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CHAPTER 1 

1.0 INTRODUCTION AND LITERATURE REVIEW 

 “Chronic kidney disease (CKD) is defined as either persistently low glomerular 

filtration rate (GFR) less than 60ml/min/1.73m
2
,
 
or presence of markers of kidney damage 

(haematuria, proteinuria or abnormalities in imaging studies) for more than 3 months” (1). 

Using this definition, about 10-13% of the general population is reportedly affected by    

CKD (2). More specifically, CKD is at least 3-4 times more frequent in Africa than in 

developed countries (3).
 
The prevalence of CKD in South Africa was reported as 15-24% by 

Matsha et al (4). Chronic kidney disease patients are more likely to develop cardiovascular 

disease (CVD) than their age-matched counterparts in the general population, so much so that 

in CKD patients, the risk of death particularly due to cardiovascular disease is much higher 

than the risk of eventually requiring dialysis (5).  Sarnak et al (6) in their study further 

showed that CKD is a strong predictor of CVD even after correcting for other risk factors.  

It is well documented that systemic inflammation plays a major role in the 

development of atherosclerosis as well as cardiovascular morbidity and mortality among 

CKD patients (7). The chronic inflammatory state is prevalent in CKD and CVD and 

represent a connecting factor in the pathogenesis and progression of these two chronic 

conditions (8). However, the cause of the inflammation and the process by which chronic low 

grade inflammation leads to vascular disease is yet to be proven. 

“Endotoxin (lipopolysaccharide [LPS]) is a glycolipid that comprises most of the 

outer wall of Gram-negative bacteria (GNB), and is a potential source of inflammation” (9, 

10). Gram negative organisms colonize various systems in the human body thereby 

generating endotoxins not only from overt infections but also in common chronic subclinical 

bacterial infections leading to endotoxaemia (11). It is now recognized that endotoxaemia 
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constitutes a strong risk factor for early atherogenesis in patients with chronic bacterial 

infection (12). These findings were further supported by a previous study that show that 

endotoxaemia was strongly related to atherosclerosis (13). The study demonstrated that close 

to half of the newly diagnosed atherosclerosis was attributed to the presence of low grade 

bacterial infection. In an animal study, weekly exposure to endotoxin lead to progression of 

atherosclerosis in rabbits on a hypercholesterolaemic diet (14). This further suggests that 

chronic exposure to endotoxin may be related to subclinical atherosclerosis and represents a 

reversible CVD risk factor.  

  Although previous studies have postulated that elevated levels of circulating plasma 

endotoxin are associated with risk of atherosclerosis and cardiovascular disease (15-18), it is 

still difficult to firmly establish the mechanism by which endotoxin-related inflammation 

leads to atherosclerosis. This present study therefore aimed to establish the potential role of 

endotoxin/toll-like receptor-4 related immune activation, to explain the association between 

circulating endotoxin and atherosclerosis in CKD patients.  

  Very few studies have investigated endotoxaemia across the spectrum of CKD 

patients, and most importantly, there is a paucity of data on the association between immune 

activation and endotoxin-induced atherosclerosis among African CKD patients. In addition, 

this study is unique in that a body composition monitor – bio-impedance spectroscopy (BIS) 

device, a convenient, accurate and potentially safe technique to measure body composition 

was used to objectively assess fluid overload as a possible stimulus for inflammatory 

activation in CKD patients. This study therefore, aimed to investigate endotoxaemia across 

the spectrum of South African CKD patients and also sought to determine the pro-

inflammatory effects of endotoxin that may be relevant to the development of atherosclerosis 

in CKD patients.  
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 This review will explore the link between CKD and CVD as well as the potential 

source of endotoxaemia in patients with CKD. In addition, it will describe the cellular and 

molecular mechanisms of inflammatory activation by endotoxaemia while highlighting 

various consequences of inflammation particularly in CKD. Finally, it will also provide an 

overview of therapeutic strategies for reduction of the inflammation through endotoxin 

reduction. 

1.1  Epidemiology of CVD in CKD 

Numerous studies have demonstrated that there is an inverse relationship between 

GFR and the incidence of CVD and interestingly, this observation is independent of 

associated risk factors (19-21). The Chronic Kidney Disease Prognosis Consortium in a meta-

analysis of  studies in the general population, after adjusting for traditional CVD risk factors 

reported an association between impaired kidney function and increased risk of death from 

any cardiovascular cause when compared with the reference group with normal kidney     

function (20). Similarly, Go et al (21) reported an association between lower GFR and 

development of CVD. On further analysis, the adjusted hazard ratio increased from 1.4 in the 

group of patients with CKD stage 3 to 3.4 in patients with end stage renal disease (ESRD). 

More important is the association between the degree of proteinuria and risk of CVD 

morbidity and mortality. In a meta-analysis of cohorts with cardiovascular events, graded 

increase in the risk of coronary artery disease (CAD) was observed with elevated proteinuria 

(22). Microalbuminuria was associated with a 50% increase in the risk of CAD (HR = 1.47; 

95% CI = 1.30 to 1.66) while the risk is doubled in patients with macroalbuminuria (HR = 

2.17; 95% CI = 1.87 to 2.52). Likewise, Ljungman et al (23) in a 10-year follow-up study of 

120 middle-aged non-hypertensive and non-diabetic patients with no CVD at baseline 

reported higher baseline urine albumin excretion in those that developed CVD compared to 

those who remained free of CVD. This association remained significant even after adjusting 
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for blood pressure, with proteinuria still more strongly associated with CVD than with 

smoking and serum cholesterol. Similarly, data from diabetic cohorts as well as a meta-

analysis reported a graded increase in CVD risk with elevations in proteinuria (20, 24). 

Moreover, the association between albuminuria and cardiovascular mortality seems 

somewhat independent of GFR. Schmieder et al (25) showed that elevations in proteinuria 

predicted mortality among patients with vascular disease but normal GFR. 

  According to the United States Renal Data System (2009) annual data report, the 

annual incidence of sudden cardiac death in CKD patients is 2.8%, which is five folds higher 

than the incidence in the general population (26). The prevalence of CAD ranges between 

24% among young non-diabetic dialysis patients and 85% among older diabetic patients on 

long-standing dialysis (27, 28). Liu et al (29) reported a significant association between CAD 

and CKD among patients who underwent coronary angiography; 18.8% of patients with CAD 

had CKD compared with 5.4% without CAD (p<0.001). Therefore, strategies that target 

atherosclerotic disease may be effective in reducing the burden of CVD in populations with 

advanced CKD.
 
 

1.2 Spectrum of Cardiovascular Pathology in Patients with Chronic Kidney Disease 

Pathological changes in the cardiovascular system can be broadly divided into those 

that affect the vessels (specifically arteries) and heart structures. 

1.2.1 Arterial Disease 

The term “arteriosclerosis” generally used to describe a range of vascular pathology 

was derived from Greek word meaning “hardening of vessels”. However, the term stringently 

refers to atherosclerosis, arteriolosclerosis, and Mönckeberg’s medial calcific sclerosis (30). 

Atherosclerosis is characterized by the development of lipid-enriched plaques in the intima 

layer of the artery. Occurrence of calcification in a plague is important to determine the stage 

of the lesion thereby making calcification an important feature of atherosclerosis (31). In 
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contrast, arteriolosclerosis, which was first described in patients with Bright’s disease in 

1868, is characterized by noncalcified, nonatheromatous stiffening of smaller muscular 

arteries (31). The third distinct form of arterial disease was described in 1903 by 

Mönckeberg. It is characterized by non-atheromatous thickening and heavy calcification 

involving the tunica media of the artery (32). Chronic kidney disease patients may be affected 

by all of the three aforementioned forms of arterial disease. Arteriosclerosis in an individual 

will be determined by various factors including the patient’s age, exposure to risk factors as 

well as duration of CKD.  

1.2.2 Cardiac Disease 

Left ventricular remodeling develops well before initiation of dialysis and may even 

be detectable in patients with CKD stage 2 or 3 (33). Association between CKD and CVD 

was first observed among young dialysis patients, with increased left ventricular mass 

reported in 74% of them (34). Left ventricular hypertrophy (LVH) is commonly categorized 

according to the predominant pattern of abnormality on echocardiogram. Foley et al (34) 

described concentric hypertrophy and eccentric hypertrophy in 44% and 30% of their studied 

population respectively. Concentric LVH is associated with pressure overload (typically 

accompanying hypertension, arteriosclerosis or occasionally aortic stenosis) and is 

characterized by increased wall thickness and normal or decreased left ventricular chamber 

(34). Eccentric LVH is characterized by an increase in myocyte length that is proportional to 

the increase in left ventricular diameter (34). Risk factors for eccentric LVH include volume 

overload secondary to salt and water retention, anaemia and arteriovenous fistula (6, 34).  

1.3 Overview of Risk Factors for Atherosclerotic cardiovascular disease in chronic     

kidney disease 

The Framingham Heart Study group in 1961 introduced the concept of CVD risk 

factors by linking the presence of previously identified clinical conditions (elevated 
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cholesterol, hypertension, diabetes mellitus, and tobacco use) to development of future CVD 

(35). These risk factors are presumed to cause the CVD (35). The major CVD risk factors are 

broadly classified into traditional and non-traditional risk factors (36). The potentially 

treatable traditional risk factors are hypertension, diabetes, dyslipidaemia, smoking and 

obesity (2). Potentially modifiable non-traditional risk factors include anaemia, 

hyperphosphataemia, hypovitaminosis D, hyperhomocysteinaemia and inflammation (2). 

However, there is an ever expanding list of non-traditional risk factors and these are 

summarized in Table 1. 

Table 1.1: Risk factors for cardiovascular disease in CKD 

Traditional Non-traditional 

Hypertension              Inflammation 

Diabetes mellitus        Oxidative stress 

Smoking     Hyperhomocysteinaemia 

Older Age                                                 Anaemia 

Gender                                                   Abnormal calcium/phosphate metabolism 

Higher LDL Cholesterol   Lipoprotein (a) and apolipoprotein(a) isoforms 

Lower HDL Cholesterol                          Advanced glycation end products (AGES) 

Family History of CVD  Asymmetric dimethylarginine (ADMA) 

Menopause   Malnutrition 

Physical inactivity   Chronic Kidney Disease  

LVH       Proteinuria 

 Extracellular fluid volume overload 

 Renin angiotensin system activity 

 Decrease in glomerular filtration rate (GFR) 

 Endothelial dysfunction 

 Thrombogenesis 

Fibroblast growth factor 23 (FGF-23) 
Notes: LDL, low density lipoprotein; HDL, high density lipoprotein; CVD, cardiovascular disease; LVH, left 

ventricular hypertrophy. See text for details and references. 

 

Although traditional risk factors have been validated for diagnosis and management 

of CVD in many populations, identification of these risk factors in CKD patients still does 

not fully explain the occurrence of CVD (36). Also, the underlying mechanistic pathways 

linking traditional risk factors and CVD are yet to be elucidated (2). However, it has been 
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suggested that novel risk factors (non-traditional) may further enhance CVD risk 

stratification by facilitating detection and evaluation of atherosclerotic disease (37). 

1.3.1 Traditional risk factors 

1.3.1.1 Hypertension  

Association between high blood pressure and kidney damage exemplifies a vicious 

cycle of rising blood pressure and deteriorating kidney function. Kidney dysfunction may 

trigger hypertension via various mechanisms including salt and water retention, sympathetic 

over-activity, activation of the renin-angiotensin system, and accumulation of endogenous 

vasopressors (38). Conversely, hypertension in turn can further damage the kidneys. A report 

from a meta-analysis on risk for hypertension in living kidney donors suggests that a fall in 

GFR of 10ml/min is directly related to an increase of 5-mmHg in systolic blood          

pressure (39). It follows that there is a strong relationship between hypertension and different 

types of CVD. Prospective epidemiological studies thus far have revealed a direct association 

between elevated blood pressure and CAD. A meta-analysis of 61 prospective studies which 

included a total of 1 million adults without CVD at baseline, showed that a prolonged 20-

mmHg rise in usual systolic blood pressure was associated with more than two-times higher 

risk of stroke-related deaths and two-fold higher risk of death from CAD and death from 

heart failure (40). Furthermore, the Action to Control Cardiovascular Risk in Diabetes BP 

trial (ACCORD BP) which randomly assigned 4,733 hypertensive-diabetic patients to either 

the intensive group (SBP <120 mmHg) or the standard group (SBP <140 mmHg), 

demonstrated that lowering blood pressure to below the standard level significantly reduce 

the risk of stroke alone by about 40% in type 2 diabetes cohorts; even though, the researchers 

found no significant differences in the rates of a combined endpoint including nonfatal heart 

attack, nonfatal stroke, or cardiovascular death between the intensive group and the standard 

group (41). Comparable to the general population, hypertension is a risk factor for mortality 
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in CKD patients before or at initiation of dialysis. The relationship between blood pressure 

and mortality is U-shaped, implying that isolated systolic blood pressure and wide pulse 

pressure perhaps represent a long term risk while low mean blood pressure and low diastolic 

blood pressure predict early mortality (42). 

Moreover, optimal blood pressure control in CKD patients is quite challenging. 

Kidney Disease Improving Global Outcomes (KDIGO) clinical practice guidelines for the 

management of blood pressure in CKD recommends initiating antihypertensive treatment for 

all non-diabetic, non-proteinuric adults with CKD whose office blood pressure is regularly  

greater than 140/90mmHg (43). The authors equally suggested treating individuals with 

proteinuric CKD whose office blood pressure is persistently higher than 130/90mmHg. 

Available evidence however suggests that lower targets in adults with hypertension and CKD 

are not advised. The African-American Study of Kidney Disease and Hypertension (AASK) 

Trial enrolled and randomized 1094 hypertensive patients to either 1 or 2 basic groups with 

BP aggressively lowered to a mean arterial pressure (MAP) of ≤ 92 mmHg or the usual BP 

control of MAP ≤ 102 mmHg (44). The findings of the AASK study showed that there were 

no significant differences in the rate of decline of GFR in either group nor were there 

significant differences in the secondary composite outcomes of greater than 50% reduction 

from the baseline GFR, end-stage renal disease or the cardiovascular events (44). 

Nevertheless, previous studies have suggested that systolic blood pressure in haemodialysis 

(interdialytic period) and peritoneal dialysis patients should not exceed 160 mmHg (45). On 

the other hand, excessive lowering of blood pressure in dialysis patients might be harmful 

and can aggravate myocardial systolic stunning (46-48). Despite the high burden of CVD in 

CKD patients, there is a relative scarcity of randomized controlled trial evidence on blood 

pressure control in CKD (49).  
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1.3.1.2 Dyslipidaemia 

The typical lipid abnormality resulting from moderate to severe kidney failure is an 

accumulation of very low density lipoprotein (LDL) and intermediate density lipoprotein 

with resultant elevated serum triglycerides and reduced high density lipoprotein (HDL) 

cholesterol levels (50). Aside from nephrotic syndrome characterized by high levels of LDL 

cholesterol, LDL cholesterol concentrations in CKD are comparable to or lower than the 

general population (50). Reduced HDL concentration leads to diminished hepatic clearance 

of LDL, thus increasing the LDL residence time in plasma, which makes it more prone to 

oxidation, glycation, and carbamylation. There is continuous cleavage of cholesterol from the 

LDL particles and subsequent replacement with triacylglycerol, thereby resulting in 

accumulation of small dense LDL particles which may be more atherogenic (51).  

Moreover, albuminuria is related to various lipid abnormalities (52). Kahri et al (53) 

in their comparative study of lipid profiles between patients with microalbuminuria and those 

without, documented that HDL was eleven-fold lower in microalbuminuric patients 

compared with normoalbuminuric patients. The ratio of HDL cholesterol to apolipoprotein A 

was significantly lower in microalbuminuric than normoalbuminuric patients (54). 

Furthermore, the ratio of anti-atherogenic plasma lipoprotein lipase to the pro-atherogenic 

hepatic lipase was also significantly lower in microalbuminuric patients compared to 

normoalbuminuric patients (55, 56). Plasma activity of cholesterol ester transfer protein, 

which redistributes cholesterol esters from HDL to LDL and VLDL has been shown to be 

higher in patients with microalbuminuria(57). Nevertheless, it remains unclear whether these 

types of lipid abnormalities would be expected to result in a large increase in the risk of 

atherosclerotic events in patients with non-nephrotic CKD.  

Although it is clear from epidemiologic studies and large-scale randomized trials that 

an elevated LDL cholesterol level is a contributing cause of atherosclerotic events, however, 
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it is uncertain whether the observed incidence of atherosclerotic events in the CKD 

population is mainly caused by increased LDL cholesterol concentrations because such an 

abnormality occurs in few patients with nephrotic-range proteinuria (58-60). Similarly, a 

meta-analysis of prospective studies has shown that hypertriglyceridaemia may not be a 

major determinant of an increase in the risk of atherosclerotic events. After adjusting for 

HDL cholesterol and other cofounders, there was no clear association between 

hypertriglyceridaemia and atherosclerotic CVD events such as myocardial infarction and 

ischaemic events (58).  

Furthermore, elevated lipoprotein (a) [Lp (a)] levels might further contribute to the 

increased risk of atherosclerotic events in CKD; this abnormality is a direct result of impaired 

kidney function since levels can be normalized by kidney transplantation (61, 62). Moderate 

to severe kidney failure is associated with elevated Lp(a) concentrations and existing 

evidence suggests a causal relationship between elevated Lp(a) concentrations and ischaemic 

heart disease in the general population (61, 63). In ESRD, plasma concentrations of Lp(a) are 

determined mainly by the apolipoprotein(a) [apo(a)] phenotype and shows an inverse 

relationship with the molecular weight of apo(a) (64). There is a complex link between 

plasma Lp(a) concentrations and atherogenesis in ESRD. Unlike in the general population, 

where Lp(a) levels are primarily determined by genetic mutation on the apolipoprotein(a) 

[apo(a)] gene locus, there is a phenotype-associated elevation of Lp(a) concentrations in 

ESRD. It is difficult to predict the effect of CKD-induced changes in Lp (a)       

concentrations (62). 

1.3.1.3 Diabetes mellitus  

Diabetes mellitus (DM) affects about 350 million people worldwide and the 

prevalence is progressively increasing, owing to the progressive rise in prevalence of obesity 

and an ageing population (65). About 40% of ESRD patients commencing dialysis in the 
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United States have diabetic nephropathy and an additional 10% were reported to have 

diabetes as a comorbid disease (26). In South Africa, the occurrence of DM is also increasing, 

with the prevalence of diabetic nephropathy between 14-16% (66). Diabetic patients are at an 

increased risk of mortality and approximately two-thirds of deaths in diabetics could be 

attributed to cardiovascular causes (67). Data from a meta-analysis of 102 prospective studies 

demonstrated that the presence of diabetes doubles the risk of CAD (68). More specifically, 

the risk of ischaemic stroke was increased by about half, the risk of haemorrhagic stroke by 

around four-fifths and the risk of other vascular death, including heart failure, by about three 

quarters. Regarding CKD patients, occurrence of DM seems likely to contribute additional 

risk over and above that arising from other traditional risk factors related to CKD. 

Consequently, only a few of these patients are offered renal replacement therapy in the South 

African public health sector facilities because of inadequate resources and associated co-

morbid conditions including CVD (69).  

1.3.1.4 Cigarette smoking 

Data from a prospective observational study clearly showed that cigarette smoking is 

associated with an increased risk of cardiovascular morbidity and mortality (70). The study 

also provided strong evidence suggesting that the association between smoking and risk of 

CVD is that of cause and effect by demonstrating the beneficial effects of smoking cessation 

among cohorts of male smokers followed up for 50yrs (70). There is also evidence that 

cigarette smoking may also be associated with increased risk of developing CKD. In the 

analysis of the Framingham Offspring study of 1,916 individuals, cigarette smoking was 

found to be associated with a two-fold increased risk of new onset albuminuria, even after 

exclusion of those with reduced estimated glomerular filtration rate (eGFR) and          

diabetes (71). In another case control study, heavy cigarette smoking increases the risk of 

CKD overall and the risk is particularly higher among hypertensive and diabetic patients (72). 
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In addition, current smokers had a two-fold increased risk of CKD while former smokers had 

no increased risk. The data also suggested there is close association between the numbers of 

cigarettes smoked daily and the likelihood of having CKD in the smokers. However, an 

observational study carried out in an outpatient clinic population with background CKD did 

not show an independent association between smoking and progression of CKD (73). 

Nonetheless, cessation or complete avoidance of smoking might be an importance goal in 

preventing as well as stemming risks of CVD among CKD patients. 

1.3.1.5 Age  

The report of the United State National Health and Nutrition Examination Survey 

(NHANES) demonstrated a relationship between presence of cardiovascular risk factors, age 

and degree of renal failure (26). According to the study, patients around 60yrs of age were the 

most common group initiating renal replacement therapy in the United States; the same age 

when CVD is most prevalent (26). This further confirms the association between risk of 

developing CVD and ageing. In addition, the importance of systolic, diastolic and pulse 

pressure variation in relation to ageing was clearly demonstrated in the Framingham study 

(74). Diastolic blood pressure was an independent risk factor for coronary heart disease 

(CHD) among individual less than 50yrs; all three blood pressure indices were comparable 

predictors in patients between 50 and 59yrs, while isolated systolic pressure or wide pulse 

pressure was the strongest CHD risk predictor among individuals who were 60yrs and above. 

In contrast, some risk factors including dyslipidaemia, glucose intolerance and elevated 

fibrinogen had a reduced effect on the risk of CHD with advancing age (75, 76). It follows 

that lower relative risk is counteracted by higher absolute risk in elderly patients. 

Consequently, all major risk factors continue to be critical predictors of CHD risk in the 

elderly. 
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1.3.1.6 Gender 

Despite the fact that CVD is diagnosed about a decade later in women than in men, it 

still remain the commonest cause of mortality among women over the age of 65 years (77). 

According to the recent data from the NHANES, while the prevalence of ischaemic heart 

disease has risen among women between the ages of 35 to 54 years, it is declining among 

men of the same age group (78). It has been postulated that exposure to endogenous 

oestrogen during the child-bearing age probably slows down the process of atherosclerosis in 

women (77). Life expectancy is two-years lower in women with early menopause compared 

with women with late or normal menopause (79). In addition, transition to menopause has 

been associated with a higher CHD risk profile (80).   

Even though the majority of the traditional risk factors are common to males and 

females, the impact of these factors on the development of CVD in men and women are quite         

different (77). Before the age of 50, the relative risk of smoking is higher in women than in 

men, with higher risk associated with the total number of cigarettes smoked per day (81). 

Similarly, diabetic women are at a greater risk of cardiovascular morbidity when compared to 

their male counterparts. Data from a meta-analysis of 37 prospective cohort studies showed 

that the risk of fatal cardiovascular events is 50% higher in diabetic women than men with 

diabetes mellitus (82).  

During ageing, systolic blood pressure rises sharply in women compared to men, and 

this may be as a result of relative oestrogen deficiency during transition to              

menopause (83, 84). Furthermore, in the elderly (>75 years), isolated systolic hypertension is 

14% more common, and is an independent predictor of LVH, diastolic heart failure and 

stroke in women (84). Blood pressure less than 140/90 mmHg is more associated with 

endothelial dysfunction and cardiovascular complications in females than in males (85).   



14 
 

In women of child-bearing age, hypercholesterolaemia is less common in women 

compared with men. However, during menopause, elevated total cholesterol, low density 

lipoprotein and lipoprotein (a) levels are more prevalent in women than in men (80). 

Evidence from the Framingham Study suggests that a reduced high density lipoprotein 

cholesterol level is associated with a higher cardiovascular risk in females than in males (86). 

The report from the JUPITER trial further highlighted the significance of the age difference 

in the manifestation of cardiovascular events among men and women, where similar benefits 

were established in healthy men ≥ 50 years and in women ≥ 60 years, using a statin for 

primary prevention of coronary heart disease events (87). Currently, many gender differences 

in the occurrence of atherosclerosis are yet to be elucidated, thus necessitating further future 

research in this field of cardiovascular medicine. 

 1.3.1.7 Physical activity 

Several studies have consistently associated high levels of physical activity with 

reduced risk of CHD morbidity and mortality. Data from several population studies have 

shown that the risk of CHD is almost double in inactive individuals compared to active 

counterparts (88-90). Available evidence suggests that the relative risk associated with 

sedentary lifestyle is equivalent to that conferred by hypertension, cigarette smoking and 

hypercholesterolaemia, thus highlighting physical inactivity as an independent predictor of 

CVD (91). The level of physical activity is inversely related to the incidence of CVD in both 

men and women, and this association persists after adjusting for other classic risk          

factors  (92, 93).  

Regarding patients with established CHD, mortality rate is significantly lower among 

those who participate in an exercise program compared to those who do not exercise (94). 

Furthermore, data from the British Regional Heart Study showed that light to moderate 
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exercise in men with established CVD is associated with fewer risk of all-cause         

mortality (95).  

Mechanisms through which physical activity reduces risk of CVD may possibly 

involve changes in lipid and lipoprotein metabolism as well as improve endothelial     

function (96). Reduced risk of CAD, lower triglycerides levels and higher HDL-cholesterol 

concentrations have been documented in individuals who regularly exercise compared to 

untrained individuals (97). In addition, there seems to be a direct association between levels 

of physical activity and HDL concentrations (98). It has been shown that physical exercise 

improves endothelium-dependent vasodilation of coronary vessels in patients with chronic 

heart failure (99).  Similarly, a report from a previous study showed that exercise training in 

patients with chronic cardiac failure restores endothelium-dependent flow-mediated 

vasodilation, a measure of endothelial nitric oxide synthesis (100). 

1.3.1.8 Left ventricular hypertrophy 

Stewart et al (101) in their study of 296 patients with CKD demonstrated LVH in all 

stages of CKD, progressing with deteriorating renal function. Similarly, in an earlier report 

by Levin et al (102), prevalence of LVH increases with advancing CKD. Left ventricular 

hypertrophy was found in 26.7% of patients with creatinine clearance (CrCl) greater than    

50 ml/min, 30.8% of those with CrCl between 25 and 49 ml/min, and 45.2% of patients with 

CrCl of < 25 ml/min. In addition, the mean left ventricular mass index in patients with CrCl 

greater than 50 ml/min, 25-50 ml/min and less than 25 ml/min were 97.5 g/m
2
, 100.8 g/m

2
 

and 114.4 g/m
2
 respectively. In CKD patients, uraemia facilitate abnormal structural 

remodelling of the heart, resulting in LVH, fibrosis and left ventricular                   

dysfunction (103, 104). This together with electrolyte abnormalities may trigger and 

facilitates arrhythmias which is commonly seen in ESRD patients (105). 
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1.3.1.9  Genetic susceptibility for cardiovascular disease  

Genome-wide association studies (GWAS) have successfully identified numerous 

novel genetic variants that have been implicated in CVD. These include reports of the 

association of genetic variants at the 9p21 locus with myocardial infarction (106, 107). Since 

it was first reported, this association has been replicated in different ethnic groups. Recently, 

a meta-analysis of these studies reported an allele relative risk of 1.27 (95% confidence 

interval 1.23 to 1.31, P=1.62 X 10
−12

) for CAD (108). To date, the role and the mechanism 

through which this genetic variant at 9p21 locus increases CVD risk is yet to be          

clarified (109). Furthermore, GWAS for hypertension (110, 111) and lipid abnormalities have 

identified other new loci that are associated with hypertension and dyslipidaemia (112, 113).   

More recently, APOL1 variants (G1 and G2 alleles) were shown to contribute 

substantially to atherosclerotic CVD risk among African Americans (114). The APOL1 

alleles consist of 2 missense mutations rs73885319 (p.S342G) and rs60910145 (p.I384M), 

together are denoted G1; and rs71785313 (deletion of p.N388 and p.Y389) are denoted G2 

(114). These two alleles are localised to gene encoding apolipoprotein L1 (APOL1), a major 

component of HDL which confers protection against Trypanosoma brucei rhodesiense 

infection (115)
 
 and also increases the risk for CKD (116, 117). In addition, APOL1 is a 

major component of dense HDL3 particles that play a key role in cholesterol transport and 

inhibit oxidation of LDL (118). In view of the fact that inflammation and immunity play 

crucial roles in the process of atherosclerosis, APOL1 alleles may possibly contribute to the 

severity of atherosclerosis through this pathway (119).
 

Furthermore, atherosclerosis is a polygenic disease involving a complex interplay of 

various genes. A number of inflammatory genetic markers have been linked to 

atherosclerosis. Single-nucleotide polymorphisms (-463G ⁄A and -129G ⁄A) are localized to 

the myeloperoxidase (MPO) gene on chromosome 17. Associations between MPO gene 
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variants and CAD have been documented by previous studies (120, 121). A genetic locus 

localized to the interleukin-6 (IL-6) gene on chromosome 7 has also been identified; this 

polymorphism (−174G/C) has been associated with atherosclerosis and CAD (122, 123). 

However, the presence of the TLR4 Gly299 allele on chromosome 9 has been associated with 

a reduced risk of developing carotid plaques in Caucasian carriers (124). Although it remain 

to be seen whether the presence of the TLR4 allele in black CKD patients will protect against 

the development of atherosclerosis.  

Moreover, other genetic polymorphisms that have been linked to coronary 

atherosclerosis have been localized to the genes of the surfactant protein D (SFTPD), 

Met11Thr (125) and the regulated upon normal T-cell expressed and secreted (RANTES, 

CCL5) −403G/A polymorphisms (126). 

Despite the increase in the number of CAD – associated risk alleles, genetic risk 

scores have not been found to significantly improve cardiovascular risk prediction when 

compared to traditional risk factors (127).  A positive family history of premature CVD, an 

established risk factor for incident CVD (128, 129), is a useful surrogate marker for increased 

genetic cardiovascular  risk (109). The addition of family history into the risk prediction 

models significantly improves CVD risk prediction (128-130). A comprehensive family 

history will predict 16% of CVD-associated genetic polymorphisms, which is much more 

better than the CVD predictive rate of any previously studied genetic risk scores, thus further 

highlighting the clinical usefulness of establishing family history of CVD as a surrogate 

marker for genetic cardiovascular risk prediction (109).  

1.3.2  Non-traditional risk factors 

1.3.2.1   Inflammation  

“A milieu of chronic subclinical inflammation is common to both CKD and CVD and 

has been suggested to play a role in the bidirectional relationship between these two systems” 
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(131). There is strong evidence from both experimental and clinical studies that inflammation 

plays a central role in the pathogenesis of atherosclerosis (132). Chronic inflammation is 

directly related to several complications of CKD, including accelerated atherosclerosis and 

vascular calcification (133). As a result, inflammation is a predictor of mortality in this group 

of patients (134). 

Accumulation of minimally oxidized LDL in the arterial wall is the main trigger 

factor for the inflammatory response which is characterized by disorders of both the innate 

and adaptive systems, leading to a complex immune dysfunction (134). Activation of 

endothelial cells leads to induction and secretion of adhesion molecules which binds to 

circulating leucocytes, thereby resulting in transmigration of leucocytes and subsequent 

accumulation of inflammatory macrophages and T-cells within the arterial wall (135). This 

process is mediated by chemoattractants such as monocyte chemoattractant protein-1 (MCP-

1). The activated lymphocytes release a variety of inflammatory cytokines which further 

activate smooth muscle cells, endothelial cells and macrophages. Oxidized LDL accumulates 

in the macrophages leading to formation of foam cells and fatty streak. Previous data has 

shown that CD40 ligands are expressed by macrophages, T and B lymphocytes, endothelial 

cells, vascular smooth muscle cells and fibroblasts (136). The CD40 receptor proteins play a 

significant role in leucocyte adhesion, matrix degeneration and cytokine-induced 

inflammatory responses. The study further demonstrated that interruption of the CD40 

signaling pathway in an experimental model reduced progression of atherosclerosis (136). 

Moreover, there has been increasing evidence suggesting the role of infectious agents 

as the triggering factor chronic inflammatory state (132). For instance, laboratory analysis has 

identified antibodies to chlamydia pneumonia within atherosclerotic plaques (137). Also, 

antibodies against organisms like chlamydia, helicobacter pylori, herpes simplex virus, and 

cytomegalovirus have been isolated in the serum samples of patients with atherosclerosis 
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(138, 139). Furthermore, inflammatory markers such as C-reactive protein (CRP) are elevated 

in patients with acute coronary syndrome and peripheral arterial disease, and the levels are 

closely associated with future cardiovascular events (140). 

Although individuals with CKD have been shown to have elevated levels of CRP, 

interleukin-2 (IL-2), interleukin-6 (IL-6), interferon gamma (IFN-γ), tumour necrosis factor 

alpha (TNF-α), sIL2R, ICAM and VCAM-1 (141-144) however, to date, no interventional 

study has been carried out in humans to control inflammation and assess whether or not this 

has a positive effects on cardiovascular and renal outcomes. 

1.3.2.2   High-sensitivity C-reactive protein (hsCRP) 

Inflammation plays a significant role in the process of arterial thrombosis and 

elucidates the underlying pathophysiological mechanisms linking atherosclerotic plaque 

formation and acute rupture, leading to vascular occlusion and infarction (145). C-reactive 

protein (CRP), a simple downstream marker of inflammation is a member of the circulating 

pentraxin family, is made up of 23-kDa subunits, and plays a major role in the innate immune 

responses in humans (146). Even though other cells and tissues in the body can elaborate 

CRP, it is primarily produced in liver. C-reactive protein, an acute phase reactant secreted in 

the liver in response to expression of IL-6 at the site of inflammation, has now become 

known as a major CVD risk marker (147). However, it remains unclear whether CRP is 

simply a marker of inflammation or is direct involved in the atherothrombotic process. 

Pertaining to the latter, CRP may influence vascular susceptibility to atherosclerosis by 

stimulating increased production of adhesion molecules and endothelial plasminogen 

activator inhibitor type 1 (PAI-1), or by blocking lipid uptake by macrophages, and co-

localization with complement within atherosclerotic lesions (146). 

Moreover, a prospective epidemiological study has demonstrated that hsCRP is a 

major predictor for, and sudden cardiac death in seemingly healthy populations, even when 
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LDL-C and PAI-1 levels are low (148). In addition, meta-analyses have further shown that 

the relative risk associated with hsCRP was larger than that of blood pressure and cholesterol 

(149). The findings of this study are relevant to women and men across all age groups and 

have been consistent with data from diverse populations. Similarly, collaborative studies 

from the United States and Europe showed that hsCRP levels have a superior predictive value 

for CVD risk compared to LDL-C levels (150). Available data showed that CVD risk is 

higher in individuals with elevated hsCRP levels and low LDL-C levels than in those with 

elevated LDL-C levels but low levels of hsCRP (140).  Even in studies that have reported 

fairly low levels of hsCRP, the magnitude of CVD risk was at least as large as that of 

hypertension and smoking, thus demonstrating the importance of inflammation in the 

pathogenesis of atherosclerosis (151).  

According to the American Heart Association and the Centers for Disease Control and 

Prevention, hsCRP levels <1, 1-3, and >3 mg/liter should be classified as lower, moderate, 

and higher cardiovascular risk respectively, when considered along with traditional CVD 

risks (152). This was further supported by data from the Framingham Heart Study after 

reclassification of CVD risk using CRP (153). Furthermore, screening for hsCRP should be 

done as part of global risk evaluation and not as a replacement for LDL and HDL testing. 

High-sensitivity C-reactive protein levels higher than 8 mg/liter may represent an acute-phase 

response caused by an underlying acute infection, thus the hsCRP test should be repeated at 

approximately 2 to 3 weeks after treatment of infection. Persistently elevated hsCRP levels, 

however, represent very high future CVD risk, since hsCRP is directly associated with 

vascular risks (154). Moreover, testing for hsCRP can easily be done on an outpatient basis 

when assessing cholesterol levels because hsCRP levels are stable over long periods, have no 

circadian variation, and do not depend on prandial state (154).  
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1.3.2.3 Oxidative stress 

The term oxidative stress refers to tissue injury resulting from an excess of oxidant 

compounds, which are crucial for tissue repair and protection against infection. Oxidative 

stress results when the anti-oxidant defenses are overwhelmed by pro-oxidants (155, 156), 

leading to damage of compounds such as lipids, protein and DNA. Oxidized low density 

lipoprotein (oxLDL) in the blood plays a key role in the pathogenesis of coronary heart 

disease, hypertension and atherosclerosis (157-159). Massive production of reactive oxygen 

species (ROS) has been implicated in the pathophysiology of atherosclerosis, through 

endothelial cell activation and cellular immune activation (159). Increased NADPH enzyme 

activity as well as catastrophic mitochondrial respiratory enzyme activities may contribute to 

ROS generation and oxidative burst (160). Moreover, it has been established that elevated 

NADPH oxidase subunit proteins in humans is associated with increased superoxide 

production and severity of atherosclerosis (161). Also, in animal models, NADPH oxidase-

deficient mice had significantly lower atherosclerosis compared to mice with normal NADPH 

activity (162).
 
Available evidence also suggests that mononuclear cells as well as endothelial 

cell play a significant role in the patho-mechanism of atherosclerosis through production of 

superoxide which is also consistent with oxidative stress (163). Platelets also contribute to 

ROS production leading to enhanced release of ADP and platelet recruitment (164). 

