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ABSTRACT

BACK GROUND: Kidney disease is far more common in people with diabetes than in people
without diabetes .About 20—40% all type of diabetic patients will develop a diabetic renal

disease during the course of their disease.

OBJECTIVE: -To assess renal impairment and associated factors among typel and type 2
diabetic patients attending Jimma University Medical Center, South West Ethiopia.

MATERIALS AND METHODS: - A hospital based comparative cross—sectional study was
conducted among type 1 and type 2 diabetic patients and apparently healthy individuals, aged 18
vears and above at Jimma University Medical Center from January 9 to March 22, 2017.

A total of 234 diabetes (both typel and 2) and 234 apparently healthy individuals were enrolled
by consecutive sampling technique. Socio-demographic and clinical data were collected using a
structured questionnaire. Fasting venous blood was collected from each study participant by
trained nurses. Fasting blood glucose, serum creatinine and urea were analyzed by using
Mindray BS 200E chemistry analyzer. Estimated glomerular filtration rate was calculated by
Cockcroft & Gault formula. Descriptive statistics, Pearson’s Chi-square, Mann-Whitney test;
spearman’s correlation coefficient and logistic regression analysis were done using SPSS

version2( software.

RESULTS: -About 21.8% and 13.8 % of diabetic patients had renal impairment (stage 3 CKD-
eGFR) by CG-BSA and MDRD respectively, whereas the renal impairment (stage 3 CKD-eGFR)
among apparently healthy individuals was 2.6% by CG-BSA and 1.3% by MDRD equation.
Age>50 year (OR 3.12, p=0.014); female sex (OR 3.35, p=0.008), duration of diabetes >10 year
(OR 2.42, P=0.043, history of hypertension (OR 8.84, p<0.001), diastolic blood pressure
>90mmHg (OR 5.48, p=0.004) and high blood glucose >130mg/dl (OR 8.44, p=0.003) were

significantly associated with renal impairment calculated by CG-BSA in people with diabetes.

CONCLUSION AND RECOMMENDATION:-The overall prevalence of renal impairment in
diabetes was higher than non-diabetic individuals. Tight glycemic control should be a high

priority in reducing the renal impairment burden in the study area.
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OPERATIONAL DEFINITIONS

Alcohol consumption: - An individual having 2-3 alcohol drinks per week before data

collection period.
Analgesics: -An individual always takes anti-inflammatory drug when he experiences pain.

Cases: -Adult diabetic patients who have chronic illness clinic follow up and participated in the

study.

Controls: - Individuals who have no history of DM and other chronic diseases participated in the

study.

Current smoker:-An individual who were practicing smoking cigarette for the last 12months

before this study.

Hyperglycemia:-Diabetes patient whose fasting blood glucose level was > 130mg/dl.
Non-alcohol consumption:-An individual who not having more than 2 drinks per week.
Non-smoker:-An individual who has no history of smoking.

Normoglycemia: - Diabetes patient whose fasting blood sugar level <130mg/dl

Poor glycemic control:-fasting blood glucose level >130 mg/dl.

Previous smoker:-An individual who were previous history of cigarette smoking at least one

year but stop at the time of study.

Renal impairment: - is defined as an eGFR < 60 mL/min/1.73m’.

Traditional medicine: An individual who have used traditional medicine at least once per year.
Type 1 diabetes: - A case identified for having initial insulin treatment from diagnosis.

Type 2 diabetes: - A case identified for having initial oral antihyperglycemic treatment from

diagnosis
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CHAPTER ONE:-INTRODUCTION

1.1 Background

Diabetes mellitus is a chronic, progressive disease characterized by elevated levels of
blood glucose. It occurs either when the pancreas does not produce enough insulin, or when the
body cannot effectively use the insulin it produces (1). The abnormalities in carbohydrate, fat,
and protein metabolism that are found in diabetes are caused by either lack of insulin secretion or

decreased sensitivity of target tissues to insulin (2).

Depending on the etiology of the diabetes mellitus, factors contributing to hyperglycemia include
reduced insulin secretion, decreased glucose utilization and increased glucose production(3). On
other hand, hyperglycemia develops as a result of three processes: increased gluconeogenesis,
accelerated glycogenolysis, and impaired glucose utilization by peripheral tissues(this is
magnified by transient insulin resistance due to the hormone imbalance itself as well as the

elevated free fatty acid concentrations)(4).

Normally, the kidneys play multiple roles in the body, including blood filtration, reabsorption,
metabolism and excretion of the nonprotein nitrogenous wastes such as creatinine and urea as

well as the elimination of exogenous molecules (5).

The hyperglycemic state itself is a strong risk factor for diabetic kidney disease(6). The
mechanisms responsible for the development and progression of diabetic kidney disease remains
poorly understood. However, it is known that progression of diabetic kidney disease correlates
closely with level of high blood sugar. Prolonged hyperglycemia leads to chronic metabolic and
hemodynamic changes that modulate various intracellular signaling pathways, transcription
factors, cytokines, chemokines, and growth factors(7). The cumulative result of these changes
promotes structural abnormalities in the kidney, such as glomerular basement membrane
thickening, podocytes injury and loss and mesangial matrix expansion and functional alterations
such as increased permeability of glomerular basement membrane or shear stress(8), the
occurrence of glomerular sclerosis and tubulointerstitial fibrosis associated with declining

glomerular filtration rate (GFR)(9).



Creatinine is an end-product of nitrogen metabolism and is produced in muscle from creatine
and phosphate by irreversible, nonenzymatic, spontaneous loss of water (10). It is subsequently
excreted principally by way of the kidneys, predominantly by glomerular filtration without
tubular reabsorption(11). Thus, creatinine concentration in serum is very useful indexes for
evaluating glomerular filtration rate and a general reflection of renal function(12), also it is the
most common screening test for chronic kidney disease in current clinical practice. Because, it is
not plasma protein bound, not metabolized in the kidney and therefore is freely filtered in the
glomerulus, not reabsorbed by renal tubules and a small amount is secreted by the tubules,
making it an excellent marker of glomerular filtration(13). It is produced at a relatively constant
rate, which is in turn proportional to muscle mass .However, between-person variability in
creatinine generation rate related to age, sex, muscle mass, race, exercise and perhaps other

factors limits the use of creatinine in the estimation of Glomerular filtration rate(GFR)(14).

Similarly, Urea is a nonprotein nitrogen compound formed in the liver from ammonia as an end
product of protein metabolism(15). It diffuses freely into extracellular and intracellular fluid and
is ultimately excreted by the kidneys(16).However, about 40-50% filtered urea may be
reabsorbed back into the blood by passive transport in the nephron tubules, although the
proportion is reduced in advanced renal failure(17). This reabsorption of urea is flow dependent

so that more urea is reabsorbed at lower urine flow rates(18).

Serum urea is a less reliable marker of glomerular filtration rate than creatinine and insensitive in
detecting renal disease, because its level is increased by other non-nephrogenous factors such as
dietary protein, accelerated protein catabolism, dehydration ,hypoperfusion of the kidneys and
steroid administration(19). A significantly elevated plasma urea concentration is indicative of

impaired glomerular function leads to chronic kidney disease(20).

Glomerular filtration is the physiological process of creating an ultrafiltrate of plasma as it passes
through the glomerular capillaries(21).Glomerular filtration rate is traditionally considered as the
best overall index of renal function in health and disease and the most widely used renal function

test in current clinical practice than serum creatinine alone(22,23).

The most commonly used method to evaluate GFR is creatinine clearance. It is assessed using a

timed urine collection and measurement of creatinine excretion over a predefined time period



(often 24hs) and simultaneously in blood (assumes steady state) using the following equation:
CrCl (mL/min) = [urinary creatinine (mg/dL) x urine volume (mL/min)] / [SCr (mg/dL)].
However, it is limited in current routine clinical practice due to errors of accurate urine collection
inaccurate record of time(24),and systematically overestimates GFR because of tubular secretion

of creatinine(25).

As mentioned, the 24-hour urine collection can be difficult to perform accurately. For this
reason, the development of formula- based calculations of estimated GFR (eGFR) has offered a
very practical and easy approach by combining the patient’s serum creatinine with factors such
as age, weight, race, and gender)(26). Additionally, estimation of GFR is central to the diagnosis,

evaluation, and management of kidney disease(27).

Kidney disease (nephropathy) is far more common in people with diabetes than in people

without diabetes; and diabetes is one of the leading causes of chronic kidney disease(CKD)(28).

CKD includes a spectrum of pathophysiologic processes associated with abnormal kidney

function and a progressive decline in glomerular filtration rate(29,30).

According to the National Kidney Foundation, different degrees of CKD from the earliest
kidney damage to end-stage renal disease have been classified into five stages on the basis of
markers of kidney damage and level of kidney function (glomerular filtration rate) (31).CKD
stage 1 is kidney damage with normal or increased GFR (>90ml/min/1.73m%),CKD stage 2 is
kidney damage with mild or reduced GFR (60-89ml/min/1.73m?),CKD stage 3 is kidney damage
with moderate reduction in GFR (30-59ml/min/1.73m?),CKD stage 4 is kidney damage with
severe reduction in GFR (15-29ml/min/1.73m?) and CKD stage 5 is kidney failure (GFR <
15ml/min/1.73m? or dialysis)(31).

Renal disease is also not uncommon complication of diabetes in Ethiopia; particularly in the
study area amongst diabetic patients. But there are limited studies that determine the prevalence
of renal impairment and associated factors among T1DM and T2DM in Jimma, Ethiopia.
Therefore, the aim of the study is to assess renal impairment and associated factors in diabetic
patients in reference to apparently healthy individuals in Jimma University Medical Center,

South West Ethiopia.



1.2 Statement of the problem
Diabetes mellitus has become the mainly common cause of renal function impairment in various
parts of the world in general, and in developing countries in particular(32). Diabetic kidney
disease is not uncommon complication of diabetes (both type 1 and 2 diabetes) all over the world

(33).

The incidence and prevalence of diabetes mellitus has a major impact on development of diabetic
kidney disease(34). Diabetic kidney disease is also one of the most frequent and serious
complications of both types of diabetes and the leading cause of end-stage renal disease
(ESRD), accounting for approximately 50% of cases in the developed world(35). It is estimated
that 20-40% of patients with diabetes will develop a diabetic renal disease during the course of

their disease(36).

In the United States, the prevalence of diabetic nephropathy increased in direct proportion to the
prevalence of diabetes, without a change in the prevalence of DKD among those with diabetes
and continues to rise and it remains a strong predictor of morbidity and mortality in diabetic
patients(37,38). Among U.S. adults aged 20 years or older with diagnosed diabetes, the estimated
crude prevalence of chronic kidney disease (stages 1-4) was 36.5% during 2011-2012(39).

Chronic kidney disease has been suggested to be more frequent among patients with diabetes in
Africa as compared to those in the developed world due to late referral to hospital, delayed
diagnosis, limited screening and diagnostic resources, limited capacity of health workers for
CKD detection and prevention, poor control of blood sugar and other risk factors(include mainly
hypertension, obesity, history of heart disease, poor glycemic control and disease
duration),inadequate treatment of complications at an early stage and poor awareness of kidney

disease in the community(40—42).

Although in Sub-Saharan Africa few studies have described the burden of CKD among adults
with diabetes, chronic kidney disease(CKD) is one of the most common complications of
diabetes and a serious health threat in this region(43).In Sub-Saharan Africa, people with
diabetes, prevalence of CKD in several countries may approximate or exceed that of many high
income countries(44). Even though, overall diabetic nephropathy prevalence is between 6%-

16%(45),a recent meta-analyses and systematic reviews of observational studies on diabetic



nephropathy in Africa conducted between January 1994 and July 2014,showed that the
prevalence rate of DN was as high as 11%-83.7% (46).

In Ethiopia including the study area, poor glycemic control, shortage of drugs and insulin, poor
treatment response for hyperglycemia, lack of diabetes team care, lack of awareness of the
disease leads to high burden of diabetes-related complications, for instance diabetic kidney
disease(47). Retrospective observational studies showed that prevalence of nephropathy in
diabetic patients was 6.1%(48),15.7%((49),Proteinurea 13.8% %(50) and microalbuminuria in
Typel DM 32% and Type 2DM 37%(51) respectively. But as to the knowledge of the principal
investigator, there is paucity of data about the prevalence of renal impairment (nephropathy) and
associated factors compared to apparently healthy individuals in the country, specifically in the
study area. For that reason, this study was undertaken to fill this gap in the literature. The present
study is expected to assess renal impairment and associated factors among diabetic patients

attending at Jimma University Medical Center, South West Ethiopia.



1.3 Significance of the study

Diabetes mellitus is one of the primary risk factors for developing renal impairment globally.
However, few studies have described the burden of renal impairment among adults with diabetes
in South West Ethiopia, particularly in Jimma. Therefore, in this study we aimed to assess renal
impairment and associated factors among people with diabetes (both typeland 2) attending our
chronic illness clinic in JUMC as compared to apparently healthy individuals. The findings of
this study may be used as baseline data for other researchers who have interest to conduct similar
study and may be used for national policy makers to develop intervention strategies to reduce
morbidity and mortality of diabetic patients from diabetic associated kidney disease and to create

awareness with regard to the recent burden of renal impairment among people with diabetes.



CHAPTERTWO:-LITERATURE REVIEW

At present, an estimated 415 million adults are living with diabetes worldwide, aged between 20
and 79 years old, the global prevalence being of 8.8% and by 2040 this number is expected be
raised to 642 million, with a prevalence of 10.4%(52).

In 2013 IDF Diabetes Atlas projected that the prevalence of diabetes with economic
development is 4.4% in low-income, 5.0% in lower-middle income and 7.0% in upper-middle

income countries of Africa region(53).

With the global epidemic of diabetes, diabetic nephropathy has become an important clinical
and public health challenge associated with type 1 and type 2 diabetes worldwide, particularly in

low and middle-income countries(54).

Diseases of the kidney are a common finding in people with diabetes, with up to half
demonstrating signs of kidney damage in their lifetime(55,56). Diabetic nephropathy is the
commonest cause of chronic renal failure globally and in the Sub-Saharan Africa and causes

renal failure in one third of patients who require dialysis(57,58).

