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ABSTRACT 

Background: Anaemia of chronic kidney disease (CKD) and iron deficiency anaemia (IDA) 

has been associated with morbidity and mortality in patients with CKD. Consequences of these 

changes differ across different races. Diagnosis of IDA is usually straightforward, except when 

it occurs in the context of inflammatory disorders such as CKD, where the conventional 

parameters used to diagnose IDA are not definitive. Hence, there is a need for newer and more 

accurate biomarkers in the diagnosis of IDA in CKD patients. Studies in developed countries 

have reported the usefulness of newer parameters in IDA diagnosis; however, the role of these 

newer biomarkers in IDA diagnosis in Africa is unknown. It remains unclear whether genetic 

factors may increase susceptibility to the development of IDA in CKD patients. Therefore, this 

study has been conducted to determine the prevalence and racial prevalence of IDA; to 

determine the utility of newer biomarkers in the diagnosis of IDA and the effect of these 

biomarkers on disease outcomes; and to provide important insights into the prevalence and 

genetic susceptibility of IDA in CKD patients in sub-Saharan Africa. 

 

Methods: This was a cross-sectional study carried out from May 2016 to December 2018, 

involving 365 CKD patients from the Renal Outpatient Clinic of the Charlotte Maxeke 

Johannesburg Academic Hospital, South Africa, and 144 age- and gender-matched healthy 

controls comprising hospital staff and the patients’ relatives. 

The study was approved from the Human Research Ethics Committee of the University of the 

Witwatersrand (clearance certificate number, 150929). The first part of the study described the 

prevalence of anaemia and IDA in a multi-ethnic CKD population. The second part of the study 

determined the utility of reticulocyte haemoglobin content (CHr), and % hypochromic red cells 

(%HYPO), in the diagnosis of IDA, followed by role of novel biomarkers, GDF-15 and 

hepcidin, as diagnostic markers of IDA. Hepcidin and GDF-15 were measured using mass 
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spectrometry and ELISA, respectively and was followed by the genetic aspect of the study that 

determined the susceptibility of a genetic variant to IDA. The last part of the study looked at 

role of GDF-15 and hepcidin in disease progression and mortality using Spearman’s rank 

correlation and linear and logistic regression analysis. Receiver operator curves (ROCs) were 

used to evaluate the diagnostic utility of biomarkers. Using Cox proportional hazard models, a 

composite endpoint of CKD progression was also investigated. 

 

Results: The prevalence of anaemia (Hb < 13 g/dl in males and < 12 g/dl in females) among 

black CKD patients was 46.9 %, with 26.1% of the sample population suffering from IDA, 

which proved to be three times more frequent among the CKD patients than among the controls. 

The proportions of functional iron deficiency anaemia (18.6   % vs 1.4 %) and absolute iron 

deficiency anaemia (16.7 % vs 7.8 %) were higher among the CKD patients than among the 

controls.  However, 32.3 % (95% CI: 27.90 %– 37.10 %) of the study population presented 

with iron deficiency without anaemia. 

 

The mean age of the CKD patients was higher than that of the controls (52.7  14.3 vs 40.4  

12.6 years, P < 0.001). The sensitivity and specificity values for diagnosing IDA among CKD 

participants were 62.6 % and 80.2 % respectively for CHr at a cut-off value lower than 28 pg, 

and 63.3 % and 79.8 % for the proportion of hypochromic red cells (%HYPO), respectively. 

The (define here) AUC of CHr (0.81, 95 % CI: 0.76-0.87) was higher than the AUC of %HYPO 

(0.76, 95 % CI: 0.76-0.87). The predictive value of diagnosing IDA among CKD patients using 

GDF-15 and hepcidin was high (AUC= 0.723 and 0.714, respectively). The prevalence of rs 

855791 C homozygosity was similar for the iron-deficient and non-iron-deficient anaemia 

groups (86.1 % vs 84.2 %, p= 0.723). When the analysis was confined to participants with or 



viii 
 

without functional IDA, however, the C homozygote (88.3 % vs 84.4 %, p= 0.425) value was 

similar for both groups. 

 

Patients with high levels of hepcidin were up to six times more likely to be at risk of dying as 

opposed to patients with normal levels of hepcidin (HR: 6.14; P< 0.001). On the other hand, it 

was determined that the levels of GDF-15 and IDA were not associated with mortality in CKD 

patients. Higher plasma levels of hepcidin were strongly associated with CKD progression 

when compared to normal hepcidin levels (HR: 3.09; P= 0.002). The risk of CKD progression 

was two times higher in the presence of hypocalcaemia as opposed to normocalcaemia (HR: 

2.24; P= 0.021). 

 

The death rate increased with declining haemoglobin levels from 0.96 among patients with 

mild anaemia, to 4.29 per 100-person years, among patients with severe anaemia. Anaemic 

patients with a glomerular filtration rate (GFR) of less than 30 mls/min were susceptible to a 

significantly greater risk of death, due mainly to end stage kidney disease (ESKD) and failure 

to commence haemodialysis because of a lack of funding (HR 11.51: 95% CI 1.62–78.32, P < 

0.001). Participants with hyperphosphatemia had about a 2.6-fold increased risk of death (HR, 

2.60; 95% CI, 1.09-6.20, P= 0.02).  Although the odds of anaemia were 3.8-fold higher (odds 

ratio = 3.8, P = 0.059) among CKD stage 5 participants as opposed to those with CKD stage I, 

the relationship between anaemia and the stages of CKD proved to be non-linear. 

  

Conclusions: Anaemia and IDA were common in our pre-dialysis CKD patients.  Anaemia, 

elevated hepcidin levels, hypocalcaemia and low estimated glomerular filtration rates (eGFRs), 

were found to be associated with an increased risk of death among pre-dialysis CKD patients. 

Our study also highlighted that newer biomarkers (novel) can be useful in the diagnosis of IDA 
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and can perform more effectively than the conventional parameters (transferrin saturation 

(TSAT) and ferritin) in an African CKD population. In addition, our study showed that newer 

biomarkers can be used to predict disease progression and mortality in a CKD population. This 

suggests that health care services for chronic diseases should be prioritise pre-dialysis CKD 

patients. 
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1.1. Background of study 

Chronic kidney disease (CKD) is defined by “persistent urine abnormalities, structural 

abnormalities or impaired excretory renal function suggestive of a loss of functional nephrons” 

(1), also defined by KDIGO in 2012 as “abnormalities of kidney structure or function present for 

>3 months, with implications for health” (2). CKD is a global health burden with a high economic 

cost to health care and is an independent risk factor for cardiovascular disease (CVD) (3).  

 

The burden of non-communicable diseases (NCDs) has increased exponentially over the past 

decade, and NCDs account for the majority of health-related morbidity and mortality worldwide 

(4). Likewise, the global prevalence of (CKD) has increased in the last decade (5). Hence, 

morbidity and premature mortality from CKD almost doubled between 1990 and 2016 (6). 

Furthermore, a study on the global burden of the disease estimated that the number of disability-

adjusted life-loss years (DALYS) attributable to kidney disease increased by 62 % between 1990 

(19 million) and 2016 (35 million) (7). The regional pattern also suggests increasing trends in CKD 

morbidity and mortality.  

Data from the American National Health and Nutrition Examination Survey demonstrated that 

over the period 1999 to 2004 the prevalence of CKD increased by 3 %, as opposed  to the increase 

over the survey period 1988 to 1994 (13.1 % vs 10.0 %) (8). The global burden of CKD is estimated 

to be 19.2 million.  This accounts for 11 % of the adult population in the United States (US), with 

about 385 000 people with end stage kidney disease (ESKD) (9, 10). The burden of CKD stages 1 

to 5 is 11.9 % in Taiwan, and 13 % in China (11). Patients in low- and middle-income countries 

(LMIC) also contribute largely to these increasing trends. This can be attributed to increasing 

awareness and improved diagnostic capabilities. However, the human and infrastructural resources 
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to support the management of these growing populations of CKD patients in developing countries 

such as South Africa are inadequate (3).   

The burden of CKD in sub-Saharan African countries has not been well documented, probably on 

account of the non-availability of registry records in most African countries (12). Likewise, the 

prevalence of CKD in South Africa was reported to be 25 % (13) and the Fourth Annual Report 

of the South African Renal Registry showed that the prevalence of patients with (ESKD) increased 

from 167 per million in 2013 to 189 per million in 2015 (14). The population of pre-dialysis CKD 

patients is also increasing because of the awareness of the disease. However, there is a marked 

difference in the management and prognosis of pre-dialysis and haemodialysis patients. South 

Africa is a multi-ethnic country with considerable variations and inequalities in its social and 

health conditions. No doubt, such inequities in access to care and socio-economic circumstances, 

coupled with other local characteristics and patient attributes could modify the prognosis and 

quality of life of pre-dialysis CKD patients.  Despite the statistics relating to the increasing trends 

in the prevalence of CKD and premature mortality from this disease, global interest in research 

aimed at preventing the outcomes of this disease, and at improving the quality of life of CKD 

patients has been relatively limited.  This is evident when other non - communicable diseases 

(NCDs), such as CVD and cancer, that enjoy so much more attention globally, are considered. 

Similarly, there is a paucity of robust data in South Africa on the prevalence of the CKD and 

aspects of its management. One key clinical condition that impacts on the prognosis and quality 

of life of CKD patients - especially in a low-resource country such as South Africa, is anaemia, 

especially iron deficiency anaemia (IDA) (15).  

Anaemia is twice as prevalent among patients with CKD as opposed to the general population 

(15.4 % vs 7.6 %) (16). Although diminished erythropoietin production by the kidney is a common 
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cause of anaemia in patients with CKD, iron deficiency is also a leading contributor to morbidity 

and mortality from CKD (17). There is currently the need to develop novel, less-invasive markers 

for the early and prompt identification and management of IDA among pre-dialysis CKD patients, 

and to improve their quality of care. Currently, transferrin saturation and serum ferritin are the 

main parameters for screening and diagnosing IDA, but these parameters have their limitations 

and do not identify IDA in its early stages (17). 

Human diets contain iron as haem or non-haem iron. Non-haem iron refers to various forms of 

inorganic iron and is usually associated with iron in plants. Cellular iron homeostasis is maintained 

by iron and haem transport proteins that work in concert with ferrireductase, ferroxidase, and 

chaperones to direct the movement of iron into, within, and out of cells (18). Systemic iron 

homeostasis is regulated by the liver-derived peptide hormone, hepcidin. Hepcidin and its receptor, 

the cellular iron exporter ferroportin, constitute a feedback-regulated mechanism that maintain 

adequate plasma concentrations of iron-transferrin for erythropoiesis and other functions, ensures 

sufficient iron stores, and avoids iron toxicity and iron-dependent microbial pathogenesis (19, 20). 

The gold standard for diagnosing IDA is to assess the bone marrow iron stores, an invasive and 

impractical method for routine testing (21). Bone marrow iron staining lacks accuracy in detecting 

functional iron deficiency in patients with CKD. The laboratory diagnosis of iron deficiency in 

patients with CKD has not been perfected because a true gold standard is lacking (22). Thus, there 

is the need for newer novel markers with similar or better predictive abilities than the conventional 

markers. We hypothesize that some biomarkers, such as hepcidin, growth differentiation factor 

(GDF)-15, CHr, and %HYPO may have greater potential in the screening and diagnosis of IDA in 

the CKD population.  
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The diagnostic usefulness of biomarkers is related to the prevalence of the disease in the defined 

population. Hence, the sensitivity, specificity, or negative and positive predictive value of a 

biomarker may not be extrapolated to other populations (23). In view of the paucity of data from 

Africa, there is therefore the need to study the prevalence of anaemia and IDA, the utility value of 

novel biomarkers in the diagnosis of IDA as compared to conventional biomarkers, and to assess 

the role of these biomarkers in the progression of CKD and mortality. 

It is well established that genetic polymorphisms and mutations play significant roles in iron 

overload (24). However, much less is reported on the genetic basis of IDA. Understanding the 

genetics of iron status is key to optimizing strategies to prevent and manage IDA, as well as to 

discovering appropriate biomarkers to monitor iron status in the CKD population. 

Based on the knowledge gaps identified, we set out to assess the prevalence of anaemia and IDA 

among a cohort of CKD patients in Johannesburg, South Africa. This study compared the 

respective performances of novel and conventional biomarkers in the diagnosis of IDA in a CKD 

population. We further examined for the first time in a sub-Saharan African cohort the role of these 

novel biomarkers in CKD progression and mortality. Lastly, this study evaluated the role of 

variants in TMPRSS6 gene in the genetic susceptibility of black South African CKD patients to 

the development of IDA. 
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2.1. Introduction 

Chronic kidney disease (CKD) is defined as “kidney damage or a glomerular filtration rate (eGFR) 

less than 60mls/min/1.73m2 for three months or more, or structural or radiological abnormalities 

for more than three months (1, 2),” also defined by KDIGO in 2012 as “abnormalities of kidney 

structure or function present for >3 months, with implications for health (3)” . Globally, 10% of 

the population worldwide was reported as having CKD in 2015 (4). In a systematic review and 

meta-analysis by Stanifer et al, the overall prevalence of CKD from 21 medium-quality and high-

quality studies was 13.9%.  Kaze et al, (5) reviewed 98,432 individuals and found a prevalence of 

15.8% for CKD stages 1-5 in the general adult population living on the African continent; the 

prevalence of CKD was higher in Sub-Saharan Africa than North Africa (6) The  crude prevalence 

of CKD in South Africa was reported by Matsha et al (7) as 14.8% for Cockcroft-Gault, 7.6% and 

23.9% respectively for the MDRD with and without correction for ethnicity, and 7.4% and 17.3% 

for the CKD-EPI equations with and without ethnicity correction. Prevalence of CKD among 

teachers in Cape Town, South Africa was found to be 6%  by Adeniyi et al (8).The burden of CKD 

in sub-Saharan Africa is three to four times higher than in developed countries (9, 10). CKD is 

associated with adverse cardiovascular morbidity and mortality, while the risk of death through 

cardiac causes has increased by 46 % in patients with CKD stages 3 to 5.  It should, however, be 

noted that CKD is influenced by traditional cardiovascular risk factors such as hypertension, 

anaemia, and diabetes (10, 11).  

 

Richard Bright first linked anaemia to CKD over 170 years ago (12). As kidney disease progresses, 

anaemia increases in prevalence, affecting nearly all patients with CKD stage 5. Anaemia in CKD 

is associated with reduced quality of life and increased risk of CVD, hospitalisation, cognitive 
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impairment, and death (13). Iron deficiency refers to the reduction of iron stores that precedes 

overt IDA or persists without progression. IDA is a more severe condition in which low levels of 

iron are associated with anaemia (14). The principal mechanism of anaemia prevalent in CKD is 

triggered by a reduction in the production of erythropoietin by the failing kidneys, although other 

mechanisms such, as amongst others, shortened red blood cell (RBC) survival, chronic blood loss, 

hyperparathyroidism, bone marrow depression, iron, folate and vitamin B12 deficiency may be 

implicated (9, 10). 

 

Functional iron deficiency is a state of iron-starved erythropoiesis (15), in which insufficient iron 

is mobilised from the stores as a result of increased demands, as observed after treatment with 

erythropoiesis-stimulating agents. Iron deficiency can be caused by acquired or inherited defects. 

Acquired defects are mostly due to iron deficiency resulting from poor dietary intake or impaired 

absorption, blood loss or gastrointestinal loss (16). Genetic causes of IDA in humans include 

defects in the divalent metal-iron transporter (DMT1), a deficiency of ceruloplasmin, and the 

recently described mutations in the matripas-2 (TMPRSS6) gene (16). Very few studies have 

investigated the genetics of IDA in a CKD population; hence the need to evaluate the genetics of 

IDA in a black CKD population. Advances in molecular biology have substantially improved our 

understanding of the anaemia of chronic diseases. The anaemia of CKD is among them, with the 

added burden of erythropoietin deficiency. Recent elucidation of specifically disrupted erythroid 

marrow function by inflammatory mediators, pro-inflammatory cytokines and inflammation-

mediated induction of hepcidin has also improved our understanding of hypo-responsiveness to 

the erythropoietin-stimulating agent (ESA) (17).  
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Previous studies that have used bone marrow aspiration for diagnosis have also reported a high 

prevalence of iron deficiency in the CKD population (18, 19). For example, iron stores were 

depleted in 48 % of their study population (19); iron deficiency was present in 68.6% of the women 

(20) and in 53.8 % of the men (2, 21) and 36 % of the non-dialysis CKD patients presented with 

iron deficiency (2, 22). The burden of IDA among black CKD patients in South Africa is not 

known; hence the need to determine this prevalence.  

 

Previous researchers have looked at IDA in CKD patients, mostly in those on haemodialysis, 

where the cause is usually related to erythropoietin deficiency, or replacement therapy, blood loss, 

and chronic inflammation.  However, there is a paucity of data on iron balance and the prevalence 

of functional iron deficiency in patients with CKD that are not on dialysis. Hence, the aim of our 

study was to evaluate the magnitude of iron deficiency in a non-dialysis CKD population (2).  

 

This research explores the link between CKD, IDA, the utility of novel biomarkers as diagnostic 

tools or markers of IDA and compares the conventional parameters with other newer parameters 

and predicts their utility in the diagnosis of IDA in non-dialysis CKD patients, and the association 

of genetic variants with the development of IDA in the CKD population. For instance, this study 

evaluates the associations of hepcidin and GDF-15 with IDA, and further ascertains the novel 

markers (hepcidin, GDF-15, reticulocyte haemoglobin content, the proportion of hypochromic red 

cells) and compares them with other old traditional markers of iron deficiency (transferrin 

saturation (TSAT) and Ferritin). 
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2.2. Epidemiology of anaemia in CKD 

In the National Health and Nutrition Examination Survey (NHANES) III (2007-2010), a national 

representative survey in the United States (US), the prevalence of anaemia (Hb <12 g/dl in men 

and 11 g/dl in women) was about (5%) in individuals with CKD stages 1 and 2, 15 to 20 in those 

with CKD stage 3, and more than 60 % in patients with CKD stage 4 (23). In this study, anaemia 

was present in 40 % of patients with stage 3 CKD, 50 to 55 % of those with stage 4 CKD, and 80 

% in those with stage five CKD (24). In a pre-dialysis survey of anaemia involving 21 European 

countries, the prevalence of anaemia was 68 % in 4 337 pre-dialysis patients in Israel and South 

Africa (25).  

 

There was a higher prevalence of anaemia associated with CKD in patients older than 60 years, as 

compared to those aged between 46 and 60 years.  This may be due to the lower estimated GFR 

associated with ageing (26). Bone marrow biopsies performed on 47 patients with CKD and with 

(Hb) levels of lower than 12 g/dl. Severe iron deficiency was present in 46 of the 47 patients tested 

(2).  

 

In Romania, bone marrow biopsies performed on 100 pre-dialysis CKD patients showed 48 % of 

the patients to be iron-depleted (12). This is one of the largest studies to evaluate the central iron 

indices in non-dialysis patients with CKD. It confirmed that bone marrow iron stores are depleted 

in a large proportion of non-dialysis patients with CKD and further supported the therapeutic use 

of iron in this group of patients.  
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Rahman, Dutta (27) conducted an observational study on 52 pre-dialysis CKD patients with 

chronic anaemia. Bone marrow iron stains were taken and compared with the serum iron profiles, 

and the conclusion was reached that an absence of stainable iron in the bone marrow presents better 

evidence of iron depletion than the serum iron profile (TSAT and ferritin) which correlates less 

well with the bone marrow iron status in patients with CKD. Moreover, the study by Syid, 

Mohmmed (28) reported that there was no stainable iron in the bone marrow of 23 of the 52 pre-

dialysis patients. Variations in their findings could be explained by differences in methods used 

for examinations and the fact that the bone marrow iron evaluation results were not detailed enough 

(26, 27). Additionally, Stancu, Bârsan (19) used only the number of macrophages sideroblast 

particles and carried out a more complex examination involving not only macrophage iron but also 

iron in sideroblast.  

 

Black individuals have four times greater risk of developing CKD than white individuals (29).  

There is also an increased prevalence of anaemia in the general black population (30). A study 

carried out on an urban black South African population reported a 13 % prevalence of anaemia 

(31). Prevalence of IDA in ND-CKD population varies from 15 %-48 % (Figure 2.1).  
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Figure 2:1: Iron deficiency in anaemic patients with ND-CKD 

(Reproduced from Renal and Urology News. July 19, 2017; free, open access) 

Hence, there is a need to carry out more studies to investigate the burden of anaemia in black 

patients with CKD. The few studies carried out in the black population have yet not revealed the 

prevalence of anaemia in this population group.  

2.3. Pathogenesis of renal anaemia 

Anaemia in CKD is typically normocytic, normochromic, and hypo-proliferative. The kidneys are 

the main source of erythropoietin, a circulating factor responsible for stimulating erythropoiesis 

described in a study by Jacobson et al in the 1950s (32). It is hypothesized that erythropoietin 

deficiency is a predominant cause of anaemia in CKD. Erythropoietin levels are generally normal 

or slightly increased in the anaemia of CKD; however, levels are inappropriately low relative to 

the degree of anaemia. Anaemic patients with normal kidney function have 10 to 100 times higher 

EPO levels (33). Anaemia associated with chronic illness traditionally includes any inflammatory, 
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infectious, or malignant diseases, or long-standing diseases such as CKD.  Under these conditions, 

there is a relatively low level of erythropoietin, and a mild reduction in the life span of red blood 

cells (RBCs) from 120 days to 70 to 80 days (34). Insight into the multiple factors involved in the 

pathogenesis of anaemia has improved recently and has led to important developments in treatment 

options. The dominant contributing factors are the inadequate production of EPO and iron 

deficiency however, other factors important to clinicians should be considered (35). 

Recently, hepcidin, which is an as important antimicrobial peptide, has been identified as the 

peptide controlling the level of plasma iron and the transfer of iron stored in the hepatocytes. 

Hence, increased levels of hepcidin have been associated with inflammatory diseases and are a 

significant mediator of the accompanying anaemia (36). Cytokines, such as interleukin (IL1&6) 

and tumour necrosis factor (TNF∝) which causes the destruction of the red blood cell (RBC) 

precursors and reduces the number of erythropoietin receptors on progenitor cells (37), may be 

associated with elevated hepcidin levels (Figure 2.2).  
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Figure 2:2: Diagram illustrating the pathogenesis of CKD anaemia 

(Reproduced with permission from Zumbrennen-Bullough and Babitt (38), Appendix E) 

 

Hypoxia in the presence of normal kidney function stimulates erythropoietin gene transcription, 

and hence increases the RBC levels.  In the anaemia of CKD, there is a primary deficiency of 

erythropoietin which is produced by interstitial fibroblasts in the kidney, which leads to anaemia. 

Numerous studies suggest that circulating uraemic-induced inhibitors of erythropoiesis contribute 

to anaemia.  On the other hand, some studies have reported the lack of such inhibitors (39, 40). 

Nutritional deficiencies of for example folate and vitamin B12, due to anorexia or the loss of blood 

are currently uncommon as supplements are provided.  
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Iron regulation is another important factor in the pathogenesis of renal anaemia. Patients on 

haemodialysis lose one to three grams of iron per year as a result of chronic bleeding from uraemic-

associated platelet dysfunction, frequent phlebotomies and blood tapping during the dialysis 

process (41). Kidney disease patients present with poor dietary iron absorption. However, while 

oral iron has proved to be a well-tolerated and effective form of iron supplementation in long term 

dialysis patients in a study by Lenga et al (42), it is less effective than intravenous iron in improving 

anaemia, mitigating or preventing iron deficiency, and in reducing the ESA dosage in 

haemodialysis patients (39). Many CKD patients receive ESA, which depletes the circulating iron 

pool by increasing erythropoiesis, thus making iron supplementation an integral part of CKD 

anaemia management.  In addition to iron deficiency, many CKD patients present with functional 

iron deficiency, which is characterised by impaired iron release from body stores that are unable 

to meet the demands of the erythropoietic process. It is, therefore, important to conduct more 

research that will explore further the relationship between absolute and functional IDA especially 

in pre-dialysis patients, where the relevant data are limited. Excess hepcidin may account for 

impaired dietary iron absorption and reticulo-endothelial cell iron blockade present in many CKD 

patients (36) Hepcidin is the main hormone responsible for maintaining systemic iron homeostasis. 

Inflammatory cytokines directly induce hepcidin transcription (36), presumably as a mechanism 

to isolate iron from invading pathogens, leading to iron sequestration, hypoferaremia, and anaemia 

all of which are hallmarks of any chronic disease, including CKD (43).  

The most important uraemic toxins in the pathophysiology of renal anaemia are polyamines such 

as spermine, and spermidine. Polyamines are organic cations involved in cell growth and 

maturation that reduce the proliferative activity of erythroid cells in the bone marrow through their 
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direct toxic effect that is independent of the interaction with EPO (44). This study explores the 

relationship of hepcidin to iron status in pre-dialysis CKD patients. 

Reduced haemoglobin occurs in aluminium intoxication, first described by Alfrey (1972) (45) and 

subsequently by Elliott, Mishler (46) and Macdougall, Cavill (47). Anaemia caused by aluminium 

toxicity is of a microcytic and hypochromic nature. Aluminium competes with iron for a binding 

site for transferrin molecules, while free receptors increase aluminium and also suppress cytosolic 

uroporphyrinogens, decarboxylase and mitochondrial ferrochelatase (48). Hypo-proliferative 

anaemia may be exacerbated by fibrous osteodystrophy, usually caused by severe secondary 

hypoparathyroidism (49). Excessive parathyroid hormone levels are known to reduce EPO 

production, increase haemolysis, and suppress the stem cells of the red cell line in the bone marrow 

(49).   

Anaemia may be aggravated by drugs such as ACE inhibitors, which suppress the synthesis of 

erythropoietin through enhanced oxygenation in peritubular regions via a decrease in vascular 

resistance in efferent arterioles, decreased serum concentration of growth factor-1 (GF-1) and 

increased apoptosis of the progenitor erythroid cells, CD4 (50). Malnutrition also plays a role in 

renal anaemia by causing severe hypoalbuminemia, which is associated with significant 

impairment of the erythropoietic response. There is a link between malnutrition and anaemia in 

the malnutrition- inflammatory (MIA) complex syndrome (51).  

2.4. Iron deficiency anaemia 

Iron deficiency is a state of altered iron balance that results in an insufficient supply of iron to the 

body cells and organs (14). More than approximately 2 billion people worldwide are affected by 

iron deficiency (52). In CKD, knowledge regarding iron deficiency is mainly associated with 

research in the haemodialysis population (53). Observations have been made to the effect that iron 
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deficiency is a common problem that interferes with the effectiveness of erythropoietin stimulating 

agent (ESA).  Hence, researchers have concluded that the iron balance cannot be maintained 

without supplementation. There is, however, a paucity of information on iron balance in pre-

dialysis CKD patients (54, 55). The National Health and Nutritional Examination Survey 

(NHANES) for 1988 to 2004 demonstrated that low iron stores are generally present in most 

patients with reduced kidney function (54). The NHANES III Survey (1988 to 1994) studied iron 

status in CKD patients, and found the presence of iron indices suggestive of iron deficiency 

contribute to anaemia in many CKD patients.  Hsu, McCulloch (17) demonstrated that relative 

iron deficiency was an independent predictor for anaemia, and concluded that several CKD 

patients, in the US may not have enough iron stores to support erythropoiesis. 

Iron deficiency develop in stages, sequential changes in iron status occurs before the diagnosis of 

iron deficiency anaemia (56). In the first stage, iron requirement exceeds intake, causing 

progressive depletion of bone marrow iron stores. As stores decrease, absorption of dietary iron 

increases in compensation. During later stages, deficiency impairs red blood cell synthesis, 

ultimately leading to iron deficiency anaemia (57). The mechanism of iron acquisition is tightly 

regulated by hepcidin-based homeostatic controls; its expansion increases in response to high 

circulating iron levels in the tissues and in persons with systemic inflammation or infections (58). 

The production of hepcidin is inhibited by the expression of erythropoiesis, iron deficiency, and 

tissue hypoxia in response to signals from the bone marrow. In iron deficiency, the transcription 

of hepcidin is suppressed, and adaptive mechanisms facilitate the absorption of iron and its release 

from the body stores. Intestinal iron (non-haem iron) uptake from the duodenum is mediated 

through a divalent metal transporter (DMT1).  The uptake of iron is increased by the cation of 

hypoxia-inducible factor 2 (Figure 2.3) (52, 59). The degree of depletion of iron stores determines 
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the rapidity with which iron deficiency develops in the case of blood loss or a reduction in iron 

absorption. Hepatocytes are the key reservoirs. 

 
Figure 2:3: The Iron-Cycle Mechanisms of Adaptation to Iron Deficiency 

(Reproduced with permission from (scientific reference and citation), Copyright Massachusetts 

Medical Society) (60). 
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Furthermore, owing to a lack of oxygen and reduced haemoglobin synthesis, the RBCs become 

more fragile, which can result in haemolysis and a further worsening of the anaemia. Disease 

conditions with functional iron deficiency can occur when iron is not available for haemoglobin 

synthesis despite normal or increased availability of iron stores. The anaemia of inflammation can 

be mistaken for iron deficiency based on the heamogram machine (53)  

Rare genetic defects in the regulation of ferroportin and hepcidin have been reported to cause 

refractory IDA. A defect in the hepcidin regulator TMPRSS6 has been recently implicated in 

humans (61). Although pre-dialysis CKD patients are not exposed to dialysis-related blood loss, 

as outlined below, iron deficiency can still arise from a variety of causes (14, 53, 62).  

Anorexia is due to uraemia and diets containing low protein levels (especially animal protein), the 

increased consumption of iron, erythropoiesis-stimulating therapy, poor gastrointestinal iron 

absorption, impaired iron transport owing to renal failure (and mediated by the regulation of 

hepcidin). Platelet dysfunction leading to the increased tendency to bleed in renal failure, the 

concomitant use of prophylactic aspirin or anticoagulation medication, repeated venepuncture, the 

loss of iron-containing proteins in the urine of patients with proteinuria, and hookworm 

infestations, particularly in the tissues (63).  

Iron deficiency anaemia is a chronic and frequently asymptomatic condition. Clinical signs due to 

anaemia do not occur until the condition is severe and includes lethargy, decreased exercise 

tolerance, difficulty in concentrating, weight loss, and low delivery levels of oxygen to the tissues. 

These signs are typical of any anaemia. The development of pica is unique to iron deficiency (64). 

Evidence of blood losses such as melaena, haematuria, or bleeding from other sites, may also be 

noticed in patients.  
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Physical examination outcomes may be normal, except for pallor, or may reflect the underlying 

disease processes. If anaemia is severe, a bounding pulse, arrhythmia, and systolic heart murmurs 

may be noted. Melaena or haematochezia may be noted on examination of faeces or on digital 

rectal examinations. However, tachypnoea and tachycardia are unusual with IDA.    

2.5. Diagnostic approach to iron deficiency anaemia 

The diagnostic approach to IDA includes identifying the underlying disease through a detailed 

review of the medical history of the patient, examination, and diagnostic evaluation. The medical 

history should include a review of the medications, diet, concurrent medications, faecal 

abnormalities, exposure to fleas and ticks, and a history of possible blood loss. Diagnostic 

evaluation, including a complete blood count (CBC), is necessary. See table 2.1 the expected 

parameters in iron deficiency.                       

Table 2:1: Expected serum parameters in iron deficiency 

 

(Table reproduced from renal and urology news, free open access) 
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Extensive research has resulted in a wealth of information about iron status and its association with 

anaemia in dialysis patients.  However, this association is less defined in the pre-dialysis 

population. Studies suggest that substantial numbers of patients with non-dialysis CKD may have 

iron deficiency, which would be based on the findings of bone marrow biopsies - the gold standard 

for the diagnosis of IDA, but which is usually not carried out owing to the invasive nature of the 

procedure.  Furthermore, in the light of the conventional iron indices (TSAT and ferritin), which 

have their own shortcomings, there is a need to explore other parameters (26, 65).  

Three recent clinical trials regarding the treatment of anaemia in patients with non- dialysis CKD, 

namely the Convention of Haemoglobin and Outcome in Renal Insufficiency (CHOIR) (66), 

Cardiovascular Risk Reduction by Early Anaemia Treatment with the Epoetin Beta Trial 

(CREATE), and the Trial to Reduce Cardiovascular Events and Aranesp Therapy (TREAT) have 

provided much needed data (67). 

 

CHOIR CREATE recruited patients with stage 4 CKD and tested the hypothesis that a normal 

haemoglobin level (Hb) (13-15 g/dl) would lead to improved outcomes, compared with a lower 

Hb target. None of these studies could confirm the hypothesis. Furthermore, a trend for an 

increased risk of cardiovascular death and events in the high Hb target arm of the study were 

reported. Important to note is that the CHOIR and CREATE trials have ignited intense debate 

about what the target Hb level in both dialysis and non-dialysis populations should be (11-12 g/dl), 

and that maintaining haemoglobin at 13 g/dl or higher is not advisable (68).  

 

The TREAT trial was conducted to look at patients who were anaemic (Hb less than 11 g/dl), and 

had diabetic CKD stages 3 and 4 (eGFR 20-60 mls/min/1.73m2).  At the end of the trial, there 
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were no differences in the primary cardiovascular composite endpoints. However, among those 

treated with dabapoetin alfa, a significantly higher proportion of patients suffered a fatal or non-

fatal stroke (68). This necessitate an exploration into the possible reasons for an increase in the 

incidence of strokes. 

2.6. Functional iron deficiency anaemia 

Functional IDA is a state in which there is an insufficient supply of iron (low plasma iron levels, 

or low serum ferritin levels) for incorporation into erythroid precursors in the face of normal or 

increased body iron stores (63). This condition usually occurs in patients with anaemia of chronic 

inflammation, and in patients being treated with erythropoietin-stimulating agents (ESA). Bohn 

(69) defined the basis of erythropoietin response in three individuals and later through this 

observation, he was able to discover “relative iron deficiency”, also known as functional iron 

deficiency, which he defined as “when the increased erythron iron requirement exceeds the 

available supply of iron”. 

 

Hepcidin plays a key role in iron- restricted erythropoiesis and is released in response to raised 

serum iron levels, infections, and inflammation. Inflammation and iron deficiency have opposite 

effects on hepcidin expression (70).  The suppression of hepcidin during anaemia or hypoxia is an 

indirect effect dependent on increased erythropoietin production and the erythroid precursor’s 

expansion in the bone marrow. Hepcidin inhibits iron efflux by directly binding to ferroportin to 

presumably induce a conformational change, and to trigger the endocytosis of both molecules, 

with consequent lysosomal degradation. The prolonged effect of hepcidin may reflect the time 

required to re-synthesise ferroportin and deliver it to the cell membranes (65).  
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Functional iron deficiency is common in haemodialysis patients. Not many studies have been 

carried out on functional IDA in the CKD population. In Spain, functional iron deficiency has been 

reported in 22 % of the haemodialysis patients (24). We set out to assess the presence and 

prevalence of absolute and functional iron deficiency in black pre-dialysis patients and to 

determine the sensitivity and specificity of various biomarkers in the diagnosis of iron deficiency 

anaemia. 

2.7. Biochemical Markers and Haematological Indices in the Diagnosis of Iron Deficiency 

Clinicians focus on the following: 

a) early recognition of sub-clinical iron deficiency to prevent systemic complications;  

b) recognition of iron-deficient anaemia caused by diet, malabsorption, and bleeding, as this 

condition responds to therapy;  

c) the distinction between iron deficiency and other entities with different diagnoses (e.g. 

infections, inflammation, cancers);  

d) distinguishing the anaemia of chronic diseases from functional IDA. Haemoglobinisation 

of erythrocytes is used to detect functional iron deficiency because the haemoglobin 

content of reticulocytes and erythrocytes provides an evaluation of bone marrow activity 

(53) 

Biochemical markers measure the iron supply to the bone marrow and are indirect indicators of 

the balance between iron and erythropoiesis (71).  

Biochemical markers include:  

• Serum or plasma iron 

• Transferrin (Tf) 

• Transferrin saturation (TfS) 
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• Ferritin 

• Serum soluble transferrin receptor (STfR) 

Haematological markers 

• Hypochromic red cells (% HYPO) 

• Reticulocyte haemoglobin content (CHr) 

 

2.7.1. Serum Ferritin 

Ferritin is a storage protein complex usually seen in cells of the reticulo-endothelial system in the 

liver, spleen, and bone marrow (72). Serum ferritin correlates well with whole body iron stores 

(73). A level below 15-30 ng/ml is predictive of iron deficiency anaemia in non-uraemic subjects 

(68).  In patients with ESKD, there are limitations in using serum ferritin as a marker of the body’s 

iron storage compartment and is not a direct reflection of the iron available for erythropoiesis.  

Hence, it allows for the accurate estimation of functional iron requirements in Recombinant 

Human Erythropoietin (rHu EPO) treated patients. It also acts as an acute phase reactant in many 

clinical states associated with inflammation, infection, liver disease, smoking, and kidney disease. 

Hence, it increases independently of iron status (68). In rare conditions, hypothyroidism and 

vitamin C deficiency may lower the serum ferritin level independently of iron depletion; 

hyperthyroidism, liver disease (especially caused by the hepatitis-C virus), the hyperferritinaemia-

cataract syndrome (74), alcohol consumption, and oral contraceptives, are     all known to elevate 

serum ferritin independently of iron status (75).  

 

Kidney disease is an inflammatory disease; hence, it will raise the level of ferritin independent of 

the iron status. Using a functional response, Mittal, Agarwal (76) found that serum ferritin of less 
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than 100 ng/ml, has low sensitivity and specificity (48 %, and 75 % respectively), and Kalantar-

Zadeh, Rhee (77) that sensitivity was 41 % and specificity 100 % in haemodialysis patients with a 

serum ferritin level of 200 ng/ml. Currently, most centres use serum ferritin at levels of less than 

100 ng/ml,  as an indicator of deficient iron status in renal failure patients (78). Serum ferritin is 

not a reliable marker of iron stores in CKD since it is elevated by concomitant inflammation; hence 

the need for newer biomarkers, which will be explored in this study (79).  

 

In a review by Guyatt, Oxman (71), the authors concluded that a serum ferritin concentration of 

30 ng/ml is associated with iron deficiency with an odds ratio (OR) of 2 in the general population 

and of 4 in a population of patients with inflammatory disease (78). Serum ferritin and TSAT are 

readily available and inexpensive, and levels vary by up to 62 % in normal individuals when 

measured over a long period of time. They also vary technically, thus leading to significant 

analytical variability.  As such, it was concluded that a change in the serum ferritin levels may not 

necessarily reflect a change in iron status Dignass, Farrag (80) and thus the need to explore other 

newer parameters, with less variability.  

 

2.7.2. Serum Soluble Transferrin Receptor Assay (STfR) 

The soluble transferrin receptor (STfR) is normally found on all cells that require iron. Transferrin 

in circulation, which carries iron, binds to the transferrin receptor and the iron is internalised into 

the cells. A part of the receptor is released from the cells into the circulation in a concentration 

proportional to the alteration of the cellular receptor expression. An increase in the production of 

the transferrin receptor occurs as a response to iron deficiency, which reflects an up regulatory 

response to the restricted availability of iron to the erythron (81). Beguin, Loo (81) found that a 
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small increase in STfR occurs with functional iron deficiency in ESKD patients. The ratio of the 

transferrin receptor and the log-ferritin (TFR-F) index is useful in identifying patients with 

depleted iron stores. Ferguson, Skikne (82) found that STfR could be used to diagnose IDA but 

would appear normal in acute infections and inflammation (similar to serum ferritin) (83, 84). 

However, as stated by Leggett, Brown (75), in some studies, the estimation of the amount of STfR 

did not prove to be superior to that of serum ferritin in the detection of iron deficiency (67). A 

recent systematic review concluded that the use of this test improves the diagnosis of iron 

deficiency, especially in the presence of chronic diseases or gastrointestinal malignancy (76). A 

study of 145 patients with IDA or anaemia of chronic disease showed that the STfR index is 

superior to the STfR alone in differentiating between the anaemia of chronic disease (ACD) and 

IDA (85). As described by Fernández-Rodríguez, Guindeo-Casasús (86) in patients with stable 

kidney disease, who were not on dialysis and not receiving iron or ESAs, the STfR concentration 

alone proved to be inferior to serum ferritin levels in identifying those with co-existing IDA. 

However, with stable erythropoiesis, this test proved to be superior to the zinc protoporphyrin 

(ZPP) and serum ferritin tests, but inferior to the %HYPO and CHr tests in differentiating between 

iron-deficient and iron-sufficient individuals (87). STfR has been successfully measured through 

various methods using immunoassays (85, 88).   

 

A major challenge in using STfR is the lack of proper standardisation for the assay.  There are 

several commercial assays available but no common reference materials. This test has proved to 

be very useful in differentiating between IDA and anaemia of chronic diseases (89). The soluble 

transferrin receptor is the best available circulating indicator of iron deficiency in diseases with an 

inflammatory component such as CKD. This hypothesis will be further confirmed through this 
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study. Although further studies might be needed to shed more light on the diagnostic utility value 

and performance of STfR, the evidence currently available suggests that this marker is best used 

in combination with other iron indices (90). Our research further explores the clinical utility of the 

combination of markers in the diagnosis of IDA.  

 

2.7.3. Serum Iron, TIBC, and % Saturation (%sat) 

The saturation (%sat) value is derived from serum iron and TIBC and is the one most frequently 

used in clinical practice. The serum iron level falls within hours of the onset of inflammation, and 

the TIBC level also falls, but to a lesser degree, thus leading to a reduced %sat.  It remains low 

throughout the illness. The %sat is a measure of iron in transport, but not of iron in storage, and in 

functional iron deficiency, iron in storage is needed. Thus, this measure may not be ideal in 

situations where the measurement of iron is required in terms of its storage mass.  Furthermore, a 

%sat level of less than 20 % indicates the need for parenteral iron in the setting of anaemia treated 

with ESA, as described by Roger (91) the %sat level had a low sensitivity and specificity in those 

participants who responded to intravenous iron. Markedly lower values for serum iron, TIBC, and 

transferrin (Tf) saturation are generally observed in normal males with the CD phenotype (92). 

Single nucleotide polymorphisms (SNPs) in the Tf gene and the C282Y mutation of HFE explain 

approximately 40 % of the genetic variability for this parameter (93, 94).   

 

2.7.4. Reticulocyte haemoglobin content (CHr) 

CHr is defined by the formula CHr= (CHr = MCVr X CHCMr) (95), where MCVr is the mean 

reticulocyte cell volume and CHCMr is the mean haemoglobin concentration of the reticulocyte, 

which is obtained by measuring the cell haemoglobin (82). CHr levels have been measured 
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recently in numerous studies as a test for iron deficiency and functional iron deficiency. CHr has 

been found to be highly specific and sensitive and its exact threshold values are 28 to 30 pg. This 

measure is a direct assessment of the incorporation of iron into erythrocyte haemoglobin and thus 

an estimate of the recent functional availability of iron to the erythrocyte (96). In a study by 

Thomas and Thomas (96), CHr has been shown to be a sensitive and specific indicator of 

functional iron deficiency in healthy individuals and in patients with ESKD who are being treated 

with ESA. After administering EPO to healthy individuals, it was found that a reduction in CHr 

was inversely correlated to baseline serum ferritin levels. This experiment also showed that CHr 

is a useful indicator of iron-deficient erythropoiesis.  CHr proved to be a more stable indicator of 

functional iron deficiency than either serum ferritin or STfR (97, 98).  