Oxidative stress depletes endogenous nitric oxide thereby causing endothelial 

dysfunction, which plays a role in the process of left ventricular remodeling and fibrosis, as 

well as oxidation of lipoproteins (165, 166). Interestingly, an association between CKD and 

oxidative stress has been shown to contribute to the pathogenesis and progression of renal 

failure (167-170).
 
It is well established that CKD patients, most specifically haemodialysis 

patients have elevated levels of markers of oxidative stress compared with the general 

population (171, 172). This may possibly be caused by loss of anti-oxidants during dialysis 
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therapy, release of ROS by neutrophils in response to bacteria crossing the dialysis membrane 

and reduced dietary uptake of anti-oxidants as a result of malnutrition (171-174). 

In the general population, dietary intake or plasma concentrations of antioxidant 

vitamins (vitamins A, C, and E) are inversely related to cardiovascular disease incidence and   

mortality (175).
 
A systematic review of 56 studies which evaluated anti-oxidant therapy in 

haemodialysis patients showed that vitamin D, alpha-tocopherol and N-acetylcysteine 

significantly reduced cardiovascular morbidity and mortality (171). Nevertheless, larger and 

more adequately powered randomized controlled trials are needed to confirm this 

observation. 

Given that ROS have short half-lives of just a few seconds (176, 177), oxidative stress 

is usually quantified by the detection of various modified macromolecules that are generated 

from non-enzymatic binding of lipids and proteins with ROS in the tissues, plasma and other 

body fluids. These marker molecules usually have longer half-lives and include molecules 

derived from lipid peroxidation such as malondialdehyde oxidized LDL (oxLDL) and F2 

isoprostanes (172, 178). Oxidative stress has been investigated using different methodologies:
 

Mune et al (179), after dialyzing patients with antioxidant coated dialyzers for 24 months 

demonstrated a significant reduction in the levels of markers of oxidative stress as well as a 

delayed in the progression of aortic calcification, a marker of atherosclerosis. Higher plasma 

malondialdehyde-LDL levels were also reported in patients with insulin resistance compared 

with controls (180).
 
Adults with metabolic syndrome had nearly 4 times the level of plasma 

8-isoprostanes compared with those with normal lipids and normal weight (181). These 

reports, in summary, support the hypothesis that oxidative stress is involved in multiple 

processes that are relevant to the development of CVD. 
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1.3.2.4   Endothelial dysfunction 

  Although vascular endothelium was originally regarded as an inert barrier between 

the blood and blood vessel, it is now well recognized that the endothelium plays an important 

role in controlling vascular activities. Endothelium play a central in the regulation of  

inflammatory process, thrombosis, and coagulation through production of autocrine and 

paracrine hormones such as nitric oxide (NO), prostaglandins, endothelin, and angiotensin II 

(182). Of all these substances, NO is the most well studied (183, 184). Nitric oxide is 

constitutively produced by endothelial NO synthase (eNOS), otherwise known as NOS III 

(183), has vasodilator, antiplatelet, anti-proliferative, anti-adhesive, permeability-decreasing 

and anti-inflammatory properties (185). Reduced bioavailability of NO with associated 

increased production of vasoconstrictors facilitates the process of thrombosis and 

development of atherosclerosis. This implies that any interruption in NO functions or 

availability will significantly increase the risk of CAD.  

In addition to adversely affecting blood flow and nutrient delivery, endothelial 

dysfunction also induces immune activation and systemic inflammation (182). Endothelial 

cells play a part in the recruitment and adhesion of leukocytes to the endothelial lining of the 

vessels through secretion of chemokines and cytokines (182, 183).  

Asymmetric dimethylarginine (ADMA), an inhibitor of NOS has been shown to 

accumulate in patients with CKD and may also contribute to the CVD burden (186). 

Dimethylarginines, naturally occurring in the human body, are formed from protein 

catabolism (187). In CKD patients, ADMA was significantly elevated as a result of reduced 

clearance in the kidney. It contributes to CVD by blocking the endothelial cellular uptake of 

L-arginine, causing reduced NO synthesis and ultimately resulting in widespread vascular 

inflammation (187-189), thus providing a the link between CKD and CVD (2).  
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1.3.2.5   Hyperhomocysteinaemia  

Chronic kidney disease is closely associated with elevated levels of homocysteine, 

which has been linked with CVD (190-193). A causal relationship may exist between 

hyperhomocysteinaemia and renal impairment; available evidence suggests that elevated 

homocysteine levels have a strong inverse correlation with GFR; in addition, the levels were 

reduced after kidney transplantation (194). However, the mechanisms underlying 

hyperhomocysteinaemia in CKD are multifaceted and complex. They are not only 

attributable to reduced renal clearance, because renal homocysteine excretion accounts for 

<1% of its elimination, but also due to metabolic disturbances in remethylation and trans-

sulfuration pathways (194). Moderate reductions in GFR are associated with an increase in 

total plasma homocysteine (195). Results from a study showed that reduction in 

homocysteine concentration was associated with lower risk of CHD and stroke (196). 

Furthermore, results of genetic studies of mutations in the methylenetetrahydrofolate 

reductase gene (MTHFR) appeared consistent with the view that this association is causally 

related (197).
  

Available evidence suggests that vitamin B12 and folate supplementation is 

associated with a reduction in the homocysteine levels (193). The study further recommended 

that CKD patients should be evaluated for elevated levels of homocysteine and subsequently 

treatment with vitamin supplementation for hyperhomocysteinaemia (193). In spite of this, 

available evidence did not show any cardiovascular benefit from vitamin supplementation 

(198, 199). This observation could be explained by persistent hyperhomocysteinaemia despite 

rigorous vitamin supplementations.  

1.3.2.6   Adiponectin 

Adiponectin (ADPN) belongs to the family of adipokine-related hormones. It has an 

immuno-modulatory properties and protects against insulin resistance, obesity and other 
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metabolic disorders (200). It exists in 3 different forms in the blood namely low, medium, 

and high molecular weight adiponectin, with the high-molecular-weight form appearing to be 

more pathogenic (201). Secretion of adiponectin is strictly controlled by peroxisomal 

proliferator-activated receptor gamma (201).
 
Even though, adiponectin receptors are localized 

to the majority of organs in the human body, including muscle (receptor 1) and brain (201), it 

is still not clear whether adiponectin only acts through these target organs. In cross-sectional 

studies in adults, adiponectin was identified as an independent predictor of obesity, 

hyperinsulinemia and insulin resistance, metabolic syndrome, visceral adiposity, T2DM (202) 

and atherosclerosis (203).
 

Adiponectin is a collagen-like protein, has anti-atherogenic and anti-inflammatory 

properties, hence its protective role for cardiovascular disease (204, 205). Previous studies 

have shown that ADPN was inversely related to renal function, and significantly elevated in 

ESRD patients (203, 206, 207). Likewise, several studies have demonstrated higher levels in 

CKD, haemodialysis, and peritoneal dialysis patients (206, 208). Although, it is thought that 

impaired clearance of ADPN in ESRD patients may be due to its high molecular           

weight (207), it is yet to be established whether the increased ADPN levels in kidney failure 

patients are as a result of impaired clearance or whether it is a compensatory mechanism to 

offset the increased cardiovascular risks in these patients. Hence, this needs to be established 

in larger prospective studies. 

1.3.2.7   Fibroblast growth factor 23 

Recently, fibroblast growth factor 23 (FGF-23) was discovered and has been 

associated with regulation of the body’s calcium-phosphate metabolism, essentially by 

increasing phosphate excretion in the kidneys (209, 210). Fibroblast growth factor 23 levels 

steadily increase with worsening renal function, starting at the early stages of kidney failure, 

increasing by multiple folds in ESRD (211, 212). In studies involving CKD patients, it was 
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demonstrated that severely elevated levels of FGF-23 were independently associated with 

myocardial hypertrophy and endothelial dysfunctions (209, 213). Faul et al (214) showed that 

FGF-23 was closely associated with LVH in a large study of ethnically diverse CKD patients. 

They reported that LVH was mediated through FGF receptor activation pathway, independent 

of klotho, the co-receptor of FGF-23 which is only expressed in the kidneys and parathyroid 

glands. The same group reported that treatment with a FGF-23 receptor antagonist reduced 

LVH. It follows that pharmacological reduction of FGF-23 may be a potential therapeutic 

strategy to reduce CVD in CKD (209).  

1.4 An overview of pathogenesis of atherosclerosis 

Increase uptake and accumulation of low density lipoprotein (LDL) in macrophages, 

has been established as the rate-limiting step in the development of atherosclerosis (215). As 

shown in Figure 1.1, in the presence of endothelial dysfunction and/or injury LDL moves into 

the subendothelial space where it become oxidized and get converted to oxidized LDL 

(OxLDL) (216). Oxidized LDL in turn activate endothelial cells leading to increased 

production of adhesion molecules as well as MCP-1, which facilitate attachment of 

lymphocytes and monocytes to endothelial layer (132, 135). Through secretion of chemo-

attractant substances,
 
the monocytes and the leucocytes

 
migrate

 
into the sub-endothelial 

space, where the
 
monocytes differentiate into macrophage

 
scavenger cells (217). Macrophage 

cells then ingest OxLDL and transform into foam
 
cells (217). This process is continuous

 
and 

as the foam cells combine
 
with leucocytes, a fatty streak is formed (135). The foam cells in 

turn contribute to the severity of inflammatory process by releasing more inflammatory 

cytokines, thereby stimulating proliferation as well as migration of smooth muscle cells into 

the intima layer of the artery.
 
Thus resulting in the formation of a fibrous plaque, which later 

progress to advanced atherosclerotic plaque and may eventually lead to acute coronary 

syndrome (135, 215, 216), (218). 
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Figure 1.1: Diagram illustrating the development of an atherosclerotic plaque. LDL is converted 

to oxidized LDL by inflammatory cells. Oxidized LDL subsequently cross the endothelial layer into 

the subendothelial space. Secretion of inflammatory cytokines leads to recruitment of more 

monocytes to the subendothelium. Accumulation and proliferation of foam cells as well as  smooth 

muscle cell leads to the formation of atherosclerotic plaque. LDL, low density lipoprotein; MCP-1, 

monocyte chemoattractant protein-1. (Reproduced with permission from Faxon D, Fuster V, Libby P, 

Beckman J, Hiatt W, Robert W, et al. Atherosclerotic Vascular Disease Conference Writing Group 

III: Pathophysiology. Circulation. 2004; 109:2617-25) 

  

1.5 Bacteria Endotoxins 

Endotoxin, also known as lipopolysaccharide, is a components of the outer membrane 

of the cell wall of Gram-negative bacteria (GNB) (133, 219). The outer membrane of GNB 

functions as a protective permeability barrier, impermeable to large molecules and 

hydrophobic compounds from the environment and is critical to the function of the outer 

membrane (220). Structurally, LPS is a 10kDa molecule with different chemical composition. 

Lipopolysaccharide is made up of three components namely, lipid A, a core oligosaccharide, 

and an O-side chain (9). The O-side chain and the core polysaccharides are both 

immunogenic in nature, with the ability to stimulate antibody production.  
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Figure 1.2: Schematic of bacterial endotoxin (lipopolysaccharide). Lipopolysaccharide 

consists of three covalently linked regions: lipid A, a core oligosaccharide, and an O-side 

chain.  
(Source: http://temp.biomin.net/solutions/endotoxin-risk-management/) 

 

In other words, lipopolysaccharide component is associated with biological functions 

of endotoxin, lipid A is the toxic component while the polysaccharide component has the 

ability to produce antibodies (immunogenicity) (220, 221).  

1.6 Detection and quantitation of endotoxins (LPS) 

Levin and colleagues in 1950 reported that gram negative bacterial infection in 

Limulus polyphemus (a horseshoe crab) leads to intravascular coagulation of the crab blood 

cells (Amoebocyte), and postulated that the coagulation of the amoebocyte resulted from the 

activation of the clotting factors by endotoxin in the bacterial wall (222) (223). Following this 

discovery, Limulus Amoebocyte Lysate test (a chromogenic test) was subsequently 

developed for the detection of endotoxin levels (224). Recently, a novel LPS detection 

method based on the ability of toll-like receptor-4 (TLR4) to recognize lipid A of LPS, 

ultimately leading to activation of nuclear factor kappa-B(NF-ĸB), was developed (225). The 

presence of very low concentrations of LPS, as low as 0.03ng/ml, is detected by this    

method (226).  

http://temp.biomin.net/solutions/endotoxin-risk-management/
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1.7 Endotoxin and Vascular Dysfunction 

During GNB infection, endotoxin cause endothelial dysfunction, ultimately leading to 

septic shock, disseminated intravascular coagulation, and vascular leak syndromes (227). 

Endotoxin levels equivalent to those observed during sepsis, induce numerous pro-

inflammatory responses in circulating monocytes and macrophages as well as in cultured 

endothelial and smooth muscle cells, resulting in up regulation of adhesion molecules, 

increased production of inflammatory cytokines and oxidative stress, ultimately leading to 

endothelial damage (228). Even though these observations provide evidence that 

endotoxaemia can elicit vascular inflammation and endothelial dysfunction, endotoxin levels 

in inflammation-related atherosclerosis is much more lower compared to the levels in     

sepsis (159). Available evidence from a previous study showed that subclinical endotoxeamia 

is  associated with an increased risk of atherosclerosis (13). This further suggests that low 

levels of endotoxin may induce chronic low grade inflammation and accelerated 

atherosclerosis, hence indicating a potential link between circulating endotoxaemia and 

subclinical atherosclerosis. 

1.8 Signaling by endotoxin 

1.8.1 Activation of cellular signaling pathways 

Several immune mediators have been identified to play a major role in the endotoxin 

signaling pathway (159). Based on the proposed model of interaction between endotoxin and 

vascular cells,  LPS induced immune activation involves a number of proteins, including LPS 

binding protein (LBP), CD14, Toll-like receptor-4 (TLR-4), and lymphocyte antigen 96 (also 

known as MD-2 protein). These modulatory proteins cooperatively activate a receptor 

activity ultimately leading to inactivation of nuclear factor-kappa B (159). The following 
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review therefore focuses on the generation of ligands of the innate immune response by 

circulating endotoxaemia. 

1.8.2 Lipopolysaccharide binding protein (LBP) 

Lipopolysaccharide binding protein, a 60-kDa phospholipid, binds and transfers 

proteins with moderate specificity in human blood (229). The LBP level has been suggested 

as a clinical marker of circulating endotoxaemia (230, 231). Lipopolysaccharide binding 

protein extracts endotoxin monomers from the bacterial cell wall or from aggregates of 

circulating endotoxin, forming a complex LPS-LBP that interacts with the MD-2 portion of 

the TLR4/MD-2 receptor ligand attached to CD14, resulting in target cell activation        

(232, 233). Alternatively, the LPS-LBP complex may bind to high-density lipoprotein 

(HDL), which facilitate the clearance of circulating endotoxin in the liver (234, 235). 

1.8.3 CD14 

CD14, a pattern-recognition receptor, mediates inflammatory response to      

endotoxin (236). It stimulates monocytes and neutrophils via NF-ĸB, leading to translation 

and production of inflammatory cytokines (133, 159). Serum CD14 levels is a marker of 

endotoxin-induced cellular activation (236, 237). Genetic mutation in the promoter gene for a 

human CD14 has been shown to correlate with reduced incidence of (238). Levels of soluble 

CD14 (sCD14) were found to be closely associated with aortic stiffness and carotid plaque 

formation in a population-based study, further supporting the hypothesis that CD14 may 

contribute to severity of atherosclerosis in humans (239).
 
Notably, a more recent study 

demonstrated that elevated sCD14 levels, a marker of activation of endotoxin/TLR4 system, 

is directly associated with inflammatory markers and inversely related to nutritional status, 

and is the major determinant of mortality in long-term haemodialysis patients (240).  
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1.8.4 The TLR signaling pathway 

Toll-like receptors are part of the innate immune system, specifically recognize 

pathogen-associated molecules, and have been shown to be activated by LPS in numerous 

cells including mammalian phagocytes (133, 134). They are transmembrane proteins 

containing both extracellular and cytosolic regions (159). The endotoxin–CD14 complex 

binds to a toll-like receptor-4 (TLR-4) via MD-2, a TLR-4 co-receptor (241). This secreted 

accessory protein binds to both TLR-4 and endotoxin in phagocytes and other endotoxin-

responsive cells (242). In short, TLR4 forms a large complex with several associated 

proteins, including CD14 and MD-2, to achieve efficient LPS-induced cell activation (243). 

1.9 Pro-inflammatory effects of endotoxin  

As a result of the presence of circulating endotoxin, a variety of pro-inflammatory 

responses may be initiated, ultimately generating a chronic inflammatory state and 

accelerated atherosclerosis (133, 159). These pro-inflammatory responses are illustrated 

below in Figure 1.3. 
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Figure 1.3: Diagram illustrating pro-atherogenic interactions between endotoxin and vascular 

cells. Circulating endotoxin binds to LBP forming a complex that binds to HDL, ultimately leading to 

elimination of endotoxin-HDL complex in the liver. Otherwise, endotoxin-LBP complex binds to 

sCD14 and leading to LPS-induced immune activation via TLR-4/MD2 Pathway, resulting in 

production of pro-inflammatory cytokines such IL-8, MCP-1 and reactive oxygen species. Statins 

inhibit endotoxin/TLR-4 signaling pathway. LPS, lipopolysaccharide; LBP, lipopolysaccharide 

binding protein; HDL, high density lipoprotein; sCD14, serum CD14; mCD14, membrane-bound 

CD14; TLR4, toll-like receptor-4; MD-2, lymphocyte antigen 96; NF-ĸB, Nuclear factor kappa B;  M, 

monocyte; EC, endothelial cell; MCP-1, monocyte chemoattractant protein-1; IL-8, interleukin-8; T, 

T lymphocyte; N, neutrophil; SMC, smooth muscle cell; M
ɸ
, macrophages; O2

−
,  reactive oxygen 

species. (Reproduced with permission from Stoll LL, Denning GM, Weintraub NL.Potential role of 

endotoxin as a proinflammatory mediator of atherosclerosis. Arterioscler Thromb Vasc Biol 2004 

24(12):2227-36). 

 

Oxidative stress plays a key role in the pathophysiology of many chronic 

inflammatory disorders, including early atherosclerosis. In vitro studies have demonstrated 

that injection of endothelial cells with endotoxin resulted in increased antioxidant enzyme 

activity, consistent with an upsurge of oxidative stress (244, 245), leading to increased levels 

of inflammatory cytokines, proliferation of smooth muscle cell and programmed cell death, 

thus suggesting a link between endotoxin-induced oxidative stress and the mechanisms 

underlying the development of atherosclerosis (246, 247). More specifically, LPS has been 

shown to be associated with elevated markers of oxidative stress in human tissue, endotoxin  

induced dose-dependent production of reactive oxygen species in human tissue culture (248). 

Of note, regarding atherosclerosis, is the production of inflammatory cytokines and 

chemokines, which recruit inflammatory cells to foci of inflammation (249).
 
Endotoxin 
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stimulates increased production of pro-inflammatory cytokines such as INF-γ, IL-1, IL-6, IL-

8, TNF-α (250, 251) leading to activation of chemokines and adhesion molecules (159). 

Available evidence suggests that cytokines and adhesion molecules are important 

regulators of vascular inflammation, and act by initiating and perpetuating the interaction of 

immune cells with the vascular endothelium, consequently leading to plaque formation and 

cardiovascular events (133, 159, 252). During vascular inflammation, leucocytes undergo 

stepwise interaction with vascular endothelium comprising selectin-mediated leucocyte 

rolling, mild adhesion facilitated by adhesion molecules such as VCAM-1 and ICAM-1, and 

subsequent firm adhesion mediated by MCP-1 and IL-8 (133, 159).  In addition, elevated 

circulating adhesion molecules are found in CKD patients and are closely associated with 

systemic inflammation, lipid abnormality and cardiovascular events in haemodialysis patients 

(253).  

1.10 Potential therapeutic strategies for the reduction of inflammation through                   

endotoxin reduction 

Endotoxaemia constitutes a potentially important target for interventions directed to 

reducing cardiovascular morbidity and mortality in CKD patients. Theoretically, 

endotoxaemia can be prevented either through treating foci of endotoxin including 

periodontal disease, catheters and vascular access or by reducing translocation of endotoxin  

from the gut, ultimately resulting in a decrease in inflammatory response (133). One of these 

strategies would involve the use of sevelamer carbonate, a phosphate binder. Sevelamer binds 

and forms a complex with anions, bile acids as well as conjugated amino acids, leading to 

increase in faecal excretion and reduced intestinal absorption, including translocation of 

endotoxin into the circulation (133). Although, sevelamer has been widely used in CKD 

patients as a phosphate binder, it is increasingly being recognized to possess anti-atherogenic 
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and anti-inflammatory properties in haemodialysis patients (254). This suggests the 

possibility of cholesterol-independent effects of sevelamer, through its regulatory effects on 

systemic inflammation and oxidative stress, on atheroma formation (255). A clinical study in 

haemodialysis patients demonstrated that sevelamer treatment leads to a decrease in hsCRP 

levels which was accompanied by a corresponding decrease in circulating endotoxin levels, 

thus suggesting that endotoxaemia may contribute to the inflammatory state in haemodialysis, 

and was partly reduced by the use of sevelemar (256).  

Statins, inhibitor of 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA) reductase, 

widely used clinically for their effective lipid lowering action, have also been shown to 

possess anti-inflammatory effects (257, 258). Available evidence suggested that lipid 

lowering statins may have an additional protective role in blocking some of the endotoxin 

signaling pathways, leading to a decrease in inflammatory response. (248).
 
Possibly, this may 

be due to reduced synthesis of mevalonate, a cholesterol precursor that play a critical role in 

the process of lipidation of proteins, thereby resulting in disordered receptor signaling 

pathway (259).
 
More recently, a clinical trial explored the approach of inhibiting protein 

lipidation with some degree of success in the treatment of a multisystem disorder manifesting 

with accelerated atherosclerosis in the affected children (260). These aforementioned studies 

therefore suggest that anti-inflammatory strategies may possibly reduce cardiovascular 

complications related to systemic inflammation in patients with CKD. 

1.11 Transforming growth factor β levels and atherosclerosis 

Transforming growth factor β, a growth factor that is produced by many inflammatory cells 

including leucocytes, macrophages, smooth muscle cells and platelets (261).  There are three 

isoforms of transforming growth factor β (TGFβ) which are designated as TGFβ1, TGFβ2, 

and TGFβ3. Transforming growth factor-β1, the most extensively studied of these three 
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isoforms, exhibits anti-inflammatory and anti-proliferative properties by inhibiting the 

synthesis of tumour necrosis factor-α (TNF-α) or by down-regulating the pro-inflammatory 

effects of IL-1β and interferon-γ (262), ultimately leading to reduction of inflammatory 

cytokine-induced VCAM-1, chemotaxis and leucocyte adhesion to vascular endothelial 

lining, and decreased macrophage activity (263, 264). Previous studies have provided 

evidence that suggests that low serum levels of TGFβ1 are a risk factor for atherosclerosis in 

non-CKD (265, 266) and haemodialysis patients (267). However, there is paucity of data on 

whether TGFβ2 and TGFβ3 contribute to the susceptibility and the severity of atherosclerosis 

in CKD patients.   

1.12 Circulating endotoxaemia, renal function, and volume status  

Elevated levels of inflammatory markers have been reported in non-dialytic CKD, and 

worsens with the development of ESRD (167, 268).  As GFR progressively worsens, CKD 

patients develop impaired capacity to excrete salt and water by the kidneys, resulting in fluid 

retention and hypertension, which is common in dialysis patients, and is also associated with 

poor clinical outcomes (269). It has been shown that CKD patients develop fluid overload 

from the early stages of the disease, and this may induce inflammatory response, leading to 

worsening kidney failure and CVD (270). Patients with circulatory overload, for example 

those with congestive heart failure, present with signs of systemic inflammation that diminish 

when the cardiac failure is compensated (271). It has been postulated that inflammatory state 

in CKD patients is related to gut oedema and increased gut permeability, leading to 

translocation of endotoxins from the gut lumen into the blood circulation (133). Thus, the 

presence of endotoxins in the circulation leads to systemic immune activation, and finally 

generating a chronic inflammatory state in CKD patients (133, 271). 
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1.13 Carotid intima media thickness (CIMT) as a surrogate marker for CVD 

Carotid intima media thickness is an independent risk factor for CVD, and the 

presence of carotid plaques is a strong predictor of cardiovascular events and mortality (272, 

273).
 
Available evidence has validated CIMT as a good surrogate marker for CVD. Previous 

studies have shown that CIMT is an independent risk factor for future CVD events (274-276). 

Also, the predictive association between baseline CIMT and increased CVD risk has been 

demonstrated in healthy young adult populations (277, 278). 

Data from intervention studies have also linked CIMT with increased risk of 

cardiovascular events. A strong association was observed between progression of CIMT and 

the incidence of cardiovascular death (combined relative risk was 2.2 for each annual 

increase in CIMT of 0.03 mm) in the CLAS trial, involving patients who received colestipol-

niacin or placebo following CABG surgery (279) . Recently, a meta-analysis of statin therapy 

trials also showed a close association between the progression of CIMT and the incidence of 

cardiovascular events, with a mean annual decrease in CIMT thickness of 0.012 mm 

associated with a significant reduction in the risk of cardiovascular events (280). In addition, 

presence of carotid artery plaque in an individual is a strong predictor of future 

cardiovascular events (281).  

In spite of the evidences highlighting the usefulness of CIMT as a predictive marker 

of atherosclerotic CVD, there are limitations in the assessment of change in CIMT as a 

suitable marker of atherosclerosis and of increased cardiovascular risk (282). Firstly, CIMT is 

obtained by combined measure of the intimal and medial layer of the arterial wall, even 

though in the early phase, atherosclerotic process is only limited to the intima layer. 

Secondly, despite the fact that majority of the population of the westernized societies die 

from CAD, several studies have demonstrated a weak correlation between increased CIMT 
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and atherosclerosis. A third critique deals with scarcity of data showing that progression of 

CIMT predicts CAD as well as stroke, which further supports criticism of the utility of CIMT 

measurements in clinical study.  

1.14 Measurement of inferior vena cava diameter (IVCD) 

Estimation of fluid status in ESRD patients is quite challenging, since many factors 

including reduced lean body mass, dialysis-induced hypotension, as well as increased 

peripheral vascular resistance and altered venous capacity, may cause measurement errors in 

this group of patients (283). Usually, clinicians estimate fluid status by the presence of 

dyspnoea/orthopnoea, dyspnoea on exertion, jugular venous distension, peripheral oedema, 

congestive hepatomegaly, pulmonary crackles, weight gain or hypertension, which are 

valuable but not specific for detecting fluid overload (284, 285). Measurement of inferior 

vena cava diameter (IVCD) and the calculation of the collapsibility index (CI) are thought to 

be appropriate estimates of body fluid status in CKD, as cardiac filling pressures in CKD 

patients are more likely to reflect fluid overload rather than intrinsic cardiac dysfunction. 

Inferior vena cava diameter measurement is a non-invasive, simple and quick method, 

correlates well with right atrial pressure and circulating blood volume (286, 287). Although 

there are issues about intra- and inter-observer variability during IVCD assessment, 

nevertheless, IVCD measurement is still a viable technique for evaluation of fluid status in 

ESRD patients (283, 288). 

1.15 Bio-impedance spectroscopy  

Estimation of body composition is useful in various clinical settings for obtaining 

information about nutritional state and fluid status of different body compartments. Bio-

impedance spectroscopy (BIS) is an attractive technique for this purpose, because it provides 

a precise and specific method for assessment of nutritional and body fluid status (289). Bio-
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impedance spectroscopy is a simple and inexpensive tool for evaluating total body water, 

extracellular water (ECW) as well as intracellular water (ICW); thus, assessment of hydration 

status in ESRD patients (290-292). This measurement technique is based on the assumption 

that direct current is conducted faster in fatty tissue than in lean tissue mass with high water 

content (289, 293). A bio-impedance meter is attached to the body and a small electrical 

signal measures the body’s ability to conduct the current (294). Bio-impedance spectroscopy 

has been documented to be useful in the assessment of fluid status in haemodialysis (295) as 

well as in peritoneal dialysis patients (296). However, there is lack of information on the 

utility of BIS-derived measurements for evaluation of fluid status in pre-dialytic CKD 

patients.  

Although, BIS is a simple device providing valuable evaluation of patients’ fluid 

status, the method is limited by lack of standards of normality (297). In addition, variations in 

electrolytes, red cells, protein, body temperature or presence of implantable devices affect 

BIS measurements, thereby further limiting the use BIS-derived measurements for evaluating 

fluid status of CKD patients (289, 297). For accuracy, standard conditions are needed such as 

fasting state, correct posture during measurement as well as timing of measurements after 

supine position or haemodialysis therapy (298). The patients should be counselled against 

strenuous exercise, excess alcohol consumption and the use of diuretics prior to examination 

(289). Accurate measurement of patient’s weight and height is essential, since over- or 

underestimation of weight or height can cause an error in the estimation of total body      

water (289). Therefore, patient’s weight and height should be measured to the nearest 0.1kg 

and 0.5cm respectively (289).  

Nevertheless, assessment of fluid status by BIS has been validated against the gold 

standard reference method (isotope dilution) in both patients and healthy individuals (299, 

300). Most importantly, the bio-impedance spectroscopy measurement technique is highly 
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reproducible and very specific in the detection of fluid status in CKD patients (301-303). 

However, this needs to be confirmed by adequately powered studies in South African CKD 

patients and healthy controls. 

1.16 Rationale for the study 

As a result of impaired renal function, CKD patients are fluid overloaded, resulting in 

increased bacterial translocation across the gut and increased endotoxin levels in the blood 

circulation, activating cellular immune activation, leading to systemic inflammation. Clearly, 

translocated endotoxin derived from both endogenous and environmental microbes has a 

wide range of adverse effects on cardiovascular structure and function, driving systemic 

inflammation, oxidative stress and atherosclerosis. It is therefore hypothesized that 

endotoxaemia is related to volume overload and represents a potentially reversible risk factor 

for subclinical atherosclerosis in CKD patients. This study investigated endotoxin in different 

cohorts of CKD patients and also evaluated the role of endotoxaemia as an inflammatory 

mediator of atherosclerosis in CKD patients. 

1.17 Aim of study 

The aim of the study is to investigate endotoxaemia across the spectrum of CKD and 

to determine the pro-inflammatory effects of endotoxin that may be relevant to the 

development of atherosclerosis in CKD patients. 

1.18 Objectives  

1. To determine blood levels of endotoxins in stage 3 CKD and dialysed patients. 

2. To evaluate the association between renal function, volume status and endotoxaemia 

in stage 3 CKD and dialysed patients. 
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3. To measure carotid intima-media thickness (CIMT) as a surrogate marker of 

atherosclerosis in stage 3 CKD and dialysed patients. 

4. To establish the role of circulating endotoxaemia as a mediator of inflammation in 

stage 3 CKD and dialysed patients. 

5. To determine the relationship between circulating endotoxaemia, markers of systemic 

inflammation and subclinical atherosclerosis as determined by CIMT in stage 3 CKD 

and dialysed patients. 
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CHAPTER 2 

2.0 MATERIALS AND METHODS 

  The study was approved by the University of the Witwatersrand, Human Research 

Ethics Committee (Protocol M130127) and was in accordance with the Helsinki Declaration 

of 1975, as revised in 2000.  

2.1 Study design and population 

  This was a cross-sectional descriptive study that involved 120 chronic kidney disease 

(CKD) patients attending Charlotte Maxeke Johannesburg Academic Hospital, Johannesburg, 

South Africa and a comparator cohort of 40 age- and sex-matched controls.  

2.1.1 Sample size 

  Sample size was calculated based on the two sample t-test to detect a difference of 0.5 

EU/ml in the level of endotoxin using data from a previous study (18). A minimum of 38 

patients in each of the comparison groups was needed to detect this difference at 95% 

confidence interval (α=0.05) with a power of 90% (β =0.10). The final sample size in each of 

the comparison group was increased to 40 to allow for patient attrition. Total sample size was 

160 (40 in each group-peritoneal dialysis [PD], haemodialysis [HD], CKD stage 3 and 

controls).  

2.1.2 Inclusion criteria 

 Stage 3 CKD patients who attended the renal clinic for ≥ 3 months as well as patients on 

haemodialysis and peritoneal dialysis for ≥ 3 months at the dialysis unit who agreed to 

participate in the study were recruited.  

 Age between 18 years and 60 years. 
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2.1.3 Exclusion criteria 

Patients with the following conditions were excluded: 

 Clinical signs of active or chronic infection. 

 Diabetes mellitus. 

 Seropositive for hepatitis B, C and the human immunodeficiency virus. 

 Autoimmune disease. 

 Liver dysfunction. 

 Malignancy. 

 Heart failure (NYHA III-IV). 

 Anti-inflammatory or immunosuppressive therapy at least three months prior to 

enrolment. 

 Amputated limbs. 

 Pacemakers and/or implants. 

 Incomplete measurements. 

2.1.4 Controls 

Forty age and gender-matched volunteers who were staff and students of the Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH) were recruited.  

2.2 Methods 

  Enrolment of all patients and controls commenced in April 2013 and was completed 

in December 2013. Using a structured interview form, information on age, race, gender and 

tobacco use was documented. Patients were classified as smokers if they were current 

smokers, former smokers if they stopped smoking for at least six months prior to the study 

and non-smokers if they had never smoked (203). Blood pressure for HD patients was 
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recorded non-invasively in the arm without the A-V fistula with an accusson mercury 

sphygmomanometer in the sitting position before a dialysis session commenced. Blood 

pressure was estimated by averaging all pre-dialysis and post dialysis blood pressure 

recordings taken during the month before the study (3 measurements per week for a total of 

12 measurements; that is 3/wk). Among PD and CKD patients, blood pressure was recorded 

at the time of the clinic visit. The blood pressure average of four clinic visits was taken as the 

patient’s actual BP.  For the controls, blood pressure was taken in the sitting position after 

resting for 5 minutes. The average of three readings, recorded 5 minutes apart, was taken as 

the blood pressure. Pulse pressure was calculated as systolic blood pressure (SBP) minus 

diastolic blood pressure (DBP). Mean arterial blood pressure (MABP) was calculated as 

diastolic blood pressure plus one third pulse pressure. Height was measured to the        

nearest 0.5 cm and weight to the nearest 0.1 kg using the Seca 220 telescopic measuring rod 

(Seca gmbh GmbH & Co, Germany) and body mass index (BMI) was calculated as the ratio 

weight to height squared. In haemodialysis patients, the dry weight was obtained before 

dialysis therapy. Waist circumference was assessed using a tape measure. Measurements 

were taken at the level of belly button with the clothing raised to just below the chest. 

Estimated glomerular filtration rate (eGFR) was calculated using CKD-EPI formula.  

2.2.1 Blood collection and processing 

Blood was taken from the study participants for measurements of haemoglobin 

concentration, creatinine, albumin, total cholesterol, high density lipoprotein (HDL), low 

density lipoprotein (LDL), triglycerides, calcium, phosphate and intact parathormone. The 

mean of three measurements taken over 3-months from the time of recruitment, including the 

month of entry into the study, were used for analysis. All tests were analysed in the National 

Health Laboratory as part of the routine standard of care using ADVIA
R
 auto-analysers 

(Siemens Healthcare Diagnostics Inc, USA). Blood for measurements of endotoxin, 
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lipopolysaccharide binding protein (LBP), C-reactive protein (CRP), interleukin-6 (IL-6), 

serum CD14 (sCD14), interleukin-8 (IL-8), monocyte chemoattractant protein-1 (MCP-1), 

oxidized LDL (OxLDL) and transforming growth factor-β (TGF-β) was collected into 

anticoagulant-free tubes after an overnight fast. Blood samples from patients receiving 

haemodialysis were drawn before a dialysis session commenced. Samples were kept on ice 

until the serum was separated within 30 minutes of collection and centrifuged at 3000 rpm for 

10 minutes at room temperature (U-320R, Boeco, Germany). Serum was separated and stored 

in appropriate 1.5ml micro-centrifuge tubes at −70º until ready for assay. Samples were only 

thawed once, at time of assay. Whole blood was collected into ethylene diamine tetra-acetic 

acid (EDTA) bottle and stored at −20 º for cytokine genotyping. 

2.2.2 Bio-impedance spectroscopy analysis – assessment of fluid and nutritional status  

Fluid status and markers of nutritional status [lean tissue index (LTI), fat tissue index 

(FTI), lean tissue mass (LTM), fat tissue mass (FTM), adipose tissue mass (ATM) and body 

cell mass (BCM)] were measured automatically with the aid of a body composition monitor – 

BIS device (Fresenius Medical Care, Germany). Measurements were performed in the supine 

position after the patient had rested for 5 minutes. The electrodes were fixed on the dorsal 

surfaces of the hand and foot at the distal metacarpals and metatarsals on the non-dominant 

side, respectively. Anthropometric data including weight, height, age and gender were input 

into the machine and results calculated by in-built software and displayed on the LCD screen. 

The measurements were repeated in cases where erroneous measurements were detected by 

machine-based measurement quality indicator. Three readings were recorded and average 

values used for the analysis. (304). Fluid overload was defined by absolute overhydration (in 

litres) or as OH/ECW% ≥15% (305). In addition to the fluid overload measurement by the 

BCM, patients’ fluid status was also assessed by evaluating for the presence of oedema. 

