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Abstract

Concordance between Modification of Diet in Renal Disease and Cockcroft-Gault formulas in

chronic kidney disease patients at St. Paul’s Hospital Millennium Medical College
Hunduma Dinsa
Addis Ababa University, 2016

Currently the two most commonly used glomerular filtration rate estimating equations for drug
dosing are the Modification of Diet in Renal Disease (MDRD) and Cockcroft-Gault(CG) formula.
However there is still a concern about whether to use MDRD interchangeably with CG for drug
dosage adjustment. The study was initiated to determine the concordance between MDRD and CG
formula and associated factors in chronic kidney disease patients at Saint Paul’s Hospital
Millennium Medical College (SPHMMC), Addis Ababa, Ethiopia. Design was cross sectional
study which involved patient chart review and self administered questionnaire for physicians
working in the renal clinic during the study period. Among the total of 422 patients, 249 (59%)
were males. Mean age of patients was 46.09 years. The use of MDRD formula for drug dose
adjustment by physicians working in the renal clinic of SPHMMC was six out of nine physicians.
The Pearson correlation coefficient between the CG and the MDRD formula was r=0.94,
P<0.0001.The concordance between the CG and MDRD formula for FDA assigned kidney
function categories and drug dosing recommendation were 73.7%, Kappa=0.644 and 89.6% |,
kappa=0.782 respectively. Age >70 years was associated with discordance between CG and
MDRD formula for drug dosing recommendation whereas serum creatinine 1.2-3.5 mg/dL, weight
<61 Kg and age >70 years were associated with discordance between the two formula for FDA
assigned kidney function categories. Therefore MDRD formula can be used interchangeably with
CG formula for drug dosing recommendation in all adult patients between the age of 18 and 70

years.

Key words: MDRD, CG, drug dose adjustment, concordance.
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1. Introduction

1.1. Background
Chronic kidney disease (CKD) is the presence of kidney damage or a reduction in the glomerular

filtration rate (GFR) for three months or longer. It is a significant and widespread health problem
with growing incidence and prevalence worldwide (Negri et al., 2005). The estimated overall
prevalence of CKD (glomerular filtration rate <60 mL/min/1.73 m2) in adults (aged>18) is
increasing exponentially in the older population (Kondo et al., 2014). Although kidney is the major
organ that plays an important role in the disposition of many drugs (Alahdal and Elberry, 2012), its
impairment is an important global health problem which leads to medication dosing errors
contributing to the major reasons for hospital admission (Leendertse et al., 2012).1t is estimated
that 10% of the population has some kind of renal impairment (Prajapati and Ganguly, 2013).
Medication dosing errors are the most important drug-related problems in patients with renal

impairment (Getachew et al., 2015)

Renal impairment is among important therapeutic problems often under diagnosed despite
established classifications, necessitating attempts to improve drug dosing and disease management
in kidney dysfunction (Emami et al., 2012). Age-related decline in kidney function is seen in a
substantial portion of the older population. Accurate estimation of kidney function is especially
important in this population because these older adults consume nearly 34% of all prescription
drugs and the elimination of many of these drugs depends on the kidneys (Dowling et al., 2013).

Cockcroft-Gault equation remained the most common method for bedside estimation of GFR
because it is very easy to use without a calculator or computer. This advantage of Cockcroft-Gault
formula is keeping it alive in spite of the rapid popularity of MDRD formula (Ali et al., 2013). On

the contrary, the routine reporting of eGFR for adults based on an IDMS-traceable creatinine is



becoming the clinical standard for patient care (Narva, 2009). The availability of new formula,
such as the MDRD combined with the inherent inaccuracies of the original CG formula has led to
variable practices among clinicians and institutions, despite the lack of data supporting their use in
drug dosing (Bookstaver et al., 2008). The Cockcroft-Gault equation is no longer recommended
because it was developed before the standardization of creatinine assays and is less accurate;
however, the preference for which estimate to use varies widely among institutions, and the
Cockcroft-Gault equation is still often used in clinical practice and in pharmacokinetic studies
(Jessica et al., 2015). Currently, no prospective pharmacokinetic studies have been conducted with
use of the MDRD equation to generate dosing recommendations, and limited data are available to
support its use in some patient populations representing demographic extremes. Collectively, these
issues have resulted in considerable confusion among clinicians and have fueled a healthy debate
on whether or not to use the MDRD equation to determine drug dosages (Heather et al., 2011). As
several equations for quick assessment of kidney function by estimating glomerular filtration rate
(eGFR) and several different clinical recommendations for drug dose adjustment in renal failure
are published, choosing the correct approach for drug dosage is difficult for the practitioner (Linde
et al., 2013). Hence, many clinicians are reluctant to use them for this purpose because the FDA
Guidance for Industry, and consequently dosing adjustments listed in product labels for most

medications, recommends using the CG equation(Stevens et al., 2009).



1.2 Statement of the problem

Glomerular filtration rate (GFR) is considered as the best overall indicator of kidney function in
healthy people and patients. However, GFR can’t be measured easily in the clinical setting;
instead, it is estimated with GFR estimating equations. Most commonly used GFR estimating
equations are Cockcroft-gault (CG), Modification of diet in renal disease (MDRD) and chronic
kidney disease epidemiology (CKD-EPI).These GFR estimating equations are affected by
physiologic variables (age, race, sex, muscle mass, weight and height) of an individual. They have
different qualities and significant limitations in the estimation of GFR. Furthermore, they are not
accurate in the population that are different from those in which the equations were
developed(Addisu, 2014).The effort to improve the identification and management of patients with
CKD is therefore based on implementing more precise means of assessing kidney function and
kidney damage in the clinical setting (Narva, 2009). On top of this, patients with CKD require
appropriate medication dosing for disease severity and level of renal function for avoiding adverse
drug events, preventing additional renal injury, and optimizing patient outcomes (Long et al.,

2004).

