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FIGURE: 1- PATHOPHYSIOLOGY OF DIABETIC NEPHROPATHY
Poor glycemic control was previously considered the sole drivirigrféitat
drives diabetic nephropathy.
However, some studies demonstrated variability in the developmennaif re
complications despite comparable hyperglycemic control. For gearthe Diabetes

Control and Complications Trial (DCCT) showed that nearly 30% pé tydiabetics



and 25%-40% of type Il diabetics develop nephropathy despite intensivamigtyc
control.®¥

Variations between ethnic groups also point to the significantafotgenetic
background. Relatives of African Americans on renal replacemerapyhsecondary

to diabetic nephropathy are at five fold risk of developing E€RBdditionally, the
incidence of ESRD per capita in Native Americans, African Acaes and
Hispanics, is significantly higher than the white populatiéfl. The incidence of
proteinuria among Pima Indians has also been increasing over th&86pgears.
However, the incidence of progression to ESRD declined after 1990, padséty
improved control of risk factor§”

Hyperglycemia leads to the formation of sugar-derived substacelésd
advanced glycation end products (AGES).

AGEs form at a constant but slow rate in the normal bodytirggan early
embryonic development, and accumulate with time. However, their fiommes
markedly accelerated in diabetes because of the increasedbdigilof glucose.
AGEs are a heterogeneous group of molecules formed from thenzgmatic
interaction of sugars like glucose with amino acid groups ofeprst lipoproteins,
and nucleic acids. The initial product of this reaction is call&tlaff base, which
spontaneously rearranges itself into an Amadori product, as is $keotdhe well-
known hemoglobin Alc (A1C).

These initial reactions are reversible depending on the conoamtcdt the
reactants.

A lowered glucose concentration will unhook the sugars from the amino
groups to which they are attached; conversely, high glucose coticerstraill have

the opposite effects, if persistent. A series of subsequent amsctincluding



successions of dehydrations, oxidation-reduction reactions, and other aratgiem
lead to the formation of AGEs.

Several compounds, e.g.eN-carboxymethyl-lysine, pentosidine, or
methylglyoxal derivatives, serve as examples of well-chanzetd and widely
studied AGEs.

Circulating AGEs have been implicated in the pathophysiology dietia
nephropathy through mechanisms that are either receptor-dependesteptor-
independent. AGEs modify basement membrane proteins, cross-link ECM
components, and increase expression of type IV collagen. These cheade®
structural alterations of the surface charge, membrane peritygapioteolytic
digestion, and membrane stability. These changes disrupt ihtkncanteraction, and
hence cause impairment of tissue function and maintenfice.

As for the receptor-dependent mechanisms, AGEs interact witldea array
of receptors on various cell types such as macrophages, monoogethedial cells,
podocytes, tubular epithelial cells, and smooth muscle cells.

Examples of these receptors are the macrophage scavengeorrggept and
I, AGE-R1, AGE-R2, AGE-R3, receptor for AGE (RAGE), and CD36. FAG
activation by AGEs leads to activation of several signal thactson pathways that
lead to the generation of reactive oxygen species (ROS) and activation ofiptaors
factors, such as NF-kappaB. Consequently, NF-kappaB leads to tlaseredé
cytokines and growthfactors, including transforming growth faglorfTGF{1),
interleukin-B and interleukin-6, insulin-like growth factor-1, tumor necrosis factor
(TNF-0), and platelet-derived growth factor. These proinflammatory grdadtors
play a key role in the development of diabetic complicatiGfisMetabolic reactions

result in the formation of active byproducts and free radicals kresvROS and



reactive nitrogen species. Inadequate removal of these activerutes leads to
detrimental effects on the cellular level, a process known as tiwedatress.
Examples of these radicals are superoxide, peroxyl, hydroxyl, pdbgeroxyl
molecules. Superoxide (02 -) is a common radical implicated ifetica
complications.

It is produced by mitochondrial electron transport chain, oxidative
phosphorylation, NAD(P)H oxidase, cytochrome P-450, nitric oxide syntlaase,
other enzymatic processe$? Normally, superoxide radicals are eliminated by
mitochondrial and cytosolic antioxidant defence mechanisms. Impagathote, as
in diabetes, leads to the oxidation of membrane lipids, DNA, protend,
carbohydrates. These alterations lead to impaired structure aatibfuof several
cellular components. There is evidence that diabetic complicatidee &om
interplay between pathways of AGEs and oxidative stress. Ay thdwed that
diabetic glomerular lesions might undergo autoxidation by ROS andl doail
converted to reactive carbonyl compounds, a subgroup of ABEs.

The characteristic structural changes of diabetic nephropathgketiad
glomerular basement membrane and mesangial expansion, areacesmpani

accumulation of AGEs, leading to glomerulosclerosis and interstitial fadfosi
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PATHOLOGICAL CLASSIFICATION OF DIABETIC

NEPHROPATHY ©2

CLASS PATHOLOGICAL LESION

Glomerular basement membrane thickening

Mesangial expansion

Nodular sclerosis with glomerulosclerosis in < 50% ofglomierul

(Kimmelstein-Wilson lesion)

Advanced diabetic glomerulosclerosis: more than 50%

TABLE 1. PATHOLOGICAL CLASSIFICATION OF DIABETIC

NEPHROPATHY

Risk factors for development of diabetic nephropathy*>

UKPDS cohort of newly diagnosed individuals with type 2 diabetes shows,

development of microalbuminuria was associated with:

1.

2.

Indian-Asian ethnicity.

Elevated systolic blood pressure.
Elevated plasma triglycerides.
Waist circumference.

Previous retinopathy.

Previous CV disease.

Smoking history.

Male gender.
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And Development of macroalbuminuria was associated with the following:
1. Waist circumference.
2. Elevated systolic blood pressure.

3. Elevated LDL cholesterol and plasma triglycerides.

Development of renal impairment was associated with the following:
1. Baseline plasma creatinine level.
2. Elevated systolic blood pressure.
3. Age at diagnosis.
4. Indian-Asian ethnicity.
5. Smoking history.

6. Previous retinopathy (Retnakaran et al, 2006).

FIGURE -2 The Kimmelstein Wilson lesion (arrows) - pathognomonic of diabetic

nephropathy.
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NATURAL HISTORY OF DIABETIC KIDNEY DISEASE .

The earliest clinical evidence of nephropathy is the appea@nimv but
abnormal levels of albumirz(30 mg/day or 2Qug/min) in the urine, referred to as
microalbuminuria, and patients with microalbuminuria are refeteedas having
incipient nephropath{® Most studies dealing with the natural course of diabetic
nephropathy have demonstrated a relentless, often linear but higldpleaate of
decline in GFR ranging from 2 to 20 ml/min/yr, mean 12 mil/min/yr.

There occurs a reduction in the number of restrictive poremtpaaliloss of
ultra filtration capacity (Kf) and impairment of glomerular fo@r size-selectivity
leading to progressive albuminuria in diabetic nephropathy. Furthertherextent to
which ultra filtration capacity is impaired appears to be related to tgaitnde of the
defect in the barrier size-selectivity. The reduction in replsma flow is
proportional to the reduction in GFR (filtration fraction unchanged),taeadmpact
on GFR is partially offset by the diminished systemic colloid osmotic peSsur
In the United Kingdom Prospective Diabetes Study (UKPDS)ag woncluded that
from diagnosis of diabetes, progression to microalbuminuria occatr@d0% per
year, from microalbuminuria to macroalbuminuria at 2.8% per yead, faom
macroalbuminuria to elevated plasma creatinine (>or=Linsol/L) or renal
replacement therapy at 2.3% per year.

Without specific interventions, around 80% of subjects with type 1 dmbete
who develop sustained microalbuminuria have their urinary albumaneton

increase at a rate ef10-20% per year to the stage of overt nephropathy or clinical

albuminuria £300 mg/24 h or>200 pg/min) over a period of 10-15 years, with
hypertension also developing along the way. Once overt nephropathy edtosit

specific interventions, the glomerular filtration rate (GFRadually falls over a
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period of several years at a rate that is highly variable findividual to individual
(2—20 ml - min* - year?).

Ten years following diagnosis of diabetes, the prevalence of nbaroauria
was found to be 24.9%, of macroalbuminuria was 5.3%, and of elevated plasma
creatinine or RRT (renal replacement therapy) was 0.8%. nBatigith elevated
plasma creatinine or RRT had an annual death rate of 19.2%. ESRDpdene50%
of type 1 diabetic individuals with overt nephropathy within 10 yead in >75% by
20 years.

There was a trend for increasing risk of cardiovascular dei#tthincreasing
nephropathy with an annual rate of 0.7% for subjects in the stage ophmpathy,
2.0% for those with microalbuminuria, 3.5% for those with macroalbuminuri, a
12.1% with elevated plasma creatinine or RRT. Individuals with mdroahuria
were more likely to die in any year than to develop renal faiftie.

A higher proportion of individuals with type 2 diabetes are found to have
microalbuminuria and overt nephropathy shortly after the diagobsiwir diabetes,
because diabetes is actually present for many years libéokagnosis is made and
also because the presence of albuminuria may be less specititef presence of
diabetic nephropathy, as shown by biopsy studies. Without specifieant®ns, 20—
40% of type 2 diabetic patients with microalbuminuria progress to neptiropathy,

but by 20 years after onset of overt nephropathy, 61@9% will have progressed to

ESRD. Once the GFR begins to fall, the rates of fall in @FRagain highly variable
from one individual to another, but overall, they may not be substantifilgredtit

between patients with type 1 and patients with type 2 diabetesugdowthe greater
risk of dying from associated coronary artery disease in the pbpulation with type

2 diabetes may prevent many with earlier stages of nephrofsathyprogressing to
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ESRD. As therapies and interventions for coronary artery diseasgnue to
improve, however, more patients with type 2 diabetes may be edpecturvive
long enough to develop renal failure.