Malnutrition was defined as lean tissue index (LTI) less than the 10th percentile of a 
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reference population (306). Percentage body cell mass (%BCM) was computed using the 

formula: 100 x BCM/current weight. Male and female patients with %BCM less than 35% 

and 30% respectively were considered malnourished  

2.2.3 Inferior vena cava diameter measurement 

All echocardiographic/ultrasonographic measurements were performed by a trained 

cardiologist/sonographer who was blinded to the clinical status of the patients and controls. 

Inferior vena cava examination with simultaneous electrocardiographic monitoring was 

performed in a supine position after 5–10 min of rest during normal expiration and inspiration 

while trying to avoid Valsalva manoeuvers. Inferior vena cava diameter was measured on the 

same day on which the bio-impedance analysis was done to avoid interference of daily 

fluctuations of fluid status. The anteroposterior dimension of IVCD was measured using two-

dimensional and Doppler recordings 1.5 cm below the diaphragm in the hepatic segment. The 

IVCD was expressed as IVCD in expiration, adjusted for body surface area (BSA). Fluid 

overload was defined as IVCD >11.5mm/m
2 

(286). In addition, the collapsibility index (CI) 

was calculated as the percentage of decrease in IVCD in inspiration versus expiration. 

Patients with a CI lower than 40% were considered to be fluid    overloaded (307). 

2.2.4 Echocardiography 

Echocardiography was performed according to the American Society of 

Echocardiography recommendations (308, 309) using the Philips iE33 machine equipped 

with a S5-1 1-5 MHz transducer, allowing for M-mode, two dimensional and colour doppler 

measurements (Philips Corporation USA). All measurements were done at the time of BIS 

analysis. The following parameters were determined: left atrium diameter (LAD), left 

ventricular end-diastolic diameter, left ventricular end-systolic diameters, posterior wall 

thickness and interventricular septal thickness in diastole. From these measurements, left 
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ventricular mass (LVM) was calculated according to the equation described by Devereux and 

Reichek (310). Left ventricular mass index (LVMI) was computed by dividing LVM by body 

surface area. Left ventricular hypertrophy was diagnosed when LVMI is greater than 131 

g/m
2
 in males and 100 g/m

2
 in females (311). Relative wall thickness was calculated and four 

pattern of left ventricular geometry were identified (normal, concentric, eccentric and 

concentric remodelling) based on LVMI and RWT (312). Left ventricular systolic function 

was assessed by ejection fraction while diastolic function was assessed using E/A ratio, 

deceleration time and left ventricular filling pressure (E/e’). 

2.2.5 Carotid intima media thickness (CIMT) 

As previously described (281), CIMT was assessed using high resolution B-mode 

ultrasonography with the aid of L3-11 MHz linear array transducer (Philips Corporation 

USA). The sonographer visualised and focused on the far walls of the common carotid artery, 

1 cm proximal to the dilatation of the carotid bulb in the longitudinal plane (Figure 2.1) and 

then acquired the CIMT measurements automatically with percentage measurement quality, 

ranging from less than 50% to 100%.  A percentage measurement quality of greater than 95% 

was used in this study. A similar process was followed for both right and left common carotid 

artery and the mean of right and left common CIMT was used for analysis. Carotid plaque 

was defined as the echogenic structure protruding into the lumen with the distance between 

the media adventitia interface and the internal side of the lesion ≥ 1.2 mm (313). Carotid 

intima media thickness was measured in plaque-free areas and all measurements were 

performed by the same sonographer who was blinded to the clinical details and laboratory 

data of the participants. 
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Figure 2.1: Schematic showing the anatomy and sites of carotid intima media thickness 

measurement. The figure illustrates different segments of the carotid artery; namely common 

carotid artery, internal carotid artery, and the carotid bifurcation. Using a B-mode ultrasound, 

CIMT measurements was obtained from the far walls of the common carotid artery, 1 cm 

proximal to the dilatation of the carotid bulb in the longitudinal plane (Reproduced with 

permission from Mookadam F, Moustafa S, Lester S, Warsame T. Subclinical 

Atherosclerosis: Evolving Role of Carotid Intima-Media Thickness. Prev Cardiol. 2010; 

13:186-97). 

 

2.2.6 Measurement of serum endotoxin levels 

All laboratory assays including ELISA and DNA genotyping were done by the 

investigator under the supervision of a laboratory scientist. Serum endotoxin was quantified 

using the Limulus amoebocyte lysate QCL-1000
TM

 assay (Lonza Walkersville, USA) 

according to manufacturer’s instructions, using a previously described method (314) 

(Appendix 5). To further assess the effect of haemodialysis on generation of endotoxin, 

serum samples for endotoxin quantification were obtained pre and immediately post dialysis. 

Absorbance was measured using an ELx800 Universal plate reader (BioTek Instruments, Inc, 

VT, USA). Haemodialysis cohorts underwent more detailed evaluation of factors associated 
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with endotoxaemia, including intra-dialytic blood pressure and ultrafiltration volume. 

Patients were diagnosed to have intra-dialytic hypotension when SBP was lower than 100 

mmHg or SBP decreased by more than 40 mmHg. 

2.2.7 C-reactive protein, IL-6, IL-8, sCD14 and MCP-1 assays  

Serum CRP, IL-6, IL-8, sCD14 and MCP-1 assays were analyzed using Luminex® 

Performance Assay multiplex kits (R&D Systems, Inc. Minneapolis, USA). Assays were 

carried out in accordance with the manufacturer’s instructions (Appendix 7 and 8). For CRP 

measurements, the sample dilution was 1:1000 (first dilution was 1:100 and second dilution 

was 1:10) while samples for sCD14 measurements was diluted 1 in 50 times (first dilution 

was 1:5 and second dilution was 1:10). Samples for IL-6, IL-8 and MCP-1 were not diluted. 

Absorbance for CRP, IL-6, MCP-1, IL-8 and sCD14 were read in the bead region 8, 19, 53, 

54 and 59 respectively, on the Bio-Plex
TM 

200 system (Bio-Rad, Texas, USA) and 

concentrations were generated automatically with Bio-Plex manager
 
software, version 5.0 

(Bio-Rad Laboratories Inc, Hercules, USA).  

2.2.8 Measurement of lipopolysaccharide binding protein (LBP) concentrations 

Serum levels of LBP were measured using commercial human LBP ELISA kit, 

Hycult HK315 (Hycult biotechnology, Uden, the Nertherlands), in accordance with 

manufacturer’s instruction (Appendix 6). The sample dilution ratio was 1:3000 (first dilution 

was 1:1000 and second dilution was 1:3). Absorbance was measured using an ELx800 

Universal plate reader (BioTek Instruments, Inc, VT, USA), and concentrations were 

calculated using an automated spreadsheet for 4– and 5– parameter logistics curve fitting of 

bioassay calibrations (©A. Swart 2012-2014). 
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2.2.9 Measurement of oxidized LDL concentrations 

The concentration of oxidized LDL was measured by the OxiSelect
TM

 human 

oxidized LDL ELISA commercial Kit (Cell Biolabs, Inc.), using anti-MDA antibody and 

streptavidin-enzyme conjugate in accordance with manufacturer’s instruction (Appendix 9). 

The detection sensitivity limit of the assay is < 50ng/ml with a standard range of 0 – 1000 

ng/ml. Absorbance was measured using an ELx800 Universal plate reader (BioTek 

Instruments, Inc, VT, USA), and concentrations were calculated using an automated 

spreadsheet for 4– and 5– parameter logistics curve fitting for bioassay calibrations (©A. 

Swart 2012-2014). Oxidized LDL/LDL was then derived from laboratory assay results. 

2.2.10 Measurement of transforming growth factor β1, β2, and β3 concentrations 

Serum TGFβ-1, 2 and 3 assays were analyzed using BioPlex Pro(TM) TGFβ, Assay 

kits (Bio-RAD Laboratories, Inc, USA). Assays were carried out in accordance with the 

manufacturer’s instruction (Appendix 11). The sample dilution was 1:16. Absorbance for 

TGFβ-1, TGFβ-2, and TGFβ-3 were read in the bead region 13, 72, and 66 respectively, on 

the Bio-Plex
TM 

200 system (Bio-Rad, Texas, USA) and concentrations were generated 

automatically with Bio-Plex manager
 
software, version 5.0 (Bio-Rad Laboratories Inc, 

Hercules, USA). 

2.2.11   DNA extraction and cytokine genotyping 

           All procedures were carried out at room temperature (15-25
o
C). Genomic DNA was 

extracted from whole blood using a modified salting out method (315) and the concentrations 

determined using a NanoDrop™ spectrophotometer (Thermo Scientific, Inqaba Biotech). 

Cytokine genotyping was performed on the study groups and the controls using a cytokine 

genotyping tray kit (One Lambda Inc., Los Angeles, USA). Eight single nucleotide 

polymorphisms (SNPs) of five inflammatory cytokines were typed using the kit. The SNPs 

that were studied include: Tumour necrosis factor-α (TNF-α) −308 (A/G), transforming 
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growth factor-β1 (TGF- β1) codon 10 (T/C) and 25 (G/C), interleukin-10 (IL-10) 

−1082 (A/G), −819 (T/C), −592 (A/C), IL-6 −174 (G/C) and interferon-γ (IFN-γ) 

−874 (T/A). The pre-optimized primers were presented dried in different wells of a 96-well 

0.2ml thin-walled tube tray for polymerase chain reaction (PCR), to which DNA samples, 

recombinant Taq polymerase (Qiagen Taq), and specially formulated dNTP-buffer mix (D-

mix) were added. Each genotyping tray included a negative control reaction tube which 

detects an internal control PCR product. An optimal concentration of 100 ng/µl of each DNA 

sample was used in combination with D-mix and 5U/µL of Qiagen Taq polymerase as per the 

manufacturer’s protocol, resulting in a final reaction volume of 10 µL. The PCR was run on a 

thermocycler (MJ Mini Thermal cycler, Bio-Rad, USA) using One Lambda PCR program 

according to manufacturer’s instructions (Appendix 12). All the PCR products were 

visualized on a 2% agarose gel stained with ethidium bromide, with the aid of an image 

analyser (Gel Doc
TM 

EZ Imager, Bio-Rad, USA). All SNPs were assessed based on the sizes 

of the amplified products for the respective cytokine genes with negative amplifications 

scored only if the internal control product was present (Figure 2.2).  
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Figure 2.2: Genotype of two patients (PD34 and HD18) and 1control (CR07) according to their 

TNF-α, TGF-β1, IL-10, IL-6 and IFN-γ polymorphisms. Arrows show internal control and positive 

typing bands. The polymerase chain reaction was run on a thermocycler  using 1 cycle (96°C for 130 

seconds, 63°C for 60 seconds, 9 cycles (96°C for 10 seconds, and 63°C for 60 seconds), followed by 

20 cycles (96°C for 10 seconds, 59°C for 50 seconds, and 72°C for 30 seconds). Polymerase chain 

reaction products were visualised on a 2% agarose gel stained with ethidium bromide. 

 

2.3 Data analysis 

All data analyses were performed using the statistical package for social sciences (SPSS) 16 

(SPSS, Inc., Chicago IL). Variables were presented as mean ± SD for continuous data, and 

percentages and frequencies for categorical data. Results were analysed using a Mann-

Whitney test, with the Tukey post-hoc test for normally distributed data and chi-square test 

and Kruskal Wallis test for nonparametric data. Correlation between variables was assessed 

by the Pearson correlation coefficients accordingly. The sensitivity and specificity of IVCD 

(cut-off value: 11.5mm/m
2
), CI (cut-off value: <40%) and presence of oedema (by physical 

examination) for fluid overload were determined using receiver operating concentration 

(ROC) curve analysis. Further analysis was performed after categorising endotoxin levels 
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into two groups (cut-off value of 50pg/ml; equivalent to 0.5 EU/ml). The categorisation of 

endotoxin levels (≤ 0.5 EU/ml and > 0.5 EU/ml) was adopted from a previous study(15). 

Also, CIMT measurements as well as serum CD14, IL-8 and MCP-1 concentrations were 

subdivided into two groups according to the median values. Subclinical atherosclerosis was 

defined as CIMT > 0.55 mm. Strength of associations between endotoxins categories (≤ 0.5 

EU/ml, > 0.5 EU/ml) and CIMT categories in the presence of variables indicating immune 

activation (sCD14, IL-8 or MCP-1 categories) were assessed by odds ratios. Factors 

independently associated with volume overload and atherosclerosis were further explored by 

a multiple linear regression analysis. Genotype frequencies were determined by gene 

counting method and expressed as percentages. The frequencies were compared using 

Fisher’s exact test. Further analysis was performed to assess the influence of various 

genotypes of TGF-β1 and IL-6 on the serum levels of TGF-β1 and IL-6 respectively. A P-

value <0.05 (two-tailed) was considered significant. 
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CHAPTER 3 

3.0 RESULTS 

3.1 Demographic data 

This cross-sectional study consisted of 120 patients comprising PD, HD, stage 3 CKD 

patients, with an average age of 40.6±9.9, 40.6±10.1 and 42.1±10.6 years respectively. In 

each group, male patients comprised 55% of the studied population. Of the patients, 106 

(88.3%) were black, 8 white (6.7%), 3 (2.5%) Indian while 3 (2.5%) were mixed race. 

Eighteen patients (15%) were active smokers, 29 (24.2%) reported to have stopped smoking 

while 73 (60.8%) had never smoked cigarettes. The controls were matched for age and 

gender. There were 22 (55%) male and 33 (45%) female controls. The mean age for the 

controls was 42.2±10.1 years. Only 2 (5%) of controls were current smokers. The 

demographic data are summarised in Table 3.1. 

Table 3.1: Demographic data of the study population 

 PD HD Stage 3 CKD Control 

No of patients 40 40 40 40 

Age (years) 40.6 ± 9.9 40.6 ± 10.1 42.1 ± 10.6 42.2 ± 10.1 

Sex (M:F) 22:18 22:18 22:18 22:18 

Current smokers  9 (22.5%) 5 (12.5%) 4 (4%) 2 (5%) 

Race     

   Black 35 (87.5%) 37 (92.5%) 34 (85%) 31 (77.5%) 

   White 4 (10%) 1 (2.5%) 3 (7.5%) 3 (7.5%) 

   Indian  0 (0%) 0 (%) 3 (7.5%) 1 (2.5%) 

   Mixed 1 (2.5%) 2 (5%) 0 (0%) 5 (12.5%) 

 
PD, peritoneal dialysis; HD, haemodialysis; CKD, chronic kidney disease. Continuous data were 
expressed as mean ± SD and categorical data as frequencies and percentages 
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3.2 Primary kidney disease 

The aetiology of CKD was hypertension-attributed in 59/120 (49.2%), chronic 

glomerulonephritis in 36/120 (30%), polycystic kidney disease in 8/120 (6.7%), reflux 

nephropathy in 4/120 (3.3%), congenital abnormalities of the kidneys in 4/120 (3.3%) 

patients, obstructive uropathy in 3/120 (2.5%), and unknown in 7 (5%) patients (Figure 3.1). 

Further analysis showed that 52/59 (88.1%) of black patients had hypertension as the primary 

cause of their kidney disease, while only 7/52 (11.9%) non-blacks had essential hypertension 

as the aetiology of their CKD. 

 

 
 
Figure 3.1: The spectrum of primary kidney disease in the chronic kidney disease patients. Bar 

chart represents number of the CKD patients. HTN, Hypertension; CGN, Chronic glomerulonephritis; 

PKD, Polycystic kidney disease; Reflux, Reflux nephropathy; Congenital, Congenital anomalies; 

Obstructive, Obstructive uropathy 
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3.3 Blood pressure and drug treatment 

The mean arterial blood pressure (MABP) was significantly elevated among study patients 

compared to the controls. As shown in Table 3.2, patients receiving maintenance dialysis had 

grossly elevated blood pressure (MABP: 147.9±25.3 mmHg in HD and 146.9±17.9 mmHg in 

PD, p<0.001). One hundred and two patients 102/120 (85%) received various combinations 

of antihypertensive agents. Calcium channel blockers were taken by in 81/120 (67.5%) of 

patients, beta blockers by 40/120 (33.3%), angiotensin-II receptor blockers or angiotensin-

converting enzyme inhibitors (ACE-I) by 27/120 (22.5%), diuretics by 22/120 (18.3%) and 

alpha blockers by 16/120 13.3%) of the patients. Regarding patients that were treated with 

antihypertensive medications; 43/102 (42.2%) were on monotherapy, 39/102 (38.2%) on 

double, 15/102 (14.7%) on triple, 3/102 (2.9%) on quadruple agents while 2/102 (1.96%) 

patients received 5 agents in various combination. In addition, patients received other 

medications for ESRD management including phosphate binders in 104/120 (86.7%), statins 

in 28/120 (23.3%) and aspirin in 9/120 (7.5%) of cases. 

3.4 Clinical and laboratory parameters of the study population 

The main clinical and laboratory characteristics of the study population are described in 

Table 3.2. Chronic kidney disease patients had relatively lower haemoglobin levels compared 

to the controls (11.8 vs 14.9 g/dL, p<0.0001); with 44/80 (55%) of maintenance dialysis 

patients at target haemoglobin of 11-12 g/dL (KDIGO) on treatment with erythropoietin 

stimulating agents. Compared with controls, CKD patients had lower serum albumin (36.5 vs 

42.1 g/L, p<0.001) but higher calcium-phosphate product (3.0 vs 2.3 mmol
2
/L

2
, p<0.001) and 

severe hyperparathyroidism (intact parathormone level: 69.3 vs 4.3 pmol/L, p<0.001). 
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Table 3.2: Clinical and Laboratory characteristics of the study population 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

eGFR, estimated glomerular filtration rate;  HDL, high density lipoprotein; LDL, low density lipoprotein; NS, not significant;  PD, peritoneal dialysis;                    

HD, haemodialysis; CKD, chronic kidney disease; BMI, body mass index; BP, blood pressure 

Continuous data were expressed as mean ± SD 

*p-values were calculated by comparing all patients with kidney disease (n=120) to controls (n=40) using Mann Whitney test 

Parameters 
All patients  

(n=120) 

PD  

(N=40) 

HD  

(N=40) 

Stage 3 CKD 

(N=40) 

Control  

(N=40) 
*P value 

Clinical       

BMI (kg/m2) 27.8 ± 6.8 26.3 ± 4.8 25.7 ± 5.1 31.3 ± 7.0 26.6 ± 5.4 NS 

Waist Circumference (cm) 84.1 ± 12.8 82.9 ± 9.4 78.4 ± 11.2 90.3 ± 13.9 83.3 ± 12.3 NS 

Mean BP (mmHg) 144 ± 22.5 147.9 ± 25.3 146.9 ± 17.9 138.0 ± 22.9 117.3 ± 12.6 <0.001 

Renal function       

Serum creatinine (µmol/L) - NA NA 135.0±44.5 73.9±16.8 - 

eGFR(ml/min/1.73m2) - NA NA 50.8 ± 2.2 100.8 ± 23.9 - 

Haematological        

Haemoglobin (g/dL) 11.8 ± 2.3 10.9 ± 2.1 11.1 ± 1.7 11.1 ± 1.7 14.9 ± 1.8 <0.001 

Biochemical       

Serum albumin (g/L) 38.5 ± 4.9 36.1 ± 4.8 38.1 ± 4.7 41.3 ± 4.1 42.1 ± 3.4 <0.001 

Calcium (mmol/L) 2.3 ± 0.2 2.2 ± 0.3 2.3 ± 0.2 2.3 ± 0.1 2.2 ± 0.1 0.028 

Phosphate (mmol/L) 1.3 ± 0.5 1.6 ± 0.6 1.2 ± 0.5 1.1 ± 0.5 1.0 ± 0.2 <0.001 

CaPO4(mmol2/L2) 3.0 ± 1.3 3.5 ± 1.2 2.8 ± 1.2 2.7 ± 1.2 2.3 ± 0.4 <0.0001 

Parathormone (pmol/L) 69.3 ± 69.8 110.8 ± 66.8 84.2 ± 71.8 14.5 ± 19.4 4.3 ± 1.7 <0.001 

Lipid profile       

Cholesterol (mmol/L) 4.4 ± 1.3 5.2 ± 1.5 3.4 ± 0.7 4.5 ± 0.9 4.2 ± 1.2 NS 

HDL (mmol/L) 1.3 ± 0.9 1.3 ± 0.4 1.3 ± 1.4 1.3 ± 0.5 1.3 ± 0.4 NS 

LDL (mmol/L) 2.5 ± 1.0 3.1 ± 1.2 1.9 ± 0.6 2.5 ± 0.8 2.3 ± 1.0 NS 

Triglycerides (mmol/L) 1.3 ± 0.8 1.5 ± 0.9 0.9 ± 0.5 1.5 ± 0.7 1.2 ± 0.7 NS 
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3.5 Characteristics of study population 

Table 3.3 describes the fluid status, circulating endotoxaemia, severity of 

inflammatory response, nutritional status, echocardiographic parameters and CIMT 

measurements in different subgroups of patients.  

3.5.1 Fluid status  

Chronic kidney disease patients were overhydrated compared to the controls (absolute 

overhydration: 2.4 vs – 0.6 litres, p<0.001; OH/ECW%: 13.2 vs – 4.5%, p<0.001). Overall, 

87.5% (105/120) of the CKD patients were fluid overloaded. There were graded increases in 

the severity of volume overload across the spectrum of the CKD patients, with dialysis 

patients characteristically exposed to severe volume overload compared to stage 3 CKD 

patients who had modest fluid retention (Figure 3.2). Severity of volume overload was not 

statistically significantly different between PD and HD patients, but was significant between 

controls and different CKD groups.  

3.5.2 Inflammatory markers 

Circulating endotoxaemia was also common among CKD stages III-V subjects (HD, 

PD, and CKD) compared to the controls. Endotoxin concentration was significantly higher 

among patients on PD (0.59±0.25EU/ml), HD (0.54±0.34EU/ml) and CKD stage 3 

(0.50±0.22EU/ml) compared to controls (0.34±0.14EU/ml) (Figure 3.3). Endotoxin levels 

were not significantly different between the CKD (non-dialytic) patients and the controls 

(p=0.096); but they were significantly different between the dialysis group and the controls 

(p=0.013). There was significant increment in the levels of inflammatory markers in CKD 

subjects compared to the controls (CRP: 0.87 ± 0.72 versus 0.45 ± 0.48 mg/dL, p<0.001; IL-

6: 2.70 ± 3.76 versus 1.03 ± 1.15 pg/ml, p<0.001).  
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3.5.3 Echocardiographic parameters 

Chronic kidney disease patients had severe cardiac chamber enlargement compared to 

the controls (left ventricular mass index [LVMI]: 118.8±38.8 vs 84.4±15.9 g/m
2
, p<0.001; 

left atrial dimension: 4.0 ± 0.7 vs 3.1 ± 0.4 cm, p<0.001). Left ventricular ejection fraction 

was significantly lower in CKD patients compared to the controls (EF: 58.6 ± 8.8 vs 65.0±8.0 

%, p<0.001). Patients with kidney failure had impaired left ventricular relaxation, with 

significantly lower E/A ratio and higher left ventricular filling pressure (E/e’); when 

compared to the control group; p<0.001. However, there was no significant difference in the 

deceleration time between CKD patients and those with normal kidney function. There was a 

weak positive correlation between MABP and LVMI (r = 0.275, p = 0.002).  

3.5.4  Subclinical atherosclerosis 

Carotid intima media thickness was significant higher among CKD patients compared 

to the controls (0.58 ± 0.12 versus 0.45 ± 0.05 mm; p<0.001). Further analysis showed that 

CIMT was 0.63 ± 0.12; 0.56 ± 0.09 and 0.56 ± 0.12 in PD, HD and CKD stage 3 patients 

respectively (Figure 3.4). Overall, 8/120 (6.7%) CKD patients had carotid plaques. In 

subgroup analysis, plaques were found in 2/40 (5%), 5/40 (12.5%), and 1/40 (2.5%) of PD, 

HD and CKD patients respectively. However, carotid plaque was not found among the 

controls. Chronic kidney disease patients who were smokers had significantly higher CIMT 

than non-smokers (0.62 ± 0.16 versus 0.53 ± 0.09 mm, p=0.03), however, there was no 

significant difference in the occurrence of carotid plaque between smokers and non-smokers 

(p=0.507), as well as CIMT measurements between black and non-black CKD patients    

(0.58 ± 0.11 versus 0.58 ± 0.13 mm, p=0.811). There was no association between 

atherosclerosis and SBP (r=0.131, p=0.153), DBP (r=0.012, p=0.899), MABP (r=0.029, 
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p=0.755), calcium (r=0.016, p=0.920), phosphate (r=0.108, p=0.507), calcium-phosphate 

product (r=0.117, p=0.473) or parathormone (r=0.078, p=0.631).  

 



60 
 

Table 3.3: Fluid status, inflammatory markers, nutrition status and echocardiographic parameters in the study population 

Parameter                    All patients 

 (N=120) 

PD 

 (N=40) 

HD  

(N=40) 

Stage 3 CKD 

(N=40) 

Control  

(N=40) 
*P value 

Fluid status       

Overhydration (Litres) 2.4 ± 2.3 3.3 ± 3.4 2.9 ± 1.9 1.3 ± 1.2 -0.6 ± 0.94 <0.001 

OH/ECW (%) 13.2 ± 10.5 16.1 ± 13.9 15.8 ± 9.5 2.1 ± 9.8 -3.3 ± 6.8 <0.001 

Inflammatory markers       

Endotoxin (EU/ml) 0.54 ± 0.28 0.59 ± 0.25 0.54 ± 0.34 0.50 ± 0.22 0.34 ± 0.14  <0.001 

C-reactive protein (mg/dL) 0.87 ± 0.72 1.14 ± 0.77 1.05 ± 0.71 0.86 ± 0.71 0.45 ± 0.48 <0.001 

Interleukin-6 (pg/ml) 2.7 ± 3.8 3.9 ± 4.9 2.9 ± 3.7 1.3 ± 1.6 1.0 ± 1.2 <0.001 

Nutrition status       

Lean Tissue Index(kg/m2) 14.2 ± 3.2 13.9 ± 2.9 13.8 ± 3.1 14.8 ± 3.6 16.1 ± 3.0 0.002 

Fat Tissue Index(kg/m2) 12.8 ± 7.7 11.2 ± 6.3 10.8 ± 6.1 16.5 ± 9.0 10.9 ± 6.7 0.005 

Lean Tissue Mass 37.6 ± 11.1 36.9 ± 10.1 36.3 ± 11.2 39.4 ± 11.9 44.1 ± 11.9 0.029 

Fat Tissue Mass 24.4 ± 13.6 21.4 ± 11.3 20.9 ± 11.5 30.2 ± 15. 6 21.2 ± 12.8 0.007 

Adipose Tissue Mass(kg)         42.0 ± 21.0   29.1 ± 15.4 28.7 ± 14.7 28.9 ± 17.4 33.3 ± 18.2 0.007 

Body cell Mass(kg) 21.2 ± 7.2 20.9 ± 6.7 20.5 ± 6.8 22.1 ± 8.0 25.6 ± 7.9 0.027 

IVCD measurements       

IVCD (mm/m2) 7.3 ± 2.7 7.9 ± 2.7 8.2 ± 2.8 5.6 ± 1.5 5.1 ± 1.6 <0.001 

Collapsibility index 50.4 ± 23.1 38.0 ± 23.7 50.6 ± 19.5 63.9 ± 18.4 66.6 ± 22.3 <0.001 

Echocardiographic parameters       

LVMI (g/m2) 118.8±38.8 126.9 ±37.6 120.4±36.8 110.4±41.9 84.4±15.9 <0.001 

Left atrial dimension (cm) 4.0 ± 0.7 3.9 ± 0.7 4.2 ± 0.7 3.7 ± 0.6 3.1 ± 0.4 <0.001 

Ejection fraction (%) 58.6 ± 8.8 58.6±7.8 58.4±12.2 57.9±5.5 65.0±8.0 <0.001 

E/A ratio 1.2 ± 0.5 1.0±0.4 1.2±0.5 1.2±0.6 1.36±0.4 <0.001 

Deceleration time (msec) 224.9±56.3 226.2±53.6 219.2±64.4 277.0±48.8 209.7±33.9 NS 

E/e’ 12.5 ± 15.9 11.6±5.5 12.9±5.1 12.9±26.1 6.1±1.6 <0.001 

CIMT 0.58 ± 0.11 0.63±0.12 0.56±0.09 0.56±0.12 0.47±0.11 <0.001 

Carotid plaque 6.7% 5% 12.5% 2.5% 0% 0.067 
 

NS, not significant; CIMT, carotid intima media thickness; LVMI, left ventricular mass index  
Continuous data were expressed as mean ± SD and categorical data as percentages 

*p-values were calculated by comparing all patients with chronic kidney disease (n=120) to controls (n=40) using Mann Whitney test
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Figure 3.2: Comparison of fluid status between patients on peritoneal dialysis, haemodialysis, 

chronic kidney disease (stage 3) and the controls. The boxes indicate median, 25th, and 75th 

percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Fluid status 

was assessed with body composition monitor, a bio-impedance spectrsocopy device (Fresenius 

Medical Care, Germany). Fluid overload was defined by absolute overhydration (in litres). *p<0.001 

compared to control group using Kruskal Wallis test. 
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Figure 3.3: Comparison of endotoxin levels between patients on peritoneal dialysis (PD), on 

haemodialysis (HD) and with chronic kidney disease (CKD) versus controls. The boxes indicate 

median, 25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th 

percentile. Circulating endotoxin levels were measured using the Limulus amoebocyte lysate kit.    

*** p<0.001, ** p=0.004, * p=0.016 compared to control group using Kruskal Wallis test. 
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Figure 3.4: Comparison of carotid intima media thickness between patients on peritoneal 

dialysis, haemodialysis, chronic kidney disease and control. The boxes indicate median, 25th, and 

75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Carotid 

intima media thickness was measured using high resolution B-mode ultrasound with aid of L3-11 

linear array transducer (Philips corporation USA). Carotid intima media thickness was measured from 

the far wall of the common carotid artery 1cm proximal to the carotid bulb *p<0.001, **p = 0.014, 

***p = 0.003 compared to control group using Kruskal Wallis test. 
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3.6 Prevalence of fluid overload according to various assessment methods 

  Overhydration (OH) and its percentage in relation to extracellular water (OH/ECW%) 

and inferior vena cava diameter were higher in CKD patients when compared to the values in 

the controls, while the collapsibility index was significantly lower in patients compared to the 

control group (Table 3.3). Overall, fluid overload defined by BIS (absolute overhydration), 

IVCD, CI and oedema (by physical examination) was present in 96% (115/120), 52% 

(62/120), 29% (35/120) and 62% (74/120) of all CKD patients respectively. Ninety-eight 

percent (54/58), 95% (81/85) and 89% (41/46) of the CKD patients initially identified as 

normovolumic by IVCD, CI and physical examination respectively were diagnosed as 

volume overloaded by the BIS machine. Specifically, all patients on HD were overloaded 

while 90% (36/40) and 72.5% (29/40) of PD and stage 3 CKD patients respectively were 

diagnosed as fluid overloaded by BCM. 

3.7 Receiver operating characteristic (ROC) curve analysis of fluid status assessment 

  As shown in figures 3.5 – 3.7, ROC curve analysis was performed to calculate the 

sensitivity and specificity of IVCD (cut-off value of 11.5mm/m
2
), CI (cut-off value of <40%) 

and oedema (physical examination) as a diagnostic tool to detect volume overload (defined 

by OH/ECW%≥15%) in the studied patients. The area under the concentration curves (AUC) 

for IVCD, CI and oedema were 0.663 (sensitivity 0.581, specificity 0.624, p=0.002), 0.662 

(sensitivity 0.372, specificity 0.821, p =0.002) and 0.740 (sensitivity 0.814, specificity 0.667, 

p<0.001) respectively. 
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Figure 3.5: Receiver operating characteristics (ROC) for inferior vena cava diameter cut-off 

value of 11.5mm/m
2 

to predict volume overload using body composition monitor measurements 

as a positive test (AUC=0.663, confidence interval:0.563−0.763, sensitivity 0.581, specificity 

0.624, p=0.002). The IVCD measurements is less sensititive when compared to body composition 

monitor for detection of volume overload in the CKD patients. 



66 
 

 
 

Figure 3.6: Receiver operating characteristics (ROC) for collapsibility index cut-off value of 

40% to predict volume overload using Body composition monitor measurements as a positive 

test  (AUC=0.662, confidence interval:0.570−0.754, sensitivity 0.372, specificity 0.821, p=0.002). 

The collapsibilty index is less sensititive when compared to body composition monitor for detection 

of volume overload in the CKD patients. 
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Figure 3.7: Receiver operating characteristic (ROC) analysis of presence of oedema on 

examination for volume overload using body composition monitor measurements as a positive 

test (AUC=0.740, sensitivity 0.814, specificity 0.667, p<0.0001). Detection of oedema by physical 

examination is less sensititive when compared to body composition monitor for detection of volume 

overload in the CKD patients. 
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3.8 Characteristics of patients with fluid overload (defined by OH/ECW% ≥15%) 

  As shown in Table 3.4, measured variables were compared between CKD patients 

with volume overload (OH/ECW% ≥15%) and those without volume overload (OH/ECW% 

≤15%). Compared with patients with normal hydration status, patients with volume overload 

were anaemic (haemoglobin: 10.6 vs 12.5 g/dL, p<0.001), had severe inflammation (CRP: 

1.24 ± 0.70 mg/dL vs 0.89 ± 0.72 mg/dL, p=0.011; IL-6: 3.6 vs 2.1 pg/ml, p=0.023), 

undernourished (LTI:12.4 vs 15.2 kg/m
2
, p<0.001; FTI: 10.2 vs 14.3 kg/m

2
, p=0.002; BCM: 

17.7 vs 23 kg; p<0.001), had lower serum albumin (36.2 vs 39.8 g/L) but had higher 

cardiovascular morbidity (LVMI: 132 vs 110 g/m
2
, p=0.002; CIMT: 0.61 vs 0.56mm, left 

atrial enlargement (LAE): 4.2 vs 3.7 cm, p<0.001). Overall, 82/120 (68.3%) of CKD patients 

had left ventricular hypertrophy (LVH) with concentric LVH being the commonest pattern in 

47.5% (Table 3.5). 
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Table 3.4: Comparison between patients with fluid overload and normal fluid status 

Parameter                    With Volume Overload (N=43) Without Volume Overload (N=77) *P value 

Demographic    

Age (Years) 40.4 ± 10.6 41.5 ±10.2 NS 

BMI (kg/m
2
) 28.8 ± 6.7 25.8 ± 5.1 0.014 

Laboratory    

Serum creatinine (mmol/L) 889.7 ± 460 333.4 ± 396.7 <0.001 

Mean BP (mmHg) 146.8 ± 22.0 141.8 ± 22.7 NS
 

Haemoglobin (g/dL) 10.6 ± 1.86 12.5 ± 2.3 <0.001 

Serum albumin (g/L) 36.2 ± 4.2 39.8 ± 4.1 <0.001 

CaPO4(mmol
2
/L

2
) 3.5 ± 1.4 2.7 ± 1.2 0.002 

Inflammatory markers    

Endotoxin (EU/m/) 0.59 ± 0.27 0.32 ± 0.15 <0.001 

C-reactive protein (mg/dL) 1.24 ± 0.70 0.89 ± 0.72 0.011 

IL-6 (pg/ml) 3.6 ± 5.2 2.1 ± 2.5 0.023 

Nutrition status    

Lean Tissue Index(kg/m
2
) 12.4 ± 2.2 15.2 ± 3.3 <0.001 

Fat Tissue Index(kg/m
2
) 10.2 ± 6.6 14.3 ± 7.9 <0.002 

Lean Tissue Mass (kg) 32.0 ± 8.5 40.7 ± 11.2 <0.001 

Fat Tissue Mass (kg) 19.9 ± 11.6 27.0 ± 14.0 0.004 

Adipose Tissue Mass(kg) 27.5 ± 15.4 36.5 ± 18.9 0.006 

Body cell Mass(kg) 17.7 ± 5.5 23.0 ± 7.3 <0.001 

Echocardiographic parameters    

LVMI (g/m
2) 

132.8 ± 39.0 110.9 ± 36.7 0.002 

Left atrial dimension (cm) 4.2 ± 0.8 3.7 ± 0.6 <0.001 

Ejection fraction (%) 56.6 ± 9.9 59.7 ± 7.9 NS 

E/A ratio 1.2 ± 0.5 1.1 ± 0.5 NS 

Deceleration time (msec) 217.3 ± 63.4 229.3 ± 51.8 NS 

E/e’ 12.0 ± 5.6 10.5 ± 16.1 0.001 

CIMT (mm) 0.61 ± 0.14 0.56 ± 0.09 0.028 

                * NS, not significant; CIMT, carotid intima media thickness; LVMI, left ventricular mass index. Volume overload defined by 

OH/ECW% ≥15%; continuous data were expressed as mean ± SD. Markers of nutritional status were calculated and generated 

automatically by the body composition monitor with the aid of an in-built software. *p-values were calculated by comparing all 

patients with volume (n=43) to those without volume overload (n=77) using Mann Whitney test
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Table 3.5: Pattern of left ventricular hypertrophy in chronic kidney disease patients (n=120) 

Pattern Number of patients Percentage of patients 

Concentric LVH 57 47.5 

Eccentric LVH 26 21.7 

Concentric remodeling 25 20.8 

Normal 12 10 

LVH, left ventricular hypertrophy. Four patterns of left ventricular hypertrophy were identified including 

concentric, eccentric, concentric remodeling and normal pattern. Concentric left ventricular hypertrophy 

was the commonest pattern among studied CKD patients. 