Hence, currently the two most commonly used GFR estimating equations for drug dosing are the
MDRD and CG formula (Ali et al., 2013). However, there is continued debate over which formula
more accurately estimates renal function (Melloni et al., 2008). International and national
organizations recommend that clinical laboratories report estimated GFR when serum creatinine is
ordered and surveys from College of American Pathologists suggest that 70% of clinical
laboratories in the United States report eGFR using the MDRD Study equation(Stevens et al.,

2009).As with all changes in clinical practice, the implementation of eGFR reporting and



creatinine standardization has created some uncertainty and confusion among health care
providers. A focus of concern is the assessment of kidney function for drug dosing adjustment
(Narva et al., 2009).There is understandable concern about whether to change the conventional use
of CG in drug dosage adjustment to the use of the readily available MDRD(Gill et al., 2007). It is
important to know factors affecting the preference of one formula over the other (Williamson et

al., 2008).

Numerous studies were done to compare these two equations for drug dosing recommendations in
various settings. However there is still no study done in Ethiopia, to compare the agreement
between the MDRD and CG formula for drug dosing purpose. Since the mean weight of the
population in which the MDRD formula was developed is equal to 80 Kg which is high the
concordance may be different in Ethiopians. The aim of this study is to evaluate if CG equation
might be replaced by the MDRD equation for dosage adjustment in CKD patients treated with
nephrotoxic or high renal clearance drugs. The national kidney disease education program
(NKDEP) has published an educational advisory on estimating kidney function for drug dosing
purpose. The advisory encourages the use of MDRD or CG estimating equation. But there are
various controversies on the use of MDRD formula for drug dosing recommendation by the health
care provider. Therefore this study potentially reveals to what extent the MDRD formula is

concordant with CG formula for drug dosing adjustment in CKD patients.



1.3 Literature review

1.3.1 Prevalence of renal impairment
According to United State Renal Data System (USRDS), prevalence of CKD increased by 20-25%

every year in the United States (Iskandar et al., 2012).The prevalence of CKD from the National
Health and Nutrition Examination Survey (NHANES I1I) study from 1988 to 1994, a cross-
sectional representative survey in USA, was 0.2% in the age group 20-39 years, 1.8% in the age
group 40-59 years, 7.6% in the age group 60-69 years, and 24.9% in persons with age 70 and
older as determined by means of the MDRD equation (Rothenbacher, 2008). In the United States,
the estimated prevalence for CKD in adults is 13% (Erler et al., 2012). As estimated in the
NHANES study, the prevalence of renal insufficiency with a GFR under 60 mL/min is 11% to
13% and some 20% of all hospitalized patients have impaired renal function (Hartmann et al.,
2010). To determine the global prevalence of CKD, a systematic review and meta-analysis was
conducted by Nathan et al through literature searches in 8 databases comprising 6,908,440
patients. They found that CKD prevalence by stage based on KDOQI criteria shown in table 1
below, was Stage-1: 35%; Stage-2: 39%; Stage-3: 76% ; Stage-4: 4% and Stage-5: 1% (Nathan et

al., 2016).

In developing nations, the growing prevalence of chronic diseases such as CKD has severe
implications on health and economic output. Systematic review and Meta analysis done in sub-
Saharan Africa has shown that CKD is a substantial health burden with risk factors that include
communicable and non-communicable diseases in which the overall prevalence of CKD from the
21 medium-quality and high-quality studies was 13:9% (Stanifer et al., 2014). In their study
Decloedt et al, also found renal impairment in 32% of medical admissions (Decloedt, et al.,
2010).Using MDRD formula, among 422 patients with serum creatinine>1.2 mg/dL, renal

impairment (GFR<50ml/min) was identified in 54.7% of patients (Gidey et al., 2015).Study done



in internal medicine ward using CG equation shows that nine percent of medical admissions were
found to have renal impairment (CrCI< 59 ml/min) (Getachew et al., 2015). Another study was
done in Butajira hospital of southern Ethiopia in which from a total of 214 diabetics attending the
follow-up clinic CKD was present in 18.2 % and 23.8 % of the study participants according to the
MDRD and CG equations, respectively (Fiseha et al., 2014). The rapid rise of common risk factors
such as diabetes, hypertension, and obesity, especially among the poor, will result in even greater
and more profound burdens that developing nations are not equipped to handle (Nugent et al.,
2011). These underlying conditions leads to the complication of drug therapy as variety of

nephrotoxic pharmacological drugs are employed in these patient groups.

Table 1: The National Kidney Foundation (NKF) Kidney Disease Outcome Quality Initiative

(K/DOQI) classification of chronic kidney disease (CKD)(Hartmann,et al, 2010):

Stages of Chronic Kidney Disease

Stage Description GFR
1 Kidney damage with normal or increased GFR | > 90
2 Kidney damage with a mild decreased in GFR | 60-89
3 Moderate decreased in GFR 30-59
4 Severe decreased in GFR 15-29
5 Kidney failure;GFR<15 or need for dialysis <15

(GFR is expressed in mL/min/1.73m2 of body surface area)




1.3.2 Assessment of kidney function

Patients with CKD may experience accumulation of metabolite(s) as well as the parent compound.
This may result in unexpected cost as the metabolites of some drugs have significant
pharmacologic activity (Matzke et al., 2011). In order to solve this issue CG and MDRD are the
two frequently utilized formulae in clinical practice for estimation of renal GFR (Melloni et al.,
2008).Creatinine clearance (CrCl) measurement using 24 hours urine collection is mainly
neglected in favor of the MDRD and CG formulae, largely because of difficulties in accurate
collection of 24 hours urine (Ali et al., 2013). In 1999 the MDRD formula was developed and is
nowadays recommended for eGFR reporting in adults by the NKDEP and by the Department of
Health in the United Kingdom (KDIGO, 2013).There is compelling evidence for the use of the
MDRD equation in stages 3, 4 and 5 of CKD where it provides a less biased, more precise and
accurate prediction of GFR than estimates using the CG equation (Devaney and Tomson, 2006).
The MDRD equation has its origin from a cohort of outpatients based on '?I iothalamate
clearances with moderate-to-severe renal impairment. An abbreviated 4-variable MDRD equation
uses only age, sex, race, and serum creatinine level to estimate the renal function (Devaney and
Tomson, 2006; Sunder et al., 2014). The MDRD equation is recommended by the NKF as more
accurate for estimating GFR and is currently generated in many laboratory reports (Melloni et al.,
2008). It was also shown in various studies that the MDRD formula gives a more accurate estimate
of GFR in patients with CKD and therefore it is used for estimating CrCl in CKD and patients with

no weight record available (Levey et al., 1999; Emami et al.,2012).

