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Abstract

Introduction: -Kidney disease is a significant problem in the diabetic population. The
proportion of patients with end-stage renal disease caused by type 2 diabetes has
progressively increased during the last few decades, and diabetic nephropathy is now the
most common cause of end-stage renal disease in the world. Measurement of Glomerular
Filtration Rate is an important parameter for assessing kidney function and serum creatinine
level is the most commonly used biochemical parameter to estimate it in routine practice.
Serum creatinine for estimation of GFR for the detection of renal impairment is simple but
50% of GFR can be lost before significant elevation of serum creatinine. Cystatin C is found
to be a new promising marker for early detection of renal diseases.

Objective of the Study: Aim of this study was to determine the value of serum cystatin C
and serum creatinine levels as well as cystatin C and creatinine based estimation of GFR for

early detection of diabetic nephropathy in patients with type2 diabetes mellitus.

Methodology: A hospital based comparative cross-sectional study was conducted with a
sample size of 120. To recruit the study subjects, purposive sampling technique was

implemented. The parameters measured were serum creatinine and cystatin C levels.

Result and discussion: The result of this study showed serum creatinine and cystatin C
levels were significantly increased in type 2 diabetic individuals compared to healthy
controls. The mean £ SD value of serum creatinine was found to be ((0.87 £ 0.44) in cases
and (0.63 = 0.27) in control groups. serum cystatin C also found to be significantly
(p=0.0001) higher in cases (0.92 + 0.38) compared to controls (0.52 + 0.20).The means +SD
of eGFR in three equations (Creatinine Equation, Cystatin C Equation and Creatinine—
Cystatin C Equation) were 105.7+27.5 ml/min/m?, 90.4 + 28.2 ml/min/m? and 100 + 29.5
ml/min/m? respectively.

Conclusion: Serum cystatin C was found to be a better marker of renal function and
correlates better to direct measures of GFR more precisely than creatinine, because unlike
serum creatinine its serum concentration is not that much influenced by age, sex and muscle
mass.

Keywords: Diabetic nephropathy; Type 2 diabetes; Serum cystatin C and creatinine
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1. Introduction

1.1. Background
Diabetes mellitus is a metabolic disorder resulting from insufficient insulin secretion or

inefficient insulin action and covers a wide range of heterogeneous diseases (Ashwin-Kumar
et al., 2015). It can be caused by a variety of hormonal and cellular defects, which results in
elevated blood glucose levels. A normal fasting glucose level is less than 110 mg/ld. (6.1
mmol) based on World Health Organization (Ryden et al., 2013). According to the
American Diabetic Association, normal fasting blood glucose is less than 100 mg/Id. (5.7
mmol). This level of fasting glucose is maintained in the body by an intricate balance of
hormones, which work to maintain glucose levels at a steady state. Normally, insulin is
released in response to rising blood glucose levels. These powerful hormones activates
cellular storage of glucose, amino acids, and triglycerides in target cells, including the liver,
muscle, and fat, with the end result of normoglycemia. To keep glucose levels from falling
too low, other hormones, such as glucagon, corticosteroids, growth hormone, and
epinephrine, increase insulin resistance to maintain adequate circulating glucose (American
Diabetes Association, 2018). In the presence of diabetes, there is a diminished or complete
absence of insulin response or cellular resistance to insulin. These defects coupled with a
deficiency of other glucose lowering hormones, result in higher fasting and post meal
glucose levels.

Diabetes can be classified into three major types, each having a different cause and
management strategy. These are Type 1 diabetes (due to autoimmune B-cell destruction,
leading to absolute insulin deficiency), Type 2 diabetes (due to a progressive loss of B-cell
insulin secretion frequently on the background of insulin resistance) and Gestational
diabetes mellitus (diabetes diagnosed in the second or third trimester of pregnancy that was
not clearly overt diabetes prior to gestation) but the most common forms of diabetes are
Type 1 diabetes and type 2 diabetes which are heterogeneous diseases in which clinical
presentation and disease progression may vary considerably (American Diabetes
Association, 2018). The traditional paradigms of type 2 diabetes occurring only in adults and
type 1 diabetes only in children are no longer accurate, as both diseases occur in both age-

groups. Children with type 1 diabetes typically present with the hallmark symptoms of



polyuria/polydipsia, and approximately one-third present with diabetic ketoacidosis (DKA)
(Dabelea et al., 2014).

To diagnose diabetes in general, either fasting plasma glucose, random glucose, or a post
759 glucose challenge glucose level can be used. Currently, there is international consensus
that a fasting blood glucose level of > 126 mg/dL (7 mmol), or a random or post meal
glucose tolerance level of > 200 mg/dL (11.1 mmol) in the presence of symptoms of
hyperglycemia confers a diagnosis of diabetes (Table 1).

Table 1: Diagnostic Criteria of DM, Tikur Anbessa hospital, Addis Ababa, Ethiopia, 2019

Criterla
Descriplion for

Diabetes

Hb Aic Performed in laboratory by method NGSP-certified and 265%

standardized to DCCT assay
Fasting plasma | At least 8 hour fast >126
glucose mg/dL
Random plasma | In persons with symptoms of hyperglycemia or > 200
glucose hyperglycemic crisis: Blood glucose measured at any time | mg/dL
of day
Two-hour Following a glucose load of 75 g anhydrous glucose =200
plasma glucose | dissolved in water mg/dL

+*ADA diabetes diagnosis guidelines, 2018*

Patients with diabetes are at substantial risk for tissue injury in organs supplied by an end
arterial system due to micro angiopathy. These micro vascular complications include
nephropathy, retinopathy and neuropathy (Saliha Aksun et al., 2018). Kidney disease is a
significant problem in the diabetic population. The proportion of patients with end-stage
renal disease (ESRD) caused by Type2 diabetes has progressively increased during the last
few decades, and diabetic nephropathy (DN) is now the most common cause of ESRD in the
world (Saliha-Aksun et al., 2018).



1.2. Statement of the problem
The prevalence of diabetes is rapidly rising all over the globe at an alarming rate (Moran et

al., 2010). According to the international diabetics federation (IFD) statistics, The global
prevalence of diabetes among adults was 8.8% in 2017 and it will be projected to 9.9% in
2045 (IDF, 2017).The major driver of the epidemic is type-2 diabetes accounts for about
90% to 95% of all diagnosed cases of diabetes in adults (Krishan et al, 2015). The number
of people with this type of DM is increasing due to population growth, aging, urbanization,
and increasing prevalence of obesity and physical inactivity. It is now a global health
problem. Especially, populations of developing countries, face the greatest risk (Shaw et al.,
2010).The incidence and prevalence of type-2 Diabetes mellitus is increasing globally,
particularly, Sub-Saharan Africa which accounts for 90% of all diabetes cases (Naomi,
2008), which in turn is related to the increase in obesity. In Ethiopia, there is no published
report on the incidence, prevalence, and life expectancy of T2DM patients, but believed to
be high because of lack of early screening, and shortage of facility center.

Approximately 40% patients with type-2 diabetes eventually develop End Stage Renal
Disease (ESRD) (Shima et al., 2011).

Uncontrolled, chronically elevated glucose, often termed “glucose toxicity,” can lead to a
multiplicity of vascular complications that start long before the diagnosis of diabetes is
made. This contributes to the high mortality and prevalence of complications like diabetic-
nephropathy (Reimar et al., 2011). Identifying and treating hyperglycemia in its earliest
stages is critical to prevent complications. Unfortunately, as many as 50% of people with
diabetes worldwide remain undiagnosed and untreated (Thomassian and Beverly, 2009).
Diabetic nephropathy is the leading cause of chronic renal disease in patients with diabetes
mellitus (Kafrawy et al., 2014). About 20-40% of type 2 diabetic patients with micro-
albuminuria develop overt nephropathy, and most patients show progression to end-stage
renal disease. GFR is considered the most accurate measurement of kidney disease and is
reduced before the onset of clinical symptoms; it is measured or predicted using different
methods (Michael et al., 2006). To estimate the GFR, an endogenous substance in the blood
that is cleared by the kidney is used; Serum creatinine is the most widely used substance to
estimate GFR and detection of renal disease. But Creatinine concentration is influenced by

sex, age, diet and muscle mass and it is only increased once GFR reduction of about 50% is



present. This leads to falsely high or low values, limiting its usefulness as an ideal marker
for early diagnosis of diabetic nephropathy (Richard et al., 2011). Hence, other small
molecule substances, such as cystatin C, which is not influenced by age, sex, or muscle mass
and dietary intake, is being explored to early detection of renal disease (Andreoli et al.,
2010).This new marker might reflect the early diminished GFR for early detection of renal
impairment compared with traditional markers; and it is a new promising marker for early
detection of renal diabetes nephropathy. So far, there is no research done on cystatin C in
patients with diabetes mellitus for early detection of diabetic nephropathy in Ethiopia. Hence
this study is expected to clarify the use of cystatin C as plausible markers for early detection

of diabetic nephropathy.



1.3. Literature Review

1.3.1. Epidemiology of Diabetes Mellitus

The explosive increase of diabetes mellitus, a chronic metabolic and endocrine disease
worldwide is a major public health concern both in developing and developed

Countries (Borah et al., 2016).WHO estimates that globally, diabetes is the third highest risk
factor for premature mortality which accounts for five million (14.5%) of global all-cause
mortality among people aged 20-79 years, which is higher than the combined number of
deaths from the three major infectious diseases (1.5 million deaths from HIV/AIDS, 1.5

million from tuberculosis, and 0.6 million from malaria in 2013), (IDF, 2015).

