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ABSTRACT 

Background: Cardiovascular diseases (CVDs) are the number one cause of death globally, 

irrespective of race and ethnicity, and mostly precipitated by chronic kidney disease (CKD). 

However, there is no published study on kidney disease and electrolyte imbalance in patients 

with CVD in Ethiopia.  

Objective: The mian objective of this study was to assess the renal function and electrolyte 

balance in patients with CVD at Tikur Anbessa Specialized Hospital (TASH), Addis Ababa, 

Ethiopia.  

Methodology: A cross sectional study was conducted for a period of three months from 

September to November 2017, on 163 cardiovascular (CV) patients attending emergency 

department (ED) of TASH. Data was analyzed by descriptive statistics and logistic regression 

using SPSS V. 22.00. The statistical significance was considered at p < 0.05.    

Results: Among study participants, 91 (55.8%) were females and 72 (44.2%) were males. The 

mean age of the study participants was 42 ± 18 years with 45 ± 18 for males and 40 ± 17 for 

females. CKD, defined as estimated Glomerular Filtration Rate (eGFR) < 60 ml/min/1.73 m2, 

was found in 39 (23.9%) and 35 (21.5%) participants according to the Modification of Diet in 

Renal Disease (MDRD) and Chronic Kidney Disease- Epidemiological Collaboration (CKD-

EPI) equations, respectively. Normal serum creatinine (SCr) was observed in 114 (69.9%) 

participants and proteinuria was found in 41(25.2%) participants. CKD was significantly 

associated with hypertension (p= 0.019), systolic blood pressure (SBP), (p = 0.009), SCr (p = 

0.001) and blood urea nitrogen (BUN), (p = 0.001) when defined by CKD-EPI equation and 

with SBP (p = 0.023), SCr (p = 0.001) and BUN (p = 0.001) when defined by MDRD equation. 

In serum electrolyte disorders, 80 (49.1%) patients had serum Cl- imbalance, 59 (36.2%) had 

serum Na+ imbalance and 37 (22.7%) had serum K+ imbalance. Loop diuretic (furosemide) was 

significantly associated with hypochloremia (p = 0.001) while potassium sparing diuretic 

(spironolactone) was associated with the presence of hyponatremia (p = 0.036) and 

hypochloremia (p = 0.003). 

Conclusion: CKD was present in 21.5– 23.9% of CV patients, but it is usually undiagnosed 

using SCr alone. Therefore, GFR should be considered as an estimate of renal insufficiency 

regardless of SCr levels in CV patients. In addition, electrolyte disorders were also higher 

among CV patients.  

Key words: Chronic Kidney Disease, Cardiovascular Disease, estimated Glomerular Filtration 

Rate, Proteinuria, Serum Electrolytes           
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1 . INTRODUCTION 

1.1 . Background  

Cardiovascular diseases (CVDs) are a group of disorders of the heart and blood vessels and 

they include coronary artery disease (CAD), cerebrovascular disease, peripheral arterial 

disease, rheumatic heart disease, congenital heart disease (CHD), deep vein thrombosis (DVT) 

and pulmonary embolism. CVDs are the number one cause of death globally (WHO, 2014), 

irrespective of race and ethnicity and mostly precipitated by chronic kidney disease (CKD), 

(Liu et al., 2014). 

Both CVD and kidney disease are closely interrelated and disease of one organ cause 

dysfunction of the other, ultimately leading to the failure of both organs and this is often referred 

as cardiorenal syndrome (CRS), (Liu et al., 2014). These two organs act in tandem to regulate 

blood pressure, vascular tone, diuresis, natriuresis, intravascular volume homeostasis, and 

peripheral tissue perfusion. Changes in the renin-angiotensin-aldosterone system (RAAS), 

sympathetic nervous system (SNS), and inflammation are the cardiorenal connectors to develop 

CRS (Pollock and Nowak, 2014). 

CKD is defined as structural or functional abnormalities of the kidney that persist for at least 3 

months and is manifested by either kidney damage (most frequently detected as persistent 

albuminuria or proteinuria (> 30 mg/24 h or > 1 on specific dipstick); or a decreased glomerular 

filtration rate (GFR), (< 60 ml/min per 1.73 m2), (Brosius et al., 2006). GFR specifically 

estimates how much blood passes through the glomeruli. It is accepted as the best index of 

overall kidney function (Inker et al., 2014).Thus, serum creatinine (SCr) has been proposed as 

an endogenous marker of GFR and is used most frequently to assess renal function in clinical 

practices. However, SCr level, which is affected by factors other than the GFR, is insufficiently 

sensitive to detect CKD on its own, and might remain in the normal range despite impaired 

renal function (Rigalleau V, 2011;Bachorzewska- Gajewska H, 2006). The National Kidney 

Disease Education Program (NKDEP) has recommended the routine use of the estimated GFR 

(eGFR) instead of the SCr alone to more accurately assess kidney function in adults over the 

age of 18 (Narva, 2008).  

Urea clearance is a poor indicator of GFR as its over production rate depends on several non-

renal factors, including diet and urea cycle enzymes (Rosner and Bolton, 2006). However, 

increased blood urea nitrogen (BUN) is associated with kidney disease or failure, congestive 

heart failure (CHF) and shock (Tamadon and Zahmatkesh, 2015;Akanda et al., 2013). 
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Albuminuria is a marker of renal injury that can often be detected earlier than any tangible 

decline in GFR, and is now widely accepted as an independent risk factor for cardiovascular 

(CV) morbidity and mortality (Currie and Delles, 2014;Viswanathan and Upadhyay, 2011). 

But, the pathophysiological mechanism of albuminuria and its link with CVD is not clearly 

established (Irie et al., 2006). The main possible causes of proteinuria are glomerulus or 

proximal tubule damage (Zeeuw et al., 2006) and widespread vascular damage (Deckert et al., 

1989). Thus, increased urine albumin leakage may well be a measure of endothelial damage. 

Electrolytes perform a variety of functions in the human body. Disorders of these electrolytes 

can cause multiple problems for cardiac patients because the functioning heart is dependent on 

normal levels of electrolytes (Hinkle, 2011). Several mechanisms interact to produce these 

alteration. The decrease in cardiac output leads directly to a reduction in renal blood flow, with 

impairment of renal excretion of water and electrolytes, and causes the activation of several 

neurohormonal responses which affect both CV homeostasis and electrolyte balance (Urso et 

al., 2015). 

Potassium is the electrolyte that most people associate with the heart function (Kughapriya P, 

2016;Macdonald and Struthers, 2004). It is the major intracellular cation and functions to 

maintain osmolality, electro-neutrality inside the cell, acid-base balance and is important in 

both impulse formation and conduction (Rose, 2001). Interestingly, it seems that the atrial cell 

is more sensitive to changes in potassium than the ventricular cell (Hinkle, 2011). 

The range of serum potassium (3.5–5.5 mEq/L) is very small; therefore, the tolerance of the 

body for its change is also small. The most common causes of hyperkalemia include: renal 

failure or insufficiency, certain medications, cardiac failure and the use of a salt substitute 

(Dunn et al., 2015). Common causes of hypokalemia include: thiazide and loop diuretics 

(Arampatzis et al., 2013), kidneys unable to concentrate urine, increased aldosterone levels 

causing sodium to be reabsorbed and potassium excreted (Hinkle, 2011). For example, in heart 

failure (HF) several mechanisms interact to produce hypokalemia, which causes arrhythmias, 

diastolic dysfunction, vasoconstriction and endothelial dysfunction (Fig.1). 
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Figure 1: Hypokalemia in heart failure (Urso et al., 2015). RAAS: Renin-Angiotensin-Aldosterone 

System 

 

Sodium by itself, does not have direct effects on the heart or the vascular system. However, 

because of the effects of sodium on the body’s fluid balance, many effects occur. If the fluid 

balance is decreased, the patient may exhibit tachycardia, hypotension, and a decreased central 

venous pressure (CVP). Conversely, if the fluid balance is increased, the patient may have 

hypertension, elevated CVP, and jugular venous distention. The patient with hypernatremia 

who also has weight gain may show signs of peripheral edema, or, even worse, pulmonary 

edema due to HF (Hinkle, 2011). 

The decrease in cardiac output and in effective circulating volume in HF leads to activation of 

baroreceptors, which in turn activate the SNS, the RAAS, and the release of arginine 

vasopressin (AVP). The final effect is an enhanced retention of sodium and water (Fig.2). 

 



4 

 

 

Figure 2: Hyponatremia in heart failure (Urso et al., 2015). VEC: Extracellular Fluid Volume; SNS: 

Sympathetic Nervous System; AVP: Arginine vasopressin; GFR: Glomerular Filtration Rate 
 

Chloride is the major extracellular anion and maintains a normal balance of body fluids (Terry, 

1994). It plays a role in acid–base homeostasis, contributes to maintenance of urine and plasma 

electroneutrality, and may even effect neurohormonal activation (Galla et al., 1991;Lorenz et 

al., 1990). Although similar mechanisms that lower sodium may also lower chloride levels, 

lower chloride levels may represent a broader homeostatic imbalance (Grodin et al., 2016). 

High serum chloride values are associated with dehydration and conditions causing decreased 

renal blood flow, such as in CHF (Rose, 2001). 

The heart and kidney share many pathophysiological mechanisms which can determine 

dysfunction in each organ. In addition, CRS is the condition in which these two organs 

negatively affect each other, therefore an accurate evaluation of renal function and electrolyte 

balance in the clinical setting of CV patients is essential. 
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1.2 . Literature Review 

1.2.1 . Overview of CVD 

CVDs are the number one cause of death globally. An estimated 17.7 million people died from 

CVDs in 2016, representing 32.3% of all global deaths (Hannah and Max, 2018). Of these 

deaths, ischemic heart disease (IHD) and stroke are the world’s biggest killers, accounting for 

a combined 15.2 million deaths in 2016. However, the Global Burden of Disease (GBD) study 

reported that the mortality in CVD is 18.3% of all deaths in 2016 in Ethiopia (Hannah and Max, 

2018). The reason why it is decreased is due to the lack of diagnostic skills and facilities to 

detect IHD, stroke, and other CVDs at peripheral health institutions in the country, and the less 

attention given to chronic diseases in general (Fikru, 2008).  

In Ethiopia, there is a lack of reliable CVD mortality and morbidity data. Recently, one research 

done on the spectrum of CVDs in six referral/teaching hospitals in  Ethiopia showed that 

chronic rheumatic valvular heart disease (CRVHD) is the most common CV diagnosis among 

patients seen at cardiology clinics followed by hypertension, ischemic heart disease (IHD), 

cardiomyopathy, congenital heart diseases (CHD) and pulmonary hypertension (Yadeta et al., 

2017). 

1.2.2 . Prognostic relevance of CKD 

Patients with reduced renal function are at greater risk of CV complications (Go et al., 2004). 

In those with known CVD, the risk of death increases as renal function worsens or markers of 

renal damage (eg, proteinuria) appear. In fact, patients with GFR < 20 ml/min/1.73 m2 are at a 

6-fold greater risk of death than those with GFR > 60 ml/min/1.73m2 (Anavekar et al., 2004). 

This direct relationship between worsening renal function and the appearance of CV events and 

mortality has been seen in individuals with moderately (or even slightly) reduced renal function, 

and the risk increases as GFR worsens (Anavekar et al., 2004;Go et al., 2004). Many studies 

and recent meta-analyses have shown the presence of CKD to be an important predictor of 

morbidity and mortality (Pereg et al., 2016;Matsushita et al., 2010;Irie et al., 2006). 