Although the KDOQI clinical practice guideline advocates the use of the traditional CG equation

or MDRD study equation for routine estimation of GFR, the MDRD equation has been proven to



be superior to the CG equation in patients with a GFR lower than 60 mL per minute per 1.73 m?
(Munar and Singh , 2007).It resulted in the most exact diagnosis for values between 15 and
60ml/min/1.73m? (Arrabal-duran et al., 2014).When corrected for creatinine calibration and body
surface area in CKD patients, the correlation of CG and MDRD is very high (r>=0.92) (Gill,et al.,
2007). According to Ali et al, the correlation (r) between eGFR by MDRD and eGFR by CG
equation for CKD stages 1 to 5 was 0.64; 0.31; 0.32; 0.67; and 0.45 respectively (Ali et al., 2013).
However, Linde et al found that the overall correlation between MDRD and CG formulas was
r=0.87, CI (0.81-0.91) (Karsch-volk et al., 2013).

The MDRD Study equation was proved to be useful in adults while the Schwartz is useful in
children. The MDRD equation is as follows:

GFR (ml/min per 1.73 m2) = 186 x Scr*™* x age®®® multiplies if female by 0.742 and

multiplies for black by 1.210

1.3.3 Concordance between MDRD and CG for drug dose adjustment

Patients with renal insufficiency are at risk of inappropriate drug dosing as many drugs and/or their
metabolites are eliminated through the kidneys, implying a need for dose adjustment or drug
discontinuation (Nielsen et al., 2014).The accumulation and toxicity of many drugs can develop
rapidly if dosages are not adjusted in patients with renal impairment (Fanak et al, 2012). Hence,
appropriate drug selection and dosing in CKD patients is important to avoid unwanted effects of
drugs and to ensure optimal patient outcomes. Efforts to reduce dosing errors have the ability to
lower the rate of adverse drug events, reduce the cost and improve the overall delivery of
healthcare (Hassan et al., 2009).For renally eliminated medication, dosage adjustments are
necessary to prevent the adverse effects associated with overdosing (Leendertse et

al.,2012).Dosages of drugs cleared renally are based on renal function calculated as GFR or CrClI.



The various published studies spot light on the discordance between drug doses recommendation
derived from the MDRD equation and CG, commonly reporting rates ranging from 10%-40%, and
speculate on the potential dangers of such differences (i.e., adverse patient outcomes).According to
Narva et al., concordance for drug dosing recommendations based on measured GFR for the 15
renally cleared drugs was also best for MDRD (88%) compared to CGIBW (82%) and CG (85%)
(Narva, 2009).0f the three estimating methods, the CG equation was most likely to generate higher
recommended drug dosages and CGIBW was most likely to generate lower recommended drug
dosages. But overall concordance of recommended drug dosing was 89% between the MDRD and
CG equations. The MDRD produced recommendations that were lower than CG in 9% of the
study population and higher in 10% when CGIBW was used. A study of 409 elderly patients with
CKD demonstrated excellent correlation between the MDRD and CG formulas. In applying these
formulas to dosage adjustments of 8 selected antimicrobials in this same population, 25% of drug
dosage calculations differed between the 2 formulas (Bookstaver et al., 2008).The use of MDRD
equation for drug dosing adjustment in renal impairment patients is encouraged. Implementation of
the CKD-EPI formula in place of MDRD doesn’t have much clinical impact on this specific
application since drug dose adjustment is rarely needed for patients with GFR>60 ml/min. The
national kidney disease education program (NKDEP) has published an educational advisory on
estimating kidney function for drug dosing purpose. The advisory encourages the use of MDRD or

CG estimating equation (Turner, 2016).

During dose adjustment either the dose of a drug must be reduced in inverse proportion to the half-
life, or else the interval between doses must be prolonged proportionally to the half-life. Of the 502
studied drugs, 39% required dose adjustment where 46.9% were adjusted and 53.1% were not

adjusted correctly (Alahdal and Elberry, 2012) . In study done in Paris, France, 34% of



prescription were inappropriate (14% being contraindicated and 20% with inappropriate dosage

given the patient’s renal function (Salomon et al, 2003).

If the GFR is below 60 mL/min, or if the patient is in CKD stage 3 or higher as shown in table 1
above, certain drugs should no longer be given, either because they tend to damage the kidneys or
because they are insufficiently eliminated by poorly functioning kidneys and will therefore
accumulate in the body and cause toxic side effects on other organs (Hartmann et al.,

2010).Therefore safety concern is warranted in patients with GFR less than 60mL/min.

1.3.4 Factors associated with concordance between Cockcroft-Gault and Modification of Diet in
Renal disease

The use of MDRD or CKD-EPI in place of the CG equation for recommendation of drug doses in
patients with renal impairment is widely discouraged, and a report by the FDA cautioned against
this practice. Amazingly, in 2010, the NKDEP suggested that the eGFR (MDRD) and CG can be

used interchangeably for the purpose of drug dosing recommendation(Dowling et al., 2013).

In addition, several studies support, the equation of CG, used in practice to estimate creatinine
clearance from the age, weight and serum creatinine, is unreliable in older people. Similarly, study
done by Pedone et al reported that in middle age kidney failure patients of 78 years, the degree of
discrepancy found between the MDRD and CG is strongly influenced by age. He also observed
that, the more the subject has the characteristics of geriatric patient (advanced age, low weight),
the more the difference between the results of the MDRD formulas and CG is great, and the
estimation of GFR by the MDRD is high compared with that of CG (Pedone et al., 2006). The

MDRD formula has been widely studied in obese Caucasians. The majority of studies reported
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superiority of the MDRD formula on CG formula in these subjects (Eric et al., 2015). The
difference between CG and MDRD is influenced by patient age, weight, and gender. Most
prominent differences were noted in aged and under-weighed subjects. According to Mcfarlandet
al, the greatest discrepancy between eCLCr and eGFR-BSA was observed in individuals over 75

years of age (Mcfarlan et al., 2012).
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2. Objectives

2.1. General objective
* To determine the concordance between Modification of Diet in Renal Disease and
Cockcroft-Gault formula and associated factors in chronic kidney disease patients at St.

Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia.

2.2. Specific objectives

e To determine the prevalence of use of Modification of Diet in Renal Disease formula by
physicians for drug dosing.

e To determine the correlation between estimated glomerular filtration rate by Cockcroft-
Gault and modification of diet in renal disease formulas.

e To determine the concordance between Cockcroft-Gault and modification of diet in renal

disease formula.

e To identify factors associated with the concordance of the two formulas.
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3. Methodology

3.1. Study area and period
The study was conducted at St. Paul’s Hospital Millennium Medical College which is one of
the referral hospitals in Addis Ababa under the Ethiopian Federal Ministry of Health
(FMOH). It is the second largest public hospital in the nation, built by the Emperor Haile
Selassie in 1961 with the help of the German Evangelical Church. The hospital was
established to serve the economically under privileged population, providing services free of
charge to about 75% of its patients. In 2007 it became a medical college and its core
services include the provision of medical care, teaching and research. The hospital has 337
beds with over 1486 clinical and nonclinical staffs and 13 departments including diagnostic
laboratory and its new hemodialysis and renal replacement units. Kidney dialysis treatment
was started at the Saint Paul Hospital in September 2014 with the help from the Egypt
Government and selected doctors at St. Paul’s Hospital in Ethiopia conducted the first
successful kidney transplant on September 27, 2015 and the transplant was performed for
twenty one people so far. According to the nine month report of policy and plan directorate
of the hospital compiled on April 2014, the hospital provides service to an estimated
169,204 people annually who are referred from all over the country. On average 280
patients per month visit the renal clinic of SPHMMC. The study was conducted at

SPHMMC from July, 2016 to September, 2016.

3.2. Study design
Hospital based prospective cross-sectional survey was conducted through structured check list

which involved patient card review.

13



Weight and height of the individual patient was obtained by calibrated balance that was
available in the renal clinic. For each patient in the study, eGFR was calculated using both the
Cockcroft-Gault and the MDRD methods; eGFR using MDRD=186x (creatinine/88.4)
—1.154xage—0.203x (0.742 if female) x (1.21 if black). The result was expressed in
mL/min/1.73 m2.eCrCl using Cockcroft-Gault= [(140—age) x weight in kg]/72x serum
creatinine x (0.85 if female). The result was expressed in mL/min. From among sampled
patient cards which fulfill the inclusion/exclusion criteria; those with estimated GFR lower
than 60 mL per minute according to CG and at least one drug prescribed were included for
further analysis to determine the appropriateness of dose adjustment. After data collection had
been completed, the correctness of the drug dose prescribed for the level of renal function was
compared to drug database (Lexi-Comp) available through Up-to-date version 21.2, which can

be accessed by searching on any individual drug.

3.3. Populations
» The source population: The source populations were all patients visiting the renal clinic
of SPHMMC
» The study population: were all adult patients visiting the renal clinic of SPHMMC during

the study period and have serum creatinine >1.2 mg/dL

3.4. Exclusion and inclusion criteria

Inclusion criteria:

+ Patients >18years of age
+ Patients receiving at least one drug and have the most recent SCr>1.2mg/dL were

included

14



Exclusion criteria

« Patients with the age of less than eighteen years
e Pregnant women

 Patients with acute kidney injury

3.5. Sample size determination and sampling technique
» Sample size determination
To determine the required sample size the single population proportion formula was

employed; Hence,

n= (Za)’pa/d®Where: n = sample size

P = percentage

q=1-p

d = desired degree of precision

Z=is the standard normal value at the level of 95% confidence level

n= (1.96)%(0.5X0.5)/ (0.05)? =384, by adding 10% contingency, n=422

» Sampling techniques
e Sampling technique was convenience sampling technique in which all patients who visit
the renal clinic of SPHMMC and fulfill the inclusion criteria during the study period were

included.
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e To determine the prevalence of MDRD use by physicians, all physicians working in renal

clinic of SPHMMC during the study period were included.

3.6. Study variables

» Independent variables

= Age

= Sex = BMI

= Scr =  Weight
= BSA

= Co morbidity

» Dependent Variable

o Concordance

3.7. Data collection procedures and analysis

» Data collection tool

Data collection tool was developed based on the variables to be collected and the data
were collected from secondary data in individual patient card. Data collection tool (data
abstraction format) developed was used to collect individual patient’s data including
age, sex, Scr, etc. and self administered questionnaire was used to collect data on

prevalence of MDRD formula use by physicians

> Data collectors recruitment

Two data collectors were recruited from nurses working in Renal Clinic and trained on

extraction of data from patient files and techniques of data collection
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» Data quality control

» To maintain the quality of the data, a data collection checklist was prepared and pretest
was done on 5 % of patients for its completeness for coverage of critical domains and
wording clarity cross check by randomly selected patients’ card. Data collectors were

supervised on extraction of data from individual patient’s chart regularly

» Data analysis

Quantitative raw data collected using secondary data was organized and carried out right after
the completion of data collection and data arranged categorically. Then it was entered in to
computer, cleaned and analyzed using statistical package for social sciences (SPSS) version 20.
Descriptive statistics such as frequencies and percentage was summarized and presented in the
form of tables and graphs. Odds ratio and 95% confidence interval was used to check significant
association between dependent & independent variables using Bivariate and Multivariate
analysis by logistic regression model. Concordance between the two formulas for GFR
agreement and dosing recommendation was tested using the kappa test. Pearson’s correlation
coefficient was calculated to quantify degree of linear relation between CG and MDRD
equations. .Bland-Altman analysis was used to show within person difference between the two

equations. In all cases, P-value <0.05 was considered to be significant
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3.8. Ethical consideration
The letter of ethical approval with a reference number of PCP/449/08/16 was obtained from
ethical review board of school of pharmacy, Addis Ababa University and the study was
conducted after permission from the Institutional Review Board (IRB) of SPHMMC by
obtaining letter of ethical clearance with a reference number PM23/294. Confidentiality of
patient data was assured by recruiting data collectors from nurses working in the renal clinic and
the name and address of the patient was not recorded on data abstraction format and only patient

card was used as identity of the data collected.
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4. Result

From a total of 712 patients visited the Renal Clinic of SPHMMC from July - September 2016,

422 patients fulfilled the inclusion criteria and included in the study.

