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ABSTRACT 

 

Chronic Kidney Disease (CKD) is common and often has a major impact on the 

health of those affected. In this thesis I have focused on areas of uncertainty that may 

have major implications for patient care. 

 

Firstly, I assessed the determinants of increased mortality in a multi-ethnic primary 

care population. Secondly, I investigated the differential progression of CKD between 

ethnicities. Thirdly, I assessed if tryptase, as a marker of mast cell activation, could be 

used to stratify risk in CKD. Finally, I investigated the impact of CKD on health 

related quality of life (HRQL) and the association between HRQL and clinical end-

points. 

 

I found that: (i) comorbidity has a profound impact at a population level on survival in 

CKD; (ii) albuminuria is the principle modifiable risk factor for progression to end-

stage renal disease (ESRD) in people of South Asian ethnicity; (iii) serum tryptase is 

an independent prognostic factor for ESRD in patients with CKD receiving treatment 

with an ACEi or ARB; and (iv) Low HRQL is common in CKD and reduced HRQL 

is associated with a higher risk for death. 

 

The findings from this thesis contribute to the understanding of CKD in ethnically 

diverse, high-risk populations and form the basis for further studies. 
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1 INTRODUCTION 

 

Chronic kidney disease (CKD) is a major public health problem. It affects up to one 

in seven adults (1-5), and the prevalence of CKD varies with age, gender and ethnic 

mix of the population studied (6-13). It is increasingly seen as a global health problem 

due to its high prevalence and association with adverse outcomes irrespective of the 

country reporting CKD prevalence and outcomes (4, 14-16). 

 

The accepted definition for CKD was initially proposed by National Kidney 

Foundation – Kidney Disease Initiative (NKF-KDOQI) in 2002 (17) and is shown in 

Figure 1-1. 

 

Figure 1-1. Definition of chronic kidney disease (17) 

 

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate 

Kidney damage for ≥ 3 months, as defined by structural or functional 

abnormalities of the kidney, with or without decreased glomerular filtration 

rate (GFR), manifest by either 

 Pathophysiological abnormalities 

 Markers of kidney damage, including abnormalities in the 

composition of the blood or urine, or abnormalities in imaging 

tests. 

 GFR <60 mL/min/1.73m
2
 for ≥ 3 months, with or without kidney 

damage. 
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A diagnosis of CKD requires knowledge of kidney function as measured by 

glomerular filtration rate (GFR) or estimated (e)GFR and urinalysis for quantification 

of albuminuria or proteinuria. Individuals with a normal eGFR and no proteinuria 

may still have CKD as diagnosed by other urinary abnormalities or structural 

problems of kidneys, demonstrated on imaging. 

 

In this introduction I discuss aspects of CKD of particular relevance to the hypotheses 

addressed and results reported in this thesis. 

 

1.1 Assessments of renal function 

1.1.1 Creatinine 

Serum creatinine is an end-product of muscle catabolism. It is not protein bound and 

is freely filtered across the glomerulus. Due to its ease of measurement and 

widespread availability of the assay, it is the most commonly used marker of 

glomerular filtration (18).  The generation of creatinine is proportional to muscle 

mass, and therefore may vary by age, gender, ethnicity and body size. Whilst its 

utility as an index of renal function has been superseded by more accurate estimates 

of renal function, it remains a key component of the majority of eGFR equations 

discussed in Section 1.1.4. 

 

Given the importance of creatinine in nephrology practice and beyond, the ability to 

accurately assess creatinine is vital. Previously, different assays showed significant 

variation, some by as much as 30% (19). In order to reduce intra-laboratory variation, 



3 

manufacturers of creatinine assays calibrate their assay to an isotope dilution mass 

spectrometry (IDMS) traceable value. Whist this has improved the situation, a recent 

study has demonstrated some variability remains (20). 

 

1.1.2 Cystatin C 

Cystatin C is a protein produced at an apparently constant rate by all nucleated human 

cells. Its low molecular mass allows it to be freely filtered by the glomerulus before 

being resorbed and catabolised by tubular epithielial cells; consequentially, only a 

small amount is excreted in the urine (18). Cystatin C can be used as an alternative to 

creatinine to estimate GFR (21). Its utility has been increased with more affordable 

assays, a standardisation of measurement and an increased recognition that it may be 

a better marker of adverse prognosis in CKD patients than creatinine (22, 23). As 

discussed in Section 1.1.4.2, it has been incorporated into the latest Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) equations (24). 

 

1.1.3 Measured GFR 

Historically, the gold-standard technique to measure GFR has been inulin clearance. 

However, this test is invasive and time-consuming, ideally requiring a continuous 

infusion of inulin to achieve a steady state and multiple timed urine collections (18). 

More recently, radiolabelled plasma clearance methods, which are closely related to 

inulin clearance, have been used, including in the development a number of the eGFR 

equations discussed below in Section 1.1.4. GFR is calculated from plasma clearance 

after a bolus intravenous injection of an exogenous filtration marker (25). Several of 

these substances involve the use of radioactive agents (e.g. 
99m

Tc-DTPA and 
52

Cr-
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EDTA). Iohexol is a nonradioactive contrast agent which performs well against inulin 

clearance (25). However, even these direct measurements of GFR exhibit variability 

(26).  

 

1.1.4 Estimated Glomerular Filtration Rate Equations 

Different equations can be used to calculate the eGFR. Historically, the Cockcroft-

Gault formula (27), developed against creatinine clearance and introduced in 1976, 

was used. The formula, illustrated in Figure 1-2, requires an anthropometric 

measurement (i.e. weight), a value not routinely available from a laboratory 

perspective, thereby limiting its clinical utility. Whilst the Cockroft-Gault formula has 

been superseded by other equations, it had a key role in defining dose adjustments for 

medications with significant renal clearance. 

 

Figure 1-2. Cockcroft-Gault formula (27) 

 

 

 

 

1.1.4.1 MDRD Equation 

The Modification of Diet in Renal Disease (MDRD) group developed a formula to 

predict GFR from serum creatinine concentration and other factors (28). They 

evaluated numerous equations (Figure 1-3), which included serum and urine 

variables.  

[(140-Age) x Weight (kg)]            x 0.85 if Female 

[72 x 88.4 x Serum Creatinine (μmol/L) 
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Figure 1-3. Equations evaluated in the MDRD study (28) 

 

Abbreviations: Alb, serum albumin; CCr, creatinine clearance (mL/min/1.73m2); 

Curea, urea clearance (mL/min/1.73m2); PCr, plasma creatinine concentration 

(mg/dL); SUN, serum urea nitrogen concentration (mg/dL); UUN, urine urea 

nitrogen concentration (g/d) 

 

The equation with routinely available clinical data (Figure 1-3, equation 5) was 

subsequently refined further with removal of serum urea to form the 4-variable 

MDRD formula (Figure 1-4); this equation had the greatest utility for clinical practice 

with eGFR derived from serum creatinine, age, gender and ethnicity. This equation 

performed well in comparison with plasma clearance methods (29) and was 

subsequently incorporated into national and international guidelines. It is the equation 

provided by most UK laboratory reports and has been validated for IDMS traceable 

creatinine (30).  

 

Equation 1: GFR = 0.69 x [100/PCr] 

Equation 2: GFR = 0.81 x [Cockcroft-Gault formula] 

Equation 3: GFR = 0.81 x [CCr] 

Equation 4: GFR = 1.11 x [(CCr + Curea)/2] 

Equation 5: GFR = 1.04 x [CCr]
+0.751 

x [Curea]
+0.226 

x [1.109 if patient 

black] 

Equation 6: GFR = 198 x [PCr]
-0.858

 x [age]
-0.167 

x [0.822 if patient is 

female] x [1.178 if patient is black] x [SUN]
-0.293 

x [UUN]
+0.249 

 

Equation 7: GFR = 170 x [PCr]
-0.999 

x [age]
-0.176 

x [0.762 if patient is 

female] x [1.180 if patient is black] x [SUN]
-0.170 

x [Alb]
+0.318
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Figure 1-4. 4-variable MDRD Equation (29) 

 

 

 

 

Abbreviations: GFR, glomerular filtration rate; PCr, plasma creatinine concentration 

(μmol/L) 

 

The MDRD equation was developed and validated in people with CKD. It has been 

shown to lose precision and underestimate measured GFR at higher levels of GFR; 

this is most notable for GFRs greater than 60/ml/min/1.73m
2  

(31, 32). UK guidelines 

recommend that eGFR values above 60/ml/min/1.73m
2  

be interpreted with caution, 

‘bearing in mind that estimates of GFR become less accurate as true GFR increases’ 

(33). 

 

1.1.4.2 CKD-EPI Equations 

To improve the utility of kidney function estimation in clinical practice, the Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) developed new estimating 

equations for GFR, which involved a two slope-linear spline (essentially different 

equations depending on level of renal function). One equation, which has been 

introduced into clinical practice, uses serum creatinine (28) whilst others utilise 

cystatin C with or without serum creatinine (21). The CKD-EPI creatinine equation is 

currently being rolled out in UK clinical chemistry laboratories and is recommended 

in the current version of the NICE CKD guideline (33). The equations are shown in 

Table 1-1.   

GFR (ml/min/1.73m
2
) =186 x [PCr x 88.4]

-1.154 
x [age]

-0.203 
x [0.742 

if patient is female] x [1.210 if patient is black]
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Table 1-1. Final equations evaluated in the CKD-EPI study. Adapted from (21) to incorporate UK creatinine units 

Equation and Gender Serum 

Creatinine 

Serum 

Cystatin C 

Equation for Estimating GFR 

    μmol/L mg/l   

CKD-EPI creatinine 

   

 

Female ≤61.9 

 

144 × ((Scr x 88.4)/0.7)
−0.329 

× 0.993
Age

 [× 1.159 if black]  

 

Female >61.9 

 

144 × ((Scr x 88.4)/0.7)
−1.209 

× 0.993
Age

 [× 1.159 if black]  

 

Male ≤79.6 

 

141 × ((Scr x 88.4)/0.9)
−0.411 

× 0.993
Age

 [× 1.159 if black]  

 

Male >79.6 

 

141 × ((Scr x 88.4)/0.9)
−1.209 

× 0.993
Age

 [× 1.159 if black]  

CKD-EPI cystatin C equation 

   

 

Female or Male 

 

≤0.8 133 × (Scys/0.8)
−0.499 

× 0.996
Age

 [× 0.932 if female]  

 

Female or Male 

 

>0.8 133 × (Scys/0.8)
−1.328 

× 0.996
Age

 [× 0.932 if female]  

CKD-EPI creatinine-cystatin C equation 

  

 

Female ≤61.9 ≤0.8 130 × ((Scr x 88.4)/0.7)
−0.248 

× (Scys/0.8)
−0.375 

× 0.995
Age

 [× 1.08 if black]  

   

>0.8 130 × ((Scr x 88.4)/0.7)
−0.248 

× (Scys/0.8)
−0.711 

× 0.995
Age

 [× 1.08 if black]  

 

Female >61.9 ≤0.8 130 × ((Scr x 88.4)/0.7)
−0.601 

× (Scys/0.8)
−0.375 

× 0.995
Age

 [× 1.08 if black]  

   

>0.8 130 × ((Scr x 88.4)/0.7)
−0.601 

× (Scys/0.8)
−0.711

 × 0.995
Age

 [× 1.08 if black]  

 

Male ≤79.6 ≤0.8 135 × ((Scr x 88.4)/0.9)
−0.207 

× (Scys/0.8)
−0.375 

× 0.995
Age

 [× 1.08 if black]  

   

>0.8 135 × ((Scr x 88.4)/0.9)
−0.207 

× (Scys/0.8)
−0.711

 × 0.995
Age

 [× 1.08 if black]  

 

Male >79.6 ≤0.8 135 × ((Scr x 88.4)/0.9)
−0.601 

× (Scys/0.8)
−0.375 

× 0.995
Age

 [× 1.08 if black]  

   

>0.8 135 × ((Scr x 88.4)/0.9)
−0.601 

× (Scys/0.8)
−0.711 

× 0.995
Age 

[× 1.08 if black]  

 

Abbreviations: Scr, serum creatinine (μmol/L); Scys, serum cystatin (mg/l) 
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1.1.4.3 Comparative performance of eGFR equations 

When evaluating the accuracy of eGFR equations, a frequently used technique is to 

assess the percentage of eGFR that differs by more than 30% from the actual GFR 

(P30). In development and validation cohorts the CKD-EPI creatinine equation has a 

lower P30 for overall eGFR, eGFR below 60ml/min/1.73m
2
 and eGFR equal to or 

above 60ml/min/1.73m
2
 compared to the MDRD eGFR (32). Additionally the CKD-

EPI creatinine-cystatin C equation performed better than the CKD-EPI equations with 

creatinine or cystatin C alone (21). Whilst this is likely to influence assessments of 

prevalence of CKD on a population level, it is unclear if the use of a different 

equation has any impact on the clinical care of an individual patient (34). 

 

1.1.5 Ethnicity 

The application of a correction factor for ethnicity is required in both the MDRD and 

CKD-EPI equations. Many large databases [Section 1.9.2.1] either provide no or very 

limited ethnicity data, making the true prevalence of CKD difficult to estimate as their 

eGFR records cannot be corrected for ethnicity (1). 

 

Previous studies have validated the eGFR equations in the North American African-

Caribbean population (29) and some Asian populations (35-37). However, there are 

limited data amongst certain Asian populations, including people from Bangladesh, 

India and Pakistan (38); indeed, these groups form an integral part of the West 

Midlands population and, as discussed later in Section 1.5.1, appear to have a faster 

rate of progression to end stage renal disease (ESRD) (2, 6, 39).  
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1.1.6 Assessment of proteinuria 

The significance of proteinuria, and in particular albuminuria, in the natural history of 

diabetic kidney disease (DKD) has been recognised for many years (40, 41). The 

cumulative impact of the eGFR and albuminuria in CKD secondary to other 

aetiologies was discussed at the Kidney Disease: Improving Global Outcomes 

(KDIGO) controversies conference (42) before being comprehensively studied by the 

Chronic Kidney Disease Prognosis Consortium (43-46). These landmark studies were 

a key component of the drive to incorporate the quantification of albuminuria into a 

CKD staging system (Section 1.2.2). 

 

Guidelines suggest the use of urine albumin creatinine ratio (ACR) as the standard of 

care for quantification of albuminuria in routine clinic practice, although some units 

continue to measure protein creatinine ratio (PCR). Table 1-2 indicates the conversion 

between urine protein concentration, ACR and PCR. 

 

Table 1-2. Comparisons between different tests to quantify proteinuria 

 

Albumin Creatinine 

Ratio 

Protein Creatinine 

Ratio 

Urine Protein 

concentration 

(mg/mmol) (mg/mmol) (g/L) 

30 50 0.5 

70 100 1 

 

1.2 Diagnosing CKD 

Estimated glomerular filtration rate (eGFR) is more sensitive for diagnosing CKD 

than serum creatinine alone (47) because, as discussed in Section 1.1.1, the generation 

of creatinine varies by age, gender, ethnicity and body size. Therefore the GFR for an 
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80 year old white lady with a creatinine of 150 μmol/L with be different to the GFR 

for a 30 year old black man with an identical serum creatinine.  

 

1.2.1 2002 Staging system 

The first internationally accepted staging system was proposed in February 2002 by 

the Kidney Disease Outcomes Quality Initiative (K/DOQI) of the National Kidney 

Foundation (NKF). This divided CKD into 5 stages based on eGFR (48, 49). A higher 

stage (from 1-5) indicates worse kidney function and patients are categorised into 

groups which are broadly associated with an increased risk of progression to end-

stage renal failure and mortality the higher the stage of CKD (50). This staging 

system is illustrated below (Table 1-3). 

 

Table 1-3. CKD stages as defined by K/DOQI guidelines (49) 

Stage GFR 

(ml/min/1.73m
2
) 

Description 

1 ≥90 Normal or increased GFR, with other 

evidence of kidney disease 

2 60-89 Slight decrease in GFR, with other 

evidence of kidney damage 

3 30-59 Moderate decrease in GFR, with or without 

other evidence of kidney damage 

4 15-29 Severe decrease in GFR, with or without 

evidence of kidney damage 

5 <15 Established renal failure 

 

Abbreviations: GFR, glomerular filtration rate 
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1.2.2 2012 Update to the Staging System 

As discussed previously in Section 1.1.6, the risk conveyed by CKD is associated 

with both the level of secretory renal function (i.e. creatinine or eGFR) and 

albuminuria, usually quantified in clinical practice as an urinary ACR (42, 44-46, 51, 

52). Large epidemiological studies suggest that an elevated ACR, regardless of eGFR 

(53), is associated with a high risk of progression. Recent studies show that levels 

previously seen as normal convey a higher risk of death (42).  

 

In recognition of the importance of albuminuria, KDIGO introduced an amendment to 

the CKD classification (42) and subsequently developed and published clinical 

practice guidelines for CKD in 2012 (54) (Table 1-4).  This updated staging system 

has been adopted internationally including by the UK, where it forms part of the 2014 

update of the National Institute of Health and Care Excellence (NICE) CKD 

guidelines (33). 
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Table 1-4. Updated CKD staging system from 2012 KDIGO clinical practice 

guidelines (54). Figure adapted from UK guidelines (33) 

Darker shades and arrows indicate increased risks of adverse outcomes 

GFR and ACR categories and risks 

of adverse outcomes 

ACR Categories (mg/mmol) and 

range 

<3 3-30 >30 

A1 A2 A3 

GFR categories 

(ml/min/1.73m
2
) 

and range 

≥90 G1 No CKD in 

absence of 

markers of 

kidney 

damage 

    

60-89 G2     

45-59 G3a       

30-44 G3b       

15-29 G4       

<15 G5       

Abbreviations: ACR, albumin creatinine ratio; GFR, glomerular filtration rate 

 

1.2.3 Number of eGFR readings required for diagnosis 

The diagnosis of CKD requires the abnormal eGFR or ACR to persist for at least 

three months. Guidelines indicate that, to confirm a diagnosis of CKD, at least two 

eGFR readings, separated by not less than a period of 90 days are required (33). 

Similarly, an initial ACR between 3mg/mmol and 70mg/mmol should be confirmed 

with a subsequent sample (33). 

 

Many previous studies investigating the prevalence of CKD have relied on a single 

eGFR, which is likely to overestimate the prevalence. In the UK, studies which have 
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relied on single measurements have estimated a higher prevalence than those relying 

on multiple readings (1, 55, 56). 

 

1.3 Adverse outcomes associated with CKD 

Chronic kidney disease is often asymptomatic until advanced stages. Consequently, it 

is often under-recognised, despite frequently coexisting with conditions such as 

cardiovascular disease or diabetes (57). It is estimated that 30% of individuals with 

advanced CKD are referred late to nephrology services from primary and secondary 

care (58). This has implications for risk factor assessment and modification and 

timely provision of information and resources, such as preparation for ESRD; early 

identification facilitates more time for discussion regarding dialysis modality and 

access or plans for kidney transplantation which are linked to an improvement in 

quality of life and increased survival (59, 60). 

 

Advanced CKD does not just result in kidney specific complications. It is associated 

with a profound increase in morbidity and mortality; risk of death, cardiovascular 

events and hospitalisations all rise with CKD stage (50). Mortality is associated with 

both cardiovascular (50, 61) and non-cardiovascular causes (62). Even less advanced 

CKD represents a significant risk factor for cardiovascular disease and increased 

morbidity and mortality.  

 

The Chronic Kidney Disease Prognosis Consortium have performed numerous meta-

analyses assessing the impact of eGFR and albuminuria on outcomes in general and 

high risk population cohorts (63). They have confirmed lower eGFR and higher 
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albuminuria as risk factors for ESRD, acute kidney injury, progressive CKD and 

mortality (43, 44, 46).  This has enabled the production of heat maps to provide a 

visual representation of relative risks (Figure 1-5) (42). 

 

In the UK, there have been major initiatives to improve the early identification of 

people with CKD. These initiatives include the incentivised testing of kidney function 

in people with comorbidities associated with CKD, and the inclusion of patients with 

known CKD on a register held by the general practice. Most of these initiatives have 

been introduced through the UK quality and outcomes framework (QoF) (64) and 

have been complemented by the NICE CKD guideline which defines thresholds for 

referral of patients to secondary care nephrology services (33). 

 

Figure 1-5. Visual Representations of relative risks for adverse events in general 

population cohorts with albumin creatinine ratio available. Adapted from (42)  

Abbreviations: ACR, albumin creatinine ratio (mg/g*); eGFR, estimated glomerular 

filtration rate (ml/min/1.73m
2
). * Approximate conversion of ACR to UK units: 

mg/mmol = [mg/g] /10 
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1.3.1 Endpoints associated with CKD 

Endpoints can relate to clinical or surrogate events (65). Definitions of these 

endpoints can be found in Figure 1-6. As surrogate endpoints are typically a 

biological marker (biomarker), the definition for this is also provided. 

 

Figure 1-6. Definitions of clinical and surrogate endpoints (65) 

 

 

 

 

 

 

 

 

 

 

 

 

The endpoints used in this thesis are clinical; the two key outcomes of interest are 

death or progression to ESRD (defined as the initiation of renal replacement therapy 

(RRT) i.e. chronic dialysis or renal transplantation). 

 

Whilst clinical endpoints may be suitable for high risk populations, there is often a 

significant time period from the point of first detection in CKD to a clinical endpoint. 

Clinical endpoint – A characteristic or variable that reflects how a 

patient feels, functions or survives.  

Surrogate endpoint – A biomarker that is intended to substitute for 

a clinical endpoint. A surrogate endpoint is expected to predict 

clinical benefit (or harm or lack or benefit or harm) based on 

epidemiological, therapeutic, pathophysiologic, or other scientific 

evidence. 

Biological Marker (biomarker) – A characteristic that is objectively 

measured and evaluated as an indicator of normal biological 

processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention. 
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Guidelines suggest that early intervention (Section 1.7) in patients with CKD will 

have a greater effect on slowing the progression of CKD and delaying the time to 

ESRD. However, in order to prove such strategies to delay progression work, 

appropriate endpoints need to be selected; this is where surrogate endpoints may be 

helpful as they should allow a distal endpoint to be replaced with a more proximal one 

(66).  Previous studies have used an increase in albuminuria (67, 68) or the doubling 

of creatinine (69) as a surrogate for progression of renal disease.  

 

A doubling of serum creatinine corresponds to a 57% reduction in eGFR which may 

still require long follow up periods (70). Attention has therefore focused on whether 

declines in eGFR smaller than the equivalent of a doubling of serum creatinine could 

be used whilst still being associated with the risk of ESRD. This has been investigated 

by the CKD Prognosis Consortium investigators, and they proposed a 30% reduction 

in eGFR over two years as a surrogate marker (70). A scientific workshop sponsored 

by the NKF and the United States Food and Drug Administration proposed a more 

conservative 40% decline over two-three years given the potential for acute (i.e. 

treatment of concomitant illness) effects on eGFR (71). 

 

A further endpoint of interest in studies of CKD include the incidence of 

cardiovascular events. Tracking these events accurately in routine clinical care is 

challenging and ideally requires an informatics solution to access national data 

regarding hospital admissions and diagnosis, such as Hospital Episodes Statistics 

(HES) data. This dataset has been utilised for recent studies investigation the 

outcomes of patients with CKD (72). The use of HES data requires a specific clause 

in the ethical permission; this was not initially obtained during the design of the Renal 
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Impairment in Secondary Care (RIISC) study that forms a significant part of this 

thesis (73). 

 

1.3.2 Health-Related Quality of life 

Early symptoms of CKD tend to be non-specific, such as fatigue, before symptoms 

more easily attributable to kidney disease develop (74). This burden of symptoms 

may impact negatively on health-related quality of life (HRQL). 

 

There is increasing evidence of an association between pre-dialysis CKD and 

impaired HRQL as assessed by a variety of patient reported outcome measures 

(PROMs) (75-78).  However, information on the relationship between HRQL, CKD 

and other adverse outcomes is limited; this is an area I explore further in Chapter 6. 

Additionally, information on the measures of HRQL utilised in this thesis can be 

found in Chapter 2 (Section 2.4.2).  

 

1.3.3 Burden on Society 

Kerr and colleagues performed economic modelling to estimate the annual cost of 

CKD (stage G3-G5) to the NHS in England (79). The direct cost to the English 

National Health Service (NHS) in 2009-10 was estimated as £1.44-1.45 billion or 

approximately 1.3% of all NHS spending during that year. More than half of this was 

spent on RRT with significant additional costs due to the excess strokes and 

myocardial infarctions sustained in patients with CKD. 
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In the developing world, for example in South Asian countries, CKD is a major public 

contributor to the overall burden of non-communicable disease (80). Many countries 

in the developing world do not have comprehensive health care systems with 

universal access, and RRT will be unaffordable to many (81). 

 

1.4 Risk Prediction for Patients with CKD 

Section 1.3 described major outcomes associated with CKD. Previous work focusing 

on modelling risk of adverse events in CKD are discussed below. 

 

1.4.1 ESRD 

1.4.1.1 Risk equations 

Providing patients with clinically relevant information regarding the probability of 

specific clinical events and outcomes (endpoints), requires an ability to utilise large 

quantities of data in a way that can practically inform the decision making progress. 

The incorporation of risk scores into nephrology practice, something used widely by 

other specialties (82), is facilitating this (83). 

 

Whilst earlier scoring systems had been developed (84), it was the publication of a 

validated scoring system by Tangri and colleagues in 2011 (85) which resulted in the 

increased use of risk scoring systems in CKD. This has subsequently undergone 

extensive validation in international cohorts, including the addition of both four-

variable (age, gender, eGFR, ACR) and eight-variable (age, gender, eGFR, ACR, 

calcium, phosphate, bicarbonate, albumin) variants and the addition of an adjustment 

factor for populations outside North America (86). The variables used in the Tangri 
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equations and original Hazard Ratios [HRs] and 95% confidence intervals are shown 

in Table 1-5.  

 

Table 1-5. Hazard Ratios (and 95% confidence intervals) in the original 4- and 8- 

variable equations. Adapted from (86) 

  4-variable 8-variable 

  HR (95% CI) HR (95% CI) 

Age (per 10 year increase) 0.80 (0.75-0.86) 0.82 (0.77-0.88) 

Male Gender 1.28 (1.04-1.58) 1.17 (0.95-1.46) 

eGFR (per 5 ml/min/1.73m
2
 

increase) 

0.57 (0.54-0.61) 0.61 (0.58-0.65) 

ACR (mg/g, per log increase) 1.57 (1.44-1.71) 1.40 (1.28-1.53) 

Calcium (per 1mg/dl)  0.80 (0.68-0.95) 

Phosphate (per 1mg/dl)  1.30 (1.18-1.43) 

Bicarbonate (per 1 mEq/l)  0.93 (0.90-0.96) 

Albumin (per 1 g/dl)   0.71 (0.56-0.90) 

 

Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval; eGFR, 

estimated glomerular filtration rate; HR, hazard ratio 

 

An alternative risk equation in an American cohort has recently been proposed 

incorporating age, gender, eGFR, proteinuria/ albuminuria, haemoglobin 

concentration, systolic blood pressure, antihypertensive medication use, and a 

modified Diabetes Complications Severity Index (87).  Interestingly, given the 

recognition of albuminuria as such a prominent continuous risk factor for progression, 

it only incorporates ACR as a dichotomous variable (with 30mg/g [3.39mg/mmol] as 

the cut point). 

 

Reviewing the conception and validation cohorts for the prediction models, the 

absence of large South Asian populations in these studies is noticeable (63). This is an 

important omission, and raises the question of validity of such equations in ethnically 

diverse populations.   
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In the manuscripts describing the prediction models by both Tangri and Schroeder, it 

is the use of four variables (age, gender, eGFR and ACR) that convey the strongest 

risk; whilst additional variables do improve the discrimination and calibration of 

models, their impact is modest. This may suggest that attempting to add additional 

biochemical or standard demographic factors to population based models is likely to 

have limited effect, and perhaps emphasis should be placed on a more personalised 

approach focusing on sub-groups of patients (stratified medicine; Section 1.8). 

 

1.4.1.2 Aetiology of renal disease as a risk factor for renal progression 

Whilst there is significant variation in eGFR decline between individuals with the 

same aetiology of renal disease, patients affected by some specific kidney diseases 

progress more rapidly, these include autosomal dominant polycystic kidney disease 

(ADPKD) and diabetic kidney disease (DKD) (88-90). 

 

1.4.2 Death 

An ability to predict death, especially death prior to the progression for ESRD, is 

valuable as it influences the need to provide information and interventions (for 

example arteriovenous fistula formation) (91). However, this can be challenging as  

multiple non-renal and renal confounders, including both lower eGFR and higher 

albuminuria, have been shown to be associated with death (43). Non-renal 

determinants associated with an increasing mortality risk include increasing age, male 

gender, comorbidity, and lifestyle factors (e.g. smoking) (92, 93). 
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Bansal and colleagues developed a prediction equation to estimate the five-year risk 

of mortality among individuals aged 65 years or older with CKD in the 

Cardiovascular Health Study (94). They identified nine clinical variables (age, gender, 

ethnicity [white/ black], eGFR, ACR, diabetes, smoking, prevalent heart failure, 

prevalent stroke) influencing risk of death; these and their associated weighting scores 

are shown in Table 1-6. Estimate of risk for five year mortality depended on the total 

points and ranged from 3.87% for zero points to 93.7% for ten or more points. 

 

Table 1-6. Points associated with each risk factor associated with mortality in 

Cardiovascular Health Study. Adapted from (94) 

 

Risk Factor Categories Points Risk Factor Categories Points 

Age (years) 

 

  ACR >3.39 mg/mmol 

 

 

70-74 0 

 

No 0 

 

75-79 1 

 

Yes 1 

 

80-84 2 Diabetes 

  

 

≥85 4 

 

No 0 

Gender 

 

  

 

Yes 1 

 

Female 0 Smoking 

  

 

Male 1 

 

Never 0 

Ethnicity 

 

  

 

Former 1 

 

Black 0 

 

Current 2 

 

White 1 Prevalent Heart Failure 

 eGFR (ml/min/1.73m
2
)   

 

No 0 

 

50-59 0 

 

Yes 2 

 

40-49 1 
Prevalent 

Stroke 

  

 

30-39 2 

 

No 0 

  <30 4   Yes 1 

 

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration 

rate 

 

Consistent with the lack of information on risk factors for progression to ESRD, there 

are also limited data for the determinants of mortality risk in South Asian patients 

with CKD, despite previous studies indicating survival differences between ethnic 

groups (11, 95-99).  
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1.5 Additional Demographic Variables 

The ability to predict the risk of adverse events for patients with CKD is an aspect of 

clinical research which impacts directly on nephrology practice. Whilst prediction 

equations make use of demographic factors such as age and gender, two components 

that are notably absent in the majority of equations are ethnicity and socio-economic 

status (SES). These are both important considerations in an area as diverse as the 

West Midlands (see Section 2.1). Whilst these variables are increasingly the subject of 

discussion, data from UK populations are relatively sparse. The next sections in this 

introduction provide a concise review of the association between ethnicity and SES on 

outcomes. 

 

1.5.1 Influence of Ethnicity on Adverse Outcomes 

Section 1.1.5 described how knowledge of ethnicity is needed for correction factors 

for the most commonly used eGFR equations, and that certain ethnicities appear to 

have a faster rate of progression to ESRD. This section provides a concise review of 

the relevant literature assessing the influence of ethnicity on mortality, CKD and 

cardiovascular disease. Due to the population mix in the West Midlands, it mainly 

focuses on three main ethnicities; white (Caucasian), South Asian (including 

individuals of Bangladeshi, Indian and Pakistani descent) and black (individuals from 

or who have ancestors from Africa or the Caribbean). 

 

An important consideration in the relationships between ethnicity and the adverse 

outcomes discussed below is whether ethnicity is a risk factor per se, or whether any 

association may be due to other differences between ethnicities which are themselves 
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associated with adverse outcomes; for example, the prevalence of diabetes is higher in 

certain ethnic groups and other differences may exist in SES (see Section 1.5.2), the 

proportion of individuals who undertake high risk behaviours (such as smoking) or 

the age distribution of the population studied (100-102).  

 

1.5.1.1 Ethnicity and Chronic Kidney Disease 

The majority of work investigating global differences in CKD has focused on people 

with end stage renal disease. Jha and colleagues investigated CKD from a global 

perspective and acknowledged precise calculations of the prevalence of early stage 

CKD are difficult, with individual studies confounded by heterogeneity of the 

population screened and that, within countries, some subgroups (including different 

ethnic groups) may be at increased risk of developing CKD, CKD disease 

progression, or both (4). It is therefore important to investigate observed differences 

within ethnicities in the population to be studied; interestingly, systematic reviews 

estimating ethnic differences have frequently not included data from the United 

Kingdom (12).  

 

A study investigating CKD prevalence in a nationally representative sample of Health 

Survey for England data did not identify any statistically significant difference in 

CKD prevalence by ethnicity, although the authors acknowledged there were very few 

cases from the key minority ethnic groups; therefore it is questionable if this study 

produced robust data on ethnic differences (2). Another UK study, this time 

investigating the prevalence of CKD in people with diabetes, found lower rates of all 

CKD (stage G3 and above), but an increased odds ratio for more severe CKD (G4/5 
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or proteinuria) in people of South Asian and black ethnicities (6). This higher 

proportion of more severe CKD is consistent with other UK data suggesting an 

increased update of renal replacement therapy by South Asian and black populations 

(39), and a lower median age of starting renal replacement therapy (103). Despite this 

increased requirement for RRT, people of asian and black ethnicities have a reduced 

likelihood of receiving a living donor kidney transplantation (104). 

 

1.5.1.2 Ethnicity and Mortality 

Ethnicity information is not captured on death certificates in England and Wales. 

Consequently, there are limited published data on any population differences in 

mortality between ethnicities in the UK.  Studies have modelled the relationship 

between mortality, age, deprivation and ethnic proportion and suggest broadly similar 

life expectancies for white and Asian populations but lower life expectancy for black 

men and women (105).  

 

Information investigating mortality and ethnicity in CKD populations not on dialysis 

is also limited, but a study investigating mortality in a Canadian CKD cohort of three 

different ethnicities (Caucasian, Oriental Asian and South Asian) found all cause 

mortality rates were higher in Caucasian than the other two ethnicities (11). The 

Kidney Early Evaluation Programme, based in the United States of America, also 

identified mortality differences by ethnicity; with white ethnicity as the reference 

population, Hispanics and Asians (predominantly Oriental Asians) had a lower risk of 

death, African Americans had a similar risk, and American-Indians and Alaska 

Natives had a higher risk of death (106).  
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It is not possible to conclude from these data whether differences in mortality 

identified in studies investigating populations with CKD were due the presence of 

kidney disease or linked to differences in the population studied. This again highlights 

the need to analyse populations of direct relevance to clinical practice within the UK, 

and will be a focus of this thesis. 

 

1.5.1.3 Ethnicity and Cardiovascular Disease 

United Kingdom standardised mortality ratios (SMR) for ischaemic heart disease vary 

by ethnicity (107). When compared to the white population, South Asians have a 

higher SMR and the black population have a lower SMR. There is also evidence that 

the decline in cardiovascular disease observed in the white UK population has not 

been mirrored in these ethnic minority populations (107).  

 

Several studies have investigated why this observed disparity in cardiovascular 

disease exists. Rana and colleagues conducted a systematic review and meta-analysis 

investigating any difference between cardiovascular risk factors and disease 

management practices in white and South Asian residents of Canada (108), a country 

with universal health coverage. Including 50 articles with over 5.8 million individuals, 

they did not demonstrate any differences in access to cardiovascular investigations or 

outcomes but did show a higher prevalence and incidence of cardiovascular disease 

and increased risk factors including diabetes, hypertension, higher body fat and a 

more sedentary lifestyle. This emphasises the significance of the clinical and 
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demographic differences between ethnicities, and the need to ensure these potential 

are recognised in any analyses conducted. 

 

Studies have also investigated whether there are difference in outcomes following 

myocardial infarctions or interventional cardiology procedures. Jones and colleagues 

utilised the British Cardiovascular Intervention Society national database to perform a 

retrospective analysis of 279,256 patients undergoing primary coronary intervention 

between 2004 and 2011 (100). In similarity to the meta-analysis described above, they 

identified differences in demographics and risk factors at presentation; South Asians 

were younger and had more extensive disease and a greater prevalence of risk factors 

including diabetes. However, after correcting for these differences, in-hospital and 

medium-term mortality of South Asians was no worse than that of Caucasians. Other 

studies yield conflicting results, with Gijsberts and colleagues finding Indian and 

Malay patients had a higher risk for all-cause mortality following ST-elevation 

myocardial infarctions than Caucasians, albeit in a study that looked at different 

ethnic groups in different health care settings (Netherlands and Singapore) (109). 

 

1.5.2 Influence of Socioeconomic Status on Adverse Outcomes 

Socio-economic inequalities in health have been described in many North American 

and European studies, with associations found between SES and outcomes including 

all-cause mortality, cardiovascular disease and prevalence and progression of CKD. 

Many of these studies describe populations and access to healthcare that is markedly 

different to the population of the United Kingdom (UK), thereby making it unclear 

how applicable these findings are to our local population. Section 2.1.4 provides 
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specific SES information for the West Midlands, and I have summarised the recent 

and most pertinent published literature below. 

 

1.5.2.1 Socio-economic Status and Chronic Kidney Disease 

Whilst there are limited published data on the association between SES and CKD in 

the United Kingdom, the majority suggest an inverse relationship between SES and 

CKD. 

 

Bello and colleagues investigated the association between deprivation and CKD stage 

at presentation referred to the nephrology unit in Sheffield, UK (110). Deprivation 

was divided into quintiles using the Index of Multiple Deprivation score (see Section 

2.2.7) and the study found that people who lived in areas with low SES were at 

greatest risk for more advanced CKD at presentation. However, in a multivariable 

analysis, the observed difference was attenuated in all but the most deprived quintile; 

the significant factors that remained were the most deprived SES quintile, 

hypertension and diabetes. A higher prevalence of CKD G3-G5 and higher 

albuminuria, both risk factors for progression of CKD (Section 1.2.2), were found in 

individuals with a lower SES in an combined analysis of data from the Health Survey 

for England 2009 and 2010 (111). Taken together, these studies suggest that those 

from the most deprived areas potentially have more severe CKD at presentation and 

increased risk factors for progression to ESRD. UK studies also identify that people 

from more deprived areas have higher incident and prevalent rates of renal 

replacement therapy (112) but less access to living donor transplantation (104, 113), a 
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treatment associated with better life expectancy and quality of life when compared to 

other modalities (114, 115). 

 

1.5.2.2 Socio-economic Status and Mortality 

Stringini and colleagues recently published a multicohort study and meta-analysis, 

synthesising data from 48 independent prospective cohort studies from high income 

countries, including the UK (116). Socioeconomic status was indexed by occupation, 

coded into the European Socio-Economic Classification, and the study demonstrated 

that participants with lower SES had a higher mortality risk and reduced life 

expectancy both in models adjusted for age, marital status and ethnicity and for a 

more comprehensive multivariable model. Their analyses suggests low SES was 

associated with 2.1 years of life lost between 40 and 85 years of age, compared to 0.7 

years lost for obesity, 3.9 years lost for diabetes an 4.8 years lost for current smoking. 

In their discussion, and in similarity to ethnicity, the authors describe how SES is 

often intertwined with other risk factors for health or disease (such as smoking status 

or levels of health education). Additionally, they recognise other measures of SES 

which assess more than a single component may be helpful when measuring on a 

population basis. Indeed, the measure of SES utilised elsewhere in this thesis, the 

Index of Multiple Deprivation (see Section 2.2.7) utilises seven domains to assess 

SES. Although there were low levels of heterogeneity (i.e. variation) across the 

cohorts, one potential criticism of the meta-analysis is the lack of inclusion of any 

analysis investigating the impact of universal health care provision on outcomes.  
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1.5.2.3 Socio-economic Status and Cardiovascular Disease 

The Scottish Intercollegiate Group Network published their guideline entitled ‘Risk 

Estimation and the Prevention of Cardiovascular Disease’ in 2017 (117) and included 

the statement that ‘for given levels of other factors, populations which are more 

deprived have higher cardiovascular disease risk’. A UK based study validating the 

QRISK2 cardiovascular disease algorithm in patients from different ethnicities and 

SES was conducted by Hippisley-Cox and colleagues (118). Socioeconomic status 

was assessed by the Townsend deprivation score (119) and divided into quintiles. 

Cardiovascular disease incidence rates increased with each deprivation quintile, and 

remained after adjustment for other risk factors. In similarity to mortality and SES, 

the reasons for the association between cardiovascular risk factors and SES are 

considered multifactorial; studies have shown that individuals who have most to gain 

from assessment and risk factor modification are the least likely to attend screening 

programmes (120) and strategies, including within Birmingham (121), aim to reduce 

this disparity. 

 

1.6 Novel Biomarkers in Chronic Kidney Disease 

Previous sections have described the variables associated with progression to ESRD 

(Section 1.4.1) and death (Section 1.4.2) in individuals with CKD, including 

descriptions of the most commonly used risk prediction equations and a recognition of 

the potential significance of ethnicity and socioeconomic status (Section 1.5). In 

addition to the widely used and readily available assays, there has been significant 

research into novel biomarkers which may improve risk stratification in the CKD 

population (122, 123). Many such biomarkers have been studied in basic science and 

clinical settings.  
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Whilst several biomarkers have been identified as being associated with renal 

progression and/ or death, their use on a population level only leads to a modest 

improvement, at best, when combined with established clinical characteristics and 

laboratory variables.  

 

This thesis does not aim to comprehensively describe or assess the utility of a range of 

biomarkers in the populations studied. However, certain biomarkers were assessed as 

a component of the study carried out in the high-risk CKD population ((73); see 

Section 2.3 for details of study). Here I discuss these biomarkers which have been 

comprehensively investigated (high sensitivity c-reactive protein, serum 

immunoglobulin free light chains) or, in the case of serum tryptase (Chapter 5), 

studied for the first time in a clinical context.  

 

1.6.1 High Sensitivity C-Reactive protein 

C-reactive protein (CRP) is a protein produced by hepatocytes and is widely used in 

the monitoring of acute inflammatory conditions. The development of high sensitivity 

CRP (hsCRP) assays have allowed accurate measurement of CRP concentrations into 

the normal range. High sensitivity CRP has been demonstrated to provide information 

regarding future risk of cardiovascular events and mortality (124, 125), including in 

the dialysis population (126). 

 

Studies investigating the relationship between elevated CRP concentrations and 

progression to ESRD have yielded conflicting results. Sarnak and colleagues found no 

independent association between CRP and GFR decline in the MDRD study (127) 
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whereas an association of CRP with progression to ESRD, and the composite of death 

and ESRD, was found in a post hoc analysis of the Trial to Reduce Cardiovascular 

Events with Aranesp Therapy (TREAT) study (128). 

 

1.6.2 Polyclonal Serum Free Light Chains 

Polyclonal serum free light chains (sFLCs) are produced during immunoglobulin 

synthesis and their circulating concentrations are a balance between production 

(potentially representing activity of the adaptive immune system (129)) and clearance. 

Whilst there is some reticulo-endothelial clearance, the majority of sFLCs are cleared 

by the kidney; consequently concentrations of sFLCs are elevated in individuals with 

renal impairment (130). Two types of sFLCs are produced, kappa and lambda, which 

can be analysed together (combined FLC; cFLC), as separate isotypes, or as a ratio 

(kappa-lambda ratio). 

 

Hutchison and colleagues investigated FLC concentrations in patients with type II 

diabetes before the onset of overt renal disease and demonstrated evidence of elevated 

serum FLC before other evidence of renal dysfunction (131). Analysis of the 

relationship between sFLCs and adverse outcomes in CKD have been studied by 

several research groups (including our Birmingham group), with conflicting results. 

Of five prospective studies to date in CKD, four studied UK populations (132-135) 

and one investigated sFLC in a French cohort (136). Three of these studies (Assi; 

n=1695, Hutchison; n=848 and Ritchie; n=872) reported an independent relationship 

between sFLC concentrations and death. Haynes and colleagues (n=364) found the 

association between sFLCs and ESRD was explained by baseline eGFR. Desjardins 
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and colleagues (n=133) analysed Kappa and Lambda FLC separately and found 

Kappa FLC was associated with mortality in univariable but not multivariable 

analyses; no association was demonstrated with Lambda FLC in either univariable or 

multivariable analyses. 