 

3.9 Nutritional status of the CKD patients 

   CKD patients were generally malnourished, with lean tissue index (14.2 ± 3.2 vs 16.1 ± 3.0 

kg/m
2
, p=0.002) and body cell mass (21. 2 ± 7.2vs 25.6 ± 7.9 kg; p=0.027) significantly lower than 

in the controls while fat tissue index (12.8 ± 7.7 vs 10.9 ± 6.7kg/m
2
, p=0.005) and adipose tissue 

mass (42.0 ± 21.0 vs 33.3 ± 18.2 kg, p=0.007) were significantly higher in the controls. As defined 

by low LTI, 63.3% (73/120) of the CKD patients were malnourished, 65% (78/120) of the patients 

were undernourished as evidenced by increased FTI, while 50.8% (61/120) of the patients had 

malnutrition diagnosed by low % BCM.  There was a strong correlation between LTI and % BCM 

(r=0.785, p<0.001), LTI had a weak correlation with FTI (r=−0.252, p=0.006) while FTI also 

weakly correlated with % BCM (r=−0.311, p=0.001). Malnutrition was diagnosed by low LTI in 

55% (22/40), 60% (24/40) and 37.5% (15/40) of the HD, PD and stage 3 CKD patients 

respectively. Further analysis showed that 81.3% (35/43) of the patients with volume overload had 

malnutrition, defined by low LTI less than 10
th

 percentile of a reference population. Fat tissue 

index also showed a strong association with BMI (r=−0.890, p<0.001). 
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3.10 Associations between fluid status and measured variables in CKD patients   

  Table 3.6 shows the correlations between some of the studied parameters in patients with 

CKD. Markers of inflammation, nutritional status, CIMT, LVMI and LAD were weakly correlated 

with volume parameters. OH/ECW% showed slight positive correlation with IL-6 (r=0.313; 

p<0.001) and LVMI (r=0.303; p<0.001) (Figures 3.8 & 3.9); and slight inverse correlation with 

serum albumin (r=−0.289, p<0.001), lean tissue index (r=−0.326, p<0.001) and fat tissue index 

(r=−0.297, p<0.001). Carotid intima media thickness, a surrogate marker of atherosclerosis 

correlated with overhydration (r=0.442, p<0.001) and OH/ECW% (r=0.421, p<0.001) (Figures 

3.10 & 3.11). Carotid intima media thickness was also weakly associated with CRP (r=0.418, 

p<0.001) and with serum albumin (r=−0.206, p=0.024). Left atrial size positively correlated with 

overhydration (r=0.454, p<0.001), OH/ECW% (r=0.489, p<0.001) and IVCD (r=0.345, p<0.001). 

Renal dysfunction correlated with all four markers of volume overload (overhydration: r=0.551, 

p<0.001; OH/ECW%: r=0.554, p<0.001; IVCD: r=0.358, p<0.001; and CI: r=−0.399, p<0.001). 

Overhydration was weakly associated with SBP (r=0.235, p=0.010). However, no correlation was 

seen between markers of volume overload and age.  
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Table 3.6: Correlation between fluid parameters, renal function, inflammation and 

atherosclerosis markers, nutrition status and cardiac size 

Parameter Overhydration 

(r value) 

OH/ECW% 

(r value) 

IVCD 

(r value) 

CI 

(r value) 

Renal function     

Serum creatinine 0.406** 0.396** 0.221* −0.353** 

Markers of inflammation 
    

C-reactive protein 0.284** 0.277** 0.187* − 0.181* 

Interleukin-6 0.349** 0.313** 0.248** − 0.284** 

Nutrition status     

Albumin − 0.246** − 0.289** − 0.069 0.152 

Lean Tissue Index − 0.254** − 0.326** − 0.019 0.024 

Fat Tissue Mass − 0.252** − 0.297** − 0.184* 0.140 

Adipose Tissue Mass − 0.219* − 0.275** − 0.131 0.139 

Body Cell Mass − 0.230* − 0.317** − 0.041 0.027 

Cardiac size     

Left Atrial Size 0.454** 0.489** 0.345** − 0.101 

LVMI 0.262** 0.303** 0.190* − 0.142 

Marker of atherosclerosis     

CIMT 0.442** 0.421** 0.112 − 0.138 

 

CI, collapsibility index; BMI, body mass index; LVMI, left ventricular mass index; CIMT, carotid intima 

media thickness.  ** Correlation is significant at the 0.01 (2-tailed), * Correlation is significant at the 0.05 

(2-tailed).  Correlation between volume parameters and measured variables was assessed by 

Pearson correlation coefficient  
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Figure 3.8: Relationship between OH/ECW% (fluid status) and interleukin-6 in CKD patients 

(r=0.313, p<0.001). The figure demonstrates a direct relationship between interleukin-6 and OH/ECW%. 

Association between interleukin-6 concentrations and OH/ECW% was assessed using Pearson correlation 

coefficient. Interleukin-6 was measured by the Luminex Performance assay kit while OH/ECW% was 

measured with body composition monitor. 
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Figure 3.9: Relationship between OH/ECW% (fluid status) and left ventricular mass index in CKD 

patients (r=0.303, p<0.001). The figure demonstrates a direct relationship between OH/ECW% and left 

ventricular mass index. Association between OH/ECW% and left ventricular mass index was assessed using 

Pearson correlation coefficient. OH/ECW% was measured by body composition monitor while left 

ventricular mass index was computed by dividing left ventricular mass (generated automatically from 

echocardiography) by body surface area. 
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Figure 3.10: Relationship between overhydration and carotid intima media thickness in CKD 

patients (r=0.442, p<0.001). The figure demonstrates a direct relationship between overhydration and 

carotid intima media thickness. Association between overhydration and carotid intima media thickness 

was assessed using Pearson correlation coefficient. Overhydration was measured by body composition 

monitor while carotid intima media thickness was assessed with B-mode ultrasound. 
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Figure 3.11: Relationship between OH/ECW% (fluid status) and carotid intima media thickness in 

CKD patients (r=0.442, p<0.001). The figure demonstrates a direct relationship between OH/ECW% and 

carotid intima media thickness. Association between OH/ECW% and carotid intima media thickness was 

assessed using Pearson correlation coefficient. OH/ECW% was measured by body composition monitor 

while carotid intima media thickness was assessed with B-mode ultrasound. 
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  Multiple linear regression analysis was performed to further determine which of the 

variables independently predicted volume overload in CKD patients. Only serum creatinine 

(β=0.152, p<0.001), LTI (β=− 0328, p<0.001), FTI (β=−0.261, p<0.001), LAD (β=0.336, p<0.001) 

and CIMT (β=0.238, p=0.002) were identified as independent determinants of volume overload 

(Table 3.7), with overall model r
2 

= 0.55. When looking at the effect of volume overload on the 

markers of inflammation, OH/ECW% significantly affect CRP and IL-6 levels (p<0.002 and 

p<0.001 respectively) in CKD patients.  

 

Table 3.7: Multiple linear regression analysis of determinant of volume overload 

Variables Unstandardized 

Coefficients (B) 

Standardized  

Coefficient 

Beta 

P value Confidence 

Interval 

Serum creatinine 0.003 0.152 0.044* 0.000-0.007 

Albumin − 0.117 − 0.055 0.449 − 0.421-0.188 

IL-6 0.312 0.113 0.150 − 0.114-0.739 

CRP 0.205 0.014 0.861 − 2.114-2.524 

LTI − 1.072 − 0.328 < 0.001** − 1.524- − 0.619 

FTI − 0.357 − 0.261 < 0.001** − 0.552- − 0.163 

LVMI − 0.021 − 0.077 0.336 − 0.063-0.022 

LAD 5.153 0.336 < 0.001** 2.830-7.476 

CIMT 21.720 0.238 0.002** 8.248-35.192 

 

Notes: * Significant at P value <0.05, ** Significant at P value <0.01. IL-6, interleukin-6; CRP, C-reactive 

protein; LTI=lean tissue index; LTI=lean tissue index; FTI, fat tissue index; LVMI, left ventricular mass 

index; LAD, left atrial dimension; CIMT, carotid intima media thickness. Serum creatinine, lean tissue 

index, fat tissue index, left atrial enlargement and presence of subclinical atherosclerosis were identified as 

independent predictors of volume overload in CKD patients.  
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3.11 Relationship between renal function, volume overload and endotoxaemia 

Chronic kidney disease patients were significantly overloaded and exposed to elevated 

levels of endotoxins compared to the controls (Figures 3.12 and 3.13). Volume overloaded CKD 

patients were exposed to circulating endotoxaemia compared to those without fluid overload 

(Figure 3.14). Endotoxin levels correlated with absolute overhydration (r=0.513; p<0.001) (Figure 

3.15) and weakly with OH/WCW% (r=0.490; p<0.001). In HD cohorts, endotoxin levels weakly 

correlated with OH/ECW% (r=0.351, p=0.026) and absolute overhydration (r=0.396, p=0.011). 

Nine (22.5%) out of 40 HD patients suffered dialysis-induced hypotension, with significantly 

increased levels of post-dialysis endotoxin in hypotensive patients compared to normotensive 

patients (0.83 ± 0.25 vs 0.52 ± 0.29 EU/ml, p=0.006) (Figure 3.16). Post-dialysis endotoxin levels 

were also significantly elevated in patients that had high volume ultrafiltration compared to those 

with low ultrafiltration volume (Figure 3.17). However, there was no significant difference 

between pre-dialysis and post-dialysis endotoxin levels (0.53±0.37EU/ml versus 0.57±0.31EU/ml; 

p=0.933), and neither of the endotoxin levels correlated with intra-dialysis SBP (pre-dialysis: 

r=0.162, p=0.311; post-dialysis: r=0.086, p=0.590) or DBP (pre-dialysis: r=0.027, p=0.870; post 

dialysis: r=0.238, p=139). Among PD patients, endotoxaemia strongly correlated with OH/ECW% 

(r=0.715, p<0.001) as well as absolute overhydration (r=0.674, p<0.001) and weakly correlated 

with serum creatinine (r=0.331, p=0.037); while in stage 3 CKD cohorts, there was also an 

association between circulating endotoxaemia and OH/ECW% (r=0.535, p<0.001) and absolute 

overhydration (r=0.680, p<0.001), but no correlation between endotoxaemia and serum creatinine. 

Overall, circulating endotoxaemia did not correlate with serum creatinine (r=0.158, p=0.085) and 

was not different between PD, HD and stage 3 CKD patients (p>0.05). In PD cohorts, 

endotoxaemia modestly correlated with haemoglobin levels (r= - 0.340, p=0.032); however in the 

sub analysis of HD and non-dialytic CKD patients, no association was found between circulating 

endotoxaemia and haemoglobin levels. In addition, haemoglobin had a weak but significant 
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association with IL-6 (r= - 0.301, p=0.001) and CRP (r= - 0.274, p=0.003). Multiple regression 

analysis showed hydration status to be significantly associated with endotoxin levels (β 

coefficient= 0.058, r
2 

= 0.28, p<0.001) while in a sub analysis of HD patients, ultrafiltration 

volume was the only identified predictor of circulating endotoxaemia (β coefficient = 0.4, r
2
=0.47, 

p<0.001). 

 

 
 

Figure 3.12: Comparison of hydration status between CKD and controls. The boxes indicate median, 

25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. 

Fluid status was assessed with body composition monitor. Fluid status was compared between patients with 

CKD and those without CKD. Volume overload was severe among CKD patients compared to the controls 

(2.4 ± 2.3 versus −0.6 ±0.94 EU/ml). 

 *** P < 0.001 compared to group without CKD. 

Notes: CKD = chronic kidney disease 
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Figure 3.13: Comparison of endotoxin levels between CKD and controls. The boxes indicate median, 

25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. 

Fluid status was assessed with body composition monitor. Fluid status was compared between patients with 

CKD and those without CKD. Endotoxin levels were significantly different between patients with CKD and 

the controls (0.54 ± 0.28 versus 0.34 ± 0.14 EU/ml). *** P < 0.001 compared to group without CKD. 

Notes: CKD = chronic kidney disease 
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Figure 3.14: Comparison of endotoxin levels between patient without fluid overload and those with 

fluid overload. The boxes indicate median, 25th, and 75th percentile; whiskers represent data range; 

whisker caps indicate 5th and 95th percentile. Endotoxin was measured using Limulus amebocyte lysate kit. 

Volume status was assessed using body composition monitor. Fluid overload was defined as OH/ECW% > 

15%. Patients with fluid overload and those without fluid overload were compared. *** P < 0.001 compared 

to group without volume overload. 
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Figure 3.15: Relationship between endotoxin levels and absolute overhydration (r=0.513, p<0.001). 
The figure demonstrates a direct relationship between circulating endotoxaemia and hydration status. 

Association between endotoxin levels and overhydration was assessed using Pearson correlation coefficient.  

Fluid status was measured with body composition monitor while endotoxin levels were assessed with 

Limulus Amoebocyte Lysate test kit.   

 

 

 

 

 

 



83 
 

 

 

Figure 3.16: Comparison of post-haemodialysis endotoxin levels between patients that had 

intradialytic hypotension and those without hypotension. The boxes indicate median, 25th, and 75th 

percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Endotoxin was 

measured using Limulus amebocyte lysate kit. Patients were diagnosed to have hypotension when systolic 

blood pressure was lower than 100 mmHg or a fall in systolic blood pressure more than 40 mmHg. Post-

dialysis endotoxin levels were compared between patients with intradialytic hypotension and non-

hypotensive patients. *** P =0.006 compared to group without intradialytic hypotension. 
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Figure 3.17: Comparison of post-haemodialysis endotoxin level between patients with low 

ultrafiltration volume and those with high ultrafiltration volume. The boxes indicate median, 25th, and 

75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Endotoxin 

was measured using Limulus amebocyte lysate kit. Patients were categorized based on cut-off ultrafiltration 

value of 2 litres and were compared. *** p = 0.003 compared to group with ultrafiltration volume ≤ 2 litres 

HD- Haemodialysis 
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3.12 Subclinical atherosclerosis, endotoxemia, and inflammatory markers  

Chronic kidney disease patients with elevated circulating endotoxaemia (> 0.5 EU/ml) had 

significantly higher CIMT compared to patients with lower endotoxin levels (≤ 0.5 EU/ml)   

(Figure 3.18). When divided into two groups, CKD patients with high CIMT values (>0.55 mm) 

had significantly elevated levels of serum IL-6 and CRP compared to those with normal CIMT (≤ 

0.55 mm) (Figure 3.19 and 3.20). However, endotoxin levels did not correlate with IL-6 and CRP 

levels. Serum IL-6 was associated with serum CRP (r=0.329, p<0.001). There was a very weak but 

significant correlation between endotoxin levels and some nutritional indices [FTI (r=−0.229, 

p=0.012), FTM (r=−0.209, p=0.022). Eight (6.7%) of the 120 CKD patients had carotid plaques, 

with endotoxin levels significantly higher among these patients compared to those without carotid 

plaques (0.98±0.24 versus 0.52±0.26 EU/ml, p=0.002) (Figure 3.21). Carotid plaques were present 

in 5% (2/40) of PD, 12.5% (5/40) of HD and 2.5% (1/40) of non-dialytic CKD patients (Table 

3.3). No carotid plaque was identified in any of the controls. Endotoxin levels were weakly 

associated with CIMT, a surrogate marker of atherosclerosis (r=0.313, p=0.001). Carotid intima 

media thickness had a weak but significant correlation with serum creatinine (r=0.240, p=0.008) 

and serum albumin (r=−0.206, p<0.0001). Multiple linear regression analysis showed that 

endotoxin levels (β=0.178, p=0.045) and age of the patients (β=0.251, p=0.005) were the 

independent predictors of increased CIMT (Table 3.8). 
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Figure 3.18: Comparison of carotid intima media thickness between CKD patients with elevated 

endotoxin level (>0.5 EU/ml) and those with low endotoxin levels (≤0.5 EU/ml). The boxes indicate 

median, 25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th 

percentile. Endotoxin levels were measured using Limulus amoebocyte lysate kit while carotid intima 

media thickness was measured using B-mode ultrasound. Carotid intima media thickness was compared 

between patients with high endotoxin levels and those with low endotoxin levels, * P < 0.001 compared to 

group without CKD.  
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Figure 3.19: Serum interleukin-6 levels in CKD patients with high carotid intima media thickness       

(> 0.55 mm) compared to those with normal carotid intima media thickness (≤ 0.55 mm). The boxes 

indicate median, 25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 

95th percentile. Serum interleukin-6 levels were analyzed with R&D Luminex assay kit while carotid 

intima media thickness was measured using B-mode ultrasound. Interleukin-6 levels were compared 

between patients with CIMT ≤ 0.55 mm and those with CIMT > 0.55 mm, *** P < 0.001 compared to the 

group with CIMT ≤ 0.55 mm.  
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Figure 3.20: Serum C-reactive protein levels in CKD patients with high carotid intima media 

thickness (> 0.55 mm) compared to those with normal carotid intima media thickness (≤ 0.55 mm). 
The boxes indicate median, 25th, and 75th percentile; whiskers represent data range; whisker caps indicate 

5th and 95th percentile. Serum C-reactive protein levels were analyzed with R&D Luminex assay kit while 

carotid intima media thickness was measured using B-mode ultrasound. C-reactive protein levels were 

compared between patients with CIMT ≤ 0.55 mm and those with CIMT > 0.55 mm, *** P = 0.001 

compared to the group with CIMT ≤ 0.55 mm.  
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Figure 3.21: Comparison of endotoxin levels between patients with carotid plaque and those without 

carotid plaque. The boxes indicate median, 25th, and 75th percentile; whiskers represent data range; 

whisker caps indicate 5th and 95th percentile. Endotoxin was measured using Limulus amoebocyte lysate 

kit. Carotid plaque was defined as the echogenic structure protruding into the lumen with the distance 

between the media adventitia interface and the internal side of the lesion ≥ 1.2 mm. Endotoxin levels were 

compared between patients with carotid plaques and those without carotid plaques. *P < 0.001 compared to 

group without CKD 
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Table 3.8: Multiple linear regression analysis of determinants of carotid intima media thickness 

 

 

 

 

Unstandardized 

Coefficients (B) 

Standardized  

Coefficient 

Beta 

P value Confidence 

Interval 

Endotoxin levels 0.074 0.178 0.045 0.002-0.147 

Age 0.003 0.251 0.005 0.001-0.005 

Interleukin-6 0.004 0.129 0.145 − 0.001-0.009 

Smoking  0.022 0.144 0.107 0.005-0.050 

Cholesterol 0.002 0.018 0.840 − 0.014-0.017 

CaPO4 0.006 0.071 0.428 − 0.010-0.023 

Endotoxin levels and age were the independent risk factors for subclinical atherosclerosis  

 

 

3.13 Markers of immune activation and oxidative stress  

Table 3.9 showed markers of immune activation and oxidative stress in the CKD patients 

and controls. Serological markers were compared between the CKD patients and controls and 

some statistically significant differences were observed; CKD patients had more LBP (1.39 × 10
5 

± 

0.59 × 10
5
 vs 0.96 × 10

5
 ± 0.30 × 10

5
 ng/ml, p<0.001), sCD14 (1.86 × 10

6 
± 0.8 × 10

6
 vs 1.2 × 10

6 

± 0.3 × 10
6
 pg/ml, p<0.001), IL-8 (36.7 ± 78.5 vs 8.4 ± 12.4 pg/ml, p<0.001) and MCP-1 

(11.8±11.1 vs 4.3±2.9 pg/ml, p<0.001) in their sera than controls. While the LBP/sCD14 ratio was 

lower in CKD patients when compared to the controls (0.086±0.08 vs 0.11±0.16, p=0.522), the 

difference was not statistically significant. On univariate analysis, serum LBP showed a positive 

correlation with sCD14 (r=0.674, p<0.001) and MCP-1 (r=0.359, p<0.001). Oxidized LDL 

concentrations were significantly higher in dialysis and CKD groups than in the control group 

(p<0.001). Oxidized LDL concentrations were 360.8 ± 132.7, 369.5 ± 81.3, 340.3 ± 123.2 and 

266.5 ± 100.2 ng/ml in the PD, HD, CKD stage 3 patients and the controls respectively. However, 

no significant difference was observed between peritoneal dialysis, haemodialysis and CKD 

groups on post-hoc analysis. Similarly, the ratio of oxidized LDL to LDL was significantly 

different between kidney disease patients and the controls (p<0.05). 
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      Table 3.9: Comparison of endotoxin, markers of immune activation and oxidized LDL between CKD patients and controls 

Parameters All patients (n=120) PD (n=40) HD (n=40) 
Stage 3 CKD 

(n=40) 
Control (n=40) *P-value 

Markers of immune activation       

LBP (ng/ml) 
1.39×105 ± 

0.59×10
5 

1.5×10
5
±  

0.70×10
5 

1.4×10
5 

± 

0.61×10
5 

1.2×10
5
±      

0.36×10
5 

0.96×10
5
±

 

0.30×10
5 <0.001 

sCD14 (pg/ml) 
1.86×10

6
±     

0.8×10
6
 

2.1×10
6
± 

0.8×10
6
 

1.9×10
6
± 

0.7×10
6
 

1.6×10
6
± 

0.9×10
6
 

1.2×10
6
± 

0.3×10
6
 

<0.001 

LBP/sCD14  ratio 0.086±0.08 0.076±0.02 0.079±0.03 0.082±0.02 0.11±0.16 0.522 

IL-8 (pg/ml) 36.7±78.5 39.9±72.3 49.3±107.4 20.9±40.1 8.4±12.4 <0.001 

MCP-1 (pg/ml) 11.8±11.1 15.4±9.9 9.9±10.6 10.0±12.1 4.3±2.9 <0.001 

Markers of oxidative stress       

Oxidized LDL (ng/ml) 362.6±119.5 360.8±132.7 369.5±81.3 340.3±123.2 266.5±100.2 <0.001 

Oxidized LDL/LDL ratio 175.1±106.6 147.9±124.3 220.6±84.7 156.9±93.9 137.9±80.9 0.029 

 

Notes: LBP=lipopolysaccharide binding protein, sCD14=serum CD14, IL-8=interleukin-8, MCP-1=monocyte chemoattractant protein-1, Oxidized 

LDL=Oxidized low density lipoprotein. Continuous data were expressed as mean ± SD. *p-values were calculated by comparing all patients 

with kidney disease (n=120) to controls (n=40) using Mann Whitney test  
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3.14 Associations between endotoxin levels, markers of immune activation and carotid 

intima media thickness 

On univariate analysis, endotoxin levels showed a weak correlation with sCD14 (r=0.381, 

p<0.001) and MCP-1 (r=0.340, p<0.001). Carotid intima media thickness was also associated with 

MCP-1 (r=0.557, p<0.001) (Figure 3.22), sCD14 levels (r=0.556, p<0.001) (Figure 3.23), LBP 

(r=0.311, p=0.001), IL-8 (r=0.256, p<0.001) and LBP/sCD14 ratio (r=−0.251, p=0.006).  

 

 

 

Figure 3.22: Relationship between carotid intima media thickness and monocyte chemoattractant 

protein-1 (r=0.556, p<0.001). The figure demonstrates a direct relationship between carotid intima media 

thickness and monocyte chemoattractant protein-1. Association between carotid intima media thickness and 

monocyte chemoattractant protein-1 was assessed using Pearson correlation coefficient.  Carotid intima 

media thickness was measured by B-mode ultrasound while monocyte chemoattractant protein-1 levels 

were assessed with R&D Luminex performance assay kit. 
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Figure 3.23: Relationship between carotid intima media thickness and serum CD14 (r=0.556, 

p<0.001). The figure demonstrates a direct relationship between carotid intima media thickness and serum 

CD14. Association between carotid intima media thickness and serum CD14 was assessed using Pearson 

correlation coefficient.  Carotid intima media thickness was measured by B-mode ultrasound while serum 

CD14 levels were assessed with R&D Luminex performance assay kit. 
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3.15 Effect of immune activation on risk of endotoxin-induced atherosclerosis 

Overall, the risk of atherosclerosis was associated with elevated levels of endotoxins (odd 

ratio: 2.34; confidence interval: 1.26-4.35; p=0.007), with a more than two-fold rise in the risk of 

subclinical atherosclerosis among patientss with high circulating endotoxaemia (˃ 0.5 EU/ml) 

compared with the reference group, patients with low endotoxaemia (≤ 0.5 EU/ml). In order to 

determine whether the presence of markers of immune activation in the CKD patients enhanced 

the predictive power of circulating endotoxaemia, concentrations of IL-8, MCP-1 and sCD14 as 

well as CIMT measurements were subdivided into two equal groups. The median concentrations of 

IL-8, MCP-1 and sCD14 were 7.99pg/ml, 8.46pg/ml and 1.7 × 10
6
 respectively, while the median 

CIMT measurement was 0.55 mm. As shown in Table 3.10, the prevalence of atherosclerosis was 

influenced in patients with low endotoxaemia (≤ 0.5 EU/ml) by the presence of elevated 

concentrations of IL-8 or MCP-1 or sCD14. Similarly, in the group with high endotoxin levels, 

patients with high endotoxin levels (> 0.5 EU/ml) in combination with elevated levels of IL-8 or 

MCP-1 or sCD14 had a markedly increase risk of subclinical atherosclerosis when compared to the 

group with low endotoxin levels that was associated with low levels of IL-8 or MCP-1 or sCD14.   
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Table 3.10: Risk of early atherogenesis by interleukin-8, monocyte chemoattractant protein-1 and serum CD14 levels 

Categories 

Serum concentration of 

immune mediators 

(Mean ± SD) 

Number of patients at 

risk of subclinical atherosclerosis 

(CIMT > 0.5 mm) 

   Odds ratio (Cl) P-value 

Interleukin-8                                                                                    

      Endotoxin ≤ 0.5 EU/ml                   

             Interleukin-8 ≤ 7.99 pg/ml                  

             Interleukin-8 > 7.99 pg/ml 

      Endotoxin > 0.5 EU/ml   

             Interleukin-8 ≤ 7.99 pg/ml 

             Interleukin-8 > 7.99 pg/ml 

Monocyte chemoattractant protein-1 

     Endotoxin ≤ 0.5 EU/ml 

            MCP-1 ≤ 8.46 pg/ml 

            MCP-1 > 8.46 pg/ml 

     Endotoxin > 0.5 EU/ml   

            MCP-1 ≤ 8.46 pg/ml 

            MCP-1 > 8.46 pg/ml 

Serum CD14 

     Endotoxin ≤ 0.5 EU/ml 

            Serum CD14 ≤ 1.7 x 10
6
 pg/ml 

            Serum CD14 > 1.7 x 10
6 

pg/ml 

     Endotoxin > 0.5 EU/ml 

            Serum CD14 ≤ 1.7 x 10
6
pg/ml 

            Serum CD14 > 1.7 x 10
6 

pg/ml 

 

 

4.9 ± 1.9  

60.0 ± 122.2 

 

5.2 ± 2.6 

66.4 ± 90.3 

 

 

4.0 ± 2.4 

17.9 ± 12.1 

 

5.5 ± 1.9 

18.4 ± 11.8 

 

 

1.2 × 10
6 

± 0.3 × 10
6 

2.3 × 10
6 

± 0.7 × 10
6
 

 

1.4 × 10
6 

± 0.3 × 10
6 

2.4 × 10
6 

± 0.8 × 10
6
 

 

 

14/36 

11/19 

 

9/20 

36/45 

 

 

13/36 

12/19 

 

9/21 

36/44 

 

 

16/39 

9/16 

 

7/18 

38/47 

 

 

1.31 (0.87 – 1.97) 

2.16 (0.69 – 6.69) 

 

2.75 (1.36 – 5.57) 

4.89 (1.56 – 15.35) 

 

 

1.47 (0.96 – 2.26) 

3.03 (0.95 – 9.62) 

 

3.0 (1.51 – 5.95) 

6.0 (1.89 – 19.04) 

 

 

1.19 (0.84 – 1.71) 

1.85 (0.57 – 5.99) 

 

3.54 (1.61 – 7.77) 

6.64 (2.01 – 21.90) 

 

 

0.144 

 

 

0.006  

 

 

 

0.051 

 

 

0.002 

 

 

 

0.232 

 

 

0.002 

 

Risk of subclinical atherosclerosis associated with levels of endotoxin according to serum concentrations of interleukin-8, monocyte 

chemoattractant protein-1 and sCD14. The P value, Odds ratios and 95% confidence interval were derived from analyses of the strength of 

association between subclinical atherosclerosis and endotoxin as well as elevated levels interleukin-8, monocyte chemoattractant protein-1 

and sCD14. CIMT, carotid intima media thickness; CI, confidence interval. 
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3.16 Associations between oxidized LDL, lipid profile and inflammatory markers 

 

Oxidized LDL was closely associated with oxidized LDL/LDL ratio (r=0.641, 

p<0.001) (Figure 3.24). However, there was no significant correlation between oxidized LDL 

and total cholesterol (r=−0.134, p=0.091), LDL (r=−0.110, p=0.166), HDL (r=−0.100, 

p=0.209) as well as triglycerides (r=0.056, p=0.478). There was a weak but significant 

association between oxidized LDL and inflammatory markers (IL-6: r=0.350, p<0.001; CRP: 

r= 0.226, p=0.013). However, circulating endotoxaemia did not correlate with oxidized LDL 

(r=0.080, p=0.387), IL-6 (r=0.127, p=0.167) or CRP (r=0.010, p=0.914). Similarly, no 

association was observed between endotoxin levels and total cholesterol (r=0.085, p=0.283), 

LDL (r=0.113, p=0.155), HDL (r=−0.019, p=0.816) as well as triglycerides (r=0.100, 

p=0.209). When the lipid profile was compared between the CKD groups, there was no 

statistically significant difference between the CKD patients and the controls. However, when 

comparing the PD to the HD group, total cholesterol, LDL and triglycerides were 

significantly higher (p<0.001, p<0.001 and p=0.001 respectively) in PD than in HD patients. 

 

 



97 
 

 

Figure 3.24: Relationship between oxidized LDL/LDL ratio and oxidized LDL (r=0.641, 

p<0.001). The figure demonstrates a direct relationship between oxidized LDL/LDL ratio and 

oxidized LDL concentrations. Association between oxidized LDL/LDL ratio oxidized LDL 

concentrations was assessed using Pearson correlation coefficient. Oxidized LDL was measured by 

the OxiSelect
TM

 human oxidized LDL ELISA kit. 
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3.17 Associations between oxidized LDL and cardiovascular disease 

Patients with subclinical atherosclerosis (CIMT >0.55 mm) had significantly elevated 

levels of oxidized LDL, compared to patients with normal CIMT (CIMT ≤ 0.55 mm); 388.2 ± 

118.8 versus 313.0 ± 92.1 ng/ml, p<0.001 (Figure 3.25). Oxidized LDL levels were 

significantly higher in patients with carotid plaques compared to patients without carotid 

plaques (472.6 ± 104.6 versus 348.6 ± 110.9 ng/ml, p=0.012) (Figure 3.26). On bivariate 

analysis, oxidized LDL showed a weak but significant correlation with CIMT (r=0.377; 

p<0.001) and carotid plaque (r=0.317, p<0.001), and was inversely related to E/A ratio (r= 

−0.319; p=0.001). In the sub analysis of non-dialytic CKD cohorts (CKD stage 3), oxidized 

LDL showed a stronger association with CIMT (r=0.664, p<0.001) (Figure 3.27) and E/A 

ratio (r=−0.468, p=0.002); whereas oxidized LDL concentration was not correlated to CIMT 

and E/A ratio in dialysis patients. There was no correlation between total cholesterol 

(r=−0.103; p=0.187), triglycerides (r=0.057; p=0.471), LDL (r=−0.083; p=0.291), HDL 

(r=−0.088; p=0.264) and CIMT. 
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Figure 3.25: Comparison of oxidized LDL levels between CKD patients with early 

atherosclerosis and those without atherosclerosis. The boxes indicate median, 25th, and 75th 

percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Oxidized 

LDL was measured by the OxiSelect
TM 

human oxidized LDL ELISA kit. Carotid intima media 

thickness was measured using B-mode ultrasound. Oxidized LDL levels were compared between 

patients with subclinical atherosclerosis and those without atherosclerosis. *P < 0.001 compared to 

group without subclinical atherosclerosis. 
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Figure 3.26: Comparison of oxidized levels between patients with carotid plaque and those 

without carotid plaque. The boxes indicate median, 25th, and 75th percentile; whiskers represent 

data range; whisker caps indicate 5th and 95th percentile. Oxidized LDL was measured by the 

OxiSelect
TM

 human oxidized LDL ELISA kit. Carotid plaque was defined as the echogenic structure 

protruding into the lumen with the distance between the media adventitia interface and the internal 

side of the lesion ≥ 1.2 mm. Oxidized LDL levels were compared between patients with carotid 

plaques and those without carotid plaques. *P =0.012 compared to group without carotid plaque. 
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Figure 3.27: Relationship between oxidized LDL and carotid intima media thickness in non-

dialytic CKD (stage 3) patients (r=0.664, p<0.001). The figure demonstrates a direct relationship 

between oxidized LDL concentrations and carotid intima media thickness measurements. Association 

between oxidized LDL concentrations and carotid intima media thickness was assessed using Pearson 

correlation coefficient. Oxidized LDL was measured by the OxiSelect
TM

 human oxidized LDL ELISA 

kit while carotid intima media thickness was measured using B-mode ultrasound. 
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3.18 Transforming growth factor-beta (TGF-β) isoforms levels in CKD patients 

 Of the three TGF-β isoforms, TGF-β1 has the highest concentrations. The lowest 

TGF-β isoform concentrations were present in haemodialysis patients compared to the PD, 

CKD and controls (Figure 3.28a-c). The mean concentrations of the three TGF-β isoforms are 

presented in Table 3.11. There was a statistically significant difference in the levels of TGF-

β1 between male and female CKD patients, with higher TGF-β1 levels measured in female 

patients compared to the male patients (TGF-β1: 4.9 × 10
4 

± 1.4 × 10
4
 versus 4.2 × 10

4 
± 1.7 

× 10
4
 pg/ml, p=0.009). No relationship was found between any of the TGF-β isoforms and 

age. Regarding TGF-β1 and TGF-β3 isoforms concentrations, there was statistically 

significant difference between HD patients and other study groups including the controls 

(p<0.05), while in the sub analysis of TGF-β2 concentrations, there was no difference 

between HD and PD patients (p>0.05). In CKD patients (HD, PD and stage 3 CKD), no 

significant difference was found between TGF-β isoforms and the aetiology of the CKD. 

When comparing patients with CKD and the controls, CKD patients had significantly 

reduced concentrations of TGF-β1 (4.6 × 10
4 

± 1.5 × 10
4
 versus 6.6 × 10

4 
± 1.5 × 10

4
 pg/ml) 

and TGF-β3 (4.5 × 10
4 

± 1.0 × 10
2
 versus 5.6 × 10

2 
± 1.0 × 10

2
 pg/ml) compared to the 

controls, while there was no difference in the concentration of TGF-β2 isoforms between 

CKD patients and controls (p>0.05) (Figure 3.29a-c). 
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Table 3.11: Concentrations of TGF-β isoforms in the sub-groups of chronic kidney patients and the controls 

 

TGF-β isoforms 
All Patients (n=120) 

Mean ± SD 

PD (n=40)         

Mean ± SD 

HD (n=40) 

Mean ± SD 

Stage 3 CKD (n=40) 

Mean ± SD 

Controls (n=40) 

Mean ± SD 
*P-value 

TGF-β1  (pg/ml) 4.6 ± 1.5 × 10
4 

4.5 ± 1.3 × 10
4
 3.6 ± 1.3 × 10

4
 5.7 ± 1.4 × 10

4
 6.6 ± 1.5 × 10

4
 <0.001 

TGF-β2  (pg/ml) 1.7 ± 0.3 × 10
3
 1.7 ± 0.3 × 10

3
 1.6 ± 0.2 × 10

3
 1.8 ± 0.3 × 10

3
 1.8 ± 1.5 × 10

3
 0.057 

TGF-β3  (pg/ml) 4.6 ± 1.0 × 10
2
 4.5 ± 0.9 × 10

2
 3.9 ± 0.9 × 10

2
 5.2 ± 0.9 × 10

2
 5.6 ± 1.0 × 10

2
 <0.001 

  
Transforming growth factor-β isoforms levels between chronic kidney disease patients and the controls.*p-values were calculated by                           

comparing all patients with kidney disease (n=120) to controls (n=40). Transforming growth factor-beta1, 2, and 3 levels were analysed with Bio-

Plex Pro
TM

 TGF-β Assays kit. PD, peritoneal dialysis; HD, haemodialysis; CKD, chronic kidney disease; TGF-β, transforming growth factor-β. 