In addition to its being the earliest manifestation of nephropathymahuria
is a marker of greatly increased cardiovascular morbidityraodality for patients
with either type 1 or type 2 diabetes. Thus, the finding of microalumai is an
indication for screening for possible vascular disease and aggregsmesntion to
reduce all cardiovascular risk factors (e.g., lowering of L[2holesterol,
antihypertensive therapy, cessation of smoking, institution of iegeretc.). In
addition, there is some preliminary evidence to suggest that layveficholesterol

may also reduce the level of proteinuff4.

Time from onset »
of diabeles, years 0 3 10 15 20 25

Microalbuminuria  Gross proteinuria

o

] \I\‘\_\I\S\\- b‘\\\.\'t :‘\C\ \! \\\C-:Q\

GFR, mUmin 120 150 150 120 60 <10
Serum creatinine, mgdL 10 08 08 10 >20 >9

Source! Fauel 45, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Loscalzo J:
Harrison's Principles of Inbernal Medicine, 1 Tth Edition: http:/fwww.actessmedicdne.com

Copyright ® The McGraw-Hill Companies, Inc, All rights reserved,

Time course of development of diabetic nephropathy. The relationship of time from onset of diabetes, the glomerular filtrabion rate (GFR), and the

serum creatining are shown, (ddaptad from RA Defranzo, in Therapy for Diabetas Melltus and Related Disorders, 3d ed, American Diabetes dssociatian,

Alerandria, V4, 1938.)

FIGURE-3 PROGRESSION OF DIABETIC NEPHROPATHY
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DIABETIC NEPHROPATHY IS REVERSIBLE

A study showedmesangial expansion which occurred after 7 months of
diabetes was reversed within 2 months after normoglycemia whashivduced by
islet transplantation in streptozotocin diabetic F&ts After 10 vyears of
normoglycemia, patients with diabetes had marked reversal of tidiabe
glomerulopathy lesions with remarkable glomerular architecterabdeling seen by
light microscopy, including the complete disappearance of KimiakWtilson

nodular lesion§®

CURRENT TARGETS FOR INTERVENTION IN DKD:
For the prevention and treatment of diabetic nephropathy, main stiag istensive

control of the known risk factors which include-

1. Glycemic control

2. Management of hypertension
3. Hmg-coa reductase inhibitors
4. Smoking cessation

5. Dietary advice

6. Avoiding nephrotoxic agents

7. Life style advice
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1. Glycaemic controt

Hyperglycemia is a major determinant of the progression abatic
nephropathy in patients with either type 1 or type 2 diabetes use(l2M). Many
study have shown intensive control can partially reverse glomeérypertrophy and
hyperfiltration, delay the development of microalbuminuria, and stabibr even
reverse microalbuminurfd”

In the Diabetes Control and Complications Trial (DCCT), it wlaserved that
reduction in microvascular complications was of a smaller nagmiin patients with
type 2 DM receiving intensive insulin therapy than in patients wipe 1 DM.“?
Large prospective randomized control trials have demonstrateceftivacy of
improved glycaemic control in preventing progression of diabetic kidiesase. The
Kumamoto study revealed that with intensive glycaemic contraAfld < 7.1)
subjects were less likely to develop new onset nephropathy andigtiagekidney
dysfunction was less likely to progress.

In the UK Prospective Diabetes Study (UKPDS), 3867 patients veitlyn
diagnosed type 2 diabetes were randomized to oral or insulin thesegys dietary
control and followed for 11 years. The difference in HbAlc was 7.0%usger.9%.
After 9 years, there was a significant risk reduction in thengive group, with a

relative risk of 0.76 for the development of microalbuminffi&?
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TABLE 2. COMMON ORAL ANTI DIABETES AGENTS USED IN TYPE 2

DM AND THEIR DOSE ADJUSTMENT IN THE CKD

—

DRUG CLASS EXAMPLES DOSE ADJUSTMENT IN
NEPHROPATHY BASED
ON eGFR
BIGUANIDES METFORMIN Dose should be reviewed (use
half maximum dose with
caution) if eGFR <45
ml/min/1.73nf . avoid if
eGFR <30 ml/min/1.73fm
SULPHONYLUREAS | GLICLAZIDE Use with care in mild oy
GLIMIPERIDE moderate impairement.
GLIPIZIDE Glipizide should be avoided
both renal and hepatic
impairement present.
DIPEPTIDYL ALOGLIPTIN Alogliptin: use 12.5 mg it
PEPTIDASE-4 LINAGLIPTIN eGFR <50ml ml/min/1.73Mm
INHIBITORS SAXAGLIPTIN Linagliptin: no dose chang
SITAGLIPTIN needed
VILDAGLIPTIN Saxagliptin: reduce dose tp

(0]

50 mg once daily if eGFR 30-
50ml ml/min/1.73n.
Saxagliptin: reduce dose tp
2.5 mg in moderate to severe
impairement.

Vildagliptin:  reduce dose tp

A

50 mgonce daily if eGFR
<50ml| ml/min/1.73rm

THIAZOLIDINEDION
ES

PIOGLITAZONE

Contraindicated in heart

failure; caution in
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cardiovascular disease

GLUCAGON LIKE
PEPTIDE-1
RECEPTOR
AGONISTS

EXENATIDE
EXENATIDE

(modified release)

LIRAGLUTIDE
LIXISENATIDE
DULAGLUTIDE

Standard release exenatide|

use with caution if eGFR 3(
50ml ml/min/1.73rf avoid if
eGFR <30 ml mi/min/1.73fm
Modified release exenatide
avoid if eGFR <50 m
ml/min/1.73n4.

Liraglutide: avoid if eGFR
<30 ml mi/min/1.73r
Lixasenatide: use  with
caution if eGFR 30-50m|
ml/min/1.73nf avoid if eGFR
<30 ml mi/min/1.73rR
Dulaglutide: avoid if eGFR
<30 ml mi/min/1.73rm

SODIUM  GLUCOSE
CO-TRANSPORTER-2
INHIBITORS

DAPAGLIFLOZIN
CANAGLIFLOZIN
EMPAGLIFLOZIN

Dapagligliflozin: avoid if
eGFR <60 ml mli/min/1.73fn
Canagliflozin: avoid if eGFR
<45 ml ml/min/1.73rh reduce
dose to 100 mg OD if eGFR
<30 ml mi/min/1.73r
Empagliflozin: avoid if eGFR
<40 ml ml/min/1.73rA reduce
dose to 10 mg OD if eGFR
<60 ml ml/min/1.73rA
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FIGURE 4: The different antihyperglycemic agents exhibit their reral protective

properties through hyperglycemia-dependent and independent meahisms.

Hypertension control
Antihypertensive therapy slows the development of diabetic glometblpopEhis is
particularly significant when lowering of systemic blood pressar@adcompanied
with concomitant decrease of glomerular capillary pressure. Bloegbure control is
needed to retard the progression of diabetic nephropathy and other compli¢3tions.
In the UKPDS, they observed 12% risk reduction in diabetic complicatigtiseach
10 mm Hg drop in systolic pressure, the lowest risk being assdanath a systolic
pressure below 120 mm H§?

In diabetic nephropathy, activation of the local renin-angiotensitersys
occurs in the proximal tubular epithelial cells, mesangial ,celltsd podocytes.

Angiotensin 1l (ATII) itself contributes to the progression ofbdiac nephropathy.

20



ATIl is stimulated in diabetes despite the high-volume stgigally seen with the
disease, and the intrarenal level of ATIl is typically higherein the face of lower
systemic concentrations. ATII preferentially constricts éfierent arteriole in the
glomerulus, leading to higher glomerular capillary pressunesaddition to its
hemodynamic effects, ATIl also stimulates renal growth abibgis through ATII
type 1 receptors, which secondarily upregulate BG#d other growth factof$?
Specific use of agents that block the renin-angiotensin systenarapjoebe
particularly beneficial in the prevention or slowing of progressiondiabetic
nephropathy. Angiotensin blockade with Angiotensin converting enzyme inkibitor
(ACE-I) like ramipril or Angiotensin Receptor Blockers (ARBkd valsartan and
irbesartan should be started early in diabetic kidney disease gnlav&i its greatest

benefit in prevention or reversal of early kidney disé%<8)

I.  Angiotensin-converting enzyme (ACE) inhibitors:

ACE inhibition has been shown to delay the progression of development of
diabetic nephropathy. A large trial of ACE inhibitor shown, only 7%atfemts with
microalbuminuria experienced progression to overt nephropathy; howevdrg in t
placebo-treated group, 21% of patients experienced progression to epterdpathy.
The beneficial effect of ACE inhibition is long lasting on prevenpnggression from
microalbuminuria to overt diabetic nephropathy and it is associatiéd the
preservation of a normal glomerular filtration rate (GF).

A study done on normotensive type 2 diabetic patients with microatowii
who received enalapril or placebo for 5 years, 12% of those incthesly treated
group experienced diabetic nephropathy, with a rate of decline in kfdnegon of

13%, and 42% of those in the placebo group experienced nephropathy.
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Meta-analysis has shown that ACE inhibitors are superior to bbet&ers,
calcium channel blockers and diuretics, in reducing urinary albumiretexcrin
normotensive and hypertensive type 1 and type 2 DM paﬁ‘éhﬁlis superiority is
pronounced in the normotensive state, whereas it is diminished progsessite
progressive blood pressure reduction. The antiproteinuric effect of iAQiBition
varies considerably in patients with diabetic nephropathy. Individifi@rences in
the renin-angiotensin system (RAS) may influence this variation.