According to the IDF, 415 million people worldwide, or 8.8% of adults aged 20—79 years,
were estimated to have diabetes in 2015. Of these, about 75% lived in low- and middle-
income countries. If these trends continue, by 2040, 642 million people (or one in ten adults)
will have diabetes. The largest increases will take place in the regions where economies are

moving from low-income to middle-income levels (IDF, 2015).

In 2015, the IDF also estimated that, in the Africa region, 14.2 million adults aged 20-79
years had diabetes, representing a prevalence of 3.2%. The majority (59%) of people with
diabetes live in cities, even though the population is predominantly (61%) rural. This region
has also the highest proportion of previously undiagnosed diabetes; over two-thirds (67%) of
people with diabetes being unaware they have the disease (IDF, 2015).

WHO showed that type 2 diabetes is a global problem and that populations of developing
countries, minority groups and disadvantaged communities in industrialized countries face
the greatest risk (Ayesha et al., 2003).

Sub-Saharan Africa, like the rest of the world, is experiencing an increasing prevalence of
diabetes alongside other non-communicable diseases. In 2010, 12.1 million people were
estimated to be living with diabetes in Africa, and this is projected to increase to 23.9
million by 2030. In Sub-Saharan Africa this trend is emerging in a region grappling with
high rates of communicable diseases including the highest global prevalence of HIV,
Tuberculosis and Malaria (Hall et al., 2011).



Currently, Ethiopia has been challenged by the growing magnitude of non-communicable
diseases such as diabetes. Ethiopia is among the top four countries with the highest adult

diabetic populations in sub-Saharan Africa.

1.3.2. Complication of Diabetes Mellitus

Diabetes mellitus leads to acute and chronic complications. The acute complications include
diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic state (HHS), and hypoglycemia
during treatment whereas the chronic complications include retinopathy, nephropathy, and
neuropathy (Worku et al., 2010). Patients with all forms of diabetes of sufficient duration
are vulnerable to these complications, which cause serious morbidity and mortality. Our
study was focused on one of these common complications which is diabetic nephropathy

caused by type-2 DM.

1.3.2.1. Diabetic-nephropathy

Diabetic nephropathy is the most important long-term complication of diabetes mellitus. It is
the most common cause of end-stage renal disease requiring dialysis and characterized by
albuminuria, subsequent proteinuria, declining glomerular filtration rate and elevated blood
pressure (Piwowar et al., 1999). It is one of the major chronic micro-vascular complications
in diabetes mellitus and a leading cause of end-stage renal disease (ESRD), accounting for
nearly half of all incident cases of ESRD in most of the countries worldwide (Zhou et al.,
2016), and it is predominantly due to type 2 diabetes mellitus. An increasing number of type
2 diabetic patients live long enough for nephropathy and ESRD to develop, since the
treatment of diabetes, hypertension and coronary heart disease has improved (Mussap et al.,
2002). Many studies have reported that diabetic nephropathy develops in 25-35% of patients
with T2DM (Rao et al., 2014).

Diabetic-nephropathy (DN) increases, the overall 10-year mortality among type-2 diabetic
patients at least 6 folds compared to healthy age matched non-diabetic individuals (Usama et
al., 2017). The earliest stage of DN is characterized by renal hyper-function and
hypertrophy. Few years later, persistent increase in urine albumin excretion (UAE)
develops. This stage is called the stage of incipient nephropathy characterized by UAE > 30
mg/day, >20 mg/min, or urine albumin to creatinine ratio (ACR) > 30 mg/g of creatinine.
The persistent increase in UAE is initially associated with increased glomerular filtration



rate (GFR). However, GFR shows consistent decline that becomes pronounced with the
continuous increase of UAE above 300 mg/day, 200 Ig/min, or when urine ACR exceeds
300 mg/g (Dounousi et al., 2015)

In 2014, the American Diabetes Association (ADA) and the National Kidney Foundation
reached an agreement in which DN was referred to as the chronic kidney disease caused by
DM, with a persistent estimated glomerular filtration rate (eGFR) of < 60 ml per min per
1.73 m? or a urinary albumin/creatinine ratio (ACR) of > 30 mg/g for more than 3 months
(Tuttle et al., 2014). The Joint Committee on Diabetic Nephropathy recommended the
combination of the 24-houralbuminuria excretion rate (AER) and glomerular filtration rate
(GFR) as the new classification of DN (Haneda et al., 2015). Microscopically, DN is
characterized by diffuse or nodular glomerulosclerosis, afferent and efferent hyaline
arteriolosclerosis, and tubule interstitial fibrosis and atrophy (Alsaad et al., 2007).

The progression of DN is accompanied by a decrease in GFR among patients with
T2DM.GFR and albuminuria have long been considered twin manifestations of DN(De Boer
and Steffes, 2007). However, recent researches have shown that normoalbuminuric patients
with T2DM may have significant renal damage(Macisaac et al., 2004). The Diabetes
Control and Complications Trial (DCCT) and Epidemiology of Diabetes Interventions and
Complications (EDIC) study demonstrated that 24% of the examined DM patients with
baseline eGFR level > 60 ml per min per 1.73 m? progressed to DN within one year;
however, they did not experience microalbuminuria or macroalbuminuria (Molitch et al.,
2010). Therefore, GFR is superior to AER or ACR in the early diagnosis of DN. Recently,
serum cystatin C has been considered as biomarker for the diagnosis of kidney damage.
Several studies have shown that serum cystatin C is found to be a better marker of decreased
GFR than serum creatinine (Zhou et al., 2016).

Glomerular filtration rate (GFR) is the volume of plasma that can be completely cleared of a
particular substance by the kidneys in a unit of time (Laterza et al., 2002). The “gold
standard” for determining GFR is to measure the clearance of exogenous substances such as
inulin, iohexol, 51Cr-EDTA, 99mTc-labeled diethylenetriamine penta acetic acid (DTPA),

or 125I-labeled iothalamate (Laterza et al., 2002). However, these techniques, are time-



consuming, labor-intensive, expensive, and require administration of substances that make
them incompatible with routine monitoring. Thus, the measurement of endogenous blood
substances to estimate GFR is a common practice. Properties of an ideal endogenous blood
substance to estimate GFR should include release into the blood stream at a constant rate,
freely filtered by the glomerulus, no reabsorption or secretion by the renal tubules, and

exclusive elimination via the kidneys (Stevens et al., 2006).

GFR is accepted as the best overall measure of kidney function (Shlipak et al., 2013).
Normal values, which are related to age, sex, and body size, are approximately 130 ml per
minute per 1.73 m2 in young men and 120 ml per minute per 1.73 m? in young women.

Mean values decline as persons age (Shlipak et al., 2013).

An ideal endogenous marker of GFR should have a production rate that is constant, should
be cleared from the circulation only by glomerular filtration, should be freely filtered at the
glomerulus and should neither be secreted nor reabsorbed intact by the proximal or distal

renal tubule (Newman and David, 2002).

Creatinine which is a chemical waste molecule that is generated from muscle metabolism,
meets only one of these criteria: it is freely filtered at the glomerulus but not very sensitive
since its levels significantly increase when more than 50% of the GFR is reduced (Mussap et
al., 2002). its concentration may be also significantly influenced by several extra-renal
factors (age, sex, muscle mass, changes in tubular secretion, dietary intake etc.) especially in
elderly female patients with reduced muscle mass, measurement of serum creatinine may

grossly underestimate the reduction in the GFR (Shlipak et al., 2013).

Creatine can be obtained from the diet or can be synthesized in the liver and kidney from
arginine, glycine, and methionine then transported to most creatine utilizing cells like muscle

and brain cells through the blood stream by a specific protein transporter (Brosnan et al., 2011)

Creatinine formation is a two-step process, transamidination of arginine and glycine (transfer
of amidine group from arginine to Glycine) to form guanidoacetate (Glycocyamine) at kidney

followed by methylation of Glycocyamine at liver to form active creatine (Brosnan et al., 2011).
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Figure 1: Schematic representation of creatinine synthesis pathway, Tikur Anbessa
specialized teaching hospital, Addis Ababa, Ethiopia, 2019; (adopted from Xiaoyan et al.,
2016)

Human cystatin C which is a member of the cystatin superfamily (inhibitors of cysteine
proteinases), and a non-glycosylated basic protein with a low molecular mass (13 kD) has
been intensively studied in the last few years and suggested as a serum marker of changes in
GFR and used as early marker of renal impairment (Mussap et al., 2002). It is freely filtered
by the glomerulus, and produced by all nucleated cells is currently under investigation as
promising and a replacement for serum creatinine in estimating of the GFR and early
detection of renal failure (Dharnidharka et al., 2002 ; Marco et al., 2007). The low
molecular mass of cystatin C, in combination with its stable production rate, indicates that
the plasma concentration of cystatin C is almost exclusively determined by the glomerular
filtration rate (GFR), this makes cystatin C an excellent promising marker of GFR (Sjostrom
et al., 2005). In adults, serum Cyst-C concentration is closely correlated with GFR (Donadio
et al., 2001).

The study which was conducted by Kunal Gupta et al, showed that the Cystatin C values

were raised even in the patients in whom clinical albuminuria had not yet started, and hence



it acts an earlier marker than microalbuminuria to determine nephropathy(Kunal Gupta et
al., 2016). Results of this study showed that serum Cystatin C may be considered as an early
marker, but microalbuminuria and serum creatinine are commonly used marker for

nephropathy, for declining renal function, in diabetic subjects.