Continuous data were expressed as mean ± SD. 
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Figure 3.28: Serum transforming growth factor-β1 (A), β2 (B) & β3 (C) in the CKD 

patients groups and the controls. Bar chart represents mean values for transforming growth 

factor beta-1, 2 & 3 levels. Transforming growth factor-β1, 2 & 3 levels were analyzed with 

Bio-Plex Pro
TM

 TGF-β Assays kit. 
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Figure 3.29: Comparison of serum transforming growth factor-β1 (A), β2 (B) & β3 (C) between 

CKD patients and controls. The boxes indicate median, 25th, and 75th percentile; whiskers 

represent data range; whisker caps indicate 5th and 95th percentile. Transforming growth factor-β1, 2 

& 3 levels were analyzed with Bio-Plex Pro
TM

 TGF-β Assays kit. Serum transforming growth factor-

β1, 2 & 3 levels were compared between CKD patients and controls, * P < 0.001, ** >0.05 compared 

to controls.  
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3.19 Transforming growth factor-β1 isoform and Atherosclerosis 

Transforming growth factor-β isoform concentrations were compared between 

patients with subclinical atherosclerosis and those without atherosclerosis; TGF-β isoform 

concentrations were significantly lower in the patients with subclinical atherosclerosis 

compared to patients without atherosclerosis (Figure 3.30a-c). Furthermore, TGF-β1 and 

TGF-β2 levels were significantly lower in patients with carotid plaques compared to those 

without carotid plaque (TGF-β1: 3.1 × 10
4 

± 1.7 × 10
4
 versus 4.7 × 10

4 
± 1.7 × 10

4
 pg/ml, 

p=0.035; and TGF-β2: 1.5 × 10
3 

± 0.2 × 10 versus 1.7 × 10
3 

± 0.2 × 10
3
 pg/ml, p<0.001), 

while there was no difference in the concentration of TGF-β3 between CKD patients with 

carotid plaque and those without plaque (p>0.05) (Figure 3.31a-c). Overall, TGF-β isoforms 

had an inverse relationship with CIMT (TGF-β1: r=−0.562, p<0.001, (Figure 3.32); TGF-β2: 

r=−0.477, p<0.001; TGF-β3: r=−0.442, p<0.001).  
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Figure 3.30: Comparison of serum transforming growth factor-β1 (A), β2 (B) & β3 (C) between 

patients with subclinical atherosclerosis and those without atherosclerosis. The boxes indicate 

median, 25th, and 75th percentile; whiskers represent data range; whisker caps indicate 5th and 95th 

percentile. Transforming growth factor-β1, 2 & 3 levels were analyzed with Bio-Plex Pro
TM

 TGF-β 

Assays kit. Carotid intima media thickness was measured using B-mode ultrasound. Serum 

transforming growth factor-β1, 2 & 3 levels were compared between CKD patients and controls, * P < 

0.001 compared to controls. 
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Figure 3.31: Comparison of serum transforming growth factor-β1 (A), β2 (B) & β3 (C) between 

patients with carotid plaque and those without plaques. The boxes indicate median, 25th, and 75th 

percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. Transforming 

growth factor-β1, 2 & 3 levels were analyzed with Bio-Plex Pro
TM

 TGF-β Assays kit. Carotid plaque 

was defined as the echogenic structure protruding into the lumen with the distance between the media 

adventitia interface and the internal side of the lesion ≥ 1.2 mm. Serum transforming growth      

factor-β1, 2 & 3 levels were compared between patients with carotid plaques and those without 

plaque, * P < 0.05, ** >0.05 compared to those patients without plaque. 
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Figure 3.32: Relationship between Transforming growth factor-β1 and carotid intima media 

thickness in CKD patients (r=−0.562, p<0.001). The figure demonstrates an inverse relationship 

between transforming growth factor-β1concentrations and carotid intima media thickness 

measurements. Association between transforming growth factor-β1concentrations and carotid intima 

media thickness was assessed using Pearson correlation coefficient. Transforming growth factor-β1 

levels were analyzed with Bio-Plex Pro
TM

 Assays kit while carotid intima media thickness was 

measured using B-mode ultrasound. 
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3.20 Relationship between TGF-β, pro-inflammatory cytokines and cardiovascular 

risk factors  

In the study population, TGF-β1 correlated with TGF-β2 (r=0.561, p<0.001) and 

TGF-β3 (r=0.645, p<0.001). When TGF-β1 was correlated with mediators of the endotoxin 

signaling pathway, a modest relationship was demonstrated between TGF-β3 and LBP 

(r=−0.414, p<0.001), and serum CD14 (r=−0.350, p<0.001); (Figure 3.33 and 3.34). 

Transforming growth factor-β showed a weak relationship with oxidized LDL (r=−0.308, 

p=0.001) and MCP-1 (r=−0.246, p=0.007). It also demonstrated a weak negative correlation 

with CRP (r=−0.243, p=0.007) and systolic blood pressure (r=−0.256, p=0.005). TGF-β3 

showed a weak positive correlation with albumin (r=0.236, p=0.010), while a negative 

correlation was demonstrated between albumin and CRP (r=−0.243, p=0.007). Multiple 

linear regression analysis showed that subclinical atherosclerosis and blood pressure are the 

independent predictors of TGF-β1 concentrations (r
2
=0.37, p<0.05) while atherosclerosis and 

LBP, a marker of circulating endotoxaemia, are the only independent determinants of serum 

TGF-β2 and TGF-β3 levels (p<0.05), with r
2
= 0.34 and r

2
=0.32 respectively. 
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Figure 3.33: Relationship between Transforming growth factor-β3 and lipopolysaccharide 

binding protein in CKD patients (r=−0.414, p<0.001). The figure demonstrates an inverse 

relationship between transforming growth factor-beta3 concentration and lipopolysaccharide binding 

protein levels. Association between transforming growth factor-β3 concentrations and 

lipopolysaccharide binding protein was assessed using Pearson correlation coefficient. Transforming 

growth factor-β3 levels were analyzed with Bio-Plex Pro
TM

 Assays kit while lipopolysaccharide 

binding protein was measured with a human LBP ELISA kit. 
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Figure 3.34: Relationship between Transforming growth factor-β3 and serum sCD14 in CKD 

patients (r=−0.350, p<0.001). The figure demonstrates an inverse relationship between transforming 

growth factor-β1 concentrations and serum CD14 levels. Association between transforming growth 

factor-β1 concentrations and serum CD14 was assessed using Pearson correlation coefficient. 

Transforming growth factor-beta1and serum CD14 levels were analyzed with Bio-Plex Pro
TM

 Assays 

kit. 
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3.21 Inflammatory cytokine polymorphisms in chronic kidney disease patients  

A total of 95, 106, 85, 93, and 101 single nucleotide polymorphisms were 

successfully genotyped for TNF-α, TGF-β1, IL-10, 1L-6 and IFN-γ respectively. One SNP 

was genotyped for TNF-α, 2 SNPs for TGF-β1, 3 SNPs for IL-10, 1 SNP for 1L-6 and 1 SNP 

for IFN-γ. The distribution of the single nucleotide polymorphisms and their genotyping 

frequencies in the chronic kidney disease patients and the controls are shown in Table 3.12. 

The TNF-α, TGF-β1, IL-10, IL-6 and IFN-γ genotypes did not differ between the controls 

and the CKD patients (p>0.05). Similarly, no significant difference was observed in the 

occurrence of any SNPs between individual CKD subgroups and the controls (p>0.05). 

Further analysis was done to determine whether carriage of genotypes of TGF-β1 and IL-10 

influence the levels of these inflammatory cytokines in the serum of the study participants. In 

the CKD patients, there was no significant difference in the levels of TGF-β1 between 58 

(71%) of high producers, 4.8 ± 1.5 × 10
4 

pg/ml, the 17 (21%) intermediate producers, 4.3 ± 

1.3 × 10
4
 pg/ml, and the 7 (9%) low producers, 4.9 ± 1.6 × 10

4
 pg/ml, Table 3.13. In the 

control group, similar percentage distribution was found: 15 (63%) of high producers, 6.9 ± 

1.6 × 10
4 

pg/ml, the 18 (33%) intermediate producers, 6.7± 1.3 × 10
4
 pg/ml, and the 1 (4%) 

low producers, 8.9 × 10
4
 pg/ml. In contrast, the IL-6 (high producers) genotype was 

significantly associated with elevated serum levels of IL-6 in CKD patients when compared 

with low producer CKD patients, 69 (95%) of high producers, 3.9 ± 4.2
 
pg/ml and the 4 (5%) 

low producers, 2.3 ± 1.6
  

pg/ml, p=0.048 (Table 3.14). In the control group, there was no 

difference in the serum IL-6 between high producer and low producer, 19 (95%) of high 

producers, 1.6 ± 1.4 pg/ml and the 1 (5%) low producer, 1.4
 
pg/ml, p=0.892. The IL-6 and 

TGF-β1 genotypes were not associated with the presence of subclinical atherosclerosis 

(p>0.05). 
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Table 3.12: Results of TNFα, TGF-β1, IL-10, IL-6 and IFN-γ genotyping showing genotype distribution and frequency in 

CKD patients and controls. 

Cytokine Genotype /Producer All patients HD PD Stage 3 CKD Control *P-value 

  n=75 n=17 n=30 n=28 n=20  

 G/G (low) 46 (61.3%) 11 (64.7%) 15 (50%) 20 (71.4%) 16 (80%) 0.186 

TNF-α G/A (high) 24 (32%) 5 (29.4%) 12 (40%) 7 (25%) 4 (20%) 0.410 

 A/A (high) 5 (6.7%) 1 (5.9%) 3 (10%) 1 (3.6%) 0 (0%) 0.580 

  n=82 n=20 n=32 n=30 n=24  

 T/T G/G (high) 17 (20.7%) 2 (10%) 6 (18.7%) 9 (30%) 2 (8.3%) 0.231 

 T/C G/G (high) 41 (50%) 12 (60%) 15 (46.9%) 14 (46.7%) 13 (54.2%) 0.818 

 T/C G/C (intermediate) 6 (7.3%) 1 (5%) 2 (6.3%) 3 (10%) 4 (16.7%) 0.229 

TGF-β1 C/C G/G (intermediate) 11 (13.4%) 3 (15%) 6 (18.7%) 2 (6.7%) 4 (16.7%) 0.352 

 T/T G/C (intermediate) 1 (1.2%) 0 (0%) 1 (3.1%) 0 (0%) 0 (0%) 1.000 

 C/C G/C (low) 5 (6.1%) 2 (10%) 1 (3.1%) 2 (6.7%) 1 (4.2%) 0.586 

 T/C C/C (low) 1 (1.2%) 0 (0%) 1 (3.1%) 0 (0%) 0 (0%) 1.000 

  n=65 n=13 n=27 n=25 n=20  

 GCC/GCC (high) 10 (15.4%) 2 (15.4%) 4 (14.8%) 4 (16%) 2 (10%) 0.723 

 GCC/ACC (intermediate) 12 (18.5%) 2 (15.4%) 5 (18.5%) 5 (20%) 5 (25%) 0.533 

IL-10 GCC/ATA (intermediate) 9 (13.8%) 1 (7.7) 4 (14.8%)       4 (16%)  2 (10%) 1.000 

 ACC/ACC (low) 4 (6.2%) 2 (15.4%) 1 (3.7%) 1 (4%) 2 (10%) 0.622 

 ACC/ATA (low) 20 (30.8%) 4 (0330.8) 6 (22.2%)                     6 (24%) 7 (35%) 0.786 

 ATA/ATA (low) 10 (15.4%) 2 (15.4%) 5 (18.5%) 5 (20%) 2 (10%) 0.723 

  n=73 n=19 n=29 n=25 n=20  

 G/G (high) 65 (89%) 18 (94.7%) 24 (82.8%) 23 (92%) 17 (85%) 0.697 

1L-6 G/C (high) 4 (5.5%) 1 (5.3%) 1 (3.4%) 2 (8%) 2 (10%) 0.606 

 C/C (low) 4 (5.5%) 0 (0%) 4 (13.8%) 0 (0%) 1 (5%) 1.000 

  n=78 n=18 n=31 n=29 n=23  

  T/T (high) 3 (3.8%) 0 (0%) 3 (9.7%) 0 (0%) 0 (0%) 1.000 

IFN-γ T/A (intermediate)  24 (30.8%) 5 (27.8%) 9 (29%) 10 (34.5%) 11 (47.8%) 0.143 

  A/A (low) 51 (65.4) 13 (72.2%) 19 (61.3%) 19 (65.5%) 12 (52.2%) 0.328 

TNF-α, Tumour necrosis factor-α, TGF-β1, Transforming growth factor-β1, IL-10, Interleukin-10, IL-6, interleukin-6, IFN-γ, 

Interferon-γ. A total of 95, 106, 85, 93, and 101 single nucleotide polymorphisms were successfully genotyped for TNF-α, TGF-β1, 

IL-10, 1L-6 and IFN respectively.  *P-values were calculated by comparing all patients with kidney disease to the controls for each 

single nucleotide polymorphism (SNP) using Fisher’s exact test. From the analysis of the SNPs, there was no difference between 

patients with chronic kidney disease and the controls (p>0.05).       
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Table 3.13: Producer status and transforming growth factors-β1 in genotyped chronic      

kidney disease patients (n=82)  

Producer status High Intermediate Low *P-value 

Frequency 58/82 (70.7%) 17/82 (20.7%) 7/82 (8.5%)  

TGF-β1 levels (pg/ml) 4.8 ± 1.5 × 10
4 
 4.3 ± 1.3 × 10

4 
 4.9 ± 1.6 × 10

4 
 0.420 

 

DNA samples were genotyped for single nucleotide polymorphism in the transforming     

growth factor-β1 gene by polymerase chain reaction (PCR) single strand polymorphism 

(SSP) methodology with the Cytokine Genotyping Tray Kit (One Lambda Inc., Los 

Angeles, USA). The majority (70.7%) of the CKD patients were high producer of 

transforming growth factor-β1 while only few were low producer (8.5%). There was no 

statistically significant difference between high producer and low producer CKD patients. 

*P-value compared low producer to high producer using Mann-Whitney test. 

 

 

 

Table 3.14: Producer status and serum interleukin-6 levels in genotyped chronic kidney 

disease patients (n=73)  

 

Producer status High Low *P-value 

Frequency 69/73 (95%) 5% (4/73)  

IL-6 levels (pg/ml) 3.9 ± 4.2
 
 2.3 ± 1.6

 
 0.048 

 

DNA samples were genotyped for single nucleotide polymorphism in the transforming     

growth factor-β1 gene by polymerase chain reaction (PCR) single strand polymorphism 

(SSP) methodology with the Cytokine Genotyping Tray Kit (One Lambda Inc., Los 

Angeles, USA). The majority (95%) of the CKD patients were high producer of IL-6 while 

few were low producers (5%). There was statistically significant difference between high 

IL-6 producers and low IL-6 producers CKD patients. *P-value compared low producer to 

high producer using Mann-Whitney test. 
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CHAPTER 4 

4.0 DISCUSSION 

  Inflammation is increasingly recognised as a novel risk factor for CVD in CKD 

patients (16, 18, 307). Inflammatory markers are directly related to a range of complications 

in CKD patients including insulin resistance, vascular calcification, accelerated 

atherosclerosis and increased peritoneal permeability (316). Although data suggests that 

chronic low grade inflammation occurs frequently in the setting of CKD and CVD (131), 

possible triggers and mechanisms of immune activation in CKD patients are yet to be fully 

established. Available evidence suggests a role for circulating endotoxaemia as an 

inflammatory mediator of CVD in patients with CKD (317-320). However, this hypothesis 

has never been tested in an indigenous African CKD population. This study therefore 

investigated endotoxaemia among African CKD patients and also objectively assessed 

volume overload as a possible trigger for endotoxaemia-related inflammation using a body 

composition monitor and IVCD measurements. In addition, this study also explored the 

potential role of the endotoxin signaling pathway to explain the association between 

circulating endotoxaemia and subclinical atherosclerosis in CKD patients.  

The majority of the CKD patients that participated in this study were blacks, 

constituting 88% of the total study population. This observation is not unexpected because 

the South African population is predominantly black. There is a slight male preponderance in 

this study, which is similar to that reported by previous studies (16, 18); however this study 

differs from the study by Goncalves et al (307) which reported a slight female 

preponderance. Moreover, the study population is relatively younger compared to previously 

studied CKD population (16, 18, 307).  This difference in age could be explained by the fact 

that, due to the limited resources in South Africa, patients who are older than 60 years, 

patients with advanced CVD, and diabetic patients with CVD are not accepted onto chronic 
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dialysis program in public sector institutions. Hypertension is the commonest aetiology of 

CKD in this study, and was present in about 50% of the patients. This may be due to the 

predominance of black patients in this study, as well as exclusion of diabetic patients from 

the study. 

This study demonstrated that volume overload was very common across the spectrum 

of CKD patients. Fluid overload by bio-impedance spectroscopy method occurred in all HD 

patients (100%), 90% of PD patients and 73% of stage 3 CKD patients in this study and was 

exceptionally high when compared to previously reported prevalence (using BCM) of 39%, 

66.8% and 50% among HD (321), PD (284), and non-dialytic CKD patients (322) 

respectively, possibly because this study involved predominantly black CKD cohorts, with 

hypertension (49.2%) and presence of LVH (68%) in a large proportion of the study 

population.  

BCM measurements significantly improved the sensitivity in diagnosis of volume 

overload when compared with echocardiographic measurements and physical examination. 

The prevalence of fluid overload using BCM in this study was substantially higher than the 

diagnostic rates of 52%, 29% and 62% by IVCD, CI and physical examination respectively. 

This further supports the use of the BIS method in the earlier detection of occult volume 

overload in ‘clinically normovoleamic’ non-dialytic CKD patients, since strict volume 

control has been documented to play a crucial role in the amelioration of cardiovascular 

complications in CKD patients (102, 284) as well as improve survival of dialysis patients 

(323).  

Although a previous report had suggested that IVCD measurements are useful 

markers for volume overload in CKD patients (307), this study demonstrated that the 

sensitivity and specificity of IVCD measurements as a diagnostic tool for fluid overload was 
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relatively low compared to BIS measurement, which was used as the confirmatory test. 

Perhaps, IVCD measurements could have overestimated the underhydrated state as a result of 

delay of refilling from the interstitial fluid compartment into the intravascular space (324). In 

addition, bio-impedance spectroscopy and inferior vena cava diameters measure fluid in 

different compartments (294, 295).    

Volume overload appears to be exacerbated by worsening renal function and was 

severe in patients on dialysis with significantly reduced residual renal function. Available 

evidence suggests that the degree of renal impairment was associated with fluid overload 

(307). This observation was confirmed by this present study; a close relationship was 

observed between serum creatinine and all markers of volume status, suggesting that 

impaired excretion of salt and water by the kidneys may contribute to retention of fluid in 

CKD patients. This had been previously reported in non-dialytic CKD and continuous 

ambulatory peritoneal dialysis patients (284, 307). 

This study established a relationship between volume overload and nutritional status 

(low serum albumin and nutritional parameters measured by BCM). Overhydrated patients 

were undernourished, and had lower serum albumin, lean tissue index and fat tissue index. 

There was an association between markers of volume and malnutrition. There was also a 

negative correlation between markers of fluid overload and serum albumin. Theoretically, 

hypoalbuminaemia in an undernourished patient not only brings about reduced plasma 

oncotic pressure, leading to fluid retention in interstitial space; it may also be a consequence 

of dilution resulting from volume overload as well as systemic inflammation. Even though 

this study suggests that hypoalbuminaemia may contribute to fluid retention in CKD patients, 

it remains to be seen whether nutritional rehabilitation will improve cardiovascular outcomes 

in CKD patients.   
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There is increasing evidence that fluid overload is an important and independent 

predictor of inflammatory activation in CKD. This present study established a close 

relationship between volume overload and inflammation. This is in keeping with a previous 

study in PD cohorts that showed an association between hypervolaemia and inflammation 

(325). This study showed that relative overhydration was common in PD patients with 

inflammation compared with those without inflammation (325). Similarly, in this present 

study, it was observed that fluid overloaded patients had elevated mean CRP and IL-6 values, 

and low serum albumin when matched with those without fluid overload.  

On multiple linear regression analysis, serum creatinine, lean tissue index, fat tissue 

index, CIMT and LAD were identified as independent determinants of fluid overload in CKD 

patients. In addition, volume overload significantly predicted inflammation in the CKD 

patients. These findings corroborated earlier studies that showed a link between volume 

overload and the “malnutrition-inflammation-atherosclerosis” syndrome (326-330). 

Stenvinkel et al, found a strong association between malnutrition, inflammation and 

occurrence of CVD in patients starting dialysis (330). Likewise, Dermirci   et al reported a 

close association between inflammation, atherosclerosis and volume parameters in peritoneal 

dialysis patients (296). The same group identified LAD as a surrogate marker of fluid 

overload, confirming the findings of this present study.    

This study demonstrated that endotoxaemia is common among CKD patients, and the 

degree of endotoxaemia is related to the severity of kidney failure; CKD patients had grossly 

elevated endotoxin levels compared to the controls. This observation is in support of previous 

studies by Szeto et al (16) in peritoneal dialysis patients and McIntyre et al (18) involving a 

spectrum of CKD patients including haemodialysis patients (18). The two studies showed 

that endotoxin levels were significantly higher among maintenance dialysis patients 

compared to controls. On the other hand, our study showed that there was no significant 
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difference in endotoxin levels between the CKD stage 3 cohort and controls. This observation 

was supported by a previous report that showed no correlation between endotoxin levels and 

GFR (307). Endotoxin, a macromolecule with a molecular weight of about 1000kD, is 

normally removed from the circulation by binding to the lipopolysaccharide binding protein, 

resulting in eventual clearance in the liver and ultimately excreted in bile (159, 331, 332). 

Correspondingly, grossly elevated levels of endotoxins have been reported in patients with 

severe liver disease (332).  

This study suggests that the haemodialysis treatment modality seems to be responsible 

for increased exposure to translocated intestinal endotoxin. Post-dialysis endotoxin levels 

correlated with ultrafiltration volume during haemodialysis therapy. This finding further 

support the hypothesis that, as a result of increasing shear stress with ultrafiltration, the 

enteric circulation is exposed to ischaemia, resulting in increased gut permeability, bacteria 

translocation and circulating endotoxaemia (18, 333). However, this study did not find a 

significant increment in circulating endotoxin levels following haemodialysis treatment. 

Clearly, several factors could have accounted for this in the haemodialysis cohort. Notably, 

the type of dialyzer membrane could have played a role, with the possibility of endotoxin 

directly binding to the dialyzer membrane during dialysis treatment. Polysulfone-based 

dialysis membranes, the only membrane type in use at the dialysis unit of CMJAH, have the 

ability to adsorb endotoxin and other products of complement activation, thereby preventing 

endotoxaemia during haemodialysis therapy (334). The cellulose-acetate dialyser on the other 

hand is less biocompatible and was associated with increased circulating endotoxin during 

dialysis (335). Moreover, heparin (used in prevention of blood clotting during haemodialysis) 

as well as ethylenediamine tetra-acetic acid (EDTA) have been linked with dose-dependent 

inhibition of the endotoxin assay using Limulus Amebocyte Lysate (LAL) reagent (18, 336). 

Furthermore, dilution is the most widely used technique employed to overcome interference 
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in the samples during endotoxin assay.  It is possible to dilute the samples to a point when the 

interfering factor could no longer affect the test, but at which the endotoxin concentration 

threshold is still detectable, and this has been helpful in most situations (336, 337). 

Alternatively, interfering protein in the samples can be denatured through heat treatment, 

thereby allowing heat-resistant endotoxin to be detected (336, 337). In this work, the samples 

were diluted until the inhibition was overcome (338). Nevertheless, the aforementioned 

factors may have accounted for relatively lower endotoxin levels detected in haemodialysis 

compared to peritoneal dialysis patients. 

This study demonstrated that the majority of patients with kidney failure presented 

with endotoxaemia that was associated with fluid overload. Furthermore, this study also 

established a close association between volume overload and endotoxaemia, thus supporting 

the hypothesis that volume overload is associated with generation of the chronic 

inflammatory response, through endotoxin translocation in patients with gut oedema as a 

result of volume overload (133, 307). Although previous evidence showed that endotoxaemia 

was associated with fluid overload, the investigators used inferior vena cava diameter 

measurement and collapsibility index as a marker of fluid overload (307), both of which are 

limited by intra- and inter-observer variability (283). The current study, on the other hand, 

used a body composition monitor – an accurate, safe and inexpensive tool for body fluid 

measurement in ESRD patients (339). In addition, bio-impedance spectroscopy measures 

total body water and extracellular water, while inferior vena cava diameter assesses plasma 

volume and right atrial pressure (294, 295), hence the choice of bio-impedance spectroscopy 

to assess hydration status in this study.  

Although there was a negative correlation between circulating endotoxaemia and 

haemoglobin levels in PD cohorts, however this study did not demonstrate the same 

relationship between endotoxin levels and haemoglobin in HD and non-dialytic CKD 
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patients. Furthermore, there was also a weak association between markers of inflammation 

and haemoglobin levels in the CKD groups, thus suggesting that the chronic inflammatory 

state may contribute to severity of anaemia in the studied CKD patients. Available evidence 

suggests that inflammation is an important predictor of baseline haemoglobin and response to 

erythropoietin stimulating agents [ESAs] therapy (340). However, this study was not 

designed to examine the influence of circulating endotoxaemia and inflammatory markers on 

the doses of ESAs that were administered in the dialysis cohorts.  

This study also showed that circulating endotoxins were associated with subclinical 

atherosclerosis as measured by CIMT, thus corroborating previous reports that suggested that 

endotoxaemia may be pathogenically linked to accelerated atherosclerosis in CKD patients 

(16, 341). Furthermore, Stenvinkel et al. reported a strong association between malnutrition, 

inflammation and occurrence of CVD among patients initiating peritoneal dialysis (330). 

Similarly, our study also demonstrated an association between markers of inflammation 

(defined by elevated serum interleukin-6 and CRP) and CIMT, a surrogate marker of 

atherosclerosis. In addition, our study showed an inverse correlation between circulating 

endotoxaemia and some of the nutritional indices – fat tissue index and fat tissue mass. This 

data further supports the theory that circulating endotoxaemia may be a component of the so-

called “malnutrition-inflammation-atherosclerosis syndrome”.  

The findings of this study support the hypothesis that endotoxaemia is related to 

atherosclerosis in the CKD patients. Multiple linear regression analysis showed that 

circulating endotoxaemia is an independent predictor of CIMT in the CKD patients. Even 

though endotoxaemia independently predicts atherosclerosis and was also related to systemic 

inflammation, this study was not able to establish an association between endotoxaemia and 

markers of inflammation as well as low serum albumin, an established marker of 

inflammation, thus suggesting possible multifaceted mechanisms leading to chronic low 
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grade inflammation in CKD patients. Nevertheless, current evidence suggests that the 

mechanism by which endotoxaemia causes atherosclerosis is a complex process, initiated and 

perpetuated by interaction of immune cells with the vascular endothelium, leading to vascular 

inflammation mediated by cytokines and adhesion molecules, ultimately resulting in plaque 

formation and CVD (132, 159, 342). Therefore, further prospective study is needed to 

elucidate the preferential relationship between systemic inflammation and accelerated 

atherosclerosis in CKD patients. 

This study also demonstrated an association between inflammation and LVH, as well 

as between CIMT and volume overload which is in keeping with the report of Wu et al that 

found a strong association between inflammation and CVD in PD patients (343). The 

presence of LVH in CKD patients is variable. It has been documented in 50%-97% of ESRD 

patients (102, 344-347). In this study, LVH was present in 68% of the CKD patients. Foley et 

al described concentric hypertrophy and eccentric hypertrophy in 44% and 30% of their 

studied population respectively (34). Concentric LVH was the commonest LVH pattern, 

present in 48% of the CKD population in our study. Concentric LVH is associated with 

pressure overload (typically accompanying hypertension, arteriosclerosis or occasionally 

aortic stenosis), and is characterized by increased wall thickness and normal or decreased left 

ventricular chamber (34). Eccentric LVH is characterized by an increase in myocyte length 

that is proportional to the increase in left ventricular diameter (34). Risk factors for eccentric 

LVH include volume overload secondary to salt and water retention, anaemia and 

arteriovenous fistula (6, 34).  

The prevalence of carotid plaques was approximately 7%, which was lower than 14% 

previously reported by another study that investigated CIMT and CVD risk factors among 

kidney transplant recipients (KTRs) cohorts receiving treatment at the same health facility 

(348). This difference may be related to the existence of other CVD risk factors such as 
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diabetes mellitus, previous history of cardiovascular events as well as long-term exposure to 

steroid-based immunosuppressive medications in the KTRs cohorts. Thus, these other risk 

factors might have played a role in KTRs with increased prevalence of carotid plaques. 

However, it remains to be seen whether oxidative stress and the chronic inflammatory state 

contribute to the burden and the severity of CVD in renal transplant recipients. 

Signs of immune dysfunction and elevated levels of inflammatory mediators were 

observed in our patients, and increased with severity of CKD. This study demonstrated that 

serum concentrations of LBP, sCD14, IL-8 and MCP-1 were higher in CKD patients 

compared with the controls, increased with the degree of renal failure; and correlated with 

CIMT. Thus, a possible link between cellular immune activation (as measured by serum LBP, 

sCD14, MCP-1 and IL-8) and atherosclerosis in CKD patients is proposed. 

Serum LBP was associated with elevated endotoxin levels. This finding is in support 

of previous studies that suggested that LBP is a clinical marker of circulating endotoxaemia 

(230, 231). Also, serum LBP was associated with serum levels of monocyte chemoattractant 

protein-1, a chemotactic factor, thus providing evidence that is consistent with the role of 

LBP as an acute phase reactant protein (232, 233). In addition, serum LBP levels had a strong 

association with sCD14 levels, a pattern recognition receptor, which plays a central immuno-

modulatory role in response to signaling by the LPS-LBP complex (133, 159), thus 

supporting a previous study that demonstrated that increased endotoxaemia was associated 

with raised sCD14 concentrations in healthy humans (237). Furthermore, in support of a 

previous study that showed that elevated LBP levels are an independent predictor of CAD, 

our study also established an association between elevated LBP levels and CIMT (349). 

Similarly, this study showed a positive correlation between CIMT measurements and sCD14, 

MCP-1 and LBP levels. Taken together, these findings could indicate that innate 
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inflammatory responses are related to atherogenesis, and may thus be a triggering cascade for 

accelerated atherosclerosis in CKD patients. 

The association of CIMT measurements with lower LBP/sCD14 ratios in combination 

with relatively lower LBP/sCD14 ratio observed in CKD patients is in support of the 

hypothesis that chronic low grade inflammatory-response related atherosclerosis is associated 

with a lower LBP/sCD14 ratio, thus providing the evidence that the capacity of endotoxin to 

activate vascular cells might be relatively greater in these group of patients. This suggests 

that lower concentrations of LBP play an enhancing role in the endotoxin-induced activation 

of peripheral monocytes, tissue macrophages and neutrophils (350). The findings of 

statistically insignificant difference in LBP/sCD14 ratio between CKD patients and the 

controls  suggests a possible role for a CD14-independent signalling pathways, particularly at 

endotoxin concentrations that are higher than physiological levels (159).  

Furthermore, this study demonstrated that the risk of atherogenesis was associated 

with higher circulating endotoxaemia. Further analysis also revealed that the risk was 

significantly predicted by the serum levels of sCD14, IL-8 as well as MCP-1. The data 

suggested that elevated levels of immune mediators, as measured by sCD14, IL-8 and MCP-1 

play a critical role in predicting atherogenic potential of circulating endotoxaemia in CKD 

patients. This observation corroborated previous reports that identified endotoxaemia 

associated with high levels of neopterin or soluble interleukin-2 receptors, which are markers 

of immune activation,  as the only independent predictor of vascular risk in a prospective 

population based study (341).   

Oxidized LDL was closely related to CIMT and the occurrence of carotid plaques in 

the CKD patients. To further assess the association between oxidized LDL and development 

of early atherosclerosis, patients were subdivided into two groups according to CIMT 

measurements. Patients with high CIMT measurements had significantly higher oxidized 
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LDL levels when compared with patients with normal CIMT. These findings taken together 

are in support of previous studies that demonstrated a significant association between 

circulating oxidized LDL and the development of atherosclerosis (351, 352). Oxidized LDL 

may play a significant role in the pathogenesis of acute coronary syndrome by upregulating 

release of inflammatory cytokines and increasing CRP levels, ultimately leading to plaque 

rupture and cardiovascular events (133, 159, 246).  

This study also clearly demonstrated that peritoneal dialysis patients had markedly 

elevated cholesterol and triglycerides levels when compared to haemodialysis and stage 3 

CKD patients. This pattern of dyslipidaemia observed in peritoneal dialysis patients may be 

due to chronic exposure to glucose in the PD fluids and concurrent insulin resistance that 

facilitates transportation of free fatty acids (FFAs) to the liver and subsequent conversion of  

FFAs to triglycerides or very low density lipoproteins (169). However, this study did not find 

significant associations between total cholesterol, LDL, HDL and triglycerides and oxidized 

LDL levels. It is therefore plausible that the serum oxidized LDL and LDL-cholesterol may 

be under different metabolic control in CKD patients. 

The data generated from this study showed that uraemia per se may induce an 

oxidative state in CKD patients. Circulating oxidized LDL was more markedly elevated in 

CKD patients than the age- and sex-matched controls, with the haemodialysis group 

exhibiting the highest oxidative burst, demonstrated by significantly elevated levels of 

circulating oxidized LDL. This seems to support a previous report that stated that dialysis 

therapy may also contribute to the imbalance between oxidative stress and activity of the anti-

oxidative enzymes as well as the anti-oxidant defence mechanisms in patients on chronic 

dialysis (169). Haemodialysis may further contribute to the severity of oxidative stress 

through dialyzer incompatibility, leading to activation of macrophages and eventually 

resulting in oxidative burst. Although peritoneal dialysis is regarded to be more 
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biocompatible than haemodialysis, elevated levels of markers of oxidative stress have been 

reported in peritoneal dialysis patients (169). Nevertheless, the contribution of dialysis 

therapy to the oxidative milieu in ESRD patients is multifaceted; and therefore further studies 

are needed to delineate this complex and not yet fully understood component of the innate 

immune response. 

This study demonstrated that serum levels of TGFβ-1, 2, and 3 are significantly 

reduced in CKD patients compared to the control group, especially in patients with 

subclinical atherosclerosis and carotid plaques. This is in agreement with previous studies in 

non-CKD patients (266) and haemodialysis patients (267). Kempf et al (353) also 

demonstrated reduced expression of TGFβ-1 by peripheral leucocytes in patients who had 

acute myocardial infarction. Similarly, Erren et al showed that TGFβ-1 concentrations are 

low in patients with coronary artery disease and peripheral vascular disease (354). 

Theoretically, the inverse relation TGFβ isoforms and accelerated atherosclerosis in the CKD 

patients may be related to the anti-proliferative and cardio-protective properties of these 

immuno-modulatory cytokines. Transforming growth factor-β1, the most extensively studied 

of the three closely related isoforms of TGFβ, counteracts vascular inflammation by 

inhibiting the synthesis of tumour necrosis factor-α or by down-regulating the pro-

inflammatory effects of IL-1β and interferon-γ (262), ultimately leading to reduction of 

inflammatory cytokine-induced VCAM-1, chemotaxis and leucocyte adhesion to vascular 

endothelial lining, and decreased macrophage activity (263, 264). These are consistent with 

the hypothesis that TGFβ-1 plays a role in the maintenance of normal vascular integrity. 

There is no consensus about the role of TGFβ-1 in the process of atherosclerosis and 

restenosis. Some studies have reported an association between elevated TGFβ-1 levels and 

vascular restenosis lesions (355, 356). In contrast, other authors have showed that decreased 

activation of TGFβ-1 contributes to progression of atherosclerosis (265, 266). Nevertheless, 
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the absence of the anti-proliferative effects of TGFβ-1 in the blood vessels leads to increased 

chemotaxis, deposition of extracellular matrix, proliferation of vascular smooth muscle cells 

and decreased apoptosis, thereby facilitating progression of atherosclerosis or restenotic 

vascular lesions (357, 358). 

The negative associations between TGF-β1 and some of the mediators of the 

endotoxin-signaling pathway (LBP, sCD14, MCP-1, oxidized LDL) which have been shown 

to contribute to immune activation and subclinical atherosclerosis in this study, further 

highlight the cardiovascular protective effect of TGF-β1. This suggests that reduction of 

protective signaling of TGF-β1 results in increased susceptibility to atherosclerosis in 

response to pro-inflammatory stimuli. Clearly, more studies are needed to determine the role 

of the endotoxin-signaling pathway on TGF-β isoforms levels. 

Hypertension which is an established risk factor for myocardial infarction seems to 

influence TGF-β1 levels partially. This observation was supported by the report of an inverse 

relationship between TGF-β1 polymorphisms and hypertension by Cambien et al (359). 

Gender, also to some extent, affected TGF-β1 concentrations in the study population. There 

was a weak association between TGF-β1 and gender. This finding is in support of a previous 

study in non-CKD patients that reported an association between TGF-β1 levels and gender 

(266). The author postulated that serum TGF-β1 levels in women may be under the control of 

antioestrogen hormones, ultimately resulting in the secretion of TGF-β1 by foetal human 

fibroblasts. 

