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Abstract  

Vitamin D therapy is commonly prescribed for people with chronic kidney disease 

to improve biochemical perturbations; however, evidence of effects on patient-

centred outcomes such as mortality, cardiovascular events and fracture are 

uncertain. We updated a systematic review and meta-analysis of all available 

randomised controlled trials on vitamin D compounds in chronic kidney disease 

to determine its effects on clinical and biochemical outcomes as well as its 

optimum route of administration, frequency and dose. Searches of MEDLINE, 

EMBASE and Cochrane Renal Group specialised register databases identified 164 

eligible studies that enrolled 10,333 participants. Based on low to very low quality 

evidence assessed using GRADE methodology, vitamin D had uncertain effects 

on all-cause mortality, fracture, parathyroidectomy, bone pain and progression 

to end-stage kidney disease. Compared to placebo, new vitamin D compounds 

may reduce major cardiovascular events by 18 to 58 people per 1000 people who 

have chronic kidney disease not receiving dialysis. Vitamin D reduced serum 

parathyroid hormone levels by 116 pg/ml (12.7 pmol/l) on average, while 

increasing serum calcium by 0.33 mg/dl (0.08 mmol/l) and phosphorus by 0.19 

mg/dl (0.06 mmol/l) when compared to placebo. We are moderately confident 

that vitamin D therapy increases episodes of hypercalcaemia by 14 to 64 people 

per 1000 people treated. Effects of different vitamin D compounds, routes of 

administration, frequency and doses of vitamin D were not discernible from 

existing evidence. Additional trials are likely to change these estimated treatment 

effects and are needed to increase confidence in the evidence that informs clinical 

practice guidelines for vitamin D in people with chronic kidney disease.  
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Chapter 1 Introduction 

Preface 

Vitamin D compounds are widely used to correct metabolic disturbances caused 

by chronic kidney disease (CKD);1-2 however, evidence regarding their effects on 

the risks of death and complications in people with CKD remains inconclusive.3,4 

The influential Kidney Disease Improving Global Outcomes (KDIGO) clinical 

guidelines acknowledges the lack of robust data to support the use of vitamin D 

therapy for people with CKD in its most recent guidelines.1 Indeed, while 

observational data have shown an association between the use of vitamin D 

compounds and improved survival,3,5 systematic reviews of randomised trials 

evaluating the effects of vitamin D compounds in people with CKD have so far 

found insufficient evidence to substantiate the role of vitamin D compounds in 

lowering mortality and the risk of complications such as myocardial infarction, 

stroke, fracture, parathyroidectomy and muscle weakness.6-8 As new randomised 

trials evaluating patient-centred outcomes of vitamin D treatment in CKD 

become available, the incorporation of the latest evidence into updated 

systematic reviews presents an opportunity to analyse and understand the 

evidence existing in relation to this clinical controversy. 

Randomised controlled trials (RCTs) are generally accepted as the most robust 

method for generating evidence about treatment effectiveness and safety;9-12 

however,  resource and time constraints as well as methodological limitations 

may hinder their applicability to clinical practice.13 Consequently, while a 

substantial number of RCTs comparing vitamin D compounds with other 

treatment regimens have been published, no single study has shown that the 
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clinical benefits of vitamin D outweigh the risk of adverse effects in people with 

CKD.7,8 The use of treatments whose latent harms may outweigh their observed 

benefits – a risk associated with the extrapolation of results from observational 

studies or low-quality RCTs without being cognisant of their limitations – 

threatens health systems with the risk of unnecessary economic and health 

burdens from suboptimal prioritisation of health resources.14,15 

A potential solution to the above is the systematic review with meta-analysis, a 

rigorous critical appraisal and summary of all the relevant studies that evaluate a 

specific clinical question.16 When individual studies are insufficiently powered to 

detect an effect, have conflicting conclusions or are otherwise potentially affected 

by bias, a systematic review and meta-analysis of RCTs can present 

comprehensive summaries of existing evidence and has the potential to provide 

definitive conclusions on treatment effects and harms.13,17 Until a systematic 

review of high-quality RCTs confirms or disproves the purported effects of 

vitamin D therapy in people with CKD, continued evaluation of the applicability 

and limitations of emerging RCTs is imperative to monitor current evidence as 

well as the need for future RCTs.  This ongoing demand for regularly updated 

systematic reviews that capture the scope and shortcomings of present evidence 

– including in the active uncertainty of vitamin D treatment in CKD – forms the 

basis for this thesis. 

The following sections present the current arguments for and against the validity 

of systematic reviews of RCTs.  A brief history of the RCT and the rationale and 

potential limitations of RCTs, meta-analyses and systematic reviews are explored, 

paying particular attention to sources of bias that may influence applicability of 

synthesised evidence to clinical practice. Finally, the potential effects that vitamin 
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D therapy has on both biological and patient-centred outcomes in people who 

have CKD are reviewed. 

Development of the randomised controlled trial 

Leading up to the 20th century, endeavours to generate reliable evidence to guide 

clinical practice had led to a complex pool of proposed guidelines for practice, 

with limited information on their sources and quality.18 Centuries of practising 

physicians had instilled their anecdotal wisdoms in their successors, who either 

confirmed or dismissed this evidence by conducting observational studies.19 

Observational studies, which in the realm of therapeutics are characterised by 

collection of data from existing clinical cases,20 are particularly at risk of bias for 

a number of reasons (Table 1.1). Firstly, even before the study begins, the 

intervention and control groups are likely to contain people who differ in ways 

that make them more likely to be placed in one group or the other, and these 

differences may be related to the outcome of interest. Furthermore, the exposures 

and clinical care associated with the treatments may differ and cannot be 

controlled in observational studies.21 In contrast, the hallmark of randomised 

studies is the deliberate method of treatment assignment designed to isolate links 

between treatments and clinical outcomes that are less affected by other genetic 

and environmental influences.11,22 The following brief history highlights the 

major milestones in the transition from observational to randomised studies in 

the ongoing search for reliable evidence to guide effective and safe clinical 

practice. 

French epidemiologist P.C.A. Louis first questioned the validity of the 

increasingly popular observational study in the nineteenth century, arguing that 

the results obtained may have been attributable to differences in the 
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characteristics of the comparison groups.23 In response to this issue, Johannes 

Fibiger of Denmark proposed alternation – the assignment of the intervention to 

every second person enrolled into a study – as a systematic method of treatment 

allocation that improves homogeneity of study groups.19,24 However, practice 

soon revealed that alternation in fact further separated comparison groups, as the 

investigator-physician could deliberately enrol or withhold the patient from 

enrolment based on the next known treatment assignment.19,22,24 Clearly, an 

equally deliberate but less predictable method of treatment allocation was 

required to eliminate the differences between study groups that can bias 

outcomes and distort measured effects of treatments. 

A mathematical prodigy named Robert Fisher whose passion for eugenics drew 

him to the study of statistics and genetics is widely considered the father of 

randomisation.22 In his 1925 book The Design of Experiments, he first described 

in detail the random assignment of treatments to different field plots, a technique 

which would allow agricultural researchers to determine which treatment yielded 

the highest-quality harvest. He said randomisation allowed comparison without 

“the anxiety of considering and estimating the magnitude of the innumerable 

causes by which data may be disturbed”.25 Despite not showing any written 

interest in medical practice or therapeutics, Fisher’s contribution to experimental 

design was critical to the subsequent development of the RCT in medicine.22 

The first RCT in medical history was the landmark study showing that the 

antibiotic streptomycin was effective against tuberculosis – at the time a 

universally lethal infectious disease – as well as providing evidence for adverse 

effects such as toxicity and acquired drug resistance.26 Published in 1948, the six-

month double-blinded trial evaluated the effects of streptomycin against 
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standard care on survival in 109 tuberculosis patients.27 The statistical advisor 

behind this pioneering trial was Sir Austin Bradford Hill, for whom tuberculosis 

both finished and forged his career. Made physically weak by tuberculosis as a 

youngster, he was unable to fulfil his plans of becoming a doctor and instead 

pursued a career in medical statistics.22 The success of Bradford Hill’s treatment 

allocation by random sampling numbers in this trial established randomisation 

as a practical way of eliminating much of the bias surrounding observational 

methods, launching a new era of medical research in which RCTs became the gold 

standard for evaluating treatment effectiveness.11,21,22 

The increasing popularity of the randomised trial design was met with demand 

for regulating bodies to monitor the number and quality of emerging RCTs, 

leading much later to initiatives such as the Cochrane Collaboration and The 

Consolidated Standards of Reporting Trials (CONSORT) Statement 

(www.consort-statement.org).28 The Cochrane Collaboration’s Cochrane Central 

Register of Controlled Trials aims to maintain a record of all conducted RCTs, 

while CONSORT is a 25 item checklist of requirements for reporting of RCT 

methodology such as random sequence generation, allocation concealment and 

blinding. Further, the National Institute for Health and Care Excellence (NICE) 

in the UK has published guidelines for the ideal methodological features of high-

quality RCTs.29 These and other methodological issues will be discussed in detail 

in the following sections which outline the rationale for the use of RCTs, meta-

analyses and systematic reviews in evaluating treatment effectiveness. 
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Randomised controlled trials in the evaluation of treatments 

Randomised controlled trials performed with sufficient methodological rigour 

are the ideal method to test interventions.9-12 While randomisation provides the 

foundations for a “fair test” in which the intervention is the only difference 

between experimental arms, allocation concealment, blinding of participants and 

personnel, measurement of patient-centred outcomes and intention-to-treat 

(ITT) analysis are additional essential aspects of the study design that are often 

not reported in clinical trials.30 Wariness towards external factors that may 

influence the study design such as funding, ethical limitations and conflicts of 

interest are also important in the interpretation of the results of a RCT.13 In the 

current case of vitamin D therapy for people with CKD, inconsistencies in the 

results of observational and randomised studies have led to uncertainty 

surrounding vitamin D’s true effects. Differences between the results of 

observational and randomised studies may be attributable to a number of sources 

of bias detailed in Table 1.1, which will be used as a framework to discuss the 

advantages and limitations of the RCT. The following historical cases illustrate 

the usefulness of RCTs in elucidating accurate treatment effects, and provide 

testament to the importance of RCTs in the current evaluation of vitamin D 

compounds in the treatment of CKD.  

The danger of selection bias in the observational study design was first seen in 

the public eye when the results of a large RCT revealed that women undergoing 

hormone replacement therapy (HRT) were at increased risk of life-threatening 

myocardial infarction, breast cancer, thromboemboli and stroke.31 HRT first 

gained the attention of women around the world following the publication of 

Robert A. Wilson’s 1966 best-selling book Feminine Forever, which carried the 



 
  

7 

Table 1.1 Summary of risks of bias in observational studies and 
randomised controlled trials10,13,32-34 

Types of bias 
Sources of bias in 

observational studies 

Solutions to bias in 

randomised controlled 

trials Name Description 

Selection 

bias 

Differences between  

study groups resulting 

from non-random 

methods of recruitment 

and treatment allocation 

Confounding by indication participants 

prescribed treatment are fundamentally 

different from those not prescribed e.g 

treatment benefit may be over-estimated if 

patients who are in better overall health 

with increased tolerance to treatment are 

more likely to receive treatment  

 

Randomisation treatment 

assignment determined 

randomly e.g. random number 

generator 

Allocation concealment next 

treatment allocation is 

concealed from investigators 

e.g. sealed envelope 

Performance 

bias 

Differences between 

study groups in the care 

provided or exposure to 

factors other than the 

intervention 

Differential healthcare investigators, staff 

and healthcare workers treat study arms 

differently e.g. treatment group given more 

intensive follow up or control group given 

more compensatory concomitant 

medication 

Placebo effect psychological effects of 

treatment e.g. treatment benefits 

enhanced by intensive follow up which is 

provided to one group and not the other 

Blinding of study personnel 

treatment allocation not 

disclosed to investigators or 

healthcare workers involved 

with the patients  

Blinding of participants 

treatments not differentiable to 

participants e.g. identical 

medications and regimens 

Detection 

bias 

Differences between 

study groups in the way 

outcomes are measured 

or determined from 

separation of study arms 

or knowledge of 

treatment allocation 

Observer expectation bias measurement 

influenced by outcome assessor’s 

assumptions e.g. those receiving active 

treatment expected to have better 

outcomes 

 

Blinding of outcome 

measurement treatment 

allocation not disclosed to any 

study personnel involved in 

measurement of outcomes  

Attrition bias 

Differences between 

study groups in the 

number and/or 

characteristics of 

enrolled participants 

withdrawing from or not 

included in the final 

analysis of a study 

Loss to follow up end-of-study data not 

available or not included because of 

withdrawal from study or discontinuation of 

treatment for reasons related to treatment 

or study design e.g. discontinuation may 

be associated with adverse drug effects 

which are not accounted for in the final 

analysis giving an underestimation of 

treatment harms 

Intention-to-treat analysis 

inclusion of all participants in 

the final analysis in the same 

group as they were 

randomised regardless of 

treatment received minimises 

effect of non-random 

withdrawal 

Reporting 

bias 

Differences between 

published and 

unpublished aspects of 

study design or results 

Selective outcome reporting findings of 

statistical and clinical significance and that 

are positive are more likely to be included 

or emphasised in published report, 

increasing apparent treatment benefit 

Publication bias studies with significant 

findings more likely to be published 

increasing perceived treatment benefit in 

reviews of literature 

Transparent reporting 

guidelines mandatory trials 

registration (WHO), standards 

of reporting (CONSORT) are 

efforts to make all methods 

and results of all clinical trials 

available regardless of effect 

estimate or statistical 

significance 

Sponsorship 

bias 

Any aspect of the study 

design that favours the 

product marketed by the 

industry sponsor of a 

study 

Conflict of interest authors, participants or study personnel receive benefit 

in the form of cash or other personal gain from commercial sources with 

financial interests in the conclusion of the study e.g. author employed by the 

pharmaceutical company that produces the drug being tested may have a 

tendency to design a study that is more likely produce favourable results 

about the drug 
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alluring claim that “menopause is a hormone deficiency and totally 

preventable”.35 Driven by its immediate effect on menopausal symptoms as well 

as early observational studies showing that it reduced the risk of cardiovascular 

events,36,37 doctors advocated and prescribed HRT for healthy postmenopausal 

women to improve overall long-term health. In 1991, the Women’s Health 

Initiative (WHI) recruited over 16,000 American women in a RCT of 

postmenopausal HRT and its effects on cardiovascular health. This revealed that 

women randomised to HRT experienced more cardiovascular events than those 

randomised to no treatment,38 leading to the observation that the apparent 

beneficial effect of HRT within the non-randomised studies was possibly due in 

part to the higher socioeconomic status of women who sought HRT, an example 

of selection bias. Today HRT is recommended for short-term use in women with 

severe menopausal symptoms.39 The more accurate treatment effect measured in 

the WHI trial was achieved by randomisation, which carried out properly, 

reduces confounding factors that can bias results.34 

Another modifiable source of bias in clinical research is knowledge of treatment 

assignment, which can bias outcome measures at every stage of both 

observational studies and RCTs. During recruitment, if the treatment assignment 

allocated to the next enrolled participant is known to the recruiter, he or she may 

have the opportunity to select the next participant whom they believe may be 

most appropriate to the allocation.10  In addition to this initial selection bias, 

knowledge of which study arm each participant is in during the study period may 

influence both participants’ and healthcare workers’ attitudes and behaviours.32 

For example, a participant who is acutely aware that he or she is receiving active 

treatment may be more likely to report favourable outcomes. This type of 
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performance bias has been estimated to exaggerate patient-reported outcome 

effect size by 0.56 of a standard deviation in a recent systematic review of trials 

randomising participants to blinded and non-blinded studies.40 Finally, outcome 

assessors’ judgement may be affected by prior knowledge of which participants 

are receiving active treatment, leading to detection bias during follow up. In 

particular, expectation that participants receiving the active treatment will show 

more improvement can lead to overestimation of effect size in subjective 

outcomes measured by un-blinded outcome assessors.41  

Careful planning of trial infrastructure is needed to minimise the effects that 

knowledge of treatment assignment can have at each phase of a clinical trial.42 

Allocation concealment in which treatment assignment for the next enrolled 

participant is withheld from the recruiter prevents selection bias during 

recruitment and maintains the integrity of the randomisation process.32 During 

the treatment period, placebo control or a sham treatment administered in an 

identical manner to the active treatment is a technique that ensures that any 

effect shown is due to the active treatment itself, as opposed to differences in 

people’s attitudes or behaviours due to expectation of improvement.10 This is 

known as single blinding of the participant. Double blinding includes single 

blinding as well as withholding of treatment details from healthcare workers and 

investigators caring for the participant, which may be effective in reducing 

differences in the care of patients according to the intervention the patient is 

receiving. Triple blinding also includes concealment of treatment assignment 

from the outcome assessors to reduce detection bias.13 Blinded studies have been 

shown to produce smaller effect sizes and more consistent results than open 
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trials,43 whose results are often exaggerated by the above sources of bias in the 

favour of the active treatment.  

While randomisation, allocation concealment and blinding in RCTs may decrease 

forms of bias associated with observational studies, if the outcomes measured are 

not relevant to patient wellbeing, the results may not be immediately useful in 

clinical practice.44,45 This is known as surrogate outcome measurement, a 

prevalent issue in all study designs including RCTs, particularly in the setting of 

limited time and resources.46 A notable example of this is the controversy 

surrounding dosing of synthetic erythropoietin (EPO) in anaemia of CKD, a 

condition of reduced red blood cells and haemoglobin levels which results from 

reduced production of natural EPO by the failing kidney. Early short-term RCTs 

of EPO in anaemia of CKD measured dramatic increments in the biochemical 

surrogate outcome measure of haemoglobin,47 which were associated with 

reduced mortality in observational studies.48 Years later, longer-term RCTs 

measuring the ultimate critical patient-centred outcome, mortality, revealed that 

CKD patients with cardiovascular comorbidities randomised to lower 

haemoglobin targets and therefore higher doses of EPO had increased risk of 

death compared to those receiving lower EPO doses.49 A meta-analysis of these 

RCTs,50 emerging almost two decades after the assimilation of haemoglobin-

normalising EPO therapy in the care of CKD patients, demonstrated that a whole 

generation of people with CKD had been placed at increased risk of death and 

that haemoglobin concentration was not an adequate surrogate marker to reliably 

predict clinical outcomes.15 Similarly, vitamin D treatment in CKD has been 

convincingly shown to reduce serum parathyroid hormone (PTH), a surrogate 

biochemical outcome measure which has been linked to reduced mortality in 
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observational studies.4 The EPO case provides indication that more robust 

evidence measuring patient-centred outcomes and the validity of PTH and other 

surrogate endpoints as predictors for hard clinical outcomes is now required to 

advance the effective and safe use of vitamin D in clinical practice. 

Missing outcome data is a common problem encountered in RCTs, with a review 

of 71 trials published in four leading medical journals in the latter half of 2001 

identifying that 63 (89%) of these had some missing outcome data.51 Handled 

incorrectly, missing outcome data can undermine randomisation by non-random 

exclusion of participants from the analysis in ways that might be related to 

intended outcomes.52 Attrition or loss to follow up is the premature loss of contact 

with participants and is a major reason for missing outcome data, as was the case 

in the following recent example. The Catalonian RCT ESHOL (Estudio de 

Supervivencia de Hemodiafitracion On-Line) randomised 906 participants to 

online haemodiafiltration (OL-HDF) or traditional haemodialysis, measuring all-

cause mortality as the primary outcome.53 ESHOL reported a 30% reduction in 

risk of mortality in the OL-HDF group,54 contradicting two similar RCTs 

published a few years prior, which showed no difference in mortality between the 

two treatment groups.55,56 Notably, ESHOL had a 40% loss to follow up for final 

mortality analysis, excluding any participants who did not receive the allocated 

treatment for more than two months. With the attrition being higher in the OL-

HDF group for reasons such as kidney transplant, it is possible that the OL-HDF 

group actually had poorer outcomes, but that these were not accounted for in the 

final analysis. This form of analysis, known as “as-treated analysis”, can 

undermine the randomisation process by non-randomly excluding participants 

from the study in ways related to their risk of an outcome.57 On the other hand, 
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intention-to-treat analysis, in which all participants are analysed in their assigned 

treatment groups regardless of what treatment they actually received, can 

maximise the integrity of randomisation and is important to minimise attrition 

bias.13  

Reporting bias is a broad term describing non-transparent publication of study 

findings, which can lead to an imbalance in the availability of trial data. There are 

two main types of reporting bias: publication bias and outcome reporting bias.32 

Publication bias refers to the preferential publication of studies with statistically 

or clinically significant and/or positive results. A study examining 166 clinical 

trials showed that authors were less likely to submit a study for publication if they 

perceived their results to be unimportant, not interesting or not statistically 

significant, contributing to as little as 31% of conducted studies being completed 

and published in peer-reviewed journals.58 On the other hand, outcome reporting 

bias is the preferential inclusion or emphasis of statistically or clinically 

significant and/or positive results in study reports. A recent systematic review of 

studies following RCTs from start to finish showed that statistically significant 

outcomes were up to 4.7 times more likely to be fully reported compared to non-

significant outcomes.59 Additionally, reports with a positive “spin”, or the use of 

reporting strategies that distract from the non-significance of results and 

promote treatment effectiveness, can lead to overestimation of treatment effect.60 

A review comparing the reporting of efficacy endpoints and toxicity in RCTs 

assessing treatments for women with breast cancer showed that a positive 

primary endpoint was associated with under-reporting of toxicity, and that when 

the primary endpoint was not statistically significant, secondary end points were 

used to suggest benefit.61  Attempts to mitigate reporting bias include mandatory 
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registration of all clinical trials, which is enforced by the World Health 

Organisation, as well as the CONSORT guidelines (www.consort-statement.org) 

which recommend transparent reporting of all trial methods and results.28 

However, these initiatives require the widespread awareness and cooperation of 

investigators, journal editors and publishers to improve the availability and 

transparency of evidence. 

The involvement of sponsors in data handling and outcome reporting, like 

publication bias, can affect all study designs including RCTs. The Cochrane 

Methodology Review Group investigation into the effect of industry sponsorship 

bias on the results of observational and randomised study designs provided 

evidence that industry sponsored studies were significantly more likely to report 

results favouring the sponsor’s drug or device than non-sponsored studies, and 

that industry sponsored trials were of similar or higher quality than non-

sponsored trials.62,63 However, industry-influenced preferential publication of 

favourable results can bias available evidence as in the recently resolved Tamiflu 

controversy. Tamiflu, the antiviral medication purchased by governments 

globally in anticipation of avian and swine flu epidemics, was initially reported to 

reduce hospitalisations and risk of complications in a 2006 Cochrane review.64 

However, when unpublished data was sought from pharmaceutical company 

Roche, it was revealed that 60% of study reports had not been made publicly 

available.65 The 2010 updated review containing complete published and 

unpublished data from clinical trials conducted by Roche reports no significant 

reduction in risks of important complications of influenza such as pneumonia66 

and shows that benefits were over-estimated and adverse effects under-reported 

based on published data. 
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To conclude, like any other study design, the RCT has strengths and weaknesses. 

Currently, its strengths in minimising selection bias and its potential for effective 

blinding make it a reliable method for generating evidence on the effectiveness of 

treatments. However, consideration of its potential weaknesses including 

surrogate outcome measurement, missing outcome data and reporting bias are 

critical to the sound interpretation of its results.  

Meta-analysis in the evaluation of treatments 

Meta-analysis statistically integrates many independent studies asking the same 

or similar research question to produce a comprehensive summary estimate of a 

treatment effect, as well as an overall measure of its uncertainty.67 The 

combination of evidence from several relevant studies has the potential to provide 

a more precise and therefore more comprehensive result.68 However, this method 

can be limited by the availability, quality, and selection process of the included 

studies.67-69  

The key statistical advantage of meta-analysis is the generation of sufficient 

power to identify beneficial and harmful effects in specific clinical contexts.20 To 

carry out a large enough RCT to ensure random sampling  error does not 

significantly affect the results is time-consuming and expensive.70 Collating the 

results of several RCTs together to produce a weighted average of the treatment 

effect provides a potential solution by effectively increasing the size of the sample 

used to make the point estimate, which can consequently have a smaller measure 

of uncertainty.68 This can also be used to carry out more powerful subgroup 

analyses to examine if treatment effect differs between specific clinical contexts.70 
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However, there are three major limitations of meta-analysis: heterogeneity in 

study design and setting, included trial quality and inclusion of all available 

evidence. Firstly, meta-analysis may not be appropriate in the presence of 

statistical heterogeneity due to fundamental differences in study populations and 

designs, outcome measurements and co-interventions.67 Secondly, accuracy of 

the summary estimate can be limited by inclusion of data from RCTs at high risks 

of bias.16 A review of 70 meta-analyses from the Cochrane and PubMed libraries 

reporting a statistically significant beneficial treatment effect showed that when 

replicated excluding trials with unclear or inadequate allocation concealment, 48 

out of 70 meta-analyses  lost significance.71 Thirdly, publication bias, which 

usually favours the publication of positive and significant findings, may limit the 

availability of evidence and potentially bias the meta-analysis in that direction.16 

This was illustrated in the Tamiflu case (pg. 13), in which the summary effect 

estimates from published data were different to those from published and 

unpublished data combined.65 The validity of a meta-analysis relies on the 

complete inclusion of all the RCTs relevant to the research question including 

unpublished data that is unrestricted by language.20 While the amount of data 

which are available cannot be controlled by a meta-analyst, a search strategy that 

is as comprehensive and as inclusive of all relevant data as possible can minimise 

publication bias and provide the best estimate of effect.20 

Therefore, meta-analysis is a powerful statistical tool that has the potential to 

provide answers to clinical questions where the findings of individual RCTs 

remain uncertain by providing a summary estimate from the totality of available 

evidence. However, the reliable execution of meta-analysis requires 

comprehensive search of the literature as well as selection of the appropriate and 
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relevant studies according to pre-specified selection criteria. In addition, 

awareness of potential sources of bias is pivotal to the sound interpretation and 

critical appraisal of the findings. 

Systematic review in the evaluation of treatments 

The systematic review is currently considered the highest form of evidence for 

guiding clinical practice not only because of its rigorous methodological 

framework but because of its potential for meta-analysis that is supported by a 

systematic protocol and critical evaluation of the included studies.69,72 With more 

RCTs being published now than ever before,30 there is an overwhelming volume 

of literature20,73 that patients, consumers, clinicians and policy makers must 

navigate through to find answers to clinical questions. This existing evidence is 

often complex and may be overly conflicting for any one individual to draw 

reliable conclusions. Systematic reviews can summarise all the available relevant 

studies both quantitatively and qualitatively through meta-analysis,17 

standardised risk of bias assessment32 and transparent reporting74 (www.prisma-

statement.org), and therefore provide reliable and comprehensive evidence on 

specific clinical uncertainties, including in the current investigation of vitamin D 

therapy in CKD. 

Vitamin D as an intervention in chronic kidney disease 

CKD is projected to affect one in ten people worldwide,75 making both prevention 

and effective treatment relevant to improving global health outcomes. The 

mineral and bone abnormalities in people with CKD, which are associated with 

fracture and cardiovascular events76,77 are referred to collectively as chronic 

kidney disease mineral bone disorder (CKD-MBD).78 This section provides an 
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introduction to the biology of vitamin D and aims to review the current evidence 

on the role of vitamin D in both the pathogenesis and treatment of CKD-MBD. 

Vitamin D is a family of fat-soluble compounds including vitamin D2 

(ergocalciferol), vitamin D3 (cholecalciferol), and their metabolites and 

derivatives. Vitamin D2 is derived from plant and fungal sources in the diet and 

vitamin D3 is produced in most mammals including humans by conversion of 7-

dehydrocholesterol, a common cholesterol metabolite in the skin, through 

exposure to ultraviolet irradiation.79 Both vitamin D2 and D3 must go through 

hydroxylation reactions in the liver followed by the kidneys to become activated 

vitamin D2 (1,25 dihydroxyergocalciferol) or D3 (calcitriol, 1,25 dihydroxyvitamin 

D3). In health, kidney tissue plays a crucial role in the activation of vitamin D, 

which is a regulating factor in the parathyroid hormone (PTH) feedback loop 

controlling serum calcium and phosphorus levels. Vitamin D stimulates the 

parathyroid gland to form an inhibitory transcription factor that moderates 

production of parathyroid hormone (PTH), an important regulator of calcium 

and phosphorus. In the gut and kidneys, activation of vitamin D receptors 

promotes increased absorption of calcium and phosphorus, maintaining 

adequate levels of calcium and phosphorus in the blood.79 

Conversely, in CKD, vitamin D activity in the body is reduced as a result of 

disrupted conversion of vitamin D to its biologically active form in the proximal 

tubular epithelial cells of the kidney by the 1-α-hydroxylase enzyme (CYP27B1).80 

While the relative importance remains debated,81 phosphate retention due to 

reduced renal function as well as increases in serum levels of the hormone 

fibroblast growth factor-23 (FGF-23) are thought to contribute to this disruption 

in vitamin D metabolism.82 Vitamin D activity may also be reduced in people who 



18 
 

have CKD as a result of increased risk of vitamin D deficiency due to reduced sun 

exposure, dietary factors and loss of protein-bound vitamin D due to 

proteinuria.79 The body’s response to long-term reduction in vitamin D activity is 

chronically increased secretion of PTH, also known as secondary 

hyperparathyroidism. As CKD progresses and kidney function declines to a point 

where excess phosphorus can no longer be compensated for, the body 

accumulates abnormal levels of phosphorus in the blood.79 Exposure of vascular 

smooth muscle cells to high levels of circulating phosphorus has been shown to 

increase gene expression associated with osteoblastic (bone forming) cellular 

differentiation.83 A key difference between bone cells and cardiovascular soft 

tissue is the tendency to calcify and harden. The conversion of cells within blood 

vessels, cardiac muscle and heart valves to a bone-like phenotype provides a 

mechanism for vascular calcification and the risk of cardiovascular disease in 

CKD found in observational studies.77  Furthermore, bone resorption stimulated 

by prolonged high levels of PTH eventually weakens the bone through 

demineralisation, placing people with CKD at increased risk of bone deformities 

and fracture.79  

The major goal of therapy in CKD-MBD is to normalise pathologically elevated 

PTH to prevent skeletal symptoms, major cardiovascular events and mortality.84 

While optimum PTH targets remain a matter of uncertainty,1 pharmaceutical 

interventions effective in reducing PTH secretion include calcimimetics, 

phosphate binders, and vitamin D compounds and these are widely used for the 

treatment of CKD-MBD.2 Vitamin D compounds available for the treatment of 

CKD-MBD include cholecalciferol and ergocalciferol which require liver and 

renal hydroxylation, as well as established active vitamin D compounds such as 
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calcitriol and alfacalcidol, and newer active vitamin D compounds including 

paricalcitol, maxacalcitol, falecalcitriol and doxercalciferol.  Because the 

development of CKD-MBD can be explained in part by insufficiency of circulating 

active vitamin D due to impaired hydroxylation and low substrate vitamin D 

levels, repletion with exogenous active vitamin D has the potential to correct 

abnormal mineral metabolism and thereby prevent skeletal and cardiovascular 

complications.85 

Established vitamin D compounds including alfacalcidol and calcitriol reduced 

PTH levels in placebo-controlled studies involving people with CKD.86,87 

Although these compounds reduce PTH levels, drug-related activation of vitamin 

D receptors in the gut and kidneys increase gastrointestinal calcium and renal 

phosphorus absorption, increasing serum calcium and phosphorus levels which 

are associated with accelerated cardiovascular events and mortality.88,89 Newer 

vitamin D compounds (maxacalcitol, doxercalciferol, paricalcitol and 

falecalcitriol) have been developed with different chemical structures that bind 

tissue-specific proteins and receptors with varying affinities. This is proposed to 

provide suppression of PTH in the parathyroid gland without increasing calcium 

and phosphorus absorption in the gut and kidneys to the same extent, with the 

hope this would improve both biochemical and patient-centred outcomes.90   
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Aims 

This thesis extends the current evidence for vitamin D therapy for people with 

CKD by fulfilling the following aims: 

1. Summarise current available randomised controlled trial data evaluating 

vitamin D therapy for people with CKD 

2. Assess the completeness, quality and clinical applicability of current 

available randomised controlled trial data on vitamin D therapy for people 

with CKD 

3. Evaluate the benefits and harms of treatment with different vitamin D 

compounds,  methods of administration and in different populations of 

people with CKD  
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Chapter 2 Materials and Method 

Introduction 

This thesis has used the methods of systematic review and meta-analysis to 

evaluate available randomised trials to determine the effects of vitamin D 

compounds on biochemical, bone, and patient-centred end points in people who 

have CKD. The following chapter provides details about the study sources and 

selection criteria, data extraction and synthesis methods as well as the guidelines 

used to assess the quality and applicability of the results. 

Data sources and searches 

Randomised trials that compared vitamin D compounds with another vitamin D 

compound, placebo, no treatment or standard care and reported data for people 

with CKD defined by KDIGO1 criteria (Figure 2.1) were eligible for this systematic 

review. The search strategies used and inclusion criteria for primary studies have 

been previously described7,8 and are summarised in Appendix 1 and Table 2.1 

respectively. 

 

Figure 2.1 Classification of CKD (KDIGO)1 
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We identified studies in two existing Cochrane systematic reviews first published 

in 2006 and last updated in 2009 (CD005633, CD008965).7,8 We then searched 

the Cochrane Renal Group's specialised register, EMBASE and MEDLINE 

databases as well as reference lists of nephrology text books, review articles and 

relevant studies current to March 2014 without language restriction through 

contact with an information specialist who provided search terms relevant to this 

review (Appendix 1). The Cochrane Renal Group’s specialised register contains 

regularly updated records from several sources identified by monthly searches of 

the Cochrane Central Register of Controlled Trials (CENTRAL), weekly searches 

of MEDLINE OVID SP, hand-searching of renal-related journals and the 

proceedings of major renal conferences, searching of the current year of EMBASE 

OVID SP, weekly current awareness alerts for selected renal journals, and 

searches of the International Clinical Trials Register (ICTRP) Search Portal and 

ClinicalTrials.gov.91  

Study selection 

Selection of studies for inclusion in the update was a two-stage screening process 

based on the inclusion criteria. Screening was conducted by one author (AOK) 

and double-checked by a second (SP). Firstly, citations identified in the search 

were screened by reading the title and abstract. All citations that might have 

contained relevant information were then retained for more detailed evaluation. 

In detailed assessment, the full text of all citations included from the first round 

of screening was assessed line-by-line to select studies that satisfied the inclusion 

criteria. Any disagreements with study selection were resolved through 

discussion between authors (AOK/SP). Studies were excluded if they were not 
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randomised or did not assess treatment in people with CKD, or if vitamin D 

compounds were not a randomised intervention. 