In addition to its beneficial cardiovascular effects, also hasfeignt beneficial
effect on the progression of diabetic retinopathy and on the development of
proliferative retinopathy.

ACE inhibitors reduce the risk of progression of overt type 1 tmbephropathy
to end-stage renal disease (ESRD) Although it improves glomegretaneability in

patients with type 1 DM it does not do so in patients with type 2 DM.

ANGIOTENSIN RECEPTOR BLOCKERS:
Two studies (the Reduction of Endpoints in NIDDM with the Angiotens$in
Antagonist Losartan (RENAAL) Study and the Irbesartan Dialdégigchropathy Trial
(IDNT) demonstrated that angiotensin Il receptor blockers (ARBs)More superior
to conventional therapy and amlodipine in slowing the progression of overt
nephropathy®
These trials were performed with ARBs and not ACE inhibitors.
Microalbuminuria-Heart Outcomes Prevention Evaluation (MICRO-HOPE
Trial which shown difficult to choice between an ARB and an ACE inhibitors.
This trial shown ramipril reduced the risk for myocardial infarctstroke, or

cardiovascular death by 26% after 2 years. Perhaps the moesiimgruestion arise
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is whether the combination of an ACE inhibitor and an ARB is moectie than
either drug aloné®” One meta-analysis showed that ACE| + ARB reduced 24-hour
proteinuria to a greater extent than ACEI alone. However, this ibaraf associated
with small effects on GFR, serum creatinine, potassium, and blood pré&8sure.

A study done by Imai et al results of which shows that combiadntent with
ACE inhibitors and ARBs significantly decreased blood pressure, proteinuria, and rat
of change of reciprocal serum creatinine; however, higher castiolza death was
reported among the olmesartan-treated patients compared withbqlab&jor
adverse cardiovascular events and all-cause data were simil@ebehe 2 groups.
Hyperkalemia was more frequent in the olmesartan—treated groumttt@ placebo
group. These findings shows similar finding as shown in previous sttidgs
combined therapy for patients with diabetic nephropathy may improvg-term

biomarkers but is not associated with improvement in long-term hard endf8ints.

Direct renin inhibitors

A study done by Persson et al they observed the combinatiorskifexli and
irbesartan to be more antiproteinuric in type 2 diabetes mellia®m was
monotherapy with either dru§> This study assessed the effect of aliskiren which is a
direct renin inhibitor, on proteinuria in patients with type 2 DM (n = 26j)
compared the effect with that of placebo, irbesartan (an ARB) hancbimbination of
aliskiren and irbesartan.

Results showed combination therapy with aliskiren and irbesartucas
albuminuria by 71%, more than did either monotherapy (aliskiren moapthéB8%:;
irbesartan monotherapy 58%). Use of direct renin inhibitors with ARBACEIS is

no longer recommended.
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vitamin D supplementation may be useful in reducing proteinuria innpstieith
diabetic nephropathy as observed in the research which suggegtahah D may
have a role in renin inhibition.

Patients with diabetic nephropathy with stage 3 or more chronic kidisegse
should be evaluated for their vitamin D and parathyroid hormone status as
recommended by the National Kidney Foundation- Kidney DiseasdysiBia
Outcomes Quality Initiative (NKF-KDOQI$®? Patients should be given vitamin D
supplementation based on status vitamin D levels. As per One randaoizeolled
trial vitamin D supplementation may reduce proteinuria in patiesiis diabetic

nephropathy?>>®

Endothelin Antagonist Therapy
It has been demonstrated antifibrotic, anti-inflammatory, and antipuoie
effects in experimental studies.

A randomized controlled trial done on the effect of the endothelintAganist
avosentan on urinary albumin excretion rate in 286 patients with diabetic
nephropathy, macroalbuminuria, and a blood pressure of < 180/110 mm Hg found
that all dosages of avosentan, administered along with the stareltrddnt with an
ACE inhibitor or an ARB, reduced the mean relative urinary albumxgnegion rate (-

16.3% to -29.9%, relative to baseling}.

. HMG-CoA reductase inhibitors:

3-Hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitorstatins,
are also being studied for delaying nephropathy progression. Stetineave unique

benefits independent of lipid lowering capacity. In animal modélsdiabetic
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nephropathy, statin therapy was found to block intracellular signaind decreases
the mRNA expression of TGFwhich has been implicated in the pathophysiology of
the diseas€®

The development of microalbuminuria is mostly associated withesatebn
in triglycerides, LDL cholesterol and total cholesterol. Th& 0§ CV disease is
significantly high in these individuals and, therefore, aggressiveageament of
dyslipidaemia is often indicated in these patients.

Study shown that statin therapy reduces the rate of mactoaasc
complications and GFR decline in people with diabetes, independentrdiakeline
cholesterol levels (Collins et al, 2003).

As per NICE recommendation statin therapy for the primagyention of CV
disease in all people with type 1 diabetes. Atorvastatin 20 mg daitein type 2
diabetes should be given if the 10-year risk of developing CV diseal@% or
greater, when calculated using the QRISK2 assessment tool.iéntpatith CKD,
high doses of statin therapy may be indicated if a greaterd®® reduction in non-
HDL cholesterol is not achieved. The use of bile acid sequestfdimétes, nicotinic
acid or omega-3-fatty acid compounds either alone or in combinatibravatatin is
no longer recommended for the primary or secondary prevention of (@dsdis

(NICE, 2014b).

. Smoking

The association between development diabetic nephropathy and the smoking
has been long known (Telmer et al, 1984). Researchers found that sn®lang i
independent predictor of progression of nephropathy despite blood pressucd cont

and use of ACE inhibitors (Chuahirun et al, 2003). Rossing et al (200dnhdidtudy
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in that they found that heavy smokers (>20 cigarettes daily)ahamnificantly
greater decline in GFR compared to those smoking <20 cigaretiigsatd non-
smokers, but no significant difference was found between all sma@ketsnon-
smokers in the rate of progression.

Cessation of smoking should be adviced to all patients with botHlLtgoe type
2 diabetes, especially when other risk factors for CV diseasgresent (for example,

microalbuminuria).

. Dietary recommendation:

Diabetics with renal disease are salt-sensitive and mimggalt intake can
help in reaching blood pressure goals, with secondary benefits @fadedr stroke
risk, regression of left ventricular hypertrophy, and reduction in pratei. A low-
sodium diet of 2.3 g or lower (5.8 g of NaCl) is advocated in patieibsdiabetes
with any degree of proteinuri&®®® It has also been suggested that in incipient
nephropathy protein restriction to 0.6-0.8 g/kg/d may prove usefubwirgy GFR
decline.

A meta-analysis observed the effects of dietary protein cgetri (0.5-0.85
g/kg/d) in diabetic patients suggested a beneficial effect onGifRe, creatinine
clearance, and albuminuria.

The American Diabetic Association suggests diets of various \emetake
(caloric values) depending on the patient. With advancing renahsgisgrotein
restriction of as much as 0.8-1 g/kg/d may retard the progression of nephropathy

When nephropathy is advanced, the diet should reflect the need for phussphor

and potassium restriction, with the use of phosphate binders.

26



6. Avoidance of nephrotoxins:

It is important to avoid nephrotoxic agents, if possible, in patientl wit
diabetic nephropathy. Nonsteroidal anti-inflammatory drugs (NSAH2® cause a
significant drop in GFR in patients with diabetic nephropathy, péatily when used
with angiotensin-blocking agents aspirin at higher dosages and othetDBISA
(including COX-2 inhibitors should be avoided if possible considering theanpat
for renal toxicity.

Radio-contrast media are also particularly nephrotoxic for deabdiven with a
normal serum creatinine level, patients with diabetes and proteisbhoald be
volume loaded 12 hours before and after exposure to contrast, if not conataddi
Diuretics should be temporarily discontinued, and hyperglycemia should be

controlled.®V

7. LIFE STYLE ADVICE

Tight glycemic control retard the development of diabetic nephropadthy
Diabetes Control and Complications Trial (DCCT), Type 1 dibetiesewwere
randomized to intensive or conventional insulin treatment groups aondéallfor an
average of 6.5 years. Included patients had 7.2% versus 9.2% of hemoglobin Alc
(HbAlc) levels. They observed there was risk in the development of
microalbuminuria and a 54% reduction in the development of macroalbuaninuri
the intensive treatment grouf§? In the UK Prospective Diabetes Study (UKPDS),
patients with newly detected type 2 diabetes were randomizedaltooornsulin
therapy versus dietary control and followed for 11 years. Thegeabtlifference in
HbAlc levels in both groups which was 7.0% versus 7.9% in oral and insulin

receiving patients respectivel§® There was a significant risk reduction for diabetic
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nephropathy in the intensive group, with a relative risk of 0.76 for eélelobment
of microalbuminuria. The complete correction of hyperglycemi# wgancreatic
transplantation in type 1 diabetics has led to a dramatic resoiat glomerular and
tubular expansion and fibrosis over tinf®There was a significant reduction in
basement membrane thickening and mesangial expansion on repeat loogstese
in patient with drop in HbAlc from an average of 8.7% to 5.5% in eighsplanted
patients. Renal fibrosis may be reversible as in this stugydhserved glomerular
sclerosis appeared to resolve, showing that, although it took 10 wdias

transplantation to see these significant changes.

NICE (national institute for health and care excellence) reommendations in

diabetic nephropathy: ©°

Ask all diabetic patients with or without detected nephropathyitg bn a

first-pass morning urine.

* Specimen once a year. Send this for laboratory estimation of ACkhe
absence of proteinuria or UTI.