A cross-sectional national medical chart audit study was conducted on the prevalence,
determinants and co-morbidities of Chronic Kidney Disease among First Nations adults with
diabetes in the year 2012. A total number of 885 FN adults (18 years and older) with type 2
diabetes who lived in First Nations communities across seven provinces in Canada were
included. The result of the study showed that, the overall prevalence of CKD-eGFR <60
mL/min/1.73 m*> was 15.5% calculated by MDRD equation. The independent determinants of
CKD-eGFR <60 were increasing age at diabetes diagnosis, diabetes duration and systolic

BP(59).

On the other hand, an observational study was conducted on 7596 adults known to have diabetes
in primary and secondary care in Salford, Greater Manchester, UK in January 2004. The study
revealed that the prevalence of CKD was 27.5% .Moreover; an increased risk of CKD-eGFR
MDRD was seen with female sex, older age and long duration of diabetes. But the type of

diabetes was not associated with an increased incidence of CKD-eGFR(60).



Similarly, a cross-sectional survey was conducted on a total of 10740 enlisted diabetes and
hypertension patients, aged >25 years at two Dutch primary health care centers, The Netherlands
in October 2006. The study findings indicated that the prevalence of CKD-eGFR calculated by
MDRD in people with diabetes was 28 %. On the other hand, decreased eGFR-MDRD was

associated with older age and female sex(61).

In addition to this, a population-based cross sectional study was conducted to assess the
prevalence of CKD and, and to evaluate any relationship between age, gender, diabetes, obesity,
hypertension, and CKD in the Black Sea Region, Turkey. A total of 1,079 persons, aged 18-95
years were selected in this study by stratified sampling technique. The study showed that, the
prevalence of CKD by MDRD in the general population, diabetics and nondiabetics was 5.75%,
8.77% and 5.58% respectively. On the other hand, older age, female gender, obesity and
hypertension were found to be significant risk factors development of CKD in the study

population(62).

Similarly, an institution based cross-sectional study was conducted on a total of 6,045 high-risk
adult population in aged > 30 years with hypertension or diabetes who visited health centers as
well as primary or secondary private institutions from 2007 in five cities of Korea. Estimated
glomerular filtration rate (¢GFR) was calculated using the CKD-EPI equation. The study showed
that prevalence of reduced renal function, albuminuria, and CKD in the study population were
24.6%, 22.6%, and 39.6 % respectively. Older age, hypertension, higher body mass index,
higher systolic and diastolic blood pressure were independently associated with the presence of
CKD ,whereas the prevalence of reduced renal function was not significant difference between

women and men (25.0% vs. 24.3%, p = 0.552) (63).

Another cross-sectional study conducted on a total of 4,898 persons in Wisconsin, Singapore
found that, the prevalence of CKD-eGFR MDRD was 51.8%. Age, male gender, obese persons,
use of NSAIDs, presence of hypertension and history of cardiovascular disease were associated
with CKD. In addition lower education, current and previous smoking was associated with CKD.

On the other hand, current alcohol consumption was not significantly associated with CKD(64).

In addition to this, a cross-sectional screening programme was conducted in Dharan, Nepal on a

total of 1330 diabetic and 16623 non diabetic populations, aged > 18 years old. The study



showed that, the prevalence of reduced eGFR in diabetic and non diabetic participants calculated

by MDRD equation was 32% and 18% respectively(65).

Similarly, a cross-sectional study was conducted on a total of 6,387 adults, aged 20 to 79 years
and residing in the Pudong New Area of Shanghai, China. Study participants were randomly
selected through a three-stage sampling process between April and July 2008. The study showed
that MDRD Study equation based CKD in known diabetes was 25.8%.Factors associated with
CKD were hypertension, female gender, higher BMI and older age while decreased GFR-MDRD

was associated with increased age, male sex, and hypertension(66).

Another cross-sectional survey was carried out on a total of 1000 participants, aged from 15 to
65 years selected by a simple random sampling at Dhaka city in Bangladesh over the period from
July 2003 to June 2005. The survey revealed that based on MDRD equation, 13.1% of the
participants were detected as having CKD) while with Cockcroft-Gault equation 16% had CKD.
Increased age and being married had significant association with developing CKD. Conversely,
being female sex, housewives and illiterate, and having low income was not associated with

CKD (67).

A retrospective analytical study was conducted by reviewing the clinical records of the patients
with type 2 diabetes who attended the National Diabetes Centre of Sri Lanka from January 2005
to December 2010. A total of 12517 type 2 diabetic patients aged 20 years or above were
included in the study. The study showed that nephropathy was significantly associated with high
fasting blood glucose, high systolic blood pressure and diastolic blood pressure and high body

mass index(68)

A cross-sectional and a hospital based case control study were conducted on T2 DM patients in
Oman, in order to assess the prevalence and the risk factors for diabetic nephropathy
respectively. For the prevalence study, 699 diabetic subjects were selected randomly. For the
case control study, 215 cases and 358 controls were randomly selected from those who were
included in the cross-sectional study. The study findings showed that the overall prevalence of
diabetic nephropathy was 42.5%. Male gender , decreased literacy, long duration of diabetes,
family history of diabetic nephropathy and poor glycaemic control found to be significantly
associated with CKD(69).



An observational cohort study was conducted on a total of 11,409 participants aged between 40
to 75 years randomly selected from Golestan Province of North East of Iran from 2004 to 2008.
The study showed that prevalence of CKD-eGFR calculated by MDRD formula was 23.7%.
Older age, female sex, urban residence, hypertension and larger BMI were all associated with

CKD(70).

On the other hand, an institution based cross-sectional study was conducted to determine the
prevalence of chronic kidney disease among adults with diabetes mellitus attended at a public
primary health care clinic in southern Chile. One hundred patients with type 2 diabetes mellitus,
aged more than 15 years participated in this cross sectional study. The study showed that, the
overall prevalence of CKD-MDRD was 34 %.Female sex, insulin treatment, current and

previous smoking were not significantly associated with eGFR-MDRD < 60ml/min/1.73 m*(71).

An analytical cross-sectional study was conducted on 344 diabetic patients, aged >18years who
had attended an outpatient clinic at Parirenyatwa Hospital, Harare, Zimbabwe, between October
2013 and July 2014.The prevalence of decreased renal function in diabetic patients was 42.9% ,
while 28.6% in T1 and 43.5% in T2 DM patients respectively(72).

In addition to this, a population-based survey was conducted on a total of 1037 adults (= 18
years) who resided in Saint-Louis, Senegal from January to May 2012.The Survey results

showed that the overall prevalence of CKD estimated by MDRD equation was 4.9%(73).

Another community-based survey conducted on 1095 randomly selected Tanzanian adults (>18
years) between May 2012 and April 2013 showed that the prevalence of reduced eGFR
calculated by MDRD was 5.1%, 11.0% and 9.4% in Mwanza city, district towns and rural areas,
respectively. The study also indicated that decreased renal function was associated with district

town residence, older age, lower income and hypertension (74).

An institution based cross-sectional study was conducted on a total of 4815 participants (421
cases and 4394 controls) ,aged>18 years from university medical centers in Ibadan, Enugu, and
Lagos in Nigeria, Accra, and Kumasi in Ghana and Eldoret in Kenya as part of a genetic
epidemiology study of T2D in sub-Saharan Africans. According to the result of the study, 13.4%
impaired kidney function was found in T2diabetes compared to 4.8% of impaired kidney

function in individuals without T2 diabetes. This race and gender-specific eGFR was calculated
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by using the Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equations(75).

In addition to this, a cross-sectional study was conducted on a total of two hundred eight
diabetic, hypertensive and both diabetic and hypertensive patients (aged >18 years) enrolled
consecutively at the outpatient diabetes and hypertension clinics of the Government hospitals in
South Western Ghana. The study revealed that the prevalence of CKD by CKD-EPI and urine
albumin-creatinine ratio was 27 % in patients with diabetes, 22 % in patients with hypertension
only and 74 % in patients with both diabetes and hypertension. High systolic and diastolic blood
pressure was associated with CKD(76).

Moreover, a pilot cross-sectional community-based survey was conducted on 273 individuals at
police housing complexes in Greater Khartoum, Sudan. Out of 436 individuals approached, 426
responded to respective questionnaire and had their anthropometric measures and blood pressure
recorded. However, because of lack of some subjects’ consent and .The study revealed that, the
overall prevalence of CKD was 11% using the standardized Cockcroft-Gault equation and 7.7%
using the four variable MDRD equations. Moreover, older age and low educational level were

significantly associated with CKD(77).

A cross sectional descriptive study was conducted on 100 known diabetic patients whom are on
regular follow up at diabetic clinic of Halibet and Hazhaz National Referral Hospital in Asmara,
Eritrea from Oct 2014 to Jan 2015.The study showed that 75% of the patients were in stage 1
CKD with normal or elevated GFR, and 21% of the patient were in stage 2 CKD with mild GFR
reduction whereas only 4% of the patients were in stage 3 with moderate decreased GFR, and no

patients in stage 4 with severe GFR reduction using (CKD-EPI 2009) equation(78).

A facility based across sectional study was conducted on 214 diabetic patients in Butajira
hospital of Southern Ethiopia over a period of two months (September 2013 to October 2013).
The result of the study indicated that 18.2 and 23.8 % of the study participants were found to
have reduced renal function, according to the MDRD and Cockcroft-Gault equations,
respectively. Moreover, reduced renal function was found in 18.2 and 23.8% of participants with
normal serum creatinine using the MDRD and C-G equations, respectively. The result of the

study also indicated that the major risk factors for the development of CKD were older age,

11



longer duration of diabetes and family history of kidney disease, poor glucose control and

obesity(79).

Comparisons of renal function parameters and renal impairment associated factors in

diabetic and non-diabetic subjects

A cross-sectional study conducted on 121 consecutive patients with diabetes referred for
coronary angiography due to coronary heart disease to the Department of Invasive Cardiology of
the Medical University Hospital in Bialystok, Poland in 2008,and a reference group consisting of
64 patients without diabetes also referred for coronary angiography showed that, body mass
index, serum creatinine concentration were significant higher in diabetes compared to non-
diabetes(p<0.001 for each) while systolic and diastolic blood pressure were not significant

between two groups(p>0.05)(80).

The Korea National Health and Nutrition Examination Survey (KNHANES) V conducted a cross
sectional, nationwide survey on a total of 3,992 non diabetics and 660 with diabetic subjects
aged >30 years in 2011. The study showed that age, male sex, BMI, SBP, FBG,BUN, creatinine
and eGFR were statistically significant(p<0.05) in diabetic subjects compared to apparently
healthy subjects(81).

An institution based cross sectional study was conducted on Typel and Type 2 DM patients
who were attending the diabetic clinic and non-diabetic subjects who were selected from the
general population as a control group in India found that, there was statistically significant
increase in serum urea and creatinine levels in both Type 1 and Type 2 diabetic subjects

compared to non-diabetic subjects (82).

A hospital based cross- sectional study carried out in Nepal showed that the level of blood urea
(P<0.0001, 95%Cl) and serum creatinine (P~0.0004, 95%Cl) were significantly higher in type 2
diabetics as compared to non-diabetics in both males and females. In addition to this, there was

statistical significant increase in urea level with increased in blood sugar levels(83).

Conversely, an institution based cross- sectional study conducted in Nepal ,showed that

significant correlation between urea and blood sugar levels(p <0.05),whereas there was no
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significant correlation between blood sugar level and serum creatinine levels(p >0.05) in diabetic

subjects(84).

A cross-sectional study was conducted on diabetic patients and age and sex matched apparently
healthy controls in Bangladesh. The findings indicated that, fasting blood sugar showed very
high correlations with urea (p=0.036) and creatinine (p=0.05) than non diabetic subjects
(p>0.05)(85).

A cross-sectional descriptive and analytical study was conducted on a total of 283 type 2
diabetes patients in Brazil showed that diabetic patients with reduced renal function were older,
had long-term disease duration, higher systolic blood pressure and higher levels of fasting

glucose, compared to diabetics with normal renal function(86).

An epidemiological study was conducted on a random population sample of 1016 individuals,
aged >15 years to investigate BP, renal disease and other risk factors in the city of San Andres
de Giles, Argentina between September and December 2007. The study revealed that the
eGFR-MDRD decreased with age. Additionally, eGFR-MDRD correlates inversely with age,
SBP, DBP, BMI, fasting serum glucose, whereas the reciprocal of serum creatinine correlates

inversely with age, SBP, DBP in both sexes(87).

Another study conducted in Nigeria, showed that in addition to elevated blood sugar level in
Type 2 diabetes mellitus, plasma creatinine and urea concentration are also significantly
increased(p<0.05) in male and female diabetics compared with their levels in apparently non-

diabetic male and female controls(88).

A cross- sectional study conducted in Ghana on diabetic patients and age-matched non-diabetics
individuals showed that there was a weak positive correlation between age of the diabetics with
their plasma urea and creatinine levels (r<0.5, p=0.018),(r=0.375, p= 0.029) respectively. There
was also a strong positive correlation between their Fasting Blood Sugar (FBS) and the plasma

levels of the measured urea and creatinine(r >0.5, p<0.05) in diabetic patients(89).

A quantitative, descriptive, analytic, cross- sectional and hospital-based study was conducted on
a total of 100 patients with type 2 diabetes mellitus and fifty age and gender matched healthy

controls at Jabir-Abulizz Khartoum, Sudan Diabetes Centre during the period between February
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and May 2012. The study showed that urea and creatinine were significantly elevated with
significant positive correlation with each of body mass indexes, duration of diabetes, and fasting

blood sugar(90).

Thus, this study is aimed at assessing renal impairment and associated factors among people with

diabetes as compared to apparently healthy individuals.
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Conceptual frame work

Metabolic pathway (= = Hemodynamic pathways
Hyperglycemia High pressure
= AGE * RAAS
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Intracellular signaling molecules and ROS

w

TGF-B, VEGF, IL-1, IL-6, IL-18, TNF-a
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Diabetic nephropathy

Figure 1. Biochemical Pathways involved in the development of diabetic kidney disease.

