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ABSTRACT 
Background and objectives: Chronic kidney disease-mineral and bone disorder (CKD-

MBD) is a systemic condition defined by an increase in cardiovascular calcifications and 

bone fragility. The condition is diagnosed by abnormal serum concentrations of calcium, 

phosphorus, parathyroid hormone and vitamin D. These biochemical abnormalities have 

been linked to abnormal bone metabolism as well as cardiovascular calcifications if left 

untreated.  

Phosphate binders are known to cause phosphate reduction through mechanisms involve 

the gastrointestinal route. Their relative effects remain uncertain. Controversy arises 

because of concerns related to systematic effects, tolerability, costs and impact on patient 

important outcomes. The objective of Chapters 2 and 3 was to explore the relative 

effectiveness of phosphate binders on patient-important outcomes and laboratory outcomes 

in patients with CKD-MBD using the frequentist and Bayesian approaches, respectively. 

The purpose of Chapter 4 was to critically appraise clinical practice guidelines addressing 

CKD-MBD. 

Methods and results 

Chapter 2: We performed network meta-analyses for all cause-mortality for individual 

agents (seven-node analysis) and conventional meta-analysis of calcium vs. non-calcium 

based phosphate binders (NCBPB) for all-cause mortality, cardiovascular mortality and 

hospitalization. Our results suggested higher mortality with calcium than either sevelamer 

in our network meta-analysis or NCBPB in our conventional meta-analysis. Conventional 
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meta-analysis suggested no statistically difference in cardiovascular mortality between 

calcium and NCBPBs. 

Chapter 3: We performed Bayesian network meta-analyses to calculate the effect estimates 

(mean differences) and 95% credible intervals for serum levels of phosphate, calcium and 

parathyroid hormone. Moderate-quality evidence suggests superior effect of active 

treatment categories as compared to placebo for reducing serum phosphate. Our NMA 

results did not find statistically significant difference between active treatment categories 

in lowering serum phosphate. 

 Chapter 4: We performed a systematic survey to critically appraise clinical practice 

guidelines addressing CKD-MBD. Most guidelines assessing CKD-MBD suffer from 

serious shortcomings using the Advancing Guideline Development, Reporting and 

Evaluation in Health Care instrument II (AGREE) criteria; a minority, however, fulfill the 

criteria.  Limitations with respect to AGREE criteria do not, however, necessarily lead to 

inappropriate recommendations. 

Conclusion: Given the likely mortality reduction with sevelamer versus calcium, the 

results suggest that higher calcium levels associated with calcium based phosphate binders 

may contribute to the mortality differential. We found that most clinical practice guidelines 

related to CKD-MBD were not satisfactory with major problems with rigor, update and 

implementation.  Recommendations were consistent and thus unassociated with guideline 

quality.  In other instances, however, this may not be the case, and ensuring trustworthiness 

of guidelines will require adherence to methodological standards. 
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Chronic kidney disease mineral and bone disorders: an overview and management 

Chronic kidney disease (CKD) can be defined as structural or functional abnormalities of the 

kidney that persist for at least three months [1].  CKD is often classified into five stages, according 

to the estimated glomerular filtration rate (eGFR)ða tool  for defining CKD from a functional 

perspective (Table 1) [2]. Stage 5 status may require dialysis treatment (stage 5D) or a kidney 

transplant (stage 5T), collectively called renal replacement therapy [2].  

CKD is a global public health problem that affects 8-10% of people worldwide. Diabetes mellitus 

and vascular/hypertension related disorders are the most common causes of CKD in high income 

countries [3-6]. Health care resource use and associated costs are considerably higher in CKD 

patients than in those not suffering from the condition, especially for those who are on dialysis or 

have a kidney transplant [7]. 

CKD has been associated with high mortality as well as morbidity; the leading cause of death 

among patients is cardiovascular disease [8-13]. Since CKD affects all organ systems, 

management requires a systematic approach and detailed considerations to prevent progression of 

CKD and extra-renal complications [2]. The goals of the treatment of CKD includes: (1) disease 

specific treatment if indicated; and (2) management of anemia, acidosis, blood pressure, dialysis 

dose, dialysis volume, proteinuria and markers of bone and mineral metabolism. 

Markers of bone and mineral metabolism include phosphate, calcium and parathyroid hormone. 

High phosphate levels lead to chronic disturbances in calcium-phosphate homeostasis and 

cardiovascular calcifications in the intima and media layers of the arteries and subsequent 

cardiovascular events [8, 11-13]. Impaired bone density and qualityðabnormal bone turnover, 

architecture and mineralizationðlead to increased fracture risk in CKD patients [8]. The 
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phenomenon is called CKD mineral and bone disorder (CKD-MBD) and includes a spectrum of 

diseases that may result in cardiovascular consequences or adverse bone outcomes. 