* Measure creatinine level and estimate GFR annually atrtieedf performing
ACR.

* Repeat the ACR if an abnormal result is obtained for next ctiw@ visits

but within a maximum of 3—4 months. If further specimen (of twoenw

also abnormal (>3.0 mg/mmol). Then result to be Confirming with

microalbuminuria.

» Consider referral to nephrologist if ACR is increased and atlyeofollowing

apply:
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1. Significant or progressive retinopathy,

2. Blood pressure is particularly high or resistant to treatment,

3. The person previously had a documented normal ACR and develops heavy
proteinuria (ACR >100 mg/mmol),

4. Significant haematuria is present,

5. GFR has worsened rapidly,

6. The person is systemically ill.

» Start ACE inhibitor and titrate to maximum dose (with monitowhgenal function)

if ACR is raised. Special attention is needed with women of child-bearing age

. Use ARB if ACR is raised and ACE inhibitors are poorly tolerated.
II.  Discuss the significance of a raised ACR with the individual.
lll.  Avoiding nephrotoxins, such as non-steroidal analgesics, is essential.
IV.  Maintain blood pressure <130/80 mmHg if microalbuminuria confirmed

(NICE, 2009).

FUTURE TRENDS IN PREVENTION OF NEPHROPATHY:
1. Reduction of Advanced Glycation Endproducts with valsartan, ramipdl a
metformin.
2. Protein kinase C inhibition.
3. Anti TNF-p agents- Peroxisome Proliferator Activated Receptor (PPAR)
agonists such as Gemfibozil With our increasing knowledge of the
pathophysiology of diabetic kidney disease, a number of new avéawves

opened that promise to delay or even reverse the progression of glertalic
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impairment in diabetic subjects. The emphasis is on early institution of therapy
necessitating earlier detection of renal function decline. Foad#ss, serum
creatinine, creatinine based estimations of glomerular tidtraand urine
albumin estimation have been used as markers of kidney function.

The term chronic renal failure applies to the process of contimelagvely
irreversible reduction in nephron number and typically corresponds to CKD
stages 3-5. Therefore Target population for early interventionstage 2 and

above with a corresponding GFR > 60 ml/fiin.

TABLE 3- NATIONAL KIDNEY FOUNDATION STAGES OF CHRONIC

KIDNEY DISEASE

TABLE.3

NATIONAL KIDNEY FOUNDATION STAGES OF CHRONIC KIDNEY

DISEASE

STAGE GFR (ml/min/ 1.73 nf)

0 >90 with risk factors for CKD

1 >90 with demonstrated kidney damage
2 60-89

3 30-59

4 15-29

5 <15
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Many primary care physicians rely on serum creatinine asitims for
screening of renal impairment owing to its convenience and low cost. Creaditiee
break down product of creatine and phosphocreatine, both of which are fountl almos
exclusively in muscle. Thus, creatinine production varies with a&geasd presence
of any factor that muscle mass is influenced by, including Giegatinine is freely
filtered by the glomerulus but also actively secreted by dhelés in very small
amounts. Evidence suggests that the secretion of creatinine varies subshathiah
the same individuals over time and between different individuals.ic@#arty
troublesome is the fact that the proportion of total renal cieatiexcretion due to
tubular secretion increases with decreasing renal function, wtuald dhave a
dampening effect on serial measurements in individuals, becauserglanfiltration
rate could fall more rapidly than indicated by either serum creatinine.

This implies that concentrations of creatinine in serum can remvéhin
normal range even in the presence of significant renal impairrusa of eGFR
equations were thought to provide more accurate approximation of uectibh.©”
The most widely used serum creatinine-based formulas in ddulestimated GFR
(eGFR) are the Cockcroft-Gault (CG) and Modification of DretRenal Disease
Study (MDRD). Recently, a new Chronic Kidney Disease Epidemyolog
Collaboration equation has been developed. Review of the literat@@edvhat CG
and MDRD formulae correctly assigned overall only 64% and 62%ecésely, of
the subjects to their actual K/DOQI-CKD classification'sRGgroups as determined
by measured GFR (mGFR¥® On the other hand, a number of normal plasma
constituents can interfere with creatinine measurement. Glucostyde, pyruvate,
acetoacetate, uric acid, ascorbic acid, and plasma proteins ceaus# the Jaffe

colorimetric assay to yield falsely high creatinine valfThe sensitivity of serum
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creatinine in the detection of CKD is consequently poor andlitai to identify half

of the patients with crucial stage prior to onset of stage 3 Q&BR of 30-
60mL/min/1.73m2)."? The MDRD equation was originally validated in CKD
patients but its use is unclear for healthy individuals, or iremptst with eGFR>90
mL/min/1.73m2 . There are also many situations in which these equdtawe not
been validated; such as in patients with diabetes, extreme lmadyasid in certain
races. At higher levels of kidney function, the bias and precisiotheofMDRD

estimate is poorer, tending to underestimate true GFR in most studies.

TABLE 4: QUANTIFICATION OF ALBUMINURIA

QUANTIFICATION OF ALBUMINURIA

CATEGORY SPOT 24 hrs | Timed
COLLECTION collection collection

(ng/g creatinine) | (mg/day) (ug/min)

NORMAL <30 <30 <20
MICROALBUMINURIA 30-299 30-299 20-199
MACROALBUMINURIA »300 >300 >200

Urine protein excretion is now been used widely for screening bétitapatients
with early nephropathy. Screening for microalbuminuria can benmeeid by three
methods:

1. Measurement of the albumin-to-creatinine ratio in a random spot collection

2. 24-h collection with creatinine, allowing the simultaneous measurenfent

creatinine clearance and

3. Timed (e.qg., 4-h or overnight) collection.
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There is a 40% day to day variability in albumin excretiote i a given
individual because of which two of three specimens collected witBinta 6-month
period should be abnormal before considering a patient to have crossetl thee
diagnostic thresholds for incipient or overt nephropathy.

Albuminuria, though a sensitive marker for renal function decline majdvated
over baseline values in presence of exercise within 24 h, infeotiogr, fcongestive
heart failure, marked hyperglycemia, marked hypertension,iggyand hematuria
making it of limited value in these frequently encounteredmﬁﬁ” Importantly, a
considerable proportion of patients with type 2 diabetes develop sdpagnal
function without having significant albuminufi@ Also, renal risk of diabetic
patients increases progressively with increasing albuminwea, within the range of
normoalbuminuric values. This result has led to the recent consuterafi
abandoning the concept of microalbuminuria altogéftier.

eGFR is the most important measure of the renal efficiemcgléaring various
substances from the blood. A decrease in eGFR precedes end-stddailige in all
forms of progressive kidney disease and knowledge of eGFR isdireftical in
the prevention and management CKD. Accurate determination of e@EResethe
use of invasive protocols based on injected exogenous substances suci,as25wul
lothalamate, lohexol, 51Cr-EDTA or 99mTc- DTPA. Such proceduredabcur

intensive, costly, and not entirely free of potential for harm.
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CYSTACIN C AS NEW MARKER FOR DIABETIC NEPHROPATHY

These practically encountered disadvantages of currently aeagabhmeters
of renal function have led to a search for more dependable mafiwerkidney
function. Several low molecular weight proteins have been evaluatexdagenous
markers of GFR with Cystatin C commanding the most attention. Tdteryiof
Cystatin C dates back to 1961 when Jorgen Clausen described the oecumrenc
human cerebrospinal fluid (CSF) of a “cerebrospinal fluid-spegtfrotein, which he
namedy-CSF* Cystatin C has since been found in urine, human plasma, ascitic and
pleural fluid. Known also asg-trace, the complete amino acid sequence of human
cystatin C was determined in 1981 by Grubb and Lofberg.

Cystatin C is a 122-amino acid, 13-kDa protein that is a memlke damily
of cysteine proteinase inhibitors whose function is thought to be atomtulof the
intracellular catabolism of proteifis It is encoded by the ‘housekeeping type” CST3
gene, and produced by all nucleated cells at a constanf®tdtés freely filtered by
the glomerulus and is largely reabsorbed and catabolised in the ptdwinules.
Early studies have suggested no apparent tubular secretion ofrc@{atiAlthough
its clearance cannot be measured because of its catabolisplasisa or serum
concentration is a good measure of GFR, with possible advantages ower m
established markers such as serum creatiffthe.

For serum cystatin C determination the particle-enhanced nephetome
immunoassay (PENIA) was introduced by Dade Behring (now Sienred9p7 and
is the only one approved presently by the FEUAThe advantages of using the
PENIA include faster turnaround time and lack of interferencethgr substances
that affect serum creatinine measurements. The main liomtadf cystatin C

immunoassay determination lies in the standardisation of platiehich will require

34



an international reference standard preparation to allow fod ealnparisons. The
potential utility of serum cystatin C in the laboratory liesits capability to detect
early renal failure, i.e. at stage 2 CKD (i.e. GFR levéd®fo 90 ml/min/1.73 mZ§%
The reciprocal of cystatin C levels has been found to correlellewith measured
GFR and many equations based on cystatin C in specific populationsbbare
developed.

A Belgium- based study by Willems D, Wolff F, Mekhali F andvearkers
that compared renal markers to Cr-EDTA clearance in 67 diapatients with
normal creatinine showed that Cystatin C was a more sensitnaneier than
creatinine for the detection of an incipient nephropathy in diaffétes.

