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Abstract

Chronic Kidney Disease has become a public health problem, imposing heath, social and human cost on
societies worldwide. Chronic Kidney Disease remains asymptomatic till late stage when intervention cannot stop
the progression of the disease. Therefore, there is an urgent need to detect the disease early. Despite the high
prevalence of Chronic Kidney Disease in Malaysia, screening is still lacking behind. This review discusses the
strengths and limitations of current screening methods for Chronic Kidney Disease from a Malaysian point of
view. Diabetic Kidney Disease was chosen as focal point as Diabetes is the leading cause of Chronic Kidney
Disease in Malaysia. Screening for Chronic Kidney Disease in Malaysia includes a urine test for albuminuria and
a blood test for serum creatinine. Recent literature indicates that albuminuria is not always present in Diabetic
Kidney Disease patients and serum creatinine is only raised after substantial kidney damage has occurred.
Recently, cystatin C was proposed as a potential marker for kidney disease but this has not been studied
thoroughly in Malaysia. Glomerular Filtration Rate is the best method for measuring kidney function and is
widely estimated using the Modification of Diet for Renal Disease equation. Another equation, the Chronic
Kidney Disease Epidemiology Collaboration Creatinine equation was introduced in 2009. The new equation
retained the precision and accuracy of the Modification of Diet for Renal Disease equation at GFR <
60ml/min/1.73m?, showed less bias and improved precision at GFR>60ml/min/1.73m> In Asian countries,
adding an ethnic coefficient to the equation enhanced its performance. In Malaysia, a multi-ethnic Asian
population, the Chronic Kidney Disease Epidemiology Collaboration equation should be validated and the
Glomerular Filtration Rate should be reported whenever serum creatinine is ordered. Reporting estimated
Glomerular Filtration Rate will help diagnose patients who would have been otherwise missed if only
albuminuria and serum creatinine are measured.

Keywords: albuminuria, Chronic Kidney Disease (CKD), Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI), creatinine, Cystatin C, Glomerular Filtration Rate (GFR)

1. Introduction

The higher incidence of non-communicable diseases, notably diabetes and hypertension, has lead to an increase
in the number of CKD patients. In the US, 25.8 million people have Diabetes (8.3% of the US population)
(National diabetes fact sheet: National estimates and general information on diabetes and prediabetes in the
united states, 2011). Diabetes is the leading cause of Chronic Kidney Disease (CKD) in developed countries. It is
estimated that 15-20% of type 1 diabetes patients and 30-40% of type 2 diabetes patients will develop end stage
renal disease (Benz & Amann, 2011). In Malaysia, Diabetes is the leading cause of CKD contributing to 58% of
all new patients requiring dialysis in 2012 (Lim, 2013). Although CKD remains asymptomatic till late stage, the
progressive renal function decline during the course of diabetic nephropathy can be detected early when renal
function is still normal or elevated (Perkins et al., 2007). Early diagnosis is important for kidney disease patients
as it is a source of considerable morbidity and mortality. The most widely used definition of CKD is by the
National Kidney Foundation’s Kidney Disease Outcome Quality Initiative stating Glomerular Filtration Rate
(GFR) <60ml/min/1.73m? that is present for 3months or more; or evidence of kidney damage for 3 months or
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more with or without decreased GFR as evidenced by any of the following: Microalbuminuria,
Macroalbuminuria, Proteinuria, Glomerular Haematuria, Pathological abnormalities, Anatomical abnormalities
(K/doqi clinical practice guidelines for chronic kidney disease:Evaluation, classification, and stratification. Am j
kidney dis, 2002, 39, S1-266.). Screening for kidney function includes Glomerular Filtration Rate (GFR) and
Albuminuria (Lamb, 2011; A. S. Levey et al., 2003; Stevens & Levey, 2009). In the US and many parts of
Europe the GFR is automatically reported when serum creatinine is ordered, this however is not the case in
Malaysia. Screening for CKD in Malaysia includes a urine test for albuminuria and a blood test for serum
creatinine. The aim of this review is to discuss the strengths and limitation of CKD screening methods and its
application in Malaysia, a multiethnic Asian population.

2. Methodology
2.1 Design and Selection Methods

This is a review of the literature on current CKD screening practices. A systematic search of the literature was
carried out and data were retrieved from Google Scholar, Pubmed Central, Scopus and Science Direct. The
keywords used were Albuminuria, Chronic Kidney Disease (CKD), Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI), Creatinine, Cystatin C, Glomerular Filtration Rate (GFR). The Search was limited to
studies published in the English language for the period between 2000 and 2014. The search included
cross-sectional and longitudinal studies carried out among the general population and CKD patients with or
without diabetes. The search identified a total of 2040 studies of which 38 studies were selected by the Authors
as relevant to the subject under investigation and met the preset inclusion criteria. All 38 studies were carried out
in Asian and western countries.

2.2 Selection Criteria
2.2.1 Albuminurea
The search for albuminuria identified a total of 866 articles. The selection criteria are:

(1) Cross-sectional studies among diabetic patients who underwent screening for kidney function. Only studies
that have reported the number of diabetic patients with GFR <60ml/min/1.73m* and normal albuminuria were
selected. Six articles met the criteria.

(2) Longitudinal studies carried out among diabetic patients with and without albuminuria. Studies that reported
the course of albuminuria at the end of the study period were selected. Six studies met the criteria.

2.2.2 GFR
The search for GFR equation identified 216 articles. The selection criteria are:

(1) Longitudinal studies among patients with and without diabetes in which the GFR was estimated using the
MDRD equation and the CKD-EPI equation. Studies that compared both equations in terms of risk stratification
and CKD prevalence were selected. Five articles met the criteria.

(2) Cross sectional studies among patients with a wide range of GFR who underwent GFR estimation using the
MDRD equation and the CKD-EPI equation. Studies that compared the performance of both equations in terms
of bias and accuracy were selected. Six articles met the criteria.

2.2.3 Cystatin C

The search for cystatin C identified 958 articles including patients with and without CKD. The selection criteria
are cross-sectional studies among CKD patients in which serum cystatin C was measured. Studies that compared
serum cystatin C with serum creatinine for detecting renal disease were included. Thirteen articles met the
criteria.

2.3 Data Extraction

The following variables were extracted from the selected studies, study design, population charecteristics,
number of participants, number of years of follow up, estimated and measured GFR (when applicable),
percentage of patients with normal albuminuria, percentage of patients with microalbuminuria, prevalence of
CKD and number of CKD patients reclassified using the CKD-EPI equation.