CKD is a global health problem (Teruel and Catalán, 2011). Each year, kidney disease kills 

more people than breast or prostate cancer in America (Health, 2012). In Ethiopia, 1.2-6 % of 

adult hospital medical admissions presents kidney disease (Belayneh et al., 2015). Essentially, 

the factors underlying the increased prevalence of CKD are the progressive aging, diabetes 

mellitus and high blood pressure, most of which are present in patients with CVD (Chen et al., 

2016;Akanda et al., 2013;Kazancioğlu, 2013;Amenós et al., 2010). 
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1.2.3 . Prevalence of CKD in CVD 

Because of CKD and CVD share many risk factors, the prevalence of CKD is expected to be 

higher in these patients than in the general population (Health, 2012). However, studies on the 

prevalence of CKD in patients with CVD are not as well conducted as those for the general 

population. As some studies reported, 34% to 37% of CV patients have some degree of renal 

dysfunction (Yang et al., 2010;Glynn et al., 2007). The incidence of CKD in the heart disease 

was 4.1 times greater than without the disease (Liu et al., 2012). In a cross sectional multicenter 

study conducted on CV patients aged over 18 years in Spain, the prevalence of CKD (eGFR of 

< 60 ml/min/1.73m2) was 34% (Amenós et al., 2010). In community-based cohort study with 

1272 CV patients, the prevalence of CKD was 36.4% (Glynn et al., 2007). 

Some study reported that 30% to 50% of patients with acute coronary syndrome (ACS) have 

some degree of renal dysfunction and its presence has a clear CV prognostic significance 

(Anavekar et al., 2004;Sørensen et al., 2002). After coronary revascularization, mortality 

among patients with CKD is similar to that of patients with previous myocardial infarction (MI) 

(Blackman et al., 2006;Best et al., 2002). This increase in CKD-related mortality is not due to 

a higher restenosis rate (Blackman et al., 2006) and may be explained by greater presence of 

CV risk factors–especially the more severe and diffuse lesions of the coronary tree and longer 

clinical course of HF (Blackman et al., 2006;Best et al., 2002). 

Up to 57% of patients with HF has CKD (Amsalem et al., 2008). In a prospective multicenter 

study with more than 1000 patients hospitalized for HF, prevalence of renal dysfunction was 

27%. The independent risk factors associated with greater risk of HF were a history of HF, 

diabetes mellitus, SCr >1.5 mg/dl, and blood pressure >160 mmHg (Forman et al., 2004). Study 

conducted in Brazil has shown that prevalence of CKD in patients with severe HF  was 54.1% 

using modification of diet in renal disease (MDRD) equation and 43.2% using chronic kidney 

disease-epidemiological collaboration (CKD-EPI) equation (Libório et al., 2012). 

A prospective cohort study conducted on 8865 acute ischemic stroke patients showed that CKD 

was found in 12% of patients when defined by CKD-EPI formula. Patients with reduced renal 

function were more likely to die, experience recurrent stroke or have stroke disability than 

patients with preserved renal function (Wang et al., 2014). 

The extent to which chronic kidney disease affects individuals in largest parts of Africa is 

unknown mainly because of the shortage of national registries and lack of community based 

studies. Some studies from East Africa and Egypt reported that CKD is three or four fold 

frequent in the developing world (Fiseha et al., 2014). The prospective study conducted on 800 
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subjects aged ≥ 60 years patients in Egypt showed that lower eGFR was found in patients with 

CAD in comparison with patients without CAD (Ghonemy et al., 2017). A cross-sectional study 

conducted on 150 adult hypertension with CHF patients in Nigeria showed that 76% of subjects 

had impaired renal function ( GFR < 90 ml/min) and 34.6% of subjects had proteinuria (Osuji 

et al., 2012).  

Undiagnosed CKD 

Undiagnosed CKD is defined as estimated GFR < 60 ml/min/1.73 m² in the presence of normal 

SCr (SCr ≤ 1.2mg/dl). As reported recently, undiagnosed CKD is common in CV patients 

(Pereg et al., 2016;Amsalem et al., 2008). Study from Poland reported a high prevalence of 

CKD up to 26% on the basis of eGFR (4.1-25.7%) among IHD patients with normal SCr 

(Bachorzewska- Gajewska H, 2006).  

1.2.4 . Cardiorenal Syndrome 

Cardiorenal syndrome (CRS) is a pathophysiologic condition of heart and kidney–the primary 

dysfunction of one organ, whether acute or chronic, gives rise to secondary dysfunction or 

lesions in the other–which shows the negative effects reduced renal function has on the heart. 

Five types of CRS have been defined (Ronco et al., 2010): Type I (acute CRS): acute worsening 

of heart function producing acute renal damage; Type II (chronic CRS): chronic abnormalities 

in heart function (eg, CHF) that cause progressive, permanent CKD; Type III (acute renocardiac 

syndrome): acute worsening in renal function (eg, acute ischemia or glomerulonephritis) that 

causes acute heart injury (HF, arrhythmia, ischemia); Type IV (chronic renocardiac syndrome): 

CKD (eg, glomerular disease or nephroangiosclerosis) contributing to reduced heart function, 

cardiac hypertrophy, and/or increased risk of a CV event; Type V (secondary CRS): a systemic 

condition (eg, diabetes mellitus, sepsis) causing simultaneous renal and cardiac dysfunctions. 

1.2.5 . Renal function assessment 

In patients with CVD, renal dysfunction is assessed by measuring albuminuria and estimating 

GFR with SCr-derived formulas. The presence of both albuminuria and reduced GFR has a 

synergistic effect on CV risk prediction (Lambert et al., 2009;Irie et al., 2006). 

Albuminuria 

Albuminuria means abnormalities exist in the glomerular filtration barrier (basal membrane), 

(Zeeuw et al., 2006) and may reflect generalized vascular dysfunction (Deckert et al., 1989). 

Any patient with persistent albuminuria for more than 3 months is considered to have CKD, 

even though he/she may present GFR > 60 ml/min/1.73 m2. Reduced albuminuria is associated 

with a reduction in CV and renal events (Ibsen et al., 2005). Albuminuria has been associated 
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with greater risk of HF and coronary disease–a risk that grows as albuminuria increases 

(Blecker et al., 2011;Yang et al., 2007). 

GFR and Creatinine clearance 

Glomerular filtration measures the rate at which liquid leaves the glomerular capillaries for the 

Bowman capsule and reflects water and small solute filtration. Renal glomeruli filter 125 ml of 

liquid/min (180 L/day), (20% of cardiac output). This is termed as GFR and is the total filtration 

of each of some two million functioning nephrons. Reduced GFR indicates renal dysfunction. 

Normal GFR varies as a function of age, sex, and body size. In young adults, it ranges from 120 

to 130 ml/min/1.73 m2 (or 180 L/day/1.73 m2). The result is corrected for body surface and 

expressed as ml/min/1.73 m2. From age > 40 years, GFR falls at approximately 10 ml/min/1.73 

m2/decade. The gold standard to determine GFR is to calculate clearance of inulin and 125I-

iothalamate, but it cannot be applied in daily clinical practice (Dalton, 2011;Stevens et al., 

2006). 

Creatinine clearance is one way of measuring GFR. However, measuring creatinine clearance 

with 24-hr urine is inconvenient, because tubular secretion may vary, collection may be 

incompleted, and the method is uncomfortable for the patient who has to carry a urine bottle 

for 24hr. Moreover, except in certain circumstances, it does not improve on eGFR as calculated 

using the equations. Therefore, it is not used as the standard method or in screening (Stevens et 

al., 2006). 

Serum creatinine (SCr) 

SCr concentration, because of its simplicity and rapidity, has been used to measure renal 

function. In daily clinical practice, it has been standard practice to interpret renal function values 

on the basis of SCr. However, creatinine concentration is affected by a variety of factors 

(muscle mass, sex, race, diet) in addition to those related to creatinine filtration itself, such as 

tubular secretion and extra-renal production and excretion (Bachorzewska- Gajewska H, 

2006;Stevens et al., 2006). 

At the initial stages of CKD, when GFR is practically normal, reduction entails only a slight 

increase in SCr, because in this situation the proximal tubular secretion of creatinine rises. 

Consequently, with already-reduced GFR, the SCr is found to be within the normal range. 

Therefore, normal or nearly normal SCr does not necessarily imply GFR has been maintained. 

When GFR falls to ±50%, SCr barely increases (eg, 1.3 mg/dl). When it reaches 1.5 mg/dl, 

renal function has been worsened by two-thirds with respect to baseline. SCr may be within the 
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normal range and GFR may be reduced (< 60 ml/min/1.73 m2). This situation is termed as 

hidden kidney disease (undiagnosed CKD), (Dalton, 2011). 

Blood urea nitrogen (BUN) 

Urea is formed in the liver as an end product of protein metabolism and is carried to the kidneys 

for excretion. Nearly all kidney diseases cause inadequate excretion of urea, elevating BUN 

levels in the blood. Urea clearance is a poor indicator of GFR as its over production rate depends 

on several non-renal factors, including diet and urea cycle enzymes (Rosner and Bolton, 2006). 

However, increased BUN is associated with kidney disease or failure, CHF and shock 

(Tamadon and Zahmatkesh, 2015;Akanda et al., 2013). BUN may have pro-athersclerotic 

effects, as uremia has been associated with an increased burden of oxidative stress (Himmelfarb 

et al., 2002). BUN may also inhibit nitric oxide synthesis and promote macrophage proliferation 

(Conte et al., 1987). Specially, in vivo studies demonstrate that increasing levels of urea inhibit 

nitric oxide synthesis in mouse macrophages with concurrent macrophage proliferation. 

Furthermore, uremia accelerates atherosclerosis in apolipoprotein E-deficient mice (Massy et 

al., 2005). 

Other studies indicate that uremia induces the expression of osteoblast differentiation factor 

Cbfa1 in the intima and media of arteries, which may lead to vascular calcification (Moe et al., 

2003). Elevated BUN may also serve as a marker of an activated SNS and/or an up regulated 

rennin-angiotensin system (Kirtane et al., 2005).  

Estimated GFR (eGFR) 

Currently, in daily clinical practice, GFR estimation through formulas is the best available test 

of renal function in patients with CVD. The MDRD equation requires only data on patient’s 

age and sex. It is quick and easy to calculate in all patients using data routinely provided when 

requesting a SCr measurement. This equation has been generally shown to be more precise and 

accurate in predicting the GFR in patients with GFR < 60 ml/min/1.73 m2 (Levey et al., 2007). 

However, a recently modified MDRD formula has been published: the CKD-EPI formula 

(Levey et al., 2009).This reduces the bias or underestimation of the MDRD formula above all 

in GFR > 60 ml/min/1.73 m2. Although the perfect formula has yet to be described, the CKD-

EPI formula may currently be the least imperfect means of estimating GFR (Teruel and Catalán, 

2011). These formulas, despite their mathematical complexity, can be calculated by many 

mobile applications (eg, Pocket GFR calculator). Laboratories are recommended to provide it 

automatically in their analyses when patient age and sex data are available. 
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1.2.6 . Electrolyte imbalance in CV patients 

Electrolyte gradients are controlled precisely between intra- and extracellular compartments for 

sustaining the normal physiological functions of muscles and nerves (Rose, 2001). The main 

responsible organ for this regulation is kidney, but other mechanisms like hormonal activities 

of antidiuretic hormone, aldosterone and parathyroid hormone are also involved. Disorders of 

serum electrolytes are higher among CV patients than the other associated disease (Giordano et 

al., 2016) , and can cause multiple problems for cardiac patients (Hinkle, 2011). Alterations in 

the level of serum electrolytes have also been associated with increased CV morbidity and 

mortality (Kughapriya P, 2016).  

Serum sodium imbalance 

Sodium is well known as the major extracellular cation that significantly affects fluid balance 

in patients. Sodium assists in the exchange of water between intracellular and extracellular 

spaces in the body and is a major component in the measurement of the body’s serum 

osmolality. Sodium is important for the depolarization and repolarization of cells because of its 

role in the action potential (Hinkle, 2011). 