Similarly, a meta-analysis of available data from various stuth compare
the accuracy of Cystatin C and Creatinine in relation to aerete standard of GFR
was performed by Dharnidharka VR, Kwon C, Stevens G, et al. Tidg stvolved
4496 subjects and established that the overall coefficient of dwrelavas

significantly greater for 1/cystatin ¢ (mean r = 0.816) in comparison teatitcine®?
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TABLE 5. CYSTATIN C BASED eGFR EQUATIONS FOR ADULTS

TABLE 5. CYSTATIN C BASED eGFR EQUATIONS FOR ADULTS

Grubb A et al &

eGFRgrubb= 84.69 x cystatifi €% (x 0.948 if female)

Le Bricon et al®

eGFR= 78/cystatin C (mg/l) + 4

Hoek et al®

eGFR = 80.35/cystatin C (mg/l) -4.32

Larsson et al®®

eGFR = 77.239 x cystatin C (mg/dly°*

Macisaac et aP’

eGFR = 86.7/cystatin C (mg/dl)- 4.2

Rule et al®

eGFR = 76.6 x cystatin C (mg/dh™®

J. Surendar, S. Anuradha, Berty Ashley, et al studied 209 subjedis Madras

Diabetes Research Foundation in the year 2008. The subjects weleddivio 5

groups depending on glucose tolerance, presence or absence of néghevuht

retinopathy. The study concluded that Cystatin C levels increadeCys C-GFR

levels decrease with increasing severity of glucose intoleféhce.

Several similar studies in the past decade have establishediatir@ostic

accuracy of serum Cystatin C over serum creatinine for dtagel 2 chronic kidney

diseas¢®

However, there are few studies that have been performed innthanl

subcontinent that support currently available data. Our study intendsséssathe

performance of Cystatin C in detecting early phase of kidnefudgtion in Diabetics

in the Indian clinical setting.

36




MATERIAL AND METHODS

» SOURCE OF DATA:

The study included 42 diabetic patients who preseiot&lLJ Hospital Kolar attached
to SUAHER during the study period extending from March 2016 — March 2017.

INCLUSION CRITERIA :

Type 2 diabetes mellitus patients with serum creatinine ba@HR > 60
ml/min/1.73n% (as determined by the Cockroft and Gault formula) were included i

the study.

EXCLUSION CRITERIA :

Patients with-

Thyroid dysfunction.

Steroids or immunosuppressants usage including asthmatics.
Malignancy.

Ischemic heart disease or Congestive Cardiac failure.
Urinary tract infections.

Myocardial infarction

Stroke

YV V. V V V V V

METHODS:

Informed consent was taken from all the participants.
Detailed history was obtained from the study participants. Metis examination
was done.

The following laboratory tests were done:
1. Serum creatinine
Blood urea
Serum Cystatin C
Fasting Blood Sugars
Post Prandial Blood sugars
Glycated haemoglobin (HbA1C)

o gk w N
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ESTMATION OF SERUM CYSTATIN C LEVEL :
Cystatin C was estimated by immunonephelometric method ugnge8s’ BNTM I

Prospec nephelometer. Nephelometry works on the following prinéolgsterene
particles coated with specific antibodies to Cystatin C agtgeghen mixed with
samples containing

human Cys C. These aggregates scatter a beam of light passed through the sampl
The intensity of scattered light is proportional to the amount otafigsC in the

sample. Reference range for Cystatin C was 0.83-1.1 mg/L.

STUDY DESIGN:

An observational Prospective study was performed in which 42npatigere
included . eGFR using serum Cystatin C was estimated thealpatients and was
compared to eGFR estimated using serum creatinine by Cockroft Gaindt

formuld®?
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Sample size:

Has been estimated based on the outcome of Cystatin C levidle marly renal
impaired diabetic subjects from the study by J surender ebakidering SD of 0.12,
at 5% alpha error and at 95% Confidence level sample size of 38btared and

had been included in the study.
With 10% Non-response rate 38 + 8.82 subjects had been included in the study
Formula used:
Sample size = Z,,°p(1-p)/df
Here

e 7 = Standard normal variate

[at 5% type 1 error (p<0.05), it is 1.96 and at 1% type 1 error(p,0.01),it is 2.58].

As in majority of studies, p values are considered significant b@lo%; hence

1.96 is used in formula.

® p = Expected proportion in population based on previous studies or pilot

studies.

Here p =21.9 or 0.219 and q (1-p) = 78.1 or 0.781

e d = Absolute error or precision which has to be decided by researcher.

d=10% or 0.1
Z = at 1% alpha error = 2.58
SD =0.12

d= 5% error
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RESULTS

Statistical methods:

Descriptive analysis: Descriptive analysis was carried out by mean and standard
deviation for quantitative variables, frequency and proportion for catagdori
variables.

Inferential statistics:

Quantitative outcome:

The association between categorical explanatory variables antitgtise outcome
was assessed by comparing the mean values. The mean difeadmrog with their

95% CI were presented by Independent sample t-test.

Categorical outcome:
The association between explanatory variables and categoricahm#avas assessed
by cross tabulation and comparison of percentages. Odds ratio albng5%ét Cl is

presented. Chi square test was used to test statistical significance.

Linear regression:

The association between quantitative explanatory and outcome vanasiessessed
by calculating person correlation coefficient and the dasrepresented in a scatter
diagram.Uni-variate linear regression analysis was also pstbr The association
between quantitative explanatory variables and ordinal variablesagsessed by
spearman’s rank correlation. The regression coefficients and 3bétr CI were
presented.

P value < 0.05 was considered statistically significant. IBMeSRersion 22 was

used for statistical analyss’
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Table 5: Descriptive analysis of Age in study population (N=42)

95% C.l.for EXP(B)
Parameter Mean+STD | Median | Min Max

Lower Upper

Age (in years) 61.33+12.30( 61.50 43.00 | 90.00 | 57.50 65.17

In the study, median age of study population was 61.50 years and age range was 61.33

+ 12.30 years.

Table 6: Descriptive analysis of Age group in study population (N=42)

Age group Frequency Percentage
<60 years 20 47.62%
>60 years 22 52.38%

We observed in our study majority of the patients were muae 60 years of age

which constitute 52.38% and patients less than 60 years constitute 47.62%.
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Table 7: Descriptive analysis of Gender in study group (N=42)

Gender Frequency Percentage
Male 27 64.29%
Female 15 35.71%

In the present study majority of included patients were nvat@sconstitutes 64.29%

followed by females who constitute 35.71%.

Fig 5: Pie chart representing Gender distribution in study group N=42)

1 Male

n Female
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Table 8: Descriptive analysis of Duration of diabetic mellits in yrs. in study

population (N=42)

Duration of diabetic

Frequency Percentages
mellitus in yrs.
<5 years 14 33.33%
5to 10 years 18 42.85%
>10 years 10 23.82%

In the study, we observed majority of patients had duration of diabetes
between 5 to 10 years who constitute 42.85 % (18) followed by less thear$ y
duration who constituted 33.33% (14) and patients with diabetes durationhaare t

10 years who constituted 23.82% (10).

Fig 6: Pie chart showing duration of diabetic mellitus inyears in study

population (N=42)

23.81%

38.10% o
B < years

15t0 10 years

0 >10years

38.10%
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Table 9: Descriptive analysis of HbDA1C (%) category in study population (N=42)

HbA1C(%) category Frequency Percentage
<7% 12 28.57%
>7% 30 71.43%

In the present study we observed HbA1C value <7% in 28.57 % (12} @%din
71.43% (30) patients.

Fig 7: Pie chart of HbA1C (%) categories in study population (N=42)

1<7%

n27%
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Table 10: Association of Age groups with Gender of study population (N=42)

Gender
Age group Chi square P-value
Male Female
<60 years 14 (70%) 6 (30%)
.543 0.461
>60 years 13 (59.09%) 9 (40.91%)

In the study, among the males, patients with less than 60 gaasttute 47.61% and

patients with age more than 60 years constitute 52.39%. Malesnateemajority in

the both less than 60 years and more than 60 years groups.

Fig 8:Association of Age group with Gender of study population
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Table 12: Descriptive analysis for Serum creatinine(mg/dl), $em creatinine
based eGFR (ml/min/1.73 m2), Serum cystatin C (mg/l), Serum d¢gtin C based
eGFR(mI/min/1.73 m2), Urine albumin (mg/dl), HbA1C (%), Fasting blood
sugar(mg/dl), Post prandial blood sugar (mg/dl), in study population (N=42)

0,
Parameter Mean +STD | Median | Min Max 95% C..for EXP(B)

Lower Upper

Serum creatinine(mg/dl) | 0.721 +0.256 | 0.70 020 (120 |0.64 0.80

Serum creatinine base
122 +17.96 125,50 | 76.00 | 146.00| 116.40 127.60
eGFR (ml/min/1.73 m2)

Serum cystatin C (mg/l) | 0.968 +0.132 | 1.00 075 [120 [0.93 1.01

Serum cystatin C base
81.14 + 16.53 | 80.00 60.00 | 116.00| 75.99 86.30
eGFR (ml/min/1.73 m2)

Urine albumin (mg/dl) 103.2 +125.6 | 24.00 6.50 11.20 | 64.09 142.42

HbA1C (%) 7.940 + 1.059 | 7.95 6.50 |11.20 | 7.61 8.27

Fasting blood
169.7 £36.77 | 165.50 | 120.00| 266.00( 158.28 181.20
sugar(mg/dl)

Post prandial blood
264.0 £53.15 | 253.00 | 200.00( 400.00| 247.46 280.59
sugar(mg/dl)

In the study population serum creatinine was in the ran@erafl. + 0.256 ml/dl and
eGFR based on it was in the range of 122 +17.96 ml/min/1?73 m

Serum cystatin-C was in the range of 0.968 + 0.132 mg/l eGFR basedas in the
range of 81.14 + 16.53 ml/min/1.73@ther parameters in the study such as urine
albumin were in the range of 103.2 = 125.6 mg/dl, HbA1C 7.940 + 1.059 %, FBS

169.7 £ 36.77 mg/dl and PPBS 264.0 + 53.15 mg/dl.
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Table 12: Descriptive analysis of HbA1C (%) category in study gpulation

(N=42)

HbA1C(%) category Frequency Percentage
<7% 12 28.57%
>7% 30 71.43%

In the present study we observed HbA1C value <7% in 28.57 % (12}7&adn

71.43% (30) patients.