The finding that TGF-β1 levels showed a modest significant correlation with CRP and 

albumin (a marker of malnutrition) was consistent with the report of Stefoni et al (267). 

Stenvinkel et al (328) reported a link between malnutrition, inflammation and cardiovascular 

disease. Therefore, the association between serum TGF-β1 levels and CRP may suggest the 
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degree of vascular inflammation, as with low serum albumin, TGF-β1 levels may suggest a 

state of malnutrition in CKD patients. 

In agreement with a previous report (328), this study also demonstrated lower levels 

of TGF-β levels in haemodialysis patients compared to the controls. According to the report, 

the low levels of TGF-β in haemodialysis patients may be due to subclinical endothelial 

damage or a result of heparin-mediated activation of TGF-β signaling pathways which may 

lead to reduced serum levels of TGF-β isoforms, as a consequence of exhaustion resulting 

from the repeated binding of TGF-β to various TGF-β receptors. However, heparin-mediated 

activation of TGF-β pathway might not explain the low levels of TGF-β in peritoneal dialysis 

patients, since this group of patients were not exposed to heparin. Multiple linear regression 

analysis showed that subclinical atherosclerosis is an independent determinant of TGF-β 

levels in all CKD patients. It is therefore plausible that subclinical endothelial damage 

leading to progression of atherosclerosis may hold the key to interpreting the lower levels of 

TGF-β isoforms in the CKD patients compared to the controls. Nonetheless, additional 

studies are needed to explore the complex biology of TGF-β signaling pathways in CKD 

patients. The contributory role of TGF-β to severity of atherosclerosis as well as correlations 

between TGF-β levels and other CVD risk factors in CKD patients should be subjected to 

further evaluation by larger longitudinal controlled studies. 

A major finding of this study is the significant association between the IL-6 

polymorphisms and elevated serum levels of IL-6 in the CKD patients. The majority of the 

study population had G/G or G/C genotypes (otherwise referred to as high producers) and had 

significantly elevated IL-6 levels compared to CC genotype subjects with lower IL-6 levels. 

These findings are supported by a previous study that showed that IL-6 levels are lower in 

individuals with CC genotype, compared with GG or GC subjects (360). In addition, this 

study did not find any association between IL-6 polymorphism and the presence of 
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subclinical atherosclerosis in the CKD patients, and this may be explained by the fact that the 

majority of the study population had G/G or GC genotype which seems to protect against the 

development of atherosclerosis; more so, no correlation was found between IL-6 levels and 

subclinical atherosclerosis in the CKD patients. There are no conclusive data in the literature 

on the correlation of IL-6 polymorphism to atherosclerosis. Some studies have shown that 

individuals who are homozygous for the C alleles had a higher risk for significant coronary 

artery stenosis (361, 362). On the contrary, another study has reported a close association 

between the G-allele and carotid intima media thickness, another surrogate marker of 

atherosclerosis(363). These contradictory findings may be due to the different methods of 

assessing carotid atherosclerosis, the severity of the disease as well as the racial difference 

among the study population.  

Available evidence from this work rule out the possibility that genetic patterns of 

production ultimately affect serum levels of TGF-β1 in the CKD patients. The prevalence of 

low producers among the CKD patients was only 8%, and there was no difference in the 

levels of TGF-β1 between low producers and high producers. This is in keeping with 

previous findings (267).  Although there is no explanation for this result however, given the 

complexity and the variety of the TGF-β family responses, future studies targeted at 

exploring potential defects in the activation and signalling pathway of TGF-β1 might well 

hold the key to understanding the mechanisms leading to low serum TGF-β1 levels in CKD 

patients. 

A major limitation of this study is the relatively small number of successfully 

genotyped SNPs in the patients and the controls as well as the predominance of black patients 

in the study. This might have limited the statistical power of the study to detect any 

difference in the genetic associations between the CKD patients and the controls, thus 
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potentially biasing the outcome of the study. These results should be replicated in a larger and 

more diverse CKD population to determine if these findings are generalizable. 

This is a single-center descriptive study where volume overload and nutritional status 

were defined by a body composition monitor device as designed by the manufacturer. There 

is lack of local data on validation of BIS in healthy populations. Nevertheless, all output 

parameters of the body composition monitor have thus far been validated against the gold 

standard reference method (by isotope dilution) in both patients and healthy individuals (299, 

300, 364, 365). Most importantly, the BIS measurement technique is highly reproducible and 

very specific in the detection of both nutritional and fluid status (301-303). Future 

longitudinal studies are therefore needed to determine the impact of guided optimization of 

fluid status on malnutrition, inflammation and CVD in CKD patients. 

Even though this study provided strong evidence linking endotoxaemia to CIMT, an 

important risk factor for cardiovascular morbidity and mortality in CKD patients on 

maintenance dialysis (366, 367) as well as pre-dialytic CKD patients (368), the findings of 

this study can only be regarded as preliminary considering the study design, which was cross 

sectional. This study did not allow for evaluation of cause and effect relationship between 

endotoxaemia-related immune activation and atherosclerosis. A prospective epidemiological 

study is needed to determine the potential contributory role of endotoxaemia-induced 

immune activation to the risk of incident atherosclerosis in the African CKD populations. 

Also, additional studies are needed to determine whether elevated circulating endotoxaemia 

could predict cardiovascular outcomes in CKD patients with an attendant high burden of 

CVD. 

Measurement of TLR-4 levels or genetic analysis for TLR-4 polymorphism was not 

done in this study. Recently, TLR-4 polymorphism was shown to be associated with reduced 

incidence of CVD in a Caucasian population (369). It remains to be seen whether expression 
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of TLR-4 or mutations in TLR-4 gene will predict susceptibility to atherosclerosis and CVD 

in African CKD patients.  

Another aspect that requires further study is the investigation of therapeutic strategies 

that could potentially lead to the reduction of systemic inflammation in CKD patients through 

anti-inflammatory properties. Available evidence suggested that sevelamer and statins may 

have additional protective roles in blocking some of the endotoxin signaling pathways, 

leading to a decrease in inflammatory response (248, 256). Therefore, a larger and 

sufficiently powered randomized controlled trial may possibly give an insight into whether 

controlling inflammation may improve cardiovascular outcomes or not. 

Another possible limitation is the use of melondialdehyde (MDA)-LDL as the only 

marker of oxidized LDL in this study. The study was not designed to evaluate the presence 

and significance of other markers of oxidized LDL such as 4-hydroxynonenal (HNE)-LDL 

and oxidized phospholipids in patients with CKD. Moreover, oxidized LDL is heterogeneous 

in nature. Possibly, measurement of a single marker of oxidized LDL could have resulted in 

underestimation of oxidative stress in the CKD population. Perhaps, other markers of 

oxidized LDL may be more associated with mechanisms of endotoxaemia-induced 

atherosclerosis than MDA-LDL; thus, providing a plausible explanation for the inability of 

this study to establish a direct link between circulating endotoxin levels and oxidized LDL 

(MDA-LDL). Therefore additional studies are needed to evaluate the occurrence and to 

determine the importance of other epitopes of oxidized LDL in the pathogenesis of 

subclinical atherosclerosis in African CKD patients. In addition, because this was a cross-

sectional study, the causal relationship between oxidized LDL and early atherosclerosis 

remains to be proven. Larger longitudinal studies are therefore also needed to elucidate the 

relationship between circulating oxidized LDL levels and subclinical atherosclerosis. 
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In summary, volume overload was common across the spectrum of the South African 

CKD patients. Bio-impedance spectroscopy device and IVCD measurements are useful, 

inexpensive and simple tools for evaluation of hydration status in CKD patients. Bio-

impedance spectroscopy measurement is a more sensitive method of detecting volume 

overload in ‘clinically euvolaemic’ non-dialytic CKD patients. Moreover, technical and time-

based limitations should be considered during IVCD measurements. Fluid overload was 

aggravated by deteriorating renal function. Volume overload was independently predicted by 

uraemia, inflammation, malnutrition, atherosclerosis and left atrial dimension. The 

correlation between inflammation, malnutrition, atherosclerosis and markers of volume 

overload suggests that volume overload may play a role in the pathogenesis of the 

“malnutrition-inflammation-atherosclerosis” syndrome in CKD patients  

Chronic kidney disease patients presented with overt fluid overload and significant 

endotoxaemia, which increases in advanced stages of CKD. Specifically, haemodialysis may 

play a role in the generation of endotoxaemia, through the induction of circulatory 

haemodynamic stress, leading to intestinal ischaemia and bacteria translocation from the gut. 

This study explored the association between endotoxaemia and accelerated atherosclerosis 

among an indigenous black CKD population. Circulating endotoxaemia was related to 

systemic inflammation and subclinical atherosclerosis as measured by CIMT. This study also 

provided additional evidence that circulating endotoxaemia is possibly a component of the 

“malnutrition-inflammation-atherosclerosis syndrome”.  

 The study also showed that endotoxaemia was related to the degree of severity of 

immune activation and atherosclerosis. Additional findings from this study suggested that the 

risk of subclinical atherosclerosis was determined by elevated serum levels of sCD14, IL-8 as 

well as MCP-1, thereby providing evidence that severe immune activation may amplify the 

role of endotoxin as a pro-inflammatory mediator of atherosclerosis in CKD patients. There is 
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an association between oxidized LDL, CIMT and occurrence of carotid plaques in the CKD 

patients. Oxidized LDL may play an important role in the pathogenesis of accelerated 

atherosclerosis in CKD patients. It is plausible that the concentrations of circulating oxidized 

LDL in the CKD patients are independent of serum lipids levels, indicating that the serum 

oxidized LDL and LDL-cholesterol may be under different metabolic control.  

This study also demonstrated a significantly lower serum levels of TGFβ-1, 2, and 3 in the 

CKD patients compared to the control group, especially in patients with subclinical 

atherosclerosis and carotid plaques, thus suggesting that reduced levels of TGFβ isoform may 

contribute to the susceptibility and severity of atherosclerosis in CKD patients. Our study also 

confirmed a close association between IL6 polymorphisms (−174G/G and −174G/C) and 

elevated IL-6 levels in CKD patients. 
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CHAPTER 5 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

This study demonstrated that volume overload was common across the spectrum of 

CKD patients and was associated with the severity of kidney failure, inflammation, 

malnutrition, atherosclerosis and cardiac enlargement. Bio-impedance spectroscopy device is 

a more sensitive tool than IVCD measurement for the assessment of fluid status in clinically 

euvolaemic non-dialytic CKD patients. Circulating endotoxaemia is also common among the 

CKD patients and is related to volume overload and aggravated by initiation of dialysis.  

This study is the first to explore the potential role of some elements of the endotoxin 

signaling receptor complex – to explain the association between circulating endotoxin and 

atherosclerosis in African CKD patients. Clearly, circulating endotoxaemia was related to 

accelerated atherosclerosis as measured by CIMT, a surrogate marker of atherosclerosis. The 

risk of atherosclerosis was associated with serum levels of endotoxins, with excess risk 

confined to the group with high endotoxin levels. This study also provided evidence to 

suggest that circulating endotoxaemia may contribute to atherosclerosis by maintaining a 

heightened state of inflammatory response in CKD patients with volume overload. CKD 

patients with high circulating endotoxaemia in combination with high levels of sCD14, IL-8 

or MCP-1 showed markedly elevated risk of early atherogenesis. The findings therefore 

suggest that the atherogenic predictive power of endotoxin is significantly increased by the 

presence of high concentrations of immune mediators in CKD patients. Even though 

endotoxaemia independently predicted atherosclerosis, this study however, was not able to 

establish an association between endotoxaemia and inflammatory markers, thus suggesting 

possible multifaceted mechanisms leading to chronic low grade inflammation in CKD 
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patients. Furthermore, the additive contribution from the low serum TGF-β levels may 

increase the severity of atherosclerosis in CKD patients. 

Oxidized LDL concentrations were associated with CIMT, carotid plaques and left 

ventricular dysfunction. Elevated levels of oxidized LDL – indicative of oxidative stress – 

may play an important role in the pathogenesis of CVD in CKD patients. Notably, the data 

showed that oxidized LDL levels in CKD patients are independent of serum lipids levels, 

indicating that the serum oxidized LDL and LDL-cholesterol may be under a different 

metabolic control. Finally, there is a close association between IL-6 polymorphisms (G/G and 

G/C) and elevated serum IL-6 levels in CKD patients. 

Limitations of this study 

The major limitation of this study was the cross sectional design. The findings can be 

regarded as a preliminary report. The cause and effect relationship between endotoxin levels 

and accelerated atherosclerosis remain to be established. Moreover, measurement of TLR-4 

levels or genetic analysis for TLR-4 polymorphism was not done in this study. This could 

have helped to ascertain whether the presence of mutation in TLR-4, an integral part of 

endotoxin signalling, will influence occurrence of atherosclerosis among indigenous African 

CKD patients. Although this study provided evidence that suggests that chronic inflammatory 

state may contribute to severity of anaemia in the studied CKD patients, however it did not 

evaluate the influence of circulating endotoxaemia and inflammatory markers on the doses of 

ESAs received by the dialysis patients. Additional future studies will be needed to evaluate 

the influence of circulating endotoxaemia on the response to ESAs therapy in end stage renal 

disease patients. Moreover, the use of melondialdehyde (MDA)-LDL as the sole marker of 

oxidized LDL in this study could have resulted in underestimation of oxidized LDL in the 

studied CKD population since oxidized LDL is heterogeneous in nature, comprising other 

epitopes such as 4-hydroxynonenal (HNE)-LDL and oxidized phospholipids.                      
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The predominance of black patients in the study might have limited the statistical power of 

the study to detect any difference in the genetic associations between the CKD patients and 

the controls, thus potentially biasing the outcome of the study. 

Recommendations 

1. As endotoxaemia is common in CKD patients, and related to accelerated 

atherosclerosis, it is recommended that, prevention of endotoxaemia, through treating 

foci of endotoxin (periodontal disease, catheters, vascular access) or reducing bacteria 

translocation from the gut and/or endotoxin-induced vascular inflammation (by 

cholestyramine, sevelamer carbonate and statins) may potentially reduce the chronic 

inflammatory state in CKD patients. 

2. The data provided evidence that haemodialysis may play a role in inducing 

haemodynamic stress during haemodialysis therapy, thereby predisposing to reduction 

of intestinal perfusion and exposure to circulating endotoxaemia. It is recommended 

that focus should be on reduction of circulatory stress during haemodialysis therapy as 

a potential therapeutic strategy to reduce cardiovascular morbidity and mortality. 

3. Volume overload was common across the spectrum of studied CKD patients, and is 

related to subclinical atherosclerosis and cardiac enlargement. It is therefore 

recommended that guided optimization of control of fluid status and ideal dry weight 

be adhered to, especially in patients on dialysis, using a body composition monitor, as 

this study clearly demonstrated that body composition monitor measurements are 

useful in the early detection of volume overload in ‘clinically euvolemic’ non-dialytic 

stage 3 CKD patients. 

4. A prospective epidemiological study is needed to determine the potential contributory 

role of immune activation and oxidative burst on the risk of incident atherosclerosis 

and CVD among indigenous African CKD populations. 
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5. A larger and sufficiently powered randomized controlled trial may possibly give 

insight into whether controlling endotoxin-related inflammation may improve 

cardiovascular outcomes or not. 

6. A study is needed to determine the importance of other epitopes of oxidized LDL in 

the pathogenesis of subclinical atherosclerosis in CKD patients. 

7. The results of the cytokine genotyping should be reproduced in a larger CKD 

population from different ethnic groups to determine if the findings of this study are 

generalizable. 
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Abstract 

Background: Fluid overload occurs early in chronic kidney disease (CKD); driving 

inflammation, left ventricular hypertrophy (LVH) and atherosclerosis. This study is aimed to 

assess volume overload in South African CKD patients and determine the relationship 

between malnutrition, inflammation, cardiovascular disease (CVD) and volume overload 

using bio-impedance spectroscopy (BIS) analysis. We also evaluated the usefulness of bio-

impedance spectroscopy (BIS) and inferior vena cava diameter (IVCD) measurements in 

assessing volume overload. 

Methods: One hundred and sixty patients comprising haemodialysis (HD), peritoneal dialysis 

(PD), stage 3 CKD patients and controls (40 in each group) were studied. Bio-impedance 

spectroscopy method, Body Composition Monitor (BCM) was used to assess fluid and 

nutritional status. Echocardiographic studies were done for the presence of LVH, IVCD and 

carotid intima media thickness (CIMT). Serum interleukin-6 (IL-6) levels and C-reactive 

protein (CRP) were measured as markers of inflammation. 

Results: Volume overload and malnutrition were present in 88% and 63% of the CKD 

patients. Nutritional markers, inflammation, atherosclerosis and left atrial dimension were 

associated with volume overload. Receiver operating concentration (ROC) curves for IVCD 

(11.5mm/m
2
) in predicting fluid overload using BIS as confirmatory tool showed AUC of 

0.727 (sensitivity 0.504, specificity 0.818, p<0.0001). 

Conclusions: Volume overload was common across the spectrum of South African CKD 

cohorts and was associated with malnutrition, inflammation. BIS is a more sensitive tool than 

IVCD measurements for the assessment of fluid status in clinically euvolumic non-dialytic 

CKD patients.  
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Summary 

Volume overload and malnutrition are not uncommon among predominantly black stage 3 

CKD cohorts. Volume overload was independently predicted by uraemia, inflammation, 

malnutrition, atherosclerosis and left atrial dimension in South African CKD patients. Bio-

impedance spectroscopy measurement is more sensitive than IVCD measurements in 

detecting volume overload in ‘clinically euvolaemic’ non-dialytic CKD patients.  
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Introduction 

Fluid retention occurs early in CKD, resulting in chronic fluid overload which is closely 

associated with LVH (1), hypertension (2), cardiac dysfunction (2),  inflammation (3) and 

mortality in dialysis patients (4). Malnutrition adversely affect prognosis in CKD patients, 

aggravating existing inflammation and accelerating atherosclerosis (5), and is closely 

associated with an increase morbidity and mortality in these patients (6, 7).  

Carotid intima media thickness is an independent risk factor for CVD events and mortality (8, 

9).
 
Wealth of evidence from observational and interventional studies has validated CIMT as a 

good surrogate marker for CVD (10-14). The predictive association between baseline CIMT 

and increased CVD risk has been demonstrated in healthy young adult populations (15, 16). 

Body composition monitor, is fast, non-invasive and cheap method for detecting malnutrition 

and volume overload (17). It is based on the principle of BIS, a method that measures 

opposition of alternating electric current by body cells and tissues over a wide range of 

frequencies, and also incorporates three-compartments (3C) model of body composition (17).  

The BCM has been validated against various gold standard methods to detect total body 

water, extracellular water (ECW) and intracellular water (ICW) based on the assumption that 

in healthy individual, regardless of the body composition, a predetermined mass of tissue 

represent fixed amount of ICW and ECW, thus implying that the ratio of ECW to ICW in a 

fixed mass of tissue is constant (18). This 3C compartments model detects excess fluid, 

differentiates normal hydrated lean tissue mass from normal hydrated fat tissue mass and also 

provides a specific method for assessing nutritional and fluid status in dialysis patients  (19).  

In addition, body cell mass, an indicator of both visceral and somatic protein in the body, 

have also been validated in HD patients (20). Even though the use of BIS for the assessment 

of nutritional status has been described previously in HD (21, 22) and PD (3, 23) patients, its 
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usefulness in the assessment of malnutrition in patients with early CKD (stage 3) is yet to be 

reported in the literature. 

Furthermore, BIS, provides a precise and specific method for obtaining information about 

fluid status in healthy population, HD, PD and renal transplant patients (17, 24-26). However, 

there is paucity of local data on the usefulness of BIS analysis for detection of volume 

overload in patients with CKD but not yet requiring dialysis. Although there is a wealth of 

data suggesting that malnutrition, inflammation and atherosclerosis are major predictors of 

mortality in CKD patients (3, 27-29), it remains to be established whether volume overload 

contributes to malnutrition, inflammation and atherosclerosis in a predominantly black 

African CKD population; with traditionally lower risk of atherosclerotic CVD. We aimed to 

assess volume overload and malnutrition using a BCM among the spectrum of black South 

African CKD patients and also investigate relationship between malnutrition, inflammation, 

subclinical atherosclerosis and volume overload in CKD patients. We also compared the 

utility of BIS and echocardiographic measurements in assessing volume overload.  

Subjects and Methods  

A cross-sectional study of 120 CKD patients treated at Charlotte Maxeke Johannesburg 

Academic Hospital (CMJAH), Johannesburg; comprising 40 each of PD, HD and stage 3 

CKD patients as well as 40 age and sex-matched controls. The study was approved by the 

University of the Witwatersrand, human research ethics committee (Protocol M130127) and 

was in accordance with the Helsinki Declaration of 1975, as revised in 2000.  

Information regarding demographic data was documented. Height was measured to the 

nearest 0.5 cm and weight to the nearest 0.1 kg using the Seca 220 telescopic measuring rod 

(Seca gmbh GmbH & Co, Germany) and body mass index (BMI) was calculated as the ratio 
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of weight to height squared. The dry weight was used to calculate BMI in haemodialysis 

patients. Estimated glomerular filtration rate (eGFR) was calculated using CKD-EPI formula.  

Haemoglobin concentration, creatinine, albumin, calcium, phosphate and intact parathormone 

were analysed in the National Health Laboratory as part of the routine standard of care using 

ADVIA
R
 auto-analysers (Siemens Healthcare Diagnostics Inc, USA). 

C-reactive protein and Interleukin-6 assay 

Serum CRP and IL-6 assays were analyzed using Luminex® Performance Assay multiplex 

kits (R&D Systems, Inc. Minneapolis, USA). Assays were in accordance with the 

manufacturer’s instructions.  Absorbance for CRP and IL-6 were read in the bead region 8 

and19 respectively, on the Bio-Plex
TM 

200 system (Bio-Rad, Texas, USA) and concentrations 

were generated automatically with Bio-Plex manager
 

software, version 5.0 (Bio-Rad 

Laboratories Inc, Hercules, USA).  

Bio-impedance spectroscopy analysis  

Fluid and nutritional status were evaluated with BCM (Fresenius Medical Care, Germany). 

Malnutrition was defined as lean tissue index (LTI) less than the 10th percentile of a 

reference population (30). Percentage body cell mass (%BCM) was computed using the 

formula: 100 x BCM/current weight. Male and female patients with %BCM less than 35% 

and 30% respectively were considered malnourished (31). Fluid overload was defined by 

absolute overhydration (in litres) or as OH/ECW% ≥15% (32). Exclusion criteria included 

patients with amputated limbs, patients with pacemakers and/or implants; and patients with 

incomplete measurements. In addition to the fluid overload measurement by the BCM, 

patient’s fluid status was also assessed by evaluating for the presence of oedema. 
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Echocardiography 

Echocardiography was performed according to the American Society of Echocardiography 

recommendations (33, 34) using the Philips iE33 machine equipped with a S5-1 1-5 MHz 

transducer (Philips Corporation USA).  

Carotid intima media thickness  

As previously described (35), CIMT was assessed using high resolution B-mode 

ultrasonography with the aid of L3-11 MHz linear array transducer (Philips Corporation 

USA).  

Inferior vena cava diameter measurement 

The anteroposterior dimension of IVCD was measured using two-dimensional and Doppler 

recordings 1.5 cm below the diaphragm in the hepatic segment. The IVCD was expressed as 

IVCD in expiration, adjusted for body surface area (BSA). Fluid overload was defined as 

IVCD >11.5mm/m
2 

(36). The collapsibility index (CI) was calculated as the percentage of 

decrease in IVCD in inspiration versus expiration. Patients with a CI lower than 40% were 

considered to be fluid    overloaded (37). 

Data analysis 

 Data analyses were performed using the statistical package for social sciences (SPSS) 

version 16 (SPSS, Inc., Chicago IL). Patients’ parameters were presented as mean ± SD for 

continuous data, and percentages and frequencies for categorical data. Categorical data were 

compared using the chi-square test and continuous data using Mann Whitney and Kruskal 

Wallis test. We ascertained sensitivity and specificity of IVCD (cut-off value: 11.5mm/m
2
), 

CI (cut-off value: <40%) and the presence of oedema (by physical examination) for fluid 

overload using receiver operating concentration (ROC) curve analysis. Correlation between 
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variables was assessed by the Spearman or Pearson correlation coefficients accordingly. 

Factors independently associated with fluid overload were further explored by a multiple 

linear regression analysis. A P<0.05 (two-tailed) was considered significant. 

Results 

Demographic, clinical and laboratory data 

A total of 160 participants, include HD, PD, stage 3 CKD patients and controls (40 in each 

group) were enrolled for this study. Demographic, clinical and laboratory parameters of 

participants were shown in Table 1.  

Characteristics of the study population 

Fluid status 

Fluid status, inflammatory response, nutritional status, echocardiographic parameters and 

CIMT measurements in different subgroups of patients were described in Table 2. 

Overhydration and its percentage in relation to extracellular water (OH/ECW %) and IVCD 

were higher in CKD patients when compared to the values in the controls, while the 

collapsibility index was significantly lower in patients compared to the control group. 

Overall, fluid overload defined by BIS, IVCD, CI and oedema (by physical examination) was 

present in 87.5% (105/120), 52% (62/120), 29% (35/120) and 62% (74/120) of all CKD 

patients respectively. Ninety-eight percent (54/58), 95% (81/85) and 89% (41/46) of the CKD 

patients initially identified as normovolumic by IVCD, CI and physical examination 

respectively were diagnosed as volume overloaded by BIS machine. Specifically, all patients 

on HD were overloaded while 90% (36/40) and 72.5% (29/40) of PD and stage 3 CKD 

patients respectively were diagnosed as fluid overloaded by BCM. 
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Nutritional status 

CKD patients were generally malnourished, with LTI (14.2 ± 3.2 vs 16.1 ± 3.0 kg/m
2
, 

p=0.002) and BCM (21. 2 ± 7.2vs 25.6 ± 7.9 kg; p=0.027) significantly lower than in the 

controls while FTI (12.8 ± 7.7 vs 10.9 ± 6.7kg/m
2
, p=0.005) and ATM (42.0 ± 21.0  vs 33.3 ± 

18.2 kg, p=0.007) were significantly higher in the controls. As defined by low LTI, 63.3% 

(73/120) of the CKD patients were malnourished, 65% (78/120) of the patients were 

undernourished as evidenced by increased FTI, while 50.8% (61/120) of the patients had 

malnutrition diagnosed by low %BCM.  There was a strong correlation between LTI and 

%BCM (r=0.785, p<0.001), LTI had a weak correlation with FTI (r=−0.252, p=0.006) while 

FTI also weakly correlated with %BCM (r=−0.311, p=0.001). Malnutrition was diagnosed by 

low LTI in 55% (22/40), 60% (24/40) and 37.5% (15/40) of the HD, PD and stage 3 CKD 

patients respectively. Further analysis showed that 81.3% (35/43) of the patients with volume 

overload had malnutrition. Fat tissue index also showed a strong association with BMI 

(r=−0.890, p<0.001). 

Inflammatory markers 

 There was significant increment in the levels of inflammatory markers in the CKD subjects 

compared to the controls (CRP: 0.87 ± 0.72 versus 0.45 ± 0.48 mg/dL, p<0.001; IL-6: 2.70 ± 

3.76 versus 1.03 ± 1.15 pg/ml, p<0.001).  

Echocardiographic and carotid ultrasound 

Chronic kidney disease patients had severe cardiac chamber enlargement compared to the 

controls (left ventricular mass index: 118.8±38.8 vs 84.4±15.9 g/m2, p<0.001; left atrial 

dimension: 4.0 ± 0.7 vs 3.1 ± 0.4 cm, p<0.001). Left ventricular ejection fraction was 

significantly lower in CKD patients compared to the controls (EF: 58.6 ± 8.8 vs 65.0±8.0 %, 
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p<0.001). Patients with kidney failure had significantly lower E/A ratio and higher left 

ventricular filling pressure (E/e’); when compared to the control group; p<0.001. However, 

there was no significant difference in the deceleration time between CKD patients and those 

with normal kidney function. Carotid intima media thickness was significant higher among 

CKD patients compared to the controls (0.58 ± 0.12 versus 0.45 ± 0.05 mm; p<0.001). 

Further analysis showed that CIMT was 0.63 ± 0.12; 0.56 ± 0.09 and 0.56 ± 0.12 in PD, HD 

and CKD stage 3 patients respectively   (Figure 1).   

Receiver operating characteristic curve analysis of fluid status assessment 

Receiver operating characteristic curve analysis was performed to calculate the sensitivity 

and specificity of IVCD (cut-off value of 11.5mm/m
2
), CI (cut-off value of <40%) and 

oedema (physical examination) as a diagnostic tool to detect volume overload (defined by 

OH/ECW%≥15%) in the studied patients. The area under concentration curve (AUC) for 

IVCD, CI and edema were 0.663 (sensitivity 0.581, specificity 0.624, p=0.002), 0.662 

(sensitivity 0.372, specificity 0.821, p =0.002) and 0.740 (sensitivity 0.814, specificity 0.667, 

p<0.0001) respectively. 

Characteristics of patients with fluid overload (defined by OH/ECW% ≥15%) 

As shown in Table 3, compared with patients with normal hydration status, patients with 

volume overload were anaemic (haemoglobin: 10.6 vs 12.5 g/dL, p<0.0001), had severe renal 

failure (eGFR: 7.6 vs 30.4 ml/min/1.73m
2
, p<0.001), had severe inflammation (CRP: 1.24 ± 

0.70 mg/dL vs 0.89 ± 0.72 mg/dL, p=0.011) (Figure 2); IL-6: 3.6 vs 2.1 pg/ml, p=0.023), 

undernourished (LTI:12.4 vs 15.2 kg/m
2
, p<0.0001; FTI: 10.2 vs 14.3 kg/m

2
, p=0.002; BCM: 

17.7 vs 23 kg; p<0.0001), had lower serum albumin (36.2 vs 39.8 g/L) but had higher 

cardiovascular morbidity (LVMI: 132 vs 110 g/m
2
, p=0.002; CIMT: 0.61 vs 0.56mm, left 
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atrial enlargement (LAE): 4.2 vs 3.7 cm, p<0.0001). Overall, 68% of CKD patients had left 

ventricular hypertrophy (LVH) with concentric LVH being the commonest pattern (Table 4).   

Association between fluid status and some measured variables in CKD patients   

Table 5 shows the correlations between some of the studied parameters in patients with CKD. 

Markers of inflammation, nutritional status, CIMT, LVMI and LAD were weakly correlated 

with volume parameters. OH/ECW% showed slight positive correlation with IL-6 (r=0.313; 

p<0.001) and LVMI (r=0.303; p<0.001); and slight inverse correlation with serum albumin 

(r=−0.289, p<0.001), lean tissue index (r=−0.326, p<0.001) and fat tissue index (r=−0.297, 

p<0.001). Carotid intima media thickness correlated with overhydration (r=0.442, p<0.001) 

and OH/ECW% (r=0.421, p<0.001). Carotid intima media thickness was also weakly 

associated with CRP (r=0.418, p<0.001). Left atrial size positively correlated with 

overhydration (r=0.454, p<0.001), OH/ECW% (r=0.489, p<0.001) and IVCD (r=0.345, 

p<0.001). Serum creatinine correlated with all four markers of volume overload 

(overhydration: r=0.551, p<0.001; OH/ECW%: r=0.554, p<0.001; IVCD: r=0.358, p<0.001; 

and CI: r=−0.399, p<0.001). No correlation was seen between markers of volume overload 

and age. Multiple linear regression analysis was performed to further determine which of the 

variables independently predicted volume overload in CKD patients. Only serum creatinine 

(β=0.152, p<0.001), LTI (β=− 0328, p<0.001), FTI (β=−0.261, p<0.001), LAD (β=0.336, 

p<0.001) and CIMT (β=0.238, p=0.002) were identified as independent determinants of 

volume overload (Table 6), with overall model r
2 

= 0.55. When looking at the effect of 

volume overload on the markers of inflammation, OH/ECW% significantly affect CRP and 

IL-6 levels (p<0.002 and p<0.001 respectively) in CKD patients.  
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Discussion 

This study demonstrated that volume overload was very common across the spectrum of our 

CKD patients. Fluid overload by BCM occurred in all HD patients (100%), 90% of PD 

patients and 73% of stage 3 CKD patients in this study and was exceptionally high when 

compared to previously reported prevalence of 39%, 66.8% and 50% among HD (38), PD 

(39), and non-dialytic CKD patients (40) respectively, possibly because this study involved 

predominantly black CKD cohorts, with hypertension (49.2%) and presence of LVH (68%) in 

a large proportion of the study population.  

Body composition monitor significantly improved the sensitivity in diagnosis of volume 

overload when compared with echocardiographic measurements and physical examination. 

The prevalence of fluid overload using BCM in this study was substantially higher than the 

diagnostic rates of 52%, 29% and 62% by IVCD, CI and physical examination respectively. 

This supports the use of BCM in the earlier detection of occult volume overload in ‘clinically 

normovoleamic’ non-dialytic CKD patients, since strict volume control has been documented 

to play a crucial role in the amelioration of cardiovascular complications in CKD patients 

(39, 41) as well as improve the survival of dialysis patients (42).  

Although a previous report had suggested that IVCD measurements are useful markers for 

volume overload in CKD patients (37), this study demonstrated that the sensitivity and 

specificity of IVCD measurements as a diagnostic tool for fluid overload was relatively low 

compared to BCM which was used as the confirmatory test. Perhaps, IVCD measurements 

could have overestimated the underhydrated state as a result of delay of refilling from the 

interstitial fluid compartment into the intravascular space (43). In addition, bio-impedance 

spectroscopy and inferior vena cava diameters measure fluid in different compartments (44, 

45).    
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Available evidence suggests that the degree of renal impairment was associated with 

overhydration (37). We observed a close relationship between serum creatinine and all 

markers of volume status, suggesting that impaired excretion of salt and water by the kidneys 

may contribute to retention of fluid in CKD patients. This had been previously reported in 

non-dialytic CKD and continuous ambulatory peritoneal dialysis patients (CAPD) (37, 39). 

The prevalence of malnutrition as expressed by low LTI was present in 63% of our CKD 

patients, and this is in consistent with the report of a previous study which established 

undernutrition in about 60% of the study population (22). However, when %BCM was used, 

50.8% of our CKD patients were classified as malnourished and this was slightly higher than 

the previously reported prevalence of 43.9% by Oliveira et al (21). Assessment of nutritional 

status by %BCM is more specific than LTI because the lean tissue mass contains extracellular 

water which is typically increase in CKD, thereby resulting in overestimation of nutritional 

status in CKD patients (21). Thus, explaining the variation between the prevalence of 

malnutrition measured by low LTI and %BCM.  

Remarkably, our study demonstrated a high prevalence of malnutrition of about 40% among 

stage 3 CKD patient. This highlights the significance of protein-energy malnutrition in early 

CKD as well as the usefulness of whole body BIS device (BCM) for early detection of 

malnutrition in non-dialytic CKD patients. Bio-impedance spectroscopy may be useful for 

regular monitoring of hydration and nutritional status in non-dialytic CKD patients; thus 

allowing early recognition of a high-risk patient that may benefit from aggressive treatment 

of malnutrition and overhydration.   

This study further demonstrated high prevalence of volume overload (81%) among CKD 

patients with low LTI. This study also showed that overhydrated patients had lower serum 

albumin and serum albumin showed a modest but significant association with markers of 
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fluid overload. Theoretically, hypoalbuminaemia in undernourished patients not only brings 

about reduced plasma oncotic pressure, leading to fluid retention in interstitial space; it may 

also be a consequence of dilution from resulting volume overload. Even though our study 

suggests that hypoalbuminaemia may contribute to fluid retention in our CKD cohorts, it 

remains to be seen whether nutritional rehabilitation will improve cardiovascular outcomes in 

CKD patients.   

The presence of LVH in CKD patients is variable. It was documented in 50%-97% of end 

stage renal disease patients (41, 46-49). In this study, we found LVH in 68% of the CKD 

patients, with concentric LVH being the commonest LVH pattern present in 48% of our CKD 

population. Foley et al had previously described concentric hypertrophy and eccentric 

hypertrophy in 44% and 30% of their studied population respectively. We also demonstrated 

an association between inflammation and LVH as well as between CIMT and volume 

overload which is in keeping with the study of Wu et al that found a strong association 

between inflammation and cardiovascular disease in PD patients (29). 

There is increasing evidence that fluid overload is an important and independent predictor of 

inflammatory activation in CKD. We established a relationship between volume overload and 

markers of inflammation. This is in keeping with a previous study in PD cohorts that showed 

an association between hypervolaemia and inflammation (50); this study showed that relative 

overhydration was common in PD patients with inflammation compared with those without 

inflammation (50). Similarly, in our study, we demonstrated that fluid overloaded patients 

had elevated mean CRP and IL-6 values when matched with those without fluid overload.  