3. CKD Screening in Malaysia

The prevalence of diabetes and its risk factors continue to rise at an alarming rate. From 1996 to 2006 Malaysia
witnessed a 250% increase in the prevalence of Obesity and 88% increase in prevalence of diabetes (National
strategic plan for non-communicable disease, 2010). Recently the prevalence of diabetes among adults age 18
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years and above in Malaysia is reported at 15.2% (National health and morbidity survey report, 2011).
Uncontrolled diabetes can lead to complications. CKD is one of the long term complications of diabetes. In
Malaysia, diabetes is the leading cause of CKD contributing to 58% of all new patients requiring dialysis in
2012(YN Lim, 2013). This has considerable public health implication considering the morbidity and high cost
associated with the disease. The prevalence of CKD in Malaysia is currently reported at 9.07% (Hooi et al.,
2013). It is recommended that screening for CKD is initiated at the time of diagnosis of type 2 diabetes and 5
years after the diagnosis of type 1diabetes. Screening includes assessment of proteinuria, heamaturia and renal
Function (Clinical practice guidlines: Management of chronic kidney disease in adults, 2011). Screening is
carried out annually for diabetic and hypertension patients. Screening for CKD is also recommended for patients
at high risk of CKD. Screening for albuminuria is carried out using urine dipstick. This test is cheap, convenient
and widely available. In diabetic patients, urine albumin: creatinine ratio (ACR) in an early morning urine
sample should be performed annually if urine dipstick is negative. Microalbuminuria is defined as ACR 2.5-30
mg/mmol for males and 3.5-30 mg/mmol for females. Due to non renal factors affecting albumin level in urine,
repeat tests are carried out within three to six months. When 2 out of 3 tests are positive then patient is diagnosed
with diabetic nephropathy. Renal function will be assessed by estimated GFR using the Modification of Diet in
Renal Disease (MDRD) equation. Staging of CKD is based on KDIGO 2002 (National kidney foundation. Kdoqi
clinical practice guidelines for chronic kidney disease: Evaluation, classification and stratification. [KDIGO],
2002). Other tests such as renal imaging or biopsy are carried out when deemed necessary. Currently, it is not a
common practice for laboratories in Malaysia to report an estimated GFR when renal profile or serum creatinine
is ordered by physicians. In practice, serum creatinine is used by clinicians to determine the presence or absence
of CKD despite its known limitation (Chia Yook Chin, 2012). A recent study carried out at primary care setting
in Malaysia showed that using serum creatinine instead of estimated GFR to detect CKD fail to detect a third
(35.5%) of patients with renal impairment who had seemingly normal serum creatinine (Chia Yook Chin, 2012).
This is similar findings to another study carried out in Spain that found that estimated GFR identified an
additional 13.4% of diabetic patients with renal impairment who would have been missed if only serum
creatinine was measured(Coll-de-Tuero et al., 2012). The following sections will discuss albuminuria and GFR
as two principle methods for CKD screening. In addition, cystatin C will be discussed as a new potential marker
for CKD screening.

4. CKD Screening Methods: Strength and Limitation
4.1 Albuminuria

The clinical picture of diabetic kidney disease has been characterized by the presence of albuminuria prior to the
decrease in GFR. Screening for albuminuria is cheap, convenient and widely available. Microalbuminuria refers
to the increase passage of albumin through the glomeruli. The mechanism for the development of
microalbuminuria is complex and involves changes in glomerular pressure (or filtration) in addition to changes
to glomeruli structure (Satchell & Tooke, 2008). Screening for albuminuria is one of the primary methods to
detect kidney disease (Lamb, 2011; Perkins et al., 2007; Stevens & Levey, 2009; Wang, Li, Gong, & Lou, 2013).
It should be carried out at least once a year for diabetic patients. Albumin excretion can increase transiently due
to non-renal factors as well, such as urinary tract infection, fever, exercise, congestive heart failure and
hyperglycemia (Stevens & Levey, 2009). Due to this variation, microalbuminuria is confirmed if at least 2 of 3
tests (performed within minimum of 3 months) are positive. Microalbuminuria is defined by an albumin
excretion (AER) between 20-200 p/min (30-300 mg/24 hours), this amount cannot be detected by urine dipstick.
Proteinuria, also known as macroalbuminuria is defined as AER exceeding 200 p/min (300 mg/24 hours).
Macroalbuminuria is associated with decline in GFR and rise in Blood pressure(Chadban S, Mangos G, &
Guideline for Diagnosis, 2009). The GFR in people with type 2 diabetes typically begins to decline in the late
microalbuminuric stage and, without intervention declines at an average rate of 8-12 ml/min/1.73m?/year
(Biesenbach, Janko, & Zazgornik, 1994). However, the classical picture of albuminuria prior to declining GFR
has been challenged recently. Growing evidence suggests that not all diabetic patients will present with the
typical albuminuria findings and that CKD may be accompanied, rather than preceded by microalbuminuria, or it
may even develop in those with albuminuria levels that revert to normal (Halimi, 2012). The reason for this
variation is not clear. Several studies indicate that up to 30% of people with type 2 diabetes and a GFR
<60ml/min/1.73m” have normal albuminuria (Bash, Selvin, Steffes, Coresh, & Astor, 2008; H. Kramer &
Molitch, 2005; H. J. Kramer, Nguyen, Curhan, & Hsu, 2003). Patients with normal albuminuria and renal
impairment were found to be older, had lower prevalence of obesity, lower diastolic blood pressure, lower
prevalence of smoking , macrovascular disease and ischemic heart disease and lower HBAlc (Coll-de-Tuero et
al., 2012). A recent study found that among diabetic patients with renal impairment (estimated GFR less than
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60/ml/min/1.73m%), 56.6% had normal albuminuria, 30.8% had microalbuminuria and 12.6% had
macroalbuminuria (Penno et al., 2011). Table 1 shows the prevalence of normal albuminuria among kidney
disease patients in similar studies (H. J. Kramer et al., 2003; Parving, Lewis, Ravid, Remuzzi, & Hunsicker,
2006; Penno et al., 2011; Retnakaran, Cull, Thorne, Adler, & Holman, 2006; Thomas et al., 2009; Yokoyama et
al., 2009). This matter was put to the test when several cohort studies looked into the course of microalbuminuria
in diabetic patients and serial measurements of albuminuria revealed that a number of microalbuminuric patients
reverted to normal albuminuria, see Table 2 (Perkins et al., 2007; Perkins et al., 2003; Tabaei, Al-Kassab, Ilag,
Zawacki, & Herman, 2001; Giorgino et al., 2004; Hovind et al., 2004; Perkins, Ficociello, Roshan, Warram, &
Krolewski, 2010). Growing evidence show that GFR decline can occur in patients with normal albuminuria
(Jerums, 2012). This could suggest that albuminuria may not be as sensitive as a marker for kidney function
decline as previously thought. Further studies should be carried out in Malaysia to determine the role of
albuminuria in detecting a decline in kidney function and whether the absence of albuminuria in CKD patients is
related to the use of angiotensin converting enzyme inhibitors. This will help Clinicians to make an informed
decision when screening patients for CKD.

Table 1. The prevalence of Normal Albuminuria in CKD Patients

1** Author Study Population Patients with GFR < Percentage of patients with GFR<60ml
60ml/min & normal albuminuria

(H. J. Kramer et al., 2003)  Type 2 diabetes 171 30%

(Parving et al., 2006) Type 2 diabetes 2546 17%

(Retnakaran et al., 2006) Type 2 diabetes 1132 51%

(Yokoyama et al., 2009) Type 2 diabetes 506 51.7%

(Thomas et al., 2009) Type 2 diabetes 920 55%

(Penno et al., 2011) Type 2 diabetes 2959 56.6%

Table 2. The course of Microalbuminuria in diabetic patients

1* Author Study Population  Follow up Patients with Progressed to Regress to
period(years) Microalbuminuria Macroalbuminuria Normal
(Tabaei et al., 2001) Diabetic patients 7 At start of follow up 23 6% 56%
(Perkins et al., 2003)  Type 1 diabetes 8 386 19 58
(Giorgino et al., 2004) Type 1 diabetes 7 351 13.9% 50.6%
(Hovind et al., 2004)  Type 1 diabetes 7,5 79 34% 35%
(Perkins et al., 2007)  Type 1 diabetes 8-12 At start of follow up 301 31% 35.58%
(Perkins et al., 2010)  Type 1 diabetes 12 79 27 39