Table 13: Comparison of mean Serum creatinine (mg/dl) acrosdusly groups

(N=42)
Serum 95% ClI
Mean
HbA1C(%) creatinine(mg/dl) P value
difference
Meant STD Lower Upper
<7% 0.77 £0.27
0.06 -0.11 0.24 476
>7% 0.7 £0.25

In the study patients with HbA1C <7% had serum creatininedarrahge of 0.77 *

0.27 mg/dl and HbA1CG7% had serum creatinine in the range of 0.7 £ 0.25 mg/dI.
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Table 14: Comparison of mean Serum creatinine based eGFR (miin/1.73 m2)

across study groups (N=42)

Serum creatinine 95% ClI

based eGFR| Mean
HbALC(%) P value

(ml/min/1.73 m2) | difference | .. Upper

Mean+ STD
<7% 134.17 £ 8.5

17.03 5.72 28.34 .004

>7% 117.13 + 18.52

Patients with HbA1C <7% had eGFR based on serum creatinine e iratige of

134.17 £ 8.5 ml/min/1.73 m2 and patients with HbA2®% had eGFR based on

serum creatinine

in the range of 117.13 + 18.52. This results show patiémts

Hb1AC>7% had slightly low eGFR based on serum creatinine.

Fig 9:Comparison of mean Serum creatinine based eGFR (min/1.73 m2)

across study groups
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Table 15: Comparison of mean Serum cystatin C (mg/l) acrossusty groups

(N=42)
Serum cystatin C Mean 95% ClI
HbAL1C(%) P value
(mg/l) Mean+ STD | difference Lower | Upper
<7% 0.91+£0.13
-0.09 -0.18 | 0.00 .048
>7% 0.99+£0.13

In the study patients with HbA1C <7% had serum cystatin-c imahge of
0.91 + 0.13 mg/l and HbA1E7% had serum cystatin-c in the range of 0.99 £ 0.13

mg/l.
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Table 16: Comparison of mean Serum cystatin ¢ based e GFR (mih/1.73 m2)

across study groups (N=42)

Serum cystatin ¢ based 95% ClI
HBA1C Mean

e GFR(mI/min/1.73nf) P value
(%) difference

Mean+ STD Lower Upper
<7% 91.42 +15.41

14.38 3.78 24.99 |.009

>7% 77.03+15.34

Patients with HbA1C <7% had eGFR in the range of 91.42 + 15.41 mil/i78nm2

based on serum cystatin-C and patients with HbAT@% had eGFR in the range of

77.03 + 15.34. based on serum cystatin-C. This results show patiemtsilntiAC

>7% had significant low eGFR based on serum cystatin-C comparé&FR based

on serum creatinine.

Fig 10:Comparison of mean Serum cystatin ¢ based e GFR (ml/mil.73 m2)

across study groups
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Table 17: Correlation between HbA1C and Serum creatinine baseEgfr and

Serum cystatin C based eGFR in the study group (42)

Parameter r value P value

Serum creatinine based -0.586 <0.001

eGFR (ml/min/1.73 m2)

Serum cystatin C based -0.510 <0.001

eGFR(mI/min/1.73 m2)

Fig 11:Correlation between HbA1C and Serum creatinine based eGFR
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Fig 12:Correlation between HBA1C and Serum cystatin ¢ based e GFR

r Value: -0.510
P value: 0.001

Serum cystatin ¢ based e GFR(ml/min/1.73 m2)
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Table 18: Correlation between FBS and Serum creatinine badeeGFR, Serum

cystatin-C based e GFR in the study group (42)

Parameter r value P value

Serum creatinine based -0.511 0.001

eGFR (ml/min/1.73 m2)

Serum cystatin C based -0.470 0.002

eGFR(mI/min/1.73 m2)

Fig 13:Correlation between FBS and Serum creatinine based eGFR
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Fig 14:Correlation between FBS and Serum cystatin c based e GFR

r Value: -0.470
P value: 0.002

Serum cystatin ¢ based e GFR(ml/min/1.73 m2)

1500 200.0 2500

Fasting blood sugar{mgldl)

54



Table 19: Correlation between PPBS and Serum creatinine bas&GFR, Serum

cystatin-C based eGFR in the study group (42)

Parameter r value P value

Serum creatinine based -0.390 0.011

eGFR (ml/min/1.73 m2)

Serum cystatin C based -0.389 0.011

eGFR(mI/min/1.73 m2)

Fig 15:Correlation between PPBS and Serum creatinine based eGFR
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Fig 16:Correlation between PPBS and Serum cystatin-c based e GFR

r Value: -0.389
P value: 0.011 .
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Table 20: Association of serum creatinine based eGFR categoryitiv serum

cystatin-c based eGFR category of study population (N=42)

SERUM CREATININE BASED
SERUM CYSTATIN-C BASED

eGFR (ml/min/1.73 m2)| chi p-
eGFR (ml/min/1.73 m2)

CATEGORY square | value
CATEGORY

>90 60 to 89

16
>90 0 (0%)

(43.24%)

3.493 0.062

21
60 to 89 5 (100%)

(56.76%)

In the study we measured the eGFR based on serum creatinin&BRdbased on

serum cystatin-C.

We found :

> Out of 42, 37 (88%) patients had eGFR > 90 ml/min/1%73amd 5 (12%)

patients had eGFR between 60-89 ml/min/1.73rased on serum creatinine .

» Out of 42, 16 (38.80%) patients had eGFR > 90 and 26 (61.90%) patients had

between 60-89 based on serum cystatin-C.
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Kappa Std. Error P value
statistics
Measure of Agreement 0.154 0.070 0.062

Fig 17:Correlation between Serum cystatin C based eGFR ance&im creatinine

based eGFR
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Table 21: Comparison of mean Age across study groups (N=42)

SERUM 95% ClI
CREATININE
BASED Age Mean
P value
eGFR Mean+ STD difference

Lower Upper
(ml/min/1.73n7)

category
>90 58.59 + 10.19

-23.01 -32.49 | -13.52 | <0.001
60 to 89 81.6 +5.94

In present study we observed eGFR based on serum creatinineativepawas low
in elderly than younger age group.

Table 22: Comparison of mean Age across study groups (N=42)

SERUM o500 O

CYSTATIN-C
Age Mean

BASED eGFR _ P value
Meant STD difference

(M/min/1.73  m2) Lower Upper

category

>90 51.81+8.35

60 10 89 6710: 1062 | ~>38 | 2170 | -9.06 <0001

In present study we observed eGFR based on serum cystatirparetinely was low

in elderly than younger age group.
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Table 23: Association of serum creatinine based eGFR categomth Gender of

study population (N=42)

SERUM CREATININE

Gender BASED eGFR CATEGORY Chi square P-value
>90 60 to 89
Male 25 (67.57%) 2 (40%)
1.458 0.227
Female | 12 (32.43%) 3 (60%)

We observed 25 (92.59%) male patients had eGFR >90 ml/min while 2 (7.41%

males had eGFR 60-89 ml/min based on serum creatinine out of 2patiatgs. 12

(80%) female patients had eGFR >90 ml/min while 3 (20%) ferhalé eGFR 60-89

ml/min based on serum cystatin-c out of 15 female patients.

Table 24: Association of serum cystatin-c based eGFR categomyth Gender of

study population (N=42)

SERUM CYSTATIN

Gender -C BASED eGFR CATEGORY Chi square | P-value
>90 60 to 89
Male 11 (68.75%) 16 (61.54%)
224 0.636

Female

5 (31.25%)

10 (38.46%)

We observed 11 (40.74%) male patients had eGFR >90 ml/min while 16 (59.26%)

male had eGFR 60-89 ml/min based on serum cystatin-C out of [27patéents . 5

(33.33%) female patients had eGFR >90 ml/min while 10 (66.67%) femaleGER

60-89 ml/min based on serum cystatin-c out of 15 female patients.
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Table 25: Descriptive analysis of Comorbidites in study population (N=42)

Comorbidies Frequency Percentage
HTN 9 20%
PVD 1 3%
Seizure 1 1%

In the study 9 (20%) patients had hypertension, 1 (3%) had peripherallavasc

disease and 1 (3%) patient had seizure disorder.

Fig 18: Pie chart of Comorbidies in study population (N=42)
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Table 26: Descriptive analysis of Retinopathy in study population (N=42)

Retinopathy Frequency Percentage
NPDR 7 17%

PDR 1 2%
HYPERTENSIVE 5 12%

In the study group 7 (17%) patients had non proliferative diabetic retimopa

(NPDR), 1 (2%) patient had proliferative retinopathy (PDR) and 5 )1B&@

hypertensive retinopathy.

Fig 19: Pie chart of retinopathy in study population (N=42)
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Table 26: Descriptive analysis of Retinopathy in study population (N=42)

Retinopathy Frequency Percentage
NPDR 7 17%
PDR 1 2%
HYPERTENSIVE 5 12%

In the study group 7 (17%) patients had non proliferative diabetic retinopathy (NPDR),

1 (2%) patient had proliferative retinopathy (PDR) and 5 (12%) had hypertensivepattiy.