On multiple linear regression analysis, serum creatinine, LTI, FTI, CIMT and LAD were 

identified as independent determinants of fluid overload in CKD patients. In addition, volume 

overload significantly predicted inflammation in the CKD patients. These findings 
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corroborated report of earlier studies that showed a link between volume overload and the 

“malnutrition-inflammation-atherosclerosis” syndrome (27, 28, 51-53).  Stenvinkel et al, 

found a strong association between malnutrition, inflammation and occurrence of 

cardiovascular disease in patients starting dialysis (28). Likewise, Dermirci et al reported a 

close association between inflammation, atherosclerosis and volume parameters in peritoneal 

dialysis patients (3). The same group identified LAD as a surrogate marker of fluid overload, 

confirming the findings of our study.    

This study is a single-center descriptive cross-sectional study. Volume overload and 

nutritional status were defined by a body composition monitor device as designed by the 

manufacturer. There is lack of local data on validation of BIS in healthy populations. 

Nevertheless, all output parameters of the body composition monitor have thus far been 

validated against the gold standard reference method by isotope dilution in both patients and 

healthy individuals (54-57). Most importantly, the BIS technique is highly reproducible and 

very specific in the detection of both nutritional and fluid status (58-60). Future longitudinal 

studies are needed to determine the impact of guided optimization of fluid status on 

inflammation and cardiovascular disease in CKD patients. 

In conclusion, volume overload and malnutrition was highly prevalent across the spectrum of 

the South African CKD patients. Bio-impedance spectroscopy measurement is more sensitive 

than IVCD measurements in detecting volume overload in ‘clinically euvolaemic’ non-

dialytic CKD patients. Volume overload was independently predicted by uraemia, 

inflammation, malnutrition, atherosclerosis and left atrial dimension.  
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Table 1: Demographic, clinical and laboratory characteristics of the study population 

 

 

 

 

 

 

 

 

 

 

 

 

eGFR, estimated glomerular filtration rate;  NS, not significant;  PD, peritoneal dialysis; HD, haemodialysis; CKD, chronic kidney disease, BMI, body mass 

index; BP, blood pressure 

Continuous data were expressed as mean ± SD and categorical data as number 

*p-values were calculated by comparing all patients with kidney disease (n=120) to controls (n=40) using Mann-Whitney test 

 

 

 

 

Parameters All patients (n=120) PD (N=40) HD (N=40) CKD (N=40) Control (N=40) *P value 

Demographic data       

Age (years) 41.4 ± 10.2     40.6±9.9 40.6±10.1 42.1±10.6 42.2±10.1   0.761 

Sex (male/female) 88:72 22:18 22:18 22:18 22:18 0.985 

Clinical       

BMI (kg/m2) 27.8 ± 6.8 26.3 ± 4.8 25.7 ± 5.1 31.3 ± 7.0 26.6 ± 5.4 NS 

Mean BP (mmHg) 144 ± 22.5 147.9 ± 25.3 146.9 ± 17.9 138.0 ± 22.9 117.3 ± 12.6 <0.001 

Renal function       

Serum creatinine (mmol/L) 619.2±484.6 1149.8±371.4 572.9±212.6 135.0±44.5 73.9±16.8 <0.001 

eGFR(ml/min/1.73m2) - NA NA 50.8 ± 22.4 100.8 ± 23.9 - 

Haematological        

Haemoglobin (g/dL) 11.8 ± 2.3 10.9 ± 2.1 11.1 ± 1.7 11.1 ± 1.7 14.9 ± 1.8 <0.001 

Biochemical       

Serum albumin (g/L) 38.5 ± 4.9 36.1 ± 4.8 38.1 ± 4.7 41.3 ± 4.1 42.1 ± 3.4 <0.001 

Calcium (mmol/L) 2.3 ± 0.2 2.2 ± 0.3 2.3 ± 0.2 2.3 ± 0.1 2.2 ± 0.1 0.028 

Phosphate (mmol/L) 1.3 ± 0.5 1.6 ± 0.6 1.2 ± 0.5 1.1 ± 0.5 1.0 ± 0.2 <0.001 

CAPO4(mmol2/L2) 3.0 ± 1.3 3.5 ± 1.2 2.8 ± 1.2 2.7 ± 1.2 2.3 ± 0.4 <0.0001 

Parathormone (pmol/L) 69.3 ± 69.8 110.8 ± 66.8 84.2 ± 71.8 14.5 ± 19.4 4.3 ± 1.7 <0.001 
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Table 2: Fluid status, inflammatory markers, nutrition status and echocardiographic parameters in the study population 

Parameter                    All patients (N=120) PD (N=40) HD (N=40) CKD (N=40) Control (N=40) *P value 

Fluid status       

Overhydration (Litres) 2.4 ± 2.3 3.3 ± 3.4 2.9 ± 1.9 1.3 ± 1.2 -0.6 ± 0.94 <0.001 

OH/ECW (%) 13.2 ± 10.5 16.1 ± 13.9 15.8 ± 9.5 2.1 ± 9.8 -3.3 ± 6.8 <0.001 

Fluid overloaded 105/120 (87.5%) 36/40 (90%) 40/40 (100%) 29/40 (72.5.5%) 0% <0.001 

IVCD measurements       

IVCD (mm/m2) 7.3 ± 2.7 7.9 ± 2.7 8.2 ± 2.8 5.6 ± 1.5 5.1 ± 1.6 <0.001 

Collapsibility index 50.4 ± 23.1 38.0 ± 23.7 50.6 ± 19.5 63.9 ± 18.4 66.6 ± 22.3 <0.001 

Inflammatory markers       

C-reactive protein (mg/dL) 0.87 ± 0.72 1.14 ± 0.77 1.05 ± 0.71 0.86 ± 0.71 0.45 ± 0.48 <0.001 

Interleukin-6 (pg/ml) 2.7 ± 3.8 3.9 ± 4.9 2.9 ± 3.7 1.3 ± 1.6 1.0 ± 1.2 <0.001 

Nutrition status       

Lean Tissue Index(kg/m2) 14.2 ± 3.2 13.9 ± 2.9 13.8 ± 3.1 14.8 ± 3.6 16.1 ± 3.0 0.002 

Fat Tissue Index(kg/m2) 12.8 ± 7.7 11.2 ± 6.3 10.8 ± 6.1 10.9 ± 6.7 16.5 ± 9.0 0.005 

Lean Tissue Mass 37.6 ± 11.1 36.9 ± 10.1 36.3 ± 11.2 39.4 ± 11.9 44.1 ± 11.9 0.029 

Fat Tissue Mass 24.4 ± 13.6 21.4 ± 11.3 20.9 ± 11.5 21.2 ± 12.8 30.2 ± 15.6 0.007 

Adipose Tissue Mass(kg) 33.3 ± 18.2 29.1 ± 15.4 28.7 ± 14.7 28.9 ± 17.4 42.0 ± 21.0 0.007 

Body cell Mass(kg) 21.2 ± 7.2 20.9 ± 6.7 20.5 ± 6.8 22.1 ± 8.0 25.6 ± 7.9 0.027 

Echocardiographic parameters       

LVMI (g/m2) 118.8±38.8 126.9 ±37.6 120.4±36.8 110.4±41.9 84.4±15.9 <0.001 

Left atrial dimension (cm) 4.0 ± 0.7 3.9 ± 0.7 4.2 ± 0.7 3.7 ± 0.6 3.1 ± 0.4 <0.001 

Ejection fraction (%) 58.6 ± 8.8 58.6±7.8 58.4±12.2 57.9±5.5 65.0±8.0 <0.001 

E/A ratio 1.2 ± 0.5 1.0±0.4 1.2±0.5 1.2±0.6 1.36±0.4 <0.001 

Deceleration time (msec) 224.9±56.3 226.2±53.6 219.2±64.4 277.0±48.8 209.7±33.9 NS 

E/e’ 12.5 ± 15.9 11.6±5.5 12.9±5.1 12.9±26.1 6.1±1.6 <0.001 

CIMT 0.58 ± 0.11 0.63±0.12 0.56±0.09 0.56±0.12 0.47±0.11 <0.001 
 

NS, not significant; CIMT, carotid intima media thickness; LVMI, left ventricular mass index  
Continuous data were expressed as mean ± SD and categorical data as percentages 

*p-values were calculated by comparing all patients with chronic kidney disease (n=120) to controls (n=40) using Mann-Whitney test 
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 Table 3: Comparison between patients with fluid overload and normal fluid status 
 

Parameter                    With Volume Overload (N=43) Without Volume Overload (N=77) P value 

Demographic    

Age (Years) 40.4 ± 10.6 41.5 ±10.2 NS 

BMI (kg/m
2
) 28.8 ± 6.7 25.8 ± 5.1 0.014 

Laboratory    

Serum creatinine (mmol/L) 889.7 ± 460 333.4 ± 396.7 <0.001 

Mean BP (mmHg) 146.8 ± 22.0 141.8 ± 22.7 NS
 

Haemoglobin (g/dL) 10.6 ± 1.86 12.5 ± 2.3 <0.001 

Serum albumin (g/L) 36.2 ± 4.2 39.8 ± 4.1 <0.001 

CAPO4(mmol
2
/L

2
) 3.5 ± 1.4 2.7 ± 1.2 0.002 

Inflammatory markers    

C-reactive protein (mg/dL) 1.24 ± 0.70 0.89 ± 0.72 0.011 

IL-6 (pg/ml) 3.6 ± 5.2 2.1 ± 2.5 0.023 

Nutrition status    

Lean Tissue Index(kg/m
2
) 12.4 ± 2.2 15.2 ± 3.3 <0.001 

Fat Tissue Index(kg/m
2
) 10.2 ± 6.6 14.3 ± 7.9 <0.002 

Lean Tissue Mass (kg) 32.0 ± 8.5 40.7 ± 11.2 <0.001 

Fat Tissue Mass (kg) 19.9 ± 11.6 27.0 ± 14.0 0.004 

Adipose Tissue Mass(kg) 27.5 ± 15.4 36.5 ± 18.9 0.006 

Body cell Mass(kg) 17.7 ± 5.5 23.0 ± 7.3 <0.001 

Echocardiographic parameters    

LVMI (g/m
2) 

132.8 ± 39.0 110.9 ± 36.7 0.002 

Left atrial dimension (cm) 4.2 ± 0.8 3.7 ± 0.6 <0.001 

Ejection fraction (%) 56.6 ± 9.9 59.7 ± 7.9 NS 

E/A ratio 1.2 ± 0.5 1.1 ± 0.5 NS 

Deceleration time (msec) 217.3 ± 63.4 229.3 ± 51.8 NS 

E/e’ 12.0 ± 5.6 10.5 ± 16.1 0.001 

CIMT (mm) 0.61 ± 0.14 0.56 ± 0.09 0.028 

                 

     * NS, not significant; CIMT, carotid intima media thickness; LVMI, left ventricular mass index 

      Volume overload defined by OH/ECW% ≥15%; continuous data were expressed as mean ± SD  

                 *p-values were calculated by comparing all patients with volume (n=43) to those without volume overload (n=77) using Mann-Whitney test
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Table 4: Pattern of left ventricular hypertrophy in chronic kidney disease patients (n=120) 

Pattern Number of patients Percentage of patients 

Concentric LVH 57 47.5 

Eccentric LVH 26 21.7 

Concentric remodeling 25 20.8 

Normal 12 10 

 

 

Table 5: Correlation between fluid parameters, renal function, inflammation and 

atherosclerosis markers, nutrition status and cardiac size 

Parameter Overhydration 

(r value) 

OH/ECW% 

(r value) 

IVCD 

(r value) 

CI 

(r value) 

Renal function     

Serum creatinine 0.406** 0.396** 0.221* −0.353** 

Markers of inflammation 
    

C-reactive protein 0.284** 0.277** 0.187* − 0.181* 

Interleukin-6 0.349** 0.313** 0.248** − 0.284** 

Nutrition status     

Albumin − 0.246** − 0.289** − 0.069 0.152 

Lean Tissue Index − 0.254** − 0.326** − 0.019 0.024 

Fat Tissue Mass − 0.252** − 0.297** − 0.184* 0.140 

Adipose Tissue Mass − 0.219* − 0.275** − 0.131 0.139 

Body Cell Mass − 0.230* − 0.317** − 0.041 0.027 

Cardiac size     

Left Atrial Size 0.454** 0.489** 0.345** − 0.101 

LVMI 0.262** 0.303** 0.190* − 0.142 

Marker of atherosclerosis     

CIMT 0.442** 0.421** 0.112 − 0.138 

 

CI, collapsibility index; BMI, body mass index; LVMI, left ventricular mass index; CIMT, carotid 

intima media thickness.  ** Correlation is significant at the 0.01 (2-tailed), * Correlation is significant 

at the 0.05 (2-tailed).  Correlation between volume parameters and measured variables was 

assessed by Pearson correlation coefficient  
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Table 6: Multiple linear regression analysis of determinant of volume overload 

 

Variables Unstandardized 

Coefficients (B) 

Standardized  

Coefficient 

Beta 

P value Confidence 

Interval 

Serum creatinine 0.003 0.152 0.044* 0.000-0.007 

Albumin − 0.117 − 0.055 0.449 − 0.421-0.188 

IL-6 0.312 0.113 0.150 − 0.114-0.739 

CRP 0.205 0.014 0.861 − 2.114-2.524 

LTI − 1.072 − 0.328 < 0.001** − 1.524- − 0.619 

FTI − 0.357 − 0.261 < 0.001** − 0.552- − 0.163 

LVMI − 0.021 − 0.077 0.336 − 0.063-0.022 

LAD 5.153 0.336 < 0.001** 2.830-7.476 

CIMT 21.720 0.238 0.002** 8.248-35.192 

 

Notes: * Significant at P value <0.05, ** Significant at P value <0.01. IL-6, interleukin-6; CRP, C-

reactive protein; LTI=lean tissue index; LTI=lean tissue index; FTI, fat tissue index; LVMI, left 

ventricular mass index; LAD, left atrial dimension; CIMT, carotid intima media thickness. 
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Figure 1: Comparison of carotid intima media thickness between patients on peritoneal dialysis, 

haemodialysis, chronic kidney disease and control. The boxes indicate median, 25th, and 75th 

percentile; whiskers represent data range; whisker caps indicate 5th and 95th percentile. 

*p<0.001, **p = 0.014, ***p = 0.003 compared to control group using Kruskal Wallis test 
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Figure 2: Comparison of C-reactive protein between patients on with volume oveload and those 

without volume overload. The boxes indicate median, 25th, and 75th percentile; whiskers represent 

data range; whisker caps indicate 5th and 95th percentile. 

*p = 0.011 compared to control group using Kruskal Wallis test 
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APPENDIX 3 

PARTICIPANT INFORMATION SHEET AND CONSENT FORM 

Part A 

STUDY NUMBER: M130127 

TITLE:  The role of circulating endotoxaemia as a pro-inflammatory mediator of 

atherosclerosis in chronic kidney disease patients. 

INVESTIGATOR: Dr. Muzamil Hassan 

INSTITUTION: University of Witwatersrand, Internal medicine 

TELEPHONE NUMBER: Mobile – 083 547 4789 

                                              Landline (Departmental) – 011-488-3672   

Part B 

Introduction: 

Good day. My name is Muzamil Hassan. I am a medical doctor, training as a kidney 

specialist at the Charlotte Maxeke Johannesburg Hospital in the Division of Nephrology. I 

am also doing my PhD with the University of Witwatersrand. I am performing a research 

study. Before you participate in this study, I would like to make sure you read all the 

information about the study and fully understand what the study is all about. If you do not 

read or understand English, an interpreter will be provided for you. 

Purpose of the study: 

Patients with chronic kidney disease (CKD) are at high risk of developing heart disease. 

Heart diseases also cause significant health problems in kidney disease patients. It follows 

that kidney disease patients are more likely to die from cardiovascular disease than from 

kidney disease. Inflammation plays a major role in the development of vascular diseases 

(atherosclerosis) among advanced CKD patients. However, the causes and mechanism of 

inflammation and how it leads to heart disease are not known. This study is designed to 

investigate the source of inflammation and the role of inflammation and genetic variant 

carrier status in the development of heart disease in CKD patients.  
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To find out why both vascular and heart disease are very common among kidney disease 

patients, I will look at some proteins as well as genes that are responsible for production of 

proteins that help the body to fight and protect against infections. Genes are a set of 

instructions that decide what a human is like, how he/she survives and behaves. I will be 

looking at changes in five specific genes called TNF-α, TGF-β1, IL-10, IL-6, and IFN-γ 

genes that have been shown to be associated with development of both vascular and heart 

disease. These changes are called mutations (a mutation is a permanent change that may 

affect the way the instructions are interpreted by the body). From this, I will be able to find 

out whether there are differences in these proteins and genes in people who get 

cardiovascular disease and in those that do not.  

Participation: 

Your participation in this study is entirely voluntary. Before you agree to take part, it is 

important that you read and understand the explanation of the purpose of this study and the 

procedures that will be performed. This information sheet will help you decide if you would 

like to take part or not. If you have any questions, do not hesitate to ask me. You are free to 

take part or not. If you do agree to take part, you are still free to withdraw from the study at 

any time and this will not be held against you. If you decide to take part, you will be asked to 

sign this document to confirm that you understand the nature of the study and agree to take 

part and you will be given a copy to keep. Should you decide to take part in this study; each 

study visit will not take more than 3 hours of your time. 

Procedures: 

If you agree to take part in the study; you will be asked to sign the informed consent form, 

you will be examined, and your weight, height, waist circumference and blood pressure will 

be taken. You will also have some blood drawn (about 2 teaspoons). The blood will be used 

to tests for markers of infection and some will be stored until genetic testing is carried out.  

You will require ultrasound imaging of your heart and blood vessels. Ultrasound imaging 

involves the use of a small transducer (a device that resembles a computer mouse) and 

ultrasound gel to expose the body to high-frequency sound waves. Ultrasonography 

examination of the heart is called echocardiography. You will lie on an examination table, 

and a cardiologist will hold a transducer against your chest, slowly sliding it back and forth.  
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You may be asked to roll on your side during the test, or hold your breath for a few seconds. 

The test takes 30 to 60 minutes to complete.   

 Also, doppler ultrasound which is a special ultrasound technique that evaluates blood flow 

through a blood vessel will be performed. You will be positioned lying face-up on an 

examination table that can be tilted or moved. After you are positioned on the examination 

table, sonographer will apply some warm Vaseline-like gel on your skin and then place the 

transducer against your neck, moving it back and forth over the area of interest until the 

desired images are captured.  This ultrasound examination is usually completed within 30 to 

45 minutes.  

Your hydration status will be determined with the aid of Bioimpedance analysis (BIA) which 

is a valuable tool for measuring your body composition. Measurements are taken with the 

bioimpedance analyzer, which uses electrodes similar to electrocardiography (ECG) 

electrodes. The analyzer calculates your tissue and fluid compartments using an 

imperceptible electrical current passed through pads placed on one hand and foot as you lie 

comfortably on a treatment couch. 

Benefits: 

The benefits of this study are that we will be able to find out early if you are at high risk of 

developing cardiovascular disease. We will also be able to determine if you are fluid 

overloaded. You may also receive additional treatment based on the findings or special 

counselling on lifestyle changes. 

Possible risks:  

Drawing blood is normally done as a part of routine medical care. It will cause some pain at 

the site and some physical discomfort. However, this is usually mild and transient; lasting a 

few second to minutes. 

Confidentiality: 

All the information we will get during the course of this study, including your clinic records, 

will be kept strictly confidential. The information may be reported in the research report and 

scientific journals but will not have any information that identifies you or your names. There 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=96
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=235
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=255
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are no names on the information sheets, they will contain codes that only I, the researcher 

will have access to. 

 

Ethical consideration: 

This study has been approved by the Human Research Ethics Committee (HREC). It is 

supported by the Division of Nephrology. There will not be any conflict of interest on my 

part. 

Source of additional information  

All the study participants will be under the care of Dr. Muzamil Hassan who will be 

reachable 24 hours everyday on this number; 083-547-4789. Additional information can be 

obtained from the Chairperson of the University of Witwatersrand Human Research Ethics 

Committee, Professor Peter Cleaton-Jones on; 011-717-2301. 
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Part C 

Informed Consent: General 

I hereby confirm that I have been informed by the study investigator Dr. Muzamil Hassan, 

about the nature, conduct, benefits and possible risks of the study. I have also received, read 

and understood the above written participant information sheet regarding the study. I am 

aware that the results of the study will be anonymously processed in a study report and that I 

may, at any stage without prejudice withdraw my consent and participation in the study.  I 

had sufficient opportunity to ask questions and of my own free will have declared myself 

prepared to participate in the study. 

 

PARTICIPANT (Printed name): ……………………………………. 

 

................................................                                              ........................................................ 

   Signature                                                                                     Date 

 

Witness:.................................            .........................................           ...................................... 

(Study nurse)Printed name                         Signature                                     Date 

 

I, Dr. Muzamil Hassan, herewith confirm that the above participant has been fully 

informed about the nature and conduct of the above study. 

 

STUDY INVESTIGATOR 

 

..............................................                  ...................................                   ............................ 

           Printed name                                       Signature                                    Date 
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Part D 

Informed Consent: Genetic study 

I hereby confirm that I have been informed by the study investigator Dr. Muzamil Hassan, 

about the nature, conduct, benefits and possible risks of the study procedure. I have read and 

fully understood this form, and I consent to genetic testing. I am aware that the results of the 

study will be anonymously processed in a study report and that I may, at any stage without 

prejudice withdraw my consent and participation in the study.  I had sufficient opportunity to 

ask questions and of my own free will have declared myself prepared to participate in the 

study.  

 

PARTICIPANT (Printed name):……………………………………. 

 

................................................                                               ....................................................... 

  Signature                                                                                         Date 

 

Witness:.................................            ........................................            ...................................... 

(Study nurse)Printed name                        Signature                                       Date 

 

I, Dr. Muzamil Hassan, herewith confirm that the above participant has been fully 

informed about the nature and conduct of the above study. 

 

STUDY INVESTIGATOR 

 

.............................................                    ...................................                    ............................ 

Printed name                                       Signature                                       Date 
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APPENDIX 4 

DATA COLLECTION SHEET 

TITLE:  THE ROLE OF CIRCULATING ENDOTOXAEMIA AS A PRO-INFLAMMATORY MEDIATOR 

OF ATHEROSCLEROSIS IN CHRONIC KIDNEY DISEASE PATIENTS. 

STUDY NUMBER:   M130127 

INVESTIGATOR: DR MUZAMIL OLAMIDE HASSAN 

1. GENERAL INFORMATION 

PARTICIPANT’S NUMBER  

ENROLLMENT DATE  

CONTACT NUMBER  

 

 

 

2. DEMOGRAPHICS AND ANTHROPOMETRIC PARAMETERS 

AGE (YEARS)  

SEX           MALE                  FEMALE 

RACE          BLACK      WHITE    COLOURED       INDIANS 

WEIGHT(KG)  

HEIGHT (CM)  

BODY MASS INDEX (KG/M2)  

WAIST CIRCUMFERENCE (CM)  

HIP CIRCUMFERENCE(CM)  

 

 

 

3. MEDICAL HISTORY 

ALCOHOL INTAKE  NON-DRINKER   MODERATE DRINKER  HEAVY DRINKER  

TOBACCO  SMOKER             FORMER SMOKER        NON-SMOKER 

MEDICATIONS 
 ANTIHYPERTENSIVES      STATINS         CA-PO4 BINDERS 

 ACEIs/ARBs     β-BLOCKERS         ASPIRIN 

TYPE OF DIALYSIS   HD               PD           NON DIALYSIS-CKD   CONTROL 

CAUSE OF CKD  
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4. INTRADIALYSIS VITAL SIGNS 

 PREDIALYSIS POSTDIALYSIS 

TEMPERATURE           

BLOOD PRESSURE   

MEAN ARTERIAL PRESSURE   

PULSE PRESSURE   

 

 

5. ROUTINE INVESTIGATIONS 

TESTS 1ST MONTH 2ND MONTH 3RD MONTH 

HAEMOGLOBIN            

SERUM ALBUMIN    

CHOLESTEROL    

HDL-CHOLESTEROL    

LDL-CHOLESTEROL    

TRIGLYCERIDES    

CREATININE    

UREA    

CALCIUM    

PHOSPHATE    

PTH  HORMONE    

 

6.  SPECIAL ASSAYS 

 1ST ASSAY 2ND ASSAY 

Hs-CRP   

ENDOTOXIN           

LPS BINDING PROTEIN   

HUMAN CD14   

INTERLEUKIN – 6   

INTERLEUKIN – 8    

MCP – 1    

OXIDISED LDL   

LDL/OXIDISED LDL RATIO   

TGF-β1   

TGF-β2   

TGF-β3   
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7. ECHOCARDIOGRAPHY 

LEFT ATRIUM ( END SYSTOLE)  

INTERVENTRICULAR SEPTAL THICKNESS (IVSd)   

LEFT VENTRICULAR END DIASTOLIC DIAMETER (LVIDd)   

LEFT VENTRICULAR POSTERIOR WALL THICKNESS (LVPWd)   

LEFT VENTRICULAR END SYSTOLIC DIAMETER (LVIDs)   

EJECTION FRACTION (EF)   

REGIONAL WALL MOTION ABNORMALITIES  

AORTIC ANNULUS  

SINUS VALSALVA  

SINO-TUBULAR JUNCTION  

AORTIC MAXIMUM DIAMETER (SYSTOLE)   

AORTIC MAXIMUM DIAMETER (DIASTOLE)  

LEFT VENTRICULAR MASS  

LEFT VENTRICULAR MASS INDEX  

E/A  

E/E’  

DECELERATION TIME  

DIASTOLIC DYSFUNCTION (GRADE)  

MITRAL REGURGITATION  

MITRAL STENOSIS  

AORTIC REGURGITATION  

AORTIC STENOSIS  

PERICARDIAL EFFUSION  

TRICUSPID REGURGITATION  

RIGHT ATRIAL PRESURE (RAP)  

TR MAX  

PULMONARY ARTERY PRESSURE (RAP+TR MAX)  

INFERIOR VENA CAVA DIAMETER (IVCD)  

IVCD (INSPIRATION)  

IVCD (EXPIRATION)  

COLLAPSIBILITY INDEX  

 
 

8. CAROTID DOPPLER USS 

 RIGHT LEFT 

CAROTID INTIMAL MEDIA THICKNESS           

NO OF PLAQUES   
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9. BIOIMPEDANCDE ANALYSIS 

 1ST MEASURMENT 2ND MEASUREMENT  3RD MEASUREMENT 

TBW    

ECW    

ICW    

E/I    

OVERHYDRATION    

OH/ECW (%)    

LTI    

FTI    

LTM, rel. LTM    

FAT, rel. FAT    

ATM    

BCM    

NH WEIGHT    

 

10. CYTOKINE GENOTYPING 
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APPENDIX 5 

Limulus Amebocyte Lysate (LAL) QCL-1000™ (LONZA) 

Principle 

Proenzyme                            Enzyme 

Substrate + H20                           Peptide + pNA 

Gram-negative bacterial endotoxin catalyzes the activation of a proenzyme in the LAL. The 

initial rate of activation is determined by the concentration of endotoxin present. The 

activated enzyme catalyzes the release of pNA from the colorless substrate Ac-lle-Glu-Ala-

Arg-pNA. The free pNA is measured photometrically at 405–410 nm after the reaction is 

stopped with stop reagent. The correlation between the absorbance and the endotoxin 

concentration is linear in the 0.1–1.0 EU/ml range. The concentration of endotoxin in a 

sample is calculated from the absorbance values of solutions containing known amounts of 

endotoxin standard. 

Sample Collection and Preparation 

Careful technique must be used to avoid microbial or endotoxin contamination. All materials 

coming in contact with the sample or test reagents must be endotoxin-free. Clean glassware 

and materials may be rendered endotoxin-free by heating at 250°C for 30 minutes. 

Appropriate precautions should be taken to protect depyrogenated materials from 

subsequent environmental contamination. Most sterile, individually wrapped, plastic pipettes 

and pipette tips are endotoxin-free. However, these materials should be tested before regular 

use. It may be necessary to adjust the pH of the sample to within the range 6.0–8.0 using 

endotoxin-free sodium hydroxide or hydrochloric acid. Always measure the pH of an aliquot 

of the bulk sample to avoid contamination by the pH electrode. Do not adjust unbuffered 

solutions. Samples to be tested must be stored in such a way that all bacteriological activity 

is stopped or the endotoxin level may increase with time. For example, store samples at 2–

Endotoxin  

Enzyme 
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8°C for less than 24 hours and frozen for periods greater than 24 hours. It is the 

responsibility of the end-user to validate the proper container and storage conditions for 

their samples. If the container of diluent used to rehydrate the reagents has been opened 

previously or was not supplied by Lonza, the diluent alone must be tested for endotoxin 

contamination. 

Reagent Preparation 

Allow reagents to equilibrate to room temperature prior to use. In each series of 

determinations, four standard endotoxin solutions should be used. The table below suggests a 

dilution scheme for the construction of these standards from the endotoxin supplied in the kit. 

Alternative dilution schemes can be used as well as other endotoxins not supplied in this kit. 

The initial dilution from the endotoxin stock is 1/X, where X equals the concentration of the 

endotoxin vial. This yields an endotoxin solution containing 1.0 EU/ml. For example, if the 

potency is 23 EU/ml, the initial dilution is 1/23 or 0.1 ml of endotoxin stock into 2.2 ml of 

LAL reagent water. 

Note: Plastic tubes are not recommended for making endotoxin dilutions. 

 

1.  Prepare a solution containing 1.0 EU/ml endotoxin by diluting 0.1 ml of the endotoxin 

stock solution with (X-1)/10 ml of LAL reagent water in a suitable container, where X 

equals the endotoxin concentration of the vial. Label this container as 1.0 EU/ml. This 
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solution should be vigorously vortexed for at least 1 minute before proceeding. For 

example, if X = 23 EU/ml, then dilute 0.1 ml of the endotoxin stock solution with 2.2 ml, 

(23-1)/10, LAL reagent water. 

2.  Transfer 0.5 ml of this 1.0 EU/ml solution into 0.5 ml of LAL reagent water in a suitable 

container and label 0.5 EU/ml. This solution should be vigorously vortexed for at least         

1 minute before use. 

3.  Transfer 0.5 ml of the 1.0 EU/ml solution into 1.5 ml of LAL reagent water in a suitable 

container and label 0.25 EU/ml. This solution should be vigorously vortexed for at least 1 

minute before use. 

4.  Transfer 0.1 ml of the 1.0 EU/ml solution into 0.9 ml of LAL reagent water in a suitable 

container and label 0.1 EU/ml. This solution should be vigorously vortexed for at least 1 

minute prior to use. 

Test Procedure 

The addition of all reagents in the LAL assay must be consistent. All tubes or microplate 

wells must be treated in exactly the same manner in order to determine the proper endotoxin 

concentration. It is suggested that, in a series of tests, reagents should be pipetted in the 

same order from tube to tube or well to well, and at the same rate. The table below outlines 

the test procedure: 
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Test Tube Method 

1. Carefully dispense 50 µl of sample or standard into the appropriate endotoxin-free       

reaction tube in a 37°C ± 1°C block or waterbath. Each series of determinations must 

include a blank plus the four endotoxin standards run in duplicate. The blank tubes 

contain 50 µl of LAL reagent water instead of sample. All reagent additions and 

incubation times are identical. 

2. At time T = 0, add 50 µl of LAL to the reaction vessel. Begin timing as LAL is added 

to the first reaction vessel. It is important to be consistent in the order of reagent 

addition from vessel to vessel and in the rate of pipetting. Thorough mixing of the two 

solutions is essential, but do not vortex. 

3. At T = 10 minutes, add 100 µl of substrate solution (pre-warmed to 37°C ± 1°C). 

Pipette the substrate in the same order as in Step 2. Maintain a consistent pipetting 

rate. Assure thorough mixing of solutions. 

4. At T = 16 minutes, add 100 µl of stop reagent. Maintain the same pipetting order and 

rate as in Steps 2 and 3. Mix well. 

5. Read the absorbance of each reaction tube at 405–410 nm using distilled water to 

adjust the photometer to zero absorbance. 
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Microplate Method 

1. Pre-equilibrate the microplate at 37°C ± 1°C in the heating block adapter. 

Note: Do not use a cabinet-style incubator to run this test. 

2. While leaving the microplate at 37°C ± 1°C, carefully dispense 50 µl of sample or 

standard into the appropriate microplate well. Each series of determinations must 

include a blank plus the four endotoxin standards run in duplicate. The blank wells 

contain 50 µl of LAL reagent water instead of sample. All reagent additions and 

incubation times are identical. 

3. At time T = 0, add 50 µl of LAL to the first microplate well, or first column of 

microplate wells if using a multi-channel pipette and reagent reservoir. Begin timing 

as the LAL is added. It is important to be consistent in the order of reagent addition 

from well to well or row to row, and in the rate of pipetting. Once the LAL has been 

dispensed into all microplate wells containing samples or standards, briefly remove 

the microplate from the heating block adapter and repeatedly tap the side of the plate 

to facilitate mixing. Return the plate to the heating block adapter and replace cover. 

4. At T = 10 minutes, add 100 µl of substrate solution (pre-warmed to 37°C ± 1°C). 

Pipette the substrate solution in the same manner asin Step 3. Maintain a consistent 

pipetting rate. Once the substrate solution has been dispensed into all microplate 

wells, briefly remove the microplate from the heating block adapter and repeatedly 

tap the side of the plate to facilitate mixing. Return the plate to the heating block 

adapter and replace cover. 

5. At T = 16 minutes, add 100 µl of stop reagent. Maintain the same pipetting order as 

in Steps 3 and 4. Once the stop reagent has been dispensed into all microplate wells, 

remove the plate and repeatedly tap the side of the plate. 
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6. Read the absorbance of each microplate well at 405–410 nm (using distilled water to 

adjust the photometer to zero absorbance, if necessary). 

Note: The performance characteristics of certain microplate readers are optimal with 

sample volumes less than 300 µl. The final reaction volume per well can be reduced 

by adding only 50 µl of the above suggested stop reagents without adversely affecting 

the test results. 

Calculation of Endotoxin Concentration 

Under the standard conditions, the absorbance at 405–410 nm is linear in the concentration 

range of 0.1 to 1.0 EU/ml endotoxin. There are several methods to determine the endotoxin 

concentration of samples. Subtract the mean absorbance of the blank from the mean 

absorbance value of the standards and samples to calculate mean Δ absorbance. 

A. Graphic Method 

Plot the mean Δ absorbance for the four standards on the y-axis vs. the corresponding 

endotoxin concentration in EU/ml on the x-axis. Draw a best fit straight line between these 

points and determine endotoxin concentrations of samples graphically. 

B. Calculator or Spreadsheet Method 

A calculator or spreadsheet equipped with linear regression capability can be used. Enter 

the mean Δ absorbance and the corresponding concentrations of the four standards. 

Determine the corresponding endotoxin concentration of the samples from their absorbance 

by linear regression. 
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Note: If the concentration of endotoxin in the test sample is greater than 1.0 EU/ml, dilute 

sample 5-fold in LAL reagent water and retest. Calculate the concentration of the diluted 

sample and multiply by 5 to determine the original endotoxin concentration. 

Product Inhibition 

Product inhibition occurs when substances in the test sample interfere with the LAL reaction. 

In the chromogenic assay, this inhibition results in a lower, final Δ absorbance, indicating 

lower levels of endotoxin than what may actually be present in the test sample. The lack of 

product inhibition should be determined for each specific sample, either undiluted or at an 

appropriate dilution. To verify the lack of product inhibition, an aliquot of test sample (or a 

dilution of test sample) is spiked with a known amount of endotoxin (e.g. 0.4 EU/ml). The 

spiked solution is assayed along with the unspiked samples and their respective endotoxin 

concentrations are determined. The difference between these two calculated endotoxin values 

should equal the known concentration of the spike ± 25%. A spiked aliquot of the test sample 

(or dilution) may be prepared as follows: 

1. Prepare a 1.0 EU/ml endotoxin solution in the test sample (or dilution) by diluting the 

endotoxin stock solution 1/X, where X is the endotoxin concentration of stock in 

EU/ml. Use the test sample (or dilution) as the diluent. This solution should be 
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vigorously vortexed for one minute before proceeding. For example, if the 

concentration of the endotoxin stock solution is 24 EU/ml, the initial dilution is 1/24 

or 0.1 ml of endotoxin stock solution into 2.3 ml of test sample (or dilution).  

2. To prepare a 0.4 EU/ml endotoxin solution in test sample (or dilution), dilute the     

1.0 EU/ml solution 1/2.5 using the test sample (or dilution) as the diluent. This can be 

done by combining 1.0 ml of the 1.0 EU/ml solution in test sample (or dilution) with 

1.5 ml of test sample (or dilution). This solution should be vigorously vortexed for 1 

minute prior to use. If the test sample (or dilution) is found inhibitory to the LAL 

reaction the sample may require further dilution until the inhibition is overcome. 
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APPENDIX 6 

HK315 HUMAN LBP ELISA kit (Hycult biotech) 

PROTOCOL OVERVIEW 

 

 

 The human LBP ELISA is a ready-to-use solid-phase enzyme-linked immunosorbent 

assay based on the sandwich principle with a working time of 3½ hours.  

 The efficient format of a plate with twelve disposable 8-well strips allows free choice 

of batch size for the assay.  
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 Samples and standards are incubated in microtiter wells coated with antibodies 

recognizing human LBP.  

 Biotinylated tracer antibody will bind to captured human LBP.  