Takir et al. studied 78 T2DM patients and found that the values of Cystatin C were
significantly increased in the normoalbuminuric group and this showed that serum cystatin
C may be an early marker of diabetic nephropathy. The serum cystatin C level of
microalbuminuric patients was found to negatively correlate with eGFR (Takir et al., 2016).
Other study which was conducted by Bruce et al also found that the serial measures of
serum cystatin C accurately detect trends in renal function in patients with normal or
elevated GFR and provide means for studying early renal function decline in diabetes(Pucci
et al., 2007). The degree of correlation between a reference GFR procedure and reciprocal
cystatin C concentration was found to be superior to the reciprocal creatinine concentration
in several studies. A more definitive assessment requires an evaluation of the diagnostic
sensitivity and specificity of cystatin C for the detection of a decreased GFR(Newman and
David, 2002). This has been performed using a variety of cystatin C, creatinine and GFR
methods. In the majority of studies which formally compared the areas underreceiver
operator characteristic curves, cystatin C performed significantly better than creatinine
(Newman and David, 2002).

1.3.2.2. Structure of cystatin C

It has a crystal structure characterized by short alpha helix and a long alpha helix running
across a large antiparallel 5 stranded beta sheet and has 2 disulfide bonds (figl).

Cystatin C contains 120 amino acids but is synthesized as a pre-protein (indicating an
extracellular function) (Newman and David, 2002). It is the product of a 7.3-K base gene
and located in short arm of chromosome 20 which contains majority of type 2 cystatin

genes and pseudo genes (Newman and David, 2002). It is dimer macromolecular complex
formed by two, usually covalently bound, molecule.

The human cystatin family presently comprises 11 identified proteins. Two of these,
Cystatin A and B, form the family 1 Cystatin and are mainly, or exclusively, intracellular

proteins, while Cystatin C, D, E, F, S, SA and SN are mainly extracellular and/or
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transcellular proteins and constitute the family 2 Cystatins. The family 3 cystatins are

mainly intravascular proteins, produces vasoactive peptide & involved in coagulation (Kunal
Gupta et al., 2016).

Figure 2: structure of cystatin C, Tikur Anbessa specialized hospital, Addis Ababa,
Ethiopia, 2019, Adopted from: (Brijesh et al 2018),
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1.4. Significance of study
End stage renal disease (ESRD) became one of the major killer diseases in the world

particularly Sub-Saharan counties including Ethiopia, because of rapid rise of its risk factors
like diabetes mellitus particularly T2DM and this affects most productive adults and results
in death. Even for diabetic patient is under treatment, there is a risk of development of
diabetic nephropathy because the risk is related to the length of time the person has diabetes.
Therefore, it is vital to work towards prevention of diabetic renal disease or at least slowing

down of the disease is important.

In Ethiopia early screening, detection, and identification of kidney disease in diabetes
patients is very rare as a result its complication become common. As increase in the number
of people with diabetes will also have a major impact on dialysis and transplant need and
this is very difficult due to various reasons such as lack of facility and its affordability.
Therefore, early screening of diabetes nephropathy is very important to minimize such
problems.

This study was aimed to evaluate the GFR via serum cystatin C and serum creatinine and
compare them for the early detection of diabetic nephropathy among T2DM patients

because the early detection of DN is very important and can improve patient outcomes.

1.5. Hypothesis
Serum Cystatin C marker is superior to serum creatinine marker for early detection of

diabetic nephropathy
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2. Objective of the Study

2.1. General objective

To determine the value of serum cystatin C and serum creatinine levels as well as cystatin C
and creatinine based estimation of GFR for early detection of diabetic nephropathy among
T2DM patients in Tikur Anbesa specialized teaching hospital, Addis Ababa, Ethiopia.

2.2. Specific objectives
> To assess serum cystatin C in diabetes patients and compare with apparently healthy
control groups
» To determine serum creatinine in diabetes patients and compare with apparently

healthy control groups
» To compare serum cystatin C based estimation of GRF with serum creatinine based

estimation of GFR for the assessment of early renal failure
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3. Materials and Methods

3.1. Study Area
This study was conducted at Tikur Anbessa Specialized Teaching Hospital, Addis Ababa,
Ethiopia. TASH is a large referral teaching hospital, under the administration of Addis
Ababa University, located in Lideta Sub City of Addis Ababa. This referral hospital has
about 700 beds and is the main teaching hospital for both clinical and preclinical training of
most disciplines.

3.2. Study Design and period
Institutional based Comparative Cross-Sectional Study design was conducted from April,
2019 to Jun, 2019.

3.3. Source Population
Includes all previously diagnosed T2DM adult patients who have treatment follow up at the

diabetic center of Tikur Anbesa Specialized Hospital

3.4. Study Population

Patients: Adult males and females who have T2DM for different period of time from the
diabetic center of TASH and those who have attended during the study period and fulfill the
inclusion criteria.

Controls: Adult subjects who were willing to provide signed voluntary informed consent to
participate and give blood sample for the purpose of the study and no have known medically
recorded diseases like urinary tract infections, malignancies, liver disease, thyroid gland
dysfunction, congestive heart failure, hypertensive, HIV and those pregnant women were

taken as control group for this study.

3.5. Eligibility criteria for T2DM cases
3.5.1. Inclusion Criteria
Both sexes of type-2 diabetic patients diagnosed and confirmed to be type 2 diabetics and

had treatment follow up and patients above 18 years were included.
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3.5.2. Exclusion Criteria

Patients who had urinary tract infections, malignancies, liver disease, thyroid gland
dysfunction, congestive heart failure, hypertensive, HIV, women who were pregnant and
patients with any other diseases that can cause nephropathy were excluded from this study
3.6. Sampling Technique

To recruit study subjects, purposive none probability sampling technique was used and
T2DM patients who came to diabetic center during the study period and those who meet the
inclusion criteria were selected for this study.

3.7. Sample Size Determination

The sample size for the study was assumed by using single proportion population formula.

2

) Zl_% P(1-P)

n d >
Where,

n=estimated sample size, z=standard normal distribution corresponding to significance level
at o= 0.05, thus z=1.96 and d= allowable margin of error (5%)

P = expected prevalence or proportion of T2DM

Due to lack of population-based study on T2DM in Ethiopia, an estimate prevalence of 50%

was considered.
n=(1.96)? x (0.50 (1-0.50)) = 384
(0.05)2

However, many international reports regarding serum cystatin C and serum creatinine

measurement on T2DM were based on relatively small sample size which were various from
30 to 150 due to practical constraints but power analysis and sample size calculation were
not reported in any of these studies. Therefore, by considering a number of factors such as
cooperation and attrition, practical constrains like time, subject availability and finance, the
sample size of 60 T2DM patients and 60 healthy controls (a total of 120) were included for
this study.
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3.8. Data collection methods and Procedure

A structured questionnaire was used to collect the data like, sex, age, residency, occupation,
educational status, weight, height, smoking and alcohol consumption history and other
medical information like time of diagnosis (duration of diabetes) and types of medication
they use (for patients only). The English version questionnaire was translated to Amharic
version and retranslated back to English to check its consistency. The Amharic version of
the questionnaire was used to collect the data.

3.9. Study variables

3.9.1. Dependent variables

e Serum creatinine
e Serum cystatin C

3.9.2. Independent variables
e Socio demographic factors (age, sex, residence, occupation, educational status)
e Behavioral factors (smoking, alcohol use)
e Anthropometric parameters (height, weight and BMI)

e Clinical factors (duration of DM, medication use)

3.10. Operational Definition

Fasting blood glucose (FBG): - Fasting is defined as no caloric intake for at least 8 hrs.
Diabetic nephropathy: - Referred as the chronic kidney disease caused by DM, with a
persistent estimated glomerular filtration rate (eGFR) of < 60 ml per min per 1.73 m2 or a
urinary albumin/creatinine ratio (ACR) of > 30 mg/g for more than 3 months (Tuttle Kr et
al., 2014).

End stage renal failure: - is defined as eGFR< 15 mL/min/1.73 m? (Levin et al., 2013).

3.11. Data Quality Control

In order to assure the quality of data, validity of the questionnaire was maintained by
pretested questionnaire. Orientation was given to data collectors on the objective of the
study, data collection process and relevance of the study prior to data collection. The
completed questionnaire was cross checked daily for inconsistencies. Throughout the course
of the data collection data collectors were supervised. The data were checked for

completeness on site and before data entry the incomplete data were discarded.
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3.12. Blood sample collection and processing

After maintenance of all aseptic precautions, 5mL of venous blood sample was drawn before
breakfast (minimum of eight hours of fasting) from each participant by trained BSc nurses.
Then it was transferred to a clean, dry serum separator tube. Then the sample was
centrifuged and the serum was transferred to nunc tube and preserved at -20 °C until transfer
to National References Laboratory for Clinical Chemistry, Ethiopian Public Health Institute
(EPHI) through ice bag. Then serum cystatin C and serum creatinine were analyzed using
automated chemistry analyzer in EPHI. Creatinine derived Equation (CKD-EPI 2009),
Cystatin C derived Equation (CKD-EPI 2012) and both Creatinine—Cystatin C derived
Equation (CKD-EPI mix) for eGFR were calculated and compared for early detection of
diabetic-nephropathy.

3.13. Biochemical assays and Laboratory analysis

A. Determination of serum cystatin C

Cystatin C which a cysteine protease inhibitor with a molecular weight of 1300 Daltons has
been identified as a new, promising marker for early detection of kidney failure (Adeera,
2005).

Principle of the test

Serum cystatin C was assessed by COBAS 6000 analyzer. This assay was based on the
quantitative sandwich enzyme immunoassay technique. The surface of the wells of the
micro titer plate was coated with polyclonal anti-human cystatin C-specific antibodies. Then
diluted standards, diluted quality controls, and diluted samples were pipetted into the wells.
Any human cystatin C present was captured by the immobilized antibodies, and unbound
protein was washed away after the first incubation period. Thereafter, horseradish
peroxidase-conjugated polyclonal anti-human cystatin C antibodies was added to the wells
and incubated. A substrate solution (H202) was added to the wells. The enzymatic reaction
yielded a blue product that turned yellow when the acidic stop solution was added.