Hypernatremia is defined as a serum sodium concentration greater than 145 mmol/L. The 

patient with hypernatremia, who has weight gain, may show signs of peripheral edema, or even 

worse pulmonary edema due to HF (Jain et al., 2012). ANP is released in the heart when the 

patient has volume overload and stretching of the atria. This peptide causes kidneys to increase 

excretion of sodium, and increases the excretion of water, which will decrease volume in the 

body. The prevalence of hypernatremia is unknown in CV patients. A cross sectional study 

conducted in Turkey on 547 CV patients showed that 6.6% of patients had hypernatremia (Balcı 

et al., 2013). In a study of 70 stroke patients, 8.6% of patients had hypernatremia (Hasan et al., 

2013). 

Hyponatremia is defined as a serum sodium concentration lower than 135 mmol/L. It always 

reflects an excess of water relative to sodium, commonly by dilution of total body sodium 

secondary to increases in total body water (water overload) and sometimes as a result of 

depletion of total body sodium in excess of concurrent body water losses. Hyponatremia  is 

recognized as the most common electrolyte disorder in CV patients (Ali et al., 2016;Hasan et 

al., 2013). A cross sectional study conducted in Turkey on 547 CV patients showed that 64.7% 

of patients had hyponatremia (Balcı et al., 2013). In a study of CHF, 33.7% of patients had 

hyponatremia (Milionis et al., 2002). In Ethiopia, a study conducted on 152 HF showed that 

28.9% had  hyponatremia (Ali et al., 2016). In CVD, non-osmotic release of vasopressin may 
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occur due to acute development of left ventricular dysfunction, pain and stress resulting in 

reduced level of sodium (Imamura et al., 2014;Rowe et al., 1979). Moreover, one study showed 

that decrease in serum sodium level was due to hypoxia, ischemia and infarction, which cause 

increased permeability of sarcolemma to sodium (Mudaraddi et al., 2015).  

Patients with hyponatremia may suffer from major neurologic complications since low sodium 

concentration produces brain edema, but the rapid correction of hyponatremia also associated 

with increased morbidity and mortality (Arieff et al., 1976). Several clinical studies have shown 

that hyponatremia is associated with adverse prognosis and reduced survival in HF (Costache 

et al., 2014). In a study of 152 subjects admitted for HF, hyponatremia was associated with 

increased in-hospital mortality and longer hospital stay (Ali et al., 2016). 

Serum potassium imbalance 

Potassium is an essential dietary mineral and the main intracellular cation required for the 

maintenance of cell membrane potential, ion and solute transport, and the regulation of cell 

volume (Rose, 2001). It is the electrolyte that mostly associated with the heart function 

(Kughapriya P, 2016;Macdonald and Struthers, 2004). 

Hyperkalemia is a potentially life-threatening condition that is defined as a serum potassium 

level above a reference range, usually greater than 5.0 mEq/L. Elevation of plasma potassium 

concentration decreases the ratio of intracellular to extracellular potassium, leading to partial 

depolarization of the cell membrane. These physiologic effects of hyperkalemia can result in 

muscle weakness, paralysis, life-threatening effects on cardiac conduction (eg, QRS widening), 

arrhythmias such as ventricular fibrillation, and sudden death (Weisberg, 2008;Ahmed and 

Weisberg, 2001). Although the prevalence of hyperkalemia in the CV patients is unknown, 

some studies in hospitalized patients have reported the prevalence of hyperkalemia. A cross 

sectional study conducted in Turkey on 547 CV patients showed that 14.3% of patients had 

hyperkalemia (Balcı et al., 2013). Many patients with cardiac problems may also have renal 

problems, which leads to hyperkalemia (Dunn et al., 2015). Patients with HF typically have 

decreased renal perfusion that can lead to increased potassium levels. These patients may also 

have increased levels of ANP, which causes the patient to lose sodium through kidneys and 

retain potassium (Jain et al., 2012). 

Hypokalemia is the most common electrolyte abnormality observed in CV patients. It is defined 

as a serum potassium concentration lower than 3.5 mmol/L. Hypokalemia is present in 7% to 

17% of patients with CVD (Kjeldsen, 2010). A cross sectional study conducted on 70 stroke 
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patients showed that 27.1% of patients had hypokalemia. In a study of 547 CVD,14.4% of 

patients had hypokalemia (Balcı et al., 2013).  The most common causes are diuretics, 

catecholamine, high urine output and increased GI losses (Hinkle, 2011). Patients with 

hypokalemia are at increased risk for developing ventricular dysrhythmia and increased all-

cause and CV mortality by up to 10-fold (Kjeldsen, 2010). It is believed that a low potassium 

level alters the cell’s resting membrane potential, leading to increased excitability of the cell. It 

is a well-known fact that, hypokalemia enhances the effects of digitalis, even leading to toxicity 

(Rose, 2001). Therefore, it is recommended that cardiac monitoring be initiated for those 

patients who are suspected of having a potassium imbalance (Urso et al., 2015). 

Serum chloride imbalance 

Chloride is an important anion in plasma and interstitial fluid. It plays a role in acid–base 

homeostasis, maintenance of urine and plasma electro-neutrality, and may even effect 

neurohormonal activation (Galla et al., 1991;Lorenz et al., 1990). Despite its major importance, 

chloride has received little attention in CVD (Grodin et al., 2016).  

Hypo-and hyperchloremia are frequent in hospitalized patients with acute and unstable 

conditions (Yunos et al., 2010). A cross sectional study conducted on 70 stroke patients showed 

that 5.7%  had hyperchloremia and 8.6% had hypochloremia (Hasan et al., 2013). The most 

frequent and reversible cause of hyperchloremia is the administration of intravenous chloride-

rich fluids, such as 0.9% NaCl(saline) with supraphysiological chloride content (Wakim, 1970). 

Hyperchloremia is associated with dehydration and conditions causing decreased renal blood 

flow, such as in CHF (Rose, 2001).  

On the contrary, hypochloremia more frequently associated with congestive states or 

neurohormonal activation, either by chloride loss via diuretic administration or by water gain 

(eg, CHF and inappropriate secretion of AVP), (Yunos et al., 2010;Adrogué and Madias, 

2000;Goldsmith et al., 1983). Neurohormonal activation with impaired AVP secretion is also 

important in patients with left ventricular dysfunction even without overt HF and increases 

when diuretics are added to the therapy, because of volume depletion induction (Francis et al., 

1990). Hence, lower chloride levels may be associated either with dilutional states or with 

electrolyte depletion states, especially when chloride is lower relative to sodium, which can 

occur in the setting of diuretic-induced salt wasting (with predominant excretion of chloride in 

the urine in exchange of bicarbonate that is retained to maintain electroneutrality), (Galla et al., 

1991). Long-term prognostic value of lower serum chloride in patients with stable chronic HF 



13 

 

has also shown that lower serum chloride levels were independently and incrementally 

associated with increased mortality risk (Grodin et al., 2016). 

1.2.7 . Diuretics induced serum electrolyte imbalance 

Chemically, diuretics are a diverse group of compounds that either stimulate or inhibit various 

hormones that naturally occur in the body to regulate urine production by kidneys (Vikas et al., 

2017). Diuretics increase urinary excretion of water and electrolytes and are used to relieve 

edema associated with CVD (Shah et al., 2004). The commonly used classes are loop, thiazide, 

and potassium sparing diuretics. Loop diuretics inhibit the Na+–K+–2Cl- symporter 

(cotransporter) situated at the luminal thick ascending limb of the loop of Henle (Wittner et al., 

1991). Thiazides inhibit sodium and chloride reabsorption mostly at distal tubules. This 

cotransporter is insensitive to loop diuretics. More sodium reaches the distal tubules to stimulate 

the exchange with potassium, particularly in the presence of an activated RAAS (Gamba et al., 

1993). Thiazides may also increase the active excretion of potassium in the distal renal tubule.  

Potassium sparing diuretics inhibit the sodium proton exchanger in the distal tubules and 

collecting tubules (Canessa et al., 1994), and antagonize aldosterone-induced vasoconstriction 

in the arterioles (Roush and Sica, 2016). Thereby, potassium loss is indirectly decreased. They 

are relatively weak diuretics, which are often used in combination with thiazides and loop 

diuretics (Daleau and Turgeon, 1994). An advantage of such combination is that the loss of 

sodium is achieved without a major loss of potassium. 

Information on diuretics induced electrolyte imbalance was lacking in CV patients. But, one 

study conducted in Switzerland on the impact of diuretic therapy on electrolyte disorders on all 

patients attending ED showed that loop diuretics were an independent risk factor for 

hypernatremia and hypokalemia, while thiazide diuretics were associated with the presence of 

hyponatremia and hypokalemia (Arampatzis et al., 2013). Loop diuretic induced hyponatremia 

often marks the severity of the HF state and is coupled with the degree of volume change and 

neurohumoral activation (Sica, 2005). A cohort study conducted in HF with preserved ejection 

fraction has shown that loop diuretic use, but not spironolactone, lead to a decrease in serum 

chloride levels over time (Grodin et al., 2018). 

The time course of diuretic-related electrolytes disorder differs between thiazide-type and loop 

diuretics. Thiazide- induced usually occurs shortly after the beginning of therapy (typically 

within the first 1–2 weeks), (Barber et al., 2015), whereas furosemide-induced develops after a 

longer interval (Sonnenblick et al., 1993).  
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1.3 . Statement of the Problem 

CVDs remain the most common cause of death worldwide. GBD study estimated that CVD 

caused 17.7 million deaths globally in 2016 (Hannah and Max, 2018). It accounted for 32.3% 

of all deaths and twice that caused by cancer, as well as more than all communicable, maternal, 

neonatal and nutritional disorders combined. At least three quarters of the world's deaths from 

CVDs occur in low- and middle-income countries (WHO, 2014). However, in Ethiopia, GBD 

study reported that the mortality in CVD is 18.3% of all deaths in 2016 (Hannah and Max, 

2018). The reason why it is decreased is due to the nature of the diseases (for instance silent MI 

or asymptomatic IHD) and the less attention given to chronic diseases in general.  

CKD is a global health burden with a high economic cost to health systems (Teruel and Catalán, 

2011) and higher among patients with CVD (Liu et al., 2012;Sarnak et al., 2003). The factors 

underlying the increased prevalence of CKD are the progressive aging, diabetes mellitus and 

high blood pressure, most of which are present in patients with CVD (Chen et al., 2016;Akanda 

et al., 2013;Kazancioğlu, 2013;Amenós et al., 2010). All stages of CKD are associated with 

increased risks of CV morbidity, premature mortality, and/or decreased quality of life. 

Additionally, CKD is a major and serious risk factor for CVD (Brosius et al., 2006). Death from 

CVD is 10 to 30 times higher in dialysis patients than in the general population (Sarnak, 2003). 

Some studies have confirmed that even early CKD constitutes a significant risk factor for CV 

events and death (Health, 2012;Anavekar et al., 2004). In addition, proper management of CVD 

is different and more complex in patients with CKD (Gupta R, 2004).  

Early CKD has no sign or symptom (Tamadon and Zahmatkesh, 2015), this is why CKD usually 

remains undetected for a longer period, until a screening test identifies the silent problem. 

Techniques commonly used to estimate renal function often fail to detect patients with mild to 

moderate reduction in GFR and because screening for albuminuria is not consistently 

performed, CKD in many patients remains unidentified. 

Life threatening electrolyte abnormalities have also been known to affect the prognosis and 

outcome of the disease status, in different clinical settings. Alterations in the levels of serum 

electrolytes have been associated with increased CV morbidity and mortality (Kughapriya P, 

2016). Humans are prone to sodium overload and potassium depletion. This electrolyte 

imbalance is important in the pathogenesis of CVD and sudden cardiac arrest (Hinkle, 2011). 