 Streptavidin-peroxidase conjugate will bind to the biotinylated tracer antibody.  

 Streptavidin-peroxidase conjugate will react with the substrate, tetramethylbenzidine 

(TMB).  

 The enzyme reaction is stopped by the addition of oxalic acid.  

 The absorbance at 450 nm is measured with a spectrophotometer. A standard curve is 

obtained by plotting the absorbance (linear) versus the corresponding concentrations 

of the human LBP standards (log).  

 The human LBP concentration of samples, which are run concurrently with the 

standards, can be determined from the standard curve.  

SAMPLE PREPARATION 

Collection and handling 

Serum or plasma 

Collect blood using normal aseptic techniques. Blood samples should be kept on ice. If serum 

is used, separate serum from blood after clotting at room temperature within 1 hour by 

centrifugation (1500xg at 4°C for 15 min). Transfer the serum to a fresh polypropylene tube. 

If plasma is used, separate plasma from blood within 20 minutes after blood sampling by 

centrifugation (1500xg at 4°C for 15 min). Transfer the plasma to a fresh polypropylene 

tube. 

Most reliable results are obtained if EDTA plasma is used. 

Storage 

Store samples below -20°C, preferably at -70°C in polypropylene tubes. Storage at -20°C 

can affect recovery of human LBP. Use samples within 24 hours after thawing. Avoid 
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multiple freeze-thaw cycles which may cause loss of human LBP activity and give erroneous 

results. 

Do not use hemolyzed, hyperlipemic, heat-treated or contaminated samples.  

Before performing the assay, samples should be brought to room temperature (18 – 25°C) 

and mixed gently. Prepare all samples (controls and test samples) prior to starting the assay 

procedure. Avoid foaming. 

Dilution procedures 

Serum or plasma samples 

Human LBP can be measured accurately if serum or plasma samples are diluted at least 

1000x with supplied wash/dilution buffer in polypropylene tubes. 

Note that most reliable results are obtained with EDTA plasma. 

Remark regarding recommended sample dilution 

The mentioned dilution for samples is a minimum dilution and should be used as a guideline. 

The recovery of human LBP from an undiluted sample is not 100% and may vary from 

sample to sample. When testing less diluted samples it is advisable to run recovery 

experiments to determine the influence of the matrix on the detection of human LBP. 

Do not use polystyrene tubes or sample plates for preparation or dilution of the samples. 

Guideline for dilution of samples 

Please see the table below for recommended sample dilutions. Volumes are based on a total 

volume of at least 230 µl of diluted sample, which is sufficient for one sample in duplicate in 

the ELISA. For dilution of samples we recommend to use at least 10 µl of sample. 
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REAGENT PREPARATION  

Allow all the reagents to equilibrate to room temperature (20 – 25°C) prior to use. Return to 

proper storage conditions immediately after use.  

Wash/dilution buffer  

Dilute 20x concentrated wash/dilution buffer A by mixing 60 ml with 540 ml distilled or de-

ionized water. Dilute 40x concentrated wash/dilution buffer B by mixing 30 ml with 570 ml 

distilled or de-ionized water. Finally combine both solutions equally and mix well. The 

wash/dilution buffer is sufficient for 2 x 96 tests.  

In case less tests are required, prepare the required volume by dilution of 1 part 20x 

concentrated wash/dilution buffer A with 9 parts of distilled or de-ionized water and 1 part 

40x concentrated wash/dilution buffer B with 19 parts of distilled or de-ionized water. 

Finally combine both solutions equally and mix well.  

Concentrated wash/dilution buffer may contain crystals. In case crystals do not disappear at 

room temperature within 1 hour, concentrated wash/dilution buffer can be warmed up to 

37°C. Do not shake.  

Standard solution  

The standard is reconstituted by pipetting the amount of wash/dilution buffer mentioned on 

the CoA in the standard vial. Use the standard vial as Tube 1 in Figure 1. Prepare each 

human LBP standard in polypropylene tubes by serial dilution of the reconstituted standard 
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with wash/dilution buffer as shown in Figure 1. After reconstitution the standard must be 

used within 1 hour and the standard cannot be stored for repeated use. 

 

Tracer solution 

The tracer is reconstituted by pipetting 1 ml distilled or de-ionized water. Dilute the 

reconstituted 1 ml tracer with 11 ml wash/dilution buffer, which is sufficient for 1 x 96 tests. 

In case less volume is required, prepare the desired volume of tracer by diluting 1 part of the 

reconstituted tracer with 11 parts of wash/dilution buffer. 

Streptavidin-peroxidase solution 

It is advised to spin down streptavidin-peroxidase tubes before use. Prepare the streptavidin-

peroxidase solution by mixing 0.25 ml of the 100x streptavidin-peroxidase solution with 

24.75 ml wash/dilution buffer, which is sufficient for 2 x 96 tests. In case less volume is 

required, prepare the desired volume of streptavidin-peroxidase solution by diluting 1 part of 

the 100x streptavidin-peroxidase solution with 99 parts of wash/dilution buffer. 

ELISA PROTOCOL 

Bring all reagents to room temperature (20 - 25°C) before use. 
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1. Determine the number of test wells required, put the necessary microwell strips into the 

supplied frame, and fill out the data collection sheet. Return the unused strips to the storage 

bag with desiccant, seal and store at 2 - 8°C. 

2. Wash the plates 4 times with wash/dilution buffer using a plate washer or as follows: 

a. Carefully remove cover, avoid splashing. 

b. Empty the plate by inverting plate and shaking contents out over the sink, keep 

inverted and tap dry on a thick layer of tissues. 

c. Add 200 µl of wash/dilution buffer to each well, wait 20 seconds, empty the plate as 

described in 2b. 

d. Repeat the washing procedure 2b/2c three times. 

e. Empty the plate and gently tap on thick layer of tissues. 

3. Transfer 100 µl in duplicate of standard, samples, or controls into appropriate wells. Do 

not touch the side or bottom of the wells. 

4. Cover the tray and tap the tray to eliminate any air bubbles. Be careful not to splash liquid 

onto the cover. 

5. Incubate the strips or plate for 1 hour at room temperature. 

6. Repeat the wash procedure described in step 2. 

7. Add 100 µl of diluted tracer to each well using the same pipetting order as applied in step 

2. Do not touch the side or bottom of the wells. 

8. Cover the tray and incubate the tray for 1 hour at room temperature. 

9. Repeat the wash procedure described in step 2. 

10. Add 100 µl of diluted streptavidin-peroxidase to each well, using the same pipetting 

order as applied in step 3. Do not touch the side or bottom of the wells. 

11. Cover the tray and incubate the tray for 1 hour at room temperature. 

12. Repeat the wash procedure described in step 2. 
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13. Add 100 µl of TMB substrate to each well, using the same pipetting order as applied in 

step 3. Do not touch the side or bottom of the wells. 

14. Cover the tray and incubate the tray for 30 minutes at room temperature. It is advised to 

control the reaction on the plate regularly. In case of strong development the TMB reaction 

can be stopped sooner. Avoid exposing the micro well strips to direct sunlight. Covering the 

plate with aluminium foil is recommended. 

15. Stop the reaction by adding 100 µl of stop solution with the same sequence and timing as 

used in step 13. Mix solutions in the wells thoroughly by gently swirling the plate. Gently tap 

the tray to eliminate any air bubbles trapped in the wells. 

16. Read the plate within 30 minutes after addition of stop solution at 450 nm using a plate 

reader, following the instructions provided by the instrument’s manufacturer. 

INTERPRETATION OF RESULTS 

 Calculate the mean absorbance for each set of duplicate standards, control and 

samples. 

 If individual absorbance values differ by more than 15% from the corresponding 

mean value, the result is considered suspect and the sample should be retested. 

 The mean absorbance of the zero standard should be less than 0.3. 

 Create a standard curve using computer software capable of generating a good curve 

fit. The mean absorbance for each standard concentration is plotted on the vertical 

(Y) axis versus the corresponding concentration on the horizontal (X) axis 

(logarithmic scale). 

 If samples have been diluted, the concentration read from the standard curve must be 

multiplied by the dilution factor. 
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 Samples that give a mean absorbance above the absorbance for the highest standard 

concentration are out of range of the assay. These samples should be retested at a 

higher dilution. 
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APPENDIX 7 

Bio-plex Pro
TM 

Cytokine, Chemokine, and Growth Factors Assays (IL-6, IL-8, MCP-1) 

Principle 

Technology 

The Bip-Plex suspension array system is built around the three core elements of xMAP 

technology. 

 Fluorescently dyed microspheres (also called beads), each with a distinct colour code 

or special address to permit discrimination of individuals tests within a multiplex 

suspension. This allows simultaneous detection of more than 100 different types of 

molecules in a single well of a 96-well microplate. 

 A dedicated flow cytometer with two lasers and associated optics to measure the 

different molecules bound to the surface of the beads. 

 A high-speed digital processor that efficiently manages the fluorescence data. 

Assay Format 

Bio-plex Pro
TM 

Cytokine, Chemokine, and Growth Factors Assays are essentially 

immunoassays formatted on magnetic beads. The assay principle is similar to that of a 

sandwich ELISA (Figure 1). Capture antibodies directed against the desired biomarker are 

covalently coupled to the beads. Coupled beads react with the sample containing the 

biomarker of interest. After series of washes to remove unbound protein, a biotinylated 

detection antibody is added to create a sandwich complex. The final detection complex is 

formed with the addition of streptavidin-phycoerythrin (SA-PE) conjugate. Phycoerythrin 

serves as a fluorescent indicator, or reporter. 

  



243 
 

 

 

Data Acquisition and Analysis 

Data from the reactions are acquired using a Bio-Plex system or similar Luminex-based 

reader. When a multiplex assay suspension is drawn into the Bio-Plex 200 reader for 

example, a red (635nm) laser illuminates the fluorescent dyes within each bead to provide 

bead classification and thus assay identification. At the same time, a green (532nm) laser 

excites PE to generate a reporter signal which is detected by a photomultiplier tube (PMT). 

A high-speed digital processor manages data output and Bio-Plex Manager
TM

 software 

presents data as Median Fluorescence Intensity (MFI) as well as concentration (pg/mL). the 

concentration of analyte bound to each bead is proportional to the median fluorescence 

intensity (MFI) of reporter signal. 

Assay Protocol 

Initial Preparation 

1. Plan the plate layout 

2. Start up/warm up the Bio-Plex
®

 system (30mins) 
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 Bring assay buffer, wash buffer, and sample diluent to room temperature 

(RT). Keep other items on ice until needed. 

 Begin to thaw frozen samples. 

3. Prime wash station for flat bottom plate or set vacuum manifold to −1 to −3ꞌꞌ Hg 

for filter plate. 

4. Calibrate the Bio-Plex system by following the prompts within Bio-Plex Manager
™

 

software. This can be done now or during an assay incubation step. 

5. Reconstitute a single vial of standards in 500µl of a diluent similar to the final sample 

type or matrix. Vortex for 5 sec and incubate on ice for 30 min. 

 

6. Prepare a fourfold standard dilution series and blank as shown. Vortex for 5 sec 

between liquid transfers.  
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7. After thawing samples, prepare as shown below. 

 

8. Vortex the 10x or 20x coupled beads for 30 sec and dilute to 1x in Bio-Plex assay 

buffer as shown. Protect from light. 

 

Running the Assay 

1. Prewet filter plate with 100 µl Bio-Plex assay buffer (skip for flat bottom). 

2. Vortex the diluted (1x) beads for 10-20 sec. Add 50 µl to each well of the assay wash 

plate. 

3. Wash the plate two times with 100 µl Bio-Plex wash buffer. 

4. Vortex samples, standards, blanks. Add 50 µl to each well. 

5. Cover the plate with sealing tape and protect from light with aluminum foil. Incubate 

on shaker at 850 ± 50 rpm at RT. See table for incubation time.  
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6. With 10 min left in incubation, vortex the 10x or 20x detection Abs for 5 sec and 

quick-spin  to collect liquid.  Dilute to 1x as shown below. 

 

7. Wash the plate three times with 100 µl wash buffer. 

8. Vortex the diluted (1x) detection antibody. Add 25 µl to each well. 

9. Repeat step 5. See table for incubation time. Meanwhile, prepare Bio-Plex manager
™ 

software protocol; enter standard S1values from the assay kit. 

10. With 10 min left in the incubation, vortex the 100x SA-PE for 5 sec, and quick-spin to 

collect liquid. Dilute to 1x as shown and protect from light. 

 

11.   Wash the plate three times with 100 µl of wash buffer. 

12.  Vortex the diluted (1x) SA-PE. Add 50µl to each well. 

13. Repeat step 5. See table for incubation time. 

14. Wash the plate three times with 100 µl of wash buffer. 

15. Resuspend beads in 125µl assay buffer. Cover plate as in step 5 and shake the plate 

at 850 ± 50 rpm for 30 sec. 
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16. Remove sealing tape and read the plate using the setting below. 

 

 

Bead regions for Bio-Plex Pro cytokine assays 
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APPENDIX 8 

Luminex® Performance Assay Human Biomarker Base Kit A (Human CD14) and 

Human Obesity Base Kit (Human CRP) – R&D systems 

PRINCIPLE OF THE ASSAY 

Luminex® Performance Assay multiplex kits are designed for use with a Luminex 100™, 

Luminex 200™, or Bio-Rad® Bio-Plex® dual laser, flow-based sorting and detection 

platforms manufactured by Luminex Corporation. 

Analyte-specific antibodies are pre-coated onto colour-coded microparticles. Microparticles, 

standards and samples are pipetted into wells and the immobilized antibodies bind the 

analytes of interest. After washing away any unbound substances, a biotinylated antibody 

cocktail specific to the analytes of interest is added to each well. Following a wash to remove 

any unbound biotinylated antibody, streptavidin-phycoerythrin conjugate (Streptavidin-PE), 

which binds to the biotinylated antibody, is added to each well. A final wash removes 

unbound Streptavidin-PE and the microparticles are resuspended in buffer and read using a 

Luminex or Bio-Plex analyzer. One laser is microparticle-specific and determines which 

analyte is being detected. The other laser determines the magnitude of the phycoerythrin 

derived signal, which is in direct proportion to the amount of analyte bound. 

SAMPLE COLLECTION & STORAGE 

The sample collection and storage conditions listed below are intended as general 

guidelines. Sample stability has not been evaluated. 

Cell Culture Supernates - Remove particulates by centrifugation and assay immediately or 

aliquot and store samples at ≤ -20 °C. Avoid repeated freeze-thaw cycles. 

Serum - Use a serum separator tube (SST) and allow samples to clot for 30 minutes at room 

temperature before centrifuging for 15 minutes at 1000 x g. Remove serum and assay 

immediately or aliquot and store samples at ≤ -20 °C. Avoid repeated freeze-thaw cycles. 
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Plasma - Collect plasma using EDTA or heparin as an anticoagulant. Centrifuge for 15 

minutes at 1000 x g within 30 minutes of collection. Assay immediately or aliquot and store 

samples at ≤ -20 °C. Avoid repeated freeze-thaw cycles. 

Note: Citrate plasma is not validated for use in this assay. 

Icteric samples are not suitable for use in this assay. 

SAMPLE PREPARATION 

Use polypropylene tubes. 

Serum and plasma samples require a 3-fold dilution when assaying BAFF/BLyS, MIP-3α, 

BLC/BCA-1, CD27, and IL-2 Rα. A suggested 3-fold dilution is 50 µL of sample + 100 µL of 

Calibrator Diluent RD6-60. 

When assaying CD14, gp130, IL-6 Rα, and TNF RII, serum and plasma samples must be 

further diluted 16.7-fold to a final 50-fold dilution. A suggested 50-fold dilution is 10 µL of 

the 3-fold diluted sample + 157 µL of Calibrator Diluent RD6-60. 

Cell culture supernate samples require a 2-fold dilution. A suggested 2-fold dilution is 75 µL 

of sample + 75 µL of Calibrator Diluent RD6-60 (1:2). 

REAGENT PREPARATION 

Bring all reagents to room temperature before use. 

Wash Buffer - If crystals have formed in the concentrate, warm to room temperature and mix 

gently until the crystals have completely dissolved. Add 20 mL of Wash Buffer Concentrate to 

deionized or distilled water to prepare 500 mL of Wash Buffer. 

Calibrator Diluent RD6-60 (1:2) - For cell culture supernate samples. Add 20 mL of 

Calibrator Diluent RD6-60 to 20 mL of deionized or distilled water to prepare 40 mL of 

Calibrator Diluent RD6-60 (1:2). 

Standard - Reconstitute Standard Cocktail with Calibrator Diluent RD6-60 (1:2) (for cell 

culture supernate samples) or Calibrator Diluent RD6-60 (for serum/plasma samples). Refer 
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to the Standard Value Card for the reconstitution volume. Allow the standard to sit for a 

minimum of 15 minutes with gentle agitation prior to making dilutions. 

Use polypropylene tubes. Pipette 500 µL of the reconstituted Standard Cocktail into the 

working standard 1 tube. Pipette 200 µL of the appropriate Calibrator Diluent into the 

remaining tubes. Use working standard 1 to produce a 3-fold dilution series (below). See 

analyte specific datasheets for details. Mix each tube thoroughly before the next transfer. 

Working standard 1 serves as the high standard. The appropriate Calibrator Diluent serves 

as the blank. Refer to the Standard Value card for the assigned values of working standard 1. 

 

DILUTED MICROPARTICLE COCKTAIL PREPARATION 

1. Centrifuge each Microparticle Concentrate vial for 30 seconds at 1000 x g prior to 

removing the cap. 

2. Gently vortex the vials to resuspend the microparticles, taking precautions not to invert the 

vials. 

3. Dilute the Microparticle Concentrates in the mixing bottle provided. The volume of the 

Microparticle Concentrate listed in the table below is for each analyte (e.g. if measuring a 

full plate of IL-6 Rα and gp130, add 50 µL of IL-6 Rα Microparticle Concentrate and 50 µL 

of gp130 Microparticle Concentrate to 5 mL of Diluent RD2-5 and, if measuring a full plate 
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of CRP and IL-6, add 50 µL of CRP Microparticle Concentrate and 50 µL of IL-6 

Microparticle Concentrate to 5 mL of Microparticle Diluent). 

 

Note: Protect microparticles from light during handling. Diluted microparticles cannot be 

stored. 

Prepare microparticles within 30 minutes of use. 

DILUTED BIOTIN ANTIBODY COCKTAIL PREPARATION 

1. Centrifuge each Biotin Antibody Concentrate vial for 30 seconds at 1000 x g prior to 

removing the cap. 

2. Gently vortex the vials, taking precautions not to invert the vials. 

3. Add 50 μL of each Biotin Antibody Concentrate to one vial of Diluent RD2-5. Mix gently. 

STREPTAVIDIN-PE PREPARATION 

Use a polypropylene amber bottle or a polypropylene tube wrapped with aluminum foil. 

Protect Streptavidin-PE from light during handling and storage. 

1. Centrifuge the Streptavidin-PE vial for 30 seconds at 1000 x g prior to removing the cap. 

2. Gently vortex the vial, taking precautions not to invert the vial. 

3. Dilute the 100X Streptavidin-PE to a 1X concentration by adding 55 µL of Streptavidin-

PE to 5.5 mL of Wash Buffer. 

INSTRUMENT SETTINGS 

Adjust the probe height setting on the Luminex analyzer to avoid puncturing the membrane. 

Refer to the instrument manual. 

a) Assign the bead region for each analyte being measured (see tables below) 
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Bead region for Human Biomarker Base Kit A and Human Obesity Base Kit 

 

 

b) 50 events/bead 

c) Minimum events: 0 

d) Flow rate: 60µL/minute (fast) 

e) Sample size: 50 µL 

f) Doublet Discriminator gates at approximately 7500 and 15,500 

g) Collect Median Fluorescence Intensity (MFI) 

Note: For the Bio-Rad Bio-Plex analyzer set the gates at 4300 and 10,000. The CAL2 setting 

for the Bio-Rad Bio-Plex analyzer should be set at the low RP1 target value. 
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ASSAY PROCEDURE 

Bring all reagents and samples to room temperature before use. It is recommended that all 

samples and standards be assayed in duplicate. 

Note: Protect microparticles and Streptavidin-PE from light at all times. 

1. Prepare all reagents, working standards, and samples as directed in the previous sections. 

2. Pre-wet the filter-bottomed microplate by filling each well with 100 µL of Wash Buffer. 

Remove the liquid through the filter at the bottom of the plate using a vacuum manifold 

designed to accommodate a microplate. 

Note: After each final wash cycle and subsequent reagent addition, blot the bottom of the 

microplate with a paper towel to prevent wicking. 

3. Add 50 μL of Standard or sample* per well. 

4. Resuspend the diluted Microparticle Cocktail by inversion or vortexing. Add 50 µL of the 

Microparticle Cocktail to each well of the microplate. Securely cover with a foil plate sealer. 

Incubate for 3 hours at room temperature on a horizontal orbital microplate shaker (0.12” 

orbit) set at 500 ± 50 rpm. A plate layout is provided to record standards and samples 

assayed. 

5. Using a vacuum manifold device designed to accommodate a microplate, wash by 

removing the liquid, filling each well with Wash Buffer (100 µL) and removing the liquid 

again. All of the liquid must be removed through the filter at the bottom of the plate to avoid 

any loss of microparticles. Complete removal of liquid is essential for good performance. 

Perform the wash procedure three times. 

6. Add 50 µL of diluted Biotin Antibody Cocktail to each well. Securely cover with a foil 

plate sealer and incubate for 1 hour at room temperature on the shaker set at 500 ± 50 rpm. 

7. Repeat the wash as in step 5. 
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8. Add 50 µL of diluted Streptavidin-PE to each well. Securely cover with a foil plate sealer 

and incubate for 30 minutes at room temperature on the shaker set at 500 ± 50 rpm. 

9. Repeat the wash as in step 5. 

10. Resuspend the microparticles by adding 100 µL of Wash Buffer to each well. Incubate for 

2 minutes on the shaker set at 500 ± 50 rpm. 

11. Read within 90 minutes using a Luminex or Bio-Rad analyzer. 

CALCULATION OF RESULTS 

Use the Standard concentrations on the Standard Value Card and calculate 3-fold dilutions 

for the remaining levels. Average the duplicate readings for each standard and sample and 

subtract the average blank Median Fluorescence Intensity (MFI). 

Create a standard curve for each analyte by reducing the data using computer software 

capable of generating a five parameter logistic (5-PL) curve-fit. 

Since samples have been diluted, the concentration read from the standard curve must be 

multiplied by the dilution factor. 

CALIBRATION 

This assay is calibrated against highly purified recombinant human biomarkers produced at 

R&D Systems. 
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PLATE LAYOUT 

Use this plate layout to record standards and samples assayed. 
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APPENDIX 9 

OxiSelect™ Human Oxidized LDL ELISA Kit (MDA-LDL Quantitation) – CELL 

BIOLABS, INC. 
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Preparation of Reagents 

• 1X Wash Buffer: Dilute the 10X Wash Buffer Concentrate to 1X with deionized 

water. Stir to homogeneity. 

• Blocking Reagent: Immediately before use dilute the Blocking Reagent 1:100 with 

PBS. Do not store diluted solutions. 

• Biotinylated Anti-Human ApoB-100 Antibody and Streptavidin-Enzyme Conjugate: 

Immediately before use dilute the Anti-ApoB-100 antibody 1:1000 and Streptavidin-

Enzyme Conjugate 1:1000 with Assay Diluent. Do not store diluted solutions. 

Preparation of OxLDL Standard 

Prepare a dilution series of OxLDL Standards in the concentration range of 0 to 1 µg/mL in 

Assay Diluent (Table 1). 

 

Preparation of Samples 

The following recommendations are only guidelines and may be altered to optimize or 

complement the user’s experimental design. 

• Plasma: Collect blood with heparin or EDTA and centrifuge for 10 minutes at 1000 x g at 

4ºC. Remove 200 µL of plasma and add 200 µL of LDL Precipitation Solution, mixing well. 

Incubate at room temperature for 5 minutes (precipitation will occur). Centrifuge for 20 

minutes at 2000 x g (pellet should be visible). Carefully aspirate the supernatant and collect 
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the pellet. Resuspend and dissolve the pellet in 1.6 mL of PBS, vortexing well. Further dilute 

the sample 1:50 to 1:200 in Assay Diluent before running the ELISA. Assay immediately and 

do not store solutions. 

• Serum: Harvest serum and centrifuge for 10 minutes at 1000 x g at 4ºC. Remove 200 µL of 

serum and add 200 μL of LDL Precipitation Solution, mixing well. Incubate at room 

temperature for 5 minutes (precipitation will occur). Centrifuge for 20 minutes at 2000 x g 

(pellet should be visible). Carefully aspirate the supernatant and collect the pellet. 

Resuspend and dissolve the pellet in 1.6 mL of PBS, vortexing well. Further dilute the sample 

1:50 to 1:200 in Assay Diluent before running the ELISA. Assay immediately and do not 

store solutions. 

Assay Protocol 

1. For plasma and serum samples, refer to the above Sample Preparation Section. These 

samples require LDL Precipitation Solution treatment immediately prior to running the 

assay. 

2. Add 100 µL of OxLDL standard or unknown sample to the Anti-MDA Antibody Coated 

Plate. Each OxLDL standard, blank and unknown sample should be assayed in duplicate. 

3. Cover with a plate cover and incubate at room temperature for 2 hours on an orbital 

shaker. 

4. Wash microwell strips 3 times with 250 µL 1X Wash Buffer per well with thorough 

aspiration between each wash. After the last wash, empty wells and tap microwell strips on 

absorbent pad or paper towel to remove excess 1X Wash Buffer. 

5. Add 100 µL of diluted Blocking Reagent to each well. Cover with a plate cover and 

incubate at room temperature for 1 hour on an orbital shaker. 
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6. Wash microwell strips 5 times with 250 µL 1X Wash Buffer per well with thorough 

aspiration between each wash. After the last wash, empty wells and tap microwell strips on 

absorbent pad or paper towel to remove excess 1X Wash Buffer. 

7. Add 100 µL of the diluted Biotinylated Anti-Human ApoB-100 antibody to each well. 

Incubate at room temperature for 1 hour on an orbital shaker. 

8. Wash the strip wells 5 times according to step 6 above. 

9. Add 100 µL of the diluted Streptavidin-Enzyme Conjugate to each well. Incubate at room 

temperature for 1 hour on an orbital shaker. 

10. Wash the strip wells 5 times according to step 6 above. Proceed immediately to the next 

step. 

11. Warm Substrate Solution to room temperature. Add 100 µL of Substrate Solution to each 

well, including the blank wells. Incubate at room temperature on an orbital shaker. Actual 

incubation time may vary from 5-20 minutes. 

Note: Watch plate carefully; if color changes rapidly, the reaction may need to be stopped 

sooner to prevent saturation. 

12. Stop the enzyme reaction by adding 100 µL of Stop Solution into each well, including the 

blank wells. Results should be read immediately (color will fade over time). 

13. Read absorbance of each microwell on a spectrophotometer using 450 nm as the primary 

wave length. 

Example of Results 

The following figures demonstrate typical results with the Human Oxidized LDL ELISA Kit. 

One should use the data below for reference only. This data should not be used to interpret 

actual results. 
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Figure 1: Human OxLDL Standard Curve. 

 

 

Figure 2: Quantitation of OxLDL in Serum and Plasma Samples. Left: LDL Recovery 

After Precipitation Solution. Serum and plasma samples were treated with LDL 

Precipitation Solution according to the Sample Preparation protocol. LDL recovery was 

determined by Human ApoB-100 ELISA (STA-368). Right: OxLDL Determination of Serum 

and Plasma Samples. Serum and plasma samples were treated with LDL Precipitation 

Solution according to the Sample Preparation Section. Precipitated LDL pellets were 

resuspended in 1.6 mL of PBS before further diluting 1:160 in Assay Diluent. Samples were 

tested according to the Assay Protocol. 
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APPENDIX 10 

BCM - Body Composition Monitor (Fresenius Medical Care) 

 

 

Principle and technology 

The BCM - Body Composition Monitor employs the latest bioimpedance spectroscopy 

techniques. It measures at 50 frequencies over a range from 5 to 1000 kHz to determine the 

electrical resistances of the total body water (TBW) and the extracellular water (ECW). 

While high-frequency current passes through the total body water, low-frequency current 

cannot penetrate cell membranes and thus flows exclusively through the extracellular water. 

To obtain the clinically relevant output parameters, two advanced physiological models are 

used in the BCM - Body Composition Monitor: 

• A volume model describing electrical conductance in a cell suspension enabling the total 

body water and extracellular water as well as the intracellular water (ICW) to be calculated. 

• A body composition model calculating the three principal body compartments 

overhydration, lean tissue and adipose tissue from ECW and TBW information. 
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The Cole-Cole plot displays the raw data of the measurement separating ECW from TBW. 

 

The BCM - Body Composition Monitoring device takes three steps to display the final output 

parameters: overhydration, adipose tissue mass and lean tissue mass. 
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How is the BCM – Body Composition Monitor validated? 

All output parameters have been validated against the gold standard reference methods in 

various studies involving more than 500 patients and healthy controls. 

These reference methods include: 

• Extracellular water – bromide dilution 

• Intracellular water – total body potassium (TBK) 

• Total Body Water – deuterium dilution 

• Lean Tissue Mass – Dual Energy X-ray Absorptiometry (DEXA) 

• Adipose Tissue Mass – 4-compartment modelling, DEXA, air displacement 

plethysmography and under water weighing 

• Body Cell Mass – magnet resonance tomography, TBK 

• Overhydration – by expert clinical assessment 

Handling 

The BCM – Body Composition Monitor is designed for application in a variety of clinical 

settings. On treatment days, measurements are best performed before the start of treatment. 

Handling is very straight forward involving the following steps: 

 Electrodes are attached to one hand and one foot with the patient in a supine 

position. 

 Patient cable is connected. 

 Measurement is initiated and results are displayed within 2 minutes. 

 Results are stored on the PatientCard. 

 Data can be transferred via PatientCard to a personal computer for further 

analysis with the Fluid Management Tool (FMT). 
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Patient analysis & management 

The Fluid Management Tool (FMT) operates in conjunction with the BCM – Body 

CompositionMonitor and can be easily installed on a personal computer. 

This software provides a quick overview of the fluid status and body composition of the 

patient - including reference ranges for dialysis patients and the healthy population. 

Body Composition Plot 

The FMT displays the development of the three primary compartments adipose tissue mass 

(ATM), lean tissue mass (LTM) and overhydration (OH) over time. In addition, the systolic 

blood pressure (BP sys) is displayed which allows the influence of overhydration on blood 

pressure to be identified. Consequently, it is easy to observe changes in body composition 

and how these impact overhydration. 
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Body composition and blood pressure variation over time. 

Hydration Reference Plot 

It is known that overhydration often leads to hypertension. However, in many patients this 

relationship can be heavily influenced by underlying comorbidities. For example, in some 

patients, hypertension may be dependent on vascular disorders6 while on the other hand, 

there are patients who exhibit apparently normal or low blood pressure despite gross 

overhydration. 

The hydration reference plot depicts the association between overhydration status and 

systolic blood pressure on one graph. The easiest way to identify abnormal conditions is to 

compare patient results with a reference population. 

The reference region N has been defined from measurements in healthy subjects allowing 

direct comparison of patient parameters. A second reference region indicates the typical 

range of well managed patients measured pre-dialysis and with a maximum weight gain of 

2.5 L. Both reference ranges are adjusted for age and sex. The position of the patient in the 

plot allows a first interpretation of the patient’s condition at the time of the measurement and 

aids the physician to possible actions the patient might benefit from. 
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Overhydration (OH) and systolic blood pressure (BP sys) are combined in one graph – the 

Hydration Reference Plot (HRP). 
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APPENDIX 11 

Bio-Plex Pro
TM 

TGF-β Assays 

Principle 

Technology 

The Bip-Plex suspension array system is built around the three core elements of xMAP 

technology. 

 Fluorescently dyed microspheres (also called beads), each with a distinct colour code 

or special address to permit discrimination of individuals tests within a multiplex 

suspension. This allows simultaneous detection of more than 100 different types of 

molecules in a single well of a 96-well microplate. 

 A dedicated flow cytometer with two lasers and associated optics to measure the 

different molecules bound to the surface of the beads. 

 A high-speed digital processor that efficiently manages the fluorescence data. 

Assay Format 

Bio-plex Pro
TM 

Cytokine, Chemokine, and Growth Factors Assays are essentially 

immunoassays formatted on magnetic beads. The assay principle is similar to that of a 

sandwich ELISA (Figure 1). Capture antibodies directed against the desired biomarker are 

covalently coupled to the beads. Coupled beads react with the sample containing the 

biomarker of interest. After series of washes to remove unbound protein, a biotinylated 

detection antibody is added to create a sandwich complex. The final detection complex is 

formed with the addition of streptavidin-phycoerythrin (SA-PE) conjugate. Phycoerythrin 

serves as a fluorescent indicator, or reporter. 

  



268 
 

 

 

Data Acquisition and Analysis 

Data from the reactions are acquired using a Bio-Plex system or similar Luminex-based 

reader. When a multiplex assay suspension is drawn into the Bio-Plex 200 reader for 

example, a red (635nm) laser illuminates the fluorescent dyes within each bead to provide 

bead classification and thus assay identification. At the same time, a green (532nm) laser 

excites PE to generate a reporter signal which is detected by a photomultiplier tube (PMT). 

A high-speed digital processor manages data output and Bio-Plex Manager
TM

 software 

presents data as Median Fluorescence Intensity (MFI) as well as concentration (pg/mL). the 

concentration of analyte bound to each bead is proportional to the median fluorescence 

intensity (MFI) of reporter signal. 

Assay Protocol 

Initial Preparation 

1. Plan the plate layout 

2. Start up/warm up the Bio-Plex
®

 system (30mins) 
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 Bring assay buffer, wash buffer, and sample diluent to room temperature 

(RT). Keep other items on ice until needed. 

 Begin to thaw frozen samples. 

3. Prime wash station for flat bottom plate or set vacuum manifold to −1 to −3ꞌꞌ Hg 

for filter plate. 

4. Follow the prompt in Bio-Plex Manager
TM

 software to calibrate the system. This can 

be done now or during an incubation step 

5. Mix 1 volume of Bio-Plex standard diluent wuth 3 volumes of Bio-Plex sample diluent 

(each supplied in the kit). The resulting solution is used for reconstitution and 

subsequent dilution of standards. This results in a serum-matrix based diluent that 

mimics the matrix in 1:16 diluted serum and plasma samples. For samples in serum-

free media and other biological fluids, use a diluent that most closely matches the 

sample matrix. Add carrier protein such as BSA at a final concentration of 0.5% 

(w/v). 

6. Reconstitute a single vial of standards in 500µl of a diluent similar to the final sample 

type or matrix as shown below. Vortex for 5 sec and incubate on ice for 30min. 

 

7. Prepare a fourfold standard dilution series and blank as shown. Vortex for 5 sec 

between liquid transfers.  
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8. After thawing samples, activate by adding 1 volume of 1 N HCl to 5 volumes of 

samples. Vortex, incubate at RT for 10min. neutralize by adding the same volume of 

base (1.2 N NaOH/0.5M HEPES). After treatment, dilute samples as shown below. 

 

9. Vortex the 20x coupled beads for 30 sec and dilute to 1x in Bio-Plex assay buffer as 

shown. Protect from light. 

 

Running the Assay 

1. Prewet filter plate with 100 µl Bio-Plex assay buffer (skip for flat bottom). 

2. Vortex the diluted (1x) beads for 10-20 sec. Add 50 µl to each well of the assay wash 

plate. 

3. Wash the plate two times with 100 µl Bio-Plex wash buffer. 
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4. Vortex samples, standards, blanks. Add 50 µl to each well. 

5. Cover the plate with sealing tape and protect from light with aluminum foil. Incubate 

on shaker at 850 ± 50 rpm at RT. See table for incubation time.  

Note: 850 rpm provides equivalent performance to recommended shaker setting in 

previous manuals (1,100 rpm for 30 sec, 300 rpm for incubation). 

6. With 10min left in the incubation, vortyex the 20x detection antibodies for 5 sec and 

quick-spin to collect liquid. Dilute to 1x in detection antibody diluent as shown below. 

 

7. Wash the plate three times with 100 µl wash buffer. 

8. Vortex the diluted (1x) detection antibody. Add 25 µl to each well. 

9. Cover and incubate at 850 ± 50 rpm, as in step 5, for 1 hr at RT. Meanwhile, prepare 

Bio-Plex manager
™ 

software protocol; enter standard S1values from the assay kit. 

10. With 10 min left in the incubation, vortex the 100x SA-PE for 5 sec, and quick-spin to 

collect liquid, and dilute to 1x as shown and protect from light. 

 

11.   Wash the plate three times with 100 µl of wash buffer. 

12.  Vortex the diluted (1x) SA-PE. Add 50µl to each well. 

13. Cover and incubate at 850 ± 50 rpm, as in step 5 and for 30 min at RT. 

14. Wash the plate three times with 100 µl of wash buffer. 
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15. Resuspend beads in 125µl assay buffer. Cover and shake at 850 ± 50 rpm, as in step 

5, for 30 sec. 

16. Remove sealing tape and read the plate using the setting below. 
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APPENDIX 12 

Cytokine genotyping tray 
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