We used Endnote X8 (endnote.com) to manage citations during screening. We 

maintained multiple records of citations including the complete record of 

identified studies, the complete record with duplicates removed, and sets of 

records for each stage of screening. Secondary publications of any included 

studies were included and used to maximise completeness of data extraction. 

Table 2.1 Summary of inclusion criteria for primary studies 
 

Inclusion Criteria Description 

 

   

Study design  Randomised controlled trials (RCTs) 

 Quasi-RCTs (RCTs in which allocation to treatment was obtained by 
alternation, use of alternate medical records, date of birth or other 
predictable methods) 

 Randomised crossover studies (first period data were included in 
meta-analysis) 

Participant population  Chronic kidney disease (CKD) 

o Not requiring dialysis: CKD stages 2-5 (GFR<90ml/min) and 
not on any form of renal replacement therapy (dialysis or 
transplantation) 

o Requiring dialysis: CKD stage 5 receiving dialysis (peritoneal 
dialysis, haemodialysis or both) with or without 
transplantation 

 No age or gender exclusion 

Intervention  Any form of vitamin D treatment compared with 

o Placebo/no treatment 

o Other vitamin D compounds, routes, schedules or doses 

 No co-intervention exclusion 

 Vitamin D must be a randomised intervention 

Outcome measures  Measuring any patient-centred primary or secondary surrogate and 
biochemical outcomes specified in the review protocol 

 

 

Data extraction  

We extracted data for population characteristics (number, age, sex, stage of CKD, 

baseline biochemical measurements), intervention (type of vitamin D compound, 

route, schedule and dose of treatment, co-interventions), and outcomes for all 
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included studies. Data were extracted for the following primary outcomes: all-

cause mortality, cardiovascular events, fracture, development or resolution of 

bone pain, development or resolution of muscle dysfunction, parathyroidectomy, 

commencement of dialysis (for participants who did not require dialysis at 

baseline), and for children: genu valgum, slipped upper femoral epiphyses, 

altered stature. We extracted data for the following secondary outcomes: 

periosteal erosions, vascular calcification, bone mineral density (BMD), bone 

histomorphometry, development of osteitis fibrosa or osteomalacia, glomerular 

filtration rate (GFR), hypercalcaemia, hyperphosphataemia, and elevated serum 

calcium by phosphorus product, PTH, calcium, phosphorus and alkaline 

phosphatase (ALP) concentrations and adverse events. Quality of life domains, 

which have been found to be variable, selectively reported and difficult to 

interpret in people with CKD,92 were not included in the original protocol and 

were not included in this update. 

In the event of the data being published more than once, the most complete data 

were extracted from all sources, and used in the analyses only once. Studies 

reported in non-English language journals were translated before assessment. 

Any further information required from the original author was requested by 

written correspondence and any relevant information obtained in this process 

was included in the review. Attrition rates, for example drop-outs, loss to follow-

up and withdrawals were investigated. Issues of missing data and imputation 

methods, for example, last-observation-carried-forward, were critically 

appraised.32 



 
  

25 

Critical appraisal of included studies  

The risk of bias assessment tool32 (Appendix 2) was used to assess the included 

studies without blinding to authorship or journal. Critical appraisal was 

conducted by one author (AOK) and double-checked by a second (SP). 

Discrepancies in judgement adjudication were resolved by discussion between 

authors (AOK/SP). The following standard risk of bias  items were assessed: 

random sequence generation, allocation concealment, blinding of participants 

and study personnel, blinding of outcome assessment, intention-to-treat 

analysis, completeness to follow-up, selective outcome reporting and other 

potential sources of bias (sponsor involvement in authorship, data collection, 

analysis or reporting). For individual studies, each risk of bias item was 

adjudicated as high or low risk, and if there was insufficient information 

provided, it had unclear risk.93  

Data synthesis and statistical analysis 

For dichotomous outcomes (all-cause mortality, cardiovascular events, fracture, 

development or resolution of bone pain, development or resolution of muscle 

dysfunction, parathyroidectomy, commencement of dialysis, genu valgum, 

slipped upper femoral epiphyses, altered stature, periosteal erosions, vascular 

calcification, development of osteitis fibrosa or osteomalacia, hypercalcaemia, 

hyperphosphataemia, elevated serum calcium by phosphorus product and 

adverse events), we extracted the number of events and number of participants 

in each treatment arm. We then calculated the relative risks (RR) and 95% 

confidence intervals (CI).  
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For continuous outcomes (end of treatment serum PTH, calcium, phosphorus, 

and ALP concentrations and BMD), we extracted the mean end of treatment 

value, standard deviation, and number of participants for each treatment arm. 

For theses outcomes we summarised data using the mean difference (MD) 

together with the 95% confidence interval.  

We summarised treatment effects by random-effects meta-analysis using the 

method of DerSimonian and Laird94 in STATA (www.stata.com) using the metan 

command.95 Heterogeneity, which is the presence of variation in effect estimates 

of included studies beyond that which is attributable to random variation, was 

estimated using the I² statistic.96 We considered I² values of 0-40%, 30-60% 50-

90% and 75-100% to represent statistical heterogeneity that might not be 

important, might be moderate, might be substantial or was substantial, 

respectively.32 We investigated sources of heterogeneity using subgroup analysis 

and meta-regression for applicable primary outcomes. 

Subgroup analysis was carried out in STATA. We considered the following pre-

specified potential effect modifiers:  CKD stage (dialysis or pre-dialysis), vitamin 

D (new or established), use of phosphate binders (calcium-based, non-calcium 

based, unspecified and no phosphate binder use), risk of bias (allocation 

concealment) and funding source (industry, not-for-profit or unspecified).  

Univariate meta-regression was conducted in STATA using the metareg 

command.97 We considered the following pre-specified potential effect modifiers:  

attrition rate, mean participant age at baseline, and mean participant baseline 

serum PTH.  



 
  

27 

Confidence in the evidence 

We graded our confidence in estimated effects of vitamin D treatment using the 

Grading of Recommendations, Assessment, Development and Evaluation 

(GRADE) methods for systematic reviews of RCTs.93 (Figure 2.2). In this 

framework, we considered the domains of: risk of bias, imprecision, 

inconsistency, indirectness and publication bias. The summary effect estimates 

were based on randomised trial data and therefore were considered to start at 

high-level confidence. Evidence quality was then downgraded to moderate, low 

or very low depending on limitations to the quality of evidence as assessed using 

GRADE domains. Quality assessment was carried out using the GRADEpro 

computer program (www.gradeworkinggroup.org) and presented as a GRADE 

evidence profile with justifications for each judgement. 

When considering risks of bias, we assessed the extent to which our confidence 

in the evidence was limited by the following risk of bias items: random sequence 

generation, allocation concealment, blinding of participants and personnel, 

blinding of outcome assessment, intention-to-treat analysis, completeness to 

follow up and selective reporting bias.98 

We assessed inconsistency between treatment effects among the included studies 

by examining the I² value for statistical heterogeneity together with its p-value. 

Substantial statistical heterogeneity (I² > 50%, p < 0.100) that was unable to be 

explained by subgroup analysis or meta-regression led to a downgrade in our 

confidence by one level.99 

We assessed indirectness by considering whether three parameters of the 

included studies – population, treatment and outcome – reflected those targeted 
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by the meta-analysis.100 Firstly, the target population was adults with CKD who 

may be considered for vitamin D treatment based on biochemical criteria 

provided by  KDIGO guidelines.1 Secondly, the target treatment was vitamin D 

compounds, a criterion which was central to the study selection process. Thirdly, 

we considered whether the outcome was a planned primary or secondary 

outcome of the contributing studies. We downgraded our confidence in the 

evidence based on indirectness when summary estimates included data from 

participants with serum PTH, calcium or phosphorus levels outside guideline 

recommendations or if the outcome was not a planned primary or secondary 

outcome in the included studies. 

We assessed imprecision by examining the 95% CI for the effect estimate of each 

outcome.101 A 95% confidence interval which included values that favoured either 

of the compared treatments led to a downgrade in our confidence by one level. 

Evidence of publication bias can be assessed in a number of ways.102 First, the 

likelihood that all available studies were included in the meta-analysis may be 

considered by evaluating the source of studies. We did not downgrade for reasons 

of publication bias on this criterion, as data were sourced from a comprehensive 

search strategy that included hand-searched records from the literature. 

However, we did assess funnel plots for asymmetry for key outcomes in which 10 

or more studies were available, and considered how likely it was that studies may 

have been performed but not published. As publication bias is only one source of 

funnel plot asymmetry particularly in the presence of heterogeneity, inferences 

about publication bias were primarily non-statistical. 

We summarised the quality of the evidence together with absolute treatment 

effects for all-cause mortality, major cardiovascular events, commencement of 
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dialysis (for participants who did not require dialysis at baseline) and 

hypercalcaemia in a summary of findings table. 

Figure 2.2 GRADE assessment tool for confidence in the 
evidence in systematic reviews93 
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Chapter 3 Results 

The electronic searching of MEDLINE, EMBASE, the Cochrane Controlled Trial 

Register, and the Cochrane Renal Group specialised register current to 30 March 

2014 identified 2803 citations in addition to the 76 studies86,87,103-176 included in 

two previous Cochrane reviews.7,8 After title and abstract screening, 2573 of these 

citations were excluded because they were not randomised trials, did not evaluate 

treatment in people with CKD, did not measure any of the pre-specified relevant 

outcomes, or participants were not randomised to vitamin D treatment. Out of 

the remaining 230 full text articles assessed for eligibility, 88 additional 

studies177-264 involving 6561 participants were included. In total, 164 randomised 

trials involving 10,333 participants were included in the updated systematic 

review. The Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) flowchart (www.prisma-statement.org) showing the search 

and selection process is shown in (Figure 3.1). We identified 6 ongoing studies 

from trial registries (Appendix 10).265-270 Results will be presented as three 

principle findings: study characteristics, risk of bias and study outcomes. 

Study characteristics 

The number of individuals in each trial ranged from 5228 to 552262, and 97 out of 

164 (59.1%) studies enrolled fewer than 50 participants. The follow up periods in 

each trial ranged from 2 weeks135,190,223 to 5 years107,250 with 121 out of 164 (73.8%) 

studies having a follow up period of less than one year. Appendix 3 lists the 

characteristics of all included studies and a summary infographic of study 

characteristics is shown in Figure 3.2. Authors of eighteen trials provided 

additional information about study design and outcome data, which was included 

in our analyses.87,123,124,133,145,147,150,153,155,157,163,165,166,175,195,217,224,243  
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Correspondence is summarised in appendix 4. Outcome data relevant to the 

reviews were extracted from published and unpublished sources in 109 out of 164 

(66.5%) studies. 

 

  

Figure 3.1 Search and selection of randomised controlled trials 
of vitamin D in people with CKD 

76 randomised trials (3772 participants) available in 2008 
included in previous systematic reviews 

Updated search in electronic databases in February 2014  

2302 EMBASE 

234  Cochrane Central Registry of 
Controlled Trials 

213 MEDLINE 

54 Additional records identified  
through other sources 

2803 citations screened by title and abstract 

2573 citations excluded 

1849 Not randomised trial 

454  Not chronic kidney disease  

241  Not vitamin D treatment 

29  Not correct outcome 

33  Already included 

230 full text articles assessed for eligibility 

68 citations excluded 

47 Not randomised trial 

7 Not chronic kidney disease  

6 Not relevant outcome 

8 Not vitamin D treatment 

88 additional studies (6561 participants) available at 
February 2014 included in updated systematic review 

76 randomized trials (3772 participants) included 
in previous systematic review 

164 randomized trials (10333 participants) available at 
February 2014 included in updated systematic reviews 
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Characteristics of study participants 

Of the 164 identified studies, 124 (75.6%) included people with CKD requiring 

dialysis and 41 evaluated treatment in people with CKD not requiring dialysis, 

while one study (Marckmann 2012)224 included participants with CKD in both 

pre-dialysis and dialysis groups. Eleven studies enrolled 

children.105,113,128,129,138,141,166,175,204,243,251 The mean age of participants in studies 

enrolling adults ranged from 36257 to 86 years.271 For 59 out of 164 (36%) studies, 

data for average age (mean or median) were not available in extractable format. 

In the pre-dialysis group, two studies enrolled people with CKD stage 2 (eGFR of 

60 to 90 ml/min),105,161 nine enrolled people with CKD stage 3 (eGFR 30 to 59 

ml/min)86,87,109,113,115,117,118,165,190 and 22 included people with eGFR 15 to 29 

ml/min.105,114,170,178,184,188,194,195,197,198,200,208,216,217,221,224,230,236,239,251,254,258  No study 

enrolled people with CKD stage 5 not requiring dialysis (eGFR < 15 ml/min) in 

the 2009 review; however, three studies included in the 2014 update did.252,262,271 

The eGFR for study participants are detailed in appendix 3. The mean eGFR at 

enrolment was not stated in five studies.135,157,164,197,254  

In the dialysis group, four studies enrolled participants on continuous 

ambulatory peritoneal dialysis (CAPD)143,153,175,202, four studies enrolled 

participants on continuous cycling peritoneal dialysis (CCPD)125,141,166,204, while 

four studies enrolled participants on either form of peritoneal dialysis 

(PD).134,162,213,244 Eight studies included participants on both haemodialysis and 

PD.127,174,209,226,231,237,243 In four studies, the dialysis modality could not be 

ascertained.138,215,229,255 The remaining 100 studies enrolled participants receiving 

haemodialysis. 
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Types of comparisons 

Types of comparisons in the included studies are presented in three broad 

categories: (1) placebo-controlled or head-to-head comparisons, (2) comparisons 

of different dosing regimens and (3) comparisons of different routes of 

administration. Placebo-controlled or head-to-head comparisons included 

vitamin D versus placebo, established versus new vitamin D compounds, 

activated vitamin D versus vitamin D₃, comparisons of two different vitamin D 

compounds or vitamin D versus other therapies. Dosing comparisons involved 

different frequencies or doses of vitamin D while route comparisons compared 

oral, intravenous (IV), intraperitoneal (IP) or subcutaneous (SC) vitamin D. 

Placebo-controlled or head-to-head comparisons 

There were 77 studies comparing vitamin D compounds to placebo. The included 

studies evaluated: 

 Paricalcitol (19 studies)118,127,128,145,147,154,162,181,194,195,200,217,220,229,233,244,255,258,262  

 Calcitriol (18 studies)86,107,117,119,129,136,139,150,157,159,161,164,179,191,221,245,250,252 

 Cholecalciferol (18 studies)186,187,196-198,205,209,214,219,224,231,246,254,259,263,271 

 Alfacalcidol (10 studies)87,155,165,170,175,183,190,208,253,261 

 Doxercalciferol (4 studies)115,124,193,239 

 Ergocalciferol (2 studies)185,251 

 Maxacalcitol (2 studies)104,180  

 Dihydrotachysterol (2 studies)215,261  

 Calcifediol (1 study)254  

 24,25 dihydroxyvitamin D₃ (1 study)174 



 
 

Figure 3.2 Characteristics of available randomised trials on vitamin D treatment in CKD 
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There were 21 studies comparing new and established vitamin D compounds. 

Most compared new vitamin D compounds with calcitriol as the established 

vitamin D compound. The included studies compared: 

 Paricalcitol vs. calcitriol (9 studies)168,177,218,223,237,238,247-249 

 Maxacalcitol vs. calcitriol (5 studies)131,137,152,227,234 

 Doxercalciferol vs. calcitriol (3 studies)178,204,230 

 Falecalcitriol vs. calcitriol (2 studies)207,235  

 Paricalcitol vs. alfacalcidol (1 study)203  

 Falecalcitriol vs. alfacalcidol (1 study)103 

There were four studies comparing active vitamin D compounds (calcitriol and 

alfacalcidol) against vitamin D₃.108,111,114,149 

There were six studies which compared calcitriol with the following other 

established vitamin D compounds: 

 Alfacalcidol (5 studies)120,122,135,212,228 

 Dihydrotachysterol (1 study)113  

Five studies conducted other comparisons: 

 Alfacalcidol vs. alfacalcidol plus 24,25 dihydroxyvitamin D₃ (3 

studies)109,121,160 

 Paricalcitol vs. doxercalciferol (1 study)225 

 Alfacalcidol vs. dihydrotachysterol (1 study)261  

Five studies compared vitamin D compounds against the following other 

therapies: 
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 Cinacalcet (3 studies)189,199,206 

 Calcium carbonate (2 studies)133,155  

Dose comparisons 

There were seventeen studies comparing different doses of vitamin D 

compounds. Included studies compared: 

 Cinacalcet with low dose vitamin D against flexible dosing of vitamin D (5 

studies)201,211,213,226,241 

 High vs. low doses of calcitriol (4 studies),139,179,232,254 paricalcitol (2 

studies),181,194 cholecalciferol,236 and maxacalcitol104 

 Doxercalciferol dosing according to previous injection dose (2 

studies)176,210 

 Paricalcitol dosing according to body weight or severity of 

hyperparathyroidism (serum iPTH levels)146,264 

Nineteen studies compared different frequencies of vitamin D administration: 

 Daily vs. intermittent calcitriol administered monthly,216 weekly,112,116 

twice weekly,105,132,153 thrice weekly.110,138,144,158,173,257 (12 studies) 

 Thrice weekly vs. weekly doses of either calcitriol148,158,167,242 or 

paricalcitol260 (5 studies) 

 Weekly high dose vs. twice weekly low dose IV alfacalcidol dosing 

schedules (1 study)182 

 Thrice weekly high dose vs. six times weekly low dose oral alfacalcidol 

dosing schedules (1 study)169 
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Drug route of administration 

Eighteen studies compared different routes of vitamin D administration: 

 Oral vs. IV calcitriol (10 studies)106,110,112,123,133,141,142,163,172,222 and 

alfacalcidol (2 studies)130,140  

 Oral vs. intraperitoneal calcitriol (4 studies)125,134,166,202 

 Oral vs. subcutaneous calcitriol (2 studies)143,202 

Other comparisons 

Two studies compared effects of vitamin D administered in the morning 

compared to the evening.171,256 

Study risks of bias 

Risks (Figure 3.3) are summarised under the characteristics of studies in 

appendix 3 and detailed justifications are provided in appendix 5. Many 

assessment items were unclear because the relevant details were not reported or 

were difficult to ascertain.  

Random sequence generation methods of 36 out of 164 (22%) studies were 

regarded as having a low risk of bias, while five (3%) studies were judged as 

having a high risk of bias because participants were randomised using 

alternation,172,174 based on days of the week on which they received 

haemodialysis,191 according to whether the participant number was even or 

odd,119 or according to date of entry into the dialysis program.125 Risk of bias due 

to random sequence generation methods was unclear in the remainder of studies, 

mainly due to lack of reporting.  
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Allocation concealment in 21 out of 164 studies was regarded as adequate while 

eight studies were judged as having inadequate allocation concealment and high 

risk of selection bias. For most studies, methods of allocation concealment were 

not specified and 135 out of 164 (82.3%) studies had unclear risk of bias for this 

assessment item. 

Adequate blinding of participants and personnel was reported in 57 studies 

(34.8%), while blinding of primary outcome assessors was reported in 17 studies 

(10.4%). There were a number of open-label studies contributing to 32 out of 164 

(19.5%) studies being judged as having high risk of performance bias for 

inadequate blinding of participants and/or personnel. There was high risk of 

detection bias in 26 out of 164 (15.9%) studies due to inadequate blinding of 

outcome assessment. 

Loss to follow up ranged from 0% in 47 out of 164 (28.7%) of studies up to 55%.125 

In 35 out of 164 (21.3%), loss to follow up could not be determined. Risk of 

attrition bias as a result of significant incomplete outcome data was judged as 

being low and high in 45 (27.4%) and 56 (34.4%) studies, respectively. For the 

remaining 61 studies (37.2%), it was uncertain whether missing outcome data 

would have had a clinically relevant impact on the observed effect size.  

Intention-to-treat analysis was reported in 28 studies (17.1%). 

Selective outcome reporting was detected in 42 out of 164 (25.6%) included 

studies, which meant they were at high risk of reporting bias. Adequate outcome 

reporting was observed in 12 studies (7.3%) and for the remaining 110 studies 

(67.1%) it was unclear whether selective reporting was a source of bias commonly 

because the study protocol was not available. 
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Involvement of data management, analysis or authorship by the study sponsor 

was evident in 42 studies (25.6%), indicating a high risk of sponsorship bias. In 

28 out of 164 studies (17.1%) there was low risk of sponsorship bias while in 94 

studies (57.3%), risk of bias of this nature was unclear. 

Figure 3.3 Summary of risk of bias in the included studies 

 

 
Study outcomes 

The meta-analyses for each pre-specified outcome will be reported separately for 

each drug comparison. In addition, for each outcome, if applicable, results will 

be presented for all participants of all CKD stages as well as separately for the 

subgroups of participants with chronic kidney disease not requiring dialysis and 

requiring dialysis. All detailed forest plots including subgroup analysis according 

to stage of CKD, new or established vitamin D, co-intervention with phosphate 

binders, allocation bias and funding source for each meta-analysis are presented 

in appendix 6, and meta-regression and funnel plots are presented in appendix 
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7. Outcome data that could not be used in meta-analysis were presented 

descriptively in appendix 8. 

Vitamin D versus placebo 

Patient-centred outcomes 

Figure 3.4 All-cause mortality 

 

All-cause mortality 

In 77 studies comparing vitamin D to placebo, 21 reported mortality, with eight 

reporting that no deaths occurred during treatment,129,136,145,194,217,243,258,262 and 

the remaining thirteen reporting one or more deaths which contributed to meta-

analysis (Figure 3.4).87,115,118,150,154,161,184,196,205,224,250,259,263 Vitamin D had 

uncertain effects on all-cause mortality (Analysis 1.1, 21 studies (847 

participants): RR 1.22, 95% CI 0.72 to 2.07), with no evidence of statistical 

heterogeneity (I²=0%, p=0.986). There was no evidence that stage of CKD, type 
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of vitamin D compound, co-intervention with phosphate binder, reported 

methods of allocation concealment, attrition rate, mean participant age and 

baseline serum PTH modified the effects of vitamin D compounds on all-cause 

mortality (Appendices 6 and 7). 

Major cardiovascular events 

Four studies115,200,258,262 enrolling participants not requiring dialysis reported 

major cardiovascular events. Two of these studies reported cardiovascular events 

as a pre-specified endpoint assessed by independent blinded adjudication 

committees,258,262 while the other two reported cardiovascular events as adverse 

events as part of safety analysis.115,200 New vitamin D compounds reduced risk of 

major cardiovascular events compared to placebo (Analysis 1.2, 4 studies (418 

participants): RR 0.21, 95% CI 0.06 to 0.73, p=0.813; Figure 3.5), with no 

evidence of statistical heterogeneity in the analysis (I²=0%, p=0.813). 

Figure 3.5 Major cardiovascular events 
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Fracture 

Eight studies compared risk of fracture in participants receiving vitamin D and 

placebo/no treatment. Half of these reported that no fractures occurred during 

treatment in the study population.119,147,175,243 Vitamin D treatment had uncertain 

effects on fracture compared to placebo/no treatment (Analysis 1.3, 8 studies 

(572 participants): RR 0.97, 95% CI 0.25 to 3.76),86,107,205,262  without statistical 

heterogeneity in the analysis (I²=0%, p=0.855). 

Development of bone pain  

In five studies119,145,150,155,243  enrolling participants on dialysis, three reported 

that no participants experienced development of bone pain during treatment. 

Overall, vitamin D had uncertain effects on development of bone pain compared 

to no treatment (Analysis 1.4, 5 studies (131 participants): RR 0.31, 95% CI 0.03 

to 2.81), with no evidence of statistical heterogeneity in the analysis (I²=0%, 

p=0.758). 

Stature 

Memmos 1981 reported that four adults who had been receiving dialysis for at 

least one year randomised to placebo lost height during the two year study of 

calcitriol.150 

Parathyroidectomy 

Four studies86,107,150,183 that reported parathyroidectomy as an endpoint 

demonstrated no difference between vitamin D treatment and placebo/no 

treatment (Analysis 1.5, 4 studies (253 participants): RR 1.01, 95% CI 0.33 to 

3.10), with evidence of moderate statistical heterogeneity (I²=37.8%, 0.185). 
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Commencement of dialysis 

Eight studies87,115,161,164,194,214,258,262 that included participants not requiring 

dialysis at baseline reported commencement of dialysis showing no difference in 

risk between participants randomised to vitamin D and placebo (Analysis 1.6, 8 

studies (869 participants): RR 1.04, 95% CI 0.59 to 1.84). There was no evidence 

of heterogeneity in this analysis (I²=0%, p=0.694). 

Hospitalisation  

Four studies200,217,224,262 that included participants not requiring dialysis 

reported hospitalisations. Vitamin D had uncertain effects on hospitalisation 

(Analysis 1.7, 4 studies (193 participants): RR 0.41, 95% CI 0.14 to 1.23), without 

evidence of statistical heterogeneity in the analysis (I²=0%, p=0.479). 

Gastrointestinal disturbance 

Gastrointestinal disturbances were the most common adverse effects reported in 

the included studies. Vitamin D had uncertain effects on gastrointestinal 

disturbance compared to placebo (Analysis 1.8, 3 studies (476 participants): RR 

1.66, 95% CI 0.64 to 4.28),87,118,205 with no evidence of statistical heterogeneity in 

this analysis (I²=0%, p=0.442). 

Radiological outcomes 

Development of osteitis fibrosa 

Vitamin D had uncertain effects on development of osteitis fibrosa compared to 

placebo (Analysis 1.9, 3 studies (94 participants): RR 0.66, 95% CI 0.37 to 

1.18),86,107,157 without evidence of statistical heterogeneity (I²=0%, p=0.541). 
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Development of osteomalacia 

Two studies,86,107 one each for participants requiring and not requiring dialysis, 

reported development of osteomalacia as a clinical outcome. Meta-analysis of the 

two studies showed that vitamin D increased development of osteomalacia 

although the confidence interval marginally included no effect (Analysis 1.10, 2 

studies (33 participants): RR 7.38, 95% CI 1.00 to 54.2), without evidence of 

statistical heterogeneity (I²=0%, p=0.959). 

Other bone histomorphometry outcomes 

Other bone histomorphometry outcomes which were not useable for meta-

analysis are summarised descriptively in appendix 8.  

Subperiosteal erosions  

Vitamin D had uncertain effects on development of subperiosteal erosions 

compared to placebo (Analysis 1.11, 3 studies (143 participants): RR 0.53, 95% CI 

0.13 to 2.22),107,150,175 with evidence of moderate statistical heterogeneity 

(I²=40.5%, p=0.187). Memmos 1981 was the only study to also report resolution 

of subperiosteal lesions which showed that vitamin D had uncertain effects 

compared to placebo (22 partipants: RR 11.0, 95% CI 0.68 to 178).150 

Vascular calcification  

In meta-analysis of three studies,86,107,155 two enrolling participants on dialysis 

and one with participants not requiring dialysis at baseline, vitamin D had 

uncertain effects on development of vascular calcification compared to placebo 

(Analysis 1.12, 3 studies (205 participants): RR 1.05, 95% CI 0.51 to 2.14). There 

was no evidence of statistical heterogeneity in this analysis (I²=0%, p=0.977). In 

a single study, vitamin D prevented progression of vascular calcification, but 
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there was possibility of no effect (74 participants: RR 0.53, 95% CI 0.27 to 

1.04).107 

Biochemical outcomes 

Parathyroid hormone  

End of treatment serum parathyroid hormone 

Twelve studies119,136,147,150,154,155,175,180,191,246,253,263 including 462 participants 

requiring dialysis and nine studies86,115,117,161,188,198,200,221,252 including 355 

participants not requiring dialysis reported end of treatment PTH levels 

extractable for meta-analysis. Vitamin D compounds reduced PTH compared to 

Figure 3.6 End of treatment serum parathyroid hormone levels 
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placebo (Analysis 1.13, 21 studies (817 participants): MD -116 pg/ml, 95% CI -165 

to -66.1; Figure 3.6), although the analysis showed substantial statistical 

heterogeneity (I²=86.5%, p=0.000). 

Table 3.1 Summary of subgroup analyses for the effects of  
vitamin D on end of treatment PTH 

 

Subgroup   

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, n Mean Difference* (95% CI)  

p-value 
for 
subgroup 
difference
** 

            

Stage of CKD            

Receiving 
dialysis119,136,147,150,154,155,175,1

80,191,246,253,263 
  12 462 -171 (-234 to -108) 

  
<0.001 Not requiring 

dialysis86,115,117,161,188,198,200,22

1,252 
  9 335 -27.0 (-42.7 to -11.3) 

Type of vitamin D 
compound 

          

New vitamin D 
compounds115,147,154,180,200 

  5 252 -132 (-226 to -37.5) 

  
0.644 Established vitamin D 

compounds86,117,119,136,150,155,161,175,18

8,191,198,221,246,252,253,263 
  16 565 -107 (-167 to -46.3) 

Concomitant phosphate binder therapy       

Receiving phosphate 
binders115,119,136,147,150,154,155,1

61,175,180,246 
  11 462 -148  (-217 to -78.8) 

  
<0.001 Not receiving phosphate 

binders86,117,188,191,198,200,221,25

2,253,263 
  10 80 -35.6 (-62.8 to -8.33) 

Risk of bias from allocation concealment       

High or 
unclear86,115,117,119,136,147,150,15

4,155,161,180,188,191,198,221,246,252,2

53,263 

  19 750 -113 (-164 to -62.0)   
<0.001 

Low175,200   2 322 -242 (-712 to 227) 

Funding source           

Industry-
funded115,147,154,161,175,200 

  6 255 -116 (-198 to -34.8) 

  
  
0.022 

Funded by not-for-profit, 
governmental or education 
organisations86,191,263 

  3 214 -83.5 (-232 to 64.9) 

Funding source not 
stated117,119,136,150,155,180,188,19

8,221,246,252,253 
  12 470 -120 (-197 to -43.3) 

*Values <0 or >0 indicate the direction of effect for vitamin D vs placebo, i.e. MD > 0 shows that people receiving 
vitamin D had a higher mean value than placebo 
**A p value for heterogeneity < 0.10 was considered to show statistically significant subgroup heterogeneity 
 
 

To explore this statistical heterogeneity, we conducted subgroup analysis. The 

effect of vitamin D treatment on end of treatment PTH was greater among 

participant populations receiving dialysis than those not requiring dialysis at 
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baseline (p<0.001) and greater in those receiving concomitant phosphate binder 

therapy than those not receiving concomitant phosphate binder therapy 

(p<0.001). Type of vitamin D compounds did not modify the effects of vitamin D 

in lowering PTH levels, while allocation concealment and funding source had 

uncertain effects on PTH suppression by vitamin D compounds (Table 3.1; 

Appendix 6). 

Meta-regression to assess for the effects of attrition produced a model that did 

not fit a linear regression (adjusted R²<0) and therefore was unlikely to explain 

heterogeneity in the comparison between vitamin D and placebo (Appendix 7). 

In contrast, the mean difference in PTH decreased by 0.154 pg/ml (95% CI -

0.328 to 0.019) for each one pg/ml increase in mean baseline PTH (p=0.076), 

while mean difference in PTH increased by 8.41 pg/ml (95% CI 2.34 to 14.5) for 

each one year increase in average participant’s age (p=0.009). When we removed 

Watson 1989 from the meta-regression because it enrolled paediatric 

participants, the relationship between age and mean difference in PTH lost 

significance (mean difference in PTH increased by 6.85 pg/ml (95% CI -3.03 to 

16.7, p=0.162). An exploratory meta-regression to investigate the relationship 

between vitamin D dose and mean difference in end of treatment PTH between 

those receiving vitamin D and placebo showed possibility of a linear dose-

response relationship in which mean difference increased by 6.4 pg/ml for every 

µg/week increase in dose of vitamin D (p=0.097). 

Reduction in PTH by > 30% of baseline 

Eleven studies104,115,118,127-129,198,220,233,244,258 reported the outcome for PTH as a 

reduction by > 30% from the baseline value. Vitamin D increased the likelihood 

of a PTH reduction > 30% compared to placebo (Analysis 1.14, 11 studies (1154 
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participants): RR 5.34, 95% CI 3.98 to 7.17), with low statistical heterogeneity 

(I²=10.3%, p=0.346).  

Subgroup analysis showed that stage of CKD, type of vitamin D compound (new 

or established), co-intervention with phosphate binders, reported methods of 

allocation concealment and the funding source did not modify the effect of 

vitamin D on achieving > 30% reduction from baseline PTH (Appendix 6). 

Other studies reported PTH in ways that were not useable in meta-analyses. 

Descriptive findings are summarised in appendix 8.  

Calcium and phosphorus levels 

End of treatment serum calcium (mg/dl) 

Nineteen studies reported end of treatment serum calcium. Eight 

studies136,147,155,180,191,246,261,263 enrolled 320 participants requiring dialysis  and 

eleven86,115,117,161,188,190,198,200,252,262,271 enrolled 627 participants not requiring 

dialysis. Vitamin D treatment increased end of treatment serum calcium 

(Analysis 1.15, 19 studies (947 participants): MD 0.33 mg/dl, 95% CI 0.19 to 

0.0.46), with evidence of high statistical heterogeneity (I²=69.5%, p=0.000).  

Subgroup analysis according to stage of CKD, new or established vitamin D, co-

intervention with phosphate binders and funding source did not modify the effect 

of vitamin D on serum calcium (Appendix 6). Meta-regression to assess for the 

effects of baseline PTH, attrition and participant age on end of treatment serum 

calcium produced models that did not fit a linear regression (adjusted R²<0) and 

therefore did not explain heterogeneity in the comparison between vitamin D 

and placebo (Appendix 7). 
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One or more episodes of hypercalcaemia 

Fifteen104,119,129,145,175,187,196,205,219,220,231,233,243 studies including participants 

requiring dialysis, sixteen including participants not requiring dialysis at 

baseline87,115,117,118,161,164,194,195,200,213,217,239,251,258,262 and one224 including both 

subgroups of participants reported hypercalcaemia.a Vitamin D increased risk of 

one or more episodes of hypercalcaemia compared to placebo (Analysis 1.16, 32 

studies (2214 participants): RR 2.82, 95% CI 1.75 to 4.55; Figure 3.7), with no 

evidence of statistical heterogeneity (I²=0%, p=0.574).  