 

Two studies analysed the association between sFLC and progression to ESRD (132, 

134). Haynes and colleagues reported an increased risk of ESRD, but significance was 

lost when eGFR was included in the multivariable analyses. However, Ritchie and 

colleagues, analysing sFLC concentrations within the chronic renal insufficiency 

standards implementation study (CRISIS; see Section 1.10.3.2) identified an increased 

risk of ESRD in the highest two quartiles of sFLC.  

 

The studies discussed above suggest, but are certainly not conclusive of, an 

independent relationship between sFLCs and death, and possibly progression to 

ESRD. These data, and our group’s interests and expertise in FLCs, justify their 

inclusion and further analyses. 

 

1.6.3 Mast Cell activation and serum tryptase 

Agents which block the renin angiotensin aldosterone system (RAAS) pathway, such 

as angiotensin converting enzyme inhibitors (ACEi) and angiotensin II receptor 

blockers (ARBs) have an ability to reduce proteinuria above their blood pressure 

lowering effects (discussed in Section 1.7). However, not all activation of angiotensin 

(AT) relies on the pathway blocked by ACEi/ARBs; indeed the concept of RAAS 
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breakthough refers to the ability of AT to be activated by pathways which bypass the 

protective effects of ACEi/ARB (137).  

 

Mast cells are predominantly known for their roles in allergic disease and host 

defence against parasites (138). However these cells have a diverse functional 

capability beyond these roles; mast cell degranulation releases preformed mediators 

and compounds, including growth factors, proteases, leukotrienes, cytokines and 

chemokines; these are responsible for a range of physiological effects (139). Whilst 

mast cells are found infrequently in normal kidney tissue, an increased number of 

mast cells has been demonstrated to be associated with the severity of interstitial 

fibrosis in patients with progressive CKD due to a variety of aetiologies (140-149). 

 

The association between mast cells and renal dysfunction may be explained in part by 

the biological effect of mast cell proteases. Tryptase is an inflammatory and 

profibrotic protease that is released from mast cells (150, 151) and serum tryptase 

concentrations have been shown to increase with worsening renal impairment (152). 

Chymase, the other major protease released from mast cells, can convert ATI to ATII 

and activate transforming growth factor beta (TGF (153, 154). There are no 

previously published studies investigating the relationship between protease 

concentration and clinical outcomes in individuals with CKD, and I have investigated 

this as a component of this thesis. I focused on serum tryptase due to the previous 

published literature on association with renal impairment and the commercial 

availability of a sandwich immunoassay against tryptase (Phadia AB, Uppsala, 

Sweden; Section 2.4.5.3). 
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1.7 Current Treatment Strategies 

Unless caused by a specific immune medicated process (e.g. a primary or secondary 

glomerulonephritis that may be responsive to treatment with immunosuppression) 

individuals with CKD have limited effective treatment options.  

 

Accurate management of hypertension, particularly in proteinuric kidney disease is 

the cornerstone of treatment for the large majority of patients. Angiotensin converting 

enzyme inhibitors (ACEi)/angiotensin II blockers (ARB) further reduce CKD 

progression in patients with proteinuric CKD compared to other anti-hypertensive 

agents (155). Cholesterol lowering therapy (statins and ezetimibe) reduce 

atherosclerotic events (156) but do not slow the rate of progression of CKD.  

 

Certain therapies have been demonstrated to be beneficial in specific aetiologies. 

Tolvaptan has been demonstrated to slow the increase in total kidney volume and the 

decline in kidney function in patients with ADPKD (157) and has been licensed for 

use, in select circumstances, by NICE (158). Several potential agents may reduce 

renal progression in diabetes; empagliflozin and canagliflozin, examples of sodium-

glucose cotransporter 2 inhibitors, have recently been shown to decrease albuminuria 

and CKD progression in a study of type 2 diabetics with an eGFR >55ml/min/1.73m
2 

(159, 160) and there have been encouraging results in recent phase 2 studies 

suggesting selective inhibition of C-C chemokine receptor type 2 may slow renal 

progression in DKD (161). However, caution is needed given phase 3 studies of 

intervention in CKD have usually not confirmed positive results from phase 2 studies 

(162-164). 
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Given this limited arsenal of proven therapies, identification of people at greatest risk 

remains paramount, both to provide an opportunity to counsel and modify risk factors 

as appropriate, but also to identify those who may benefit most from targeted 

intervention in a clinical or clinical trial setting. 

 

1.8 Stratified medicine 

Risk prediction equations, such as the one proposed by Tangri and colleagues 

(Section 1.4) (85), provide tools to stratify risk based on common biochemical and 

demographic markers. Attempts to improve population based models through the 

addition of standard demographic factors or standard or novel biomarkers to date has 

only led to modest improvement in the performance of these models. 

 

Alternative approaches are therefore needed. These include: an urgent need to focus 

on patients who are at high risk of progression, including as a consequence of 

ethnicity, a better understanding of impact of HRQL on patients with CKD, and a 

focus on identifying which patients respond to (and would therefore benefit from) 

specific treatments and then to identify why this is.  

 

This movement towards a more personalised approach to healthcare delivery, 

whereby detailed risk stratification may enable care to be directed to those at greatest 

risk is referred to as stratified medicine. This was defined by the PROGRESS group 

as ‘the targeting of treatments (including pharmacological and non-pharmacological 
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interventions) according to the biological or risk characteristics shared by subgroups 

of patients’ (165). 

 

1.9 Research Questions Addressed in this Thesis  

Given the need to stratify risk as reliably as possible on a population and individual 

basis, and given the relative paucity of data regarding outcomes for patients of South 

Asian ethnicity, this thesis describes my research investigating the following  

 Do certain ethnic groups have a higher risk of adverse outcomes, including 

progression to ESRD or death?  

 Could novel biological markers help predict who may, or may not, respond to 

certain therapies? I assessed the association between serum tryptase, a product 

of mast cell activation, and progression to ESRD or death in patients with 

advanced CKD. Patients were stratified by the use of ACEi/ARBs. 

 What is the relationship between HRQL and CKD stage, and the impact of 

HRQL on progression to ESRD or risk of death?  

 

1.10 Data Sources 

To achieve answers to these research questions, appropriate data sources need to be 

available in order to be interrogated. Whilst the specifics of these are examined in the 

methods section, the key features indicating high quality data are discussed below. 

 

1.10.1 High Quality Data 

There does not seem to be a specific definition or set criteria to what constitutes high 

quality data. However, key features can be found in Figure 1-7. 
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Figure 1-7. Features of high quality data 

 

 

 

As I wished to perform analyses relevant to the UK, and in particular the ethnically 

and socio-economically diverse population in the West Midlands, the source data 

needed to be relevant and transferable to the local population. Potential sources of 

these data are discussed below. 

 

1.10.2 Primary Care Data 

Medical records held by primary care practices in the UK are extensive, including 

details regarding diagnoses and prescribed drugs, and whether an individual is on a 

disease-specific risk register. Additionally these records are often linked to laboratory 

and blood pressure data. Each practice has an information governance policy and may 

store the data in different ways, depending on the information technology (IT) system 

used. As there is likely to be variation between practices, both from a clinical and data 

collection point of view, an ideal dataset would cover a number of practices thereby 

being as representative as possible to the population studied. These datasets may be 

national or local and, for it to be useful in examining the relationship between CKD 

and outcomes, would require a measurement of renal function. 

 

Accuracy and reliability – Have the variables been entered 

correctly? 

Validity – Are they representative of the population being studied? 

Timeliness – Are the data recent? 

Relevance – Does it contain the information required for the 

appropriate analyses to be performed? 

Completeness – Are there missing data and, if so, can it be 

quantified? 
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1.10.2.1 National Primary Care Data 

The Health Improvement Network  (THIN) dataset is a large, UK database of patients 

registered in over 400 primary care practices covering more than 3.7 million active 

patients. It has been utilised for multiple epidemiological research studies (166). It 

provides information on comorbidities including CKD, and contains eGFR and ACR 

data; indeed it has been used locally to investigate the accuracy of primary care 

coding of CKD (1). This work by Jain and colleagues identified inaccuracies in the 

coding of patients onto CKD risk registers. A further limitation of this dataset is the 

lack of patient level ethnicity data; eGFR may therefore not have been adjusted for 

ethnicity and comparisons between ethnicities would not be possible, making it 

unsuitable for use in this thesis. 

 

1.10.2.2 Local Primary Care Data 

In recognition that people living in inner-city Birmingham have a lower life 

expectancy than the national average, with unmet healthcare needs, resources and 

technology were allocated with an aim to improve the quality of healthcare. This 

included a targeted data collection across the majority of primary care practices in 

Heart of Birmingham (HoB) primary care trust (PCT), initially aimed at increasing 

the diagnosis of diabetes, cardiovascular and kidney disease among its deprived and 

ethnically diverse population (the ‘deadly trio’ programme) (167). This database is 

local, contains appropriate information on renal function comorbidities and has 

detailed demographic information, including self-reported ethnicity.  
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1.10.3 Secondary Care data 

There are numerous secondary care datasets investigating CKD. Internationally, the 

largest of the studies have been included as part of the CKD prognosis consortium 

(63); these studies typically have at least 1,000 participants and information at 

baseline on eGFR and albuminuria. The studies included in the CKD prognosis 

consortium can be broadly divided into three types; general population, high risk 

cohorts selecting people at high cardiovascular risk and cohorts specifically selecting 

subjects with CKD. Additionally, whilst the populations covered are diverse, the 

consortium recognise that some ethnicities are under-represented; black populations 

are mainly from within the USA and asian populations are predominantly Eastern 

Asian (63). Even if it were possible to obtain permission for the use of these data, the 

applicability of these data to the local West Midlands’ population is limited.  

 

A further global network of CKD cohorts, the international network of CKD disease 

cohort studies (iNET-CKD), includes twelve prospective cohort studies and two 

registries covering 21 countries (168). The goals of iNET-CKD are the ability to 

provide mutual assistance and shared expertise through sharing research tools and 

technologies, to provide opportunities for collaborative research and to enhance 

training of both young investigators and seasoned researchers. 

 

In addition to the studies identified in the CKD prognosis consortium or iNET-CKD, 

several international studies have recruited, or continue to recruit, adult patients with 

CKD across wide geographical areas in order to explore the determinants associated 

with CKD progression. These studies, and their objectives, are listed in Table 1-7.  
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Table 1-7. Key international studies investigating progression in adult CKD 

 

Cohort Population Aims Year 

recruitment 

commenced 

Number 

recruited 

Canadian study of prediction of 

death, dialysis and interim 

cardiovascular events 

(CanPREDDICT) (169) 

eGFR 15-45 ml/min/1.73m
2
 from 

outpatient nephrology clinics across 

Canada 

1. To examine the role of both 

traditional risk factors and a select 

panel of newer, non-traditional 

serum and urine biomarkers, in the 

progression of kidney disease and 

CVD in patients with CKD, alone 

and separately. 2. To develop robust 

predictive models to discriminate 

between high and low risk patients. 

2008 2546 

Chronic Kidney Disease Japan 

Cohort (CKD JAC) (170) 

Japanese (or Asian patients living 

in Japan) adults with eGFR 10-

59m/min/1.73m
2
  

1. To identify risk factors for 

progression of CKD in Japanese 

subjects. 2. To identify the impact of 

CKD on HRQL. 3. To assess the 

frequency of hospitalisation and 

economic impact of CKD 

2007 2977 

Chronic Renal Insufficiency 

Cohort (CRIC) (171) 

Secondary care, all CKD stages To identify risk factors for the 

progression of CKD and the 

development of CVD. 2. To develop 

predictive models to identify high-

risk subgroups, informing future 

treatment trials and increasing 

application of available therapies. 

2003 3612 
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Table 1-7 continued… 

 

Cohort Population Aims Year 

recruitment 

commenced 

Number 

recruited 

French CKD-renal epidemiology 

and information network cohort 

(CKD-REIN) (172) 

eGFR 15-59 ml/min/1.73m
2
 from 

nephrology clinics 

1. To assess the interaction between 

psychosocial, environmental, 

biological and genetic factors with 

outcomes. 2. To assess new 

biomarkers to predict outcomes. 3. 

To evaluate provider practices and 

their relation with outcomes 

including PROMs. 4. To identify 

and quantify costs, and cost 

effectiveness, of different treatment 

practices. 

 

2014 3600* 

German CKD study (GCKD) 

(173)  

Secondary care, eGFR 30- 

60ml/min/1.73m
2
 or significant 

proteinuria (albuminuria 

>300mg/day or proteinuria > 500 

mg/day) with a 

eGFR>60ml/min/1.73m
2
  

1. To identify and validate risk 

factors for progression of CKD, the 

development of CVD, and the 

relationship between CKD and 

CVD. 2. To determine gender based 

differences in risk. 3. To assess 

impact of CKD on HRQL. 

2010 4914 

Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR: estimated glomerular filtration rate; HRQL, health related 

quality of life; PROMs, patient reported outcome measures. * Signifies recruitment in progress.
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Given the limitations, and potential lack of applicability, of the datasets described 

above, the use of UK based CKD studies may be better suited to answering my 

research questions. Currently there is no national secondary care CKD cohort. A 

summary of selected, prospective, observational UK studies of CKD, selected as they 

had at least a two year follow up period and greater than 250 participants, are 

discussed below.  

 

1.10.3.1 Chronic Renal Impairment in Birmingham (CRIB) (174, 175) 

This study was designed before the K/DOQI CKD staging system was introduced in 

2002. CRIB recruited 369 individuals with CKD (serum creatinine greater than 130 

μmol/L) from a single centre in Birmingham alongside control groups to investigate 

the relationship between kidney function and cardiovascular risk factors patients with 

CKD not requiring renal replacement therapy. Patient follow up was a mean of six 

years; no further clinical assessment took place during that period, the outcomes 

reported were ESRD and all cause mortality. 

 

1.10.3.2 Chronic Renal Insufficiency Implementation Study (CRISIS) (176-178) 

A single centre study from Manchester, CRISIS aimed to recruit patients 18 years and 

older who were referred for management of CKD and had an eGFR below 60 

ml/min/1.73m
2
 but had no immediate requirement to start dialysis. Recruitment 

started in 2002 and, by 2015, over 3000 patients were enrolled. Patients were 

managed in accordance with standard clinical practice guidelines and followed until 

death or initiation of RRT (dialysis or transplantation). 
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1.10.3.3 Renal Risk in Derby (R
2
ID) (179)  

R
2
ID study commenced recruitment in 2008 and is a collaboration between primary 

and secondary care researchers. It is a primary care cohort of patients with stage G3 

CKD (30-59 ml/min/1.73m
2
) who were recruited directly from 32 participating 

primary care practices. It was created to examine the renal and cardiovascular risks 

associated with less advanced CKD, and included measurements of vascular health 

including PWV (Section 2.4.4.2) and advanced glycation end products (Section 

2.4.4.3). 

 

1.10.3.4 Renal Impairment in Secondary Care Study (RIISC) (73, 180) 

The UK based secondary care studies discussed above all had relatively broad 

inclusion criteria, whether the study was based in primary or secondary care. In order 

to focus on the individuals at the greatest risk of progression of renal disease, our 

group designed the RIISC study. This focuses on advanced and/or progressive CKD 

and includes detailed bioclinical phenotyping collected using standard operating 

procedures (SOPs) within an ethnically diverse population. The RIISC study is 

discussed in detail in the methods section. 

 

1.11 Introductory Conclusions 

In this introduction I have described CKD and the burden it places on individuals and 

society. The previously identified risk factors for ESRD and death have been 

discussed, including the potential challenges of adding additional demographic factors 

or biological markers to the established risk factors on a population level. Of the 

factors utilized in widely accepted risk scores, it is age, gender, eGFR and ACR that 
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are most strongly associated with adverse outcomes. Additionally I have highlighted 

the paucity of data regarding in the impact of ethnicity, in particular South Asian 

ethnicity, and socioeconomic status, on adverse outcomes in CKD. 

 

Through a review of the literature and, in recognition of the ethnically diverse 

population we cover, I have identified research questions and discussed the potential 

data sources that could be used to address these questions.  

 

 

In this thesis I present data on a series of studies that focus on patients with CKD. I 

have utilised both primary care and secondary care cohorts. One cohort is 

representative of patients who are undergoing routine clinical care on a population 

basis (primary care; the ‘deadly trio programme’) and the other a specific group 

recruited through secondary care clinics (The RIISC study). 

 

Chapter 2 describes the cohorts and statistical techniques utilised in the thesis. 

 

Chapter 3 reports the impact of ethnicity, comorbidity and renal function on death in 

an ethnically diverse, primary care population. 

 

Chapter 4 focuses on the impact of ethnicity on adverse outcomes, most notably 

progression to ESRD, within the secondary care nephrology setting. 

 

Chapter 5 investigates the relationship of serum tryptase, a product of mast cell 

activation which may be involved in non-classical activation of the RAAS pathway, 
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to progression of ESRD within the secondary care RIISC study. I explore whether this 

relationship is influenced by participants use of angiotensin converting enzyme 

inhibitors or angiotensin II blockers (i.e. medication which influence the RAAS 

pathway). 

 

Chapter 6 examines HRQL in the secondary care CKD population. I investigate the 

impact of CKD on HRQL and whether there is an association between HRQL on 

clinical end-points. 

 

The cohorts and statistical techniques used will now be described in Chapter 2. 
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2 METHODS 

 

In order to address the research questions summarised at the end of Chapter 1, I 

collected, reviewed and analysed data from both primary care and secondary care 

cohorts. The methodologies utilised were adjusted for the research questions and the 

cohorts within which a given research question was addressed. 

 

2.1 Description of the population in the West Midlands 

In order to provide context to the cohorts utilised in this thesis, a brief narrative is 

provided below describing the population of the West Midlands, with a particular 

emphasis on inner city Birmingham, from which the primary care cohort is derived. 

 

The West Midlands has been described by the Office for National Statistics as a 

region of contrast and diversity (181). There is a mixture of large urban areas 

(Birmingham is the largest urban area outside London) and countryside, and areas 

with high deprivation but also areas of prosperity.  

 

The West Midlands is home to the largest non-white population outside London, with 

14% of the population classed as non-White (181). Data from the 2011 census 

indicate the ‘Asian or Asian British’ ethnic group are the biggest non-White ethnic 

group, followed by ‘Black or Black British’ (182). Table 2-1 compares the ethnicity 

data for England, the West Midlands and Birmingham. 
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Table 2-1. Ethnicity Data from 2011 Census; Birmingham compared to National 

and Regional Data. Adapted from (182). Data shown as percentages. 

 

  White Asian Black Mixed/ Other 

  

Total Total South 

Asian 

Other 

Asian 

Total Total Other Mixed 

England & Wales 86.0 7.5 5.3 2.2 3.3 3.2 1.0 2.2 

England 85.4 7.8 5.6 2.3 3.5 3.3 1.0 2.3 

West Midlands 

Region 82.7 10.8 8.9 1.9 3.3 3.2 0.9 2.4 

West Midlands 

County 70.1 18.8 15.9 2.9 6.0 5.1 1.5 3.5 

Birmingham 53.3 26.6 22.5 4.1 9.0 6.1 2.0 4.4 

 

2.1.1 Age Distribution and Educational Attainment 

The West Midlands has a higher proportion of young (under 16 years) and old (over 

65 years) inhabitants compared to the average for English regions (181). It therefore 

has a lower proportion of working age individuals (between 16 and 64 years). 

Additionally, 2009 data indicate the West Midlands has the highest proportion of 

working age people with no qualifications in England. 

 

2.1.2 The Economy and the Labour Market 

The West Midlands was the industrial and manufacturing heartland of England for 

many years, with the presence of core industries of coal, steel and metal working, and 

a concentration of motor vehicle manufacturers. This has changed dramatically in the 

past three decades, with major economic restructuring and a movement from 

manufacturing to service sector industries. The proportion of workforce employed in 

manufacturing industries has reduced from 22.4% in 1996 to 11.2% in 2010 and the 
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largest employment sectors are now ‘wholesale and retail trade; repair of vehicles’ 

(15.%) and ‘human health and social work activities’ (13.4%) (181). 

 

2.1.3 Socioeconomic Status 

The West Midlands is socioeconomically diverse, with some of the most and least 

deprived areas in England; the majority of the most deprived areas are concentrated in 

the regions towns and cities, although some rural areas also have high levels of 

deprivation. The Index of Multiple Deprivation (described in more detail in Section 

2.2.7) provides a summary measure of relative deprivation based on small areas 

(called Lower Layer Super Output Areas; LSOAs). Figure 2-1 provides a graphical 

representation of the levels of deprivation within the West Midlands. Notably, the 

primary care population described in Section 2.2 is primarily based in the 

Birmingham authority area in which 56% of LSOAs are in the most deprived quintile 

(181). 

Figure 2-1. Graphical representation of socioeconomic status of the West 

Midlands by Index of Multiple Deprivation quintiles (181) 
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The diversity described above provides an ideal population from which to explore the 

research questions posed in Section 1.9.  

 

The primary and secondary care cohorts interrogated in this thesis will now be 

described.  

 

2.2 Primary Care 

This cohort was interrogated for the analyses described in Chapter 3. 

 

2.2.1 Cohort Information 

The cohort was derived from Heart of Birmingham Primary Care Trust (HoB PCT) 

which had a registered population of 312,070 on September 2008. The majority of the 

population (62%) were non-white (183). Sixty nine percent of the population were 

below 40 years of age.  

 

Participating primary care practices gave permission for enhanced data to be collected 

centrally, utilising software able to identify comorbidities through their classification 

on chronic disease registers [Enhanced Healthcare Services, Essex, UK]. 

 

2.2.2 Ethics 

Data were fully anonymised and available as a component of an on-going clinical 

development programme. The responsible NHS Research and Development 



 

50 

Consortium stated that this study did not require ethical submission to an NHS 

research ethics committee as it represented an evaluation of part of an on-going 

primary care trust (PCT) programme. For PCT data extraction the PCT professional 

executive committee and GP locality leads provided approval for the programme, 

including evaluation and publication. 

 

2.2.3 Inclusion and Exclusion Criteria  

The inclusion criteria comprised 

 Registration in a practice participating in the enhanced data collection 

initiative. 

 Individuals aged 40 years and over. 

 

Exclusion criteria 

 No kidney function checked within the last 12 months. 

 Isotope Dilution Mass Spectrometry (IDMS) conversion for creatinine not 

available. 

 Individuals who left a participating practice during the study period. 

 An estimated glomerular filtration rate (eGFR) less than 15ml/min/1.73m
2
. 

 

2.2.4 Assessment of estimate Glomerular Filtration Rate 

Estimated GFR reporting was not universally recorded on primary care systems in 

2008. Investigations from practices participating in the enhanced data collection were 

sent to one of four laboratories. Whilst a standardised IDMS (Section 1.1.1) MDRD 

eGFR (28) was routinely reported by one laboratory, if this was not available the 
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eGFR was calculated utilising laboratory provided correction factors for the creatinine 

to generate IDMS traceable MDRD eGFR.  

 

One general practice in the catchment area was excluded as IDMS traceable creatinine 

was not available from a fourth laboratory that provided blood tests specifically for 

that catchment area. 

 

2.2.5 Study Duration 

The follow up period was 23 months from May 2008 until February 2011. Individuals 

who had left the included practices during the follow up were excluded from the 

analyses (11.1%). 

 

2.2.6 Data Collection 

Data for the following variables were electronically collected from primary care 

records 

 Age 

 Gender 

 Ethnicity. This was self-reported, considered the ‘gold standard’ for 

classification (184). 

 Current smoking status 

 Socio-economic status (SES) (Section 2.2.7) 

 eGFR and/or creatinine 

 Urinary albumin creatinine ratio (ACR) 
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 Vascular comorbidity (atrial fibrillation, chronic kidney disease, diabetes 

mellitus, heart failure, hypertension, ischaemic heart disease and stroke) as 

defined by a relevant clinical (Read) code specified by the UK pay for 

performance (QOF) business rules (185).  

 

2.2.7 Assessment of Socioeconomic Status 

Socio-economic status (SES) was assessed using the Index of Multiple Deprivation 

(IMD 2007) (186); this utilises the postcode from an individual’s address to identify 

the Lower Layer Super Output Area (LSOA) where the individual resides. Each of the 

32,482 LSOAs in England are assigned a score and rank for the IMD 2007, with 

lower ranks corresponding to the most deprived areas. The Index of Multiple 

Deprivation has been validated as superior to traditional deprivation indexes such as 

the Townsend score (119), due to its use of multiple domains reflective of 

socioeconomic deprivation (187). The IMD 2007 score incorporates seven areas of 

deprivation:  income deprivation; employment deprivation; health deprivation and 

disability; education; skills and training deprivation; barriers to housing and services; 

living environment deprivation; and crime. For the analyses presented, deprivation 

was divided into quintiles, with the most deprived quintile as the reference population 

(i.e. how mortality in less deprived quintiles compared to the most deprived quintile). 

 

2.2.8 Mortality data 

Mortality data was obtained from the Primary Care Mortality Database (188),  a 

resource developed by The NHS Information Centre in partnership with the Office for 

National Statistics (ONS). Data obtained from ONS records are linked to the general 
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practice where the individual was registered. This allowed data to be extracted for 

specific general practices (i.e. those within HoB PCT).  

 

2.3 Secondary Care; The Renal Impairment in Secondary Care Study 

The Renal Impairment in Secondary Care (RIISC) study was evaluated for the 

analyses in Chapters 4, 5 and 6.  

 

2.3.1 Cohort Information 

The RIISC study is a multicentre, longitudinal observational study of advanced and/or 

progressive CKD which commenced recruitment in October 2010. A detailed protocol 

has previously been published (73). A summary of the study can be found below, 

focusing on the key components utilised in this thesis. 

 

All patients provided written consent and the study was conducted in accordance with 

the Declaration of Helsinki. 

 

2.3.2 Ethics 

The study protocol was approved by the South Birmingham Research Ethics 

Committee (number 10/H1207/6) and Research and Development department of 

University Hospitals Birmingham NHS Foundation Trust who were the study sponsor 

(RRK3917). The Trial is registered on clinicaltrials.gov, a registry and results 

database of publicly and privately supported clinical studies of human participants 
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conducted around the world (URL: https://clinicaltrials.gov/ct2/show/NCT01722383. 

Study identifier NCT01722383). 

 

2.3.3 Inclusion and Exclusion Criteria  

The following criteria were used to assess eligibility for study entry. 

 

Inclusion Criteria 

 An eGFR (using the four variable MDRD equation (28)) below 30 

ml/min/1.73m
2
. 

 An ACR above 70mg/mmol on at least three occasions. Where the recruiting 

site routinely assessed urinary Protein Creatinine Ratio (PCR), a cut off point 

greater than 100mg/mmol was used. 

And/or 

 A decline of 5ml/min/1.73m
2
/year or 10ml/min/1.73m

2
 over five years 

(Section 2.2.4). 

And 

 At least one year of secondary care renal follow up. 

 Six or more documented eGFR results over at least one year. 

  

These inclusion criteria were aligned to the 2008 National Institute for Health and 

Care Excellence (NICE) CKD guidelines for referral to secondary care nephrology 

services (58). 
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Exclusion Criteria 

 Current or previous immunosuppression for immune-mediated renal disease. 

 Established on renal replacement therapy (dialysis or kidney transplantation). 

 

Immune mediated renal disease may influence inflammatory and cardiovascular risk, 

either directly via immune processes or via the immunomodulatory medications used 

in their management. Similarly people established on RRT will have competing risks 

for adverse events. Individuals from these groups were therefore excluded from 

participation. 

 

2.3.4 Assessing progression in the screening process for the RIISC cohort 

A linear regression technique was used in the screening process to estimate CKD 

progression (73). This technique had been validated in previous research studies (189) 

and could be calculated relatively quickly from minimal data, something essential in a 

screening scenario. 

 

An individual’s eGFR values were used to estimate decline using a linear regression 

line calculated from the available data points. The slope of this line produced a value 

equivalent to eGFR change as ml/minute/1.73m
2
/day which was subsequently 

multiplied to give estimated ml/min/1.73m
2
/year and ml/min/1.73m

2
/5 year values. 

 

These analyses for renal progression were initially performed manually by the 

investigators before an informatics solution was sought, which calculated the slope of 

the line and the standard error. 
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2.3.5 Study Sites 

The RIISC study commenced recruitment in October 2010, initially recruiting from 

nephrology clinics associated with University Hospitals Birmingham NHS 

Foundation Trust (UHB). 

 

Recruitment was expanded to Heart of England NHS Foundation Trust (HEFT) in 

October 2012 following appropriate ethical approval and site initiation visits. 

 

2.3.6 Screening Process 

Figure 2-2 illustrates the pathway from initial screening to attendance at the baseline 

visit. Queries regarding an individual’s suitability for inclusion were discussed with 

the Chief Investigator or research fellow. 
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Figure 2-2. Screening process for eligibility for the RIISC study  

 

 

Abbreviation: ESRD, end stage renal disease 

 

If suitable, individuals were invited to participate in RIISC clinics. An appointment to 

a research clinic was generated and a Patient Information Sheet (PIS) sent to the 

patient [Appendix 1 and 2]. In order to reduce inconvenience and hospital visits, and 

encourage attendance, the study visit replaced a routine clinic attendance.  

 

2.3.7 Consent 

When an individual attended the research clinic, informed consent was taken by an 

appropriately trained and Good Clinical Practice certified investigator.  
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If they elected to enter the study, a consent form [Appendix 3] was signed and 

witnessed and the study investigations commenced.  

 

If an individual decided not to participate in the study, the reasons for this were 

obtained and categorised as follows 

 Informed refusal – this may have been over the telephone before a clinic 

attendance or during the research clinic 

 Unable to give informed consent 

 No longer meeting eligibility criteria including progression to ESRD prior to 

attendance at clinic 

 

This prospective evaluation of reasons for non-consent allowed PRISMA-style flow 

diagrams (190) to be accurately constructed and areas where adjustments to recruiting 

techniques identified. An example of this was an ethics amendment submitted to the 

South Birmingham Research Ethics Committee, asking permission to include a 

summary PIS [Appendix 4] to be included with the full length PIS to provide an 

succinct summary of what participating in the study would involve. 

 

If a patient elected not to enrol in the RIISC study, their normal clinic routine was 

followed including blood pressure check, phlebotomy, urine dipstick and protein 

quantification and clinical review. A routine medical review was carried out by a 

clinic doctor. The patients then returned to their regular clinic for follow up. 
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2.4 The Baseline RIISC Study Visit 

Individuals giving informed consent to take part in the trial underwent a multi-faceted 

bio-clinical assessment (see Figure 2-3).  

 

Figure 2-3. Overview of the RIISC Bio-clinical Assessment 

 

Abbreviations: HRQL, health related quality of life. 

 

The components of the assessment are described below. I have placed particular 

emphasis on those components used for the analyses in this thesis, but have included a 

brief description of other key components (e.g. different assessments of 

cardiovascular health) to enable an appreciation of the comprehensive bio-clinical 

assessment undertaken in RIISC. 
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2.4.1 Demographic and Socio-economic assessment 

Demographics including age, gender, ethnicity and country of birth were collected. As 

with the primary care cohort (Section 2.2), ethnicity was self-reported, considered the 

gold standard for classification (184), taking into account an individual’s cultural and 

self-identity. Ethnicity was categorised into five groups: white, black, South Asian, 

mixed ethnicity and other. 

 

Socio-economic status (SES), including ethnicity, educational background, 

occupational status and an assessment of deprivation were documented. The 

catchment areas of both recruiting centres cover a wide socioeconomic spectrum and 

have a high proportion of non-white ethnicity.  

 

In similarity to the technique used in the primary care cohort (Section 2.2.7), SES was 

assessed using the Index of Multiple Deprivation which utilises the postcode from an 

individual’s address to assign a score and rank; a lower rank corresponds to the most 

deprived areas. The RIISC study used data from IMD 2010, rather than IMD 2007 

used in the primary care work (191). 

 

2.4.2 Assessment of Health Related Quality of Life 

Health related quality of life (HRQL) can be assessed using disease specific or 

generic instruments. A systematic review of patient reported outcome measures 

(PROMs) used in CKD supported the use of preference-based utility measures, 

favouring the EuroQol, EQ-5D due to ease of use for patients and for the ability to 

derive utility values for health economic evaluation (192). 
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Data were collected from participants using the EQ-5D-3L (abbreviated to EQ-5D 

throughout this thesis).  This is a validated, generic preference-based measure of 

health status that comprises a 5-question multi-attribute questionnaire and a visual 

analogue self-rating scale (VAS) (193) [Appendix 5]. Respondents were asked to rate 

severity of their current problems (level 1=no problems, level 2=some/moderate 

problems, level 3=severe/extreme problems) for five dimensions of health: mobility, 

self-care, usual activities, pain/discomfort, and anxiety/depression).  Health states 

were converted into an EQ-5Dindex score ranging from −0.594 to 1.0 (where 1 is full 

health and lower values indicate worse HRQL) using a set of weighted preferences 

produced from the UK population (194). The EQ VAS asks respondents to rate their 

own health state relative to full health (score=100) or worst imaginable health state 

(score=0). 

 

2.4.3 Anthropometrics 

Traditionally Body Mass Index (BMI; weight in kg / [height in metres]
2
) has been 

used for an assessment of obesity and therefore a marker of cardiovascular risk. It is 

recognised that BMI has limitations as it does not take into account body shape and 

may not be as useful in the assessment of individuals of non-white ethnicity (195). 

One reflection of this is that waist circumference, as a measure of abdominal obesity, 

rather than BMI is incorporated into the consensus criteria for diagnosis of the 

metabolic syndrome, a cluster of risk factors for cardiovascular disease and type 2 

diabetes (196).  
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We therefore collected the following measurements 

 Height 

 Weight 

 Waist Circumference 

 Hip Circumference 

 Thigh Circumference 

 

Readings were taken using appropriately calibrated equipment and research staff 

followed standard operating procedures (SOPs) to ensure consistency of results. 

 

2.4.4 Cardiovascular Profile 

2.4.4.1 Blood Pressure 

Brachial blood pressure (BP) was measured using the BpTRU fully automated 

sphygmomanometer (BpTRU Medical Devices, Coquitlam, BC, Canada), which 

obtained a series of six BP readings at one minute intervals following a five minute 

rest period. Mean BP was derived from the average of the second to sixth BP reading. 

This average reading have been reported to be comparable to mean daytime blood 

pressure from 24 hour ambulatory BP monitoring (197) and reduces the white coat 

response compared to manual office BP measurements (198). 

 

2.4.4.2 Central Blood Pressure and Arterial Stiffness 

Vascular calcification is common in CKD and is associated with increased mortality, 

especially due to cardiovascular disease events (199). Vascular calcification in CKD 

results from two distinct vascular pathologies, atherosclerosis and arteriosclerosis 
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(200). Atherosclerosis is an intimal disease characterised by fibroatheromatous 

plaques whereas arteriosclerosis is a disease of the arterial medial layer due to 

increased collagen content, calcification and proliferation of vascular smooth muscle 

cells (201). It is arteriosclerosis that dominates in more severe CKD. This results in 

increased arterial stiffness and pulse pressure and abnormal cardiac structure and 

function (202) with a subsequent increased risk of cardiovascular disease events and 

death. Studies in a variety of populations have demonstrated the independent 

association of cardiovascular outcomes and PWV (203) and the relationship between 

CKD, PWV and death (204).  

 

A variety of surrogate markers, using both invasive and non-invasive techniques, for 

arterial stiffness exist. The non-invasive Vicorder instrument [Smart Medical, 

Gloucestershire, UK] was utilised in the RIISC study. It measures peripheral and 

central blood pressure, and arterial stiffness by carotid-femoral pulse wave velocity 

(PWV) and calculation of augmentation index from pulse wave analysis (PWA). The 

Vicorder system has been shown to be operator independent and highly reproducible 

(205).  

 

The following data were collected 

 Peripheral systolic BP (SBP), diastolic BP (DBP), pulse pressure (PP), mean 

arterial pressure (MAP) 

 Central SBP, DBP, PP, MAP 

 Heart rate 

 Carotid-femoral pulse wave velocity 
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Central pressure waveforms were derived and analysed using pulse wave 

analysis to calculate central Augmentation index (AIx) (augmentation pressure 

divided by pulse pressure). Augmentation index varies according to heart rate 

(206). To enable comparisons, AIx was corrected to a HR of 75 beats per 

minute (AIx75). 

 

2.4.4.3 Advanced Glycation End products 

Advanced glycation end products (AGEs) are produced by the Malliard reaction, 

which results in irreversible covalent crosslinking of collagen and elastin with 

carbohydrates or carbonyl groups (207). AGEs have been implicated as a contributing 

factor to arteriosclerosis and cardiovascular disease (208). AGEs may accumulate in 

CKD due to an increased oxidative stress burden with advanced chronic kidney 

disease (208, 209). It has been proposed than AGEs serve as a measure of cumulative 

metabolic stress (210). Their levels have been shown to be independently associated 

with pulse wave velocity (211), mortality (212) and CKD progression (210). 

 

 

Advanced glycation end product accumulation in the skin was measured by skin auto-

fluorescence using a validated AGE Reader
TM

 (DiagnOptics BV, Groningen, The 

Netherlands). 

 

2.4.5 Biological Samples 

Routine clinical blood tests (full blood count, ferritin, urea and electrolytes, bone 

profile, bicarbonate, glucose, HbA1c, lipid profile) and analysis of urine (urine 
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dipstick and protein quantification for ACR) were performed in accordance with the 

current standard of care using local laboratories. 

 

Additional blood and urine samples were processed and stored according to 

established trial SOPs [Appendix 6]. The trial team planned to collect the following 

for all patients at all time-points 

 

 Serum –  5x500µl, 6x250µl and 1x100µl aliquots 

 Plasma – 4x500µl and 1x100µl aliquots. Note; plasma was not collected for 

the first 150 participants at the initial (UHB) recruitment site. 

 Urine – 5x1ml, 1x300µl and 1x100µl aliquots 

 Saliva – 2x500µl aliquots 

 

Samples were labelled with the site, study number, type of biological sample type and 

time-point and stored at minus 80°C in appropriately monitored freezers.  

 

The PAXgene tube system (Quiagen, Venlo, Netherlands) was used to collect DNA 

samples at a single time-point. This typically results in DNA yields of 150-500µg. 

DNA is extracted at a later date according to the manufacturers instructions. In 

accordance to manufacturer’s instructions, these samples were stored at minus 20°C 

for 1-7 days before being transferred to minus 80°C storage. 

 

With particular relevance to this thesis, the following additional assays were 

performed: 
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2.4.5.1 C-Reactive Protein 

C-reactive protein (CRP) was measured using the Full Range C-Reactive Protein Kit 

on a SPA
TM

 automated PLUS turbidimeter (The Binding Site Group Ltd, 

Birmingham, UK). The normal range for CRP is between 0.1 and 9 mg/L, with 90 

percent below 3 mg/L (213). 

 

2.4.5.2 Serum Free Light Chains 

Serum Kappa (κ) and Kambda (λ) free light chain (FLC) concentrations were 

measured by nephelometry on a Dade-Behring BNTMII Analyser (Siemens AG, 

Erlangen, Germany) using particle enhanced high-specificity homogenous 

immunoassays (Freelite
TM

; The Binding Site Group Ltd, Birmingham, UK). The 

normal reference ranges for serum FLC concentrations have been previously 

described as κ: 3.3–19.4 mg/L and λ: 5.7–26.3 mg/L, with the assay sensitivity being 

demonstrated as <1 mg/L. κ and λ FLC concentrations were combined to calculate the 

combined FLC (cFLC) concentrations. For the purpose of analysis, data are presented 

as cFLC and κ-λ FLC ratio.   

 

2.4.5.3 Serum Tryptase 

Serum tryptase concentration was measured by the ImmunoCAP Tryptase sandwich 

immunoassay (Phadia AB, Uppsala, Sweden).  Baseline tryptase levels in healthy 

individuals are reported by the manufacturer of the assay as 1-15 μg/L (214). This 

assay is utilised in Chapter 5. 
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2.4.6 Periodontal Assessment 

The periodontal component of the RIISC study, which included saliva sampling (215) 

and periodontal assessment, was designed in conjunction with clinicians from the 

Periodontal Research Group within the School of Dentistry at the University of 

Birmingham. The key aim of this component was to evaluate the association between 

chronic periodontitis and CKD progression. A description of the rationale, 

methodology and baseline results has previously published (180).  

 

2.4.7 Clinical review 

The final component of the RIISC bio-clinical assessment is a clinical review by a 

consultant nephrologist or clinical fellow (specialty trainee or equivalent), analogous 

to the routine review where best practice guidelines were used to assess and manage 

CKD and its complications and minimise cardiovascular risk. 

 

Data were recorded on the case report form (CRF) including: 

 

2.4.7.1 Renal diagnosis  

The known or presumed renal diagnosis was initially stated in free text and then 

classified as follows 

 Diabetes/ Diabetic kidney disease 

 Interstitial nephropathy 

 Ischaemic/ hypertensive 

 Adult polycystic kidney disease 

 Obstructive uropathy 
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 Reflux nephropathy 

 Primary glomerulonephritis 

 Hereditary 

 Other cystic renal disease 

 Secondary glomerulonephritis 

 Not known and other 

 Not stated 

 

The date of any renal biopsy was recorded. 

 

2.4.7.2 Comorbidities  

Medical history was listed. This enabled subjects with specific comorbidities (e.g. 

diabetes) to be analysed separately and for comorbidity scores to be calculated.  

 

The Charlson Comorbidity Index (CCI) is probably the most extensively studied 

index (216). The CCI and case definitions for each part is presented in Table 2-2. 

 

One constituent part of the CCI is moderate/ severe renal disease, defined as serum 

creatinine >3mg/dL (>265.2μmol/L). Therefore certain analyses involved including 

CCI without the renal disease points. 
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Table 2-2. Criteria and Scoring System for Charlson Comorbidity Index. Adapted from (216). 

Domain Definition Points 

Myocardial infarction One or more definite or probable myocardial infarcts. Patients should have been 

hospitalized for chest pain or an equivalent clinical event and have had 

electrocardiographic and/or enzyme changes. 

1 

Congestive Heart 

Failure 

Exertional or paroxysmal nocturnal dyspnoea and who have responded 

symptomatically (or on physical exertion) to digitalis, diuretics or afterload reducing 

agents. It does not include patients who are on one of those medications but who have 

had no response and no evidence of improvement of physical signs with treatment. 

1 

Peripheral Vascular 

Disease 

Intermittent claudication or those who have had a bypass for arterial insufficiency, 

those with gangrene or acute arterial insufficiency, and those with treated or untreated 

thoracic or abdominal aortic aneurysm (6cm or more) 

1 

Cerebrovascular 

Disease 

Patients with history of cerebrovascular accident with minor or no residua. 1 

Dementia Patients with moderate to severe chronic cognitive deficit resulting in impaired 

function from any cause. 
1 

Pulmonary disease Patients with asthma, chronic bronchitis, emphysema, and other chronic lung disease 

who have ongoing symptoms such as dyspneoa or cough, with mild or moderate 

activity 

1 

Connective Tissue 

Disease 

(Rheumatologic) 

Includes patients with systemic lupus erythematous, polymyositis, mixed connective 

tissue disease, rheumatoid arthritis, polymyositis, polymyalgia rheumatica, vasculitis, 

sarcoidosis, Sjogrens syndrome or any other systemic vasculitis.  