 

In a study by Vidyashankar P (99), newer parameters such as CHr were evaluated in the diagnosis 

of iron deficiency in non-dialysis CKD patients, and the validity of these tests was established in 

the presence and absence of inflammation.  These tests concluded that the newer parameters have 

variable sensitivity and specificity when applied only in the case of CKD patients, while their use 

in combination with iron parameters such as serum ferritin, and TSAT was found to increase 

specificity and sensitivity in the presence of inflammation. 

 

In a study by Fishbane, Galgano (53), the CHr levels were found to be highly accurate for the 

diagnosis of iron deficiency in haemodialysis patients, with a value of less than 26 pg indicating 

iron deficiency with a sensitivity of 100 % and a specificity of 50 %.  Furthermore, reticulocyte 

correction occurred very rapidly after intravenous iron was administered.  In fact, within days of 

receiving iron, the reticulocyte haemoglobin level improved.  
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Different studies have detected the diagnostic accuracy of using CHr at different cut-off values in 

the diagnosis of IDA. A study by Lorenz, Arand (100) reported higher diagnostic accuracy in 

detecting IDA than serum ferritin and TSAT. In a study by Swartz et al (48), CHr at a cut-off value 

of 29 pg was found to be an accurate marker for the diagnosis of IDA with a sensitivity of 86 % 

(101); a lower cut-off value of 28 pg had a sensitivity level of 76%. Ullrich, Wu (102) used a cut-

off value of 27.5 pg with a sensitivity of 83 %. The performance of CHr in the diagnosis of IDA 

in black South Africans is not well established and will therefore be evaluated in this study. 

 

2.7.5. Percentage Hypochromic Red Cells (%HYPO) 

Hypochromic red cells are those with haemoglobin levels of less than 280 g/l. The utility of this 

test is variable in detecting functional iron deficiency in patients with CKD treated with ESA. A 

variety of studies have shown that an increased % HYPO can be a sensitive and early indicator of 

iron deficiency.  Macdougall, Cavill (47) reported that a value of greater than six percent (6 %) is 

superior to measurements of other traditional parameters such as serum ferritin and TSAT.  

 

Two other methods are available for the assessment of hypochromia. One is where the percentage 

of hypochromic red cells is measured by means of certain Siemens blood auto analysers (XE 5000 

and XN 200, Washington, USA).  As described by Urrechaga (103) it defines those red cells with 

mean corpuscular haemoglobin (MCH) levels of less than 17 g and has proved its utility in the 

differential diagnosis of anaemia. The second method, which involves the measurement of a low 

haemoglobin density (LHD) level, is based on a mathematical transformation of the mean 

corpuscular haemoglobin concentration (MCHC) value and is available on some Beckman 
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instruments.  The values in this case correlate strongly with those of the hypochromic red cells 

(103). 

 

Schaefer and Schaefer (104) found that 22 % of the RBCs among ESKD patients with iron 

deficiency are hypochromic and that on being treated with intravenous iron, the percentage of 

hypochromic red cells will decrease significantly. Macdougall, Cavill (47) found that a 

hypochromic red cell level of more than 10 % is the predicted response to an intravenous injection 

of iron into dialysis patients.  Braun, Lindner (105) treated 70 haemodialysis patients with 500 mg 

of intravenous ferrous gluconate and studied the erythropoietic response.  These authors also found 

that %HYPO was a good indicator for predicting a reduction in the EPO dosage after iron 

treatment.  However, they also found that the %HYPO was low, despite the presence of serum 

ferritin at a level of less than 100 ng/ml. A European study of dialysis patients found the %HYPO 

to be the sole predictor of mortality, among various  iron status parameters, that the  risk of 

mortality increased two-fold for values greater than 10%, as opposed to values of less than 5 % 

and that patients with high hypochromatic red cell counts were 6 % more likely to respond to 

intravenous iron therapy (106, 107). North American studies have not been able to demonstrate 

the value of %HYPO in assessing iron availability in dialysis patients, (53, 108). The reason for 

this difference is not yet fully understood. The general limitations around the parameters assessing 

cellular hypochromia are their sensitivity to temperature and the storage of the samples. These 

markers may be falsely elevated because of a simultaneous increase in MCV and a reduction in 

MCHC associated with storage at temperatures greater than or equal to room temperature. All 

hypochromic markers will increase with reticulocytosis, because reticulocytes have lower MCHCs 

than mature RBCs (109).                    
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The reticulocyte haemoglobin content (CHr) and the proportion of hypochromic red cells (% 

HYPO) have been used together with biochemical markers as diagnostic tools to distinguish IDA 

from ACD.  They have now been incorporated into the guidelines for the monitoring of human 

erythropoietin therapy (110-112). These indices have also been found to be reliable markers of 

iron deficiency under physiological conditions, where the demand for iron increases (e.g. in 

children and in women of reproductive age) (113). However, their diagnostic utility in patients 

with CKD has been explored to a lesser extent, and as such will be evaluated in this study.  

 

There is insufficient evidence to determine the performance of combinations of the newer 

biomarkers, or of combinations of the newer and classical biomarkers, in diagnosing IDA.  

However, it may be that the CHr and the % HYPO have better predictive ability.  As such, this 

combination will be explored in this study (Figure 2.4). 



41 
 

 

Figure 2:4: Bi-dimensional distribution of forward scattered light and florescence (114). 

Bi-dimensional distribution of forward scattered light and florescence is presented as a 

scattergram, indicating mature red cells and reticulocytes. Forward scatter correlates with the 

haemoglobin content. (Reproduce with permission from creative commons attribution 3.0 license, 

which permits unrestricted use in production in any medium provided is cited) 

 

2.7.6. Zinc Protoporphyrin (ZPP) 

Zinc protoporphyrin (ZPP) is a trace by-product of haemoglobin synthesis and any condition that 

limits iron supply to the erythroid marrow or stimulates porphyrin synthesis leads to an increased 

concentration of ZPP in the circulating red cells. Incorporation of iron into Protoporphyrin 1X is 

the final stage of haemoglobin synthesis, and an increase in ZPP is an indicator of a defect in the 

pathway.   Elinor A. Graham (115) reported that ZPP is non-specific, with levels increasing in 

cases of iron deficiency, functional iron deficiency, and in lead poisoning. 
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This measurement has two limitations owing to the methods used in its measurement.  The plasma 

constituents contribute to the magnitude of the ZPP values. Hence ZPP levels are raised by 

hyperbilirubinaemia (116) and in CKD (15, 117). Secondly, an increase is generally observed as 

the Hb falls below the 100 g/l level, individuals with anaemia have reduced levels of haemoglobin 

irrespective of their iron status (15). The ZPP reflects the entire red cell population and is less 

sensitive than the %HRC or the CHr to changes in the availability of iron. 

 

Mwangi, Maskey (118) studied the utility value of ZPP as a diagnostic tool to detect iron 

deficiency in Kenyan pregnant women and found that ZPP is limited in ruling out iron deficiency 

when used for screening in conditions of low iron prevalence. Thus, it was concluded that ZPP is 

unreliable as a marker in discriminating between pregnant women with and without iron 

deficiency. In another study by WongA, Qutishat (119) among hospitalized patients, the predictive 

value of ZPP in the diagnosis of iron deficiency at a cut-off value of 170 mol/mol had a sensitivity 

of 93 % and a specificity of 90 %. These values are not in agreement with the findings of Thomas 

and Thomas (96). Zinc protoporphyrin is elevated in cases of iron deficiency and it should be noted 

that such elevated levels may be present in the anaemia of chronic disease, lead toxicity, and 

myelodysplasia (120, 121). These observations should be interpreted with caution, especially in 

patients with CKD.  

 

2.7.7. Growth Differentiation Factor 15 (GDF-15) 

GDF-15 is a member of the transforming growth factor superfamily, also known as macrophage 

inhibitory cytokine-1. This protein is expressed in almost all tissues, which suggests its importance 
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in general and basic cellular functions. Its exact biological function is still under investigation, but 

it has clearly been shown to be involved in regulating inflammatory and apoptotic pathways (122). 

GDF-15 has been shown to be a strong and independent predictor of disease progression and 

mortality in patients with kidney disease, heart disease, stroke and other conditions.  Zhang, 

Moszczynski (123) confirmed its role in the development and progression of CKD. In a cohort 

community of elderly patients, it was shown that GDF-15 concentrations increased by 11 % over 

a five-year period (124).  

 

Recently, GDF-15 has been identified as one of the regulators of iron status.  Furthermore, as 

described by Lukaszyk, Lukaszyk (125), oxidative stress and inflammation are factors that 

increase the expression of GDF-15. These authors in 2016 illustrated that GDF-15 was higher in 

patients with anaemia although the sample size was small, thus limiting statistical analysis (125). 

Therefore, more studies are needed to establish whether GDF-15 is a clinically useful biomarker 

and whether it can be used to identify the group of patients who will benefit from various 

interventions or treatment. Several studies have found an association between elevated levels of 

GDF-15 and cardiovascular injury (124, 126, 127). It is possible that GDF-15 could signal intra-

renal injury, either from a systemic process or from intra-renal patho-physiological processes. 

Significant associations between higher levels of GDF-15 and the development of CKD, a rapid 

decline in kidney function, and albuminuria, were reported among participants in the Framingham 

study (128). GDF-15 was recently identified as a strong prognostic marker in patients with 

cardiovascular disease, including coronary artery disease, acute coronary syndromes (127, 129) 

and heart failure (130). The expression of GDF-15 in conjunction with other inflammatory markers 
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is up regulated by oxidative stress, tissue ischaemia, and cancer in organ tissues, including the 

heart and kidneys (131, 132).  

 

There has been increasing interest in the relationship between GDF-15 and kidney disease in 

diseases such as diabetes and IgA nephropathy (133, 134). Lajer, Jorsal (135) reported that 

elevated GDF-15 levels are significantly associated with a worse renal outcome in insulin-

dependent diabetic patients with microalbuminuria, the hypothesis being that elevations in the 

GDF-15 levels may aggravate outcomes in patients with kidney disease. This biomarker will be 

investigated in this study. 

 

2.7.8. Hepcidin 

Hepcidin is a new iron marker which was discovered in 2001. It was noticed that pro-hepcidin has 

no impact on iron metabolism in healthy individuals or in patients with CKD (136). Hepcidin is a 

critical inhibitor of iron export from macrophages, enterocytes, and hepatocytes. It is filtered and 

degraded by the kidneys.  Elevated levels of hepcidin in renal failure have been suggested to play 

a role in the disordered iron metabolism of uraemia (137). Production by hepatocytes is modulated 

in response to anaemia, hypoxia, or inflammation figure 2.5.  Iron is essential for life, and excesses 

of iron can cause organ and tissue damage. To prevent iron overload, the iron balance is regulated 

by hepcidin.  Iron deficiency lowers hepcidin, leading to enhanced iron absorption and the 

mobilisation of iron from stores. The hepcidin levels also increase with inflammation and play a 

major role in the anaemia of chronic diseases, which are associated with increased hepcidin levels.  

This factor is likely to contribute to the incidence and severity of anaemia, and the ESA.   
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Figure 2:5: Iron sufficiency and inflammation enhance hepcidin production in the liver 

Inflammation increases the production of interleukin-6. The consequent increase in hepcidin 

blocks the release of macrophage iron, as well as the intestinal absorption of iron, resulting in 

hypoferremia. [Abbreviations: TF: transferrin; Fe: iron; DMT1: divalent metal transporter (138)] 

(With permission to reproduce from Kidney International publisher, Elsevier, appendix E) 

Hepcidin could also act as an indicator of FID in CKD patients (137), hence the need to explore 

the mechanism by which hepcidin is able to indicate functional iron deficiency.  The production 

of hepcidin in patients with CKD depends on iron status, anaemia, inflammation, hypoxia, and 

erythropoietin (139). Elevated levels of hepcidin in patients with CKD and who are on dialysis 

may be related to the occurrence of high triglycerides and high IL-6 serum concentrations (140). 

This probably suggests that hepcidin may play a role in the progression of atherosclerosis and 

inflammation.  However, this hypothesis should be further evaluated. 
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Previous studies have attempted to measure the serum levels of pro-hepcidin, the peptide precursor 

of hepcidin, but these studies are difficult to interpret because the relationship between pro-

hepcidin, hepcidin, and the iron parameters remains unclear (139). In the current study, we 

evaluated the relationship between these iron parameters and the underlying genetics of IDA.  

Mass spectrometry is capable of reliably measuring the serum hepcidin levels. There is a positive 

correlation between the hepcidin and ferritin levels in CKD. However, it should be noted that mass 

spectrometry has its limitations as it is semi-quantitative by nature and the equipment is not widely 

available (141).  

Hepcidin, an acute phase reactant, is currently thought to be the major regulator of iron 

homeostasis, and according to certain studies such as that by  Goyal, Mohanty (142), hepcidin was 

found to have the potential to provide information beyond the iron profile.  These authors found 

that hepcidin levels are higher in CKD patients when they are compared to their age- and gender-

matched healthy controls. Furthermore, hepcidin levels have also been found to increase through 

stages 3 to 5 of CKD (40).  

There is a positive correlation between the hepcidin and TSAT levels. This relationship has been 

reported in previous studies (143, 144). Other studies have found median hepcidin levels to be 

significantly higher in patients with normal iron status, followed by a relative deficiency of iron 

as opposed to an absolute deficiency of iron (142, 144), thus supporting the hypothesis that 

hepcidin levels increase in patients with the anaemia of CKD, with normal iron status and with 

functional iron deficiency. Hepcidin levels were down regulated in patients with absolute iron 

deficiency. Furthermore, the positive correlation between the hepcidin and ferritin levels raises 

controversy as to the performance of hepcidin and ferritin, in the diagnosis of iron disturbances in 



47 
 

haemodialysis patients (136). Though many studies have been carried out in haemodialysis 

patients, this suggests that hepcidin and ferritin are no better than traditional iron markers (145).  

A study carried out by Uehata, Tomosugi (143) among non-dialysis CKD patients demonstrated 

that hepcidin levels are negatively associated with haemoglobin concentrations in non- dialysis 

CKD patients with sufficient iron stores.  The authors concluded that ferritin modifies the 

association between hepcidin and haemoglobin (143).  However, their finding of elevated hepcidin 

levels is in keeping with the findings of other researchers (136, 139). Other studies have shown 

that erythropoietic activity is required in order to suppress hepcidin production (146). The 

association between hepcidin levels and the glomerular filtration rate (GFR) remains to be 

determined. Hence there is a need to further explore the relationship between hepcidin levels and 

the GFR and iron status in non-dialysis CKD patients.  

Hepcidin assays have been used in the diagnosis of both iron deficiency and overload, which are 

key regulators in iron homeostasis (147). Hepcidin can be measured by means of either mass 

spectrometry or immunoassays (142). There has been progress in recent years towards the 

standardisation of such investigations (148), but still there is no common reference range.  A 

reference range cut-off for our environment is was evaluated in this study.  

Using mass spectrometry, lower serum hepcidin levels were reported in blood donors who donated 

13 units of blood over a two-year time period (149). At present, no approved hepcidin assay is 

readily available for clinical use (79). There is still a paucity of knowledge on how the 

determination of serum hepcidin levels would fit into diagnostic algorithms for iron states outside 

iron refractory iron deficiency anaemia (IRIDA) (150).  
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Serum hepcidin levels may open a new door in predicting therapeutic responses. Concerns have 

been raised in developing countries about implementing widespread iron supplementation since it 

can aggravate the incidence and severity of malaria (135). Hepcidin has been shown to be the most 

consistent predictor of erythrocyte iron incorporation (151). Data indicate that the level of serum 

hepcidin in a patient might also reflect his/her responsiveness to oral iron therapy, with higher 

hepcidin values conveying poor or no response to oral iron supplements (152). More research is 

required to ascertain the role of hepcidin in CKD patients. 

2.8. Management of Iron Deficiency Anaemia and Functional Iron Deficiency 

2.8.1. Treatment with Iron Supplements in Patients with CKD who are not on Dialysis 

(CKD stages 1-4) 

The role of iron supplementation in patients with CKD who are not on dialysis therapy is still not 

well established (93). Zhou, Laszik (153), in separate randomised controlled trials, compared oral 

iron with intravenous iron.  The results were inconclusive as to whether any iron treatment, 

regardless of the route of administration, would be necessary. In the setting of absolute iron 

deficiency, oral iron treatment should be initiated in tandem with an evaluation for unknown blood 

loss. In patients with functional iron deficiency, supplementation should be guided by treat-to-goal 

iron targets to support ESA therapy in patients with CKD who are not yet on dialysis (154). An 

ideal study would be a double-blind randomised controlled trial to compare oral or intravenous 

treatment with a placebo, in order to ascertain the efficacy, safety and tolerability of such a 

treatment.  However, there is a paucity of such studies. 

2.8.2.  Iron replacement therapy in CKD 

The treatment of iron deficiency with oral or intravenous supplementation can reduce the severity 

of anaemia in patients with CKD (34). Iron supplementation is being used widely in patients with 
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CKD to treat iron deficiency, to prevent its development in ESA-treated patients, to raise the 

haemoglobin level in the presence or absence of ESA treatment, and to reduce ESA doses in 

patients receiving ESA treatment (155). There are limited data on the long-term clinical benefits 

of iron supplementation other than the direct effect on haemoglobin concentration, and there is 

little information on the long-term adverse effects of iron supplementation in excess of that 

necessary to provide adequate bone marrow stores (1, 156).  Since bone marrow aspiration studies 

are rarely done in clinical practice, iron supplementation is assessed by blood–based iron indices, 

which have their shortcomings (157, 158).  

Several randomised control trials of small sample size in patients with ESKD who were on dialysis 

examined the effects of intravenous versus oral iron administration or of classical versus novel 

intravenous iron formulation on the correction of anaemia (159, 160). The conclusion reached was 

that intravenous iron is more effective than oral iron for replenishing iron stores, improving 

anaemia, and reducing ESA dosage requirements. There is still a paucity of data regarding 

randomised controlled trials for optimal iron management in the treatment of anaemia in pre-

dialysis CKD.  

The recent study by Macdougall, Bock (161), the FIND- CKD study, a randomised controlled trial 

(RCT), involved 626 patients with CKD stages 3-5 and IDA.  They were not receiving ESAs for 

the three treatment arms, namely intravenous ferric carboxymaltosr (FCM) targeting a high ferritin 

range (400-600 g/l, intravenous FCM targeting a lower ferritin range (100-200 ng/l), or oral iron 

(200 mg ferrous sulphate daily). Furthermore, the primary endpoint indicated the time at which to 

initiate other anaemia management practices (e.g. ESA, other iron therapy methods, or blood 

transfusion) or haemoglobin triggers of two consecutive values (<10 g/dl) over the period eight to 

52 weeks. The secondary end points were the necessity for blood transfusion and an increase in 
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haemoglobin to the order of at least 10 g/dl (160). The primary end point occurred in 36 patients 

(23.5 %), 49 patients (32.2 %), and 98 patients (31.8 %) in the high-ferritin-target, low-ferritin-

target, and oral-iron group respectively, with a significant difference only between the high-

ferritin-target and the oral-iron groups (160, 161). Although the authors found no renal toxicity, 

this trial was not able to assess the safety end points, which was a limitation. 

2.8.3. Intravenous Iron in CKD 

Parenteral iron was first introduced in the early 20th century - in 1932 (162). Ferric hydroxide 

solution was injected subcutaneously and intramuscularly into anaemic patients and, intravenous 

iron was introduced later (163).  In patients with non-dialysis-dependent CKD (CKD-ND), this 

experiment suggested that the selection of the iron administration route (oral versus intravenous,) 

should be made on the basis of the severity of the anaemia, the availability of venous access, the 

response or lack of response to prior oral iron therapy, the previously observed adverse effects,  

the patient’s adherence to the treatment and the associated costs (163). There are several 

intravenous iron preparations that are currently in use in CKD patients (164, 165).  

Some pre-dialysis patients, who do not respond to oral iron therapy, may respond to intravenous 

iron. A prospective study by Silverberg, Wexler (166) investigated the effects of intravenous iron 

sucrose (200 ng of iron per month for five months) in pre-dialysis patients with anaemia who had 

proven non-responsiveness to oral iron and found that none of the patients was receiving ESA. 

The mean haemoglobin level increased by 1.2 g/dl versus the baseline (p= 0.08), with 22/23 

patients showing responses that ranged from 0.4 to 3.6 g/dl.  Similar results were also observed by 

Bhowmik, Modi (167), in a small study of 11 patients, where the mean haemoglobin level of 5.6 

g/dl increased to 8.0 g/dl in one month after a single dose of intravenous iron dextran.  This was 

achieved in spite of the small sample size and the fact that the patients had to rely on oral iron. A 
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study in India also based on the intravenous administration of iron dextran to 56 pre-dialysis CKD 

patients, led to an increase in haemoglobin levels from 8.28+ 0.57 at baseline to 9.12+ 0.44 g/dl in 

12 weeks (168). 

In a prospective single-arm study, intravenous iron sucrose administered at a rate of 200 mg 

monthly over a period of twelve months showed a significant increase in haemoglobin levels from 

9.7 + 1.1 at baseline to 11.3 + 2.5 g/dl after 12 months, and a mean increase in haemoglobin of 1.6 

g/dl (169). Intravenous iron therapy in pre-dialysis patients without EPO seems often to ameliorate 

the anaemia, thus avoiding the necessity for EPO or blood transfusions in one third of the pre-

dialysis, non- diabetic patients (170).  

Clinical trials in which different intravenous iron formulations were compared directly for safety 

and efficacy mostly involved a small number of patients and short follow-up periods. A 

randomised study of CKD patients who were not on dialysis showed a higher risk of adverse drug 

reactions associated with low molecular weight iron dextran as opposed to iron sucrose and sodium 

ferric gluconate (171).  On the other hand, randomised trials comparing iron isomaltoside (172) 

and feumoxytol levels (161) to iron sucrose levels showed equivalent efficacies with respect to 

increases in haemoglobin, and no significant differences in the adverse effect profiles.  

There is still a need for more randomised control trials to improve guidelines for iron management 

in CKD patients who are not on dialysis. Although the two recent trials (FIND-CKD and 

REVOKE) (161, 173) have improved the quality of evidence, their results have proved to be 

conflicting. The KDIGO Guideline in 2012 (174), which was based on observational data, also 

showed conflicting results.  As such, there is a need for more observational and randomised control 

trials, with sufficient duration of follow up. This need has been partly fulfilled by the Proactive IV 
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Iron Therapy in haemodialysis patients (PIVOTAL) trial (175), which was designed to provide 

insight on how these iron therapy approaches affect ESA dose requirements, red blood cell 

transfusions, complications of haemodialysis treatment, quality of life, and relevant laboratory 

biomarkers. The results of this trial are awaited and will provide information relevant to dialysis 

physicians and dialysis providers worldwide, for the benefit of these patients. 

2.9. Iron deficiency anaemia and its genetics 

The acquired defects resulting from an iron deficiency are those emanating from either abnormal 

iron absorption from the diet, gastrointestinal tract or blood loss. Genetic causes of IDA in humans 

are mostly due to a defect in the divalent metal-iron transporter (DMT1) and in the recently 

identified trans-membrane protease serine 6 (TMPRSS6), a gene that controls hepcidin expression 

(61).  

Several genes regulate iron metabolism, and a key role is played by hepcidin, a peptide that 

controls intestinal iron absorption and macrophage iron release. So far, the only mutation in 

TMPRSS6, which encodes a negative regulator of hepcidin expression, has been associated with 

chronic IDA. Genome-wide Association Studies including a recent meta-analysis, indicate that 

TMPRSS6 genetic variants are associated with red cell and iron traits in Caucasian and Asian 

populations (176).  

Hepcidin levels are usually low, undetectable, or both in the urine and serum in the presence of 

iron deficiency.  They are usually due to the suppressive effect of iron absorption and its release 

from macrophages (177, 178).  In contrast, in the case of IDA, and owing to a defect in TMPRSS6, 

the urinary and serum hepcidin levels are inappropriately high for the degree of anaemia.  
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Du, She (16) reported the discovery of a protein with non-redundant function in HAMP (hepcidin 

antimicrobial peptide) suppression, which permits the normal uptake of enteric iron in response to 

iron depletion and is capable of converting all known hamp activity stimuli to stimulate 57BL/65 

background. Low iron levels were observed which, coupled with high hamp stimulated transcript 

levels in masked mutants, suggest that TMPRSS6 might negatively regulate hamp activation to 

promote iron uptake (16).  

In a study by Melis, Cau (61), TMPRSS6 mutations were found to lead to the overproduction of 

hepcidin and in turn to defective iron absorption and utilisation.  The authors later confirmed that 

in humans there is an inhibitory effect of TMPRSS6 on the synthesis of hepcidin (61). As the 

research was demonstrated on mice, the role of TMPRSS6 in pre-dialysis CKD patients could not 

be determined (179). In another study by Beutler, Van Geet (180), although they did not find any 

of the common polymorphisms of TMPRSS6 to be risk factors for iron deficiency, the authors 

identified three exons in the anaemic population. Because these studies were limited to the white 

population only, they cannot be considered representative of the black population, which is the 

sector under consideration in this study.  

In a study by Danquah, Gahutu (181), the TMPRSS6 (736) (V) allele which was previously 

reported to be associated with iron deficiency and anaemia, was found to be less common in 

Rwanda than in non-African populations and did not fully explain the low haemoglobin levels of 

the patients. Though their sample size should have been larger, and they used ferritin, which has 

limited variability as an acute phase reactant, and as a marker of iron status, there may have been 

abundant infections and inflammatory processes among the children in the study, which should 

therefore not be ruled out. 
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Various studies have observed a geographical variation in iron status, which has led to the 

hypothesis that differences in genetic adaptations across different ethnicities may contribute to 

differences in iron status. Studies on the genetics of iron status in African populations are important 

for the ultimate goal of having to characterise risk variants beyond what can be determined from 

European populations alone. This information is useful in informing strategies to address iron 

deficiency. Understanding the genetics of low iron status is important in populations of African 

ancestry, where there are disproportionately higher burdens of iron deficiency (182, 183).  

Genome-wide association (GWA) studies have identified common variants that are associated with 

iron status in populations of largely European ancestry (179, 184, 185). Whether these findings 

can be generalised to apply to African ancestry populations is not known. We hypothesise that 

single nucleotide polymorphisms (SNPs) tag larger regions of the genome in Caucasians than they 

would normally do among individuals of African ancestry. Therefore, index SNPs in European 

populations may not necessarily tag causal variants within the African population. 

In recent decades, GWA studies have identified several single nucleotide polymorphisms (SNPs) 

that influence red blood cell phenotypes (184, 186, 187). Among the SNPs, rs855791 has the 

strongest association with red blood cell indices and iron parameters in the general population (94, 

184), but the role of rs855791 and its association with iron parameters in CKD patients have not 

been studied. Its role is evaluated in this present study. TMPRSS6 is located in the functional part 

of TMPRSS6 and the rs855791 (2321 C>T) causes a non-synonymous substitution that reduces 

the ability of the enzyme to inhibit hepcidin transcription (188). It is our objective in this study to 

investigate the role of the genetic variant rs855791 on the susceptibility of pre-dialysis CKD 

patients to IDA. 
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2.10. Ethnic Variations in Haematological Markers of Iron Deficiency Anaemia 

Anaemia is a common haematological condition among patients with CKD, with prevalence 

increasing as a function of age after the fifth decade of life (189). Several studies have reported 

the differential distribution of anaemia by age and sex (190).  Less attention has been devoted to 

disparities in anaemia by race. A study in the United States by Patel, Harris (189) showed that 

anaemia, and severe anaemias, are serious health concerns for specific subgroups such as blacks, 

Hispanics, older adults, non-pregnant women of reproductive age, and pregnant women. The 

finding that anaemia is more common among blacks is consistent with other reports (191, 192).  

Among individuals in the Duke Established Population for Epidemiologic Studies of the Elderly 

cohort, blacks had a three-fold higher prevalence of anaemia than whites after adjustments were 

made for age, educational level, body mass index, and a composite health condition score (193). 

It should, however, be noted that this study did not cover racial differences and individual 

associations of risk factors with anaemia. There is a need for studies to identify the magnitude and 

the implications of apparent racial differences in haemoglobin levels. 

2.11. Justification for Study 

Anaemia is a common complication of CKD and contributes to adverse outcomes. Early 

identification and treatment improve quality of life and reduce cardiovascular morbidity and 

mortality. In sub-Saharan Africa, there is a paucity of information on the prevalence and genetics 

of IDA (absolute and functional) in CKD patients. 

Bone marrow biopsy is the gold standard for diagnosing IDA in CKD patients.  However, it is not 

routinely done in clinical practice owing to its invasive and cumbersome nature. Therefore, there 

is a need to use other non-invasive techniques in diagnosing IDA. Various iron parameters such 

as serum ferritin, transferrin saturation, and soluble transferrin receptors have been used to 
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diagnose iron deficiency but have their shortcomings.  Thus, this study has been carried out to 

explore other parameters, including the percentage of hypochromic red cells and the reticulocyte 

haemoglobin content, hepcidin, and GDF-15 and to compare their performance with more 

routinely-used conventional parameters and possibly determine the best non-invasive parameters 

in the diagnosis of iron deficiency anaemia in non-dialysis CKD patients.  

There has been no study that has investigated the susceptibility gene, and the prevalence of the 

single nucleotide polymorphism in a black population with CKD, and the possibility that certain 

variants of the TMPRSS6 serine gene increase the susceptibility to develop iron deficiency 

anaemia in patients with CKD. Additionally, the role of the biomarker GDF-15 in the diagnosis of 

IDA is unknown among non-dialysis CKD patients. Identifying non-invasive parameters in the 

diagnosis of iron deficiency and genetically susceptible individuals, as well as the genes involved, 

will add knowledge to the nephrology speciality and may aid in reducing morbidity and mortality. 

It is for these reasons that the study was undertaken to determine the prevalence of IDA, to explore 

the performance of various non-invasive iron parameters and the genetics associated with IDA in 

a black CKD population, not on dialysis. 

2.12. Research hypotheses 

The research hypotheses for this study were as follows: 

• Anaemia is a common complication of CKD and its aetiology is multifactorial; a 

substantial proportion of non-dialysis CKD patients may have IDA across all stages of 

CKD. 
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• Novel parameters such as reticulocyte haemoglobin content, the percentage of 

hypochromic red cells and GDF-15 may perform better than the older conventional 

parameters in the diagnosis of IDA in non-dialysis CKD patients. 

• Novel biomarkers may predict the progression of the disease and mortality in pre-dialysis 

CKD patients. 

• Single nucleotide polymorphisms (SNPs) of the TMPRSS6 serine gene and its variant 

(rs855791) may be positively associated with an increased susceptibility to the 

development of IDA.  

2.13. Aims 

The aim of this study was to evaluate the haematological, biochemical and genetic markers of IDA 

in black South Africans with CKD. 

2.14. Specific objectives 

• To determine the prevalence of iron deficiency (both absolute and functional) anaemia in 

patients with CKD stages 1 to 5. 

• To compare the performance of the percentage of hypochromic red cells and the 

reticulocyte haemoglobin content with conventional parameters to determine iron status. 

• To ascertain the association of hepcidin and GDF-15 in patients with IDA. 

• To determine the association of novel biomarkers with CKD progression and mortality. 

• To determine the prevalence of SNPs of the TMPRSS6 gene and its association with IDA.  

  



58 
 

2.15. References 

1. National Kidney Foundation. K/DOQI clinical practice guidelines for bone metabolism 

and disease in chronic kidney disease. American journal of kidney diseases : the official 

journal of the National Kidney Foundation. 2003;42(4 Suppl 3):S1-201. 

2. Aoun M. Iron deficiency across chronic kidney disease stages: Is there a reverse gender 

pattern? 2018;13(1). 

3. Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco AL, De Jong PE, et al. Kidney 

Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical 

practice guideline for the evaluation and management of chronic kidney disease. Kidney 

International Supplements. 2013;3(1):1-150. 

4. Kassebaum NJ, Arora M, Barber RM, Bhutta ZA, Brown J, Carter A, et al. Global, 

regional, and national disability-adjusted life-years (DALYs) for 315 diseases and injuries 

and healthy life expectancy (HALE), 1990–2015: a systematic analysis for the Global 

Burden of Disease Study 2015. The Lancet. 2016;388(10053):1603-58. 

5. Kaze AD, Ilori T, Jaar BG, Echouffo-Tcheugui JB. Burden of chronic kidney disease on 

the African continent: a systematic review and meta-analysis. BMC Nephrology. 

2018;19(1):125. 

6. Stanifer JW, Jing B, Tolan S, Helmke N, Mukerjee R, Naicker S, et al. The epidemiology 

of chronic kidney disease in sub-Saharan Africa: a systematic review and meta-analysis. 

The Lancet Global Health. 2014;2(3):e174-e81. 

7. Matsha TE, Yako YY, Rensburg MA, Hassan MS, Kengne AP, Erasmus RT. Chronic 

kidney diseases in mixed ancestry south African populations: prevalence, determinants and 

concordance between kidney function estimators. BMC Nephrology. 2013;14(1):75. 

8. Adeniyi AB, Laurence CE, Volmink JA, Davids MR. Prevalence of chronic kidney disease 

and association with cardiovascular risk factors among teachers in Cape Town, South 

Africa. Clinical kidney journal. 2017;10(3):363-9. 



59 
 

9. Bidani AK, Griffin KA. Chronic kidney disease: blood-pressure targets in chronic kidney 

disease. Nature Reviews Nephrology. 2011;7(3):128. 

10. Schieppati A, Remuzzi G. Chronic renal diseases as a public health problem: 

epidemiology, social, and economic implications. Kidney International. 2005;68:S7-S10. 

11. Matsha TE, Hassan MS, Kidd M, Erasmus RT. The 30-year cardiovascular risk profile of 

South Africans with diagnosed diabetes, undiagnosed diabetes, pre-diabetes or 

normoglycaemia: the Bellville, South Africa pilot study. Cardiovascular journal of Africa. 

2012;23(1):5. 

12. Bright R. Cases and observations illustrative of renal disease accompanied with the 

secretion of albuminous urine. Guy's Hospital Report. 1836;10:338-40. 

13. National Kidney Foundation. KDOQI Clinical Practice Guidelines and Clinical Practice 

Recommendations for Anemia in Chronic Kidney Disease. American journal of kidney 

diseases : the official journal of the National Kidney Foundation. 2006;47(5 Suppl 3):S11-

145. 

14. Camaschella C. Iron deficiency: new insights into diagnosis and treatment. ASH Education 

Program Book. 2015;2015(1):8-13. 

15. Thomas DW, Hinchliffe RF, Briggs C, Macdougall IC, Littlewood T, Cavill I. Guideline 

for the laboratory diagnosis of functional iron deficiency. British journal of haematology. 

2013;161(5):639-48. 

16. Du X, She E, Gelbart T, Truksa J, Lee P, Xia Y, et al. The serine protease TMPRSS6 is 

required to sense iron deficiency. Science (New York, NY). 2008;320(5879):1088-92. 

17. Hsu CY, McCulloch CE, Curhan GC. Iron status and hemoglobin level in chronic renal 

insufficiency. Journal of the American Society of Nephrology : JASN. 2002;13(11):2783-

6. 

18. Stancu S, Stanciu A, Zugravu A, Barsan L, Dumitru D, Lipan M, et al. Bone marrow iron, 

iron indices, and the response to intravenous iron in patients with non-dialysis-dependent 



60 
 

CKD. American journal of kidney diseases : the official journal of the National Kidney 

Foundation. 2010;55(4):639-47. 

19. Stancu S, Bârsan L, Stanciu A, Mircescu G. Can the Response to Iron Therapy Be Predicted 

in Anemic Nondialysis Patients with Chronic Kidney Disease? Clinical Journal of the 

American Society of Nephrology : CJASN. 2010;5(3):409-16. 

20. De Nicola L, Minutolo R, Chiodini P, Zoccali C, Castellino P, Donadio C, et al. Global 

approach to cardiovascular risk in chronic kidney disease: reality and opportunities for 

intervention. Kidney international. 2006;69(3):538-45. 

21. Murray-Kolb LE, Welch R, Theil EC, Beard JL. Women with low iron stores absorb iron 

from soybeans. The American journal of clinical nutrition. 2003;77(1):180-4. 

22. Qunibi WY, Martinez C, Smith M, Benjamin J, Mangione A, Roger SD. A randomized 

controlled trial comparing intravenous ferric carboxymaltose with oral iron for treatment 

of iron deficiency anaemia of non-dialysis-dependent chronic kidney disease patients. 

Nephrology Dialysis Transplantation. 2010;26(5):1599-607. 

23. McClellan W, Aronoff SL, Bolton WK, Hood S, Lorber DL, Tang KL, et al. The 

prevalence of anemia in patients with chronic kidney disease. Current medical research and 

opinion. 2004;20(9):1501-10. 

24. Valderrábano F, Hörl WH, Macdougall IC, Rossert J, Rutkowski B, Wauters JP. PRE‐

dialysis survey on anaemia management. Nephrology Dialysis Transplantation. 

2003;18(1):89-100. 

25. Nissenson AR, Wade S, Goodnough T, Knight K, Dubois RW. Economic burden of anemia 

in an insured population. Journal of managed care pharmacy. 2005;11(7):565-74. 

26. Gotloib L, Silverberg D, Fudin R, Shostak A. Iron deficiency is a common cause of anemia 

in chronic kidney disease and can often be corrected with intravenous iron. Journal of 

nephrology. 2006;19(2):161-7. 



61 
 

27. Rahman MM, Dutta PK, Hoque M, Han MIH, Banik D, Dutta AK, et al. Evaluation of Iron 

Status by Bone Marrow Iron Stain and its Correlation with Serum Iron Profile in Chronic 

Kidney Disease (CKD). Journal of Bangladesh College of Physicians and Surgeons. 

2007;25(3):117-20. 

28. Syid MA, Mohmmed AA, Yassein RB, Alballah NA, Alseedig NO, Allah SKA. Evaluation 

of Serum Iron Status in Sudanese Chronic Renal Failure Patients. Bulletin of Environment, 

Pharmacology and Life Sciences. 2016;5(8):44-6. 

29. Choi AI, Rodriguez RA, Bacchetti P, Bertenthal D, Hernandez GT, O'Hare AM. 

White/black racial differences in risk of end-stage renal disease and death. The American 

journal of medicine. 2009;122(7):672-8. 

30. Clase CM, Kiberd BA, Garg AX. Relationship between glomerular filtration rate and the 

prevalence of metabolic abnormalities: results from the Third National Health and 

Nutrition Examination Survey (NHANES III). Nephron Clinical Practice. 

2007;105(4):c178-c84. 

31. Sliwa K, Wilkinson D, Hansen C, Ntyintyane L, Tibazarwa K, Becker A, et al. Spectrum 

of heart disease and risk factors in a black urban population in South Africa (the Heart of 

Soweto Study): a cohort study. The Lancet. 2008;371(9616):915-22. 

32. Jacobson L, Goldwasser E, Fried W, Plzak L. Role of the kidney in erythropoiesis. Nature. 

1957;179(4560):633. 

33. McGonigle RJ, Husserl F, Wallin JD, Fisher JW. Hemodialysis and continuous ambulatory 

peritoneal dialysis effects on erythropoiesis in renal failure. Kidney international. 

1984;25(2):430-6. 

34. Besarab A, Kaiser JW, Frinak S. A study of parenteral iron regimens in hemodialysis 

patients. American journal of kidney diseases : the official journal of the National Kidney 

Foundation. 1999;34(1):21-8. 

35. Geddes CC. Pathophysiology of renal anaemia. Nephrology Dialysis Transplantation. 

2018. 



62 
 

36. Roy CN, Mak HH, Akpan I, Losyev G, Zurakowski D, Andrews NC. Hepcidin 

antimicrobial peptide transgenic mice exhibit features of the anemia of inflammation. 

Blood. 2007;109(9):4038-44. 

37. Taniguchi S, Dai C-H, Price JO, Krantz SB. Interferon γ downregulates stem cell factor 

and erythropoietin receptors but not insulin-like growth factor-I receptors in human 

erythroid colony-forming cells. Blood. 1997;90(6):2244-52. 

38. Zumbrennen-Bullough K, Babitt JL. The iron cycle in chronic kidney disease (CKD): from 

genetics and experimental models to CKD patients. Nephrology Dialysis Transplantation. 

2013;29(2):263-73. 

39. Eschbach JW. The anemia of chronic renal failure: pathophysiology and the effects of 

recombinant erythropoietin. Kidney international. 1989;35(1):134-48. 

40. Babitt JL, Lin HY. Mechanisms of anemia in CKD. Journal of the American Society of 

Nephrology. 2012:ASN. 2011111078. 

41. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, et al. Hepcidin 

regulates cellular iron efflux by binding to ferroportin and inducing its internalization. 

Science (New York, NY). 2004;306(5704):2090-3. 

42. Lenga I, Lok C, Marticorena R, Hunter J, Dacouris N, Goldstein M. Role of oral iron in 

the management of long-term hemodialysis patients. Clinical Journal of the American 

Society of Nephrology. 2007;2(4):688-93. 

43. Babitt JL, Lin HY. Mechanisms of Anemia in CKD. Journal of the American Society of 

Nephrology : JASN. 2012;23(10):1631-4. 

44. Kushner D, Beckman B, Nguyen L, Chen S, Della Santina C, Husserl F, et al. Polyamines 

in the anemia of end-stage renal disease. Kidney international. 1991;39(4):725-32. 

45. Alfrey AC. Aluminum toxicity in patients with chronic renal failure. Therapeutic drug 

monitoring. 1993;15(6):593-7. 



63 
 

46. Elliott J, Mishler D, Agarwal R. Hyporesponsiveness to erythropoietin: causes and 

management. Advances in chronic kidney disease. 2009;16(2):94-100. 

47. Macdougall IC, Cavill I, Hulme B, Bain B, McGregor E, McKay P, et al. Detection of 

functional iron deficiency during erythropoietin treatment: a new approach. BMJ : British 

Medical Journal. 1992;304(6821):225-6. 

48. Swartz R, Dombrouski J, Burnatowska-Hledin M, Mayor G. Microcytic anemia in dialysis 

patients: reversible marker of aluminum toxicity. American Journal of Kidney Diseases. 

1987;9(3):217-23. 

49. Bhadada SK, Bhansali A, Das S, Ananthraman R, Rao SD. Thrombotic thrombocytopenic 

purpura following zoledronic acid infusion with a fatal outcome. BMJ case reports. 

2009;2009:bcr0920080923. 

50. Hess E, Sperschneider H, Stein G. Do ACE inhibitors influence the dose of human 

recombinant erythropoietin in dialysis patients? Nephrology Dialysis Transplantation. 

1996;11(4):749-51. 

51. Rao P, Reddy G, Kanagasabapathy A. Malnutrition-inflammation-atherosclerosis 

syndrome in Chronic Kidney disease. Indian Journal of Clinical Biochemistry. 

2008;23(3):209. 