4.2 Serum Cystatin C

Cystatin C is a 13 kDa protein filtered by the glomeruli and reabsorbed and catabolised by epithelial cells of the
proximal tubule with only small amounts excreted in the urine. Serum cystatin C has been proposed as a new
marker for renal function and is under evaluation for GFR estimation. Earlier studies suggested that cystatin C is
a better alternative than Creatinine because it is not affected by muscle mass (Baxmann et al., 2008; Mussap et
al., 2002; Perlemoine et al., 2003) and that makes it a better marker than Creatinine in children, elderly and in
patients with reduced muscle mass (Chew, Saleem, Florkowski, & George, 2008; Filler et al., 2005). More
research on cystatin C found that factors other than renal function (that also affect serum creatinine) do affect
serum cystatin C but to a lesser extent (Mussap et al., 2002; Pucci et al., 2007). Wei et al found that serum
cystatin C is raised with age but as GFR start to decrease, the effect of age would reduce with the decreasing
GFR which then becomes the most influencing factor on cystatin C (Wei, Ye, Pei, Wu, & Zhao, 2014). Two
meta-analysis found cystatin C to be superior to creatinine as a marker for GFR (Dharnidharka, Kwon, &
Stevens, 2002; Roos, Doust, Tett, & Kirkpatrick, 2007). Several studies found cystatin C to be more accurate
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than creatinine in detecting early diabetic nephropathy (Christensson et al., 2004; D. Willems, 2008; Hojs, Bevc,
Ekart, Gorenjak, & Puklavec, 2006; Kim et al., 2013; Kimura et al., 2009; McNamara et al., 2009; Mussap et al.,
2002; Perkins et al., 2005; Perlemoine et al., 2003; Rigalleau et al., 2008; Rule, Bergstralh, Slezak, Bergert, &
Larson, 2006; Wei et al., 2014) See Table 3. Cystatin C can detect renal impairment in type 2 diabetic patients
with normal albuminuria (Jeon et al., 2011). In addition, cystatin C has a role in identifying patients with CKD
who are at higher risk for complication (Pavkov et al., 2013; Peralta et al., 2011) suggesting that cystatin C can
predict patients at risk and warrant early referral. Very few studies looked into the role of cystatin C in detection
of renal impairment in Malaysia (Marwyne et al., 2011; Zati Iwani AK, 2013). The high cost and limited
availability of cystatin C test restricted its application in clinical practice. The introduction of certified reference
material for cystatin C in 2010 intended to overcome the differences brought upon by using different calibrators
and assays for cystatin C (Grubb et al., 2010). Recent guidelines from National Kidney Foundation recommend
the use of cystatin C to validate the diagnosis of CKD in adults with GFR between 45-59 ml/min/1.73m* and no
other markers of kidney damage (Kidney disease: Improving global outcomes ckd work group. Clinical practice
guideline for the evaluation and management of chronic kidney disease. [KDIGO], 2012). In light of this, future
studies in Malaysia should evaluate the role of cystatin C in detecting early renal impairment and take into
consideration the different ethnic groups when determining reference interval for cystatin C.

Table 3. Comparison between Cystatin C and Creatinine in predicting early renal impairment

1** Author population  Estimated GFR Measured GFR Performance

(Mussap et al., 2002) 52 Cockroft-Gault ICr-EDTA Cystatin C superior to Creatinine

(Perlemoine et al., 2003) 89 Cockroft-Gault ICr-EDTA Cystatin C superior to Creatinine

(Christensson et 123 NA ICr-EDTA Cystatin C superior to Creatinine

2004)

(Perkins et al., 2005) 30 NA Iothalamate clearance  Cystatin C superior to Creatinine

(Hojs et al., 2006) 164 Cockroft-Gaultand ~ *'Cr-EDTA Cystatin C superior to Creatinine
MDRD

(Rule et al., 2006) 460 Cockroft-Gault and  Iothalamate clearance  Cystatin C superior to Creatinine
MDRD

(Rigalleau et al., 2008) 124 Cockroft-Gaultand ~ *'Cr-EDTA Cystatin C superior to Creatinine
MDRD

(D.Willems, 2008) 67 MDRD SICr-EDTA Cystatin C superior to Creatinine

(McNamara et al., 2009) 48 Cockroft-Gaultand ~ NA Cystatin C superior to Creatinine
MDRD

(Kimura et al., 2009) 289 Japanese modified NA Cystatin C superior to Creatinine
MDRD

(Jeon et al., 2011) 332 MDRD and NA Cystatin C superior to Creatinine
CKD-EPI

(Pavkov et al., 2013) 234 MDRD and Iothalamate clearance  Cystatin C superior to Creatinine
CKD-EPI 2009,
2012 equation

(Wei et al., 2014) 800 99mTc-DTPA Cystatin C superior to Creatinine

4.3 Glomerular Filtration Rate (GFR)

The GFR is regarded as the best indicator for renal function. Accurate GFR estimation is important for the
diagnosis and management of kidney disease (Stevens, Li, et al., 2011). The gold standard method for measuring
GFR using an exogenous filtration markers (e.g. inulin, iohexol, °**"diethylenetriaminepentaacetic acid,
'I-jothalamate and °'Cr-ethylenediaminetetraacetic acid) is expensive, time consuming and inconvenient for
patients. Several equations have been developed to estimate GFR and serum creatinine is used in those equations
(Cockcroft & Gault, 1976; K/doqi clinical practice guidelines for chronic kidney disease: Evaluation,
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classification, and stratification, 2002; A. S. Levey et al., 1999) See Table 4. Nevertheless, serum creatinine has
many limitations because it is affected by factors other than renal function, such as age, gender, race, muscle
weight, diet and certain medications (Lamb, 2011; Mussap et al., 2002; Stevens, Coresh, Greene, & Levey, 2006).
Moreover, kidney function can be reduced up to 50% and serum creatinine is still within normal range. Current
guidelines from the National Kidney Foundation state that GFR should be estimated in all patients undergoing
screening for CKD (Kdigo, 2012). The majority of GFR estimating equations were developed in the western
countries, and despite the fact that Asia ranks high for prevalence of end stage renal disease, Asian countries do
not have a unified GFR estimation equation.

4.3.1 GFR Estimation by the MDRD Equation

The MDRD equation was introduced in 1999 and is used to estimate GFR. The equation was developed in 1628
Caucasians and African Americans patients with impaired kidney function (A. S. Levey et al.,, 1999). The
equation has been re-expressed in 2006 for standard creatinine to improve its accuracy (A. S. Levey et al., 2006).
The standardization of serum creatinine came as a big step to overcome the variability caused by using different
measures for serum creatinine. The MDRD equation is used in Asia to estimate GFR, but being dependant on
creatinine does not make it an ideal equation. Creatinine is influenced by muscle mass and Asian are different
from Caucasian and from each other in their body mass index/body fat % relationship (Deurenberg,
Deurenberg-Yap, & Guricci, 2002; Wen, Rush, & Plank, 2010). In China the MDRD equation was modified with
a racial coefficient (Ma et al., 2006), also in Japan (Imai et al., 2007; Matsuo et al., 2009) and in Thailand
(Praditpornsilpa et al., 2011). See Table (3). Adding a racial coefficient led to better GFR estimation but there
was a difference between the Chinese and Japanese coefficient. The variation could be attributed to
methodological rather than ethnic difference because the reference GFR measurement and creatinine
measurements were different in both studies (Ho & Teo, 2010; Rule & Teo, 2009). In Malaysia, the MDRD
equation was adopted without modification.

Table 4. GFR Estimating Equations

Year Equation

1976  Cockroft-Gault(Cockcroft & Gault, 1976) [(140-Age)xWeight](72xSCr)x0.85 (if female)

2002  4-variable MDRD(KDIGO 2002) 186x(SCr) " "**x(Age) "2"x(0.742)( if female)

2006 Re-expressed MDRD for standardized Creatinine (A.  175x(SCr)y"'3*x(Age)**®x(0.742) (if female)x(1.212)( if
S. Levey et al., 2006) black)

2006 Chinese modified MDRD(Ma et al., 2006) (4-variable MDRD)x1.233

2007 Japanese modified MDRD(Imai et al., 2007) (4-variable MDRD)x0.741

2009 Japanese modified MDRD(Matsuo et al., 2009) (re-expressed MDRD)x0.808

2011  Thai modified MDRD(Praditpornsilpa et al., 2011) (re-expressed MDRD)%1.129

2011 Thai eGFR formula (Praditpornsilpa et al., 2011) 375.5%(SCr) "#*8x Age 03%4x0.712 (if female)

2009 CKD-EPI creatinine(Andrew S. Levey et al., 2009)  141xmin(SCr/k,1)*xmax(SCr/k,1)2%x0.993%¢°[x1.018  if
female]x[1.159 if black], where SCr is serum creatinine, k is
0.7 if female and 0.9 if male, o is -0.329 if female and -0.411
if male, min is the minimum of SCr/k or 1, and Max is the
maximum of SCr/k or 1.