Adopted from: Vinod, Clin Queries Nephrol; 0102 (2012) 121-126.
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CHAPTER THREE:-OBJECTIVE

3.1 General Objective

To assess renal impairment and associated factors among diabetic patients and apparently

healthy individuals at Jimma University Medical Center, South West Ethiopia.
3.2 Specific Objectives

. To assess the prevalence of reduced renal function in patients with diabetes and
apparently healthy individuals.

To compare clinical characteristics, serum levels of FBS, creatinine, urea and eGFR in
diabetic patients in reference to apparently healthy individuals.

. To assess the association between renal impairment and associated factors in people with

diabetes.
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CHAPTER FOUR: - MATERIALS AND METHODS
4.1 Study area

This study was conducted at chronic illness clinic of Jimma University Medical Center (JUMC)
from January 9 to March 22, 2017. JUMC is found in Jimma city 352 km to South West of Addis
Ababa, the capital city of Ethiopia.

JUMC is one of the oldest public hospitals in the country. It was established in 1930 E.C by
Italian invaders for the service of their soldiers. Currently it is the only teaching and referral
hospital in the Southwest part of the country, providing service to over 15 million inhabitants in
South-Western part of Oromia, part of Southern People Nations and Nationalities, as well as
Gambella region(91). The hospital has a total of 2500 registered DM patients on follow up at the
chronic illness clinic. Currently the hospital has total beds of 523, more than 600 health

professionals and 500 supportive staffs giving service to the community.

Chronic illness clinic is one of the components of JUMC which DM patients have been
appointed twice weekly (Monday and Tuesday). Different professionals such as internists,
medical residents, general practitioners, medical interns and 10 staff nurses (7BSc & 5 diploma

clinical nurses) are giving service in this clinic.
4.2 Study design and period

A hospital based cross -sectional comparative study was conducted from January 9 to March 22,

2017.
4.3 Source population

e All DM patients who were attending chronic illness clinic of JUMC were used as cases.

e All healthy subjects who were giving service in JUMC and healthy patient attendants.
4.4 Study population

e All adult DM patients who were registered and attending JUMC chronic illness clinic
during the specified study period.
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e All apparently healthy JUMC employees and patient attendants who were visiting the

outpatient department.
4.5 Eligibility criteria
4.5.1 Inclusion criteria

e Adult diabetic patients who were attending chronic illness clinic of JUMC for their
diabetic follow up at the time of data collection and who were fulfilling the inclusion
criteria and willing to participate in the study were included.

e Apparently healthy individuals who were working in JUMC and patient attendants who
were visiting the outpatient department of Jimma University Medical center at the time

of data collection period.
4.5.2 Exclusion criteria
Cases

Pregnant women, taking nephrotoxic drugs, DM patients who were admitted and critically ill

were excluded from the study.
Controls

Pregnant women, those who have previous history of chronic diseases, two consecutive fasting
blood glucose values >126mg/dl and individuals known to have diabetes mellitus were excluded

from the study.
4.6 Sample size determination and sampling technique

4.6.1 Sample size determination

(1Y% )
" (Hrj( 2 +Zﬁj (x1-Xx2f

This two population means formula was used to calculate the sample size using OpenEpi,

version 2, open source calculator by considering the following assumptions:
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n=sample size in each group (assume equal sized groups)
r=the ratio of cases to controls (1:1)

Zo/2=desired level of statistical significance (two-tailed=1.96)
Zg=desired power (typically 0.84 for 80%power)

o=common standard deviation (pooled standard deviation)

X1-X2= the difference in means of the two groups

Taking the mean and standard deviation (SD) of eGFR from a study conducted in south Africa in
T2DM patients(92).For DM patients, the mean and standard deviation of eGFR were 101.6
and 22.4 respectively ; for control group, the mean and standard deviation were 95.7 and 23.1

respectively. The sample size was determined to be 234 for each group.
4.6.2 Sampling technique

Consecutive sampling technique was used to include 234 diabetic patients who had been visiting
the chronic illness clinic during the study period and 234 apparently healthy JUMC employees

and patient attendants who had been visiting the outpatient department.
4.7 Study variables

4.7.1 Dependent variable

e Renal impairment

4.7.2 Independent variables
o Age
e Sex
e Place of residence
e Marital status
¢ Body mass index
e Educational status

¢ Monthly income
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e Alcohol consumption
e Cigarette smoking status

e Type of anti-diabetic medication

e Duration after being diagnosed to be of diabetes

e Type of DM

e Blood pressure

e Fasting blood glucose
e Traditional medicine

e Analgesics
4.8 Data collection instruments

Table 1.Data collection instruments used.

Items

Description

Mindray BS-200E automated clinical chemistry
analyzer(Shenzhen Mindray = Bio-Medical
Electronics Co., Germany

To analyze biochemical tests

Glucose liquicolor kit(Human)

Glucose reagent for serum glucose determination

Creatinine liquicolor kit(human)

Creatinine reagent for creatinine

determination

serum

Urea liquiUV kit(Human)

Urea reagent for serum urea determination

Autocal(Human)

A calibrator for calibrating the clinical chemistry
analyzer

Controls (Both Humatrol N and Humatrol P)

Normal and pathological controls for checking
the analyzer before processing the test samples

Plastic bulb pipette

For pipetting serum after centrifuged the sample

Serum separator tube (plain tube)

Used to blood sample collection for clotting

Eppendorf tubes For preservation of serum samples

Cuvette For sample and reagent mixing, incubation and
absorbance reading in the analyzer

Questionnaires For socio-demographic and clinical data
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collection

Blood pressure apparatus

For measuring blood pressure of the respondents

Bench top centrifuge

For separating serum from whole blood

70% alcohol, disposable syringe with needle,
cotton, tourniquet, examination glove and

For venous blood collection from each study
participant

Seca weight floor scale

Used for measuring weight

Seca stadiometer Used for measuring height

Safety box For disposing used syringes and gloves

Sample rack For transporting & placing of samples

4.9 Data collection techniques
Diabetes mellitus patients and apparently healthy individuals were interviewed to obtain socio-
demographic data, risk factor variables by using structured questionnaires and anthropometric
measurements by trained clinical nurses. In addition, medical records /charts of DM participants
were reviewed to obtain clinical data such as duration of diabetes, type of diabetes, treatment

modifications and type of hypoglycemic medications.

Blood pressure measurement:-Blood pressure (BP) was measured using an aneroid
sphygmomanometer (Henry Schein inc. Melville, NY, USA) and a stethoscope from the left
upper arm. The study participant seated comfortably and on a wakeful state in sitting position,
with back supported, legs uncrossed, the feet on the ground and upper arm was bared and
positioned at the heart level. After 5 minutes of rest, two consecutive blood pressure readings

were taken at an interval of at least one minute and the average taken as mean BP(93).

Hypertension diagnosis for adult DM patient was made when the average of the two blood
pressure measurements of systolic pressure >140 mm Hg and /or diastolic blood pressure > 90
mm Hg in accordance with the World Health Organization (WHO) hypertension diagnostic
criteria(94).

Anthropometric measurement:-Height was measured using a seca stadiometer (GMPH
&CO.KG, model 813, Germany) which was placed on a hard, flat and uncarpeted surface.

During the height measurement, the study participant’s shoes and any hats or hair ornaments
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were removed. The subject faced away from the stadiometer with the heels together and the back
as straight as possible. With the subject looking straight ahead, the head projection was placed at
the crown of the head and with the reader’s eye at the level of the head piece .Then the height

measurement was recorded(95).

For the measurement of weight, the participant asked to remove his/her shoes and any bulky
clothing and stepped up backwards onto a Seca weight floor scale(GMPH &CO.KG, model813,
Germany).The participant’s arms should be hanging freely by the sides of the body, with palms
facing the thighs. The participant should hold his/her head up, and face forward. Then weight
was recorded(96).

Body Mass Index (BMI) was calculated as weight in kilograms divided by height in meter
squared (kg/m?).The WHO definition of obesity is based on various categorical cut-points based
on the body mass index (BMI) of weight-for-height: underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obesity (=30 kg/m*)(97).

4.10 Blood sample collection and laboratory investigation
After obtaining a written consent from all subjects who were included in the study and by giving
detail information about the study, instruct the study subject about the procedure and the site was
selected preferably at the antecubital area. Warming the arm with hand or hanging the hand
down made it easier to see the veins. The area was palpated to locate the anatomic landmarks.
Applied a tourniquet, about 4-5 finger widths above the selected venepuncture site. The site was
disinfected using 70% alcohol swaps for 30 seconds in a circular motion from inside to outside
fashion and allowed to dry completely for 30 seconds. Then, the needle was entered swiftly at a

30 degree angle.

About 5 ml of venous blood was collected aseptically from the antecubital vein from each study
participant by trained nurses in the morning after >8hrs of overnight fast. The blood sample was
dispensed into jell coated serum separator test tube or plain tube labelled with unique ID number.
The collected blood sample was left for 30 minutes to facilitate clotting at room temperature.
Then the clotted blood samples were centrifuged for 10minutes at 2000 revolution per minutes

(rpm) to separate serum from formed elements. The serum glucose was analyzed within the same
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day of sample collection. However, the serum was kept in refrigerator at -20°c by Eppendorf

tubes still the time of analysis greater than one week.

4.11 Methods of Biochemical Analysis
Biochemical tests such as fasting blood sugar; serum creatinine and urea levels were analyzed by
using Mindray BS-200E automated clinical chemistry analyzer (Shenzhen Mindray Bio-Medical
Electronics Co., Germany) according to the manufacturer’s instructions and procedures in JUMC
laboratory. The instrument Mindray BS-200E chemistry analyzer was calibrated using Autocal
and quality control samples both normal (Humatrol N) and pathological (Humatrol P) were run

each day before running samples for testing.

Estimated glomerular filtration rate (eGFR) was calculated from serum creatinine, age, sex and
weight of the study participants by using the Cockcroft-Gault prediction formula with adjustment
of black ethnicity. Patients were then classified according to the National Kidney Foundation

Kidney Disease Outcomes Quality Initiatives (NKF KDOQI) CKD classification(31).
Determination of fasting blood glucose

Serum glucose was measured by GOD-PAP enzymatic method with deproteinization on a fully
automated Mindray BS-200E clinical chemistry analyzer (Shenzhen Mindray Bio-Medical
Electronics Co., Germany). Glucose present in the serum is oxidized by the enzyme glucose
oxidase (GOD) to gluconic acid with the liberation of hydrogen peroxide, which is converted to
water and oxygen by the enzyme peroxidase (POD). 4 aminophenazone, an oxygen acceptor,
takes up the oxygen and together with phenol forms a pink coloured chromogen which can be

measured colorimetrically at 500nm.

The American Diabetic Association recommends a premeal fasting blood glucose target of 80—

130 mg/dL for diabetes patients on diabetic follow up clinic(98).
Determination of Creatinine by Jaffe Reaction

Serum creatinine level was determined using a Jaffe reaction without deproteinization on a fully
automated Mindray BS-200E clinical chemistry analyzer (Shenzhen Mindray Bio-Medical
Electronics Co., Germany). Creatinine forms in alkaline solution an orange-red coloured

complex with picric acid. The absorbance of this complex is proportional to the creatinine
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concentration in the sample. The result was reported in mg/dl and interpreted based on the

manufacture’s reference range.
Determination of UREA by GLDH Method

Serum urea level was determined by enzymatic kinetic method on a fully automated Mindray
BS-200E clinical chemistry analyzer (Shenzhen Mindray Bio-Medical Electronics Co.,
Germany).Urea is hydrolyzed in the presence of water and urease to produce ammonia and
carbon dioxide. The ammonia from this reaction combines with 2-oxaloglutarate and NADH in
the presence of glutamate-dehydrogenase (GLDH) to yield glutamate and NAD". There has been
optimized so that the GLDH is the rate limiting enzyme. The decrease in absorbance due to the
decrease of NADH concentration in unit time is proportional to the urea concentration. The

result was reported in mg/dl and interpreted based on the manufacture’s reference range.
Determination of eCrCl by Cockcroft-Gault and MDRD equation

The CG equation in adults is popular because it is easy to calculate estimated glomerular
filtration rate from serum creatinine. The equation is named after the scientists who first

published the formula was Cockcroft and Gault(99).

Calculation: eGFR= [(140 age) x weight in kg]/72% serum creatinine % (0.85 if female); where

GFR = Glomerular Filtration Rate in mL/min, Age is in years, SCr is serum creatinine in mg/dL.

Where: eGFR (ml/min/l 73m2_(140—age)><(Wt)x0.85(if female)x1.73

(serum creatininex72xBSA)

BSA (m?) is calculated by Mosteller formula(100): ’W

The most recently advocated formula for calculating the GFR is the one that was developed as a
result of the modification of diet in renal disease study (MDRD)(101), which is more accurate to
estimate impaired renal function in people with diabetes and in general population than C-G

equation(102).

Calculation: eGFR=186 x (SCr) ""**x (Age) *** x (0.742 if female) x (1.212 if black). Where
GFR = Glomerular Filtration Rate in mL/min 1.73 m2, Age is in years, SCr is serum creatinine

in mg/dL.
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4.11 Data quality assurance and management
The data quality starts with training of data and sample collectors. After completion of each
questionnaire, cross checking was done to assure the completeness of the information gathered.
The label on the test tube and subject’s unique identification number on questionnaire were

checked for similarity.

The blood sample was taken in aseptic techniques and the quality of test result was tried to be
maintained strictly starting from the pre-analytic phase of blood collection up to post-analytical
phase of result interpretation adhered with clinical chemistry standard operation procedures

(SOP).

After checking the expiry date of both the reagents and controls, Mindray BS-200E chemistry
analyzer was checked for delivering correct result by using normal and pathological controls.
Normal control which is low levels of known concentration and high (pathological) control
which is high levels of known concentrations for measured parameters were used. Before any
test sample processed, dual quality controls (normal and pathological) were performed and the
test result was taken after the controls passed. All necessary procedures and steps were followed
based on the clinical chemistry SOP. Laboratory results were rechecked repeatedly for

completeness on daily basis by the principal investigator.