B. Determination of serum creatinine

Creatinine which is a chemical waste molecule that is generated from muscle metabolism is
widely available, rapidly measured and relatively inexpensive indicator of kidney function
related to change in GFR. Despite this wide use, it is regarded as an insensitive marker for

early changes in kidney function and affected by factors such as muscle mass, age, gender,
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and race (John, 2018). It was assessed by COBAS 6000 analyzer through the principle of
enzymatic colorimetric method.
Test principle
Serum creatinine was also assessed by COBAS 6000 analyzer. Measurement of creatinine by
Jaffe’s reaction was done in a wavelength of 500 nm. This Kinetic colorimetric assay is
based on the Jaffé method. In alkaline solution, creatinine forms a yellow-orange complex
with picrate. The rate of dye formation is proportional to the creatinine concentration in the
specimen.

Alkaline pH

Creatinine + picric acid » yellow-orange complex

3.14. Data processing and analysis

All data were checked, cleared, coded and entered into Statistical Package for Social
Sciences (SPSS) Version 23 for statistical analysis. Descriptive statistics like mean,
standard deviation, and percentage were carried out for socio-demographic characteristics.
Continuous variables were expressed as the mean + standard deviation (SD) while
categorical variables were presented as frequencies and percentages. Kappa statistics was
used for agreement test. In addition, evaluation of differences in means of study groups was
evaluated using student’s t-test. Pear’s correlation and multiple linear regression models
were used to assess the relation between outcome variable and different independent
variables in the study. Furthermore, P-value <0.05 was used as a cut-off value to include
variables for multivariate linear regression and at 95% confidence interval (Cl), a P value
<0.05 was accepted as statistically significant.

3.15. Ethical Consideration

To conduct this research, ethical approval was obtained from Addis Ababa University
Biochemistry Department Ethics and Research Committee (DRERC) and A formal
collaboration letter from Department of Biochemistry was provided to Tikur Anbesa
specialized hospital, diabetic clinic. Informed consent was obtained from the participants
before running the questionnaire and sample collection. All the principles of ethics such as
confidentiality, and privacy were kept. The obtained data were used only for the purpose of

this research and all study participants read and signed on the informed consent.
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4. Result

4.1. The socio-demographic characteristics of the study participants

A total of 120 study participants (60 T2DM cases and 60 health controls) were recruited in
this study. The mean ages of T2DM patients and healthy controls were 56.5 and 37.2 years
with a minimum age of 32 and 22 years and a maximum age of 90 and 62 years respectively.
The detail basic characteristics of the control group and cases with type 2 diabetes mellitus
are depicted in Table 2. The number of female participants in the study were 32(53.3 %) in
the cases and 35(58.3 %) in healthy controls. Majority of T2DM patients 50(83.3%) and
healthy controls 53(88.3%) were living in urban area. 21(35%) T2DM respondents were
house wives and most of health controls 22(36.7%) were private workers. Out of 60 cases
23 (38.3%) had an educational status of secondary school and out of 60 health controls
37(61.7%) completed college. Any of the T2DM patients and healthy controls never
smoked. However, 17(27.3%) of T2DM patients and 5(8.3%) healthy controls drink alcohol.
Table 2: The general profile of study participants; Tikur Anbessa specialized hospital,
Addis Ababa, Ethiopia, 2019

Type-2 DM cases Healthy control
Variables (N=60) (N=60)
Age (Mean £ SD) in years. 56.5+14.1 37.2+10.9
Sex Male 28(46.7%) 25(41.7%)
Female 32(53.3%) 35(58.3%)
Residence Urban 50 (83%) 53(88%)
Rural 10(17%) 7(12%)
Education Iliterate 8(13%) 1(1.7%)
al level Read and write 1(1.7%) 6(10%)
Primary school 7(2%) 5(8.3%)
Secondary school 23 (12%) 11(18.3%)
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College and above 21(38%) 37(61.7%)
House wife 21(35%) 11(18.3%)
Farmer 5(8.3%) 3(5%)
Occupatio
. NGO 3(5%) 6(10%)
Governmental 14(23.3%) 18(30%)
Private 17(28.3%) 22(36.7%)
Alcohol Yes 17(28.3%) 5 (8.3%)
consumpti No 43(71.7%) 55 (91.7%)
on
Smoking Yes 0(0%) 0(0%)
No 60(100%) 60 (100%)
Regular Yes 38(63.3%) 37(62%)
Physical No 22(36.7%) 23(38%)
exercise

SD= Standard Deviation, %= percentage; Categorical variables are presented in frequency

and percentage while continuous variables are presented as mean + (SD)

4.2. Clinical and biochemical characteristics of the study participants

4.2.1. Duration of T2DM

The mean + SD of the duration of patients with T2DM was 12.3 *+ (8.6) years with the
maximum and minimum duration of 41 years and 6 months respectively.

4.2.2 Medications used

Out of 60 T2DM patients 32(53.3%) used oral medication, 18 (30%) used insulin injection

and 10 (16.7%) used both oral medication and insulin injection (Fig 3).
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] Oral medication
(] Insulin injection

] Oral medication and insulin injection

Figure 3: Percentage of Medication used by T2DM patients at Tikur Anbesa hospital,
Addis Ababa, Ethiopia, 2019

4.2.2. Body Mass Index

BMI of the study participants was calculated using their weight and height. Based on the
calculation, the mean + SD was found to be 26 + 4.4 kg/m? for cases and 19.7 + 2.8 kg/m?
for control group respectively. The mean value of BMI in T2DM patients was found under
the category of overweight but the mean value of control groups was found under normal
category. The minimum and the maximum values of BMI in cases were 19.1 kg/m2 and
35.2 kg/m? respectively. The minimum and the maximum values of BMI in control groups
were 15.1 kg/m? and 27.8 kg/m? respectively. Putting the results categorically, 27 (45%) of
the T2DM patients had normal body mass index, 25(41.7%) were overweight and 8 (13.3%)
were obese. Among patients none were found underweight but among controls 18(30%)

were underweight (Tabe3).
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Table 3: Percentage of study participants in each Category of BMI; Tikur Anbessa
specialized hospital, Addis Ababa, Ethiopia, 2019

BMI category T2DM cases Health control groups
Below 18.5 1(1.7%) 18(30%)

18.5-24.9 27(45%) 40(66.7%)

25-29.9 24(40%) 2(3.3%)

30 and above 8(13.3%) 0(0%)

4.3. Comparison of serum Creatinine level between T2DM patients and apparently
healthy controls.

The serum creatinine concentration in blood sample was considered as normal when it was
found 0.5-0.9 mg/dl for female and 0.7-1.2 mg/dl for male respectively. The serum
creatinine concentration of T2DM patients and healthy controls were examined (Table 4).
Out of 32 female T2DM patients 28 (87.5 %%) were found in normal range and 4(12.5%)
were found above normal range (above 0.9) but none of the female T2DM patients showed a
value below the normal range. Out of 28 male T2DM patients 22(78.6%) showed creatinine
level in a normal range and 6(21.4%) had values above the normal range (above 1.2mg/dl).
In healthy controls, out of 35 female health controls 22(62.9%) had creatinine level in
normal range and 13(37.1%) had values below the normal range. Out of 25 male control
groups 17(68%) had serum creatinine level in normal range and 8(32%) had values below

the normal range but none of the controls had values above the normal range.

The mean serum creatinine level was higher among cases when compared with controls and

it was statistically significant (Table 4).

4.4. Comparison of serum Cytatin C level between T2DM patients and health controls
The serum cystatin C concentration in blood sample was considered as normal when it
ranges from 0.61-0.95mg/L for both sexes.

The serum cystatin C concentration of T2DM patients and healthy controls was compared
(Table 4). Out of 60 T2DM patients 40(66.7 %%) had normal serum cystatin C level.
15(25%) had values above the normal range and 5(8.3%) of the T2DM patients had values
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below the normal range. From the apparently health controls 39(65%) had serum cystatin C

level in normal range and 21(35%) %) had values below the normal range but none of the

control groups had abnormally higher serum cystatin C level.

The mean serum cystatin C level was higher among cases when compared with controls and

it was statistically significant (Table 4).

Age and BMI of the participants were also significantly different between cases and control

groups with (p =0.004, p=0.001 respectively).

Table 4: Comparison of age, BMI, serum Creatinine and Sr. Cytatin C levels using

Independent sample t-test between T2DM patients and health controls: Tikur Anbessa

specialized teaching hospital, 2019

T2DM patients Control group p-value
Variables (N=60, mean £SD) (N=60, mean £SD)
Age in years 56.5+14.1 37.2+10.9 0.004
BMI in Kg/m? 26+ 4.4 19.7+2.8 0.001
Creatinine level (mg/dl)  0.87 +0.44 0.63+£0.27 0.001
Cystatin C level (mg/L) 0.92 £0.38 0.52 £0.20 0.0001

*Values are expressed as Mean + SD. P-values is significant at <0.05.
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Table 5: Comparison of serum Creatinine and Sr. Cytatin C levels between males and
females using Independent sample t-test in T2DM patients: Tikur Anbessa specialized

teaching hospital, 2019

Variables Males Females P-value
(n=28, mean +SD) (n=32, mean +SD)

Serum creatinine level 1.07 +0.56 0.68 £0.16 <0.0001

(mg/dl)

Serum cystatin C level 1.03+0.48 0.89 £0.23 0.29

(mg/L)

* P-values is significant at <0.05.