2012 CKD-EPI cystatin C(Inker et al., 2012) 133xmin(Scys/0.8,1) **xmax(Scys/0.8,1)"%x0.996¢[x0.
932 if female], Scys is Serum Cystatin C , min indicates the
minimum of Scr/k or 1, and max indicates the maximum of
Scys/k orl.

2012 CKD-EPI creatinine-cystatin C (Inker et al., 2012) 135xmin(SCr/k,1)*xmax(SCr/k,1) """ xmin(Scys/0.8,1) %"
xmax max(Scys/0.8,1)"71'x0.995%[x0.969 if female] x1.08
if black, where SCr is serum creatinine, SCys is serum
cystatin C , k is 0.7 if female and 0.9 if male, o is -0.248 if
female and -0.207 if male , min indicate the minimum of
SCr/k or 1, and max indicate the maximum of SCr/k or 1.
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4.3.2 GFR estimation by The CKD-EPI Creatinine Equation

The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) group introduced a new equation in 2009.
The CKD-EPI creatinine equation was developed in 8254 patients and validated in 3896 patients including
patients with and without kidney disease (A. S. Levey et al.,, 2009). The CKD-EPI equation retained the
precision and accuracy of the MDRD equation at GFR < 60 ml/min/1.73m? showed less bias and improved
precision at GFR>60ml/min/1.73m* (Stevens, Claybon, et al., 2011). The MDRD equation was known for
underestimating GFR higher than 60ml/min/1.73m* (de Boer & Steffes, 2007; Rigalleau et al., 2011). The
CKD-EPI equation is reportedly more accurate and resulted in lower prevalence of estimated GFR< 60
ml/min/1.73m?. Patients who were reclassified to higher GFR using the CKD-EPI equation had lower risk of
death and less likely to have CKD risk factors or co-morbid conditions based on data extracted from longitudinal
studies (Kitiyakara et al., 2012; Matsushita et al., 2012; Shafi et al., 2012; Stevens, Li, et al., 2011; Targher et al.,
2012; White, Polkinghorne, Atkins, & Chadban, 2010) See Table 5. Although one study reported that the MDRD
equation was more appropriate for risk stratification in 85 year old patients (Willems et al., 2013). The CKD-EPI
equation was validated in different population and was found to have lower bias and more accuracy compared to
the MDRD equation (Du et al., 2011; Jeong et al., 2013; Jessani et al., 2014; Stevens et al., 2010; Teo et al.,
2011). Currently the reporting limit for estimating GFR with the MDRD equation is set at 60ml/min/1.73m? and
GFR in the range of 60-90ml/min/1.73m? (although being CKD stage 1-2) falls under GFR >60ml/min/1.73m’
(de Boer & Steffes, 2007). But with CKD-EPI equation the reporting limit has been increased to
90ml/min/1.73m> (Johnson et al., 2012). In Asian countries, namely China, Japan and Korea, adding an ethnic
coefficient to the CKD-EPI equation led to better performance (Horio, Imai, Yasuda, Watanabe, & Matsuo, 2010)
(Du et al.,, 2011; Jeong et al., 2013). In Singapore, a multiracial country similar to Malaysia, the CKD-EPI
creatinine equation did not need an ethnic coefficient because the derived coefficients were very close to each
other (Teo et al., 2011). In Malaysia, the CKD-EPI equation is yet to be validated. Population based studies
should evaluate the performance of the new equation and take into account the aborigines and whether an ethnic
coefficient is necessary.

Table 5. Comparison between the MDRD And CKD-EPI Equation For Risk Stratification And CKD Prevalence

1** Author Study Population Years Performance of Percentage of CKD Prevalence of CKD
of CKD-EPI equation to patients Reclassified  using CKD-EPI
follow estimate GFR using CKD-EPI equation (compare to
up MDRD)

(White et al., 2010) 11,247 7.5 CKD-EPI improve risk ~ 4.54% of CKD grade 3a  13.4%to 11.5%

stratification to CKD

(Stevens, Li, et al, 116,321 3.7 CKD-EPI improve risk ~ 24.4% of CKD grade 3a  16.8% to 14.3%

2011) stratification to higher GFR

(Shafi et al., 2012) 16,010 18 CKD-EPI improve risk ~ 19.4% of CKD grade 3  45.6% to 28.8%

stratification to higher GFR

(Targher et al., 2012) 2,823 type 2 diabetic 6 CKD-EPI improve risk NA 22% t0 20.2

stratification for all
cause mortality and
CVD
(Matsushita et al., 13,905 middle age 169 CKD-EPI improve risk ~ 44.9% of CKD  From2.5%to 1.4%

2012) without history of stratification

CVD

gradel&2 and 43.5% of
CKD grade 3 to higher
GFR

4.3.3 GFR Estimation by Cystatin C Equation

Cystatin C has been proposed as a new marker to detect early renal function decline in the absence of
albuminuria, predict renal impairment when GFR is still normal or elevated and also has a role as risk predictor
to warrant early referral. Serum cystatin C is also affected by non-renal factors, though to a lesser extent
compared to serum creatinine. Several cystatin C based equations have been developed to estimate GFR. Some
of those equations incorporated both cystatin C and creatinine and they performed fairly well (Ma et al., 2007).
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Cystatin C based equations improved GFR estimates in CKD patients (Krolewski et al., 2012; Lopes et al., 2013;
Rigalleau et al., 2008; Rule et al., 2006). In 2012 The CKD-EPI group introduced GFR estimating equation that
incorporates cystatin C and one that incorporates both cystatin C and creatinine. The two equations were
developed in 5352 participant from 13 studies and the combination equation (that includes cystatin C and
creatinine) performed better than equations based on either of them alone, suggesting that errors due to non renal
determinants of creatinine and cystatin C are smaller in equation that combines both of them. The researchers
recommend that cystatin C should not replace creatinine, instead, an equation combining both of them provides
more accurate GFR estimates for certain groups (Inker et al., 2012). Another comparison between the new
CKD-EPI equation based on cystatin C alone and a combination of cystatin C and creatinine in kidney transplant
recipient also found that both equation performed better than the CKD-EPI creatinine equation (Masson et al.,
2013). In a meta-analysis of 11 general population studies (including a total of 90,750 participants) and 5 cohort
on CKD patients (including a total of 2960 participants) found that estimating GFR using the CKD-EPI cystatin
C equation and the CKD-EPI cystatin C and creatinine equation strengthened the association between GFR
categories and the risk of death and end stage renal failure across diverse populations. The study also found that
42% of participants with GFR 45-59ml/min/1.73m’ using the creatinine based GFR where reclassified to GFR >
60ml/min/1.73m” using the cystatin C equation. Patients who were reclassified to higher GFR had 34% reduction
in risk of death and 80% reduction in risk of end stage renal disease (Shlipak et al., 2013). In Singapore, the
CKD EPI equation 2012 (using both cystatin C and creatinine) were evaluated and found that a combination of
both markers increase precision without having to add an ethnic coefficients (Teo et al., 2012). Currently, the
National Kidney Foundation recommends the use of cystatin C based equation to estimate GFR whenever
cystatin C is ordered (Kdigo, 2012).