4.12 Statistical analysis
All questionnaires were checked daily for completeness by the investigator and pre-coded data
were entered into computer using EpiData version 3.1, and then data were transferred to SPSS
(Statistical Package for Social Science) version 20 software (IBM Corporation, Armonk, NY,
USA) for further data cleaning so that to allow consistence and eliminate discrepancies,

categorizing of continuous variable and finally analysis.

The data were tested for normality with the help of histograms and Kolmogorov—Smirnov tests.
All continuous variables with non-normally distributed expressed as a median (interquartile
range),and frequencies or percentages for categorical variables .The significance median
differences between diabetes and controls were determined by Mann-Whitney U test for skewed
distributions for continuous variables. Chi-squared test was utilized for comparing categorical

variables.
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Additionally, spearman’s coefficient correlation was performed to determine the correlation
between quantitative variables. Multivariate logistic regression analysis was calculated to
identify risk factors associated with reduced renal function. All Variables with a p-value of more
than 0.25 in the bivariate analysis were excluded in multivariate logistic regression. Fitness of
goodness of the final model will be checked by Hosmer and Lemeshow. Results were presented
as the odds ratio (OR) and 95% confidence interval (CI). Finally, a p-value < 0.05 was

considered statistically significant.

4.13 Ethical consideration
Ethical clearance was obtained from Ethical Institutional review board (IRB) of Jimma
University; Institute of Health Science. After Ethical Clearance received, permission to conduct
the research was obtained from the clinical director of JUMC and the head of the chronic illness
clinic of JUMC. Information sheet was prepared and read to all eligible participants of the study.
All participants were informed the purpose of the study and their participation was on voluntary
basis. Verbal informed consent was received from all participants. Name of the participant was
omitted from the questionnaire; instead we used ID number to ensure confidentiality. Any

abnormal findings were communicated with the physician for better management of patients.
4.14 Dissemination of the result

The result of this study will be presented to Jimma University, Institute of Health Science,
School of Medical Laboratory Science, as partial fulfillment of the requirement of master’s
degree in clinical chemistry. Furthermore the result will be shared with department of internal
medicine of JUMC and also the manuscript of the research will be prepared and submitted to

appropriate scientific journals for possible publication.
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CHAPTER FIVE: - RESULT

5.1 Socio demographic characteristics of the study participants

A total of 468 (234 diabetic patients and 234 controls) were included in this study. Of the total
diabetic patients, 130(55.6%) were males while 104(44.4%) were females.

The age ranged from 18 -83 years and the median (IQR) age was 50(40-60) years. One hundred
seventeen (50.0%) of diabetic participants were age below 50 years and 117(50.0%) were age
50years and above, the majority 159(67.9%) from urban areas, 171(73.1%) married, 71(30.3%)
no formal education, 143(61.1%) Oromo by ethnic group, 138(59.0%) Muslims by religion,
84(35.9%) Government/private employed and, 92(39.3%) had monthly income below 5S00ETB
(Table-2).

Similarly, of the total 234 control groups, 126(53.8%) were males while 108(46.2%) were
females. The age ranged from 18 - 70 years and the median (IQR) age was 32(27-44). The
majority of participants 211(90.2%) were age less than 50 years, 141(60.3%) urban dwellers,
140(59.8%) married, 65(27.8%) had high level of education (College/University), 134(57.3%)
Oromo by ethnic group, 120(51.3%) were Muslims by religion, 131(56.0%) government/private
employed and, 63.9% participants had monthly income below 1500ETB (Table-2).
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Table 2.Socio-demographic characteristics of all study participants at JUMC, south West
Ethiopia, from January 9 to March 22, 2017.

Variables Type of study participants
All participants | Diabetes Controls
No. (%) No (%) No (%)
Total 468(100%) 234(50%) 234(50%)
Sex
Male 256(54.7) 130(55.6) 126(53.8)
Female 212(45.3) 104(44.4) 108(46.2)

Age in years

<50 392(83.8) 117(50.0) 211(90.2)

>50 76(16.2) 117 (50.0) 23(9.8)

Place of residence

Urban 300(64.1) 159(67.9) 141(60.3)

Rural 168(35.9) 75(32.1) 93(39.7)

Marital status

Single 120(25.6) 37(15.8) 83(35.5)
Married 311(66.5) 171(73.1) 140(59.8)
Divorced 15(3.2) 12(5.1) 3(1.3)
Widowed 22(4.7) 14(6.0) 8(3.4)

Educational level

No formal education 130(27.8) 71(30.3) 59(25.2)
Primary School 124(26.5) 70(29.9) 54(23.1)
Secondary School 114(24.4) 58(24.8) 56(23.9)
College/University 100(21.4) 35(15.0) 65(27.8)
Ethnicity
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Oromo 277(59.2) 143(61.1) 134(57.3)
Amhara 94(20.1) 46(19.7) 48(20.5)
Kefa 28(6.0) 10(4.3) 18(7.7)
Gurage 28(6.0) 11(4.7) 17(7.3)
Tigrie 11(2.4) 4(1.7) 7(3.0)
Others 30(6.4) 20(8.5) 10(4.3)
Religion

Muslim 258(55.1) 138(59.0) 120(51.3)
Orthodox 161(34.4) 77(32.9) 84(35.9)
Protestant 46(9.8) 18(7.7) 28(12.0)
Others 3(0.6) 1(0.4) 2(0.8)
Monthly income(ETB)

<500 158(30.1) 92(39.3) 66(28.2)
>500 310(59.0) 142(60.7) 168(71.8)
Occupational status

Unemployed 46(9.8) 31(13.2) 15(6.4)
Government/Private 215(45.9) 84(35.9) 131(56.0)
Farmer 135(28.8) 59(25.2) 76(32.5)
Pensioner 19(4.1) 18(7.7) 1(0.4)
House Maker 53(11.3) 42(17.9) 11(4.7)

Regarding life style factors of diabetic study participants, majority 232(99.1%) had never

smoked currently, only 2(0.9%) were current smokers at the time of data collection. 27(11.5%)
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were smokers previously while 207(88.5%) were not. Twenty one (9.0%) of the respondents
used to consume alcohol before data collection period while 213(91.0%) did not. On the other
hand, 22(9.4%) of diabetic participants had habits of using analgesics while 212(90.6%) did not.
Concerning traditional medicine, only 17(7.3%) of diabetes used traditional medicine for a long

period of time (Table -3).

Regarding lifestyle factors in apparently healthy controls, majority of participants were found to
have never smoked 222(94.9%) currently and 232(99.1%) previously, 219(93.6%) never used to
consume alcohol. On the otherhand, nine (3.8%) of apparently healthy participants had habits of
using analgesics while 225(96.2 %) did not. Only two (0.9%) used traditional medicines for a
long period of time, while 232(99.1%) did not (Table-3).
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Table 3.Life style factors of all study participants at JUMC, South West Ethiopia, from January
1 to March 22, 2017.

Characteristics Type of study participants
All participants | Diabetes Controls
No (%) No (%) No (%)
Total 468(100) 234(50) 234(50)

Current smoker

Yes 14(3.0) 2(0.9) 12(5.1)

No 454(97.0) 232(99.1) 222(94.9)

Previous smoker

Yes 29(6.2) 27(11.5) 2(0.9)

No 439(93.8) 207(88.5) 232(99.1)

Alcohol consumption

Yes 36(7.7) 21(9.0) 15(6.4)

No 432(92.3) 213(91.0) 219(93.6)

Analgesics users

Yes 31(6.6) 22(9.4) 9(3.8)

No 437(93.4) 212(90.6) 225(96.2)

Use of traditional medicines

Yes 19(4.1) 17(7.3) 2(0.9)

No 449(95.9) 217(92.7) 232(99.1)

5.2 Clinical characteristics of the study participants

Among diabetic participants, the majority 62.4% were T2DM patients and the rest of 37.6 %
were T1DM patients. For the majority people with diabetes, 74.4% had poor blood glucose
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control, 42.7% their duration of disease <5 years and 45.7% of them treated by oral diabetic

medications (Table-4).

Moreover,49(20.9%) of diabetic patients had known hypertension, about 24.8% had systolic
blood pressure >140mmHg, while 23.9% had diastolic blood pressure >90mmHg. Body mass
index study categorized, 50.4% as normal, 10.3% as underweight, 32.1%) as overweight, and

7.3% as obese (Table-4).

On the other hand, the majority of healthy individual participants (95.7%), and (92.3%) were
their systolic and diastolic blood pressure <140mmHg and <90mmHg respectively. 162(69.2% )
of controls had normal BMI, and the rest 15.8%, 3.0 % and 12.0% were overweight, obese and

underweight respectively(Table-4).

Table 4.Clinical characteristics of all the study participants at JUMC, South West Ethiopia, from
January 9 to March 22, 2017.

Characteristics Type of study participants
All participants Diabetes Controls
No (%) No (%) No (%)
Total 468(100) 234(50) 234(50)
Type of diabetes
Type 1 88(37.6) 88(37.6) -
Type 2 146(62.4) 146(62.4) -
FBS levels
High 174(74.4) 174(74.4) -
Normal 60(25.6) 60(25.6) -
Duration of diabetes (years)
<5 100(42.7) 100(42.7) -
5-10 71(30.3) 71(30.3) -
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11-20 57(24.4) 57(24.4) -

>20 6(2.6) 6(2.6)

Types of Hypoglycemic agents

Oral 107(45.7) 107(45.7) -

Insulin 96(41.0) 96(41.0) -

Oral and insulin 31(13.2) 31(13.2) -

Known hypertension

No 185(79.1) 185(79.1) -

Yes 49(20.9) 49(20.9) -

Systolic blood pressure(mmHg)

Normal(<140) 400(85.5) 176(75.2) 224(95.7)
Abnormal(>140) 68(14.5) 58(24.8) 10(4.3)
Diastolic blood pressure(mmHg

Normal(<90) 394(84.2) 178(76.1) 216(92.3)
Abnormal(>90) 74(15.8) 56(23.9) 18(7.7)
BMI(kg/m”)

Underweight 52(11.1) 24(10.3) 28(12.0)
Normal 280(59.8) 118(50.4) 162(69.2)
Overweight 112(23.9) 75(32.1) 37(15.8)
Obese 24(5.1) 17(7.3) 7(3.0)
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The median and IQR of fasting blood sugar, serum creatinine, serum urea and estimated
creatinine  clearance(CG) in diabetic patients were 175(127-269)mg/dl1,0.93(0.78-
1.16)mg/d1,24(18-28)mg/dl and 83(64-99)ml/min/m* respectively(Table-5).

Conversely, the median and IQR of fasting blood sugar values were 84(77-92) mg/dl, serum
creatinine 0.82(0.73-0.94) mg/dl, serum urea 19(15-24) mg/dl and the estimated creatinine
clearance by CG were 102(90-118) ml/min/m? in apparently healthy control groups (Table-5).

Table 5.Laboratory tests of the study participants at JUMC, South West Ethiopia, from January
9 to March 22, 2017.

Variable All participants | Diabetes Controls Laboratory
reference range
Median(IQR) Median(IQR) Median(IQR)
Fasting blood sugar (mg/dl) | 102(82-175) 175(127-269) 84(77-92) 70-110
Serum creatinine(mg/dl) 0.87(0.75-0.99) 0.93(0.78-1.16) 0.82(0.73- 0.6-1.1(male)
0.94)
0.5-0.9(female)
Serum urea (mg/dl) 21(16-26) 24(18-28) 19(15-24) 10-50
eGFR(ml/min/1.73m") 91(73-111) 83(64-99) 102(90-118) -

5.3 Prevalence of reduced renal function stratified by study participants

As it was mentioned earlier, for the rational of this study renal impairment is defined as a
condition where eGFR of respondents is less than 60/ml/min/1.73m*. And also this definition

works for both BSA adjusted Cockcroft Gault and MDRD equations used to calculate eGFR.

Based on this, of the 468 participants, the overall prevalence of renal impairment in diabetic
study participants calculated by CG-BSA equation was 21.8 % (51/234) [95%CI, 16-27] and
13.8% (32/234) [95%CI, 9-18)] by MDRD equation respectively.

The prevalence of renal impairment classified by stages as per adjusted Cockcroft Gault

equation was 37.2% stage 1, 41.0 % stage2 and 21.8% stage 3, 0.0%,stage 4 and 0.0% stage 5
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respectively. According to MDRD equation 60.7% of the diabetic participants had stage 1, 25.6

% stage2 and 13.8 % stage 3 renal impairment.

Similarly, the over prevalence of renal impairment in apparently healthy controls calculated by
CG-BSA equation was 2.6% [95%CIL; 1- 5] (5/234), and 1.3% (3/234) [95%CI, 0-3] by MDRD
equation respectively. The prevalence of individuals with estimated GFRCG -BSA in between
60 & 89ml/min/1.73m’> are greater in diabetic study participants 96(41.0%) than that of
apparently healthy controls 60(25.6%).There is greater proportion of individuals with estimated
GFR >90ml/min/m® in apparently healthy controls 182(77.8 %) and 212(90.6%) than that of
diabetic participants 87(37.2%) and142 (60.7) by CG-BSA and MDRD equation respectively
(Table-6).
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Table 6.Stratification of study participants based on renal function by stage at JUMC, South
West Ethiopia, from January 9 to March 22, 2017

Renal impairment

Diabetes(n=234)

Controls(n=234)

eGFR CG-BSA MDRD ¢GFR CG-BSA | MDRD
stage N (%) N (%) N (%) N (%)
>90 1 87(37.2) 142(60.7) 182(77.8) 212(90.6)
60-89 |2 96(41.0) 60(25.6) 46(19.7) 19(8.1)
30-59 |3 51(21.8) 32(13.7) 6(2.6) 3(1.3)
1529 |4 0(0.0) 0(0.0) 0(0.0) 0(0.0)
<15 5 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Total 234(100) 234(100) 234(100) 234(100)
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Figure 2.Distribution of study participants based on renal impairment stages calculated by CG —
BSA equation at JUMC, South West Ethiopia, from January 9 to March 22, 2017.
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Figure 3.Distribution of study participants based on renal impairment stages calculated by
MDRD equation at JUMC, South West Ethiopia, from January 9 to March 22, 2017.