The pathogenesis of cardiovascular calcifications has been well-studied, and  in vitro studies have 

demonstrated that vascular tissues are capable of producing structures similar to the bones [8]. 

Vascular smooth muscle cells have the potential to transform into chondrocyteïosteoblast cell 

types through a phosphorous mediated system that employs a transcription factor and a non-

phosphorous mediated system that employs osteopontin [8, 14]. Elevated calcium, parathyroid 

hormone and parathyroid hormone-like peptides are other substances that provoke and promote 

the abnormal calcification process and accelerate atherosclerosis and cardiovascular diseases [15, 

16]. 

In the early stages of CKD, high phosphate levels cause an increase in phosphaturic hormones, 

parathyroid hormone and fibroblast growth factor-23 (FGF-23) as well as a reduction in klotho 

and active vitamin D [17]. Klotho is a co-receptor of FGF-23 that enables the phosphaturic effect 

of FGF-23 [17, 18]. Klotho also plays a role in calcium and phosphate excretion, cardio-protection 

and anti-oxidation [19].  

FGF-23ða more reliable indicator of calcium-phosphate homeostasis due to less diurnal 

variability as compared to parathyroid hormone and phosphateðincreases phosphate excretion by 

the kidneys and decreases 1-alpha hydroxylase activity which is responsible for activation of 

vitamin D [20, 21]. Dialysis vintageðdefined as length of time on dialysis treatmentðand residual 

renal functions have been linked to FGF-23 levels (positively correlated with dialysis vintage and 

negatively correlated with residual renal function) [21]. 
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High serum phosphate levelsða common finding in CKD patientsð are associated with decreased 

patient and renal survival [22-25]. As a result, phosphate binders are perceived to have a pivotal 

role in the management of CKD-MBD. Calcium-based phosphate binders are inexpensive but may 

cause hypercalcemia. Non-calcium-based phosphate binders, sevelamer and lanthanum, are 

costlier drugs, but calcium-free. Recently, iron has been shown to be effective in lowering 

phosphate (e.g., ferric citrate and sucroferric oxyhydroxide) [26]. 

An overview of meta-analysis and its applications in health care 

Pooling effectiveness measures using direct, indirect and mixed comparisons 

Meta-analysis is a powerful tool to combine randomized or non-randomized effectiveness data 

from different studies to facilitate clinical decision making [27]. Conventional meta-analysisð

also called head-to-head comparisonsðindirect comparisons or combination of the two (network 

meta-analysis) are established methods to explore treatment effects from different studies.  

Network meta-analysis (NMA) is conducted either in a frequentist or Bayesian framework. 

Bayesian analysis may employ non-informative priors (e.g., mean is equal to zero and precision is 

equal to 0.001) in order to draw conclusions fully driven by the study data [28, 29]. Another 

approach employs informative priors using prior knowledge in the form of expert opinion or 

published data. The frequentist approach does not allow assumptions to be incorporated based on 

what is known in the area [29]. Both approaches should yield similar results in terms of the 

magnitude, direction and significance of effect estimates in cases where non-informative priors are 

employed in the Bayesian framework [29]. 
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A further refinement can be obtained using additive main effect models in complex treatments to 

decompose individual treatment effects. In addition to the NMA assumptions, additivity 

assumption maintains that interactions between treatment components are nonexistent.  

Pooling diagnostic accuracy indices 

Diagnostic tests are commonly used for screening, diagnosis and estimation of prognosis as well 

as treatment response in clinical practice. Reliability and validity are indicators of overall accuracy 

of a diagnostic test [30]. The extent of agreement of an index test with itself implies reliability 

while the agreement of an index test with the reference standard indicates validity of the instrument 

[31]. Sensitivity, specificity, Youdenôs index, positive and negative predictive values are indices 

of validity [31, 32]. The added value of an index test can be measured using a summary Receiver 

Operating Characteristic (ROC) curve or net reclassification improvement. Nevertheless, 

sensitivity and specificity are the most common measures of diagnostic accuracy studies [33].  

Meta-analysis of diagnostic accuracy studies should account for between- and within-study 

variability which requires hierarchical random-effect models. Fixed-effect models only consider 

within-study variations [33, 34]. However, the differences in cut-off values, study populations, 

verification techniques (complete, partial or differential verification) and diagnostic test properties 

result in between study variations in performance indices [33]. 

Pooling summary measures of diagnostic studies: Two-dimensional parameters 

One technique to pool the performance indices of diagnostic accuracy studies is to adopt a 

univariate approach using a diagnostic odds ratio for each study or reporting sensitivity and 

specificity separately [33]. This method ignores the negative correlation between sensitivity and 
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specificity and loses valuable information [33]. Moreover, an arbitrary threshold needs to be 

employed to create categories and achieve the values for sensitivity and specificity [33].  