5. Conclusion and Recommendation

Screening for CKD in Malaysia is based on creatinine and albuminuria. Creatinine is known for its limitation,
being affected by non-renal factors and rising only after substantial kidney damage has occurred. The GFR
should be reported by laboratories whenever serum creatinine is ordered, so as not to miss patients who have a
declining GFR and a seemingly normal creatinine. The MDRD equation is currently used (without ethnic
coefficient) to estimate GFR, but being dependant on creatinine puts at a disadvantage. The new CKD-EPI
equation is a promising new measure for GFR estimation having performed well compared to the MDRD
equation. This needs validation in multicthnic Malaysian population. Population based study should be
undertaken to determine whether an ethnic coefficient is needed for the new equation.

Albuminuria may not be as sensitive as a marker as previously thought. Recent studies show that GFR decline
can occur in the absence of albuminuria. Research should be undertaken in Malaysia to further evaluate the role
of albuminuria in detecting early decline in GFR. Cystatin C was proposed as a new marker for renal impairment.
Cystatin C is shown to be superior to creatinine in detecting early renal function decline. This needs further
evaluation in Malaysia to determine the exact role of cystatin C as compared to other CKD markers. Reference
interval for cystatin C should be established for Chinese, Indians and Malays in Malaysia.

Disclosure
The Authors declares no competing interests. No fund was received to conduct this research.
References

Bash, L. D., Selvin, E., Steffes, M., Coresh, J., & Astor, B. C. (2008). Poor glycemic control in diabetes and the
risk of incident chronic kidney disease even in the absence of albuminuria and retinopathy: Atherosclerosis
risk in communities (aric) study. Arch Intern Med, 168(22), 2440-2447.
http://dx.doi.org/10.1001/archinte.168.22.2440

Baxmann, A. C., Ahmed, M. S., Marques, N. C., Menon, V. B, Pereira, A. B., Kirsztajn, G. M., & Heilberg, 1. P.
(2008). Influence of muscle mass and physical activity on serum and urinary creatinine and serum cystatin c.
Clin J Am Soc Nephrol, 3(2), 348-354. http://dx.doi.org/10.2215/cjn.02870707

Benz, K., & Amann, K. (2011). Endothelin in diabetic renal disease. Contrib Nephrol, 172, 139-148.
http://dx.doi.org/10.1159/000328695

Biesenbach, G., Janko, O., & Zazgornik, J. (1994). Similar rate of progression in the predialysis phase in type i
and type ii diabetes mellitus. Nephrol Dial Transplant, 9(8), 1097-1102.

Chadban, S. H. M., Twigg, S., Thomas, M., Jerums, G., Alan, C., Campbell, D., ... National Evidence Based, &
Guideline for Diagnosis. (2009). Prevention and management of chronic kidney disease in type 2 diabetes.
Canberra.

103



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

Chew, J. S., Saleem, M., Florkowski, C. M., & George, P. M. (2008). Cystatin c--a paradigm of evidence based
laboratory medicine. Clin Biochem Rev, 29(2), 47-62.

Chia Yook Chin, C. S. M. (2012). Concordance of serum creatinine to estimated glomerular filtration rate in
determining early chronic kidney disease in malaysia. Life Science Journal.

Christensson, A. G., Grubb, A. O., Nilsson, J. A., Norrgren, K., Sterner, G, & Sundkvist, G. (2004). Serum
cystatin ¢ advantageous compared with serum creatinine in the detection of mild but not severe diabetic
nephropathy. J Intern Med, 256(6), 510-518. http://dx.doi.org/10.1111/j.1365-2796.2004.01414.x.

Clinical practice guidlines: Management of chronic kidney disease in adults. (2011). Malaysia: Ministry Of
Health.

Cockeroft, D. W.,, & Gault, M. H. (1976). Prediction of creatinine clearance from serum creatinine. Nephron,
16(1),31-41.
Coll-de-Tuero, G., Mata-Cases, M., Rodriguez-Poncelas, A., Pepio, J., Roura, P., Benito, B., . . . Sacz, M. (2012).

Chronic kidney disease in the type 2 diabetic patients: Prevalence and associated variables in a random
sample of 2642 patients of a mediterranean area. BMC Nephrology, 13(1), 87.

D.Willems, F. W., Mekhali, F., & Gillet, C. (2008). Cystatin c for early detection of renal impairment in diabtes.
Clinical Biochemistry, 42, 108-110.

de Boer, I. H., & Steffes, M. W. (2007). Glomerular filtration rate and albuminuria: Twin manifestations of
nephropathy in diabetes. J Am Soc Nephrol, 18(4), 1036-1037. http://dx.doi.org/10.1681/asn.2007020189

Deurenberg, P., Deurenberg-Yap, M., & Guricci, S. (2002). Asians are different from caucasians and from each
other in their body mass index/body fat per cent relationship. Obesity Reviews, 3(3), 141-146.
http://dx.doi.org/10.1046/j.1467-789X.2002.00065.x

Dharnidharka, V. R., Kwon, C., & Stevens, G. (2002). Serum cystatin ¢ is superior to serum creatinine as a
marker of kidney function: A meta-analysis. Am J Kidney Dis, 40(2), 221-226.
http://dx.doi.org/10.1053/ajkd.2002.34487

Du, X., Hu, B., Jiang, L., Wan, X., Fan, L., Wang, F., & Cao, C. (2011). Implication of ckd-epi equation to
estimate glomerular filtration rate in chinese patients with chronic kidney disease. Ren Fail, 33(9), 859-865.
http://dx.doi.org/10.3109/0886022x.2011.605533

Evaluation, classification and stratification. (2002). Am j kidney dis, 39, S1-s000, (suppl 1).

Filler, G., Bokenkamp, A., Hofmann, W., Le Bricon, T., Martinez-Bru, C., & Grubb, A. (2005). Cystatin c as a
marker of gfr--history, indications, and future research. Clin  Biochem, 38(1), 1-8.
http://dx.doi.org/10.1016/j.clinbiochem.2004.09.025

Giorgino, F., Laviola, L., Cavallo Perin, P., Solnica, B., Fuller, J., & Chaturvedi, N. (2004). Factors associated
with progression to macroalbuminuria in microalbuminuric type 1 diabetic patients: The eurodiab

prospective complications study. Diabetologia, 47(6), 1020-1028.
http://dx.doi.org/10.1007/s00125-004-1413-8

Grubb, A., Blirup-Jensen, S., Lindstrom, V., Schmidt, C., Althaus, H., & Zegers, 1. (2010). First certified
reference material for cystatin ¢ in human serum erm-da471/ifcc. Clin Chem Lab Med, 48(11), 1619-1621.
http://dx.doi.org/10.1515/cclm.2010.318

Halimi, J. M. (2012). The emerging concept of chronic kidney disease without clinical proteinuria in diabetic
patients. Diabetes Metab, 38(4), 291-297. http://dx.doi.org/10.1016/j.diabet.2012.04.001

Ho, E., & Teo, B. W. (2010). Assessing kidney function in asia. Singapore Med J, 51(11), 888-893.