In this study, the association of sociodemographic, life style and clinical factors with renal
impairment in people with diabetes were assessed. By age group, the prevalence of renal
impairment was significantly higher among diabetes participants >50 years old than <50years
old: 15.4% versus 6.4% (p =0.001). The prevalence of renal impairment also significantly higher
in type2 diabetes compared to type 1 diabetes: 17.5% versus 4.3 %( p=0.002), duration of
diabetes abovelO years compared to 10 years and below: 11.5% versus 10.3% (p<0.001), oral
hypoglycemic agent users (P<0.001), in hypertensive than non-hypertensive patients: 12.0%
versus 9.8 %( p<0.001). However, the prevalence renal impairment was not significantly
associated with sex (p=0.167), marital status (p=0.166), place of residence (p=0.824),
educational level (p=0.764), current smoking (p=1.000), previous smoking (p=0.931), alcohol
consumption (p=0.785), traditional medicines using habit (p=0.218) and regular analgesics users

(p=0.27) (Table-7).

Table 7.Socio-demographic and clinical characteristics versus reduced renal function by CG-
BSA equation in diabetic individuals at JUMC, South-West Ethiopia, from January 9 to March
22,2017.

Variables Normal renal function Renal impairment Total P-value
(eGFR>60ml/min/1.73m?) | (€GFR<60ml/min/1.73m")
N (%) N (%) N (%)
Total n=183 n=51 234
Sex
Male 106(45.3) 24(10.3) 130(55.6) | 0.167
female 77(32.9) 27(11.5) 104(44.4)
Age( years)
<50 102(43.6) 15(6.4) 117(50.0) | 0.001
>50 81(34.6) 36(15.4) 117(50.0)
Residence
Urban 125(53.4) 34(14.5) 159(67.9) | 0.824
Rural 58(24.8) 17(7.3) 75(32.1)
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Marital status

Unmarried 32(13.7) 4(1.7) 36(15.4) 0.166
Married 128(54.7) 44(18.8) 172(73.5)

Divorced 11(4.7) 1(0.4) 12(5.1)

Widowed 12(5.1) 2(0.9) 14(6.0)

Education

<High school 110(47.0) 31(13.2) 141(60.3) 0.931
>High school 73(31.2) 20(8.5) 93(39.7)
QOccupation

Unemployed* 100(42.7) 32(13.7) 132(56.4) 0.302
Employed** 83(35.5) 19(8.1) 102(43.6)

Current smokers

Yes 2(0.9) 0(0.0%) 2(0.9) 1.000
No 181(77.4) 51(21.8) 232(99.1)

Previous smokers

Yes 21(9.0) 6(2.6) 27(11.5) 0.954
No 162(69.2) 45(19.2) 207(88.5)

Alcohol consumption

yes 16(6.8) 5(2.1) 21(9.0) 0.785
No 167(71.4) 46(19.7) 213(91.0)
Traditional medicine

Yes 11(4.7) 6(2.6) 17(7.3) 0.218
No 172(73.5) 45(19.2) 217(92.7)
Analgesics users

Yes 15(6.4) 7(3.0) 22(9.4) 0.276
No 178(71.8) 44(18.8) 212(90.6)

Type of diabetes

Typel 80(34.2) 10(4.3) 90(38.5) 0.002
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Type2 103(44.0) 41(17.5) 144(61.5)

Duration of diabetes

(years)

<10 146(62.4) 24(10.3) 170(72.6) <0.001
>10 37(15.8) 27(11.5) 64(27.4)

Diabetic medications

oral 79(33.8) 28(12.0) 107(45.7) <0.001
insulin 86(36.8) 10(4.3) 96(41.0)

Oral/insulin 18(7.7) 13(5.6) 31(13.2)

Known hypertension

Yes 25(10.7) 28(12.0) 53(22.6) <0.001
No 158(67.5) 23(9.8) 181(77.4)

*= jobless, house makers, farmers and students, ** Government/private employers, Merchants
and pensioners
5.2 Factors associated with renal impairment calculated by CG- BSA in diabetic

participants

On multivariate analysis, being female sex (OR 3.35,95%CI,1.34-8.22,P=0.008), being aged
>50 years,(OR 3.12,95%CI,1.26-7.70,P=0.014), having diabetes duration >10 year (OR
2.42,95%CI,1.03-5.72,P=0.043),having  history of hypertension (OR 8.84,95%CIL,3.12-
25.04,P<0.001),having high diastolic pressure (OR 4.48,95%CI,1.70-17.66,p=0.004) and having
high fasting blood glucose(OR 8.44,95%CI1,2.08-34.32,p=0.003) were independently associate
with renal impairment in people with diabetes. However, being unmarried(OR 0.74,95%CI,
0.16-3.51,P=0.439),having type2 diabetes(OR 0.22,95%C1,0.04-1.22,P=0.069) and being treated
with insulin injection(OR 0.26,95%C1,0.05-1.30,p=0.214) were not associated with renal

impairment as shown (Table -8).
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Table 8.Factors associated with renal impairment by standardized CG equation in diabetic
individuals at JUMC, South-West Ethiopia, from January 9 to March 22, 2017.

Variables Category COR95%CI) p-value | AOR(95%CI) P-
value
Sex Male 1* 0.047 1* 0.008
Female 1.55(0.83-2.89) 3.35(1.34-8.22)
Age(years) <50 1* 0.001 1* 0.014
>50 3.02(1.55-5.90) 3.12(1.26-7.70)
Marital status Married 1* 0.157 1* 0.439
Unmarried 0.36(0.12-1.09) 0.74(0.16-3.51)
Divorced 0.26(0.03-2.11) 0.13(0.01-1.85)
Widowed 0.49(0.10-2.25) 0.51(0.09-2.94)
BMI(kg/m”) >25 1* 0202 | 1% 0.858
>25 1.50(0.80-2.8) 0.93(0.40-2.16)
Type of diabetes Typel DM 1* 0.004 1* 0.069
Type2DM 3.05(1.44-6.45) 0.22(0.04-1.12)
Duration of diabetes (years) | <10 1* 0.000 1* 0.043
>10 4.44(2.30-8.57) 2.42(1.03-5.72)
Diabetic medication Oral 1* 0.001 1* 0.214
Insulin 0.33(0.15-0.72) 0.26(0.05-1.30)
Oral & | 2.04(0.86-4.69) 1.23(0.39-3.88)
insulin
History of hypertension No 1* 0.000 1* <0.001
Yes 5.62(2.81- 8.84(3.12-25.04)
11.23)
SBP(mmHg) <140 1* 0.021 1* 0.571
>140 2.19(1.12-4.28) 0.72(0.23-2.26)
DBP(mmHg) <90 1* 0.000 1* 0.004
>90 4.72(2.41-9.23) 5.48(1.70-17.66)
FBS(mg/dl) <130 1* 0.001 1* 0.003
>130 7.24(2.16- 8.44(2.08-34.32)
24.22)

1* = Reference category, COR = Crud Odds Ratio, AOR = Adjusted Odds Ratio
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5.6 Comparisons of quantitative variables and laboratory tests between diabetes

and controls

Significance median differences were noted in age (p<<0.001), BMI (p<0.001) and systolic blood
pressure (p<0.001) and diastolic blood pressures (p<0.001) between diabetic and apparently
healthy controls (Table-9).

The median of fasting blood sugar of diabetic and control study participants was 175 mg/dl and
84 mg/dl respectively (p <0.001) (Table-9).

Also, the median serum creatinine (0.93mg/dl) and serum urea (24mg/dl) were significantly
higher in Diabetic group as compared to control groups (0.82mg/dl) and 19mg/dl) (P<0.001, for
both) respectively (Table-9).

On the other hand, the median creatinine clearance in diabetic and control study participants was

83ml/min/1.73m?) and 102 ml/min/1.73m? respectively, (p<0.001) (Table-8).).

Table 9.Comparisions quantitative variables and laboratory tests between diabetes and controls

at JUMC, South-West Ethiopia, from January 9 to March 22, 2017.

Variables Total Diabetes Controls P-Value
(n=468) (n=234) (n=234)
Median(IQR) Median(IQR) Median(IQR)
Age(years) 42(30-51) 50(40-60) 32(27-44) <0.001
BMiI(ke /mz) 22(20-25) 23(21-26) 22(20-24) <0.001
Systolic BP(mmHg) 120(110-130) 120(120-136) 120(110-125) <0.001
Diastolic BP(mmHg) 70(70-80) 80(80-85) 75(70-80) <0.001
FBS(mg/dl) 102(82-175) 175(127-269) 84(77-92) <0.001
Creatinine(mg/dl) 0.87(0.75-0.99) 0.93(0.78-1.16) 0.82(0.73-0.94) <0.001
Urea(mg/dl) 21(16-26) 24(18-28) 19(15-24) <0.001
e¢GFR(ml/min/1 .73m2) 91(73-111) 83(64-99) 102(90-118) <0.001
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5.7 Correlation analysis

According to Spearman coefficient correlation in diabetic study participants, there was
statistically positive correlation between serum creatinine with age (r;= 0.219, p=0.001), BMI (r;
=0.162, p=0.013), FBS (1=0.518, p<0.001), SBP (r; =0.150, p=0.022) and DBP (r=0.248,
p<0.001). In addition, there was significant positive correlation between serum urea with
age(rs=0.218, p=0.001),FBS(rs=0.269, p<0.001), and DBP((r;=0.129, p=0.049) while there was
no statistically significant correlation between serum urea with BMI (r~=-
0.002,p=0.980),SBP(rs= 0.082,p=0.213).On the other hand, there was statistically significant
negative  correlation between estimated GFR  with age(r;=-0.526,p<0.001),FBS(rs=-
0.397,p<0.001),DBP(rs~=-0.265,p<0.001),SBP(rs=-0.199,p=0.002).However,there = was  weak
negative correlation with BMI (r5--0.089) but not significant(p=0.174).

Concerning to apparently healthy controls, there was significant positive correlation between
serum urea with fasting blood sugar (r=0.166, p=0.011). There was significant negative
correlation between estimated creatinine clearance with age (r,=-0.223, p=0.001), and with BMI
(r~= -0.170,p=0.009).However, no statistically significant correlation was observed between
creatinine with age(rs=-0.027,p=0.680),BMI(1r,=0.007,p=0.916),SBP(rs=0.070,p=0.2840),
DBP(rs=-0.015,p=0.822) and FBS(rs=-0.048,p=0.470).There was no statistical significant
correlation between serum urea with age(r;=0.097,p=0.138),BMI(rs=-0.112,p=0.087),
DBP(1,=0.004,p=0.954) and SBP(r;=0.077,p=0.240). In addition to this, there was statistically
significant positive correlation between estimated GFR with BMI (=238, p<0.001) and
FBS(r=0.130, p=0.047), whereas negatively correlated with age (r;=-358, p<0.001) (Table-10).
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Table 10.Spearman’s correlation coefficient between age, FBS and clinical characteristics with
renal function parameters of the study participants at JUMC, South West thiopia,from Junuary 9

to march 22,2017.

Variables Diabetes Controls

Creatinine Urea eGFR(CG-BSA) | Creatinine Urea eGFR(CG-BSA)

rs(p) rs(p) rs(p) rs(p) rs(p) rs(p)
Age 0.219%(0.001) | 0.218%(0.001) | -0.526%(<0.001) | -0.027(0.680) 0.097(0.138) -0.358%(<0.001)
BMI 0.162*(0.013) | -0.002(0.980) | -0.089(0.174) 0.007(0.916) -0.112(0.087) 0.238%(<0.001)
SBP 0.150%(0.022) | 0.082(0.213) | -0.199%(0.002) 0.070(0.284) 0.077(0.240) -0.019 (0.771)
DBP 0.248%(0.000) | 0.129%(0.049) | -0.265%(<0.001) | -0.015(0.822) 0.004(0.954) 0.077(0.239)
FBS 0.518*(0.000) | 0.269*(0.000) -0.397(<0.001) 0.048(0.467) 0.166%(0.01) 0.130*(0.047)

*Correlation is significant at the 0.05 level (2 —sided), P-value <0.05 is considered statistically

significant; ry is Spearman’s correlation coefficient and P is the P-value, CG- Cockcroft &Gault
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Figure 4.A scatter plot shows the relationship between age (years) and eGFR (ml/min/1.73m?) in
diabetes at JUMC, South West thiopia,from Junuary 9 to march 22,2017.
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Figure 5.A scatter plot shows the correlation between eGFR and fasting blood glucose values of
diabetic patients at JUMC, South West thiopia,from Junuary 9 to march 22,2017.
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Figure 6.A scatter plot shows the correlation between serum creatinine and fasting blood glucose
values of diabetic patients at JUMC, South West thiopia,from Junuary 9 to march 22,2017.
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Figure 7.A scatter plot shows linear correlation between fasting blood glucose and serum urea
values of diabetic patients at JUMC, South West thiopia,from Junuary 9 to march 22,2017.
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CHAPTER SIX: - DISCUSSION

The overall prevalence of renal impairment in diabetic participants in our study based on
glomerular filtration rate using the CG-BSA method was 21.8%%.The finding is comparable
with a previous study reported from Southern Ethiopia which showed (23.8%)(79). This result is
also comparable with other study findings conducted in Korea (24.6%)(63),China (25.8%)(66),
Bangladesh (16%)(67), Iran (23.7%)(70) and Ghana (27%)(76), but lower than that reported
from United Kingdom(27.5%)(60),The Netherlands (28%)(61), Singapore (51.8%)(64), Nepal
(32%)(65), Chile (34%)(71), Oman (42.5%)(69) and Zimbabwe (42.9%)(72),while higher than
other studies reported from Canada (15.5%)(59), Turkey (8.77%)(62), Senegal (4.9%)(73),
Tanzania (11.0%)(74), Kenya (13.4%)(75) and Eritrea (4%)(78). In the above mentioned studies,
the variations in the prevalence of renal impairment can be attributed to disparities in several
factors such as; study design, sample size, source of study population, sample selection, race, age
and sex structure of the study population, definition of renal impairment, as well as the methods
of measurement of creatinine, diabetic duration, and diabetic treatment, eGFR prediction

equation etc.