Avoiding hypokalemia is beneficial in several CVD states including acute myocardial 

infraction (AMI), HF, and hypertension (Macdonald and Struthers, 2004). 
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Although the high prevalence of CKD and electrolyte imbalance are known in patients with 

CVD and cause extra morbidity and mortality (Kughapriya P, 2016;Wang et al., 2014;Health, 

2012;Anavekar et al., 2004), there is no published study on renal disease and electrolyte 

imbalance among CV patients in Ethiopia. In addition, many researchers recommended 

screening for evidence of kidney disease in all patients with CVD by using eGFR and 

albuminuria (Saran Anita M, 2008;Brosius et al., 2006), but many physicians relay only on SCr 

as a measurement of renal function and interpret normal SCr levels as evidence of normal renal 

function. Therefore, the present study was undertaken to assess the renal function by using 

eGFR equations and proteinuria, and serum electrolyte balance in patients with CVD. 

1.4 . Significance of the study 

In Ethiopia, there is no published data on renal disease and electrolyte imbalance among CV 

patients. But, kidney disease is a major public health problem globally and occurs commonly 

in patients with CVD. Therefore, the present study is expected to provide an important 

information on renal function and electrolyte balance in patients with CVD. In addition, the 

findings of the study will help as base line data for further researches in the future.  

1.5 . Hypothesis of the study  

Alternative Hypothesis (AH):  

 Assessing of renal function using prediction equations are better than using 

SCr alone 

 The prevalence of serum electrolyte imbalances are higher in CV patients 
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2 . OBJECTIVES 

2.1 . General Objective 

 To assess the renal function and electrolyte balance in patients with cardiovascular 

disease at Tikur Anbessa Specialized Hospital (TASH), Addis Ababa, Ethiopia 

2.2 . Specific Objectives 

 To assess the renal function among cardiovascular patients  

 To determine the magnitude of chronic kidney disease among cardiovascular patients  

 To evaluate undiagnosed renal insufficiency among cardiovascular patients 

 To evaluate electrolyte imbalance among cardiovascular patients 
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3 . MATERIALS AND METHODS 

3.1 . Study Area 

The study was conducted at adult emergency department (ED) of TASH, Addis Ababa, 

Ethiopia. This hospital provides referral services to individuals from all hospitals and health 

institutions from all regions of the country. In addition, this hospital is the only public hospital 

in the country that provides cardiac care to patients. 

3.2 . Study Design and Period  

A cross sectional study design was conducted from September to November 2017 at TASH, 

Addis Ababa, Ethiopia 

3.3 . Source Population 

All new CV patients attending adult ED of TASH, Addis Ababa, Ethiopia. 

3.3.1 . Study population 

All new CV patients, who were older than 18 years, attending adult ED of TASH during study 

period. 

3.3.2 . Inclusion criteria 

All new CV patients who were attending adult ED of TASH at the time of data collection and 

who were willing to participate in the study were included. 

3.3.3 . Exclusion criteria 

Patients were excluded if they were less than 18 years old, diabetic, pregnant, suffering from 

malnutrition and taking creatine dietary supplements. 

3.4 . Sample Size Determination 

Using sample size formula for single population proportion, the sample size was calculated as 

follows: 

n = (Zα/2)2 p*q     where, n = minimum number of sample size 

              d2                                   Z = level of confidence (95%) = 1.96 

  p = Renal diseases accounted for 6% of adult hospital medical 

admissions in reports from various parts of the country (Belayneh 

et al., 2015). However, the prevalence of renal disease in CV 

patients is approximately twice of community based study 

(approximately 12%). 

                                        q = 1-p = 0.88 
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                                       d = margin of error (5%) 

 

n = (1.96)2 *0.12*0.88   = 163  

                         (0.05)2 

               

3.5 . Sampling Technique  

 Convenient sampling technique was employed. 

3.6 . Study Variables 

3.6.1 . Independent variables 

 Age  

 Sex 

 BMI  

 CVD 

3.6.2 . Dependent variables  

 SCr 

 BUN 

 eGFR 

 Proteinuria 

 Serum electrolyte levels 

3.7 . Reagents and Materials 

The reagents used for the study were assay kits for serum electrolytes, urea and creatinine, and 

70% alcohol. 

The materials used for the study were Mindray 200BS automatic biochemistry analyzer, 

Humalyte plus5 electrolytes analyzer, Sphygmomanometer, weighing machine, protein dipstick 

dry reagent test strip, urine cup, disposable syringes (5ml), centrifuge, test tubes, test tube rack, 

cotton and disposable gloves.  

3.8 . Data Collection and Measurements 

3.8.1 . Data collection 

Data was collected by trained nurses using partially closed-ended questionnaires and the 

investigator played a supervisory role. Clinical assessment and categorization of the CV 

patients were done by physicians. Clinical history of participants was obtained from recorded 

data. 
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3.8.2 . Laboratory tests 

3.8.2.1 . Sample collection and preparation 

Five milliliter of blood sample was collected using disposable syringe in ED. To prepare serum, 

the blood samples was transferred into test tube and left to clot at room temperature for 30 min 

immediately following collection. Subsequently, the clotted blood sample was transported to 

emergency laboratory. Then the clotted blood sample was centrifuged at 3000 rpm for 5 min. 

Finally, the serum was transferred into necked tube and analysis of BUN, SCr, and serum 

electrolytes were performed immediately by laboratory technologist.  

A urine specimen was collected in a clean and dry container in ED and taken into emergency 

laboratory, and analysis was done immediately. 

Sample processing 

Serum electrolyte tests including K+, Na+, and Cl- values were analyzed by Humalyte Plus5 

electrolytes analyzer by using direct Ion-Selective Electrode (ISE) method. Serum urea and 

creatinine were analyzed in the clinical laboratory using Mindray200BS which is an automatic 

biochemistry analyzer. Urinalysis was performed by a laboratory technologist at the site of 

specimen collection using dipstick dry reagent test strip. 

3.8.2.2 . Serum sodium, potassium, and chloride ions test 

Principle: ISEs for sodium, potassium and chloride utilizes membrane selective to each of these 

ions. An electrical potential (voltage) is developed across the membranes between the reference 

and measuring electrodes in accordance with the Nernst equation. The voltage is compared to 

previously determined calibrator voltages and converted into ion concentration. 

Patients were classed as having an electrolyte disorder or not based on the reference ranges of 

TASH central laboratory: Na+: 135-145 mmol/L, K+: 3.5-5.0 mmol/L and Cl-: 95-105 mmol/L. 

3.8.2.3 . Estimation of GFR 

An eGFR was calculated separately for men and women through two methods (equations): 

1) Modification of Diet in Renal Disease (MDRD) study equation (Levey et al., 2007):  

GFR (expressed in ml/min/1.73 m2) = 186 × [SCr (mg/dl)] –1.154 × (age) -0.203 × (0.742 if 

female) × 1.212 (if black) 

2) Chronic Kidney Disease- Epidemiological Collaboration (CKD-EPI) formula (Levey et al., 

2009) using the following equations:  

 For female with SCr ≤ 0.7 mg/dl: GFR = 166 x (Scr/0.7)-0.329 x (0.993) age.  

 For female with SCr > 0.7 mg/dl: GFR = 166 × (Scr/0.7)-1.209 x (0.993) age.  
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 For male with SCr ≤ 0.9 mg/dl: GFR = 163 x (Scr/0.9)-0.411 x (0.993) age.  

 For male with SCr > 0.9 mg/dl: GFR = 163 × (Scr/0.9)-1.209 x (0.993) age. 

The CKD-EPI and MDRD equations are equally accurate in a subgroup with an eGFR < 60 

ml/min/1.73 m2. However, the CKD-EPI equation is more accurate in a subgroup with an eGFR 

≥ 60ml/min/1.73 m2. These formulas, despite their mathematical complexity, were calculated 

by mobile application (pocket GFR calculator). For the purpose of this study, stages of CKD 

was categorized as the followings (Table 1). 

Table 1 : GFR categories in CKD (Inker et al., 2014) 

 

CKD was defined as eGFR < 60 ml/min/1.73 m2 (stages 3–5 CKD). All participants with eGFR 

< 60 ml/min/1.73 m2 were advised to have their SCr checkup after a month. 

3.8.2.4 . Estimation of SCr 

The SCr concentration was estimated by alkaline picrate method using commercially available 

kit (Bonsnes and Taussky, 1945). 

Principle  

The alkaline picrate reacts with creatinine to form the orange colored complex, which is read 

at 520 nm spectrophotometrically. The SCr concentration is calculated using the following 

formula: 

       SCr concentration (mg/dl) =   Absorbance of Test    X 2 

                                                        Absorbance of Standard 

 Normal range of SCr is between 0.9-1.2mg/dl. Patients with high SCr concentration were 

defined as >1.2mg/dl. 

3.8.2.5 . Estimation of BUN 

The blood urea was estimated by Berthelot method  using commercially available kit (Fawcett 

and Scott, 1960).  

GFR category Terms GFR(ml/min/1.73m2) 

G1  Normal or high ≥ 90 

G2  Mildly decreased 60-89 

G3a Mildly to moderately decreased 45-59 

G3b  Moderately to severely decreased 30-44 

G4  Severely decreased 15-29 

G5  Kidney failure <15 
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Principle: Urease catalyzes the conversion of urea to ammonia and carbon dioxide. Then, the 

released ammonia reacts with a mixture of salicylate, hypochlorite and nitroprusside to yield 

indophenol, a blue-green colored compound. The intensity of the color produced is directly 

proportional to the concentration of urea in the sample and is measured at 578 nm 

spectrophotometrically.  

The blood urea is calculated using the following formula: 

           Serum urea (mg/dl) =   Absorbance of Test X 40 

                                                 Absorbance of Standard 

            BUN (mg/dl) = Serum urea X 0.467 

Normal BUN level is between 10-20 mg/dl. Patients with high BUN concentration were defined 

as > 20 mg/dl. 

3.8.2.6 . Estimation of protein in urine  

Dry-reagent test strip technique was used for qualitative and semi-quantitative estimation of 

protein in urine. 

Principle: It is based on the principle of protein error in which specific chromogen immobilized 

onto a pad reacts with protein present in the urine and changes the color of the strips from light 

yellow to blue-green. The change in color is visible to the naked eyes and can be compared with 

the color chart for the estimation of total protein concentration present in the urine sample. 

The result was divided into five groups (-, trace, 1+, 2+, 3+). The result of 1+ or more was 

regarded as proteinuria. 

3.8.2.7 . Measurement of arterial blood pressure (ABP) 

ABP was measured using aneroid sphygmomanometer in the right upper arm in the sitting 

posture after a 30 minutes rest. 

Principle: The sphygmomanometer cuff is normally placed smoothly and snugly around right 

upper arm. The arm is flexed at the level of heart while the subject is seated with the arm 

supported. The cuff is inflated until radial pulse disappeared. As the valve is gradually opened, 

cuff pressure (slowly) decreases. When the cuff's pressure equals the arterial systolic pressure, 

blood begins to flow past the cuff, audible sounds were heard using a stethoscope that is the 

systolic blood pressure (SBP). The pressure when the blood flow sounds stop that is the diastolic 

pressure (DBP).  

https://en.wikipedia.org/wiki/Heart
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ABP was measured two additional times, waiting a five minutes between measurements and an 

average was recorded. Hypertension (HTN) was defined as SBP ≥ 130 mmHg or DBP ≥ 80 

mmHg or use of anti-hypertensive medication irrespective of the blood pressure (Whelton et 

al., 2017). 

3.8.2.8 . Body Mass Index (BMI) 

An electronic weighing scale was used to obtain the weight. The scale was placed on a hard 

floor surface. Patients were asked to remove their heavy outer garments and the weight was 

measured. Height was measured using Stanley measuring tape (5m length), with the patients 

bare footed and head upright.  BMI was calculated as BMI equal to weight in kilogram per 

height in meter square formula. Values of BMI was classified as follows: BMI ≤ 18.5 Kg/m2 

underweight, BMI = 18.5-24.9 Kg/m2
 normal weight, BMI = 25-29.9 Kg/m2 overweight and 

BMI ≥ 30 Kg/m2 obese. 