52. Zadrazil J, Horak P. Pathophysiology of anemia in chronic kidney diseases: A review. 

Biomedical papers of the Medical Faculty of the University Palacky, Olomouc, 

Czechoslovakia. 2015;159(2):197-202. 

53. Fishbane S, Galgano C, Langley RC, Canfield W, Maesaka JK. Reticulocyte hemoglobin 

content in the evaluation of iron status of hemodialysis patients. Kidney international. 

1997;52(1):217-22. 

54. Fishbane S, Pollack S, Feldman HI, Joffe MM. Iron indices in chronic kidney disease in 

the National Health and Nutritional Examination Survey 1988–2004. Clinical Journal of 

the American Society of Nephrology. 2009;4(1):57-61. 



64 
 

55. Spinowitz BS, Kausz AT, Baptista J, Noble SD, Sothinathan R, Bernardo MV, et al. 

Ferumoxytol for treating iron deficiency anemia in CKD. Journal of the American Society 

of Nephrology. 2008;19(8):1599-605. 

56. Gaĭdukova S. Clinical classification of iron deficiency anemia. Likars' ka sprava. 2001(5-

6):19-24. 

57. Özdemir N. Iron deficiency anemia from diagnosis to treatment in children. Turkish 

Archives of Pediatrics/Türk Pediatri Arşivi. 2015;50(1):11. 

58. Osterholm EA, Georgieff MK. Chronic inflammation and iron metabolism. The Journal of 

pediatrics. 2015;166(6):1351-7. e1. 

59. Mastrogiannaki M, Matak P, Peyssonnaux C. The gut in iron homeostasis: role of HIF-2 

under normal and pathological conditions. Blood. 2013;122(6):885-92. 

60. Camaschella C. Iron-deficiency anemia. New England journal of medicine. 

2015;372(19):1832-43. 

61. Melis MA, Cau M, Congiu R, Sole G, Barella S, Cao A, et al. A mutation in the TMPRSS6 

gene, encoding a transmembrane serine protease that suppresses hepcidin production, in 

familial iron deficiency anemia refractory to oral iron. Haematologica. 2008;93(10):1473-

9. 

62. Naigamwalla DZ, Webb JA, Giger U. Iron deficiency anemia. The Canadian Veterinary 

Journal. 2012;53(3):250. 

63. Paul Schick MCEECB, MD Hemolytic Anemia. Medscape. 2017. 

64. Khan Y, Tisman G. Pica in iron deficiency: a case series. Journal of medical case reports. 

2010;4(1):86. 

65. Horina JH, Schmid CR, Roob JM, Winkler HM, Samitz MA, Hammer HF, et al. Bone 

marrow changes following treatment of renal anemia with erythropoietin. Kidney 

international. 1991;40(5):917-22. 



65 
 

66. Szczech LA, Barnhart HX, Sapp S, Felker GM, Hernandez A, Reddan D, et al. A secondary 

analysis of the CHOIR trial shows that comorbid conditions differentially affect outcomes 

during anemia treatment. Kidney international. 2010;77(3):239-46. 

67. Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolfson M, et al. Correction of 

anemia with epoetin alfa in chronic kidney disease. New England Journal of Medicine. 

2006;355(20):2085-98. 

68. Teehan G, Benz RL. An update on the controversies in anemia management in chronic 

kidney disease: lessons learned and lost. Anemia. 2011;2011. 

69. Bohn AA. Diagnosis of disorders of iron metabolism in dogs and cats. Veterinary Clinics: 

Small Animal Practice. 2013;43(6):1319-30. 

70. Palmer SC, Navaneethan SD, Craig JC, Johnson DW, Tonelli M, Garg AX, et al. Meta-

analysis: erythropoiesis-stimulating agents in patients with chronic kidney disease. Annals 

of internal medicine. 2010;153(1):23-33. 

71. Guyatt GH, Oxman AD, Ali M, Willan A, McIlroy W, Patterson C. Laboratory diagnosis 

of iron-deficiency anemia. Journal of General Internal Medicine. 1992;7(2):145-53. 

72. Babaei M, Shafiei S, Bijani A, Heidari B, Hosseyni SR, Vakili Sadeghi M. Ability of serum 

ferritin to diagnose iron deficiency anemia in an elderly cohort. Revista brasileira de 

hematologia e hemoterapia. 2017;39(3):223-8. 

73. Ho JC, Stevic I, Chan A, Lau KK, Chan HH. Serum ferritin is not sensitive or specific for 

the diagnosis of iron deficiency in patients with normocytic anemia. Am Soc Hematology; 

2015. 

74. Girelli D, Corrocher R, Bisceglia L, Olivieri O, De Franceschi L, Zelante L, et al. 

Molecular basis for the recently described hereditary hyperferritinemia-cataract syndrome: 

a mutation in the iron-responsive element of ferritin L-subunit gene (the "Verona 

mutation"). Blood. 1995;86(11):4050-3. 



66 
 

75. Leggett BA, Brown NN, Bryant SJ, Duplock L, Powell LW, Halliday JW. Factors affecting 

the concentrations of ferritin in serum in a healthy Australian population. Clin Chem. 

1990;36(7):1350-5. 

76. Mittal S, Agarwal P, Wakhlu A, Kumar A, Mehrotra R, Mittal S. Anaemia in systemic 

lupus erythematosus based on iron studies and soluble transferrin receptor levels. Journal 

of clinical and diagnostic research: JCDR. 2016;10(6):EC08. 

77. Kalantar-Zadeh K, Rhee C, Sim JJ, Stenvinkel P, Anker SD, Kovesdy CP. Why cachexia 

kills: examining the causality of poor outcomes in wasting conditions. Journal of cachexia, 

sarcopenia and muscle. 2013;4(2):89-94. 

78. Gordeuk V, Mukiibi J, Hasstedt SJ, Samowitz W, Edwards CQ, West G, et al. Iron 

overload in Africa. New England Journal of Medicine. 1992;326(2):95-100. 

79. Archer NM, Brugnara C. Diagnosis of iron-deficient states. Critical reviews in clinical 

laboratory sciences. 2015;52(5):256-72. 

80. Dignass A, Farrag K, Stein J. Limitations of serum ferritin in diagnosing iron deficiency in 

inflammatory conditions. International journal of chronic diseases. 2018;2018. 

81. Beguin Y, Loo M, R'Zik S, Sautois B, Lejeune F, Rorive G, et al. Early prediction of 

response to recombinant human erythropoietin in patients with the anemia of renal failure 

by serum transferrin receptor and fibrinogen. Blood. 1993;82(7):2010-6. 

82. Ferguson BJ, Skikne BS, Simpson KM, Baynes RD, Cook JD. Serum transferrin receptor 

distinguishes the anemia of chronic disease from iron deficiency anemia. The Journal of 

laboratory and clinical medicine. 1992;119(4):385-90. 

83. Gupta S, Uppal B, Pawar B. Is soluble transferrin receptor a good marker of iron deficiency 

anemia in chronic kidney disease patients? Indian journal of nephrology. 2009;19(3):96. 

84. Reddy GC, Devaki R, Rao P. Iron indices in patients with functional anemia in chronic 

kidney disease. EJIFCC. 2014;24(3):129. 



67 
 

85. Skikne BS, Punnonen K, Caldron PH, Bennett MT, Rehu M, Gasior GH, et al. Improved 

differential diagnosis of anemia of chronic disease and iron deficiency anemia: a 

prospective multicenter evaluation of soluble transferrin receptor and the sTfR/log ferritin 

index. American journal of hematology. 2011;86(11):923-7. 

86. Fernández-Rodríguez AM, Guindeo-Casasús MC, Molero-Labarta T, Domínguez-Cabrera 

C, Hortal-Cascón L, Pérez-Borges P, et al. Diagnosis of iron deficiency in chronic renal 

failure. American Journal of Kidney Diseases. 1999;34(3):508-13. 

87. Tessitore N, Solero GP, Lippi G, Bassi A, Faccini GB, Bedogna V, et al. The role of iron 

status markers in predicting response to intravenous iron in haemodialysis patients on 

maintenance erythropoietin. Nephrology Dialysis Transplantation. 2001;16(7):1416-23. 

88. Choi JW, Im MW, Pai SH. Serum transferrin receptor concentrations during normal 

pregnancy. Clinical Chemistry. 2000;46(5):725-7. 

89. Northrop-Clewes CA, Thurnham DI. Biomarkers for the differentiation of anemia and their 

clinical usefulness. Journal of blood medicine. 2013;4:11. 

90. Gaweda AE, Ginzburg YZ, Chait Y, Germain MJ, Aronoff GR, Rachmilewitz E. Iron 

dosing in kidney disease: inconsistency of evidence and clinical practice. Nephrology, 

dialysis, transplantation : official publication of the European Dialysis and Transplant 

Association - European Renal Association. 2015;30(2):187-96. 

91. Roger SD. Intravenous iron and erythropoiesis‐stimulating agents in haemodialysis: A 

systematic review and meta‐analysis. 2017;22(12):969-76. 

92. Kasvosve I, Delanghe JR, Gomo ZA, Gangaidzo IT, Khumalo H, Wuyts B, et al. 

Transferrin polymorphism influences iron status in blacks. Clin Chem. 2000;46(10):1535-

9. 

93. Gonzalez-Michaca L, Farrugia G, Croatt AJ, Alam J, Nath KA. Heme: a determinant of 

life and death in renal tubular epithelial cells. American journal of physiology Renal 

physiology. 2004;286(2):F370-7. 



68 
 

94. Benyamin B, Ferreira MAR, Willemsen G, Gordon S, Middelberg RPS, McEvoy BP, et 

al. Common variants in TMPRSS6 are associated with iron status and erythrocyte volume. 

Nat Genet. 2009;41(11):1173-5. 

95. Simon-Lopez R. Methods of detection of iron deficiency and hemochromatosis. Google 

Patents; 2009. 

96. Thomas C, Thomas L. Biochemical markers and hematologic indices in the diagnosis of 

functional iron deficiency. Clinical chemistry. 2002;48(7):1066-76. 

97. Mittman N, Sreedhara R, Mushnick R, Chattopadhyay J, Zelmanovic D, Vaseghi M, et al. 

Reticulocyte hemoglobin content predicts functional iron deficiency in hemodialysis 

patients receiving rHuEPO. American journal of kidney diseases : the official journal of 

the National Kidney Foundation. 1997;30(6):912-22. 

98. Brugnara C, Laufer M, Friedman A, Bridges K, Platt O. Reticulocyte hemoglobin content 

(CHr): early indicator of iron deficiency and response to therapy. Blood. 

1994;83(10):3100-1. 

99. Vidyashankar P AFA, Niwruti K, et al. Diagnosis Of Iron Deficiency Of Chronic Kidney 

Disease : Validity Of Iron Parameters, Reticulocyte Hemoglobin Content(Chr) And 

Hypochromic Red Cells In Inflammatory State. Int J Cur Res. 2013;5(21):83-91. 

100. Lorenz L, Arand J, Büchner K, Wacker-Gussmann A, Peter A, Poets CF, et al. Reticulocyte 

haemoglobin content as a marker of iron deficiency. Archives of Disease in Childhood-

Fetal and Neonatal Edition. 2015;100(3):F198-F202. 

101. Kiudelienė R, Griniūtė R, Labanauskas L. Prognostic value of reticulocyte hemoglobin 

content to diagnose iron deficiency in 6–24-month-old children. Medicina. 

2008;44(9):673. 

102. Ullrich C, Wu A, Armsby C, Rieber S, Wingerter S, Brugnara C, et al. Screening healthy 

infants for iron deficiency using reticulocyte hemoglobin content. Jama. 2005;294(8):924-

30. 



69 
 

103. Urrechaga E. The new mature red cell parameter, low haemoglobin density of the 

Beckman-Coulter LH750: clinical utility in the diagnosis of iron deficiency. International 

journal of laboratory hematology. 2010;32(1 Pt 1):e144-50. 

104. Schaefer RM, Schaefer L. Hypochromic red blood cells and reticulocytes. Kidney 

international. 1999;55:S44-S8. 

105. Braun J, Lindner K, Schreiber M, Heidler R, Hörl W. Percentage of hypochromic red blood 

cells as predictor of erythropoietic and iron response after iv iron supplementation in 

maintenance haemodialysis patients. Nephrology, dialysis, transplantation: official 

publication of the European Dialysis and Transplant Association-European Renal 

Association. 1997;12(6):1173-81. 

106. Locatelli F, Pisoni RL, Combe C, Bommer J, Andreucci VE, Piera L, et al. Anaemia in 

haemodialysis patients of five European countries: association with morbidity and 

mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrology 

Dialysis Transplantation. 2004;19(1):121-32. 

107. Winkelmayer WC, Lorenz M, Kramar R, Hörl WH, Sunder‐Plassmann G. Percentage of 

hypochromic red blood cells is an independent risk factor for mortality in kidney transplant 

recipients. American Journal of Transplantation. 2004;4(12):2075-81. 

108. Bhandari S, Brownjohn A, Turney J. Evaluation of RBC ferritin and reticulocyte 

measurements in monitoring response to intravenous iron therapy. American journal of 

kidney diseases. 1997;30(6):814-21. 

109. Brugnara C. A hematologic “gold standard” for iron-deficient states? : Clinical Chemistry; 

2002. 

110. Locatelli F, Aljama P, Barany P, Canaud B, Carrera F, Eckardt KU, et al. Revised European 

best practice guidelines for the management of anaemia in patients with chronic renal 

failure. Nephrology, dialysis, transplantation : official publication of the European Dialysis 

and Transplant Association - European Renal Association. 2004;19 Suppl 2:ii1-47. 



70 
 

111. Kotisaari S, Romppanen J, Penttila I, Punnonen K. The Advia 120 red blood cells and 

reticulocyte indices are useful in diagnosis of iron-deficiency anemia. European journal of 

haematology. 2002;68(3):150-6. 

112. Goodnough LT, Nemeth E, Ganz T. Detection, evaluation, and management of iron-

restricted erythropoiesis. Blood. 2010;116(23):4754-61. 

113. Bovy C, Gothot A, Krzesinski JM, Beguin Y. Mature erythrocyte indices: new markers of 

iron availability. Haematologica. 2005;90(4):549-51. 

114. Urrechaga E, Borque L, Escanero JF. Assessing iron status in CKD patients: new 

Laboratory parameters.  Chronic Kidney Disease: IntechOpen; 2012. 

115. Elinor A. Graham JF, James C. Detter, et al. Elevated zinc protoporphyrin associated with 

thalassemia trait and hemoglobin E. Journal of Pediatrics. 1996;129(1):105-10. 

116. Buhrmann E, Mentzer WC, Lubin BH. The influence of plasma bilirubin on zinc 

protoporphyrin measurement by a hematofluorimeter. The Journal of laboratory and 

clinical medicine. 1978;91(4):710-6. 

117. Garrett S, Worwood M. Zinc protoporphyrin and iron-deficient erythropoiesis. Acta 

haematologica. 1994;91(1):21-5. 

118. Mwangi MN, Maskey S, Andang o PE, Shinali NK, Roth JM, Trijsburg L, et al. Diagnostic 

utility of zinc protoporphyrin to detect iron deficiency in Kenyan pregnant women. BMC 

medicine. 2014;12:229. 

119. WongA SS, Qutishat AS, Lange J, Gornet TG, Buja LM. Detection of iron-deficiency 

anemia in hospitalized patients by zinc protoporphyrin. Clinica chimica acta. 

1996;244(1):91-101. 

120. Martin C, Werntz III C, Ducatman A. The interpretation of zinc protoporphyrin changes in 

lead intoxication: a case report and review of the literature. Occupational Medicine. 

2004;54(8):587-91. 



71 
 

121. Hastka J, Lasserre JJ, Schwarzbeck A, Strauch M, Hehlmann R. Zinc protoporphyrin in 

anemia of chronic disorders. Blood. 1993;81(5):1200-4. 

122. Lind L, Wallentin L, Kempf T, Tapken H, Quint A, Lindahl B, et al. Growth-differentiation 

factor-15 is an independent marker of cardiovascular dysfunction and disease in the 

elderly: results from the Prospective Investigation of the Vasculature in Uppsala Seniors 

(PIVUS) Study. European heart journal. 2009;30(19):2346-53. 

123. Zhang Y, Moszczynski LA, Liu Q, Jiang J, Zhao D, Quan D, et al. Over-expression of 

growth differentiation factor 15 (GDF15) preventing cold ischemia reperfusion (I/R) injury 

in heart transplantation through Foxo3a signaling. Oncotarget. 2017;8(22):36531-44. 

124. Daniels LB, Clopton P, Laughlin GA, Maisel AS, Barrett-Connor E. Growth-

Differentiation Factor-15 is a Robust, Independent Predictor of 11-Year Mortality Risk in 

Community-Dwelling Older Adults: The Rancho Bernardo Study. Circulation. 

2011;123(19):2101-10. 

125. Lukaszyk E, Lukaszyk M, Koc-Zorawska E, Bodzenta-Lukaszyk A, Malyszko J. GDF-15, 

iron, and inflammation in early chronic kidney disease among elderly patients. 

International Urology and Nephrology. 2016;48:839-44. 

126. Anand IS, Kempf T, Rector TS, Tapken H, Allhoff T, Jantzen F, et al. Serial measurement 

of growth-differentiation factor-15 in heart failure: relation to disease severity and 

prognosis in the Valsartan Heart Failure Trial. Circulation. 2010;122(14):1387-95. 

127. Khan SQ, Ng K, Dhillon O, Kelly D, Quinn P, Squire IB, et al. Growth differentiation 

factor-15 as a prognostic marker in patients with acute myocardial infarction. European 

heart journal. 2009;30(9):1057-65. 

128. Ho JE, Hwang SJ, Wollert KC, Larson MG, Cheng S, Kempf T, et al. Biomarkers Of 

Cardiovascular Stress And Incident Chronic Kidney Disease. Clin Chem. 

2013;59(11):1613-20. 



72 
 

129. Wollert KC, Kempf T, Peter T, Olofsson S, James S, Johnston N, et al. Prognostic value 

of growth-differentiation factor-15 in patients with non-ST-elevation acute coronary 

syndrome. Circulation. 2007;115(8):962-71. 

130. Kempf T, von Haehling S, Peter T, Allhoff T, Cicoira M, Doehner W, et al. Prognostic 

utility of growth differentiation factor-15 in patients with chronic heart failure. Journal of 

the American College of Cardiology. 2007;50(11):1054-60. 

131. Bottner M, Suter-Crazzolara C, Schober A, Unsicker K. Expression of a novel member of 

the TGF-beta superfamily, growth/differentiation factor-15/macrophage-inhibiting 

cytokine-1 (GDF-15/MIC-1) in adult rat tissues. Cell and tissue research. 1999;297(1):103-

10. 

132. T.A.Zimmers ECH, R.H.Pierce, et al. Growth differentiation Factor-15/Macrophage 

inhibitory cytokine-1 induction through P53- and Tnf-independent mechanisms in liver, 

kidney, and lung injury. Journal of Surgical Research. 2004;121(2):328-9. 

133. Ramu Adela SKB, et al. GDF-15 as a Target and Biomarker for Diabetes and 

Cardiovascular Diseases: A Translational Prospective. Journal of Diabetes Research. 

2015;2015:14. 

134. Na KR, Kim YH, Chung HK, Yeo MK, Ham YR, Jeong JY, et al. Growth differentiation 

factor 15 as a predictor of adverse renal outcomes in patients with immunoglobulin A 

nephropathy. Internal medicine journal. 2017;47(12):1393-9. 

135. Lajer M, Jorsal A, Tarnow L, Parving HH, Rossing P. Plasma growth differentiation factor-

15 independently predicts all-cause and cardiovascular mortality as well as deterioration 

of kidney function in type 1 diabetic patients with nephropathy. Diabetes care. 

2010;33(7):1567-72. 

136. Zaritsky J, Young B, Wang HJ, Westerman M, Olbina G, Nemeth E, et al. Hepcidin—A 

Potential Novel Biomarker for Iron Status in Chronic Kidney Disease. Clinical Journal of 

the American Society of Nephrology : CJASN. 2009;4(6):1051-6. 



73 
 

137. Ganz T, Nemeth E, editors. Iron balance and the role of hepcidin in chronic kidney disease. 

Seminars in nephrology; 2016: Elsevier. 

138. D'angelo G. Role of hepcidin in the pathophysiology and diagnosis of anemia. Blood 

research. 2013;48(1):10-5. 

139. Wetzels DWSaJFM. Hepcidin: a new tool in the management of anaemia in patientswith 

chronic kidney disease? Nephrol Dial Transplant. 2008;23:2450–3. 

140. Samouilidou E, Pantelias K, Petras D, Tsirpanlis G, Bakirtzi J, Chatzivasileiou G, et al. 

Serum Hepcidin Levels Are Associated With Serum Triglycerides and Interleukin‐6 

Concentrations in Patients With End‐Stage Renal Disease. Therapeutic Apheresis and 

Dialysis. 2014;18(3):279-83. 

141. Wolff AC, Hammond MEH, Hicks DG, Dowsett M, McShane LM, Allison KH, et al. 

Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: 

American Society of Clinical Oncology/College of American Pathologists clinical practice 

guideline update. Archives of Pathology and Laboratory Medicine. 2013;138(2):241-56. 

142. Goyal H, Mohanty S, Sharma M, Rani A. Study of anemia in nondialysis dependent 

chronic kidney disease with special reference to serum hepcidin. Indian Journal of 

Nephrology. 2017;27(1):44. 

143. Uehata T, Tomosugi N, Shoji T, Sakaguchi Y, Suzuki A, Kaneko T, et al. Serum hepcidin-

25 levels and anemia in non-dialysis chronic kidney disease patients: a cross-sectional 

study. Nephrology Dialysis Transplantation. 2011;27(3):1076-83. 

144. Mercadel L, Metzger M, Haymann JP, Thervet E, Boffa J-J, Flamant M, et al. The relation 

of hepcidin to iron disorders, inflammation and hemoglobin in chronic kidney disease. 

PLoS ONE. 2014;9(6):e99781. 

145. Weiss G, Theurl I, Eder S, Koppelstaetter C, Kurz K, Sonnweber T, et al. Serum hepcidin 

concentration in chronic haemodialysis patients: associations and effects of dialysis, iron 



74 
 

and erythropoietin therapy. European journal of clinical investigation. 2009;39(10):883-

90. 

146. Kattamis A, Papassotiriou I, Palaiologou D, Apostolakou F, Galani A, Ladis V, et al. The 

effects of erythropoetic activity and iron burden on hepcidin expression in patients with 

thalassemia major. Haematologica. 2006;91(6):809-12. 

147. Ganz T. Hepcidin and iron regulation, 10 years later. Blood. 2011;117(17):4425-33. 

148. Kroot JJ, van Herwaarden AE, Tjalsma H, Jansen RT, Hendriks JC, Swinkels DW. Second 

round robin for plasma hepcidin methods: first steps toward harmonization. American 

journal of hematology. 2012;87(10):977-83. 

149. Mast AE, Foster TM, Pinder HL, Beczkiewicz CA, Bellissimo DB, Murphy AT, et al. 

Behavioral, biochemical, and genetic analysis of iron metabolism in high‐intensity blood 

donors. Transfusion. 2008;48(10):2197-204. 

150. Pardanani A, Finke C, Abdelrahman RA, Lasho TL, Tefferi A. Associations and prognostic 

interactions between circulating levels of hepcidin, ferritin and inflammatory cytokines in 

primary myelofibrosis. American journal of hematology. 2013;88(4):312-6. 

151. Prentice AM, Doherty CP, Abrams SA, Cox SE, Atkinson SH, Verhoef H, et al. Hepcidin 

is the major predictor of erythrocyte iron incorporation in anemic African children. Blood. 

2012:blood-2011-11-391219. 

152. Goodnough LT, Morris D, Koch T, He A, Bregman D. Hepcidin levels predict non-

responsiveness to oral iron therapy in patients with iron deficiency anemia. Am Soc 

Hematology; 2012. 

153. Zhou XJ, Laszik Z, Wang XQ, Silva FG, Vaziri ND. Association of renal injury with 

increased oxygen free radical activity and altered nitric oxide metabolism in chronic 

experimental hemosiderosis. Laboratory investigation. 2000;80(12):1905. 

154. Jing Z. Hemoglobin Targets for Chronic Kidney Disease Patients with Anemia: A 

Systematic Review and Meta-analysis. 2012;7(8). 



75 
 

155. Senger JM, Weiss RJ. Hematologic and erythropoietin responses to iron dextran in the 

hemodialysis environment. ANNA journal. 1996;23(3):319-23; discussion 24-5. 

156. Fishbane S, Kalantar-Zadeh K, Nissenson AR. Serum ferritin in chronic kidney disease: 

reconsidering the upper limit for iron treatment. Seminars in dialysis. 2004;17(5):336-41. 

157. National Kidney Foundation. KDOQI clinical practice guidelines and clinical practice 

recommendations for anemia in chronic kidney disease. American journal of kidney 

diseases: the official journal of the National Kidney Foundation. 2006;47(5 Suppl 3):S11. 

158. Locatelli F, Covic A, Eckardt KU, Wiecek A, Vanholder R. Anaemia management in 

patients with chronic kidney disease: a position statement by the Anaemia Working Group 

of European Renal Best Practice (ERBP). Nephrology, dialysis, transplantation : official 

publication of the European Dialysis and Transplant Association - European Renal 

Association. 2009;24(2):348-54. 

159. Agarwal R, Rizkala AR, Bastani B, Kaskas MO, Leehey DJ, Besarab A. A randomized 

controlled trial of oral versus intravenous iron in chronic kidney disease. American journal 

of nephrology. 2006;26(5):445-54. 

160. Drüeke TB, Massy ZA. Oral or intravenous iron for anemia correction in chronic kidney 

disease? Kidney international. 2015;88(4):673-5. 

161. Macdougall IC, Bock AH, Carrera F, Eckardt K-U, Gaillard C, Van Wyck D, et al. FIND-

CKD: a randomized trial of intravenous ferric carboxymaltose versus oral iron in patients 

with chronic kidney disease and iron deficiency anaemia. Nephrology Dialysis 

Transplantation. 2014;29(11):2075-84. 

162. Bayoumeu F, Subiran-Buisset C, Baka N-E, Legagneur H, Monnier-Barbarino P, 

Laxenaire MC. Iron therapy in iron deficiency anemia in pregnancy: intravenous route 

versus oral route. American journal of obstetrics and gynecology. 2002;186(3):518-22. 

163. Auerbach M, Ballard H, Trout JR, McIlwain M, Ackerman A, Bahrain H, et al. Intravenous 

iron optimizes the response to recombinant human erythropoietin in cancer patients with 



76 
 

chemotherapy-related anemia: a multicenter, open-label, randomized trial. Journal of 

Clinical Oncology. 2004;22(7):1301-7. 

164. Auerbach M, Al Talib K. Low-molecular weight iron dextran and iron sucrose have similar 

comparative safety profiles in chronic kidney disease. Kidney international. 

2008;73(5):528-30. 

165. Rodgers GM, Auerbach M, Cella D, Chertow GM, Coyne DW, Glaspy JA, et al. High-

molecular weight iron dextran: a wolf in sheep's clothing? Journal of the American Society 

of Nephrology. 2008;19(5):833-4. 

166. Silverberg DS, Wexler D, Iaina A, Steinbruch S, Wollman Y, Schwartz D. Anemia, chronic 

renal disease and congestive heart failure—the cardio renal anemia syndrome: the need for 

cooperation between cardiologists and nephrologists. International Urology and 

Nephrology. 2006;38(2):295-310. 

167. Bhowmik D, Modi G, Ray D, Gupta S, Agarwal SK, Tiwari SC, et al. Total dose iron 

infusion: safety and efficacy in predialysis patients. Renal failure. 2000;22(1):39-43. 

168. Macdougall IC, Malyszko J, Hider RC, Bansal SS. Current status of the measurement of 

blood hepcidin levels in chronic kidney disease. Clinical Journal of the American Society 

of Nephrology : CJASN. 2010;5(9):1681-9. 

169. Tapolyai M, Kadomatsu S, Perera-Chong M. r.hu-Erythropoietin (EPO) treatment of pre-

ESRD patients slows the rate of progression of renal decline. BMC Nephrology. 2003;4:3. 

170. Van Wyck DB, Roppolo M, Martinez CO, Mazey RM, Mcmurray S. A randomized, 

controlled trial comparing IV iron sucrose to oral iron in anemic patients with nondialysis-

dependent CKD. Kidney international. 2005;68(6):2846-56. 

171. Anirban G, Kohli H, Jha V, Gupta K, Sakhuja V. The comparative safety of various 

intravenous iron preparations in chronic kidney disease patients. Renal failure. 

2008;30(6):629-38. 



77 
 

172. Bhandari S, Kalra PA, Kothari J, Ambühl PM, Christensen JH, Essaian AM, et al. A 

randomized, open-label trial of iron isomaltoside 1000 (Monofer®) compared with iron 

sucrose (Venofer®) as maintenance therapy in haemodialysis patients. Nephrology 

Dialysis Transplantation. 2015;30(9):1577-89. 

173. Agarwal R, Kusek JW, Pappas MK. A randomized trial of intravenous and oral iron in 

chronic kidney disease. Kidney international. 2015;88(4):905-14. 

174. Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K, Singh A, et al. KDOQI US 

commentary on the 2012 KDIGO Clinical Practice Guideline for Anemia in CKD. 

American Journal of Kidney Diseases. 2013;62(5):849-59. 

175. Macdougall IC, White C, Anker SD, Bhandari S, Farrington K, Kalra PA, et al. 

Randomized trial comparing proactive, high-dose versus reactive, low-dose intravenous 

iron supplementation in hemodialysis (PIVOTAL): study design and baseline data. 

American journal of nephrology. 2018;48(4):260-8. 

176. Li J, Glessner JT, Zhang H, Hou C, Wei Z, Bradfield JP, et al. GWAS of blood cell traits 

identifies novel associated loci and epistatic interactions in Caucasian and African-

American children. Human molecular genetics. 2012;22(7):1457-64. 

177. Gichohi-Wainaina WN, Towers GW, Swinkels DW, Zimmermann MB, Feskens EJ, 

Melse-Boonstra A. Inter-ethnic differences in genetic variants within the transmembrane 

protease, serine 6 (TMPRSS6) gene associated with iron status indicators: a systematic 

review with meta-analyses. Genes & nutrition. 2015;10(1):442. 

178. Finberg KE, Heeney MM, Campagna DR, Aydinok Y, Pearson HA, Hartman KR, et al. 

Mutations in TMPRSS6 cause iron-refractory iron deficiency anemia (IRIDA). Nature 

genetics. 2008;40(5):569-71. 

179. Nai A, Pagani A, Silvestri L, Campostrini N, Corbella M, Girelli D, et al. TMPRSS6 

rs855791 modulates hepcidin transcription in vitro and serum hepcidin levels in normal 

individuals. Blood. 2011:blood-2011-06-364034. 



78 
 

180. Beutler E, Van Geet C, te Loo D, Gelbart T, Crain K, Truksa J, et al. Polymorphisms and 

mutations of human TMPRSS6 in iron deficiency anemia. Blood Cells, Molecules, and 

Diseases. 2010;44(1):16-21. 

181. Danquah I, Gahutu JB, Zeile I, Musemakweri A, Mockenhaupt FP. Anaemia, iron 

deficiency and a common polymorphism of iron‐regulation, TMPRSS 6 rs855791, in R 

wandan children. Tropical Medicine & International Health. 2014;19(1):117-22. 

182. Beutler E, West C. Hematologic differences between African-Americans and whites: the 

roles of iron deficiency and alpha-thalassemia on hemoglobin levels and mean corpuscular 

volume. Blood. 2005;106(2):740-5. 

183. McClellan J, King M-C. Genetic heterogeneity in human disease. Cell. 2010;141(2):210-

7. 

184. Chambers JC, Zhang W, Li Y, Sehmi J, Wass MN, Zabaneh D, et al. Genome-wide 

association study identifies variants in TMPRSS6 associated with hemoglobin levels. Nat 

Genet. 2009;41(11):1170-2. 

185. An P, Wu Q, Wang H, Guan Y, Mu M, Liao Y, et al. TMPRSS6, but not TF, TFR2 or 

BMP2 variants are associated with increased risk of iron-deficiency anemia. Human 

molecular genetics. 2012;21(9):2124-31. 

186. Soranzo N, Spector TD, Mangino M, Kühnel B, Rendon A, Teumer A, et al. A genome-

wide meta-analysis identifies 22 loci associated with eight hematological parameters in the 

HaemGen consortium. Nature genetics. 2009;41(11):1182. 

187. Kullo IJ, Ding K, Jouni H, Smith CY, Chute CG. A genome-wide association study of red 

blood cell traits using the electronic medical record. PLoS ONE. 2010;5(9):e13011. 

188. Nai A, Pagani A, Silvestri L, Camaschella C. Increased susceptibility to iron deficiency of 

Tmprss6-haploinsufficient mice. Blood. 2010;116(5):851-2. 



79 
 

189. Patel KV, Harris TB, Faulhaber M, Angleman SB, Connelly S, Bauer DC, et al. Racial 

variation in the relationship of anemia with mortality and mobility disability among older 

adults. Blood. 2007;109(11):4663-70. 

190. Guralnik JM, Eisenstaedt RS, Ferrucci L, Klein HG, Woodman RC. Prevalence of anemia 

in persons 65 years and older in the United States: evidence for a high rate of unexplained 

anemia. Blood. 2004;104(8):2263-8. 

191. Adebisi OY, Strayhorn G. Anemia in pregnancy and race in the United States: blacks at 

risk. Family medicine. 2005;37(9):655-62. 

192. Zakai NA, McClure LA, Prineas R, Howard G, McClellan W, Holmes CE, et al. Correlates 

of Anemia in American Blacks and Whites: The REGARDS Renal Ancillary Study. 

American Journal of Epidemiology. 2009;169(3):355-64. 

193. Denny SD, Kuchibhatla MN, Cohen HJ. Impact of anemia on mortality, cognition, and 

function in community-dwelling elderly. The American journal of medicine. 

2006;119(4):327-34. 

 



80 
 

 

 

 

 

3. CHAPTER THREE: MATERIALS 

AND METHODS



81 
 

3.1. Study design and population 

This thesis entails cross-sectional studies (Studies 1 to 4), diagnostic test validity studies 

(studies 2 and 4) and a cohort study (Study five) which were conducted from May 2016 to May 

2018.  Consenting consecutive chronic kidney disease (CKD) patients attending the Renal 

Outpatient Clinic of the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), 

Johannesburg, South Africa, and a comparative group of age- and sex matched apparently 

healthy controls were recruited after obtaining ethical clearance from the Human Research 

Ethics Committee (HREC) of the University of the Witwatersrand (Appendix number A) and 

informed written consent.  (Appendix number B). The CKD participants were followed up for 

a period of 24 months (two years). 

  



82 
 

 

Figure 3:1: Algorithm of various studies conducted 
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3.2. Sample size determination 

For studies 1 and 4 (cross-sectional study):  

An estimation of the sample size was done using the formula:  𝑁 =  𝑍﷩2﷩𝑃𝑄/ 𝐷﷩2﷩ 

Z =1.96 (i.e. the normal standard deviation at a 95% confidence interval) P = Prevalence of iron 

deficiency 

Q = 1-P 

D = 0.05 precision  

The prevalence (P) of iron deficiency anaemia was 64.7% (1).  Accordingly, prevalence of 64.7% 

was used. 

N=〖1.96〗^2 x 0.647 x (1-0.647)/〖0.05〗^2= 350.96 ∼ 351 

Hence, the estimated sample size was 351 participants.   However, 353 participants were recruited 

for Studies 1, 2 and 5. 

For studies 3 and 4 (cross sectional study and diagnostic test), the sample size was estimated using 

the diagnostic formula (2): P (1-p)/α2 

Where  

Z = 1.96 (a constant) 

p = assumed sensitivity.  

For a good clinical diagnostic value, we assumed a sensitivity level of 80% and α = margin of error 

= 0.05 for a 95% confidence interval. 
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Therefore N = (1.96)2 X 0.8 X (1- 0.8) / (0.05)2 = 245.9  

Hence, a minimum sample size of 246 was adequate for the diagnostic tests. However, we recruited 

258 participants for studies 3 and 4. 

The matched healthy control group for the genetics study consisted of individuals without CKD 

and without any condition as listed in the exclusion criteria. These participants included CMJAH 

staff members, students and attendees at the Renal Donor Clinic prior to donation.  

The ratio of the study population to controls was set at 3:1; thus, the number of controls was 120.  

The control group was matched with the study population according to age, gender and ethnicity.  

3.3. Eligibility criteria 

3.3.1. Inclusion Criteria 

Stage two to five CKD patients who attended the renal clinic, who had not been on iron medication 

two weeks prior to enrolment, who had not received a blood transfusion three months prior to 

enrolment, who were no older than 18 years, and who agreed to participate in the study were 

recruited. 

3.3.2. Exclusion Criteria 

Patients with the following conditions were excluded:  HIV positive patients, those with known 

haemoglobinopathies, active infections, active bleeding, inflammation, active malignancy, those 

on immunosuppressant drugs and those who had been on iron therapy two weeks before enrolment. 

3.4. Ethical considerations   

The research protocol was approved by the Health Research and Ethics Committee (HREC) of the 

University of the Witwatersrand, Clearance Certificate Number M 150929. The clearance was in 



85 
 

accordance with the Helsinki Declaration of 1975, as revised in 2000.  Written informed consent 

form was obtained from each participant before his/her enrolment in the study. 

3.5. Study Procedure  

The study physician administered the questionnaire and examined the participants using a semi-

structured questionnaire which included demographic history and the history of aetiology of 

kidney disease and other co-morbidities such as diabetes, and medications.  

3.5.1. Blood sample preparation 

Study phlebotomists collected blood samples. Whole blood (5mls) was collected in 

ethylenediaminetetraacetic (EDTA) tubes and stored at -20 ℃ for genomic DNA extractions. 

Blood was taken from the participants for measurement of the haemoglobin concentration, 

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

(LDL), triglycerides, calcium, phosphate, red blood cell indices, including reticulocyte 

haemoglobin content (CHr), and the percentage hypochromic red cells (%HYP). All tests were 

analysed in the National Health Laboratory as part of the standard of care using ADVIAR auto-

analysers (Siemens Health Diagnostics Inc, Tarrytown, NY, USA). The blood for measuring 

hepcidin, the growth differentiation factor-15 (GDF-15), soluble transferrin receptor, and C-

reactive protein (CRP) was collected in anticoagulant-tubes. Samples were kept on ice until the 

serum was separated within thirty minutes of collection and centrifuged at 2800 revolutions per 

minute for 15 minutes at room temperature (U-320R, Boeco, Germany). The serum was separated 

and stored in aliquots in 1.5ml micro-centrifuge tubes at -70°C until ready for assay. Measurements 

were carried out by solid-phase enzyme-linked immunosorbent and luminex assays from the 

commercial suppliers. Highly sensitive CRP (hsCRP) levels were determined using the 
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HycultBiotech human HK369 Elisa kit, (HycultBiotech, Netherlands). Samples were thawed only 

once, at the time of the assay.  

3.5.2. Laboratory Measurements 

Routine Methods  

Early morning venous blood samples were drawn from the patients. Their biochemical iron status, 

total iron-binding capacity (TIBC), and serum iron and serum ferritin levels were measured. Serum 

iron was determined by means of the ferrozine calometric method, their TIBC levels through the 

colorimetric chromazurol dye-binding method using ADVIA 1800 (Siemen Medical Solutions 

Diagnostic, USA), while their serum ferritin levels were determined by using the two-site 

chemiluminescent immunometric assay devised by the IMMULITE®2000 system (Siemens 

Medical Solutions Diagnostics, USA). Transferrin saturation was calculated by means of the 

formula: serum iron/TIBC. Complete blood counts and CHr and %HYPO levels were obtained 

after processing the blood samples using the Siemens ADVIA 2120, Technion H3 RTX and RTC 

systems analysers (Siemens Medical Solutions Diagnostics, Tarrytown, NY). Haematological 

measurements were made on fresh venous blood with EDTA and clotted blood samples. 

Haemoglobin concentrations (Hb), red blood cell count (RBC) and platelet count were measured 

using a haematology analyzer (Siemens Diagnostics, Tarrytown, USA). 

Growth Differentiation Factor 15 (GDF-15)  

The plasma growth differentiation factor (GDF-15) was measured using the human GDF-15 

DuoSet ELISA (R&D Systems), which is a sandwich-based enzyme-linked immunosorbent assay 

kit with a lower limit of detection of 7.81pg/ml. Plates were prepared by adding 100µl of captured 

antibody in phosphate-buffered saline (PBS) to each sample well and incubating the solution 

overnight at room temperature.  The following day the plates were washed three times with wash 
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buffer (0.05% Tween20 in PBS) and blocked with 100µl dilution reagent and [1%] bovine serum 

albumin in PBS) per well, and incubated at room temperature for a minimum of one hour. After 

the plate was washed three times again, 100ul of plasma sample or an appropriate prepared 

standard (one in two serial dilutions in reagent diluent starting at 500 pg/ml down to 7.81 pg/ml) 

were added to the appropriate wells in addition to the 100µl of conjugate antibody. The plate was 

sealed and allowed to incubate for two hours on a micro-plate shaker, following which the 

solutions were decanted and the plate washed three times with wash buffer. A measure of 100µl 

of detection antibody was then added to the wells and further incubated for two hours on a plate 

shaker. The solutions were decanted from the wells and the plate washed again three times with 

wash buffer. A measure of 100µl of streptavidin-HRP was then added to each well, the plate 

covered and incubated for 20 minutes at room temperature. The solutions were decanted from the 

wells and the plate washed three times with wash buffer. A measure of 100µl of substrate solution 

(1:1 mix of hydrogen peroxide and tetramethylbenzidine) was added to each well and was allowed 

to incubate for 20 minutes. Finally, a measure of 50µl of stop solution was added, and the plate 

tapped gently to ensure thorough mixing. The optical density at 450nm was measured on an 

ELx800 microplate reader (Bio Tek, Winooski, VT, USA). 

Soluble Transferrin Receptor Assay sTfR 

The soluble transferrin receptor (sTfR) was measured using the Quantikine IVD Human sTfR 

immunoassay from R & D systems (St. Louis, MO, USA); the lower limit of detection was 

3nmol/L. A measure of 100µl of sTfR assay diluent was added to each well along with 20µl of the 

sample or standard. The plate was covered with an adhesive strip and allowed to incubate for one 

hour. The solutions were decanted from the wells and the plate washed four times with wash buffer. 

A measure of 100µl of sTfR conjugate was added to each well, covered and left to incubate for 
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one hour at room temperature. The solutions were decanted from the wells and the plate washed 

four times with a wash buffer. A measure of 100µl of substrate was added to each well and allowed 

to incubate for 30 minutes at room temperature. Finally, a measure of 100µl of stop solution was 

added to each well. The wells were gently tapped until a uniform colour change appeared to ensure 

that thorough mixing had taken place. The optical density at 450nm was measured on an ELx 800 

microplate reader (Bio Tek, Winooski, VT, USA). 