In our study, the prevalence of renal impairment calculated by CG-BSA in apparently healthy
subjects was 3.8%.This finding is comparable with other studies done in Turkey (5.58%)(62),
Senegal(4.9%)(73), Mwanza city, Tanzania (5.1%)(74), and a Sub-Saharan Africans a genetic
epidemiology study (4.8%)(75).However, it is lower than other studies reported from Nepal
(18%)(65) and Sudan (11%)(77).These variations might be due to sample size, inclusion criteria,

age difference, study design and methods.

As for risk factors, this study found a significant association between older age and renal
impairment in people with diabetes. This study is consistent with many other studies(59—
61,63,64,66,70,74,79). Age-related decline in the glomerular filtration rate is common and highly
prevalent in the elderly(103).In elderly individuals, reduced renal function is accompanied by the
decreased in renal blood flow, decrease in kidney mass, particularly from the renal cortex, the
glomerular hemodynamic changes and an increase in glomerular basement membrane (GBM)

permeability(104).
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In our study, female sex is an independent risk factor for renal impairment in diabetic patients.
This findings were consistent with other studies (61-64). However ,our study is inconsistent with
other previous established studies(63,64,66,69).There are several possible reasons for these
contradictory observations, including differences in the patient populations examined, relatively
small sample sizes, uncontrolled study designs, the type of diabetes and methods of analysis and

differ in eGFR estimating equation.

In our study, duration of disease in diabetes was significantly associated with reduced renal
function. This is consistent with results of other previous studies(59,60,69,79) that long duration

of diabetes was the independently associated with renal impairment .

In our study, those diabetic subjects on insulin treatment in bivariate analysis was significant,
risk factors for reduced renal function while in multivariate analysis being on insulin treatment
was not the risk factor for reduced renal function .The present study showed a conflicting result
with the previous studies(71,106). The possible explanation for this conflicting finding in the
present study may be most Typel diabetes had short duration of disease so that insulin treatment

may not having impact on renal function.

In our study, being hypertensive was significantly associated with diabetic renal impairment.
Similar findings were reported in several other studies(62,63,66,75) that hypertension in diabetes

may precede the patients towards kidney weakening with all of its symptoms.

On the other hand, this study revealed that high diastolic blood pressure was an independent risk
factor for renal impairment in diabetic respondents. The significant association between renal
impairment and high diastolic blood pressure was established by other previous

studies(63,73,74,76,87).

Additionally, in our study, poor blood glucose control was statistically associated with renal
impairment in people with diabetes. This finding is consistent with other previous studies

(68,69,79), that high blood glucose is the strong with renal dysfunction in people with diabetes.

On the other hand, in this present study, BMI was not significantly associated renal impairment.
This is inconsistent with several other established studies(63,66,68,70,79). This variation in our

case might be due to weight loss associated with very poor glycemic control and/or, because of
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their inadequate usage and low response to antihyperglycemic treatment, lack of the weight gain

often related to glucose lowering drugs.

In this present study, age, BMI, SBP and DBP were significantly higher in diabetes respondents
compared to apparently healthy individuals. This findings is comparable with other study(68,81).
However, other previous study reported that there was no significant difference in Systolic and
diastolic blood pressure between two groups(80). The possible explanation for this might be

sample size, inclusion and exclusion criteria and the disease status.

In our study, fasting blood sugar, serum creatinine and urea levels were significantly higher in
people with diabetes compared to apparently healthy controls (p<0.001). These findings are in
tune with other previous studies(80-83,85,88-90).However, the median values of serum
creatinine (0.93mg/dl) and urea (24mg/dl) were still lower than the upper normal reference
value. This indicated that serum creatinine and urea levels are increased significantly above the

normal reference range when 50-60 % of the normal renal function has been lost(17).

The present study indicated that serum creatinine and urea levels were significantly correlated
with fasting blood sugar levels. This finding is comparable with other previous studies
(90,110,111) that hyperglycemia is one of the major causes of progressive renal damage that
leads to renal insufficiency, consequently the nitrogenous waste products like urea and creatinine

levels increase abnormally.

In our study, eGFR calculated by CG-BSA was significantly decreased in diabetic patients as
compared to control groups. This findings were comparable with other previous
studies(81,86,87).However, inconsistent with other previous study showed that there were no
statistically significant differences in decreased eGFR between patients with and without
diabetes(61). This variation might be due to study design, inclusion and exclusion criteria, age
and sex structure of the study population, body mass index, and dilutional effect and differ in
eGFR estimation equation. The measurement of the calculated creatinine clearance in our study
is considered as less than the lower normal reference value (83ml/min/1.73m?).The present study
indicated that, eGFR is employed for the early identification, diagnosis and appropriate

management of reduced renal function.

Limitations
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This study has some limitations: Firstly, it does not evaluate a cause—effect relationship between
variables and renal impairment in diabetes and apparently healthy individuals because of cross-
sectional nature of the study design. Secondly, healthy control study population consisted of
mainly middle-aged subjects, meaning that we cannot generalize our findings to other aged
healthy control population. Thirdly, the prevalence of renal impairment might have been slightly
overestimated and included patients with short term reversible causes of renal impairment using
single serum creatinine measurements. Fourthly, despite the Cockcroft-Gault formula is
appropriate for estimation of GFR for our population, it has shown to be less accurate to give a
firm conclusion of renal function impairment in patients with diabetes and can lead to

misclassification of some patients and over estimation of reduced kidney function.
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CHAPTER SEVEN:-CONCLUSION AND RECOMMENDATION

7.1 Conclusion

This study identified prevalence of renal impairment (19.2% among diabetes and 4.3%
among apparently healthy controls by Cockcroft Gault equations at Jimma University
Medical Center.

Older age, female sex, duration of diabetes, high fasting blood glucose, hypertension and
high diastolic blood pressure are independent contributing risk factors for renal
impairment in people with diabetes.

In the present study, the levels of urea and creatinine were significantly increased for
diabetic patients compared to the apparently healthy controls.

Serum creatinine and urea have significant positive correlation with age, fasting blood
sugar and DBP.

Estimated creatinine clearance has significant negative correlation with age, BMI, FBS

and DBP.

7.2 Recommendation

Monitoring of renal function is important, as impairment is symptomless until at an
advanced stage along with proper blood glucose control for peoples living with diabetes.
Incorporating eGFR into screening for renal impairment in diabetes would enable
clinicians to identify individuals with renal impairment early and enabling early effective
treatment to delay the progression of CKD.

If this finding is confirmed in further studies, people with diabetes should be closely

monitored
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ANNEXES

Annex I: Information sheets
Information sheet (English version)

Title of the research project: Renal impairment and associated factors among diabetic patients

at Jimma University Medical Center, 2017.
Study design: Hospital based comparative cross-sectional study.
Name of researcher: Mohammed Adem

Name of the Organization: Jimma University, Institute of Health, Faculty of Health Sciences,

School of Medical Laboratory Sciences.
Name of the sponsor Organization: Jimma University

Introduction: This information sheet is prepared for the aim of explaining the research project

that you are asked to join by the group of research team.

This information sheet what provided or read to you describes about the research. When the data
collector reads the information sheet, we will expect attentive listening and you can ask

questions at any time.

This research team includes one researcher, one clinical nurse as data collector, one laboratory
technologist for laboratory test analysis and two advisors from Jimma University, School of

medical laboratory Sciences.

Aim of the study: The aim of this research project is to determine renal impairment and
associated factors among diabetic patients and apparently healthy individuals at Jimma
University Medical Center. This study may have a great importance to assess renal impairment
on both diabetic and apparently healthy subjects. In addition, it is used for a base line data for

other consecutive studies to be done in our country.

Procedure: If you agree to take part in the study, one of the investigators or a nurse will give

you verbal and/or written information about the study and you will be given the consent form to
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sign. You are kindly requested to give us the correct information about yourself and the
necessary measurements are performed by the assigned nurse. If you are fit for the study 5 ml of
blood samples will also be collected for laboratory examination of fasting blood glucose,

creatinine and urea.

Risk and discomfort: Participating in this project will not cause more discomfort than is
required you could go through for routine examination. But there could be minor pain and
change in color of your skin following the blood drawing and which would disappear in short
duration. If there comes any discomfort, we shall offer you necessary medical treatment freely.
The amount of blood taken from each volunteer throughout the study period is Sml which will

not affect your health.

Benefits: If you are participating in this research project, there may not be direct benefit to you
but your participation is likely to help us an important input to find the prevalence of renal
impairment and associated factors on renal function parameters among DM patients which will
be important to assess the extent of and to increase patient quality of life. And if the medical
examination reveals any abnormalities that need immediate treatment, your doctor will be

notified about the result.

Incentives and payment for participating in the study: You will not be provided with any
direct incentives for your participation in this study. But the cost for your laboratory tests will be

covered by the project.

Confidentiality: All information about the patients will be kept confidential. Log books used in
the laboratory will have no names but codes. The information sheet that links the coded number
to patient name will be locked inside a computer and it will not be revealed to anyone except

your physician and the principal investigator.

Right to refused or withdraw: You have full right to withdraw from participating in this study
at any time before and after consent without explaining the reason and not respond to some or all
the questions. Your decision will not affect your right to get health service you are supposed to

get otherwise.

Contact Address
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If you have any question or concern, you can contact Mohammed Adem at any time using the

following address:

Mohammed Adem, Jimma University, Institute Health, School of Medical Laboratory Science
Tel: +2519-11-00-54-15

Email:ma389870@gmail.com

Jimma, Ethiopia
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Information sheet (Afan Oromo version)

Mata duree qorannoo: Wal’aanamtoota dhibee sukkaaraa irratti qorannoo kalee gochuudhaan

rakkina dhibeen sukkaaraa irratti fidu hospitaala Univarsiitii jimmaa keessatti ilaaluu ta’a.
Qorataa:-Obbo Mohammed Adem

Magqaa Dhaabataa: Yuuniversittii Jimmatti Instituyittii Faayyaa Fakaltii Fayyaa saayinsii,Mana

Barumsaa Meedikalii Laaboratorii .
Dhaabbata rawii baasii: Yuuneversitii Jimmaa

Seensa: Ibsii fi woliigalteen gucichaa ammaisin akka irratti hirmaatan Kan ibsuudha.Qorannoo
kana irratti osoo hinmurteessin dura ragaa kanakanneen funaanan yeroo dubbisan hubannoo
dhaandhaggeefetan rawwachun gaffiiyoo qabaatan hagaafatn rawatan qorannoo kana erga

eegalanii booda gaaffiiyoo gqabaatan gaafachu ni danda u.

Kaayyoo qorannoo: Qorannoo dhibee kalee gochuudhaan dhibee fi wantoota dhibicha waliin
wal qabatan beeksisuu ta’a. Dabalataanis qorronnowwan biro biyyattii keessatti dalagamaniif

galtee ta,uuf gargaara

Akkaataa adeemsa hoji: Qorannoo kana kessatti kan woliigalteen hubachuun waliigallu raga
funaanuun guca kennuu irratti mallattoon mirkanessuun dirqgama ta a.Kanaan booda qorannoo
hubachuun gaafatama.Namatti himuun hinbarbaachisu. Ofumaa hordoffii yaalaa qorannoo
dhiigaatiin irradeebi ee waan agarsiisuuf degarsani godhu.Qorannoo kanatti kan hirmaatan

dhukubsattoota sukkara fi hordoffi namoota dhuunfaan fidan gafaadha.

Rakkoo lee mudachu danda an: Qorannoo fayyaa kana irratti kan hirmaatan rakkoo fayyaa
irratti hinfida jedhee hinyaadu garuu yeroo talaallii fudhatan qaama talaallii itti fudhatan irratti
miiri dhukubbii mudachu danda a.Haata u malee yeroo muraasa booda badu danda a. Qorannoo

gegeefamu irratti hundaa uun rakkoon yoo mudate talaalliin tola kennama.

Bw aa qorannoo: Qorannoo kanarratti hirmaachuudhaan faayidaa kallattii argachuu dhiisuu

dandeessu. Haata’u malee waa’ee dhibee kalee dursanii beekuu fi wantoota dhibicha gara
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dhufuu danda’an ittisuuf fayyaa dhukkubsataa fooyyessuuf fayidaa guddaa qaba. Firii

gorannichaa ilaaludhaan rakkina jiru ogeessota fayyaaf bekisisna.

Kutaa wol aansaa: Kutaa kanatti fayyadamuun gargaarsas tae baasi homaa hingabu.Garuu

baasii kan kan raawatu dhaabbata qorannoo kana gegeessu dha.

Icitii eeguu irratti: Qorannoo kana irraa ragaan funaanamu icitiin isaa eegamuu qaba. Ragaan
(qorannoo) funaanamu kun keessan ta uun isaa maqaan hin ibsamu. Qorannichi faayila qorataa
olaanaa fi godhamee furtuu icitiin kompiyutara irratti erga olkaa ameen booda namni akka argu

hinta u.

Mirga mormii: Qorannoo kana irratti hirmaachuu yoo hinbarbaadne mirga guutuu
gabu.Hirmaachuu dhiisuu fi gaaffi gaafatame deebisuu fi deebisuu dhiisuuf mirga qabu.Sababii
qoranicha irratti hin hirmaanneef hospitaalichi yaalii inni sukkaaraa irratti kennu irratti gafuun

ykn kufaatiin kamiyyuu hin jiru.

Teessoo: Gaaffii ykn yaada yoo qabaattan yeroo barbaada meetti Mohaammad adamiin

quunnamuu nidandessu.