As shown in table (5) the mean value of serum creatinine was significantly higher in males
than in females. This is may be due to muscle mass variation between males and females.
But the mean value of serum cystatin C in males was not significantly higher than females.
Table 6: Pearson’s correlation analysis between serum creatinine and different studied

variables, Tikur Anbessa teaching hospital, 2019

Serum creatinine

variables r p-value
Age 0.422 0.001
Duration of DM 0.122 0.353
BMI 0.594 0.0001

*DM, diabetes mellitus, BMI, body mass index, * P-values is significant at <0.05.

Correlation analysis showed that the level of serum creatinine positively and significantly
correlated with the age and BMI of T2DM patients but no significantly correlated with
duration of DM. The serum creatinine correlated with BMI than age. This is graphically
depicted using scatter plot (Fig 3).
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Figure 4: Scatter plot correlation between serum creatinine level and BMI of T2DM

patients

Table 7: Pearson’s correlation analysis between serum cystatin C and different variables

of the T2DM patients, Tikur Anbessa teaching hospital, 2019

Serum cystatin C

variables r p

Age 0.302 0.020
Duration of DM 0.175 0.182
BMI 0.369 0.021

* P-values is significant at <0.05.

The level of serum cystatin C positively and significantly correlated with the age and BMI
of T2DM patients (r = 0.302, p =0.02), (r = 0.369, P = 0.021) respectively. But unlike serum
creatinine, it correlated weakly with BMI and age of the patients.
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Table 8: Correlation analysis between serum cystatin C and creatinine levels, Tikur

Anbessa specialized teaching hospital, 2019

Serum Cystatin ¢

Variable r p-value

Serum creatinine 0.90 0.0001

There was a strong and positive correlation between serum cystatin C and serum creatinine
among T2DM patients (r = 0.90, P= <0.0001). This is graphically depicted using a scatter
plot (Figure 5).
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Figure 5: Scatter plot depicting correlation between serum levels of cystatin C and

creatinine among T2DM patients, Tikur Anbessa teaching hospital, 2019
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4.5. Multiple linear regression analysis of serum creatinine in type 2 diabetic patients
All predictor variables were checked by bivariate analysis and the result was that sex, age
and BMI of the T2DM participants were found significantly related with serum creatinine
(Table 9). This implies being female decreases the serum creatinine by 0.388; one unit
change of age increases/decreases the serum creatinine by 0.013 and a unit change of BMI
increases/decreases the serum creatininen by 0.221.

Table 9: multiple linear regression analysis of serum creatinine in type 2 diabetic

patients, Tikur Anbessa teaching hospital, 2019

Serum creatinine

Variables B (95% ClI) P-value
Sex of participants -.388 <0.001
Age of participant .013 0.001
Duration of DM .006 .353
BMI 221 <0.001

* Dependent variable “serum cystatin C” * P-values is significant at <0.05.

Table 10: Multiple linear regression analysis of serum cystatin C in type 2 diabetic

patients, Tikur Anbessa teaching hospital, 2019

Serum cystatin C

Variables B (95% C|) P-value
Sex of paticipant -.061 481
Age of participant .009 .015
Duration of DM .006 .303
BMI 011 .013

* Dependent variable “serum cystatin C” * P-values is significant at <0.05.

Even though the age and BMI of T2DM participants significantly related with serum
cystatin C level, the relation was not strong like serum creatinine. Unlike serum creatinine

serum cystatin C was not significantly affected by sex.
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4.6. eGFR measurements

For Estimating GFR, three equations (Creatinine Equation (CKD-EPI 2009), Cystatin C
Equation (CKD-EPI 2012), and Creatinine—Cystatin C Equation (CKD-EPI 2012)) were
calculated (Table 11).

Table 11: The formula of three equations for Estimating GFR, Expressed for Specified
Sex, Tikur Anbessa Specialized Teaching Hospital, 2019

Serum
Serum . Equation for Estimating GFR
Cystatin
Equations creatinine
g C mg/L

mg/dl
and Sex

CKD-EPI creatinine equation

Female  <0.7 144 x (Scr/0.7793% x 0.993%% [x 1.159 if black]
Female  >0.7 144 x (Scr/0.7)™%% x 0.993%%° [x 1.159 if black]
Male <0.9 141 x (Scr/0.9)%# x 0.993"% [x 1.159 if black]
Male >0.9 141 x (Scr/0.9)™%% x 0.993"%° [x 1.159 if black]

CKD-EPI cystatin C equation

Female or <0.8 133 x (Scys/0.8) %49 x 0.996"%° [x 0.932 if female]
male
Female or >0.8 133 x (Scys/0.8)°% x 0.996"% [x 0.932 if female]
male

CKD-EPI creatinine—cystatin C equation

<0.7 <0.8 130 x (Scr/0.7)%%8 x (Scys/0.8)%3" x 0.995"% [x
1.08 if black]

Female

>0.8
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>0.7
Female
male <0.9
>0.9
male

<0.8

>0.8

<0.8

>0.8

<0.8

>0.8

130 x (Scr/0.7)%%®
1.08 if black]

130 x (Scr/0.7)%-4
1.08 if black]

130 x (Scr/0.7) %%
1.08 if black]

130 x (Scr/0.7) %%
1.08 if black]

135 x (Scr/0.9)%%%*
1.08 if black]

135 x (Scr/0.9) %%
1.08 if black]

x (Scys/0.8) ™

x (Scys/0.8)"H

x (Scys/0.8) 37

x (Scys/0.8)

x (Scys/0.8) 37

x (Scys/0.8) ™

X

X

X

X

X

X

0.995%% [x

0.995%% [x

0.995%%° [x

0.995%% [x

0.995%%° [x

0.995"% [x

4.7. Characteristics of the outcome variables in T2DM patients

Table 12 shows the descriptive statistics of the outcome variables in T2DM patients. The

mean +SD Serum Creatinine value of the T2DM patients was 0.87 + 0.44 mg/dl. The mean
+ SD value of Serum Cystatiin C was 0.92 + 0.38 mg/dl. The means + SD of eGFR in three
equatios (Creatinine Equation (CKD-EPI 2009), Cystatin C Equation (CKD-EPI 2012), and
Creatinine—Cystatin C Equation (CKD-EPI 2012) were 105.7+27.5 ml/min/m?, 90.4 + 28.2

ml/min/m? and 100 + 29.5 ml/min/m? respectively.
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Table 12: Descriptive statistics of the outcome variable in T2DM patients: Tikur Anbessa
teaching hospital, Addis Ababa, Ethiopia, 2019

Measured parameters Minimum Maximum Mean  Std. Deviation
Serum cystatin C 48 2.83 92 .38
Serum creatinine 47 3.47 .87 44
eGFR — Creatinine Eq (CKD-
20.00 143.00 105.72 27.5
EPI 2009)
eGFR - cystatin C Eq (CKD-
19.00 130.00 90.3500 28.2
EPI 2012)
Both eGFR Creatinine—
) ) 19.00 142.00 100 29.5
Cystatin C Eq (CKD-EPI mix)
m CrEq.
M cyst Eq.
W cyst-cr Eq.
78.3%
80.00% -
68.3%
70.00% -
60.00% -
50.00% -
40.00% -
30%
30.00% - 7%
o 18.4%
20.00% - 15%
3%
10.00% - g 1.7%33%2.7%
0.00%
>=90 60-89 30-59 15-29
GFR

Figure 6: Percentage of participants’ verses eGFR category in ml/min/1.73m2 from 15 to
90 calculated with the 3 equations, Tikur Anbessa specialized hospital, Addis Ababa,
Ethiopia, 2019
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Based on the eGFR calculated using the serum creatinine, 47(78.3%) of the T2DM patients
were in stage 1 CKD with normal or elevated GFR (>90 mL/min/1.73 m?), and 9(15%) of
the patient were in stage 2 CKD with mild GFR reduction (GFR=60-89 mL/min/1.73 m?).
While 3(5%) of the T2DM patients were in stage 3 with moderate decreased GFR (GFR=
30-59 mL/min/1.73 m?), and only one T2DM patient was in stage 4 CKD with severe GFR
reduction (GFR=15-29 mL/min/1.73 m?) (Fig 6).

On the other hand according to the eGFR using the serum cystatin C equation, 29(48.3%) of
the T2DM patients were in stage 1 CKD with normal or elevated GFR (>90 mL/min/1.73
m?), 18(30%) of the patients were in stage 2 CKD with mild GFR reduction (GFR=60-89
mL/min/1.73 m? and 11(18.4%) of the patients were in stage 3 with moderate decreased
GFR (GFR= 30-59 mL/min/1.73), and 2(3.3%) patients were in stage 4 with severe GFR
reduction (GFR= 15-29 mL/min/1.73 m?) (Fig 6).

Based on eGFR using both serum cystatin C-creatinine Eq., 41(68. 3%) of the T2DM
patients were in stage 1 CKD with normal or elevated eGFR (>90 mL/min/1.73 m?),
13(21.7%) of the patients were in stage 2 CKD with mild GFR reduction (GFR=60-89
mL/min/1.73 m?, 5(8.3%) of the patients were in stage 3 with moderate decreased GFR
(GFR= 30-59 mL/min/1.73) and only 1(1.7%) patient was in stage 4 with severe GFR
reduction (GFR= 15-29 mL/min/1.73 m2) (Fig 6).

4.8. Agreement test between estimated GFR- Creatinine based Equation and estimated
GFR-Cystin C based Equation.

We investigated whether there is an agreement between the results of estimated GFR-
Creatinine based Eqg. and estimated GFR-Cystin C based Eq. by using the Cohen’s Kappa
statistical analysis. The results are presented in Table 13 below and p-value was found to be
0.003 and the kappa result was 0.24 suggesting that there is a poor agreement between the

two equations.