3.9 . Operational Definitions 

1. CKD is defined as eGFR < 60 ml/min/1.73 m2 by MDRD and CKD-EPI equations. 

2. Hyponatremia is defined as a serum Na+ level < 135 mmol/L. 

3. Hypernatremia is defined as a serum Na+ level  > 145 mmol/L 

4. Hypokalemia is defined as a serum K+ level < 3.5 mmol/L 

5. Hyperkalemia is defined as a serum K+ level > 5.0 mmol/L 

6. Hypochloremia is defined as a serum Cl- level of < 95 mmol/L 

7. Hyperchloremia is defined as a serum Cl - level > 105 mmol/L 

8. Undiagnosed renal insufficiency is defined as eGFR < 60 ml/min/1.73 m² in the presence 

of serum creatinine ≤ 1.2 mg/dl. 

9. Proteinuria: condition in which the urine has more than normal amounts of a protein called 

albumin. 

3.10 . Data Quality Management and Control  

To ensure the quality of data, preceding data collection, training of the data collectors was 

carried out for one day by the principal investigator on the objectives, relevance of the study 

and confidentiality of information. The data collection tool was prepared in English and 

translated to Amharic with the intention that the respondents will understand it and provide an 

accurate response, and then back to English. The research’s data collection mechanisms was 

pre-tested before proceeding to the research participants with the objective of checking the 

validity and appropriateness of the questions included there in. The pre-test was conducted in 
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10 post graduate students from College of Health Sciences, Addis Ababa University. To assure 

the quality of laboratory analysis the standard operating procedures (SOPs) of the TASH 

clinical chemistry laboratory was strictly followed. In addition, the laboratory analysis was 

performed by well trained and experienced two laboratory technologists. 

3.11 . Data Entry and Analysis 

Data entry and analysis was done using SPSS software version 22.The descriptive statistics was 

calculated & logistic regression analysis was done. The data was presented using statistical data 

presentation methods: tables and figures. Continuous variables were expressed as the mean ± 

standard deviation (SD). Categorical variables were expressed as frequencies and percentages. 

Chi-square (x2) analysis was used for between-group comparisons of CKD proportions. 

Multinomial logistic regression was performed by including variables that were significant at p 

< 0.05. Adjusted odds ratio (AOR) and their corresponding 95% confidence intervals (CI) were 

expressed to describe the association of risk factors with CKD (dependent variable). Statistical 

significance was considered at p < 0.05. 

3.12 . Ethical Consideration 

Ethical approval for the research was obtained from Addis Ababa University, College of Health 

Science, and School of Graduate Studies Department of Medical Physiology Research Ethics 

Review Committee. Official letter written by the university was given for the hospital so that 

permission was secured at all levels. After introduction of the data collector, participants were 

informed about the objectives and benefits of the research and its findings, preceding the data 

collection. They were informed about the confidentiality of the information they gave and 

written consent was obtained from each participant immediately. The participants were not 

required to write their names on the questionnaires. The results of laboratory diagnosis was 

reported to health professionals for treatment. 

3.13 . Utilization and Dissemination of the Result 

The result of the study was submitted to the director of cardiac unit in the hospital and school 

of medicine department of medical physiology to be used for further studies. In addition, the 

results of the study will be communicated to publish in a peer reviewed journals and 

presentation at scientific meetings will be considered. 
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4 . RESULTS 

4.1 . Sociodemographic and Clinical Characteristics of the Participants 

A total of 163 CV patients participated in the study, 91 (55.8%) were females. The mean age 

of the study participants was 42 ± 18 years with 45 ± 18 for male and 40 ± 17 for female. Out 

of the total patients, 60 (36.8%) were between 25– 44 years age group and 22 (13.5%) were 65 

and above years old, ranging from 18 to 86 years old. One hundred ten (67.5%) patients were 

married and 51 (31.3%) were illiterate. One hundred thirteen (69.3%) patients were urban 

residents and 74 (45.4%) earned monthly income of less than 1000 ETB (Table 2).  

 

Table 2 : Sociodemographic characteristics of the study participants at ED of TASH, Addis 

Ababa, Ethiopia, 2017 

ETB: Ethiopian Birr; SD: Standard Deviation; N: Number  

 

 

 

 

 

 

Sex, N (%) Male 72 (44.2) 

Female 91 (55.8) 

Age (yrs.) Mean ± SD 42 ± 18 

Male, Mean ± SD 45 ± 18 

Female, Mean ± SD 40 ± 17 

Age category, N (%) 18-24 34 (20.9) 

25-44 60 (36.8) 

45-64 47 (28.8) 

≥ 65 22 (13.5) 

Marital status, N (%) Married 110 (67.5) 

Single 43 (26.4) 

Divorced 6 (3.7) 

Widowed/Widower 4 (2.5) 

Educational status, N (%) Illiterate 51 (31.3) 

Primary school 42 (25.8) 

Secondary school 28 (17.2) 

College/University 42 (25.8) 

Residence, N (%) Urban 113 (69.3) 

Rural 50 (30.7) 

Monthly income, N (%) ≤ 1000 ETB 74 (45.4) 

1001- 3000 ETB 46 (28.2) 

≥ 3000 ETB 43 (26.4) 
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Mean BMI of participants was 21.30 ± 4.05 Kg/m2 and 26 (16.0%) participants were 

overweight with BMI 25-29.9 Kg/m2. Mean SBP and DBP were 105 ± 20 and 67 ± 12 mmHg, 

respectively, and 52 (31.9%) patients had hypertension. Mean BUN was normal with 18.96 ± 

12.54 mg/dl while mean SCr was increased with 1.30 ± 0.96 mg/dl. Mean an eGFR values 

according to MDRD and CKD-EPI equations were indicated stage 2 CKD with 78 ± 30 and 82 

± 31 ml/min/1.73m2, respectively. Among patients diagnosed urinalysis, 41 (25.2%) had 

proteinuria. Mean serum Na+, Cl- and K+  in all patients were found within normal range with 

138.5 ± 7.2mmol/L, 100.8 ± 7.7mmol/L and 4.1 ± 0.7mmol/L, respectively (Table 3). 

Table 3: Clinical characteristics of the study participants at ED of TASH, Addis Ababa, Ethiopia, 

2017 

 

HTN: Hypertension; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood 

Pressure; BUN: Blood Urea Nitrogen; SCr: Serum Creatinine; eGFRMDRD: estimated Glomerular 

Filtration Rate using Modification of Diet in Renal Disease; eGFRCKD-EPI: estimated Glomerular 

Filtration Rate using Chronic Kidney Disease-Epidemiological Collaboration; Na+: Serum sodium ion; 

Cl-: Serum chloride ion; K+: Serum potassium ion; SD: Standard Deviation; N: Number 

 

  

BMI (Kg/m2)  Mean ± SD 21.30 ± 4.05 

Overweight (25-29.9), N (%) 26 (16.0) 

BP (mmHg) SBP , Mean ± SD 105 ± 20 

DBP, Mean ± SD 67 ± 12 

Hypertension, N (%) 52 (31.9) 

BUN (mg/dl) , Mean ± SD 18.96 ± 12.54 

SCr (mg/dl), Mean ± SD 1.30 ± 0.96 

eGFR MDRD (ml/min/1.73 m2) , Mean ± SD 78 ± 30 

eGFR CKD-EPI (ml/min/1.73 m2), Mean ± SD 82 ± 31 

Protein dipstick, N (%) Negative 122 (74.8) 

Positive 41 (25.2) 

Na+(mmol/L), Mean ± SD 138.5 ± 7.2 

Cl- (mmol/L), Mean ± SD 100.8 ± 7.7 

K+ (mmol/L), Mean ± SD 4.1 ± 0.7 
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Figure 3: Distribution of the types of CVDs at ED of TASH, Addis Ababa, Ethiopia, 2017. 

CVD: Cardiovascular disease; CRVHD: Chronic Rheumatic Valvular Heart Disease; DVT: 

Deep Vein Thrombosis; IHD: Ischemic Heart Disease; HTN: Hypertension; CHD: Congenital 

Heart Disease; Others: Cardiomyopathies and pericardial diseases 

 

Regarding distribution of the types of CVDs, CRVHD was the most common diagnosed which 

accounted for 75 (46.0%) followed by DVT 32 (19.6%), IHD 19 (11.7%), Stroke 14 (8.6%), 

HTN 13 (8.0%), CHD 3 (1.8%) and others 7 (4.3%) during study period. 

 

4.2 . Prevalence of CKD 

A total of 124 (76.1%) patients had a normal renal function (eGFR of ≥ 60 ml/min/1.73m2); 23 

(14.1%) patients had stage 3a CKD (eGFR 45 – 59 ml/min/1.73m2); 8 (4.9%) patients had stage 

3b CKD (eGFR 30 – 44 ml/min/1.73m2); and 8 (4.9%) patients had stage 4 or 5 CKD (eGFR < 

30 ml/min/1.73m2) using MDRD equation. 

When renal function estimated by CKD-EPI equation, 57 (35.0%) patients had a normal renal 

function (eGFR of ≥ 90 ml/min/1.73m2); 71 (43.6%) patients had stage 2 CKD (eGFR 60-89 

ml/min/1.73m2); 18 (11.0%) patients had stage 3a CKD; 9 (5.5%) patients had stage 3b CKD; 

and 8 (4.9%) patients had stage 4 or 5 CKD. 

As shown in table 4, 39 (23.9%) patients based on MDRD equation and 35 (21.5%) patients 

based on CKD-EPI equation had CKD (defined as eGFR < 60 ml/min/1.73 m2). 
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Table 4: GFR category according to K/DOQI classification using equations among CV patients at 

ED of TASH, Addis Ababa, Ethiopia, 2017 

 
CKD: Chronic Kidney Disease; GFR: Glomerular Filtration Rate; MDRD: Modification of Diet in Renal 

Disease; CKD-EPI: Chronic Kidney Disease-Epidemiological Collaboration; G: Group; N: Number 
 

Out of the total study participants, 114 (69.9%) had normal SCr (SCr ≤ 1.2 mg/dl). When these 

participants were assessed using MDRD formula, stage 2 CKD was found in 71 (62.3%) 

participants and stage 3 CKD was found in 4 (3.5%) participants. When assessed using CKD-

EPI formula, stage 2 CKD was found in 54 (47.4%) of these participants and stage 3 CKD was 

found in 4 (3.5%) of these participants (table 5). 

Table 5: Kidney function in CV patients with normal SCr assessed using MDRD and CKD-EPI 

equations at ED of TASH, Addis Ababa, Ethiopia, 2017 

 
GFR: Glomerular Filtration Rate; MDRD: Modification of Diet in Renal Disease; CKD-EPI: Chronic 

Kidney Disease-Epidemiological Collaboration; N: Number 
 

4.3 . Risk Factors Associated with CKD 

CKD was significantly associated with hypertension when renal function defined by CKD-EPI 

(p = 0.019) but not by MDRD formula (p = 0.075). SBP was significantly associated with CKD 

defined by MDRD (p = 0.023) and CKD-EPI equations (p = 0.009). Although no significant 

differences between male and female, CKD was higher in females compared to males. By age 

group, older age was not significantly associated with CKD defined by MDRD (p = 0.160) and 

CKD-EPI equations (p = 0.067). 

GFR category  

(ml/min/1.73m2) 

Description MDRD  

N (%) 

CKD-EPI 

N (%) 

S
ta

g
es

 o
f 

C
K

D
 

G1(≥ 90 ) Normal or high GFR 39 (23.9) 57 (35.0) 

G2 (60-89) Mildly ↓GFR 85 (52.2) 71 (43.6) 

G3a (45-59) Mildly to moderately ↓GFR 23 (14.1) 18 (11.0) 

G3b (30- 44) Moderately to severely ↓GFR 8 (4.9) 9 (5.5) 

G4 (15-29) Severely ↓GFR 6 (3.7) 6 (3.7) 

G5 (< 15) Kidney failure 2 (1.2) 2 (1.2) 

GFR category 

(ml/min/1.73m2) 

Description MDRD  CKD-EPI 

N (%) N (%) 

G1 ( ≥ 90) Normal or high GFR 39 (34.2) 56 (49.1) 

G2 (60-89) Mild Renal Insufficiency 71 (62.3) 54 (47.4) 

G3 (30-59) Moderate Renal Insufficiency 4 (3.5) 4 (3.5) 
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CKD was significantly higher among patients with high SCr when compared with low SCr: 

21.5% vs. 2.5%, p = 0.001 by MDRD and 19.0% vs. 2.5 %, p = 0.001 by CKD-EPI. CKD was 

also significantly higher in patients with high BUN compared with low BUN: 16.6% vs. 7.4%, 

p = 0.001 by MDRD and 16.6% vs. 4.9%, p = 0.001 by CKD-EPI (Table 6). 