 

  

                                                   
a Serum calcium thresholds used in the included studies to define hypercalcaemia ranged 10.2-12 mg/dl or 2.55-3 
mmol/l; see appendix 9 for details 
 

Figure 3.7 One or more episodes of hypercalcaemia 
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Table 3.2 Summary of subgroup analyses for the effects of 
vitamin D on hypercalcaemia 

 

Subgroup 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk*  
(95% CI)  

p-value 
for 
subgroup 
difference
** 

          

Stage of CKD          

Receiving 
dialysis104,119,129,145,175,187,196,205,219,220,224,231,233,243,244,246 

16 843 1.68 (0.86 to 3.28) 
  
0.1 Not requiring 

dialysis87,115,117,118,161,164,165,194,195,200,214,217,224,239,251,258,262 
17 1371 4.73 (2.42 to 9.23) 

Type of vitamin D compound         

New vitamin D 
compounds104,115,118,145,194,195,200,220,233,239,244,258,262 

14 1273 5.67 (2.58 to 12.46)  

  
0.029 Established vitamin D 

compounds87,117,119,129,161,164,165,175,187,196,205,214,217,219,224,2

31,243,246,251 
18 941 1.87 (1.03 to 3.42) 

Concomitant phosphate binder therapy       

Receiving phosphate 
binders87,115,119,129,161,164,165,175,187,194-

196,205,217,220,224,231,239,243,244,246,251,262 
23 1325 2.19 (1.30 to 3.70) 

  
0.02 

Not receiving phosphate 
binders104,117,118,145,200,214,219,233,258 

9 889 10.2 (3.13 to 33.3) 

Risk of bias from allocation concealment       

High119,205,243 3 107 1.27 (0.44 to 3.65) 

  
  
0.174 

Unclear104,115,117,129,145,161,164,165,187,195,196,214,219,220,231,233,23

9,244,246,258,262 
21 1338 4.07 (1.65 to 10.0) 

Low 87,118,175,194,200,217,224,251 8 769 2.84 (1.32 to 6.10) 

Funding source         

Industry-
funded87,115,118,129,161,164,175,194,195,200,205,217,220,233,239,244,258,2

62 
18 1515 3.45 (1.94 to 6.13) 

  
  
0.022 

Funded by not-for-profit, governmental or 
education organisations16,65,126,133,153 

5 252 1.53 (0.14 to 16.78) 

Funding source not stated104,119,145,187,196,214,219,243,246 9 447 2.30 (0.81 to 6.58) 

* Values <1 or >1 indicate the direction of effect for vitamin D vs placebo, i.e. RR > 1 shows that people receiving 
vitamin D were more likely to experience the event than placebo 
**A p value for heterogeneity < 0.10 was considered to show statistically significant subgroup heterogeneity 

 

The effect of vitamin D treatment on risk of having one or more episodes of 

hypercalcaemia was no different among participant populations not requiring 

dialysis than those receiving dialysis at baseline (p=0.1). The effect of vitamin D 

treatment on risk of having one or more episodes of hypercalcaemia was greater 

in those receiving new vitamin D compounds than established vitamin D 

compounds (p=0.029), and greater in those not receiving concomitant 
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phosphate binder therapy than those receiving concomitant phosphate binder 

therapy (p=0.02). Risk of allocation concealment did not modify the effects of 

vitamin D on risk of hypercalcaemia, while funding source had uncertain effects 

on risk of hypercalcaemia in vitamin D therapy. (Table 3.2; Appendix 6).  

Meta-regression to assess for the attrition and participant age on risk of 

hypercalcaemia produced models that did not fit a linear regression (adjusted 

R²<0) and therefore did not explain heterogeneity in the comparison between 

vitamin D and placebo (Appendix 7). In contrast, the relative risk of one or more 

episodes of hypercalcaemia increased by 0.014 (95% CI 0.007 to 0.021) for each 

one pg/ml increase in average participants baseline PTH (p=0.001). 

Withdrawal from treatment due to hypercalcaemia 

Fourteen studies87,104,107,145,175,180,195,200,221,231,250,261,262 reported number of 

participants from each arm who withdrew from treatment due to 

hypercalcaemia. Vitamin D increased withdrawal from treatment compared to 

placebo (Analysis 1.17, 14 studies (981 participants): RR 3.76, 95% CI 1.86 to 

7.62), with no evidence of statistical heterogeneity in this analysis (I²=0%, 

p=1.000). Subgroup analysis according to stage of CKD, new or established 

vitamin D, co-intervention with phosphate binders, reported methods of 

allocation concealment and funding source did not modify the effect of vitamin 

D on the likelihood of withdrawal from treatment due to hypercalcaemia 

(Appendix 6).  

End of treatment serum phosphorus 

Vitamin D significantly increased end of treatment serum phosphorus when 

compared to placebo in meta-analysis of seven studies136,147,155,191,231,246,261 

enrolling participants requiring dialysis at baseline and eleven 
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studies115,117,161,188,190,198,200,221,252,262,271 enrolling pre-dialysis patients (Analysis 

1.18, 18 studies (935 participants): MD 0.19 mg/dl, 95% CI 0.01 to 0.38), with 

evidence of moderate statistical heterogeneity (I²=64.4%, p=0.000). Stage of 

CKD, type of vitamin D, concomitant phosphate binder therapy, reported 

methods of allocation concealment and funding source had uncertain effects on 

end of treatment serum phosphorus (Appendix 6). 

Meta-regression to assess for the effects of baseline PTH levels and average age 

of participants on end of treatment serum phosphorus produced models that did 

not fit a linear regression (adjusted R²<0) and therefore did not explain 

heterogeneity in the comparison between vitamin D and placebo (Appendix 7). 

In contrast, serum phosphorus may have been decreased by 0.012 mg/dl (95% 

CI -0.030 to 0.069) for each 1% increase in attrition of participants from follow 

up (p=0.122), although the 95% confidence interval includes possibility of no 

effect. 

One or more episodes of hyperphosphataemia 

Twelve studies118,129,145,161,164,175,200,205,220,243,246,251 reported number of 

participants from each arm who experienced one or more episodes of 

hyperphosphataemia b  during treatment. Three studies reported that no 

participants had hyperphosphataemia during treatment.164,220,251 Overall, 

vitamin D had uncertain effects on hyperphosphataemia compared to placebo 

(Analysis 1.19, 12 studies (812 participants): RR 1.19, 95% CI 0.88 to 1.63), with 

no evidence of statistical heterogeneity (I²=0%, p=0.603). Subgroup analysis 

according to stage of CKD, new or established vitamin D, co-intervention with 

                                                   
b Serum phosphorus thresholds used in the included studies to define hyperphosphataemia ranged 4.6-7 mg/dl or 1.5-
2.3 mmol/l; see appendix 9 for details 
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phosphate binders, reported methods of allocation concealment and funding 

source did not modify the effect of vitamin D on the risk of hyperphosphataemia 

(Appendix 6). 

One or more episodes of elevated serum calcium by phosphorus product 

Vitamin D therapy had uncertain effects on risks of elevated serum calcium by 

phosphorus productc (Analysis 1.20, 5 studies (408 participants): RR 2.16, 95% 

CI 0.67 to 6.95),115,118,129,161,233 with limited evidence of statistical heterogeneity 

(I²=28.6%, p=0.246). 

Alkaline phosphatase  

Vitamin D treatment decreased ALP levels compared to placebo (Analysis 1.21, 

10 studies (384 participants): MD -27.7 U/L, 95% CI -44.6 to -

10.9),86,147,154,155,161,221,246,261-263 with evidence of high statistical heterogeneity in 

this analysis (I²=73.1%, p=0.000). 

Glomerular filtration rate  

Vitamin D had uncertain effects on GFR compared to placebo (Analysis 1.22, 9 

studies (252 participants): MD 0.27 ml/min/1.73m², 95% CI -2.00 to 

2.53),86,115,161,165,188,190,208,221,252 with moderate statistical heterogeneity 

(I²=32.9%, p=0.155).  

Bone mineral density  

Przedlacki 1995161 reported end of treatment BMD finding no difference between 

treatment groups at the femoral neck (25 participant: MD -0.07 g/cm², 95% CI -

                                                   
c Serum calcium by phosphorus product thresholds used in the included studies to define elevated serum calcium by 
phosphorus product ranged 55-75mg²/dl²; see appendix 9 for details 
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0.25 to 0.11) or lumbar spine (25 participants: MD -0.02 g/cm², 95% CI -0.18 to 

0.14).  

Established versus new vitamin D compounds 

Patient-centred outcomes 

Most studies comparing established and new vitamin D compounds did not 

report patient-centred outcomes including cardiovascular events and 

progression to end-stage kidney disease (ESKD). Patient-centred outcomes 

reported in eligible studies were limited to all-cause mortality, fracture and 

adverse events. 

All-cause mortality 

Three out of 21 studies comparing established and new vitamin D compounds 

reported all-cause mortality. Two studies103,203 reported that no deaths occurred 

during the treatment period, and data from Hayashi 2004131 showed that 

established versus new vitamin D compounds had uncertain effects on mortality 

(RR 2.00, 95% CI 0.19 to 21.2).131 

Fracture 

Hayashi 2004131 reported that no fractures occurred during the treatment period. 

Adverse events 

Eleven out of 21 studies131,137,168,177,218,230,234,235,238,247-249 did not report adverse 

events except hypercalcaemia and hyperphosphataemia, four studies152,178,207,227 

reported that no other adverse events related to medication occurred, three 

studies152,223,225  were identified as crossover study designs which did not report 

adverse events in the first treatment period, and four reported adverse events 

(Appendix 8). 
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Table 3.3 Summary of biochemical results comparing established 
and new vitamin D compounds 

 
     

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or Mean 
Difference** (95% CI)  

Heterogeneity (I², 
%)*** or p-value 
for subgroup 
difference**** 

          

Parathyroid hormone         

End of treatment PTH (pg/ml) 7 431 44.8 (10.9 to 78.8) 39.3 

Receiving dialysis131,177,203,249 4 258 52.4 (-11.0 to 116) 
0.518 

Not requiring dialysis178,216,230 3 173 44.4 (-1.26 to 90.1) 

Reduction in PTH > 30% from baseline 3 368 0.85 (0.56 to 1.30) 54.5 

Receiving dialysis203,237 2 260 1.00 (0.76 to 1.31) 
0.045 

Not requiring dialysis216 1 108 0.43 (0.20 to 0.93) 

Reduction in PTH > 50% from baseline 3 522 0.80 (0.39 to 1.65) 60.8 

Receiving dialysis168,177 2 457 0.94 (0.74 to 1.20) 
0.032 

Not requiring dialysis178 1 65 0.11 (0.01 to 0.77) 

Calcium         

End of treatment serum calcium 
(mg/dl) 

6 281 -0.01 (-0.37 to 0.34) 66 

Receiving dialysis31,79,125,139 4 184 -0.06 (-0.39 to 0.27) 
0.883 

Not requiring dialysis80,132 2 97 0.04 (-1.04 to 1.11) 

One or more episodes of 
hypercalcaemia 

8 531 1.02 (0.70, 1.48) 0 

Receiving dialysis103,131,152,203,237 5 338 0.95 (0.64, 1.43) 
0.366 

Not requiring dialysis178,216,230 3 193 1.57 (0.57, 4.32) 

Withdrawal from treatment due to 
hypercalcaemia††103,152 

2 281 0.89 (0.24, 3.33) 0 

Phosphorus          

End of treatment serum phosphorus 
(mg/dl) 

5 289 0.29 (0.04, 0.55) 0 

Receiving dialysis131,177,203,237 4 142 0.29 (-0.04, 0.62) 
0.964 

Not requiring dialysis230 1 47 0.30 (-0.11, 0.71) 

One or more episodes of 
hyperphosphataemia 

4 407 0.98 (0.75, 1.28) 0 

Receiving dialysis131,203 2 271 1.00 (0.77, 1.32) 
0.360 

Not requiring dialysis118,132 2 136 0.53 (0.14, 2.01) 

*Values <1 or >1 indicate the direction of effect for established vitamin D vs new vitamin D, i.e. RR > 1 shows that people receiving 
established vitamin D were more likely to experience the event than placebo 
**Values <0 or >0 indicate the direction of effect for established vitamin D vs new vitamin D, i.e. MD > 0 shows that people receiving 
established vitamin D had a higher mean value than new vitamin D 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent heterogeneity that might not be important, might be 
moderate, might be substantial or was substantial respectively32 
****A p value for heterogeneity < 0.10 was considered to show statistically significant subgroup heterogeneity 
†Both studies enrolled participants receiving dialysis 
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Biochemical outcomes 

Biochemical outcomes are summarised in Table 3.3. People receiving established 

vitamin D compounds had higher end of treatment PTH compared to new 

vitamin D compounds (MD 44 mg/dl, 95% CI 10.9 to -78.8), but there were 

uncertain effects on reduction in PTH by > 30% or 50% from baseline (RR 0.85, 

95% CI 0.56 to 1.3 and RR 0.80, 95% CI 0.39 to 1.65, respectively). Established 

vitamin D compounds had uncertain effects on end of treatment serum calcium 

(MD -0.01 mg/dl, 95% CI -0.37 to 0.34), hypercalcaemia (RR 1.02, 95% CI 0.70 

to 1.48) and hyperphosphataemia (RR 0.98, 95% CI 0.75 to 1.28) but significantly 

increased end of treatment serum phosphorus compared to new vitamin D 

compounds (MD 0.29 mg/dl, 95% CI 0.04 to 0.55). Results not useable for meta-

analysis are summarised in appendix 8. 

Active vitamin D compounds vs. vitamin D₃ 

Patient-centred outcomes 

None of the four early studies comparing oral calcitriol to vitamin D₃ reported 

patient-centred outcomes including all-cause mortality, cardiovascular events 

and progression to ESKD. Patient-centred outcomes reported in eligible studies 

were limited to bone pain (one study showing uncertain effects in 4 participants: 

RR 3.5, 95% CI 0.31 to 39.7)108 and adverse events,149 which are summarised in 

appendix 8. 

Surrogate outcomes 

Calcitriol reduced PTH by -210 pg/ml (95% CI -245 to -175) when compared to 

25-hydroxyvitamin D3 in one study (41 participants),111 but had uncertain effects 

on serum calcium (Analysis 3.1, 2 studies (72 participants): MD 0.50 mg/dl, 95% 
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CI -0.13 to 1.14; I²=76.0%, p=0.041).108,111 Treatment with vitamin D3 reduced 

bone calcium and mineral content compared to calcitriol (19 participants: RR 

8.57, 95% CI 1.24 to 59.3).108 Additional results which were not useable for 

calculation of an effect estimate were summarised in appendix 8. 

Calcitriol versus other established vitamin D compounds 

Patient-centred outcomes 

None of the studies comparing calcitriol to other established vitamin D 

compounds reported patient-centred outcomes including cardiovascular events 

and progression to ESKD. Patient-centred outcomes reported in eligible studies 

(all-cause mortality212 and growth113) were not useable for analysis and were 

summarised in appendix 8. 

Table 3.4 Summary of biochemical results comparing calcitriol and 
other vitamin D compounds 

 
     

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or 
Mean Difference** 
(95% CI)  

Heterogeneity 
(I², %)*** 

          

Parathyroid hormone         

End of treatment PTH (pg/ml)212 1 32 - 

Calcium         

End of treatment serum calcium (mg/dl)120,212 2 78 0.92 (-0.84, 2.69) 96.2 

One or more episodes of hypercalcaemia212 1 32 1.76 (0.18 to 17.6) - 

Withdrawal from treatment due to 
hypercalcaemia212 

1 32 2.67 (0.12 to 60.9) - 

Phosphorus          

End of treatment serum phosphorus (mg/dl)120,212 2 78 0.23 (-1.43, 1.89) 74.2 

One or more episodes of hyperphosphataemia212 1 32 0.97 (0.59 to 1.60) - 

Calcium and phosphorus         

One or more episodes of elevated serum 
calcium by phosphorus product212 

1 32 0.74 (0.46 to 1.18) - 

* Values <1 or >1 indicate the direction of effect for calcitriol vs alfacalcidol, i.e. RR > 1 shows that people receiving calcitriol were more 
likely to experience the event than alfacalcidol 
**Values <0 or >0 indicate the direction of effect for calcitriol vs alfacalcidol, i.e. MD > 0 shows that people receiving calcitriol had a 
higher mean value than alfacalcidol 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be important, 
might be moderate, might be substantial or was substantial respectively32 
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Biochemical outcomes 

Calcitriol had uncertain effects on end of treatment serum PTH, calcium and 

phosphorus as well as hypercalcaemia, hyperphosphataemia and elevated serum 

calcium by phosphorus product compared to other established vitamin D 

compounds (Table 3.4).  

Other vitamin D versus vitamin D comparisons 

Patient centred outcomes 

None of the studies comparing different vitamin D compounds head-to-head 

reported patient-centred outcomes including all-cause mortality, cardiovascular 

events and progression to ESKD or adverse events except for hypercalcaemia and 

hyperphosphataemia events. Popovtzer 1992 reported that among participants 

who had bone pain, 7/14 patients receiving alfacalcidol and 24,25 

dihydroxyvitamin D3 and 1/9 patients receiving alfacalcidol alone had improved 

bone pain (RR o.22, 95% CI 0.03 to 1.52).160 

Surrogate outcomes 

PTH, calcium, phosphorus, ALP and bone histomorphometry outcomes reported 

in eligible studies were not useable for analysis and were summarised in 

appendix 8. 

Vitamin D versus cinacalcet 

Patient-centred outcomes 

Vitamin D versus cinacalcet had uncertain effects on all-cause mortality (RR 

2.04, 95% CI 0.13 to 31.3), fracture (RR 10.19, 95% CI 1.25 to 82.9) and 

parathyroidectomy (RR 8.15, 95% CI 0.96 to 69.4) based on the results of one 



60 
 

study (El-Shafey 2011, 83 participants).199 Adverse events reported by two189,199 

out of three studies were summarised in appendix 8. 

 
Table 3.5 Summary of trial results for vitamin D versus 

cinacalcet and vitamin D versus calcium carbonate 
 

     

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or 
Mean Difference** 
(95% CI)  

Heterogeneity 
(I², %)*** 

          

Vitamin D versus cinacalcet         

Patient-centred outcomes199         

All-cause mortality 1 83 2.04 (0.13 to 31.3) - 

Fracture 1 83 10.19 (1.25 to 82.9) - 

Parathryoidectomy 1 83 8.15 (0.96 to 69.4) - 

Parathyroid hormone         

End of treatment PTH (pg/ml)189,199 2 128 93.3 

Discontinuation of therapy due to PTH 
suppression189 

1 50 1.00 (0.28 to 3.56) - 

Calcium and phosphorus         

End of treatment serum calcium (mg/dl)199 1 78 1.16 (0.65 to 1.66) - 

End of treatment serum phosphorus 
(mg/dl)199 

1 78 0.90 (0.4 to 1.39)  - 

One or more episodes of 
hyperphosphataemia189 

1 50 3.00 (0.13 to 70.3) - 

Vitamin D versus calcium carbonate         

Parathyroid hormone         

End of treatment PTH (pg/ml)133,272 2 69 0 

Calcium and phosphorus         

End of treatment serum calcium (mg/dl)133,272 2 69 0.08 (-0.46 to 0.63) 0 

End of treatment serum phosphorus 
(mg/dl)133,272 

2 69 -0.67 (-2.52 to 1.18) 82.2 

One or more episodes of hypercalcaemia133 1 31 1.38 (0.76 to 2.50) - 

One or more episodes of 
hyperphosphataemia133 
 

1 31 2.75 (1.01 to 7.46) - 

* Values <1 or >1 indicate the direction of effect for vitamin D vs other medication, i.e. RR > 1 shows that people receiving vitamin D 
were more likely to experience the event than other medication 
**Values <0 or >0 indicate the direction of effect for vitamin D vs other medication, i.e. MD > 0 shows that people receiving vitamin 
D had a higher mean value than other medication 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be 
important, might be moderate, might be substantial or was substantial respectively32 

Surrogate outcomes 

Vitamin D treatment increased serum calcium levels by 1.16 mg/dl (95% CI 0.65 

to 1.66) and phosphorus by 0.90 mg/dl (95% CI 0.4 to 1.39) compared to 
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cinacalcet in El-Shafey 2011 (78 particpants),199 but had uncertain effects on 

discontinuation of therapy due to PTH suppression,189 end of treatment serum 

PTH189,199 and hyperphosphataemia189 (Table 3.5). 

Vitamin D versus calcium carbonate 

Patient-centred outcomes 

Fournier 1993 reported that among those randomised to vitamin D, two 

participants were excluded from the study due to death, one for a transient 

cerebrovascular accident and two due to uncontrollable hyperphosphataemia.272 

No analyses were possible because the numbers of participants in each treatment 

arm were not disclosed. 

Surrogate outcomes 

Vitamin D had uncertain effects compared to calcium carbonate on serum PTH, 

calcium, phosphorus, hypercalcaemia and hyperphosphataemia (Table 3.5). 

Fournier 1993 reported that ALP remained stable throughout the study in both 

treatment arms,272 while Indridason 2000 reported that there was no statistically 

significant difference in ALP between the calcium carbonate and oral calcitriol 

groups.272 

Cinacalcet and low dose vitamin D versus flexible vitamin D 

Patient-centred outcomes 

Flexible vitamin D (conventional care) had uncertain effects on all-cause 

mortality, muscle dysfunction and parathyroidectomy when compared to 

cinacalcet and low dose vitamin D (Table 3.6). All included studies provided 

details of adverse events that occurred during treatment period (Appendix 8). 
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Surrogate outcomes 

Conventional care with vitamin D and phosphate binders had uncertain effects 

on end of treatment serum PTH, reduction > 30% from baseline PTH, serum 

calcium and phosphorus, but increased PTH reduction > 50% from baseline and 

hypercalcaemia compared to cinacalcet (Table 3.6). Heterogeneity in reporting 

meant that meta-analysis for some biochemical outcomes was not possible and 

descriptive results were reported in appendix 8. 

Table 3.6 Summary of trial results for flexible vitamin D versus 
cinacalcet plus low dose vitamin D 

 
     

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or 
Mean Difference** 
(95% CI)  

Heterogeneity 
(I², %)*** 

          

Patient-centred outcomes         

All-cause mortality201,211,226,241 4 1403 1.06 (0.60 to 1.87) 0 

Muscle dysfunction201,211,226 3 1004 0.96 (0.44 to 2.09) 0 

Parathryoidectomy201 2 536 3.90 (0.43 to 35.1) 0 

Parathyroid hormone         

End of treatment PTH (pg/ml)226 1 552 14.0 (-34.7 to 62.7) - 

Reduction >30% PTH from 
baseline201,211,213 

3 660 0.96 (0.63 to 1.47) 70.2 

Reduction >50% PTH from baseline211 1 221 1.70 (1.23 to 2.36) - 

Calcium and phosphorus         

End of treatment serum calcium 
(mg/dl)226,241 

2 787 0.35 (-0.53 to 1.23) 98.7 

One or more episodes of 
hypercalcaemia201,211,241 

3 830 7.30 (2.61 to 20.5) 0 

End of treatment serum phosphorus 
(mg/dl)226,241 

2 787 -0.18 (-1.16 to 0.80) 92.5 

One or more episodes of 
hyperphosphataemia201,211 

2 467 2.61 (1.29 to 5.28) 0 

* Values <1 or >1 indicate the direction of effect for flexible vitamin D vs. cinacalcet with low dose vitamin D i.e. RR > 1 shows that 
people receiving flexible vitamin D were more likely to experience the event than cinacalcet with low dose vitamin D 
**Values <0 or >0 indicate the direction of effect for vitamin D vs other medication, i.e. MD > 0 shows that people receiving flexible 
vitamin D had a higher mean value than cinacalcet with low dose vitamin D 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be 
important, might be moderate, might be substantial or was substantial respectively32 
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Low versus high dose vitamin D compounds 

Patient-centred outcomes 

Different doses of vitamin D had uncertain effects on all-cause mortality and 

progression to ESKD (Table 3.7). Nine out of thirteen studies comparing high 

versus low dose vitamin D provided details of adverse events that occurred 

during treatment period (Appendix 8). 

 
Table 3.7 Summary of trial results for high  

versus low dose vitamin D 
     

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or Mean 
Difference** (95% CI)  

Heterogeneity 
(I², %)*** 

          

Patient-centred outcomes         

All-cause mortality151,194,264 3 445 0.98 (0.10 to 9.17) 0 

Commencement of dialysis194 1 184 2.00 (0.38 to 10.7) - 

Parathyroid hormone         

End of treatment PTH (pg/ml)210 2 41 -0.18 (-1.42 to 1.06) 0 

Reduction >30% PTH from 
baseline104,146,264 

3 753 1.26 (1.05 to 1.50) 0 

Reduction in PTH <70 pg/ml236 1 86 0.42 (0.09 to 2.04) - 

Calcium and phosphorus         

One or more episodes of 
hypercalcaemia104,146,151,194 

4 504 2.95 (1.59 to 5.46) 0 

Withdrawal from treatment due to 
hypercalcaemia104,264 

2 326 0.51 (0.02 to 13.9) 58.3 

One or more episodes of elevated serum 
calcium by phosphorus product146,151 

2 193 1.48 (0.72 to 3.04) 0 

* Values <1 or >1 indicate the direction of effect for high vs low dose vitamin D, i.e. RR > 1 shows that people receiving high dose 
vitamin D were more likely to experience the event than low dose vitamin D 
**Values <0 or >0 indicate the direction of effect for high vs low dose vitamin D, i.e. MD > 0 shows that people receiving high dose 
vitamin D had a higher mean value than low dose vitamin D 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be 
important, might be moderate, might be substantial or was substantial respectively32 

Surrogate outcomes 

Higher doses of vitamin D increased reduction in PTH >30% from baseline and 

hypercalcaemia. Different doses of vitamin D had uncertain effects on end of 

treatment serum PTH, reduction of PTH to <70 pg/ml, withdrawal from 

treatment due to hypercalcaemia and serum calcium by phosphorus product 
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(Table 3.7). Reporting of biochemical outcomes including end of treatment 

serum calcium, phosphorus and ALP was heterogeneous among studies and 

results not included in meta-analysis were summarised in appendix 8. 

Intermittent versus daily vitamin D compounds 

Patient-centred outcomes 

No data were available for mortality, fracture, bone pain, or parathyroidectomy 

comparing intermittent and daily administration schedules. Moe 1998 reported 

that no fracture occurred during a study of pulse versus daily calcitriol.228 

Adverse events reported by two173,216 out of twelve included studies are 

summarised in appendix 8. 

Table 3.8 Summary of trial results for  
intermittent versus daily vitamin D 

 

Outcome (reference) 

Studies 
reporting 
outcome, n 

Patients 
enrolled, 
n 

Relative Risk* or Mean 
Difference** (95% CI)  

Heterogeneity 
(I², %)*** 

          

Parathyroid hormone         

End of treatment PTH (pg/ml)110,112,144,153,216 5 153 -85.4 (-192 to 21.4) 93.5 

Reduction in PTH >30% from baseline216 1 80 0.33 (0.16 to 0.69) - 

Reduction in PTH < 10pmol/l (114 pg/ml)132 1 45 0.70 (0.44 to 1.12) - 

Calcium and phosphorus         

End of treatment serum calcium 
(mg/dl)110,112,228 

3 67 0.09 (-1.09 to 1.28) 86.4 

One or more episodes of 
hypercalcaemia105,110,132,138,153,169,216 

7 322 1.05 (0.54 to 2.06) 0 

End of treatment serum phosphorus 
(mg/dl)110,112,153 

3 67 -0.02 (-0.68 to 0.64) 0 

One or more episodes of 
hyperphosphataemia112,132,153,169,216 

5 214 1.00 (0.44 to 2.24) 0 

Alkaline phosphatase         

End of treatment serum ALP (U/l)110 1 34 -12.7 (-123 to 97.7) - 

* Values <1 or >1 indicate the direction of effect for intermittent vs daily vitamin D, i.e. RR > 1 shows that people receiving vitamin D 
intermittently were more likely to experience the event than daily 
**Values <0 or >0 indicate the direction of effect for intermittent  vs daily vitamin D, i.e. MD > 0 shows that people receiving vitamin D 
intermittently had a higher mean value than daily 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be important, 
might be moderate, might be substantial or was substantial respectively32 
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Surrogate outcomes 

Intermittent vitamin D had uncertain effects on end of treatment serum PTH and 

reduction of PTH to < 10 pmol/l (114 pg/ml), but decreased likelihood of 

achieving this reduction compared to daily administration. Frequency of 

administration had uncertain effects on end of treatment serum calcium, 

phosphorus and ALP as well as hypercalcaemia and hyperphosphataemia (Table 

3.8). Moe 1998153 reported surrogate outcomes including ALP, bone 

histomorphometry and densitometry descriptively (Appendix 8). 

Table 3.9 Summary of trial results for  
thrice weekly versus weekly vitamin D 

 

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or Mean 
Difference** (95% CI)  

Heterogeneity 
(I², %)*** 

          

Parathyroid hormone         

End of treatment PTH (pg/ml)148,242,260 3 141 6.77 (-37.8 to 51.3) 0 

Calcium and phosphorus         

End of treatment serum calcium (mg/dl)148 1 13 0.70 (-0.44 to 1.83) - 

One or more episodes of 
hypercalcaemia148 

1 13 6.13 (0.38 to 99.1) - 

End of treatment serum phosphorus 
(mg/dl)148 

1 13 1.21 (-2.60 to 5.02) - 

One or more episodes of 
hyperphosphataemia148,260 

2 34 1.07 (0.36 to 3.21) 0 

One or more episodes of elevated serum 
calcium by phosphorus product242 

1 116 0.56 (0.14 to 2.24) - 

Alkaline phosphatase         

End of treatment serum ALP (U/l)148 1 13 34.9 (-0.79 to 70.6) - 

* Values <1 or >1 indicate the direction of effect for thrice weekly vs weekly vitamin D, i.e. RR > 1 shows that people receiving vitamin 
D thrice weekly were more likely to experience the event than weekly 
**Values <0 or >0 indicate the direction of effect for thrice weekly  vs weekly vitamin D, i.e. MD > 0 shows that people receiving 
vitamin D thrice weekly had a higher mean value than weekly 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be important, 
might be moderate, might be substantial or was substantial respectively32 
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Thrice weekly versus weekly vitamin D compounds 

Patient-centred outcomes 

The studies comparing the effects of thrice weekly and weekly administration of 

vitamin D did not report patient-centred outcomes such as all-cause mortality, 

fracture, bone pain, parathyroidectomy or adverse events. 

Surrogate outcomes 

Thrice weekly vitamin D had uncertain effects on end of treatment serum PTH, 

calcium, phosphorus and ALP as well as hypercalcaemia, hyperphosphataemia 

and calcium by phosphorus product (Table 3.9). Additional results not included 

in meta-analysis were summarised in appendix 8. 

Intravenous versus oral vitamin D compounds 

Twelve studies,106,110,112,123,130,133,140-142,163,172,222 all enrolling participants on 

dialysis, compared oral and IV vitamin D. All twelve studies have been previously 

reported in the 2009 review of vitamin D compounds in people requiring 

dialysis.8 

Patient-centred outcomes 

IV versus oral vitamin D had uncertain effects on all-cause mortality based on 

the results of one study172 (Table 3.10). Fischer 1993 reported no episodes of 

fracture among 10 patients during treatment.123 Three out112,133,144 of twelve 

studies reported adverse events that occurred during treatment period 

(Appendix 8). 
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Table 3.10 Summary of trial results for IV versus oral vitamin D 

Outcome (reference) 

Studies 
reporting 
outcome, 
n 

Patients 
enrolled, 
n 

Relative Risk* or 
Mean Difference** 
(95% CI)  

Heterogeneity 
(I², %)*** 

          

Patient-centred outcomes         

All-cause mortality172 1 28 0.33 (0.01 to 7.55) - 

Fracture123 1 10 Not estimatable  

Parathyroid hormone         

End of treatment PTH 
(pg/ml)106,110,112,123,133,142,144,172 

8 171 -81.0 (-161 to -1.06) 84.5 

Calcium and phosphorus         

End of treatment serum calcium 
(mg/dl)106,110,112,123,133,172 

6 146 0.08 (-0.35 to 0.52) 63.8 

One or more episodes of 
hypercalcaemia106,110,123,130,133,163,172 

6 192 1.07 (0.73 to 1.57) 0 

End of treatment serum phosphorus 
(mg/dl)106,112,123,133,172 

5 112 -0.30 (-0.58 to -0.03) 0 

One or more episodes of 
hyperphosphataemia106,112,130,133,163 

5 157 1.02 (0.68 to 1.54) 0 

Alkaline phosphatase         

End of treatment ALP (U/L)110,112,133,172 4 116 3.61 (-50.0 to 57.3) 53.2 

Bone mineral density (g/cm²)172         

End of treatment BMD at femoral neck (g/cm²) 1 27 0.01 (-0.04 to 0.06) - 

End of treatment BMD at lumbar spine (g/cm²) 1 27  -0.03 (-0.10 to 0.04) - 

* Values <1 or >1 indicate the direction of effect for IV vs oral vitamin D, i.e. RR > 1 shows that people receiving IV vitamin D  were 
more likely to experience the event than oral 
**Values <0 or >0 indicate the direction of effect for IV vs oral vitamin D, i.e. MD > 0 shows that people receiving IV vitamin D  had a 
higher mean value than oral 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be important, 
might be moderate, might be substantial or was substantial respectively 32 

Surrogate outcomes 

IV vitamin D reduced end of treatment serum PTH on average by 81.0 pg/ml (-

161 to -1.06) and serum phosphorus by 0.30 mg/dl (-0.58 to -0.03) compared to 

oral vitamin D, but had uncertain effects on end of treatment serum calcium, ALP, 

BMD as well as hypercalcaemia and hyperphosphataemia (Table 3.10). 

Additional results not included in meta-analysis were summarised in appendix 

8. 
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Intraperitoneal versus oral vitamin D compounds 

Patient-centred outcomes 

Data for all-cause mortality, fracture, bone pain and parathyroidectomy were not 

reported in any studies comparing IP and oral vitamin D. Salusky 1998 reported 

significantly decreased height (Z-score) in children receiving IP calcitriol 

compared to growth rates in the year before the study, while no change was 

observed in children receiving oral vitamin D. Loss of height was associated with 

development of osteomalacia, and possibly associated with IP calcitriol due to 

the larger doses received by this group.166 Two134,202 out of four studies125,134,166,202 

reported peritonitis as an adverse event (Appendix 8). 