Mohaammad Adam:-Yuuniversitti Jimmaa, Institutii Fayyaa, kutaa barnoota qorannoo

laabiraatorii.
Telephona: +2519-11-00-54-15
e-mail:-ma389870@gmail.com

Jimmaa, Itiyoopiyaa
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Information sheet (Amharic version)
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- +2519-11-00-54-15

- ma389870@gmail.com
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Annex II: Consent forms
Consent form (English version)

I, the under signed, confirm that, as I give consent to participate in the study, it is with a clear
understanding of the objectives and conditions of the study and with recognition of my right to
withdraw from the study if I change my mind. I have been given the necessary information about
the research. I have also been assured that I can withdraw my consent at any time without
penalty or loss of benefits. The proposal is explained to me in the appropriate language I

understand. I do here by give consent to Dr. /Mr. /Mrs. /Miss to

include me in the proposed research.

Unique number of the participant

Participant (signature) date

Name of the data collector

Data collector (signature) date
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Consent form (Afan Oromo version)

Yaada ragaa armaanolitti barreefame dubbisee kayyoo qorannoo fi faayidaa isaa hubadheera
yeroo kamitti yyuu qoranocharraa rakkoo fi mormiin aka hin jirre hubadheera. Kana keessatti
gartuu qorannoo malee fedhii guutuun hirmaachuuf ilaalcha narra eergamu bahuuf galata

galchuukoo mallattoonan mirkanessa.

Lakkoofsa dhoksaa nama itti hirmaate

Mallattoo hirmaataa guyyaa

Magaa nama ragaa funaanee

Mallattoo nama ragaa funaanee guyyaa

Consent form (Amharic version)
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Annex III. Questionnaires

A. Questionnaires for diabetes mellitus participants

Card No

Code No

Part I. Socio-demographic characteristics

S/N Questions Choices Remark
101 Sex 1. Male
2. Female
102 Age Age in years
103 Place of Residence 1. Urban
2. Rural
104 Marital Status 1. Unmarried
2. Married
3. Divorced
4. Widowed/Widower
1. No formal education
2. Primary School
105 Educational Level 3. Secondary School
4. College/University
106 Ethnicity 1. Oromo
2.  Amhara
3. Kefa
4. Gurage
5. Tigrie
6. Others, specify
107 Religion 1. Muslim
2. Orthodox
3. Protestant
4. Others
108 Monthly income(ETB) Birr
109 Occupational status 1. Unemployed
2.  Government/Private employed
3. Farmer
4. pensioner
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5. House maker

Part I1. Smoking habit and Alcohol consumption

110 Do you smoke cigarette currently? 1. Yes, for how long?
2. No

111 Have you been a smoker previously? 1. Yes, for how long?
2. No

112 Do you consume alcohol? 1. Yes
2. No

113 If yes, how much drinks per week?

Part III .Use of traditional medicine

114 Do you have history of using traditional medicine 1. Yes
for a long period time? 2. No
3. Idon’t know

115 Do you still use traditional medicine? 1. Yes
2. No

Part IV. History of modern medicines

116 Do you have history of using analgesics for a long 1. Yes
period of time? 2. No
117 If yes, justify it
118 Do you have using modern medicine now? 1. Yes
2. No
119 If yes, justify it

Part V. Questions for chronic disease conditions

120 Do you have family members who have Chronic 1. Yes
Kidney Disease? 2. No
3. Idon’t now

121 Do you have history of known Hypertension? 1. Yes
2. No

122 Do you have history of heart problem? 1. Yes
No

3. Idon’t know

123 Do you have any history of chronic diseases? 1. Yes
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2. No
3. Idon’t know
124 If yeas, please justify it.
Part VI. Clinical data
125 Type of diabetes 1. Type 1 DM
2. Type2 DM
126 Duration of Diabetes 1. <§years
2. 5-10 years
3. 11-20years
4. >20 years
127 Types of hypoglycemic medications 1. Oral(tablate)
2. Injection(Insulin)
3. Oral and injection

Part VII. Anthropometric Measurements

128 Height(m)
129 Weight(Kg)
130 BMI(Kg/m®)

Part VIII. Blood Pressure measurement

131 Systolic Blood Pressure(mmHg)

132 Diastolic Blood Pressure(mmHg)

Thank you!
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B. Questionnaire for healthy individuals (controls)

Code No

Part 1. Socio-demographic characteristics

S/N Questions Choices Remark
301 Sex 1 . Male
2. Female
302 Age
303 Place of residence 1. Urban
2. Rural
304 Marital status 1. Unmarried
2. Married
3. Divorced
4. Widowed/widower
305 Educational level 1_ No formal education
2. Primary school
3. Secondary school
4. College/University
306 Ethnicity 1. Oromo
2. Amhara
3. Kefa
4. Gurage
5. Tigrie
6. Other, specify
307 Religion 1. Muslim
2. Orthodox
3. Protestant
4. Others
308 Monthly income(ETB) Birr
309 Occupational Status 1. Unemployed
2. Government/private employed
3. Farmer
4. pensioner
5. House maker
Part I1. Smoking habit and Alcohol consumption
310 Do you smoke cigarette currently? 1. Yes, For how long
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No

311 Have you been a smoker previously? 1. Yes ,for how long
2. No
312 Do you consume alcohol? 1. Yes
2. No
313 If yes, how much drinks per week?
Part III. Use of traditional medicine
314 Do you have history of using traditional medicine 1. Yes
s 2. No
?
for a long period time? 3. Idon’t know
315 Do you still use traditional medicine? 1. Yes
2. No
Part IV. Questions for modern medicine
316 Do you have history of using analgesics for a long 1. Yes
period of time? 2. No
317 If yes, justify it
318 Do you have using modern medicine now? 1. Yes
2. No
319 If yes, justify it
Part V. Questions for diabetes mellitus and other chronic disease conditions
320 Do you have Polyphagia 1. Yes
2. No
321 Do you have thirst? 1. Yes
2. No
322 Do you have urgency for micturation? 1. Yes
2. No
323 Do you have history of hypertension previously? 1. Yes
2. No
324 Do you have family members who have Chronic 1. Yes
Kidney Disease? 2. No
3. Idon’t now
325 Do you have known Hypertension? 1. Yes
2. No
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326 Do you have known heart problem? Yes
No
327 Do you have any history of chronic diseases? Yes
No
I don’t know

Part VI. Anthropometric measurements

328 Height(m)
329 Weight(Kg)
330 BMI(Kg/m®)

Part VI. Blood Pressure measurements

331

Systolic blood pressure(mmHg)

332

Diastolic blood pressure(mmHg)

Thank you!
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A. Gaaffilee dhukkubsattoota shukaaraaf
Lakk.Karrdii

Lakk.kodii

Kutaa 1. Odeeffannoo haala hawaas-dinagdee

Lakk Gaaffii Filannoo Yaada
101 Saala 1. Dhiira
2. Dhalaa
102 Umurii Waggaan
103 Bakka Jireenyaa 1. Magaalaa
2. Baadiyyaa
104 Haala Gaa’ilaa 1. Baaffee
2. Heerumte(kan fudhe)
3. Kan hiike/te
4. Kan irraa due’e/duute
1. Kan hin baranne
2. Sadarkaa 1™
105 Sadarkaa barnootaa 3 Sadarkaa 2™
4. Kolleejjiirsi/Yuuniversiitii
106 Qomoo 1. Oromoo
2. Amaaraa
3. Kafaa
4. Guraagee
5. Tigiree
6. Kan biraa, ibsi
107 Amantii 1. Musliima
2. Ortodoksii
3. Pirootestaantii
4. Kan biraa
108 Galii Ji’aa(Birriidhaan) Birrii
109 Haala Ogummaa 1. Hojii dhabaa
2. Hojjetaa mootummaa/dhuunfaa

79




Qonnaan Bulaa
Sooromaa
Hojii mana kessa

Kutaa 2. Amala Xuuxuufi alkoolii dhuguu

110 Yeroo ammaa tamboo ni xuuxxaa? Eeyee, yeroo hammamiif?
Miti
111 Duris ni xuuxxa turtee? Eeyee, yeroo hammamiif?
Miti
112 Dhugati alkooli ni dhugdu? Eeyee
Miti
113 Deebiiin keessaan eeyee yoo ta’e torbaniti hammam
dhugdu?
kutaa 3 .Qoricha aadaa fayyadamuu
114 Kanaan dura qoricha aadaa yeroo dheeraaf Eeyee
fayyadamtanitu? Miti
Hin beeku
115 Amayyuu qoricha aadaa ni fayyadamtaa? Eeyee
Miti
Kutaa 4. Odeeffanno qoricha ammayyaa fayyadamuu
116 Yeroo dheerafi qoricha dhibee tasgabeessuu Eeyee
fayyadamtanii beektu? Miti
117 Eeyee yoo ta’e adda baasii ibsi
118 Amma qoricha ammayyaa fayyadamaa jirtaa? Eeyee
Miti
119 Odeeffanno qoricha ammayyaa fayyadamuu
Kutaa 5. Gaaffilee dhukkubbii yeroo dheeraa kan hin daddarbinee
120 Miseensa maatii kee kessa namni dhukkuba kale qabu Eeyee
jiraa? Miti
Hin beeku
121 Dhiibbaa dhiigaa ni qabdaa? Eeyee
Miti

80




122 Rakkoo onnee ni gabdaa? 1. Eeyee
2. Miti
3. Hin beeku

123 Dhukkuba yeroo dheeraaf namarra turu kamiinuu 1. Eeyee

gabda turtee? 2. Miti

3. Hin beeku

124 Eeyee yoo ta’e adda baasi

Kutaa 6. Odeeffannoo kiliinikaalaa

125 Gosa dhukkuba shukkaaraa 1. Gosa 1™
2. Gosa 2™

126 Turtii dhukkuba shukkaaraa 1. Waggaa 5 gadi
2. Waggaa 5-10
3. Waggaa 11-20
4. Waggaa 20 oli

127 Gosoota qorichaa sukkaaraa ga-bu’eef kennamu 1. Afaaniin(qoricha ligimsaa)
2. Lilma(Insuliinii)
3. Liqgimsaa fi lilmoo

Kutaa 7. Odeeffannoo dhaab-qaamaa

128 Hojjaa(m)

129 Ulfaatina(Kg)

130 BMI(Kg/m’)

Kutaa 8. Safara dhiibbaa dhiigaa

131

Dhiibbaa dhiigaa siistoolikii(mmHg)

132

Dhiibbaa dhiga dyaastoolikii(mmHg)

Galatoomaa!
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B. Gaaffilee namoota fayya-qabeeyyiif qophaa’e(madaaliif/birqabaaf)

Lakk.koodii

Kutaa 1. Odeeffannoo haala hawaas-dinagdee

Lakk Gaaffii Filannoo Yaada
301 Saala 1. Dhiira
2. Dhalaa
302 Umurii Umurii Waggaan
303 Bakka Jireenyaa 1. Magaalaa
2. Baadiyyaa
304 Haala Gaa’ilaa 1. Baaffee
2. Heerumte(kan fudhe)
3. Kan hiike/te
4. Kan irraa due’e/duute
1. Kan hin baranne
2. Sadarkaa 1ffaa
305 Sadarkaa barnootaa 3. Sadarkaa 2ffaa
4. Kolleejjiirsi/Yuuniversiitii
306 Qomoo 1. Oromoo
2. Amaaraa
3. Kafaa
4. Guraagee
5. Tigiree
6. Kan biraa, ibsi
307 Amantii 1. Musliima
2. Ortodoksii
3. Pirootestaantii
4. Kan biraa
308 Galii Ji’aa(Birriidhaan) Birrii
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309 Haala Ogummaa 1. Hojii dhabaa
2. Hojjetaa mootummaa/dhuunfaa
3. Qonnaan Bulaa
4. Sooromaa
5. Hojii mana kessa
Kutaa 2. Amala Xuuxuufi alkoolii dhuguu
310 Yeroo ammaa tamboo ni xuuxxaa? 1. Eeyee, yeroo hammamiif?
2. Miti
311 Duris ni xuuxxa turtee? 1. Eeyee, yeroo hammamiif?
2. Miti
312 Dhugati alkooli ni dhugdu? 1. Eeyee
2. Miti
313 Deebiiin  keessaan eeyee yoo ta’e torbaniti
hammam dhugdu?
kutaa 3 .Qoricha aadaa fayyadamuu
314 Kanaan dura qoricha aadaa yeroo dheeraaf 1. Eeyee
fayyadamtanitu? 2. Miti
3. Hin beeku
315 Amayyuu qoricha aadaa ni fayyadamtaa? 1. Eeyee
2. Miti
Kutaa 4. Odeeffanno qoricha ammayyaa fayyadamuu
316 Kanaan dura qoricha aadaa yeroo dheeraaf 1. Eeyee
fayyadamtanitu? 2. Miti
317 Eeyee yoo ta’e adda baasii ibsi
318 Amma qoricha ammayyaa fayyadamaa jirtaa? 1. Eeyee
2. Miti
319 Odeeffanno qoricha ammayyaa fayyadamuu

Kutaa 5. Gaaffilee dhukkubbii shukkaaraa fi yeroo dheeraa kan hin daddarbinee

320 Nyaata baayee nyaattaa? 1. Eeyee
2. Miti

321 Dheebuu qabdaa? 1. Eeyee
2. Miti

322 Fincaan yeroo fincooftu sisardaa? 1. Eeyee
2. Miti
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323 Miseensa maatii kee kessa namni dhukkuba kale Eeyee
qabu jiraa? Miti
Hin beeku
324 Dhiibbaa dhiigaa ni qabdaa? Eeyee
Miti
325 Rakkoo onnee ni qabdaa? Eeyee
Miti
Hin beeku
326 Dhukkuba yeroo dheeraaf namarra turu kamiinuu Eeyee
gabda turtee? Miti
Hin beeku

Kutaa 6. Odeeffannoo dhaab-qaamaa

327 Hojjaa(m)
328 Ulfaatina(Kg)
329 BMI(Kg/m®)

Kutaa 7. Safara dhiibbaa dhiigaa

330

Dhiibbaa dhiigaa siistoolikii(mmHg)

331

Dhiibbaa dhiga dyaastoolikii(mmHg)

Galatoomaa!
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JIMMA UNIVERSITY

INSTITUTE OF HEALTH

FACULTY OF HEALTH SCIENCES, SCHOOL OF MEDICAL LABORATORY
SCIENCES

Annex IV: Laboratory request form for study participants

SN Parameters Results Comment
L. Fasting blood glucose mg/dl
2. Creatinine mg/dl
3. Urea mg/dl

Reported by:

Name of lab technologist

Date of report

Signature
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Annex X: Laboratory principles and procedures
Mindray BS-200E chemistry analyzer

This instrument has been designed to perform spectroscopic measurement at predetermined
wavelengths of analyte concentrations and enzyme activity using various reagents. We can
perform any combination of tests up to 36-sample pipetting, incubations, photometric
measurements and calculations. Programming and operating the analyzer is simple and made
easy by windows software. The software, which is supplied with the analyzer, should be installed

on a PC connected to the instrument.