In eGFR of 90 ml per minute per 1.73 m? and above, the two equations agreed for 29
participants. 18 patients were reclassified to a cystatin C—based eGFR of less than 90 ml per

minute per 1.73 m%.
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In terms of 60 to 89 ml per minute per 1.73 m?, the two equations agreed in only 2 T2DM
patients. From the total of 18 T2DM patients who were classified as stage 2 CKD (60-89 ml
per minute per 1.73 m?) in estimated GFR-cystatin based equation, 16 patients were
reclassified in 90 ml per minute per 1.73 m? and above in terms of creatinine-based eGFR
Eq (table 13).

Within the category of a cystatin C-based eGFR Eq. of 30 to 59 ml per minute per 1.73 m? 9
T2DM Patients were reclassified above 60 ml per minute per 1.73 m? by creatinine-based
eGFR Eqg. In two patients of stage 4 CKD (15-29 ml per minute per 1.73 m?) based on
cystatin C-eGFR equation, one patient was reclassified as above 30 ml per minute per 1.73
m? in creatinine-based eGFR Eq. In general accurate detection and staging of chronic kidney
disease is integral components of clinical medicine, since such evaluations have a major
effect on disease labeling, interventions, drug doses, and risk stratification for clinical
procedures.

Table 13: eGFR- Creatinine versus eGFR-cystatin C cross-tabulation, Tikur Anbessa

specialized hospital, Addis Ababa, Ethiopia, 2019

eGFR-creatinine- eGFR-cystatin C- based equation

based equation 15-29 | 30-59 60-89 90 and above | Total

15-29 1 0 0 0 1

30-59 1 2 0 0 3

60-89 0 7 2 0 9

90 and above 0 2 16 29 47

Total 2 11 18 29 60
K=0.24 P=0.003

The kappa (k) value is interpreted as: <0.4 = poor; 0.4 -0.75 = fair to good; >0.75 = strong.
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5. Discussion

This study was conducted in Tikur Anbessa specialized teaching hospital with the aim of
assessing renal damage status of known type 2 diabetic patients. These patients were on
regular follow up at the diabetic clinic, and with no previous documented impaired renal
function. For early detection of diabetic-nephropathy, renal function was assessed using both
serum creatinine and Cystatin C. Based on the serum creatinine and Cystatin C, the eGFR

was also calculated using epidemiology collaborated equations.

This study was conducted on total of 120 study participants (60 T2DM cases and 60 health
controls). The mean ages of cases and controls were found to be 56.5 and 37.2 years
respectively. The number of female participants of the study were 32(53.3 %) in the cases
and 35(58.3 %) in controls. The mean £SD of the duration of patients with T2DM was 12.3
+ (8.6) years with the maximum and minimum duration of 41 years and 6 months

respectively.

We calculated the BMI of the study participants using their weight and height. The mean +
SD was found to be 26 + 4.4 kg/m? in cases and 19.7 + 2.8 kg/m? in control groups
respectively. Independent sample t-test was done and it showed that there was a statistically
significant difference in terms of age and BMI between cases and control groups with (p =0.004,

p=0.001 respectively).This study agreed with study conducted by Ashwin-Kumar et al (2014).

The serum creatinine and cystatin C concentration of T2DEM patients and healthy control
groups were examined in this study. The study showed significant increase in serum
creatinine level in type 2 diabetics compared to controls. The serum creatinine was found to
be significant (p=0.001) higher in cases ((0.87 = 0.44) compared to controls (0.63 *
0.27).The serum cystatin C was also found to be significantly (p=0.0001) higher in cases
(0.92 £ 0.38) compared to controls (0.52 + 0.20). These findings are similar to studies
conducted earlier (Borges et al,2010; Rahul-Singh et al,2017 and Ashwin-Kumar et
al,2014).

Many previous studies have provided evidences that the serum cystatin C has superiority
over serum creatinine as a marker of renal impairment. This can be explained by the fact that

the serum creatinine as marker of GFR has drawbacks because the endogenous production
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of creatinine is affected by age, sex muscle mass and dietary intake. This is probably the
reason for different serum creatinine levels observed in various population groups
(Shamseldinet al2015)

The inability of creatinine to detect early decline in GFR is due to the fact that serum
creatinine (SCr) levels only begin to rise above the normal range when approximately 50%
of renal function is already lost, suggesting that GFR can change before SCr becomes
abnormal (Shemesh et al, 1985). Many evidences suggest that serum cystatin ¢ may not be
influenced by age, sex muscle mass and dietary intake and as a result its levels rise faster
than creatinine after a fall in GFR and is a reliable endogenous marker for assessing renal
function in type 2 diabetic patients. In a study, including 52 type 2 diabetic patients, an early
and more significantly increased levels of serum cystatin C than SCr was observed as GFR
decreases, which indicated that serum cystatin C might be a useful marker for detecting

early renal impairment in diabetic patients (Hamed et al, 2011).

To confirm this we have done the correlation and regression analysis for serum creatinine
and cystatin C. The correlation analysis between ages, BMI and serum creatinine showed
that the level of serum creatinine was positively and significantly (p=0.001, p=0.000)
correlated with the age and BMI of T2DM patients respectively. In our study regression
analysis also showed that being female decreases the serum creatinine by 0.388, one unit
change of age increases/decreases the serum creatinine by 0.013 and a unit change of BMI
increases/decreases the serum creatininen by 0.221. This was similar with a study conducted
by Nabil et al., (2013) but unlike our study the correlation between age and serum creatinine
was insignificant in this previous study. This may be due to the influence of serum
creatinine by the extreme ages.

We also conducted the pearson’s correlation analysis between serum cystatin C and age and
BMI variables of the T2DM patients. We found that the level of serum cystatin C positively
and significantly correlated with the age and BMI of T2DM patients (r = 0.302, p =0.02), (r
=0.369, P = 0.021) respectively. But unlike serum creatinine, it weakly correlated with BMI
and age of the patients. This was in line with Nabil et al., (2013). However, the regression
analysis showed that even though the age and BMI of T2DM participants significantly

related with serum cystatin C level, relation was not strong like serum creatinine. Unlike
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serum creatinine serum cystatin C was not significantly affected by sex. These findings
agreed with many reports (Alehagen et al., 2009; Mcnamara et al., 2009 and Krishan
Pandey et al., 2015).

The correlation analysis also showed that there was a strong and positive correlation
between serum cystatin C and serum creatinine among T2DM patients (r = 0.90, P=
<0.0001). These findings agreed with the study conducted by Afshari et al (2017).

For Estimating GFR, as detection of renal impairment in T2DM patients we also calculated
the three equations (Creatinine Equation (CKD-EPI 2009), Cystatin C Equation (CKD-EPI
2012), and both Creatinine—Cystatin C Equation (CKD-EPI 2012)). After determination of
serum creatinine and cystatin C levels, the means £SD of eGFR in three equations were
105.7+27.5 ml/min/m?, 90.4 + 28.2 ml/min/m? and 100 + 29.5 ml/min/m? respectively. This
finding was consistent with the cohort study conducted by Michaelet al.,(2013) and a cross

sectional study conducted by Shima et al., (2011).

Concerning the variation due to gender, we found the mean serum creatinine level was
significantly higher in males compared to females (p<0.0001). This is an expected finding
and agrees with many previous studies. However, in case of mean value of serum cystatin C,
we did not find significant difference between males and females. This finding was agreed
with many other studies (Mangge et al., 2000; Galteau et al., 2001; Jayasekara et al., 2018).
They usually defined a reference value common for both sexes. In contrast to this Finney et
al., (2000) and Wang et al., (2011) found a significant difference in cystatin C levels, which

were higher in men compared to women.

Based on the eGFR calculated using the serum creatinine, we found that 47(78.3%) of the
T2DM patients were in stage 1 CKD with normal or elevated GFR (>90 mL/min/1.73 m?),
and 9(15%) of the patient were in stage 2 CKD with mild GFR reduction (GFR=60-89
mL/min/1.73 m?). While 3(5%) of the T2DM patients were in stage 3 with moderate
decreased GFR (GFR= 30-59 mL/min/1.73 m?), and only one T2DM patient was in stage 4
CKD with severe GFR reduction (GFR=15-29 mL/min/1.73 m?). Our finding was similar
with other studies which were conducted by (Lujambio et al., 2014 and Shamseldinet al
(2015).
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We also calculated the serum cystatin C derived eGFR equation and found that, 29(48.3%)
of the T2DM patients were in stage 1 CKD with normal or elevated GFR (>90 mL/min/1.73
m?), 18(30%) of the patients were in stage 2 CKD with mild GFR reduction (GFR=60-89
mL/min/1.73 m? and 11(18.4%) of the patients were in stage 3 with moderate decreased
GFR (GFR= 30-59 mL/min/1.73), and 2(3.3%) patients were in stage 4 with severe GFR
reduction (GFR= 15-29 mL/min/1.73 m?).Based on eGFR using both serum cystatin C-
creatinine Eq., 41(68. 3%) of the T2DM patients were in stage 1 CKD with normal or
elevated eGFR (>90 mL/min/1.73 m?), 13(21.7%) of the patients were in stage 2 CKD with
mild GFR reduction (GFR=60-89 mL/min/1.73 m?, 5(8.3%) of the patients were in stage 3
with moderate decreased GFR (GFR= 30-59 mL/min/1.73) and we found only 1(1.7%)
patient was in stage 4 with severe GFR reduction (GFR= 15-29 mL/min/1.73 m2). This was
consistent with other studies conducted by Shamseldin et al., (2015) andMichael et al.,
(2018).