 
Table 3.11 Summary of trial results for intraperitoneal versus 

oral vitamin D 

Outcome (reference) 

Studies 
reporting 
outcome, n 

Patients 
enrolled, 
n 

Relative Risk* or 
Mean Difference** 
(95% CI)  

Heterogeneity 
(I², %)*** 

          

Bone histomorphometry         

Improvement in bone histomorphometry125 1 8 7.33 (0.54 to 99.1) - 

Parathyroid hormone         

End of treatment PTH (pg/ml)125,202 2 49 7.15 (-96.1 to 110.) 48.5 

Calcium and phosphorus         

One or more episodes of 
hypercalcaemia166,202 

2 66 1.57 (0.34 to 7.20) 33.9 

One or more episodes of 
hyperphosphataemia166 

1 33 0.71 (0.14 to 3.70) - 

* Values <1 or >1 indicate the direction of effect for IP vs oral vitamin D, i.e. RR > 1 shows that people receiving IP vitamin D  were 
more likely to experience the event than oral 
**Values <0 or >0 indicate the direction of effect for IP vs oral vitamin D, i.e. MD > 0 shows that people receiving IP vitamin D  had a 
higher mean value than oral 
***We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent statistical heterogeneity that might not be important, 
might be moderate, might be substantial or was substantial respectively 32 

Surrogate outcomes 

IP vitamin D had uncertain effects on end of treatment serum PTH, 

hypercalcaemia, hyperphosphataemia or improvement of bone 
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histomorphometry compared to oral vitamin D (Table 3.11). End of treatment 

serum calcium and phosphorus were reported descriptively in one study125 

(Appendix 8). 

Oral versus subcutaneous vitamin D compounds 

Two studies compared oral and subcutaneous routes of vitamin D. Many 

outcomes were reported descriptively.143,202  

Patient-centred outcomes 

The two studies comparing the effects subcutaneous and oral administration of 

vitamin D did not report patient-centred outcomes such as all-cause mortality, 

fracture, bone pain or parathyroidectomy. Adverse events were summarised in 

appendix 8. 

Surrogate outcomes 

Subcutaneous vitamin D had uncertain effects on hypercalcaemia (Analysis 12.1, 

2 studies (31 participants): RR 2.02, 95% CI 0.15 to 27.81),143,202 with evidence of 

moderate statistical heterogeneity (I²=58.0%, p=0.123). Descriptive reports for 

biochemical outcomes not useable for meta-analysis were summarised in 

appendix 8. 
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Chapter 4 Discussion 

Summary of main results 

This systematic review has examined the evidence for the effects of vitamin D 

therapy in adults and children with CKD. Overall, 164 randomised trials of 

vitamin D involving 10,333 participants with CKD were eligible for inclusion, 

current to February 2014. Despite the substantial number of trials, there was low 

or very low confidence in the estimated effects of vitamin D treatment compared 

to placebo on patient-centred outcomes including all-cause mortality, 

cardiovascular events, fracture, development of bone pain, parathyroidectomy 

and progression to end-stage kidney disease. Compared with placebo, vitamin D 

therapy reduced serum PTH levels by 116 pg/ml (12.7 pmol/l) on average, while 

increasing serum calcium by 0.33 mg/dl (0.08 mmol/l) and phosphorus by 0.19 

mg/dl (0.06 mmol/l). Newer vitamin D compounds, which are designed to have 

smaller adverse effects on serum calcium and phosphorus levels, on average 

lowered PTH by 44.8 pg/ml (4.93 pmol/l) more than established vitamin D 

compounds, with smaller increases in serum phosphorus. Existing evidence 

provides limited confidence in estimated effects of newer versus established 

vitamin D compounds, activated vitamin D versus vitamin D₃ and different 

dosing, frequency or route regimens for patient-centred outcomes (Table 4.2). 

Additional trials are likely to change the estimated treatment effects and increase 

confidence in the available evidence. 



 
 

Table 4.1 GRADE summary of findings 

Vitamin D versus placebo/no treatment  for people who have CKD 

Patient or population: People who have CKD 

Settings: University and hospital randomised trials 

Intervention: Vitamin D compounds versus placebo/no treatment 

Outcomes 
Illustrative comparative risks* (95% CI) Relative 

effect 
(95% CI) 

No of Participants 
(studies) 

Quality of the evidence 
(GRADE) 

Absolute effect Assumed risk Corresponding risk 

 Control Vitamin D compounds     

All-cause 
mortality87,115,118,129,136,145,150,154,161,184,194,196,205,217,224,243,250,258,259,262,263 

 RR 1.22  
(0.72 to 
2.07) 

1639 
(21 studies) 

⊕ 
very low (1,2,3,4,5) 

6 more per 1000  
(from 8 fewer to 29 more) 27 per 1000 33 per 1000 (19 to 56) 

 

Major cardiovascular events115,200,258,262† 
 RR 0.21  

(0.06 to 
0.73) 

418 
(4 studies) 

⊕⊕ 
low (2,6,7,8,9) 

49 fewer per 1000  
(from 18 fewer to 58 fewer) 61 per 1000 12 per 1000 (3 to 43) 

 

Commencement of dialysis87,115,161,164,194,214,258,262 
 RR 1.04  

(0.59 to 
1.84) 

869 

(8 studies) 
⊕ 
very low (2,4,9,10,11) 

2 more per 1000  

(from 21 fewer to 43 more) 51 per 1000 53 per 1000 (30 to 94) 
 

Hypercalcaemia87,104,115,117-119,129,145,161,164,165,175,187,194-

196,200,205,214,217,219,220,224,231,233,239,243,244,246,251,258,262 

 RR 2.82  

(1.76 to 
4.52) 

2214 
(32 studies) 

⊕⊕⊕ 
moderate (2,5,12,13,14) 

33 more per 1000  
(from 14 more to 64 more) 18 per 1000 52 per 1000 (32 to 83) 

 

* Illustrative comparative risks: the assumed risk is based on the placebo arms of randomised controlled trials included in this meta-analysis, while the corresponding risk (and its 95% confidence interval) is based on the 
assumed risk and the relative effect of the intervention (and its 95% CI). 
CI: Confidence interval; RR: Risk ratio 
†Only studies enrolling participants not requiring dialysis at baseline reported this outcome 

GRADE Working Group grades of evidence98 
High quality: We are very confident that the true effect lies close to that of the estimate of the effect  
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different 
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect 

1 Allocation concealment was inadequate in 3/21 included studies including the third most weighted.150 There was high risk of attrition bias in 10/21 included studies including all three highest weighted.150,196,259 

2 No evidence of statistical heterogeneity detected in the analysis (I²=0%) 
3 Earlier studies including participants not requiring dialysis included people with serum PTH outside the guideline recommendations87,161 and for most studies all-cause mortality was not a planned endpoint but rather an adverse event meaning they were not 
designed to measure risks of this outcome. 
4 The 95% confidence interval for relative risk includes both no effect and appreciable benefit and harm 
5 No funnel plot asymmetry and no other evidence to suggest publication bias was present 
6 The most weighted study258 had high risk of attrition bias, selective reporting bias, did not perform adequate ITT and had high risk of involvement of data or authorship by their industry sponsor 
7 For most studies cardiovascular events were not planned endpoints but were reported as adverse events meaning the included studies were not designed specifically to measure risks of this outcome  
8 The 95% confidence interval suggests appreciable benefit and does not include the possibility of no effect 
9 Funnel plot analysis was not appropriate as there was <10 studies; there was no other evidence to suggest publication bias was present  
10 Allocation concealment was unclear in 6/8 included studies including the second highest weighted study214 and there was high risk of attrition bias in 3/8 included studies. 
11 For most studies commencement of dialysis was not a planned endpoint but rather an adverse event meaning they were not designed to measure risks of this outcome 
12 High risk of selection bias in both domains of random sequence generation and allocation concealment in the third highest weighted study,119 inadequate allocation concealment in 2/31 other included studies, inadequate blinding in 2/32, high risk of attrition bias 
in 12/32, selective reporting in 9/32, and ITT was not performed in 17/32 studies. 
13 For many studies hypercalcaemia was a primary or secondary endpoint and there were procedures in place to measure this outcome 
14 The 95% confidence interval suggests appreciable harm and does not include the possibility of no effect 
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Vitamin D versus placebo 

The treatment effects for vitamin D compared to placebo on key outcomes and 

our confidence in the evidence assessed using GRADE methodology are 

presented in Table 4.1. 

In very low quality evidence incorporating 21 studies (1639 participants), vitamin 

D treatment provided uncertain proportional reductions in all-cause mortality. 

In absolute terms, based on the mortality risk in people with CKD receiving 

placebo or no treatment, treatment of 1000 people with CKD with vitamin D 

compounds might be expected to change the number of deaths by between eight 

fewer and 29 more. Reporting of all-cause mortality was sparse, as most included 

studies were not specifically designed to measure all-cause mortality as a primary 

or secondary endpoint. This paucity in the available evidence was reflected by a 

clinically uninformative confidence interval that included both the possibilities 

of benefit and harm. Although the point estimate suggested an increased risk of 

death among people receiving vitamin D treatment, imprecision and risk of bias 

in the included studies were serious limitations. Therefore, our confidence in this 

effect estimate is very low and the true effect may be substantially different. 

Four studies enrolling 418 participants not requiring dialysis compared new 

vitamin D compounds with placebo. New vitamin D compounds (paricalcitol and 

doxercalciferol) may reduce major cardiovascular events by 18 to 58 people per 

1000 people treated compared to placebo or no treatment. In half the included 

studies, cardiovascular events were not a pre-specified endpoint, and we 

identified serious limitations in the primary studies such as high rates of 

attrition, improper handling of missing data (not using intention-to-treat 

analysis) and selective reporting. In light of this, we have low confidence in the 
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evidence and the true effect is likely to substantially differ from our effect 

estimate.  

Among people with CKD not requiring dialysis, vitamin D treatment had 

uncertain effects on commencement of dialysis. Meta-analysis of eight studies 

involving 869 participants comparing vitamin D treatment to placebo showed 

that treating 1000 people with CKD not requiring dialysis with vitamin D 

compounds might be expected to change the number of people requiring renal 

replacement therapy by 21 fewer to 43 more. Based on study limitations and an 

imprecise estimated treatment effect, we have very low confidence in the effect 

estimate for vitamin D compounds on commencement of dialysis and additional 

randomised evidence is needed. 

Overall, vitamin D compounds had uncertain effects on withdrawal from a study 

due to cardiovascular-related events, fracture, development of bone pain, 

parathyroidectomy and other adverse events such as hospitalisation and 

gastrointestinal disturbance. 

This systematic review demonstrates that vitamin D compounds increase risk of 

hypercalcaemia. Meta-analysis of 32 studies involving 2214 participants 

comparing vitamin D treatment to placebo showed that treating 1000 people who 

have CKD with vitamin D compounds might be expected to incur 

hypercalcaemiad on one or more occasions in 33 more patients (95% CI 14-64) 

compared to placebo or no treatment. Since the previous publication of this 

systematic review, twenty additional studies were included in this analysis and 

                                                   
d Serum calcium thresholds used in the included studies ranged 10.2-12 mg/dl or 2.55-3 mmol/l; see appendix 9 for 
details 
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Table 4.2 Summary of trial results for patient-centred 
endpoints for vitamin D treatment in people with CKD 

Outcome 

Studies 
reporting 
outcome, n 

Patients 
enrolled, 
n 

Relative Risk (95% 
CI)* 

Heterogeneity 
(I², %)** 

Vitamin D vs. placebo or no treatment         
All-cause 
mortality87,115,118,129,136,145,150,154,161,184,194,

196,205,217,224,243,250,258,259,262,263 21 847 1.22 (0.72 to 2.07) 0 
Major cardiovascular 
events115,200,258,262 4 418 0.21 (0.06 to 0.73) 0 

Fracture86,107,119,147,175,205,243,262 8 572 0.97 (0.25 to 3.76) 0 
Development of bone 
pain119,145,150,155,243 5 131 0.31 (0.03 to 2.81) 0 

Parathyroidectomy86,107,150,183 4 253 1.01 (0.33 to 3.10) 37.8 

Commencement of        
dialysis87,115,161,164,194,214,258,262 8 869 1.04 (0.59 to 1.84) 0 

Established vitamin D vs. New vitamin D       

All-cause mortality103,131,203 3 193 2.00 (0.19 to 21.2) - 

Fracture131 1 91 not estimatable - 

Active vitamin D sterol vs. vitamin D₃         

Development of bone pain108 1 4 3.5 (0.31 to 39.7) - 

Calcitriol vs. other established vitamin D       

All-cause mortality212 1 32 not estimatable - 

Vitamin D vs. cinacalcet199         

All-cause mortality 1 83 2.04 (0.13 to 31.34) - 

Fracture 1 83 10.2 (1.25 to 82.9) - 

Parathyroidectomy 1 83 8.15 (0.96 to 69.4) - 

Vitamin D vs. calcium272         

All-cause mortality 1 43 - - 

Major cardiovascular events 1 43 - - 

Flexible vitamin D vs. cincalcet plus low dose vitamin D     

All-cause mortality201,211,226,241 4 1403 1.06 (0.60 to 1.87) 0 

Parathyroidectomy201 2 536 3.90 (0.43 to 35.1) 0 

High versus low dose vitamin D         

All-cause mortality151,194,264 3 445 0.98 (0.10 to 9.17) 0 

Commencement of dialysis194 1 184 2.00 (0.38 to 10.7) - 

Intermittent versus daily vitamin D         

Fracture153 1 21 not estimatable - 

Thrice weekly vs. weekly vitamin D         
     

Oral vs. IV vitamin D         

All-cause mortality172 1 28 0.33 (0.01 to 7.55) - 

Fracture123 1 10 not estimatable - 

Oral vs. IP vitamin D         
          

Oral vs. subcutaneous vitamin D         
          

* Values <1 or >1 indicate the direction of effect for vitamin D vs placebo, i.e. RR > 1 shows that people receiving 
vitamin D are more likely to experience the event than placebo 
**We considered I² values of 0-40%, 30-60% 50-90% and 75-100% to  represent heterogeneity that might not be 
important, might be moderate, might be substantial or was substantial respectively32 
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most reported hypercalcaemia as a planned primary or secondary outcome 

measure. Although there were serious limitations due to risk of bias in the 

included studies, we are moderately confident that the true effect is likely to be 

close to this estimate and further trials are unlikely to change the effect estimate 

of hypercalcaemia for vitamin D versus placebo or no treatment. 

Established versus new vitamin D compounds 

Comparisons between established and new vitamin D compounds largely 

focused on biochemical outcomes and there was a lack of studies designed to 

compare their effects on patient-centred outcomes. Meta-analysis of available 

biochemical data on serum PTH, calcium and phosphorus levels confirmed some 

but not all of the purported advantages of newer over established vitamin D 

compounds which include reduced mortality273 and similar PTH suppressing 

effects with less pronounced elevation of serum calcium and phosphorus 

levels.274,275 While newer vitamin D compounds were associated with lower end 

of treatment serum PTH when directly compared to established vitamin D 

compounds, there was no difference in end of treatment serum calcium levels nor 

risk of hypercalcaemia or hyperphosphataemia. However, newer vitamin D 

compounds lowered end of treatment serum phosphorus levels to a greater 

extent compared to their established counterparts. Therefore, this systematic 

review supports the view that newer vitamin D compounds lower serum PTH 

more than established vitamin D compounds without marked elevation of serum 

phosphorus, but are associated with similar increases in serum calcium. 

Other head-to-head comparisons of vitamin D compounds 

Heterogeneity in head-to-head comparisons of different vitamin D compounds 

meant meta-analysis was not possible for most outcomes. There was a small 
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number of studies comparing active vitamin D (calcitriol) with vitamin D₃ or 

other established vitamin D compounds (alfacalcidol) that reported few outcome 

data. 

Vitamin D versus other medications 

There was a small number of studies comparing vitamin D directly against either 

calcium carbonate or cinacalcet, and only one study reported patient-centred 

endpoints showing that vitamin D had uncertain effects on all-cause mortality, 

fracture and parathyroidectomy compared to cinacalcet. Meta-analyses 

including two studies each showed that vitamin D had uncertain effects on serum 

PTH compared to cinacalcet, and uncertain effects on serum PTH, calcium and 

phosphorus compared to calcium carbonate. 

Cinacalcet plus low dose vitamin D versus flexible vitamin D 

There were five relatively large industry-funded studies examining the effects of 

cinacalcet plus low dose vitamin D directly against a flexible vitamin D dosing 

regimen. Meta-analysis showed that flexible vitamin D had uncertain effects on 

patient-centred outcomes such as all-cause mortality, development of muscle 

dysfunction and parathyroidectomy and while effects on serum PTH were 

uncertain, flexible dosing of vitamin D was associated with increased 

hypercalcaemia and hyperphosphataemia compared to cinacalcet plus low dose 

vitamin D. 

Dose comparisons 

Meta-analysis of three studies involving 445 participants showed that different 

doses of vitamin D had uncertain effects on mortality. Reporting for other 

patient-centred outcomes was limited among the thirteen studies comparing 
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high and low doses of vitamin D. End of treatment serum calcium, phosphorus 

and ALP reporting was heterogeneous and therefore meta-analysis for these 

outcomes was not possible. However, data for selected biochemical outcomes 

were available for meta-analysis: three studies involving 753 participants showed 

that higher doses of vitamin D were associated with increased reduction in PTH 

greater than 30% from baseline; however, the mean difference in end of 

treatment serum PTH between high and low doses was uncertain. High dose 

vitamin D increased risk of hypercalcaemia compared to lower doses, but had 

uncertain effects on elevated serum calcium by phosphorus product. None of the 

studies reported hyperphosphataemia as an outcome. 

Frequency comparisons 

Comparisons between daily and intermittent vitamin D compounds tended to 

focus on biochemical outcomes and no studies reported patient-centred 

outcomes such as mortality, fracture, bone pain, or parathyroidectomy. 

Intermittent vitamin D had uncertain effects on end of treatment serum PTH and 

calcium as well as hypercalcaemia, and had little or no effect on serum 

phosphorus or hyperphosphataemia compared to daily vitamin D therapy. There 

was a small number of studies comparing thrice weekly and weekly 

administration of vitamin D which reported no patient-centred outcomes. 

Biochemical outcomes were reported heterogeneously and while meta-analysis 

was possible for end of treatment PTH and hyperphosphataemia, small numbers 

of participants generated uncertain effects. 

Route comparisons 

Overall, patient-centred outcomes were poorly reported among studies 

comparing different routes of administration for vitamin D therapy. No new 
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studies were included in this meta-analysis for oral versus IV vitamin D 

compounds and results have been previously published.7,8 IV vitamin D was 

associated with lower end of treatment serum PTH compared to oral vitamin D 

while effects of route of administration on serum calcium outcomes were 

uncertain. IV vitamin D may be associated with lower serum ALP and 

phosphorus levels during treatment but had no effect on hyperphosphataemia 

when compared to oral vitamin D. Heterogeneity in the analyses of serum PTH, 

calcium and ALP suggested caution was needed in the interpretation of these 

results. Meta-analysis was possible only for end of treatment PTH and 

hypercalcaemia in the comparison between intraperitoneal and oral vitamin D, 

which showed uncertain effects and moderate heterogeneity. Two studies 

compared subcutaneous and oral vitamin D, and showed uncertain effects and 

moderate heterogeneity in meta-analysis for risk of hypercalcaemia. 

Overall completeness and applicability of evidence 

This systematic review including 164 studies involving 10,333 participants with 

CKD analysed the total available randomised evidence for vitamin D compounds 

in people who have CKD. By far the greatest wealth of evidence was found for the 

comparison between vitamin D and placebo (77 studies) and in the population of 

people with CKD on haemodialysis (100 studies). While this updated review has 

confirmed previous studies showing that vitamin D lowers serum PTH while 

elevating serum calcium levels when compared to placebo, treatment effects for 

patient-centred outcomes such as all-cause mortality, fracture, commencement 

of dialysis, parathyroidectomy and bone pain remained inconclusive. Indeed, the 

paucity of studies designed to measure important outcomes across all 

comparisons of vitamin D treatment and relevant patient populations limits the 
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completeness of this systematic review. However, as a measure of the coverage 

of randomised evidence on vitamin D treatment, the results are highly relevant 

to clinical practice and future research. This systematic review provides a 

platform for the critical appraisal of RCTs evaluating vitamin D therapy for CKD 

based on the clinical relevance of their reported comparisons and outcomes as 

well as the generalisability of the trial populations to patients in this clinical 

setting.  

Reported outcomes 

The biochemical profile associated with vitamin D treatment in CKD is well 

established,7,8,276 while its effects on patient-centred outcomes remain contested 

and in need of additional randomised data to confirm or discard observational 

findings supporting survival and cardiovascular benefits.5,277 Unfortunately, less 

than 70% (109/164) of available RCTs evaluating vitamin D therapy provided any 

outcome data relevant to this review, while less than 30% (30/109) of these 

reported all-cause mortality. Even fewer studies reported other patient-centred 

outcomes such as commencement of dialysis, fracture, parathyroidectomy, 

cardiovascular events and bone pain (Table 4.2), which have been identified as 

important by patients.278,279 Despite lack of convincing evidence that they predict 

hard clinical outcomes, surrogate outcomes – particularly biochemical outcomes 

such as serum calcium, phosphorus and PTH levels – dominated the primary 

outcome measures in studies of vitamin D compounds, and will continue to 

dominate according to registered ongoing studies (Appendix 10).265-270 While 

many trials were simply too short and enrolled too few participants to accrue any 

critical events, standardisation of outcome reporting to include patient-centred 
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and patient-prioritised outcomes would advance the clinical relevance of this and 

other bodies of evidence moving forward.28 

Comparisons  

Eleven different vitamin D compounds (paricalcitol, calcitriol, cholecalciferol, 

alfacalcidol, doxercalciferol, ergocalciferol, maxacalcitol, dihydrotachysterol, 

calcifediol, 24,25 dihydroxyvitamin D₃ and falecalcitriol) were compared to 

placebo, other therapies and each other, as well as in different doses, frequencies 

and routes of administration in this systematic review. Recently updated NICE 

guidelines280 (www.nice.org.uk) recommend vitamin D₃ (cholecalciferol and 

ergocalciferol) to treat vitamin D deficiency in people with CKD, and active 

vitamin D (alfacalcidol or calcitriol) if symptoms of CKD-MBD persist despite 

vitamin D deficiency correction in people with CKD stages 4-5. In contrast, 

KDIGO guidelines1 suggest active vitamin D sterols (calcitriol, alfacalcidol, 

paricalcitol or doxercalciferol) in people with CKD Stages 3-5 who meet the 

relevant biochemical thresholds. While this systematic review could not provide 

any direct comparison of these vitamin D compounds in patient-centred 

outcomes, meta-analysis showed that new vitamin D compounds (paricalcitol, 

doxercalciferol) significantly lowered end of treatment serum PTH when 

compared to established vitamin D compounds (calcitriol, alfacalcidol) while 

showing no difference in hypercalcaemia and hyperphosphataemia. Although 

this systematic review represents the totality of available evidence for a number 

of comparisons of vitamin D therapy in CKD, the applicability of its results to the 

clinical setting is limited by continued uncertainty as to whether any particular 

vitamin D compound is superior to others, or indeed placebo, in improving 

patient outcomes. In light of the current lack of evidence measuring patient-
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centred endpoints, network meta-analysis to determine comparative 

effectiveness and safety of different vitamin D compounds is unlikely to provide 

further practical implications for the use of vitamin D treatment in CKD. 

Further, optimal vitamin D dosing for people with CKD remains contested by 

researchers and clinicians.281,282 KDIGO guidelines suggest adjustment of 

vitamin D dose according to serum calcium, phosphorus and PTH levels, with 

higher doses recommended when PTH levels are elevated and rising, while 

restriction of vitamin D is recommended when PTH is low or serum calcium and 

phosphorus are elevated.283 Evidence suggesting an inverse relationship between 

serum vitamin D levels and PTH in healthy individuals is well-established;284 

however, a dose-response relationship between vitamin D supplementation and 

PTH lowering in people with CKD is complicated by physiological dysregulation 

of the vitamin D-parathyroid axis.285 While variation in individual responses 

makes universal dosing guidelines impractical, general trends of how different 

doses of vitamin D influence outcomes may be useful to support future dosing 

algorithms.  In this systematic review, there was increased reduction in PTH 

greater than 30% from baseline levels among participants randomised to 

relatively higher doses of vitamin D. In addition, an exploratory meta-regression 

investigating the relationship between vitamin D dose and mean difference in 

end of treatment PTH between vitamin D and placebo showed possibility of a 

dose-response relationship. However, meta-analysis of four studies showed that 

high doses of vitamin D significantly increased risk of hypercalcaemia when 

compared to lower doses, suggesting careful monitoring of biochemical 

parameters is needed when considering and administering vitamin D treatment 

in the clinical setting. Unfortunately, data on patient-centred outcomes were 
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again lacking, and we have very low confidence in our effect estimate of no 

difference in risk of death between high and low doses of vitamin D in meta-

analysis of two studies. 

Similarly, the optimal route of administration and frequency for vitamin D 

therapy also remains debated.286 K/DOQI guidelines287 stated that intermittent 

IV administration of vitamin D was more effective for lowering PTH than daily 

oral vitamin D among people receiving dialysis; however, the more recent 

KDIGO guidelines,283 state that this is an area that remains to be determined. 

This systematic review could not directly compare these two modes of vitamin D 

treatment and instead compared intermittent and daily vitamin D or oral and IV 

vitamin D separately. While IV administration was associated with a greater 

reduction in PTH than oral administration, we found no difference in effect on 

serum PTH between intermittent and daily vitamin D. We also found no 

difference in effect on calcium and phosphorus outcomes between intermittent 

and daily vitamin D, nor between IV and oral vitamin D. No studies comparing 

intermittent and daily vitamin D reported any patient centred outcomes, while 

one study comparing oral and IV vitamin D reported mortality and fracture 

outcomes which were insufficient to draw reliable conclusions. Similarly for the 

comparisons between oral and intraperitoneal or subcutaneous routes as well as 

other frequencies of drug administration, patient-centred outcomes were rarely 

reported while meta-analysis of biochemical outcomes was limited by 

heterogeneity of outcome reporting and small numbers of studies addressing 

route and frequency comparisons. 
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Participants 

Included participants ranged from CKD Stage 2 to people receiving 

haemodialysis and/or peritoneal dialysis, and who had a range of related 

conditions including diabetes, glomerular diseases and vascular diseases. Among 

studies enrolling people who required dialysis, the vast majority of studies 

included people treated with haemodialysis, with a small number of studies that 

recruited people treated with CAPD and CCPD. This reflects United States Renal 

Data System (USRDS) data showing ESKD patients in the USA were receiving 

peritoneal dialysis and haemodialysis in a ratio of 1:13 in 2013.2 Therefore, the 

results of this systematic review should be regarded with caution when 

considering applicability to people treated with peritoneal dialysis.  

Confidence in the evidence 

Our confidence in the effect estimates generated in this systematic review ranged 

from very low to moderate based on the GRADE assessment tool (Figure 2.2). 

Risk of bias, indirectness and imprecision in primary data reduced our 

confidence in the results, while inconsistency and publication bias influenced our 

confidence in the evidence to a lesser extent. 

Incomplete reporting of study design in most included studies meant that the 

influence of study design on the effect estimates was largely unclear, lowering 

our confidence in the results across all outcomes. Low attrition rates, inadequate 

allocation concealment and blinding as well as absence of intention-to-treat 

analysis can lead to over- and under- estimation of observed treatment effects.13 

Adequate allocation concealment was reported in 21 out of 164 studies (12.8%), 

complete blinding of participants, personnel and outcome assessment in 
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seventeen studies and intention-to-treat analysis was reported in 28 studies 

(17.1%). Loss to follow up or exclusion of >10% of enrolled participants from 

outcome analyses was observed in 56 studies (34.1%) while in 35 studies (21.3%) 

the attrition from follow up could not be determined. Although the CONSORT 

statement28 (www.consort-statement.org) for standardised reporting guidelines 

has been available to investigators since 1996, overall we found that RCTs of 

vitamin D treatment in CKD did not have consistent reporting of study design. 

Where there was more than one study reporting a patient-centred outcome, 

substantial statistical heterogeneity in the effect estimates among the studies 

contributing to meta-analysis was not detected. In contrast, there was evidence 

of substantial statistical heterogeneity based on the I² metric in the meta-

analyses of end of treatment serum PTH, calcium, phosphorus and ALP levels, 

but not for hypercalcaemia and hyperphosphataemia. Investigations into sources 

of heterogeneity using subgroup analysis and meta-regression could not identify 

significant modifiers of effect estimate. Overall, inconsistency in effect estimates 

among the included studies did not reduce our confidence in the evidence for 

primary outcomes. 

In contrast, study indirectness was a major limitation to our confidence in the 

evidence. While the target population (people with CKD) and treatment (vitamin 

D) for this systematic review was reflected by most included studies because 

these criteria were central to the study selection process, the primary endpoints 

for this systematic review (all-cause mortality, cardiovascular events, fracture, 

bone pain and muscle dysfunction, parathyroidectomy and progression to ESKD) 

were adequately measured and reported by very few included studies. 

Furthermore, with 121 out of 164 included studies having follow up periods of 
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less than a year, the longer term effects of vitamin D were not able to be 

determined. Conversely, biochemical outcomes such as end of treatment serum 

PTH, calcium and phosphorus as well as hypercalcaemia events were often the 

primary endpoints for included studies meaning indirectness influenced our 

confidence in these results to a lesser extent. 

Although meta-analysis generally increases precision of effect estimates, where 

too few data were available for meta-analysis, imprecision remained a major 

limitation to our confidence in these results. For example, although all-cause 

mortality and development of bone pain had point estimates suggesting harmful 

and beneficial effects respectively, both the 95% confidence intervals included 

the possibilities of no effect, reducing our confidence in these effect estimates. 

This demonstrated the need for more RCTs measuring these outcomes. 

Furthermore, many studies reported outcome data descriptively without 

providing the numerical results, particularly if outcome measures were not 

statistically significant, which meant that these data could not contribute to 

meta-analysis to produce a more precise effect estimate, and may have led to 

over-estimation of treatment effects. 

Overall, our confidence in the evidence generated in this systematic review was 

limited by the lack of high-quality randomised trials measuring patient-centred 

outcomes. This was a significant factor contributing to potential bias in the 

review process, which is discussed in the following section. 
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Potential biases in the review process 

Significant limitations that reduced the applicability of the findings in this 

systematic review to practice and research included the paucity of RCTs, non-

standardised reporting of methods and outcomes, as well as limitations of meta-

analysis. Although we followed a peer-reviewed protocol7,8 for comprehensive 

literature search, study selection, data extraction and analysis based on methods 

developed by the Cochrane Collaboration, we emphasise that the results of this 

review should be interpreted with appropriate caution for three main reasons. 

Firstly, the majority of comparisons and outcomes had insufficient high-quality 

randomised data to estimate treatment effects with high levels of confidence. 

Most included studies had unclear or high risk of bias. Many studies compared 

vitamin D and placebo, while other major comparisons of interest such as 

established versus new vitamin D compounds, and differing doses, schedules and 

routes of administration were underrepresented by available RCTs. Data 

available from eligible studies were largely limited to biochemical outcomes such 

as serum PTH, calcium and phosphorus, while patient-centred outcomes such as 

all-cause mortality, fracture, bone pain, parathyroidectomy and commencement 

of dialysis were not measured or reported in most studies. Depending on the 

specific comparison, the study populations were dominated either by 

participants not requiring dialysis at baseline or people receiving haemodialysis, 

meaning generalisability of the treatment estimates to other subpopulations of 

people who have CKD such as those receiving peritoneal dialysis was limited. 

This sparseness in relevant RCTs for the range of scenarios existing in clinical 

practice restricted their applicability to these settings; however, it also pinpoints 

an area that needs further patient-centred research. 



88 
 

Secondly, included RCTs had methods and findings that were reported 

inconsistently. Risks of bias in studies were unclear mainly due to inadequate 

reporting of the relevant aspects of study design, reducing our confidence in 

summary treatment effects from these studies. A diverse range of outcome 

measures was often used by different studies for the same overall outcome, 

particularly for biochemical outcomes which can be reported as a descriptive 

result, achievement of a threshold measurement, an end of treatment 

measurement or a percentage change from baseline, among others. Descriptive 

findings tended to report no difference between groups and were excluded from 

meta-analysis, leading to reduced confidence in the results. The inconsistency of 

reporting evident in vitamin D trials among people with CKD demonstrated the 

need for further reporting guidelines specific to this treatment and population. 

For instance, adverse events including all-cause and cardiovascular mortality, 

major cardiovascular events, kidney disease progression,288 fracture289 and bone 

pain are core outcomes of interest for people with CKD-MBD,290,291 which would 

greatly influence the use of vitamin D in the clinical setting and therefore would 

be ideal candidates to be part of standardised reporting in future RCTs. Likewise, 

our confidence in meta-analyses of biochemical outcomes would be advanced by 

homogeneous reporting of mean and standard deviation for all outcomes, as well 

as the validation of these biochemical endpoints as surrogate markers for 

mortality and morbidity. 

Finally, the scope of our systematic review was limited by the pooling effect of 

meta-analysis both in terms of patient populations and outcomes. Firstly, using 

summary patient data rather than individual patient data in our analyses meant 

that we were unable to accurately capture differences in vitamin D effects among 
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diverse participant populations. While we investigated the influence of baseline 

participant characteristics and study design on outcomes using subgroup 

analysis and meta-regression, this technique is hypothesis-generating and was 

limited by uncertainty for many treatment estimates. In addition, co-morbidities 

and use of co-interventions such as phosphate binder treatment among 

participants in each study were often varied but not distinguishable in summary 

results, limiting subgroup analysis. Lastly, heterogeneity in calcium and 

phosphorus measurements used to define adverse events was a source of 

potential bias particularly because older studies tended to use higher serum 

calcium and phosphorus thresholds than are now advocated (Appendix 9). As a 

result, these older studies were likely to report fewer hypercalcaemia and 

hyperphosphataemia events than if their thresholds had been equivalent to those 

currently in use, and therefore their inclusion in meta-analyses may have 

underestimated the risk of these adverse events as defined by current 

standards.194,205,246,251,258,262 

Agreements and disagreements with other studies or reviews 

Currently available observational data shows an association between vitamin D 

treatment and reduced mortality among people with CKD. Two recently 

published systematic reviews presented the total available observational 

evidence for all-cause mortality among people receiving and not receiving active 

vitamin D compounds.3,5 Meta-analysis of 14 prospective and historic cohort 

studies reported that treatment with active vitamin D compounds was associated 

with reduced unadjusted hazard for death compared to no treatment among 

109,628 patients receiving dialysis and 2603 patients not requiring dialysis.5 

Furthermore, vitamin D treatment was associated with a 27% relative risk 
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reduction of all-cause mortality pooled from 13 observational studies, ten of 

which individually reported a significant inverse association between receiving 

vitamin D and risk of death.3 Corresponding randomised data analysed in this 

review did not support these observational findings. We found no significant 

difference in mortality between people with CKD randomised to vitamin D and 

no treatment; however, we had very low confidence in this effect estimate due to 

lack of high-quality randomised trials designed to measure patient-centred 

outcomes.  