1 

Peptic ulcer disease Patients who have previously required treatment for ulcer disease, including those 

who have bled from ulcers. 
1 
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Table 2-2 continued… 

Domain Definition Points 

Liver disease Mild: Chronic Hepatitis or cirrhosis without portal hypertension 1 

 Moderate: Cirrhosis with portal hypertension, but without bleeding 3 

 

Severe: Patients with ascites, chronic jaundice, portal hypertension or a history of 

variceal bleeding or those who have had a liver transplant 
3 

Diabetes Moderate: Patients with diabetes and previous hospitalisations for ketoacidosis, 

hyperosmolar coma or control and those with juvenile onset or brittle diabetes 

1 

 Severe: Patients with retinopathy, neuropathy or nephropathy attributable to diabetes 2 

Hemiplegia (Paralysis) Includes patients with hemiplegia or paraplegia, whether it occurred as a result of a 

cerebrovascular accident or other condition 
2 

Renal Disease Moderate: Includes patients with a serum creatinine >3 mg/dl (>265 μmol/L)  2 

 Severe:  Includes patients on dialysis, those who have had a transplant, and those with 

uraemia 

2 

Tumour Patients with solid tumours without documented metastases but initially treated in the 

last 5 years, including breast, colon, lung and a variety of other tumours 
2 

Lymphoma Includes patients with Hodgkins, lymphosarcoma, Waldenstrom's 

macroglubulinaemia, myeloma and other lymphomas 
2 

Leukaemia Includes patients with acute and chronic myelogenous leukaemia, acute and chronic 

lymphocytic leukaemia, and polycythemia vera 
2 

Metastatic Cancer Patients with metastatic solid tumours including breast, lung, colon and other tumours 6 

AIDS Patients with diagnosed or probable Acquired Immunodeficiency Syndrome (AIDS), 

and those who are Human Immunodeficiency virus (HIV) positive and asymptomatic 
6 
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2.4.7.3 Medication  

Medication including doses were listed. These were then grouped according to their 

listing in the British National Formulary (217). 

 

2.4.7.4 Lifestyle factors 

Present and past use of tobacco and alcohol were recorded. 

 

2.4.8 Study Duration 

Patient recruitment commenced in October 2010. Patients consented for follow-up for 

ten years from recruitment. 

 

The censor date for each analyses presented is stated in the relevant results section. 

 

2.4.9 Follow-up RIISC Study Visit Schedule 

Given the typically long time course of CKD until clinical endpoints, the RIISC study 

was designed to follow people longitudinally. Visits were scheduled for 

 6 months 

 18 months 

 36 months (3 years) 

 60 months (5 years) 

 120 months (10 years) 
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These visits had the same investigations performed as the baseline visit, with the 

exception of the dental assessment which did not occur at 6 and 18 month time-points. 

Additionally clinical information was sought regarding clinical events, new diagnoses 

and medication changes. 

 

Participants were reviewed between these visits in their routine renal clinic at time-

points appropriate to their clinical situation. 

 

2.4.10 Study End-points 

Study end-points included progression to ESRD or death. Progression to ESRD was 

defined as the initiation of RRT (chronic dialysis or renal transplantation). Patient 

mortality was captured through linkage between electronic patient records and the 

ONS, which collects information on all registered deaths in the UK. 

 

2.4.11 Electronic Data Collection 

A screening spreadsheet was created by the study team to record participants, 

including their unique study number and dates of visits. Individuals who elected not to 

participate in the study were recorded, as described in Section 2.2.7, in order to 

document reasons for non-consent and to ensure these individuals were not re-invited 

to the RIISC study clinic. 

 

Initially, data were transcribed manually from paper copies of CRFs, including 

measurements taken from study visits and blood results, into a database (Microsoft 

Access, Washington, USA). Recognising this was time-consuming and had the 



 

73 

potential to give rise to transcription errors (218), the informatics team at University 

Hospitals Birmingham were commissioned to work with us to create a bespoke 

informatics solution where data could be entered during the study visit (Figure 2-3). 

This resource was able to link to other IT systems within the hospital, including 

laboratory systems for blood results. Results from Heart of England NHS Foundation 

Trust were linked via comma separated value (CSV) files provided by the renal IT 

team. 

 

An illustration of the electronic database is shown in Figure 2-4. 

 

Figure 2-4. Screen image of bespoke RIISC electronic database. 
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2.5 Statistical Analyses 

This section describes the general statistic techniques used in this thesis. Specific 

techniques or explanations pertinent to a particular results section are presented within 

that section. 

 

Analyses for Chapter 3 were performed using PASW statistics 18 for Windows [IBM, 

Chicago, Il, USA]. Subsequent analyses (Chapters 4-6) were performed using Stata 

13.1 [Statacorp, College Station, Texas, USA]. The latter enabled competing risk 

analyses (Section 2.5.3.3 below) to be performed. 

 

2.5.1 Descriptive Statistics 

Data are presented as mean with standard deviation (SD) or median with interquartile 

range (IQR) depending on distribution. Continuous variables were compared using 

ANOVA (parametric distribution) or Kruskal-Wallis (non-parametric distribution). 

Categorical variables were compared using chi-squared tests. Statistical significance 

was defined as a two-tailed P-value <0.05. 

 

Correlation analyses were performed using Spearman’s Rank Correlation. Values (R) 

were defined as very weak (R=0-0.19), weak (R=0.2-0.39), moderate (R=0.4-0.59), 

strong (R=0.6-0.79) and very strong (R>0.8) (219).  

 

2.5.2 Regression Analyses 

Both logistic and linear regression analyses are utilised in Chapter 6. These 

techniques are described within that section. 
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2.5.3 Survival Analyses 

The focus of this thesis was to investigate the time from recruitment until an event of 

interest, for example death or progression to ESRD.  

 

At the end-of the follow-up period, some individuals will not have experienced the 

event of interest, and their true time to the event is unknown. This may arise in one of 

the following ways (220) 

 A patient has not (yet) experienced the relevant outcome. 

 A patient is lost to follow-up during the study period. 

 A patient experiences a different event that results in the individual no longer 

being followed up. A statistical approach to potentially deal with this is 

described in Section 2.5.3.3. 

 

Time-to-event (survival) analyses therefore need to include those who have 

experienced an event and whose true time to event is unknown. This can be achieved 

through the use of one, or several, survival analysis techniques. 

 

2.5.3.1 Kaplan-Meier plots 

The survival probability can be estimated non-parametrically from observed survival 

times using the Kaplan-Meier (KM) method (220). The KM survival plot is used to 

provide a graphical summary of the data and can graphically demonstrate whether 

there is a variation in the outcome over time. The log rank test is a non-parametric 

technique which can compare survival in two or more groups of patients. 
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2.5.3.2 Cox Regression Analyses 

If an adjustment for covariates or potential confounders is required, a different 

statistical approach is needed. The Cox proportional hazards model is the most 

commonly used approach for analysing multivariable survival time data in medical 

research (221). It provides probability (hazard ratio; HR) of an event at a given time 

(complete with 95% confidence intervals and P-value) with a specific pattern of 

covariates. Both univariable and multivariable regression analyses are presented.  

 

An assumption of the Cox model is that the probability of the outcome of interest is 

relatively constant throughout the follow up time. This proportionality hazard 

assumption can be assessed by examining KM plots and log-log plots.  

 

2.5.3.3 Competing Risk Analyses 

As described above, survival analyses, by their nature, use time-to-event data (222). 

Survival analyses including Cox proportional hazard analyses treat all censored events 

as ‘uninformative’; that is to say a patient being censored due to reaching the end of 

their follow up or due to another end-point (death in the case of ESRD or vice-versa) 

are treated equally. These alternative events are of clinical significance and of 

statistical importance; someone who has died will never reach ESRD (11). Therefore, 

in order to incorporate this into specific analyses, I performed competing risk analyses 

according to the method described by Fine and Gray (223) (Stata command stcrreg).  
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2.5.4 Missing data 

All analyses utilise a complete case approach. However, in similarity with many 

clinical studies, there are some missing data (224). Data completeness is described 

within each section. If a component has a significant amount of missing data, for 

example ACR results within Chapter 3, data were analysed for all individuals 

identified and then repeated for individuals who had an ACR recorded.  
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3 RESULTS 1. The impact of ethnicity, chronic kidney disease and 

cardiovascular comorbidity on mortality in a multiethnic 

primary care population. 

 

3.1 Preface 

In Chapter 1 I discussed the paucity of data regarding the impact of ethnicity on 

adverse outcomes in individuals with chronic kidney disease (CKD). In this chapter I 

report the results of an analysis of the impact of ethnicity, comorbidity and renal 

function (both eGFR and ACR) on death in an ethnically diverse primary care 

population. These analyses utilised the enhanced primary care data collected within 

Heart of Birmingham Primary Care Trust (HoB PCT) (Section 2.2). 

 

3.2 Abstract 

Background. Whilst studies have reported potential survival differences between 

ethnic groups, there has been limited reporting on the relative impact of comorbidities 

including kidney function on a population basis. This study assessed the impact of 

CKD and cardiovascular comorbidity on mortality in a multi-ethnic, primary care 

population. 

 

Methods. 31,254 Individuals aged 40 years and older, of South Asian, black or white 

ethnicity, registered with a general practice participating in an enhanced data 

collection project, and with their kidney function checked within the last 12 months, 

were included. The outcome measure assessed was all-cause mortality. 
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Results: Reduced estimated Glomerular Filtration Rate, higher albuminuria, older 

age, white ethnicity (versus South-Asian or black ethnicity) and increasing 

cardiovascular comorbidities were independent determinants of a higher mortality 

risk. In the multivariable model including comorbidities and kidney function, the 

hazard ratio for mortality for South Asians was 0.70 (95% confidence interval (CI) 

0.56 – 0.87, P=0.001) and for blacks was 0.53 (95% CI 0.40 – 0.70, P<0.001), 

compared to whites.  

 

Conclusions: The hazard ratio for death was lower for South Asian and black 

individuals compared to white individuals. This was, in part, independent of age, 

gender, socio-economic status (SES), kidney function and comorbidities. Risk of 

death was higher in individuals with CKD and in those with a higher cumulative 

cardiovascular comorbidity. 
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3.3 Introduction 

Chronic kidney disease (CKD) prevalence and the risk imparted by CKD may vary by 

ethnicity. As discussed earlier in Section 1.5.1, some studies indicate that CKD is 

more common in people of white ethnicity (5, 225) but non-white ethnic groups have 

a faster progression to end-stage kidney disease (11, 226). Paradoxically, when treated 

with chronic dialysis treatment, people of non-white ethnicity have a lower mortality 

risk than people of white ethnicity (9, 227).  An increased risk of death is also 

associated with other comorbidities, including hypertension, diabetes and 

cardiovascular disease (CVD) (228-233). 

 

Whilst previous studies have indicated survival differences between ethnic groups 

(11, 95-99), there has been limited reporting in these studies on the relative impact of 

comorbidities including kidney function on a population basis. This paucity of data 

reflects a shortfall in the availability of population based primary care databases 

linked to estimated Glomerular Filtration Rate (eGFR) and albuminuria reporting and 

traceable to mortality. Furthermore there are minimal comparative data on people of 

South Asian ethnicity; comparative studies usually report data on Chinese-Asians (5). 

 

In the United Kingdom, there has been a systematic improvement in chronic disease 

recognition through a primary care pay for performance system, the Quality and 

Outcomes Framework (QOF) (234, 235). This system utilises chronic disease 

registers for the identification, monitoring and management of patients with known 

comorbidities; a component of this monitoring involves measuring and documenting 

renal function. These disease registers can be combined with laboratory results and 
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linked with demographic and mortality data to better identify determinants of 

outcomes.  

 

I therefore utilised a primary care cohort incorporating chronic disease registers to 

perform a retrospective cohort study of the relationship between CKD, cardiovascular 

(CV) comorbidity and mortality within a deprived, inner-city multi-ethnic population. 

The study hypotheses were 

1. There are differences in mortality between different ethnic groups. 

2. These differences in mortality are explained by known risk factors including 

comorbidities, renal function, demographic and socioeconomic factors. 

 

This study incorporated all stages of kidney function, except stage G5 CKD (eGFR 

<15ml/min/1.73m
2
), in patients with known CV comorbidities and focused on three 

ethnic groups: South Asian (including individuals of Bangladeshi, Indian and 

Pakistani descent), black (individuals from or who have ancestors from Africa or the 

Caribbean) and white. 

 

3.4 Methods 

A description of the cohort, ethics permission, inclusion and exclusion criteria, study 

design, and statistical techniques are presented in the methods section of this thesis 

(Sections 2.2 and 2.5).  

 

3.4.1 Specific Statistical Analyses Related to this Chapter 

All analyses were performed using PASW statistics 18 for Windows [IBM, Chicago, 

Il, USA]. 
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Measurements for kidney function were divided into categories; eGFR into six 

categories (15-29, 30-44, 45-59, 60-89, 90-119 and ≥120 ml/min/1.73m
2
) with the 

eGFR range between 90 and 119 ml/min/1.73m
2
 as the reference population. 

Individuals with an eGFR <15 ml/min were excluded from the analysis. ACR was 

divided into five categories (<1.1 mg/mmol ‘optimal’, 1.1-2.99 ‘high normal’, 3-

29.99 ‘high’, 30-199.99 ‘very high’ and ≥200 ‘nephrotic’) in line with the KDIGO 

consensus conference (42). 

 

Age was divided into six categories (50 years and under, 51-60, 61-70, 71-80, 81-90, 

greater than 90 years) with the youngest group serving as comparator. 

 

The association between comorbidity, ethnicity and mortality was assessed by 

univariable analyses for all risk factors and then presented as three models.  Choice of 

model variables were determined by the availability in the dataset of demographic and 

clinical risk factors consistent with those utilised by other investigators in previous 

work in similar populations (236, 237), where the variable was available in this target 

population. Model 1 incorporates the number of identified vascular comorbidities 

(zero to seven), ethnicity, age, gender, smoking status and SES. Model 2 includes 

eGFR level with removal of CKD from the comorbidity score (possible scores 

therefore zero to six) in order to avoid the association between declining renal 

function and the likelihood of being on the CKD register. Model 3 added ACR to the 

variables in Model 2. 
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A complete case model was used in the analyses. All data were complete with the 

exception of ACR. Therefore data were analysed for all individuals identified 

(unadjusted, Model 1 and Model 2) and then repeated for individuals who had an 

ACR recorded (unadjusted and Models 1-3). An ‘enter’ technique was used for the 

regression analysis. 

 

3.5 Results 

3.5.1 Complete Cohort 

Figure 3-1 illustrates the section process for inclusion in the study.  

 

At inception (May 2008) 31,254 individuals fulfilled inclusion criteria for analysis. 

People of South Asian ethnicity formed the largest ethnic group (16,724, 53.4%), 

followed by people of white ethnicity (9146, 29.3%) and black ethnicity (5384, 

17.2%). Baseline characteristics of the study population are shown in Table 3-1. The 

age distribution differed between groups with South Asians significantly younger than 

the other two ethnic groups. There was no significant difference in gender mix 

between the three ethnic groups. Smoking was least common in the South Asian 

group.  The majority of all three ethnic groups resided in the most deprived quintile, 

with a higher proportion of people of South Asian and black ethnicity in this quintile 

than people of white ethnicity.  
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Figure 3-1. Flow Diagram indicating selection process for inclusion in the 

analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration 

rate; HoB, Heart of Birmingham Trust; IDMS, isotope dilution mass spectrometry.  

Excluded 

Population of practices who declined to participate in data collection 

project = 26,552 

Excluded 

eGFR <15 ml/min = 98 

Ethnicity missing = 6,813 

Ethnicity documented as mixed/ other / not stated = 1,630 

Excluded 

No renal function within the last 12 months = 38,561 

Left participating practice during study period = 9,907 

IDMS conversion for creatinine not available = 1,129  

Population for included practices = 285, 221 

Individuals ≥40 years with renal function available = 39,795 

Population for analyses 

Total 31,254 (ACR available in 11,205) 

 

White 9,146 (ACR available in 1,908) 

South Asian 16,724 (ACR available in 7,022) 

Black 5384 (ACR available in 2,275) 

Population Registered with GP in HoB = 311,773 

Individuals ≥ 40 years = 89,392 

Excluded 

Individuals < 40 years = 195,829  
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Table 3-1. Baseline characteristics by ethnicity. Complete Cohort. 

 

    All White South 

Asian 

Black P-value 

Number (%) 31254 (100) 9146 (29.3) 16724 

(53.4) 

5384 (17.2)   

Age      

 median (lower, 

upper quartile) 

59.0 

(50.0,71.0) 

65.0 (55.0, 

75.0) 

56.0 (49.0, 

68.0) 

61.0 (48.0, 

73.0) 

<0.001 

 50 and under 

(%) 

8421 (26.9) 1515 (16.6) 5124 (30.6) 1782 (33.1) <0.001 

 51-60 (%) 8017 (25.7) 1948 (21.3) 5170 (30.9) 899 (16.7)  

 61-70 (%) 6650 (21.3) 2459 (26.9) 3206 (19.2) 985 (18.3)  

 71-80 (%) 6006 (19.2) 2109 (23.1) 2568 (15.4) 1329 (24.7)  

 81-90 (%) 1974 (6.3) 1008 (11.0) 604 (3.6) 362 (6.7)  

 >90 (%) 186 (0.6) 107 (1.2) 52 (0.3) 27 (0.5)  

Gender      

 female (%) 15248 (48.8) 4384 (47.9) 8184 (48.9) 2680 (49.8) 0.085 

Smoking      

 n (%) 5150 (16.5) 2285 (25.0) 1812 (10.8) 1053 (19.6) <0.001 

IMD Rank      

 Quintile 1 (least 

deprived) (%) 

152 (0.5) 59 (0.6) 92 (0.6) 1 (0.0) <0.001 

 Quintile 2 (%) 316 (1.0) 132 (1.4) 173 (1.0) 11 (0.2)  

 Quintile 3(%) 3348 (10.7) 1860 (20.3) 1255 (7.5) 233 (4.3)  

 Quintile 4 (%) 5144 (16.5) 2243 (24.5) 2238 (13.4) 663 (12.3)  

 Quintile 5 (most 

deprived) (%) 

22294 (71.3) 4852 (53.1) 12966 

(77.5) 

4476 (83.1)  

AF       

 n (%) 807 (2.6) 515 (5.6) 212 (1.3) 80 (1.5) <0.001 

CKD      

 n (%) 3648 (11.7) 1318 (14.4) 1691 (10.1) 639 (11.9) <0.001 

Diabetes      

 n (%) 9931 (31.8) 1771 (19.4) 6415 (38.4) 1745 (32.4) <0.001 

Heart Failure      

 n (%) 822 (2.6) 308 (3.4) 385 (2.3) 129 (2.4) <0.001 

Hypertension      

 n (%) 16505 (52.8) 5181 (56.6) 8063 (48.2) 3261 (60.6) <0.001 

IHD      

 n (%) 4226 (13.5) 1417 (15.5) 2386 (14.3) 423 (7.9) <0.001 

Stroke      

  n (%) 1476 (4.7) 570 (6.2) 673 (4.0) 233 (4.4) <0.001 
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Table 3-1 continued… 

    All White South 

Asian 

Black P-value 

Comorbidities      

 median (lower, 

upper quartile) 

1.0 (0.0, 2.0) 1.0 (0.0, 

2.0) 

1.0 (0.0, 

2.0) 

1.0 (0.0, 

2.0) 

0.075 

 0 (%) 9879 (31.6) 2829 (30.9) 5459 (32.6) 1591 (29.6) <0.001 

 1 (%) 10707 (34.3) 3253 (35.6) 5524 (33) 1930 (35.8)  

 2 (%) 6845 (21.9) 1898 (20.8) 3694 (22.1) 1253 (23.3)  

 3 (%) 2667 (8.5) 785 (8.6) 1451 (8.7) 431 (8)  

 4 (%) 828 (2.6) 254 (2.8) 447 (2.7) 127 (2.4)  

 5 (%) 268 (0.9) 103 (1.1) 124 (0.7) 41 (0.8)  

 6 (%) 55 (0.2) 23 (0.3) 23 (0.1) 9 (0.2)  

 7 (%) 5 (<0.1) 1 (<0.1) 2 (<0.1) 2 (<0.1)  

Creatinine (µmol/L)      

 mean (SD) 87.0 (25.8) 88.2 (24.7) 84.6 (25.4) 92.3 (28) <0.001 

eGFR 

(ml/min/1.73m
2
) 

     

 median (lower, 

upper quartile) 

80.2 (66.7, 

94.3) 

74.9 (62.3, 

88.8) 

81.3 (68.1, 

95.3) 

85.5 (72.3, 

100.1) 

<0.001 

 >120 (%) 1473 (4.7) 264 (2.9) 802 (4.8) 407 (7.6) <0.001 

 90-120 (%) 8523 (27.3) 1842 (20.1) 4841 (28.9) 1840 (34.2)  

 60-89 (%) 16373 (52.4) 5077 (55.5) 8776 (52.5) 2520 (46.8)  

 45-59 (%) 3447 (11.0) 1389 (15.2) 1627 (9.7) 431 (8.0)  

 30-44 (%) 1134 (3.6) 466 (5.1) 517 (3.1) 151 (2.8)  

 15-29 (%) 304 (1.0) 108 (1.2) 161 (1.0) 35 (0.7)  

Died      

  n (%) 1435 (4.6) 681 (7.4) 541 (3.2) 213 (4.0) <0.001 

 

Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; eGFR, estimated 

glomerular filtration rate; IHD, ischaemic heart disease; IMD, index of multiple 

deprivation.  
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The number of vascular comorbidities was similar between groups, with 11-13% of 

each ethnic group having three or more comorbidities. Prevalence of different 

vascular comorbidities varied between groups: the white group had a lower reported 

prevalence of diabetes but a higher prevalence of CKD, atrial fibrillation, heart failure 

and stroke.  

 

Median eGFR (corrected for ethnicity as appropriate) was 80.2 ml/min/1.73m
2
 and 

was lowest in the white group (74.9 ml/min/1.73m
2
 compared to 81.3 ml/min/1.73m

2
 

for South Asian individuals and 85.5 ml/min/1.73m
2
 for those of black ethnicity; 

P<0.001). 21.5% of White, 13.8% of South Asian and 11.5% of Black individuals had 

an eGFR between 15 and 59 ml/min consistent with stage G3-G4 CKD. 

 

At the end of the study period a higher proportion of white individuals had died 

(7.4%) compared to the two other ethnic groups (South Asian 3.2%, Black 4.0%; 

P<0.001). 

 

3.5.2 Albumin Creatinine Ratio Cohort 

 

An ACR had been tested in 7022 (42.0%), 2275 (24.9%) and 1908 (20.9%) of South 

Asian, black and white individuals respectively. Table 3-2 lists the baseline 

characteristics for this subgroup. The median ACR was 1.1 mg/mmol and was highest 

in the South Asian group (1.2 mg/mmol compared to 1.0 mg/mmol for both white and 

black individuals; P<0.001). Age distribution, eGFR, smoking status, and deprivation 

demonstrated a similar pattern to the complete cohort described above.  
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Those with an ACR tested were more likely to have a greater vascular comorbid 

burden (18-20% having three or more comorbidities). A higher proportion of 

individuals of South Asian descent, male gender and with diabetes had their ACR 

tested. 

 

In concordance to the whole group analyses, deaths in the ACR cohort were highest 

amongst white individuals (7.8%) compared to the South Asian (3.6%) and black 

individuals (3.7%) (P<0.001). 
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Table 3-2. Baseline characteristics by ethnicity. ACR tested cohort. 

    All White South 

Asian 

Black P-value 

Number (%) 11205 (100) 1908 (17) 7022 (62.7) 2275 

(20.3) 

  

Age (years)      

 median (lower, 

upper quartile) 

59.0 (50.0, 

71.0) 

65.0 (55.0, 

75.0) 

57.0 (50.0, 

68.0) 

65.0 (49.0, 

74.0) 

<0.001 

 50 and under (%) 1900 (25.9) 304 (15.9) 1961 (27.9) 635 (27.9) <0.001 

 51-60 (%) 3024 (27.0) 413 (21.6) 2239 (31.9) 372 (16.4)  

 61-70 (%) 2370 (21.2) 496 (26.0) 1423 (20.3) 451 (19.8)  

 71-80 (%) 2251 (20.1) 456 (23.9) 1152 (16.2) 643 (28.3)  

 81-90 (%) 611 (5.5) 222 (11.6) 226 (3.2) 163 (7.2)  

 >90 (%) 49 (0.4) 17 (0.9) 21 (0.3) 11 (0.5)  

Gender      

 female (%) 4348 (38.8) 682 (35.7) 2754 (39.2) 912 (40.1) 0.008 

Smoking      

 n (%) 1869 (16.7) 518 (27.1) 872 (12.4) 479 (21.1) <0.001 

IMD Rank      

 Quintile 1 (least 

deprived) (%) 

30 (0.3) 4 (0.2) 25 (0.4) 1 (0.0) <0.001 

 Quintile 2 (%) 84 (0.7) 19 (1.0) 60 (0.9) 5 (0.2)  

 Quintile 3(%) 712 (6.4) 233 (12.2) 540 (5.7) 78 (3.4)  

 Quintile 4 (%) 1458 (13.0) 339 (17.8) 876 (12.5) 243 (10.7)  

 Quintile 5 (most 

deprived) (%) 

8921 (79.6) 1313 

(68.8) 

5660 (80.6) 1948 

(85.6) 

 

AF       

 n (%) 233 (2.1) 113 (5.9) 91 (1.3) 29 (1.3) <0.001 

CKD      

 n (%) 1637 (14.6) 356 (18.7) 921 (13.1) 360 (15.8) <0.001 

Diabetes      

 n (%) 6828 (60.9) 990 (51.9) 4505 (62.4) 1333 

(58.6) 

<0.001 

Heart Failure      

 n (%) 310 (2.8) 74 (3.9) 175 (2.5) 61 (2.7) 0.005 

Hypertension      

 n (%) 6189 (55.2) 1092 

(57.2) 

3679 (52.4) 1418 

(62.3) 

<0.001 

IHD      

 n (%) 1556 (13.9) 281 (14.7) 1071 (15.3) 201 (8.8) <0.001 

Stroke      

  n (%) 480 (4.3) 97 (5.1) 283 (4.0) 100 (4.4) 0.126 

 

  



 

90 

Table 3-2 continued… 

    All White South 

Asian 

Black P-value 

Comorbidities      

 median (lower, 

upper quartile) 

1.0 (1.0, 2.0) 2.0 

(1.0,2.0) 

1.0 (1.0, 2.0) 2.0 

(1.0,2.0) 

0.818 

 0 (%) 2510 (22.4) 472 (24.7) 1514 (21.6) 524 (23.0) <0.001 

 1 (%) 3139 (28.0) 466 (24.4) 2103 (29.9) 870 (25.1)  

 2 (%) 3438 (30.7) 574 (30.1) 2093 (29.8) 771 (33.9)  

 3 (%) 1481 (13.2) 261 (13.7) 928 (13.2) 292 (12.8)  

 4 (%) 448 (4.0) 79 (4.1) 284 (4.0) 85 (3.7)  

 5 (%) 154 (1.4) 46 (2.4) 83 (1.2) 25 (1.1)  

 6 (%) 32 (0.3) 10 (0.5) 15 (0.2) 7 (0.3)  

 7 (%) 3 (<0.1) 0 (<0.1) 2 (<0.1) 1 (<0.1)  

Creatinine (µmol/L)      

 mean (SD) 89.1 (27.6) 91.8 (26.2) 86.2 (26.8) 95.8 (29.6) <0.001 

eGFR (ml/min/1.73m
2
)      

 median (lower, 

upper quartile) 

81.1 (66.3, 

95.9) 

74.3 (59.7, 

89.8) 

82 (67.4, 

89.8) 

84.2 (70.0, 

98.9) 

<0.001 

 >120 (%) 611 (5.5) 67 (3.5) 380 (5.4) 164 (7.2) <0.001 

 90-120 (%) 3234 (28.9) 404 (21.2) 2091 (29.8) 739 (32.5)  

 60-89 (%) 5451 (48.6) 953 (49.9) 3453 (49.2) 1045 

(45.9) 

 

 45-59 (%) 1300 (11.6) 323 (16.9) 750 (10.7) 227 (10.0)  

 30-44 (%) 487 (4.3) 131 (6.9) 274 (3.9) 82 (3.6)  

 15-29 (%) 122 (1.1) 30 (1.6) 74 (1.1) 18 (0.8)  

ACR (mg/mmol)      

 median (lower, 

upper quartile) 

1.1 (0.4, 3.4) 1.0 (1.4, 

2.8) 

1.2 (0.5, 3.8) 1.0 (0.3, 

2.9) 

<0.001 

 Optimal (<1.1) 

(%) 

5641 (50.3) 1026 

(53.8) 

3400 (48.4) 1214 

(53.4) 

<0.001 

 High Normal (1.1-

2.99) (%) 

2485 (22.2) 426 (22.3) 1560 (22.2) 499 (21.9)  

 High (3.0-29.99) 

(%) 

2594 (23.2) 402 (21.1) 1717 (24.4) 475 (20.9)  

 Very High (30 - 

200) (%) 

413 (3.7) 49 (2.6) 287 (4.1) 77 (3.4)  

 Nephrotic (>200) 

(%) 

73 (0.7) 5 (0.3) 58 (0.8) 10 (0.4)  

Died      

  n (%) 484 (4.3) 149 (7.8) 250 (3.6) 85 (3.7) <0.001 

Abbreviations: ACR, albumin creatinine ratio; AF, atrial fibrillation; CKD, chronic 

kidney disease; eGFR, estimated glomerular filtration rate; IHD, ischaemic heart 

disease; IMD, index of multiple deprivation.   
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3.5.3 Univariable Analysis 

The univariable analysis for the complete cohort (Table 3-3) demonstrated unadjusted 

HRs for death of 0.42 (95% CI 0.38 – 0.47, P<0.001) for people of South Asian 

ethnicity and 0.52 (95% CI 0.45 – 0.61, P<0.001) for people of black ethnicity, 

compared to people of white ethnicity. The mortality rate increased exponentially 

with age and a higher HR was observed for male gender, current smokers and total 

number of comorbidities. No difference in mortality was found between deprivation 

quintiles. Using an eGFR of 90-119 ml/min/1.73m
2
 as reference, a J-shaped 

relationship was observed with a higher risk of death seen for both higher and lower 

eGFR values. The HR for death increased progressively by stage of CKD with an 

eGFR <90 ml/min/1.73m
2
.  

 

The univariable analysis was repeated for those individuals who had their ACR 

reported (Table 3-3) with similar trends identified to the whole population analysis 

with the exception of no observed difference between individuals with an eGFR of 

≥120 ml/min/1.73m
2
 compared to 90-119 ml/min/1.73m

2
. A progressive increase in 

HR for death was seen with each increasing category for ACR. 
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Table 3-3. Cox Proportional Hazard Regression Analysis. Univariable analyses.  

    Complete Cohort  ACR Tested Cohort 

    HR (95% CI) P-value HR (95% CI) P-value 

Ethnicity     

 

White 1 (<0.001*) 1 (<0.001*) 

 

South Asian 0.42 (0.38 - 0.47) <0.001 0.44 (0.36 - 0.55) <0.001 

 

Black 0.52 (0.45 - 0.61) <0.001 0.47 (0.36 - 0.61) <0.001 

Age (years)     

 

50 and under 1 (<0.001*) 1 (<0.001*) 

 

51-60 2.13 (1.55 - 2.91) <0.001 1.76 (1.06 - 2.92) 0.03 

 

61-70 5.43 (4.08 - 7.23) <0.001 4.65 (2.93 - 7.35) <0.001 

 

71-80 12.97 (9.89 - 17.02) <0.001 11.36 (7.38 - 17.51) <0.001 

 

81-90 32.86 (29.95 - 43.26) <0.001 24.73 (15.77 - 38.77) <0.001 

 

>90 90.90 (65.10 - 126.94) <0.001 82.73 (46.68 - 146.61) <0.001 

Gender     

 

Female as reference 1.38 (1.24 - 1.53) <0.001 1.40 (1.16 - 1.70) 0.001 

Smoker     

 

Non-smoker as reference 1.15 (1.01 - 1.32) 0.036 1.26 (1.01 - 1.57) 0.044 

IMD Rank     

 

Quintile 1 (least deprived) 0.86 (0.39 - 1.92) 0.713 <0.001 (<0.001 - >10^5) 0.939 

 

Quintile 2 0.82 (0.47 - 1.45) 0.501 <0.001 (<0.001 - >10^5) 0.897 

 

Quintile 3 1.00 (0.85 - 1.19) 0.983 1.15 (0.82 - 1.62) 0.419 

 

Quintile 4 0.93 (0.80 - 1.07) 0.297 0.77 (0.58 - 1.04) 0.088 

  Quintile 5 (most deprived) 1 (0.802*) 1 (0.42*) 
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Table 3-3 continued… 

 

    Complete Cohort  ACR Tested Cohort  

    HR (95% CI) P-value HR (95% CI) P-value 

AF  5.59 (4.76 - 6.57) <0.001 6.12 (4.57 - 8.21) <0.001 

CKD 3.44 (3.07 - 3.85) <0.001 3.50 (2.90 - 4.21) <0.001 

Diabetes 1.35 (1.21 - 1.50) <0.001 1.94 (1.58 - 2.39) <0.001 

Heart Failure 7.62 (6.60 - 8.80) <0.001 7.28 (5.68 - 9.33) <0.001 

Hypertension 2.08 (1.86 - 2.33) <0.001 2.05 (1.68 - 2.50) <0.001 

IHD  2.80 (2.50 - 3.13) <0.001 3.14 (2.59 - 3.80) <0.001 

Stroke 3.65 (3.15 - 4.23) <0.001 3.71 (2.86 - 4.82) <0.001 

Comorbidities     

 

0 1 (<0.001*) 1 (<0.001*) 

 

1 1.78 (1.49 - 2.12) <0.001 1.63 (1.09 - 2.43) 0.016 

 

2 2.93 (2.46 - 3.49) <0.001 2.92 (2.02 - 4.21) <0.001 

 

3 5.49 (4.55 - 6.62) <0.001 5.58 (3.84 - 8.11) <0.001 

 

4 9.58 (7.69 - 11.94) <0.001 9.86 (6.51 - 14.92) <0.001 

 

5 17.59 (13.49 - 22.94) <0.001 21.09 (13.48 - 33.00) <0.001 

 

6 28.39 (18.41 - 43.78) <0.001 33.67 (17.52 - 64.72) <0.001 

  7 11.87 (1.66 - 84.73) 0.014 29.40 (4.03 - 214.46) 0.001 
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Table 3-3 continued… 

 

    Complete Cohort  ACR Tested Cohort  

    HR (95% CI) P-value HR (95% CI) P-value 

eGFR (ml/min/1.73m
2
)     

 

>120 1.49 (1.11 - 2.01) 0.008 1.07 (0.60 - 1.90) 0.813 

 

90-120 1 (<0.001*) 1 (<0.001*) 

 

60-89 1.36 (1.16 - 1.59) <0.001 1.50 (1.14 - 1.99) 0.04 

 

45-59 3.85 (3.24 - 4.57) <0.001 4.26 (3.16 - 5.74) <0.001 

 

30-44 6.59 (5.40 - 8.04) <0.001 7.72 (5.56 - 10.70) <0.001 

 

15-29 14.47 (11.34 - 18.45 ) <0.001 15.05 (9.94 - 22.80) <0.001 

ACR (mg/mmol)     

 

Optimal (<1.1)   1 (<0.001*) 

 

High Normal (1.1-2.99)   1.36 (1.04 - 1.79) 0.026 

 

High (3.0-29.99)   2.97 (2.38 - 3.70) <0.001 

 

Very High (30 - 200)   6.25 (4.49 - 14.01) <0.001 

  Nephrotic (>200)     7.93 (4.49 - 14.01) <0.001 

 

Abbreviations: ACR, albumin creatinine ratio; AF, atrial fibrillation; CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated 

glomerular filtration rate; HR, hazard ratio; IHD, ischaemic heart disease; IMD, index of multiple deprivation.  

 

* P-value for overall effect 
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3.5.4 Multivariable Analysis 

Following adjustment for covariates the differences in ethnicity remained; people of 

South Asian and black ethnicities had a lower HR for death in all analyses. 

 

Model 1 (complete cohort, incorporating the number of identified comorbidities) 

analysed the complete cohort (Table 3-4) and showed an adjusted HR for death of 

0.67 (95% CI 0.60 – 0.76, P<0.001) for people of South Asian ethnicity and 0.59 

(95% CI 0.50 – 0.70, P<0.001) for people of black ethnicity compared to people of 

white ethnicity. When the analysis was restricted to the cohort with ACR tests 

available (Table 3-4) the HR for death was 0.76 (95% CI 0.61 – 0.94, P=0.011) for 

people of South Asian ethnicity and 0.53 for people of black ethnicity (95% CI 0.4 – 

0.69, P<0.001) compared to people of white ethnicity. For the complete cohort, 

mortality risk was lower in IMD quintiles 3 and 4 (compared to the most deprived 

quintile 5). No significant difference between IMD quintiles was identified in the 

ACR cohort. Increasing age (51 years and over in complete cohort, 61 years and over 

in ACR cohort), smoking status and male gender was significant in analyses for both 

cohorts. An increased HR for death was observed for two or more comorbidities, with 

the HR increasing as the number of comorbidities increased. 
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Table 3-4. Cox Proportional Hazard Regression Analysis. Multivariable Analyses. Model 1. (incorporating the number of identified 

comorbidities but not including any measurements of renal function). 

    Complete Cohort  ACR Tested Cohort 

    HR (95% CI) P-value HR (95% CI) P-value 

Ethnicity     

 White 1 (<0.001*) 1 (<0.001*) 

 South Asian 0.67 (0.56 - 0.76) <0.001 0.76 (0.61 - 0.94) 0.011 

 Black 0.59 (0.50 - 0.70) <0.001 0.53 (0.4 - 0.69) <0.001 

Age (years)     

 50 and under 1 (<0.001*) 1 (<0.001*) 

 51-60 1.96 (1.43 - 2.69) <0.001 1.54 (0.92 - 2.57) 0.101 

 61-70 4.51 (3.36 - 6.06) <0.001 3.63 (2.25 - 5.87) <0.001 

 71-80 10.08 (7.57 - 13.41) <0.001 8.12 (5.12 - 12.89) <0.001 

 81-90 23.97 (17.84 - 32.22) <0.001 17.02 (10.44 - 27.73) <0.001 

 >90 68.62 (48.17 - 97.76) <0.001 61.22 (33.37 - 112.31) <0.001 

Gender     

 Female as reference 1.45 (1.30 - 1.62) <0.001 1.81 (1.48 - 2.20) <0.001 

Smoker     

 Non-smoker as reference 1.72 (1.50 - 1.98) <0.001 1.99 (1.57 - 2.52) <0.001 

IMD Rank     

 Quintile 1 (least deprived) 1.08 (0.48 - 2.42) 0.849 <0.001 (<0.001 - >10^5) 0.951 

 Quintile 2 0.91 (0.51 - 1.60) 0.734 <0.001 (<0.001 - >10^5) 0.916 

 Quintile 3 0.82 (0.69 - 0.98) 0.028 0.98 (0.69 - 1.39) 0.907 

 Quintile 4 0.73 (0.63 - 0.85) <0.001 0.75 (0.56 - 1.02) 0.062 

  Quintile 5 (most deprived) 1 (0.001*) 1 (0.478*) 
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Table 3-4 continued… 

    Complete Cohort ACR Tested Cohort 

    HR (95% CI) P-value HR (95% CI) P-value 

Comorbidities     

 0 1 (<0.001*) 1 (<0.001*) 

 1 1.05 (0.87 - 1.25) 0.64 1.39 (0.93 - 2.10) 0.112 

 2 1.26 (1.05 - 1.52) 0.014 1.83 (1.24 - 2.70) 0.002 

 3 1.82 (1.50 - 2.23) <0.001 2.55 (1.72 - 3.81) <0.001 

 4 2.72 (2.16 - 3.44) <0.001 3.87 (2.48 - 6.03) <0.001 

 5 3.89 (2.95 - 5.14) <0.001 6.25 (3.88 - 10.06) <0.001 

 6 6.54 (4.20 - 10.16) <0.001 10.83 (5.53 - 21.22) <0.001 

  7 3.09 (0.43 - 22.08) 0.262 8.97 (1.22 - 66.15) 0.031 

 

Abbreviations: CI, confidence interval; HR, hazard ratio; IMD, index of multiple deprivation.  

 

* P-value for overall effect  
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Kidney function (eGFR) was incorporated into Model 2 (with the removal of CKD 

from the comorbidity score) and in the complete cohort (Table 3-5) the HR for people 

of South-Asian ethnicity was 0.68 (95% CI 0.6 – 0.77 P<0.001) and for people of 

black ethnicity was 0.79 (95% CI 0.64 – 0.98, P=0.032) compared to people of white 

ethnicity. Similarly, when the analysis was restricted to the cohort of patients with 

ACR tests available (Table 3-5), people of South Asian and Black ethnicity had a 

lower proportion of deaths compared to people of white ethnicity with HRs of 0.61 

(95% CI 0.52 – 0.72, P<0.001) and 0.58 (95% CI 0.44 – 0.76, P<0.001) respectively. 

In the complete cohort mortality risk was lower in the IMD quintile 4. More than two 

comorbidities were associated with an increasing HR and an increased HR of death 

compared to the reference eGFR range (90-119 ml/min/1.73m
2
) was seen with an 

eGFR ≥120 ml/min/1.73m
2
 and ≥45 ml/min/1.73m

2
. An eGFR of 60-89 

ml/min/1.73m
2
  was associated with a lower HR. In the analysis of those with ACR 

tested, an eGFR <60 ml/min was associated with progressively higher HR by CKD 

stage. 

 

In Model 3 (all vascular comorbidities except CKD and the addition of eGFR and 

ACR, Table 3-6) the HR for death for people of South Asian ethnicity was 0.70 (95% 

CI 0.56 – 0.87, P=0.001) and for people of black ethnicity was 0.53 (95% CI 0.40 – 

0.70, P<0.001) compared to people of white ethnicity (Figure 3-2). Older age, male 

gender, being a current smoker and increasing comorbidity (two or more) were 

associated with an increased HR of death (Figure 3-3). An ACR of ‘high’ or greater 

(i.e. ≥3.0 mg/mmol) and an eGFR <45 ml/min/1.73m
2
 was also associated with an 

increased HR for death. No significant differences in HRs were observed between 

deprivation quintiles. 
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Table 3-5. Cox Proportional Hazard Regression Analysis. Multivariable Analyses. Model 2. (incorporating the number of identified 

comorbidities excluding CKD, and eGFR). 

    Complete Cohort ACR Tested Cohort 

    HR (95% CI) P-value HR (95% CI) P-value 

Ethnicity     

 White 1 (<0.001*) 1 (<0.001*) 

 South Asian 0.68 (0.6 - 0.77) <0.001 0.79 (0.64 - 0.98) 0.032 

 Black 0.61 (0.52 - 0.72) <0.001 0.58 (0.44 - 0.76) <0.001 

Age (years)     

 50 and under 1 (<0.001*) 1 (<0.001*) 

 51-60 2.09 (1.52 - 2.87) <0.001 1.57 (0.94 - 2.63) 0.086 

 61-70 4.92 (3.65 - 6.63) <0.001 3.70 (2.28 - 6.00) <0.001 

 71-80 10.90 (8.15 - 14.58) <0.001 7.95 (4.96 - 12.74) <0.001 

 81-90 25.20 (18.63 - 34.10) <0.001 16.16 (9.79 - 26.66) <0.001 

 >90 68.19 (47.55 - 97.78) <0.001 52.70 (28.40 - 97.77) <0.001 

Gender     

 Female as reference 1.45 (1.30 - 1.61) <0.001 1.82 (1.49 - 2.22) <0.001 

Smoker     

 Non-smoker as reference 1.69 (1.47 - 1.95) <0.001 1.96 (1.55 - 2.48) <0.001 

IMD Rank     

 Quintile 1 (least deprived) 1.12 (0.50 - 2.49) 0.79 <0.001 (<0.001 - >10^5) 0.951 

 Quintile 2 0.90 (0.51 - 1.59) 0.707 <0.001 (<0.001 - >10^5) 0.917 

 Quintile 3 0.84 (0.71 - 1.00) 0.054 0.98 (0.69 - 1.40) 0.929 

 Quintile 4 0.74 (0.63 - 0.86) <0.001 0.78 (0.58 - 1.05) 0.096 

  Quintile 5 (most deprived) 1 (0.002*) 1 (0.592*) 
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Table 3-5 continued… 

    Complete Cohort ACR Tested Cohort 

    HR (95% CI) P-value HR (95% CI) P-value 

Comorbidities 

    

 

0 1 (<0.001*) 1 (<0.001*) 

 

1 1.02 (0.86 - 1.22) 0.788 1.46 (0.99 - 2.15) 0.055 

 

2 1.21 (1.10 - 1.45) 0.039 1.70 (1.17 - 2.47) 0.006 

 

3 2.12 (1.74 - 2.58) <0.001 2.72 (1.82 - 4.06) <0.001 

 

4 2.64 (2.06 - 3.40) <0.001 3.71 (2.36 - 5.84) <0.001 

 

5 3.64 (2.52 - 5.27) <0.001 6.20 (3.46 - 11.12) <0.001 

 

6 5.07 (1.62 - 15.91) 0.005 10.02 (2.40 - 41.90) 0.002 

eGFR (ml/min1.73m
2
) 

    

 

>120 2.02 (1.5 - 2.72) <0.001 1.47 (0.82 - 2.62) 0.195 

 

90-120 1 (<0.001*) 1 (<0.001*) 

 

60-89 0.82 (0.70 - 0.96) 0.015 0.94 (0.70 - 1.25) 0.649 

 

45-59 1.10 (0.92 - 1.32) 0.301 1.40 (1.01 - 1.92) 0.041 

 

30-44 1.34 (1.08 - 1.66) 0.007 1.95 (1.37 - 2.78) <0.001 

  15-29 2.93 (2.27 - 3.78) <0.001 3.26 (2.10 - 5.06) <0.001 

 

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; IMD, index of multiple deprivation.  