Based on eGFR using both serum cystatin C-creatinine Eq. we found that 41(68. 3%) of the
T2DM patients were in stage 1 CKD with normal or elevated eGFR (=90 mL/min/1.73 m?),
13(21.7%) of the patients were in stage 2 CKD with mild GFR reduction (GFR=60-89
mL/min/1.73 m? 5(8.3%) of the patients were in stage 3 with moderately decreased GFR
(GFR= 30-59 mL/min/1.73) and only 1(1.7%) patient was in stage 4 with severe GFR
reduction (GFR= 15-29 mL/min/1.73 m2).This finding was consistent with a study
conducted by Shamseldin et al., (2015).

We also investigated whether there is an agreement between the results of estimated GFR-
Creatinine based Eq. and estimated GFR-Cystin C based Eq. by using the Cohen’s Kappa
statistical analysis. We found that the p-value of 0.003 and the kappa value of 0.24 which
indicates the overall agreement between these two equations were poor. This finding was
similar to other studies conducted by Michael et al., (2018) and Tsai et al (2014). But in
contrast to this study, Shima et al., (2011) showed the Kappa (k) value of 0.74 that indicates
good agreement. The possible reason for this controversy may be due to sample size
difference.
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In eGFR of 90 ml per minute per 1.73 m? and above, we found that the two equations agreed
for 29 participants. From total 47 T2DM patients 18(37.3%) T2DM patients were
reclassified to a cystatin C—based eGFR of less than 90 ml per minute per 1.73 m?. In terms
of 60 to 89 ml per minute per 1.73 m?, the two equations agreed for only 2 T2DM patients.
From the total of 18 T2DM patients who were classified as stage 2 CKD (60-89 ml
perminute per 1.73 m?) in estimated GFR-cystatin based equation, 16 patients were
reclassified 90 ml per minute per 1.73 m? and above in creatinine-based eGFR Eq. This
study agreed with studies done by Martin et al (2008) Ching-Wei Tsai et al (2014).

Within the category of a cystatin C-based eGFR Eq. of 30 to 59 ml per minute per 1.73 m?
from the total of 11 T2DM Patients 9 patients were reclassified above 60 ml per minute per
1.73 m? by creatinine-based eGFR Eq. In two patients of stage 4 CKD (15-29 ml per minute
per 1.73 m?) based on cystatin C-eGFR equation, one patient was reclassified as above 30
ml per minute per 1.73 m? in creatinine-based eGFR Eq. This in line with other studies
which were conducted by Inés Lujambio et al., (2014) and Shamseldinet al (2015).In
general accurate detection and staging of chronic kidney disease is integral components of
clinical medicine, since such evaluations have a major effect on disease labeling,

interventions, drug doses, and risk stratification for clinical procedures.
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6. Strength and Limitation of the Study
6.1. Strength of the Study

This is the first study in Ethiopia. Therefore, this will give the baseline information
for further studies.

This study also attempts to test the agreement between creatinine derived eGFR and
cystatin C derived eGFR for early detection of renal impairment in patients with
T2DM.

The study involved healthy control samples to clearly show the contrasting features

6.2. Limitation of Study

The study was cross sectional based and we measured the serum parameters only
once for each participant which could overestimate or underestimate the results..

We did not have a “gold standard” marker due to performing inulin or iothalamate
clearance that needs invasive and tedious procedures and not suitable for study
subjects.

We didn’t include other parameters like albuminuria in this study due to the

limitation of reagent availability.
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7. Conclusion

From our study, we conclude that cystatin C is an excellent marker of renal function and
correlates better to measures eGFR more precisely than creatinine, because unlike serum
creatinine its serum concentration is not that much influenced by sex, muscle mass and age.
The results of this study suggest that cystatin C measurement is a useful, practical tool for
the evaluation of renal involvement in T2DM patients. Serum cystatin C can detect mild-to-
moderate decreases of GFR that may not detected with serum creatinine-based
measurements. To compare the performance of eGFR equations based on cystatin C and
creatinine, we confirmed discrepancies in eGFR using equations for serum creatinine and
cystatin C based biomarkers and found that most T2DM patients in cystatin C based

equation, compared with creatinine based equation, were in lower eGFR values.
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8. Recommendations

This study is small in size and cross sectional. Therefore, more studies need to be
done in larger cohort of participants for early detecting of diabetic-nephropathy.
Further studies can be done with higher sample size using other parameters like urine
albumin and gold standard methods (inulin) of GFR measurement for better
evaluation of cystatin C as a marker of renal impairment in T2DM patients.

Serum cystatin C as a screening test and as an early indicator and predictor of the
development of diabetes complication like renal failure has to be considered during
treatment of patients with T2DM.

It is recommended that more studies should be undertaken in Ethiopia because more
renal complications of diabetes patients are increasing.

Due to limitation of reagent availability, albuminuria was not done on the study
participants. There is a necessity for measurement of albuminuria to detect kidney
damage. So further study may be needed to show both the functional status and
cellular damage of kidney by assessing both glomerular filtration rate and

albuminuria.
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10. ANNEXES

10.1. Annex I: Information sheet (English version)
Addis Ababa University, School of Medicine, Department of Medical Biochemistry
Information sheet for the participants of the study entitled on evaluation of serum cystatin ¢
versus serum creatinine levels for the detection of early renal impairment among patients
with type-2 diabetic mellitus, attending tikur anbessa specialized teaching hospital Addis
Ababa, Ethiopia.
Principal Investigator: Tadesse Asmamaw Dejenie
Advisors:

1. Dr. Solomon Genet,

2. Dr. Menakath Menon,

Sponsoring organization: - Federal Ministry of Education in collaboration with Addis
Ababa University

Introduction: - My Name is --------------=---- ; lam working in ----=--=-=-mmmmmm e N
am working as data collector in a study conducted by the research team member of Addis
Ababa University College of Health Sciences. | would like to inform you that | would have a
short interview concerning this study. Before we go to our discussion, | will ask you to listen
carefully to what | am going to tell you about the purpose and general condition of the study
and tell me whether you agree or disagree to participate in this study.

The objective of the study is to evaluate the serum cystatin ¢ versus serum creatinine level
and compare them for early detection of diabetic nephropathy which is one of the common
chronic complication in diabetic mellitus patients and better one will be used as early
screening and diagnosis marker of this complication.

Procedure and things that will be expected from you for participation

If you agree to take part in this study, you will be given the consent form to sign, and
interviewed by health professional to assess whether you qualify to participate in the study
or not. If you are fit for the study, the data collector will ask some questions which are
important for our study like socio-demographic. Physical measurements like weight, height,

and blood pressure will be taken. 5SmL of blood sample will be also collected for laboratory
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examination of serum cystatin C and serum creatinine. eGFR will be calculated based on
MDRD and CKD-EPI equation.

3. Potential Risks

Participating in this project will not cause more discomfort than the routine examination you
required during clinic visit. But minor pain and skin color change may be occurred
following blood drawing, which will disappear within short duration. The amount of blood
required in the study is 5mL, which will not affect your health. The whole procedure will be
carried out by health professionals through standard clinical practice, so participating in this
study has no major risks. If anything happened, appropriate medical care will be provided
for you.

4. Potential Benefits

you will not receive any payment during participation in this study as compensation. But
You will have the chance to know your general health status from the project without any
direct incentive because the cost will be covered by the project. In addition, the result of the
study will be beneficial for the early diabetic nephropathy. Hence, you are indirectly
benefiting other patients and the society in this respect.

5. Confidentiality

We respect your privacy and confidentiality. Any information that identifies you will not be
shared with anyone else outside the study team. Logbooks used in the laboratory will have
no names but codes. The information sheet that links the coded number to participant name
will be locked inside a box.

6. Right to refuse

The participation is completely voluntary and you have the right not to participate in this
study. You may withdraw at any time and place without consequences of any kind.

Annex I1: Informed consent (English Version)

Department of medical Biochemistry, School of graduate studies, College of Health Sciences,
Addis Ababa University, Consent form for the participation of the study participants in the
research project.

Code number

Study participant name
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Study participant signature

| have been informed about the study, that aims to evaluate the serum cystatin ¢ versus serum
creatinine levels for the detection of early renal impairment among patients with type-2
diabetes mellitus, attending Tikur Anbessa specialized hospital. The objective and the
application of the study were explained to me and | have been told that the results obtained will
help me and the community. | am also informed that all information about the participant will
be kept confidential and the right to withdraw from the study any time. | had also the right to
ask a question and suggestion about the study. | was also told that the result of the laboratory
test would be reported to me if | need it. therefore, | voluntarily agreed the informed consent
with full understanding of the research and answered the prepared question and give my blood
for the aforementioned study. I, the under signed, confirm that, as | give consent to participate
in the study; it is with a clear understanding of the objectives and the study conditions.

I do hereby give consent to

Dr./Mr./Mrs./Miss to include me in the

proposed research.

Signature Date
Participant:

Interviewer:

10.2. Annex Il: Questionnaires

Dear respondents the aim of this questionnaire is to collect the necessary data to evaluate
serum cystatin C and serum creatinine among diabetic patients. It is a part of the study for
the masters of degree in medical biochemistry at Addis Ababa university school of graduate
studies. This study is purely academic and all your responses will be used for accomplishing
the requirements of this study. Therefore, you are kindly requested to give correct
information accordingly. Thank you for your time and kindness.

Signature Date
Participant:

Interviewer:

10.2.1. Annex I11: English Version Questionnaires
Questionnaire Code
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Part-1 Socio demographic characteristics

No | Variables Response

101 | Sex 1. Male 2. Female

102 | Age years

103 | Educational status
1. llliterate 4. Secondary education
2. Read and write 5. College and above
3. Primary education 6. other

104 1. Housewife 4. Governmental

Occupational status 2. Non-governmental 5. Private

3. student 6. other

105 | Residence 1. Rural 2. Urban

Part-2. Behavioral characteristics

201

Smoking status

1. Never smok 2. Former smoke

3. Currently smoke

202

If you smoke
currently, how long
ago you first started

smoking?