Hepcidin assay 

The sample was thawed at room temperature and the vortex was then mixed. Measures of 100µL 

for each sample were then aliquoted into microfuge tubes, and followed by the addition of 100µL 

of internal standard solutions and 200µL of cold 4% trichloroacetic acid (TCA).  The samples were 

vortex mixed. They were then reconstituted with 50/50/0.1 (v/v/v) methanol/deionized 

water/formic acid and subsequently centrifuged at 217revolutions per minute for five minutes, 

with 20µL of the supernatant aliquoted into vials. 

As described and optimised by Liet al (3), hepcidin levels were analysed using an AB Sciex- 

micro-liquid Chromatography (UPLC) system (Ab Sciex, Framingham, USA). Samples were 

separated using reverse-phased liquid chromatography on a HALO Peptides-ES 0.5 50mm column 

(Waters, Massachusetts, United States). The mobile phases included 0.1% of formic acid in de-

ionised water (Mobile phase A) and 0.1% formic acid methanol (Mobile phase B). A gradient at a 

flow rate of 30µL/min was used.  As such, Mobile phase B was maintained at 15% for the first 

two minutes, then ramped up to 98% over two minutes, and then dropped to 50% for one minute 

and reduced further to 15% for one minute. 
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Hepcidin and isotope-labelled internal standards [13C9,15N3] were purchased from the Peptide 

Institute (Osaka, Japan). The serum hepcidin-25 and isotope-labelled internal standards 

[13C9,15N3] were extracted and separated, as previously described by Li (3). Briefly, samples 

were extracted with (4%) HPLC grade trichloroacetic acid (TCA, Merck, Kenilworth, NJ, U.S.A) 

and separated using reverse-phased liquid chromatography using a 0.5x50mm Halo Peptide- ES 

column (Sciex, Framingham, USA) with a total run time of five minutes per sample. The analysis 

was performed on an AB Sciex 5500 QTRAP (Sciex, Framingham, USA) coupled to a micro-

liquid chromatography (Exigent M3) system with a Turbo IonSpray ionization source operated in 

positive ion mode. Multiple reactive monitoring (MRM) detection was applied using the Sciex 

5500 for identification and quantification on the basis of  ion transitions (m/z) of 698.0 up to 354.0 

and 703.2 up to 354.1 for hepcidin and stable isotope-labelled hepcidin [13C9,15N3] respectively. 

Concentrations of serum hepcidin were expressed in nanograms per millilitre (ng/ml). The intra-

and inter-assay coefficients of variation (CV) were less than 6.7% and less than 8.8% respectively. 

The lower limit of detection was 0.5ng/ml. The median reference level for serum hepcidin in the 

healthy controls was 5.7ng/ml. 

Determination of serum creatinine and the glomerular filtration rate 

The creatinine in serum was measured through a modified Jaffe reaction, whereby creatinine 

produces an orange colour which is based on the formation of colour from a reaction of creatinine 

with a picric acid/alkaline medium (4). The creatinine assay itself is traceable to isotope dilution 

mass spectrometry (IDMS). The glomerular filtration rate (GFR) was estimated using the  

Modification of Diet in Renal Disease (MDRD) equation (R), involving four variables, namely  

GFR (in ml/min per 1.73m2) = 175 x SCr (exp[ -1.154]) x Age (exp[-0.203])x(0.742 if 

female)x(1.21 if black) (5).  
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The reason why MDRD was chosen in this study was based on the reference laboratory, and the 

fact that our patient population had already been diagnosed with CKD based on the eGFR.  The 

MDRD equation is used for patients with CKD stages 2 to 4 (5), in spite of the fact that it may 

underestimate the GFR in the early stages of CKD. The other formula used was the CKD- 

Epidemiology Collaboration (CKD-EPI) (6), which is more reliable at higher GFRs. 

DNA extractions 

Genomic DNA was extracted from whole blood using the Maxwell DNA purification kit (Promega 

AS1010, USA) as per the manufacturer’s protocol. DNA concentrations were determined by the 

NanoDropTM 2000 spectrophotometer (Thermo Scientific, USA) and the quality was assessed by 

means of the A260/280 ratios. A 260/280 ratio of 1.8 to 2.0 was considered as indicative of DNA 

of a good quality.  Samples that had suboptimal DNA concentrations (<10ng/ul) were re-extracted 

using a modified salting-out method (Miller et al, 1988). For the salting-out method, whole blood 

obtained via anti-coagulated blood (EDTA) was placed in a 50ml polypropylene tube with 

approximately 40ml of an ice-cold lysis buffer (10mM Tris-HCl; 5mM MgCl2, 1% Triton X-100, 

320mM Sucrose).  Cells were pelleted by centrifugation at 2 300 revolutions per minute for 10 

minutes, the supernatant was discarded, and the pellet fully re-suspended in 20ml of an ice-cold 

lysis buffer.  The cells were again pelleted through centrifugation at 2 300 revolutions per minute 

for 10 minutes, the supernatant discarded, and the pellet re-suspended in three millimetres (3ml) 

of T20E5 (20mM Tris-HCl, 5mM EDTA).  The samples were digested overnight at 42°C with a 

proteinase k-solution (2mg/ml proteinase k, 2mM EDTA, 1% SDS).  The following day, one 

millilitre (1ml) of saturated sodium chloride (NaCl) was added to each sample and the samples 

allowed to incubate on ice for five minutes.  The protein precipitate was pelleted through 

centrifugation at 4°C for 30 minutes at 2500 revolutions per minute.  The supernatant was 
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transferred to a clean 50ml polypropylene tube and 20ml of absolute ethanol was added to 

precipitate the DNA.  The resulting DNA was washed with 70% ethanol to remove the excess salt, 

allowed to air-dry and finally re-suspended in approximately 100µl of a Tris-EDTA (TE) buffer.  

The DNA was quantified using a NanoDropTM 2000 spectrophotometer and the quality assessed 

by means of the 260/280 ratio. 

Genotyping of TMPRSS6 rs855791 polymorphism 

The region of the TMPRSS6 gene containing the rs855791 C>T polymorphism was amplified 

using the polymerase chain reaction (PCR).  Primers were as described in Pei et al (2014): 

TMPRSS6F 5’-TAG AGA ACA GGG GCT CCA GG-3’; TMPRSS6R 5’-ATG TGG GCA GCA 

TCC TTT C-3’.  The PCR reactions each contained 1x KAPA2G Robust HotStart Ready Mix 

(KAPABiosystems, Massachusetts, USA), 0.125µM of each of the forward and reverse primers, 

and 50ng of the extracted DNA.  The thermocycling conditions were 95°C for three minutes, 40 

cycles of 95°C for 15 seconds, 65°C for 15 seconds, 72°C for 20 seconds and a final extension of 

72°C for one minute.  This resulted in the amplification of a single 249bp fragment. 

The rs855791 SNP was genotyped using restriction fragment length polymorphism (RFLP) 

analysis.  The PCR products were restricted overnight at 37°C with two units of StuI (New England 

Biolabs) and then resolved on a one percent (1%) agarose gel.  The genotypes were determined in 

terms of fragment size (CC - a single 249bp fragment; CT - a 249bp fragment; and TT - a 125 bp 

fragment). 
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4.1.Abstract 

Introduction: Anaemia is a complication of chronic kidney disease (CKD) that can greatly 

impact on its prognosis. However, the risk factors for anaemia, including the influence of 

ethnicity, are not well established for the CKD population in Johannesburg.  

 

Methods: This was a cross-sectional study of 353 adult CKD patients attending the Renal 

Outpatient Clinic of the Charlotte Maxeke Johannesburg Academic Hospital, in Johannesburg, 

South Africa from 1 June 2016 to 30 December 2016. Socio-demographic and clinical 

characteristics were obtained using a proforma. Blood samples were collected for serum 

electrolytes and haematological parameters. The prevalence and predictors of low haemoglobin 

and iron deficiency anaemia were evaluated using multivariable binary logistic regression.  

 

Results: The mean age of the CKD participants was 55.3 ±15.0 years. The prevalence of 

anaemia (Hb<13g/dl in males and <12g/dl in females) among black CKD patients was 46.9%, 

with 26.1% presenting with iron deficiency anaemia, which was three times more frequent 

among CKD patients than among the controls (35.3% vs 9.2%). On the other hand, 32.3% 

(95%CI; 27.9%-37.1%) of the study population suffered from iron deficiency without anaemia. 

Blacks (46.9%) had the highest prevalence of anaemia, while Indians/Asians (18.2%) had the 

lowest. Although the odds of anaemia were 3.8-fold higher (OR=3.8, P-value=0.059) among 

CKD stage 5 participants as compared to CKD stage I participants, the relationship between 

anaemia  and the stage of CKD proved to be non-linear.  Diabetes mellitus (DM) (OR=2.31, 

P-value=0.005) had a strong association with anaemia among the CKD participants.  

 

Conclusion: Almost half of the CKD participants were anaemic, but noteworthy is the fact that 

the anaemia did not increase linearly with an increase in the severity of CKD. There was a 
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marked ethnic disparity in anaemia prevalence.  Our study highlights the need for risk-based 

management of anaemia among CKD patients.  

 

Keywords: anaemia, predictors, chronic kidney disease, haemoglobin, risk factors, iron 

deficiency anaemia 
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4.2. Introduction 

Anaemia is a major cause of morbidity and mortality among chronic kidney disease (CKD) 

patients (1). Anaemia is defined as a low level of haemoglobin (Hb), less than 12g/dl in females 

and less than 13g/dl in males among CKD patients (2). About 75% of CKD patients were 

reported to be anaemic in low and middle-income countries, as opposed to a lower anaemia 

prevalence of 22.2% among CKD patients in high-income countries (3). Anaemia occurs early 

in the course of kidney disease and may worsen and become intractable with declining kidney 

function (2, 4, 5).  

Although the development of anaemia in CKD patients is mainly due to an absolute or relative 

deficiency of erythropoietin,  other possible causes of anaemia  include blood loss, a decreased 

half-life of red blood cells, iron deficiency, inflammation, nutritional deficiency (on account of  

an inadequate diet and defective iron absorption) and the accumulation of uraemic toxins that 

inhibit erythropoiesis (4, 6). 

Iron deficiency anaemia (IDA) is also a major cause of anaemia in CKD. Several causes of 

IDA in CKD patients include blood loss (from frequent laboratory testing, occult 

gastrointestinal bleeding, access bleeding), decreased duodenal iron absorption (resulting from 

inflammation), interference with iron absorption (resulting from medications such as gastric 

acid inhibitors, phosphate binders) (7).  

Some of the adverse clinical outcomes of anaemia in CKD patients include sleep disturbance, 

exercise intolerance, and increased mortality (8). Some studies have shown that early 

identification and prompt treatment of anaemia through near normalisation of haemoglobin and 

iron levels in CKD patients are associated with slower progression to end-stage kidney disease 

(ESKD), and reduced cardiovascular morbidity and mortality, as reported in the Cardiovascular 

Risk Reduction by Early Treatment with Epoietin Beta (CREATE) trial (9, 10).  
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Anaemia in CKD patients is the product of a complex interplay between patient-specific 

attributes, CKD stage, treatment modalities, and socio-economic and environmental factors. 

Therefore, it is being advocated that individualised risk-based management of anaemia in CKD 

patients should be promoted because of the multiple factors responsible for the evolution of 

anaemia in them (11). Oral iron is usually preferred because of its convenience and low cost. 

However, its utility value is often limited by gastrointestinal side effects, poor absorption and 

low efficacy in CKD patients (12, 13).  

South Africa is a multi-ethnic country with about 80% of the population being black and most 

of the people likely to be of low socio-economic status. According to Statistics South Africa’s 

Living Conditions Survey, (2016) the annual household income for blacks stood at an average 

of R92, 893 Rands (about 7000 US dollars) compared to R444,446 (29 000 US dollars) for 

whites. Furthermore, the median monthly earnings of white (R9 500), Indian/ Asian (R6 000), 

mixed race (R2 652) and black (R2 167) South Africans showed a marked ethnic disparity that 

is reflected in the variations in the socio-economic attributes of the population (14-16). Hence, 

socio-economic circumstances among CKD patients may impact on the prevalence and 

outcomes of anaemia in them (17, 18). However, little is currently known of the interactions 

of various predictors of anaemia among the different ethnic groups to which CKD patients, 

who are yet to commence dialysis in South Africa, belong. Therefore, the aim of this study was 

to assess the overall and ethnic prevalence of iron deficiency anaemia, and stage-specific 

prevalence and possible predictors of anaemia among pre-dialysis CKD patients in 

Johannesburg (17, 18).  

4.3. Patients and methods 

This cross-sectional study was conducted on 353 pre-dialysis CKD patients from 1 June to 31 

December 2016. The study population comprised of patients attending the Renal Out-Patient 

Clinic of Charlotte Maxeke Academic Hospital, Johannesburg.  All consecutively consenting 
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pre-dialysis CKD participants (>18 years of age) were recruited for the study. All patients with 

active bleeding (such as upper gastrointestinal bleeding), infection and  inflammation, who had 

undergone a blood transfusion within three months of enrolment, who had been placed on oral 

iron therapy within two weeks of enrolment, who were being treated with erythropoietin 

stimulating agents (ESA), within four weeks of enrolment, who were presenting with active 

malignancy, a human immunodeficiency virus infection, who were using immunosuppressive 

drugs, and those with known haemoglobinopathies were excluded from the study.  

The socio-demographic attributes of the sample of CKD patients were obtained using a 

proforma. In this study, employment status and educational level were used as proxies for 

socio-economic status (19). In addition, weight, height and blood pressure were measured using 

a stadiometer and a mercury sphygmomanometer respectively. Blood pressure can be  defined 

as an average based on greater than two readings obtained from  two separate blood pressure 

measurements that are greater than 140/90 mm of haemoglobin (Hg), as defined by JNC 7 (20).  

Blood samples were collected for serum electrolytes and haematological parameters. The 

biochemical iron status, serum iron, total iron-binding capacity (TIBC), and serum ferritin were 

also measured. Serum iron was determined by means of the ferrozine calometric method, TIBC 

through the colorimetric chromazurol dye-binding method using ADVIA 1800 (Siemen 

Medical Solutions Diagnostic, USA), and serum ferritin by using two-site chemiluminescent 

immunometric assays presented by the IMMULITE®2000 system (Siemens Medical Solutions 

Diagnostics, USA). Transferrin saturation was calculated through the formula: serum 

iron/TIBC. Complete blood counts were obtained after processing the blood samples using the 

Siemens ADVIA 2120, Technion H3 RTX and RTC systems analyzers (Siemens Medical 

Solutions Diagnostics, Tarrytown, NY).  
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Participants were classified as anaemic based on haemoglobin (Hb) level of less than 13g/dl in 

men and less than 12g/dl in women. Mild anaemia was defined as presenting with an Hb value 

greater than 11g/dl, moderate as presenting with an Hb of nine (9) to 11g/dl, and severe anaemia 

as presenting with an Hb greater than 9g/dl (21).  Iron deficiency was defined as a serum ferritin 

level of less than 100ug/l or a ferritin level of 100 to 300ug/l, and a transferrin saturation level 

(TSAT) of less than 20% (18). The glomerular filtration rate (GFR) was determined by means 

of the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation for eGFR 

(22) stage 1 with an eGFR greater than 90mls per minute; stage 2 with an  e GFR equivalent 

to 60 to 89 mls per minute; stage 3 with an eGFR equivalent to 30 to59 mls per minute; stage 

4 with an eGFR equivalent to 15 to29 mls per minute; and stage 5 with an eGFR less than 

15mls per minute. 

Ethical approval for the study was obtained from the Human Research Ethics Committee of 

the University of the Witwatersrand, ethics certificate number M150929. All participants 

provided forms showing their written informed consent. 

4.4. Statistical analysis 

Normally distributed continuous variables were presented as means ± standard deviations (SD), 

while non-normally distributed continuous variables were presented as medians (interquartile 

range, IQR). Categorical variables were presented as numbers, percentages and charts. The 

prevalence of anaemia (with a 95% confidence interval) was estimated for the CKD 

participants and in terms of socio-demographic factors. All these values were stratified 

according to the four ethnic groups (blacks, whites, the mixed-race group and Indians/Asians). 

Anaemic and non-anaemic patients were compared in terms of socio-demographic and clinical 

parameters using Pearson’s Chi-square and student’s t-test as the appropriate statistical 

methods. The relationship between anaemia status and the stage of CKD was determined using 

Pearson’s Chi-Square (Fisher’s exact test was used when the expected cells were fewer than 
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5). Furthermore, the difference in mean levels of haematological parameters by stage of CKD 

was determined using the analysis of variance (ANOVA) test. The Post hoc Bonferroni 

Pairwise Test was conducted to determine where the statistically significant difference between 

the relevant variables lies. This analysis was conducted for each ethnic group. Univariate 

logistic regression analysis was conducted for all the explanatory variables with anaemia status 

as the outcome of interest. Variables with a P-value of less than 0.2 were added according to 

the backward elimination method to arrive at the final multivariable model of the predictors of 

anaemia.  

The CKD stage and ethnicity were the primary explanatory variables.  However, age, gender 

and a history of diabetes mellitus were added to the model because they were selected a priori. 

Crude and adjusted odds ratios (ORs) and a 95% confidence interval (95%CI) were obtained 

from the multivariable model. Post regression diagnostics was conducted using the Hosmer-

Lemeshow Goodness of Fit Test and the discriminatory value of the model for predicting 

anaemia status in the CKD participants was conducted.  It was based on the area under the 

curve (AUC) of the receiver operator characteristics curve (ROC). A two–tailed test of the 

hypothesis was assumed. The statistically significant level was set at a 95% confidence interval 

(or a P-value of less than 0.05). Data were analysed using Stata version 14 (Stata Corp, USA). 

4.5. Results 

Of the 379 eligible participants, 26 declined to participate in the study; 353 were therefore 

enrolled in the study. The mean age of the participants was 55.3 ±15.0 years. The majority of 

participants were blacks (n=258/353, 73.1%), followed by whites (n=52/353, 14.7%), 

Indians/Asians (n=22/353, 6.2%) and those of a mixed race (n=21/353, 6.0%).  

The overall prevalence of anaemia was 43.1% (95%CI: 38.1 - 48.4 %.) (Figure 3.1). The 

Indian/Asian population had the lowest prevalence of anaemia, while the blacks had the 
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highest. The prevalence of anaemia in the black, mixed race, white and Indian/Asian groups 

was 46.9% (95%CI:  40.8 - 53.0), 45% (95%CI:  23.8 – 68.2), 34.6% (95%CI:  22.7 - 48.9), 

and 18.2% (95%CI: 6.4 - 41.9) respectively. Furthermore, the prevalence of IDA among black, 

white, mixed and Indian/Asian groups was 35.3% (95%CI: 29.6 - 41.3%), 23.1% (95%CI:  

13.3% - 36.9%), 14.3% (95%CI: 4.2% – 38.7%) and 9.1% (95%CI: 2.0% - 3.3%) respectively.  

The majority (79.0%) of the participants were in the late stages of CKD (stages 3 to 5) (Table 

3.1).   About 44.6% (91/204) of the hypertensive participants were anaemic, while 40.4% 

(38/94) of the diabetic participants were anaemic (Figure 4. 2). The mean CRP level of the 

anaemic participants was higher than that of the non-anaemic patients (33.64.32 vs 14.801.7, 

P-value<0.001). There were no significant ethnic differences in the clinical characteristics 

among the anaemic participants. However, the blacks had the lowest mean age at recruitment, 

namely 52.40±14.0 years, P-value<0.001 (Table 3.1). None of the 92 smokers in the cohort 

had anaemia (Table 3.1). 

Table 4.2 shows the statistically significant association between the stages of CKD and 

anaemia status (P-value<0.001). The proportion of participants with anaemia decreased from 

39.1% in CKD stage I to 21.9% in stage 3a, and then increased to 91.4% among black 

participants in CKD stage 5.  There was a statistically significant difference in the mean levels 

of Hb, MCH and MCV across the five stages of CKD (Table 4. 2). 

The mean CRP fluctuated between 101.5 mg/l and 21.95.0 mg/l between stage 1 and stage 

3a and increased from 13mg/l in stage 3b to 51.3mg/l in stage 5 (P-value <0.0001). 

Furthermore, the prevalence of inflammation decreased from stage I (26.1%) to stage 3 (9.4%) 

and subsequently increased, reaching the highest levels in stage 5 (86.2%); (Table 2A). The 

post hoc Bonferroni Analysis is shown in Table 2B. 
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Among the white ethnic group, haemoglobin (Hb) levels were statistically different across the 

stages of CKD (P-value<0.0001) (Table 3).  However, there was no statistically significant 

difference in the parameters among the stages in the mixed and Indian/Asian races respectively 

(Supplementary Table 3.1 and Supplementary Table 2). Furthermore, there was a positive 

correlation between haemoglobin levels and eGFR (r= 0.334, P-value <0.0001). There was also 

a positive correlation between haemoglobin and eGFR among males and females and among 

the black, white, and mixed ethnic groups (Table 3).  

As shown in Figure 3, globally, there was a J- shaped relationship between CKD stage and the 

odds of contracting anaemia Thus, the odds of anaemia decreased from 1.0 in stage I to 0.17 in 

stage 3  and subsequently increased abruptly from stage 4 (adjusted odds ratio: 0.66) to Stage 

V (adjusted odds ratio : 3.83). Furthermore, the likelihood for Stage 3 participants to contract 

anaemia was 83% less than that for stage I participants (adjusted OR: 0.17, 95% CI: 0.05 - 

0.54, P-value = 0.003).  On the other hand, after correcting for confounding variables, the odds 

for stage 5 participants to develop anaemia amounted to a 3.8-fold increase as opposed to the 

odds for the Stage one participants (Table 4). Furthermore, the odds for CKD participants with 

diabetes mellitus to develop anaemia were twice those for CKD participants without diabetes 

mellitus. However, important to note is that a history of hypertension did not impact on the 

odds among the CKD participants of developing anaemia. There was no statistically significant 

difference in the odds of developing anaemia by gender (P-value = 0.388). The odd of 

developing anaemia among the Indian/Asian group was 96% less than the odds for the blacks 

(Table 4). 

Although the odds for developing anaemia among participants with inflammation (as defined 

by CRP levels) showed a fivefold increase over those without inflammation, the univariate 

analysis did not, however, prove this relationship to be statistically significant after corrections 

were made for confounders. Patients with hypalbuminaemia had a three times greater chance 
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of developing anaemia as opposed to those with lower TSAT levels who were less likely to do 

so (Table 4). Based on the Hosmer-Lemeshow Goodness of Fitness Test (P-value= 0.9939), 

the final model shows that the model did in fact fit the data. Also, the area under the ROC curve 

of the final model amounted to 8.6%, which shows that the final model proved to be highly 

discriminatory in terms of estimating the odds of developing anaemia among the participants. 

4.6. Discussion 

Anaemia is a major complication of CKD. It is also a risk factor for cardiovascular disease 

among CKD patients (23) while some studies from South Africa have reported  on the 

prevalence of anaemia in the healthy population (24), the prevalence of anaemia in South 

African CKD patients is largely unknown. In this present study involving a multi-ethnic CKD 

population, almost half (43.18%, 95%CI: 38.1 - 48.4%) of the participants had anaemia. As 

expected, our study showed a higher prevalence of anaemia as compared to the prevalence of 

anaemia of 12.5 % that was reported in the total adult population of South Africa (24).  This 

prevalence percentage is lower than those listed in previous reports pertaining to most low- and 

middle-income countries (LMIC) where the anaemia prevalence was set at 75% to 79% among 

CKD patients (25-27).  A slightly higher anaemia prevalence of 58.5% was reported among 

patients with CKD stages 3 to 5 in Catalonia (21, 28). Furthermore, our study showed that the 

prevalence of anaemia among South African CKD patients was two to three times higher than  

the anaemia prevalence among CKD patients in the United Kingdom and the United States of 

America (USA) (29).  

In Singapore, a lower prevalence of anaemia (35.4%) was reported among CKD patients (30), 

while in Nepal, similar to our study, a prevalence of 47.5% was reported (31). Geographical 

location (altitude), life style, racial and genetic make-up may have played significant roles in 

the observed variations in the prevalence of anaemia among our cohort of CKD patients as 

compared to CKD patients from other regions. The relatively lower prevalence of anaemia 
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among CKD patients in Johannesburg as compared to other low- and middle-income countries 

(LMICs) may be related to the relatively higher level of access to health care services among 

CKD patients in South Africa. South African CKD patients have access to free medical care as 

opposed to the majority of CKD patients from other developing countries that pay out of their 

own pockets for their medical services. This suggests the need for global advocacy to design 

policies that will reduce the cost and burden of CKD on patients and their relatives. This can 

impact positively on prognostic factors such as anaemia and thereby improve outcomes.  

There was a marked ethnic variation in the prevalence of anaemia in our study population with 

the black and mixed ethnic groups having a similarly high prevalence (45%-47%), while the 

whites and Indians/Asians had a lower prevalence (18-35%). This ethnic disparity in 

prevalence of anaemia may be related to the general socio-economic status and dietary patterns 

of the ethnic groups. Socioeconomic status (SES) has been shown to be a predictor of 

nutritional status in several studies (32, 33). Pathways through which SES may be associated 

with nutritional status include income, education, and occupation (34).  

Some studies conducted in developing counties are in agreement with our findings that low 

SES is associated with a high prevalence of anaemia (35-37). Most of these studies were 

conducted in developing countries with limited sample sizes and were not on CKD patients. 

Our study revealed that almost half of our black cohorts have low levels of education. The low 

educational attainment could be a proxy for low socio-economic status among them. The blacks 

are generally of a lower socio-economic class mainly because of the deprivation that was 

suffered during the apartheid era. Moreover, the Indian/Asians’ vegetarian lifestyle might 

increase the rate of anaemia among them.  However, this was not a finding in this study.  A 

possible explanation could be that most of the participants may not have been on a strict 

vegetarian diet (18, 38). Our observation also showed that tailored management may be 

necessary. Thus, in addition to routine CKD care, nutritional support may be more frequently 
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indicated among the blacks and mixed-race South Africans as compared to the whites and 

Indian/Asians.  

Despite the fact that about four-fifths of our cohort of CKD patients were in the late stage of 

the disease, almost half of the anaemic patients had mild anaemia. A similar predominance of 

mild anaemia among CKD patients was also reported in other studies (39, 40).  In contrast to 

studies from both high-income and LMICs, the prevalence of anaemia in our cohort did not 

increase linearly with increasing stages of CKD. Furthermore, we surprisingly found that the 

odds of anaemia were lowest in CKD patients in stages 2 and 3 but higher in those in stages 

one and five.   

A study conducted in the Kingdom of Saudi Arabia (KSA) showed a similar prevalence pattern 

of anaemia among pre-dialysis patients according to the stages of CKD with prevalence 

percentages of 42%, 33%, 48%, 71%, and 82%, respectively among CKD participants in stages 

1 to 5 of the disease (39). The J-shaped pattern of the prevalence of inflammation among CKD 

stages was similar to the pattern of anaemia across the stages of CKD in this study, as there 

was a decreasing prevalence of inflammation (26.1%) in stage I  to a nadir of 9.4% in stage 

three, followed by an abrupt rise in indicators of inflammation up to stage 5 (86.6%). 

Furthermore, we found on univariate analysis that there was a five-fold increase in the odds of 

developing anaemia among participants with inflammation. This may suggest a link between 

inflammation and anaemia among CKD participants. From the foregoing, although the link 

between anaemia and inflammation across CKD stages is poorly understood, our study further 

suggests that inflammatory processes may play a role in the development of anaemia among 

CKD patients (and possibly across the stages of CKD), as shown in other studies (41) 

In the present study, the increased odds of anaemia in CKD stage 5 are consistent with findings 

from previous studies (39, 42). For example, Lau (30). showed that in comparison to patients 
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with CKD stage one, stage five CKD patients  are more likely to develop anaemia (OR = 16.8). 

Anaemia is believed to traditionally intensify with the progressive decline in kidney function, 

as it is believed that erythropoietin production decreases as kidney function worsens (43). A 

few hypotheses may be proposed to partly explain the J-shaped pattern of anaemia risk among 

varying stages of CKD as observed in our study participants. There may be some unrecognised 

perturbations that are responsible for this initial improvement in the haemoglobin levels as 

kidney disease worsens from stage I to stage 3 before the eventual decline in haemoglobin 

concentrations from stage three to stage three.  

Firstly, the initial inflammatory process in the early stages of CKD may cause the hyper 

stimulation of erythropoietin that then produces higher levels of haemoglobin (4, 44). This 

mechanism may not be sustained with the continuing deterioration in kidney function during 

the later stages of CKD.  In fact, hepcidin pathways and hypoxia inducible factors may play a 

role in this mechanism.   

Secondly, there might be aggressive management of anaemia in the early stages of the disease, 

or patients may respond to the anaemia treatment modalities (such as oral iron therapy and the 

erythropoietin-stimulating agent) that are employed in the early stages of the disease, especially 

in stages one and two. Thus, patients may not respond properly to similar modalities of 

treatment at the later stages of the disease. Such intractable anaemic states at the later stages 

may be related to poor nutritional status or there may be the need to employ parenteral 

erythropoietin therapy that may not be readily available for use during the earlier stages.  Thus, 

there may be the need to closely monitor anaemia in all CKD patients as the disease progresses.  

Another hypothesis for the pattern of anaemia progression in the stages of kidney failure may 

be that there may be some unrecognised mechanisms that support haemoglobin concentration 

in stages two and three of CKD.  All of the aforementioned hypotheses still need further 
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evaluation. Thus, CKD staging alone may not be appropriate for screening or for the 

determination of the risk and severity of anaemia among CKD patients.  

The glomerular filtration rate, gender, ethnicity, iron therapy, and other co-morbidities such as 

diabetes mellitus were identified as risk factors of anaemia among CKD patients by other 

researchers (30, 45, 46). However, some differences were observed in our study, contrary to 

the findings of previous studies (45, 47), we did not find a significant association between 

gender and the development of anaemia (P-value=0.6). McClellan (29) found that female 

patients had higher odds of developing anaemia. Similarly, Fishbane (47) reported lower rates 

of iron deficiency anaemia among adult men (57.8 to 58.8%) as opposed to women (69.9 

to72.8%) with CKD stages 3 to 5 in the National Health and Nutrition Examination Survey 

(NHANESII (1988-1994) and 1999 to 2004 surveys (29, 48).  

Our study tends to support the reports of previous researchers that increasing age is an 

independent risk factor for anaemia among CKD patients, as we found that patients older than 

50 years have double the risk of developing anaemia as compared to younger patients (3, 49). 

Thus, the process of ageing may greatly contribute to poor outcomes of anaemia in CKD 

patients. Older patients with anaemia may also have intractable forms of anaemia and should 

therefore be managed more intensively.  

Consistent with previous studies, CKD patients with diabetes mellitus had a three-fold 

increased risk of anaemia (p=0.007) (50, 51). Thus, a high index of suspicion for anaemia 

should be instituted among diabetic CKD patients to improve outcomes in them. There is 

evidence that anaemia is more severe and occurs at an earlier stage of kidney disease in patients 

with diabetes as opposed to non-diabetic patients (29, 52). Some studies suggest that renal 

abnormalities and possibly interstitial fibrosis may play a role in the pathophysiology of 

anaemia in diabetes (52, 53). Less well-known causes of anaemia in diabetes may include 
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interrelated mechanisms, such as ultra-filtration, proteinuria, chronic inflammation, damage to 

the interstitial kidney tissue, autonomic nephropathy, uraemic toxins, damage to the renin-

angiotensin system, increased tubular sodium reabsorption, and disorders of erythrocytes 

which have all been implicated in the pathogenic mechanism of anaemia in diabetic patients 

(54-56).  

This present study found that smoking is not a predictor of anaemia, but it is associated with 

an increase in haemoglobin levels.  This finding is in agreement with those of previous studies 

(57, 58). A possible explanation for this is that cigarette smoking causes an upward shift of the 

haemoglobin distribution curve which reduces the ability of the haemoglobin levels to detect 

anaemia. Hence it causes increased haemoglobin concentration that is likely to be mediated by 

exposure to carbon monoxide (58). Furthermore, our study found that hypoalbuminemia is 

associated with anaemia, which is in agreement with the results of earlier studies of CKD and 

haemodialysis patients (59). Low serum albumin is used as a marker of inflammation, and the 

relationships between anaemia and inflammation and between anaemia and malnutrition have 

been shown in several studies (60, 61).  

As in previous studies, we found other predictors of anaemia, including transferrin saturation 

(TSAT) and hypocalcaemia (9, 62). Also, in agreement with the findings of other researchers, 

we found hypocalcaemia to be a worthwhile predictor of anaemia among our cohort of CKD 

participants (53, 63). Several mechanisms have been postulated to explain this observed 

relationship. For example, hyperphosphatemia in CKD can cause a decrease in vitamin D 

synthesis, which will result in hypocalcaemia and elevated parathyroid hormone levels (PTH) 

(53, 64). Elevated PTH, in turn, has been shown to directly inhibit erythropoiesis, induce 

haemolysis and cause bone marrow fibrosis in CKD patients (65, 66). Although serum PTH 

levels were not ascertained in our study, the mechanism underlying the occurrence of serum 

phosphorous, calcium and anaemia in CKD is still unclear.  
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In our study, angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin receptor 

blockers (ARBs) predicted anaemia.  This finding is in agreement with those of previous 

studies (67-69). The mechanism of action of ACEI and ARBs and their effect on haemoglobin 

levels in patients with kidney disease is still not well established. Possible proposed 

mechanisms include interference with the production of erythropoietin (69) and the modulation 

of multiple factors interacting with the erythroid marrow progenitor. Mruget al (70) another 

possible mechanism may be that angiotensin 2 may increase the proliferation of erythroid 

progenitors, but not the progenitors of other cell lines, and that ARBs completely abolish this 

effect. All these observations may suggest a possible inhibitory effect of these medications on 

the bone marrow (69, 70). Further research is required to establish the exact mechanism 

explaining how these medications work. 

In conclusion, we found that almost half of the CKD participants in our study were anaemic 

which confirms that anaemia is a leading co-morbidity factor among CKD patients in 

Johannesburg.  Also, as was previously observed by other researchers, the risk of anaemia does 

not increase linearly with increasing degrees of renal deterioration.  Thus, CKD staging alone 

may not be appropriate for screening and monitoring anaemia. In addition, diabetes mellitus 

and calcium levels are strong predictors of anaemia among CKD patients. Our study therefore 

highlights the need for personalised, risk-based prevention and treatment strategies for anaemia 

among CKD patients in low-resource settings such as ours. The relationship between the 

severity of kidney deterioration and anaemia still needs further evaluation.  

This study is not without limitations. Firstly, the cross-sectional design of the study limited us 

from demonstrating causality between anaemia and the respective stages of CKD. As only one 

set of haemoglobin results was determined, trends and fluctuations in haemoglobin could not 

be monitored. Secondly, our study sample may not reflect a generalised population of South 

African CKD patients, since the study was conducted in an urban setting in South Africa. 
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Thirdly, we did not evaluate the serum folate and vitamin B12 levels of our participants which 

might have assisted us in providing the nutritional status of the participants. Furthermore, the 

vitamin D and parathyroid hormone levels (PTH) were not evaluated in this study.  The drug 

history of the chronic use of non-steroidal anti-inflammatory drugs (NSAIDS) was also not 

elicited. However, CKD patients in the hospital are generally counselled to avoid NSAIDS, 

since it can further aggravate kidney function. Because patients on oral iron and ESA therapy 

were excluded during the patient enrolments, this issue could affect the true prevalence of 

anaemia in the studied population. Thus, we were unable to adequately stratify our patients in 

terms of nutritional status.  

Despite these limitations, this study has contributed to the existing evidence on the prevalence 

of anaemia across CKD stages in pre-dialysis CKD patients.   
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Table 4:1: Predictors of anaemia among chronic kidney disease patients  

 

Variable OR 95%CI P-value Adjusted 

OR 

95%CI P-value 

GFR 

(ml/min/1.73m2) 

      

Stage 1 1.00 Reference Referenc

e 

1.00 Reference Reference 

Stage 2 0.37 0.13 -1.07 0.067 0.20 0.05 - 0.81 0.024 

Stage 3 0.53 0.23 – 1.22 0.138 0.17 0.05 - 0.54 0.003 

Stage 4 1.25 0.54 - 2.90 0.598 0.66 0.21 - 2.08 0.479 

Stage 5 14.2

5 
4.93- 41.29 <0.001 3.83 

0.95 - 

15.39 
0.059 

Age (years)       

<50 1.00 Reference Referenc

e 

1.00 Reference Reference 

≥ 50 1.20 0.77 -  1.87 0.425 2.33 1.05 - 5.16 0.037 

Race       

Blacks 1.00 Reference Referenc

e 

1.00 Reference Reference 

Indian/Asian 0.60 0.32 - 1.12 0.106 0.04 0.01 - 0.28 0.001 

Mixed 0.93 0.37 - 2.31 0.870 0.45 0.09 - 2.36 0.347 

White 0.25 0.08 - 0.76 0.015 0.41 0.14 - 1.23 0.111 

Gender 

Male 1.00 Reference Referenc

e 

1.00 Reference Reference 

Female 1.26 0.83 - 1.93 0.280 0.74 0.38 - 1.46 0.388 

History of Diabetes Mellitus 

No 1.00 Reference Referenc

e 

1.00 Reference Reference 

Yes 2.07 1.32 -   

3.25 

0.002 2.06 
1.00 - 4.25 0.050 

History of 

Hypertension 

      

No 1.00 Reference Referenc

e 

1.00 Reference Reference 

Yes 0.90 0.30 - 2.74 0.852 - - - 

Hypoalbuminemia (g/l) 

 No (>35) 1.00 Reference Referenc

e 

1.00 Reference Reference 

Yes (≤35) 5.33 2.61 - 

10.89 

<0.001 3.24 
1.10 - 9.53 0.033 
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Table 4.1b:  Predictors of anaemia among chronic kidney disease patients  

Variable OR 95%CI P-value Adjusted 

OR 

95%CI P-value 

Hypocalcaemia       

No (>2.5)  1.00 Reference Reference 1.00 Reference Reference 

Yes (≤2.5) 6.52 3.55 - 11.98 <0.001 - - - 

Hyperphosphate

mia 

      

No 

(<1.45mmol/l) 

1.00 Reference Reference 1.00 Reference Reference 

Yes 

(>1.45mmol/l) 

1.40 0.63 – 3.14 0.227 - - - 

Dyslipidaemia       

No 1.00 Reference Reference 1.00 Reference Reference 

Yes 1.25 0.58 - 2.68 0.568 - - - 

TSAT (%) 

>20 1.00 Reference Reference 1.00 Reference Reference 

<20 0.38 0.24-0.60 <0.001 0.40 0.19 - 

0.83 
0.014 

CRP (mg/l)       

Normal 

(CRP<10) 

1.00 Reference Reference 1.00 Reference Reference 

Inflammation 

(CRP≥ 10) 

3.93 2.51 – 6.16 <0.001 1.16 0.57 - 

2.34 
 

ACE-I/ARB       

No 1.00 Reference Reference 1.00 Reference Reference 

Yes 44.46 18.55 -   

106.53 

<0.0001 75.68 21.34 - 

268.35 
<0.001 

Serum ferritin 

>100 1.00 Reference Reference 1.00 Reference Reference 

≤100 1.50 0.98- 2.31 0.065 - - - 

Obesity (Kg/m2) 

Normal (18.5 – 

24.9) 

1.00 Reference Reference 1.00 Reference Reference 

Obese (BMI: 25 

– 34.9) 

0.68 0.25-0.98 0.195 - - - 

Morbid obesity 

(BMI>35) 

0.78 0.28 – 1.06 0.391 - - -- 

Serum creatinine, (mg/dl) 

<2.5 1.00 Reference Reference 1.00 Reference Reference 

>2.5 5.58 3.50 - 8.88 <0.0001 - - - 

95%CI: 95% confidence interval; OR: Odds ratio; Multivariable model corrected for stage of 

the disease, age, gender, history of Diabetes Mellitus, hypalbuminaemia, ACE-I/ARB use. 

Hosmer and Lemeshow Chi-square = 204.89and its P-value = 0.9939 

ACE-I: Angiotensin converting enzyme inhibitor use;  ARB: Angiotensin receptor blocker 
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Table 4:2: Distribution of anaemia and its parameters among Mixed Race South Africans at different stages of chronic kidney disease  

Anaemia status (%) Stage 1 

(n, %) 

Stage 2 

(n, %) 

Stage 3a 

(n, %) 

Stage 3b 

(n, %) 

Stage 4  

(n, %) 

Stage 5 

(n,%) 

 

Total 

(n=258) 

P-value 

Anaemic 0 (0.0) 3 (100) 2 (66.7) 2 (50.0) 4(80.0) 0 (0.0) 11 (55.0) 0.063 

Non-anaemic 1 (100.0) 0 (0.0) 1 (37.3) 2  (50.0) 1 (20.0) 4 (100.0) 9 (45.0%)  

 

Hb (g/dl) 

mean  SD 

12.5  

0.57 

14.3  0.51 12.1  2.8 11.7  0.8 12.9 2.7 10.0 1.64 12.2  2.2 0.155# 

MCV(fl)  

mean SD) 

90.4  

0.42 

90.6  0.15 91.5 7.4 84.8  

10.7 

90.0   5.9 91.2  3.1 89.6   6.1 0.23# 

MCH(pg) mean SD 32.1  0.7 29.3  0.4 29.1  1.8 27.0 4.7 29.7  2.6 27.5  1.8 28.9 2.8 0.33# 

MCHC 

mean SD 

30.7  1.2 32.4  1.0 31.7  1.5 31.8  3.0 32.5  1.2 31.3  1.2 31.8  1.7 0.394# 

CRP (mg/l) 

mean SD 

10.00.0 10.00.0 18 13.9 18 14.7 15.8 8.6 17.56.8 15.5 9.1 0.179# 

CRP groups          

Inflammation (CRP≥10) 
0 (0.0) 0(0.0) 1 (33.3) 2 (50.0) 2 (40.0) 3 (75.0) 8 (36.1) 

 

0.496$ 

No inflammation 

(CRP<10) 
2 (100.0) 3 (100.0) 2 (66.7) 2 (50.0) 3  (60.0) 1 (25.0) 13  (61.9) 

 

# ANOVA ; ^ Pearson’s Chi-Square; $ Fischer’s exact test ; CRP: C-reactive protein 
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Table 4.2b: Distribution of anaemia and its parameters among Indian/ Asian South Africans at different stages of chronic kidney disease 

Anaemia 

status (%) 

Stage 1 

(n, %) 

Stage 2 

(n, %) 

Stage 3a 

(n, %) 

Stage 3b 

(n, %) 

Stage 4 

(n, %) 

Stage 5 

(n,%) 

Total 

(n=258) 

P-value 

Anaemic 4  (80.4) 2 (100.0) 1 (50.0) 5 (100) 4 (100.0) 2 (50.0) 18 (81.8%) 0.26 

Non-anaemic 1 (20.0) 0  (0.0) 1 (50.0) 0 (0.0) 0  (0.0) 2 (50.0) 4 (18.2%)  

 

Hb (g/dl) 

mean  SD 

12.8 1.7 14.7 1.4 12.7  1.2 13.3  0.9 14.4 1.4 11.5  3.7 13.1  2.1 0.40# 

MCV(fl)  

mean SD) 

90.7  1.6 90.9  

3.5 

91.2 5.7 91.8  8.6 90.5   11.8 87.5 

 4.1 

90.0   8.7 0.98# 

MCH(pg) 

mean SD 

30.5  0.6 22.1  

6.6 

28.7  2.1 27.1 2.2 27.7  1.9 29.3  2.7 28.0  3.2 0.024# 

MCHC 

mean SD 

33.5  0.6 32.2  

2.7 

32.6  1.1 31.5  0.7 32.7  1.6 32.4  0.5 32.4  1.2 0.28# 

CRP (mg/l) 

mean SD 

15.812.9 14.5 6.4 15.5 7.8 15.65.9 11.3 2.5 10.51.0 13.87.1 0.179# 

CRP groups          

Inflammation 

(CRP≥10) 
1 (20.0) 1 (50.0) 1 (50.0) 4 (80.0) 1  (25.0) 1  (25.0) 9  (40.9) 

0.411$ 

No 

inflammation 

(CRP<10) 

4  (80.0) 1 (50.0) 1 (50.0) 1  (50.0) 3 (75.0) 3  (75.0) 13  (59.1) 

 

# ANOVA ; ^ Pearson’s Chi-Square; $ Fischer’s exact test ; CRP: C-reactive protein 
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Figure 4:1: Flow chart of the participants 
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Figure 4:2: The aetiology of chronic kidney disease  by anaemic status 
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Figure 4:3: Odds ratio of anaemia by CKD stage 
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5.1. Abstract 

Introduction 

Iron deficiency anaemia (IDA) worsens the prognosis and outcomes of chronic kidney disease 

(CKD). However, while the haemoglobin level is unreliable for early detection of IDA, 

reticulocyte haemoglobin content (CHr) and hypochromic red cells (%HYPO) are early markers 

of IDA.  