 

* P-value for overall effect 
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Table 3-6. Cox Proportional Hazard Regression Analysis. Multivariable analyses. Model 3. (incorporating the number of identified 

comorbidities excluding CKD, and eGFR and ACR)  

    Complete Cohort 

    HR (95% CI) P-value 

Ethnicity   

 White 1 (<0.001*) 

 South Asian 0.70 (0.56 - 0.87) 0.001 

 Black 0.53 (0.40 - 0.70) <0.001 

Age (years)   

 50 and under 1 (<0.001*) 

 51-60 1.52 (0.91 - 2.55) 0.112 

 61-70 3.52 (2.17 - 5.71) <0.001 

 71-80 7.38 (4.61 - 11.82) <0.001 

 81-90 15.72 (9.53 - 25.92) <0.001 

 >90 51.64 (27.89 - 95.62) <0.001 

Gender   

 Female as reference 1.78 (1.46 - 2.18) <0.001 

Smoker   

 Non-smoker as reference 1.89 (1.49 - 2.39) <0.001 

IMD Rank   

 Quintile 1 (least deprived) <0.001 (<0.001 - >10^5) 0.952 

 Quintile 2 <0.001 (<0.001 - >10^5) 0.913 

 Quintile 3 0.98 (0.68 - 1.39) 0.902 

 Quintile 4 0.79 (0.59 - 1.06) 0.118 

  Quintile 5 (most deprived) 1 (0.65*) 
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Table 3-6 continued… 

    Complete Cohort 

    HR (95% CI) P-value 

Comorbidities   

 0 1 (<0.001*) 

 1 1.37 (0.93 - 2.02) 0.109 

 2 1.49 (1.02 - 2.17) 0.039 

 3 2.29 (1.53 - 3.43) <0.001 

 4 3.15 (2.00 - 4.96) <0.001 

 5 5.14 (2.87 - 9.21) <0.001 

 6 10.54 (2.52 - 44.08) 0.001 

eGFR (ml/min/1.73m
2
)   

 >120 1.40 (0.78 - 2.49) 0.26 

 90-120 1 (<0.001*) 

 60-89 0.91 (0.98 - 1.21) 0.505 

 45-59 1.28 (0.93 - 1.76) 0.126 

 30-44 1.57 (1.10 - 2.24) 0.014 

 15-29 2.07 (1.32 - 3.27) 0.002 

ACR (mg/mmol)   

 Optimal (<1.1) 1 (<0.001*) 

 High Normal (1.1-2.99) 1.03 (0.78 - 1.36) 0.821 

 High (3.0-29.99) 1.84 (1.46 - 2.31) <0.001 

 Very High (30 - 200) 2.96 (2.13 - 4.10) <0.001 

  Nephrotic (>200) 3.84 (2.11 - 6.99) <0.001 

 Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; IMD, index 

of multiple deprivation. * P-value for overall effect 
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Figure 3-2. Cox Regression Survival Plot indicating cumulative survival between 

ethnicities in Model 3 (comorbidities, eGFR and ACR).  

Table below survival plot demonstrates number of individuals who remained in 

follow up at each time-point. 

 

 

 

Subjects remaining in follow up 

Time from Recruitment (days) 

 

0 200 400 600 800 1000 end 

White 1908 1896 1864 1835 1798 1764 1760 

South Asian 7022 6981 6938 6891 6840 6783 6775 

Black 2275 2266 2251 2228 2208 2192 2191 

All 11205 11143 11053 10954 10846 10739 10726 

 

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration 

rate 
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Figure 3-3. Hazard ratio (HR) for death by number of comorbidities. 

Multivariate analysis: Model 3. 

 

HR not illustrated for 6 comorbidities; HR 10.54 (95% CI 2.52 - 44.084) 

Abbreviations: CI, confidence interval; HR, hazard ratio 
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3.6 Discussion 

The results presented in this chapter utilised routinely available clinical and laboratory 

data, including kidney function assessed by eGFR and ACR, from a large primary 

care population. Detailed SES was included in the analyses and, importantly, three 

ethnic groups, South-Asian, black and white, were studied. Prior to this research, 

there has been uncertainty about the impact of ethnicity and SES on clinical outcomes 

in people with significant comorbidities including CKD. The comprehensive nature of 

the dataset coupled with the ability to utilise the Primary Care Mortality Database has 

allowed me to assess the relative impact of these factors on survival. 

 

The previously identified associations between lower eGFR, higher ACR and 

increased mortality applied to this population. Furthermore, these associations 

remained significant when adjusted for ethnicity, age, gender, cardiovascular risk 

factors and SES. These results add weight to the risk stratification benefit of 

measuring ACR has in high risk groups.  

 

A strong cumulative impact of comorbidity on CKD and ethnicity was shown. 

Whereas traditional comorbidity scores such as the Charlson Comorbidity Index (216) 

are difficult to calculate accurately in a large primary care setting, this study 

demonstrates that a simple cumulative score provides prognostic information. 

Individual comorbidities were present in varying frequencies within different ethnic 

groups, a finding consistent with that found in other ethnically diverse populations 

(238). Whilst individual comorbidities were associated with different mortality risks, 

it was the cumulative effect of comorbidities conveyed the greatest prognostic 

implication. A similar approach, but also including non-cardiovascular risk factors has 
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recently been described (239).  Our study suggests that routinely collected clinical 

data concerning cumulative comorbidity may be utilised to quantify risk, however 

further work would be required to validate this as a tool for use in clinical care.  

 

Socio-economic status was measured by the IMD 2007 score; a cumulative 

deprivation index score incorporating seven areas of deprivation which has been 

validated as superior to other deprivation scores (187). One notable finding is that 

there was no demonstrable association between SES and mortality when corrected for 

all other factors including comorbidity and ethnicity. This is in contrast to the 

evidence presented in Section 1.5.2, which demonstrates that there is frequently an 

independent relationship between SES and mortality across disease states and ethnic 

groups within the UK (240-243). This relationship varies by population group studied 

(244) and there have been limited studies investigating health disparities in similar, 

inner-city populations. Whilst we studied a health care system that is free at the point 

of care, limiting possible health access issues, the majority of individuals were from 

the most deprived national quintile and this study may therefore underestimate the 

influence of the complete spectrum of SES on mortality. To attempt to correct for this, 

analyses were re-run, dividing the cohort into equal quintiles. All analyses continued 

to indicate the effect of ethnicity and the importance of cardiovascular comorbidity 

and renal function. The univariable analysis and the most comprehensive 

multivariable analysis (data not shown) did not show any differences between most 

and least deprived quintiles.  

 

One of the seven areas included in the IMD is health deprivation, raising the 

possibility of an inbuilt relationship between deprivation and health even before 



 

107 

analyses are undertaken. The possible implication of this was investigated by Adams 

and White (245) who analysed data having removed the health domain from IMD 

2004 and found that its removal had little, practical, effect. This suggests the presence 

of the health domain is unlikely to influence the results. 

 

Risk of death was lower for people of South Asian and black ethnicity compared to 

people of white ethnicity, and this remained in all analyses (univariable and 

multivariable) performed. Previous studies comparing the outcomes of different 

ethnic groups have been limited in their generalisability. They have either looked at 

disease specific mortality (11, 96, 98, 99) or have been based in populations that do 

not have access to free comprehensive healthcare. The finding that differences in 

mortality risk between ethnic groups is independent of age, gender, SES, kidney 

function and comorbidities require further work. Variables, such as health promotion 

targeted at specific groups, differences in medication usage or factors related to 

genetic diversity may offer potential explanations for this variation (246, 247). 

 

3.6.1 Potential Utility of Alternative Statistical Techniques  

Tables 3-1 and 3-2 demonstrate the baseline characteristics of the cohort split by 

ethnicity. As highlighted earlier in this chapter, differences were demonstrated 

between ethnicities; for example, median age was youngest in the South Asian cohort, 

and there were differences in SES and frequency of individual comorbidities. These 

variables were incorporated into the multivariable Cox regression analyses and, in 

recognition that certain variables (e.g. age) may not have a linear relationship with 

age, some were categorised. Whilst Cox modelling should correct for these 
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differences, one concern may be that comparing outcomes in disparate populations 

may lead to statistically unsafe results. In order to corroborate the results described in 

this chapter, an alternative statistical technique, such as propensity score matching 

(PSM), could be applied.  

 

Propensity score matching is a statistical technique, most frequently using logistic 

regression, which provides information on the probability of receiving a treatment, or 

experiencing an outcome, conditional on the patient’s observed characteristics (248, 

249). The goal is to balance these characteristics (e.g. age, renal function, 

comorbidities) in the individual groups to assess whether any observed difference is 

due to the exposure (ethnicity in this case) or other factors. The benefits of PSM over 

other multiple regression techniques is not universally acknowledged, but is likely to 

be of most benefit when the outcome is rare and the number of observed 

characteristics is large (250). Propensity score matching would not account for any 

unmeasured characteristics. 

 

Unfortunately, owing to an inability to access the data once a query about alternative 

statistical modelling was raised, I have been unable to perform PSM on these data, but 

acknowledge this would provide statistical weight to the results presented in this 

chapter. 

 

3.6.2 Strengths and Weaknesses 

A major strength in this study is the sample size, which included sixty-two practices 

of varying list size and number of practitioners. Ethnicity was documented in over 



 

109 

80% of the population studied; this is much higher than normally found in primary 

care records (251). Self-reporting is considered the ‘gold standard’ method of 

assessing ethnicity (184), taking into account an individual’s culture and self-identity. 

Renal function was described in terms of eGFR and ACR. 

 

These analyses have used data from primary care coding and recording systems, 

which formed part of the electronic downloads. These downloads indicate who is on a 

specific cardiovascular risk register and therefore may not classify people correctly. 

There is a relative paucity of published literature regarding the correct identification 

of people onto the correct cardiovascular risk registers (167, 235, 252, 253), although 

analysis of The Health Improvement Network database has demonstrated 

discrepancies between biochemically defined CKD and appearances on practice 

registers (1). Other surrogate measures of accuracy of the data include previous 

studies looking at gaming for QOF points (falsely classifying people with conditions 

they do not have thereby increasing revenue) or exception reporting (excluding 

individuals who have not had the appropriate monitoring completed) suggest that both 

these are rare (235, 254, 255). 

 

When comparing the breakdown of the population studied in these analyses to the 

source population, it is important to highlight two key differences. Firstly, there is a 

relative underrepresentation of individuals of white ethnicity, consistent with previous 

research (256). This is most marked in those who had their ACR measured; a higher 

number of males and individuals with diabetes or of South Asian ethnicity had an 

ACR measured. Comparing the whole cohort to those who had their ACR reported 

showed similar trends for mortality in respect of age, eGFR, smoking status and SES, 
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suggests a generalisability of results. Secondly one criterion for inclusion was the 

recording of renal function within the previous twelve months. This is likely to have 

resulted in an overrepresentation of comorbidity as people with CV conditions would 

be more likely to have their renal function checked. A further consideration is that the 

accuracy and applicability of creatinine based eGFR equations, such as the formula 

used in this analysis, in non-white ethnic groups is a subject of ongoing research (257-

259). Cystatin C based equations may be more accurate (260), but are not routinely 

measured in clinical practice.  

 

It was not possible to assess the number of people who progressed to ESRD in the 

cohort during the study period, as the anonymous nature of the data did not allow 

linkage to secondary care renal data. 

 

3.7 Conclusion to Chapter 3 

These analyses show the determinants of mortality were multifactorial in a high risk 

population and that ethnicity should be considered as a non-traditional risk factor for 

mortality; the HR for death was lower for South Asian and black individuals 

compared to white individuals which was, in part, independent of age, gender, SES, 

renal function and comorbidities. Furthermore, a simple cumulative comorbidity 

system may have prognostic utility. Renal function (eGFR and ACR) provided 

additional information and gender, age and smoking status remained significant risk 

factors for mortality. 
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Further work will now be performed investigating the impact of ethnicity within a 

secondary care nephrology setting. 
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4 RESULTS 2. The impact of ethnicity on progression to end-stage 

renal disease in pre-dialysis chronic kidney disease. 

 

4.1 Preface 

The previous chapter investigated the impact of ethnicity and chronic kidney disease 

(CKD) on mortality in a the diverse central Birmingham primary care population, and 

demonstrated that hazard ratios for death were lower for South Asian and black 

individuals compared to white individuals in univariable and multivariable analyses.  

 

Whilst the analyses intentionally did not include individuals with an estimated 

glomerular filtration rate (eGFR) below 15ml/min/1.73m
2
, and were unable to 

investigate progression to end stage renal disease (ESRD) directly, the findings may 

impact on the secondary care nephrology population as white individuals may have an 

increased competing risk (i.e. death) which means they will not reach ESRD or, 

potentially, the need for secondary care nephrology input. 

 

This work, coupled with evidence of higher rates of progression to ESRD in non-

white ethnicities, led to an evaluation of ethnicity as a potential risk factor associated 

with accelerated progression of CKD in the Renal Impairment in Secondary Care 

(RIISC) CKD cohort. Whilst this chapter investigates the impact of both South Asian 

and black ethnicities compared to white ethnicity, the predominant focus is on South 

Asian ethnicity as there is a little published literature on the factors that influence 

progression in this group. To include the impact of any difference in mortality 

between ethnicities, competing risk regression (Section 2.4.3.3) was performed.  
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4.2 Abstract 

Background. People of South Asian ethnicity have a higher rate of progression to 

ESRD compared to white individuals. A United Kingdom (UK) based, CKD cohort 

was utilised to assess for modifiable risk factors for accelerated progression of CKD 

in people of South Asian ethnicity.  

  

Methods. 727 (white 507, South Asian 150, black 70) individuals in the Renal 

Impairment in Secondary Care study were included. Primary end-points included 

progression to ESRD or death. Survival analyses, including Cox proportional hazards 

and competing risk regression were performed. 

  

Results. Median eGFR was 25.7ml/min/1.73m
2
 (IQR 19.5-33.5) and median urine 

albumin creatinine ratio (ACR) was 32.8mg/mmol (IQR 6.7-127.6). During the 

follow-up period, 151 (20.8%) individuals reached ESRD and 76 (10.5%) died. 

  

There was no difference in eGFR between ethnic groups. However there were major 

differences in albuminuria as measured by ACR; this was highest in South Asian 

participants (median 84.1mg/mmol, interquartile range (IQR) 25.9-170.2), compared 

to black (53.2mg/mmol, IQR 9.9-137.3) and white ethnicities (20.0mg/mmol, IQR 

4.5-101.4) (P=0.0001). 

  

By Cox survival analysis, individuals of South Asian (Hazard Ratio (HR) 1.62, 95% 

Confidence Interval (CI) 1.11-2.35, P=0.012) and black ethnicities (HR 1.79, 95% CI 

01.10-2.90, P=0.019) had an increased risk of ESRD compared to individuals of white 
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ethnicity. Multivariable analyses attenuated this difference and ACR was the major 

modifiable risk factor. Other variables independently associated with worse outcome 

were lower age, male gender, lower eGFR, higher diastolic blood pressure, lower 

serum albumin, lower haemoglobin and lower triglycerides. 

  

Conclusions. Albuminuria is the principal modifiable risk factor for progression to 

ESRD in people of South Asian ethnicity. Treatments to reduce albuminuria should 

be optimised and research is needed into why albuminuria is typically higher in this 

ethnic group. 

 

4.3 Introduction 

People of South Asian ethnicity are a large ethnic group in the UK. Despite a similar 

or lower overall prevalence of CKD compared with individuals of white ethnicity, 

there is both a higher rate of progression to ESRD (2, 6, 39) and a lower median age 

of starting renal replacement therapy (RRT) compared to people of white ethnicity 

(57.0 years for non-White patients compared to 66.0 years for White patients) (103).  

 

In patients with CKD there is intense interest on risk stratification through the 

identification of factors that are associated with adverse outcomes. Whilst there have 

been many studies looking at the impact of black ethnicity on ESRD, including 

identification of potential genetic explanations of any differences (261), there has 

been no analysis specific for those of South Asian ethnicity. Consequently little is 

known about how risk factors for progression to ESRD in this ethnic group differ 

from other ethnic groups. 
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If differences in ESRD by ethnicity exist, potential explanations include: differences 

in the intrinsic characteristics of specific populations; a variation in the rate of 

established risk factors (12); or a competing event which prevents an individual 

reaching ESRD. For example, previous studies, including the analyses described in 

Chapter 3, have identified a lower rate of death in non-white ethnic groups (11, 262) 

and, if there is a different mortality rate by ethnicity, this competing risk may 

influence the total numbers reaching ESRD.  

 

In order to clarify the relationships between ethnicity and established risk factors on 

progression to ESRD in people of South Asian ethnicity this chapter utilises the 

socioeconomically and ethnically diverse RIISC prospective cohort study of pre-

dialysis CKD in a country with universal health coverage.  

 

The analyses presented explore demographic, clinical and laboratory determinants on 

progression to ESRD for people with South Asian ethnicity, compared to people of 

white and black ethnicity. They focus on routinely collected clinical and laboratory 

data and selected additional novel risk factors to assess the relative impact of these 

factors on the risk of progression to ESRD. In addition to traditional survival 

analyses, we performed competing risk analyses to mitigate any impact of different 

mortality rates on ESRD. 

 

4.4 Methods 

A comprehensive description of the RIISC study and its methodology is presented in 

Chapter 2 (Section 2.3) and have previously been published (73, 180).  



 

116 

 

4.4.1 Ethnicity 

Ethnicity and country of birth were self-reported and documented at time of 

recruitment. For the analyses that follow, individuals are grouped into white, South 

Asian (individuals of Bangladeshi, Indian and Pakistani descent) or black (individuals 

from or who have ancestors from Africa or the Caribbean) ethnicity; ethnicities 

classified as other are not included in the analyses. 

 

4.4.2 Specific Statistical Analyses Related to this Chapter 

Analyses were performed using Stata 13.1 (Statacorp, College Station, Texas, USA). 

 

Techniques for the analysis of descriptive statistics and survival analyses are 

described in Section 2.4. Whilst competing risk analyses is also described in the 

methods section, I have included a short summary below to aid interpretation of the 

data. 

 

4.4.2.1 Competing Risk Analyses 

Survival analyses including Cox proportional hazard analyses (Section 2.4.3.2) treat 

all censored events as ‘uninformative’. A patient may be censored at the end of their 

follow up or when they reach another end-point (death); both situations are treated 

equally but are of different clinical (and statistical) importance. To adjust for this, a 

competing risk analyses according to the method described by Fine and Gray (Stata 

command stcrreg) was performed (223). Data are presented using subdistribution 

hazard ratios (SHR) with 95% confidence interval (CI) and P-values. 
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4.4.2.2 Univariable and Multivariable Analyses 

Ethnicity was initially analysed in univariable analyses. Multivariable analyses were 

then performed to include a priori variables (known confounding factors of age, 

gender, comorbidity assessed by CCI, eGFR and ACR); Model 1. Further candidate 

variables included any baseline characteristics demonstrating differences by ethnicity 

(P<0.1); Model 2. A backwards selection model was used to produce the final 

multivariable model; Model 3. 

 

The a priori variables were chosen as international prediction equations identify age, 

gender, eGFR and ACR and being associated with the greatest risk of ESRD in (see 

Section 1.4 and (85-87)). Additionally Chapter 3 demonstrated the impact of 

comorbidity on mortality and I therefore included the Charlson Comorbidity Index as 

a validated cumulative score (216). 

 

The censor date used in the analysis of these data is 24
th

 February 2016. 

 

4.5 Results 

All participants recruited to end March 2014 (n=745) were evaluated for inclusion in 

this study. Eighteen patients were excluded from the analyses as they were not 

categorised within White (507, 68.1%), South Asian (150, 20.1%) or Black (70, 

9.4%) ethnic groups. Figure 4-1 indicates the number of individuals at each stage of 

evaluation. 
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Figure 4-1. Flow diagram of study participants and outcomes. 

 

Abbreviations: ESRD, end-stage renal disease. 

 

Median age at recruitment was 64 years (IQR 50-77 years) and 61.1% were male. The 

most common primary renal diagnoses were ischaemic/hypertensive nephropathy in 

25.9%, glomerulonephritis in 13.5%, diabetic kidney disease in 11.3%, polycystic 

kidney disease in 5.0% and not known/ other in 23.1% (Table 4-1).  

 

Median eGFR was 25.7 ml/min/1.73m
2 

(IQR 19.5-33.5)
 
and median ACR was 32.8 

mg/mmol (IQR 6.7-127.6). Table 4-2 illustrates the study population by KDIGO 

classification (42). 
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Table 4-1. Aetiology of renal disease, split by ethnicity.  

  
Complete 

Cohort White Black South Asian P-value 

  n (%) n (%) n (%) n (%)   

Ischaemic/ hypertensive 

nephropathy 188 (25.9) 129 (25.4) 19 (27.1) 40 (26.7) 0.1 

Primary glomeulonephritides 92 (12.7) 65 (25.8) 11 (15.7) 16 (10.7) 

 Diabetic kidney disease 82 (11.3) 47 (9.3) 11 (15.7) 24 (16.0) 

 Polycystic kidney disease 36 (5.0) 27 (5.3) 4 (5.7) 5 (3.3) 

 Interstitial nephropathy 34 (4.7) 27 (5.3) 1 (1.4) 6 (4.0) 

 Obstructive uropathy 24 (3.3) 20 (3.9) 1 (1.4) 3 (2.0) 

 Reflux nephropathy 19 (2.6) 10 (2.0) 0 (0) 9 (6.0) 

 Hereditary nephropathies 7 (1.0) 6 (1.2) 1 (1.4) 0 (0) 

 Other cystic renal diseases 6 (0.8) 6 (1.2) 0 (0) 0 (0) 

 Secondary glomerulonephritides 6 (0.8) 6 (1.2) 0 (0) 0 (0) 

 Not known and other 168 (23.1) 114 (22.5) 18 (25.7) 36 (24.0) 

 Not stated 65 (8.9) 50 (9.9) 4 (5.7) 11 (7.3) 

 

      Total 727 (100) 507 (100) 70 (100) 150 (100)   
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Table 4-2. Renal function of study population stratified by Kidney Disease 

Improving Global Outcomes (KDIGO) classification. 

 

      ACR (mg/mmol)   

 

  <3 3-30 >30 ACR not 

stated 

N (%) 
A1 

N (%) 

A2 

N (%) 

A3 

N (%) 

eGFR 

(ml/min/1.73m
2
) 

≥60 G1/G2 1 (0.1) 1 (0.1) 22 (3.0) 2 (0.3) 

45-59 G3a 8 (1.1) 13 (1.8) 23 (3.1) 0 (0) 

30-44 G3b 26 (3.6) 59 (8.1) 76 (10.5) 8 (1.1) 

15-29 G4 64 (8.8) 136 (18.7) 188 (25.9) 26 (3.6) 

<15 G5 5 (6.9) 19 (2.6) 47 (6.5) 3 (0.4) 

 

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration 

rate 

 

During the follow-up period 151 (20.8%) individuals reached ESRD and 76 (10.5%) 

died. One-hundred and six (14.6%) withdrew from follow up. 

 

4.5.1 Baseline demographic, clinical and biochemical factors 

Baseline demographic, clinical and laboratory data, split by ethnicity, are shown in 

Table 4-3. White participants were older, less socio-economically deprived and more 

likely to smoke tobacco and drink alcohol compared to participants of South Asian 

and black ethnicities. No difference was demonstrated between gender split or in 

perceived HRQL. No difference was seen in aetiology of renal disease (P=0.1). 
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Table 4.3. Baseline characteristics of cohort, split by ethnicity. 

    Complete Cohort White South Asian Black P-value Completeness 

of data (%) 

   N (%) 727 (100) 507 (69.7) 150 (20.6) 70 (9.6)     

Demographics       

 Age (years) * 64 (50-77) 68 (55-78) 57 (44-69.3) 53.5 (46.5-75) 0.0001 100 

 Gender - Female n(%) 283 (38.9) 193 (38.1) 63 (42.0) 27 (38.5) 0.685 100 

 IMD Score * 31.9 (17.6-46.7) 26.0 (15.4-42.9) 38.2 (22.5-50.8) 51.1 (36.3-59.6) 0.0001 99.2 

 Most deprived quintile 

nationally n(%) 

345 (47.8) 203 (40.1) 87 (58.8) 55 (79.7) <0.001 99.4 

 BMI (kg/m
2
) * 28.6 (24.9-33.0) 28.6 (24.7-33.3) 28 (24.9-32) 30.3 (26.2-35.3) 0.0435 98.5 

Renal Function       

 Creatinine (μmol/L) * 213 (167-272) 210 (167.5-263) 221 (163-289) 250.5 (173.3-332.5) 0.0305 98.5 

 eGFR (ml/min/1.73m
2
) * 25.7 (19.5-33.5) 25.5 (10.2-33.1) 25.3 (18.3-34.8) 26.8 (19.5-38.7) 0.6011 98.5 

 ACR (mg/mmol) * 32.8 (6.7-127.6) 20 (4.5-101.4) 84.1 (25.9-170.2) 53.2 (9.9-137.3) 0.0001 94.9 

Comorbidities       

 Malignancy n(%) 110 (15.1) 96 (18.9) 6 (4.0) 8 (11.4) <0.0001 100 

 Diabetes n(%) 265 (36.5) 173 (34.1) 62 (41.3) 30 (42.8) 0.137 100 

 COPD n(%) 78 (10.7) 65 (12.8) 9 (6.0) 4 (5.7) 0.022 100 

 Cerebrovascular n(%) 89 (12.2) 64 (25.4) 19 (12.7) 6 (8.6) 0.615 100 

 Cardiovascular n(%) 165 (22.7) 125 (24.5) 33 (22.0) 7 (10.0) 0.023 100 

 PVD n(%) 73 (10.0) 55 (10.8) 10 (6.7) 8 (11.4) 0.3 100 

  CCI * 3 (1-5) 3 (1-5) 3 (1-4) 3 (1-5) 0.0213 99.9 
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Table 4-3 continued… 

    Complete Cohort White South Asian Black P-value Completeness 

of data (%) 

Health Related Quality of Life       

 Eq5D score * 0.743 (0.656-

0.883) 

0.753 (0.656-

0.883) 

0.727 (0.636-

0.858) 

0.727 (0.630-1) 0.9039 98.3 

Smoking Status       

 Never n(%) 348 (48.2) 192 (37.9) 114 (76.0) 42(60.0) <0.0001 99.3 

 Current n(%) 91 (12.6) 72 (14.2) 12 (8.0) 7 (10.0)   

 Previous n(%) 283 (39.2) 238 (46.9) 24 (16.0) 21 (30.0)   

Alcohol (weekly)       

 None n(%) 418 (57.5) 246 (48.5) 129 (86.0) 43 (61.4) <0.0001 100 

 1-10 units n(%) 216 (29.7) 179 (35.3) 16 (10.7) 21 (30.0)   

 11-20 units n(%) 63 (8.7) 55 (10.8) 5 (3.3) 3 (4.3)   

 more than 20 units n(%) 30 (4.1) 27 (5.3) 0 (0) 3 (4.3)   

Blood Pressure       

 Systolic BP (mmHg) ** 130.4 (20.5) 130.0 (21.1) 131.6 (18.9) 131.4 (19.7) 0.6045 98.6 

 Diastolic BP (mmHg) ** 78.8 (12.3) 75.2 (12.4) 78.8 (23.3) 79.8 (14.1) 0.0007 98.6 

 Mean Arterial Pressure 

(mmHg) ** 

106.1 (13.8) 104.9 (13.3) 108.2 (13.2) 110.5 (16.7) 0.0011 92.4 

Medication       

 ACEi/ARB n(%) 426 (58.7) 282 (55.7) 94 (62.7) 50 (71.4) 0.024 99.9 

 Allopurinol n(%) 131 (18.1) 102 (20.2) 22 (14.7) 7 (10.0) 0.056 99.9 

 Bicarbonate n(%) 107 (14.8) 70 (13.8) 25 (16.7) 12 (17.1) 0.578 99.9 

 Lipid Lowering medication 

n(%) 

453 (62.4) 317 (62.6) 100 (66.7) 36 (51.4) 0.092 99.9 

  No. antihypertensives * 2 (1-3) 2 (1-3) 2 (1-3) 3 (2-4) 0.598 99.9 
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Table 4-3 continued… 

    Complete Cohort White South Asian Black P-value Completeness 

of data (%) 

Biological markers       

 Albumin (g/L) * 43 (40-46) 43 (41-46) 42 (38-45) 42.5 (39-44.75) 0.0006 97.9 

 Albumin - under 30 g/L n(%) 7 (1.0) 5 (1.0) 2 (1.4) 0 (0) 0.64 97.9 

 Bicarbonate (mmol/L) ** 24.0 (3.7) 24.1 (3.6) 23.0 (3.8) 24.8 (4.0) 0.0006 97.2 

 Bicarbonate - under 20 

mmol/L n(%) 

104 (14.7) 67 (13.5) 30 (20.4) 7 (10.8) 0.076 97.2 

 Calcium (mmol/L) ** 2.3 (0.1) 2.3 (0.1) 2.3 (0.2) 2.3 (0.2) 0.1653 97.5 

 Uncorrected calcium 

(mmol/L) ** 

2.3 (0.2) 2.3 (0.1) 2.3 (0.1) 2.3 (0.2) 0.4059 97.5 

 Cholesterol (mmol/L) * 4.5 (3.8-5.5) 4.5 (3.8-5.4) 4.7 (3.9-5.7) 4.4 (4-5.4) 0.4584 97.4 

 CRP (mg/L) * 3.0 (1.4-7.3) 3.5 (1.5-7.8) 2.7 (1.4-5.6) 2.2 (0.8-7.2) 0.0277 93.8 

 Ferritin (ng/mL) * 118 (58-216.5) 116 (58-208) 114 (55-199) 146 (67-247) 0.1847 94.8 

 Glucose (mmol/L) * 5.3 (4.7-6.8) 5.2 (4.7-6.5) 5.3 (4.6-8.2) 5.3 (4.7-7.1) 0.4961 95.9 

 HbA1c (IFCC; mmol/mol) * 43 (39-53) 43 (39-52) 44 (40-58) 42.5 (38.25-50) 0.1075 94.8 

 Haemoglobin (g/L) ** 124.4 (17.2) 125.8 (16.8) 123.1 (17.1) 117.3 (17.8) 0.0003 96.1 

 Haemoglobin - under 100 g/L 

n (%) 

47 (6.7) 32 (6.6) 7 (4.9) 8 (11.4) 0.197 96.1 

 HDL (mmol/L) * 1.2 (1.0-1.5) 1.23 (0.98-1.5) 1.12 (0.94-1.42) 1.29 (0.94-1.7) 0.0289 97.9 

 Phosphate (mmol/L) ** 1.1 (0.2) 1.1 (0.2) 1.2 (0.3) 1.2 (0.3) 0.4897 97.1 

 Potassium (mmol/L) ** 4.7 (0.6) 4.7 (0.6) 4.7 (0.6) 4.7 (0.5) 0.409 97.1 

 Triglyceride (mmol/L) * 1.6 (1.1-2.4) 1.6 (1.14-2.39) 1.8 (1.2-2.6) 1.2 (0.9-1.7) 0.0001 96.8 

  Uric Acid (μmol/L) * 471.2 (119.7) 469.4 (116.4) 462.6 (135.2) 503.3 (102.9) 0.0604 96.8 

* median (interquartile range) ** mean (standard deviation) 
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Table 4-3 continued… 

 

Abbreviations: ACEi, Angiotensin converting enzyme inhibitor; ACR, Albumin creatinine ratio; ARB, Angiotensin II Receptor Blocker; BMI, 

Body mass index; BP, Blood pressure; CCI, Charlson Comorbidity Index; COPD, Chronic obstructive airways disease; CRP, C-Reactive 

Protein; eGFR, estimated glomerular filtration rate; EQ-5D score, Health dimensions from EQ-5D health related quality of life questionnaire 

were converted into an EQ-5Dindex score ranging from −0.594 to 1.0 (where 1 is full health and lower values indicate worse HRQL) using a set 

of weighted preferences produced from the UK population (Section 2.3.2); HbA1c, Glycated haemoglobin; HDL, High density lipoprotein; 

PVD, Peripheral vascular disease. 

 

 

 

; 
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Comorbidity was more common in participants of white ethnicity, with higher known 

rates of malignancy, chronic obstructive pulmonary disease and cardiovascular 

disease. This equated to a higher CCI in white participants. Whilst there was no 

difference between ethnic groups in the median number of anti-hypertensive agents 

used, angiotensin converting enzyme inhibitors (ACEi) or angiotensin II receptor 

blockers (ARB) were more frequently prescribed in black (71.4%) and South Asian 

(62.7%) compared to white (55.7%) ethnic groups (P=0.024).  No difference was 

observed in the use of lipid lowering medication or bicarbonate supplementation. 

 

Diastolic Blood Pressure (DBP) was highest in those of non-white ethnicity (mean 

DBP black 79.8 mmHg, South Asian 78.8 mmHg, white 75.2 mmHg, P=0.0007). 

Similar differences were found in the mean arterial pressure (MAP).  

 

No differences were demonstrated in eGFR between ethnicities (P=0.6011). 

Proteinuria, as assessed by urine ACR, was highest in South Asian participants 

(median 84.1 mg/mmol), followed by participants of black ethnicity (53.2 mg/mmol) 

and lowest in white participants (20.0 mg/mmol) (P=0.0001).  

 

Differences in biochemical parameters were noted in triglyceride, high density 

lipoprotein (HDL) and C reactive protein (CRP) concentrations. Albumin, bicarbonate 

and haemoglobin concentrations also varied, but no difference was identified when 

threshold levels were evaluated (albumin less than 30 g/L, bicarbonate less than 20 

mmol/L, haemoglobin less than 100 g/L). 
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4.5.2 Progression to ESRD by ethnicity 

The Kaplan-Meier survival plot illustrating progression to ESRD by ethnicity (log-

rank test P=0.0073) is shown in Figure 4-2. By Cox survival analysis, individuals of 

South Asian ethnicity (HR 1.62, 95% CI 1.11-2.35, P=0.012) and black ethnicity (HR 

1.79, 95% CI 01.10-2.90, P=0.019) had a statistically increased risk of ESRD 

compared to individuals of white ethnicity. 

Figure 4-2. Kaplan-Meier survival plot illustrating progression to end-stage 

renal disease split by ethnicity. Log-rank test comparing ethnicities P=0.0073. 

Life table below survival plot indicates the number of individuals who remained in 

follow-up at each time point. 

 

  
Subjects remaining in follow up 

Time from Recruitment (days) 

  0 250 500 750 1000 1250 1500 1750 

White 507 462 415 358 259 128 66 26 

South Asian 150 132 117 97 65 27 12 5 

Black 70 60 57 42 27 13 7 4 

Total 727 654 589 497 351 168 85 35 

 



 

127 

4.5.3 Competing risk analysis 

No significant difference was found for risk of death between ethnicities using Kaplan 

Meier (Log-rank test P=0.2745) or Cox proportional hazards regression (South Asian 

compared to white HR 0.56, 95% CI 0.28-1.14, P=0.113; black compared to white 

HR 0.96, 95% CI 0.44-2.10, P=0.915). 

 

To adjust the survival analyses for risk of ESRD for the competing risk of death, 

competing risk analyses were performed. In these analyses, individuals of South 

Asian (SHR 1.65, 95% CI 1.13-2.40, P=0.009) and black ethnicity (SHR 1.77, 95% 

CI 1.08-2.91, P=0.023) had a higher risk of ESRD. 

 

4.5.4 The relationship between established risk factors and progression to end-

stage renal disease  

On multivariable Cox regression analysis, after adjusting for age, gender, eGFR, ACR 

and CCI, the impact of ethnicity on ESRD risk was not significant for South Asian 

ethnicity (HR 0.90, 95% CI 0.58-1.38, P=0.625) and of borderline significance for 

black ethnicity (HR 1.67, 95% CI 1.00-2.79, P=0.05) (Table 4-4, Model 1). Lower 

age, lower eGFR and higher ACR were associated with ESRD risk. 
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Table 4-4. Multivariable survival analyses for progression to end-stage renal 

disease. Renal function (eGFR and ACR) analysed as continuous variables. 

Model 1 and 2. 

    Model 1 Model 2 

    Hazard Ratio 

(95% CI) 

P-value Hazard Ratio 

(95% CI) 

P-value 

Ethnicity     

 White 1  1  

 South Asian 0.90 (0.58-1.38) 0.625 1.07 (0.61-1.89) 0.795 

 Black 1.67 (1.00-2.79) 0.05 1.27 (0.65-2.48) 0.478 

Age (per 1 year increase) 0.97 (0.96-0.99) <0.001 0.97 (0.95-0.99) <0.001 

Gender (male as reference) 1.33 (0.93-1.90) 0.12 2.24 (1.31-3.82) 0.003 

eGFR (per 5ml/min/1.73m2 

increase) 

0.57 (0.51-0.64) <0.001 0.52 (0.44-0.60) <0.001 

ACR (per 10mg/mmol increase) 1.03 (1.02-1.04) <0.001 1.03 (1.02-1.04) <0.001 

Charlson Comorbidity Index 1.04 (0.95-1.13) 0.397 1.03 (1.02-1.16) 0.629 

Socioeconomic Status     

 IMD score   0.99 (0.98-1.00) 0.214 

Smoking Status     

 None   1  

 Current   1.28 (0.65-2.51) 0.474 

 Previous   1.44 (0.88-2.36) 0.145 

Alcohol (weekly)     

 None   1  

 Under 10 units   0.88 (0.53-1.44) 0.602 

 11-20 units   0.57 (0.25-1.28) 0.171 

 over 20 units   1.61 (0.61-4.25) 0.338 

Blood Pressure     

 AvgDBP (mmHg)   1.02 (1.00-1.04) 0.121 

 AvgMAP (mmHg)   1.01 (0.99-1.03) 0.419 

Medication     

 ACEi/ARB   1.43 (0.91-2.25) 0.119 

Additional Biological markers     

 Albumin (g/L)   0.93 (0.89-0.98) 0.007 

 Bicarbonate (mmol/L)   1.05 (0.99-1.12) 0.094 

 CRP (mg/L)   0.99 (0.97-1.00) 0.079 

 Haemoglobin (g/L)   0.97 (0.96-0.99) <0.001 

 HDL (mmol/L)   0.96 (0.56-1.67) 0.898 

  Triglycerides (mmol/L)     0.83 (0.67-1.02) 0.078 

 

Abbreviations: ACEi, Angiotensin converting enzyme inhibitor; ACR, Albumin 

creatinine ratio; ARB, Angiotensin II Receptor Blocker; CCI, Charlson comorbidity 

index; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated 

glomerular filtration rate; HDL, high density lipoprotein; MAP; mean arterial 

pressure.  



 

129 

To quantify the significance of proteinuria and aid interpretation, the analyses were 

rerun with eGFR and ACR values categorised by KDIGO classification (Table 4-5, 

Model 1). This illustrated the significance of reduced eGFR (<30ml/min/1.73m
2
 with 

30-44ml/min/1.73m
2
 as reference) and proteinuria (>30mg/mmol). In these analyses, 

South Asian ethnicity was not associated with progression to ESRD (HR 1.10, 95% 

CI 0.55-1.26, P=0.384). Black ethnicity remained significantly associated with 

progression (HR 1.78, 95% CI 1.09-2.93, P=0.022). 

 

A further multivariable analysis was performed including a priori variables and 

factors which differed between ethnicities at baseline (Table 4-4, Model 2). A 

backwards stepwise technique was then performed to produce a final model with a 

priori variables and other factors which remained significant with P<0.05 (Table 4-6, 

Model 3 (Cox). In this model, both South Asian and black ethnicity were not 

independently significant variables. Significant factors were lower age, male gender, 

lower eGFR, higher ACR, higher diastolic blood pressure, lower albumin, lower 

haemoglobin, and lower triglycerides.  

 

Findings from a competing risk analysis (with death as the competing risk), using the 

same variables, demonstrated findings consistent with the cox regression (Table 4-6, 

Model 3 (competing risk)). 
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Table 4-5. Multivariable survival analyses for progression to end-stage renal 

disease. Renal function (eGFR and ACR) analysed as categorical variables, 

classified by KDIGO CKD classification. Models 1 and 3. 

 

    Model 1 (categorical) Model 3 (categorical) 

    Hazard Ratio 

(95% CI) 

P-value Hazard Ratio 

(95% CI) 

P-value 

Ethnicity     

 White 1  1  

 South Asian 0.83 (0.55-1.26) 0.384 0.86 (0.56-1.32) 0.496 

 Black 1.78 (1.09-2.93) 0.022 1.19 (0.71-2.02) 0.511 

Age (per 1 year increase) 0.98 (0.96-0.99) <0.001 0.98 (0.96-0.99) 0.001 

Gender (male as reference) 1.32 (0.92-1.87) 0.127 2.02 (1.36-2.99) <0.001 

eGFR - categorical     

 G1/2 (≥60ml/min/1.73m
2
) no ESRD 1 no ESRD 1 

 G3a (45-59 ml/min/1.73m
2
) 0.23 (0.03-1.73) 0.152 0.21 (0.03-1.64) 0.137 

 G3b (30-44 ml/min/1.73m
2
) 1  1  

 G4 (15-29 ml/min/1.73m
2
) 3.50 (1.97-6.23) <0.001 2.93 (1.63-5.24) <0.001 

 G5 (<15ml/min1.73m
2
) 17.53 (9.05-

33.99) 

<0.001 12.64 (6.32-

25.26) 

<0.001 

ACR - categorical     

 A1 (<3 mg/mmol) 1  1  

 A2 (3-30 mg/mmol) 1.70 (0.78-3.72) 0.183 1.37 (0.61-3.08) 0.443 

 A3 (>30 mg/mmol) 4.67 (2.23-9.79) <0.001 3.69 (1.68-8.13) 0.001 

Charlson Comorbidity Index 1.07 (0.99-1.17) 0.094 1.02 (0.92-1.12) 0.754 

AvgDBP (mmHg) 

  

1.02 (1.00-1.03) 0.045 

Albumin (g/L)   0.95 (0.91-0.99) 0.007 

Haemoglobin (g/L)   0.97 (0.96-0.99) <0.001 

Triglycerides (mmol/L)     0.87 (0.74-1.03) 0.106 

 

Abbreviations: ACR, albumin creatinine ratio; DBP, diastolic blood pressure; eGFR, 

estimated glomerular filtration rate. 

  



 

131 

Table 4-6. Multivariable survival analyses for progression to end-stage renal 

disease. Renal function (eGFR and ACR) analysed as continuous variables. 

Model 3.  