Its sophisticated software allows us to program and permanently store in the memory of your PC
almost unlimited number of tests and up to 41 test profiles, calibrators and controls. We can
create routine sample request by assigning patients data and test and / or profiles to sample. Once
the results have been obtained, you can request reports organized per patient or per test or

examine the quality control data.

The analyzer can perform end-point or equilibrium method (one or two reagents, monochromatic
or dichromatic), fixed time reaction (namely, first-order kinetic method or initial rate method)
and kinetic mode method (namely, zero-order kinetic or continuous-monitoring method). The

analyzer provides two calibration methods: linear calibration and nonlinear calibration.

The linear calibration includes one-point linear calibration, two-point linear calibration and

multi-point linear calibration. They are mainly used for tests determined by colorimetry.

The nonlinear calibration includes Logit-Log 4P, Logit-Log 5P, Exponential 5P, Polynomial 5P,
Parabola and Spline. They are mainly used for tests determined by turbidity.

General working procedures

1. Check the connections among the analyzing unit, operation unit and printer.

2. Ensure a detergent is in position 39 and sufficient distilled water is in position 40 on the
reagent disk.

3. Check how much deionized water is left in the tank. If not much, add deionized water to

the tank.
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11.

12.

13.

14.

15.

16.
17.

18.
19.

20.

Check how much wash solution is left in the tank. If not much, add wash solution to the
tank.

Ensure the waste tank is empty. If it is not empty, empty the waste tank.

Place the Power to ON.

Press the power button on the monitor of the operation unit

Press the power button on the monitor of the operation unit

Press the power button on the computer of the operation unit

. After you have logged on the Windows operating system, double-click the shortcut icon

of the operating software on the desktop or select the program of the operating software
from [Start] to startup the operating software.

After startup, the analyzer will check automatically the operation system and resolution
of the screen, close screen saver, check color configuration, initialize database and
examine the printer

When checking is finished, the following dialog box will pop up to ask you to enter the
username and password, and then click OK.

Select a serial port from Serial Port in the Startup dialog box, and then click Start to
initialize the system. After that, operate according to the screen prompt until the main
screen of the operating software is displayed.

Wait the analyzer’s working temperate reaches at 37°c.

Select and click the QC request button on group buttons area to request the QC samples
Click the QC request button on group buttons area to request the QC samples

Then click in “sample request” button in the group button area to prepare work list by
entering the sample id or patient’s name and to enter which test you want to perform on
each sample.

Click “Ok” at the middle of the sample request screen.

Click the arrow buttons to view sample programming information at the bottom on the
left side of the sample disk.

After preparing the work list, go to the next step and click “Status” to enter the screen,

which is used to display the current status of the sample disk, reagent disk and reaction

disk.
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21. Then close plexi-glass (front glass cover of the instrument), and click on “start” button on
the short cut button area of the main screen. It lets you start the session of measurement.

I. GLUCOSE liquicolor

Glucose is the central energy source of the cells in the organism. The glucose catabolism takes
place via the glycolysis as the first step, followed by the citric acid cycle and oxidative
phosphorylation. Glucose regulations become executive the diagnosis and course control of
carbohydrate metabolism illness like the diabetes mellitus, neonatal hypoglycemia, and

idiopathic hypoglycemia and with insulinomas.
Method: Enzymatic colorimetric test with deproteinization
Principle

In the presence of glucose oxidase, the glucose in the sample is oxidized to gluconic acid and
hydrogen peroxide. The formed hydrogen peroxide reacts under catalysis of peroxidase with
phenol and 4-aminophenazone to generate a red violet quinone imine dye as indicator. The red-
violet quinone imine formed is proportional to the amount of glucose present in the sample and

can be measured colorimetrically at 500nm.

B -D -Glucose+ O,+ H,O glucose oxida5§> gluconic acid+ H,0O,

2H,0,+4-aminophenazone+phenol peroxidase  quinoneimine+4H,0
Contents, Reagent composition

Monoreagent (RGT): Enzyme reagent

Phosphate buffer, PH 7 0.1mmol/l
4-aminoantipyrine 0.25mmol/1
Phenol 0.75mmol/l
Glucose Oxidase >15KU/1
Peroxidase >1.5KU/
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Mutarotase >2.0 KU/1
Stabilizers

Deproteinizing solution (DEPR)

Uranyl acetate 1.6g/1

Sodium Chloride 9¢g/1

Standard (STD): Glucose 100mg/dl or 5.55mmol/l
Calibrator: Autocal

Controls

o Humatrol N (normal control for auto method system (Prepared by manufacturer)

o Humatrol P (pathologic control for auto method system ( Prepared by manufacturer)
Reagent preparation
DPR and RGT are ready for use.STD has to be diluted 1+10 with distilled water.
Storage and stability
The reagents are stable up to the given expiry date when stored at 2...8°c
When opened contamination must be avoided. RGT is stable for 2 weeks at 15...25 %
Specimen
Whole blood, Serum and Plasma

The glucose stable for 5 days at 15...25 °c, if deproteinization and centrifugation of the whole
blood is performed promptly after collection. The glucose is stable for 24hours at 2...8°c, if

serum or plasma is prepared within 30min. after collection.
Assay:

Wavelength: 500nm
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Temperature: 20...25°% or 37°%
Measurement: Against reagent blank
Procedure

1. Separate the sample

2. Write patient’s demographic history and the type of test to be ordered on the work list
3. Put the reagent into the appropriate reagent disk
4. Put the sample tube into the appropriate sample disk
5. Order the machine according to the ordered test
Calculation
C = 100x-2220P%€ 110/
= 100x— - [mg/dl] or
C=5.55x 220 [y mol/]
SIX— [mmol/1]

Performance characteristics

Linearity: The test is linear up to a glucose concentration of 700mg/dl or 38.85mmol/l. dilute
the protein free supernatant 1+1 with Deproteinizing solution, if the glucose concentration of

the sample is over this limit and repeat the determination. Multiply the result by 2.
Normal Values

Whole blood (fasting) 70-100mg/dl or 3.9-5.6mmol/l

Serum/Plasma (fasting) 75-115mg/dl or 4.2-6.4mmol/l

Quality control

All control sera with glucose values determined by this method can be used. The manufacturer
recommends using its on animal serum based HUMATROL or its on human serum based

SERODOS control sera.

Notes
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This test is influenced by uric acid, ascorbic acid, glutathione, anticoagulant, bilirubin and

creatinine in physiological concentrations.
II. CREATININE liquicolor

Creatinine is a waste product removed by the kidneys mainly by glomerular filtration. The
concentration of creatinine in plasma of a healthy individual is fairly constant, independent from
water intake, exercise and rate of urine concentration. Therefore increased plasma creatinine
values always indicate decreased excretion i.e. impaired kidney function. The creatinine
clearance enables a quite good estimation of the glomerular filtration rate which allows better

detection of kidney disease and monitoring of renal function.

Method: Photometric Colorimetric test for kinetic measurements: Method without

deproteinization
Principle

Creatinine forms in alkaline solution an orange-red coloured complex with picric acid. The

absorbance of this complex is proportional to the creatinine concentration in the sample.
Creatinine +picric acid ——— creatinine-picrate complex

Contents, Reagent composition

R1: Picric acid (PIC) 26mmol/I

R2: Sodium Hydroxide 1.6mol/l

Creatinine Standard (STD): 2mg/dl (176.8umol/l

Calibrator: Autocal

Controls

o Humatrol N (normal control for auto method system (Prepared by manufacturer)

o Humatrol P (pathologic control for auto method system ( Prepared by manufacturer)

Reagent preparation
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- Dilute NAOH with distilled water in the ratio 1+4.Store the solution in a plastic bottle
- Mix PIC and diluted NAOH for the working reagent in the ratio 1+1

- The standard is ready for use
Reagent stability

- The reagents/diluted NAOH are stable, even after opening, up to the stated expiry date
when stored at 15-25°c
- Contamination must be avoided

- The working reagent, protected from light, is stable for 4 weeks at 15-25°
Specimen

- Serum, heparinized or EDTA plasma

- Stability:24 hours at 2-8°c

- Assay:
- Wavelength: 492 nm
- Temperature: 25°Cor37°C
- Measurement against air(increasing absorbance)
Procedure
1. Separate the sample
2. Write patient’s demographic history and the type of test to be ordered on the work list
3. Put the reagent into the appropriate reagent disk
4. Put the sample tube into the appropriate sample disk
5. Order the machine according to the ordered test
Calculation
- AA sample
C=2.0x —ASTD mg/dl
- AA sample
C=176.8x —ASTD pmol/1

Conversion of mg/dl into umol and vice versa: mg/dl X88.402; umol/1X0.0113=mg/dl
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Performance characteristics
Detection limit: 0.12mg/dl
Linearity: 13mg/dl or 1,150pumol/l

Reference values

Serum mg/dl umol/l
Men 0.6-1.1 53-97
Women 0.5-0.9 44-80

Result will be reported by mg/dl
Quality control

All control sera with creatinine values determined by this method can be employed. The
manufacturer recommends using its on animal serum based HUMATROL or its human serum

based SERODOS quality control sera.
Notes

1. The reaction is highly sensitive to temperature. The reaction temperature must be kept
constant at 25°
2. PIC is harmful when inhaled, swallowed or in contact with the skin or mucous
membranes wash with plenty of water. In case of sickness, contact a doctor
3. The assay can be affected by the presence of reducing compounds
4. A slight precipitate in the NAOH solution is insignificant
III. UREA liquiUV

The Non Protein Nitrogen (NPN) compound present in highest concentration in the blood is
urea. Urea is the major excretory product of protein metabolism which is formed in the liver
from the deamination of amino acids and free ammonia generated during protein catabolism. It

was also artificially synthesized as of an inorganic forerunner. Urea is an important marker for
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evaluation of renal function. An increase in urea level in blood and urine can be caused by renal
failure, urinary tract obstruction, dehydration, shock, burns, and gastrointestinal bleeding.
Moreover, reduced urea level may be seen in hepatic failure, nephritic syndrome, and cachexia.

The measurement of serum / plasma Urea/BUN is indicative of renal damage.
Method: Fully Enzymatic kinetic method
Principle

Urea is hydrolyzed in the presence of water and urease to produce ammonia and carbon dioxide.
The ammonia from this reaction combines with 2-oxaloglutarate and NADH in the presence of
glutamate-dehydrogenase (GLDH) to yield glutamate and NAD". There has been optimized so
that the GLDH is the rate limiting enzyme. The decrease in absorbance due to the decrease of

NADH concentration in unit time is proportional to the urea concentration.

Urea+2H,0O urease | 2NH4++CO32'

2-oxoglutarate+2NH4" +2NADH GLDH  L-glutamate+H,0+2NAD"
—_—

Contents, Reagent compositions

RGT1:

Tris buffer (PH 7.8) 125mmol/Il

ADPO. 88mmol/l
Urease >20ku/1
GLDH >0.3ku/l
Sodium Azide 0.095%
RGT2:

2-oxoglutarate 25mmol/l
NADH 1.25mmol/l
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Sodium Azide 0.095%

Standard (STD)

Urea 80mg/dl or 13.3mmol/l
Sodium azide 0.095%

Calibrator Autocal

Controls

o Humatrol N (normal control for auto method system (Prepared by manufacturer)

o Humatrol P (pathologic control for auto method system ( Prepared by manufacturer)
Reagent preparation

- The reagents are ready for use and can directly be applied on automated analyzers
(reagent start procedure).

- For sample start procedure working reagent is prepared by mixing 4parts of ENZ with
Ipart of SUB

- 40ml ENZ+10ml SUB

Reagent stability

- The individual reagents are stable, even after opening, up to the stated expiry date when
stored at 2.....8%.

- Contamination of the reagents must be strictly avoided.

- STD is stable up to the expiry date even after opening

- The working reagent is stable for 5 days at 15.....25° and for 4weeks at 2...8°c

Specimen

- Serum, plasma, except ammonium heparinate plasma
- Serum or plasma can be stored for up to 3 days at 4°c, for longer periods they should be

kept frozen at -20°c.
Assay:
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Wavelength: 340nm, Hg 334nm,365nm

Temperature: 25°C,30°Cor37°C

Measurement: against the reagent blank (RB)
Only one reagent blank per series is required
2-point kinetic

Procedure

Separate the sample
Write patient’s demographic history and the type of test to be ordered on the work list
Put the reagent into the appropriate reagent disk

Put the sample tube into the appropriate sample disk

A e

Order the machine according to the ordered test

Calculations

__ Asample

C ASTD

x Factor

__ Asample

C
ASTD

x80.0 (mg/dl)

__ Asample

C ASTD

x13.3  (mmol/l)

Urea (mg/dl) = A sample/ A STD X concentration of standard
Conversion factor for BUN/Urea [mg/dl]
C (BUN) =0.47xC (Urea)
C (Urea) =2.14xx C (BUN)
Performance characteristics
Linearity:
- Serum/Plasma up to 300mg/dl or 50 mmol/l (Urea)
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- Samples with a higher urea concentration have to be diluted 1+1 with distilled water,

repeat assay and multiply the results by 2
Normal values
Serum (Urea) 10-50 mg/dl or 1.7-8.3 mmol/I
Quality control

All control sera with urea values determined by this method can be employed. The manufacturer
recommends using its on animal serum based HUMATROL quality control sera or its human

serum based SERODOS.
Notes

- All reagents contain sodium azide (0.095%) as preservative.

- Do not swallow and avoid contact with skin and mucus membranes
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