Similarly, while observational studies suggest lower rates of dialysis initiation 

among people receiving vitamin D,292,293 we had very low confidence in our 

treatment effect which showed no difference in commencement of dialysis 

between vitamin D and placebo. Discrepancies between observational and 

randomised studies may be due to a number of factors. While observational 

studies tend to have larger participant numbers and therefore have increased 

power to detect treatment effects, the case of hormone replacement therapy in 

postmenopausal women (pg. 6) pointed to selection bias and confounding as a 

possible explanation for the discrepancies between the effect sizes found in 

observational versus randomised studies.31 In the present case, participants in 

observational studies who receive vitamin D may be different to those who did 

not receive vitamin D in ways that influence their overall health outcomes. For 

example, if those who were more concerned with their health were more likely to 

actively seek treatment such as vitamin D, there would have been a pre-existing 

link between vitamin D therapy and concern for one’s health, which may have 

also been associated with slower progression to ESKD or death due to other non-

treatment related behaviours.  
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Further, we had low confidence that vitamin D was associated with reduced risk 

of major cardiovascular events among people with CKD not requiring dialysis 

and no randomised data was available for people receiving dialysis, highlighting 

an important outcome that may require further attention in the design of future 

RCTs on vitamin D. With observational data suggesting a reduced incidence of 

cardiovascular events and mortality among both people with CKD not requiring 

dialysis294 and receiving dialysis,5 further placebo-controlled randomised trials 

measuring and reporting critical outcome events such as myocardial infarction 

and cerebrovascular accidents are required to ascertain more reliable effect 

estimates and improve evidence-based practice in CKD treatment beyond 

biochemical targets. 

In addition, pooled observational data from two studies comparing all-cause 

mortality in 75,130 people receiving calcitriol or paricalcitol showed that 

paricalcitol treatment was associated with a significant survival advantage over 

calcitriol.5 In this review, very few RCTs comparing new and established vitamin 

D compounds reported all-cause mortality, and those that did had insufficient 

power to provide reliable treatment estimates. Notably, major clinical practice 

guidelines including KDIGO,1 CARI295 and NICE280 recommend vitamin D 

therapy with both new and established active vitamin D sterols including 

calcitriol, paricalctiol, alfacalcidol and doxercalciferol. However, in this updated 

systematic review we did find evidence that new vitamin D compounds lowered 

PTH to a greater extent than their established counterparts without any 

difference in risks of hypercalcaemia or hyperphosphataemia. In fact, end of 

treatment serum phosphorus was significantly lower among people receiving 

new compared to established vitamin D compounds. Early pre-clinical studies 
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introduced ‘designer’ vitamin D compounds as promising alternative agents to 

the traditionally prescribed calcitriol and alfacalcidol by showing similar PTH 

suppressing capacity but with less deleterious effects on serum calcium and 

phosphorus levels.90,274 Unfortunately, this effect has not been repeated in 

randomised trials involving people with CKD, with elevations in serum calcium 

remaining a significant limiting factor in the safe administration of all vitamin D 

compounds for treatment of secondary hyperparathyroidism. Without further 

RCTs directly comparing new and established vitamin D compounds with all-

cause mortality and other patient-centred outcomes as primary outcome 

measures, it remains uncertain whether paricalcitol, maxacalcitol and 

doxercalciferol should be preferred to calcitriol and alfacalcidol in the treatment 

of CKD-MBD. 

The optimal route, frequency and dose of vitamin D for people with CKD is yet to 

be defined and is currently driven by biochemical outcomes rather than patient-

centred endpoints.1 Yet, studies comparing dosing regimens were few in number 

and on the whole did not address patient-centred outcomes. Based on available 

evidence, specific recommendations about the optimum administration route or 

frequency for vitamin D treatment cannot be made using existing trial data. 

Particularly for CKD patients not requiring dialysis, there were no studies 

directly comparing vitamin D regimes or routes of administration and one study 

reported no deaths in pre-dialysis patients receiving high or low dose 

paricalcitol.194 In contrast, the contention surrounding the effects of daily oral 

compared to intermittent IV administration of vitamin D for people with CKD 

requiring dialysis is reflected by the dominance of trials enrolling dialysis 

patients in our meta-analyses assessing route and frequency. Observational 
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studies have produced inconsistent results in the comparison between oral and 

IV vitamin D, with some showing that oral vitamin D is associated with a  

significant decrease in PTH and increase in serum calcium,273 while others report 

no difference between the two routes.282,296 A previous meta-analysis of RCTs 

comparing oral and IV vitamin D administered intermittently to dialysis patients 

showed no difference between the two routes in any outcome, both biochemical 

and patient-centred.286 However, this current meta-analysis showed that IV 

vitamin D was associated with a significantly lower end of treatment PTH than 

oral vitamin D with no significant differences found for serum calcium and 

phosphorus outcomes. This is consistent with previous K/DOQI guidelines for 

vitamin D therapy in people with CKD Stage 5D, which stated that there is 

sufficient evidence to suggest that intermittent IV administration of vitamin D 

suppresses PTH more effectively than a daily oral regimen;287 however, these 

recommendations are not found in more recent guidelines.1 In addition, no 

differences were found between intermittent and daily administration of vitamin 

D in this current study. 

In comparison to previous versions, this systematic review identified 88 

additional RCTs and thus provides an up-to-date summary of all the available 

randomised data on vitamin D treatment in CKD. Additional data for patient-

centred outcomes such as all-cause mortality, major cardiovascular events, 

withdrawals due to cardiovascular-related events, fracture and commencement 

of dialysis were included in updated comparisons of vitamin D and placebo, while 

no new data were available since 2009 for development of bone pain and 

parathyroidectomy. Despite the incorporation of additional data, the effects of 

vitamin D on most patient-centred outcomes remain largely uncertain, the only 
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exception being the recent low-quality data on major cardiovascular events in 

people not receiving dialysis showing that vitamin D may reduce risk of heart 

attacks and strokes in this subpopulation of people with CKD. This finding 

cannot be extended to those receiving dialysis because no new randomised 

studies enrolling dialysis patients reported major cardiovascular events.  

Furthermore, in addition to demonstrating with increased confidence the PTH 

suppressing and calcium and phosphorus elevating effects of vitamin D therapy 

in people with CKD, this update has provided evidence on the different effects of 

new and established compounds on biochemical outcomes in people with CKD. 

Where meta-analysis comparing the effects of new and established vitamin D 

compounds on end of treatment serum PTH was previously not possible, the 

addition of six new studies in this review showed a significant difference in PTH 

suppression in the favour of new vitamin D compounds.  Similarly, inclusion of 

four new studies reporting end of treatment phosphorus showed that new 

vitamin D compounds are associated with significantly lower serum phosphorus 

when compared to established vitamin D compounds. In contrast, there was no 

difference found for end of treatment calcium, hypercalcaemia and 

hyperphosphataemia events. 

This update included a new comparison: flexible vitamin D against cinacalcet 

with low dose vitamin D. Cinacalcet is a relatively new calcium receptor agonist 

that has been shown in a recently updated cumulative meta-analysis to have no 

effect on all-cause mortality but reduced need for parathyroidectomy among 

people receiving dialysis compared to standard care including vitamin D.297  In 

contrast, the five studies included in this review were specific to the comparison 

containing different dosing regimens of vitamin D in both treatment arms. Meta-
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analysis including 1403 participants showed no difference in mortality, and there 

was no significant difference in need for parathyroidectomy or development of 

muscle dysfunction. While flexible vitamin D increased hypercalcaemia and 

hyperphosphataemia, PTH reduction greater than 30% from baseline was no 

different between the regimes. Because the focus of our systematic review was 

vitamin D, the use of cinacalcet in CKD is outside the scope of this discussion; 

however, we can conclude that while the concurrent use of cinacalcet together 

with low dose vitamin D may be associated with lower risks of hypercalcaemia 

and hyperphosphataemia with similar PTH suppressing effects as flexible 

vitamin D monotherapy, there was no difference in effect on patient-centred 

outcomes between the two treatment regimes. This is consistent with KDIGO 

guidelines suggesting that dialysis patients with PTH levels exceeding two to nine 

times the upper normal limit receive vitamin D compounds and/or calcimimetics 

to suppress PTH.283 

Conclusions 

Vitamin D therapy may provide a protective effect against cardiovascular events 

for people with CKD not requiring dialysis but has uncertain effects on all-cause 

mortality, fracture, development of bone pain, parathyroidectomy and 

progression to ESKD in people with CKD. Vitamin D suppresses PTH while 

elevating calcium and phosphorus levels, and does so to a greater extent when 

administered intravenously compared to orally, with newer vitamin D 

compounds associated with greater PTH suppression than its established 

counterparts. However, the current practice of using serum PTH, calcium and 

phosphorus levels to determine treatment for CKD-MBD requires validation of 

these surrogate markers as pertinent indicators of clinical outcomes. In light of 
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the current evidence, routine vitamin D therapy for people with CKD is not 

warranted except to maintain serum phosphorus and calcium within 

physiologically safe levels. Upcoming placebo-controlled randomised trials 

should compare different target biochemical profiles (serum PTH, calcium and 

phosphorus) achieved using vitamin D with mortality, cardiovascular events, 

fracture, bone pain and parathyroidectomy as the primary outcomes to assess 

their efficacy as surrogate markers and to further elucidate the effects of vitamin 

D therapy on clinical outcomes. Similarly, head-to-head comparisons of different 

vitamin D compounds, different frequencies and routes of administration should 

focus on patient-centred outcomes to determine the optimum administration 

regimen for vitamin D therapy in people who have CKD. Finally, global education 

and co-operation to implement standardised reporting that transparently 

communicates the methods and outcomes of all RCTs is critical to providing 

sound evidence that reliably informs practice, improves patient outcomes and 

furthers research for the effects of vitamin D therapy in CKD. 
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Appendix 1: Electronic search strategies 

Vitamin D compounds for people with chronic kidney disease not requiring 
dialysis7 

Database Search terms 

 
CENTRAL 

 
1. KIDNEY DISEASES 
2. KIDNEY FAILURE CHRONIC 

3. KIDNEY FAILURE 

4. RENAL REPLACEMENT THERAPY 

5. RENAL DIALYSIS 

6. HEMOFILTRATION 

7. ((chronic next kidney) or (chronic next renal)) 

8. (ckd or ckf or crd or crf or eskd or esrd or eskf or esrf) 

9. (predialysis or dialysis) 

10. (haemodialysis or haemodialysis) 

11. (capd or ccpd or apd) 
12. (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or 
#11) 
13. BONE DISEASES 

14. RENAL OSTEODYSTROPHY 

15. (bone next disease*) 

16. (bone* and (atroph* or formation or deform* or destruct* or 
necrosis or resorption or metabol* or turnover or demineral* or 
decalcif* or density)) 

17. (osteo* or hyperparathyroid* or hyperphosphat*) 

18. (#13 or #14 or #15 or #16 or #17) 

19. VITAMIN D 

20. (vitamin next d) 

21. (vitamin next d2) 

22. (vitamin next d3) 

23. (cholecalciferol or colecalciferol) 

24. (hydroxycholecalciferol or hydroxycolecalciferol) 

25. (dihydroxycholecalciferol or dihydroxycolecalciferol) 

26. dihydrotachysterol 

27. maxicalcitol 

28. oxacalcitriol 

29. paricalcitol 

30. doxercalciferol 

31. dihydroxyvitamin 

32. falecalcitriol 

33. calcitriol 

34. alfacalcidol 
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35. alphacalcidol 

36. calcifedol 

37. calcipotriol 

38. epicalcitriol 

39. lexacalcitol 

40. seocalcitol 

41. tacalcitol 

42. ergocalciferol 

43. (#19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or 
#28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 
or #38 or #39 or #40 or #41 or #42) 

44. (#12 and #18 and #43) 
 

    
EMBASE 1. Kidney Disease/ 

2. Kidney Failure/ 

3. Chronic Kidney Failure/ 

4. exp haemodialysis/ 

5. (haemodialysis or haemodialysis).tw. 

6. dialysis.tw. 

7. (CAPD or CCPD or APD).tw. 

8. predialysis.tw. 

9. (chronic renal or chronic kidney).tw. 

10. (CKD or CKF or CRD or CRF or ESKD or ESRD or ESKF or 
ESRF).tw. 

11. or/1-10 

12. exp Bone Disease/ 

13. bone disease$.tw. 

14. (bone$ and (atroph$ or formation or deform$ or destruct$ or 
necrosis or resorption or metabol$ or turnover or demineral$ or 
decalcif$ or density)).tw. 

15. (osteo$ or hyperparathyroid$ or hyperphosphat$).tw. 

16. or/12-15 

17. exp Vitamin D/ 

18. vitamin d.tw. 

19. vitamin d2.tw. 

20. vitamin d3.tw. 

21. cholecalciferol.tw. 

22. colecalciferol.tw. 

23. hydroxycholecalciferol.tw. 

24. dihydroxycholecalciferol.tw. 

25. dihydrotachysterol.tw. 

26. maxicalcitol.tw. 

27. oxacalcitriol.tw. 

28. paricalcitol.tw. 

29. doxercalciferol.tw. 

30. dihydroxyvitamin.tw. 



 
  

125 
 
 

31. falecalcitriol.tw. 

32. calcitriol.tw. 

33. alfacalcidol.tw. 

34. alphacalcidol.tw. 

35. calcifedol.tw. 

36. calcipotriol.tw. 

37. epicalcitriol.tw. 

38. lexacalcitol.tw. 

39. seocalcitol.tw. 

40. tacalcitol.tw. 

41. ergocalciferol.tw. 

42. or/17-41 
43. and/11,16,42 
 

    
MEDLINE 1. Kidney Diseases/ 

2. Kidney Failure, Chronic/ 

3. Kidney Failure/ 
4. renal replacement therapy/ or exp renal dialysis/ or exp 
hemofiltration/ 
5. (chronic kidney or chronic renal).tw. 

6. (CKD or CKF or CRD or CRF or ESKD or ESRD or ESKF or 
ESRF).tw. 

7. (predialysis or dialysis).tw. 

8. (haemodialysis or haemodialysis).tw. 

9. (CAPD or CCPD or APD).tw. 

10. or/1-9 

11. exp Bone Diseases/ 

12. Renal Osteodystrophy/ 

13. bone disease$.tw. 

14. (bone$ and (atroph$ or formation or deform$ or destruct$ or 
necrosis or resorption or metabol$ or turnover or demineral$ or 
decalcif$ or density)).tw. 

15. (osteo$ or hyperparathyroid$ or hyperphosphat$).tw. 

16. or/11-15 

17. and/10,16 

18. exp Vitamin D/ 

19. vitamin d.tw. 

20. vitamin d2.tw. 

21. vitamin d3.tw. 

22. cholecalciferol.tw. 

23. colecalciferol.tw. 

24. hydroxycholecalciferol.tw. 

25. dihydrotachysterol.tw. 

26. maxicalcitol.tw. 
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27. oxacalcitriol.tw. 

28. paricalcitol.tw. 

29. doxercalciferol.tw. 

30. dihydroxyvitamin.tw. 

31. hydroxyvitamin.tw. 

32. falecalcitriol.tw. 

33. calcitriol.tw. 

34. alfacalcidol.tw. 

35. alphacalcidol.tw. 

36. calcifedol.tw. 

37. calcipotriol.tw. 

38. epicalcitriol.tw. 

39. lexacalcitol.tw. 

40. seocalcitol.tw. 

41. ergocalciferol.tw. 

42. or/18-41 

43. and/17,42 

  

 

Vitamin D compounds for people with chronic kidney disease requiring 
dialysis8 

Database Search terms 

  
CENTRAL 1. KIDNEY DISEASES 

2. KIDNEY FAILURE CHRONIC 

3. KIDNEY FAILURE 

4. RENAL REPLACEMENT THERAPY 

5. RENAL DIALYSIS 

6. HEMOFILTRATION 

7. ((chronic next kidney) or (chronic next renal)) 

8. (ckd or ckf or crd or crf or eskd or esrd or eskf or esrf) 

9. (predialysis or dialysis) 

10. (haemodialysis or haemodialysis) 

11. (capd or ccpd or apd) 
12. (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or 
#11) 
13. BONE DISEASES 

14. RENAL OSTEODYSTROPHY 

15. (bone next disease*) 

16. (bone* and (atroph* or formation or deform* or destruct* or 
necrosis or resorption or metabol* or turnover or demineral* or 
decalcif* or density)) 

17. (osteo* or hyperparathyroid* or hyperphosphat*) 

18. (#13 or #14 or #15 or #16 or #17) 
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19. VITAMIN D 

20. (vitamin next d) 

21. (vitamin next d2) 

22. (vitamin next d3) 

23. (cholecalciferol or colecalciferol) 

24. (hydroxycholecalciferol or hydroxycolecalciferol) 

25. (dihydroxycholecalciferol or dihydroxycolecalciferol) 

26. dihydrotachysterol 

27. maxicalcitol 

28. oxacalcitriol 

29. paricalcitol 

30. doxercalciferol 

31. dihydroxyvitamin 

32. falecalcitriol 

33. calcitriol 

34. alfacalcidol 

35. alphacalcidol 

36. calcifedol 

37. calcipotriol 

38. epicalcitriol 

39. lexacalcitol 

40. seocalcitol 

41. tacalcitol 

42. ergocalciferol 

43. (#19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or 
#28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 
or #38 or #39 or #40 or #41 or #42) 

44. (#12 and #18 and #43) 
 

    
EMBASE 1. Kidney Disease/ 

2. Kidney Failure/ 

3. Chronic Kidney Failure/ 

4. exp haemodialysis/ 

5. (haemodialysis or haemodialysis).tw. 

6. dialysis.tw. 

7. (CAPD or CCPD or APD).tw. 

8. predialysis.tw. 

9. (chronic renal or chronic kidney).tw. 

10. (CKD or CKF or CRD or CRF or ESKD or ESRD or ESKF or 
ESRF).tw. 

11. or/1-10 

12. exp Bone Disease/ 

13. bone disease$.tw. 
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14. (bone$ and (atroph$ or formation or deform$ or destruct$ or 
necrosis or resorption or metabol$ or turnover or demineral$ or 
decalcif$ or density)).tw. 

15. (osteo$ or hyperparathyroid$ or hyperphosphat$).tw. 

16. or/12-15 

17. exp Vitamin D/ 

18. vitamin d.tw. 

19. vitamin d2.tw. 

20. vitamin d3.tw. 

21. cholecalciferol.tw. 

22. colecalciferol.tw. 

23. hydroxycholecalciferol.tw. 

24. dihydroxycholecalciferol.tw. 

25. dihydrotachysterol.tw. 

26. maxicalcitol.tw. 

27. oxacalcitriol.tw. 

28. paricalcitol.tw. 

29. doxercalciferol.tw. 

30. dihydroxyvitamin.tw. 

31. falecalcitriol.tw. 

32. calcitriol.tw. 

33. alfacalcidol.tw. 

34. alphacalcidol.tw. 

35. calcifedol.tw. 

36. calcipotriol.tw. 

37. epicalcitriol.tw. 

38. lexacalcitol.tw. 

39. seocalcitol.tw. 

40. tacalcitol.tw. 

41. ergocalciferol.tw. 

42. or/17-41 
43. and/11,16,42 
 

    
MEDLINE 1. Kidney Diseases/ 

2. Kidney Failure, Chronic/ 

3. Kidney Failure/ 
4. renal replacement therapy/ or exp renal dialysis/ or exp 
hemofiltration/ 
5. (chronic kidney or chronic renal).tw. 

6. (CKD or CKF or CRD or CRF or ESKD or ESRD or ESKF or 
ESRF).tw. 

7. (predialysis or dialysis).tw. 

8. (haemodialysis or haemodialysis).tw. 

9. (CAPD or CCPD or APD).tw. 

10. or/1-9 

11. exp Bone Diseases/ 



 
  

129 
 
 

12. Renal Osteodystrophy/ 

13. bone disease$.tw. 

14. (bone$ and (atroph$ or formation or deform$ or destruct$ or 
necrosis or resorption or metabol$ or turnover or demineral$ or 
decalcif$ or density)).tw. 

15. (osteo$ or hyperparathyroid$ or hyperphosphat$).tw. 

16. or/11-15 

17. and/10,16 

18. exp Vitamin D/ 

19. vitamin d.tw. 

20. vitamin d2.tw. 

21. vitamin d3.tw. 

22. cholecalciferol.tw. 

23. colecalciferol.tw. 

24. hydroxycholecalciferol.tw. 

25. dihydrotachysterol.tw. 

26. maxicalcitol.tw. 

27. oxacalcitriol.tw. 

28. paricalcitol.tw. 

29. doxercalciferol.tw. 

30. dihydroxyvitamin.tw. 

31. hydroxyvitamin.tw. 

32. falecalcitriol.tw. 

33. calcitriol.tw. 

34. alfacalcidol.tw. 

35. alphacalcidol.tw. 

36. calcifedol.tw. 

37. calcipotriol.tw. 

38. epicalcitriol.tw. 

39. lexacalcitol.tw. 

40. seocalcitol.tw. 

41. ergocalciferol.tw. 

42. or/18-41 

43. and/17,42 
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Appendix 2: Risk of bias assessment tool32 

Potential source of bias Assessment criteria 

    

Random sequence 
generation  

Low risk of bias: Random number table; computer random number generator; 
coin tossing; shuffling cards or envelopes; throwing dice; drawing of lots; 
minimization (minimization may be implemented without a random element, 
and this is considered to be equivalent to being random). 

Selection bias (biased 
allocation to interventions) 
due to inadequate 
generation of a randomised 
sequence 

High risk of bias: Sequence generated by odd or even date of birth; date (or 
day) of admission; sequence generated by hospital or clinic record number; 
allocation by judgement of the clinician; by preference of the participant; 
based on the results of a laboratory test or a series of tests; by availability of 
the intervention. 

  
Unclear: Insufficient information about the sequence generation process to 
permit judgement. 

    

  

Allocation concealment 

Low risk of bias: Randomisation method described that would not allow 
investigator/participant to know or influence intervention group before eligible 
participant entered in the study (e.g. central allocation, including telephone, 
web-based, and pharmacy-controlled, randomisation; sequentially numbered 
drug containers of identical appearance; sequentially numbered, opaque, 
sealed envelopes). 

Selection bias (biased 
allocation to interventions) 
due to inadequate 
concealment of allocations 
prior to assignment 

High risk of bias: Using an open random allocation schedule (e.g. a list of 
random numbers); assignment envelopes were used without appropriate 
safeguards (e.g. if envelopes were unsealed or non-opaque or not 
sequentially numbered); alternation or rotation; date of birth; case record 
number; any other explicitly unconcealed procedure. 

 
Unclear: Randomisation stated but no information on method used is 
available. 

  

    

Blinding of participants 
and personnel 

Low risk of bias: No blinding or incomplete blinding, but the review authors 
judge that the outcome is not likely to be influenced by lack of blinding; 
blinding of participants and key study personnel ensured, and unlikely that the 
blinding could have been broken. 

Performance bias due to 
knowledge of the allocated 
interventions by 
participants and personnel 
during the study 

High risk of bias: No blinding or incomplete blinding, and the outcome is likely 
to be influenced by lack of blinding; blinding of key study participants and 
personnel attempted, but likely that the blinding could have been broken, and 
the outcome is likely to be influenced by lack of blinding. 

  Unclear: Insufficient information to permit judgement 

    

    

Blinding of outcome 
assessment 

Low risk of bias: No blinding of outcome assessment, but the review authors 
judge that the outcome measurement is not likely to be influenced by lack of 
blinding; blinding of outcome assessment ensured, and unlikely that the 
blinding could have been broken. 

Detection bias due to 
knowledge of the allocated 
interventions by outcome 
assessors. 

High risk of bias: No blinding of outcome assessment, and the outcome 
measurement is likely to be influenced by lack of blinding; blinding of outcome 
assessment, but likely that the blinding could have been broken, and the 
outcome measurement is likely to be influenced by lack of blinding. 

  Unclear: Insufficient information to permit judgement 
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Incomplete outcome data 

Low risk of bias: No missing outcome data; reasons for missing outcome data 
unlikely to be related to true outcome (for survival data, censoring unlikely to 
be introducing bias); missing outcome data balanced in numbers across 
intervention groups, with similar reasons for missing data across groups; for 
dichotomous outcome data, the proportion of missing outcomes compared 
with observed event risk not enough to have a clinically relevant impact on the 
intervention effect estimate; for continuous outcome data, plausible effect size 
(difference in means or standardized difference in means) among missing 
outcomes not enough to have a clinically relevant impact on observed effect 
size; missing data have been imputed using appropriate methods. 

Attrition bias due to 
amount, nature or handling 
of incomplete outcome 
data. 

High risk of bias: Reason for missing outcome data likely to be related to true 
outcome, with either imbalance in numbers or reasons for missing data 
across intervention groups; for dichotomous outcome data, the proportion of 
missing outcomes compared with observed event risk enough to induce 
clinically relevant bias in intervention effect estimate; for continuous outcome 
data, plausible effect size (difference in means or standardized difference in 
means) among missing outcomes enough to induce clinically relevant bias in 
observed effect size; ‘as-treated’ analysis done with substantial departure of 
the intervention received from that assigned at randomisation; potentially 
inappropriate application of simple imputation. 

  Unclear: Insufficient information to permit judgement 

    

    

Selective reporting 

Low risk of bias: The study protocol is available and all of the study’s pre-
specified (primary and secondary) outcomes that are of interest in the review 
have been reported in the pre-specified way; the study protocol is not 
available but it is clear that the published reports include all expected 
outcomes, including those that were pre-specified (convincing text of this 
nature may be uncommon. 

Reporting bias due to 
selective outcome reporting 

High risk of bias: Not all of the study’s pre-specified primary outcomes have 
been reported; one or more primary outcomes is reported using 
measurements, analysis methods or subsets of the data (e.g. subscales) that 
were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an 
unexpected adverse effect); one or more outcomes of interest in the review 
are reported incompletely so that they cannot be entered in a meta-analysis; 
the study report fails to include results for a key outcome that would be 
expected to have been reported for such a study. 

  Unclear: Insufficient information to permit judgement 

    

    

Other bias Low risk of bias: The study appears to be free of other sources of bias. 

Bias due to problems not 
covered elsewhere in the 
table 

High risk of bias: Had a potential source of bias related to the specific study 
design used; stopped early due to some data-dependent process (including a 
formal-stopping rule); had extreme baseline imbalance; has been claimed to 
have been fraudulent; had some other problem. 

  
Unclear: Insufficient information to assess whether an important risk of bias 
exists; insufficient rationale or evidence that an identified problem will 
introduce bias. 

    

  



 
 
 
   

 
 

Appendix 3: Summary characteristics and risk of bias of included studies 

Study, 
year 

Baseline Characteristics 

Comparison/s 
Co-intervention/s 

Intervention 
Enrolled
n 

Follow 
up, wk 

Loss to 
follow 
up, n 
(%) 

Outcomes extractable and 
relevant to this review 

Risk of bias 

CKD 
Stage 
(eGFR) 

Age  

Sex 

RSG AC BPP BOA IOD SR ITT IIS M 
(n) 

F 
(n) 

Abdul 
Gafor 
2009177 

HD 48.2 14 11 
EN 
Ca 

Calcitriol: >0.01µg/kg thrice weekly IV, 
vs. Paricalcitol: >0.04µg/kg thrice 
weekly IV 

25 12 NA 
Reduction PTH>50% 
baseline, EOT P, PTH, Ca 

ACHIEVE 
Study 
2008201 

HD 57.7 97 76 
FCi 
P 

Cinacalcet: 30-180mg/d PO, 
Paricalcitol: 0-2µg thrice weekly IV OR 
Doxercalciferol: 0-1µg thrice weekly 
IV, vs. Paricalcitol: 2µg thrice weekly 
IV OR Doxercalciferol: 1µg thrice 
weekly IV (adjusted according to 
KDOQI guidelines) 

173 27 11 (6.4) 

All-cause mortality, 
parathyroidectomy, 
hyperphosphataemia, 
hypercalcaemia, muscle 
dysfunction 



ADVANCE 
Study 
2011241 

HD 61.2 
20
7 

15
3 

FCi 
Ca 

Cinacalcet: 30-180mg/d PO, 
Paricalcitol: 0-2µg thrice weekly, vs. 
Paricalcitol: 2µg thrice weekly IV OR 
Doxercalciferol: 1µg thrice weekly IV 
OR Alfacalcifol: 1µg thrice weekly IV 
OR 0.5µg/d PO OR Calcitriol: 0.5µg 
thrice weekly OR 0.25µg/d PO 

360 52 0 (0) 

All-cause mortality, 
parathyroidectomy, 
hypercalcaemia, vascular 
calcification, EOT Ca, P 



Aggarwal 
2011178 

Pre-D 
(17.88) 

46.92 28 22 
EN 
aHTN-aDM-P 

Calcitriol: 0.5µg/d, vs. Doxercalciferol: 
1µg/d 

50 12 0 (0) 

Reduction PTH>50% 
baseline level, 
hypercalcaemia, EOT Ca, 
PTH 



Akiba 
1998103 

HD 53.8 10 15 
EN 
NA 

Falecalcitriol: 0.15-3µg/d PO, vs. 
Alfacalcidol: 0.25-0.5µg/d PO 

25 26 4 (16) 
All-cause mortality, 
hypercalcaemia 

Akizawa 
1994179 

HD NA NA NA 
EP HL 
NA 

Calcitriol: 2µg thrice weekly IV, vs. 
1.5µg thrice weekly IV, vs. 1µg thrice 
weekly IV, vs. placebo 

162 12 NA Nil 

Akizawa 
1997180 

HD NA NA NA 
NP 
NA 

Maxacalcitol: 0-10µg thrice weekly IV, 
vs. placebo 

34 6 NA 
EOT PTH, Ca, 
hypercalcaemia 

Akizawa 
2004104 

HD 49.4 
10
5 

71 
NP HL 
Ca-Al 

22-oxacalcitriol: 5µg thrice weekly IV, 
vs. 10µg thrice weekly PO, vs. 15µg 
thrice weekly PO, vs. placebo 

203 12 27 (16) 
Hypercalcaemia, reduction 
PTH>30% baseline 



 
 
 

 

Study, 
year 

Baseline Characteristics 

Comparison/s 
Co-intervention/s 

Intervention 
Enrolled
n 

Follow 
up, wk 

Loss to 
follow 
up, n 
(%) 

Outcomes extractable and 
relevant to this review 

Risk of bias 

CKD 
Stage 
(eGFR) 

Age  

Sex 

RSG AC BPP BOA IOD SR ITT IIS M 
(n) 

F 
(n) 

Alborzi 
2008181 

Pre-D 
(47.4) 

67.5 20 4 
NP HL 
aHTN 

Paricalcitol: 2µg/d PO, vs. Paricalcitol: 
1µg/d PO, vs. placebo 

24 4 0 (0) Nil 

Al-Hilali 
2008182 

HD 52.7 5 16 
HL Fr 
Ca-Sev 

Alfacalcidol: 4µg/wk IV, vs. 2µg twice 
weekly IV 

24 12 0 (0) EOT PTH, Ca, P, ALP 

Ali 1995183 HD NA NA NA 
EP 
NA 

Alfacalcidol: 0.5-4µg thrice weekly IV, 
vs. placebo 

44 52 0 (0) 
Parathyroidectomy, EOT 
PTH 

Alvarez 
2012184 

Pre-D 
(62.5) 

62.3 42 4 
EP 
D 

Cholecalciferol: 50,000IU/w PO, vs. 
placebo 

48 52 
11 
(22.9) 

All-cause mortality, EOT PTH 

Ambrus 
2003185 

HD 56 47 43 
EP 
P, D 

Native vitamin D: 3000-9000IU/wk IV, 
vs. standard care 

90 52 NA EOT BMD 

Ardissino 
2000105 

Pre-D 
(22) 

8.8 45 14 
ID 
P 

Calcitriol: 10ng/kg/d PO, vs. Calcitriol: 
35ng/kg twice weekly PO 

59 8 0 (0) Hypercalcaemia 

Armas 
2012186 

HD 57.6 30 12 
EP 
D 

Cholecalciferol: 0.25mg/wk PO, vs. 
placebo 

47 15 5 (10.6) All-cause mortality 

Bacchini 
1997106 

HD 52.7 12 8 
OI 
Ca 

Calcitriol: 0.5µg thrice weekly IV, vs. 
0.5µg thrice weekly PO 

20 17 0 (0) 
Hypercalcaemia, 
hyperphosphataemia, EOT 
PTH, Ca, P 



Baker 
1986107 

HD NA NA NA 
EP 
Al 

Calcitriol: 0.25-1µg/d PO, vs. placebo 76 260 7 (9) 

Fracture, 
parathyroidectomy, 
subperiosteal erosions, 
vascular calcification, 
hypercalcaemia 



Baker 
198986 

Pre-D 
(NA) 

NA 7 6 
EP 
Ca-D 

Calcitriol: 0.25-0.5µg/d PO, vs. 
placebo 

13 52 3 (18.6) 
EOT Ca, ALP, PTH, GFR, 
osteoid thickness, osteoid 
volume 



Bansal 
2011187 

HD NA NA NA 
EP 
P, D 

Cholecalciferol: 60,000IU/wk PO, vs. 
placebo 

45 12 
12 
(26.7) 

Hypercalcaemia 

Basturk 
2011188 

Pre-D 
(41.82) 

54 12 19 
EP 
NA 

Cholecalciferol: 300,000IU/m PO, vs. 
standard care 

48 12 
17 
(35.4) 

EOT Ca, P, PTH, GFR 

Belechri 
2010189 

HD NA NA NA 
NCi 
Sev 

Paricalcitol: 1.87mg thrice weekly PO, 
vs. Cincalcet: 44.5mg/d PO 

50 52 NA EOT PTH 

Berl 
1980108 

HD 48 15 16 
EE 
Al 

Calcitriol: 0.5-1.5µg/d PO, vs. Vitamin 
D: 400IU/d PO 

31 12 3 (10) 
Bone pain, bone 
histomorphometry, EOT Ca, 
P, ALP, hypercalcaemia 
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Birkenhage
r-Frenkel 
1995109 

Pre-D 
(18.2) 

NA NA NA 
EP  
Ca-D-Al 

24,25(OH)₂D₃: 50µg twice weekly PO, 
vs. no treatment 

25 12 0 (0) Hypercalcaemia 

Bleskestad 
2012190 

Pre-D 
(40.1) 