 

    Model 3 (Cox) Model 3 (competing risk) 

    Hazard Ratio 

(95% CI) 

P-

value 

Subdistribution 

Hazard Ratio (95% 

CI) 

P-

value 

Ethnicity     

 White 1  1  

 South Asian 0.97 (0.63-1.48) 0.89 0.92 (0.57-1.48) 0.722 

 Black 1.08 (0.63-1.86) 0.779 1.03 (0.58-1.85) 0.913 

Age (per 1 year increase) 0.97 (0.96-0.99) <0.001 0.97 (0.96-0.98) <0.001 

Gender (male as reference) 2.26 (1.51-3.37) <0.001 2.47 (1.60-3.82) <0.001 

eGFR (per 5ml/min/1.73m
2
 

increase) 

0.56 (0.49-0.63) <0.001 0.56 (0.47-0.66) <0.001 

ACR (per 10mg/mmol 

increase) 

1.04 (1.03-1.05) <0.001 1.03 (1.02-1.04) <0.001 

Charlson Comorbidity Index 0.98 (0.89-1.08) 0.664 0.97 (0.88-1.06) 0.463 

AvgDBP (mmHg) 1.02 (1.00-1.03) 0.032 1.02 (1.00-1.04) 0.022 

Albumin (g/L) 0.96 (0.92-1.00) 0.031 0.95 (0.91-0.99) 0.02 

Haemoglobin (g/L) 0.98 (0.97-0.99) 0.002 0.98 (0.97-0.99) 0.002 

Triglycerides (mmol/L) 0.80 (0.66-0.95) 0.016 0.82 (0.68-1.00) 0.046 

 

Abbreviations: ACR, albumin creatinine ratio; DBP, diastolic blood pressure; eGFR, 

estimated glomerular filtration rate. 

 

 

Cox regression analysis incorporating variables from the final model (ethnicity, a 

priori variables, diastolic BP, albumin, haemoglobin, triglycerides) but with eGFR 

and ACR categorised was performed (Table 4-5, Model 3). This demonstrated the 

same variables remained significant (lower age, male gender, lower eGFR, higher 

ACR, higher diastolic blood pressure, lower albumin and lower haemoglobin) with 

the exception of triglycerides. Compared to an eGFR 30-44ml/min/1.73m
2
 (G3b; the 

reference category), an eGFR 15-29ml/min/1.73m
2
 (G4; HR 2.93, 95% CI 1.63-5.24, 

P<0.001) and eGFR <15ml/min/1.73m
2
 (G5; HR 12.64, 95% CI 6.32-25.26, P<0.001) 

were associated with a higher HR for ESRD, as was an ACR >30 mg/mmol (A3; HR 
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3.69, 95% CI 1.68-8.13, P=0.001). Consistent with the analyses above, no 

significance was identified for differences by ethnicity. 

 

4.6 Discussion 

Whilst significant emphasis has been placed on risk stratification and identification of 

factors associated with ESRD, the impact of South Asian ethnicity has not been 

explored in detail, even though observational data shows an increased rate of ESRD in 

non-white ethnic groups (39). Previous studies investigating the impact of ethnicity on 

progression of CKD have not included large South Asian populations or have 

investigated the relationship in health care systems where universal coverage is not 

provided and access to healthcare may vary by SES.  

 

Utilising the UK based, prospective observational RIISC study (73), I analysed 

progression to ESRD within the socioeconomically and ethnically diverse RIISC 

study, where over 30% of participants were of self-reported South Asian or black 

ethnicity. Whilst the median eGFR was similar between ethnicities, individuals of 

South Asian or black ethnicity were likely to be younger, more socio-economically 

deprived and have less comorbidity. Furthermore, people of South Asian or black 

ethnicity had higher albuminuria, assessed as urine ACR. No difference was seen in 

reported health-related quality of life between ethnicities. 

 

There was an increased risk of ESRD for South Asian ethnicity compared to their 

white counterparts. This difference persisted in competing risk analyses (with death as 

the competing risk). Subsequent multivariable analyses incorporating established risk 
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factors (age, gender, eGFR, ACR, comorbidity) and candidate variables that differed 

by ethnicity (diastolic blood pressure, serum albumin, haemoglobin and triglycerides 

after backwards step-wise technique) attenuated the difference between ethnicities. 

Similar findings were identified for those of black ethnicity. Socio-economic status 

was not significant in the multivariable model, thereby not suggesting evidence of 

health inequality associated with socio-economic deprivation. 

 

One of the most striking differences in the baseline characteristics between ethnicities 

was the variation in albuminuria. Given the prognostic significance of ACR in our 

analyses, possible explanations for this difference include: 

 

1. The difference in ACR could be a disease specific effect. I did not identify any 

significant difference in overall proportion of renal aetiologies between ethnicities 

(P=0.1). However the proportion of people with diabetic kidney disease (DKD) 

was highest in South Asian (16.0%) and black (15.6%) compared to white 

ethnicities (9.3%). Whilst median ACR for South Asians with DKD was higher 

(155.3 mg/mmol, IQR 65.1-427) than white (64.7 mg/mmol, IQR 23-339.6) and 

black (58.1 mg/mmol, IQR 3.95-240.5) ethnicities, no statistical difference was 

found (P=0.187). 

 

2. The difference in ACR may be explained by BP differences or a differential effect 

of ACEi/ARB. Whilst the median number of antihypertensives used were similar 

for all ethnicities, ACEi/ARBs were more frequently prescribed in the South 

Asian and black ethnic groups, and the baseline diastolic BP and MAP were both 

slightly, but significantly, higher in South Asian (and black) groups. Current 
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guidelines for hypertension suggest the selection of antihypertensive agent by 

ethnicity, in recognition that the pathophysiology of (non-renal) hypertension may 

be different. Previous research has often focused on those of black ethnicity 

compared to white. Data on South Asian ethnicity and response to 

antihypertensive treatments are limited and have not focused on patients with 

CKD. Studies have commented that ‘South Asians appear to respond to 

antihypertensive drug treatment in a similar manner to whites’ but acknowledge 

that ‘there is insufficient information on this point and South Asians are under-

represented in studies’. (263). However, a sub-analysis of the ASCOT trial 

suggested that South Asians may have a greater response to antihypertensives 

(perindopril and amlodipine) than whites (264). Using a stratified medicine 

approach (see Section 1.8 for definition) it may be possible to target treatments 

according to specific biological or risk characteristics (165). This concept will be 

explored further in Chapter 5. 

 

3. There may be a genetic basis for the development of albuminuria within the South 

Asian population. Whilst research is again limited, proteinuria appears to be more 

common in non-white ethnicities within the paediatric and adolescent population, 

suggesting a potential genetic or environmental basis (265, 266). Additionally, 

non-white ethnic groups were more likely to have proteinuric DKD compared to 

non-proteinuria DKD (267). There may also be differences within broad 

categories of ethnicity; Jafar and colleagues studied determinants of proteinuria 

among South Asian subgroups in Pakistan, and concluded that unmeasured 

environmental or genetic factors account for difference in proteinuria (268). 

Studies have looked at variants of the gene encoding apolipoprotein L1 (APOL1), 
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with high risk groups having a higher risk of adverse renal outcome (261). 

However there was no evidence of an interaction between APOL1 and baseline 

proteinuria. 

 

4.6.1 Strengths and Weaknesses 

The major strength of this study is the use of a prospectively recruited, socio-

economically and ethnically diverse cohort of patients with advanced and/or 

progressive pre-dialysis dependent CKD. Detailed demographic and clinical data were 

collected at initial recruitment and the participants were tracked longitudinally to 

record outcomes, including death and ESRD. The study focused on individuals at 

highest risk of ESRD and, in comparison to other studies within CKD populations in 

the UK (269, 270), a higher number of people reached ESRD than died. 

 

Survival analyses were performed using both Cox proportional hazard analyses and 

competing risk analyses. The latter is important, as it enabled the competing risk of 

death to be taken into account when assessing progression to ESRD. Whilst I did not 

demonstrate a significant difference in the study population, the HR for death for 

South Asian and black ethnicities were lower. This would be consistent with the 

primary care data presented in Chapter 3. 

 

A weakness, as with all observational studies, is that I have assessed association 

rather than causation. However, the detailed demographic and bioclinical 

characteristics have enabled multivariable analyses of both a priori and candidate 

variables. Whilst information regarding medication use was collected, the study team 
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did not record whether people had been given, or were intolerant to, medications such 

as ACEi/ARB.  

 

It would have been useful if these analyses could be repeated in a replication cohort 

but I did not identify any national or international cohort with a significant proportion 

of South Asian participants. 

 

4.6.2 Global Significance of These Findings 

CKD is a major public health issue and contributes to the overall burden of non-

communicable disease; this is likely to grow with the increasing prevalence of 

diseases including diabetes mellitus and obesity (80). Individuals of South Asian 

ethnicity account for approximately 25% of the world’s population and international 

studies have identified a high prevalence of CKD within South Asian countries, 

including a high rate of proteinuria (4, 14, 15). Treatment of ESRD is unaffordable to 

many (81). If these results suggesting a higher rate of progression to ESRD, albeit 

explained by known risk factors, are transferable to the wider South Asian population, 

screening and intervention strategies for these high risk groups should be considered 

as part of public health strategies. 

 

4.7 Conclusion to Chapter 4 

In summary, these analyses demonstrate that those of South Asian ethnicity are at a 

higher risk of ESRD than their white counterparts. This difference can be explained 

by known risk factors for renal progression and albuminuria is the principal 

modifiable risk factor.  
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Traditional strategies to reduce albuminuria (blood pressure control, use of 

ACEi/ARB) need to be optimised and ongoing research into why albuminuria is 

typically higher in South Asian and black ethnicities is needed. 
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5 RESULTS 3. Serum tryptase concentration and progression to 

end-stage renal disease 

 

5.1 Preface 

In the previous chapter, I discussed that studies have proposed that different ethnic 

group may have a differential response to antihypertensive treatment (Section 4.6). 

This is an example of how stratified medicine (Section 1.8) may be beneficial, as it 

may be possible to target treatments to those most likely to respond.  

 

I used a stratified medicine approach in the study reported in this chapter, focusing on 

biological determinants of response to angiotensin converting enzyme inhibitor 

(ACEi) and angiotensin II receptor blocker (ARB) therapy in patients with chronic 

kidney disease (CKD). I investigated the relationship of serum tryptase, a product of 

mast cell activation which may be involved in non-classical activation of the Renin-

Angiotensin-Aldosterone System, to progression to end stage renal disease (ESRD) 

and whether this relationship is influenced by participants use of ACEi/ARB. 

 

These analyses utilised the Renal Impairment in Secondary Care (RIISC) cohort and 

the detailed bioclinical information, including medication use, collected and the 

routine collection of additional biological samples (Section 2.3). 
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5.2 Abstract 

Background. Mast cell activation can lead to non-classical activation of the Renin-

Angiotensin-Aldosterone System (RAAS). However the relevance of this to human 

chronic kidney disease is unknown. I assessed the association between serum tryptase, 

a product of mast cell activation, and progression to ESRD or mortality in patients 

with advanced CKD. Patients were stratified by use of ACEi/ARB. 

 

Methods. This was a prospective cohort study of 446 participants recruited into the 

RIISC study. Serum tryptase was measured at recruitment by sandwich immunoassay. 

Cox regression analysis was undertaken to determine variables associated with 

progression to ESRD or death. 

 

Results. Serum tryptase concentration was independently associated with progression 

to ESRD but not with death. In patients treated with ACEi or ARB, there was a strong 

independent association between higher tryptase concentrations and progression to 

end-stage renal disease; when compared to the lowest tertile, tryptase concentrations 

in the middle and highest tertiles had Hazard Ratios (HR) of 5.78 (95% Confidence 

interval (CI) 1.19-28.03, P=0.029) and 6.19 (95% CI 1.49-25.69, P=0.012) 

respectively. The other independent risk factors for progression to end-stage renal 

disease were lower age, male gender, lower estimated glomerular filtration rate, and 

higher urinary albumin creatinine ratio. 
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Conclusion. Elevated serum tryptase concentration is an independent prognostic 

factor for progression to end-stage renal disease in patients with chronic kidney 

disease who are receiving treatment with an ACEi or ARB. 

 

5.3 Introduction 

Identifying patients with CKD at high risk of progression to ESRD is a clinical 

priority. Angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor II 

blockers (ARB) slow progression of CKD, but some patients treated with these drugs 

remain at high risk of progressing to ESRD (85, 88). 

 

Mast cells may contribute to progressive renal disease through a number of pathways 

(139). Tryptase is an inflammatory and profibrotic protease that is released from mast 

cells (150, 151); it activates protease-activated receptor 2 (PAR2) which stimulates 

tubular epithelial cells to a pro-inflammatory phenotype (271). Serum tryptase 

concentrations have been shown to increase with worsening renal impairment (152), 

but the relationship between tryptase concentration and clinical outcomes in patients 

with CKD has not been explored to date. Chymase, the other major protease produced 

by mast cells, can convert angiotensin (AT)I to ATII and activate transforming 

growth factor beta (TGF) (153, 154).  

 

I therefore analysed data from the RIISC study to explore the relationship between 

serum tryptase concentration, other independent prognostic factors for progression of 

CKD, and clinical outcomes. Given the potential involvement of mast cell proteases 

in the RAAS pathway, the cohort was stratified by ACEi/ARB use. 
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5.4 Methods 

Information regarding the RIISC study can be found in Chapter 2 (Section 2.1). The 

first 503 individuals who were recruited into the RIISC study were evaluated (73). 

RIISC commenced recruitment in October 2010 and the censor date used in these 

analyses was March 24
th

 2014. 

 

5.4.1 Assays Specific to this Chapter 

Serum tryptase concentration was measured by the ImmunoCAP Tryptase sandwich 

immunoassay (Phadia AB, Uppsala, Sweden).  Baseline tryptase levels in healthy 

individuals are reported by the manufacturer of the assay as 1-15 μg/L (214). Sample 

analysis was performed by the Clinical Immunology Service at the University of 

Birmingham (Birmingham, UK). 

 

C-reactive protein (CRP) was measured using the Full Range C-Reactive Protein Kit 

on a SPA
TM

 automated PLUS turbidimeter (The Binding Site Group Ltd, 

Birmingham, UK). The normal range for CRP is between 0.1 and 9 mg/L, with 90 

percent below 3 mg/L (213). 

 

Serum kappa (κ) and lambda (λ) free light chain (FLC) concentrations were measured 

by nephelometry on a Dade-Behring BNTMII Analyser (Siemens AG, Erlangen, 

Germany) using particle enhanced high-specificity homogenous immunoassays 

(Freelite
TM

; The Binding Site Group Ltd, Birmingham, UK). The normal reference 



 

142 

ranges for serum FLC concentrations have been previously described as κ: 3.3–19.4 

mg/L and λ: 5.7–26.3 mg/L, with the assay sensitivity being demonstrated as <1 

mg/L. Kappa and Lambda FLC concentrations were combined to calculate the 

combined FLC (cFLC) concentration. For the purpose of analysis, data are presented 

as cFLC and Kappa-Lambda FLC ratio.   

 

Patients with a potential monoclonal gammopathy, as defined by the presence of an 

abnormal κ-λ FLC ratio using the renal reference range (0.37-3.1), were excluded 

(n=12) (131). 

 

CRP and serum FLC analyses were performed by technicians at The Binding Site 

Group Ltd (Birmingham, UK). 

 

5.4.2 Specific Statistical Analyses Related to this Chapter 

Analyses were performed using Stata 13.1 (Statacorp, College Station, Texas, USA). 

 

Techniques for the analysis of descriptive statistics and survival analyses are 

described in Section 2.4. For the survival analyses in this manuscript, tryptase, CRP 

and FLC concentrations have been divided into three groups (tertiles). 

 

Variables significant to P<0.1 by univariable analysis were subsequently included in a 

multivariable analyses together with a priori variables (age, gender, eGFR and ACR), 

chosen as the variables strongly associated with ESRD (Section 1.4). 
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5.5 Results 

Five hundred and three participants had tryptase concentrations measured. Figure 5-1 

indicates the number of individuals at each stage of evaluation. Participants were 

excluded from further analyses if they were taking systemic immunosuppression for a 

non-renal cause (n=21), did not have tryptase, cFLC or CRP data available (n=24) or 

if their κ-λ FLC ratio fell outside of the accepted renal reference range (n=12). 

Therefore 446 individuals were included in the study. The aetiology of participants’ 

kidney disease are stated in Table 5-1. 

 

The baseline characteristics of the cohort are presented in Table 5-2. The median 

follow-up was 628 days (IQR 470-857.3 days) with a follow up period of 3-1243 

days. At recruitment, the median age was 65 years (IQR 50.8-77 years); 60.8% were 

male and 31.9% were non-white (South Asian 20.1%, Black 9.4%, other 2.4%). 

Almost half (46.3%) of participants were in the most deprived SES quintile nationally 

as defined by IMD 2010 score. No difference in SES was seen when analysed by 

CKD stage with IMD Score (P=0.48), IMD rank (P=0.35) or percentage in most 

deprived quintile (P=0.75). Comorbidity was common and increased with advancing 

CKD stage (Table 5-3). 

 

The median eGFR at recruitment was 25.8 ml/min/1.73m
2
 (IQR 19.6-33.7). 56.6% of 

individuals had stage G4 CKD. Median ACR was 33 mg/mmol (IQR 6.6-130.3 

mg/mmol). 
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Figure 5-1. Flow diagram of the participants in the study.  

 

 
Abbreviations; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II 

receptor blocker; ESRD, end-stage renal disease. 

 

Table 5-1. Aetiology of Chronic Kidney Disease. 

 

Renal Diagnosis N (%) 

Ischaemic/ hypertensive nephropathy 118 (26.5) 

Glomerulonephritis (primary) 70 (15.7) 

Diabetic Nephropathy 49 (11.0) 

Polycystic Kidney Disease 26 (5.8) 

Interstitial nephropathies 21 (4.7) 

Reflux nephropathy 16 (3.6) 

Obstructive uropathy 11 (2.5) 

Hereditary (not otherwise stated) 5 (1.1) 

Other cystic renal disease 4 (0.9) 

Glomerulonephritis (secondary) 2 (0.5) 

Unknown 103 (23.1) 

Not Stated 21 (4.7) 
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Table 5-2. Patient demographics and baseline descriptive statistics.  

 

    All No ACE/ARB ACEi/ARB P-value Data 

completeness 

(%) 

n (%) 446 (100) 179 (40.1) 267 (59.9)     

Renal Function      

 Creatinine (μmol/L) * 208 (164-262) 214 (170-268.5) 202 (155-258) 0.0981 99.3 

 eGFR (ml/min/1.73m2) * 26.8 (20.7-34.9) 25.4 (18.8-31.8) 27.5 (21.6-37.0) 0.0086 99.3 

 ACR (mg/mmol) * 28.8 (6-109.7) 22.6 (5.3-95.1) 36 (6.4-119.7) 0.1131 95.5 

Demographics      

 Age (years) * 65 (50.8-77) 71 (57-80) 62 (48-74) 0.0001 100 

 Gender - Female (%) 39.5 41.3 38.2 0.506 100 

Ethnicity      

 White (%) 71.1 76.5 67.4 0.166 100 

 South Asian (%) 17.7 15.1 19.4 

 Black (%) 8.3 5.6 10.1 

 Other (%) 2.9 2.8 3 

Smoking Status      

 Never (%) 44.6 38 49.1 0.069 100.0 

 Current (%) 14.1 35.4 12.7 

  Previous (%) 41.3 45.8 38.2 
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Table 5-2 continued… 

    All No ACE/ARB ACEi/ARB P-value Data 

completeness 

(%) 

Alcohol Consumption      

 None (%) 54.3 55.3 53.6 0.484 100.0 

 1-10 unit (%) 33.0 33.5 32.6 

 11-20 units (%) 8.1 8.4 7.9 

 >20 units (%) 4.7 2.8 6 

SES      

 Score * 31.2 (17.8-46.3) 33.2 (18.6-47) 28.9 (17.6-45.4) 0.3494 100 

 Rank * 7694.5 (2894.3-

15913) 

6829 (2775-15140) 8695 (3120-15934) 0.3145 

 % in most deprived national quintile 46.9 49.7 44.9 0.322 

Comorbidity      

 Cerebrovascular disease (%) 12.3 16.8 9.4 0.02 100.0 

 COPD (%) 11.0 11.2 10.9 0.918 

 Diabetes (%) 38.6 37.4 39.3 0.687 

 IHD (%) 24.0 29.1 20.6 0.04 

 Malignancy (%) 15.2 23.5 15.2 <0.001 

 PVD (%) 11.7 12.8 10.9 0.521 

 CCI 3 (1-4) 3 (2-5) 2 (0-4) 0.0002 99.8 

Anthropometrics      

 BMI (kg/m
2
) * 28.6 (24.9-33) 27.9 (23.8-31.8) 29.4 (26-33.9) 0.0023 99.6 

Blood Pressure      

 Systolic BP (mmHg) ** 129.7 (21.2) 131.2 (21.7) 128.7 (20.9) 0.2168 98.7 

  Diastolic BP (mmHg) ** 76.0 (12.7) 75.1 (13.3) 76.5 (12.3) 0.2535 98.7 
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Table 5-2 continued… 

    All No ACE/ARB ACEi/ARB P-value Data 

completeness 

(%) 

Medication      

 Alpha Blockers (%) 26.2 25.7 26.2 0.833 100 

 Beta Blockers (%) 30.7 33 29.2 0.4 100 

 Calcium Antagonists (%) 44.4 44.1 60.1 0.928 100 

 Diuretics (%) 48 49.2 47.2 0.683 100 

 Statins (%) 63 65.4 63 0.398 100 

 Number of antihypertensive 

medications (n) 

2 (1-3) 2 (1-2) 3 (2-3) 0.0001 100 

Biomarkers - Traditional      

 Albumin (g/L) * 44 (41-46) 44 (41-46) 44 (41-46) 0.8858 98.9 

 Bicarbonate (mmol/L) ** 25.0 (3.2) 25.1 (3.2) 25.0 (3.2) 0.7315 97.5 

 Calcium (mmol/L) ** 2.3 (0.2) 2.3 (0.2) 2.3 (0.1) 0.8015 98.4 

 Cholesterol (mmol/L) * 4.5 (3.8-5.4) 4.5 (3.7-5.3) 4.5 (3.8-5.5) 0.92 98.0 

 Corrected Calcium (mmol/L) ** 2.2 (0.1) 2.2 (0.1) 2.2 (0.1) 0.9447 98.4 

 Ferritin (ng/mL) * 115 (61-218) 119 (64.5-236) 110 (57.8-210.3) 0.5488 96.6 

 Glucose (mmol/L) * 5.2 (4.7-6.6) 5.3 (4.7-7.0) 5.1 (4.6-6.5) 0.1196 96.6 

 Haemoglobin (g/L) * 124.8 (16.3) 122.9 (15.3) 126.1 (16.8) 0.0398 97.3 

 HbA1c (IFCC; mmol/mol) * 43 (39-55) 43 (39-56) 43.5 (39-55) 0.8756 94.8 

 HDL (mmol/L) * 1.2 (1.0-1.5) 1.3 (1.1-1.6) 1.2 (1.0-1.5) 0.0607 100 

 Phosphate (mmol/L) ** 1.14 (0.2) 1.2 (0.2) 1.1 (0.2) 0.5883 98.0 

 Potassium (mmol/L) ** 4.7 (0.6) 4.6 (0.6) 4.8 (0.6) <0.0001 98.0 

 Triglycerides (mmol/L) * 1.5 (1.1-2.3) 1.5 (1.1-2.3) 1.6 (1.1-2.3) 0.4836 97.5 

  Uric Acid (micromol/L) ** 467.2 (119.7) 472.6 (122.1) 463.2 (118.2) 0.4427 97.3 
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Table 5-2 continued… 

 

    All No ACE/ARB ACEi/ARB P-value Data 

completeness 

(%) 

Biomarkers - Non-traditional      

 Tryptase (microgram/L) * 8.2 (5.5-11.3) 8.1 (5.3-11.8) 8.2 (5.7-11) 0.9647 100 

 cFLC (mg/L) * 73.9 (50.4-102.9) 80.2 (51.1-107.0) 69.9 (50.3-96.8) 0.1209 100 

 Kappa (mg/L) * 41.5 (27.1-61.1) 45.8 (26.9-65.7) 38.8 (27.2-57.0) 0.0571 100 

 Lambda (mg/L) * 31.1 (22.2-44.4) 32.5 (20.8-45.8) 30.0 (22.4-42.9) 0.5731 100 

 Kappa-Lambda Ratio ** 1.4 (0.4) 1.4 (0.4) 1.3 (0.4) 0.0099 100 

  CRP (mg/L) * 2.9 (1.4-7.3) 3.4 (1.8-9.5) 2.6 (1.2-5.7) 0.0009 100 

 

* median (interquartile range) ** mean (standard deviation) 

 

Abbreviations: ACR, albumin creatinine ratio; BP, blood pressure; CCI, Charlson comorbidity index; cFLC, combined serum free light chains; 

COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; HbA1c, glycated 

haemoglobin; HDL, high density lipoprotein; IHD, ischaemic heard disease; PVD, peripheral vascular disease; SES, socioeconomic status 

 

  



 

149 

Table 5-3. Comorbidity, split by KDIGO eGFR CKD classification 

 

  All Stage 

G1&G2 

Stage G3a Stage G3b Stage G4 Stage G5 P-value 

Cerebrovascular disease (%) 12.3 16.7 6.5 9.6 13.6 15.4 0.615 

COPD (%) 11.0 8.3 16.1 12.3 10.8 5.1 0.615 

Diabetes (%) 38.6 33.3 37.6 36.8 42.0 30.8 0.446 

IHD (%) 24.0 16.7 19.3 24.6 25.2 20.5 0.878 

Malignancy (%) 15.2 0.0 16.1 16.6 16.0 10.3 0.522 

PVD (%) 11.7 8.3 9.5 13.2 11.6 12.8 0.871 

        

CCI 3 (1-4) 0.5 (0-1.8) 1 (0-3) 2 (0-4) 3 (1-4) 4 (3-6) 0.0001 

 

Abbreviations: CCI; Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; IHD, ischaemic heart disease; PVD, peripheral 

vascular disease  
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Fifty nine point nine percent (n=267) of individuals were prescribed an ACEi/ARB. 

Comparisons between those receiving or not receiving ACEi/ARB are shown in Table 

5-2. Patients prescribed ACEi/ARB were typically younger, had less comorbidity and 

had a higher BMI. Median eGFR, mean potassium and mean haemoglobin were 

higher in the ACEi/ARB prescribed group. Median serum tryptase concentrations 

were similar for those prescribed (median 8.2μg/L, IQR 5.7-11.0) and not prescribed 

(median 8.1μg/L, IQR 5.3-11.8) ACEi/ARB (P=0.9647). 

 

Individuals were prescribed a median of two antihypertensive medications (IQR 1-3) 

with no significant difference between CKD stages in the number of antihypertensive 

agents prescribed (P=0.38).  

 

5.5.1 Laboratory variables 

The results of the laboratory variables are shown in Table 5-2. Serum concentrations 

of tryptase, CRP and cFLC increased with advancing CKD stage (Table 5-4). Kappa-

Lambda FLC ratio increased with CKD stage (Table 5-4).  
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Table 5-4. Novel Biomarkers, split by KDIGO eGFR CKD classification  
 

  All Stage 

G1&G2 

Stage G3a Stage G3b Stage G4 Stage G5 P-value 

Tryptase 

(microgram/L) * 

8.2 (5.5-

11.3) 

4.0 (2.6-5.7) 6.0 (4.2-9.4) 6.7 (5.0-9.1) 8.7 (6.2-

11.8) 

11.3 (6.6-

14.4) 

0.0001 

cFLC (mg/L) * 73.9 (50.4-

102.9) 

35.3 (23.2-

61.6) 

42.4 (34.0-

54.4) 

56.5 (39.7-

82.2) 

84.7 (60.0-

106.0) 

138.5 

(106.5-

165.2) 

0.0001 

Kappa (mg/L) * 41.5 (27.1-

61.1) 

17.1 (11.3-

31.4) 

23.5 (16.0-

29.5) 

29.8 (20.7-

46.9) 

48.3 (33.5-

65.2) 

76.5 (56.5-

104.9) 

0.0001 

Lambda (mg/L) * 31.1 (22.2-

44.4) 

18.7 (11.4-

27.9) 

19.1 (15.5-

24.8) 

24.4 (19.4-

35.0) 

34.0 (25.1-

45.7) 

54.5 (43.3-

67.0) 

0.0001 

Kappa-Lambda  

Ratio ** 

1.4 (0.4) 1.1 (0.2) 1.2 (0.4) 1.3 (0.5) 1.4 (0.4) 1.4 (0.4) 0.0025 

CRP (mg/L) * 2.9 (1.4-7.3) 1.7 (0.9-2.7) 1.6 (0.8-5.0) 3.0 (1.1-6.0) 3.1 (1.5-8.5) 3.5 (2.4-5.9) 0.0031 

 

* median (interquartile range) ** mean (standard deviation) 

 

Abbreviations: cFLC, combined serum free light chains; CRP, C reactive protein  
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5.5.2 Relationship between markers of inflammation 

There were statistically significant but weak correlations between tryptase and cFLC 

(R=0.28, P<0.001) and between cFLC and CRP (R=0.24, P<0.001). There was no 

significant correlation between CRP and tryptase (R=0.08, P=0.11). 

 

The association between tryptase as the dependent variable and cFLC (both variables 

log transformed due to distribution) was maintained in a linear regression model 

incorporating renal function. This model explained 9.4% of the variation of tryptase 

(R
2 

 0.094). 

 

5.5.3 Outcomes 

Fifty-four participants (12.1%) reached ESRD during the follow-up period, at a 

median time of 446 days (IQR 251.3-745.3 days). Thirty-four participants (7.6%) died 

at a median follow-up of 373 days (IQR 197.3-664.3 days). 

 

Time-independent relationships of the biomarkers and outcomes of progression to 

ESRD and death are shown in Table 5-5. In univariable analyses tryptase and cFLC 

were associated with ESRD whilst cFLC and CRP were associated with death.  

 

Time dependent survival analysis for tryptase was subsequently performed with the 

variables divided into tertiles.  Lower and upper limits for boundaries for each tertile 

are provided in Table 5-6. 
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Table 5-5. Time independent analyses of inflammatory biomarkers (tryptase, C-

reactive protein (CRP), combined free light chains (cFLC) and Kappa-Lambda 

FLC ratio) and outcomes of progression to End Stage Renal Disease (ESRD) and 

Mortality 

 

End Stage Renal Disease: Categorical Data*     

 n (%)  

  1 2 3 P-value 

Tryptase 10 (6.6) 14 (9.3) 30 (20.4) 0.001 

CRP 17 (11.4) 19 (12.8) 18 (12.2) 0.939 

cFLC 2 (1.3) 16 (10.7) 36 (24.3) <0.0001 

Kappa Lambda Ratio 21 (14.1) 14 (9.4) 19 (12.8) 0.437 

     End Stage Renal Disease: Continuous Data**     

  95% CI   

  Beta lower Upper P-value 

Tryptase § 0.26 0.092 0.429 0.003 

CRP § -0.032 -0.377 0.314 0.857 

cFLC
 
§ 0.525 0.385 0.666 <0.001 

Kappa Lambda Ratio -0.016 -0.14 0.108 0.798 

     

Mortality: Categorical Data*       

 n (%)    

  1 2 3  P-value 

Tryptase 11 (7.4) 14 (9.3) 9 (6.1) 0.575 

CRP 8 (5.4) 12 (8.1) 14 (9.5) 0.402 

cFLC 6 (4.2) 10 (6.7) 18 (12.1) 0.027 

Kappa Lambda Ratio 12 (8.1) 5 (3.4) 17 (11.5) 0.03 

     Mortality: Continuous Data**       

  95% CI  

  Beta lower Upper P-value 

Tryptase § 0.034 -0.175 0.243 0.751 

CRP
 
§ 0.468 0.049 0.887 0.029 

cFLC
 
§ 0.309 0.129 0.49 0.001 

Kappa Lambda Ratio 0.099 -0.053 0.252 0.201 

 

Abbreviations: cFLC, combined serum free light chains; CI, confidence interval; 

CRP, C reactive protein 

 

* Comparison performed with Chi-squared test 

** Comparison performed with linear regression 

§ Transformed on a natural log scale due to distribution  
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Table 5-6. Category Boundaries for variables divided into tertiles  

 

    Lower Tertile Middle Tertile Upper Tertile 

    Lower Upper Lower Upper Lower Upper 

Whole cohort       

 Tryptase 

(microgram/L) 

0 6.35 6.37 10.2 10.3 49.5 

 cFLC (mg/L) 20.18 57.16 57.56 93.09 93.18 297.27 

 CRP (mg/L) 0 1.95 1.95 5.15 5.15 137.84 

        

Prescribed ACEi/ARB       

 Tryptase 

(microgram/L) 

0.44 6.35 6.37 9.92 10.1 49.5 

 cFLC (mg/L) 20.18 56.67 56.94 88.56 89.17 245.57 

 CRP (mg/L) 0 1.53 1.54 4.07 4.09 115.571 

        

No ACEi/ARB       

 Tryptase 

(microgram/L) 

0 6.29 6.4 10.6 10.7 30.6 

 cFLC (mg/L) 20.65 57.74 60.88 99.99 100.18 297.27 

  CRP (mg/L) 0 2.34 2.40 7.07 7.08 137.84 

 

Abbreviations: ARB, angiotensin II receptor blocker; ACEi, angiotensin converting 

enzyme inhibitor; cFLC, combined serum free light chains; CI, confidence interval; 

CRP, C reactive protein  

 

 

 

5.5.3.1 End Stage Renal Disease 

No association was identified between aetiology of renal disease and progression to 

ESRD. 

 

Table 5-7 shows the results of univariable and multivariable Cox proportional hazard 

analyses. In univariable analysis, younger age, lower eGFR, higher ACR, highest 

tryptase tertile and highest and middle cFLC tertiles were associated with an increased 

risk of ESRD. In the multivariate analyses, lower age, male gender, lower eGFR and 

higher ACR remained significant. Significance was lost for all tryptase and cFLC 

tertiles.  
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Individuals were then dichotomised according to ACEi/ARB prescription. For those 

participants not prescribed ACEi/ARB, lower age, male gender, lower eGFR, higher 

ACR and highest cFLC tertile was significant but tryptase was not. Combined FLC 

lost significant in the multivariable analysis (Table 5-7). 

 

By univariable analysis of participants prescribed ACEi/ARB, the highest tryptase 

tertile (see Figure 5-2 for Kaplan Meier plot) and middle and highest cFLC tertiles 

were associated with an increased risk of progression to ESRD. In the multivariate 

model with a priori variables, the middle tryptase tertile (HR 5.78, 95% CI 1.19-

28.03, P=0.03) and highest tryptase tertile (6.19, 95% CI 1.49-25.69, P=0.01) were 

significant for progression to ESRD, in addition to all four a priori variables (Table 5-

7). End stage renal disease was reached in 3.4%, 10.5% and 21.4% of the lowest, 

middle and highest tryptase tertiles respectively. Combined FLC tertiles were not 

significantly associated with progression to ESRD. 
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Table 5-7. Cox proportional hazard analysis. Variables associated with progression to end-stage renal disease. 

      Univariable   Multivariable   

      HR (95% CI) P-Value HR (95% CI) P-Value 

Whole cohort      

 Tryptase Lowest Tertile ref  ref  

  Middle Tertile 1.35 (0.60-3.04) 0.468 1.40 (0.58-3.38) 0.45 

  Highest Tertile 3.44 (1.68-7.05) 0.001 1.58 (0.74-3.38) 0.242 

 cFLC Lowest Tertile ref  ref  

  Middle Tertile 8.47 (1.95-36.85) 0.004 3.38 (0.75-15.21) 0.112 

  Highest Tertile 24.35 (5.85-101.29) <0.001 3.19 (0.68-14.96) 0.141 

 CRP Lowest Tertile ref  .  

  Middle Tertile 1.18 (0.61-2.28) 0.614 . . 

  Highest Tertile 1.34 (0.69-2.31) 0.392 . . 

 Age (per 10 year increase) 0.83 (0.71-0.97) 0.021 0.70 (0.58-0.85) <0.001 

 Gender (female as reference) 1.24 (0.71-2.18) 0.442 2.05 (1.09-3.87) 0.027 

 eGFR (per 5ml/min increase) 0.47 (0.38-0.58) <0.001 0.47 (0.37-0.60) <0.001 

  ACR (per 10mg/mmol rise) 1.04 (1.03-1.05) <0.001 1.04 (1.03-1.05) <0.001 
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Table 5-7 continued… 

      Univariable   Multivariable   

      HR (95% CI) P-Value HR (95% CI) P-Value 

Prescribed ACEi/ARB     

 Tryptase Lowest Tertile ref  ref  

  Middle Tertile 3.02 (0.82-11.17) 0.097 5.78 (1.19-28.03) 0.029 

  Highest Tertile 7.79 (2.30-26.36) 0.001 6.19 (1.49-25.69) 0.012 

 cFLC Lowest Tertile ref  ref  

  Middle Tertile 8.48 (1.06-67.82) 0.044 2.27 (0.26-19.76) 0.457 

  Highest Tertile 28.53 (3.84-211-97) 0.001 1.42 (0.15-13.21) 0.756 

 CRP Lowest Tertile ref  .  

  Middle Tertile 1.30 (0.57-2.97) 0.531 . . 

  Highest Tertile 0.88 (0.35-2.23) 0.788 . . 

 Age (per 10 year increase) 0.83 (0.67-1.03) 0.087 0.67 (0.51-0.89) 0.005 

 Gender (female as reference) 1.13 (0.54-2.35) 0.75 4.04 (1.52-10.69) 0.005 

 eGFR (per 5ml/min) 0.44 (0.33-0.57) <0.001 0.32 (0.21-0.49) <0.001 

  ACR (per 10mg/mmol rise) 1.04 (1.02-1.05) <0.001 1.04 (1.02-1.06) <0.001 
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Table 5-7 continued… 

      Univariable   Multivariable   

      HR (95% CI) P-Value HR (95% CI) P-Value 

No ACEi/ARB      

 Tryptase Lowest Tertile ref  .  

  Middle Tertile 0.65 (0.21-2.05) 0.461 . . 

  Highest Tertile 1.48 (0.56-3.90) 0.426 . . 

 cFLC Lowest Tertile ref  ref  

  Middle Tertile 9.42 (1.19-74.40) 0.033 3.05 (0.33-28.23) 0.325 

  Highest Tertile 15.56 (2.02-119.89) 0.008 3.90 (0.44-34.83) 0.223 

 CRP Lowest Tertile ref  .  

  Middle Tertile 0 (0-.) 1 . . 

  Highest Tertile 1.19 (0.51-2.79) 0.688 . . 

 Age (per 10 year increase) 0.73 (0.57-0.95) 0.017 0.64 (0.46-0.88) 0.005 

 Gender (female as reference) 1.38 (0.58-3.29) 0.468 1.43 (0.57-3.62) 0.446 

 eGFR (per 5ml/min) 0.49 (0.34-0.69) <0.001 0.53 (0.36-0.77) 0.001 

  ACR (per 10mg/mmol rise) 1.05 (1.02-1.08) 0.001 1.06 (1.02-1.09) 0.001 

 

Abbreviations: ARB, angiotensin II receptor blocker; ACEi, angiotensin converting enzyme inhibitor; ACR, albumin creatinine ratio; cFLC, 

combined serum free light chains; CI, confidence interval; CRP, C reactive protein; eGFR, estimated glomerular filtration rate   
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Figure 5-2. Kaplan-Meier plot demonstrating increased risk for progression to 

ESRD by Tryptase tertile for individuals prescribed ACEi/ARB.  

The y-axis shows probability of event free survival. The x axis shows time in days 

from study recruitment. Statistical significance was determined using the log-rank test 

(P=0.002). 

 

 

  Subjects remaining in follow up 

Time from Recruitment (days) 

  0 100 200 300 400 500 600 700 800 900 1000 1100 1200 

Lowest 

Tertile 

89 89 89 88 85 74 59 48 36 24 16 8 1 

Middle 

Tertile 

89 89 87 86 81 70 55 48 37 21 17 11 3 

Upper 

Tertile 

89 86 81 78 72 54 39 32 28 18 13 11 5 
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5.5.3.2 Death 

No relationship was seen between tryptase concentration and death, both when 

analysed as a whole cohort or according to ACEi/ARB usage. 

 

The highest cFLC tertile was associated with an increased HR for death in univariable 

Cox regression analysis for the whole cohort (HR 4.13 95% CI 1.63-10.47 P=0.003) 

and both the ACEi/ARB subset (HR 3.99 95% CI 1.08-14.82 P=0.039) and no 

ACEi/ARB subset (HR 4.23 95% CI 1.16-15.41 P=0.029). 

 

The relationship between cFLC tertiles and mortality was lost in multivariable 

analysis with a priori variables for complete cohort; increasing age and elevated ACR 

were the only significant a priori variables associated with an increased HR for death. 

These data are presented in Table 5-8. Multivariable analyses were not performed 

with the group separated into ACEi/ARB usage due to limited event numbers (16 in 

ACEi/ARB group, 23 in non ACEi/ARB group). 
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Table 5-8. Cox proportional hazard analysis. Variables associated with mortality. 

      Univariable   Multivariable   

      HR (95% CI) P-Value HR (95% CI) P-Value 

Whole cohort   

    Tryptase Lowest Tertile ref 

 

. 

   Middle Tertile 1.23 (0.56-2.71) 0.611 . . 

  Highest Tertile 0.89 (0.37-2.16) 0.799 . . 

 cFLC Lowest Tertile ref 

 

ref 

   Middle Tertile 1.71 (0.62-4.73) 0.299 0.96 (0.29-3.18) 0.941 

  Highest Tertile 4.13 (1.63-10.47) 0.003 1.64 (0.50-5.42) 0.417 

 CRP Lowest Tertile ref 

 

ref 

   Middle Tertile 1.57 (0.64-3.83) 0.327 1.14 (0.41-3.13) 0.806 

  Highest Tertile 2.16 (0.90-5.17) 0.084 1.63 (0.64-4.20) 0.307 

 Age (per 10 year increase) 2.42 (1.70-3.46) <0.001 2.64 (1.72-4.05) <0.001 

 Gender (female as reference) 1.41 (0.69-2.89) 0.351 1.30 (0.54-3.14) 0.553 

 eGFR (per 5ml/min increase) 0.75 (0.61-0.91) 0.005 0.83 (0.64-1.08) 0.159 

  ACR (per 10mg/mmol rise) 1.02 (0.99-1.04) 0.199 1.04 (1.01-1.06) 0.003 
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Table 5-8 continued… 

      Univariable   

      HR (95% CI) P-Value 

Prescribed ACEi/ARB  

  Tryptase Lowest Tertile ref 

   Middle Tertile 1.73 (0.50-5.91) 0.385 

  Highest Tertile 1.42 (0.37-5.34) 0.608 

 cFLC Lowest Tertile ref 

   Middle Tertile 1.33 (0.30-5.98) 0.707 

  Highest Tertile 3.99 (1.08-14.82) 0.039 

 CRP Lowest Tertile ref 

   Middle Tertile 1.78 (0.52-6.07) 0.36 

  Highest Tertile 1.35 (0.36-5.05) 0.652 

 Age (per 10 year increase) 2.63 (1.56-4.45) <0.001 

 Gender (female as reference) 0.80 (0.30-2.14) 0.653 

 eGFR (per 5ml/min) 0.71 (0.53-0.96) 0.027 

  ACR (per 10mg/mmol rise) 1.02 (1.00-1.05) 0.064 
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Table 5-8 continued… 

      Univariable   

      HR (95% CI) P-Value 

No ACEi/ARB   

  Tryptase Lowest Tertile ref 

   Middle Tertile 0.80 (0.27-2.37) 0.681 

  Highest Tertile 0.74 (0.24-2.35) 0.613 

 cFLC Lowest Tertile ref 

   Middle Tertile 1.79 (0.43-7.51) 0.425 

  Highest Tertile 4.23 (1.16-15.41) 0.029 

 CRP Lowest Tertile ref 

   Middle Tertile 2.21 (0.52-9.40) 0.281 

  Highest Tertile 4.95 (1.34-18.30) 0.016 

 Age (per 10 year increase) 2.08 (1.25-3.46) 0.005 

 Gender (female as reference) 2.79 (0.92-8.48) 0.071 

 eGFR (per 5ml/min) 0.81 (0.61-1.07) 0.135 

  ACR (per 10mg/mmol rise) 1.00 (0.95-1.05) 0.982 

 

Abbreviations: Abbreviations: ARB, angiotensin II receptor blocker; ACEi, angiotensin converting enzyme inhibitor; ACR, albumin creatinine 

ratio; cFLC, combined serum free light chains; CI, confidence interval; CRP, C reactive protein; eGFR, estimated glomerular filtration rate 
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5.6 Discussion 

The identification of CKD patients at high risk of progression to ESRD enables timely 

preparation for renal replacement therapy and accurate allocation of resources (88, 

272). Furthermore, identifying the mechanisms associated with high risk of 

progression may lead to the development of better targeted therapies. 