Table 6 : Distribution of CKD by characteristics of study participants using MDRD and CKD-

EPI equation among CV patients at ED of TASH, Addis Ababa, Ethiopia, 2017 

 
*: Significant (p<0.05); MDRD: Modification of Diet in Renal Disease; CKD-EPI: Chronic Kidney 

Disease-Epidemiological Collaboration; CKD: Chronic Kidney Disease; BMI: Body Mass Index; SBP: 

Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SCr: Serum Creatinine; BUN: Blood Urea 

Nitrogen; m: month 
 

The univariate analysis showed significant association between CKD (eGFR < 60 ml/min/1.73 

m2) and the following variables: hypertension, elevated SBP, high SCr and high BUN. After 

incorporating all significant (p < 0.05) variables in the univariate analysis, multivariate logistic 

regression was performed to identify risk factors independently associated with CKD. 

In multivariate analysis, only high SCr (AOR = 47.57, CI 13.72-164.89) was independently 

associated with CKD defined by MDRD equation. But, high SBP (AOR = 7.45, CI 1.02-54.22), 

Variables MDRD p-

value 

CKD-EPI  p- 

value CKD  no CKD CKD  no CKD 

Sex  Female 15.3 40.5 0.235 12.9 42.9 0.578 

Male 8.6 35.6 8.6 35.6 

Age ≥60years 6.7 13.5 0.160 6.7 13.5 0.067 

<60years 17.2 62.6 14.7 65.0 

BMI  ≥25Kg/m2 6.1 12.3 0.183 5.5 12.9 0.210 

<25Kg/m2 17.8 63.8 16.0 65.6 

Diuretics Yes 17.2 45.4 0.175 16.0 46.6 0.108 

NO 6.7 30.7 5.5 31.9 

Duration of  

diuretics  

< 1month 4.9 8.8 0.763 4.9 8.8 0.623 

1m-1year 4.9 13.7 4.9 13.7 

> 1 year 17.6 50.0 15.7 52.0 

Hypertension Yes 10.4 21.5 0.075 10.4 21.5 0.019* 

NO 13.5 54.6 11.0 57.1 

SBP ≥130mmHg 5.5 6.7 0.023* 1.8 3.7 0.009* 

<130mmHg 18.4 69.3 19.6 74.8 

DBP ≥80mmHg 4.9 16.6 0.867 4.3 3.1 0.822 

<80mmHg 19.0 59.5 17.2 75.5 

SCr  >1.2mg/dl 21.5 8.6 0.001* 19.0 11.0 0.001* 

≤ 1.2mg/dl 2.5 67.5 2.5 67.5 

BUN >20mg/dl 16.6 14.7 0.001* 16.6 14.7 0.001* 

≤20mg/dl 7.4 61.3 4.9 63.8 

Proteinuria Positive 7.4 17.8 0.357 6.7 18.4 0.337 

Negative 16.6 58.3 14.7 60.1 
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high SCr (AOR = 31.13, CI 8.67- 111.77) and high BUN (AOR = 6.75, CI 2.14-21.27) were 

independently associated with CKD defined by CKD-EPI equation (Table 7). 

Table 7: Risk factors associated with CKD according to the MDRD and CKD-EPI equations 

among CV patients at ED of TASH, Addis Ababa, Ethiopia, 2017 

 
*: Significant (p <0.05); MDRD: Modification of Diet in Renal Disease; CKD-EPI: Chronic Kidney 

Disease-Epidemiological Collaboration; HTN: Hypertension; SBP: Systolic Blood Pressure; SCr: 

Serum Creatinine; BUN: Blood Urea Nitrogen; AOR: Adjusted Odds Ratio; CI: Confidence Interval; 1: 

Reference  

Risk factors MDRD equation p-

value 

CKD-EPI p-

value AOR (95% CI) AOR (95% CI) 

HTN Yes ----------------------  0.61(0.16-2.34) 0.480 

NO -----------------------                             1                                       

SBP ≥130mmHg 3.60(0.69-18.75) 0.128 7.45(1.02-54.22) 0.047* 

<130mmHg 1 1 

SCr >1.2mg/dl  47.57(13.72-164.89) 0.001*                       31.13 (8.67-111.77) 0.001*        

≤1.2mg/dl 1 1 

BUN >20mg/dl 3.09(1.00-9.37) 0.050 6.75 (2.14-21.27) 0.001* 

≤20mg/dl 1 1 
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4.4 . Serum Electrolyte Imbalance in CV Patients 

From eighty five heart disease (HD) patients, 44 (51.8%), 22 (37.7%) and 16 (20.0%) had serum 

Cl-, Na+ and K+ imbalance, respectively. Among these patients, 23 (27.1%), 22 (25.9%) and 11 

(12.9%) had hyponatremia, hypochloremia and hypokalemia, respectively. On the other hand, 

22 (25.9%), 9 (10.6%) and 6 (7.1%) patients had hyperchloremia, hypernatremia and 

hyperkalemia, respectively. 

As shown in table 8, among 78 vascular disease (VD) patients, 36 (46.1%), 27 (34.7%) and 20 

(25.5%) had serum Cl-, Na+ and K+ imbalance, respectively. Out of these patients, 19 (24.4%), 

14 (17.9%) and 11 (14.1%) had hyponatremia, hypochloremia and hypokalemia, respectively. 

But, 22 (28.2%), 9 (11.5%) and 8 (10.3%) patients had hyperchloremia, hyperkalemia and 

hypernatremia, respectively.  

 In total, this study showed that 80 (49.1%) patients had serum Cl- imbalance [36 (22.1%) 

hypochloremia and 44 (27.0%) hyperchloremia], 59 (36.2%) had serum Na+ imbalance [42 

(25.8%) hyponatremia and 17 (10.4%) hypernatremia] and 37 (22.7%) had serum K+ imbalance 

[22 (13.5%) hypokalemia and 15 (9.2%) hyperkalemia].  

Table 8: Serum electrolyte level according to heart and vascular disease at ED of TASH, Addis 

Ababa, Ethiopia, 2017 

 

HD: Heart Disease; VD: Vascular Disease; K+: Serum potassium ion; Na+: Serum sodium ion; Cl-: 

Serum chloride ion; N: Number  

 

 

 

 

 

Serum electrolyte Level  

 

Cardiovascular Disease 

HD (n = 85) VD (n = 78) Total (n = 163) 

N (%) N (%) N (%) 

K+ 

 

Hypokalemia (< 3.5 mmol/L) 11 (12.9) 11 (14.1) 22 (13.5) 

Normokalemia (3.5-5.0 mmol/L) 68 (80.0) 58 (74.4) 126 (77.3) 

Hyperkalemia (> 5.0mmol/L) 6 (7.1) 9 (11.5) 15 (9.2) 

Na+ 

 

Hyponatremia (< 135mmol/L) 23 (27.1) 19 (24.4) 42 (25.8) 

Normonatremia (135-145mmol/L) 53 (62.4) 51 (65.4) 104 (63.8) 

Hypernatremia (> 145 mmol/L) 9 (10.6) 8 (10.3) 17 (10.4) 

Cl- 

 

Hypochloremia (< 95 mmol/L) 22 (25.9) 14 (17.9) 36 (22.1) 

Normochloremia (95-105 mmol/L) 41 (48.2) 42 (53.8) 83 (50.9) 

Hyperchloremia (> 105 mmol/L) 22 (25.9) 22 (28.2) 44 (27.0) 
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4.5 . Association of Diuretics Therapy with Serum Electrolyte Disorders 

Hyponatremia was significantly found in patients on potassium sparing diuretic treatment 

(spironolactone) (p = 0.036).  As shown in table 9, there was no significant difference between 

all types of diuretics, duration of diuretics used and hypernatremia (p > 0.05).            

Table 9: Distribution of dysnatremia in type and duration of diuretics used CV patients at ED of 

TASH, Addis Ababa, Ethiopia, 2017 

 
*: Significant; Hyponatremia (<135mmol/L); Hypernatremia (>145mmol/L); m= month; yr = year; N: 

Number 
 

 

 

 

Table 10 shows that all types of diuretics (furosemide and spironolactone) and duration of 

diuretics used were not significantly associated with hypokalemia and hyperkalemia (p > 0.05). 

Table 10: Distribution of dyskalemia in type and duration of diuretics used CV patients at ED of 

TASH, Addis Ababa, Ethiopia, 2017 

 

 

Hypokalemia (<3.5mmol/L); Hyperkalemia (>5.0mmol/L); m= month; yr = year; N: Number  

 

 

 

 

Medication  used <135 

mmol/L 

≥135 

mmol/L 

p-value >145 

mmol/L 

≤145 

mmol/L 

p-value 

Furosemide 

N (%) 

Yes 30(18.4) 69(42.3) 0.101 10(6.1) 89(54.6) 0.865 

NO 12(7.4) 52(31.9) 7(4.3) 57(35.0) 

Spironolactone 

N (%) 

Yes 20(12.3) 36(22.1) 0.036* 5(3.1) 51(31.3) 0.651 

NO 22(13.5) 85(52.1) 12(7.4) 95(58.3) 

Duration of 

diuretics used 

N (%) 

<month 2(2.0) 12(11.8) 0.089 1(1.0) 13(12.7) 0.857 

1m-1yr 4(3.9) 15(14.7) 3(2.9) 16(15.7) 

>1yr 24(23.5) 45(44.1) 6(5.9) 63(61.8) 

Medication used <3.5 

mmol/L 

≥3.5 

mmol/L 

p-value >5.0 

mmol/L 

≤5.0 

mmol/L 

p-value 

Furosemide 

N (%) 

Yes 14(8.6) 85(52.1) 0.765 10(6.1) 89(54.6) 0.622 

NO 8(4.9) 56(34.4) 5(3.1) 59(36.2) 

Spironolactone 

N (%) 

Yes 10(6.1) 46(28.2) 0.242 7(4.3) 49(30.1) 0.297 

NO 12(7.4) 95(58.3) 8(4.9) 99(60.7) 

Duration of 

diuretics used 

N (%) 

<1m 2(2.0) 12(11.8) 0.973 1(1.0) 13(12.7) 0.780 

1m-1yr 3(2.9) 16(15.7) 2(2.0) 17(16.7) 

>1yr 10(9.8) 59(57.8) 7(6.9) 62(60.8) 
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Hypochloremia was significantly more common in patients on loop (furosemide), (19.0% vs 

3.1%, p = 0.001) and potassium sparing (spironolactone) diuretic therapy (12.3% vs 9.8%, p = 

0.003) compared with those without treatment. But, there was no significant difference between 

duration of diuretics used and hypochloremia (p > 0.05). As shown in table 11, all types of 

diuretics and duration of diuretics used were not significantly associated with hyperchloremia 

(p > 0.05). 