4.1 Socio-demographic characteristics of study participants

Table 2 below shows the socio-demographic characteristics of the study participants. Among the
total of 422 patients, 249 (59%) were males. Mean age of patients was 46.09 (SD 15.72). The
minimum age was 18 and the maximum was 88. Of the total patients, 289(68.5%) have
hypertension as co morbidity followed by diabetes mellitus 115(27.3%), chronic
glomerulonephritis 79(18.7%).0f 422 CKD patients 163(38.6%) took at least one drug which
needed dose adjustment for the level of renal function. Of this 163 patients, drug dose adjustment
was incorrect for 59(35.6 %) according to MDRD formula and 69(42.3%) according to CG

formula. Figure 1 shows the frequency of CKD stages among study participants.

120.0
100.0-—-100.0

100.0

80.0

60.0

31 0-30.8 30.6

16.8
20.0 10.4
0.0

>90 60-89 30-59 15-29 <15 Total

Percentage of each stages of
chronic kidney disease

Stages of chronic kidney disease based on eGFR by
MDRD(mlI/min/1.73m?) and CG(ml/min)

Figure 1: Frequency of chronic kidney disease stages among patients in renal clinic of St. Paul’s
Hospital Millennium Medical College, Addis Ababa, Ethiopia between July — September,
2016(n=422)
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Table 2: Baseline characteristics of chronic kidney disease patients in renal clinic of St. Paul’s
Hospital Millennium Medical College, Addis Ababa, Ethiopia between July — September, 2016
(n=422)

Variables N (%)
Age group <=30 88(20.9)
31-40 97(23)
41-50 78(18.5)
51-60 84(19.9)
61-70 47(11.1)
>70 28(6.6)
Sex Male 249(59)
Female 173(41)
BMI(Kg/m2) <18 35(8.3)
18-24.9 308(73)
25-30 67(15.9)
>30 12(2.8)
Cause/Co morbidity HTN 177(41.9)
DM 17(4.0)
CGN 58(13.7)
Others 55((13)
HTN,DM,CGN 1(0.2)
HTN,DM 94(22.3)
HTN,CGN 17(4.0)
DM,CGN 3(0.7)
At least one drug need dose adjustment Yes 163(38.6)
No 259(61.4)
MDRD correctly adjusted Yes 105(64.4)
No 58(35.6)
CG correctly adjusted Yes 94(57.7)
No 69(42.3)

HTN=Hypertension;DM=Diabetes Mellitus; CGN=Chronic Glomerulonephritis
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4.2 Prevalence of MDRD formula use by physicians working in renal clinic of

SPHMMC

Figure 1 below shows prevalence of MDRD formula use by physicians in the renal clinic of

SPHMMC during the study period. Of 9 physicians eight physicians used MDRD formula for

CKD staging and six physicians used it for drug dose adjustment. Of the eight physicians used

MDRD, six of them used BSA unmodified form of MDRD formula.
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Figure 2: Prevalence of Modification of Diet in Renal Disease formula use by physicians in renal

clinic of St. Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia between July —

September, 2016(n=9)
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4.3 Correlation between eGFR by Cockcroft-Gault and MDRD formula

As shown in table 3 the Cockcroft-Gault equation correlated best with BSA modified MDRD
formula than the BSA unmodified one. The r value was 0.94 with p value of 0.001 for correlation
between CG and BSA unmodified MDRD formula. Similarly the CG was correlated to the BSA

modified MDRD formula with the r value of 0.97 and p value of 0.001

Table 3: Correlation between CG and MDRD formula in chronic kidney disease patients in renal
clinic of St. Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia between July —
September, 2016 (n=422)

Variables Mean+SD R P-value
MDRD BSA unmodified (ml/min/1.73m?) 34.76+23.6 0.94 <0.001
CG(ml/min) 30.91+20.69

MDRD BSA modified(ml/min) 33.80+£24.06 0.97 <0.001
CG(ml/min) 30.91+20.69
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Figure 3: Correlation between estimated glomerular filtration rate by CG and MDRD in chronic
kidney disease patients in renal clinic of St. Paul’s Hospital Millennium Medical College, Addis
Ababa, Ethiopia between July — September, 2016(n=422)

4.4 Concordance between CG and MDRD formula

As shown in table 4 below, concordance of the BSA unmodified MDRD Study equation with CG
for FDA assigned kidney function categories was 73.7%% compared to 80.3% for the BSA
modified MDRD equation (p<0.001). Concordance of BSA unmodified MDRD Study equation
with CG for recommended drug dosages was 89.6% compared to 91.4% for BSA modified

MDRD equation (p<0.001).
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Table 4: Concordance between CG and MDRD formula for GFR agreement and drug dosing
recommendation in chronic kidney disease patients in renal clinic of St. Paul’s Hospital
Millennium Medical College, Addis Ababa, Ethiopia between July — September, 2016 (n=422)

% of Kappa 95% CI P-
agreement test value
For CKD staging CG and BSA unmodified MDRD 73.7 0.644 0.58-0.70 .000
CG and BSA modified MDRD 80.3 0.733 0.68-0.78 .000
For drug dose CG and BSA unmodified MDRD 89.6 0.782 0.67-0.87 .000
adjustment
CG and BSA modified MDRD 91.4 .820 0.73-0.91 .000

In the current study Bland-Altman analysis was done showing the within person differences
between eGFR obtained by CG and MDRD. Agreement of MDRD equation with CG was
inspected visually by using Bland-Altman plots and quantified as the 95% limits of agreement
between estimates. The limits of agreement represent a range of values within which the true
difference between two methods can be said to lie with 95% confidence. In the current study the
true difference was between lower 95% Cl=-20.19 and upper 95% CIl= 12.5 as shown in figure 4
below. MDRD formula overestimates eGFR at lower stages of CKD when compared to CG

formula
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Figure 4: Bland-Altman plots between CG and MDRD formulas in chronic kidney disease
patients in renal clinic of St. Paul’s Hospital Millennium Medical College, Addis Ababa,
Ethiopia between July — September, 2016(n=422)