 

In these analyses of participants recruited in the RIISC observational study, higher 

baseline tryptase concentrations were associated with increased risk of progression to 

ESRD for individuals prescribed an ACEi/ARB. Furthermore, this association (HR 

for middle tertile 5.78, upper tertile 6.19) remained after correction for age, gender, 

eGFR and ACR. Whilst previous studies have described a rise in tryptase 

concentration by CKD stage, this is the first study to explore an association between 

higher serum concentrations of tryptase and progression to ESRD. 

 

Tryptase is released from mast cells and the number of these cells increase at tissue 

sites of chronic inflammation (273). Few mast cells are found in the renal parenchyma 

of normal kidneys and the concentration of mast cells increases in diseases associated 

with chronic inflammation and have been associated with the severity of interstitial 

fibrosis in patients with progressive CKD due to a variety of aetiologies (140-149) 

and renal allograft dysfunction (274).  

 

There are a number of putative mechanisms for an association between mast cells and 

progression of CKD; these include the release of proteases that promote 

inflammation, fibrosis and haemodynamic stress within the kidney. Tryptase activates 
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PAR2 expression, upregulating TGF-beta and protein expression within mesangial 

and tubular epithelial cells to induce synthesis of pro-fibrotic cytokines and 

extracellular matrix deposition resulting in interstitial fibrosis (149, 271).  

 

Multivariable analysis demonstrated significance in the group prescribed ACEi/ARB 

despite both groups having similar median tryptase concentrations. ACEi/ARB 

exhibit class effects over and above their BP lowering properties for proteinuric CKD 

and cardiovascular disease (275), likely linked to RAAS blockade and the inhibition 

of angiotensin II formation.  Chymase, the other major mast cell protease, acts as the 

main ACE independent pathway of angiotensin II production (276, 277). Mast cell 

activation as measured by mast cell protease levels, in patients receiving ACEi/ARB, 

may define patients at increased risk of progression to ESRD as a consequence of 

pathways that bypass the protective effects of ACEi/ARB. 

 

The results presented in this chapter support the development of early phase studies to 

assess whether mast cell directed therapies have the potential to slow CKD 

progression in patients at high risk of ESRD. Animal models indicate that targeting 

specific mast cell pathways can attenuate renal fibrosis (150). In particular, chymase 

inhibition has been demonstrated to prevent myocardial fibrosis and preserve cardiac 

function after cardiac left ventricular repair surgery in rats (278). Additionally, Wei 

and colleagues, found that combined chymase and ACE inhibition, compared to ACE 

inhibition alone, improved left ventricular function, decreased adverse cardiac 

remodelling, and improved survival after myocardial infarction in hamsters (279). 

Inhibitors of tryptase and chymase have been developed, but have not been trialled to 

date in patients with CKD (280-282).  
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5.6.1 Strengths and Weaknesses 

A major strength of this study is the use of the RIISC study for the recruitment of a 

socioeconomically diverse advanced CKD cohort. Median MDRD eGFR was 25.8 

ml/min/1.73m
2
 and median ACR was 33 mg/mmol at recruitment and, during the 

observation period, 12.1% people reached ESRD.  Data, including SES and 

medication use, were collected prospectively and laboratory samples collected 

according to strict standard operating procedures (73). This enabled the investigation 

of serum tryptase and other non-traditional biological markers including CRP and 

polyclonal cFLCs. Notably, both these are routinely available laboratory tests that 

have been shown, in other cohorts, to be independently associated with progression to 

ESRD (134) and death (133, 283). Exploring the relationship between cFLC and 

tryptase was of particular interest as mast cells can be activated by immunoglobulin 

light chains (284, 285); recent studies have consistently show that in patients with 

CKD, high cFLC are an independent determinant of progression to ESRD and 

mortality (133, 134, 286). This work showed a similar HR for these end-points for 

cFLC, but recruited smaller numbers and was therefore not powered to confirm this 

relationship. 

 

Whilst a substantial proportion of participants reached end-points of ESRD or death, 

the absolute numbers limited the range of dependent variables that could be studied. 

Recognising this we focused on the a priori variables of age, gender, eGFR and ACR; 

which are the cornerstone of risk prediction models for both progression to ESRD and 

mortality (44, 85, 86). The addition of further biological markers may have increased 

the possibility of overfitting. 
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As with all observational studies this work assessed association rather than causation. 

Tryptase was used as a marker of mast cell activation. As discussed earlier, there are 

biologically plausible pathways linking mast cell proteases to tissue fibrosis and CKD 

progression. However, I acknowledge there are other substances released by mast 

cells whose impact on progression of ESRD is unclear (287). This study, in 

conjunction with available animal data, provides a basis for further elucidation of 

mechanisms linking tryptase to CKD progression and consideration of studies 

investigating the therapeutic benefits of mast cell protease inhibition. 

 

5.7 Conclusion to Chapter 5 

In summary this chapter presents the first data to demonstrate serum tryptase 

concentration is an independent prognostic factor for progression to ESRD in patients 

with CKD receiving treatment with an ACEi or ARB. 
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6 RESULTS 4. The impact of Health Related Quality of Life on 

mortality and progression to end-stage renal disease in pre-

dialysis chronic kidney disease. 

 

6.1 Preface 

The previous chapters have investigated the impact of ethnicity (Chapters 3 and 4) on 

outcomes and, using a stratified medicine approach, have identified elevated serum 

tryptase concentration an independent prognostic factor for progression to end-stage 

renal disease (ESRD) in patients with chronic kidney disease (CKD) who are 

receiving treatment with an angiotensin converting enzyme inhibitor (ACEi) or 

angiotensin receptor blockers (ARB) (Chapter 5).  

 

Whilst the end points of death and progression to ESRD are of key importance to 

patients and clinicians, discussion and management of health related quality of life 

(HRQL) are, arguably, as important: impaired HRQL profoundly influences patient 

well-being. As an article by Kimmel and colleagues states ‘survival is not enough’ 

(288). 

 

I therefore investigated the impact of CKD on HRQL and whether there was an 

association between HRQL on the clinical end-points. These analyses utilised the 

RIISC cohort and the HRQL information gathered using the EuroQol EQ-5D 

questionnaire (Section 2.4.2). 
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6.2 Abstract 

Background. Chronic kidney disease is associated with reduced HRQL. However, 

the relationship between pre-dialysis CKD, HRQL and clinical outcomes, including 

mortality and progression to ESRD is unclear. 

 

Methods. All 745 participants recruited into the Renal Impairment In Secondary Care 

study to end March 2014 were included. Demographic, clinical and laboratory data 

were collected at baseline including an assessment of HRQL using the Euroqol EQ-

5D-3L. Health states were converted into an EQ-5Dindex score using a set of weighted 

preferences specific to the UK population. Multivariable Cox proportional hazards 

regression and competing risk analyses were undertaken to evaluate the association of 

HRQL with progression to ESRD or all-cause mortality. Regression analyses were 

then performed to identify variables associated with the significant HRQL 

components. 

 

Results. Median eGFR was 25.8 ml/min/1.73 m
2
 (IQR 19.6-33.7ml/min) and median 

ACR was 33 mg/mmol (IQR 6.6-130.3 mg/mmol). Five hundred and fifty five 

participants (75.7%) reported problems with one or more EQ-5D domains. When 

adjusted for age, gender, comorbidity, eGFR and ACR, both reported problems with 

self-care (hazard ratio (HR) 2.54, 95% confidence interval (CI) 1.22-5.29, P=0.013) 

and reduced EQ-5Dindex score (HR 0.28, 95% CI 0.10-0.81, P=0.019) were 

significantly associated with an increase in all-cause mortality. Similar findings were 

observed for competing risk analyses. Reduced HRQL was not a risk factor for 

progression to ESRD in multivariable analyses.  
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Conclusions. Impaired HRQL is common in the pre-dialysis CKD population. 

Reduced HRQL, as demonstrated by problems with self-care or a lower EQ-5Dindex 

score, is associated with a higher risk for death but not ESRD. Multiple factors 

influence these aspects of HRQL but renal function, as measured by eGFR and ACR, 

are not among them. 

 

6.3 Introduction 

There is increasing evidence of an association between pre-dialysis CKD and 

impaired HRQL as assessed by a variety of patient reported outcome measures 

(PROMs) (75-78). 

 

Health related quality of life can be assessed using disease specific or generic 

instruments. The use of different PROMs within different populations to evaluate 

HRQL means that it is difficult to assess the relevance of the results reported. 

Furthermore, there are limited quantifiable data on the relationship between HRQL 

scores and clinical outcomes, including mortality and progression to ESRD. Previous 

studies have either been small, investigating these outcomes in a Taiwanese 

population (289), or have focused on individuals of black ethnicity with hypertensive 

CKD in the United States (290). A recently published study investigated the impact of 

HRQL using a kidney disease specific tool (KDQOL-36) and found that low HRQL 

was independently association with CV events and death, but not CKD progression 

(291). 
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A systematic review of PROMs in CKD supported the use of preference-based utility 

measures, favouring the EuroQol, EQ-5D due to ease of use for patients and for the 

ability to derive utility values for health economic evaluation (192).  

 

To date, there have been few studies investigating the relationship between pre-

dialysis CKD and HRQL as measured by EQ-5D (75-77), and no studies examining 

the relationship between EQ-5D scores and clinical outcomes. To address this, this 

chapter presents the results of the evaluation of HRQL within the RIISC study, where 

EQ-5D was collected at recruitment, to assess the relationship between HRQL and 

CKD stage, and the impact of HRQL on risk of death or progression to ESRD. 

 

6.4 Methods 

The methodology, including information about the RIISC cohort, the ethical 

permissions and the study design have been described in detail in the methods section 

of this thesis (Section 2.2).  

 

6.4.1 Quality of life 

Data were collected from participants using the EQ-5D-3L (abbreviated to EQ-5D 

throughout this chapter).  Whilst information is provided in Section 2.3.2 of the 

methods, a succinct summary is provided below. 

 

The EQ-5D is a validated, generic preference-based measure of health status. It 

comprises a 5-question multi-attribute questionnaire and a visual analogue self-rating 

scale (VAS) (193). Respondents are asked to rate severity of their current problems 
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(level 1=no problems, level 2=some/moderate problems, level 3=severe/extreme 

problems) for five dimensions of health: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression).   

 

Health states were converted into an EQ-5Dindex score ranging from −0.594 to 1.0 

(where 1 is full health and lower values indicate worse HRQL) using a set of 

weighted preferences produced from the United Kingdom (UK) population (194). The 

EQ VAS asks respondents to rate their own health state relative to full health 

(score=100) or worst imaginable health state (score=0). A copy of the EQ-5D is 

provided in Appendix 5. 

 

6.4.2 Specific Statistical Analyses Related to this Chapter 

Analyses were performed using Stata 13.1 (Statacorp, College Station, Texas, USA). 

 

Techniques for the analysis of descriptive statistics and survival analyses, including 

competing risks, are described in Section 2.4. The censor date for the analyses was 

March 24
th

 2014. 

 

6.4.2.1 Univariable and Multivariable Analyses 

Individual constituents of the EQ-5D were analysed (univariable analyses). Any 

components demonstrating P<0.1 were then included in multivariable analyses 

together with a priori variables (age, gender, comorbidity assessed by Charlson 

comorbidity index (CCI), eGFR and ACR).  
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A priori variables were selected for the reasons discussed in Section 4.4.2.2. 

 

6.4.2.2 Regression analyses to assess the impact of demographic, clinical and 

laboratory variables on HRQL 

Logistic regression was performed to analyse the relationship between problems in 

each of the five domains with clinical, demographic and laboratory variables using 

dichotomised data (patients with moderate and severe problems in a domain were 

combined and compared to those with no problems). Odds ratios (ORs) with 95% CI 

and two-tailed P-values are presented.  

 

Linear regression was utilised for the calculated EQ-5Dindex score and the EQ VAS 

(coefficient with 95% CI and P-value). Residual plots were evaluated to determine 

appropriateness of linear regression models. 

 

Data were entered into multivariable analyses if P<0.1 and a backwards selection 

model performed until remaining variables had a P<0.05. Goodness-of-fit is indicated 

by pseudo R
2 

(logistic regression) or R
2
 (linear regression) values. 

 

6.5 Results 

6.5.1 Descriptive Statistics 

All participants recruited to end March 2014 (n=745) were included in the study. 

Figure 6-1 indicates the number of individuals at each stage of evaluation. Baseline 

demographic, clinical and laboratory data are shown in Table 6-1. Median age at 
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recruitment was 64 years (IQR 50-76 years) and 60.8% were male. The proportion of 

male participants decreased with lower CKD stage (P=0.045). Sixty eight point one 

percent were of white ethnicity, 20.1% South-Asian, 9.4% black ethnicity, and 2.4% 

from other ethnic groups. There was a borderline difference in ethnicity by CKD stage 

(P=0.052). 

 

Forty-six point three percent of participants were in the most deprived quintile 

nationally (IMD 2010). No difference in SES was seen when analysed by CKD stage 

for IMD score (P=0.517) or comparing the percentage in the most deprived quintile 

(P=0.351).  Comorbidity was common and increased with advancing CKD stage, both 

as assessed by individual comorbidities and the CCI (P=0.007).  

 

Table 6-2 illustrates the study population using the KDIGO CKD classification (292). 

Median eGFR was 25.8 ml/min/1.73 m
2
 (IQR 19.6 - 33.7ml/min/1.73 m

2
) and Median 

ACR was 33 mg/mmol (IQR 6.6-130.3 mg/mmol). 
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Figure 6-1. Flow diagram of the participants in the study. 

 

Abbreviation: ESRD, end stage renal disease 
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Table 6-1. Demographic, clinical and laboratory data.  

Categorical variables are expressed as number (%), and continuous variables as mean (SD) or median (IQR). 

 

    All Stage G1/G2 Stage G3a Stage G3b Stage G4 Stage G5 P-

value 

Data 

completeness 

(%) 
eGFR (ml/min/1.73m

2
)  ≥60 45-59 30-44 15-29 <15 

Number in each group (%) 745 (100) 29 (3.9) 45 (6.0) 173 (23.2) 423 (56.8) 75 (10.1) 

Age (years) * 64 (50-76) 41 (34.5-

55.5) 

55 (45-66.5) 61.5 (48.3-

73.8) 

69 (54-75.5) 64 (53.5-

75.5) 

<0.001 100 

Gender - Female (%) 39.2 34.5 28.9 33.1 41.0 50.6 0.045 100 

Ethnicity         

 White (%) 68.1 44.8 71.1 68.0 70.9 59.7 0.052 100 

 South Asian (%) 20.1 27.6 15.6 20.3 18.0 31.2 

 Black (%) 9.4 17.2 11.1 9.3 9.0 7.8 

 Other (%) 2.4 10.3 2.2 2.3 2.1 1.3 

SES (IMD 2010)         

 

Score * 31.9 (46.7-

35.1) 

35.1 (15.2-

44.4) 

31.9 (16.1-

49) 

29 (17.1-

44.4) 

34.1 (18.6-

47.3) 

30 (17.4-

46.0) 

0.615 99.2 

 

% in most deprived 

national quintile 

46.3 51.7 51.1 43.9 49.5 42.1 0.351 99.5 

Educational Attainment         

 

No formal qualifications 

(%) 

46.5 17.2 18.2 40.7 54.9 40.5 <0.001 100 

 GCSE/ O'level (%) 21.8 41.4 27.3 25.6 18.4 21.6 

 NVQ (%) 9.1 3.4 13.6 7.6 9.3 10.8 

 A'Level (%) 7.5 13.8 20.5 8.7 5.0 8.1 

 Undergraduate (%) 10.0 13.8 13.6 12.2 9.1 6.8 

  Postgraduate (%) 5.1 10.3 6.8 5.2 3.3 12.2 
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Table 6-1 continued… 

 

    All Stage G1/G2 Stage G3a Stage G3b Stage G4 Stage G5 P-

value 

Data 

completeness 

(%) 
eGFR (ml/min/1.73m

2
)  ≥60 45-59 30-44 15-29 <15 

                

Current Employment Status         

 

Not currently in 

employment (%) 

19.1 17.2 20.0 18.5 17.7 28.0 <0.001 100 

 In Employment (%) 28.5 65.5 53.3 34.7 21.3 25.3 

 Retired (%) 52.5 17.2 26.7 46.8 61.0 46.7 

Job Type (when last 

working) 

        

 None (%) 0.2 0.0 0.0 0.6 0.0 0.0 0.128 100 

 Unskilled manual (%) 21.4 20.0 18.6 18.1 23.4 18.3 

 Skilled manual (%) 38.2 24.0 30.2 39.4 40.3 30.5 

 Clerical (%) 12.9 4.0 14.0 12.9 13.6 10.7 

 Managerial (%) 10.0 8.0 11.6 10.3 9.5 10.7 

 Professional (%) 17.4 44.0 25.6 18.7 13.1 21.4 

Smoking Status         

 Never (%) 48.0 75.9 38.6 45.9 48.1 46.8 0.042 99.3 

 Current (%) 12.8 10.3 18.2 17.1 11.0 11.7 

  Previous (%) 39.2 13.8 43.2 37.1 41.0 41.6 
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Table 6-1 continued… 

 

    All Stage G1/G2 Stage G3a Stage G3b Stage G4 Stage G5 P-

value 

Data 

completeness 

(%) 
eGFR (ml/min/1.73m

2
)  ≥60 45-59 30-44 15-29 <15 

                

Alcohol Consumption         

 None (%) 57.7 58.6 42.2 52.9 59.7 66.2 0.034 100 

 1-10 unit (%) 29.7 13.8 44.4 34.3 28.4 23.4 

 11-20 units (%) 8.6 20.7 4.4 8.1 8.5 7.8 

 >20 units (%) 4.0 6.9 8.9 4.7 3.3 2.6 

Anthropometrics         

 

BMI (kg/m
2
) * 28.6 (24.9-

33.21) 

30 (25.3-

33.6) 

27.2 (24.6-

31.7) 

28.5 (24.8-

31.9) 

28.7 (24.9-

34) 

28.6 (24.7-

33.2) 

0.786 98.5 

Individual Comorbidities         

 Malignancy (%) 14.0 14.3 17.6 16.1 13.8 9.1 0.494 100 

 Diabetes (%) 34.0 33.3 32.4 30.6 35.4 33.8 0.043 

 COPD (%) 10.0 9.5 14.7 12.8 9.5 5.2 0.383 

 CVD (%) 11.3 19.0 8.8 8.9 11.3 15.6 0.429 

 IHD (%) 21.2 14.3 17.6 21.1 21.4 23.4 0.219 

 PVD (%) 9.5 9.5 8.8 10.6 8.6 13.0 0.788 

Comorbidity Score         

  CCI * 3 (1-5) 1 (0-2) 1 (0-3) 2 (0-4) 3 (2-5) 5 (3-6) <0.001 99.9 
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Table 6-1 continued… 

 

    All Stage G1/G2 Stage G3a Stage G3b Stage G4 Stage G5 P-

value 

Data 

completeness 

(%) 
eGFR (ml/min/1.73m

2
)  ≥60 45-59 30-44 15-29 <15 

                

Blood Pressure         

 Systolic BP (mmHg) ** 130.5 (20.5) 127.7 (20.2) 124 (18.3) 128.9 (20.6) 130.7 (20.2) 137.5 (21.7) 0.004 98.7 

 Diastolic BP (mmHg) ** 76.5 (12.6) 81.9 (11.7) 77.7 (10.7) 77.6 (12.5) 75.5 (12.4) 76.4 (14.9) 0.057 98.7 

Biological Markers         

 

Creatinine (μmol/L) * 212 (166.5-

271.5) 

91 (66-106.5) 135 (111-

145) 

167 (145.3) 235 (205-

272) 

378 (328.3-

434) 

<0.001 98.4 

 

eGFR (ml/min/1.73m
2
) 

* 

25.8 (19.6-

33.7) 

75.6 (70.5-

96.1) 

49.3 (46.9-

52.6) 

35.8 (32.5-

39.3) 

22.8 (19.4-

26.5) 

12.7 (11.0-

14.2) 

<0.001 98.4 

 

ACR (mg/mmol) * 33 (6.6-

130.3) 

92.4 (47.9-

207.4) 

56.3 (6.7-

259.7) 

24.4 (5.0-

140.3) 

28 (4.8-98.9) 79.6 (16.0-

163.3) 

<0.001 94.5 

 Haemoglobin (g/L) ** 124.3 (17.2) 139.0 (17.5) 136.3 (16.0) 129.1 (17.4) 121.8 (15.8) 114.6 (14.9) <0.001 95.6 

 

Bicarbonate (mmol/L) 

** 

24.0 (3.6) 26.0 (2.8) 25.2 (3.3) 24.9 (3.4) 23.8 (3.6) 21.6 (3.6) <0.001 96.8 

 Albumin (g/L) * 43 (43-46) 41 (36.5-45) 44 (41-46.5) 44 (41-46) 43 (40-46) 42 (48-44) 0.002 98 

  CRP (mg/L) ** 3.0 (1.4-7.2) 2.2 (1.1-4.6) 1.6 (0.8-3.7) 3.0 (1.3-5.9) 3.4 (1.6-7.9) 3.5 (2.0 - 10.3) <0.001 93.8 

 

* median (interquartile range) ** mean (standard deviation) 

 

Abbreviations: ACR, Albumin Creatinine Ratio; BMI, Body Mass Index; BP, Blood Pressure; CCI, Charlson Comorbidity index; CRP, C-

reactive protein; eGFR, estimated Glomerular Filtration Rate; SES, Socio-economic status 
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Table 6-2. Study population by Kidney Disease Improving Global Outcomes (KDIGO) classification. 

      ACR categories (mg/mmol)   

   <3 3-30 >30 ACR not 

stated 

N (%) 
      A1 

N (%) 

A2 

N (%) 

A3 

N (%) 

eGFR 

(ml/min/1.73m
2
) 

≥60 G1/G2 1 (0.1) 1 (0.1) 25 (3.4) 2 (0.3) 

45-59 G3a 8 (1.1) 13 (1.7) 24 (3.2) 0 (0) 

30-44 G3b 28 (3.8) 59 (7.9) 78 (10.5) 8 (1.1) 

15-29 G4 66 (8.9) 138 (18.5) 192 (24.8) 27 (3.6) 

<15 G5 5 (0.7) 19 (2.6) 47 (6.3) 4 (0.5) 

 

Abbreviations: ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration rate  
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6.5.2 Self-Reported HRQL 

Complete HRQL data were available for 733 participants (98.4%). Proportions of 

individuals reporting problems with each of the five domains are shown in Figure 6-2. 

One hundred and seventy eight participants (24.3%) reported no problems within any 

domain. Problems with one, two, three, four and five domains were reported by 136 

(18.6%), 129 (17.6%), 153 (20.9%), 91 (12.4%) and 46 (6.3%) participants, 

respectively.  

 

6.5.3 Associations between HRQL and CKD 

As illustrated in Figure 6-2, statistically significant differences between CKD stages 

were seen in the mobility (P=0.001) and usual activity (P=0.002) domains, with more 

problems reported with a worse CKD stage. No significant difference was found 

between CKD stages and the other domains. 

 

Only a small number of participants described problems in the unable/severe 

category, therefore data were dichotomised to combine the respondents who reported 

moderate problems with those in the severe or unable category.  

 

Health related quality of life for the EQ VAS and calculated EQ-5Dindex score are 

shown in Table 6-3. The EQ-5Dindex score decreased (worsened) with more advanced 

CKD stage (P=0.017). No significant difference was seen between CKD stage and the 

EQ VAS.  
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Figure 6-2. Reported HRQL Problems by EQ-5D domain. Data presented as 

whole cohort (All) and categorised by chronic kidney disease stage (determined 

by eGFR). 

 

* P-value for Chi-squared test comparing each EQ-5D domain by CKD stage. 

 

Table 6-3. Calculated EQ-5D Index Score and Visual Analogue Scale by chronic 

kidney disease stage (determined by eGFR). 

  EQ-5D Index 

Score 

Visual Analogue 

Scale 

All 0.74 (0.66-0.88) 65 (50-80) 

Stage G1/G2 0.85 (0.70-1) 50 (75-82.5) 

Stage G3a 0.80 (0.69-1) 70 (50-80) 

Stage G3b 0.80 (0.68-1) 70 (50-80) 

Stage G4 0.74 (0.62-0.85) 60 (50-80) 

Stage G5 0.73 (0.62-1) 55 (50-80) 

   

P-value 0.0165 0.094 
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6.5.4 Association between HRQL and Clinical end-points 

6.5.4.1 Death 

By March 24
th

 2014, 46 (6.2%) participants had died.  Univariable cox regression 

analysis demonstrated that reported problems with mobility, self-care (Figure 6-3), 

usual activities, lower EQ-5Dindex score, and lower EQ VAS, were all associated with 

an increased risk of death. Table 6-4 indicates univariable cox regression analyses for 

a priori variables and EQ-5D components. 

 

In multivariable analysis, each significant EQ-5D variable was combined with age, 

gender, comorbidity assessed by CCI, eGFR and ACR. Self-care (HR 2.54, 95% CI 

1.22-5.29, P=0.013, Figure 6-4, Table 6-5) and the EQ-5Dindex score (HR 0.28, 95% 

CI 0.10-0.81, P=0.019, Table 6-5) were independently associated with an increased 

risk of death. Fourteen out of 102 (13.7%) participants who reported problems with 

self-care died compared to 32/641 (5.0%) participants who reported no problems (chi-

squared P=0.001).  

 

To adjust the HR associated for death for the competing end-point of ESRD, a 

competing risk analysis was performed. Problems with self-care (sub-distribution 

hazard ratio (SHR) 2.61, 95% CI 1.26-5.60, P=0.01) and a lower EQ-5Dindex score 

(SHR 0.32, 95% CI 0.11-0.96, P=0.042) remained significant in the multivariable 

analysis with age, gender, comorbidity, eGFR and ACR (Table 6-5). 
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Figure 6-3. Cox Proportional Hazards Regression for reported problems with 

self-care and death. Univariable Analyses. 

 

 

Table 6-4. Univariable Survival Analyses (Cox regression) for hazard ratio (HR) 

for death. A priori variables and all components of EQ-5D shown. 

    HR (95% CI) P-Value 

A Priori Variables   

 

Age (per 10 year increase) 2.42 (1.79-3.28) <0.001 

 

Gender (female as reference) 1.38 (0.74-2.55) 0.311 

 

Charlson Comorbidity Index 1.41 (1.25-1.58) <0.001 

 

eGFR (per 5ml/min increase) 0.81 (0.69-0.96) 0.015 

 

ACR (per 10mg/mmol rise) 1.02 (1.00-1.03) 0.065 

 

   

ED5D Components   

 

Mobility 3.72 (1.79-7.73) <0.001 

 

Self-Care 3.04 (1.62-5.71) 0.001 

 

Usual Activities 3.02 (1.59-5.75) 0.001 

 

Pain/Discomfort 1.11 (0.62-1.98) 0.727 

 

Anxiety/ Depression 1.56 (0.86-2.84) 0.146 

 

EQ-5D Index Score 0.20 (0.09-0.45) <0.001 

  Visual Analogue Scale 0.98 (0.96-0.99) <0.001 

Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval, eGFR, 

estimated glomerular filtration rate; HR, hazard ratio. 
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Figure 6-4. Cox Proportional Hazards Regression for reported problems with 

self-care and death. Multivariable Analyses.  

Covariates included age, gender, Comorbidity (assessed by Charlson Comorbidity 

Index) and renal function (eGFR and ACR). 

 

 

Table 6-5. Multivariable Survival Analyses (Cox regression and Competing risk) 

for hazard ratio (HR) and subdistribution hazard ratio (SHR) for death. 

  Cox Regression Analyses Competing Risk Analyses 

  HR (95% CI) P-Value SHR (95% CI) P-Value 

Identified problem with self 

care 

2.54 (1.22-5.29) 0.013 2.61 (1.26-5.40) 0.01 

Age (per 10 year increase) 2.04 (1.44-2.88) <0.001 2.24 (1.59-3.16) <0.001 

Gender (female as reference) 1.50 (0.68-3.29) 0.311 1.44 (0.68-3.07) 0.341 

Charlson Comorbidity Index 1.24 (1.06-1.44) 0.006 1.19 (1.04-1.37) 0.01 

eGFR (per 5ml/min increase) 0.85 (0.70-1.05) 0.128 0.90 (0.75-1.10) 0.306 

ACR (per 10mg/mmol rise) 1.02 (1.00-1.03) 0.013 1.02 (1.00-1.03) 0.045 

 

    

EQ-5D index score  0.28 (0.10-0.81) 0.019 0.32 (0.10-0.96) 0.042 

Age (per 10 year increase) 2.09 (1.48-2.95) <0.001 2.31 (1.66-1.66) <0.001 

Gender (female as reference) 1.57 (0.73-3.37) 0.247 1.43 (0.70-2.91) 0.324 

Charlson Comorbidity Index 1.20 (1.03-1.40) 0.02 1.15 (1.01-1.32) 0.032 

eGFR (per 5ml/min increase) 0.85 (0.69-1.05) 0.126 0.91 (0.75-1.11) 0.344 

ACR (per 10mg/mmol rise) 1.02 (1.01-1.04) 0.002 1.02 (1.00-1.03) 0.016 

Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval; eGFR, 

estimated glomerular filtration rate 
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These analyses also identify increasing age, comorbidity and higher ACR as being 

associated with death. Estimated GFR was not significant; however a creatinine 

greater than 265 μmol/L (3mg/dL) scores 2 points in the CCI. Reanalysing the data 

for the CCI without the renal disease points results in eGFR demonstrating 

significance in Cox regression but not competing risk analyses (Table 6-6). 

 

Table 6-6. Multivariable Survival Analyses (Cox regression and Competing risk) 

for death – Charlson comorbidity index without renal component. 

 

  Cox Regression Analyses Competing Risk Analyses 

  

HR (95% CI) P-

Value 

SHR (95% CI) P-

Value 

Identified problem with self care 2.49 (1.19-5.20) 0.015 2.57 (1.23-5.36) 0.012 

Age (per 10 year increase) 2.00 (1.41-2.84) <0.001 2.20 (1.55-3.11) <0.001 

Gender (female as reference) 1.82 (0.85-3.92) 0.124 1.68 (0.82-3.44) 0.159 

Charlson Comorbidity Index 

without renal component* 

1.23 (1.04-1.44) 0.013 1.19 (1.02-1.38) 0.03 

eGFR (per 5ml/min increase) 0.78 (0.63-0.97) 0.025 0.84 (0.68-1.04) 0.108 

ACR (per 10mg/mmol rise) 1.02 (1.00-1.03) 0.02 1.02 (1.00-1.03) 0.061 

 

  

  EQ-5D index score  0.29 (0.10-0.84) 0.023 1.32 (0.10-0.99) 0.048 

Age (per 10 year increase) 2.06 (1.46-2.92) <0.001 2.27 (1.63-3.16) <0.001 

Gender (female as reference) 1.86 (0.88-3.92) 0.103 1.62 (0.82-3.22) 0.167 

Charlson Comorbidity Index 

without renal component* 

1.18 (1.00-1.39) 0.051 1.14 (0.98-1.33) 0.095 

eGFR (per 5ml/min increase) 0.79 (0.63-0.98) 0.033 0.86 (0.69-1.06) 0.151 

ACR (per 10mg/mmol rise) 1.02 (1.01-1.04) 0.002 1.02 (1.00-1.03) 0.015 

 

Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval; eGFR, 

estimated glomerular filtration rate; HR, hazard ratio; SHR, subdistribution hazard 

ratio 

* Calculated using all Charlson Comorbidity Index components EXCEPT 

moderate/severe renal disease (creatinine >265mmol/L) 
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6.5.4.2 End-Stage Renal Disease 

Seventy-eight participants (10.5%) had reached ESRD by the censor date. Lower EQ 

VAS score was the only component of the EQ-5D associated with an increased HR 

for progression to ESRD (Table 6-7). Significance was lost when the a priori 

variables of age, gender, comorbidity, eGFR and ACR were included in a 

multivariable analysis. Similarly, competing risk analysis indicated an association 

with a lower VAS and ESRD in univariable but not multivariable analysis. 

 

Table 6-7. Univariable survival analyses (Cox regression) for end-stage renal 

disease (ESRD).  

A priori variables and all components of EQ-5D shown. 

 

    HR (95% CI) P-Value 

A Priori Variables   

 
Age (per 10 year increase) 0.84 (0.74-0.96) 0.011 

 
Gender (female as reference) 1.01 (0.64-1.60) 0.955 

 
Charlson Comorbidity Index 1.20 (1.09-1.31) <0.001 

 
eGFR (per 5ml/min increase) 0.41 (0.34-0.49) <0.001 

 
ACR (per 10mg/mmol rise) 1.03 (1.03-1.04) <0.001 

  

  

ED5D Components   

 
Mobility 1.00 (0.64-1.56) 0.998 

 
Self-Care 0.59 (0.26-1.35) 0.211 

 
Usual Activities 1.25 (0.80-1.96) 0.317 

 
Pain/Discomfort 1.09 (0.70-1.71) 0.695 

 
Anxiety/ Depression 1.17 (0.72-1.89) 0.519 

 
EQ-5D Index Score 1.02 (0.44-2.35) 0.958 

  Visual Analogue Scale 0.99 (0.98-1.00) 0.016 

 

Abbreviations: ACR, albumin creatinine ratio; CI, confidence interval, eGFR, 

estimated glomerular filtration rate; HR, hazard ratio. 
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6.5.5 The impact of demographic, clinical and laboratory variables on HRQL 

The analyses above demonstrate the two HRQL factors associated with death in the 

survival analyses were problems with self-care and a lower EQ-5Dindex score. In order 

to explore factors predictive of these two elements, further exploratory analyses were 

performed for self-care (logistic regression) and the EQ-5Dindex score (linear 

regression). 

 

6.5.5.1 Self-care:  

Table 6-8 shows the factors that were associated with (P<0.1) reported problems with 

self-care.  

 

Ethnicity classified as other or not stated, people who were not currently working, 

higher body mass index (BMI), higher bicarbonate concentration, and higher C 

reactive protein (CRP) were statistically significantly associated with reported 

problems with self-care in multivariable analysis (Table 6-8). This model explained 

16.5% of variability with self-care (pseudo R
2
 0.165). Of note, age and renal function 

did not influence this aspect of HRQL. 

 

6.5.5.2 EQ-5Dindex score: 

Table 6-9 shows factors (P<0.1) associated with a higher EQ-5D score (i.e. better 

HRQL).  

 

Multivariable analysis found the following variables remained associated with better 

HRQL: male gender; currently in employment; not smoking in comparison to current 
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smoking; lower BMI; less comorbidity; and lower CRP (Table 6-9). This linear 

regression model explained 20.8% of the variability in HRQL as assessed by the EQ-

5Dindex score (adjusted R
2
 0.208). Again age and renal function were not associated 

with this assessment of overall HRQL. 
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Table 6-8. Variables predictive of reported problems with self-care by logistic regression. 

    Univariable Analyses   Multivariable Analyses*   

    OR (95% CI) SE P-value OR (95% CI) SE P-value 

Age (per 10 year increase) 1.29 (1.12-1.49) 0.09 <0.001 

   Ethnicity (white as reference) 

      

 
South Asian 1.46 (0.88-2.41) 0.38 0.146 1.97 (1.06-3.68) 0.63 0.032 

 
Black 1.36 (0.68-2.72) 0.48 0.391 1.04 (0.41-2.61) 0.49 0.938 

 
Other/ Not stated 2.80 (0.96-8.13) 1.52 0.058 4.30 (1.25-14.76) 2.71 0.021 

SES (most deprived Quintile) 1.51 (0.99-2.30) 0.33 0.058 

   Academic Qualifications (none versus some) 2.16 (1.40-3.32) 0.47 <0.001 

   Employment status (currently employed as reference) 

      

 
Not employed 26.02 (6.09-111.21) 19.28 <0.001 15.22 (3.42-67.79) 11.60 <0.001 

 
Retired 23.77 (5.77-97.94) 17.17 <0.001 19.14 (4.57-80.20) 13.99 <0.001 

Weekly Alcohol Consumption (none as reference) 

      

 
Under 10 units 0.54 (0.32-0.91) 0.14 0.021 

   

 
11-10 units 0.97 (0.47-2.00) 0.36 0.935 

   

 
More than 20 units 0.18 (0.02-1.32) 0.18 0.092 

   BMI (kg/m
2
) 1.07 (1.04-1.11) 0.02 <0.001 1.06 (1.03-1.10) 0.02 0.001 

Charlson Comorbidity Index 1.21 (1.11-1.32) 0.05 <0.001 

   Diabetes 2.41 (1.58-3.68) 0.52 <0.001 

   Chronic obstructive pulmonary disease 2.61 (1.50-4.52) 0.73 0.001 

   Ischaemic Heart disease 1.79 (1.14-2.83) 0.42 0.012 

   Peripheral Vascular Disease 2.15 (1.21-3.83) 0.63 0.009 

   SBP (mmHg) 1.01 (1.00-1.02) 0.01 0.06 

   DBP (mmHg) 0.98 (0.96-1.00) 0.01 0.019       
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Table 6-8 continued… 

 

    Univariable Analyses   Multivariable Analyses*   

    OR (95% CI) SE P-value OR (95% CI) SE P-value 

Haemoglobin (g/L) 0.98 (0.97-1.00) 0.01 0.015 

   Bicarbonate (mmol/L) 1.10 (1.04-1.17) 0.03 0.002 1.10 (1.03-1.18) 0.04 0.008 

Albumin (g/L) 0.95 (0.91-0.99) 0.02 0.012 

   CRP (mg/L) 1.02 (1.00-1.03) 0.01 0.007 

   log CRP 1.53 (1.27-1.83) 0.14 <0.001 1.27 (1.03-1.57) 0.14 0.027 

 

Abbreviations; BMI, body mass index; CRP, C-reactive protein; CI, confidence interval; DBP, diastolic blood pressure; OR, odds ratio; SBP, 

systolic blood pressure; SE, standard error; SES, socio-economic status;  

 

* Significant variables removed in a backwards stepwise technique until remaining variables had a P<0.05.   
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Table 6-9. Variables predictive of higher EQ-5D index score by linear regression. 

 

    Univariable Analyses   Multivariable Analyses*   

    Coefficient (95% CI) SE P-value Coefficient (95% CI) SE P-value 

Age (per 10 year increase) -0.03 (-0.05--0.02) 0.01 <0.001    

Gender (male as reference) 0.04 (0.00-0.08) 0.02 0.048 0.05 (0.00-0.10) 0.02 0.042 

SES (most deprived Quintile) -0.06 (-0.10--0.02) 0.02 0.004    

Academic Qualifications (none versus some) -0.01 (-0.14--0.06) 0.02 <0.001    

Employment status (currently employed as 

reference) 

      

 Not employed -0.26 (-0.32--0.21) 0.03 <0.001 -0.19 (-0.26--0.13) 0.03 <0.001 

 Retired -0.21 (-0.25--0.16) 0.02 <0.001 -0.13 (-0.19--0.08) 0.03 <0.001 

Smoking status (non smoker as reference)       

 Current -0.07 (-0.13-0.00) 0.03 0.037 -0.11 (-0.18--0.04) 0.03 0.001 

 Previous -0.07 (-0.11--0.02) 0.02 0.003 -0.03 (-0.08-0.02) 0.02 0.235 

Weekly Alcohol Consumption (none as reference)       

 Under 10 units 0.07 (0.03-0.12) 0.02 0.002 0.03 (-0.02-0.07) 0.02 0.254 

 11-10 units 0.04 (-0.03-0.12) 0.04 0.261 0.01 (-0.07-0.08) 0.04 0.887 

 More than 20 units 0.17 (0.07-0.28) 0.05 0.001 0.11 (0.01-0.22) 0.05 0.033 

BMI (kg/m
2
) -0.01 (-0.01--0.01) 0.00 <0.001 -0.01(-0.01-0.00) 0.00 <0.001 

Charlson Comorbidity Index -0.03 (-0.04--0.02) 0.00 <0.001 -0.02 (-0.03--0.01) 0.01 0.003 

Diabetes -0.11 (-0.15--0.07) 0.02 <0.001    

Chronic obstructive pulmonary disease -0.10 (-0.17--0.04) 0.03 0.001    

Cerebrovascular disease -0.09 (-0.26--0.03) 0.03 0.003    

Ischaemic Heart disease -0.13(-0.18--0.08) 0.03 <0.001    

Peripheral Vascular Disease -0.14 (-0.21--0.08) 0.42 <0.001       
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Table 6-9 continued… 

 

    Univariable Analyses   Multivariable Analyses*   

    Coefficient (95% CI) SE P-value Coefficient (95% CI) SE P-value 

SBP (mmHg) 0.00 (0.00-0.00) 0.00 0.001    

DBP (mmHg) 0.00 (0.00-0.00) 0.00 0.011    

eGFR (per 5ml/min) 0.01 (0.00-0.02) 0.00 0.006    

Haemoglobin (g/L) 0.00 (0.00-0.00) 0.00 <0.001    

Albumin (g/L) 0.01 (0.00-0.01) 0.00 0.001    

CRP (mg/L) -0.05 (-0.07--0.29) 0.01 <0.001    

log CRP 0.00 (-0.01-0.00) 0.00 <0.001 -0.02 (-0.04-0.00) 0.01 0.03 

 

Abbreviations; BMI, body mass index; CRP, C-reactive protein; CI, confidence interval; DBP, diastolic blood pressure; eGFR, estimated 

glomerular filtration rate; SBP, systolic blood pressure; SE, standard error; SES, socio-economic status;  

 

* Significant variables removed in a backwards stepwise technique until remaining variables had a P<0.05.   
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6.6 Discussion 

The relationship between pre-dialysis CKD, HRQL and clinical outcomes is an 

important aspect of nephrology practice. These analyses, conducted in a cohort of 

people with advanced and/or progressive CKD, demonstrated that reported problems 

with HRQL, as measured by the EQ-5D, were common; only 24.3% of participants 

reported no problem in any EQ-5D domain.  

 

Impaired HRQL was a risk factor for death; problems with self-care and overall 

HRQL, assessed by the EQ-5Dindex score, were associated with an increased HR for 

death when analysed with age, gender, comorbidity, eGFR and ACR. This association 

was present in both cox proportional hazard regression and competing risk regression 

(with ESRD as the competing risk). No element of HRQL was independently 

associated with risk of progression to ESRD. 

 

Until recently, previous studies investigating HRQL in patients with pre-dialysis CKD 

had focused on specific populations (Taiwanese (289) or individuals of black 

ethnicity with hypertensive CKD in the United States(290)). Whilst the 

generalisability of these studies to a multi-ethnic United Kingdom CKD population is 

questionable, both studies identified an association with HRQL and death in similarity 

to the findings presented here. However, the association with HRQL and CKD 

progression was conflicting; Tsai and colleagues identified an association (289) but 

Porter and colleagues only noted an association in a composite of death and CKD 

progression (290).  
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A combined analysis of the Chronic Renal Insufficiency Cohort and Hispanic Chronic 

Renal Insufficiency Cohort has recently been published (291). The disease specific 

KDQOL-36 questionnaire was completed by 3837 patients (of a total of 3939 

enrolled). Consistent with the data presented here, they found that low HRQL was 

independently associated with a higher risk of death but not CKD progression in 

several KDQOL-36 subscales (physical component summary, mental component 

subscale, effects and symptoms). The KDQOL-36 questionnaire is a detailed HRQL 

survey based on a chronic disease core, with added items relevant to patients with 

kidney disease (293). Compared to the EQ-5D, it is more time consuming to 

complete, has some components that apply more to those undergoing RRT than the 

pre-dialysis population, and its utility in health economic evaluations is not as 

established. 

 

To explore further the factors that influence the components of HRQL associated with 

death (self-care and the EQ-5Dindex score), I assessed the relationship between these 

components and demographic, clinical and laboratory variables utilizing regression 

analysis. Not being currently employed, whether young and not working or retired, 

conveyed the highest HR associated with impaired HRQL. Other significant factors 

for a lower HRQL included higher BMI, a higher CRP, and multimorbidity. Further 

research is warranted.  

 

Interestingly, no association was identified between these aspects of HRQL and SES, 

increasing age of the participants or renal function, as measured by eGFR or ACR. 