 

Methods 

This was a cross-sectional study of black adult participants (n=258) with CKD and apparently 

healthy members of staff at the Charlotte Maxeke Johannesburg Academic Hospital, South Africa, 

and the patients’ relatives (n=141).  It was conducted between 1 June 2016 and 31 December 2016. 

Serum iron, serum ferritin and transferrin were measured using standard laboratory methods, while 

the haematology analyser was employed to measure CHr and %HYPO. The validity of CHr and 

%HYPO as markers of IDA was evaluated. Multivariable binary logistic regression was conducted 

to determine the predictors of the relationships between IDA, CHr and %HYPO. The area under 

the receiver operator characteristics (ROC) curve (AUC) of the final models was used to evaluate 

the discriminatory value of CHr and %HYPO respectively.  

 

Results 

About one-quarter (26.1%) of the participants in this study had IDA, which was also found to be 

more than three times more prevalent among CKD patients than in the controls (35.3% vs 9.2%). 

Furthermore, 32.3% (95%CI: 27.90% – 37.10%) of the non-anaemic study population had an iron 

deficiency and the prevalence of iron deficiency without anaemia was lower in CKD patients than 
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in the controls (29.5% vs 37.6%).  The mean age of the CKD patients was higher than in the 

controls (52.7 ±14.3 vs 40.4 ±12.6 years, P-value<0.001). The sensitivity and specificity for 

diagnosing IDA among CKD participants was 62.6% and 80.2% respectively for CHr (at a cut-off 

value of <28pg) and 63.3% and 79.8% respectively for %HYPO. CKD participants with CHr levels 

lower than 28pg were 82% less likely to be diagnosed as having IDA than those with CHr levels 

in the region of 28pg or less) (adjusted odds ratio= 0.18, 95% CI: 0.09 – 0.37). The AUC for CHr 

(0.81, 95% CI: 0.76 – 0.87) was higher than the AUC for %HYPO (0.76, 95%CI: 0.70 – 0.82).  

 

Conclusion 

The diagnostic usefulness of CHr and the screening performance of %HYPO in predicting IDA 

among CKD patients proved to be significantly high. Furthermore, their lower cost in comparison 

with those associated with conventional markers of IDA recommends their use in clinical practice. 

Further cost-effectiveness studies of these parameters are therefore warranted. 

 

Key words: chronic kidney disease, iron deficiency anaemia, reticulocyte haemoglobin content, 

percentage hypochromic red cells, validity 
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5.2. Introduction 

The prevalence of anaemia is high among chronic kidney disease (CKD) patients owing  to 

multiple factors (1). Anaemia also impacts on the morbidity and mortality of CKD patients by 

accelerating the progression of the disease and reducing the chances of  survival (2). The 

importance of anaemia prevention, monitoring, and management in CKD patients cannot be 

overemphasised, since an intricate balance must be maintained between the stimulating effects of 

erythropoiesis and the prevention of an iron overload among CKD patients (3).  

Moreover, the treatment of iron deficiency anaemia (IDA) is an important component of care in 

CKD patients, with numerous benefits, such as a higher tolerance for physical activity, improved 

cognitive and cardiovascular functioning, an improved quality of life, and lower mortality (1). The 

monitoring of haemoglobin (Hb) levels alone may not be adequate for evaluating IDA among CKD 

patients as the decline in haemoglobin levels occurs late in IDA (4). Furthermore, changes in the 

serum levels of traditional iron parameters such as iron, transferrin saturation, and ferritin may not 

always correlate with the functional iron deficiency (FID) status of the patient (4). However, FID 

status is clinically relevant since it defines the instantaneous iron deficiency state of the patient 

and guides management (4). Monitoring of FID status is also important among CKD patients who 

are on recombinant erythropoietin therapy (5).  

Changes in the morphology and other indices of red blood cells and reticulocytes correlate with 

the dynamic state of iron deficiency (ID) (2, 3, 5). Hence, the evaluation of IDA among CKD 

patients (especially those on treatment for IDA) can be enhanced by monitoring their reticulocyte 

haemoglobin content (CHr) and their hypochromic red cell levels (%HYPO) (6, 7) CHr and 

%Hypo tests are four times cheaper than the conventional haematological tests and they can be 

used to detect ID before clinical manifestations of anaemia are observed (6). CHr and %HYPO 
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can also be reliable for detecting IDA among CKD patients because inflammatory conditions do 

not affect the levels of reticulocyte haemoglobin content. 

Bone marrow iron stores are often regarded as the best indicator (gold standard) of iron status (8). 

However, a bone marrow biopsy is invasive and predisposes the patient to the risk of infection, or 

bleeding at the puncture site (9). The bone marrow biopsy procedure is also relatively costly (9). 

Thus, a bone marrow biopsy is not generally advocated for the routine monitoring of IDA in CKD 

patients. The determination of the functional iron status of the patient involves measuring the 

proportion of hypochromic red cells (%HYPO). %HYPO is an index that provides information 

about the functional iron status of the patient several months before the manifestations of clinical 

anaemia become evident.  Furthermore, it is a late indicator of iron-restricted erythropoiesis (7, 

10).  Likewise, CHr is an early marker of functional iron deficiency, as reticulocytes exist in the 

circulation for only one to two days. Thus, CHr can be useful in monitoring the early stage of IDA 

and responses to erythropoietin therapy (4).  Since classical laboratory biomarkers of ID exhibit 

wide biological variability in CKD patients (10), there is a need to evaluate other novel and 

consistent markers. The validity of a screening or diagnostic tool is related to the prevalence of the 

disease and the attributes of the study population. Hence, it is not recommended to extrapolate the 

results of a validity test on a particular study population onto a different population.  Furthermore, 

since the severity of anaemia also varies across the spectrum of CKD stages, the efficiency of 

markers of IDA may be affected by the CKD stage in question.  Thus, we aimed to evaluate the 

usefulness of CHr and %HYPO in the diagnosis of IDA and their performance across the CKD 

stages, and to compare them with other traditional markers of iron deficiency in pre-dialysis black 

CKD patients. 
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5.3. Patients and methods 

This cross-sectional analytical study was conducted at the Charlotte Maxeke Johannesburg 

Academic Hospital (CMJAH) from July to December 2016. The study was approved by the 

Human Research Ethics Committee of the University of the Witwatersrand. All the study 

participants signed informed consent forms prior to their enrolment in the study.  

Three hundred and ninety-nine (399) adult participants were recruited for the study. The CKD 

cases (n=258) were black non-dialysis-requiring patients at the Renal Out-Patient Clinic of 

CMJAH, while the comparator group consisted of the apparently healthy members of staff and the 

relatives of the patient participants (n=141).  

The inclusion criteria for the study were patients aged 18 years and above, who had already been 

diagnosed with CKD on the basis of an estimated glomerular filtration rate (eGFR) of less than 

60ml per minute.  The GFR was calculated using the CKD EPI formula (11). Patients who were 

on immunosuppressant therapy, who were infected with the Human Immuno Virus and with other 

active infections, and who had known haemoglobinopathies, those who had received a blood 

transfusion in the three months preceding recruitment, as well as those with malignancies, 

gastrointestinal bleeding and active inflammation, were excluded from the study.  

Early morning venous blood samples were drawn from the patients. Their biochemical iron status, 

total iron-binding capacity (TIBC), and serum iron and serum ferritin levels were measured. Serum 

iron was determined by means of the ferrozine calometric method, their TIBC levels through the 

colorimetric chromazurol dye-binding method using ADVIA 1800 (Siemen Medical Solutions 

Diagnostic, USA), while their serum ferritin levels were determined by using the two-site 

chemiluminescent immunometric assay devised by the IMMULITE®2000 system (Siemens 
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Medical Solutions Diagnostics, USA). Transferrin saturation was calculated by means of the 

formula: serum iron/TIBC. Complete blood counts and CHr and %HYPO levels were obtained 

after processing the blood samples using the Siemens ADVIA 2120, Technion H3 RTX and RTC 

systems analysers (Siemens Medical Solutions Diagnostics, Tarrytown, NY).  

Haematological deficiencies were also defined.  They were based on the internationally- accepted 

iron parameters for CKD patients (5). Thus, based on the Kidney Disease Outcomes and Quality 

Initiative target-to-treat (KDOQI) cut-offs and the National Institute for Health and Care 

Excellence (NICE) guidelines, absolute iron deficiency was defined when serum ferritin levels 

were recorded at less than 100µg/L and transferrin saturation (TSAT) levels at less than 20% (12, 

13). 

Functional iron deficiency was defined as a serum ferritin level of greater than 100ug/L and TSAT 

at less than 20%. Iron deficiency anaemia was defined at a TSAT level lower than 20%, a ferritin 

level lower than 100µg/L, and a haemoglobin level (Hb) lower than 12g/dl in women, and lower 

than 13g/dl in men (4, 5, 13).  

Although the Kidney Disease Improving Global Outcomes (KDIGO) defines iron deficiency as a 

TSAT level lower than 30% and a ferritin level lower than 500ug/L (14, 15), this definition was 

not used in this study. The prevalence of iron deficiency in CKD patients without anaemia (with 

Hb levels greater than 12g/dl in women and greater than 13g/dl in men) was also ascertained in 

our study population. 

5.4. Statistical analysis 

Continuous variables with a normal distribution were reported as means  standard deviations, 

continuous variables with a non-normal distribution were reported as medians, and interquartile 
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ranges. Categorical variables were described as frequencies and percentages. The correlation of 

each parameter with other haematological indices was performed using Spearman’s correlation 

coefficients. Among the CKD participants, the specificity, sensitivity, negative predictive and 

positive predictive value of the CHr (at cut-off <28pg) and %HYPO (at cut-off >5%), as markers 

of IDA were evaluated using the TSAT and ferritin levels as the reference points. Multiple logistic 

regression analyses were conducted to determine the associations between CHr and IDA; %HYPO 

and IDA; and combined CHr/%HYPO and IDA among the CKD participants. Variables with P-

values of less than 0.2 on univariable analysis were eligible for inclusion in the multivariable 

models. Thus, three models were built: one each for: CHr and IDA; %HYPO and IDA; and a 

combined CHr/%HYPO and IDA. Receiver operator characteristic (ROC) curves, as well as the 

area under the curve (AUC), for each of the final models were used to further evaluate the 

discriminatory value of CHr, %HYPO and a combination of CHr and %HYPO in diagnosing IDA. 

A comparison of the performance of CHr, %HYPO and a combination of the two in predicting 

anaemia was conducted in terms of the stages of CKD and based on the AUC values. The 

association between gender and the CKD stages was assessed by means of Pearson’s Chi-square 

test.  A P-value of less than 0.05 was taken as the level of statistical significance and we assumed 

a two-tailed test of hypothesis. All statistical analysis was performed using STATA 14.0 software 

(Stata Corp, USA). 

5.5. Results 

The combined model of CHr and %HYPO (Supplementary Table 1) shows that while the odds 

ratio of CHr did not change significantly (the adjusted odds ratio changed from 0.18 in Table 5 to 

0.2 in Supplement 1), the odds ratio for %HYPO was also not significant. There was no statistically 

significant relationship between gender and the respective CKD stages (P-value = 0.101) 
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(Supplementary Table 2). A comparison of the performance of CHr and hypochromic red cells in 

diagnosing iron deficiency anaemia showed, the AUC of the ROC curve was higher for CHr than 

that for %HYPO (81.3%% vs 76.0%, P= 0.0149) in diagnosing IDA (Table 6, Figure 2 . Thus, 

CHr has a higher discriminatory value for diagnosing IDA as opposed to that of %HYPO. No 

additional value emanated from combining CHr and %HYPO for diagnosing IDA as opposed to 

using only CHr (P-value = 0.94) as an iron marker in diagnosing IDA among our cohort. 

Furthermore, the CHr marker performed better in the early stages of CKD (stages I and II) than in 

the later stages (4 and 5) (82% vs 76%) of CKD. 

5.6. Discussion 

Over the past few decades, studies from developed countries have assessed the diagnostic utility 

values of non-conventional iron markers such as CHr and %HYPO in predialysis and dialysis 

patients. However, little is known about the performance of these tests in African CKD 

populations. Hence, we evaluated the validity and performance of CHr and %HYPO in diagnosing 

IDA among black CKD patients to provide evidence for their utility value in a low-resource 

clinical setting such as ours. 

We found that the sensitivity and specificity of CHr at a cut-off of 28pg was 62.6% and 80.2% 

respectively. This finding was higher than that of Fishbaneet al (16) who reported a specificity of 

75.5% and a relatively lower sensitivity of 41.9% with the use of CHr in identifying IDA among 

patients on maintenance haemodialysis. A possible explanation for this finding could be attributed 

to the relatively long lifespan of erythrocytes.  Since information about the status of iron stores in 

the body over a long period of time can be obtained from changes in erythrocytes levels, CHr can 

be potentially useful in the early detection of chronic IDA (9). Diagnostic tools should normally 

have high specificity levels so that positive cases can be determined with a high level of certainty.  
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Our study revealed that the specificity of CHr was high (80.2%) and those participants with CHr 

levels of higher than 28pg were 82% less likely to be diagnosed with IDA than those with CHr 

levels adjusted to about 28pg or less.  In other words, those diagnosed with IDA at a cut-off of 

28pg would have odds of about 5.6 of being diagnosed with IDA as opposed to those with higher 

CHr levels. Therefore, in terms of our study population, CHr can be safely considered for use as a 

diagnostic tool for diagnosing IDA. In addition, we found that the performance of a combination 

of %HYPO and CHr in detecting IDA did not prove to be superior to using CHr alone as a marker. 

Thus, the single less-costly test of CHr can be safely used for diagnosis and for monitoring IDA 

in our communities. 

We further assessed and compared the predictive ability of CHr in detecting IDA across all five of 

the stages of CKD and found that CHr performed better in the early stages of CKD than in the later 

stages (82% vs 76%), and that this difference was statistically significant (p= 0.0162). To our 

knowledge, this is the first time a relationship between CHr and its performance in diagnosing 

IDA according to the stages of CKD, has been evaluated. Our results may be partly explained by 

the fact that IDA is more frequent in the earlier than the later stages of CKD. Our findings were at 

variance with those of Aoun (15), who reported a significant difference in iron deficiency by 

gender and across the different stages of CKD. The differences in our findings could be explained 

in terms of the differences in the studied populations. However, further studies are required to 

further explore these findings. Our study highlights the fact that there may be a need to use different 

cut-off values for CHr levels at different stages in CKD.   

Some of the advantages of CHr as an iron marker include its ability to provide a snapshot view of 

the iron available for erythropoiesis, which can be used in the early detection of IDA (9). It is also 

a cheaper method for measurement than the conventional iron markers. From our experience, the 
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unit cost of running CHr is approximately five to seven US dollars (US$5 US$7, as opposed to 

US$25- US$30dollars for the cost of assessing the TSAT and ferritin levels in CKD patients. 

Therefore, CHr can serve as an alternative to conventional markers (TSAT and ferritin)  in 

evaluating iron status in resource- impoverished countries. 

Furthermore, CHr is free from the biological variability that affects serum iron, ferritin, and other 

biochemical parameters. CHr also reflects the iron that is made available at the time that the 

reticulocyte is produced in the bone marrow. CHr levels also highlight abnormalities that are 

related to the reticulocyte stage of erythropoiesis which may be missed because of the short or 

transient nature of the reticulocyte stage (10, 11) 

Consistent with other studies, the prevalence of IDA in our CKD population was more than three 

times higher than its prevalence in the control group (35 % versus 9%) (10). Thus, anaemia remains 

as a major cause of morbidity in our cohort. Previous studies such as the National Health and 

Nutritional Examination Survey (2004) also reported a high prevalence of iron deficiency in 58% 

of men and 72% of women with CKD (17). The Dialysis Outcomes and Practice Pattern Study 

[DOPPS] (2003) reported that iron deficiency was present in 31 to 38% of CKD patients on 

haemodialysis (18). Another study reported the prevalence of IDA in pre-dialysis CKD to be 29% 

(19).  

The use of various CHr cut-off values in different studies for distinguishing between IDA in non-

dialysis and dialysis populations has led to variations in the specificities and sensitivities of this 

ID marker. For example, studies have defined functional iron deficiency as CHr being less than 

28pg (10, 16) and reported that a CHr-cut-off level of less than 28pg is a better predictor of IDA 

than serum ferritin and transferrin saturation in  a cohort of  dialysis patients on  erythropoietin 
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therapy (10, 16). However, Kimet al (20) reported a cut-off value of 32pg for predicting IDA 

among haemodialysis patients. Therefore, interpretations and comparisons in respect of the 

predictive ability of CHr should be carried out in the contexts of ethnic variations, study 

populations and whether the participants are on erythropoietin therapy.  

A study of non-CKD hospitalised patients in South Africa also used CHr to predict iron deficiency 

as opposed to other parameters, such as bone marrow aspirates. They established that a CHr of less 

than 28pg can predict IDA with a sensitivity of 75.8% and a specificity of 84.1%, which is similar 

to our findings (21).  

Another study at Pelonomi Hospital, South Africa, among infants and children showed the optimal 

CHr cut-off value for the diagnosis of IDA to be 29pg, corresponding to a sensitivity level of 86% 

and a specificity level of 50%. This cut-off value is slightly higher than our cut-off value of 28pg, 

and this variation could be due to differences in age among the study population (22).  

Consistent with some previous studies, we found that the sensitivity of using CHr to predict iron 

deficiency is equivalent to that of the conventional parameters (TSAT, ferritin) (6, 7).  A further 

advantage of CHr, which includes its lower and affordable cost, makes it more attractive in low-

resource settings. Furthermore, CHr is not influenced by inflammation and infection.   

5.7. Study limitations 

Our results should be interpreted in the context of the limitations of the study. Our point of 

reference was serum ferritin/TSAT instead of bone marrow aspirate. However, we believe that our 

results are valid and would contribute to the growing literature on the subject. Bone marrow 

aspiration was not feasible on account of its high cost and invasive nature. 
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There might also be certain diagnostic limitations in respect of CHr as an iron marker, as not all 

haematology analysers are capable of measuring CHr and the proportion of hypochromic red cells. 

Furthermore, CHr can also be falsely low in cases of haemoglobinopathies, thus causing 

microcytic anaemias, or alternatively, falsely high in megaloblastic anaemias. However, this group 

of patients was excluded from our current study population.   

In conclusion, CHr appears to be a useful tool for predicting IDA among black CKD patients not 

on dialysis. There was no added advantage of combining the test with %HYPO for this purpose. 

Further studies are required to confirm the usefulness of CHr in this group of patients to improve 

practice. Furthermore, CHr could be a potential parameter to monitor early response to intravenous 

iron supplementation in pre-dialysis patients.  
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Table 5:1: Comparison of the socio-demographic, haematological and biochemical 

characteristics of CKD patients and controls 

Characteristics CKD patients Controls Total P-value 

Age (years)     

Mean (±SD) 52.7 (±14.3) 40.4 (±12.6) 48.3 (±14.9) <0.0001 

<25 6 (2.3) 18 (12.8) 24 (6.0) <0.0001 

25-34 22 (8.5) 34 (24.1) 56 (10.0)  

35-44 43 (16.7) 43 (30.5) 86 (21.6)  

45-54 65 (25.2) 23(16.3) 88 (22.1)  

55-64 69 (26.7) 16 (11.4) 85 (21.3)  

≥ 65 53 (20.5) 7 (5.0) 60 (15.0)  

Gender, n (%)     

Male 134 (51.9) 59 (41.8) 193 (48.4) 0.054 

Female 124 (48.1) 82 (58.2) 206 (51.6)  

Stage of CKD     

stage1/normal 23 (8.9) 97 (68.8) 120 (30.1) <0.001 

stage 2 34 (13.2) 43 (30.5) 77 (19.3)  

stage 3a 32 (12.4) 1 (0.71) 33 (8.3)  

stage 3b 52 (20.2) 0 (0.0) 52 (13.0)  

stage 4 59 (22.9) 0 (0.0) 59 (14.8)  

stage 5 58 (22.5) 0 (0.0) 58 (14.5)  

Systolic Blood Pressure 

(mmHg), Mean (SD) 

143.6 (± 22.8) 
135.2 (± 11.3) 

140.6 (± 

19.9) 

<0.0001 

Diastolic Blood Pressure 

(mmHg), Mean (SD) 

81.8 (± 15.55) 
82.2 (± 10.4) 

82.0 (± 13.9) 0.78 

Haemoglobin, Hb (g/dl)Mean 

(SD) 

12.2 (±2.7) 14.1 (±1.8) 12.9 (±2.6) <0.0001 

Reticulocyte Hb Median 

(IQR) 

29.33(27.66-

31.22) 

30.2(28.6– 

31.2) 

29.88(27.88 

– 31.22) 

0. 

0.0256 

Hypochromic Red Cells 

Median (IQR) 

7.7(3.1 – 14.2) 3.8 (1.9 - 5.9) 5.3 (2.3 – 

12.3) 

<0.0001 

#MCHC, Mean (SD) 32.4 (± 1.9) 32.6 (± 1.3) 32.4 (± 1.9) 0.307 

MCV , Mean (SD) 87.8 (± 6.3) 88.2 (± 5.2) 87.9 (± 5.9) 0.4788 

Serum Ferritin, Median (IQR) 103 (58-197) 76.0 (56-144) 92 (56–177) 0.0015 

TSAT , Median (IQR) 18 (13-22) 20 (16-24) 18 (14-23) 0.0021 

eGFR(ml/min), Mean (SD) 41.2 (±35.0) 99.6 (±18.7) 61.8(±41.2) <0.0001 

^TSAT: Transferrin saturation; eGFR: estimated Glomerular filtration rate; #MCHC: Mean 

corpuscular haemoglobin concentration; MCV: Mean corpuscular volume; IQR: Inter-quartile 

range 
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Table 5:2: Iron status in the study participants  

 CKD n (%) Controls n (%) Total P-value 

Iron Deficiency Anaemia 91 (35.3) 13 (9.2) 104(26.1) <0.001 

Functional Iron 

Deficiency Anaemia 

48 (18.6) 2 (1.4) 50 (12.5) <0.001^ 

Absolute Iron Deficiency 

Anaemia 

43 (16.7) 11 (7.8) 54 (13.5) 0.013# 

^Fischer’s exact test    # Chi-square 
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Table 5:3: Correlation of reticulocyte haemoglobin content and percentage hypochromic 

red cells with other haematological parameters among CKD participants and healthy 

controls 

Haemato-

logical  

parameters 

Chronic Kidney Disease patients  Healthy Controls 

 Hypochromic   

level 

CHr Hypochromic 

level 

CHr 

  Α P-value Α P-value Α P-value Α P-value 

HB -0.27 <0.0001 0.56 <0.0001 -0.30 0.0004 0.1

8 

0.0372 

MCV 0.009 0.8999 0.33 <0.0001 -0.42 <0.0001 0.5

9 

<0.0001 

MCHC -0.42 <0.0001 0.38 <0.0001 -0.54 <0.0001 0.3

7 

<0.0001 

α: Spearman’s rank order correlation coefficients  
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Table 5:4: Predictive ability of reticulocyte haemoglobin content and percentage 

hypochromic red cells using TSAT and ferritin levels as reference parameters among chronic 

kidney disease participants and healthy controls 

  CKD patients Total Healthy Controls Total 

  NIDA IDA  NIDA IDA  

CHr n 

(%) 

≤28pg 
33(19.76) 57(62.64) 90 (34.88) 22(17.19) 

6 

(46.15) 
28 (19.86) 

 >28pg 134(80.24) 34(37.36) 168(65.12) 106(82.81) 7(53.85) 113(80.14) 

        

%HYPO >5% 93 (55.69) 67(73.63) 160(62.02) 34 (26.56) 9 69.23) 43  (30.50) 

 ≤5% 74 (44.31) 24(26.37) 98(37.98) 94 (73.44) 4 

(30.77) 

98 (69.50) 

 Total 167 91 258  128 13 141  

IDA: Iron deficiency anaemia; NIDA: Non-iron deficiency anaemia 
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Table 5:5: Relationship between reticulocyte haemoglobin content, percentage hypochromic 

red cells and iron deficiency anaemia among chronic kidney disease participants 

 

 

1Multivariable logistic regression 

analysis for CHr 

2Multivariable regression 

analysis for %HYPO 

Factors OR 95% CI P-value  OR          95%CI             P-value 

CHr       

≤ 28 (ID) 1.00 Ref Ref - - - 

>28 (NID) 0.18 0.09 - 0.37 <0.001 - - -- 

Percentage 

hypochromic 

red cells 

      

>5% (ID)    1.00 Ref Ref 

≤5% (NID)    0.52 0.28-0.96 0.037 

Gender       

Male 1.00 Ref Ref 1.00 Ref Ref 

Female 2.12 1.16 - 3.89 0.015 2.25 1.27- 4.01 0.006 

Age group 

(years) 
      

<25 1.00 Ref Ref 1.00 Ref Ref 

25 -34  0.25 0.04 – 1.63 0.147 0.29 0.05 - 2.11 0.192 

35 -44  0.15 0.03 – 0.88 0.036 0.21 0.04 - 1.35 0.069 

45 -54  0.20 0.04 – 1.06 0.058 0.26 0.06 - 1.48 0.101 

55 -64  0.86 0.18 – 4.22 0.855 1.06 0.25 - 6.04 0.941 

65 and above 0.41 0.08 – 2.03 0.272 0.37 0.08 - 2.03 0.230 

Stage of kidney 

disease 

      

Early stage 1.00 Ref Ref 1.00 Ref Ref 

Late stage 2.64 1.34 -5.21 0.005 4.35 2.36 - 8.03 <0.001 
1Multivariable logistic regression of the model of the relationship between CHr and iron 

deficiency anaemia (CHr only).  
2Multivariable logistic regression of the model of the relationship between %HYPO and 

iron deficiency anaemia (%HYPO only). 

The two models corrected for gender, age, stage of disease.  

OR: Adjusted odds ratio.   

Early stage: Stages 1 to 3;  

Late stage: Stages 4 and 5.  

ID: Iron deficiency NID: Non-iron deficiency 
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Table 5:6: Performance of reticulocyte haemoglobin content and percentage hypochromic 

red cells in the diagnosis of iron deficiency anaemia in chronic kidney disease participants 

Parameter AUC of ROC (95%CI) 

CHr 0.81 0.76 - 0.87 

Hypochromic red cells 0.76 0.70 - 0.82 

CHr + Hypochromic red cells 0.81 0.76 - 0.87 

CHr by stage   

Early 0.82 0.72 - 0.84 

Late 0.76 0.70 - 0.82 

Hypochromic red cells by stage   

Early 0.77 0.70 – 0.82 

Late 0.72 0.58 – 0.72 

CHr+Hypochromic Red cells by stage   

Early 0.85 0.71- 0.84 

Late 0.76 0.68 - 0.81 

AUC: Area under curve;   \ 

ROC: Receiver operator characteristics curve  

95%  CI: 95% Confidence Interval.  

Comparison of Performance:  

CHr Vs % HYPO, P-value= 0.0149,  

CHr Vs (CHr+%HYPO), P-value = 0.94;    

%Hypo Vs (CHr+%HYPO), P-value = 0.0162 
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Figure 5:1: Comparison of the receiver operator characteristics (ROC) of reticulocyte 

haemoglobin content (CHr) and percentage hypochromic red cells  
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6.1. Abstract 

Background 

Iron deficiency anaemia is a major cause of morbidity and mortality among chronic kidney disease 

(CKD) patients. There is paucity of information on the role of hepcidin and growth differentiation 

factor-15 (GDF-15) as potential biomarkers of iron deficiency anaemia among non-dialysis CKD 

patients. The aim of this study was to determine the utility of hepcidin and GDF-15 as biomarkers 

of iron deficiency among non-dialysis CKD patients at an academic hospital in Johannesburg, 

South Africa.   

Method 

A cross-sectional study of 312 consecutive consenting non-dialysis CKD patients, and 184 controls 

at Charlotte Maxeke Academic Hospital was conducted from June 2016 to December 2016. Socio-

demographic and clinical characteristics were recorded. Plasma hepcidin and GDF-15 were 

measured using mass spectrometry and ELISA, respectively. Spearman rank correlation, linear 

and logistic regression and receiver operator curves were utilised to evaluate the predictive and 

diagnostic/reference values of hepcidin and GDF-15 in absolute and functional iron deficiency 

anaemia.  

Results 

The mean age of participants was 49.7 ±15.8 years, and 50.6% of them were females. The 

predictive value of diagnosing iron deficiency anaemia among CKD patients using GDF-15 and 

hepcidin was high (AUC=0.723 and 0.714, respectively). There was a weak negative correlation 

between hepcidin levels and GFR (r=-0.19, p=0.04) in anaemic CKD patients, and between serum 

GDF-15 and haemoglobin (r=-0.34, p=0.001). Serum ferritin (β=0.005, P-value<0.001), MCV 

(β=0.0276, P-value=0.029) and gender (β=-0.2188, P-value=0.042) were predictors of log 
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hepcidin. Urea (β=0.0062, P-value=0.044), MCHC (β= -0.0816, P-value<0.001) and gender (β=-

0.0755, P-value=0.001) were predictors of logGDF-15. Both GDF-15 (P=0.028) and hepcidin 

(P=0.049) were associated with iron deficiency anaemia. Subgroup analysis showed that GDF-15 

predicted absolute iron deficiency, while hepcidin predicted functional iron deficiency anaemia 

 

Conclusion 

 GDF-15 and hepcidin are potential predictors of iron deficiency anaemia among CKD patients.   

 

Keywords: iron deficiency anaemia, GDF-15, hepcidin, utility, chronic kidney disease 
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6.2. Introduction 

Anaemia is a common presenting feature among patients with chronic kidney disease (CKD) and 

is associated with poor quality of life and attendant poor clinical outcomes (1). The pathogenetic 

mechanisms of anaemia in CKD include reduced erythropoietin production and reticuloendothelial 

iron blockade secondary to chronic kidney inflammation (2). Whilst largely responsive to 

erythropoietin replacement, anaemia due to chronic inflammation may be resistant to 

erythropoietin (EPO) treatment (3).  Thus, the management of iron homeostasis should be 

optimized to enhance the effect of EPO treatment on CKD-associated anaemia (4). 

 

Hepcidin is a peptide hormone that regulates iron balance in the body (5). It is synthesized by 

hepatocytes and reduces iron absorption and cellular release of iron, through binding to ferroportin 

(6). Thus, in chronic diseases, elevated levels of hepcidin can decrease absorption of dietary iron 

and impair the release of iron from its reservoir in the hepatocytes and macrophages (7). Further, 

increased hepcidin production leads to a decline in plasma iron levels, with an attendant negative 

impact on erythropoiesis (2). Studies have also shown that patients with chronic infections and 

inflammatory disease are predisposed to having increased levels of hepcidin (6, 8).  Elevated 

hepcidin levels may therefore play a role in the anaemia of chronic kidney disease (5). The impact 

of hepcidin on iron metabolism may be increased among CKD patients who have chronic 

underlying inflammation (5).  Hepcidin inhibits iron release from macrophages as well as intestinal 

iron absorption. In inflammatory states, hepcidin production is no longer regulated by iron burden 

(i.e., if the iron level is low, hepcidin synthesis should be downregulated) but is rather increased 

through IL-6 stimulation (9). Moreover, higher levels of hepcidin may occur among CKD patients 

who are likely to have poor renal clearance of plasma hepcidin, as their kidney function declines 
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(2). The hepcidin and Growth differentiation factor-15 (GDF-15 levels) in CKD patients may not 

be of greater diagnostic value than conventional parameters, but further studies on these 

biomarkers are needed (10). Moreover, detection of the association of GDF-15 expression with 

serum iron parameters in patients with IDA maybe helpful for the diagnostic and pathogenic 

impact of GDF-15 in anaemia, the role of GDF-15 in IDA is still controversial (11). It is also 

plausible that increased hepcidin concentrations may cause iron-restricted erythropoiesis in CKD 

associated anaemia (12). From the foregoing observations, we postulate that serum hepcidin level 

may be a useful biomarker of iron status among CKD patients. Hepcidin inhibitors or hepcidin 

lowering agents may be effective stand-alone or adjunctive therapy for maintaining normal iron 

homeostasis, thereby improving anaemia among CKD patients (13). These inhibitors of hepcidin 

production or action have shown promise in the treatment of anaemia of inflammation in pre-

clinical studies and are now entering human clinical trial (14). However, the utility of hepcidin as 

a biomarker in the diagnosis of iron deficiency anaemia (IDA) among non-dialysis CKD patients 

is unclear, especially in low resource settings. 

 

Growth Differentiation Factor-15 (GDF-15), an anti-inflammatory cytokine, has been suggested 

as a major regulator of hepcidin (15). Oxidative stress and inflammatory conditions can stimulate 

secretion of GDF-15 by macrophages (16), and GDF-15 has been implicated in the evolution of 

tumours (17, 18) and atherosclerosis (18). In addition, a strong positive correlation has been 

reported between hepcidin and GDF-15 in some anaemic patients (19). Emerging evidence shows 

that  in response  to anaemia (20), erythroblasts secrete GDF-15, which in turn suppresses hepcidin 

expression and decreases iron stores (16, 21, 22). It is also plausible that GDF-15 could signal 

intra-renal injury as circulating GDF-15 levels strongly correlated with intrarenal expression of 
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GDF-15, and GDF-15 was found to be associated with increased risk of CKD progression in two 

independent cohorts of CKD patients in the Clinical Phenotyping and Resource Biobank (C-

PROBE), and the Seattle Kidney Study (SKS).(23, 24). Little is known about the relationship 

between GDF-15, hepcidin, and IDA among patients with non-dialysis requiring CKD. The aim 

of this study was to evaluate serum GDF-15 and hepcidin as surrogates or diagnostic markers of 

IDA among non-dialysis requiring CKD patients. 

6.3. Materials and methods  

We conducted a comparative cross-sectional study among 312 consecutive patients with CKD 

attending the renal outpatient clinic of Charlotte Maxeke Johannesburg Academic Hospital, South 

Africa from 1 June 2016 to 31 December 2016, and 184 healthy controls (which included patients’ 

relatives and staff members). The inclusion criterion was all adult stable consenting non-dialysis 

CKD patients aged 18 years and above. This study was approved by the University of the 

Witwatersrand Human Research Ethics Committee, certificate number 150929. All patients gave 

written informed consent. 

 

Exclusion criteria included active inflammation, active infection, haemoglobinopathies, and blood 

transfusion within 3 months preceding the study, immunosuppressive therapy, oral iron treatment, 

and use of intravenous iron therapy at least 2 weeks before enrolment, and persons currently on 

erythropoietin stimulating agents (ESA).  

 

We defined absolute iron deficiency as serum ferritin <100ug/l and transferrin saturation (TSAT) 

<20%, while functional iron deficiency was defined as serum ferritin >100ug/l and TSAT <20%, 

according to Capellini et al (25). Anaemia was defined as haemoglobin <13g/l in men and <12g/l 
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in women. Patients were considered to have IDA if they presented with absolute iron deficiency, 

functional iron deficiency and anaemia with low mean corpuscular volume (MCV) (26, 27). 

Glomerular filtration rate (GFR) was determined by the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation for eGFR (28). 

 

6.3.1. Laboratory Measurements 

All collected venous blood samples were immediately centrifuged, separated into aliquots, and 

stored at -80 degrees Celsius for future assays. Haematological measurements were made on fresh 

venous blood with EDTA and clotted blood samples. Haemoglobin concentrations (Hb), red blood 

cell count (RBC), platelet count, creatinine and urea were measured using a haematology analyzer 

(Siemens Diagnostics, Tarrytown, USA). Serum iron was determined by the ferrozine calometric 

method, total iron binding capacity (TIBC) by a colorimetric chromazurol dye binding method 

using ADVIA 1800 (Siemen Medical Solutions Diagnostic, USA), and serum ferritin was 

determined by using a two-site chemiluminescent immunometric assay by IMMULITE®2000 

system (Siemens Medical Solutions Diagnostics, USA). Transferrin saturation (TSAT) was 

calculated as the ratio of serum iron and TIBC and expressed as a percentage. 

 

Hepcidin and isotope labelled internal standards [13C9,
15N3] were purchased from Peptide Institute 

(Osaka JPN). The serum hepcidin-25 and isotope labelled internal standards [13C9,
15N3] were 

extracted and separated as previously described by Li et al (29)   Briefly, samples were extracted 

with 4% HPLC grade trichloroacetic acid (TCA, Merck, Kenilworth, NJ, U.S.A) and separated 

using reverse-phase liquid chromatography using a 0.5x50mm Halo Peptide- ES column (Sciex, 

Framingham, USA) with a total run time of 5 min per sample. The analysis was performed on an 
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AB Sciex 5500 QTRAP (Sciex, Framingham, USA), coupled to a micro-Liquid Chromatography 

(Exigent M3) system with Turbo IonSpray ionization source operated in positive ion mode 

Multiple reactive monitoring (MRM) detection was applied using the Sciex 5500 for identification 

and quantification using the ion transitions (m/z) of 698.0>354.0 and 703.2>354.1 for hepcidin 

and stable isotope labelled hepcidin [13C9,
15N3] respectively. 

 

Concentrations of serum hepcidin were expressed in nanograms per millilitre (ng/ml). The intra-

and inter-assay coefficients of variation (CV) were <6.7% and < 8.8%, respectively. The lower 

limit of detection was 0.5ng/ml. The median reference level for plasma hepcidin in healthy controls 

was 5.7 ng/ml. Serum levels of GDF-15 were measured by ELISA (R&D Systems, Minneapolis, 

MN, USA) with intra- and inter-assay CVs of <2.8 and <6, respectively. 

 

6.4. Statistical analysis 

Statistical analysis was performed using Stata version 14 (Stata Corp., TX, USA) software. 

Normally distributed continuous variables were presented as mean ( standard deviation), and non-

normally distributed continuous variables were presented as median (interquartile range). 

Categorical variables were presented as numbers and percentages. The 5th and 95th percentile of 

the hepcidin and GDF-15 levels among non-anaemic apparently healthy controls were determined 

as the reference range for the study population. Student’s t-test or Mann-Whitney U tests were 

used to compare continuous variables among anaemic and non-anaemic groups. Association 

between anaemic status and categorical variables were assessed using Pearson’s Chi-square test. 

Spearman’s rank correlation was used to determine the linear relationship between hepcidin or 

GDF-15 and other linear variables among anaemic and non-anaemic participants. Univariable and 
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multivariable linear regression was conducted with log hepcidin and logGDF-15 as outcome 

variables respectively. Univariable and multivariable logistic regression was conducted to 

determine the association between IDA and hepcidin.  Confounding variables based on the 

literature and a univariable p-value of <0.2 were utilised to build the multivariable model using 

backward stepwise regression. Age and gender were chosen a priori. A post-estimation receiver 

operator characteristic curve (ROC) with area under the curve (AUC) was then utilised to 

determine the predictive value of hepcidin for IDA among CKD participants. Similar regression 

analysis was conducted between IDA and GDF-15. The AUC of ROC for hepcidin and GDF-15 

were then compared. A non-covariate table of cut-offs with corresponding sensitivity and 

specificity was generated for hepcidin as a diagnostic marker for IDA among the CKD population. 

The optimum cut-off point of hepcidin was then calculated based on the maximal value of the 

Younden Index (= (sensitivity + specificity) -1).  Similarly, an optimum cut-off value for GDF-15 

was obtained. The above-mentioned analysis (regression, ROC and cut-offs) was conducted to 

determine the predictive value of hepcidin and then GDF-15 for functional and absolute IDA. Sub-

group analysis was conducted to see if there was disparity in the performance of hepcidin and 

GDF-15 in diagnosis of absolute and functional IDA.  For all analyses, a 2-tailed test of hypothesis 

was assumed, and the level of statistical significance was set at P-value <0.05 (95% confidence 

interval). 

6.5. Results 

The mean age of the participants was 49.7 (± 15.8) years and there was an almost equal proportion 

of male (49.4%, n= 245/496) and female (50.6%, n=251/496) participants. The prevalence of 

anaemia among CKD cases was about three times that of controls, 33.0% (95%CI: 27.99% – 

38.45%) vs 9.78% (95%CI: 6.22 % - 15.05%) respectively. 
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The median levels of serum GDF-15 [1024.5 (429.4 - 1489.5pg/ml) vs. 447.25 (188.25 - 

1192.3pg/ml), P-value<0.0001] and hepcidin [7.1 (3.9 - 36.2) vs 3.1(2.1 – 10.9), P-value <0.0001] 

were more than doubled among the CKD participants as compared to the controls.   Among the 

CKD participants, the median GDF-15 level was higher among the anaemic as compared to the 

non-anaemic participants (P-value <0.0001, Table 1). Similarly, median GDF-15 levels were 

higher among the anaemic controls as compared to the non-anaemic controls (P= 0.0155). In 

contrast, there was no difference in the serum levels of hepcidin by anaemia status among the CKD 

participants (P-value =0.2790) and the controls (P-value = 0.8357) 

The reference values (5% - 95% range) among the non-anaemic controls of this study for hepcidin 

and GDF-15 were 1.5 - 28.1 ng/ml and 108.2 – 2833 pg/ml, respectively. There was a significant 

negative linear relationship between hepcidin and GDF-15 among anaemic CKD patients (r=-0.28, 

P-value = 0.0037); supplementary Table 1. 

Serum ferritin (r= 0.5, P-value <0.0001), and serum creatinine levels (r= 0.21, P-value = 0.0368) 

were positively correlated with hepcidin, while GFR (r= - 0.19, P-value = 0.0493) was negatively 

correlated with hepcidin among the participants with CKD, supplementary table 1.GDF-15  was 

negatively correlated with serum ferritin and haemoglobin levels, while TSAT level correlated 

with GDF-15 , especially among the anaemic CKD cases (supplementary table 2). 