Table 11: Distribution of dyschloremia in type and duration of diuretics used CV patients at ED 

of TASH, Addis Ababa, Ethiopia, 2017 

 

 

*: Significant; Hypochloremia (< 95mmol/L); Hyperchloremia (> 105mmol/L); m = month; yr = year; 

N: Number 

 

 

 

 

 

 

 

 

 

 

 

  

Medication used <95 

mmol/L 

≥95 

mmol/L 

p-value >105 

mmol/L 

≤105 

mmol/L 

p-value 

Furosemide  

N (%) 

Yes 31(19.0) 68(41.7) 0.001* 26(16.0) 73(44.8) 0.794 

NO 5(3.1) 59(36.2) 18(11.0) 46(28.2) 

Spironolactone 

N (%) 

Yes 20(12.3) 36(22.1) 0.003* 12(7.4) 44(27.0) 0.249 

NO 16(9.8) 91(55.8) 32(19.6) 75(46.0) 

Duration of 

diuretics used 

N (%) 

<1m 5(4.9) 9(8.8) 0.420 4(3.9) 10(9.8) 0.749 

1m-1yr 2(2.0) 17(16.7) 5(4.9) 14(13.7) 

>1yr 25(24.5) 44(43.1) 17(16.7) 52(51.0) 
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5 . DISCUSSION 

CKD is a global health burden with a high economic cost to health systems (Teruel and Catalán, 

2011) and higher among patients with CVD (Liu et al., 2012;Sarnak et al., 2003). All stages of 

CKD are associated with increased risks of CV morbidity, premature mortality, and/or 

decreased quality of life (Wang et al., 2014;Brosius et al., 2006;Anavekar et al., 2004). Thus, 

early detection and recognition of CKD is important in patients with CVD to improve adverse 

outcomes, delay the progression to end stage renal disease (ESRD) and encourage early referral 

to the nephrologist (Amenós et al., 2010). 

In this study, CKD (eGFR < 60 ml/min/1.73 m2) was found in 23.9% (using MDRD) and 21.5% 

(using CKD-EPI) of participants based on the formula used to estimate GFR, with stage 3 being 

dominant (16.5 to 19.0%). The estimated prevalence of CKD using the MDRD equation in this 

study was lower than reported by Liborio et al. (2012), Amenos et al. (2010), Yang et al. (2010) 

and Glynn et al. (2007). These differences might be due to study design and sample size. The 

estimated prevalence of CKD using CKD-EPI equation in this study was lower than reported 

by Lofman et al.(2016) and Liborio et al. (2012), and higher than reported by Wang et 

al.(2014). These differences might be due to study design and sample size. 

The NKDEP suggests the use of eGFR as a superior measure of renal function compared with 

SCr alone. In this study, a number of participants ranging from 50.9 - 65.8% have shown to 

have mild to moderate RI (stages 2–3CKD) despite normal SCr levels using eGFR equations. 

Clinically significant CKD was found in 3.5% based on the formula used to estimate GFR. This 

estimated prevalence of undiagnosed CKD using the MDRD equation was closer to reported 

by Bachoerzewska-Gajewska (2006). Due to lack of information on the estimated prevalence 

of undiagnosed CKD assessed by CKD-EPI equation, it is difficult to compare. 

Therefore, as stressed by current guidelines, SCr alone should not be used to assess kidney 

function, because it fails to identify many patients whose kidney function is reduced while their 

SCr remains within the normal range. A marked reduction in GFR can be presented before a 

rise in SCr is reflected (up to 50% of kidney function has already been lost before creatinine 

might change). As SCr is affected by several factors, including age, sex, race and body size, 

estimation of GFR using prediction equations is recommended to avoid the misclassification of 

individuals on the basis of SCr alone (Rigalleau V, 2011;Narva, 2008;Bachorzewska- Gajewska 

H, 2006). 
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Although several equations that estimate GFR from SCr have been developed, the MDRD and 

CKD-EPI equations are the commonly used in clinical practice. The MDRD equation requires 

only patient’s age and sex. It is quick and easy to calculate for all patients using data routinely 

provided when requesting a SCr measurement. This equation has been generally shown to be 

more precise and accurate in predicting the GFR in patients with GFR < 60 ml/min/1.73 m2 

(Levey et al., 2007). However, recently, a modified MDRD formula has been published: the 

CKD-EPI formula (Levey et al., 2009).This reduces the bias or underestimation of the MDRD 

formula, above all in GFR > 60 ml/min/1.73 m2. Although the perfect formula has yet to be 

described, the CKD-EPI formula may currently be the least imperfect means of estimating GFR 

(Teruel and Catalán, 2011). 

BUN showed highly significant association with CKD defined by MDRD (p = 0.001) and CKD-

EPI (p = 0.001) equations. This is consistent with the study of Amsalem et al. (2008). 

Concomitant elevations of BUN implies renal excretory failure, but only at an advanced stage 

of kidney damage (Akanda et al., 2013). BUN is imperfect measurement of kidney function 

and is influenced by factors other than GFR (Rosner and Bolton, 2006). In particular, the BUN 

concentration is determined by the balance of urea generation and excretion by kidneys, the 

latter being dependent on the extent of urea reabsorption. Urea is reabsorbed with sodium and 

water in the proximal tubule by a passive process, whereas in the more distal nephron, urea 

reabsorption is closely linked to water reabsorption under the influence of antidiuretic hormone 

(Conte et al., 1987), which is in turn affected by angiotensin-II (Usberti et al., 1985). Thus, in 

addition to reflecting GFR, an elevated BUN can further reflect a state of renal hypoperfusion 

from hypovolemia, renovascular disease, or reduced cardiac output (Aronson et al., 2004;Dal 

et al., 1985). In these states, BUN may be raised independent of a change in GFR or SCr due 

to enhanced urea reabsorption under the activation of the SNS and RAAS (Kirtane et al., 2005). 

Regarding to risk factors, this study found insignificant association between older age and CKD 

defined by MDRD (p = 0.160) and CKD-EPI (p = 0.067) equations. This contradicts with 

finding of studies (Wagner et al., 2017;Löfman et al., 2016). This might be due to small sample 

size used in our study. In fact, younger people have a higher GFR than older people, which may 

lead to late diagnosis of kidney disease. As age increases, there is a gradual decrement in the 

number of nephrons and GFR. Thus, screening CKD in this age group is an important strategy 

to improve the outcomes (Ghonemy et al., 2017). 

In this study, hypertension was not independently associated with CKD (p = 0.480) even though 

elevated SBP was independently associated with CKD (p = 0.047) defined by CKD-EPI 
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equation. On the other hand, univariate analysis showed that hypertension was a significant risk 

factor for CKD (p = 0.019) defined by CKD-EPI equation. This is in agreement with other 

related studies (Wagner et al., 2017;Wang et al., 2014). On the contrary, this study showed that 

hypertension was not significantly associated with CKD (p = 0.075) although SBP was 

significantly associated with CKD defined by MDRD equation (p = 0.023). This contradicts 

with finding of Chen et al. (2016) and Amenos et al. (2010). The differences might be due to 

small sample size used in this study. Systemic hypertension is transmitted to intraglomerular 

capillary pressure leading to glomerulosclerosis and loss of kidney function (Kazancioğlu, 

2013). Thus, the beneficial effects of controlling blood pressure in CVD  has been described 

repeatedly in current guidelines (Whelton et al., 2017). 

Disorders of serum electrolytes are higher among CV patients than the other associated disease 

(Giordano et al., 2016), and can cause multiple problems for cardiac patients (Hinkle, 2011). 

Alterations in the level of serum electrolytes have also been associated with increased CV 

morbidity and mortality (Kughapriya P, 2016). This study also showed that there was high 

prevalence of serum electrolyte imbalance in CV patients.  

The most prevalent electrolyte imbalance was serum Cl- disorder. This serum chloride disorder 

was higher than study reported by Hasan (2013) in stroke patients. These differences might be 

due to source population used in our study. Hyperchloremia may be caused by dehydration 

(Rose, 2001) or physiological saline used (Wakim, 1970). In this study, hypochloremia was 

significantly associated with loop furosemide (p = 0.001) and potassium sparing spironolactone 

(p = 0.003). There is a lack of study that associates diuretics with serum chloride levels. 

However, one study conducted in HF with preserved ejection fraction has shown that loop 

diuretic use, but not spironolactone, lead to a decrease in serum chloride level over time (Grodin 

et al., 2018). The lower chloride level in HF may also represents a broader homeostatic 

imbalance (Grodin et al., 2016).  

 The second electrolyte imbalance in our study was hyponatremia with 25.8%. Its prevalence 

was lower than that found by Balci et al. (2013) and closer to reported by Ali et al. (2016). 

These differences might be due to small sample size used in present study. Hyponatremia may 

occur due to potassium sparing diuretic (spironolactone) usage (Arampatzis et al., 2013) and it 

was also supported by our study (p = 0.036). The mechanism is probably by the direct effect 

of spironolactone on the collecting tubule, which  increases sodium loss (Roush and Sica, 2016). 

In addition, non-osmotic release of vasopressin in CVD may occur due to acute development 

of left ventricular dysfunction, pain and stress resulting in reduced level of sodium (Imamura 
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et al., 2014;Rowe et al., 1979). Moreover, one study showed that decrease in serum sodium 

level was due to hypoxia, ischemia and infarction, which cause increased permeability of 

sarcolemma to sodium (Mudaraddi et al., 2015). 

The third serum electrolyte disorder was hypokalemia with 13.5%. This finding is in line with 

study reported by Balci et al. (2013) and Kjeldsen (2010).  Although hypokalemia was not 

significant in present study (p = 0.765), it may be caused by loop furosemide (Arampatzis et 

al., 2013). The contradiction is might be due to differences in cut off value. The possible 

mechanism for loop induced hypokalemia is an increased delivery of sodium to the distal tubule 

results in reuptake of Na by epithelial Na channels, which causes a compensatory excretion of 

potassium to occur in order for cells to maintain their charge balance (Wittner et al., 1991). 

Moreover, hypokalemia may also be due to stress induced catecholamine and beta 2 

adrenoceptor agonists linked to sodium-potassium ATPase pump  that resulting in increased 

potassium uptake by the cells (Hinkle, 2011;Kjeldsen, 2010), which were not studied in this 

study.  
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6 . CONCLUSION 

CKD was present in 21.5– 23.9% of CV patients attending ED of TASH, Addis Ababa, 

Ethiopia, but it is usually undiagnosed using SCr alone. Furthermore, the renal insufficiency 

corresponding to stage 2-3 CKD was higher in CV patients despite normal SCr levels using 

MDRD and CKD-EPI equations. Therefore, GFR should be considered as an estimate of renal 

insufficiency regardless of SCr levels.  In addition, electrolyte disorders were higher among CV 

patients. Among electrolyte disorders, hyperchloremia, hyponatremia and hypokalemia were 

the most common in CV patients. Therefore, the alternative hypothesis proposed in the present 

study has been tested and accepted. 
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7 . STRENGTH AND LIMITATION OF THE STUDY 

7.1 . Strength of the study 

The fact that this study had tried to assess: 

 renal function by using eGFR instead of SCr alone,  

 kidney damage  by using proteinuria and  

 Serum electrolyte imbalance in CVD could be mentioned as the strength of the study, 

because it is not studied and explored in Ethiopia. 

7.2 . Limitation of the study 

 This study was a cross-sectional study, which does not enable those patients with 

temporary disorders in renal function to be distinguished from those with true CKD.  

 The dipstick provides only a semi-quantitative measurement of proteinuria, relatively 

insensitive and does not register as positive until total protein excretion is more than 

300 mg/day. 

  Influence of other medications and diet were also not taken into consideration during 

this study. 
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8 . RECOMMENDATIONS 

Based on the finding of this study, the following recommendations are forwarded: 

 All patients with CVD should be screened for evidence of kidney disease using eGFR 

and microalbuminuria. 

 Giving awareness for physicians should be needed, because the vast number of 

undiagnosed CKD were found in CV patients. 

 Close follow-up of patients at risk of developing electrolyte imbalance should be 

important in the prevention of cardiac complications. 

 Use of drugs that increase the risk of electrolyte imbalance like diuretics drug needs to 

be reduced among patients with CVD. 