Fig 19: Pie chart of retinopathy in study population (N=42)
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Table 27: Descriptive analysis of CKD stages based on serurystatin c-in study

population (N=42)

CKD stages based on Frequency Percentage

serum cystatin C

CKD Stagel 16 38%

CKD Stage? 26 62%

In the present study a significant number of patients 26 (62%gnpathad CKD

stage-2 while 16 (38%) patients had CKD stage 1.

Fig 20: Pie chart of CKD stages based on serum cystatin C itudy population

(N=42)
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Table 28: Descriptive analysis of CKD stages based on seruneatinine in study

population (N=42)

CKD stages based on Frequency Percentage

serum creatinine

Normal 35 83.33%
CKD Stagel 4 9.6%
CKD Stage2 3 7.14%

In the present study a significant number of patients 35 (83.388énfs had normal
eGFR, 4 patient (9.6%) had CKD stage-1 and 3 (7.14%) patients had @HEP s

which is significantly lower than serum cystatin-C.

Fig 21: Pie chart of CKD stages based on serum creatining study population

(N=42)

71.14%

9.60%

® Normal
m CKD Stagel
m CKD Stage2

83.33%
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Table 29: Descriptive analysis of Albuminuriain study population (N=2)

Albuminuria Frequency Percentage
Narmo albuminuria 28 67%

Micro albuminuria 12 29%
Marco albuminuria 4 9%

Out of 42 patients 28 (67%) had normal albuminuria, 12 (29%) had micro

albuminuria and 4 (9%) had Marco albuminuria.

Fig 22: Pie chart of Albuminuria in study population (N=42)

9%

9% m Narmo albuminuria
(v}

® Micro albuminuria

® Marco albuminuria
67%

66



Table 30: Association of urine albumin with sereum creatinia based eGFR

category of study population (N=42 )

Serum urine albumin

CREATININE micro macro
Normal

BASED eGFR albuminuria | albuminuria

>90 26 (70.27%) 9 (24.32%) 2 (5.41%)

60 to 89 0 (0%) 3 (60%) 2 (40%)

Table 31: Association of urine albumin categories with seruroreatinine based

eGFR cat of study population (N= 42)

urine albumin
SERUM CREATININE BASED eGFR | Normal Micro+macro
albuminuria albuminuria
>90 26 (70.27%) 11 (29.73%)
60 to 89 0 (0%) 5 (100%)

In the study, we observed :

v' 26 patients had normoalbuminuria. Out of which 26 patients had eGFR >90
ml/min/1.73n% based on serum creatinine

16 patients had micro and macroalbuminuria-
“ 11 patients had eGFR >90 ml/min/1.73nd

Y 5 patients had eGFR between 60-89 ml/min/1%Based on serum creatinine
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Table 32: Association of urine albumin categories with serunsystatin-C based

eGFR category of study population (N= 42)

SERUM CYSTATIN-C | urine albumin 3 categories

BASED eGFR micro macro
Normal

CATEGORY albuminuria | albuminuria

>90 16 (100%) 0 (0%) 0 (0%)

60 to 89 10 (38.46%) 12 (46.15%) 4 (15.38%

Table 33: Association of urine albumin categories with serunsystatin-C based

eGFR category of study population (N=42).

urine albumin categories
SERUM CYSTATIN-C

micro+macro
BASED eGFR CATEGORY Normal

albuminuria
>90 16 (100%) 0 (0%)
60 to 89 10 (38.46%) | 16 (61.54%)

In the study, we observed :
» 26 patients had normoalbuminuria. Out of which —
-16 patients had eGFR >90 ml/min and
- 10 patients had eGFR between 60 to 89ml/min based on serum cystatin-c.
» 16 patients had micro and macroalbuminuria, all of them had eGFR tiase

serum cystatin C between 60-89 ml/min.
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DISCUSSION

In this study we estimated and compared eGFR based on seatnioe and
based on serum cystatin-c levels to detect early diabetic nephropathy.

The mean duration of diabetes in the study was 8.3 years and mediah age
patients was 61.50 years and age range was 61.33 + 12.30 years.

In the study males were predominant than females. Majoritheofpatients
were more than 60 years of age which constitute 52.38% (22) and pbigsnthan

60 years constitute 47.62%.

Out of 42 included diabetic patients 20 (47.61%) had hypertension, 3 (7.1%)
had peripheral vascular disease (PVD) and 1 (2.38%) had seizure.
Glycemic control was assessed by FBS (fasting blood sugar)$ Rpdstprandial
blood sugar) and glycated haemoglobin (HbA1C). Out of 42 patients, 30 (91.42%
had >7.0 % HbA1C while 12 (18.68 %) had <7.0%. We observed there was
significant difference in serum cystatin-c levels in patiewith HbA1C >7.0 %
compared to patients with Hb1AC <7.0%. There was no significant efiiter in

serum creatinine in patients with Hb1AC <7.0% OR0 %.

Patients with HbA1C <7% had eGFR in the range of 134.17 £ 8.5 ml/min/1.73
m? based on serum creatinine and patients with HbA1I% had eGFR in the range
of 117.13 £ 18.52 based on serum creatinine. On the analysis we found, pdttents

Hb1AC>7% had slightly low eGFR based on serum creatinine.

Patients with HbA1C <7% had eGFR in the range of 91.42 + 1541
ml/min/1.73 nf based on serum cystatin-c and patients with HbAT% had eGFR

in the range of 77.03 + 15.34 ml/min/1.7% based on serum cystatin-c. On the
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analysis, we found patients with Hb1A¢7% had significant low eGFR based on

serum cystatin-c compared to eGFR based on serum creatinine.

Our results are similar to a study done by Jocelyn Eid Ferres who
concluded that HbA1C may act differently in terms of developing neptimppa
depending on the variation in the levels of HbA1C and more prgcisgiending on
the frequency of the acute “jumps” in the HbA1C. However, tffisce seems to be
more pronounced among those who have higher values of HbA1C considered as
poorly controlled.®®

Another study done by Dipsha Kriplani et al found thaere is a strong
correlation between the increase in the levels of glycosylaeaoglobin with the
corresponding rise in the levels of microalbuminuria and serum creatiffine.

The mean serum creatinine was 0.70 mg/dl ranging from 0.721 + 0.256.
creatinine clearance was estimated by Cockroft and Gaulti@guahich varied
between 122 + 17.96 ml/min/1.73 mith mean of 125.50 ml/min/1.73°m

The mean serum cystatin-c was 1.0 mg/dl ranging from 0.75 = 1.28n Me
eGFR based on serum cystatin-c was 80 ml/min/1%%gith range of 81.14 + 16.53
ml/min/1.73n.

We measured the eGFR based on serum creatinine and serunm-cys3at
(88%) patients had eGFR more 90 ml/min/1.73amd 5 (12%) had eGFR between
60-89 ml/min/1.73 rhbased on serum creatinine; 26 (61.90%) patients had eGFR
between 60-89 ml/min/1.73 nand 16 (38.80%) patients had eGFR more than 90
ml/min/1.73 nfbased on serum cystatin-c. we observed that most of the patieat
had normal eGFR that is >120 ml/min/1.73anstage 1 CKD (>90 ml/min/1.73%n
based on serum creatinine had eGFR 60-89 ml/min/1%t8ased on serum cystatin-

C. In our study 5 (11.90%) out of 42 diabetic patients found to have diabetic
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nephropathy (CKD stage 2) based on serum creatinine levels whigl 28%) out
of 42 diabetic patients had diabetic nephropathy (CKD stage 2) lmasesgrum
cystatin-c.

This finding shows serum cystatin-c is more sensitive in detectiabetic
nephropathy compared to serum creatinine.

Serum cystatin-c based eGFR was calculated with the hefpllofving
equation- eGFR = 76.6 xcystatin C [mg/L] —1.16.

This equation was originally used in post renal transplant re@;ﬁ?@rﬁlsing
the Grubb’s equation it was found that, among this population, eGFR was consistently
over-estimated. Previous studies revealed that variables like e@g@nd race did
have a tendency to influence CysC GFRs in defined settings and encam®es the
CysC equations over-estimated the G¥R” On using the equation proposed by
Rule et al, taking readings above a cut off value of Cystabh@8 mg/L was found
to have a better correlation with 24 hr urine creatinine clear&s@83) than
Cockroft and Gault estimates(r=0.41).

Study done by Yi-Sun Yang et al shown similar results and concketedn
cystatin ¢ may be useful especially in detecting early irpant of renal function,
and in condition where creatinine or urine albumin measurementprekdem. In
addition, serum cystatin C also may be a marker for glomedykfunction in type 2
diabetic nephropathy.

Harmoinen et al and Mussap et al showed that serum cystatinnibrie
sensitive than serum creatinine for the estimation of GFR in2yg@betic patients
and Tan et al showed the same in type 1 diabetic pati&ifd

In 52 Caucasian patients with type 2 diabetes, cystatin C ouamsl fto be a

better marker of kidney disease measured by serum creatinGeckeroft and Gault
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GFR estimation. The study clearly demonstrated that serstatiryC concentration
progressively increased as glomerular filtration rate decreased.

Cystatin C undoubtedly proved to be of greater benefit than serunmuoreat
based assay in those patients whose GFR was < 60 ml/min coinsiste the
findings of Yoshiji Ogawa et al. who asserted that cystatin-€ avgood predictor of
overt nephropath{® Confounding variables of Ischemic heart disease and
hypothyroidism did not cause statistically significant change in the GFR.

In our study we observed 37 patients had eGFR >90 ml/min/{.B&8sed on serum
creatinine. Out of whom, 26 patients had normoalbuminuria, 9 had microalbuminuri
and 2 had macroalbuminuria.

5 patients had eGFR between 60-89 ml/min/1%Based on serum creatinine.
Out of which, 3 had microalbuminuria and 2 had macroalbuminuria.