4.5 Factors associated with concordance between CG and MDRD formula

As shown in table 5 body weight from 61-70 Kg and greater than 70 Kg are associated with
concordance between CG and MDRD formula for GFR agreement with 95% CI(0.032-
0.803,P=0.026) and 95% CI (0.020,0.621;P=0.012) respectively. Similarly serum creatinine
greater than 3.5 mg/dL is associated with higher concordance where as age older than 70 years
old is associated with discordance between the two formulas with 95% CI (0.097,0.327)and 95%

Cl (2.04,15.33;P=0.001) respectively. From table 6, age older than 70 years is associated with
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discrepancy between drug dosing recommendation based on CG and MDRD formula with 95%

Cl (1.22,121.8;P=0.034)

Table 5: Factors associated with the concordance between CG and MDRD formula for GFR

agreement in chronic kidney disease patients in renal clinic of St. Paul’s Hospital Millennium

Medical College, Addis Ababa, Ethiopia between July — September, 2016 (n=422)

Variables GFR 95% C.I. COR P-value 959% C.I. AOR P-value
agreement
Yes No Lower Upper Lower Upper
<40 6 8 1
4150 39 27 0.16 167 052 027 012 215 051 0.36
Weight(Kg) 5160 110 43 010 090 0.29  0.03 008 176 0.39 0.22
61-70 78 17 005 053 016 0003 003 080 0.6 0.03
>70 78 16 005 050 015 0.002 0.02 062 0.11 0.01
Age(years) <30 66 22 1
31-40 77 20 0.39 155 0.78  0.48 039 178 084 0.64
41-50 61 17 041 1.72 084  0.63 043 209 0094 0.89
51-60) 60 24 061 236 120 0.60 0.93 423 1.99 0.08
61-70 34 13 052 256 115 0.74 0.67 399 1.63 0.28
>70 13 15 143 839 346 0.01 20 1533 559 .001
Sr.Cr(mg/dL 1.2-35 172 92 1
)
>35 139 19 0.15 044 0.26 .000 0.10 33 0.18 .000
BMI(Kg/m¥) <18 15 20 1
18- 230 78 012 052 025 .000 0.14  1.02 0.37 0.05
24.9
25-30 58 9 004 031 012 .000 0.08 123 031 0.10
>30 8 4 0.10 1.48 0.38 16 0.13 527 0.82 0.83
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Variables

dL)

Age
(years)

(n=163)
Drug dose
recommendation
agreement
Yes

Sr.Cr(mg/ 1.2-3.5 83 15
>35 63 2
<30 28 1
31-40 30 4
41-50 25 1
51-60) 33 3
61-70 22 3
>70 8 5

Table 6: Factors associated with the concordance between CG and MDRD formula for drug

dosing recommendation agreement in chronic kidney disease patients in renal clinic of St. Paul’s

Hospital Millennium Medical College, Addis Ababa, Ethiopia between July — September, 2016

95% C.1I.
Lower  Upper
0.04 0.8
039 35.46
0.07  18.86
025  25.86
0.37  39.28
1.78 172.17

27

COR

0.18
1
3.73
1.12
2.55
3.82
17.50

P-value

Lower

0.02

0.25
0.94
0.43
0.26
0.01

95% C.I. AOR
Upper

0.04 1.1 0.22
044 420 4.32
0.07 193 1.13
032 359 341
033 366 349
1.22 1218 1217

P-value

0.06

0.21
0.93
0.31
0.30
0.03



5. Discussion

This study is a cross sectional survey designed to assess the concordance between MDRD and
Cockcroft-Gault formula for CKD staging and for drug dosing recommendations in renal clinic
of St. Paul’s Hospital Millennium Medical College. In the current study 422 patients were
included for the determination of the correlation and concordance between CG and MDRD
formula for GFR agreement while only 163(38.6%) patients were analyzed for determining
concordance between CG and MDRD formula for drug dosing recommendation because drug
dose adjustment was required for the level of renal function in 163 patients. The prevalence of
MDRD use among physicians working in renal clinic of SPHMMC was 8 out of nine physicians.
Even though there is limited study conducted on physicians’ use of MDRD formula; the surveys
from College of American Pathologists suggest that 70% of clinical laboratories in the United
States were reporting eGFR using the MDRD Study equation (Stevens et al., 2009). The MDRD
study equation, which uses age, sex and race (but not weight), along with serum creatinine (SCr),
has been more widely utilized in those areas where computerized laboratory estimation of GFR
has been advocated, partly due to the fact that weight is not required in its calculation. Similarly,
since October 2003, all laboratories in British Columbia report an estimated GFR with every
serum creatinine assessment, using the modification of diet in renal disease (MDRD) formula

(Gill et al., 2007).

Correlation between CG and BSA modified and BSA unmodified MDRD in the current study
was r=0.97, p<0.001 and r=0.94, P<0.001 respectively. This is similar with study done by Gill et
al in which the correlation of CG and MDRD is very high that is r=0.96 (Gill et al., 2007), but

the result is greater than what was found by Carmen et al in which the Pearson correlation

28



coefficient between the CG and the MDRD equations was (0.83, p < 0.0001) which is lower than
that of current study because the former one used Cockcroft-Gault equation modified for body
surface (Caldararu et al., 2011).According to Melloni et al correlation between CG and MDRD
estimates of GFR was (r = 0.89; p < 0.0001) and it was conducted on 46,942 patients (Melloni et
al., 2008).The Pearson’s correlation coefficient (95% confidence interval) was 0.84 (0.82-0.85)
for Cockcroft-Gault vs. MDRD (Matsha et al., 2013). This result is lower than the current study
because the former study was community based cohort study which did not restrict the serum
creatinine of each participant. The Pearson’s correlation
coefficient between the GFRs estimated by the Cockcroft-Gault and the MDRD equations in the
whole cohort was 0.828 (p < 0.001). This is still a lower score than the current study because the
former one conducted without regard to the level of serum creatinine of each study participant
(Francisco et al., 2008). Grillo et al also found that correlation analysis of CG and MDRD
estimates shown to be r?=0.69 (p<0.0001) which is lower than the current study because the
former one included patients’ serum creatinine between 0.8 mg/dL and 1.7 mg/dL (Grillo et al.,
2010). The Spearman correlation coefficient between measured and estimated GFR for both
equations was similar (4-V MDRD r” =0.80 and CG r? =0.79) but in the current study current

study the correlation was done between the MDRD and CG (Deventer et al., 2008).