 More studies should be done because data on renal impairment and electrolyte 

imbalance in CV patients are small in developing countries. 
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ANNEX I:  ENGLISH QUESTIONNAIRE FORM 

Information Sheet 

This questionnaire is prepared for research work to be conducted on assessment of renal 

function and electrolytes in patients with cardiovascular disease at Tikur Anbessa Specialized 

Hospital. The research is conducted to fulfill the thesis requirement of MSc degree in Medical 

Physiology: School of Medicine, Addis Ababa University. 

Dear respondents,  

Below are questions, which are designed to assess renal function and electrolytes in patients 

with cardiovascular disease. Knowing the renal function and electrolytes level will help us to 

work on the prevention of further complication of the cardiovascular disease. You are selected 

for you are a cardiovascular patient and your participation depends on your voluntariness only. 

Even though you are giving laboratory specimen there is no benefit in personal or payment that 

you get for your participation in this study. However, based on the diagnosis result you will be 

treated accordingly. Most importantly, your honest response to these questions will help us for 

better understanding of the assessment of renal function and electrolytes in patients with 

cardiovascular disease.  

There is no sensitive issue that you will be asked related with your social desirability but any 

information that is obtained in connection with this study and that can be identified with you 

will remain confidential. Participants will not be prohibited to stop or withdraw at any time 

from the study. Only interested participants can retrieve their own lab result using their code 

number. The information collected about you will be coded using numbers. No personal 

information will be disclosed to third party or will not appear in any report from this study. 

I would like to express my heartfelt appreciation for your collaboration and thank you in 

advance. 

In case you need to contact the investigator you may use the following address: 

Name: Getahun Chala 

Tel: 0910442278 

Email: getahun.chala@yahoo.com 
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Consent Form  

I the selected participant heard the information in the study’s information sheet and understood 

the purpose and benefits; and what is required from me as well. I understood that all the 

information regarding me like name and all answers given by me will never be transferred to a 

third party. So, I am willing to participate in the study. 

 

Signature of Participant ______________Date ____________ 

Data Collector Name __________________Signature ___________ Date _______________   
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Read and fill the following format correctly. Fill in the box by putting “√” 

Section I: Sociodemographic characteristics 

1.  Code _______________      Age _____________    Sex :  Male    Female  

2. Marital status    

a) Married                                 c) Divorced                              

b) Single                           d) Widowed/ Widower  

3. Educational status: Illiterate     

a. Primary school                              c. College/ University   

b. Secondary school                          d.  Graduate school   

4. Your monthly income (in Ethiopian birr) ________  

5. Residence : Urban             Rural  

Section II: Risk factors  

6. Are you hypertensive?   Yes   NO   

7. Are you on taking diuretics drug? Yes  NO   If yes circle one 

a. Furosemide/Bumetanide/Torsemide      c. Spironolactone/Amiloride/Triamterene 

b. Hydrochlorothiazide                               d. Acetazolamide 

How long you use? ___________________________ 

8. Do you use herbal supplements? Yes    NO      if yes, list them here please: 

________________________________________________________________________

__________________________________________  

 

Section III: physical characteristics (filled by Nurse) 

9. Height :_______________cm       Weight :_________________kg     

10.  BMI : ________________kg/m2 

11. BP :_______________mmHg   

        

Section IV: Laboratory tests (filled by lab. Technologist) 

           Glomerular filtration rate tests 

BUN: ________________ mg/dl   Serum Creatinine: ___________mg/dl      

eGFR:  MDRD ________ml/min/1.73 m2       CKD- EPI: _________ml/min/1.73 m2 
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           Kidney damage test 

  Protein (urine): ________________ 

Serum electrolytes 

A. Na+ = _______mmol/L   B. Cl- = _________ mmol/L  C.  K+= _________mmol/L 

 

Section V: Clinical cardiovascular disease identification by physicians 

1. Heart disease 

a) Rheumatic Valvular Heart Disease   

b) Congenital Heart Disease  

c) Others: ______________________________________________________ 

2. Vascular disease 

I. Hypertension  

II. Stroke  

III. Coronary Heart Disease  or IHD   

IV. Deep Vein Thrombosis (DVT)  

 

Thank You! 
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ANNEX II: AMHARIC QUESTIONNAIRE FORM 

                                  የመጠይቅ ቅፅ 

የጥናቱ መግለጫ 

ይህ መጠይቅ የተዘጋጀው በአዲስ አበባ ዩኒቨርሲቲ ህክምና ትምህርት  ክፍል በሜዲካል ፊዚዮሎጂ  

ለድህረ ምረቃ ዲግሪ መመረቂያ በልብ ሕመምተኞች ላይ ያለውን ኩላሊትና የኤሌክትሮላይቶች ደረጃ 

ጤናማ እንደሆነ ለመገምገም ነው። 

ክቡር መላሻችን፣ 

ከዚህ በታች  በልብ ሕመምተኞች ላይ ያለውን ምን ያህል ኩላሊታቸውና የኤሌክትሮላይታቸው ደረጃ 

ጤናማ እንደሆነ ለመገምገም የሚረዱ የተለያዩ ጥያቄዎች ይገኛሉ፡፡ ይህን የኩላሊት ጤና እና  

የኤሌክትሮላይት ደረጃ ማወቅ የልብ በሽታን የባሰ ደረጃ እንዳይደርስ  ለመግታት ለሚደረገው ጥረት 

ከፍተኛ የሆነ አስተዋጽዖ ይኖረዋል፡፡ በዚህ ጥናት ላይ ተሳታፊ እንዲሆኑ የተደረገው የልብ ህመምተኛ 

በመሆኖ ሲሆን ጥናቱ ላይ የሚሳተፉት ፈቃደኛ ከሆኑ ብቻ ነው፡፡ ምንም እንኳን ለላቦራቶሪ ናሙና 

ቢሰጡም በዚህ ጥናት ላይ በመሳተፎት በግለሰብ ደረጃ የሚያገኙት ጥቅምም ሆነ ክፍያ 

አይኖርም፡፡ሆኖም ግን በላብራቶሪ ውጤት ላይ ተመርኩዞ እንደሁኔታው  እንዲታከሙ ይደረጋል። 

በዋናነት የእርስዎ ቀና እና ትክክለኛ መልስ ከላይ የተገለጹትን ነገሮች ይበልጥ እንድንረዳ አስተዋጽኦ 

ያደርጋል፡፡  

በማህበራዊ ኑሮዎት ላይ ተፅእኖ የሚፈጥር ማንኛውንም ጥያቄ አይጠየቁም። እርሶ የሚሰጡን 

ማንኛዉም መረጃ እና በላቦራቶሪ ያገኘነው መረጃ ሚስጥራዊነቱ የተጠበቀ ነው። የጥናቱ ተሳታፊዎች 

በፈለጉት ጊዜ ከጥናቱ እንዳያቋርጡ ወይም እንዳይተዉ አይገደዱም። ፍላጎት ያለው የጥናቱ ተሳታፊ 

የራሶን ዉጤት በተሰጦት የምስጢር ቁጥር መውሰድ ይችላሉ። ከእርሶ የወሰድነው የግል መረጃ 

በምስጢራዊ ቁጥር ስለሚቀመጥ በሶስተኛ ወገን ሊታይ አይችልም። እንዲሁም በየትኛዉም የጥናቱ 

መግለጫ ላይ አይቀርብም።  

በመሆኑም ላደረጉልን ቀና ትብብር በቅድሚያ ከልብ እናመሰግናለን፡፡ አጥኚውን ማነጋገር ከፈለጉ ይህንን 

አድራሻ መጠቀም ይችላሉ፡ 

ስም፡ ጌታሁን ጫላ   

ስልክ፡ 0910442278      

ኢሜይል፡ getahun.chala@yahoo.com 

 

mailto:getahun.chala@yahoo.com
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የፈቃደኝነት መግለጫ 

እኔ የጥናቱ ተሳታፊ የጥናቱን አላማ እና ጥቅም እንዲሁም ከእኔ የሚጠበቁትን ነገሮች ተረድቼአለሁ፡፡ 

ስሜ እና የምሰጣቸው መረጃዎች ለሶስተኛ ወገን ተላልፈው እንደማይሰጡም ተረድቼአለሁ፡፡ ስለዚህም 

በጥናቱ ላይ ለመሳተፍ ፈቃደኛ ነኝ፡፡ 

 

የተሳታፊው ፊርማ  ________________ ቀን _______________ 

የመረጃ ሰብሳቢው ስም ________________ፊርማ __________ቀን _____________ 
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 ጥያቄዉን ያንብቡ እና ቅፁን በትክክል ይሙሉ። ሲሞሉ ሳጥኑ ውስጥ ይህን ምልክት “√” ይጠቀሙ። 

   ክፍል 1፡ የተሳታፊዎች አጠቃላይ መረጃ 

1. ሚ. ቁ ________________  እድሜ ______________  ጾታ፡ ወንድ    ሴት  

2.  የጋብቻ ሁኔታ   

ሀ. ያገባ/ች                                   ሐ. የተፋታ/ች  

ለ.   ያላገባ/ች                            መ.  የሞተበት(ባት)  

3. የትምህርት ደረጃ 

ሀ. ያልተማረ/ች  

ለ. የመጀመሪያ ደረጃ          መ. ኮሌጅ/ዩኒቨርሲቲ  

ሐ. ሁለተኛ ደረጃ             ሠ. ድህረ ምረቃ  

4. የወራዊ ገቢዎት ስንት ነው (በ ብር) ፡ _______________________ 

5. መኖሪያ ቤት፡  ከተማ        ገጠር  

ክፍል 2፡ አጋላጭ ሁኔታዎች 

6. የደም ግፊት ሕመም አለብዎት?    አለብኝ    የለብኝም     

7.  “Diuretics” መድሀኒት እየወሰዱ ነው? አዎ  አይ  ፣አዎ ካሉ አንዱን አክብቡበት። 

a. Furosemide/Bumetanide/Torsemide   c. Spironolactone/Amiloride/Triamterene 

b. Hydrochlorothiazide                            d. Acetazolamide 

ለምን ሀይል ጊዜ ነው የተጠቀሙት? _________________________________ 

8. ከዚህ ቀደም የባህል መድሃኒት የመጠቀም ልምድ አልዎት ? አዎ  አይ       

አዎ ካሉ የወሰዱትን መድሃኒት እባክዎን ይዘርዝሩ 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

                                                      እናመሰግናለን!  
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ANNEX III: PROCEDURE OF URINE REAGENT STRIP TEST 

1. A fresh urine sample was collected in a clean, dry urine cup. 

2. The strip from the closed canister was removed. Immediately the canister was tightly 

closed after removing the required number of strip(s), minimizing the exposure of the 

remaining test strips to light and air.  

3. The reagent areas of the strip was completely immersed in fresh, well-mixed urine and the 

strip was immediately removed to avoid dissolving the reagents. 

4. While removing the strip from the urine, the edge of the strip was run against the rim of 

the urine container to remove excess urine.  

5. The strip was held in a horizontal position and the edge of the strip was brought into contact 

with an absorbent material (e.g. a paper towel) to avoid soiling hands with urine. 

6. The color change of reagent pads was compared to the corresponding color chart on the 

bottle label. 

7. The result was read according to the chart`s time frame. 

8. The result was recorded for research purpose and evaluation with the physician. 

9. Finally, the used reagent strip was discarded. 
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ANNEX IV: PROCEDURE OF ABP MEASUREMENT 

a) To begin blood pressure measurement, a properly sized blood pressure cuff was used.  

b) The cuff was wrapped around the upper arm with the cuff's lower edge one inch above the 

antecubital fossa. 

c) The stethoscope's bell was lightly pressed over the brachial artery just below the cuff's edge. 

d) The cuff was rapidly inflated to 180mmHg.  Air was released from the cuff at a moderate 

rate (3mm/sec). 

e) With the stethoscope, the sound was listened and simultaneously the dial gauge was 

observed.  

f) The first knocking sound (Korot koff) was the subject's systolic pressure and when the 

knocking sound disappears, that was the diastolic pressure (such as 120/80). 

g) Blood pressure was measured two additional times, waiting a few minutes between 

measurements and an average was recorded. 
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