For every ng/ml increase in serum ferritin level among CKD patients, log hepcidin increased by 

0.0058 (β=0.0058, P-value<0.001). In other words, hepcidin levels increased by 100.0058 units for 

every ng/ml increase in serum ferritin. Similarly, for every g/dl increase in MCV, log hepcidin 

increased by 0.0276 (β=0.0276, P-value=0.029). Similarly, logGDF-15 increased with every unit 
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increase of urea (β=0.0062, P-value=0.044) but decreased with every unit increase of MCH (β= -

0.0816, P-value<0.001), Table 2 

The predictive value of GDF-15 and hepcidin for diagnosing IDA among CKD participants was 

72% (95%CI: 66% – 78%) and 71% (95%CI: 65% – 78%), respectively. There was no statistically 

significant difference between the AUC of the ROC curves of GDF-15 and that of hepcidin, (P-

value = 0.49, Figure 1A). A combination of the two parameters did not improve the diagnostic 

value of either of the 2 tests, as the AUC of the ROC of the model with the combination was 73%, 

95%CI: 67% – 79%; P-value = 0.29. 

Using the non-covariate analysis and Younden’s index, the optimum cut-off value among CKD 

participants for GDF-15 was 1,030 pg/ml (at a sensitivity of 72.8% and specificity of 61.24%). 

Similarly, the optimum cut-off for hepcidin was 22.5ng/ml (at a sensitivity of 38.8% and 

specificity of 70.8%); (Data not shown). 

The predictive value of GDF-15 for diagnosing absolute IDA among CKD participants was 81.9%. 

(Table 6, Figure 1). Using the non-covariate analysis and Younden’s index, the optimum cut-off 

value of GDF-15 for diagnosing absolute IDA among CKD participants was 1129.3 mg/dl (at a 

sensitivity of 83.64%and specificity of 66.03%). Similarly, the optimum cut-off for hepcidin was 

22.5ng/dl (at a sensitivity of 66.7% and specificity of 70.8%); (Table 6). 

6.6. Discussion 

To our knowledge, this is the first study to evaluate the clinical utility of hepcidin and GDF-15 as 

markers of IDA, among persons with non-dialysis CKD. This study demonstrates that in a cohort 

of predialysis CKD patients, serum hepcidin and GDF-15 predicted IDA among patients with 

CKD, with a predictive value of 71.4% and 72.3%, respectively, and GDF-15 predicted absolute 
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IDA, while hepcidin predicted functional IDA (83.6% vs 66.7%). In addition, we showed a 

negative correlation between hepcidin and eGFR among CKD patients. There was no significant 

correlation between eGFR and GDF-15 among anaemic patients with CKD. Our observation of a 

negative correlation of hepcidin with GFR agrees with findings by others (12, 30).  Ashby et al, 

after correcting for ferritin levels, concluded hepcidin inversely correlated with eGFR (31).   In 

contrast with our study, Zaritsky et al (32) and Lee et al (33) found that eGFR had a positive 

correlation with hepcidin in adult CKD patients, despite using similar assay methods (mass 

spectrometry) as with our study; however, hepcidin levels in their paediatric CKD patients did not 

correlate with eGFR. Sung Woo Lee et al  (33) findings are also at variance with our findings; they 

found eGFR to positively correlate with hepcidin levels in patients with advanced CKD (stage 3b-

5). This suggests that the relationship between hepcidin and renal function is still unclear. Thus, 

different aetio-pathogenic pathways may play varying roles among the CKD stages. Furthermore, 

the mechanism of action of hepcidin in CKD may differ from other low molecular weight proteins 

such as 2 microglobulin or cystatin-c. Hepcidin pathways may be largely dependent on ferritin 

metabolism, with renal function playing a minimal role. The smaller sample size of previous 

studies may affect their conclusions. Our study recruited a relatively larger sample size. The 

sensitivity of the methods used may also play a role in the observed differences between our 

findings and others as we used mass spectrometry, in contrast to other studies where ELISA was 

used (30, 34).  

Our data supports published studies reporting higher levels of hepcidin in CKD and among 

haemodialysis patients (31, 35). The increase in serum hepcidin levels in CKD patients compared 

to controls might be due to increased inflammation and decreased renal clearance of hepcidin 

attributable to renal impairment in CKD patients (36-38). 
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We found that serum ferritin the primary storage molecule for cellular iron positively correlated 

with hepcidin in our CKD patients, as previously documented among patients with CKD and those 

on dialysis (31, 35, 39-41). This finding is also consistent with studies in non-CKD populations 

(42-44). In the setting of CKD, the direct relationship of hepcidin with ferritin may represent a 

protective effect of hepcidin against systemic iron overload (32). However, there was no 

correlation between hepcidin and inflammatory markers such as hsCRP. The possible explanation 

may be that patients with active infections and inflammation were excluded from our study. The 

reference range (5%-95%) of serum hepcidin levels among healthy controls in this study was 1.5-

28.1ng/ml. This value was lower than the reference range reported among healthy male and female 

adults [median and 5-95% reference range, 112ng/ml (29-254ng/ml) for men and 65ng/ml (17-

286ng/ml) for women] (39). A possible explanation may be differences in assay used, and racial 

differences. Thus, there is need to establish different reference ranges for different populations. 

We determined a cut-off value for serum hepcidin of <22.5ng/ml, (AUC= 0.71) at a sensitivity of 

38.8%, and specificity of 70.8%, to predict IDA, which supports the literature that hepcidin levels 

are below the reference range in iron deficient states (45). In 261 premenopausal female blood 

donors, serum hepcidin <8ng/ml (with a 95% confidence range of serum hepcidin levels from 8.2-

199.7ng/ml) had a sensitivity of 41.5% and specificity of 97.6% for diagnosing IDA, while serum 

hepcidin <18ng/ml had a sensitivity of 79.2% and specificity of 85.6% (46). A study by Vyas et al 

(47) determined hepcidin cut-off points to diagnose iron deficiency of <34.55, with AUC 0.845, 

sensitivity of 98.33%, specificity 52.94%. Choi et al reported that hepcidin levels <6.895 ng/ml 

had a sensitivity of 79.2% and specificity of 82.8% for diagnosis of iron deficiency in children 

(48). Sanad et al found urinary hepcidin at a cut-off value of <0.94 nmol/mmol to predict IDA with 

a sensitivity of 88% and specificity of 88% (49). These findings differ from the study by Jonker et 
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al(50), who reported hepcidin to be a poor predictor of bone marrow iron stores (sensitivity of 

66.7% and specificity 48.5%). However, their study population included children, and intra-

individual variability in serum hepcidin could account for differences in our findings. This is the 

first study that showed in a sub-group analysis that hepcidin was predictive of functional IDA in 

pre-dialysis CKD. Although levels of hepcidin are elevated in CKD, other factors may affect 

hepcidin levels. Further research is needed to determine whether this biomarker has advantages 

over conventional markers (ferritin, TSAT) (10).  

We found GDF-15 levels to be significantly higher in CKD patients with IDA as compared to 

CKD patients without IDA, consistent with findings by Yilmaz et al (51). Although Yang Li et al 

(52) found an increase in GDF-15 levels in their dialysis patients, they were unable to demonstrate 

a correlation between GDF-15 and iron indices, a finding that was prominent in our study. There 

are possible mechanisms that may explain the findings of increased GDF-15 in patients with IDA. 

First, GDF-15 may be an important mediator in a negative feedback loop whereby it increases to 

supress high hepcidin levels in CKD patients with iron deficiency. Second, GDF-15 expression 

could be upregulated in response to chronic inflammatory processes, which often occur in patients 

with IDA and CKD (53, 54). Another explanation is that iron depletion could independently cause 

GDF-15 induction in the erythroid precursor cells as a result of iron sequestration in macrophages 

(55). All these are speculative, however, as the exact mechanism underlying IDA and GDF-15 

levels require further investigation.  

Another important finding in this study was GDF-15 predicting IDA, at a cut-off value <1,030 

pg/ml with a predictive value of 72% (AUC = 0.723), sensitivity of 72.8%, and specificity of 

61.24%. Lakhal et al (22) also observed a significant increase in GDF-15 in persons with iron 

deficiency, which was similar to our findings. In contrast, Tanno et al (56) found among blood 
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donors that there was no association between iron deficiency due to blood loss and serum GDF-

15 levels.  Our study therefore suggests that GDF-15 can be a useful diagnostic tool in patients 

with IDA, and may relate to the fact that erythroid cells from patients with IDA may secrete a 

GDF-15- specific stimulator that is induced during iron deficiency (55).However, inflammation-

mediated changes seen in iron homoeostasis may not be likely to induce the increased GDF-15 

levels in patients with IDA, as serum ferritin levels did not corelate with GDF-15 levels in this 

study. Mast et al(57) also found absence of correlation of GDF-15 with ferritin, which was similar 

to our finding .GDF-15 in this study was found to be predictive of absolute IDA in sub-group 

analysis, this finding is in contrast with findings of Yilmaz et al (51) where GDF-15 was predictive 

of functional IDA among haemodialysis and CKD patients. Differences in these findings could be 

due to differences in the study population, as their population included a dialysis population, and 

our study population was pre-dialysis. Another explanation could be due to different cut-off values 

to define functional IDA; their cut-off value was >800, while ours was >100.  Further research is 

required to explore the puzzle of GDF-15 in IDA in CKD patients. 

We found a negative correlation between participants’ age and GDF-15 levels, which is at variance 

with reports by other researchers (58-61). The difference in these findings could be attributed to 

differences in the study population as our study was carried out in a pre-dialysis population, and 

their studies involved dialysis patients, and a normal healthy population. The association of GDF-

15 with age requires further prospective, multicentre studies. 

Another important finding in this study is the negative correlation of GDF-15 with haemoglobin 

in both CKD patients and controls. This finding is consistent with reports by others (52, 58, 62), 

but is in disagreement with findings in non-CKD populations, where GDF-15 was positively 



164 
 

correlated with haemoglobin (63-65). The difference in findings between our study and others 

could be explained by differences in the study population. 

Our study has limitations. First, the cross-sectional study design makes it difficult to infer causality 

between hepcidin, GDF-15 levels, and the risk of anaemia. The cross-sectional study design also 

precluded us from conducting follow up serial measurements of both hepcidin and GDF-15. The  

intra-patient variability and diurnal variations in hepcidin assays, may interfere with serum 

hepcidin measurement..  

The strengths of our study include the large sample size of pre-dialysis CKD patients, and our use 

of mass spectrometry, the gold standard for hepcidin assay. In addition, our study defined iron 

deficiency based on absolute and functional IDA, whereas prior studies focused mostly on 

functional IDA, and mainly recruited dialysis patients. Finally, to our knowledge, this is the first 

study to predict the performance of GDF-15 as a diagnostic tool for IDA in non-dialysis CKD 

patients.  

In conclusion, our preliminary data indicates that GDF-15 and hepcidin predict IDA in pre-dialysis 

CKD patients, and could be promising tools in the diagnosis of IDA in CKD, and they could predict 

absolute and functional IDA, among pre-dialysis CKD. These assays are expensive, not readily 

available, and require technical know-how, which may preclude their use in resource constrained 

environments. Larger randomized prospective studies are required to confirm our findings and to 

help determine a reliable cut-off value of serum hepcidin, and GDF-15 in the diagnosis of IDA. 
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Table 6:1: Socio-demographic, haematological and biochemical characteristics of 

participants by iron-deficiency-anaemia status   

Characteristics                      CKD (n= 312)             Controls (n=184) 

 IDA 

n= 103 

(%) 

Non-

anaemic 

n=209 (%) 

P-value IDA 

n=18 (%) 

Non-anaemic 

n=166 (%) 

P-value 

Hepcidin 

(ng/ml) 

(median, IQR) 

8.4 

(4-45.5) 

6.8 

(3.9 -33.6) 

0.2790 3.1 

(2.3 – 7.9) 

3.1 

(2.1- 10.9) 

0.836 

GDF-15 (pg/ml) 

(median, IQR) 

1256.8 

(919.1 -

1618) 

700 

(335.1-

1327.8) 

<0.0001 1175.9 

(708.9 -

1267.1) 

397.95 (183.2-

1101) 

0.016 

Age (mean 

±SD) years 

54.5 ± 

15.2 

54.3 ± 14.2 0.9340 45.2± 17.5 41.3 ±13.6 0.255 

<40 15 (14.6) 37 (17.7) 0.484 8 (44.4) 79 (47.6) 0.800 

≥40 88 (82.3) 172 (85.4)  10 (55.6) 87 (52.4)  

Race 

Blacks 95 (92.2) 165 (79.0) 0.003 12 (66.7) 133 (80.1) 0.185 

Whites 8 (7.8) 44 (21.1)  6 (33.3) 33 (19.9)  

Gender 

Male 41 (39.8) 126 (60.3) 0.001 7 (38.9) 71 (42.8) 0.752 

Female 62 (60.2) 83 (39.7)  11 (61.1) 95 (57.2)  

Systolic Blood 

Pressure 

(median, IQR) 

(mmHg) 

139 

(125 – 

157) 

140 

(130 - 160) 

0.1994 132 

(120 – 

140) 

132 

(130 - 140) 

0.998 

Diastolic Blood 

Pressure 

(median, IQR) 

(mmHg) 

80 

(70- 91) 

80 

(70 – 90) 

0.6234 81 

(70 -90) 

80 

(72 – 90) 

0.7707 

Serum Urea 

(median, IQR) 

(mmol/L) 

17.1 

(9.8 - 

25.7) 

11 

(7.1 – 15.9) 

0.0001 4 

(3-4.9) 

4.35 

(3.6 – 5.2) 

0.4486 

Serum 

Creatinine 

(median, IQR), 

mol /L 

265 

(158- 

520) 

171 (120 – 

255) 

<0.0001 70.5 (64 – 

78) 

78.5 69 – 91) <0.0001 

GFR (median, 

IQR), 

mls/min/1.73m2 

27.0(12.6 

– 27.0) 

43.6 (27.7 – 

66.0 

<0.0001 129.8(96.3 

- 139.5) 

114.4(96.8 – 

133.0) 

0.3490 

 



167 
 

Table 6:2: Multiple linear predictors of log Hepcidin and logGDF-15  among CKD patients 

Variable                   Log Hepcidin                Log GDF-15  

Coefficient SE P-value Coefficient SE P-value 

Ferritin 0.0058 0.00045 <0.0001 0.000018 0.0003 0.953 

Age 0.0010 0.0037 0.787 -0.00103 0.0027 0.704 

Race       

Blacks Reference Reference Reference Reference Reference Reference 

Whites 0.0948 0.1353 0.484 0.08541 0.1037 0.411 

Gender       

Male Reference Reference Reference Reference Reference Reference 

Female -0.2188 0.1071 0.042 0.2621 0.0755 0.001 

GFR -0.000041 0.0009 0.965 -0.0014 0.0009 0.136 

MCHC -0.0780 0.0335 0.021 -0.0816 0.0164 <0.001 

MCV  0.0276 0.0126 0.029 - - - 

Urea - - - 0.0126 0.0062 0.0440 
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Table 6:3: Predictors of iron deficiency anaemia with Hepcidin or GF-15 as the primary 

biomarker among CKD participants 

Variable 1Multivariable logistic regression 

analysis with Hepcidin as the 

primary factor 

2Multivariable logistic regression 

analysis with GFD15 as the primary 

factor 

Odds 

ratio 

95%CI P-value Odds 

ratio 

95%CI P-value 

Hepcidin 
1.0023 

1.0000- 

1.0045 
0.049 

- - - 

GDF-15 
- - - 1.00024 

1.000026 -

1.000455 
0.028 

Age 1.00 0.98-1.02 0.964 1.00 0.98-1.02 0.947 

Gender       

Male Reference Reference Reference Reference Reference Reference 

Female 2.80 1.65 – 4.74 <0.0001 2.73 1.60 – 4.67 <0.001 

eGFR 0.99 0..98 – 1.00 0.028 0.99 0..98 – 1.00 0.33 

CRP 
1.01 1.00 - 1.01 0.042 1.01 

1.001 - 

1.015 
0.025 

MCV 0.94 0.90 - 0.98 0.004 0.94 0.90 - 0.98 0.006 

 

1Multivariable logistic regression of the model of the relationship between Hepcidin and iron 

deficiency anaemia  

2Multivariable logistic regression of model of the relationship between GDF-15 and iron 

deficiency anaemia. 

 

The two models corrected for gender, age, glomerular filtration rate, C-reactive protein and mean 

corpuscular volume.  OR: Adjusted odds ratio.    
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Table 6:4: Predictors of Absolute iron deficiency anaemia with Hepcidin or GF15 as the 

primary biomarker among CKD participants  

Variable 1Multivariable logistic regression 

analysis with Hepcidin as the 

primary factor 

2Multivariable logistic regression 

analysis with GFD15 as the primary 

factor 

Odds 

ratio 

95%CI P-value Odds 

ratio 

95%CI P-value 

Hepcidin 1.01 0.99-1.01 0.30 - - - 

GDF-15 - - - 1.001 1.001 -1.01 0.0016 

Age 1.01 0.98-1.03 0.54 1.006 0.98-1.03 0.65 

Race       

White  Reference Reference Reference Reference Reference Reference 

Black 0.23 0.78 – 0.66 0.007 0.35 0.14 – 0.91 0.30 

Gender       

Male Reference Reference Reference Reference Reference Reference 

Female 2.86 1.38 – 5.91 0.005 2.95 1.37 – 6.34 0.006 

eGFR 0.99 0..98 – 1.01 0.503 0.99 0..98 – 1.01 0.318 

CRP () 1.01 0.99- 1.01 0.436 1.01 0.99 - 1.02 0.160 

MCV() 0.91 0.88-0.96 0.002 0.92 0.87 - 0.97 0.002 

MCHC () 0.73 0.52-1.01 0.056 0.71 0.48-1.03 0.069 

Phosphate () - - - 0.50 0.26 - 0.99 0.046 

DM 1.87 0.94-3.71 0.008 1.77 0.86-3.64 0.012 

 

1Multivariable logistic regression of the model of the relationship between Hepcidin and 

Absolute iron deficiency anaemia  

2Multivariable logistic regression of model of the relationship between GDF-15  and Absolute 

iron deficiency anaemia. 

The 2 models corrected for gender, age, glomerular filtration rate, C-reactive protein, MCV, 

Phosphate, Diabetes Mellitus and mean corpuscular volume.   

OR: Adjusted odds ratio.    
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Table 6:5: A Predictors of Functional iron deficiency anaemia with Hepcidin or GF15 as 

the primary biomarker among CKD participants 

Variable 1Multivariable logistic regression 

analysis with Hepcidin as the 

primary factor 

2Multivariable logistic regression 

analysis with GFD15 as the primary 

factor 

Odds 

ratio 

95%CI P-value Odds 

ratio 

95%CI P-value 

Hepcidin 1.01 1.01- 1.01 0.013 - - - 

GDF-15 - - - 1.01 0.99 -1.01 0.761 

Age 0.98 0.95-1.01 0.123 0.99 0.96-1.01 0.169 

Gender       

Male Reference Reference Reference Reference Reference Reference 

Female 3.23 1.47– 7.29 0.004 2.9 1.29 – 6.29 0.009 

Race        

White Reference Reference Reference Reference Reference Reference 

Black 15.09 1.20 - 188.96 0.035 15.88 1.16 - 216.46 0.038 

eGFR 0.99 0.98 – 0.99 0.007 0.98 0..98 – 0.99 0.008 

CRP 1.01 1.00 - 1.01 0.002 1.01 1.01 - 1.02 0.001 

MCHC 0.79 0.62- 0.99 0.041 0.78 0.61- 0.99 0.044 

DM 1.35 0.55-4.78 0.070 1.31 0.56-4.79 0.00 

1Multivariable logistic regression of the model of the relationship between Hepcidin and iron 

deficiency anaemia  

2Multivariable logistic regression of model of the relationship between GDF-15  and iron 

deficiency anaemia. 

The 2 models corrected for gender, age, glomerular filtration rate, C-reactive protein and mean 

corpuscular volume.  OR: Adjusted odds ratio.    
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Table 6:6: Cut-off and validity of GDF-15 and Hepcidin in diagnosing Absolute and 

functional Iron deficiency Anaemia among CKD patients. 

Test Parameter Predictive value of GDF 15 

for AID among CKD 

patients 

Predictive value of 

Hepcidin for FID among 

CKD patients 

Value Value 

Cut-off 1129.3 mg/dl 22.5ng/dl 

AUC 81.9% 81.4 

Sensitivity 83.64% 66.7% 

Specificity 66.03% 70.8% 

Likelihood ratio of positive 

result 

2.462 2.28 

Likelihood ratio of negative 

result 

0.2478 0.47 

Younden’s index 49.67% 37.48% 

AID, Absolute iron deficiency anaemia; FID, Functional iron deficiency anaemia; AUC, Area 

Under Curve. 
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Supplementary tables 

Supplementary Table 1: Correlations of hepcidin levels with haematological and other 

parameters  

Characteristic

s 

Hepcidin levels among CKD patients Hepcidin levels among Controls 

                 IDA           NIDA                IDA            NIDA 

 R p-value r p-value R p-value R p-value 

GDF -15 -0.28 0.0037 -0.07 0.289 -0.36 0.141 0.057 0.469 

Serum Ferritin 0.50 <0.0001 0.57 <0.0001 0.25 0.325 0.45 <0.0001 

TSAT -0.031 0.759 0.21 0.002 0.48 0.046 0.23 0.003 

Haemoglobin 0.017 0.862 -0.08 0.238 0.29 0.237 0.28 0.0003 

GFR -0.19 0.049 -0.17 0.012 -0.20 0.418 -0.26 0.006 

Age  -0.18 0.064 0.004 0.957 0.004 0.987 0.02 0.817 

hsCRP  -0.007 0.947 0.01 0.846 -0.25 0.321 -0.02 0.804 

MCV  0.02 0.841 0.09 0.178 0.38 0.124 0.04 0.616 

Serum Urea  0.23 0.019 0.13 0.069 0.42 0.083 0.03 0.709 

Serum 

Creatinine 

0.21 0.037 0.17 0.016 0.30 0.234 0.25 0.001 

Serum 

Albumin 

-0.18 0.070 -0.10 0.146 0.03 0.911 

 

0.06 0.418 

MCHC 0.003 0.976 -0.072 0.302 0.26 0.295 0.23 0.003 

Calcium  -0.21 0.034 -0.068 0.325 0.23 0.350 0.13   0.0942 

Phosphate  0.26 0.008 0.04 0.546 -0.008 0.976 -0.26 <0.0001 

Abbreviations: IDA iron deficiency anaemia; NIDA: non- iron deficiency anaemia; TSAT: 

transferrin saturation; hsCRP: highly sensitive C-reactive protein; MCV: mean corpuscular 

volume; MCHC: mean corpuscular haemoglobin concentration 
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Supplementary table 2: Correlation of GDF-15 levels and iron parameters among the study 

population  

Parameters  GDF-15 levels among CKD 

patients 

GDF-15 levels among Controls 

                IDA           NIDA                IDA            NIDA 

R p-

value 

R p-value R p-value r p-value 

Serum Ferritin -0.29 0.003 -0.009 0.902 -0.03 0.918 -0.09 0.229 

TSAT 0.13 0.192 0.09 0.219 -0.02 0.938 0.017 0.824 

Haemoglobin -0.10 0.314 -0.34 <0.0001 -0.55 0.018 -0.23 0.003 

eGFR -0.11 0.290 -0.17 0.01 -0.06 0.817 0.09 0.225 

Age  0.16 0.108 0.001 0.988 0.01 0.955 0.06 0.472 

hsCRP  -0.03 0.772 0.08 0.247 -0.04 0.876 -0.13 0.100 

MCV -0.16 0.110 -0.08 0.223 -0.42 0.086 -0.04 0.573 

MCHC -0.05 0.616 -0.19 0.005 -0.16 0.525 -0.025 0.751 

Serum 

Creatinine 

0.10 0.336 0.16 0.025 0.19 0.440 -0.11 0.173 

Serum 

Albumin 

0.07 0.504 -0.04 0.564 0.13 0.595 -0.09 0.255 

Calcium 0.07 0.460 -0.11 0.119 0.31 0.214 -0.11 0.178 

Phosphate -0.02 0.807 0.15 0.035 -0.11 0.650 -0.05 0.519 

Serum Urea 0.07 0.489 0.19 0.006 -0.04 0.877 0.03 0.710 

Abbreviations: IDA: iron deficiency anaemia; NIDA: non- iron deficiency anaemia; TSAT: 

transferrin saturation, hsCRP: highly sensitive C - reactive protein; MCV: mean corpuscular 

volume; MCHC: mean corpuscular haemoglobin concentration 
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Table 6:7: Receiver Operator Characteristics curves (ROC) of: (A). Comparison of the 

predictive value of Hepcidin and GDF- 15 for diagnosing iron deficiency anaemia, (B): GDF-

15 predicting Absolute IDA, (C). Hepcidin predicting Functional IDA 
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7.1. Abstract 

Background: In genome-wide studies, there is a strong association between the TMPRSS6 

allele A736V (rs 855791) and significantly lower levels of serum iron, transferrin saturation, 

haemoglobin, and mean corpuscular volumes. The influence of this genetic variant on 

susceptibility to iron deficiency anaemia (IDA) in chronic kidney disease (CKD) patients is 

unknown. 

Methods: In this cross-sectional study, we measured the full blood count and TMPRSS6 C>T 

polymorphism in black adult participants (n=260) with CKD and healthy controls comprising 

members of staff and patients’ relatives (n=146) at the Charlotte Maxeke Johannesburg 

Academic Hospital, South Africa.  

Results: The overall prevalence of anaemia in the CKD and control population was 46.9% and 

19.6% respectively. Twenty-six per cent of CKD participants were iron deficient. The 

prevalence of rs 855791 C homozygosity was similar among iron deficient and non-iron 

deficient anaemia groups (86.1% vs 84.2%, p=0.723). When the analysis was confined to 

subjects with or without functional iron deficiency anaemia, C homozygote (88.3% vs 84.4%, 

p=0.425) was similar for both groups. 

Conclusions: Our study suggests that homozygosity for TMPRSS6 rs855791 C genotype does 

not influence IDA in non-dialysis CKD patients in our population. 

Keywords: iron deficiency anaemia, CKD, TMPRSS6, rs 855791.  
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7.2. Introduction 

Anaemia is present in the majority of patients with chronic kidney disease (CKD), occurring 

in 15.4% of patients with stages 3-5 CKD (1, 2). While the major cause of anaemia in CKD is 

a relative deficiency of erythropoietin, iron deficiency anaemia contributes to anaemia of CKD 

(1, 2). Thus, there is a need to identify genetic factors that may be associated with iron 

deficiency anaemia. Iron is essential for multiple biological functions in all tissues, but 

especially for synthesis of haemoglobin, as shown by anaemia that results from iron deficiency 

(3). Over the past decade, heritable overtly pathological iron deficiencies have been accredited 

to mutations in several key genes that regulate iron homoeostasis (4) and thus the need to 

identify genetic factors that may be associated with iron deficiency anaemia. 

The TMPRSS6 (transmembrane serine protease 6) gene encodes matriptase-2. Matripase-2 is 

an essential component of a pathway that detects iron deficiency, represses hepcidin 

transcription in the liver by cleaving membrane-bound hemojuvelin, and permits enhanced 

dietary iron absorption (5). The TMPRSS6 allele A736V (rs 855791) has been found to be 

related to lower levels of serum iron, transferrin saturation, haemoglobin, and mean corpuscular 

volume in genome-wide association studies conducted in the general population (5). 

Heritability estimates suggest that genetic factors contribute 20-30% of the variation in blood 

iron concentration (6). This single nucleotide polymorphism (SNP) rs855791 2321(C >T)  is 

located in the functional part of TMPRSS6 and causes a non-synonymous substitution that 

reduces the ability of the enzyme to inhibit hepcidin transcription (7). Thus, TMPRSS6 A736V 

influences iron homoeostasis and erythropoiesis in normal subjects, although in another study 

conducted in patients with iron deficiency, based on presence or absence of anaemia, 

TMPRSS6 was found not to differ in women with iron deficiency with or without anaemia in 

the studied population (8, 9). It remains uncertain whether the association is mediated by iron 

or is through a direct effect of the variants on erythropoiesis. 
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Most studies conducted on the genetics of iron metabolism were conducted in persons of 

European ancestry. The few data available from the Asian population pointed to a potential 

role of ethnic variability in the heritability of specific measures of iron status (10, 11). There 

are few studies that analysed the genetics of iron metabolism in African populations, where the 

burden of iron deficiency is immense (12), Furthermore, it has been documented that the 

highest level of genetic diversity (both nuclear and mitochondrial) in the global human 

population is within the African population (13-15). Genetic risk of disease in the African 

population would likely be more complex because of increased levels of possible interactions 

between the genetic diversity and numerous differential environmental factors that impact iron 

absorption (16). 

The aim of this study was to investigate the role of the genetic variant rs855791 on 

susceptibility to iron deficiency anaemia in pre-dialysis CKD patients and to determine whether 

this variant influence iron status in CKD patients. 

7.3. Materials and methods  

Venous blood samples were collected from patients (n=265) attending the renal outpatient 

clinic of the Charlotte Maxeke Johannesburg Academic Hospital, South Africa, and apparently 

healthy controls (n=141) which comprised of patients’ relatives and hospital staff, from 1 May 

2016 to 31 December 2016. Venous blood samples were collected, and standard methods were 

used for haematological measurements. Written informed consent was obtained from all 

participants, and the study protocol was approved by the Human Research Ethics Committee 

of the University of the Witwatersrand (MD 150929). 

7.3.1. DNA extraction 

Genomic DNA was extracted from whole blood using a Maxwell DNA purification kit 

(Promega AS1010, USA), as per manufacturers protocol. DNA concentrations were 
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determined by NanoDropTM 2000 spectrophotometer (Thermo Scientific, USA) and quality 

assessed with the A260/280 ratios. A 260/280 ratio of 1.8-2.0 was considered indicative of 

good quality DNA.  Samples that had suboptimal DNA concentrations (<10ng/ul) were re-

extracted using a modified salting out method (80). 

7.3.2. Genotyping  

The region of the TMPRSS6 gene containing the rs855791 C>T polymorphism was amplified 

using the polymerase chain reaction (PCR).  Primers were as described in Jorde (77) and Peiet 

al (81): TMPRSS6F 5’-TAG AGA ACA GGG GCT CCA GG-3’; TMPRSS6R 5’-ATG TGG 

GCA GCA TCC TTT C-3’.  The PCR reactions each contained 1x KAPA2G Robust HotStart 

Ready Mix (KAPA Biosystems, Massachusetts, USA), 0.125µM of each of the forward and 

reverse primers and 50ng extracted DNA.  Thermo-cycling conditions were 95°C for 3 minutes, 

40 cycles of 95°C for 15 seconds, 65°C for 15 seconds, 72°C for 20 seconds and a final 

extension of 72°C for 1 minute.  This resulted in the amplification of a single 249bp fragment. 

The PCR products were digested with the restriction endonuclease Stu 1 (New England 

Biolabs, Inc. Hitchin, Herts, UK). Genotype was determined by fragment size, under UV light 

in gel documentation system (Bio-Rad) and 10% of the samples were directly sequenced to 

confirm the genotyping results.  

7.4. Statistical analysis 

Normally distributed continuous variables were presented as means  standard deviations, 

while non-normally distributed variables were presented as medians (interquartile ranges). 

Categorical variables were presented as numbers and percentages. The relationship between 

categorical variables and TMPRSS6 categories were tested using the Chi-square or Fisher's 

exact test. Analysis of variance (ANOVA) or Kruskal Wallis’ test was used to determine the 

association between continuous socio-demographic, biochemical and haematological 
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characteristics and TMPRSS6 alleles. The relationship between TMPRSS6 polymorphisms and 

iron deficiency anaemia was evaluated using univariable and multivariable binary logistic 

regression and controlling for potential confounders. Statistically significant level was set at P-

value <0.05 (confidence interval of 95%). Stata version 14 (Stata Corp, USA) statistical 

software was used for analysis.  

7.5. Results 

Among the CKD groups, there was no statistically significant relationship between the 

prevalence of the TMPRSS6 alleles and most of the demographic characteristics (Table 7.1) 

only gender has a statistically significant relationship with TMPRSS6 alleles (P-value = 0.005). 

Thus, while the majority (n=5/7) of TT alleles were found in males, only one-third (32.4%, n 

= 11/53) of the TC alleles were found in males; (P-value = 0.005) (Table 7.1). 

Among the controls, there was no statistically significant difference in the proportion, mean or 

median variables of the demographic and clinical characteristics and among the TMPRSS6 

alleles (Table 7.1). 

From Figure 7.1A, in the control arm, there was no statistically significant difference in the 

prevalence of each category of TMPRSS6 rs855791 among the anaemic and non-anaemic 

groups (See Supplementary Table 1). Also, from Figure 7.1B, in the CKD arm, there was no 

statistically significant difference in the prevalence of each category of TMPRSS6 rs855791 

among the anaemic and non-anaemic groups (See also Supplementary Table 1). 

Table 7.2 showed that on bivariate analysis, there was no statistically significant difference in 

the proportions of IDA Vs non-IDA among CC (86.1% Vs 84.2%), TC (11.9% Vs 14.4%), and 

TT (1.9% Vs 1.5%) categories of the TMPRSS6 rs 855791 gene. Figure 7.2 also showed that 

ferritin and haemoglobin levels among the TMPRSS6 rs 855791 categories were not 

statistically different.  
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Supplementary Table 1 showed that on bivariate analysis, in the CKD group, there was no 

statistically significant difference (P-value = 0.995) in the proportions of IDA Vs non-IDA 

among CC (59.7% Vs 40.3%), TC (58.8% Vs 41.2%), and TT (60.0% Vs 40.0%) categories of 

the TMPRSS6 rs 855791 gene. Similarly, in the controls, there was no statistically significant 

difference in proportion of IDA and non-IDA among the categories of TMPRSS6 rs 855791 

gene. 

From the multivariable analysis (Table 7.3), there was a trend towards statistical significance 

for the relationship between TMPRSS6 rs 855791 genotypes and iron deficiency anaemia. The 

TC genotype tends to be protective against iron deficiency anaemia as there was a 45% lesser 

odds of iron deficiency anaemia among participants who had TC genotypes as compared to 

participants who had CC genotypes (Adj OR: 0.55, 95%CI: 0.29 – 1.06, P-value = 0.074).  The 

CKD participants had about 3-fold higher odds of iron deficiency as compared to the controls 

(Adj OR: 3.2, 95% CI: 1.95 – 5.26, P-value <0.001). Similarly, participants who were 50 years 

or older had about 2-fold higher odds of iron deficiency anaemia as compared to participants 

younger than 50 years. (Adj OR: 1.81, 95% CI: 1.13 – 2.89, P-value <0.014) 

Females also had about 2-fold higher odds of iron deficiency anaemia as compared to males. 

(Adj OR: 1.81, 95% CI: 1.13 – 2.89, P-value <0.014). Furthermore, there was a 54% lesser 

odds of iron deficiency anaemia among participants who had high reticulocyte haemoglobin 

(>28) or hepcidin (≥50) level. The area under receiver operator characteristic (ROC) curve 

(AUC) of the regression model was about 77.0%. Thus, the model can discriminate iron 

deficiency anaemia in 77% of times (see supplementary Figure 1). 

7.6. Discussion 

We report the first study focussing on the genetic aetiology of iron status in black non-dialysis 

CKD patients in South Africa. The prevalence of iron deficiency anaemia (IDA) among non-
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pregnant females in South Africa was 24.3% (19). We found no association between the 

TMPRSS6 (rs855791) SNP, and parameters of iron status including IDA in our CKD 

population, whereas previous researchers have found an association in European and Asian 

populations (20-22). The exact mechanism through which TMPRSS6 is related to iron 

deficiency is still under investigation. 

We found iron deficiency anaemia to be commoner (about 3-fold) among patients with CKD 

compared to controls; this finding is in agreement with previous studies (23-25). There are 

several factors that may explain the higher prevalence of iron deficiency among CKD patients; 

compliance with oral supplements is difficult, as iron supplements need to be taken in between 

meals, and they cause gastrointestinal side effects, and intestinal absorption of oral iron may 

be impaired in CKD, and reduced iron absorption caused by use of phosphate binders. 

Our study has also provided the first report of rs855791 allelic frequency in South African 

black non- dialysis CKD population. The C allele frequency in our IDA and control groups 

was 92% and 91.3% respectively. These values are much higher than the findings in the 

Taiwanese population (48.6% vs 50%), the European population (39-47%) and among other 

Asian population (18, 21, 26). However, the C allele frequency has been reported to be 82-93% 

in African population (18), which is like our findings. The high prevalence of the CC genotype 

may have an advantage of enhanced iron absorption during food shortages or may provide 

some protection against infective parasites like malaria which invade the red blood cells (27, 

28). These results further strengthen the hypothesis that genetic variations of the TMPRSS6 

gene may contribute to variations in iron status depending on different racial and environmental 

factors, and more studies are needed in the African population to further ascertain the 

association between TMPRSS6 and iron deficiency anaemia. 
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In our study we found that TC genotype tended to have a protective role against the 

development of iron deficiency anaemia, and TT did not have an association with the 

development of iron deficiency anaemia. This finding is at variance with findings of, Kumar, 

Srivastava (29) where the TT allele had a pathological role, and the CC genotype was protective 

against iron deficiency anaemia. Gonçalves, Nobre Jesus (30) also found TT genotype to be 

significantly higher in the IDA group among Portuguese women. Differences in our findings 

could be explained by differences in the studied population as our study was conducted in 

patients with kidney disease while their studied population included pregnant women. In 

addition, environmental and racial factors could also contribute to these differences. 

Polymorphisms of TMPRSS6 were found to be associated with a variety of iron parameters, 

including lower serum iron, haemoglobin, ferritin, mean corpuscular volume (20, 31-33); our 

study is at variance with these findings. While Danquah, Gahutu (28) findings were in 

agreement with our findings, a possible explanation for differences in our finding could be 

explained by differences in sample size as other researchers had a larger sample sizes. Other 

reasons could be abundant infections, and inflammatory processes affecting African CKD 

patients, which affect the validity of these markers on iron status. Nevertheless, more studies 

are needed to further explore these findings.  

In this present study, increased levels of hepcidin were protective against iron deficiency 

anaemia; patients with hepcidin level >50ng/ml are 56% less likely to develop iron deficiency 

anaemia. This finding supports the literature that lower levels of serum hepcidin are associated 

with iron deficiency anaemia (34, 35). We found that serum hepcidin was not significantly 

associated with TMPRSS6 rs55791 (SNPs), in the fully adjusted models, and there was no 

decrease in strength of the association between this SNP and iron parameters, hence our data 

does not support an intermediate role of hepcidin in the rs85571 polymorphism iron parameter 

association in CKD patients. This finding is like findings of Galesloot, Geurts-Moespot (36). 
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Traglia, Girelli (37) found no association between rs85571 and hepcidin in an apparently 

healthy population. However, other studies were in disagreement with our findings (26, 38). A 

possible explanation for a negative association of TMPRSS6 variants with iron deficiency 

anaemia and iron parameters may be explained by a likely omission of environmental and 

genetic factors that may alter hepcidin concentrations independent of iron regulation, and 

different methods used to measure hepcidin; we used mass spectrometry while others used 

enzyme-linked immunoassay (ELISA). Further research with larger sample size is needed to 

further explore this finding.  