Hojs, R., Beve, S., Ekart, R., Gorenjak, M., & Puklavec, L. (2006). Serum cystatin ¢ as an endogenous marker of
renal function in patients with mild to moderate impairment of kidney function. Nephrology Dialysis
Transplantation, 21(7), 1855-1862. http://dx.doi.org/10.1093/ndt/gfl073

Hooi, L. S., Ong, L. M., Ahmad, G, Bavanandan, S., Ahmad, N. A., Naidu, B. M., . . . Yusoff, M. F. (2013). A
population-based study measuring the prevalence of chronic kidney disease among adults in west malaysia.
Kidney Int, 84(5), 1034-1040. http://dx.doi.org/10.1038/ki.2013.220

Horio, M., Imai, E., Yasuda, Y., Watanabe, T., & Matsuo, S. (2010). Modification of the ckd epidemiology
collaboration (ckd-epi) equation for japanese: Accuracy and use for population estimates. Am J Kidney Dis,
56(1), 32-38. http://dx.doi.org/10.1053/j.ajkd.2010.02.344

104



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

Hovind, P., Tarnow, L., Rossing, P., Jensen, B. R., Graae, M., Torp, L., . . . Parving, H. H. (2004). Predictors for
the development of microalbuminuria and macroalbuminuria in patients with type 1 diabetes: Inception
cohort study. BMJ, 328(7448), 1105. http://dx.doi.org/10.1136/bmj.38070.450891.FE

Imai, E., Horio, M., Nitta, K., Yamagata, K., Iseki, K., Hara, S., . . . Matsuo, S. (2007). Estimation of glomerular
filtration rate by the mdrd study equation modified for japanese patients with chronic kidney disease. Clin
Exp Nephrol, 11(1), 41-50. http://dx.doi.org/10.1007/s10157-006-0453-4

Inker, L. A., Schmid, C. H., Tighiouart, H., Eckfeldt, J. H., Feldman, H. 1., Greene, T., . . . Levey, A. S. (2012).
Estimating glomerular filtration rate from serum creatinine and cystatin ¢. N Engl J Med, 367(1), 20-29.
http://dx.doi.org/10.1056/NEJMoal114248

Jeon, Y. K., Kim, M. R., Huh, J. E., Mok, J. Y., Song, S. H., Kim, S. S., . . . Kim, I. J. (2011). Cystatin ¢ as an
early biomarker of nephropathy in patients with type 2 diabetes. J Korean Med Sci, 26(2), 258-263.
http://dx.doi.org/10.3346/jkms.2011.26.2.258

Jeong, T. D., Lee, W., Chun, S., Lee, S. K., Ryu, J. S., Min, W. K., & Park, J. S. (2013). Comparison of the mdrd
study and ckd-epi equations for the estimation of the glomerular filtration rate in the korean general
population: The fifth korea national health and nutrition examination survey (knhanes v-1), 2010. Kidney
Blood Press Res, 37(4-5), 443-450. http://dx.doi.org/10.1159/000355724

Jerums, G., Elif Ekinci, Sianna Panagiotopoulos, and Richard J. Maclsaac. (2012). Early glomerular filtration
rate loss as a marker of diabetic nephropathy. European Endocrinology, 8(1),27-31.

Jessani, S., Levey, A. S., Bux, R., Inker, L. A., Islam, M., Chaturvedi, N., . . . Jafar, T. H. (2014). Estimation of
gfr in south asians: A study from the general population in pakistan. Am J Kidney Dis, 63(1), 49-58.
http://dx.doi.org/10.1053/j.ajkd.2013.07.023

Johnson, D. W., Jones, G.R., Mathew, T. H., Ludlow, M. J., Doogue, M. P., Jose, M. D., . . . Usherwood, T.
(2012). Chronic kidney disease and automatic reporting of estimated glomerular filtration rate: New
developments and revised recommendations. Med J Aust, 197(4), 224-225.

K/doqi clinical practice guidelines for chronic kidney disease: Evaluation, classification, and stratification.
(2002). Am J Kidney Dis, 39(2 Suppl 1), S1-266.

Kidney disease: Improving global outcomes (kdigo) ckd work group. Kdigo 2012. Clinical practice guideline for
the evaluation and management of chronic kidney disease. Kidney inter., Suppl., 2013(3), 1-150.

Kim, S. S., Song, S. H., Kim, L. J., Jeon, Y. K., Kim, B. H., Kwak, I. S., . . . Kim, Y. K. (2013). Urinary cystatin c
and tubular proteinuria predict progression of diabetic nephropathy. Diabetes Care, 36(3), 656-661.
http://dx.doi.org/10.2337/dc12-0849

Kimura, T., Ikeda, H., Fujikawa, J., Nomura, K., Aoyama, T., Wada, Y., . . . Koshiyama, H. (2009). Usefulness of
serum cystatin ¢ in japanese patients with type 2 diabetes mellitus and nephropathy. Diabetes Res Clin
Pract, 83(2), e58-61. http://dx.doi.org/10.1016/j.diabres.2008.11.032

Kitiyakara, C., Yamwong, S., Vathesatogkit, P., Chittamma, A., Cheepudomwit, S., Vanavanan, S., . . . Sritara, P.
(2012). The impact of different gfr estimating equations on the prevalence of ckd and risk groups in a
southeast asian cohort using the new kdigo guidelines. BMC  Nephrol, 13, 1.
http://dx.doi.org/10.1186/1471-2369-13-1

Kramer, H. J., Nguyen, Q. D., Curhan, G, & Hsu, C. Y. (2003). Renal insufficiency in the absence of
albuminuria and retinopathy among adults with type 2 diabetes mellitus. JAMA, 289(24), 3273-3277.
http://dx.doi.org/10.1001/jama.289.24.3273

Kramer, H., & Molitch, M. E. (2005). Screening for kidney disease in adults with diabetes. Diabetes Care, 28(7),
1813-1816.

Krolewski, A. S., Warram, J. H., Forsblom, C., Smiles, A. M., Thorn, L., Skupien, J., . . . Groop, P. H. (2012).
Serum concentration of cystatin ¢ and risk of end-stage renal disease in diabetes. Diabetes Care, 35(11),
2311-2316. http://dx.doi.org/10.2337/dc11-2220

Lamb, E. (2011). Assessment of kidney function in adults. Medicine, 39(6), 306-311.
http://dx.doi.org/http://dx.doi.org/10.1016/j.mpmed.2011.03.004

Levey, A. S., Bosch, J. P, Lewis, J. B., Greene, T., Rogers, N., & Roth, D. (1999). A more accurate method to
estimate glomerular filtration rate from serum creatinine: A new prediction equation. Modification of diet in
renal disease study group. Ann Intern Med, 130(6), 461-470.

105



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

Levey, A. S., Coresh, J., Balk, E., Kausz, A. T., Levin, A., Steffes, M.W.,, . . . Eknoyan, G. (2003). National
kidney foundation practice guidelines for chronic kidney disease: Evaluation, classification, and
stratification. Ann Intern Med, 139(2), 137-147.

Levey, A. S., Coresh, J., Greene, T., Stevens, L. A., Zhang, Y. L., Hendriksen, S., . . . Van Lente, F. (2006). Using
standardized serum creatinine values in the modification of diet in renal disease study equation for
estimating glomerular filtration rate. Ann Intern Med, 145(4), 247-254.

Levey, A. S., Stevens, L. A., Schmid, C. H., Zhang, Y., Castro, . I. I. A. F,, Feldman, H. ., . . . Coresh, J. (2009).
A new equation to estimate glomerular filtration rate. Annals of Internal Medicine, 150(9), 604-612.
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006

Lopes, M., Araujo, L., Passos, M., Nishida, S., Kirsztajn, G., Cendoroglo, M., & Sesso, R. (2013). Estimation of
glomerular filtration rate from serum creatinine and cystatin ¢ in octogenarians and nonagenarians. BMC
Nephrology, 14(1), 265.

Ma, Y. C., Zuo, L., Chen, J. H., Luo, Q., Yu, X. Q., Li, Y, . . . Wang, H. Y. (2006). Modified glomerular filtration
rate estimating equation for chinese patients with chronic kidney disease. J Am Soc Nephrol, 17(10),
2937-2944. http://dx.doi.org/10.1681/asn.2006040368

Ma, Y. C., Zuo, L., Chen, J. H., Luo, Q., Yu, X. Q., Li, Y., . . . Wang, H. Y. (2007). Improved gfr estimation by
combined creatinine and cystatin ¢ measurements. Kidney Int, 72(12), 1535-1542.
http://dx.doi.org/10.1038/sj.ki.5002566

Marwyne, M. N., Loo, C. Y., Halim, A. G, Norella, K., Sulaiman, T., & Zaleha, M. 1. (2011). Estimation of
glomerular filtration rate using serum cystatin ¢ in overweight and obese subjects. Med J Malaysia, 66(4),
313-317.