In the current study concordance between Cockcroft-Gault and BSA unmodified MDRD formula
for FDA assigned kidney function categories was 73.7% compared to 80.3% for the BSA
modified MDRD equation (p<0.001).This result is lower than what was found by Steven et al in
which concordance between the MDRD Study equation and the CG for GFR agreement was

78% (p<0.001), probably because the latter one used BSA modified MDRD (Stevens et al.,
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2009).In the current study concordance between CG and MDRD formula for FDA assigned
kidney function categories was compromised in under weight, aged population i.e older than 70
years and serum creatinine greater or equal to 1.2 mg/dL and less than 3.5 mg/dL. This result is
similar in part with that of Roblin et al, in which most prominent differences were seen in aged
and under-weighed subjects (Roblin et al., 2009). Park et al also found that using MDRD in
place of CG for dosage modification yielded higher dosing recommendations for subjects with a
combination of age >80 years, weight <55 kg, and serum creatinine >0.7 and <1.5 mg/dL (Park
et al., 2012). Another study also found that there is difference between the results given by both
MDRD and CG formulas in the elderly over 65 years (P = 0.363) and in Obese subjects ( P =
0.142 ) (Eric et al., 2015). However, in the current study obesity was not associated with
discordance between CG and MDRD formula rather those patients having body weight less than
61 Kg associated with discrepancy. Another study also found that concordance between CG and
MDRD formula was 79%, kappa 0.69 ; 95 CI [0.60-0.77] which is greater than what was found
in the current study (Okparavero et al., 2013).Concordance between CG and MDRD for FDA
assigned kidney function categories was weak k=0.53, 95%CI [0.47,0.59] (Matsha et al., 2013),
as compared to the current study which is moderate k=0.644, 95% CI [0.58,0.70].This difference
might be due to the fact that the current study was done on patients with renal impairment while
the former study was community based. Park et al found that the CG and the MDRD
classification of renal function generally agreed (64.2%, k = 0.54) (Park et al., 2012). MDRD-4
appeared to underestimate the fall in GFR with age compared with creatinine clearance (Ccr)
using 24-hour urine collections, CG and CKD-Epi which is similar to the current study in which
the major discordance between the MDRD and CG formula is in older poplations (Eastwood et

al., 2010). Bland-Altman analysis was also carried out in the current study to check whether
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there was measurement agreement exist between CG and MDRD formulae or not. As shown
from Bland—-Altman plots (figure 4), MDRD equation had strong measurement agreement with
that of CG at lower eGFR and it become weaker at higher eGFR. MDRD equation overestimates
eGFR at lower CKD stages compared to CG. This is similar with what was shown by other
studies, in which MDRD overestimates eGFR at higher values (Orvin et al., 2015; Mar et al.,
2015). In stage 1-2, CKD eGFR overestimated measured GFR by 52.5, 38.0, and 19.3% for CG,
MDRD (ethnicity-corrected), and MDRD (without correction), respectively which is not similar
to the current study in which MDRD formula overestimated eGFR at stage 1-2 CKD when

compared to CG (Madala et al., 2012).

Concordance of BSA unmodified MDRD Study equation with CG for recommended drug
dosages was 89.6% compared to 91.4% for BSA modified MDRD equation (p<0.001). This
result is similar with stevens et al in which concordance rate between CG and MDRD study
equation for recommended drug dosages 89% (p<0.05)(Stevens et al., 2009). In the current study
the discordance rate was 10.4% and it is similar with what was found by Manzano-Fernandez et
al which was 10% (Manzano-Fernandez et al., 2015). Another study also found out the
discordance rate between CG and MDRD for drug dosing recommendation to be 12.4%
(Moranville and Jennings, 2009). Golik et al conducted comparison of dosing recommendations
for four antimicrobial drugs based on CG and MDRD formulas. They found discordance rate
ranging from 22.8-36.3% which is different from that of the current study because the former
one included only patients’ serum creatinine with mean +SD of 1.41 + 0.95 mg/dl which

contributes to the higher discordance (Golik and Lawrence, 2008).
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According to Hermsen et al study, level of concordance for the need for dosage adjustment based
on the two equations was moderate (kappa coefficient 0.57, 95% confidence interval 0.5-0.63)
(Hermsen et al., 2009) and their result is less than the current study which is good (kappa 0.782,
95% CI 0.67-0.87.).The former study was exclusively done on antimicrobial drugs alone whereas
the current study included all drugs which needed drug dose adjustment for the level of renal
function which might contribute to the difference between the two studies. In the current study
82.4% of patients with discordant dose recommendation would receive a higher dose if the
MDRD GFR was used while 99.1% of patients with discordant dose recommendations would
receive a higher dose if the MDRD GFR was used in study done by Hermsen et al (Hermsenet
al., 2009).Another study also showed that in the 27 discordant cases, 67% of patients would have
received a higher dose using the MDRD equation (Sarah et al., 2010). In the current study, age
>70 years was associated with discordance between the two formulas for drug dosing
recommendation. Since implementation of automatic reporting of MDRD calculated GFR in
British Columbia, pharmacists have noted large discrepancies in drug doses calculated using
MDRD and CG equations in elderly nursing home patients (Gill et al., 2007). Another research
also found that those aged >80 years were more than 15-fold (OR=15.41; 95% CI 10.00 to
23.75) more likely to be incorrectly dosed by MDRD (MacCallum et al., 2013). For patients with
advanced age further work is needed before the MDRD equations can replace the CG equation
for dose adjustment in the labeling (Park et al., 2012). According to Mcfarland et al, the greatest
discrepancy between CG and BSA modified MDRD for drug dosing recommendation was
observed in individuals over 75 years of age. This difference may be because, the latter study
used BSA modified MDRD (Mcfarland et al, 2012).Another study has also shown that

discrepancies between CG and MDRD derived drug dosing regimens have been observed in