7.7. Conclusion 

The present study has shown that the TMPRSS6 rs855791 CC genotype is frequent in a South 

African Black population (both CKD and controls). The TMPRSS6 rs855791 SNP previously 

reported to be associated with iron deficiency anaemia in the general population was not 

associated with iron deficiency anaemia in our CKD population. The SNPs rs855791 was not 

associated with serum hepcidin in this study, and this further confirms that serum hepcidin, 

whether corrected for iron stores or not, is not the intermediate variable in the association of 

SNPs with iron parameters. Further studies are needed to elucidate the role of iron deficiency 

anaemia and hepcidin between the SNPs and iron parameters in CKD patients. 
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Table 7:1: Comparison of demographic, biochemical and haematological characteristics of participants by TMPRSS6 gene 

Parameter                           CKD patients             Apparently healthy controls 

TT (n=5)  TC  

(n=34) 

CC  

 (n= 221) 

P-

value 

TT (n=2)  TC (n= 19 CC (n=122) P-

value 

Age (mean  SD) 53.8 (17.8) 52.8 15.5 52.6 14.1 0.983# 37.53.5 43.616.2 40.311.9 0.528# 

Gender n (%)         

Male 5 (100) 11 (32.4) 121 (54.8) 0.005 0 (0.0)    7(36.8)      53 (43.4) 0.415 

Female 0 (100) 23 (67.7) 100 (45.3)  2 (100.0)       12 (63.2)       69 (56.6)  

Iron umol/Median (IQR) 10.3 (7.4-

12.9) 

10.8 (8.5-

12.9) 

9.9 (5-13.9) 0.814$ 8.95 

 (7.7 – 10.2) 

11.7  

(8.7 – 19.6) 

12.6 

 (10.9 – 14.5) 

0.223$ 

TSAT % median (IQR) 18 (15-22) 19 (12-20) 16.5 (13-21) 0.479$ 17 (13 - 21) 22 (19 – 28) 21 (17 – 23) 0.279$ 

Ferritin ng/ml median (IQR) 104 (58-198) 92 (70-100) 99 (44-140) 0.266$ 69.5 (15 - 124) 66 (51 - 144) 77 (56 - 144) 0.776$ 

Haemoglobin g/l 

 median (IQR) 

12.5 (10.7-14) 14.3 (12.9-

14.8) 

12.5 (10.9-

14.2) 

0.310$ 13.2 (12.6 – 13.8) 13.6 (12.3 – 

15.1) 

13.95 (13 – 15.5) 0.540$ 

Mean corpuscular volume 

fll (MCV) 

median (IQR) 

88.1 (83.5-

91.6) 

92.9 (83.4-

93.2) 

88.2 (84.6-

90.6) 

0.856$ 90.7 (88.2 – 93.2) 90 (86.8 – 

90.9) 

88.2 (84.2 – 91.6) 0.592$ 

Mean corpuscular 

haemoglobin pg/cell (MCH) 

 median (IQR) 

28.7 (26.9-

30.1) 

30.3 (26.8-

31.8) 

28.8 (27.6-

30.1) 

0.856$    32 (29.2 – 34.8) 29.6 (27.9 - 

30.1) 

29.7 (27.2 - 30.4) 0.525$ 
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Mean corpuscular 

haemoglobin concentration 

(MCHC)g/dL 

 median (IQR) 

32.5 (31.4-

33.4) 

32.6 (32.2-

33.2) 

32.7 (31.4-

33.7) 

0.748$ 34 (33.2 – 34.8) 32.5(31.9 – 

32.9) 

32.6 (31.9 – 33.5) 0.229$ 

%Hypochromic red cells 

 median (IQR) 

7.9 (3.4-15.7) 10.5 (5.5-

10.8) 

9.9 (1.7-22.1) 0.940$ 5.1 (3.0 – 7.2) 4.1 (2.1 – 

11.9) 

3.3(1.8 – 5.6) 0.826$ 

Reticulocyte haemoglobin 

content (CHr) 

median (IQR) 

27.9 (27.1-

30.6) 

29.8 (27.9-

30.6) 

27.8 (26.9-

29.9) 

0.412$ 27.8(26.8 – 28.7) 29.1 (27.9 – 

31.6) 

28.5(27.2 - 30.6) 0.390$ 

GDF-15 

 median (IQR) 

1012 (406.9-

1458.3) 

549.9 (303-

598) 

1170.3 

(335.7-1636) 

0.188$ 978.95(648.1 – 

1309.8) 

309.9(159.9 

– 1101) 

438.7(175.5 – 

1183.4) 

0.519$ 

Hepcidin 8.1 (4-35.8) 4.2 (3.9-5.1) 4.8 (4-15.2) 0.403$ 3.2(3.1 – 3.2) 2.9(1.9 – 

13.1) 

2.9(2.1 – 11.3) 0.960$ 

# P-value for analysis of variance (ANOVA). $ P-value for Kruskal Wallis’ test 
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Table 7:2: TMPRSS6 rs855791 genotypes distribution between IDA and Non- IDA groups 

Anaemia status TMPRSS6 rs 855791 (n, %) P-Value 

TT TC CC  

IDA n (%) 4 (1.9) 24 (11.9) 173 (86.1) 0.73 

Non-IDA n (%) 3 (1.5) 29 (14.4) 170 (84.2)  
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Table 7:3: Multiple logistic regression of the relationship between TMPRSS6 rs 855791 

polymorphism and iron deficiency anaemia 

Factor Odds 

Ratio 

95%CI P-

value 

Adj Odds 

Ratio^ 

95%CI P-value 

TMPRSS6 rs 855791 

CC 1.00 Ref Ref  1.00 Ref  Ref 

TT 1.31 0.29 - 5.95 0.726 1.83 0.39 - 8.48 0.442 

TC 0.81 0.45 - 1.45 0.486 0.55 0.29 - 1.06 0.074 

Study group 

Control 1.00 Ref Ref  1.00 Ref  Ref 

CKD 3.18 2.07 - 4.88 <0.001 3.20 1.95 - 5.26 <0.001 

Age (years) 

<50 1.00 Ref Ref  1.00 Ref  Ref 

≥50 2.26 1.51 - 3.37 <0.001 1.81 1.13 - 2.89 0.014 

Gender 

Male 1.00 Ref Ref  1.00 Ref  Ref 

Female 2.03 1.37 - 3.02 <0.001 2.12 1.33 - 3.38 0.002 

Iron(umol/L) 

<7 1.00 Ref Ref  1.00 Ref  Ref 

≥7 0.23 0.13 - 0.43 <0.001 0.34 0.17 - 0.68 0.002 

Reticulocyte haemoglobin (pg/ml) 

<28 1.00 Ref Ref  1.00 Ref  Ref 

≥28 0.34 0.23 - 0.51 <0.001 0.46 0.29 - 0.73 0.001 

Hepcidin level (ng/ml) 

<50 1.00 Ref Ref  1.00 Ref  Ref 

≥50 0.76 0.48 - 1.20 0.240 0.46 0.26 - 0.80 0.006 

MCHC (g/dl) 0.87 0.74 - 1.02 0.083 1.11 0.96 - 1.28 0.157 

MCH 

(pg/cell) 
0.85 0.77 - 0.93 <0.001 

0.88 
0.79 - 0.98 0.018 

^Model corrected for age, gender, study group, serum iron level, reticulocyte haemoglobin and 

hepcidin level. Mean-Variance inflation factor = 1.2. Hosmer-Lemeshow P-value = 0.2401 
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Figure 7:1: Prevalence of polymorphism by anaemic status among the controls 
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Figure 7:2: Prevalence of polymorphism by anaemic status among the CKD patients 
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Figure 7:3: Showing distribution of haematological parameters among TMPRSS6 rs855791 

categories. 
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8.1. Abstract 

Introduction 

The interplay between inflammation and anaemia has been shown to play a vital role in the 

increased risk of cardiovascular disease (CVD) in patients with chronic kidney disease (CKD). 

This association may be partly responsible for the increased risk of mortality despite the correction 

of anaemia in CKD patients.  The relationships between hepcidin, growth differentiation factor-15 

(GDF-15) and iron deficiency anaemia, and disease progression and mortality in CKD are not well 

understood.   

Methods 

We prospectively studied a cohort of 325 CKD patients attending the Renal Outpatient Clinic of 

Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) in Johannesburg, South Africa, 

over a period of two years, between 1 June 2016 and 31 May 2018.  The associations between 

baseline plasma levels of hepcidin, GDF-15, iron deficiency anaemia and clinical variables with 

mortality and a composite endpoint of CKD progression were investigated using Cox proportional 

hazard models. 

Results 

The mean age of the patients was 54.515 years. During a median follow-up period of 24 months, 

77 patients died (23.7%).  Patients with high levels of hepcidin >55ng/ml (median) 4.1-105.9 

(IQR) were at six times greater risk of dying than patients with normal levels (1-55ng/ml) of 

hepcidin (HR: 6.14; 95 % CI 2.40-15.67; P<0.001). Higher plasma levels of hepcidin were strongly 

associated with CKD progression when compared with normal hepcidin levels (HR: 3.09; 95 % 
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CI; P=0.002). The risk of CKD progression was two times higher in patients with hypocalcaemia 

as opposed to those with normal calcium levels (HR: 2.24; 95 % CI P=0.021).   

Increased levels of GDF-15 were not associated with disease progression or mortality. 

Conclusion 

Elevated levels of hepcidin and anaemia, together with hypocalcaemia, were independent 

predictors of disease progression and all-cause mortality in CKD patients.  

Keywords  

Hepcidin, GDF-15, iron deficiency anaemia, mortality, disease progression 
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8.2. Introduction 

The rising prevalence of chronic kidney disease (CKD) has made it a worldwide public health 

problem (1). Most of these patients will ultimately progress to end-stage kidney disease (ESKD) 

requiring renal replacement therapy (RRT) in the form of dialysis or kidney transplantation or die 

prematurely before reaching ESKD. However, in Africa, the facilities for RRT are not readily 

accessible; hence the need to detect and correct factors associated with progression to ESKD. A 

major goal of CKD care is to delay the progression of patients to ESKD and the need for RRT, 

and to avoid cardiovascular events while doing so (1).  

The risk of progression from earlier stages of CKD to ESKD is poorly understood within the 

context of novel biological prognostic markers, such as hepcidin and GDF-15 (2). The 

Framingham Risk Factor Study by Shlipak et al (3) reported that cardiovascular mortality risk was 

approximately 15 to 30 times higher among CKD patients than in the general population (4). The 

traditional risk factors that were elaborated upon in this study contributed only partially to the high 

incidence of CVD and death among CKD patients (5). This has led to increasing interest in 

identifying more novel prognostic biomarkers that can further identify those at high risk who could 

possibly benefit from more intensive management.  

Growth differentiation factor 15 (GDF-15) is a protein belonging to the transforming growth factor 

15 family, that has emerged as a potential marker of CVD and mortality (6). GDF-15 has clinical 

utility in the diagnosis and prediction of the course of chronic inflammatory and malignant diseases 

(7). GDF-15 has been identified as a novel appetite regulator that causes anorexia and weight loss 

when over-expressed in malignancy (8) and in cancer-associated cachexia.  GDF-15 levels 

correlate with weight loss, lower lean body and fat mass, and decreased survival (9). These findings 
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are of particular importance in relation to the CKD population, where weight loss and malnutrition 

are among the most potent predictors of mortality, including cardiovascular death (10, 11).  

Hepcidin controls systemic iron homeostasis. Iron and inflammation induce hepcidin expression, 

while iron deficiency and hypoxia reduce hepcidin levels (12). Hepcidin restricts systemically-

available iron by regulating dietary iron absorption as well as by recycling iron from senescent 

erythrocytes and mobilising iron from stores (13). However, evidence on the prognostic 

implications of hepcidin is sparse, as only a few studies have described its association with clinical 

outcomes (14, 15) and importantly, have not considered its role in pre-dialysis patients.  

We hypothesised that iron deficiency anaemia (IDA) is clinically important in non-dialysis CKD 

patients, and that increased hepcidin and GDF-15, possibly related to dysfunctional iron regulatory 

pathways, may contribute to disease progression and mortality in CKD patients.  

We therefore aimed to determine the association of GDF-15, hepcidin and IDA with disease 

progression and mortality in non-dialysis CKD patients. 

8.3. Materials and Methods 

We prospectively studied 325 CKD patients attending the Renal Outpatient Clinic of Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH) over a period of two years, from 1 June 2016 

to 31 May 2018. Data was missing for 19 patients; therefore 306 patients were included in the 

analysis. Following approval from the Human Research Ethics Committee of the University of the 

Witwatersrand (clearance certificate number 150929), socio-demographic and clinical information 

was obtained via a self-administered proforma. Participants were followed up monthly, or every 

three months, depending on their clinical condition during their clinic visits, while those that did 

not attend the clinic were contacted telephonically to elicit information about their health status. 
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When necessary, patients’ relatives were also contacted to ascertain whether death had occurred, 

its probable cause and to further ascertain when it had occurred. Hospital mortality records were 

reviewed to ascertain the details of those who had died in hospital. Participants who were older 

than 18 years were included in the study.  

 

Exclusion criteria included patients currently on dialysis, or with active infections and 

inflammation, active bleeding, and malignancy; those who had received blood transfusions less 

than three months prior to enrolment in this project, those on immunosuppressant therapy, and 

those unable to provide informed consent. Data collected included demographic characteristics, 

blood pressure measurements, and medication history. Self-reported smoking status was classified 

into current smokers, ex-smokers, or non-smokers. Those who had stopped smoking during the 

last year before enrolment were categorised as current smokers. 

 

The primary outcomes of this study were the progression of CKD and death.  Other events such 

as transplantation and still being alive at the end of the study were right censored. Laboratory 

values and other clinical parameters were collected at six monthly intervals over a period of two 

years to assess the progression of CKD.  The progression of CKD was defined as the requirement 

for dialysis or a doubling in serum creatinine (from baseline creatinine to the most recent creatinine 

measured), or a change in the annual glomerular filtration rate (GFR) as a percentage (more than 

30%). The annual GFR percentage change was calculated as (Last eGFR - eGFR at baseline) 

*12/(eGFR) at baseline*time to outcome in months (16). The GFR was estimated according to the 

CKD-EPI formula (17). The cohort was divided according to CKD stage using the National Kidney 

Foundation’s modified Kidney Disease Outcomes Quality Initiative (K/DOQI) classification of 
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CKD (20), with an eGFR of more than 90ml/min/1.73 m2 representing stage 1; eGFR of 60 to 

89ml/min/1. 73 m2 stage 2; 45 to 59 ml/min/1.73 m2 stage 3a; 30 to 44 ml/min/1.73 m2 stage 3b; 

15-29 ml/min/ 1.73 m2, stage 4; and less than 15 ml/min/1.73 m2, stage 5. 

 

Early morning venous fasting blood samples were drawn from the patients. Serum creatinine was 

measured by means of an IDMS traceable enzymatic creatinine assay on the Roche auto-analyser, 

the method based on the Jaffe reaction. Complete blood counts were obtained after processing the 

blood samples using the Siemens ADVIA 2120, Technion H3 RTX and RTC systems analysers 

(Siemens Medical Solutions Diagnostics, Tarrytown, NY). Biochemical iron status, serum iron, 

total iron-binding capacity (TIBC), and the serum ferritin levels were also measured. Serum iron 

was determined by means of the ferrozine calorimetric method, TIBC through the colourimetric 

chromazurol dye-binding method using ADVIA 1800 (Siemens Medical Solutions Diagnostic, 

USA), and the serum ferritin level was determined by using the two-site chemiluminescent 

immunometric assays devised by the IMMULITE®2000 system (Siemens Medical Solutions 

Diagnostics, USA). Transferrin saturation was calculated by means of the formula: serum 

iron/TIBC.  

 

Hepcidin and the isotopically-labelled internal standard [13C9,15N3] were purchased from the 

Peptide Institute (Osaka JPN). The serum levels of hepcidin-25 and the isotopically-labelled 

internal standard [13C9,15N3] were extracted and separated, as previously described by Li et al. 

(2009) (21). Briefly, samples were extracted with 4% HPLC grade trichloroacetic acid (TCA, 

Merck, Kenilworth, NJ, USA), and separated using reversed-phase liquid chromatography based 

on a Halo Peptide- ES 0.5x50mm column (Sciex, Framingham, USA) with a total running time of 
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five minutes per sample. The analysis was performed on an AB Sciex 5500 QTRAP (Sciex, 

Framingham, USA), coupled to a micro-liquid chromatography (Exigent M3) system with a Turbo 

IonSpray ionization source operated in positive ion mode. Multiple reactive monitoring (MRM) 

detection was applied using the Sciex 5500for identification and quantification using the ion 

transitions (m/z) of 698.0>354.0 and 703.2>354.1 for hepcidin.  

 

Concentrations of serum hepcidin were expressed in nanograms per millilitre (ng/ml). The intra-

and inter-assay coefficients of variation were smaller than 6.7% and smaller than 8.8% 

respectively. The lower limit of detection was 0.5ng/ml. The median reference level for serum 

hepcidin in healthy controls was 5.7 ng/ml.  Hepcidin levels were defined as low when less than 

25 ng/ml; normal when between 25 and 55 ng/ml, and high when greater than 55 ng/ml (18). 

Serum levels of GDF-15 were measured by means of ELISA (R&D Systems, Minneapolis, MN, 

USA) with intra- and inter-assay CVs of less than 2.8 and less than 6 respectively.  GDF-15 was 

grouped into three categories: less than 1200pg/ml, 1200- 1800pg/ml, and > 1800pg/ml (19, 20). 

Iron deficiency anaemia (IDA) was defined in the presence of anaemia when TSAT was equal to 

or less than 20% and serum ferritin was equal to or less than100ng/ml (19). Mild anaemia was 

defined as Hb>11g/dl, moderate Hb of 9-11g/dl. And severe Hb <9g/dl (21).  

 

8.4. Statistical analysis  

Data analysis was conducted using Stata 15.0 software (StataCorp.2017. Stata Statistical Software: 

Release 15. College Station, TX: Stata Corp LLC). The baseline characteristics of the participants 

were described and summarized across outcome groups (died, dialysis, no dialysis) using, where 

appropriate, medians and interquartile ranges or frequencies and percentages.  
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A stepwise Cox proportional hazards regression analysis with the Efron method for ties was used 

to identify factors associated with mortality and CKD progression. The proportional hazards 

assumption based on the unscaled and scaled Schoenfeld residuals was tested to fit the final model. 

Unadjusted and adjusted hazard ratios with their 95% confidence intervals were calculated. 

Kaplan-Meier graphs were used to display the association of hepcidin, GDF-15, and IDA with 

mortality and disease progression over the 24-month study period. All analyses were done at a five 

percent (5%) level of significance. 

 

8.5. Results 

As shown in Tables 8.1 and 2, 54% of the 306 participants were males. The mean age of both male 

and female participants was 54.5±15 years. The majority were Black (83%); 40% of the women 

and 63% of the men were married, 20% were unemployed, and 12% had a history of smoking 

cigarettes. CKD was found to be predominantly due to hypertension (53.3%) and diabetes mellitus 

(32.7%). During the follow-up period, 77 patients died (23.7%) at a median time of 11 months, 

and the earliest was within one month of the initial assessment. The death incidence rate was 

0.09/month. The major cause of death was renal failure. It is important to note that the patients 

could not afford renal replacement therapy and that the majority were in an advanced stage of 

CKD.  

Table 8.3 shows the increasing proportion of severe anaemia across the CKD stages (P-value 

<0.001). Furthermore, the proportion of stage 5 CKD participants increased among the mild, 

moderate and severe anaemia categories. 
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8.5.1. Factors associated with mortality 

In the final model, the presence of anaemia was found to be strongly associated with mortality 

(HR: 3.21, 95% CI; 1.53-6.74; P=0.01). High levels of urea, low eGFRs and CRPs were also 

significantly associated with an increased risk of mortality. However, no significant association 

was observed between IDA and mortality among the patients (Figure8. 1). 

As shown in Table8.4 4, high levels of hepcidin were found to be strongly associated with 

mortality, even after adjustments were made for other haematological and biochemical 

characteristics.  Patients with high levels of hepcidin were at six times greater risk of dying as 

opposed  to patients with normal levels of hepcidin (HR: 6.14, 95 CI; 2.40-15.67, 

P<0.001).Increased HDL-C levels (>1.5mmol/l) in the study population were found to be 

associated with higher mortality rates (HR 3.28, 95 CI; 1.43-7.54; P<0.001). 

The association between GDF-15 and mortality was only marginally significant; the higher the 

level of GDF-15, the lower the risk of dying, However, this association did not attain statistical 

significance in the adjusted model (P=0.08).   

 

8.5.2. Disease Progression 

Of the 306 patients followed over the 24-month period, 100 (33%) progressed to later stages of 

CKD. The presence of anaemia was strongly associated with disease progression (HR: 2.45 95% 

CI; 1.44-4.17; P=0.001). Low levels of serum iron, transferrin saturation (TSAT), increased mean 

corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) were strongly associated 

with the progression of CKD.  

As shown in Table 8. 5, high levels of hepcidin were found to be strongly associated with CKD 

progression when compared to the normal hepcidin levels (HR: 3.24, 95% CI; 1.60-6.59; P=0.001). 
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No significant associations were observed between GDF-15, IDA and disease progression (Figure 

8.2).  On the other hand, the risk of disease progression was found to be two times higher in the 

presence of hypocalcaemia as opposed to normocalcaemia (HR:2.24 95%CI; 1.20-4.62; P=0.021). 

However, parathyroid hormone levels were not measured in this study. 

 

8.6. Discussion 

This prospective cohort study of a non-dialysis CKD population describes the significant burden 

of CKD in terms of high mortality, and the risk of progression to ESKD.  Also, in this cohort, 

advanced stages of CKD were associated with an increased risk of mortality. The identifiable 

independent predictors of disease progression were anaemia, increased hepcidin, low serum iron, 

low TSAT levels, and high MCV levels and hypocalcaemia.  

 

Our finding of anaemia as a predictor of disease progression is in agreement with findings from 

previous studies (22-24). The possible mechanisms that have been proposed to explain the effect 

of anaemia on CKD progression include tissue hypoxia, which will enhance ischaemic changes 

and increase endothelial injury, which will stimulate the production of cytokines that in their turn 

induce fibrosis, thereby accelerating CKD progression (25). This hypothesis was further supported 

by previous studies that reported the retardation of the CKD progression through corrections of 

anaemia (26, 27).  

 

Our study found that a higher level of hepcidin is associated with CKD progression. Our results 

are consistent with those of previous studies, which found an association between increased levels 

of hepcidin-25 and renal anaemia and disease progression in non-dialysis CKD patients (15, 28) 
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and the association of hepcidin with disease progression in diabetic CKD patients (29). More 

recently, studies have suggested the role of hepcidin in the development of CVD, and as a 

prognostic biomarker of poor clinical outcomes (30, 31). The possible explanation for an increased 

hepcidin level and its association with disease progression may be an interaction between 

inflammation and anaemia that is mediated by hepcidin (32), via hypoferemia, iron –restricted 

erythropoiesis from cytokine-stimulated hepcidin increase. 

In this current study, higher mean corpuscular volumes (MCVs) were also found to be associated 

with disease progression.  Similar findings were reported by Kor, Hsieh (33), where patients with 

higher MCV levels had the greatest risk of negative clinical outcomes. A possible explanation 

linking increased MCV levels to negative clinical outcomes may be through the relationship of 

macrocytosis, nutrient deficiency, and malnutrition.  Another explanation may be that increased 

oxidative stress can impair erythropoiesis, but such mechanisms are still not fully understood (34). 

We however found a negative association of high MCV with mortality, which was contrary to the 

findings of previous studies (34, 35). The inconsistency with these studies could be explained in 

terms of the differences in the study populations since their study populations included Chinese 

sample while our study focused on an African population. 

Lower TSAT levels significantly predicted disease progression but not mortality, like previous 

studies (35, 36). The possible mechanisms for this association may involve the propagation of 

oxidative stress and parenchymal iron deposition with subsequent tissue damage (36-38). Low 

TSAT levels would have been expected to be associated with mortality via such mechanisms; 

however, this was shown in this study. Further prospective studies trials are needed to explore this 

issue. 
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We demonstrated that lower baseline serum calcium is associated with disease progression, which 

confirms and expands upon previous studies (39, 40). Current knowledge of CKD- mineral bone 

disease (CKD-MBD) favours the hypothesis that hypocalcaemia usually develops with the 

progression of untreated CKD and is associated with secondary hyperparathyroidism (39).  

Our finding that GDF-15 is not associated with mortality is at variance with the findings of 

previous studies (41-43).  For example, it has been reported that serum GDF-15 is a predictor of 

mortality in patients with advanced CKD (44). As we did not evaluate protein-energy wasting in 

our study population, we cannot comment on the nutritional status of our study population. 

Although GDF-15 has been linked to protein-energy wasting, oxidative stress and mortality, 

further studies are needed to explore this finding, especially in the black population. 

Our study found that IDA is not associated with disease progression or mortality. This finding is 

contrary to the findings of Eisenga, Minovic (45) in respect of renal transplant recipients, where 

iron deficiency independent of anaemia was found to be associated with an increased risk of 

mortality. This difference could be explained in terms of the differences in the study populations, 

where the patients were transplant recipients and their definition of iron deficiency did not include 

anaemia.   

The association of high levels of hepcidin with mortality in our study found endorses that of 

Wagner, Ashby (29), who reported that increased levels of hepcidin can be considered to be a 

predictor of mortality in diabetic CKD patients.  However, the latter finding is at variance with the 

study of Eisenga, Dullaart (46) in kidney transplant patients. A possible explanation for this finding 

is that under certain conditions where increased hepcidin levels are not related to hypoxia, anaemia 

and inflammation (as is the case in renal transplant recipients), hepcidin may have a protective role 
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and may behave differently under conditions of hypoxia, anaemia and inflammation, as was found 

in our study. Thus, more research is needed to explore the relationship between hepcidin and 

mortality in different categories of CKD patients (45-47).  

Our study found that anaemia is associated with mortality; the relative risk for death is 3.2 times 

greater in anaemic patients than in non- anaemic patients (48-50). In a large dialysis study 

involving 96,369 participants, Ma, Ebben (51) reported that lower haemoglobin levels are 

associated with increased mortality.  Sandgren, Murray (52), investigating the mortality risk in 

Medicare beneficiaries, reported that patients with CKD and anaemia presented with a 27% 

increased risk for mortality within two years as opposed  to patients without anaemia and CKD.  

We found that anaemia prevalence increased in frequency and severity in the more advanced stages 

of CKD (stages 4 and 5), as in other studies (53). More severe anaemia was present with eGFR 

levels lower than 30ml/min/1.73m2 in women and lower than 20ml/min/1.73m2 in men (53, 54). 

Hsu et al (2001), in the Third National Health and Nutrition Examination Survey (NHANES III-

1988-1994), found that anaemia was more common among 15, 971 adults with creatinine 

clearance/ eGFR levels of less than 70mls/min, and 50mls/min in men and women respectively 

(53).  

As previously reported, we observed an increase in mortality risk with low eGFRs (55-57). 

Possible explanations for our finding may be due to the association of inflammatory markers and 

other risk factors for cardiovascular events which might contribute directly to adverse outcomes 

observed in patients with reduced kidney function (55), as well as the non-availability of dialysis 

for patients in the very advanced CKD (stage 5). 
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In this study, we show for the first time that higher levels of high-density lipoprotein cholesterol 

(HDL-C) are associated with an increased risk of mortality in patients with pre-dialysis CKD over 

a two-year follow up period. These findings differ from those of patients with normal kidney 

function, in whom higher HDL-C levels are associated with a reduced risk of mortality and 

cardiovascular disease; a higher risk of mortality was reported in patients with very low and very 

high HDL-C levels (3, 58-60).  

After conducting a spline analysis, Bowe, Xie (59) reported that the relationship between HDL-C 

and risk of death is not linear but that it take a U-shape graphically, where the risk is highest in 

those with very low and very high HDL-C levels, which is similar to our finding. A possible 

explanation for this finding is experimental evidence suggesting that HDL-C at high levels 

paradoxically enhances senescence and impairs endothelial progenitor cell tube formation and 

angiogenesis, thus suggesting a loss of protective effect (59, 61). This hypothesis is further 

supported by the fact that pharmaceutical intervention strategies that aim to raise HDL-C levels do 

not improve cardiovascular outcomes and reduce mortality (62, 63). Therefore, there may be a 

range of HDL-C values, some of which might have beneficial effects, whereas others, namely the 

higher values, may be associated with deleterious effects (59). Additional research is required to 

explore this finding. 

The strengths of our study include a relatively large sample size, the serial collection of baseline 

variables, a follow-up time of two years, and hepcidin measurement using gold standard mass 

spectrometry. However, the limitations of this study include the following: The linear regressions 

and outcome analyses had a number of explanatory variables included in the models.  Hence, the 

overfitting of the models and finding an association by chance would be possibilities. Hepcidin 

was only measured at baseline.  Thus, we could not determine a longitudinal relationship between 
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hepcidin and the outcome variables. We did not measure parathyroid hormone levels. Finally, we 

did not collect information on clinical events during secondary end-points, as most of the patients 

died at home. Examples of such information would be on cardiovascular events or stroke, and 

information on the cause of death for some patients was available from relatives telephonically. 

8.7. Conclusions 

This study has shown that hepcidin is a novel biomarker that could help identify newly- diagnosed 

CKD patients who might progress to ESKD or die prematurely. Human studies should evaluate 

the efficacious role of novel therapies to lower hepcidin levels in CKD patients safely, and to 

determine whether hepcidin reduction strategies will improve clinical endpoints, especially in 

CKD anaemia. 
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Table 8:1: Baseline socio-demographic and clinical characteristics of study participants 

Baseline 

Characteristics 

Dialysis 

(n=8) 

Died (n=77) Lost to follow 

up (24) 

No dialysis 

(n=197) 

Total 

(n=306) 

 

 

Age in 

years 

n (%) 

median 

(IQR) 

44(37.5-

48.5) 

54(45-63) 54(40-59) 57(45-67) 55(45-65) 

18-29 0(0) 3(3.9) 2(8.3) 9(4.6) 14(4.6) 

30-49 6(75) 28(36.4) 9(37.5) 59(29.9) 102(33.3) 

50-69 2(25) 37(48.1) 11(45.8) 91(46.2) 141(46.1) 

70+ 0(0) 9(11.7) 2(8.3) 38(19.3) 49(16) 

 

Sex  

n (%) 

Male 5(62.5) 43(55.8) 14(58.3) 102(51.8) 164(53.6) 

Female 3(37.5) 34(44.2) 10(41.7) 95(48.2) 142(46.4) 

 

Race  

n (%) 

Black 6(75) 69(89.6) 22(91.7) 157(79.7) 254(83) 

White 2(25) 8(10.4) 2(8.3) 40(20.3) 52(17) 

 

Marital 

status  

n (%) 

Married 4(50) 41(53.2) 17(70.8) 99(50.3) 161(52.6) 

Single 4(50) 25(32.5) 4(16.7) 50(25.4) 83(27.1) 

Divorced 0(0) 3(3.9) 0(0) 13(6.6) 16(5.2) 

Widowed 0(0) 8(10.4) 3(12.5) 35(17.8) 46(15) 

 

 

 

Occupa-

tion  

n (%) 

civil 

servant 

3(37.5) 24(31.2) 10(41.7) 63(32) 100(32.7) 

Student 4(50) 26(33.8) 9(37.5) 62(31.5) 101(33) 

unemploye

d 

0(0) 18(23.4) 4(16.7) 41(20.8) 63(20.6) 

Retired 0(0) 6(7.8) 1(4.2) 28(14.2) 35(11.4) 

self-

employed 

1(12.5) 3(3.9) 0(0) 3(1.5) 7(2.3) 

Cigarette 

smoking 

history  

n (%) 

No 4(57.1) 66(91.7) 22(95.7) 159(86.9) 251(88.1) 

Yes 3(42.9) 6(8.3) 1(4.3) 24(13.1) 34(11.9) 

 

HTN,  

n (%) 

No 0(0) 2(2.6) 1(4.3) 10(5.1) 13(4.3) 

Yes 8(100) 74(97.4) 22(95.7) 187(94.9) 291(95.7) 

 

 

 

  



224 
 

Table 8.1b. Baseline socio-demographic and clinical characteristics of study participants 

Baseline 

Characteristics 

Dialysis 

(n=8) 

Died 

(n=77) 

Lost to 

follow up 

(24) 

No dialysis 

(n=197) 

Total 

(n=306) 

CKD aetiology  

n (%) 

     

Hypertension 5(62.5) 49(63.6) 9(37.5) 100(50.8) 163(53.3

) 

Diabetes mellitus 2(25) 20(26) 12(50) 66(33.5) 100(32.7

) 

Adults PKD 0(0) 5(6.5) 2(8.3) 15(7.6) 22(7.2) 

Others 1(12.5) 3(3.9) 1(4.2) 16(8.1) 21(6.9) 

BMI median 

(IQR) 

28.59(23.4-

30.8) 

28.51(25-

33) 

29.9(25.8-

33.5) 

28.6(25.9-33) 28.6(25.

5-33) 

SBP (mmHg) 162(135-175) 143(130-

165) 

139.5(122.5-

159.5) 

140(129-156) 140(129-

160) 

DBP (mmHg) 96(81.5-

103.5) 

82(70-93) 85.5(71.5-

96.5) 

79(70-90) 80(70-

91) 

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; CKD: 

chronic kidney disease;. APKD: Adult polycystic kidney disease; HTN; Hypertension 

 

 

 

 

 

 

 

  



225 
 

Table 8:2: Haematological and biochemical characteristics of the study population 

Characteristics Dialysis (n=8) Died (n=77) Lost (24) No dialysis 

(n=197) 

Total 

(n=306) 

Median (IQR) Median 

(IQR) 

Median 

(IQR) 

Median (IQR) Median 

(IQR) 

Urea 20(17-24.7) 24.9(15.5-

37.8) 

12(5.5-19.9) 9.9(6.8-13.1) 12.2(7.8-20) 

S-Creatinine 400.5(325-744) 497(295-827) 203.5(120-

275) 

163(125-216) 193(134-358) 

Creatinine 

doubled 

     

No  

n (%)  

2(25) 58(75.3) 23(95.8) 148(75.1) 231(75.5) 

Yes 

 n (%)  

6(75) 19(24.7) 1(4.2) 49(24.9) 75(24.5) 

Median eGFR* 14.87(8.5-19.1) 10.93(5.6-

20.3) 

35(20.6-74.8) 42.2(28.1-55.3) 33.1(17.4-

50.9) 

CKD stages      

Stage 1 0 (0) 2 (2.60) 5 (20.83) 14 (7.11) 21 (6.86) 

Stage 2 0 (0) 3 (3.90) 2 (8.33) 28 (14.21) 33 (10.78) 

Stage 3 0 (0) 5 (6.49) 7 (29.17) 100 (50.76) 112 (36.60) 

Stage 4 4 (50) 20 (25.97) 8 (33.33) 44 (22.34) 76 (24.84) 

Stage 5 4 (50) 47 (31.04) 2 (8.33) 11 (5.58) 64 (20.92) 

Calcium 2.2(2-2.4) 2.17(1.9-2.3) 2.2(2.1-2.4) 2.3(2.2-2.4) 2.2(2.1-2.4) 

Phosphate 1.01(1-1.1) 1.35(1.1-1.7) 1.1(0.9-1.3) 1(0.9-1.2) 1.1(0.9-1.3) 

Albumin 40.5(37.5-45.5) 39(35-41) 40(38.5-44) 40(39-43) 40(38-43) 

T-cholesterol 5.3(4-5.9) 3.97(3.2-5.1) 4.3(3.4-4.8) 4.2(3.5-5) 4.2(3.4-5) 

CRP* 10(10-10) 10(10-22) 10(10-11) 10(10-13) 10(10-14) 

Iron                 12.45(9.8-15.9) 8.9(6.7-12.7) 12.5(9.8-14.8) 10.7(7.8-13.1) 10.7(7.5-13.2) 

TSAT* 19.5(17-25) 17(13-23) 20.5(17.5-

26.5) 

19(13-22) 18(13-23) 

Serum ferritin 83.5(47-149) 143(81-274) 97(60-185) 101(59-180) 108.5(63-198) 

Haemoglobin 13.45(12-14.7) 10.3(8-11.9) 13.2(11.6-

14.3) 

13.2(11.9-14.4) 12.8(10.7-

14.1) 

MCV* 86.1(81.2-92.9) 93.2(87.3-

99.2) 

89.4(84-90.3) 89.1(85-92.9) 89.7(85.2-

94.3) 

MCH* 28.75(25.8-

31.8) 

28.2(26.2-

29.9) 

29.4(27.7-

30.1) 

29.4(27.8-30.4) 28.9(27.5-

30.3) 

MCHC* 32.7(31.4-34.2) 32(30.9-32.7) 32.5(31.7-

33.4) 

32.5(31.5-33.3) 32.4(31.4-

33.3) 

HYP* 13.4(1.1-37.5) 8.5(5.4-15.8) 5.6(2.4-9.8) 6.9(2.8-12.8) 7.7(3.3-13.7) 

GDF-15* 798.4(338-

1273) 

608.7(285.2-

1220) 

831.9(192.9-

1091.5) 

591.8(323-

1215) 

605.3(317-

1209) 
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S-hepcidin assay 4.15(3.9-106.7) 139.8(120-

155.1) 

9.1(3.5-24.4) 7.9(3.9-25.7) 14.3(4.1-

105.9) 

*eGFR: estimated glomerular filtration rate; CRP: c-reactive protein; TSAT: transferrin 

saturation; MCV: mean corpuscular volume; MCH: mean corpuscular haemoglobin; MCHC: 

mean corpuscular haemoglobin concentration; HYP: percentage hypochromic red cells, GDF-15: 

growth differentiation factor-15 
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Table 8:3: CKD stages by severity of anaemia  

CKD stage Normal 

(n= 135) 

Mild 

anaemia 

(n=66) 

Moderate 

anaemia (n=43) 

Severe 

anaemia 

(n=42) 

Total P- value 

Stage 1 18 (11.6%) 3 (2.6%) 0 (0%) 0(0%) 21 (6.9%)  

 

<0.001 Stage 2 24 (15.4%) 6 (9.1%) 2 (4.7%) 1 (2.4%) 33 (10.8%) 

Stage 3 77 (49.7%) 28 (42.4%) 5 (11.6%) 2 (4.8%) 112 (36.6%) 

Stage 4 30 (19.4%) 22 (33.3%) 19 (44.2%) 5 (11.9%) 76 (24.8%) 

Stage 5 6 (3.9%) 7 (10.6%) 17 (39.5%) 34 (80.9%) 64 (20.9%) 

CKD: Chronic Kidney Disease 

 

. 
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Table 8:4: Factors associated with mortality 

Parameters 
Unadjusted Hazard 

Ratio (95% CI) 
P-value 

Adjusted Hazard 

Ratio (95% CI) 
P-value 

Hepcidin level 

Low 1.11 (0.03-.43) 0.002 0.08 (0.02-0.35) 0.016 

Normal 1 reference 

  
High 7.30 (3.16-16.87) <0.001 6.14 (2.40-15.67) <0.001 

IDA 
No  1 reference 

  
Yes 1.53 (0.94-2.46) 0.084 0.97 (0.61-1.53) 0.895 

HDL range 

Normal 1 reference     

Low 1.68 (0.97-2.91) 0.065 1.69 (0.97-2.93) 0.062 

High 3.28 (1.43-7.54) 0.005 4.32 (1.86-10.03) <0.001 

Urea 1.04 (1.01-1.06) 0.001 1.03 (1.01-1.05) 0.002 

CRP 1.00 (1.00-1.007) 0.196 1.002 (0.998-1.007) 0.251 

GDF-15  

<1200 1 Reference 

  
1200-1800 0.89 (0.44-1.79) 0.735 0.36 (0.17-0.77) 0.08 

>1800 0.12 (0.63-2.28) 0.587 0.53 (0.27-1.05) 0.067 

eGFR (low) 1.001 (1.001-1.002) <0.001 1.001 (1.001-1.002 <0.001) 

Anaemia 
No 1 Reference     

Yes 2.66 (1.30-5.48) <0.008 3.21 (1.53-6.74) 0.0140 

     eGFR; estimated glomerular filtration rate, CRP: c-reactive protein; Cox regression analysis. 

IDA; Iron deficiency anaemia, HDL; High density lipoprotein, GDF-15; Growth differentiation 

factor-15. 
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Table 8:5: Factors associated with CKD progression 

Parameters 

Unadjusted Hazard 

Ratio (95% CI) p-value 

Adjusted Hazard 

Ratio (95% CI) p-value 

GDF-15 

<1200 1     

1200-1800 1.14 (0.66-1.97) 0.634 0.81 (0.46-1.44) 0.473 

>1800 0.75 (0.39-1.46) 0.75 0.96 (0.50-1.84) 0.903 

Hepcidin 
Low 0.70 (0.36-1.37) 0.303 0.70 (0.36-1.38) 

0 

.306 

Normal 1 Reference 

 
High 2.94 (1.51-5.71) 0.001 3.25(1.60-6.59) 0.001 

IDA 
No 1    

Yes 2.07 (1.34-3.17) 0.001 0.90 (0.53-1.54) 0.711 

Urea 1.02 (1.00-1.04) 0.022 0.97 (0.94-1.00) 0.06 

Calcium 

Hypocalcaemia 2.35 (1.30-4.25) 0.005 2.36 (1.20-4.62) 0.012 

Normal 1 Reference 

 
Hypercalcaemia 0.72 (0.23-2.29) 0.583 0.45 (0.14-1.45) 0.180 

Low Iron 0.96 (0.92-1.01) 0.118 1.07 (1.02-1.12) 0.003 

Low TSAT 0.96 (0.93-0.99) 0.007 0.95 (0.91-0.99) 0.007 

High MCV 1.02 (0.99-1.05) 0.239 1.05 (1.01-1.9) 0.028 

MCH 0.90 (0.83-0.97) 0.009 0.85 (0.76-0.96) 0.007 

Anaemia 

No 1 Reference   

Yes 2.64 (1.72-4.04) <0.001 2.45 (1.44-4.17) 0.001 

 

Cox regression analysis; IDA: iron deficiency anaemia; GDF-15; growth differentiation factor-

15, TSAT: transferrin saturation; MCV: mean corpuscular volume; MCH: mean haemoglobin 

concentration; GDF-15; Growth differentiation factor-15 
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Supplementary tables 

Table 1. Estimated mortality rates (per 1000) and lower/upper bounds of 95% confidence 

intervals 

Parameters Rate Lower Upper 

Hepcidin level 

Low 0.79 0.26 2.46 

Normal 7.36 3.31 16.39 

High 51.48 40.59 65.29 

HDL range 

Poor 16.11 11.86 21.88 

Better 10.99 7.54 16.03 

Best 9.85 5.12 18.92 

GDF-15  

<1200 12.80 9.85 16.63 

1200-1800 12.41 6.68 23.06 

>1800 15.01 8.31 27.10 

Anaemia 

No 3.29 1.77 6.12 

Yes 23.28 18.32 29.58 
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Table 2. Estimated disease progression rates (per 1000) and lower/upper bounds of 95% 

confidence intervals 

Parameters Rate Lower Upper 

Hepcidin 

Low 10.85 7.99 14.73 

Normal 13.50 7.47 24.37 

High 33.33 24.81 44.79 

Calcium 

Hypocalcaemia 25.95 15.07 44.69 

Normal 15.40 12.37 19.18 

Hypercalcaemia 13.70 4.42 42.47 

Anaemia No 10.54 7.45 14.90 
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Table 3. Mortality incidence rate per 1000 CKD patients per year 

Parameters Rate Lower Upper 

Hepcidin_cat 

Low 0.79 0.26 2.46 

Normal 7.36 3.31 16.39 

High 51.48 40.59 65.29 

HDL range 

Poor 16.11 11.86 21.88 

Better 10.99 7.54 16.03 

Best 9.85 5.12 18.92 

GDF-15 cat 

<1200 12.80 9.85 16.63 

1200-1800 12.41 6.68 23.06 

>1800 15.01 8.31 27.10 

Anaemia 

No 3.29 1.77 6.12 

Yes 23.28 18.32 29.58 

HDL; High density lipoprotein, GDF-15; Growth differentiation factor-15 
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Figure 8:1: Survival probabilities according to hepcidin and GDF-15 levels, and iron 

deficiency anaemia 
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Figure 8:2: Survival probabilities according to hepcidin, GDF-15 levels, and iron deficiency 

anaemia 

  



235 
 

8.8. References  

1. Chang WX, Asakawa S, Toyoki D, Nemoto Y, Morimoto C, Tamura Y, et al. Predictors 

and the Subsequent Risk of End-Stage Renal Disease - Usefulness of 30% Decline in 

Estimated GFR over 2 Years. PLoS ONE. 2015;10(7): e0132927. 

2. Hoefield RA, Kalra PA, Baker P, Lane B, New JP, O'Donoghue DJ, et al. Factors 

associated with kidney disease progression and mortality in a referred CKD population. 

Am J Kidney Dis. 2010;56(6):1072-81. 

3. Shlipak MG, Fried LF, Cushman M, Manolio TA, Peterson D, Stehman-Breen C, et al. 

Cardiovascular mortality risk in chronic kidney disease: comparison of traditional and 

novel risk factors. Jama. 2005;293(14):1737-45. 

4. Alani H, Tamimi A, Tamimi N. Cardiovascular co-morbidity in chronic kidney disease: 

Current knowledge and future research needs. World journal of nephrology. 

2014;3(4):156-68. 

5. Weiner DE, Tighiouart H, Griffith JL, Elsayed E, Levey AS, Salem DN, et al. Kidney 

disease, Framingham risk scores, and cardiac and mortality outcomes. The American 

journal of medicine. 2007;120(6):552.e1-8. 

6. Bootcov MR, Bauskin AR, Valenzuela SM, Moore AG, Bansal M, He XY, et al. MIC-1, 

a novel macrophage inhibitory cytokine, is a divergent member of the TGF-beta 

superfamily. Proceedings of the National Academy of Sciences of the United States of 

America. 1997;94(21):11514-9. 

7. Brown DA, Ward RL, Buckhaults P, Liu T, Romans KE, Hawkins NJ, et al. MIC-1 serum 

level and genotype: associations with progress and prognosis of colorectal carcinoma. 

Clinical cancer research : an official journal of the American Association for Cancer 

Research. 2003;9(7):2642-50. 



236 
 

8. Johnen H, Lin S, Kuffner T, Brown DA, Tsai VW, Bauskin AR, et al. Tumor-induced 

anorexia and weight loss are mediated by the TGF-beta superfamily cytokine MIC-1. 

Nature medicine. 2007;13(11):1333-40. 

9. Lerner L, Hayes TG, Tao N, Krieger B, Feng B, Wu Z, et al. Plasma growth differentiation 

factor 15 is associated with weight loss and mortality in cancer patients. Journal of 

Cachexia, Sarcopenia and Muscle. 2015;6(4):317-24. 