65.7 14 7 
EP 
aHTN 

Alfacalcidol: 0.25µg/d PO, vs. 
Sevelamer carbonate: 800mg TID PO 

21 2 0 (0) EOT Ca, P, GFR 

Bonakdara
n 2008191 

HD 48 14 13 
EP 
NA 

Calcitriol: 0.5µg/d PO, vs. placebo 32 8 5 (15.6) EOT Ca, P, PTH 

Borazan 
2003110 

HD 39.8 16 18 
OIV ID 
NA 

Calcitriol: 0.5µg/d PO, vs. 1µg thrice 
weekly IV 

34 26 0 (0) 
Hypercalcaemia, EOT PTH, 
Ca, ALP 

Buccianti 
1981111 

HD 48 31 17 
EE 
NA 

Cholecalciferol: 50µg/d PO, vs. 
Calcitriol: 0.5µg/d PO 

65 26 0 (0) Nil 

Caravaca 
1995112 

HD NA NA NA 
ID OIV 
Ca-Al 

Calcitriol: 0.045µg/kg/wk IV, vs. 
0.045µg/kg/wk PO, vs. 0.045µg/kg/wk 
administered daily 

31 10 5 (16) 
Hyperphosphataemia, EOT 
Ca, P, PTH, ALP 

Christianse
n 1978114 

Pre-D 
(25.1) 

NA NA NA 
EE 
Ca 

Calcitriol: 0.25-1 µg/d PO, vs. Vitamin 
D: 4000IU/d PO 

18 26 0 (0) Nil 

Coburn 
2000193 

HD NA NA NA 
EP 
Ca 

Doxercalciferol PO, vs. placebo 60 8 NA Nil 

Coburn 
2004115 

Pre-D 
(33.5) 

64.1 45 10 
NP 
Ca 

Doxercalciferol: 1-5µg/d PO, vs. 
placebo 

55 26 0 (0) 

All-cause mortality, 
commencement dialysis, 
hypercalcaemia, CaxP 
product, reduction 
PTH>30% baseline, EOT Ca, 
P, PTH, GFR 



Coen 
1982116 

HD 48 15 16 
ID 
Ca-Al 

Calcitriol: 2.75µg/wk PO, vs. 0.75µg/d 
PO 

15 52 0 (0) Nil 

Coen 
1994117 

Pre-D 
(27.5) 

50.8 39 21 
EP 
Ca 

Calcitriol: 0.25µg/d, vs. no treatment 60 125 NA 
Hypercalcaemia, EOT PTH, 
P, Ca 

Coyne 
2006118 

Pre-D 
(23.1) 

63.6 
14
9 

71 
NP 
P 

Paricalcitol: 2-4µg thrice weekly PO, 
vs. Paricalcitol: 1-2µg/d PO, vs. 
placebo 

220 24 42 (18) 

All-cause mortality, 
hypercalcaemia, 
hyperphosphataemia, CaxP, 
reduction PTH>30% baseline 



CUPID 
Study 
2013213 

PD 48.8 35 31 
FCi 
P 

Cinacalcet: 25mg PO, Calcitriol: 0.25µg 
PO, vs. Calcitriol PO adjusted 
according to KDOQI guidelines 

66 16 
11 
(16.7) 

Reduction PTH>30% 
baseline 

de Boer 
2013195 

Pre-D 
(38.5) 

66 20 2 
NP 
D-P 

Paricalcitol: 2µg/d PO, vs. placebo 22 8 0 (0) Hypercalcaemia 
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DECALYOS 
II 2012192 

Pre-D 
(54, 39) 

86 0 
32
2 

EP 
NA 

Cholecalciferol: 800IU/d PO, Calcium: 
1200mg/d PO, vs. placebo 

322 104 
84 
(26.1) 

EOT Ca, P 

Delanaye 
2013196 

HD 75 21 9 
EP 
P-Ca-D 

Cholecalciferol: 25,000IU/2wk, vs. 
placebo 

43 52 
13 
(30.2) 

All-cause mortality 

Delmez 
2000119 

HD 57 6 9 
EP 
Ca-Al 

Calcitriol: 0.5-2µg thrice weekly IV, vs. 
no treatment 

15 52 0 (0) 
Fracture, bone pain, 
hypercalcaemia 

Deuber 
2003120 

HD NA NA NA 
EE 
NA 

Alfacalcidol: 3.8µg/wk, vs. Calcitriol: 
2.7µg/wk 

50 156 NA Nil 

Dezfoolian 
2012197 

Pre-D 
(NA) 

65 16 8 
EP 
NA 

Cholecalciferol: 1600IU twice daily PO, 
vs. placebo 

24 10 3 (12.5) Nil 

Djukanovic 
1994121 

HD 53 10 10 
EE 
Ca-Al 

Alfacalcidol: 1µg thrice weekly PO, 
1,25(OH)₂D₃: 10µg/d, vs. Alfacalcidol: 
1µg thrice weekly PO 

20 24 0 (0) Nil 

Dogan 
2008198 

Pre-D 
(36.3) 

51 18 22 
EP 
NA 

Cholecalciferol: 300,000IU/m PO, vs. 
no treatment 

40 4 0 (0) 
Reduction PTH>50% 
baseline, EOT Ca, PTH, P 

El-Reshaid 
1997122 

HD 39 16 4 
EE 
Ca-P 

Calcitriol: 1µg thrice weekly IV, vs. 
Alfacalcidol: 1µg thrice weekly IV 

20 12 0 (0) Nil 

El-Shafey 
2011199 

HD 51.81 41 41 
ECi 
Ca-Sev-D 

Alfacalcidol: 1µg thrice weekly PO, vs. 
Cinacalcet: 30mg/d PO 

82 36 4 (4.9) 
All-cause mortality, fracture, 
parathyroidectomy, EOT Ca, 
P, PTH 



Fischer 
1993123 

HD NA NA NA 
OIV 
NA 

Calcitriol: 2µg thrice weekly IV, vs. 
Calcitriol: 2µg thrice weekly PO 

11 17 1 (9) 
Fracture, hypercalcaemia, 
EOT Ca, P, PTH 

Fishbane 
2009200 

Pre-D 
(39.8) 

55 41 14 
NP 
aHTN 

Paricalcitol: 0.5-1µg/d PO, vs. placebo 55 26 6 (9.84) 
Hypercalcaemia, 
hyperphosphataemia, EOT 
Ca, P, PTH 



Fournier 
1993 272 

HD 63 24 23 
ECa 
P 

Alfacalcidol: 1-4µg thrice weekly IV, 
vs. Calcium carbonate PO 

47 26 5 (13) Nil 

Frazao 
2000124 

HD 55 68 70 
NP 
Ca 

Doxercalciferol: 10µg thrice weekly 
PO, vs. placebo 

138 8 39 (28) Nil 

Gadallah 
2000125 

CCPD NA NA NA 
OIP 
NA 

Calcitriol: 3-6mg/wk IP, vs. 3-6mg/wk 
PO 

76 104 42 (55) 
Bone histomorphometry, 
EOT PTH 

Gallieni 
2000126 

HD NA 9 13 
Fr 
Al 

Calcitriol: 3-6µg/wk in three divided 
doses, vs. in two divided doses 

22 12 4 (18) 
Fracture, hypercalcaemia, 
EOT Ca, P, PTH 

GFRD 
Study 
1994113 

Pre-D 
(NA) 

6 55 27 
EE 
Ca 

Calcitriol: 20ng/kg/d PO, vs. 
Dihydrotachysterol: 15µg/kg/d PO 

82 26 12 (13) Nil 

Gonzalez 
2003127 

HD, PD NA NA NA 
NP 
NA 

Paricalcitol: <32µg, vs placebo 26 12 NA 
Reduction PTH>30% 
baseline 

Greenbau
m 2005129 

HD 15.3 31 16 
EP 
Ca 

Calcitriol: 0.5-1.5µg/d, vs. placebo 47 12 
19 
(40.4) 

Hypercalcaemia, 
hyperphosphataemia, CaxP, 
reduction PTH>30% baseline 



Greenbau
m 2007128 

HD 13.6 22 7 
NP 
Ca-Sev 

Paricalcitol: thrice weekly IV, vs. 
placebo 

29 12 0 (0) 
Hypercalcaemia, reduction 
PTH>30% baseline 
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Haddad 
2004130 

HD NA 12 12 
OIV 
NA 

Alfacalcidol: 1-4µg thrice weekly IV, 
vs. 1-4µg thrice weekly PO 

20 12 0 (0) 
Hypercalcaemia, 
hyperphosphataemia 

Hamdy 
199587 

Pre-D 
(NA) 

53 
10
7 

69 
EP 
Ca 

Alfacalcidol: 0.25-1µg/d PO, vs. 
placebo 

176 104 38 (22) 

All-cause mortality, 
commencement dialysis, 
bone histomorphometry, 
hypercalcaemia, CaxP 
product 



Han 
1997202 

CAPD NA NA NA 
OIPS 
NA 

Calcitriol: 1µg/d IP, vs. 1µg thrice 
weekly SC, 0.5-1µg thrice weekly PO 

33 26 
11 
(33.3) 

Nil 

Hansen 
2009203 

HD 63.7 51 29 
EN 
Ca 

Alfacalcidol: 3µg/wk administered 2-
3x weekly IV, vs. Paricalcitol: 9µg/wk 
administered 2-3x weekly IV 

86 16 6 (7) 

All-cause mortality, 
hypercalcaemia, 
hyperphosphataemia, CaxP, 
reduction PTH>30% 
baseline, EOT P, PTH 



Hayashi 
2004131 

HD 55.7 58 15 
EN 
Ca 

Maxacalcitol: 5-10µg/dialysis IV, vs. 
Calcitriol: 1µg/dialysis IV 

203 52 27 (16) 
Fracture, hypercalcaemia, 
hyperphosphataemia, EOT 
Ca, P, PTH 



Hernandez 
2005204 

CCPD 14 NA NA 
EE 
Ca-Sev 

Doxercalciferol vs. Calcitriol 40 35 NA Nil 

Herrmann 
1994132 

HD 68 25 20 
ID 
Ca-Al 

Calcitriol: 2.5-2.75µg twice weekly PO, 
vs. 0.75µg/d PO 

47 12 6 (13) 
Hypercalcaemia, 
hyperphosphataemia 

Hewitt 
2013205 

HD 60 33 27 
EP 
Ca-Sev-D 

Cholecalciferol: 50,000IU/w PO, vs. 
placebo 

60 26 15 (25) 
All-cause mortality, fracture, 
hypercalcaemia, 
hyperphosphataemia 



Hung 
2013206 

HD 47 6 4 
NCi 
NA 

Paricalcitol, vs. Cinacalcet 10 8 0 (0) Nil 

IMPACT 
2012211 

HD 59.9 
16
8 

10
0 

FCi 
Ca-aHTN 

Paricalcitol: iPTH/60µg thrice weekly 
IV, vs. Cinacalcet: 30mg/d PO, 
Doxercalciferol: 1µg thrice weekly IV 
OR Alfacalcidol: 0.25µg/d PO 

268 28 
57 
(21.3) 

All-cause mortality, muscle 
dysfunction, reduction 
PTH>30% and 50% baseline, 
hypercalcaemia, 
hyperphosphataemia 



Indridason 
2000133 

HD 53.3 29 21 
OIV Eca 
Ca-Al 

Calcitriol: 1µg/dialysis IV, vs. 0.5µg/d 
PO, vs. Calcium carbonate: 2.5g 

52 39 10 (19) 
Hypercalcaemia, 
hyperphosphataemia, EOT 
PTH, ALP, Ca, P 



Ito 2009207 HD 54.6 NA NA 
EN 
Ca-Sev 

Falecalcitriol: 0.3µg/d PO, vs. 
Calcitriol1µg thrice weekly IV 

21 12 0 (0) Nil 

Ivarsen 
2012208 

Pre-D 
(23.3) 

52 10 3 
EP 
Ca, aHTN 

Alfacalcifol: 0.5µg/d PO, vs. standard 13 26 1 (7.14) EOT GFR 

Jones 
1994134 

CAPD, 
CCPD 

NA NA NA 
OIP 
Ca 

Calcitriol: 8.4ng/kg/d PO, vs. 
7.3ng/kg/d IP 

7 12 0 (0) Nil 

Juttmann 
1979135 

Pre-D 
(NA) 

NA NA NA 
EE 
NA 

Calcitriol: 0.5µg/d PO, vs. Alfacalcidol: 
0.5µg/d PO 

10 2 NA Nil 
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Kada 
2007209 

HD, PD NA NA NA 
EP 
NA 

Cholecalciferol: 50,000IU/w PO, vs. 
placebo 

82 4 4 (4.9) Nil 

Kant 
2007210 

HD 62.7 23 19 
HL 
NA 

Doxercalciferol: 2x, vs. 1.5x, vs. 1x 
doxercalciferol injection dose PO 

42 5 
10 
(23.8) 

EOT PTH 

Khajehdehi 
2003136 

HD 53.2 29 19 
EP 
Ca 

Calcitriol: 0.030µg/kg twice weekly 
PO, vs. placebo 

48 12 0 (0) EOT P, Ca, PTH 

Kiattisunth
orn 2011212 

HD 56.2 18 14 
EE 
Ca-Al 

Calcitriol: 1-3µg/wk administered 2-3x 
weekly IV, vs. Alfacalcidol: 2-5µg/wk 
administered 2-3x weekly IV 

32 24 4 (12.5) 

All-cause mortality, 
hypercalcaemia, 
hyperphosphataemia, CaxP, 
EOT Ca, P PTH 



Kihara 
2004137 

HD NA NA NA 
EN 
Ca 

Maxacalcitol: 0.5µg thrice weekly IV, 
vs. Calcitriol: 0.5µg thrice weekly iV 

17 80 NA Nil 

Kim 
2012214 

Pre-D 
(17.88) 

NA NA NA 
EP 
NA 

Cholecalciferol: 100IU/d PO, vs. 
placebo 

97 26 NA 
Commencement dialysis, 
hypercalcaemia 

Klaus 
1995138 

NA 
NA 
(child
ren) 

NA NA 
ID 
Ca 

Calcitriol: 0.5µg/d PO, vs. 1µg thrice 
weekly PO 

21 NA NA Hypercalcaemia 

Kliger 
1979215 

NA NA NA NA 
EP 
P-Ca 

Dihydrotachysterol: 0.2mg/d, vs. 
standard care 

19 126 NA Nil 

Koshikawa 
2002139 

HD 50 88 63 
EP HL 
Ca 

Calcitriol: 1µg/dialysis IV, vs. 
1.5µg/dialysis IV, vs. 2µg/dialysis IV, 
vs. placebo 

157 12 6 (34) Nil 

Kovesdy 
2012216 

Pre-D 
(30.9) 

67.9 75 1 
EE 
P 

Ergocalciferol: 50,000IU/4wk PO, vs. 
Cholecalciferol: 2µg/d PO 

80 17 4 (5) 

Hypercalcaemia, 
hyperphosphataemia, 
reduction PTH>30% 
baseline, EOT PTH 



Larsen 
2013217 

Pre-D 
(26) 

61 NA NA 
NP 
aHTN 

Paricalcitol: 2µg/d PO, vs. placebo 30 6 4 (13.3) All-cause mortality 

Lee 
1994140 

HD NA NA NA 
OIV 
Al-Ca 

Alfacalcidol: 4µg thrice weekly IV, vs. 
PO 

16 28 0 (0) Nil 

Lerma 
2000218 

HD NA NA NA 
EN 
NA 

Paricalcitol: 0.04-0.24µg/kg IV, vs. 
Calctriol: 0.01-0.06µg/kg IV 

NA 20 NA Nil 

Levin 
1995141 

CCPD 12.5 18 15 
OIV 
Ca 

Calcitriol: 0.5µg thrice weekly IV, vs. 
2µg thrice weekly PO 

76 26 22 (29) 
Reduction PTH>50% 
baseline 

Levine 
1996142 

HD 54.2 18 0 
OIV 
Ca, Al 

Calcitriol: 2-12µg/dialysis IV, vs. PO 18 24 5 (17) Nil 

Li 2013219 HD 61.2 34 27 
EP 
NA 

Cholecalciferol: 50,000IU/w PO, vs. 
placebo 

61 52 0 (0) Hypercalcaemia 

Liou 
1994144 

HD NA NA NA 
ID 
Al 

Calcitriol: 0.5µg thrice weekly IV, vs. 
0.25-1.5µg/d  

10 12 0 (0) Nil 

Liou 
1995143 

CAPD NA NA NA  
OSC 
NA 

Calcitriol: 2µg thrice weekly SC, vs. PO 6 8 NA Nil 
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Llach 
1998145 

HD 49 18 17 
NP 
NA 

Paricalcitol: 0.04-0.24µg/kg IV, vs. 
placebo 

35 16 0 (0) 
Bone pain, hypercalcaemia, 
reduction PTH>30% baseline 

Llach 
2003220 

HD NA NA NA 
NP 
P 

Paricalcitol: PTH/60µg thrice weekly 
PO, vs. placebo 

150 12 7 (4.7) 
Reduction PTH>30% 
baseline, hypercalcaemia, 
hyperphosphataemia 



Locatelli 
1990221 

Pre-D 
(26.3) 

51 32 30 
EP 
NA 

Calcitriol: 0.26µg/d, Calcium: 1.2g/d, 
vs. Calcium: 6.2g/d 

62 104 
16 
(25.8) 

Hypercalcaemia, EOT PTH, 
P, Ca, ALP 

Lorenzo 
1993222 

HD 55 6 7 
OIV 
Ca-Al 

Calcitriol: 1µg IV, vs. 2.5µg PO 13 NA NA Nil 

Lund 
2006223 

HD NA NA NA 
EN 
Sev 

Paricalcitol: 6µg thrice weekly IV, vs. 
Calcitriol: 2µg thrice weekly IV 

29 2 7 (24.1) EOT Ca, P 

Marckman
n 2012224 

Pre-D 
(32), HD 

71 39 13 
EP 
Ca-P-D-C-aHTN 

Cholecalciferol: 40,000IU/w PO, vs. 
placebo 

54 8 5 (9.26) 
All-cause mortality, 
hypercalcaemia 

Martin 
1998147 

HD 54 40 38 
NP 
Ca 

Paricalcitol: 0.04µg/kg thrice weekly, 
vs. placebo 

78 12 38 (49) 
Fracture, reduction 
PTH>30% baseline, EOT 
PTH, Ca, P, ALP 



Martin 
2001146 

HD 56.1 65 60 
HL 
Ca-Al 

Paricalcitol: PTH/80µg thrice weekly 
IV, vs. dry weight x 0.04µg thrice 
weekly IV 

125 12 0 (0) 
Reduction PTH>30% 
baseline, CaxP, 
hypercalcaemia 



Martin 
2006225 

HD NA NA NA 
EN 
Sev 

Paricalcitol: 4µg thrice weekly IV, vs. 
Doxercalciferol: 4µg thrice weekly IV 

10 20 1 (10) Nil 

Martinez 
1996148 

HD NA NA NA 
Fr 
Ca 

Calcitriol: 6µg/wk IV, vs. 2µg thrice 
weekly IV 

13 12 2 (15) Nil 

Maxwell 
1978149 

HD NA NA NA 
EE 
Al-Ca 

Calcitriol: 0.25-1.5µg/d PO, vs. 
Vitamin D₃: 400IU/d PO 

22 12 NA Nil 

Memmos 
1981150 

HD 50.1 37 20 
EP 
Al 

Calcitriol: 0.5µg/d PO, vs. placebo 64 104 32 (50) 

All-cause mortality, bone 
pain, periosteal erosions, 
parathyroidectomy, EOT 
PTH, loss of height 



Mitsopoul
os 2006151 

HD 61.5 28 15 
HL 
Sev-Ca-Al 

Paricalcitol: iPTH/90 IV, vs. iPTH/120 
IV 

47 12 2 (4) 
All-cause mortality, 
hypercalcaemia, reduction 
PTH>30% baseline 



Mochizuki 
2003227 

HD NA NA NA 
EN 
NA 

Maxacalcitol: 48.7µg/m IV, vs. 
Calcitriol: 9.1µg/m IV 

44 12 NA Nil 

Mochizuki 
2007152 

HD NA 15 16 
EN 
NA 

Maxacalcitol: 5-10µg/dialysis IV, vs. 
Calcitriol: 0.5-1.5µg/dialysis IV 

31 12 11 (35) Hypercalcaemia 

Moe 
1998153 

CAPD 50.6 9 9 
ID 
Ca 

Calcitriol: 3µg twice weekly PO, vs. 
0.75µg/d PO 

21 24 3 (14) 
Fracture, hypercalcaemia, 
hyperphosphataemia, EOT 
Ca, P, PTH 



Moe 
2000229 

NA NA NA NA 
NP 
NA 

Paricalcitol: 4µg thrice weekly IV, vs. 
placebo 

31 12 0 (0) Nil 

Moe 
2001154 

HD 53.6 19 12 
NP 
Sev 

Paricalcitol: 1-4µg thrice weekly IV, vs. 
placebo 

32 12 2 (6) 
All-cause mortality, EOT 
PTH, ALP 
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Moe 
2008228 

HD NA NA NA 
EE 
NA 

Calcitriol: 0.75µg thrice weekly PO, vs. 
Alfacalcidol: 0.75µg thrice weekly PO 

5 6 0 (0) Nil 

Moe 
2010230 

Pre-D 
(29.6) 

62 26 21 
EN 
NA 

Cholecalciferol: 2000-4000IU/d PO, vs. 
Doxercalciferol: 1µg/d PO 

55 12 8 (14.5) 
Hypercalcaemia, 
hyperphophataemia, EOT 
Ca, P, PTH 



Moriniere 
1985155 

HD NA NA NA 
EN 
Ca-Al 

Alfacalcidol: 1µg/d PO, vs. placebo 27 26 0 (0) 
Bone pain, vascular 
calcification, EOT Ca, P, PTH, 
ALP 



Mose 
2014231 

HD, PD 68 32 18 
EP 
D-Ca-P-aHTN 

Cholecalciferol: 3000IU/d PO, vs. 
placebo 

64 26 
14 
(21.9) 

Hypercalcaemia, EOT P, Ca 

Nakayama 
2003232 

HD NA NA NA 
HL 
Ca 

Calcitriol: 1µg, vs. 0.5µg thrice weekly 
IV 

35 26 NA Nil 

Nordal 
1988157 

Pre-D 
(NA) 

48 20 10 
EP 
Al 

Calcitriol: 0.25-0.5µg/d PO, vs. 
placebo 

30 35 0 (0) Nil 

O'Donovan 
1997233 

HD NA NA NA 
NP 
NA 

Paricalcitol: 0.04-0.24µg/kg thrice 
weekly IV, vs. placebo 

31 12 NA 
Reduction 
PTH>30%baseline, 
hypercalcaemia, CaxP 



Ogata 
2003235 

HD NA NA NA 
EN 
NA 

Falecalcitriol: 0.3µg/d PO, vs. Calcitriol 
1µg thrice weekly IV 

21 12 NA Nil 

Ogata 
2007234 

HD 48.5 14 7 
EN 
Ca 

Maxacalcitol: 10-20µg thrice weekly 
IV, vs. Calcitriol: 1-1.5µg thrice weekly 
IV 

23 12 2 (8.7) Nil 

Oksa 
2007236 

Pre-D 
(51) 

66 33 54 
HL 
Ca 

Cholecalciferol: 20,000IU/w PO, vs. 
5000IU/w PO 

87 52 1 (1.15) Reduction PTH<70pg/mL 

Ong 
2013237 

HD, PD 46.3 41 25 
EN 
Ca 

Paricalcitol: iPTH/120µg PO, vs. 
Calcitriol: iPTH/360µg PO 

73 24 9 (12.3) 
Reduction PTH>30% 
baseline, hypercalcaemia, 
EOT Ca, P, PTH 



OPERA 
Trial 
2014262 

Pre-D 
(19.7) 

60.8 32 28 
NP 
Ca 

Paricalcitol: 1-2µg PO, vs. placebo 60 52 1 (1.67) 

All-cause mortality, 
commencement dialysis, 
hypercalcaemia, EOT Ca, P, 
ALP 



OPTIMA 
Study 
2008226 

HD, PD 58.3 
34
1 

21
1 

ECi 
D-Ca-Sev-Al 

Alfacalcidol: 1µg thrice weekly IV OR 
0.25µg/d PO OR Paracalcitol: 2µg 
thrice weekly IV OR Calcitriol: 0.25µg 
thrice weekly PO, vs. Cinacalcet: IV 

552 7 
121 
(21.9) 

Muscle dysfunction, all-
cause mortality 

Oruc 
2012238 

HD NA NA NA 
EN 
Ca 

Paricalcitol vs. Calcitriol 32 12 NA Nil 

Panichi 
1998158 

Pre-D 
(25.4) 

51 9 6 
ID 
Ca, Al 

Calcitriol: 0.5µg/d PO, vs. 2µg thrice 
weekly PO, vs. 2µg once weekly PO 

16 12 1 (6.25) Nil 

                  



 
 
 
   

 
 

Study, 
year 

Baseline Characteristics 

Comparison/s 
Co-intervention/s 

Intervention 
Enrolled
n 

Follow 
up, wk 

Loss to 
follow 
up, n 
(%) 

Outcomes extractable and 
relevant to this review 

Risk of bias 

CKD 
Stage 
(eGFR) 

Age  

Sex 

RSG AC BPP BOA IOD SR ITT IIS M 
(n) 

F 
(n) 

Patel 
2011239 

Pre-D 
(26.4) 

67.4 16 8 
NP 
P 

Doxercalciferol: 1.5-3.5µg/d PO, vs. 
placebo 

24 26 0 (0) 
Hypercalcaemia, reduction 
PTH>30% baseline, 
reduction PTH<70pg/mL 



Pecovnik-
Balon 
1995159 

HD NA 31 17 
EP 
Ca-Al 

Calcitriol: 0.25µg/d PO, vs. placebo 57 52 NA Nil 

Pejanovic 
1993240 

HD NA NA NA 
EP 
D 

Cholecalciferol: 100IU/d PO, vs. 
placebo 

28 24 NA Nil 

Popovtzer 
1992160 

HD 45.7 23 18 
EE 
Al-Ca 

Alfacalcidol: 0.25-1µg/d PO, vs. 
24,25(OH)₂D₃: 5µg twice daily PO, 
Alfacalcidol: 0.25-1µg/d PO 

56 69 15 (27) Nil 

PRIMO 
Study 
2011258 

Pre-D 
(31) 

64 
15
8 

69 
NP 
NA 

Paricalcitol: 2µg/d PO, vs. placebo 227 52 
31 
(13.7) 

Fracture, commencement 
dialysis, hypercalcaemia, 
reduction PTH>30% baseline 



Przedlacki 
1995161 

Pre-D 
(NA) 

49.3 10 15 
EP 
Ca 

Calcitriol: 0.25µg/d PO, vs. placebo 26 52 1 (4) 

All-cause mortality, 
commencement dialysis, 
hypercalcaemia, 
hyperphosphataemia, CaxP, 
EOT PTH, P, Ca, ALP, GFR, 
BMD 



Qiu 
2003162 

CAPD, 
CCPD 

NA NA NA 
NP 
NA 

Paricalcitol: iPTH/60µg PO, vs. placebo 74 12 4 (5) 
Reduction PTH>30% 
baseline 

Quarles 
1994163 

HD 39.2 6 13 
OIV 
Ca-Al 

Calcitriol: 2-4µg thrice weekly IV, vs. 
PO 

23 39 0 (0) 
Hypercalcaemia, 
hyperphosphataemia 

Rashid 
1998242 

HD NA 64 52 
Fr 
NA 

Calcitriol: thrice weekly IV, vs. weekly 
IV 

116 104 NS CaxP, EOT PTH   

Rianthavor
n 2013243 

HD, PD 7.1 13 7 
EP 
Ca-Al 

Ergocalciferol: 40,000IU weekly, 
biweekly or monthly, vs. placebo 

20 12 0 (0) 

All-cause mortality, fracture, 
bone pain, 
hyperphosphataemia, 
hypercalcaemia 



Ritz 
1995164 

Pre-D 
(NA) 

NA NA NA 
EP 
Ca 

Calcitriol: 0.25µg/d PO, vs. placebo 52 52 7 (13.5) 
Commencement dialysis, 
hypercalcaemia 

Rix 2004165 
Pre-D 
(49) 

52.5 25 11 
EP 
Ca 

Alfacalcidol: 0.25-0.75µg/d PO, vs. 
placebo 

36 78 5 (13.9) 
Hypercalcaemia, EOT Ca, 
GFR 

Ross 
2008244 

CAPD, 
CCPD 

57 59 29 
NP 
P 

Paricalcitol: 3.9µg thrice weekly IV, vs. 
placebo 

88 12 6 (6.8) 
Reduction PTH>30% 
baseline, hypercalcaemia 

Salusky 
1998166 

CCPD 12.5 18 15 
OIP 
Ca-Al 

Calcitriol: 1µg/d IP, vs. PO 33 52 0 (0) 
Hypercalcaemia, 
hyperphosphataemia 

Sanchez 
Perales 
1999167 

HD 52.9 11 11 
Fr 
Ca-Al 

Calcitriol: 3µg/wk IV, vs. 1µg thrice 
weekly IV 

22 12 0 (0) Nil 

Sawaya 
2003245 

HD NA NA NA 
EP 
NA 

Calcitriol: IV, vs. placebo 27 52 NA Nil 



 
 
 

 

Study, 
year 

Baseline Characteristics 

Comparison/s 
Co-intervention/s 

Intervention 
Enrolled
n 

Follow 
up, wk 

Loss to 
follow 
up, n 
(%) 

Outcomes extractable and 
relevant to this review 

Risk of bias 
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Stage 
(eGFR) 

Age  

Sex 

RSG AC BPP BOA IOD SR ITT IIS M 
(n) 

F 
(n) 

Seibert 
2013246 

HD 66.9 18 20 
EP 
D-P 

Cholecalciferol: 1-2 capsules weekly 
or monthly PO, vs. placebo 

38 12 6 (13.2) 
Hypercalcaemia, 
hyperphosphataemia, EOT 
Ca, P, PTH, ALP 



Sezer 
2012a247 

HD NA NA NA 
EN 
NA 

Calcitriol vs. Paricalctol 114 52 0 (0) Nil 

Sezer 
2012b247 

HD 49 57 23 
EN 
aHTN 

Calcitriol vs. Paricalcitol: iPTH/50 
thrice weekly  

80 52 0 (0) EOT PTH 

Sezer 
2013248 

HD 50 48 32 
EN 
NA 

Calcitriol vs. Paricalcitol 80 52 NA Nil 

Sharman 
1983250 

HD 42 NA NA 
EP 
NA 

Calcitriol: 0.25µg/d PO, vs. placebo 76 260 1 (1.3) 
All-cause mortality, 
hypercalcaemia 

Shroff 
2012251  

Pre-D 
(47) 

10.6 31 36 
EP 
P 

Ergocalciferol: 6000-8000IU/d PO, vs. 
placebo 

47 52 7 (14.9) 
Hypercalcaemia, 
hyperphosphataemia 

Singh 
2007252 

Pre-D 
(13.84) 

45.45 9 21 
EP 
aHTN 

Calcitriol: 0.5µg/d PO, vs. placebo 30 52 NA EOT Ca, P, PTH, GFR 

Sja'Bani 
2003253 

HD 46 33 23 
EP 
NA 

Alfacalcidol: 1µg thrice weekly PO, vs. 
placebo 

56 12 NA EOT PTH 

Sprague 
2003168 

HD 56.7 
15
0 

11
3 

EN 
Ca 

Paricalcitol: 0.04-0.24µg/kg thrice 
weekly IV, vs. Calcitriol: 0.01-
0.06µg/kg thrice weekly IV 

266 35 29 (11) 
Reduction PTH>50% 
baseline 

Sprague 
2007255 

NA NA NA NA 
NP 
NA 

Paricalcitol PO, vs. placebo 299 12 NA Nil 

Sprague 
2012254 

Pre-D 
(NA) 

NA NA NA 
EP HL 
NA 

Calcifediol: 90µg/d PO, vs. 60µg/d PO, 
vs. 30µg/d PO, vs. placebo 

32 6 NA Nil 

Takasawa 
2009256 

HD NA NA NA 
ME 
NA 

Alfacalcidol/Falecalcitriol/Maxacalcitol 
dosed in morning, vs. evening 

70 26 
36 
(51.4) 

All-cause mortality, EOT 
PTH, Ca 

Taniguchi 
2008257 

HD 36 26 24 
ID 
Sev-Ca 

Calcitriol: 0.25µg/d PO, vs. 0.5µg 
thrice weekly IV 

72 52 
12 
(16.7) 

Nil 

Tarrass 
2006169 

HD 47.16 11 23 
ID 
Ca 

Alfacalcidol: 2µg/dialysis PO, vs. 1µg 
six times weekly PO 

34 12 0 (0) 
Hypercalcaemia, 
hyperphosphataemia 

Tokmak 
2008259 

HD NA NA NA 
EP 
D 

Cholecalciferol: 20,000IU/m PO, vs. 
placebo 

59 65 
17 
(28.8) 

All-cause mortality 

Tougaard 
1976170 

Pre-D 
(NA) 

NA NA NA 
EP 
Ca 

Alfacalcidol: 1µg/d PO, vs. placebo 24 12 3 (16) Nil 

Tsianas 
2006260 

HD 51.7 NA NA 
Fr 
Sev 

Paricalcitol: PTH/80/5ml thrice weekly 
IV, vs. weekly 

12 12 NA Hypercalcaemia, EOT PTH   
Tsuruoka 
2003171 

HD NA NA NA 
ME 
NA 

Vitamin D₃: 3µg thrice weekly 8am, vs. 
8pm 

13 52 3 (23) Nil 

Turk 
2002172 

HD 42 13 15 
OIV 
Ca-Al 

Calcitriol: 1-3µg thrice weekly PO, vs. 
IV 

28 26 1 (4) 
All-cause mortality, EOT Ca, 
P, PTH, ALP, BMD 
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year 

Baseline Characteristics 

Comparison/s 
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Intervention 
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n 

Follow 
up, wk 

Loss to 
follow 
up, n 
(%) 

Outcomes extractable and 
relevant to this review 
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(eGFR) 

Age  
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RSG AC BPP BOA IOD SR ITT IIS M 
(n) 

F 
(n) 

van der 
Merwe 
1990173 

HD NA NA NA 
ID 
NA 

Calcitriol: 0.25-3µg/d PO, vs. 0.5-4µg 
thrice weekly PO 

19 12 3 (16) Nil 

Vanherweg
hem 
1981261 

HD NA NA NA 
EP EE 
Ca-Al 

Alfacalcidol: 1µg/d PO, vs. 
Dihydrotachysterol: 0.2mg/d PO, vs 
placebo 

21 52 0 (0) 
Hypercalcaemia, EOT P, Ca, 
ALP 

Varghese 
1992174 

HD, PD NA NA NA 
EP 
P 

24,25(OH)₂D₃: 10µg/d PO, vs. placebo 12 12 0 (0) Nil 

VITAL 
2009194 

Pre-D 
(42) 

65 
19
5 

88 
NP HL 
P-aHTN-aDM 

Paricalcitol: 2µg/d PO, vs. 1µg/d PO, 
vs. placebo 

281 26 9 (3.2%) 
All-cause mortality, 
commencement dialysis, 
hypercalcaemia 



Wasse 
2012263 

HD 49 27 25 
EP 
NA 

Cholecalciferol: 200,000IU/wk PO, vs. 
placebo 

52 3 0 (0) 
All-cause mortality, EOT P, 
Ca, PTH, ALP 

Watson 
1989175 

CAPD 11.5 8 4 
EP 
D-Ca-Al 

Alfacalcidol: 10-20ng/kg/d PO, vs. no 
treatment 

12 26 0 (0) 
Fractue, hypercalcaemia, 
hyperphosphataemia, EOT 
PTH 



Yan 
2014264 

HD 50.4 
13
9 

77 
DR 
D 

Paricalcitol: iPTH/80µg thrice weekly 
IV, vs. 0.04µg/kg thrice weekly IV 

216 12 0 (0) 
All-cause mortality, 
hypercalcaemia, reduction 
PTH>30% baseline 



Zisman 
2005176 

HD 56 19 8 
HL 
P 

Doxercalciferol: 35%, vs. 50%, vs. 65% 
of previous dose thrice weekly IV 

27 6 NA EOT PTH, Ca, P, ALP 

 

Abbreviations; NA = not available 

CKD Stage: Pre-D = predialysis; HD = haemodialysis; PD = peritoneal dialysis; CAPD = continuous ambulatory peritoneal dialysis; CCPD = continuous cycling peritoneal dialysis. 