Masson, 1., Maillard, N., Tack, 1., Thibaudin, L., Dubourg, L., Delanaye, P., . . . Mariat, C. (2013). Gfr estimation
using standardized cystatin ¢ in kidney transplant recipients. A4m J Kidney Dis, 61(2), 279-284.
http://dx.doi.org/10.1053/j.ajkd.2012.09.010

Matsuo, S., Imai, E., Horio, M., Yasuda, Y., Tomita, K., Nitta, K., . . . Hishida, A. (2009). Revised equations for
estimated gfr from serum creatinine in japan. Am J Kidney Dis, 53(6), 982-992.
http://dx.doi.org/10.1053/j.ajkd.2008.12.034

Matsushita, K., Mahmoodi, B. K., Woodward, M., Emberson, J. R., Jafar, T. H.,, Jee, S.H., . . . Levey, A. S.
(2012). Comparison of risk prediction using the ckd-epi equation and the mdrd study equation for estimated
glomerular filtration rate. JAMA, 307(18), 1941-1951. http://dx.doi.org/10.1001/jama.2012.3954

McNamara, N. V., Chen, R., Janu, M. R., Bwititi, P., Car, G., & Seibel, M. (2009). Early renal failure detection
by cystatin ¢ in type 2 diabetes mellitus: Varying patterns of renal analyte expression. Pathology, 41(3),
269-275. http://dx.doi.org/10.1080/00313020902756220

Mussap, M., Dalla Vestra, M., Fioretto, P., Saller, A., Varagnolo, M., Nosadini, R., & Plebani, M. (2002).
Cystatin ¢ is a more sensitive marker than creatinine for the estimation of gfr in type 2 diabetic patients.
Kidney Int, 61(4), 1453-1461. http://dx.doi.org/10.1046/.1523-1755.2002.00253.x

National diabetes fact sheet: National estimates and general information on diabetes and prediabetes in the
united states. (2011). Atlanta, GA: U.S.: Department of Health and Human Services, Centers for Disease
Control and Prevention.

National strategic plan for non-communicable disease. (2010). Malaysia: Ministry of Health.
National health and morbidity survey report. (2011). Malaysia: Ministry of Health.
National kidney foundation. Kdoqi clinical practice guidelines for chronic kidney disease:

Parving, H. H., Lewis, J. B, Ravid, M., Remuzzi, G., & Hunsicker, L. G. (2006). Prevalence and risk factors for
microalbuminuria in a referred cohort of type ii diabetic patients: A global perspective. Kidney Int, 69(11),
2057-2063. http://dx.doi.org/10.1038/sj.ki.5000377

Pavkov, M. E., Knowler, W. C., Hanson, R. L., Williams, D. E., Lemley, K. V., Myers, B. D., & Nelson, R. G.
(2013). Comparison of serum cystatin ¢, serum creatinine, measured gft, and estimated gfr to assess the risk
of kidney failure in american indians with diabetic nephropathy. A4m J Kidney Dis, 62(1), 33-41.
http://dx.doi.org/10.1053/j.ajkd.2012.11.044

Penno, G, Solini, A., Bonora, E., Fondelli, C., Orsi, E., Zerbini, G, . . . Pugliese, G. (2011). Clinical significance

106



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

of nonalbuminuric renal impairment in type 2 diabetes. J Hypertens, 29(9), 1802-1809.
http://dx.doi.org/10.1097/HJH.0b013e3283495¢cd6

Peralta, C. A., Katz, R., Sarnak, M. J,, Ix, J., Fried, L. F., De Boer, 1., . . . Shlipak, M. G. (2011). Cystatin ¢
identifies chronic kidney disease patients at higher risk for complications. J Am Soc Nephrol, 22(1),
147-155. http://dx.doi.org/10.1681/asn.2010050483

Perkins, B. A., Ficociello, L. H., Ostrander, B. E., Silva, K. H., Weinberg, J., Warram, J. H., & Krolewski, A. S.
(2007). Microalbuminuria and the risk for early progressive renal function decline in type 1 diabetes. J Am
Soc Nephrol, 18(4), 1353-1361. http://dx.doi.org/10.1681/asn.2006080872

Perkins, B. A., Ficociello, L. H., Roshan, B., Warram, J. H., & Krolewski, A. S. (2010). In patients with type 1
diabetes and new-onset microalbuminuria the development of advanced chronic kidney disease may not
require progression to proteinuria. Kidney Int, 77(1), 57-64. http://dx.doi.org/10.1038/ki.2009.399

Perkins, B. A., Ficociello, L. H., Silva, K. H., Finkelstein, D. M., Warram, J. H., & Krolewski, A. S. (2003).
Regression of microalbuminuria in type 1 diabetes. N Engl J Med, 348(23), 2285-2293.
http://dx.doi.org/10.1056/NEJMoa021835

Perkins, B. A., Nelson, R. G, Ostrander, B. E., Blouch, K. L., Krolewski, A. S., Myers, B. D., & Warram, J. H.
(2005). Detection of renal function decline in patients with diabetes and normal or elevated gfr by serial
measurements of serum cystatin ¢ concentration: Results of a 4-year follow-up study. J Am Soc Nephrol,
16(5), 1404-1412. http://dx.doi.org/10.1681/asn.2004100854

Perlemoine, C., Beauvieux, M. C., Rigalleau, V., Baillet, L., Barthes, N., Derache, P., & Gin, H. (2003). Interest
of cystatin ¢ in screening diabetic patients for early impairment of renal function. Metabolism, 52(10),

1258-1264.
Praditpornsilpa, K., Townamchai, N., Chaiwatanarat, T., Tiranathanagul, K., Katawatin, P., Susantitaphong,
P, . . . Eiam-Ong, S. (2011). The need for robust validation for mdrd-based glomerular filtration rate

estimation in various ckd populations. Nephrol Dial Transplant, 26(9), 2780-2785.
http://dx.doi.org/10.1093/ndt/gfq815

Pucci, L., Triscornia, S., Lucchesi, D., Fotino, C., Pellegrini, G, Pardini, E., . . . Penno, G. (2007). Cystatin ¢ and
estimates of renal function: Searching for a better measure of kidney function in diabetic patients. Clin
Chem, 53(3), 480-488. http://dx.doi.org/10.1373/clinchem.2006.076042

Retnakaran, R., Cull, C. A., Thorne, K. 1., Adler, A. 1., & Holman, R. R. (2006). Risk factors for renal
dysfunction in type 2 diabetes: U.K. Prospective diabetes study 74. Diabetes, 55(6), 1832-1839.
http://dx.doi.org/10.2337/db05-1620

Rigalleau, V., Beauvieux, M. C., Gonzalez, C., Raffaitin, C., Lasseur, C., Combe, C., . . . Gin, H. (2011).
Estimation of renal function in patients with diabetes. Diabetes Metab, 37(5), 359-366.
http://dx.doi.org/10.1016/j.diabet.2011.05.002

Rigalleau, V., Beauvieux, M. C., Le Moigne, F., Lasseur, C., Chauveau, P., Raffaitin, C., . . . Gin, H. (2008).
Cystatin ¢ improves the diagnosis and stratification of chronic kidney disease, and the estimation of
glomerular filtration rate in diabetes. Diabetes Metab, 34(5), 482-489.
http://dx.doi.org/10.1016/j.diabet.2008.03.004

Roos, J. F., Doust, J., Tett, S. E., & Kirkpatrick, C. M. (2007). Diagnostic accuracy of cystatin ¢ compared to
serum creatinine for the estimation of renal dysfunction in adults and children--a meta-analysis. Clin
Biochem, 40(5-6), 383-391. http://dx.doi.org/10.1016/j.clinbiochem.2006.10.026