This lack of association between HRQL and renal function, is a finding variably 

supported by previous studies (76, 294, 295).   
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This work, and that of others, demonstrate that reported problems with HRQL are 

common in this population (192) and I have found an association between impaired 

HRQL and death. It is therefore important to consider what strategies could be used to 

improve HRQL; improving HRQL will not only improve patient well-being but may 

convey a survival advantage. Previous studies have demonstrated that optimisation of 

haemoglobin, psychological interventions and physical exercise may be of benefit 

(296-298). However, the majority of these studies have focused on patients who have 

reached ESRD rather than pre-dialysis CKD. Therefore, the transferability of these, or 

of interventions instigated for other chronic disease states, requires evaluation. 

 

In this study of patients with pre-dialysis CKD, problems with self-care and the EQ-

5Dindex score (194) were both of prognostic significance; in clinical practice problems 

with self-care may be the more useful HRQL screening question to identify patients 

with CKD at an increased risk of death. There are analogies here to the findings of 

O’Hare and colleagues who quantified the impact of age on outcomes in individuals 

with CKD (299); similarly, knowledge about impaired HRQL may help inform 

clinicians and patients about the relative risk of death compared to ESRD. This 

information could inform decision making including when to discuss renal 

replacement therapy options and to help ensure such individuals are adequately 

supported when counselled about their higher mortality risk. Additionally it may 

provide a trigger to enable social care resources to be targeted to those most in need 

and may enable identification of a high-risk group where interventions to improve 

outcomes can be studied. 
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6.6.1 Strengths and Weaknesses 

The major strength of this study is the use of a prospectively recruited, socio-

economically and ethnically diverse cohort of patients with advanced and/or 

progressive pre-dialysis dependent CKD. Detailed demographic and clinical data were 

collected at initial recruitment and the participants were tracked longitudinally to 

record outcomes, including death and ESRD. HRQL was assessed by the EQ-5D tool, 

which is recommended as the preference based measure for HRQL evaluation in CKD 

(192). Survival analyses were performed using both Cox proportional hazard analyses 

and competing risk analyses. The latter is important, though rarely used, as it enabled 

the competing risk of ESRD to be taken into account when assessing death and vice 

versa: both end-points are (separately) of key interest to patients, their families and 

clinicians (222, 300). 

 

A weakness, as with all observational studies, is that these analyses have assessed 

association rather than causation. Whilst the analyses for factors associated with an 

increased risk of death included baseline renal function and progression to ESRD (in 

competing risk analyses), I did not include any other measure of CKD progression.  

 

In addition, whilst considerable demographic and clinical information was collected, 

there was no formal assessment of frailty, depression or nutritional status of the 

participants. These factors have been associated with impairment of HRQL (78, 301-

306).  
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6.7 Conclusion to Chapter 6 

In summary, data presented in this chapter demonstrate that impaired HRQL is 

common in a diverse pre-dialysis CKD population and that impaired HRQL, as 

demonstrated by problems with self-care or a lower EQ-5Dindex score, is associated 

with a higher risk for death but not ESRD. Multiple factors influence these aspects of 

impaired HRQL but renal function, as measured by eGFR and ACR, are not among 

them.  

 

Further studies are recommended to evaluate interventions that may improve HRQL 

within the pre-dialysis CKD population and to investigate whether any improvements 

in HRQL are associated with a survival advantage. 
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7 DISCUSSION 

 

In the results chapters I present data from a series of studies focusing on high-risk 

patients with chronic kidney disease (CKD). In this final chapter, I discuss the key 

findings from each study, highlight the common themes identified throughout this 

thesis and describe potential future directions leading from this research. I examine 

the key strengths and limitations of the work before drawing final conclusions. 

 

7.1 Chapter 3 Summary: The impact of ethnicity, chronic kidney disease 

and cardiovascular comorbidity on mortality in a multi-ethnic 

primary care population. 

This chapter investigated the determinants of mortality in an ethnically diverse 

primary care population, using enhanced electronic data collected from 31,254 people 

in 62 primary care practices within central Birmingham. The analyses identified 

ethnicity as a risk factor for mortality; the risk of death in South Asian and black 

individuals were lower when compared to white individuals. The difference was, in 

part, independent of age, gender, socioeconomic status (SES), renal function and 

comorbidities.  

 

The analyses identified renal function, both estimated glomerular filtration rate 

(eGFR) and albumin creatinine ratio (ACR), and comorbidity as significant risk 

factors for mortality. Additionally, the data showed measurement of ACR in high-risk 

populations was by no means universal; only 11,205 of the 31,254 (35.9%) 

individuals had an ACR recorded. 
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7.2 Chapter 4 Summary: The impact of ethnicity on progression to end-

stage renal disease in pre-dialysis chronic kidney disease. 

Whilst Chapter 3 focused on a multi-ethnic primary care population, Chapter 4 

investigated the impact of ethnicity in a secondary care nephrology population, the 

Renal Impairment in Secondary Care (RIISC) study, where over 30% of individuals 

were of black and minority ethnic backgrounds.  

 

I demonstrated that individuals of South Asian and black ethnicity were at higher risk 

of end stage renal disease (ESRD) than their white counterparts, and that this persisted 

in competing risk analyses (where death was the competing risk). The difference 

between risk of ESRD was explained by known risk factors (age, gender, eGFR and 

ACR); median ACR was highest in South Asians and I identified albuminuria as the 

principal modifiable risk factor. 

 

7.3 Chapter 5 Summary: Serum tryptase concentration and progression 

to end-stage renal disease. 

The work in Chapter 5 analysed participants in the RIISC study to investigate the 

association of serum tryptase to progression of ESRD, and whether this relationship 

was influenced by use of angiotensin converting enzyme inhibitors (ACEi) and 

angiotensin II receptor blockers (ARB).  

 

Analyses identified serum tryptase concentration as an independent prognostic factor 

(after adjustment of the a priori variables of age, gender, eGFR and ACR) for 
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progression to ESRD in those receiving treatments with ACEi/ARB. These data 

suggest the potential of using tryptase to assess pathways that bypass the protective 

effects of ACEi/ARB which could be utilised in the era of stratified medicine. 

 

7.4 Chapter 6 Summary: The Impact of Health Related Quality of Life 

on mortality and progression to end-stage renal disease in pre-

dialysis chronic kidney disease. 

Whilst the earlier chapters concentrated on the endpoints of death and progression to 

ESRD, I was keen to recognise and investigate the impact of CKD on health related 

quality of life (HRQL) and any association between HRQL and clinical endpoints. I 

therefore analysed data on HRQL, assessed with the EuroQol EQ-5D questionnaire, 

within the RIISC study cohort. 

 

I demonstrated that impaired HRQL was common in pre-dialysis CKD and that 

reduced HRQL was associated with a higher risk for death but not ESRD. The 

components associated with an increased risk of death were difficulties with self care 

and a lower EQ-5Dindex score (a global assessment of HRQL where the five individual 

health states from the EQ-5D questionnaire are converted into a score using a set of 

weighted preferences specific to the UK population (194)). I then investigated these 

two aspects (problems with self care and the EQ-5Dindex score) and found that 

although renal function did not influence these components, multiple other factors 

did.  
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7.5 Common themes and future directions 

Within this thesis, there are several common themes which are discussed below. I also 

highlight possible directions for future research. 

 

7.5.1 Increasing comorbidity is associated with death 

I assessed the impact of comorbidity in primary and secondary care cohorts by 

investigating the impact of individual and combined comorbidity. The technique used 

to assess combined comorbidity varied by the population studied, principally due to 

the availability of data; I used cumulative cardiovascular comorbidity in primary care 

(Chapter 3) and the Charlson comorbidity index (CCI) (216) in the RIISC cohort 

(Chapters 4-6). Both were associated with death in multivariable analyses. 

 

This finding is important given the prevalence of comorbidity, especially in older 

individuals (307). An understanding of the impact of comorbidity, and its potential to 

influence the balance between risk of death versus progression to ESRD, is important 

in routine primary care and nephrology practice and the data I present highlights this. 

A discussion regarding silo working by different secondary care specialties is beyond 

the scope of this thesis but increasing comorbidity is likely to require a more 

collaborative approach to healthcare. 

 

Whilst the Charlson comorbidity score is used routinely by health researchers, it was 

developed in 1984 and focused on conditions which influenced mortality within one 

year from hospital discharge. Management of many of the conditions in the Charlson 

scoring system (Table 2.2) has changed dramatically and, whilst attempts to update 
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the scoring system have been proposed (308), their use is not routine. As discussed 

earlier in this thesis, a limitation of the use of the CCI in nephrology research is that 

renal impairment is one factor in the Charlson score, and therefore has the potential to 

minimise the significance of eGFR in multivariable analyses; indeed this was one of 

the findings I report in Chapter 6. 

 

7.5.2 The significance of albuminuria 

Albuminuria, assessed in this work as a urine ACR, has been demonstrated to add 

prognostic information in addition to measurements of eGFR, both in terms of risk of 

ESRD and death. This is in agreement with multiple previous studies, perhaps most 

notably the work of the Chronic Kidney Disease Prognosis Consortium (43, 44, 46, 

309) which analysed the available data in response to the KDIGO controversies 

conference (42) and resulted in the 2012 update of the international CKD staging 

system (54). 

 

The results in this thesis highlight two pertinent issues 

 

7.5.2.1 Primary care underutilises testing for albuminuria 

Chapter 3 demonstrated the significance of elevated ACR and its association with 

mortality in a primary care setting. However, only 35.9% of individuals within the 

cohort had their ACR tested. People were more likely to have it tested if they were of 

Future work 1: An evaluation of current comorbidity scoring systems and 

their utility in nephrology. 
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South Asian descent, male gender, had diabetes or had greater vascular comorbidity. 

The use of ACR in screening for microalbuminuria in diabetes has been established 

practice for many years (40, 41) and these analyses were based on data collected 

before the 2012 update of the CKD staging system; it would therefore be important to 

evaluate whether the use of ACR in primary care has improved since the publication 

of both international and national (e.g. NICE CKD (33)) guidelines. Strategies to 

increase the ACR measurement in routine clinical practice should be encouraged and 

the utility of ACR for risk stratification and for enhanced treatment (e.g. with 

ACEi/ARB and to more rigorous blood pressure targets) highlighted. 

 

Previously, one of the assessment measures for CKD in the Quality and Outcome 

Framework (QOF) primary care pay for performance model was ‘the percentage of 

patients on the CKD register whose notes have a record of a urine albumin creatinine 

ratio (or protein creatinine ratio) test in the preceding 12 months’ (64). This 

component has now been removed and, in QOF 2015-2016, the only stated outcome 

for CKD is ‘The contractor establishes and maintains a register of patients aged 18 

or over with CKD with classification of categories G3a to G5’ (64). Thus, there is no 

longer a financial incentive to assess urine ACR. 

 

 
 

Future work 2: To develop strategies to ensure that ACR is being routinely 

measured within primary care for those with CKD, diabetes or vascular 

comorbidity. 
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7.5.2.2 Albuminuria is the principal modifiable risk factor for ESRD in 

progression of ESRD in people of South Asian ethnicity 

The research presented in Chapter 4 confirms a higher risk of ESRD in individuals of 

South Asian or black ethnicity and that the difference in ESRD risk between 

ethnicities is explained by conventional risk factors of age, gender, eGFR and ACR. 

Importantly this thesis identifies a significant difference in median ACR between 

ethnic groups at baseline and proposes ACR as the key modifiable risk factor. As 

discussed in Chapter 4, prior work has identified higher levels of proteinuria in 

paediatric and adolescent South Asian populations (265, 266), suggesting potential 

genetic or environmental factors may influence albuminuria. 

 

In addition to other serum, plasma, urine and saliva samples collected as part of the 

RIISC study, we collected DNA samples using the The PAXgene tube system 

(Quiagen, Venlo, Netherlands) (Section 2.4.5). This provides an opportunity to 

investigate any genetic basis explaining the increased ACR in non-white ethnic 

groups. 

 

Blood pressure control, especially ACEi/ARB usage in those with albuminuria, is a 

key component to slowing CKD progression. A review of the current literature 

(discussed in Chapter 4) acknowledged there are limited data on response to 

antihypertensive treatment, including renin angiotensin aldosterone system (RAAS) 

blockade, in South Asian individuals. It is therefore important to explore the response 

Future work 3: To investigate a potential genetic basis of increased 

albuminuria in South Asian individuals. 
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to treatment by ethnicity, as this may provide potential to tailor treatment to those 

most likely to respond. I was unable to incorporate ethnicity into the analyses with 

tryptase (Chapter 5) as I needed to balance the number of a priori variables with the 

number of events to reduce the likelihood of overfitting, but it would be important to 

rerun the analyses in the future when more events have occurred. 

 

7.5.3 Ethnicity should be viewed as a non-traditional risk factor for death and 

ESRD. 

The ethnically diverse population within the West Midlands, provided an excellent 

opportunity to explore the relationships between ethnicity, kidney disease and clinical 

outcomes. Both primary and secondary care cohorts demonstrated white participants 

tended to be older and tended to have more comorbidities than those of South Asian 

or black ethnicity. In the analysis of primary care data (Chapter 3), the risk of death 

was lower for South Asian and black participants than for white participants, 

including in the multivariable analyses which included age, renal function and 

comorbidity. In the analysis of the secondary care RIISC cohort (Chapter 4), I did not 

identify a mortality difference between ethnicities. However, there was a difference in 

progression to ESRD (discussed above in Section 7.2) including in competing risk 

analyses.  

 

Future work 4: To assess response to key interventions, especially RAAS 

blockade, within different ethnicities. 
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7.5.4 Socioeconomic status was not significantly associated with adverse 

outcomes. 

In contrast to previous work (see Section 1.5.2), the analyses presented in this thesis 

showed no association between SES and any of the outcomes studied, including 

death, progression to ESRD or reduced HRQL.  

 

Whilst this may be due to the universal healthcare system operating in the UK, other 

explanations are possible. Both primary and secondary care cohorts had a high 

percentage of people in the most deprived national SES quintile (calculated using 

index of multiple deprivation scores (186, 310)) with over 70% in primary care and 

approximately 50% in secondary care studies. We therefore have not been able to 

comprehensively compare the highest to the least socioeconomically deprived. 

Additionally, significant resources have been spent on health promotion programmes 

targeted at inner-city Birmingham (121); the work presented may suggest the lack of 

association between SES and outcomes is related to the success of such programmes. 

 

7.5.5 Serum tryptase is independently associated with ESRD in people 

receiving treatment with ACEi or ARB 

Chapter 5 presents the first data demonstrating serum tryptase concentration as an 

independent prognostic factor for progression to ESRD in patients receiving treatment 

with ACEi/ARB. The chapter provides information regarding potential putative 

mechanisms for this association; perhaps the most compelling are the role of mast cell 

proteases as the main ACE independent pathway of angiotensin II production, and 

therefore may identify individuals who have incomplete RAAS blockade, and the role 
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of proteases promoting renal disease through transforming growth factor beta (TGF-β) 

(by stimulating TGF-β directly and via promotion of angiotensin II) (139).  

 

Combined with studies which have investigated inhibitors of tryptase and chymase in 

animal studies, including chymase inhibition attenuating renal disease in animal 

models (311), the data presented provides further justification for investigation of the 

concept of RAAS breakthough and the potential for trials of mast cell protease 

inhibitors in humans. 

 

7.5.6 Impaired health related quality of life is common in CKD and associated 

with increased risk of death 

This thesis explored the relationship between HRQL, CKD and outcomes. The data 

presented show that impaired HRQL is common and therefore should be explored 

routinely in clinical consultations to identify its presence. The results I have presented 

indicate that a comprehensive and time-consuming assessment may not be necessary; 

a question regarding self-care could potentially be used as a screening tool. 

 

Studies are needed to investigate whether specific interventions can improve patient 

well being and whether these interventions may alter an individual’s risk of death. 

National studies are starting to investigate HRQL in CKD (for example, ‘Think 

Kidneys’ Transforming Participation in Chronic Kidney Disease; TP-CKD (312)) but 

Future work 5: To investigate mechanisms and the concept of RAAS escape/ 

breakthough through a mast cell protease dependent pathway. 
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it is vital the applicability of findings in the ethnically diverse population can be 

demonstrated. 

 

7.6 Key Strengths and Limitations 

I have discussed strengths and weaknesses as a component of individual result 

chapters. Here I summarise the general strengths and weaknesses of my research 

presented in this thesis. 

 

The key strength of the studies presented has been the ability to perform statistically 

robust analyses on high-risk, ethnically diverse primary and secondary care cohorts, 

and present the findings in clinically relevant ways. The results have direct relevance 

to the population managed by nephrologists and primary care physicians in 

Birmingham, other multicultural cities in the UK and beyond. As previously 

highlighted, this is a population under-represented in other national or international 

cohort studies. 

 

The main limitations of the studies presented is their observational nature and a 

recognition that, for the chapters focusing on the RIISC study, the results may not be 

generalisable to a CKD population comprising less advanced renal impairment. 

Additionally, whilst the aetiology of renal disease (see Section 2.4.7.1 for 

Future work 6: To evaluate interventions which, if applied to those with non-

dialysis dependent CKD with impaired HRQL, may lead to an improvement 

in patient well being. 
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classification) is described in the chapters utilising the RIISC cohort, I recognise the 

majority of these diagnoses are ‘presumed’ rather than based on definite histology. 

Indeed, under 30 percent (201/727 in Chapter 4) of patients underwent a renal biopsy. 

Whilst the large majority of patients with significant renal disease do not have a 

kidney biopsy, as in most cases knowledge of histology will not alter management  

(313), it is important to recognised that the presumed diagnosis is not always correct 

(314). This limitation makes it more challenging to assess any association between 

renal diagnosis with outcomes, especially for aetiologies such as diabetic kidney 

disease. Chapter 4 shows a high prevalence of diabetes (36.5%) within the cohort but 

a more modest prevalence of diabetic kidney disease (11.3%). Work is needed on 

increasing the accuracy of diagnoses in nephrology, either through increased use of 

kidney biopsies or through novel biomarkers with high diagnostic discrimination for 

the underlying renal disease. (315).  

 

The chapters utilising the RIISC study had different numbers of participants due to 

the selection criteria stated in each chapter. Chapter 5 had the fewest participants due 

to the requirement to analyse samples for tryptase, and this was limited by laboratory 

and assay capacity. Additionally, the censor dates used in each chapter reflected the 

timing of the analyses. However I believe that, despite these limitations, the detailed 

phenotyping of both primary and secondary care cohorts, and the univariable and 

multivariable analyses performed, provide a sound footing from which to explore the 

future work I have proposed. 
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7.7 Executive Conclusions 

 

This thesis describes the impact of CKD on individuals and society and has discussed 

the previously identified risk factors associated with adverse events, including ESRD, 

death and impaired HRQL. 

 

Though a series of studies, in both primary and secondary care cohorts, I have focused 

on areas of uncertainty which have implications for patient care. 

 

I found that: (i) comorbidity has a profound impact at a population level on survival in 

CKD; (ii) albuminuria is the principle modifiable risk factor for progression to ESRD 

in people of South Asian ethnicity; (iii) serum tryptase is an independent prognostic 

factor for ESRD in patients with CKD receiving treatment with an ACEi or ARB; and 

(iv) Low HRQL is common in CKD and reduced HRQL is associated with a higher 

risk for death. 

 

The findings from this thesis contribute to the understanding of CKD in ethnically 

diverse, high-risk populations and form the basis for further studies. 

  







































 

230 

 

14 REFERENCES 

1. Jain P, Calvert M, Cockwell P, McManus RJ. The need for improved identification 
and accurate classification of stages 3-5 Chronic Kidney Disease in primary care: 
retrospective cohort study. PLoS One. 2014;9(8):e100831. 

2. Aitken GR, Roderick PJ, Fraser S, Mindell JS, O'Donoghue D, Day J, et al. Change in 
prevalence of chronic kidney disease in England over time: comparison of nationally 
representative cross-sectional surveys from 2003 to 2010. BMJ Open. 
2014;4(9):e005480. 

3. Bruck K, Stel VS, Gambaro G, Hallan S, Volzke H, Arnlov J, et al. CKD Prevalence 
Varies across the European General Population. J Am Soc Nephrol. 2015. 

4. Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney 
disease: global dimension and perspectives. Lancet. 2013;382(9888):260-72. 

5. Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in population-
based studies: systematic review. BMC Public Health. 2008;8:117. 

6. Dreyer G, Hull S, Aitken Z, Chesser A, Yaqoob MM. The effect of ethnicity on the 
prevalence of diabetes and associated chronic kidney disease. Qjm. 2009;102(4):261-9. 

7. Glassock RJ, Winearls C. The global burden of chronic kidney disease: how valid 
are the estimates? Nephron Clin Pract. 2008;110(1):c39-46; discussion c7. 

8. Trehan A, Winterbottom J, Lane B, Foley R, Venning M, Coward R, et al. End-stage 
renal disease in Indo-Asians in the North-West of England. Qjm. 2003;96(7):499-504. 

9. 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. Am J Med. 
2009;122(7):672-8. 

10. McClellan WM, Newsome BB, McClure LA, Howard G, Volkova N, Audhya P, et al. 
Poverty and racial disparities in kidney disease: the REGARDS study. Am J Nephrol. 
2010;32(1):38-46. 

11. Barbour SJ, Er L, Djurdjev O, Karim M, Levin A. Differences in progression of CKD 
and mortality amongst Caucasian, Oriental Asian and South Asian CKD patients. Nephrol 
Dial Transplant. 2010;25(11):3663-72. 

12. Barbour SJ, Schachter M, Er L, Djurdjev O, Levin A. A systematic review of ethnic 
differences in the rate of renal progression in CKD patients. Nephrol Dial Transplant. 
2010;25(8):2422-30. 

13. Hsu Cy. Racial Differences in the Progression from Chronic Renal Insufficiency to 
End-Stage Renal Disease in the United States. Journal of the American Society of 
Nephrology. 2003;14(11):2902-7. 

14. Singh AK, Farag YM, Mittal BV, Subramanian KK, Reddy SR, Acharya VN, et al. 
Epidemiology and risk factors of chronic kidney disease in India - results from the SEEK 
(Screening and Early Evaluation of Kidney Disease) study. BMC Nephrol. 2013;14:114. 



 

231 

 

15. Anand S, Shivashankar R, Ali MK, Kondal D, Binukumar B, Montez-Rath ME, et al. 
Prevalence of chronic kidney disease in two major Indian cities and projections for 
associated cardiovascular disease. Kidney Int. 2015;88(1):178-85. 

16. Eknoyan G. Obesity, diabetes, and chronic kidney disease. Curr Diab Rep. 
2007;7(6):449-53. 

17. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 
classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266. 

18. Feehally J, Floege Jr, Johnson RJ. Comprehensive clinical nephrology. 3rd ed. 
Philadelphia: Mosby/Elsevier; 2007. xviii, 1239 p. p. 

19. Miller WG, Myers GL, Ashwood ER, Killeen AA, Wang E, Thienpont LM, et al. 
Creatinine measurement: state of the art in accuracy and interlaboratory harmonization. 
Archives of pathology & laboratory medicine. 2005;129(3):297-304. 

20. Lee E, Collier CP, White CA. Interlaboratory Variability in Plasma Creatinine 
Measurement and the Relation with Estimated Glomerular Filtration Rate and Chronic 
Kidney Disease Diagnosis. Clin J Am Soc Nephrol. 2017;12(1):29-37. 

21. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. 
Estimating glomerular filtration rate from serum creatinine and cystatin C. N Engl J Med. 
2012;367(1):20-9. 

22. Peralta CA, Shlipak MG, Judd S, Cushman M, McClellan W, Zakai NA, et al. 
Detection of chronic kidney disease with creatinine, cystatin C, and urine albumin-to-
creatinine ratio and association with progression to end-stage renal disease and 
mortality. Jama. 2011;305(15):1545-52. 

23. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB, et al. Cystatin C 
and the risk of death and cardiovascular events among elderly persons. N Engl J Med. 
2005;352(20):2049-60. 

24. Tangri N, Kitsios GD, Inker LA, Griffith J, Naimark DM, Walker S, et al. Risk 
prediction models for patients with chronic kidney disease: a systematic review. Ann 
Intern Med. 2013;158(8):596-603. 

25. Stevens LA, Levey AS. Measured GFR as a confirmatory test for estimated GFR. J 
Am Soc Nephrol. 2009;20(11):2305-13. 

26. Hsu CY, Bansal N. Measured GFR as "gold standard"--all that glitters is not gold? 
Clin J Am Soc Nephrol. 2011;6(8):1813-4. 

27. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum 
creatinine. Nephron. 1976;16(1):31-41. 

28. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a new prediction 
equation. Modification of Diet in Renal Disease Study Group. Ann Intern Med. 
1999;130(6):461-70. 

29. Lewis J, Agodoa L, Cheek D, Greene T, Middleton J, O'Connor D, et al. Comparison 
of cross-sectional renal function measurements in African Americans with hypertensive 



 

232 

 

nephrosclerosis and of primary formulas to estimate glomerular filtration rate. Am J 
Kidney Dis. 2001;38(4):744-53. 

30. Vickery S, Stevens PE, Dalton RN, van Lente F, Lamb EJ. Does the ID-MS traceable 
MDRD equation work and is it suitable for use with compensated Jaffe and enzymatic 
creatinine assays? Nephrol Dial Transplant. 2006;21(9):2439-45. 

31. Stevens LA, Coresh J, Feldman HI, Greene T, Lash JP, Nelson RG, et al. Evaluation 
of the modification of diet in renal disease study equation in a large diverse population. J 
Am Soc Nephrol. 2007;18(10):2749-57. 

32. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, et al. A 
new equation to estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604-
12. 

33. National Institute for Health and Care Excellence: Chronic kidney disease in 
adults: assessment and management [CG182]: National Institute for Health and Care 
Excellence; 2014 [Available from: https://www.nice.org.uk/guidance/cg182. 

34. Delanaye P, Pottel H, Botev R, Inker LA, Levey AS. Con: Should we abandon the 
use of the MDRD equation in favour of the CKD-EPI equation? Nephrol Dial Transplant. 
2013;28(6):1396-403; discussion 403. 

35. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Modified glomerular filtration 
rate estimating equation for Chinese patients with chronic kidney disease. J Am Soc 
Nephrol. 2006;17(10):2937-44. 

36. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations 
for estimated GFR from serum creatinine in Japan. Am J Kidney Dis. 2009;53(6):982-92. 

37. 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. Am J Kidney Dis. 2010;56(3):486-95. 

38. Jessani S, Levey AS, Bux R, Inker LA, Islam M, Chaturvedi N, et al. Estimation of 
GFR in South Asians: a study from the general population in Pakistan. Am J Kidney Dis. 
2014;63(1):49-58. 

39. Roderick PJ, Raleigh VS, Hallam L, Mallick NP. The need and demand for renal 
replacement therapy in ethnic minorities in England. J Epidemiol Community Health. 
1996;50(3):334-9. 

40. Newman DJ, Mattock MB, Dawnay AB, Kerry S, McGuire A, Yaqoob M, et al. 
Systematic review on urine albumin testing for early detection of diabetic complications. 
Health Technol Assess. 2005;9(30):iii-vi, xiii-163. 

41. Bennett PH, Haffner S, Kasiske BL, Keane WF, Mogensen CE, Parving HH, et al. 
Screening and management of microalbuminuria in patients with diabetes mellitus: 
recommendations to the Scientific Advisory Board of the National Kidney Foundation 
from an ad hoc committee of the Council on Diabetes Mellitus of the National Kidney 
Foundation. Am J Kidney Dis. 1995;25(1):107-12. 

https://www.nice.org.uk/guidance/cg182


 

233 

 

42. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, et al. The 
definition, classification, and prognosis of chronic kidney disease: a KDIGO 
Controversies Conference report. Kidney Int. 2011;80(1):17-28. 

43. Astor BC, Matsushita K, Gansevoort RT, van der Velde M, Woodward M, Levey 
AS, et al. Lower estimated glomerular filtration rate and higher albuminuria are 
associated with mortality and end-stage renal disease. A collaborative meta-analysis of 
kidney disease population cohorts. Kidney Int. 2011;79(12):1331-40. 

44. Gansevoort RT, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey 
AS, et al. Lower estimated GFR and higher albuminuria are associated with adverse 
kidney outcomes. A collaborative meta-analysis of general and high-risk population 
cohorts. Kidney Int. 2011;80(1):93-104. 

45. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, et 
al. Association of estimated glomerular filtration rate and albuminuria with all-cause 
and cardiovascular mortality in general population cohorts: a collaborative meta-
analysis. Lancet. 2010;375(9731):2073-81. 

46. van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward M, Levey A, et al. 
Lower estimated glomerular filtration rate and higher albuminuria are associated with 
all-cause and cardiovascular mortality. A collaborative meta-analysis of high-risk 
population cohorts. Kidney Int. 2011;79(12):1341-52. 

47. Levey AS. Measurement of renal function in chronic renal disease. Kidney Int. 
1990;38(1):167-84. 

48. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. National Kidney 
Foundation practice guidelines for chronic kidney disease: evaluation, classification, and 
stratification. Ann Intern Med. 2003;139(2):137-47. 

49. NKF KDOQI guidelines: Chronic Kidney Disease 2002 [Available from: 
http://www.kidney.org/professionals/kdoqi/guidelines_ckd/toc.htm. 

50. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the 
risks of death, cardiovascular events, and hospitalization. N Engl J Med. 
2004;351(13):1296-305. 

51. Astor BC, Hallan SI, Miller ER, 3rd, Yeung E, Coresh J. Glomerular filtration rate, 
albuminuria, and risk of cardiovascular and all-cause mortality in the US population. Am 
J Epidemiol. 2008;167(10):1226-34. 

52. Hillege HL, Fidler V, Diercks GF, van Gilst WH, de Zeeuw D, van Veldhuisen DJ, et 
al. Urinary albumin excretion predicts cardiovascular and noncardiovascular mortality 
in general population. Circulation. 2002;106(14):1777-82. 

53. Turin TC, James M, Ravani P, Tonelli M, Manns BJ, Quinn R, et al. Proteinuria and 
rate of change in kidney function in a community-based population. J Am Soc Nephrol. 
2013;24(10):1661-7. 

54. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US 
commentary on the 2012 KDIGO clinical practice guideline for the evaluation and 
management of CKD. Am J Kidney Dis. 2014;63(5):713-35. 

http://www.kidney.org/professionals/kdoqi/guidelines_ckd/toc.htm


 

234 

 

55. de Lusignan S, Tomson C, Harris K, van Vlymen J, Gallagher H. Creatinine 
fluctuation has a greater effect than the formula to estimate glomerular filtration rate on 
the prevalence of chronic kidney disease. Nephron Clin Pract. 2011;117(3):c213-24. 

56. Health Survey for England - 2009: NHS Digital; 2009 [cited 2016 11th February]. 
Available from: http://content.digital.nhs.uk/pubs/hse09report. 

57. Middleton RJ, Foley RN, Hegarty J, Cheung CM, McElduff P, Gibson JM, et al. The 
unrecognized prevalence of chronic kidney disease in diabetes. Nephrol Dial Transplant. 
2006;21(1):88-92. 

58. National Institute for Health and Clinical Excellence: CG73: Chronic Kidney 
Disease 2008 [Available from: http://www.nice.org.uk/CG73. 

59. Astor BC, Eustace JA, Powe NR, Klag MJ, Fink NE, Coresh J. Type of vascular 
access and survival among incident hemodialysis patients: the Choices for Healthy 
Outcomes in Caring for ESRD (CHOICE) Study. J Am Soc Nephrol. 2005;16(5):1449-55. 

60. Xue JL, Dahl D, Ebben JP, Collins AJ. The association of initial hemodialysis access 
type with mortality outcomes in elderly Medicare ESRD patients. Am J Kidney Dis. 
2003;42(5):1013-9. 

61. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic kidney 
disease and mortality risk: a systematic review. J Am Soc Nephrol. 2006;17(7):2034-47. 

62. Fried LF, Katz R, Sarnak MJ, Shlipak MG, Chaves PH, Jenny NS, et al. Kidney 
function as a predictor of noncardiovascular mortality. J Am Soc Nephrol. 
2005;16(12):3728-35. 

63. Matsushita K, Ballew SH, Astor BC, Jong PE, Gansevoort RT, Hemmelgarn BR, et 
al. Cohort profile: the chronic kidney disease prognosis consortium. Int J Epidemiol. 
2013;42(6):1660-8. 

64. Quality and Outcomes Framework: NHS Digital;  [Available from: 
http://content.digital.nhs.uk/qof. 

65. Biomarkers and surrogate endpoints: preferred definitions and conceptual 
framework. Clin Pharmacol Ther. 2001;69(3):89-95. 

66. Stevens LA, Greene T, Levey AS. Surrogate end points for clinical trials of kidney 
disease progression. Clin J Am Soc Nephrol. 2006;1(4):874-84. 

67. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an 
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk 
patients. The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J Med. 
2000;342(3):145-53. 

68. The effect of intensive treatment of diabetes on the development and 
progression of long-term complications in insulin-dependent diabetes mellitus. The 
Diabetes Control and Complications Trial Research Group. N Engl J Med. 
1993;329(14):977-86. 

69. Takeuchi N, Takenoshita E, Kato F, Terajima T, Ogawa M, Suzuki S, et al. Doubling 
of serum creatinine: is it appropriate as the endpoint for CKD? Proposal of a new 

http://content.digital.nhs.uk/pubs/hse09report
http://www.nice.org.uk/CG73
http://content.digital.nhs.uk/qof


 

235 

 

surrogate endpoint based on the reciprocal of serum creatinine. Clin Exp Nephrol. 
2011;15(1):100-7. 

70. 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 
mortality. Jama. 2014;311(24):2518-31. 

71. Levey AS, Inker LA, Matsushita K, Greene T, Willis K, Lewis E, et al. GFR decline 
as an end point for clinical trials in CKD: a scientific workshop sponsored by the 
National Kidney Foundation and the US Food and Drug Administration. Am J Kidney Dis. 
2014;64(6):821-35. 

72. Arnold JJ, Hayer M, Sharif A, Begaj I, Tabriez M, Bagnall D, et al. Acute Care 
QUAliTy in chronic Kidney disease (ACQUATIK): a prospective cohort study exploring 
outcomes of patients with chronic kidney disease. BMJ Open. 2015;5(4):e006987. 

73. Stringer S, Sharma P, Dutton M, Jesky M, Ng K, Kaur O, et al. The natural history 
of, and risk factors for, progressive chronic kidney disease (CKD): the Renal Impairment 
in Secondary care (RIISC) study; rationale and protocol. BMC Nephrol. 2013;14:95. 

74. Artom M, Moss-Morris R, Caskey F, Chilcot J. Fatigue in advanced kidney disease. 
Kidney Int. 2014;86(3):497-505. 

75. Cohen SD, Patel SS, Khetpal P, Peterson RA, Kimmel PL. Pain, sleep disturbance, 
and quality of life in patients with chronic kidney disease. Clin J Am Soc Nephrol. 
2007;2(5):919-25. 

76. Pagels AA, Soderkvist BK, Medin C, Hylander B, Heiwe S. Health-related quality 
of life in different stages of chronic kidney disease and at initiation of dialysis treatment. 
Health and quality of life outcomes. 2012;10:71. 

77. Gorodetskaya I, Zenios S, McCulloch CE, Bostrom A, Hsu CY, Bindman AB, et al. 
Health-related quality of life and estimates of utility in chronic kidney disease. Kidney 
Int. 2005;68(6):2801-8. 

78. Abdel-Kader K, Unruh ML, Weisbord SD. Symptom burden, depression, and 
quality of life in chronic and end-stage kidney disease. Clin J Am Soc Nephrol. 
2009;4(6):1057-64. 

79. Kerr M, Bray B, Medcalf J, O'Donoghue DJ, Matthews B. Estimating the financial 
cost of chronic kidney disease to the NHS in England. Nephrol Dial Transplant. 2012. 

80. Jha V, Wang AY, Wang H. The impact of CKD identification in large countries: the 
burden of illness. Nephrol Dial Transplant. 2012;27 Suppl 3:iii32-8. 

81. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide 
access to treatment for end-stage kidney disease: a systematic review. Lancet. 
2015;385(9981):1975-82. 

82. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, et al. 
Predictors of hospital mortality in the global registry of acute coronary events. Arch 
Intern Med. 2003;163(19):2345-53. 



 

236 

 

83. Grams ME, Coresh J. Predicting Risk of RRT in Patients with CKD. Clin J Am Soc 
Nephrol. 2017;12(1):3-4. 

84. Johnson ES, Thorp ML, Platt RW, Smith DH. Predicting the risk of dialysis and 
transplant among patients with CKD: a retrospective cohort study. Am J Kidney Dis. 
2008;52(4):653-60. 

85. Tangri N, Stevens LA, Griffith J, Tighiouart H, Djurdjev O, Naimark D, et al. A 
predictive model for progression of chronic kidney disease to kidney failure. Jama. 
2011;305(15):1553-9. 

86. Tangri N, Grams ME, Levey AS, Coresh J, Appel LJ, Astor BC, et al. Multinational 
Assessment of Accuracy of Equations for Predicting Risk of Kidney Failure: A Meta-
analysis. Jama. 2016;315(2):164-74. 

87. Schroeder EB, Yang X, Thorp ML, Arnold BM, Tabano DC, Petrik AF, et al. 
Predicting 5-Year Risk of RRT in Stage 3 or 4 CKD: Development and External Validation. 
Clin J Am Soc Nephrol. 2017;12(1):87-94. 

88. Taal MW, Brenner BM. Predicting initiation and progression of chronic kidney 
disease: Developing renal risk scores. Kidney Int. 2006;70(10):1694-705. 

89. Hunsicker LG, Adler S, Caggiula A, England BK, Greene T, Kusek JW, et al. 
Predictors of the progression of renal disease in the Modification of Diet in Renal 
Disease Study. Kidney Int. 1997;51(6):1908-19. 

90. Evans M, Fryzek JP, Elinder CG, Cohen SS, McLaughlin JK, Nyren O, et al. The 
natural history of chronic renal failure: results from an unselected, population-based, 
inception cohort in Sweden. Am J Kidney Dis. 2005;46(5):863-70. 

91. Brar R, Tangri N. Predicting death without dialysis in elderly patients with CKD. 
Clin J Am Soc Nephrol. 2015;10(3):341-3. 

92. Landray MJ, Emberson JR, Blackwell L, Dasgupta T, Zakeri R, Morgan MD, et al. 
Prediction of ESRD and death among people with CKD: the Chronic Renal Impairment in 
Birmingham (CRIB) prospective cohort study. Am J Kidney Dis. 2010;56(6):1082-94. 

93. Fraser SD, Roderick PJ, May CR, McIntyre N, McIntyre C, Fluck RJ, et al. The 
burden of comorbidity in people with chronic kidney disease stage 3: a cohort study. 
BMC Nephrol. 2015;16:193. 

94. Bansal N, Katz R, De Boer IH, Peralta CA, Fried LF, Siscovick DS, et al. 
Development and validation of a model to predict 5-year risk of death without ESRD 
among older adults with CKD. Clin J Am Soc Nephrol. 2015;10(3):363-71. 

95. Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, et al. Differences in 
the incidence of congestive heart failure by ethnicity: the multi-ethnic study of 
atherosclerosis. Arch Intern Med. 2008;168(19):2138-45. 

96. Balarajan R. Ethnic differences in mortality from ischaemic heart disease and 
cerebrovascular disease in England and Wales. Bmj. 1991;302(6776):560-4. 

97. Cappuccio FP. Ethnicity and cardiovascular risk: variations in people of African 
ancestry and South Asian origin. J Hum Hypertens. 1997;11(9):571-6. 



 

237 

 

98. Khan NA, Wang H, Anand S, Jin Y, Campbell NR, Pilote L, et al. Ethnicity and sex 
affect diabetes incidence and outcomes. Diabetes Care. 2011;34(1):96-101. 

99. Chaturvedi N, Jarrett J, Morrish N, Keen H, Fuller JH. Differences in mortality and 
morbidity in African Caribbean and European people with non-insulin dependent 
diabetes mellitus: results of 20 year follow up of a London cohort of a multinational 
study. Bmj. 1996;313(7061):848-52. 

100. Jones DA, Gallagher S, Rathod KS, Redwood S, de Belder MA, Mathur A, et al. 
Mortality in South Asians and Caucasians after percutaneous coronary intervention in 
the United Kingdom: an observational cohort study of 279,256 patients from the BCIS 
(British Cardiovascular Intervention Society) National Database. JACC Cardiovasc Interv. 
2014;7(4):362-71. 

101. Gupta M, Brister S. Is South Asian ethnicity an independent cardiovascular risk 
factor? Can J Cardiol. 2006;22(3):193-7. 

102. Adjei DN, Stronks K, Adu D, Snijder MB, Modesti PA, Peters RJG, et al. 
Relationship between educational and occupational levels, and Chronic Kidney Disease 
in a multi-ethnic sample- The HELIUS study. PLoS One. 2017;12(11):e0186460. 

103. Gilg J, Pruthi R, Fogarty D. UK Renal Registry 17th Annual Report: Chapter 1 UK 
Renal Replacement Therapy Incidence in 2013: National and Centre-specific Analyses. 
Nephron. 2015;129 Suppl 1:1-29. 

104. Wu DA, Robb ML, Watson CJE, Forsythe JLR, Tomson CRV, Cairns J, et al. Barriers 
to living donor kidney transplantation in the United Kingdom: a national observational 
study. Nephrol Dial Transplant. 2017;32(5):890-900. 

105. Morris M, Woods LM, Rachet B. A novel ecological methodology for constructing 
ethnic-majority life tables in the absence of individual ethnicity information. J Epidemiol 
Community Health. 2015;69(4):361-7. 

106. Jolly SE, Burrows NR, Chen SC, Li S, Jurkovitz CT, Norris KC, et al. Racial and 
ethnic differences in mortality among individuals with chronic kidney disease: results 
from the Kidney Early Evaluation Program (KEEP). Clin J Am Soc Nephrol. 
2011;6(8):1858-65. 

107. Chaturvedi N. Ethnic differences in cardiovascular disease. Heart. 
2003;89(6):681-6. 

108. Rana A, de Souza RJ, Kandasamy S, Lear SA, Anand SS. Cardiovascular risk among 
South Asians living in Canada: a systematic review and meta-analysis. CMAJ Open. 
2014;2(3):E183-91. 

109. Gijsberts CM, Seneviratna A, Hoefer IE, Agostoni P, Rittersma SZ, Pasterkamp G, 
et al. Inter-Ethnic Differences in Quantified Coronary Artery Disease Severity and All-
Cause Mortality among Dutch and Singaporean Percutaneous Coronary Intervention 
Patients. PLoS One. 2015;10(7):e0131977. 

110. Bello AK, Peters J, Rigby J, Rahman AA, El Nahas M. Socioeconomic status and 
chronic kidney disease at presentation to a renal service in the United Kingdom. Clin J 
Am Soc Nephrol. 2008;3(5):1316-23. 



 

238 

 

111. Fraser SD, Roderick PJ, Aitken G, Roth M, Mindell JS, Moon G, et al. Chronic 
kidney disease, albuminuria and socioeconomic status in the Health Surveys for England 
2009 and 2010. J Public Health (Oxf). 2014;36(4):577-86. 

112. Judge A, Caskey FJ, Welton NJ, Ansell D, Tomson CR, Roderick PJ, et al. 
Inequalities in rates of renal replacement therapy in England: does it matter who you 
are or where you live? Nephrol Dial Transplant. 2012;27(4):1598-607. 

113. Udayaraj U, Ben-Shlomo Y, Roderick P, Casula A, Dudley C, Collett D, et al. Social 
deprivation, ethnicity, and uptake of living kidney donor transplantation in the United 
Kingdom. Transplantation. 2012;93(6):610-6. 

114. Terasaki PI, Cecka JM, Gjertson DW, Takemoto S. High survival rates of kidney 
transplants from spousal and living unrelated donors. N Engl J Med. 1995;333(6):333-6. 

115. Laupacis A, Keown P, Pus N, Krueger H, Ferguson B, Wong C, et al. A study of the 
quality of life and cost-utility of renal transplantation. Kidney Int. 1996;50(1):235-42. 

116. Stringhini S, Carmeli C, Jokela M, Avendano M, Muennig P, Guida F, et al. 
Socioeconomic status and the 25 x 25 risk factors as determinants of premature 
mortality: a multicohort study and meta-analysis of 1.7 million men and women. Lancet. 
2017;389(10075):1229-37. 