16 patients had eGFR >90 ml/min/1.7dmased onserum cystatin-c and all of
them had normoalbuminuria.

26 patients eGFR between 60-89 ml/min/1.73 out of which, 10 patients who had
normoalbuminuria, 12 patients had micro albuminuria and 4 patients had
macroalbuminuria.

The above findings reflect sensitivity of serum cystatin-c Wwitould detect
diabetic nephropathy (CKD stage 2) even when patients had normoallyia and
normal eGFR based on serum creatinine. It shows that cystdame(S of serum
could be reliable marker for detecting renal dysfunction pe t® diabetic patients
with normoalbuminuria.

Similar results obtained by Durga Prasad Kedam et al concludedystatin
C was best for discriminating between microalbuminuria and normoaibtin in

those with type-2 diabetes resulting in the conclusion that cy§atmght be a more
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useful marker than creatinine for detection of early diab®tighropathy in type 2
patients with diabetd$®?

Other study done by Yun Kyung Jeon et al concluded that the cystatin C levels
of serum and urine increased with increasing degree of albumirea@hing higher
levels in macroalbuminuric patients. Especially, in normoalbuminuriergaf serum
and urine cystatin C were identified as independent factors associ#teslB#R < 60
mL/min/1.73 m2 estimated by MDRD equation. The cystatin C leseteerum and
urine could be useful markers for renal dysfunction in type 2 dtapatients with
normoalbuminurid™%?

We observed among patients with diabetic nephropathy, 7 (17%) pdteht
non proliferative diabetic retinopathy (NPDR), 1 (2%) patient Ipadliferative
retinopathy (PDR) and 5 (12%) had hypertensive retinopathy.

Investigations which can detect accurate eGFR which are based
intravenous injection of exogenous substances like Inulin, 125-lothalamategllohe
51Cr-EDTA or 99mTc- DTPA are invasive, labour intensive, costly, ancémately
free of potential for harm.

Hence estimation of eGFR based on serum cystatin C can consateied

relatively easy, fast and cost effective alternative.
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CONCLUSION

This study was a prospective observational study done atiarytariedical
college hospital. Total of forty two patients satisfying in@uascriteria were studied.
The mean duration of diabetes in the study was 8.3 years and mediaihpagents
was 61.50 years.

In the study males were predominant than female population. Magdritye
patients were more than 60 years of age who constitute 52.38% (22) imdsdats
than 60 years constitute 47.62% (20).

This study was undertaken to assess the utility of Serum t@Qystain
detecting early renal dysfunction in type 2 diabetes. Serwta@y c was determined
by immunonephelometry. Creatinine clearance was estimateddkra@t and Gault
formula.

In the study most of the patients who had normal eGFR that is >120
ml/min/1.73 nfor stage 1 CKD (>90 ml/min/1.73%nbased on serum creatinine had
eGFR between 60-89 ml/min/1.73 bmsed on serum cystatin-c and 5 (11.90%) out
of 42 diabetic patients found to have diabetic nephropathy (CKD s)agas2d on
serum creatinine levels while 26 (61.90%) out of 42 diabetic patientslibbdtic
nephropathy (CKD stage 2) based on serum cystatin-c.

This result shows serum cystatin-C is more sensitive as cethparserum
creatinine.

Patients with Hb1AC>7% had significant low eGFR based on serum cystatin-c
compared to eGFR based on serum creatinine.

In our study we observed 37 patients had eGFR >90 ml/min/{.5&8sed on
serum creatinine. Out of whom, 26 patients had normoalbuminuria, 9 had

microalbuminuria and 2 had macroalbuminuria.
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5 patients had eGFR between 60-89 ml/min/1%Based on serum creatinine. Out of

which, 3 had microalbuminuria and 2 had macroalbuminuria.

16 patients had eGFR >90 ml/min/1.73mased onserum cystatin-c and all of them

had normoalbuminuria.

26 patients eGFR between 60-89 ml/min/1.73 out of which, 10 patients who had
normoalbuminuria, 12 patients had micro albuminuria and 4 patients had

macroalbuminuria.

This finding shows sensitivity of serum cystatin-c which could deliebetic
nephropathy (CKD stage 2) in patients who had normoalbuminuria and rexaRRI

based on serum creatinine.

This is one of the first studies of its kind in India. Cystatin € tygened new

avenues for research in the Indian context. With a larger database regiresehthe

Indian population, a generalization of these study results can probably be made.
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SUMMARY

Total of forty two patients satisfying inclusion criteria were includedudys

The mean duration of diabetes in the study population was 8.3 years diach iage

of patients was 61.50 years.

Males were predominant than females and majority of study groostituted by
more than 60 years of age.

Glycemic control was assessed by FBS, PPBS and glycatetblgiobin. Most of the
patients (71.42%) had HbA1¥7% and rest had Hb1AC <7.0%.

There was significant difference in serum cystatin-c leirelgatients with HbA1C
>7.0 % compared to patient with Hb1AC <7.0% and there was no significant
difference in serum creatinine in patients with Hb1AC <7.0%>0R %.

Patients with Hb1ACG-7% had slightly low eGFR based on serum creatinine while
patients with Hb1AC>7% had significantly low eGFR based on serum cystatin-c
compared to eGFR based on serum creatinine.

The mean serum creatinine was 0.70 mg/dl ranging from 0.721 + 0.256CGdl
based on serum creatinine was in the range of 122 + 17.96 ml/min/A.73 m

The mean serum cystatin-c was 1.0 mg/dl ranging from 0.75 tah@WMean eGFR
based on serum cystatin-c was 80 ml/min/1.73wth range of 81.14 + 16.53
ml/min/1.73nd.

In our study we observed 37 patients had eGFR >90 ml/min/{.B&8sed on serum
creatinine. Out of whom, 26 patients had normoalbuminuria, 9 had microalbuminuri

and 2 had macroalbuminuria.
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5 patients had eGFR between 60-89 ml/min/1%Based on serum creatinine. Out of
which, 3 had microalbuminuria and 2 had macroalbuminuria.

16 patients had eGFR >90 ml/min/1.73mased onserum cystatin-c and all of them
had normoalbuminuria.

26 patients eGFR between 60-89 ml/min/1.73 out of which, 10 patients who had
normoalbuminuria, 12 patients had micro albuminuria and 4 patients had
macroalbuminuria.

In the included patients, 7 (17%) patients had non proliferative dialetinopathy
(NPDR), 1 (2%) patient had proliferative retinopathy (PDR) and 5 Y1R&al
hypertensive retinopathy.

Most common other comorbidities were hypertension in 47.61% followed by
peripheral vascular disease (PVD) in 1 patient (2.38%) and 1 (2.38%) had seizure.
we found most of the patients who had normal serum creatinireel l@83FR and
normoalbuminuria had diabetic nephropathy (CKD stage 2) by usingseystatin

C.

This study shows serum cystatin-c is highly sensitivity coegp#n serum creatinine

to detect early diabetic nephropathy.

Serum Cystatin C appears to hold promise in predicting early dgefunction and

more so as an indicator of overt nephropathy.
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ANNEXURES

PROFORMA

TITLE: ESTIMATION AND COMPARISON OF eGFR USING SERUM

CYSTATIN C AND SERUM CREATININE FOR DETECTION OF EARLY

NEPHROPATHY IN TYPE 2DIABETES MELLITUS

Name :
Sex:
DOA:

HOPI:

History suggestive of UTI:

Past history:

DM duration:

Thyroid dysfunction:

Other known chronic iliness:
Hypertension /IHD/ Asthma
Treatment history:

Family history:

Personal history:

Smoking/ Ethanol:

EXAMINATION:
Vital parameters: Pulse: BP: JVP:

Other findings on general examination:

Examination of thyroid:

Age :
Hosp no:

DOD:
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Systemic examination:

CNS:

Fundus exam:

CVS:

RS:

PA:

Investigations:
FBS PPBS

Urinalysis:

Alb: Sugar:

Renal function tests:
BUN
S. Creatinine:

S Creatinine based eGFR

S. Cystatin C

Cystatin C based eGFR

Diagnosis:
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INFORMED CONSENT FORM

ESTIMATION AND COMPARISON OF eGFR USING SERUM CYSTATIN C
AND SERUM CREATININE FOR DETECTION OF EARLY
NEPHROPATHY IN TYPE 2 DIABETES MELLITUS

STUDY NUMBER:
SUBJECT'S NAME: HOSPITAL NUMBER:
AGE:

Study on serum cystatin C in diabetic patients to detect eadgirement of renal
function in type 2 DM will bring to limelight the importance and gudtate the
clinical application of serum cystatin C as an early mar@erdnal dysfunction and

early treatment.

If you agree to participate in the study, we will colledbrmation (as per proforma)
from you or a person responsible for you or both. We will collectrémment and
relevant details from your hospital record. This information ctatkevill be used for
only dissertation and publication. This study has been reviewed bpdtitional
ethical committee. The care you will get will not change ouydon't wish to
participate. You are required to sign/ provide thumb impression onlyouf

voluntarily agree to participate in this study after accepting the betavs te

| understand that | remain free to withdraw from the studyngttine and this will
not change my future care. | have read or have been read to me andooddirs
purpose of the study. The procedure that will be used, the risk and$assbciated
with my involvement in the study and the nature of information thatbeilcollected
and disclosed during the study have been explained to me. | adwaehopportunity
to ask my questions regarding various aspects of the study and esijogs are
answered to my satisfaction. I, the undersigned agree to pargicip this study and

authorize the collection and disclosure of my personal information for dissertation.
Subject name
(Parents / Guardians name)

DATE: SIGNATURE /THUMB IMPRESSION
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