Rule, A. D., & Teo, B. W. (2009). Gfr estimation in japan and china: What accounts for the difference? Am J
Kidney Dis, 53(6), 932-935. http://dx.doi.org/10.1053/j.ajkd.2009.02.011

Rule, A. D., Bergstralh, E. J., Slezak, J. M., Bergert, J., & Larson, T. S. (2006). Glomerular filtration rate
estimated by cystatin ¢ among different clinical presentations. Kidney Int, 69(2), 399-405.
http://dx.doi.org/10.1038/sj.ki.5000073

Satchell, S. C., & Tooke, J. E. (2008). What is the mechanism of microalbuminuria in diabetes: A role for the
glomerular endothelium? Diabetologia, 51(5), 714-725. http://dx.doi.org/10.1007/s00125-008-0961-8

Shafi, T., Matsushita, K., Selvin, E., Sang, Y., Astor, B. C., Inker, L. A., & Coresh, J. (2012). Comparing the
association of gfr estimated by the ckd-epi and mdrd study equations and mortality: The third national
health and nutrition examination survey (nhanes iii)). BMC  Nephrol, 13, 42.

107



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

http://dx.doi.org/10.1186/1471-2369-13-42

Shlipak, M. G., Matsushita, K., Arnlov, J., Inker, L.A., Katz, R., Polkinghorne, K. R., . . . Gansevoort, R. T.
(2013). Cystatin ¢ versus creatinine in determining risk based on kidney function. N Engl J Med, 369(10),
932-943. http://dx.doi.org/10.1056/NEJMoal214234

Stevens, L. A., & Levey, A. S. (2009). Current status and future perspectives for ckd testing. Am J Kidney Dis,
53(3 Suppl 3), S17-26. http://dx.doi.org/10.1053/j.ajkd.2008.07.047

Stevens, L. A., Claybon, M. A., Schmid, C. H., Chen, J., Horio, M., Imai, E., . . . Levey, A. S. (2011). Evaluation
of the chronic kidney disease epidemiology collaboration equation for estimating the glomerular filtration
rate in multiple ethnicities. Kidney Int, 79(5), 555-562. http://dx.doi.org/10.1038/ki.2010.462

Stevens, L. A., Coresh, J., Greene, T., & Levey, A. S. (2006). Assessing kidney function--measured and
estimated glomerular filtration rate. N  Engl J Med, 354(23), 2473-2483.
http://dx.doi.org/10.1056/NEJMra054415

Stevens, L. A., Li, S., Kurella Tamura, M., Chen, S. C., Vassalotti, J. A., Norris, K. C., . . . McCullough, P. A.
(2011). Comparison of the ckd epidemiology collaboration (ckd-epi) and modification of diet in renal
disease (mdrd) study equations: Risk factors for and complications of ckd and mortality in the kidney early
evaluation program (keep). Am J  Kidney Dis, 57(3 Suppl 2), S9-16.
http://dx.doi.org/10.1053/j.ajkd.2010.11.007

Stevens, L. A., Schmid, C. H., Greene, T., Zhang, Y. L., Beck, G. J., Froissart, M., . . . Levey, A. S. (2010).
Comparative performance of the ckd epidemiology collaboration (ckd-epi) and the modification of diet in
renal disease (mdrd) study equations for estimating gfr levels above 60 ml/min/1.73 m*. Am J Kidney Dis,
56(3), 486-495. http://dx.doi.org/10.1053/j.ajkd.2010.03.026

Tabaei, B. P, Al-Kassab, A. S., Ilag, L. L., Zawacki, C. M., & Herman, W. H. (2001). Does microalbuminuria
predict diabetic nephropathy? Diabetes Care, 24(9), 1560-1566.

Targher, G., Zoppini, G., Mantovani, W., Chonchol, M., Negri, C., Stoico, V., . . . Bonora, E. (2012). Comparison
of two creatinine-based estimating equations in predicting all-cause and cardiovascular mortality in patients
with type 2 diabetes. Diabetes Care, 35(11), 2347-2353. http://dx.doi.org/10.2337/dc12-0259

Teo, B. W., Xu, H., Wang, D., Li, J,, Sinha, A. K., Shuter, B., . . . Lee, E. J. (2012). Estimating glomerular
filtration rates by use of both cystatin ¢ and standardized serum creatinine avoids ethnicity coefficients in
asian patients with chronic kidney discase. Clin Chem, 58(2), 450-457.
http://dx.doi.org/10.1373/clinchem.2011.172346

Teo, B. W., Xu, H., Wang, D., Li, J., Sinha, A. K., Shuter, B., . . . Lee, E. J. (2011). Gfr estimating equations in a
multiethnic asian population. Am J Kidney Dis, 58(1), 56-63. http://dx.doi.org/10.1053/j.ajkd.2011.02.393

Thomas, M. C., Macisaac, R. J., Jerums, G, Weekes, A., Moran, J., Shaw, J. E., & Atkins, R. C. (2009).
Nonalbuminuric renal impairment in type 2 diabetic patients and in the general population (national
evaluation of the frequency of renal impairment co-existing with niddm [nefron] 11). Diabetes Care, 32(8),
1497-1502. http://dx.doi.org/10.2337/dc08-2186

Wang, C., Li, C., Gong, W., & Lou, T. (2013). New urinary biomarkers for diabetic kidney disease. Biomark Res,
1(1), 9. http://dx.doi.org/10.1186/2050-7771-1-9

Wei, L., Ye, X., Pei, X., Wu, J., & Zhao, W. (2014). Reference intervals for serum cystatin ¢ and factors
influencing cystatin ¢ levels other than renal function in the elderly. PLoS One, 9(1), e86066.
http://dx.doi.org/10.1371/journal.pone.0086066

Wen, J. Y., Rush, E. C., & Plank, L. D. (2010). Assessment of obesity in new zealand chinese: A comparative
analysis of adults aged 30-39 years from five ethnic groups. N Z Med J, 123(1327), 87-98.

White, S. L., Polkinghorne, K. R., Atkins, R. C., & Chadban, S. J. (2010). Comparison of the prevalence and
mortality risk of ckd in australia using the ckd epidemiology collaboration (ckd-epi) and modification of
diet in renal disease (mdrd) study gfr estimating equations: The ausdiab (australian diabetes, obesity and
lifestyle) study. Am J Kidney Dis, 55(4), 660-670. http://dx.doi.org/10.1053/j.ajkd.2009.12.011

Willems, J. M., Vlasveld, T., den Elzen, W. P., Westendorp, R. G, Rabelink, T. J., de Craen, A. J., & Blauw, G. J.
(2013). Performance of cockcroft-gault, mdrd, and ckd-epi in estimating prevalence of renal function and
predicting survival in the oldest old. BMC Geriatr, 13, 113. http://dx.doi.org/10.1186/1471-2318-13-113

YN Lim, B. G, & Ong, L. M. (2013). Twentieth report of the malaysian dialysis and transplant 2012. Kuala

108



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 7, No. 4; 2015

Lumpur: National Renal Registry.

Yokoyama, H., Sone, H., Oishi, M., Kawai, K., Fukumoto, Y., & Kobayashi, M. (2009). Prevalence of
albuminuria and renal insufficiency and associated clinical factors in type 2 diabetes: The japan diabetes
clinical data management study (jddml5). Nephrol Dial Transplant, 24(4), 1212-1219.
http://dx.doi.org/10.1093/ndt/gfn603

Zati Twani, AK, R. M. W,, Nor Idayu, R., & Wan Nazaimoon, W. M. (2013). The usefulness of cystatin ¢ as a
marker for chronic kidney disease. Universal Journal of Clinical Medicine, 1(2), 28-33.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

109