Comparisons: EN = established vs. new vitamin D; FCi = flexible vitamin D vs. cinacalcet and low dose vitamin D; EP = established vitamin D vs. placebo; HL = high vs. low dose vitamin D; NP = 
new vitamin D vs. placebo; Fr = different frequencies of vitamin D; ID = intermittent vs. daily vitamin D; OIV = oral vs. intravenous vitamin D; NCi = new vitamin D vs. cinacalcet; EE = established 
vitamin D vs. another established vitamin D; ECa = established vitamin D vs. calcium; OIP = oral vs. intraperitoneal vitamin D; OIPS = oral vs. intraperitoneal vs. subcutaneous vitamin D; OSC = oral 
vs. subcutaneous vitamin D; ECi = established vitamin D vs. cinacalcet; ME = morning vs. evening vitamin D; DR = different dosing regimes of vitamin D. 

Routes of administration: PO = by mouth; IV = intravenous; IP = intraperitoneal; SC = subcutaneous. 

Co-interventions: aHTN = antihypertensive; aDM = diabetes mellitus therapy; P = unspecified phosphate binder; Ca = calcium-based phosphate binder; Al = aluminium-based phosphate binder; Sev 
= sevalamer, D = vitamin D. 

Outcomes: PTH = parathyroid hormone; EOT = end of treatment; Ca = serum calcium; P = serum phosphorus; BMD = bone mineral density; ALP = alkaline phosphatase; GFR = glomerular filtration 
rate; CaxP = calcium x phosphorus product 

Risk of bias: RSG = random sequence generation (selection bias); AC = allocation concealment (selection bias); BPP = blinding of participants and personnel; BOA = blinding of outcome assessors; 
IOD = incomplete outcome data; SR = selective reporting; ITT = performance of intention to treat analysis; IIS = involvement in data or authorship by industry sponsor;  = low risk;  = unclear risk; 
 = high risk 
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Appendix 4: Details of author correspondence and provision of 
additional unpublished data 

Study 
Date of 
contact 

Additional data requested Response  

Akiba 1998 2004 
Allocation concealment, number of fractures in each 
group, mean end of treatment PTH, calcium, 
phosphorus, and calcium x phosphorus concentrations 

No 

Akizawa 2004 2004 

Allocation concealment, blinding, compliance, fracture 
events during follow-up, per cent reduction iPTH > 30%, 
end of treatment iPTH, serum calcium, and serum 
phosphorus concentrations 

No 

Ardissino 2000 2004 
Methods (allocation concealment, blinding), events 
(deaths, fracture), end of treatment serum values 
(calcium, phosphorus, PTH) 

No 

Bacchini 1997 2004 
Allocation concealment, blinding methods, all-cause 
mortality and fracture events, mean end of treatment 
PTH concentration. 

No 

Baker 1986 2004 
Method of randomisation and allocation concealment, 
all-cause mortality events, end of treatment PTH 
concentration 

No 

Baker 1989 2004 
Methods (allocation concealment), events (fracture, 
deaths). 

No 

Berl 1980 2004 
ITT analyses, all-cause mortality events, fracture events, 
end of treatment serum phosphorus concentrations 

No 

Birkenhager-
Frenkel 1995 

2004 
Methods (allocation concealment, blinding, ITT analysis), 
events (deaths, fractures), end of treatment serum levels 
(calcium, phosphorus, PTH) 

No 

Borazan 2003 2004 

Method for randomisation, allocation concealment, 
blinding, or compliance assessment, all-cause mortality 
and fracture events, end of serum phosphorus 
concentration. 

No 

Buccianti 1981 2004 
Methods for randomisation, allocation concealment, ITT 
analysis, and blinding, and number followed up. 

No 

Caravaca 1995 2004 
Methods (allocation concealment, randomisation, 
blinding, compliance assessment, ITT analysis), death 
and fracture events 

No 

Christiansen 1978 2004 
Methods (randomisation, allocation concealment, 
blinding, intention-to-treat analysis), events (fractures) 

No 

Coburn 2004 2004 
Methods (allocation concealment, blinding), events 
(deaths, fractures) 

No 

Coen 1982 2004 
Methods (allocation concealment, blinding, compliance), 
mortality and fracture events, and end of treatment 
serum PTH, calcium, and phosphorus concentrations. 

No 

Coen 1994 2004 
Methods (randomisation, allocation concealment, 
blinding), outcomes (fracture, deaths). 

No 

Coyne 2006 2004 
End of treatment PTH, serum calcium and phosphorus 
values. 

No 

de Boer 2013 2014 

Methods (random sequence generation, allocation 
concealment, blinding of outcome measurement), events 
(mortality, cardiovascular events, bone pain, 
hypercalcemia, muscle dysfunction) for first phase 
crossover trial 

Yes: methods 

Delmez 2000 2004 
Methods (allocation concealment, blinding, compliance), 
death events, end of treatment serum PTH, calcium, and 
phosphorus concentrations. 

No 
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Dezfoolian 2012 2014 

Methods (random sequence generation, allocation 
concealment, blinding of outcome measurement, ITT), 
events (mortality, cardiovascular events, bone pain, 
hypercalcemia, muscle dysfunction) for first phase 
crossover trial 

No 

Djukanovic 1994 2004 

Methods (randomisation, allocation concealment, 
blinding, compliance assessment, ITT analyses), death 
and fracture events, hypercalcaemia events, end of 
treatment serum phosphorus and calcium concentrations 

No 

El-Reshaid 1997 2004 

Methods (randomisation, allocation concealment, 
blinding, assessment of compliance, ITT analyses), 
death and fracture events, end of treatment serum 
phosphorus, calcium and PTH concentrations (for first 
period of study). 

No 

Fischer 1993 2004 

Methods (allocation concealment, randomisation, 
blinding, ITT), fracture events, hypercalcaemia events, 
serum PTH, calcium, phosphorus concentrations (for 
end of first period of treatment) 

Yes: methods, 
fracture events, 
hypercalcemia 
events, end of 
treatment PTH 
concentration 

Fournier 1993 2004 
Methods (allocation concealment, randomisation, 
blinding), fracture events, end of treatment PTH 
concentration 

No 

Frazao 2000 2004 
Allocation concealment, fracture events, end of 
treatment serum calcium and phosphorus 
concentrations, hypercalcaemia events during treatment. 

Yes: allocation 
concealement 

GFRD Study 1994 2004 

Methods (randomisation, allocation concealment, 
blinding), events (hypercalcaemia, fractures, events), 
end of treatment serum levels (PTH, phosphorus, 
calcium) 

No 

Haddad 2004 2004 
Methods (randomisation method, blinding, allocation 
concealment), end of treatment PTH, calcium, and 
phosphorus concentrations. 

No 

Hamdy 1995 2004 

Methods (randomisation methods, allocation 
concealment, blinding for data analysis and outcome 
assessors), outcomes (fractures), end of treatment 
serum concentrations (PTH, calcium, phosphorus) 

Yes: methods, 
fracture events, 
hypercalcemia 
events, end of 
treatment PTH 
concentration 

Indridason 2000 2004 
Randomisation methods, death and fracture events, 
episodes of hypercalcaemia 

Yes: methods, 
hypercalcemia 
events 

Ito 2009 2014 
End of first crossover period data and details of method 
requested by email 

No 

Jones 1994 2004 

Methods (randomisation, allocation concealment, 
blinding, and ITT analyses), deaths and fracture events, 
hypercalcaemia events, end of treatment serum calcium, 
and phosphorus (at end of first 3 months of treatment, 
prior to cross over) 

No 

Juttman 1979 2004 
Methods (trial quality), outcomes (fracture), end of 
treatment serum values (calcium, phosphorus, calcium 
by phosphorus product) 

No 

Kihara 2004 2004 
Methods (randomisation, allocation concealment, 
blinding) 

No 

Koshikawa 2002 2004 

Methods (randomisation method, allocation 
concealment), fracture, mortality, and hypercalcaemia 
events, end of treatment serum calcium, phosphorus, 
and PTH concentrations. 

No 
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Larsen 2013 2014 

Methods (allocation concealment, blinding of outcome 
measurement, ITT), events (mortality, cardiovascular 
event, bone pain, hypercalcemia, muscle dysfunction) for 
first phase crossover trial 

Yes: methods, 
mortality, 
cardiovascular and 
hypercalcemia 
events 

Lee 1994 2004 

Methods (randomisation, allocation concealment, 
blinding, intention-to treat analyses), episodes of 
hypercalcaemia or fracture, death, end of treatment 
serum calcium, phosphorus, and PTH, at the end of the 
first period of treatment. 

No 

Levine 1996 2004 

Methods (randomisation, allocation concealment), 
number of deaths or fracture events during treatment, 
end of treatment serum phosphorus, calcium, and PTH 
concentrations. 

No 

Liou 1994 2004 

Methods (randomisation, allocation concealment, 
blinding, ITT), fracture or mortality events, end of 
treatment serum phosphorus, calcium, PTH 
concentrations, and episodes of hypercalcaemia 

No 

Llach 1998 2004 
Methods (blinding, randomisation, allocation 
concealment, ITT analyses), mean end of treatment 
PTH, calcium, and phosphorus concentrations. 

Yes: methods 

Lund 2006 2014 
End of first crossover period data and details of method 
requested by email 

No 

Marckmann 2012 2014 

Methods (allocation concealment, blinding of outcome 
measurement, ITT), events (mortality, acute illness, bone 
pain, hypercalcemia, muscle dysfunction) for first phase 
crossover trials with HD and non-HD separated 

Yes: methods, 
mortality and 
hypercalcemia 
events 

Martin 1998 2004 
Methods (randomisation, allocation concealment, 
blinding), events during follow-up (fracture) 

Yes: methods, 
fracture events 

Martin 2001 2004 
Methods (randomisation, allocation concealment, 
blinding), events (fractures), end of treatment serum 
concentrations (calcium, phosphorus, PTH) 

No 

Martin 2006 2014 
End of first crossover period data and details of method 
requested by email 

No 

Maxwell 1978 2004 
Methods (randomisation, allocation concealment, 
blinding), events (fractures), end of treatment serum 
concentrations (phosphorus, calcium, PTH) 

No 

Memmos 1981 2004 
Methods (randomisation, blinding, allocation 
concealment), end of treatment serum values (calcium, 
phosphorus) 

Yes: methods 

Mitsopoulos 2006 2004 
Methods (randomisation, allocation concealment, 
blinding), end of treatment serum values (calcium, PTH, 
phosphorus) 

No 

Mochizuki 2003 2004 
End of first crossover period data and details of method 
requested by email 

No 

Mochizuki 2007 2004 

Methods (allocation concealment, randomisation, 
blinding), end of treatment serum concentrations 
(calcium, phosphorus, PTH) for the first period of 
treatment 

No 

Moe 1998 2004 
Methods (blinding, allocation concealment), events 
(fracture) 

Yes: methods, 
fracture events 

Moe 2001 2004 
Methods (allocation concealment, blinding, 
randomisation methods), events (fracture), end of 
treatment serum values (calcium, phosphorus) 

No 

Moe 2008 2004 
End of first crossover period data and details of method 
requested by email 

No 

Moriniere 1985 2004 
Methods (allocation concealment, randomisation, 
blinding), events (fracture) 

Yes: methods 

Nordal 1988 2004 
Randomisation and allocation concealment, blinding, 
fracture outcomes 

Yes: methods 
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Ogata 2003 2004 
End of first crossover period data and details of method 
requested by email 

No 

Ogata 2007 2004 
End of first crossover period data and details of method 
requested by email 

No 

Panichi 1998 2004 
Methods (Randomisation method, blinding, allocation 
concealment, analysis), outcomes (fracture), end of 
treatment PTH, calcium, phosphorus concentrations 

No 

Pecovnik-Balon 
1995 

2004 

Methods (allocation concealment, randomisation, 
blinding, ITT analysis), events (fracture, deaths), end of 
treatment serum concentrations (calcium, phosphorus, 
PTH) 

No 

Przedlacki 1995 2004 
Methods (randomisation method, allocation 
concealment, blinding), outcomes (fracture) 

No 

Quarles 1994 2004 
Methods (ITT analysis), events (fractures), end of 
treatment serum concentrations (calcium, phosphorus, 
PTH) 

Yes: methods 

Rianthavorn 2013 2014 

Methods (randomisation, allocation concelament, 
blinding, ITT), events (mortality, fractue, bone pain, 
kidney transplant, hyperphosphatemia, hypercalcemia) 
for first phase of crossover trial 

Yes: methods and 
events 

Ritz 1995 2004 

Methods (allocation concealment, randomisation 
method, blinding) outcomes (fractures), end of treatment 
serum levels (PTH, calcium, phosphorus, calcium by 
phosphorus product) 

No 

Rix 2004 2004 
Methods (randomisation method, trial quality data), 
outcomes (mortality and fracture), end-of-treatment 
serum biochemistries 

Yes: methods 

Salusky 1998 2004 

Methods (allocation concealment, blinding, 
randomisation method, ITT analyses), events (death or 
fractures), end of treatment serum calcium, phosphorus, 
PTH) 

Yes: methods 

Sprague 2003 2004 

Methods (allocation concealment, randomisation, 
blinding), events (fractures, deaths, complete follow-up, 
hypercalcaemia), end of treatment serum concentrations 
(calcium, phosphorus, PTH) 

No 

Tougaard 1976 2004 
Methods (randomisation, allocation concealment, 
blinding, ITT analysis), outcomes (mortality, fracture), 
end of treatment biochemical variables. 

No 

van der Merwe 
1990 

2004 

Methods (randomisation, allocation concealment, 
blinding, ITT analysis), events (death, fracture, 
hypercalcaemia), end of treatment serum concentrations 
(calcium, phosphorus, PTH) 

No 

Varghese 1992 2004 
Methods (randomisation, allocation concealment, 
blinding, ITT), events (fracture), end of treatment serum 
calcium, phosphorus, PTH) 

No 

Watson 1989 2004 
Methods (blinding), events (fractures, hypercalcaemia), 
end of treatment serum phosphorus and calcium 
concentrations 

Yes: methods, 
fracture and 
hypercalcemia 
events 
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Appendix 5: Detailed risk of bias in included studies 

Bias Judgement Support for judgement 

      

Abdul Gafor 2009177   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk 
Primary outcome data adequately reported but not other 
outcomes; no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Abbott Malaysia provided medications but no description 
given for conflict of interest 

   

ACHIEVE Study 2008201   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% but not complete 

Selective reporting (reporting bias) Low risk All outcomes specified in protocol were reported adequately 

ITT - was it performed? High risk 

No. All subjects who received at least one dose of study 
drug were included in the safety analyses; subjects who had 
at least one biochemical measurement during the 
assessment phase were included in the efficacy analyses. 

Involvement of data or authorship by 
industry sponsor 

High risk Authors were employees of industry sponsor Amgen 

   

ADVANCE Study 2011241   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 
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Incomplete outcome data (attrition bias) High risk Follow up < 90% for efficacy analyses 

Selective reporting (reporting bias) Low risk All outcomes specified in protocol reported adequately 

ITT - was it performed? High risk 

No. Safety analysis included all randomised subjects but 
according to which medication they took while full analysis 
only included those who had at least one post baseline CAC 
score 

Involvement of data or authorship by 
industry sponsor 

High risk Authors employees of industry sponsor Amgen 

   

Aggarwal 2011178   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk 
Serum phosphorus outcome reported but not extractable; 
no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Akiba 1998103   

Random sequence generation 
(selection bias) 

Low risk 
Central dynamic allocation method using serum calcium 
and iPTH concentrations during 8-week observation period 
and institution as stratification variables 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but no evidence of 
involvement of data or authorship 

   

Akizawa 1994179   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 
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Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk 
Abstract only publication with no protocol insufficient to 
make valid judgement 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Akizawa 1997180   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk 
Abstract only publication with no protocol insufficient to 
make valid judgement 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Akizawa 2004104   

Random sequence generation 
(selection bias) 

Low risk 
Central dynamic allocation, stratified by iPTH concentration, 
corrected serum calcium level, age, and centre. 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
Per cent reduction iPTH > 30% not reported but available 
on request 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Alborzi 2008181   

Random sequence generation 
(selection bias) 

Low risk Computer-generated sequence using blocks of three 



 

151 
 

Allocation concealment (selection bias) Low risk Concealed envelopes were kept by a hospital pharmacist 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors. 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors. 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk All primary outcomes reported; no protocol 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

High risk 
Author served on the speaker bureau and steering 
committee of paricalcitol clinical trials supported by industry 
sponsor (Abbott Pharmaceuticals) 

   

Al-Hilali 2008182   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk 
Hypercalcaemia and hyperphosphataemia events reported 
but not extractable 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Ali 1995183   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not state 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) High risk Biochemical results reported but not extractable; no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Alvarez 2012184   

Random sequence generation 
(selection bias) 

Unclear risk 6-block randomisation scheme 
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Allocation concealment (selection bias) Low risk 
Random allocation sequence provided to research 
pharmacist who assigned participants the intervention 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Blinding of participants, investigators, outcome assessors or 
data assessors 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Blinding of participants, investigators, outcome assessors or 
data assessors 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
Bone turnover markers listed as secondary outcome 
measure in protocol but not included in published report 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Low risk None of the authors had a conflict of interest 

   

Ambrus 2003185   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk PTH reported but not extractable; no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Low risk Research grant from Semmelweis University 

   

Ardissino 2000105   

Random sequence generation 
(selection bias) 

Low risk 
Central randomisation (using two strata of PTH (71-399 
pg/mL and ≥ 400 pg/mL)) 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk 
No blinding of participants, investigators, outcome 
assessors or data assessors 

Blinding of outcome assessment 
(detection bias) 

High risk 
No blinding of participants, investigators, outcome 
assessors or data assessors 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Research grant from non-profit organization (Associazione 
per il Bambino Nefropatico) 

   

Armas 2012186   

Random sequence generation 
(selection bias) 

Unclear risk Block randomisation with no description of method 
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Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
None of the outcomes measures in protocol adequately 
reported 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk Grant from not-for-profit organisation Dialysis Clinics Inc. 

   

Bacchini 1997106   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk EOT PTH not reported but available on request 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Baker 198686   

Random sequence generation 
(selection bias) 

Unclear risk 
Not stated, stratified by time on dialysis, age, plasma 
alkaline phosphatase, the presence or absence of kidneys, 
and centre of care. 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 
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Baker 198986   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Low risk Grant from non-profit corporation (Dialysis Clinics Inc.) 

   

Bansal 2011187   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Key biochemical data not reported; no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Basturk 2011188   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk 
As-treated analysis with exclusions post-randomisation but 
pre-intervention; follow up < 70% 

Selective reporting (reporting bias) High risk 
Data for episodes of hypercalcaemia incomplete and not 
extractable 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 



 

155 
 

   

Belechri 2010189   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk 
Calcium and phosphate levels reported but not extractable; 
no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Berl 1980108   

Random sequence generation 
(selection bias) 

Low risk Computed-generated random sequence 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk Blinded 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Research grant from General Clinical Research Centre 
Program of the Division of Research Resource, National 
Institutes of Health and Hoffman-La Roche 

   

Birkenhager-Frenkel 1995109   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Not stated 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Grants from government agency (Dutch Kidney Foundation) 
and industry sponsor (Leo Pharmaceuticals) but investigator 
involvement not stated 
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Bleskestad 2012190   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk 
CTX-1 not reported as per protocol (reported as NTX 
instead) 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

High risk 
Authors received lecture fees and travel funding from 
industry sponsors (Shire, Pfizer, Novartis, Eli Lilly, Amgen, 
Roche, Genzyme, Swedish Orphan, Abbott) 

   

Bonakdaran 2008191   

Random sequence generation 
(selection bias) 

High risk 
Randomised based on days of the week on which they 
received HD 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Financial support from MUMS research council (educational 
organisation) 

   

Borazan 2003110   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 
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Buccianti 1981111   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Patients who required dose adjustment were excluded 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk 
Patients who required dose adjustment were excluded; 
unclear whether excluded pre or post randomisation 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Caravaca 1995112   

Random sequence generation 
(selection bias) 

Unclear risk Not stated, stratified according to PTH 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Christiansen 1978114   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Not stated 

Selective reporting (reporting bias) High risk Hypercalcaemia not adequately reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Grants from government agency (Danish Medical Research 
Council) and industry sponsor (Hoffman-La Roche) but 
investigator involvement not stated 
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Coburn 2000193   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Low risk 
Outcomes were analysed and reported according to the 
specific study protocol (divided groups for subgroup 
analysis) 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Coburn 2004115   

Random sequence generation 
(selection bias) 

Low risk Randomisation code by statistician 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Blinding of participants and investigators 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Blinding of outcome assessors or data assessors not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk Hyperphosphataemia not adequately reported 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Authors employees of industry sponsor (Bone Care 
International) 

   

Coen 1982116   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) High risk EOT PTH not reported but available on request 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Coen 1994117   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Not stated 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Low risk Funding from government and educational organizations 

   

Coyne 2006118   

Random sequence generation 
(selection bias) 

Low risk Computer randomisation with sealed envelopes 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk Blinding of participants and investigators 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Blinding of outcome assessors or data assessors not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Authors employees and received grants and research 
support from industry sponsor (Abbott) 

   

CUPID Study 2013213   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk All outcomes reported adequately but no protocol 

ITT - was it performed? Unclear risk Yes for primary endpoint only 
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Involvement of data or authorship by 
industry sponsor 

Low risk 
Industry sponsor (Kyowa Kirin Korea) had no involvement in 
the study 

   

de Boer 2013195   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk Blinding of participants and investigators 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Blinding of outcome assessors, analysts unblinded after all 
study data collected 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk No protocol available but key outcomes adequately reported 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Industry sponsor (Abbott) had no role in the design, 
execution or analysis of this study or the decision to submit 
this manuscript for publication 

   

DECALYOS II 2012192   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol available but key outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Database for post-hoc analysis requested from sponsor 
(Merck) 

   

Delanaye 2013196   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk 
Outcomes were analysed and reported according to the 
specific study protocol (divided groups for subgroup 
analysis) 
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ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Delmez 2000119   

Random sequence generation 
(selection bias) 

High risk According to whether their patient number was even or odd. 

Allocation concealment (selection bias) High risk Inadequate 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Deuber 2003120   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Dezfoolian 2012197   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Single blinded 

Blinding of outcome assessment 
(detection bias) 

High risk Investigators not blinded, only participants 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Primary outcome measure not reported 
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ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Low risk Supported by educational organization 

   

Djukanovic 1994121   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk Hypercalcemia events not reported but available on request 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Dogan 2008198   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) High risk Incomplete reporting of end of treatment GFR 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

El-Reshaid 1997122   

Random sequence generation 
(selection bias) 

Unclear risk Not stated, matched for age, gender, and dialysis vintage 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 
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ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

El-Shafey 2011199   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) High risk Not concealed 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk Follow up > 90% and losses explained 

Selective reporting (reporting bias) High risk Selective reporting of BMD values 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Fischer 1993123   

Random sequence generation 
(selection bias) 

Low risk Coin toss by nursing staff 

Allocation concealment (selection bias) High risk Inadequate 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Fishbane 2009200   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk 
Random allocation sequence administered by an unblinded 
individual with no involvement in other study activities 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk 
<10% excluded post-randomisation due to screening errors 
or early medical events 
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Selective reporting (reporting bias) High risk Inadequate reporting of eGFR 

ITT - was it performed? High risk 
Modified ITT (patients who received at least 1 study 
treatment and had at least 1 post-randomization follow-up 
visit included in ITT) 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Trial funded by clinical funds of University while study drug 
and matching placebos provided by sponsor (Abbott) 

   

Fournier 1993272   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Frazao 2000124   

Random sequence generation 
(selection bias) 

Low risk 
Remote randomisation (centrally located, unaffiliated 
statistician, who used a randomisation code). 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Bone Care International (industry sponsor) listed in list of 
organisations involved in publication 

   

Gadallah 2000125   

Random sequence generation 
(selection bias) 

High risk According to date of entry into dialysis program 

Allocation concealment (selection bias) High risk Inadequate 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 
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Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Gallieni 2000126   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Not blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

GFRD Study 1994113   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Blinding of participants and investigators 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Blinding of outcome assessors or data assessors not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Many measured outcomes not reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Research grants from government agency (National 
Institute of Health) 

   

Gonzalez 2003127   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 
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Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Funded by  Abbott Laboratories which was listed as the 
scientific advisor 

   

Greenbaum 2005129   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Authors employees of Abbott Laboratories (industry 
sponsor) 

   

Greenbaum 2007128   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Authors employees of Abbott Laboratories (industry 
sponsor) 

   

Haddad 2004130   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 
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Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company (Leo 
Pharmaceuticals) but involvement of data or authorship 
unclear 

   

Hamdy 199587   

Random sequence generation 
(selection bias) 

Unclear risk Hospital pharmacy 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors. 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors. 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Industry sponsor (Leo Labs UK) involved in coordination of 
study and statistical analysis of data 

   

Han 1997202   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Many outcomes inextractable 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Hansen 2009203   

Random sequence generation 
(selection bias) 

Low risk Computer generated 

Allocation concealment (selection bias) Low risk Opaque, sealed envelopes 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Unclear risk 
Data analysis performed blinded but outcome assessors 
unclear 
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Incomplete outcome data (attrition bias) Low risk Follow up > 90% and losses explained 

Selective reporting (reporting bias) Low risk 
All outcomes adequately and transparently reported in line 
with protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk 

Abbott research grant without restriction on publications 
used to finance investigator meetings and conference 
participation; no influence on investigator-initiated study 
design, collection, analysis, interpretation of data 

   

Hayashi 2004131   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Low risk Sealed envelopes 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Hernandez 2005204   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Grant support from Abbott, Amgen and Genzyme of which 
study consultants, scientific advisors, honoraria and 
advisory board/board of directors were employees 

   

Herrmann 1994132   

Random sequence generation 
(selection bias) 

Low risk Random number generation 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 
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Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Hewitt 2013205   

Random sequence generation 
(selection bias) 

Low risk 
Computer generated random numbers and odd-even 
system 

Allocation concealment (selection bias) High risk Odd-even system with no mention of concealment 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Staff members were blinded to treatment allocation until 
analyses were completed 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
No data given for primary end point muscle strength but 
justified with fact that long term effects may require > 6 
months, no biochemical outcomes reported 

ITT - was it performed? High risk Yes for adverse events but not for biochemical outcomes 

Involvement of data or authorship by 
industry sponsor 

Low risk 

Roche Products Pty Ltd (Australia) funded this study 
through an unrestricted research grant and Key 
Pharmaceutical Pty Ltd provided cholecalciferol but 
investigators were solely responsible for the design, 
conduct, analysis and publication of the study 

   

Hung 2013206   

Random sequence generation 
(selection bias) 

Low risk Computer generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk All outcomes reported adequately but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Low risk 

Clinical Transitional Science Award from national Center for 
Research Resources provided a grant, and had no 
influence on design, execution, analysis of results in the 
study 

   

IMPACT Study 2012211   

Random sequence generation 
(selection bias) 

Unclear risk 
Randomization schedule was generated by the Clinical 
Statistics Department at Abbott Laboratories (Abbott Park, 
IL) before the start of the study 
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Allocation concealment (selection bias) Low risk 
Treatment group assignment occurred at the Day 1 visit and 
was implemented through an interactive voice response 
system 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk All outcomes reported adequately per protocol 

ITT - was it performed? High risk 
No. Safety analysis included all who had at least one study 
medication. 

Involvement of data or authorship by 
industry sponsor 

High risk 
Writing and editorial assistance by industry employees 
(Abbott) 

   

Indridason 2000133   

Random sequence generation 
(selection bias) 

Low risk Permuted block randomisation 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
Episodes of hypercalcaemia not reported but available on 
request 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement of 
data or authorship unclear 

   

Ito 2009207   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Low risk Envelope method 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk 
All outcomes reported adequately for both phases but not 
individually, no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 
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Ivarsen 2012208   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 
1 withdrawal of consent from treatment group, follow up > 
90% and explained 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Industry sponsor (Leo Pharma) was not involved in the 
study 

   

Jones 1994134   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stared 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement in 
data and authorship unclear 

   

Juttman 1979135   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Not stated 

Selective reporting (reporting bias) High risk 
Limited outcome reporting, with those being reported 
narrative rather than numerical 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 
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Kada 2007209   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) High risk Key biochemical outcomes not reported 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Kant 2007210   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Ca, P inextractable 

ITT - was it performed? High risk 

No. Primary assessment of iPTH control was conducted 
using the per protocol set which included all subjects having 
a minimum of 1 iPTH assessment on or after day 24 and no 
significant protocol deviations. 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Grant support from industry sponsor (Genzyme) but 
involvement in data or authorship unclear 

   

Khajehdehi 2003136   

Random sequence generation 
(selection bias) 

Low risk Simple random sampling without replacement 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

   

   

Kiattisunthorn 2011212   

Random sequence generation 
(selection bias) 

Low risk Computer generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk All outcomes reported adequately but no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Kihara 2004137   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Kim 2012214   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Not stated 
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Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Klaus 1995138   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

      

Kliger 1979215   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Koshikawa 2002139   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk Yes 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 
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Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

      

Kovesdy 2012216   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Low risk Sealed envelopes 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk Follow up > 90% and withdrawals explained 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Sponsor exerted no undue influence on study design and 
conduct, data analyses, manuscript preparation 

   

Larsen 2013217   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Low risk Sealed envelopes 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Data analysis was conducted prior to unblinding to 
allocation 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk All outcomes listed in protocol reported adequately 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Provided study medication and partial funding for project but 
involvement in data or authorship unclear 

   

Lee 1994140   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 
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Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement in 
data and authorship unclear 

   

Lerma 2000218   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) High risk Outcomes incompletely reported (e.g. no cohort number) 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Levin 1995141   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by Abbott Laboratories (industry sponsor) but study 
design by investigators 

   

Levine 1996142   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 
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Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement in 
data or authorship unclear 

   

Li 2013219   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk 
Abstract only publication with no protocol insufficient to 
make judgement 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Liou 1994144   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement in 
data or authorship unclear 

   

Liou 1995143   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 
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Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Llach 1998145   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship b 
Unclear risk Funding source not stated 

y industry sponsor 

   

Llach 2003220   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk No description given 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) High risk Ca, P, CaxP not reported 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

High risk Scientific advisor from Abbott (industry sponsor) 

   

Locatelli 1990221   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 
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Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Lorenzo 1993222   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) High risk Outcomes given not extractable 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Lund 2006223   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk 
Outcomes adequately reported for both phases as per 
protocol but not first phase as required for this review 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

High risk 
Writing, editing and proofreading of the paper by Abbott 
employee (industry sponsor) 

   

Marckmann 2012224   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Low risk Allocation performed by third party pharmacy 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Investigators and participants were blinded to treatment 
until study completion 

Blinding of outcome assessment 
(detection bias) 

Low risk Investigators were blinded until study completion 

Incomplete outcome data (attrition bias) Unclear risk 
Exclusions from analysis justified but influence on outcome 
analysis unknown 
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Selective reporting (reporting bias) Low risk All outcomes listed in protocol reported adequately 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest declared 

   

Martin 1998147   

Random sequence generation 
(selection bias) 

Low risk Computer randomisation 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk Yes 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Fracture data not reported but available on request 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by Abbott Laboratories but involvement in data and 
authorship unclear 

   

Martin 2001146   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk EOT biochemical data not reported but available on request 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Funded by Abbott Laboratories which was also listed as a 
contributing organisation in the publication 

   

Martin 2006225   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 
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Selective reporting (reporting bias) High risk No extractable data on biochemical outcomes reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk 
Grant/research support and consultant supplied by Abbott 
(industry sponsor) 

   

Martinez 1996148   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Maxwell 1978149   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement in 
data or authorship unclear 

   

Memmos 1981150   

Random sequence generation 
(selection bias) 

Unclear risk 
By investigator (with no patient contact) allocated patients 
into 2 groups 

Allocation concealment (selection bias) High risk Inadequate 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk 
Outcome assessors blinded but unclear blinding of data 
analysis 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 
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Selective reporting (reporting bias) High risk 
EOT PTH not reported but available on request; however, 
PTH reported adequately in other forms 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Mitsopoulos 2006151   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Unclear 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Mochizuki 2003227   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Mochizuki 2007152   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 
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Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Moe 1998153   

Random sequence generation 
(selection bias) 

Low risk Random number generator 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
EOT serum concentrations (calcium, phosphorus) not 
reported but available on request 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

    

Moe 2000229   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) High risk Many outcomes inextractable 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Moe 2001154   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 
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Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by a pharmaceutical company but involvement of 
data and authorship unclear 

   

Moe 2008228   

Random sequence generation 
(selection bias) 

Low risk 
Computerised code by researcher not involved in providing 
care to the patients 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Healthcare providers were not blinded to patient allocation 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk 
Outcomes reported for both crossover periods but not first 
period only 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Research grant, drugs provided by Canadian Society of 
Hospital Pharmacists (award sponsor GlaxoSmithKline), 
Leo Pharma Canada 

   

Moe 2010230   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk 

Pills were administered by the investigational pharmacist 
such that the investigative team (principal investigator and 
coordinators) was blinded; by nature of the nearly identical 
colour and shape of the pill, the patients knew they were 
receiving vitamin D and were likely unaware of the 
assignment 

Blinding of outcome assessment 
(detection bias) 

Low risk Investigative team blinded 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but key outcomes adequately reported 

ITT - was it performed? High risk Stated that ITT was performed but not supported by results 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Industry sponsor (Genzyme) had no role in the funding, 
conduct, or analysis of data 

   

Moriniere 1985155   

Random sequence generation 
(selection bias) 

Low risk Random number generator 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 
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Blinding of outcome assessment 
(detection bias) 

Low risk Yes 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Mose 2014231   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double-blinded 

Blinding of outcome assessment 
(detection bias) 

High risk None 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk 
Outcomes adequately reported for both phases as per 
protocol but not first phase as required for this review 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest declared 

   

Nakayama 2003232   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Nordal 1988157   

Random sequence generation 
(selection bias) 

Low risk Performed by hospital pharmacy central staff 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors 
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Blinding of outcome assessment 
(detection bias) 

Low risk 
Blinding of participants, investigators, outcomes assessors 
and data assessors 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Research grants from government agency (Norwegian 
Research Council for Science and Humanities) 

   

O’Donovan 1997233   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Ogata 2003235   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Ogata 2007234   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Low risk Envelope method 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 
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Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk 
Outcomes adequately reported for both phases but not first 
phase, no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Oksa 2007236   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Low reported attrition but no justification 

Selective reporting (reporting bias) Unclear risk No protocol but key outcomes adequately reported 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk 
Supported by contracts with educational sponsor (Slovak 
Research and Development Agency) 

   

Ong 2013237   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Low risk All outcomes reported adequately per protocol 

ITT - was it performed? High risk No (used pre-treatment population) 

Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest to disclose 

   

OPERA Trial 2014262   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 
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Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk All included in secondary analysis 

Selective reporting (reporting bias) High risk 
Secondary outcome measure in protocol renal function 
(GFR) inadequately reported 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

High risk Industry sponsor (AbbVie) was involved in randomisation 

   

OPTIMA Study 2008226   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes reported adequately but no protocol 

ITT - was it performed? High risk 

No, the primary analyses of the efficacy end points were 
based on the full analysis set, comprising all randomized 
patients. A last value carried forward method was used for 
patients who did not have laboratory values measured 
during the efficacy assessment period. The safety analysis 
included any randomized patient who had received at least 
one dose of cinacalcet or, if in the conventional care group, 
who had at least one post screening visit. 