117. Network SIG. Risk estimation and the prevention of cardiovascular disease. 2017 
July 2017. 

118. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A, et al. 
Predicting cardiovascular risk in England and Wales: prospective derivation and 
validation of QRISK2. Bmj. 2008;336(7659):1475-82. 

119. Townsend P, Phillimore P, Beattie A. Health and deprivation: inequality and the 
north. London: Croom Helm; 1988. 

120. Lang SJ, Abel GA, Mant J, Mullis R. Impact of socioeconomic deprivation on 
screening for cardiovascular disease risk in a primary prevention population: a cross-
sectional study. BMJ Open. 2016;6(3):e009984. 

121. Lambert AM, Burden AC, Chambers J, Marshall T. Cardiovascular screening for 
men at high risk in Heart of Birmingham Teaching Primary Care Trust: the 'Deadly Trio' 
programme. J Public Health (Oxf). 2012;34(1):73-82. 

122. Kronenberg F. Emerging risk factors and markers of chronic kidney disease 
progression. Nat Rev Nephrol. 2009;5(12):677-89. 

123. Fassett RG, Venuthurupalli SK, Gobe GC, Coombes JS, Cooper MA, Hoy WE. 
Biomarkers in chronic kidney disease: a review. Kidney Int. 2011. 

124. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other 
markers of inflammation in the prediction of cardiovascular disease in women. N Engl J 
Med. 2000;342(12):836-43. 

125. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, 3rd, Criqui M, 
et al. Markers of inflammation and cardiovascular disease: application to clinical and 
public health practice: A statement for healthcare professionals from the Centers for 



 

239 

 

Disease Control and Prevention and the American Heart Association. Circulation. 
2003;107(3):499-511. 

126. Iseki K, Tozawa M, Yoshi S, Fukiyama K. Serum C-reactive protein (CRP) and risk 
of death in chronic dialysis patients. Nephrol Dial Transplant. 1999;14(8):1956-60. 

127. Sarnak MJ, Poindexter A, Wang SR, Beck GJ, Kusek JW, Marcovina SM, et al. 
Serum C-reactive protein and leptin as predictors of kidney disease progression in the 
Modification of Diet in Renal Disease Study. Kidney Int. 2002;62(6):2208-15. 

128. Mc Causland FR, Claggett B, Burdmann EA, Eckardt KU, Kewalramani R, Levey 
AS, et al. C-Reactive Protein and Risk of ESRD: Results From the Trial to Reduce 
Cardiovascular Events With Aranesp Therapy (TREAT). Am J Kidney Dis. 
2016;68(6):873-81. 

129. Burmeister A, Assi LK, Ferro CJ, Hughes RG, Barnett AH, Bellary S, et al. The 
relationship between high-sensitivity CRP and polyclonal free light chains as markers of 
inflammation in chronic disease. Int J Lab Hematol. 2014;36(4):415-24. 

130. Hutchison CA, Harding S, Hewins P, Mead GP, Townsend J, Bradwell AR, et al. 
Quantitative assessment of serum and urinary polyclonal free light chains in patients 
with chronic kidney disease. Clin J Am Soc Nephrol. 2008;3(6):1684-90. 

131. Hutchison CA, Cockwell P, Harding S, Mead GP, Bradwell AR, Barnett AH. 
Quantitative assessment of serum and urinary polyclonal free light chains in patients 
with type II diabetes: an early marker of diabetic kidney disease? Expert Opin Ther 
Targets. 2008;12(6):667-76. 

132. Haynes R, Hutchison CA, Emberson J, Dasgupta T, Wheeler DC, Townend JN, et al. 
Serum free light chains and the risk of ESRD and death in CKD. Clin J Am Soc Nephrol. 
2011;6(12):2829-37. 

133. Hutchison CA, Burmeister A, Harding SJ, Basnayake K, Church H, Jesky MD, et al. 
Serum polyclonal immunoglobulin free light chain levels predict mortality in people 
with chronic kidney disease. Mayo Clin Proc. 2014;89(5):615-22. 

134. Ritchie J, Assi LK, Burmeister A, Hoefield R, Cockwell P, Kalra PA. Association of 
Serum Ig Free Light Chains with Mortality and ESRD among Patients with Nondialysis-
Dependent CKD. Clin J Am Soc Nephrol. 2015;10(5):740-9. 

135. Assi LK, McIntyre N, Fraser S, Harris S, Hutchison CA, McIntyre CW, et al. The 
Association between Polyclonal Combined Serum Free Light Chain Concentration and 
Mortality in Individuals with Early Chronic Kidney Disease. PLoS One. 
2015;10(7):e0129980. 

136. Desjardins L, Liabeuf S, Lenglet A, Lemke HD, Vanholder R, Choukroun G, et al. 
Association between free light chain levels, and disease progression and mortality in 
chronic kidney disease. Toxins. 2013;5(11):2058-73. 

137. Athyros VG, Mikhailidis DP, Kakafika AI, Tziomalos K, Karagiannis A. Angiotensin 
II reactivation and aldosterone escape phenomena in renin-angiotensin-aldosterone 
system blockade: is oral renin inhibition the solution? Expert opinion on 
pharmacotherapy. 2007;8(5):529-35. 



 

240 

 

138. Marshall JS. Mast-cell responses to pathogens. Nature reviews Immunology. 
2004;4(10):787-99. 

139. Holdsworth SR, Summers SA. Role of mast cells in progressive renal diseases. J 
Am Soc Nephrol. 2008;19(12):2254-61. 

140. Welker P, Kramer S, Groneberg DA, Neumayer HH, Bachmann S, Amann K, et al. 
Increased mast cell number in human hypertensive nephropathy. Am J Physiol Renal 
Physiol. 2008;295(4):F1103-9. 

141. Roberts IS, Brenchley PE. Mast cells: the forgotten cells of renal fibrosis. J Clin 
Pathol. 2000;53(11):858-62. 

142. Hiromura K, Kurosawa M, Yano S, Naruse T. Tubulointerstitial mast cell 
infiltration in glomerulonephritis. Am J Kidney Dis. 1998;32(4):593-9. 

143. Danilewicz M, Wagrowska-Danilewicz M. Quantitative analysis of the interstitial 
mast cells in idiopathic mesangiocapillary glomerulonephritis type I. Nefrologia. 
2001;21(3):253-9. 

144. Kurusu A, Suzuki Y, Horikoshi S, Shirato I, Tomino Y. Relationship between mast 
cells in the tubulointerstitium and prognosis of patients with IgA nephropathy. Nephron. 
2001;89(4):391-7. 

145. El-Koraie AF, Baddour NM, Adam AG, El Kashef EH, El Nahas AM. Role of stem 
cell factor and mast cells in the progression of chronic glomerulonephritides. Kidney Int. 
2001;60(1):167-72. 

146. Jones SE, Kelly DJ, Cox AJ, Zhang Y, Gow RM, Gilbert RE. Mast cell infiltration and 
chemokine expression in progressive renal disease. Kidney Int. 2003;64(3):906-13. 

147. Zheng JM, Yao GH, Cheng Z, Wang R, Liu ZH. Pathogenic role of mast cells in the 
development of diabetic nephropathy: a study of patients at different stages of the 
disease. Diabetologia. 2012;55(3):801-11. 

148. Kondo S, Kagami S, Kido H, Strutz F, Muller GA, Kuroda Y. Role of mast cell 
tryptase in renal interstitial fibrosis. J Am Soc Nephrol. 2001;12(8):1668-76. 

149. Grandaliano G, Pontrelli P, Cerullo G, Monno R, Ranieri E, Ursi M, et al. Protease-
activated receptor-2 expression in IgA nephropathy: a potential role in the pathogenesis 
of interstitial fibrosis. J Am Soc Nephrol. 2003;14(8):2072-83. 

150. Summers SA, Gan PY, Dewage L, Ma FT, Ooi JD, O'Sullivan KM, et al. Mast cell 
activation and degranulation promotes renal fibrosis in experimental unilateral ureteric 
obstruction. Kidney Int. 2012;82(6):676-85. 

151. Harvima IT, Karkola K, Harvima RJ, Naukkarinen A, Neittaanmaki H, 
Horsmanheimo M, et al. Biochemical and histochemical evaluation of tryptase in various 
human tissues. Archives of dermatological research. 1989;281(4):231-7. 

152. Sirvent AE, Gonzalez C, Enriquez R, Fernandez J, Millan I, Barber X, et al. Serum 
tryptase levels and markers of renal dysfunction in a population with chronic kidney 
disease. J Nephrol. 2010;23(3):282-90. 



 

241 

 

153. Miyazaki M, Takai S. Tissue angiotensin II generating system by angiotensin-
converting enzyme and chymase. Journal of pharmacological sciences. 2006;100(5):391-
7. 

154. Takai S, Jin D, Miyazaki M. New approaches to blockade of the renin-angiotensin-
aldosterone system: chymase as an important target to prevent organ damage. Journal 
of pharmacological sciences. 2010;113(4):301-9. 

155. Gansevoort RT, Sluiter WJ, Hemmelder MH, de Zeeuw D, de Jong PE. 
Antiproteinuric effect of blood-pressure-lowering agents: a meta-analysis of 
comparative trials. Nephrol Dial Transplant. 1995;10(11):1963-74. 

156. Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC, Tomson C, et al. The 
effects of lowering LDL cholesterol with simvastatin plus ezetimibe in patients with 
chronic kidney disease (Study of Heart and Renal Protection): a randomised placebo-
controlled trial. Lancet. 2011;377(9784):2181-92. 

157. Torres VE, Chapman AB, Devuyst O, Gansevoort RT, Grantham JJ, Higashihara E, 
et al. Tolvaptan in patients with autosomal dominant polycystic kidney disease. N Engl J 
Med. 2012;367(25):2407-18. 

158. Technology appraisal guidance TA358 - Tolvaptan for treating autosomal 
dominant polycystic kidney disease: National Institute for Health and Care Excellence; 
2015 [Available from: https://www.nice.org.uk/guidance/TA358. 

159. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al. 
Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes. N Engl J Med. 
2016;375(4):323-34. 

160. Heerspink HJ, Desai M, Jardine M, Balis D, Meininger G, Perkovic V. Canagliflozin 
Slows Progression of Renal Function Decline Independently of Glycemic Effects. J Am 
Soc Nephrol. 2017;28(1):368-75. 

161. de Zeeuw D, Bekker P, Henkel E, Hasslacher C, Gouni-Berthold I, Mehling H, et al. 
The effect of CCR2 inhibitor CCX140-B on residual albuminuria in patients with type 2 
diabetes and nephropathy: a randomised trial. Lancet Diabetes Endocrinol. 
2015;3(9):687-96. 

162. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM, Solomon SD, et 
al. Cardiorenal end points in a trial of aliskiren for type 2 diabetes. N Engl J Med. 
2012;367(23):2204-13. 

163. de Zeeuw D, Akizawa T, Audhya P, Bakris GL, Chin M, Christ-Schmidt H, et al. 
Bardoxolone methyl in type 2 diabetes and stage 4 chronic kidney disease. N Engl J Med. 
2013;369(26):2492-503. 

164. Fried LF, Emanuele N, Zhang JH, Brophy M, Conner TA, Duckworth W, et al. 
Combined angiotensin inhibition for the treatment of diabetic nephropathy. N Engl J 
Med. 2013;369(20):1892-903. 

165. Hingorani AD, Windt DA, Riley RD, Abrams K, Moons KG, Steyerberg EW, et al. 
Prognosis research strategy (PROGRESS) 4: stratified medicine research. Bmj. 
2013;346:e5793. 

https://www.nice.org.uk/guidance/TA358


 

242 

 

166. The Health Improvement Network database information: IMS Health;  [Available 
from: http://www.csdmruk.imshealth.com/our-data/our-data.shtml. 

167. Lambert AM, Burden AC, Chambers J, Marshall T. Cardiovascular screening for 
men at high risk in Heart of Birmingham Teaching Primary Care Trust: the 'Deadly Trio' 
programme. J Public Health (Oxf). 2011. 

168. Dienemann T, Fujii N, Orlandi P, Nessel L, Furth SL, Hoy WE, et al. International 
Network of Chronic Kidney Disease cohort studies (iNET-CKD): a global network of 
chronic kidney disease cohorts. BMC Nephrol. 2016;17(1):121. 

169. Levin A, Rigatto C, Brendan B, Madore F, Muirhead N, Holmes D, et al. Cohort 
profile: Canadian study of prediction of death, dialysis and interim cardiovascular events 
(CanPREDDICT). BMC Nephrol. 2013;14:121. 

170. Imai E, Matsuo S, Makino H, Watanabe T, Akizawa T, Nitta K, et al. Chronic 
Kidney Disease Japan Cohort (CKD-JAC) study: design and methods. Hypertens Res. 
2008;31(6):1101-7. 

171. Feldman HI, Appel LJ, Chertow GM, Cifelli D, Cizman B, Daugirdas J, et al. The 
Chronic Renal Insufficiency Cohort (CRIC) Study: Design and Methods. J Am Soc Nephrol. 
2003;14(7 Suppl 2):S148-53. 

172. Stengel B, Combe C, Jacquelinet C, Briancon S, Fouque D, Laville M, et al. The 
French Chronic Kidney Disease-Renal Epidemiology and Information Network (CKD-
REIN) cohort study. Nephrol Dial Transplant. 2014;29(8):1500-7. 

173. Eckardt KU, Barthlein B, Baid-Agrawal S, Beck A, Busch M, Eitner F, et al. The 
German Chronic Kidney Disease (GCKD) study: design and methods. Nephrol Dial 
Transplant. 2012;27(4):1454-60. 

174. Wheeler DC, Townend JN, Landray MJ. Cardiovascular risk factors in predialysis 
patients: baseline data from the Chronic Renal Impairment in Birmingham (CRIB) study. 
Kidney Int Suppl. 2003(84):S201-3. 

175. Landray MJ, Thambyrajah J, McGlynn FJ, Jones HJ, Baigent C, Kendall MJ, et al. 
Epidemiological evaluation of known and suspected cardiovascular risk factors in 
chronic renal impairment. Am J Kidney Dis. 2001;38(3):537-46. 

176. Eddington H, Sinha S, Li E, Hegarty J, Ting J, Lane B, et al. Factors associated with 
vascular stiffness: cross-sectional analysis from the Chronic Renal Insufficiency 
Standards Implementation Study. Nephron Clin Pract. 2009;112(3):c190-8. 

177. Alderson HV, Ritchie JP, Pagano S, Middleton RJ, Pruijm M, Vuilleumier N, et al. 
The Associations of Blood Kidney Injury Molecule-1 and Neutrophil Gelatinase-
Associated Lipocalin with Progression from CKD to ESRD. Clin J Am Soc Nephrol. 
2016;11(12):2141-9. 

178. Hoefield RA, Kalra PA, Lane B, O'Donoghue DJ, Foley RN, Middleton RJ. 
Associations of baseline characteristics with evolution of eGFR in a referred chronic 
kidney disease cohort. Qjm. 2013;106(10):915-24. 

http://www.csdmruk.imshealth.com/our-data/our-data.shtml


 

243 

 

179. McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW. Risk profile in chronic kidney 
disease stage 3: older versus younger patients. Nephron Clin Pract. 2011;119(4):c269-
76. 

180. Sharma P, Dietrich T, Sidhu A, Vithlani V, Rahman M, Stringer S, et al. The 
periodontal health component of the Renal Impairment In Secondary Care (RIISC) 
cohort study: a description of the rationale, methodology and initial baseline results. J 
Clin Periodontol. 2014;41(7):653-61. 

181. Medland A. Regional Trends 2011. Portrait of the West Midlands. Office for 
National Statistics. 

182. 2011 Census: Key Statistics for Birmingham and it's constituent areas. 2012. 

183. PEEG, Current Estimates, Population Estimates by Ethnic Group Mid-2002-2008 
for Primary Care Organisations (experimental): Office of national Statistics; 2008 
[updated 02/03/2009. Available from: 
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population+Estimates+by+Et

hnic+Group. 

184. Saunders CL, Abel GA, El Turabi A, Ahmed F, Lyratzopoulos G. Accuracy of 
routinely recorded ethnic group information compared with self-reported ethnicity: 
evidence from the English Cancer Patient Experience survey. BMJ Open. 2013;3(6). 

185. Centre HaSCI. Quality and Outcomes Framework  [Available from: 
www.hscic.gov.uk/qof. 

186. Index of Multiple Deprivation (IMD) 2007: Office for National Statistics; 2007 
[updated 26/1/2013. Available from: 
http://data.gov.uk/dataset/index_of_multiple_deprivation_imd_2007. 

187. Jordan H, Roderick P, Martin D. The Index of Multiple Deprivation 2000 and 
accessibility effects on health. J Epidemiol Community Health. 2004;58(3):250-7. 

188. Centre HSCI. Primary Care Mortality Database  [Available from: 
http://www.hscic.gov.uk/pcmdatabase. 

189. Krop JS, Coresh J, Chambless LE, Shahar E, Watson RL, Szklo M, et al. A 
community-based study of explanatory factors for the excess risk for early renal 
function decline in blacks vs whites with diabetes: the Atherosclerosis Risk in 
Communities study. Arch Intern Med. 1999;159(15):1777-83. 

190. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6(7):e1000097. 

191. The English Indices of Deprivation 2010: Department for Communities and Local 
Government; 2011 [cited 2017 February 13th]. Available from: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1

871208.pdf. 

http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population+Estimates+by+Ethnic+Group
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population+Estimates+by+Ethnic+Group
www.hscic.gov.uk/qof
http://data.gov.uk/dataset/index_of_multiple_deprivation_imd_2007
http://www.hscic.gov.uk/pcmdatabase
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf


 

244 

 

192. Gibbons E, Fitzpatrick R. A structured review of Patient-Reported Outcome 
Measures for people with Chronic Kidney Disease, 2010. University of Oxford, Group 
PROM; 2010. 

193. EuroQol--a new facility for the measurement of health-related quality of life. 
Health Policy. 1990;16(3):199-208. 

194. EQ-5D Value Sets: Inventory, Compratice review and User Guide. Netherlands: 
Springer; 2007. 

195. Chen Y, Copeland WK, Vedanthan R, Grant E, Lee JE, Gu D, et al. Association 
between body mass index and cardiovascular disease mortality in east Asians and south 
Asians: pooled analysis of prospective data from the Asia Cohort Consortium. Bmj. 
2013;347:f5446. 

196. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. 
Harmonizing the metabolic syndrome: a joint interim statement of the International 
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, 
and Blood Institute; American Heart Association; World Heart Federation; International 
Atherosclerosis Society; and International Association for the Study of Obesity. 
Circulation. 2009;120(16):1640-5. 

197. Brothwell S, Dutton M, Ferro C, Stringer S, Cockwell P. Optimising the accuracy of 
blood pressure monitoring in chronic kidney disease: the utility of BpTRU. BMC Nephrol. 
2013;14:218. 

198. Myers MG, Godwin M, Dawes M, Kiss A, Tobe SW, Grant FC, et al. Conventional 
versus automated measurement of blood pressure in primary care patients with systolic 
hypertension: randomised parallel design controlled trial. Bmj. 2011;342:d286. 

199. Moody WE, Edwards NC, Chue CD, Ferro CJ, Townend JN. Arterial disease in 
chronic kidney disease. Heart. 2013;99(6):365-72. 

200. Edwards NC, Steeds RP, Ferro CJ, Townend JN. The treatment of coronary artery 
disease in patients with chronic kidney disease. Qjm. 2006;99(11):723-36. 

201. Schwarz U, Buzello M, Ritz E, Stein G, Raabe G, Wiest G, et al. Morphology of 
coronary atherosclerotic lesions in patients with end-stage renal failure. Nephrol Dial 
Transplant. 2000;15(2):218-23. 

202. Chue CD, Townend JN, Steeds RP, Ferro CJ. Arterial stiffness in chronic kidney 
disease: causes and consequences. Heart. 2010;96(11):817-23. 

203. Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D, et al. 
Expert consensus document on arterial stiffness: methodological issues and clinical 
applications. Eur Heart J. 2006;27(21):2588-605. 

204. Baumann M, Wassertheurer S, Suttmann Y, Burkhardt K, Heemann U. Aortic 
pulse wave velocity predicts mortality in chronic kidney disease stages 2-4. Journal of 
hypertension. 2014;32(4):899-903. 

205. Hickson SS, Butlin M, Broad J, Avolio AP, Wilkinson IB, McEniery CM. Validity and 
repeatability of the Vicorder apparatus: a comparison with the SphygmoCor device. 
Hypertens Res. 2009;32(12):1079-85. 



 

245 

 

206. Wilkinson IB, MacCallum H, Flint L, Cockcroft JR, Newby DE, Webb DJ. The 
influence of heart rate on augmentation index and central arterial pressure in humans. J 
Physiol. 2000;525 Pt 1:263-70. 

207. Reiser K, McCormick RJ, Rucker RB. Enzymatic and nonenzymatic cross-linking 
of collagen and elastin. Faseb J. 1992;6(7):2439-49. 

208. Stinghen AE, Massy ZA, Vlassara H, Striker GE, Boullier A. Uremic Toxicity of 
Advanced Glycation End Products in CKD. J Am Soc Nephrol. 2015. 

209. McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW. Skin autofluorescence and the 
association with renal and cardiovascular risk factors in chronic kidney disease stage 3. 
Clin J Am Soc Nephrol. 2011;6(10):2356-63. 

210. Tanaka K, Nakayama M, Kanno M, Kimura H, Watanabe K, Tani Y, et al. Skin 
autofluorescence is associated with the progression of chronic kidney disease: a 
prospective observational study. PLoS One. 2013;8(12):e83799. 

211. Ueno H, Koyama H, Tanaka S, Fukumoto S, Shinohara K, Shoji T, et al. Skin 
autofluorescence, a marker for advanced glycation end product accumulation, is 
associated with arterial stiffness in patients with end-stage renal disease. Metabolism. 
2008;57(10):1452-7. 

212. Meerwaldt R, Hartog JW, Graaff R, Huisman RJ, Links TP, den Hollander NC, et al. 
Skin autofluorescence, a measure of cumulative metabolic stress and advanced glycation 
end products, predicts mortality in hemodialysis patients. J Am Soc Nephrol. 
2005;16(12):3687-93. 

213. Macy EM, Hayes TE, Tracy RP. Variability in the measurement of C-reactive 
protein in healthy subjects: implications for reference intervals and epidemiological 
applications. Clin Chem. 1997;43(1):52-8. 

214. ImmunoCAP Tryptase Product Information  [Available from: 
http://www.phadia.com/en/Products/Allergy-testing-products/ImmunoCAP-Lab-

Tests/ImmunoCAP-Tryptase/. 

215. Chapple IL. Reactive oxygen species and antioxidants in inflammatory diseases. J 
Clin Periodontol. 1997;24(5):287-96. 

216. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J Chronic 
Dis. 1987;40(5):373-83. 

217. British National Formulary (BNF). 68 ed: Pharmacetical Press; 2014. 

218. Mitchel JT, Kim YJ, Choi J, Park G, Cappi S, Horn D, et al. Evaluation of Data Entry 
Errors and Data Changes to an Electronic Data Capture Clinical Trial Database. Drug Inf 
J. 2011;45(4):421-30. 

219. Statistics at Square One. 10 ed. London: BMJ Books; 2002. 

220. Clark TG, Bradburn MJ, Love SB, Altman DG. Survival analysis part I: basic 
concepts and first analyses. Br J Cancer. 2003;89(2):232-8. 

http://www.phadia.com/en/Products/Allergy-testing-products/ImmunoCAP-Lab-Tests/ImmunoCAP-Tryptase/
http://www.phadia.com/en/Products/Allergy-testing-products/ImmunoCAP-Lab-Tests/ImmunoCAP-Tryptase/


 

246 

 

221. Bradburn MJ, Clark TG, Love SB, Altman DG. Survival analysis part II: 
multivariate data analysis--an introduction to concepts and methods. Br J Cancer. 
2003;89(3):431-6. 

222. Satagopan JM, Ben-Porat L, Berwick M, Robson M, Kutler D, Auerbach AD. A note 
on competing risks in survival data analysis. Br J Cancer. 2004;91(7):1229-35. 

223. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a 
competing risk. Journal of the American Statistical Association. 1999;94:496-509. 

224. Clark TG, Bradburn MJ, Love SB, Altman DG. Survival analysis part IV: further 
concepts and methods in survival analysis. Br J Cancer. 2003;89(5):781-6. 

225. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence of 
chronic kidney disease in the United States. Jama. 2007;298(17):2038-47. 

226. Peralta CA, Katz R, Deboer I, Ix J, Sarnak M, Kramer H, et al. Racial and Ethnic 
Differences in Kidney Function Decline among Persons without Chronic Kidney Disease. 
J Am Soc Nephrol. 2011;22(7):1327-34. 

227. Crews DC, Sozio SM, Liu Y, Coresh J, Powe NR. Inflammation and the paradox of 
racial differences in dialysis survival. J Am Soc Nephrol. 2011;22(12):2279-86. 

228. Hallan SI, Matsushita K, Sang Y, Mahmoodi BK, Black C, Ishani A, et al. Age and 
association of kidney measures with mortality and end-stage renal disease. JAMA : the 
journal of the American Medical Association. 2012;308(22):2349-60. 

229. Herzog CA, Asinger RW, Berger AK, Charytan DM, Diez J, Hart RG, et al. 
Cardiovascular disease in chronic kidney disease. A clinical update from Kidney Disease: 
Improving Global Outcomes (KDIGO). Kidney Int. 2011;80(6):572-86. 

230. Mahmoodi BK, Matsushita K, Woodward M, Blankestijn PJ, Cirillo M, Ohkubo T, 
et al. Associations of kidney disease measures with mortality and end-stage renal 
disease in individuals with and without hypertension: a meta-analysis. Lancet. 
2012;380(9854):1649-61. 

231. Benjamin EJ, Wolf PA, D'Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact 
of atrial fibrillation on the risk of death: the Framingham Heart Study. Circulation. 
1998;98(10):946-52. 

232. Ford ES. Trends in mortality from all causes and cardiovascular disease among 
hypertensive and nonhypertensive adults in the United States. Circulation. 
2011;123(16):1737-44. 

233. Afkarian M, Sachs MC, Kestenbaum B, Hirsch IB, Tuttle KR, Himmelfarb J, et al. 
Kidney disease and increased mortality risk in type 2 diabetes. J Am Soc Nephrol. 
2013;24(2):302-8. 

234. Shekelle P. New contract for general practitioners. Bmj. 2003;326(7387):457-8. 

235. Calvert M, Shankar A, McManus RJ, Lester H, Freemantle N. Effect of the quality 
and outcomes framework on diabetes care in the United Kingdom: retrospective cohort 
study. Bmj. 2009;338:b1870. 



 

247 

 

236. Abbasi A, Peelen LM, Corpeleijn E, van der Schouw YT, Stolk RP, Spijkerman AM, 
et al. Prediction models for risk of developing type 2 diabetes: systematic literature 
search and independent external validation study. Bmj. 2012;345:e5900. 

237. Smith S, Waterall J, Burden AC. An evaluation of the performance of the NHS 
Health Check programme in identifying people at high risk of developing type 2 
diabetes. BMJ Open. 2013;3(3). 

238. Khunti K, Morris DH, Weston CL, Gray LJ, Webb DR, Davies MJ. Joint prevalence 
of diabetes, impaired glucose regulation, cardiovascular disease risk and chronic kidney 
disease in South Asians and White Europeans. PLoS One. 2013;8(1):e55580. 

239. Carey IM, Shah SM, Harris T, DeWilde S, Cook DG. A new simple primary care 
morbidity score predicted mortality and better explains between practice variations 
than the Charlson index. J Clin Epidemiol. 2013;66(4):436-44. 

240. Johnson-Lawrence V, Kaplan G, Galea S. Socioeconomic mobility in adulthood 
and cardiovascular disease mortality. Ann Epidemiol. 2013;23(4):167-71. 

241. Lazzarino AI, Hamer M, Stamatakis E, Steptoe A. The combined association of 
psychological distress and socioeconomic status with all-cause mortality: a national 
cohort study. JAMA Intern Med. 2013;173(1):22-7. 

242. Jackson CA, Jones NR, Walker JJ, Fischbacher CM, Colhoun HM, Leese GP, et al. 
Area-based socioeconomic status, type 2 diabetes and cardiovascular mortality in 
Scotland. Diabetologia. 2012;55(11):2938-45. 

243. Gallo V, Mackenbach JP, Ezzati M, Menvielle G, Kunst AE, Rohrmann S, et al. 
Social inequalities and mortality in Europe--results from a large multi-national cohort. 
PLoS One. 2012;7(7):e39013. 

244. Levene LS, Bankart J, Khunti K, Baker R. Association of primary care 
characteristics with variations in mortality rates in England: an observational study. 
PLoS One. 2012;7(10):e47800. 

245. Adams J, White M. Removing the health domain from the Index of Multiple 
Deprivation 2004-effect on measured inequalities in census measure of health. J Public 
Health (Oxf). 2006;28(4):379-83. 

246. Conley J, Tonelli M, Quan H, Manns BJ, Palacios-Derflingher L, Bresee LC, et al. 
Association Between GFR, Proteinuria, and Adverse Outcomes Among White, Chinese, 
and South Asian Individuals in Canada. Am J Kidney Dis. 2011. 

247. Buckalew VM, Jr., Freedman BI. Reappraisal of the impact of race on survival in 
patients on dialysis. Am J Kidney Dis. 2010;55(6):1102-10. 

248. Winkelmayer WC, Kurth T. Propensity scores: help or hype? Nephrol Dial 
Transplant. 2004;19(7):1671-3. 

249. Kim DH, Pieper CF, Ahmed A, Colon-Emeric CS. Use and Interpretation of 
Propensity Scores in Aging Research: A Guide for Clinical Researchers. J Am Geriatr Soc. 
2016;64(10):2065-73. 



 

248 

 

250. Cepeda MS, Boston R, Farrar JT, Strom BL. Comparison of logistic regression 
versus propensity score when the number of events is low and there are multiple 
confounders. Am J Epidemiol. 2003;158(3):280-7. 

251. Raleigh VS. Collection of data on ethnic origin in England. Bmj. 2008;337:a1107. 

252. Humphreys J, Harvey G, Coleiro M, Butler B, Barclay A, Gwozdziewicz M, et al. A 
collaborative project to improve identification and management of patients with chronic 
kidney disease in a primary care setting in Greater Manchester. BMJ Qual Saf. 
2012;21(8):700-8. 

253. Martin D, Wright JA. Disease prevalence in the English population: a comparison 
of primary care registers and prevalence models. Soc Sci Med. 2009;68(2):266-74. 

254. Doran T, Fullwood C, Reeves D, Gravelle H, Roland M. Exclusion of patients from 
pay-for-performance targets by English physicians. N Engl J Med. 2008;359(3):274-84. 

255. Campbell S, Hannon K, Lester H. Exception reporting in the Quality and 
Outcomes Framework: views of practice staff - a qualitative study. Br J Gen Pract. 
2011;61(585):183-9. 

256. de Lusignan S, Nitsch D, Belsey J, Kumarapeli P, Vamos EP, Majeed A, et al. 
Disparities in testing for renal function in UK primary care: cross-sectional study. Fam 
Pract. 2011. 

257. Delanaye P, Cavalier E, Mariat C, Krzesinski JM, Rule AD. Estimating glomerular 
filtration rate in Asian subjects: where do we stand? Kidney Int. 2011;80(5):439-40. 

258. Delanaye P, Mariat C, Maillard N, Krzesinski JM, Cavalier E. Are the creatinine-
based equations accurate to estimate glomerular filtration rate in African American 
populations? Clin J Am Soc Nephrol. 2011;6(4):906-12. 

259. Matsushita K, Mahmoodi BK, Woodward M, Emberson JR, Jafar TH, Jee SH, et al. 
Comparison of risk prediction using the CKD-EPI equation and the MDRD study equation 
for estimated glomerular filtration rate. Jama. 2012;307(18):1941-51. 

260. Teo BW, Xu H, Wang D, Li J, Sinha AK, Shuter B, et al. Estimating glomerular 
filtration rates by use of both cystatin C and standardized serum creatinine avoids 
ethnicity coefficients in Asian patients with chronic kidney disease. Clin Chem. 
2012;58(2):450-7. 

261. Parsa A, Kao WH, Xie D, Astor BC, Li M, Hsu CY, et al. APOL1 Risk Variants, Race, 
and Progression of Chronic Kidney Disease. N Engl J Med. 2013. 

262. Jesky M, Lambert A, Burden AC, Cockwell P. The impact of chronic kidney 
disease and cardiovascular comorbidity on mortality in a multiethnic population: a 
retrospective cohort study. BMJ Open. 2013;3(12):e003458. 

263. Khan JM, Beevers DG. Management of hypertension in ethnic minorities. Heart. 
2005;91(8):1105-9. 

264. Gupta AK, Poulter NR, Dobson J, Eldridge S, Cappuccio FP, Caulfield M, et al. 
Ethnic differences in blood pressure response to first and second-line antihypertensive 



 

249 

 

therapies in patients randomized in the ASCOT Trial. Am J Hypertens. 2010;23(9):1023-
30. 

265. Wong CS, Pierce CB, Cole SR, Warady BA, Mak RH, Benador NM, et al. Association 
of proteinuria with race, cause of chronic kidney disease, and glomerular filtration rate 
in the chronic kidney disease in children study. Clin J Am Soc Nephrol. 2009;4(4):812-9. 

266. Hanevold CD, Pollock JS, Harshfield GA. Racial differences in microalbumin 
excretion in healthy adolescents. Hypertension. 2008;51(2):334-8. 

267. Bhalla V, Zhao B, Azar KM, Wang EJ, Choi S, Wong EC, et al. Racial/ethnic 
differences in the prevalence of proteinuric and nonproteinuric diabetic kidney disease. 
Diabetes Care. 2013;36(5):1215-21. 

268. Jafar TH, Chaturvedi N, Gul A, Khan AQ, Schmid CH, Levey AS. Ethnic differences 
and determinants of proteinuria among South Asian subgroups in Pakistan. Kidney Int. 
2003;64(4):1437-44. 

269. 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. 

270. Shardlow A, McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW. Chronic Kidney 
Disease in Primary Care: Outcomes after Five Years in a Prospective Cohort Study. PLoS 
Med. 2016;13(9):e1002128. 

271. Dery O, Corvera CU, Steinhoff M, Bunnett NW. Proteinase-activated receptors: 
novel mechanisms of signaling by serine proteases. The American journal of physiology. 
1998;274(6 Pt 1):C1429-52. 

272. Taal MW, Brenner BM. Renal risk scores: progress and prospects. Kidney Int. 
2008;73(11):1216-9. 

273. Madjene LC, Pons M, Danelli L, Claver J, Ali L, Madera-Salcedo IK, et al. Mast cells 
in renal inflammation and fibrosis: lessons learnt from animal studies. Molecular 
immunology. 2015;63(1):86-93. 

274. Lajoie G, Nadasdy T, Laszik Z, Blick KE, Silva FG. Mast cells in acute cellular 
rejection of human renal allografts. Modern pathology : an official journal of the United 
States and Canadian Academy of Pathology, Inc. 1996;9(12):1118-25. 

275. Ruggenenti P, Perna A, Gherardi G, Gaspari F, Benini R, Remuzzi G. Renal 
function and requirement for dialysis in chronic nephropathy patients on long-term 
ramipril: REIN follow-up trial. Gruppo Italiano di Studi Epidemiologici in Nefrologia 
(GISEN). Ramipril Efficacy in Nephropathy. Lancet. 1998;352(9136):1252-6. 

276. Richard V, Hurel-Merle S, Scalbert E, Ferry G, Lallemand F, Bessou JP, et al. 
Functional evidence for a role of vascular chymase in the production of angiotensin II in 
isolated human arteries. Circulation. 2001;104(7):750-2. 

277. Nobakht N, Kamgar M, Rastogi A, Schrier RW. Limitations of angiotensin 
inhibition. Nat Rev Nephrol. 2011;7(6):356-9. 



 

250 

 

278. Kanemitsu H, Takai S, Tsuneyoshi H, Yoshikawa E, Nishina T, Miyazaki M, et al. 
Chronic chymase inhibition preserves cardiac function after left ventricular repair in 
rats. European journal of cardio-thoracic surgery : official journal of the European 
Association for Cardio-thoracic Surgery. 2008;33(1):25-31. 

279. Wei CC, Hase N, Inoue Y, Bradley EW, Yahiro E, Li M, et al. Mast cell chymase 
limits the cardiac efficacy of Ang I-converting enzyme inhibitor therapy in rodents. The 
Journal of clinical investigation. 2010;120(4):1229-39. 

280. Caughey GH. Mast cell proteases as pharmacological targets. European journal of 
pharmacology. 2015. 

281. Yahiro E, Miura S, Imaizumi S, Uehara Y, Saku K. Chymase inhibitors. Current 
pharmaceutical design. 2013;19(17):3065-71. 

282. Matsumoto T, Wada A, Tsutamoto T, Ohnishi M, Isono T, Kinoshita M. Chymase 
inhibition prevents cardiac fibrosis and improves diastolic dysfunction in the 
progression of heart failure. Circulation. 2003;107(20):2555-8. 

283. Menon V, Greene T, Wang X, Pereira AA, Marcovina SM, Beck GJ, et al. C-reactive 
protein and albumin as predictors of all-cause and cardiovascular mortality in chronic 
kidney disease. Kidney Int. 2005;68(2):766-72. 

284. Redegeld FA, van der Heijden MW, Kool M, Heijdra BM, Garssen J, Kraneveld AD, 
et al. Immunoglobulin-free light chains elicit immediate hypersensitivity-like responses. 
Nat Med. 2002;8(7):694-701. 

285. Redegeld FA, Thio M, Groot Kormelink T. Polyclonal immunoglobulin free light 
chain and chronic inflammation. Mayo Clin Proc. 2012;87(10):1032-3; author reply 3. 

286. Anandram S, Assi LK, Lovatt T, Parkes J, Taylor J, Macwhannell A, et al. Elevated, 
combined serum free light chain levels and increased mortality: a 5-year follow-up, UK 
study. J Clin Pathol. 2012;65(11):1036-42. 

287. Pejler G, Ronnberg E, Waern I, Wernersson S. Mast cell proteases: multifaceted 
regulators of inflammatory disease. Blood. 2010;115(24):4981-90. 

288. Kimmel PL, Cohen SD, Weisbord SD. Quality of life in patients with end-stage 
renal disease treated with hemodialysis: survival is not enough! J Nephrol. 2008;21 
Suppl 13:S54-8. 

289. Tsai YC, Hung CC, Hwang SJ, Wang SL, Hsiao SM, Lin MY, et al. Quality of life 
predicts risks of end-stage renal disease and mortality in patients with chronic kidney 
disease. Nephrol Dial Transplant. 2010;25(5):1621-6. 

290. Porter A, Fischer MJ, Wang X, Brooks D, Bruce M, Charleston J, et al. Quality of life 
and outcomes in African Americans with CKD. J Am Soc Nephrol. 2014;25(8):1849-55. 

291. Porter AC, Lash JP, Xie D, Pan Q, DeLuca J, Kanthety R, et al. Predictors and 
Outcomes of Health-Related Quality of Life in Adults with CKD. Clin J Am Soc Nephrol. 
2016;11(7):1154-62. 



 

251 

 

292. Stevens PE, Levin A. Evaluation and management of chronic kidney disease: 
synopsis of the kidney disease: improving global outcomes 2012 clinical practice 
guideline. Ann Intern Med. 2013;158(11):825-30. 

293. Hays RD, Kallich JD, Mapes DL, Coons SJ, Carter WB. Development of the kidney 
disease quality of life (KDQOL) instrument. Quality of life research : an international 
journal of quality of life aspects of treatment, care and rehabilitation. 1994;3(5):329-38. 

294. Chin HJ, Song YR, Lee JJ, Lee SB, Kim KW, Na KY, et al. Moderately decreased 
renal function negatively affects the health-related quality of life among the elderly 
Korean population: a population-based study. Nephrol Dial Transplant. 
2008;23(9):2810-7. 

295. Mujais SK, Story K, Brouillette J, Takano T, Soroka S, Franek C, et al. Health-
related quality of life in CKD Patients: correlates and evolution over time. Clin J Am Soc 
Nephrol. 2009;4(8):1293-301. 

296. Rossi AP, Burris DD, Lucas FL, Crocker GA, Wasserman JC. Effects of a renal 
rehabilitation exercise program in patients with CKD: a randomized, controlled trial. 
Clin J Am Soc Nephrol. 2014;9(12):2052-8. 

297. Finkelstein FO, Wuerth D, Finkelstein SH. Health related quality of life and the 
CKD patient: challenges for the nephrology community. Kidney Int. 2009;76(9):946-52. 

298. Finkelstein FO, Story K, Firanek C, Mendelssohn D, Barre P, Takano T, et al. 
Health-related quality of life and hemoglobin levels in chronic kidney disease patients. 
Clin J Am Soc Nephrol. 2009;4(1):33-8. 

299. O'Hare AM, Choi AI, Bertenthal D, Bacchetti P, Garg AX, Kaufman JS, et al. Age 
affects outcomes in chronic kidney disease. J Am Soc Nephrol. 2007;18(10):2758-65. 

300. Sud M, Tangri N, Levin A, Pintilie M, Levey AS, Naimark DM. CKD Stage at 
Nephrology Referral and Factors Influencing the Risks of ESRD and Death. Am J Kidney 
Dis. 2014;63(6):928-36. 

301. Wilhelm-Leen ER, Hall YN, M KT, Chertow GM. Frailty and chronic kidney 
disease: the Third National Health and Nutrition Evaluation Survey. Am J Med. 
2009;122(7):664-71 e2. 

302. Roshanravan B, Khatri M, Robinson-Cohen C, Levin G, Patel KV, de Boer IH, et al. 
A prospective study of frailty in nephrology-referred patients with CKD. Am J Kidney 
Dis. 2012;60(6):912-21. 

303. Lee SJ, Son H, Shin SK. Influence of frailty on health-related quality of life in pre-
dialysis patients with chronic kidney disease in Korea: a cross-sectional study. Health 
and quality of life outcomes. 2015;13:70. 

304. Gyamlani G, Basu A, Geraci S, Lee F, Moxey M, Clark M, et al. Depression, 
screening and quality of life in chronic kidney disease. Am J Med Sci. 2011;342(3):186-
91. 

305. Seidel UK, Gronewold J, Volsek M, Todica O, Kribben A, Bruck H, et al. Physical, 
cognitive and emotional factors contributing to quality of life, functional health and 



 

252 

 

participation in community dwelling in chronic kidney disease. PLoS One. 
2014;9(3):e91176. 

306. Campbell KL, Ash S, Bauer JD. The impact of nutrition intervention on quality of 
life in pre-dialysis chronic kidney disease patients. Clin Nutr. 2008;27(4):537-44. 

307. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of 
multimorbidity and implications for health care, research, and medical education: a 
cross-sectional study. Lancet. 2012;380(9836):37-43. 

308. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and 
validating the Charlson comorbidity index and score for risk adjustment in hospital 
discharge abstracts using data from 6 countries. Am J Epidemiol. 2011;173(6):676-82. 

309. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, Mann 
JF, et al. Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, and 
prevention. Lancet. 2013;382(9889):339-52. 

310. The English Indices of Deprivation 2010: Department for Communities and Local 
Government; 2011 [Available from: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1

871208.pdf. 

311. Wasse H, Naqvi N, Husain A. Impact of Mast Cell Chymase on Renal Disease 
Progression. Current hypertension reviews. 2012;8(1):15-23. 

312. Transforming Participation in Chronic Kidney Disease  [Available from: 
https://www.thinkkidneys.nhs.uk/ckd/. 

313. Levey AS, Levin A. A Rebuttal to "The CKD Classification System in the Precision 
Medicine Era". Clin J Am Soc Nephrol. 2017;12(10):1711-3. 

314. Richards NT, Greaves I, Lee SJ, Howie AJ, Adu D, Michael J. Increased prevalence 
of renal biopsy findings other than diabetic glomerulopathy in type II diabetes mellitus. 
Nephrol Dial Transplant. 1992;7(5):397-9. 

315. Huttenhofer A, Mayer G. Circulating miRNAs as biomarkers of kidney disease. 
Clin Kidney J. 2017;10(1):27-9. 

 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf
https://www.thinkkidneys.nhs.uk/ckd/