10. Bonanni A, Mannucci I, Verzola D, Sofia A, Saffioti S, Gianetta E, et al. Protein-Energy 

Wasting and Mortality in Chronic Kidney Disease. International Journal of Environmental 

Research and Public Health. 2011;8(5):1631-54. 

11. Kalantar-Zadeh K, Rhee C, Sim JJ, Stenvinkel P, Anker SD, Kovesdy CP. Why cachexia 

kills: examining the causality of poor outcomes in wasting conditions. Journal of Cachexia, 

Sarcopenia and Muscle. 2013;4(2):89-94. 

12. Nicolas G, Chauvet C, Viatte L, Danan JL, Bigard X, Devaux I, et al. The gene encoding 

the iron regulatory peptide hepcidin is regulated by anemia, hypoxia, and inflammation. 

The Journal of clinical investigation. 2002;110(7):1037-44. 

13. Steinbicker AU, Muckenthaler MU. Out of balance--systemic iron homeostasis in iron-

related disorders. Nutrients. 2013;5(8):3034-61. 

14. Wagner M, Alam A, Zimmermann J, Rauh K, Koljaja-Batzner A, Raff U, et al. 

Endogenous erythropoietin and the association with inflammation and mortality in diabetic 

chronic kidney disease. Clinical journal of the American Society of Nephrology : CJASN. 

2011;6(7):1573-9. 

15. N.C. van der Weerd MPCG, M.J. Nubé ea. Hepcidin in chronic kidney disease: not an 

anaemia management tool, but promising as a cardiovascular biomarker. The Netherlands 

Journal of Medicine. 2015;73(3):108-18. 

16. Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ, et al. Decline in 

estimated glomerular filtration rate and subsequent risk of end-stage renal disease and 



237 
 

mortality. JAMA : the journal of the American Medical Association. 2014;311(24):2518-

31. 

17. Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M, et al. Comparative 

performance of the CKD Epidemiology Collaboration (CKD-EPI) and the Modification of 

Diet in Renal Disease (MDRD) Study equations for estimating GFR levels above 60 

mL/min/1.73 m2. American Journal of Kidney Diseases. 2010;56(3):486-95. 

18. Macdougall IC, Malyszko J, Hider RC, Bansal SS. Current status of the measurement of 

blood hepcidin levels in chronic kidney disease. Clinical Journal of the American Society 

of Nephrology : CJASN. 2010;5(9):1681-9. 

19. Wish JB. Assessing iron status: beyond serum ferritin and transferrin saturation. Clinical 

Journal of the American Society of Nephrology. 2006;1(Supplement 1):S4-S8. 

20. Kempf T, Wollert KC. Growth differentiation factor-15: a new biomarker in cardiovascular 

disease. Herz. 2009;34(8):594-9. 

21. Martínez-Castelao A, Górriz JL, Portolés JM, De Alvaro F, Cases A, Luño J, et al. Baseline 

characteristics of patients with chronic kidney disease stage 3 and stage 4 in Spain: the 

MERENA observational cohort study. BMC nephrology. 2011;12(1):53. 

22. Wright Jr JT, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J, et al. Effect of 

blood pressure lowering and antihypertensive drug class on progression of hypertensive 

kidney disease: results from the AASK trial. JAMA : the journal of the American Medical 

Association. 2002;288(19):2421-31. 

23. Furth SL, Cole SR, Fadrowski JJ, Gerson A, Pierce CB, Chandra M, et al. The association 

of anemia and hypoalbuminemia with accelerated decline in GFR among adolescents with 

chronic kidney disease. Pediatric nephrology (Berlin, Germany). 2007;22(2):265-71. 

24. Staples AO, Greenbaum LA, Smith JM, Gipson DS, Filler G, Warady BA, et al. 

Association between clinical risk factors and progression of chronic kidney disease in 

children. Clinical journal of the American Society of Nephrology : CJASN. 

2010;5(12):2172-9. 



238 
 

25. Belangero VMS, Prates LC, Watanabe A, Schvartsman BSG, Nussenzveig P, Cruz NA, et 

al. Prospective cohort analyzing risk factors for chronic kidney disease progression in 

children. Jornal de pediatria. 2017. 

26. Wühl E, Schaefer F. Therapeutic strategies to slow chronic kidney disease progression. 

Pediatric nephrology (Berlin, Germany). 2008;23(5):705-16. 

27. Atkinson MA, Furth SL. Anemia in children with chronic kidney disease. Nature reviews 

Nephrology. 2011;7(11):635-41. 

28. Niihata K, Tomosugi N, Uehata T, Shoji T, Mitsumoto K, Shimizu M, et al. Serum 

hepcidin-25 levels predict the progression of renal anemia in patients with non-dialysis 

chronic kidney disease. Nephrol Dial Transplant. 2012;27(12):4378-85; discussion 84-5. 

29. Wagner M, Ashby DR, Kurtz C, Alam A, Busbridge M, Raff U, et al. Hepcidin-25 in 

Diabetic Chronic Kidney Disease Is Predictive for Mortality and Progression to End Stage 

Renal Disease. PLoS One. 2015;10(4). 

30. Winand FJ, Boegemann M, Gallitz I, Hertle L, Semjonow A, Eveslage M, et al. GDF15 

and hepcidin as prognostic factors in patients with prostate cancer. Journal of Molecular 

Biomarkers & Diagnosis. 2014;5(6):1. 

31. Avci Cicek E, Rota S, Dursun B, Kavalci E. Evaluation of serum NGAL and hepcidin 

levels in chronic kidney disease patients. Renal failure. 2016;38(1):35-9. 

32. Ashby DR, Gale DP, Busbridge M, Murphy KG, Duncan ND, Cairns TD, et al. Plasma 

hepcidin levels are elevated but responsive to erythropoietin therapy in renal disease. 

Kidney Int. 2009;75(9):976-81. 

33. Kor C-T, Hsieh Y-P, Chang C-C, Chiu P-F. The prognostic value of interaction between 

mean corpuscular volume and red cell distribution width in mortality in chronic kidney 

disease. Scientific reports. 2018;8(1):11870. 



239 
 

34. Hsieh YP, Chang CC, Kor CT, Yang Y, Wen YK, Chiu PF. Mean Corpuscular Volume 

and Mortality in Patients with CKD. Clinical journal of the American Society of 

Nephrology : CJASN. 2017;12(2):237-44. 

35. Tennankore KK, Soroka SD, West KA, Kiberd BA. Macrocytosis may be associated with 

mortality in chronic hemodialysis patients: a prospective study. BMC nephrology. 

2011;12(1):19. 

36. Zhou XJ, Laszik Z, Wang XQ, Silva FG, Vaziri ND. Association of renal injury with 

increased oxygen free radical activity and altered nitric oxide metabolism in chronic 

experimental hemosiderosis. Laboratory investigation. 2000;80(12):1905. 

37. Gonzalez-Michaca L, Farrugia G, Croatt AJ, Alam J, Nath KA. Heme: a determinant of 

life and death in renal tubular epithelial cells. American journal of physiology Renal 

physiology. 2004;286(2):F370-7. 

38. Kovesdy CP, Estrada W, Ahmadzadeh S, Kalantar-Zadeh K. Association of Markers of 

Iron Stores with Outcomes in Patients with Nondialysis-Dependent Chronic Kidney 

Disease. Clinical journal of the American Society of Nephrology : CJASN. 2009;4(2):435-

41. 

39. Janmaat CJ, van Diepen M, Gasparini A, Evans M, Qureshi AR, Arnlov J, et al. Lower 

serum calcium is independently associated with CKD progression. Sci Rep. 

2018;8(1):5148. 

40. Taylor JM, Kieneker LM, de Borst MH, Visser ST, Kema IP, Bakker SJL, et al. Urinary 

Calcium Excretion and Risk of Chronic Kidney Disease in the General Population. Kidney 

international reports. 2017;2(3):366-79. 

41. Yilmaz H, Celik HT, Gurel OM, Bilgic MA, Namuslu M, Bozkurt H, et al. Increased serum 

levels of GDF-15 associated with mortality and subclinical atherosclerosis in patients on 

maintenance hemodialysis. Herz. 2015;40 Suppl 3:305-12. 

42. Lajer M, Jorsal A, Tarnow L, Parving HH, Rossing P. Plasma growth differentiation factor-

15 independently predicts all-cause and cardiovascular mortality as well as deterioration 



240 
 

of kidney function in type 1 diabetic patients with nephropathy. Diabetes care. 

2010;33(7):1567-72. 

43. You AS, Kalantar-Zadeh K, Lerner L, Nakata T, Lopez N, Lou L, et al. Association of 

Growth Differentiation Factor 15 with Mortality in a Prospective Hemodialysis Cohort. 

Cardiorenal medicine. 2017;7(2):158-68. 

44. Breit SN, Carrero JJ, Tsai VW, Yagoutifam N, Luo W, Kuffner T, et al. Macrophage 

inhibitory cytokine-1 (MIC-1/GDF15) and mortality in end-stage renal disease. 

Nephrology, dialysis, transplantation : official publication of the European Dialysis and 

Transplant Association - European Renal Association. 2012;27(1):70-5. 

45. Eisenga MF, Minovic I, Berger SP, Kootstra-Ros JE, van den Berg E, Riphagen IJ, et al. 

Iron deficiency, anemia, and mortality in renal transplant recipients. Transplant 

international : official journal of the European Society for Organ Transplantation. 

2016;29(11):1176-83. 

46. Eisenga MF, Dullaart RPF, Berger SP, Sloan JH, de Vries APJ, Bakker SJL, et al. 

Association of hepcidin‐25 with survival after kidney transplantation. European Journal of 

Clinical Investigation. 2016;46(12):994-1001. 

47. Sonnweber T, Nachbaur D, Schroll A, Nairz M, Seifert M, Demetz E, et al. Hypoxia 

induced downregulation of hepcidin is mediated by platelet derived growth factor BB. Gut. 

2014;63(12):1951-9. 

48. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE. The impact of anemia 

on cardiomyopathy, morbidity, and mortality in end-stage renal disease. American journal 

of kidney diseases. 1996;28(1):53-61. 

49. Culleton BF, Manns BJ, Zhang J, Tonelli M, Klarenbach S, Hemmelgarn BR. Impact of 

anemia on hospitalization and mortality in older adults. Blood. 2006;107(10):3841-6. 

50. Horl WH. Anaemia management and mortality risk in chronic kidney disease. Nature 

reviews Nephrology. 2013;9(5):291-301. 



241 
 

51. Ma JZ, Ebben J, Xia H, Collins AJ. Hematocrit level and associated mortality in 

hemodialysis patients. Journal of the American Society of Nephrology. 1999;10(3):610-9. 

52. Sandgren PE, Murray AM, Herzog CA, Solid CA, Gilbertson DT, Collins AJ, et al. Anemia 

and new-onset congestive heart failure in the general Medicare population. Journal of 

cardiac failure. 2005;11(2):99-105. 

53. Hsu CY, McCulloch CE, Curhan GC. Iron status and hemoglobin level in chronic renal 

insufficiency. Journal of the American Society of Nephrology : JASN. 2002;13(11):2783-

6. 

54. Fishbane S, Spinowitz B. Update on anemia in esrd and earlier stages of ckd: Core 

curriculum 2018. American Journal of Kidney Diseases. 2018;71(3):423-35. 

55. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic kidney disease 

and mortality risk: a systematic review. Journal of the American Society of Nephrology : 

JASN. 2006;17(7):2034-47. 

56. Gimeno-Orna JA, Blasco-Lamarca Y, Campos-Gutierrez B, Molinero-Herguedas E, Lou-

Arnal LM, Garcia-Garcia B. Risk of mortality associated to chronic kidney disease in 

patients with type 2 diabetes mellitus: a 13-year follow-up. Nefrologia : publicacion oficial 

de la Sociedad Espanola Nefrologia. 2015;35(5):487-92. 

57. Thompson S, James M, Wiebe N, Hemmelgarn B, Manns B, Klarenbach S, et al. Cause of 

Death in Patients with Reduced Kidney Function. Journal of the American Society of 

Nephrology : JASN. 2015;26(10):2504-11. 

58. Al-Aly Z. High density lipoprotein cholesterol and risk of death. Journal of Thoracic 

Disease. 2016;8(12):E1780-1. 

59. Bowe B, Xie Y, Xian H, Balasubramanian S, Zayed MA, Al-Aly Z. High Density 

Lipoprotein Cholesterol and the Risk of All-Cause Mortality among U.S. Veterans. 

Clinical Journal of the American Society of Nephrology : CJASN. 2016;11(10):1784-93. 



242 
 

60. Cai A, Li X, Zhong Q, Li M, Wang R, Liang Y, et al. Associations of high HDL cholesterol 

level with all-cause mortality in patients with heart failure complicating coronary heart 

disease. Medicine. 2016;95(28). 

61. Huang CY, Lin FY, Shih CM, Au HK, Chang YJ, Nakagami H, et al. Moderate to high 

concentrations of high-density lipoprotein from healthy subjects paradoxically impair 

human endothelial progenitor cells and related angiogenesis by activating Rho-associated 

kinase pathways. Arteriosclerosis, thrombosis, and vascular biology. 2012;32(10):2405-

17. 

62. Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M, Grundy SM, et al. HDL cholesterol, 

very low levels of LDL cholesterol, and cardiovascular events. The New England journal 

of medicine. 2007;357(13):1301-10. 

63. Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm J, et al. Effects of 

dalcetrapib in patients with a recent acute coronary syndrome. The New England journal 

of medicine. 2012;367(22):2089-99. 

 



243 
 

 

 

 

 

 

 

9. DISCUSSION, CONCLUSION AND 

RECOMMENDATIONS 
 

 



244 
 

9.1. Discussion  

Anaemia and iron deficiency anaemia (IDA) are major and global public health problems.  Several 

chronic diseases such as chronic kidney disease (CKD) are frequently associated with anaemia and 

IDA. The burden of this disease, especially in a pre-dialysis population, is not fully explored. 

Conventional parameters used in the diagnosis of IDA are highly variable, hence the need for 

newer parameters with less variability and greater sensitivity and specificity. A large proportion 

of the variation in iron status results from non-genetic factors; furthermore, the role of genetic 

factors in influencing the susceptibility to IDA is not well understood. This study was conducted 

to determine the prevalence of IDA, the utility of novel biomarkers in diagnosing IDA; to 

determine predictors of disease progression and mortality and to understand the genetics of IDA 

in a CKD population. 

Several interventional studies have tested the hypothesis that treating the anaemia of chronic 

kidney disease with erythropoietic agents may reduce or reverse cardiac complications and retard 

the rate of progression of the disease. Ayus et al (1) determined that in anaemic patients the left 

ventricular mass index (LVMI) tends to decrease in relation to the baseline LVMI (142 vs 157 

g/m2P = 0.007) as the haemoglobin level increases (from 9.1 to 11.3 g/dL (P = 0.001). Levin, 

Thompson (2) also found that the mean LVMI tends to change from the baseline after treatment 

of anaemia. 

This study revealed a high prevalence of anaemia (43.1%) in patients with non-dialysis CKD in 

Johannesburg, with an increased prevalence of anaemia with advancing CKD stages. Anaemia was 

present in more than 80% in the late stages of CKD. The prevalence of anaemia was similar among 

Blacks and Mixed race but was slightly lower among whites. However, the prevalence of anaemia 
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among Blacks and mixed race was more than double the prevalence among Indian/Asians. 

Previous researchers also reported a greater prevalence of anaemia in black populations (3, 4). 

They observed that blacks have lower haemoglobin concentrations than other ethnic groups (5, 6), 

and this finding was confirmed in our studied population. It is likely that gene mutations, resulting 

from different environmental pressures emanating from Africa and Europe contribute to racial 

differences in the concentrations of haemoglobin (7) 

Our observations have corroborated the previous reports of a US multicentre survey in 2004, where 

the prevalence of anaemia in CKD patients was found to be 47.7% (8); 51% among 2278 patients 

from the Health Care Financing Administration data (9); and 46% among CKD stage 1 to 5 patients 

in the Chronic Renal Insufficiency Cohort (CRIC) study (10). In Korea, Ryu et al (11) reported a 

prevalence of 49.9%, while prevalence’s of 58% and 79% were reported in Catalonia (12). The 

prevalence of anaemia was 79% in Cameroon as reported by Kaze et al (13). These prevalence 

were higher than our findings, and were most likely due to the differences in the respective 

populations and geographical variations.  

These results confirm the burden of anaemia in a CKD population, which may be attributed to a 

reduction in the production of endogenous erythropoietin due to a decrease in the eGFR, as well 

as metabolic disturbances such as the presence of uraemic toxins and electrolyte disturbances, and 

acid-based imbalances (14).  

In our study, anaemia was found to worsen with declining kidney function, with a J- pattern 

observed in a non-linear correlation between anaemia and CKD stages. A few hypotheses could 

be proposed to partly explain the J-shaped pattern of anaemia associated with the varying stages 

of CKD that we observed in our study participants. Some unknown perturbations responsible for 



246 
 

the initial improvement in the haemoglobin levels may be observed at first, but as the kidney 

disease progressed from stage 1 to stage 3, there was eventual decline in the haemoglobin 

concentrations from stage 3 to stage 5.    

The initial inflammatory process in the early stages of CKD could be caused by the hyper- 

stimulation of erythropoietin that would produce higher levels of haemoglobin.  This mechanism 

is not, however, sustained with the continuing deterioration of kidney function during the later 

stages of CKD, and hepcidin pathways and hypoxia-inducible factors would   then play a role in 

this mechanism.  

Secondly, there could also be the possibility of an aggressive management of anaemia in the early 

stages of the disease, or of the patients responding to anaemia treatment modalities (such as oral 

iron therapy and ESA) that may be employed in the early stages of the disease, especially during 

stages 1 and 2. 

In our study, we found the prevalence of absolute iron deficiency to be 16.7% and functional iron 

deficiency 18.6%, which was three times more frequent among CKD patients than among the 

controls (35.3% vs 9.2%) (15). Previous studies reported the prevalence of IDA to be 15-34% 

across all stages of CKD in the USA (16), 48% among CKD patients in Romania (17), 39% in 

India (18), while  Talib et al (19) reported a prevalence of 42.6% of IDA among CKD patients in 

India. Other researchers also reported IDA to be more common among CKD patients (20, 21). 

This work emphasizes the severity of IDA in advanced stages of CKD (stage 3-5), which is similar 

to findings of other researchers (22). Further studies on the prevalence of IDA among various 

ethnic groups will be required to ascertain the heterogeneity of IDA across CKD populations of 

different ethnicities.  
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Reticulocyte haemoglobin content (CHr) and the proportion of hypochromic red cells (% HYPO) 

were found to be potential biomarkers for IDA in this study. This is the first study to be carried 

out in an African black CKD population, and we found both markers to be reliable in the diagnosis 

of IDA in CKD patients. The sensitivity and specificity of CHr at a cut-off value of lower than 

28pg were found to be 62.6% and 80.2% respectively (area under the curve (AUC) = 0.81). Our 

study showed CHr to be a better predictor of IDA in the early stages of CKD, as opposed to serum 

ferritin and TSAT. The %HYPO at more than 5% had a sensitivity of 73.6% and a specificity of 

44.3% (AUC=0.76) for the diagnosis of IDA. However, combining these two biomarkers did not 

yield any additional benefits when compared with CHr alone.  Thus, CHr alone can be used to 

diagnose IDA in black CKD patients, with several advantages in the mix, namely: rapid 

measurements in less than 2 minutes, automatic processing, along with a complete blood count, 

no variability with inflammation, and the fact that these methods that are relatively cheaper than 

the conventional parameters used in diagnosing IDA (23). 

The role of CHr as a diagnostic marker of IDA has been documented in American and European 

studies (23-26). Mittman, Sreedhara (27) assessed the efficacy of CHr in predicting functional IDA 

and found that a CHr value of less than 28pg is able to predict IDA more accurately than 

conventional parameters, and Fishbane et al (28) also showed that CHr is a more reliable marker 

of IDA than the conventional iron indices; this was in agreement with our findings at similar cut-

off values. A study by Stancu, Stanciu (29) also showed the limited diagnostic utility value of 

conventional indices in identifying IDA; hence the need for newer biomarkers.  

Based on these studies, the 2006 National Kidney Foundation’s Kidney Disease Outcomes Quality 

Initiative Guidelines (KDOQI) (30) recommends maintaining a CHr value greater than 26pg in a 

dialysis-driven CKD population, along with a serum ferritin concentration of more than 200ng/ml. 
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Based on the findings from our study, we suggest a review of the KDOQI Guidelines so that a CHr 

value that is lower than 28pg should be considered as a marker of IDA in pre-dialysis CKD 

patients.  

The proportion of hypochromic red blood cells (%HYPO) was found to be a predictive  marker of 

IDA in CKD patients in this study, and is in agreement with other studies (31, 32).  The 

measurement of circulating hypochromic red cells as a proportion of the total red blood cell count  

has proved to be the most sensitive marker of iron deficiency in CKD patients, with a cut-off point 

of six percent (6%) (33), but is limited by the fact that increased storage time results in red blood 

cells swelling and causes a reduction  in the mean corpuscular haemoglobin concentration and an 

increase in % HYPO (33). This is more so in developing countries, where laboratories may be 

remote and storage time may be longer. There is a need for further multicentre and prospective 

studies on the performance of %HYPO as a marker of IDA in our communities, before it can be 

recommended as part of the work-up of IDA in CKD patients. 

Hepcidin and Growth Differentiation Factor-15 (GDF-15) levels were found to be increased in 

CKD patients as opposed to the controls. This finding is consistent with the findings of other 

researchers (34, 35) and may indicate ineffective erythropoiesis and increased erythroid activity 

(36, 37). Our study showed both biomarkers to be potential predictors of IDA in pre-dialysis CKD 

in our patients; and to the best of our knowledge, this is the first study to evaluate the clinical utility 

of these biomarkers in the diagnosis of IDA in CKD.  

Hepcidin has been used as a marker of IDA in different study populations (38-40), but this is the 

first study focusing on a CKD population. GDF-15 was found to predict iron deficiency anaemia 

in our pre-dialysis CKD population and this is consistent with previous studies in dialysis 



249 
 

populations (34, 41, 42). GDF-15 may play a role, possibly through the aetio-pathogenetic 

mechanism of hepcidin-independent or hepcidin-dependent pathways, but further studies on the 

clinical utility of hepcidin and GDF-15 in CKD patients will be required to establish this 

relationship. 

We found anaemia to be a marker of poor outcome and mortality in pre-dialysis CKD patients; 

and the association between anaemia and adverse outcomes has been well established in previous 

studies (43-47). Our study found that there was a higher death risk for patients with haemoglobin 

levels that were lower than 10g/dl, as opposed to those with haemoglobin levels lower than 12g/dl.  

This corroborated the findings of other studies (48, 49). Observational studies have continuously 

demonstrated a strong association between lower haemoglobin levels and an increased risk of 

death.  However, interventional studies have failed to establish that erythroprotien treatment to 

achieve near normal haemoglobin levels mitigates the risk of mortality (50-52). 

Our study suggests that anaemia is associated with an increased risk of all-cause mortality in a 

cohort of CKD patients, and this is independent of the presence of potential confounders. However, 

the advantage of treating anaemia in CKD patients to improve cardiovascular outcomes remains 

to be demonstrated. 

Our study investigated the association between novel biomarkers of anaemia and disease 

progression and mortality. High GDF-15 levels in this study were not associated with an increased 

risk of death or of disease progression.  This is at variance with the findings of Nair et al (53), 

where GDF-15 was significantly associated with an increased risk of CKD progression in two 

independent cohorts. Previous studies have reported an important link between elevated GDF-15 

concentrations and cardiovascular diseases (54, 55) and between elevated GDF-15 levels and 
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mortality in haemodialysis patients (56, 57). The difference in our findings could be explained in 

terms of differences in the study populations, as previous studies were conducted in heart failure   

and in CKD patients on haemodialysis, whereas our study was conducted amongst a non-dialysis 

CKD population. Although GDF-15 may be a risk factor and an outcome marker in CKD patients 

on dialysis, it may not be a direct participant in the disease processes pertaining to non-dialysis 

CKD patients.  

Hepcidin was found to be independently associated with mortality (hazard ratio, 6.10; 95% CI 2.4-

15.43, P=<0.001) and disease progression (hazard ratio, 3.25; 95% CI 1.60-6.59, P=0.001) even 

after adjustment was made for baseline estimated GFR, albumin, and haemoglobin in the present 

study.   

Data on hepcidin as a biomarker and prognostic factor for clinical outcomes remain sparse. The 

hypothesis that hepcidin might be associated with clinical events seems promising. Because 

anaemia and chronic inflammation are common in CKD and ESKD, and both are related to worse 

clinical outcomes, hepcidin may play a role in clinical outcomes through its link to anaemia, and 

chronic inflammation in CKD patients. Other factors associated with disease progression in this 

study include hypocalcaemia, TSAT, and MCV. These finding are similar to previous findings by 

other researchers (58-60).  

Increased urea levels, high density lipoprotein cholesterol (HDL-C) levels, and low estimated 

GFRs were associated with mortality in our study population. As reported in previous studies, low 

eGFRs and high urea levels are factors that are associated with mortality (61-64). However, the 

data pointing to increased HDL-C levels and an increased risk of mortality in patients with 

cardiovascular disease are limited (65, 66). This is the first study to show that the risk of mortality 
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is increased with elevated HDL-C levels in CKD patients. This may probably be as a result of, 

firstly, genetic mutations (62) leading to very high levels of HDL-C that may confer an adverse 

cardiovascular risk (67) or may be confounded by factors associated with both mortality and 

cardiovascular risk. Secondly, extreme elevations in HDL-C may directly represent dysfunctional 

HDL levels in some individuals, which may in turn promote cardiovascular risk (65). Further 

studies on the relationship between elevated HDL-C levels and mortality risk among CKD patients 

will be required to establish the nature of this association. 

 

Our study is the first to focus on the genetic aetiology of IDA in a population of black non-dialysis 

CKD patients. Our study showed a general lack of association between investigated SNPs and iron 

status indicators in our population sample, whereas other researchers have reported such 

associations in European and Asian population samples (68). TMPRSS6 serine is likely to be 

involved in iron metabolism through its pleiotropic effect on hepcidin concentrations. Previous 

studies have reported that the rs855791 gene is associated with lower concentrations of serum 

ferritin and with anaemia (69-71). A possible reason for the lack of association between TMPRSS6 

and IDA in our cohort may be due to our smaller population sample as opposed to the larger 

samples researched in previous GWA studies. 

 

Our study also provides the first report of the frequency of rs855791 alleles in black South African 

CKD patients.  The CC allele frequency in our IDA patients and controls was found to be 86.1% 

and 84.2% respectively. The CC allele has been reported to be present in 82 to 93% of African 

populations (123), which corroborates  our findings, but is in contrast to reports from Taiwan 

(48.6%)  (72),  and in Europe (50%) (39-47%) (73). This variation could be explained in terms of 
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differences in ethnicity and environmental factors. Our results further strengthen the hypothesis 

that genetic variations in the TMPRSS6 gene may contribute to variations in iron status, depending 

on different racial and environmental factors.  More studies are needed in the African population 

to further ascertain the association between TMPRSS6 and IDA. The TC allele trend has played a 

protective role in preventing IDA in CKD patients in other studies (72-74). 

 

Associations between variants in the TMPRSS6 genes and iron parameters were found in 

individuals of Indian and Asian ancestry, as well as in those of European ancestry (75, 76). We 

did not find an association between TMPRSS6 and iron parameters in our study population, as was 

the case in the study of Beutler et al (77). This could be related to the smaller size of our study 

population as opposed to those of other studies. 

 

The diagnosis of IDA in CKD populations continues to be challenging. In addition to their 

shortcomings in clinical use, there is discordance when measuring conventional indices 

(transferrin saturation, ferritin). Studies like ours that use alternate iron indices which are more 

accessible and cheaper are encouraging, especially in resource-constrained environments. Further 

research is required before these markers can have widespread use, availability and applicability. 

9.2. Recommendations  

Despite the associations of renal anaemia and IDA with CKD morbidity and mortality, there is a 

paucity of data on the burden of anaemia and its novel biomarkers in African pre-dialysis CKD 

patients. Our study has provided important insights into the spectrum of CKD anaemia and IDA 

in African CKD patients. The high prevalence of anaemia and IDA among the pre-dialysis CKD 

patients in our study further confirms the fact that anaemia and IDA are important complications 
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experienced by patients with kidney disease, and that there is a need to treat anaemia and IDA in 

the pre-dialysis patients.  

We therefore have the following recommendations: 

• Further studies on the prevalence of IDA among various ethnic groups will be required to 

ascertain the heterogeneity of IDA across CKD populations of different ethnicities.  

• A review of the KDOQI Guidelines so that a CHr value that is lower than 28pg should be 

considered as a marker of IDA in pre-dialysis CKD patients.  

• Multicentre prospective studies on the performance of %HYPO as a marker of IDA in different 

communities, before it can be recommended as part of the work-up of IDA in CKD patients. 

• As the older, more conventional parameters generally used to diagnose IDA in CKD patients 

have been found to be suboptimal, we recommend the incorporation of these novel biomarkers 

into guidelines such as the KDOQI and their implementation in clinical practice to facilitate 

the diagnosis of IDA in pre-dialysis CKD patients. 

• Prospective controlled studies are needed to elucidate the causal implications of GDF-15 in 

CKD populations, and to establish whether GDF-15 may represent a novel therapeutic target 

for the potentially fatal complications of cardiovascular disease.  

• We recommend a randomised controlled trial to establish the usefulness or otherwise of a 

hepcidin-reducing agent, to determine whether hepcidin-reducing agents could be considered 

in the treatment of iron disorders. Strategies targeting the hepcidin-ferroportin axis may open 

up a new avenue for hepcidin regulation in an endogenous physiological way by avoiding 

secondary iron overload and other complications. 
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• Future research is required to investigate the clinical utility of hepcidin as a predictor of clinical 

outcomes.  A larger sample size should be sought in order to determine the incremental 

prognostic value hepcidin carries in addition to the established risk factors associated with it. 

• The findings of ethnic differences in the prevalence of anaemia and IDA in our CKD patients, 

and the determination of different cut-off values for the diagnosis of IDA suggest the need for 

a review of the KDOQI guidelines to be appropriate for different races and to establish cut-off 

values for the different races. 

• We have shown that TMPRSS6 SNPs rs855791 polymorphism, previously associated with 

iron deficiency in populations of European and Asian ancestry, is not replicated in African 

populations. We recommend GWA studies for the African population to discover novel loci 

associated with iron deficiency. Once the GWA studies have been completed, candidate gene 

studies could be used to validate the relevant findings, as well as to explore the interactions 

between genetics and demographic factors.  

• We also recommend fine mapping studies to identify genetic markers associated with iron 

deficiency in CKD populations. The potential underlying the discovery of novel variants 

associated with iron deficiency in CKD patients would offer opportunities for combating iron 

deficiency in African CKD patients. Studies analysing additional IDA phenotypes in larger 

samples would enable us to confirm possible associations between the genetic TMPRSS6 

polymorphism and IDA in CKD patients. 

9.3. Study limitations  

Our findings should be considered in the context of the following limitations. Firstly, on account 

of the cross-sectional study design, we could not determine longitudinal changes in the biomarkers 

of CKD anaemia; nor could we identify circadian variations in hepcidin levels. Secondly, we 
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excluded patients who had received oral iron or erythroprotien-stimulating agents two to four 

weeks prior to recruitment.  This may have underestimated the prevalence of anaemia in our CKD 

cohort. Although we did not perform bone marrow aspiration biopsies to  establish the diagnosis 

of IDA among  our study cohort, because  of ethical considerations. Previous studies have shown 

the predictive capacity of iron markers and bone marrow aspiration biopsies. Newer biomarkers 

such as CHr, hepcidin, and GDF-15 have the potential to diagnose IDA better in CKD patients 

than the conventional markers (Iron, TSAT, TIBC, Transferrin, Ferritin). Further studies using 

tissue samples are needed to confirm these findings. However, despite these limitations, our study 

has strengths and has assisted in bridging the knowledge gaps in the field of CKD anaemia and 

IDA and has allowed for comparisons to be made with data from other CKD populations. 

9.4. Conclusion 

Anaemia and IDA are prevalent among pre-dialysis black South African CKD patients. Newer 

biomarkers have the potential to accurately diagnose IDA in CKD patients compared with the 

conventional markers. Anaemia was found to be a risk factor for mortality, thus the need to 

adequately treat anaemia in CKD patients. Our study revealed significant associations between 

anaemia and high levels of hepcidin, and between anaemia and disease progression and mortality 

in pre-dialysis CKD patients.  Hence there is a need to pay more attention to treating these risk 

factors in the management of renal anaemia. Hepcidin antagonist therapy should be considered as 

a future target approach in treating anaemia in patients with CKD.  The lack of association between 

TMPRSS6 polymorphism and iron deficiency anaemia in African CKD patients may be related to 

the limited size of our research sample population, and further research with a larger sample size 

may be required.   
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APPENDIX B: INFORMATION SHEET 

 

Participant information and consent form (patient) 

Section A 

STUDY TITLE: Functional Iron Deficiency Anemia and its genetics in a Black South African 

CKD Population. 

INVESTIGATOR: Dr Aishatu Muhammad Nalado 

SITE: Charlotte Maxeke Johannesburg Academic Hospital 

TELEPHONE: Cell: 0789984733; Land line (Department): 011-488-3672 

Section B 

Introduction 

Good day, my name is Aisha Nalado. I am a PhD student doing research at the University of the 

Witwatersrand. Research is a study carried out in order to establish facts and reach new 

conclusions. I am conducting a study on “Functional Iron Deficiency Anemia and its Genetics 

in Black South Africans with Chronic Kidney Disease”. 

The information that I will collect from this research project will be kept confidential. You are 

hereby invited to participate in this voluntary research.   

It is your choice whether to participate or not. Whether you choose to participate or not, all the 

services you receive at this hospital will continue and nothing will change. You may change your 

mind later and stop participating even if you agreed earlier. 

If you have any questions you may ask them now or later, even after the study has started. 

 

 It is important that you read and fully understand information on this leaflet as it will help you in 

making the decision.  
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Purpose of the study 

I am conducting a study to look at people with chronic kidney disease and why they develop 

Anemia which is one of the complications of chronic kidney disease.  Anaemia is a condition in 

which a person has lower than normal red blood cells. Each human being has two kidneys and they 

function to remove waste products and produce urine, and also assist in making red blood cells. 

One of the objectives of this study is to determine the frequency of blood deficiency (anemia) in 

people with chronic kidney disease. I will also look for inheritable factors called genes that regulate 

the development of anaemia. 

Genes are basically a collection of information or instructions that form the makeup of a human 

being and decide how he/she behaves.  

Some people with genetic changes have high risk of developing anemia compared to those with 

normal genes. One way to demonstrate this relationship is though DNA testing. DNA is the 

chemical compound which genes are made of and is often referred to as the building blocks of life. 

Genetic testing may help in the diagnosis of a disorder.  Genetic testing can also be performed for 

research.   

DNA testing is optional and should you agree to participate, a separate DNA consent form will be 

given to read and sign. 

 

Procedures of the study 

If you agree to participate in the study, your medical records will be reviewed. You will be 

examined by a medical doctor and also interviewed to collect information regarding Anemia. 

Blood and urine samples will be collected. A total of 10mls (2 teaspoons of blood) will be drawn 

to measure the markers of anemia and analyze for the genetic changes.  

The blood will be spun very quickly and the serum separated out. The serum which appears as a 

clear fluid will be kept frozen in a small test-tube. Your coded blood samples will be sent to 

Department of Internal Medicine research laboratory for the above mentioned tests. The remaining 

samples will be frozen and stored in a designated freezer for an unlimited period of time for future 

use in research related to diseases. However, if you decide later that you do not want the specimens 
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collected from you to be used for future research, please notify me or any other person in the 

research team.  

 

Benefits of the study 

The benefits of participating in this study are that we will be able to identify the magnitude of 

functional deficiency anemia and its association with genes responsible for iron absorption in 

people with chronic kidney disease. If you are found to have anaemia which is a common 

complication of kidney disease, it will be beneficial to know if you are anemia is due to abnormal 

genes as this will assist in correcting your anaemia. Information that will be obtained from this 

study will guide our decision in prompt management of anemia which will subsequently reduce 

the high rate of deaths associated with anaemia..  

Possible risks 

Possible side effects from drawing the blood sample include mild pain, bleeding, and bruising at 

the site of the needle insertion. 

Qualified personnel will collect the blood samples to prevent such complications. 

Financial arrangements 

You will not be paid for participating in the study. However, there will be no costs to you for any 

related study visits and procedures, as any costs incurred will be compensated by research funds. 

Confidentiality 

All information obtained during the course of this study will be kept strictly confidential. Your 

records will be given unique identification numbers and the initial identification details won’t be 

used. All physical records will be kept in a locked locker with access limited to the research team. 

Electronic data will be password protected. 

Source of information 

If you have any questions, queries and clarifications, please contact; Dr Aisha Nalado she will be 

reachable 24 hours every day on the number, 0789984733. 
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Additional information can be obtained from the chairperson of Witwatersrand University Human 

Research Ethics Committee, Professor Cleaton Jones on 011-717-2301 
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APPENDIX C: INFORMED CONSENT FORMS 

Informed Consent Form: General (patient) 

I confirm that I have been informed about the study by Dr Aisha M Nalado. I understand that my 

personal details will be kept strictly confidential and that I may at any stage withdraw my consent 

and participation in the study and continue to receive the appropriate treatment. I have also 

received, read and understood the study as explained in the participant information sheet and 

consent to taking part in this research study. 

  

PARTICIPANT (printed name)……………………………………………………………….. 

 

Signature or thumb print ……………………………… Date ……………………………….. 

  

Witness (printed name)………………………………………………………………………… 

Signature……………………………………………...Date…………………………………….  

 

I, Dr Aishatu Nalado confirm that the participant has been fully informed about the nature 

of the above study. 

STUDY INVESTIGATOR  

…………………………………….. Signature……………Date……………….. 

Printed Name  
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Section D 

Informed consent form: DNA Storage (Patient) 

I hereby confirm that I have been informed about the study by Dr. Aisha Nalado about the nature, 

benefits and risks of the genes study.   

I understand that my blood sample will be stored for future testing. 

I understand that my personal details (any identifying data) will kept strictly confidential. 

 I have had the opportunity to ask questions and I have also received, read and understood the 

study as explained in the participant information sheet and consent to taking part in this research 

study. 

 

PARTICIPANT (printed name)……………………………………………………………….. 

 

Signature or thumb print ……………………………… Date ……………………………….. 

  

Witness (printed name)………………………………………………………………………… 

Signature……………………………………………...Date…………………………………….  

 

I, Dr Aisha Nalado confirm that the participant has been fully informed about the nature of 

the above study. 

STUDY INVESTIGATOR  

 

Name ………………………….. Signature……………Date………………… 
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Section E 

Informed consent form: DNA testing ( patient) 

I hereby confirm that I have been informed about the study by Dr. Aisha Nalado about the nature, 

benefits and risks of the genes study. I understand that my personal details (any identifying data) 

will kept strictly confidential. I have had the opportunity to ask questions and I have also received, 

read and understood the study as explained in the participant information sheet and consent to 

taking part in this research study. 

 

PARTICIPANT (printed name)……………………………………………………………….. 

 

Signature or thumb print ……………………………… Date ……………………………….. 

  

Witness (printed name)………………………………………………………………………… 

Signature……………………………………………...Date…………………………………….  

 

I, Dr Aisha Nalado confirm that the participant has been fully informed about the nature of 

the above study. 

STUDY INVESTIGATOR  

 

Name ………………………….. Signature……………Date………………… 
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APPENDIX D: QUESTIONNAIRE 

Study: Functional Iron Deficiency Anaemia and its Genetics in a Black South African CKD 

Population 

Patients Data Sheet  

Serial Number: ____          

1.  Age at last Birthday (Years) ____________ 

2.  Sex: Male     Female      

3.  Ethnicity______________________ 

 4.  Marital status: Single (  ) Married    Widow/Widower ( )                              

Separated/Divorced (      ) 

5.  Occupation ___________________ 

6.  How long do you have CKD? ______________________ 

7.  Presence of Hypertension:  (a) Yes   (b) N  N O 

8. Do you have diabetes mellitus? (a) Yes    (b) No 

9. Dietary History dietary recall food rich in irons 

a) Spinach Yes   No        quantity/frequency Daily       Weekly      Monthly      Never 

b) Tomatoes Yes   No        quantity/frequency Daily       Weekly      Monthly      Never 

c) Liver Yes        No            quantity/frequency Daily       Weekly      Monthly      Never 

d) Cereals fortified with iron Yes      No           quantity/frequency Daily       Weekly      

Monthly      Never 

e) Meat Yes        No            quantity/frequency Daily       Weekly      Monthly      Never 

f) Legumes Yes   No       quantity/frequency Daily       Weekly      Monthly      Never 

g) Egg yolk Yes   No       quantity/frequency Daily       Weekly      Monthly      Never 
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 ii) Are you on iron tablet (a) Yes   (b) No 

If Yes for how long _____________ 

10. Aetiology of CKD_________________ 

11. Do you smoke cigarette? (a) Yes   (b) No  

12.  History of Blood loss? (a) Yes     (b) No 

13. History of black stool (a) Yes      (b) No 

14. History of Blood Transfusion in the proceeding 3 months (a) Yes      (b) No    

Clinical Parameters 

1) Weight (Kg) ______________ 

2) Height (m) _______________ 

3) BMI (Kg/m2) _______________ 

4) Blood Pressure (mmHg) _____________  

Investigations. 

Haemoglobin level______________  

MCV ______________ MCH______________MCHC____________ 

Albumin ______________        TIBIC ______________Serum Ferritin____________  

TSAT ______________     Serum Iron.______________(HYP Red Cells%)________ 

Reticulocyte hemoglobin content _____________ Serum creatinine_________ 

TNF- ____________ CRP_____________IL-6___________ 

Urea______________Ca_____________Phosphate_______________ 

Stool for Occult blood______________ Serum Hepcidin Assay_______________ 

Total Cholesterol______________   

LDL    _____________HDL______________TG ______________    
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Estimated GFR:     _____________ 
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APPENDIX E: PERMISSION TO USE COPYRIGHT CONTENT 
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APPENDIX F: MANUSCRIPT - ETHNIC PREVALENCE OF ANEMIA AND 

PREDICTORS OF ANEMIA AMONG CHRONIC KIDNEY DISEASE PATIENTS AT A 

TERTIARY HOSPITAL IN JOHANNESBURG, SOUTH AFRICA 
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APPENDIX G: MANUSCRIPT -UTILITY OF RETICULOCYTE HAEMOGLOBIN 

CONTENT AND PERCENTAGE HYPOCHROMIC RED CELLS AS MARKERS OF 

IRON DEFICIENCY ANAEMIA AMONG BLACK CKD PATIENTS IN SOUTH 

AFRICA 
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APPENDIX H: MANUSCRIPT – TMPRSS6 rs855791 POLYMORPHISM AND 

SUSCEPTIBILITY TO IRON DEFICIENCY ANAEMIA IN NON DIALYSIS CHRONIC 

KIDNEY DISEASE PATIENTS IN SOUTH AFRICA 

 

 