203

On average, how
many packs do you

smoke each day?
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204 | If you were former
smoker, how long

ago did you stop

smoking?

205 | Do you drink alcoholic | 1. yes 2. No

Part-3. Clinical variables

301 | Duration of DM years

302 | Medication use 1. oral medication
2. insulin injection

3. oral medication and insulin injection

10.2.2. Annex 1V: Anthropometric and biochemical measurements

Anthropometric measurements

1. Height cm
2. Weight kg
3. BMI kg/m2

Biochemical measurements

1. Serum cystatin C mg/dL

2. Serum creatinine mg/dL

3.eGFR
Using the Creatinine Equation (CKD-EPI 2009) mL/min/1.73m2
Using Cystatin C Equation (CKD-EPI 2012) mL/min/1.73m2
Using Creatinine—Cystatin C Equation (CKD-EPI mix) mL/min/1.73m?
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10.3. Annex VI: Information sheet (Amharic version)

PHAFEPT 8. PG avhTYavT b

NA%.0 ANO RZaCAE mS AT bAE Mh9eq H0F 00eholits Hhed 0TI0kCh &6 914
Pavav/dP PG F AL A8ATS FINHPA:AONS OHY TGT APAte hooO9191t+P (-t hHY PPhe
PILTT@T 10N NPT £7NG VA LAVIAPTT T175DI° YA SmPk::

AONP7 (emed AL Adt TEEPT ANLALALT avl8 (NG NJ@. AL Rav<y::

ePqk CoN:- NU-ATT@ Q1T PORC NTHPT L9° @0t PAD-7 cystatin ¢ AS creatinine e+0A@-7

marker (geavCavC xS 9°79° (T hAACF@- APTF D¢ (91PSLC 2V PahC NG ALantam-
PTLFADT TeRT14 AT (S PLI° ATIDP PHFD- avCavsP HE A.mPI® WILTLTN (aPAPT
eHAADT NeemPb9® hAhC OGS OC +PeH rlavMm-y Ph-adt (T &P ATID-P AG AgehAhd
N7Le0TFA PIPCaPL- HE AL PT1RLA JOCIPC 1-::

AGP° WGP OHY TG APAte mPols OF P1o- +arCmPA:: PACAP OHY TG AL 71.5CP+
TATE ave ot (07 & PL7TTE AL tavlt 10t (HY TG QAT ANPATE ORI° ATPATE DA
1A ATIRLT PTLONE (LP7P° AT (LY PATHA P7LAMA ST QI AIACT ALERLTI°: (TR
Ao+ o N Tav P LOIPICTE PR AL NZU-E OLI° NN 4T TINbarT LmOPPIA::

PGk TAF4 AU PTLMNPOPT

MHY TGt ARAte Pa1hofar Pt P29 GavG RILTLONLS ATSH APl aP(979%
LMNPNPFA:: NTFOALD. GavG AL PTUTF av/EPT NHY PATIA @ ATLTTS ANG-@. A10NTT
ANF@. APT (L1IC 0972 P@av aoPy ao(919t eMOPNL I RU-T K78 U hrk avl8 PCOPT
TYE UM aPLEPTT TINTIP APPIALLAS PAAR RTC PaPANNTT aPlBPET hLEnICCIP::
LAY AHY AN NF PN ACAPLT ATIOP P9LPATA aPAf RTC TPI® AL ATLMA
LLLIN:(FeRTILI® QACAL AN PAL PMuG V33 ATLPCN: A9 TenT14 TEEPT avp\h avamet::

(Y TGT oate A LONTAFD- P99 0 FaCT

Gav-¢ NTLANANNT OPF 9°9° AR Phd: TG ALITIPPHIC:: TIC 17 LI° A.OAL aPm1s Pyarg®
9%t ALANTA LTAAPTI® 07 Gav Gy AaeANAN AL PAD. QAP AATLAPLAG ANLALD.
PP 7P ACIPS AATLOAL: PUAPI® (9t hRTCIP::

a8 N.ATC AMANP v-2F
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NACOP LMt TTTEDI° avl 66 NHOALD. GavG AL, QHTTM. PANLFS Dt PTLMAD. ATGE AATT
F 10.:: QU7 TWLC ALTT PoLTFAT OFOO PTG 008 APT F CF@-::nHLP NAL AN ACOP
PADT TVIGTDTI° avl G 0L PONGE PO NAD- PhIPTO1C PavLE TWEC OOT AToPaPT LLLIA ::
OHY TG oatq ATF eoLT 0 PP

2V TGt PTINTECA 90146 avavlEP WILadPr avmy (LY TSt NaPnd AP O17HA P9LeTHT TPI°
0L.ECP® NPt NTLTIO Ot 17 TP, 1P :: PACOP A6 PACAPTS POTIPT 200C NTF AS
ALANTAFD 099 FADT +HHITE NAFPT ATIOPG AN A NEAG PPI° LTLPA::

OHLY TG Aratq @LI° AAaoO-+§ PAP+ av{1

(Y TGF oate av< (100 (ACAP &P OaPlt NaPP (975 D-9° OGS N J 099 av-(e
av)+ om0 heerPrd® (1AL ALNP7T DTSR N9990AP N0 T P9LPCNPT I°19° ALY PUPATIA
AN ALTCIP :NHVP (616 TGET (tavant 9175 0<79° A1t 7L PaomPPs 0% L7177+
A+ APt :0AEP4 IPCaPe- D-mETI° 1A TITTH & FAN:: TIC 17 ACAP N7LAMT 9Pl T4
04t AerhAhd AT APSNMC M1 AAPT ATLPCNALT TEE 1T avAn LAM<T HIE NFAP
ARNCT AR PN

T2E WAPT ORI TIC homae Pt

LVU7? TeF rFevAht @RI° HY TG OC (FHHAPL avAle 9C Ing°P+ OL9° 9175 T4 haPT
PILNTADT A& A Smpar-::

F0 AOTITID- LTy

aAh €71 0909045760/0967913355

A-92240; as24tadesse@gmail.com

Informed consent (Amharic version)

PHAFEPT AT°IOrT TULD17, PE

PILATC BTC ----===mmmmmmmmmmmmmmmmm e

T L

AHY TG avZ8G 9Pt PAT 0IPAMA. NAMPAL PTGET AATIS PPI° (90l TS (GRI° 4.7
10-:: (leomPe AL PIPAMAL A% av/8 A7LTI0ONT ICICTA:: (N FenT1469° TG+ MAT ANIPATE
neAn etk 0P AZLP1S 91590 L PSR N0 DA% aP@.AVt spgC av(1h aoPrig
NTeE Nev@at 9390 ARYE TOIC ATLTILLCANT N9L10 AIARATA:: AP v-t@y (19710
077 (8P NFPCI% AL ATPATE &P L7 15T ATFAU-::
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OtenT949° 29°ama@. 2L9° Gav-G¢ A cystatin C AG Creatining 9°Cave-PF NF W8N +1o1C7
FOTIPFAD:: TTGRI LAY 1IC PemeP ALA TATET 091107 27 avhd ATIFAU-::
O FeTIEI° PU-I° A4 FPCoPe MmAT N LHO. AUNTE A2TLATATT AS O.mEY TI0P heal
Tt WIRPTA HPICTA: QAMPAL A hAL (0v+99av do e+mdba-t? v-h 0199105 (L0

a0 ATLAAD-:: AARY (HY TGF APAHG 4.PLE aPPT 14671 ALITIMAY-::

hi eraa-t 00N LU

U0 A97GHAL FPCIP4 AL s aPLE ARG £LI° GG APt +ATITPFAv-::
&G 7
Tagd,

10.3.1 Annex I11: Amharic Version Questionnaire
4C1 +7

P\ RPC -----mmmmmmmm-

heA-1 902005 AHA Qs t7 Otavaht

+.d | TOB etmPea a0
101 | 27 1. o7&

2. (vt
102 | 0%

103 | ¢TPUC HRLE 1. AdvtTIchg®

2. 7770 09§ hTAAD-
3. A785 RLF fmahie
4. v-0HE LLF S
5. PAE: AG hiLP NAL
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. A hA

104

(A

. 20t hao(L
. a0t Wt

1916
. P90 (e
. A DA RAM-

. PN PO &COF Wt

105

Pav7 4L N\

R oo O A WO N P O

.ImC

2. oty

hGA-2 QUé7 PoL.avAnE TeRPT

201

(8¢ LenAn?

1. N&2.9° AP0 AAD-PI°

ABLAAU-

2. heru(l 102 AU-7 17 ARTLLAD-

3. h?

202

(G AgaaN (3 nwri
AN LH Adhu(r

203

aotng O+ 0k
Th ao¢ Lanade

204

A NG AT
17 A®TLLAU-
anx: oo g7
PUA LI PP T?

205

AADO &M MA?

1. A2 hmMAv- 2. AN

Fha-3 Panc N Lrlovant T4

301

anC nas
AT0NP hoek

a7t L C1P1?

Gavrt

302

ARG nazx
PILONGT hhg°q

1. e1.Pp oo h'it

2. NavC4, 271.P) (W07 )
3. PP PR I +A TN
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h&A-4 PAhA a7 aPANNLe AS PANCRE Oy PT

401 | koot 04.9%+C
402 | h&t ah..°1¢-9°
403 | Serum cystatin mg/dL
C
404 | Serum mg/dL
creatinine
405 | eGFR Using the Creatinine  Equation (CKD-EPI  2009)
_mL/min/1.73m2
Using Cystatin C Equation (CKD-EPI 2012)
mL/min/1.73m2
Using Creatinine—Cystatin C Equation (CKD-EPI mix)

mL/min/1.73m?
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