However, studies may use different thresholds due to differences in study populations, techniques, 

or by choice, which is reflected on sensitivity and specificity[33]. In order to remove the threshold 

effect and to compare overall accuracy between tests, a summary ROC curve with Q points (the 

corresponding point of sensitivity is equal to specificity on the ROC curve) is created using a 

univariate approach [33]. Nevertheless, two dimensions of the original data are lost.  

The bivariate approach is considered an ideal method for pooling single test diagnostic accuracy 

studies. Bivariate meta-analysis is defined as, ñtwo outcomes per study are modelled 

simultaneouslyò [35]. The parameter of interest in bivariate meta-analysis is the difference in 

performance indices between two tests [35]. A logarithmic transformation is applied to sensitivity 

and specificity, both of which will then assume a normal distribution. Subsequently, bivariate 

normal distribution is created. Bivariate models incorporate precision of the study (i.e., studies are 

weighed according to their precision), ñbetween study variation in true underlying sensitivity and 

specificityò and negative correlation between sensitivity and specificity [35]. A summary ROC 

curve can be created with a confidence ellipse and sources of heterogeneity can be explored, 

including covariates using meta-regression techniques [35]. The main drawback of this technique 

is that it ignores covariance between dependent and independent variables [35]. 

Another application of the bivariate approach: pooling correlation indices 

Correlation between patient important outcomes and laboratory outcomes can be estimated using 

a bivariate approach. First, logarithmic transformation of end of treatment mean value and its 

precision (or logarithmic transformation of proportion of those who achieved the targets) as well 
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as logarithmic transformation of relative risk of patient important outcomes need to be calculated. 

Afterwards, patient important outcomes and laboratory outcomes can be correlated using a scatter 

plot. Grading quality of evidence will rely on both sources of information.  

Thesis description & objectives 

Although the most recent systematic review and meta-analysis suggests higher mortality with 

calcium than with non-calcium based phosphate binders (NCBPB), there is no NMA to inform the 

comparative effectiveness of phosphate binders [36]. This thesis explores the comparative 

effectiveness of phosphate binders on both patient important and laboratory outcomes, and 

critically appraises clinical practice guidelines for management of CKD-MBD [37].  

The purpose of this thesis is (1) to apply latest developments in NMA and application of the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology 

to NMA; (2) to explore the comparative effectiveness of phosphate binders; and (3) to critically 

appraise clinical practice guidelines addressing mineral and bone disorders. We hypothesized that 

reductions in phosphate levels using NCBPBs may be associated with reduced vascular stiffness 

and regression of left ventricular hypertrophy and consequently lowers cardiovascular events, 

cardiovascular calcifications and mortality. This thesis has made a unique contribution to the body 

of literature regarding CKD-MBD management by estimating relative effectiveness of phosphate 

binders and quality of CKD-MBD clinical practice guidelines. 

This thesis consists of five chapters, including an introduction and conclusion. Chapter 1provides 

an overview of CKD-MBD, its management and different applications of meta-analysis in health 

care. Chapters 2 and 3 present NMAs examining comparative effectiveness of phosphate binders 

in CKD patients.  
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Chapter 2 examines the effectiveness of phosphate binders on patient-important outcomes. Chapter 

3 examines the comparative effectiveness of phosphate binders on laboratory outcomes. Chapter 

4 critically appraises clinical practice guidelines using the Appraisal of Guidelines for Research 

and Evaluation (AGREE) II Instrument. 
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Table 1: Stages of CKD according to eGFR [1]  

Stages of CKD eGFR, ml/min/1.73 m2 

Stage 1   Ó90  

Stage 2  60ï89  

Stage 3  30ï59  

Stage 4  15ï29  

Stage 5  < 15  

Abbreviations: eGFR: estimated Glomerular Filtration Rate; CKD: Chronic Kidney Disease. 
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                                                       Chapter 2 
 

 

Comparative effectiveness of phosphate binders in patients with chronic kidney disease: 

A systematic review and network meta-analysis 

 

Reprinted from the PLoS ONE; 11(6); Nigar Sekercioglu, Lehana Thabane, Juan Pablo Diaz 

Martinez, Gihad Nesrallah, Crhristopher J. Longo, Jason Walter Busse, Noori Akhtar-Danesh, 

Arnav Agarwal, Reem Al-Khalifah, Alfonso Iorio, Gordon Guyatt; Comparative Effectiveness of 

Phosphate Binders in Patients with Chronic Kidney Disease: A Systematic Review and Network 

Meta-Analysis; Copyright 2016. doi: 10.1371/journal.pone.0156891. PubMed PMID: 27276077. 

 

This is an open access article distributed under the terms of the Creative Commons Attribution 

License, which permits unrestricted use, distribution, and reproduction in any medium, provided 

the original author and source are credited. 
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