32



elderly patients (Prashanth et al., 2016). A Pub Med literature search for all English-language
articles published before November 2007 was conducted to compare the use of this estimated
GFR with estimated creatinine clearance (CrCl) calculated using the CG equation in the dosing
of drugs requiring adjustments in elderly patients with declining renal function. None of the
articles identified found that the use of the MDRD equation in the elderly was better than the CG

for estimating renal drug elimination (Spruill and Wade, 2008).
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6. Limitation of the study

Firstly, this study evaluated recommended doses of various renally excreted dugs rather than
outcomes of different dosing. Therefore; outcome were drug dosage recommendations, rather
than observed drug efficacy and safety.

The difference in accuracy between CG and MDRD study equation is similar at lower level of
GFR. Therefore the reported discordance rates for the MDRD study equation may not accurately

reflect discordance at lower GFR where drug dosing adjustment is more common.

Study participants’ creatinine levels at the time of study visit were assumed to be at the same

levels at the time their drug dosages were determined.

The sample size for physicians for assessing the prevalence of use of Modification of Diet in

Renal Disease was too small.

It is not known whether study participants’ measured serum creatinine is standardized or not
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7. Conclusion

The concordance between CG and MDRD formulas for drug dosing recommendation and for
FDA assigned kidney function categories fall into good concordance that is concordance rate
89.6%, kappa= 0.782 and concordance rate 73.7% kappa=0.644 respectively. Age older than 70
years associated with minimal concordance. Therefore; MDRD formula can be used
interchangeably with Cockcroft-Gault formula for drug dosing recommendation in all adult

patients between the age of 18 and 70 years.
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8. Recommendation

Based on the findings of the current study the following recommendations can be made:

e The MDRD formula should not be used for all age groups

e Itis important to expand the sample size of Physicians to determine the prevalence of
use of MDRD

e The concordance between the CG and MDRD formula for FDA assigned GFR
categories should be conducted at community level

e Further research on estimation of GFR and the development of an international
consensus on concordant recommendations for practitioners concerning drug dose

adjustment in renal failure are desirable
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Annex I. Questionnaires
1. Demographic information

Age:

Sex:

Specialty:

Specialist [ ]
Resident [ ]

General practitioner  [__]

2. Have you ever used GFR estimating equation(s)?

Yes [ ] No[__] If No, thank you.
3. If yes which one and for what purpose? You can choose more than one alternatives
a. Cockcroft-gault : For estimating GFR[__] For drug dose adjustment [ JForboth [ ]
b. MDRD: Forestimating GFR [ ] For drug dose adjustment [ ]Forboth [ ]
c. Others specify:
4. If your choice for question 3, is “B” and used it for drug dose adjustment, for which
patient group?
a. Age>70 years
b. Age 18-70 years
c. Age<18 years
d. All age groups

5. Again if your choice for question 3, is “B” and used it for drug dose adjustment, for
which type of renal impairment?
A. AKI
B. CKD

6. Which unit do you use for MDRD formula in drug dose adjustment?

A.ml/min  B.ml/min/1.73 m?
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Annex II: Data abstraction format

1.

© N o g B~ D

10.

Card No:
Sex: Male [ Female: []
Age: years

Weight: Kg

Height: cm

Date of hospital visit:

Reason of Hospital visit:

Lab Findings:

Scr (mg/dL) | BUN(mg/dL) | Date of measurement

List of drug prescribed during visit or Hospital stay

S.N | Drug prescribed Dose, frequency, administration,

duration

Date prescribed

O 0| N| o g | W N|

10

Known Cause/Co morbid diseases:

1. Hypertension 3. Glomerulonephritis

2. Diabetes mellitus 4. Others specify:
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Annex III-Consent Form
Addis Ababa University

College of Health Science

Post Graduate Studies

School of Pharmacy

Department of Pharmacology and clinical pharmacy

Informed consent form prepared to compare MDRD equation with Cockcroftgault among
patients who visit renal unit of St. Paul’s Hospital Millennium Medical College.

Part I: Information about the Study

My name is Hunduma Dinsa Ayeno; currently | am a graduate student at the department of

Pharmacology and Clinical Pharmacy, College of health science, Addis Ababa University. | am
conducting a study entitled “Concordance between Modification of Diet in Renal Disease and
Cockcroft-Gault formulas in chronic kidney disease patients at St. Paul’s Hospital Millennium
Medical College”. If you participate in the study, it is important to know the prevalence of use of
the MDRD formula for dosing recommendation. Furthermore, the result of this research is
important to identify the degree of the agreement between the MDRD formula and Cockcroft-
Gault formulas for drug dosing recommendations. The information which obtained from the
study will also contribute for determining if Cockcroft-Gault equation might be replaced by the
abbreviated MDRD equation for dosage adjustment in chronic kidney disease patients. | kindly
request you to participate in this study by providing response for all the following questions. This
information will be used only for research purpose. Your participation in this study is completely
on voluntary bases and you have a right to refuse or interrupt the participation at any time. You
will not write your name on the questionnaires. Your genuine participation is very important for
the outcome of the research and all of your information is kept confidentially. If you need

clarification you can ask questions .1 would like to appreciate your participation.
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Part 11 consent

Are you volunteer to participate in the study 1. Yes 2.No

In signing this document, | am giving my informed consent to participate in the study entitled

“Concordance between Modification of Diet in Renal Disease and Cockcroft-Gault formulas in
chronic kidney disease patients at St. Paul’s Hospital Millennium Medical College”. | have been
informed that the purpose of this research. | have been informed that my participation in this
study is willing full and voluntary even. | have right to refuse or interrupt from participating in
the study any time and my name will not be mentioned on the questionnaire. | undersigned, have

understood the purpose of the study and fully agreed to participate in the study.

Participant’s

Name Signature Date

Data Collector’s

Name Signature Date
Supervisor’s

Name Signature Date
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