Involvement of data or authorship by 
industry sponsor 

High risk 
Amgen (industry sponsor) employees provided editorial 
assistance in the development of the manuscript 

   

Oruc 2012238   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 
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Panichi 1998158   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Patel 2011239   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk All participants included in analysis 

Selective reporting (reporting bias) Low risk All protocol outcomes reported adequately 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

High risk 
Study was supported by industry sponsor (Genzyme) with 
three of nine authors being employed by Genzyme 

   

Pecovnik-Balon 1995159   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 
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Pejanovic 1993240   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Popovtzer 1992160   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Outcome assessors unclear but data analyses were blinded 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

PRIMO Study 2011258   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk 
Secondary protocol outcome troponin-T not adequately 
reported 

ITT - was it performed? High risk 
Modified ITT (all randomized patients who received at least 
1 dose of study drug and with at least 2 primary end point 
measurements included in ITT) 

Involvement of data or authorship by 
industry sponsor 

High risk 
Grant, travel support for nine out of 22 authors; three out of 
22 authors employees of industry sponsor (AbbVie) 
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Przedlacki 1995161   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 
Follow up > 90% and one death in placebo group 
adequately reported 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Industry sponsor (Hoffman-La Roche) involvement not 
stated 

   

Qiu 2003162   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Funded by Abbott Laboratories, which was listed as the 
scientific advisor for the study 

   

Quarles 1994163   

Random sequence generation 
(selection bias) 

Low risk 
Table of random numbers, following pairing according to 
PTH concentration 

Allocation concealment (selection bias) Low risk Adequate 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Outcome assessors blinded but data analysis unclear 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk Not performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Funded by pharmaceutical company but involvement in 
data or authorship unclear 
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Rashid 1998242   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Rianthavorn 2013243   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) High risk None 

Blinding of participants and personnel 
(performance bias) 

High risk None 

Blinding of outcome assessment 
(detection bias) 

High risk None 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk All outcomes adequately reported but no protocol 

ITT - was it performed? High risk None 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Ritz 1995164   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Industry sponsor (Hoffman-La Roche) involvement not 
stated 
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Rix 2004165   

Random sequence generation 
(selection bias) 

Unclear risk Coded randomisation 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Blinding of participants and investigators 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Blinding of outcome assessors or data assessors not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? High risk ITT not performed 

Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest declared 

   

Ross 2008244   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) High risk Only primary endpoints well reported, others not extractable 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

High risk Random sequence generated by industry sponsor (Abbott) 

   

Salusky 1998166   

Random sequence generation 
(selection bias) 

Low risk 
Biostatistician using 3 randomisation schedules, one for 
each skeletal lesion, that is, osteitis fibrosa, secondary 
hyperparathyroidism and normal bone formation. 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? High risk ITT not performed 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Sanchez Perales 1999167   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Sawaya 2003245   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Seibert 2013246   

Random sequence generation 
(selection bias) 

Low risk Random number generator 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Investigators, patients, dialysis staff blinded to treatment 
allocation 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk Post-hoc analysis 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sezer 2012a247   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sezer 2012b249   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sezer 2013248   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sharman 1983250   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk Many outcomes inextractable but no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Shroff 2012251   

Random sequence generation 
(selection bias) 

Low risk Random-number generator 

Allocation concealment (selection bias) Low risk Blinded treatment code 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk 
Clinicians blinded to treatment code until all data were 
collected and evaluated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) High risk BALP said to be measured but not reported 

ITT - was it performed? High risk 
Modified ITT (all children who took even one dose of trial 
medication included in ITT) 

Involvement of data or authorship by 
industry sponsor 

Low risk Disclosures: none 

   

 Singh 2007252   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk 
Primary outcome measure echocardiography blinded, 
others not specified 

Incomplete outcome data (attrition bias) Unclear risk Not stated 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sja’Bani 2003253   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sprague 2003168   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

High risk 
Funded by Abbott Laboratories which is listed as a 
contributing organisation in the publication 

   

Sprague 2007255   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Sprague 2012254   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Takasawa 2009256   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Many outcomes inextractable but no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Taniguchi 2008257   

Random sequence generation 
(selection bias) 

Unclear risk 
No description given except "restricted randomization 
technique" 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Many outcomes not extractable but no protocol 

ITT - was it performed? High risk No 
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Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest declared 

   

Tarrass 2006169   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Tokmak 2008259   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Many outcomes not extractable but no protocol 

ITT - was it performed? High risk No 

Involvement of data or authorship by 
industry sponsor 

Low risk No conflict of interest declared 

   

Tougaard 1976170   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk 
Blinding of participants and investigators but not outcome 
assessors or data assessors 

Blinding of outcome assessment 
(detection bias) 

High risk 
Blinding of participants and investigators but not outcome 
assessors or data assessors 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk No protocol but all expected outcomes adequately reported 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Industry sponsor (Leo Pharmaceuticals) supplied the drug 
but unclear involvement in data or authorship 

   

Tsianas 2006260   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Tsuruoka 2003171   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) High risk Follow up < 90% 

Selective reporting (reporting bias) Unclear risk Abstract only publication with no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Turk 2002172   

Random sequence generation 
(selection bias) 

High risk Alternating 

Allocation concealment (selection bias) High risk Inadequate 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Follow up > 90% 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

van der Merwe 1990173   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

Vanherweghem 1981261   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk All outcomes reported were extractable but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

Unclear risk Not stated 

   

Varghese 1992174   

Random sequence generation 
(selection bias) 

High risk Alternating envelopes 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Unclear risk Not stated 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Low risk 100% follow up 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 
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Involvement of data or authorship by 
industry sponsor 

Unclear risk Funding source not stated 

   

VITAL Study 2009194   

Random sequence generation 
(selection bias) 

Low risk Computer-generated 

Allocation concealment (selection bias) Low risk Interactive voice response system to conceal allocation 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blind 

Blinding of outcome assessment 
(detection bias) 

Low risk 

Study investigator, patients, and study sponsor's personnel 
who participated in data collection and analysis were 
masked to treatment assignment for the duration of the 
study 

Incomplete outcome data (attrition bias) Unclear risk Attrition < 10% but specific reasons not stated 

Selective reporting (reporting bias) Low risk All outcomes reported adequately and per protocol 

ITT - was it performed? High risk 
Modified ITT (all randomised patients who had at least one 
dose of study drug included) 

Involvement of data or authorship by 
industry sponsor 

High risk 
Industry sponsor (Abbott) employer of non-voting memebrs 
of steering committee which oversaw the study design, 
conduct of trial and management and analysis of data 

   

Wasse 2012263   

Random sequence generation 
(selection bias) 

Unclear risk 
Generated by an independent clinical trial pharmacist using 
unspecified method 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

Low risk Double blinded 

Blinding of outcome assessment 
(detection bias) 

Low risk Treatment allocation hidden until study completion 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Pilot study with limited reporting capacity 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

Low risk Research grants from Emory University 

   

Watson 1989175   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Low risk Adequate (sealed envelopes) 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Low risk Yes 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 
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Selective reporting (reporting bias) High risk Fracture data not reported but available on request 

ITT - was it performed? Low risk ITT performed 

Involvement of data or authorship by 
industry sponsor 

Unclear risk 
Funded by Abbott Laboratories but involvement in data or 
authorship unclear 

   

Yan 2014264   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Low risk Interactive voice response system 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

High risk Open label 

Incomplete outcome data (attrition bias) Low risk Follow up = 100% 

Selective reporting (reporting bias) Unclear risk Many outcomes not extractable but no protocol 

ITT - was it performed? Low risk Yes 

Involvement of data or authorship by 
industry sponsor 

High risk One author employee of industry sponsor (AbbVie) 

   

Zisman 2005176   

Random sequence generation 
(selection bias) 

Unclear risk Not stated 

Allocation concealment (selection bias) Unclear risk Not stated 

Blinding of participants and personnel 
(performance bias) 

High risk Open label 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Not stated 

Incomplete outcome data (attrition bias) Unclear risk Insufficient information available to make a valid judgement 

Selective reporting (reporting bias) Unclear risk Outcomes adequately reported but no protocol 

ITT - was it performed? Unclear risk Not stated 

Involvement of data or authorship by 
industry sponsor 

High risk Author employee of Abbott Laboratories (industry sponsor) 
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Appendix 6: Forest plots and subgroup analyses  

Vitamin D versus placebo/no treatment 

Analysis 1.1 All-cause mortality 
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Analysis 1.2 Major cardiovascular events 

 

Analysis 1.3 Fracture 

 

Analysis 1.4 Development of bone pain 
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Analysis 1.5 Parathyroidectomy 

 

Analysis 1.6 Commencement of dialysis 

 

Analysis 1.7 Hospitalisation 
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Analysis 1.8 Gastrointestinal disturbance 

 

Analysis 1.9 Development of osteitis fibrosa 

 

Analysis 1.10 Development of osteomalacia 
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Analysis 1.11 Development of subperiosteal erosisons 

 

Analysis 1.12 Development of vascular calcification 
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Analysis 1.13 End of treatment serum parathyroid hormone (pg/ml) 
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Analysis 1.14 Reduction in parathyroid hormone by > 30% of baseline 
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Analysis 1.15 End of treatment serum calcium (mg/dl) 
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Analysis 1.16 One or more episodes of hypercalcaemia 
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Analysis 1.17 Withdrawal of treatment due to hypercalcaemia 
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Analysis 1.18 End of treatment serum phosphorus (mg/dl) 
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Analysis 1.19 One or more episodes of hyperphosphataemia 
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Analysis 1.20 One or more episodes of elevated serum calcium by 
phosphorus product 
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Analysis 1.21 End of treatment alkaline phosphatase levels (U/L) 

 

Analysis 1.22 End of treatment glomerular filtration rate (ml/min/1.73m²) 
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Established vitamin D versus new vitamin D compounds 

Analysis 2.1 End of treatment parathyroid hormone (pg/ml) 

 

Analysis 2.2 Reduction in parathyroid hormone by > 30% of baseline 
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Analysis 2.3 Reduction in parathyroid hormone by > 50% of baseline 

 

Analysis 2.4 End of treatment serum calcium (mg/dl) 
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Analysis 2.5 One or more episodes of hypercalcaemia 

 

Analysis 2.6 Withdrawal of treatment due to hypercalcaemia 
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Analysis 2.7 End of treatment serum phosphorus (mg/dl) 

 

Analysis 2.8 One or more episodes of hyperphosphataemia 
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Active vitamin D compounds versus vitamin D₃ 

Analysis 3.1 End of treatment serum calcium (mg/dl) 

 

Calcitriol versus other established vitamin D compounds 

Analysis 4.1 End of treatment serum calcium (mg/dl) 
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Analysis 4.2 End of treatment serum phosphorus (mg/dl) 

 

Vitamin D versus cinacalcet 

Analysis 5.1 End of treatment serum parathyroid hormone (pg/ml) 
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Vitamin D versus calcium carbonate 

Analysis 6.1 End of treatment serum parathyroid hormone (pg/ml) 

 

Analysis 6.2 End of treatment serum calcium (mg/dl) 

 

Analysis 6.3 End of treatment serum phosphorus (mg/dl) 
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Flexible vitamin D versus cinacalcet plus low dose vitamin D 

Analysis 7.1 All-cause mortality 

 

Analysis 7.2 Development of muscle dysfunction 

 

Analysis 7.3 Parathyroidectomy 
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Analysis 7.4 Reduction in PTH > 30% from baseline 

 

Analysis 7.5 End of treatment serum calcium (mg/dl) 

 

Analysis 7.6 One or more episodes of hypercalcaemia 
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Analysis 7.7 End of treatment serum phosphorus (mg/dl) 

 

Analysis 7.8 One or more episodes of hyperphosphataemia 
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High versus low dose vitamin D compounds 

Analysis 8.1 All-cause mortality 

 

Analysis 8.2 End of treatment parathyroid hormone (pg/ml) 
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Analysis 8.3 Reduction in PTH >3 Reduction in PTH > 30% from baseline 

 

Analysis 8.4 One or more episodes of hypercalcaemia 

 

Analysis 8.5 Withdrawal of treatment due to hypercalcaemia 
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Analysis 8.6 One or more episodes of elevated serum calcium by phosphorus 

product 

 

Intermittent versus daily vitamin D compounds 

Analysis 9.1 End of treatment serum parathyroid hormone (pg/ml) 
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Analysis 9.2 End of treatment serum calcium (mg/dl) 

 

Analysis 9.3 One or more episodes of hypercalcaemia 
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Analysis 9.4 End of treatment serum phosphorus (mg/dl) 

 

Analysis 9.5 One or more episodes of hyperphosphataemia 
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Thrice weekly versus weekly vitamin D compounds 

Analysis 10.1 End of treatment serum parathyroid hormone (pg/ml) 

 

Analysis 10.2 One or more episodes of hyperphosphataemia 

 



252 
 

Oral versus intravenous vitamin D compounds 

Analysis 11.1 End of treatment serum parathyroid hormone (pg/ml) 

 

Analysis 11.2 End of treatment serum calcium (mg/dl) 
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Analysis 11.3 One or more episodes of hypercalcaemia 

 

Analysis 11.4 End of treatment serum phosphorus (mg/dl) 
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Analysis 11.5 One or more episodes of hyperphosphataemia 

 

Analysis 11.6 End of treatment alkaline phosphatase (U/l) 
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Oral versus intraperitoneal vitamin D compounds 

Analysis 12.1 End of treatment serum parathyroid hormone (pg/ml) 

 

Analysis 12.2 One or more episodes of hypercalcaemia 

 

Oral versus subcutaneous vitamin D compounds 

Analysis 13.1 One or more episodes of hypercalcaemia 
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Appendix 7: Funnel plots and metaregression 

All-cause mortality 
0
 

. 5
 

1
 

1
.

5
 

s
e
(l
o
g
R

R
) 

-4 -2 0 2 4 
log(RR) 

Funnel plot: All-cause mortality 
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Meta-regression: Effect of attrition rate on relative risk of all-

cause mortality between vitamin D and placebo 

Coefficient = -0.013 
CI(95%) = -0.056 to 0.029 
p = 0.508 
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Mean participant age at baseline (years) 

Meta-regression: Effect of mean participant age on relative 
risk of all-cause mortality between vitamin D and placebo 

Coefficient = -0.025 
CI(95%) = -0.083 to 0.033 
p = 0.359 
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Meta-regression: Effect of mean participant baseline serum PTH on relative 
risk of all-cause mortality between vitamin D and placebo 

Coefficient = -0.001 
CI(95%) = -0.004 to 0.003 
p = 0.505 
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End of treatment serum parathyroid hormone (pg/ml) 
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0 10 20 30 40 50 

Attrition rate (%) 

Coefficient = -0.875 
CI(95%) = -6.45 to 4.70 
p = 0.744 
tau² = 11976 
I²(residual) = 88.04% 
R²(adjusted) = -13.73% 

Meta-regression: Effect of attrition rate on difference in end of 
treatment PTH between vitamin D and placebo 
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Meta-regression: Effect of mean participant age on difference in end 
of treatment PTH between vitamin D and placebo 

Coefficient = 8.42 
CI(95%) = 2.34 to 14.2 
p = 0.009 
tau² = 6693 
I²(residual) = 86.03% 
R²(adjusted) = 22.46% 
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Meta-regression: Effect of mean participant baseline serum PTH on difference in 
end of treatment PTH between vitamin D and placebo 

Coefficient = -0.154 
CI(95%) = -0.328 to 0.019 
p = 0.0.76 
tau² = 5426 
I²(residual) = 64.71% 
R²(adjusted) = 42.28% 

-4
0
0
 

-2
0
0
 

0
 

2
0
0
 

45 50 55 60 65 

Mean participant age (years) 

E
n
d
 o

f 
tr

e
a
tm

e
n
t 

P
T

H
 M

D
 (

p
g
/m

l)
 

Meta-regression: Effect of mean participant age on difference in end of 
treatment PTH between vitamin D and placebo (excluding Watson 1989) 

Coefficient = 6.85 
CI(95%) = -3.03 to 16.7 
p = 0.1.62 
tau² = 6905 
I²(residual) = 86.45% 
R²(adjusted) = 0.74% 
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End of treatment serum calcium levels (mg/dl) 
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Exploratory meta-regression: Effect of vitamin D dose on difference 
in end of treatment PTH between vitamin D and placebo 

Coefficient = -6.41 
CI(95%) = -14.1 to 1.29 
p = 0.096 
tau² = 5525 
I²(residual) = 85.31% 
R²(adjusted) = 31.60% 
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Meta-regression: Effect of attrition rate on difference in end of 
treatment calcium between vitamin D and placebo 

Coefficient = -0.0002 
CI(95%) = -0.175 to 0.0172 
p = 0.984 
tau² = 0.09394 
I²(residual) = 74.26% 
R²(adjusted) = -10.64% 
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Meta-regression: Effect of mean participant baseline age on difference 
in end of treatment calcium between vitamin D and placebo 

Coefficient = -0.0003 
CI(95%) = -0.0143 to 0.0136 
p = 0.959 
tau² = 0.05055 
I²(residual) = 62.54% 
R²(adjusted) = -14.96% 
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Meta-regression: Effect of mean participant baseline PTH on difference 
in end of treatment calcium between vitamin D and placebo 

.5
 

Coefficient = -0.00004 
CI(95%) = -0.0005 to 0.0004 
p = 0.832 
tau² = 0.07461 
I²(residual) = 71.58% 
R²(adjusted) = -17.63% 
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Hypercalcaemia 

0
 

.5
 

1
 

1
.5

 
s
e
(l
o
g
R

R
) 

-2 0 2 4 
logRR 

Funnel plot: Hypercalcaemia 
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Meta-regression: Effect of attrition rate on relative risk of 
hypercalcaemia between vitamin D and placebo 

Coefficient = -0.107 
CI(95%) = -0.152 to 0.365 
p = 0.398 
tau² = 33.45 
I²(residual) = 96.89% 
R²(adjusted) = -1.44% 
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Meta-regression: Effect of mean participant age on relative risk of 
hypercalcaemia between vitamin D and placebo 

Coefficient = 0.0446 
CI(95%) = -0.103 to 0.196 
p = 0.543 
tau² = 34.01 
I²(residual) = 96.77% 
R²(adjusted) = -3.14% 
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Meta-regression: Effect of mean participant baseline PTH on 
relative risk of hypercalcaemia between vitamin D and placebo 

Coefficient = 0.0139 
CI(95%) = -0.0066 to 0.0213 
p = 0.001 
tau² = 10.41 
I²(residual) = 89.10% 
R²(adjusted) = 58.99% 
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End of treatment serum phosphorus (mg/dl) 
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Meta-regression: Effect of attrition rate on difference in end of 
treatment serum phosphorus between vitamin D and placebo 

Coefficient = -0.0116 
CI(95%) = -0.0301 to 0.0691 
p = 0.200 
tau² = 0.03267 
I²(residual) = 54.03% 
R²(adjusted) = 44.20% 
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Meta-regression: Effect of mean participant age on difference in end of 
treatment serum phosphorus between vitamin D and placebo 

Coefficient = 0.0031 
CI(95%) = -0.0166 to 0.0227 
p = 0.742 
tau² = 0.06473 
I²(residual) = 60.30% 
R²(adjusted) = -44.06% 



 

265 
 

 

  

-2
 

-1
 

0
 

1
 

0 500 1000 1500 2000 
Mean participant baseline serum PTH (pg/ml) 

E
n
d
 o

f 
tr

e
a
tm

e
n
t 
s
e
ru

m
 p

h
o
s
p
h
o
ru

s
 M

D
 (

m
g
/d

l)
 

Meta-regression: Effect of mean participant baseline PTH on difference in end of 
treatment serum phosphorus between vitamin D and placebo 

Coefficient = -0.00008 
CI(95%) = -0.00063 to 0.00047 
p = 0.761 
tau² = 0.0672 
I²(residual) = 65.05% 
R²(adjusted) = -27.73% 
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Appendix 8: Descriptive results and adverse events 

Study Result 

Vitamin D versus placebo 

Bone histomorphometry  
Baker 198986 Calcitriol significantly reduced osteoid volume and thickness 

(6.98±0.44µm thickness, 0.76±0.60mm³/cm³ volume) compared to 
placebo (10.70±1.24µm thickness, 2.27±0.65³/cm³ volume) in participants 
with CKD not requiring dialysis.  

Hamdy 199587 Out of one hundred pre-dialysis participants who had histological 
abnormalities at baseline, 25 showed improvement at the end of the 
treatment period with 23 of these from the alfacalcidol group.  

Watson 1989175 Alfacalcidol significantly reduced osteoid index and seam width by 11.3% 
and 7.52% more compared to no treatment in children after six months.  

Parathyroid hormone 
Bleskestad 2012190 
 

Alfacalcidol had no significant treatment effect on PTH levels 
compared to placebo (end of treatment PTH median and range: 
26.5(14.6-55.2) pg/mL in the alfacalcidol group and 38.7(21.2-61.0) 
pg/mL in the sevelamer group) after the first two week treatment 
period in a crossover trial of participants not requiring dialysis. 

Hamdy 199587 Following two years of treatment, no difference was observed 
between treatment groups (mean and standard error for change in 
PTH was -5.7(1.0) pmol/L in the alfacalcidol group and -4.0(2.0) 
pmol/L in the placebo group) in participants not requiring dialysis. 

Ivarsen 2012208 
 

Alfacalcidol was associated with a 72% reduction from baseline PTH 
compared to 3% for standard care (no measure of spread 
reported). 

Kim 2012214 
 

Cholecalciferol treatment was associated with a lower end of 
treatment average (unspecified measure of spread) PTH (38.8 
(19.2-65.3)) compared to placebo (58.1 (39.5-137)). 

Marckmann 2012224 
 

Cholecalciferol significantly lowered plasma PTH (pmol/L) 
compared to placebo in the non-HD subgroup (8.4(4.5-15.7) 
vs.12.7(7.2-21.4)) but caused small and insignificant changes in the 
HD subgroup (18.0(2.6-54.9) vs. 23.8(14.8-40.7)) after 8 weeks 

Nordal 1988157 
 

Calcitriol significantly lowered median (interquartile range) plasma 
PTH (µg/L) compared to placebo in pre-dialysis participants 
(0.98(0.43-1.79) vs. 1.37(1.06-2.61)) after 8 months. 

OPERA Trial 2014262 
 

Paricalcitol treatment was associated with a greater median change 
(interquartile range) PTH than placebo (-86pg/mL(-131 to -43) vs 
+21pg/mL(-25 to +134)), (p<0.001). 

Patel 2011239 
 

Doxercalciferol was associated with a significantly increased 
reduction of serum PTH <70 pg/ml in participants not requiring 
dialysis (RR 2.75; 96% CI 1.21 to 6.23) 

VITAL Study 2009194 
 

Over 24 weeks, paricalcitol significantly lowered plasma PTH in a 
dose-dependent fashion (1µg/day: -20.9%, p<0.001 vs. 2µg/day: -
48.9%, p<0.001) while in participants randomised to placebo, PTH 
increased progressively over time in participants not requiring 
dialysis at baseline. 
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Established versus new vitamin D compounds 

Adverse events 
Akiba 1998103 Arthralgia with hyperphosphataemia during treatment with 

falecalcitriol (1/13) 
Hansen 2011203 Total of 490 adverse events occurring of which the following were 

considered possibly related to study medication. In the alfacalcidol 
group four participants experienced fatigue after dialysis, itching 
and urticaria, increased gout pain or fatigue, dyspnoea and 
sweating. In the paricalcitol group, three participants experienced 
pain and constipation. 

Kovesdy 2012216 Clinical adverse events occurred with similar frequency in the two 
treatment groups and that one participant in the daily paricalcitol 
group dropped out of the study due to exacerbation of a pre-
exisiting skin condition 

Ong 2013237 Total of 35 adverse events in the paricalcitol group (infection (11), 
Ca-P abnormalities (9), cardiovascular disorders (4), gastrointestinal 
disoders (3), respiratory disorders (2), dermatological disorder (3), 
other (3)) and 25 adverse events in the calcitriol group (infection 
(5), CaxP abnormalities (3), cardiovascular disorders (4), vascular 
access thrombosis (3), respiratory disorders (1), dermatological 
disorder (1), others (8)) 

Parathyroid hormone 
Akiba 1998103 Significantly greater suppression of PTH with falecalcitriol 

compared with alfacalcidol 
Lerma 2000218 79% of participants assigned to paricalcitol to 69% of those 

receiving calcitriol achieved a reduction in PTH >50% of baseline; 
however, numbers of participants in each arm were not reported 
meaning these data could not be included in meta-analysis 

Oruc 2012238 Significant decrease in parathyroid hormone among participants 
assigned to paricalcitiol and calcitriol and as a percentage change 
of -44% and -32% respectively 

Sezer 2012a247 Reduction ratios of parathyroid hormone (-9.8% in those receiving 
paricalcitol and +24.3% in those receiving calcitriol) as well as end 
of treatment serum values but it was unclear which measurements 
corresponded to which treatment group 

Calcium and phosphorus 
Akiba 1998103 Significantly lower serum phosphorus with falecalcitriol compared 

with alfacalcidol. 
Abdul Gafor 2009177 No differences in rates of hypercalcaemia, hyperphosphataemia or 

elevated calcium x phosphorus product between the two groups 
assigned to paricalcitol and calcitriol. 

Lerma 2000218 Numbers of participants experiencing hypercalcaemia were not 
significantly different between the paricalcitol and calcitriol groups, 
while 9.7% of participants receiving paricalcitol and 14% of those 
receving calcitriol experienced hyperphosphataemia. 

Oruc 2012238 Significant increase in serum calcium levels among participants 
assigned to paricalcitiol and calcitriol as a percentage change of 
+4% and +5% respectively, while serum phosphorus rose by +0.5% 
and +2% respectively 

Sezer 2013248 Serum phosphorus levels in the calcitriol group were significantly 
higher than the paricalctiol group 

file:///G:/BMedSci/Thesis/Chapter%203%20Results/Kovesdy%202012
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Active vitamin D compounds vs. vitamin D₃ 

Adverse events 
Maxwell 1978149 Four patients receiving calcitriol developed electrocardiographic 

abnormalities during treatment, four patients receiving vitamin D3 
and two receiving calcitriol had elevated liver enzymes and two 
patients receiving vitamin D3 experienced rising hepatitis B titres. 

Bone histomorphometry 
Buccianti 1981111 Calcitriol was associated with significantly decreased osteoid index 

in 6/17 subjects receiving calcitriol and 13/24 subjects receiving 25-
hydroxyvitamin D3 

Parathyroid hormone 
Berl 1980108 Elevated PTH values at baseline were not reduced in patients 

receiving vitamin D3 but were significantly decreased in patients 
receiving calcitriol 

Christiansen 1978114 No difference between calcitriol and vitamin D₃ for end of 
treatment changes in serum PTH 

Calcium and phosphorus 
Berl 1980108 There was no difference in serum phosphorus levels between 

calcitriol and vitamin D3 groups which was not accounted for by 
differences in phosphorus binder therapy 

Christiansen 1978114 Serum calcium increased significantly in the calcitriol group at end 
of treatment compared with vitamin D therapy, but there was no 
difference between the two groups in serum phosphorus 

Alkaline phosphatase 
Berl 1980108 No difference in serum ALP levels between calcitriol and vitamin D3 

groups 
Buccianti 1981111 Significant reductions in ALP during treatment with both calcitriol 

(17 patients) and 25-hydroxyvitamin D3 (24 patients). 
Maxwell 1978149 Calcitriol lowered serum ALP compared with vitamin D3 

Calcitriol versus other established vitamin D compounds 

All-cause mortality 
Kiattisunthorn 2011212 No deaths occurred during the treatment period comparing 

calcitriol and alfacalcidol. 
Growth 
GFRD Study 1994113 No difference in growth (linear height Z scores) between calcitriol 

and dihydrotachysterol in 82 children. 
Adverse events 
El-Reshaid 1997 122 No major adverse events occurred during three months of therapy 

with either alfacalcidol or calcitriol 
Kiattisunthorn 2011212 Two withdrawals from each treatment group due to persistent 

hypercalcaemia and failure of vascular access in the calcitriol group 
and uncontrolled hyperphosphataemia in the alfacalcidol group. 

Calcium and phosphorus  
GFRD Study 1994113 No difference in time to hypercalcaemia or end of treatment GFR 

between groups of children randomised to calcitriol or 
dihydrotachysterol. 
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Other vitamin D versus vitamin D comparisons 

Parathyroid hormone 
Coen 1982116 Significant PTH suppression with both calcitriol and combined 

treatment with calcitriol and 25-hydroxyvitamin D3. 
Calcium and phosphorus 
Coen 1982116 No significant changes in serum phosphorus levels and increases in 

serum calcium with calcitriol and calcitriol/25-hydroxyvitamin D3 
combined therapy. 

Djukanovic 1994121 Serum calcium levels were not different during therapy comparing 
alfacalcidol/calcitriol versus alfacalcidol alone. 

Alkaline phosphatase 
Coen 1982116 No change in serum ALP levels with 6-12 months of calcitriol or 

combined calcitriol/25-hydroxyvitamin D3 therapy. 
Djukanovic 1994121 Serum ALP levels were similar comparing alfacalcidol/calcitriol 

versus alfacalcidol alone. 
Bone histomorphometry  
Coen 1982116 Calcitriol was associated with significant reductions in osteoid 

volume and osteoid surface, and combined calcitriol and 25-
hydroxyvitamin D₃ therapy resulted in more marked reductions in 
these parameters. 

Popovtzer 1992160 Reduction in lower bone turnover with combined 24,25 
dihydroxyvitamin D3/alfacalcidol therapy but not alfacalcidol alone. 
Marrow fibrosis was similar between groups at the end of 
treatment. 

Vitamin D versus cinacalcet 

Adverse events 
Belechri 2010189 Treatment was interrupted in fifteen patients receiving paricalcitol 

due to PTH suppression, ten of these people continued paricalcitol 
once PTH rebound occurred while four terminated treatment due 
to further PTH suppression. Among those receiving cinacalcet, 
seventeen stopped receiving treatment either temporarily (13) or 
permanently (4) due to PTH suppression. 

El-Shafey 2011199 Nausea (7,1), vomiting (5,2), diarrhea (3,1), dyspepsia (5,2) and 
hypocalcemia (6,0) in the cinacalcet and paricalcitol groups 
respectively. 

Calcium and phosphorus 

Belechri 2010189 End of treatment serum calcium was reduced in cinacalcet group 
but there was no significant change in the paricalcitol group. 

Flexible vitamin D versus cinacalcet and low dose vitamin D 

Adverse events 
ACHIEVE Study 
2008201 

Overall 71% of partcipants in each treatment group reported at 
least one adverse event 

ADVANCE Study 
2011241 

Adverse events occurred with similar frequencies among the 
flexible vitamin D and cinacalcet with low dose vitamin D groups 

CUPID Study 2013213 The percentage of participants who experienced at least one 
adverse events was greater among participants randomised to 
cinacalcet and low dose vitamin D (51.5%) compared to flexible 
vitamin D alone (33.3%) 
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IMPACT Study 2012211 Most adverse events rates were not significantly different between 
the paricalcitol and cinacalcet groups 

OPTIMA Study 2008262 A total of 80% of cinacalcet participants and 59% of conventional 
care participants experienced at least one adverse event 

Parathyroid hormone 
ACHIEVE Study 
2008201 

PTH levels declined progressively throughout the study in the 
cinacalcet and low dose vitamin D group while they changed only 
modestly among those randomised to flexible vitamin D 

ADVANCE Study 
2011241 

Decrease in plasma PTH from baseline to end of study was greater 
in participants treated with cinacalcet plus low dose vitamin D 
compared with flexible vitamin D 

CUPID Study 2013213 Median PTH decreased by 42.3% in the cinacalcet plus low dose 
vitamin D group and by 30.7% in the flexible vitamin D group 

IMPACT Study 2012211 Mean change in PTH from baseline was significantly greater among 
the paricalcitol compared to cinacalcet in the IV stratum (P<0.05) 
but not in the oral stratum (P>0.05). The proportion of participants 
who achieved the primary efficacy endpoint of iPTH between 150 
and 300pg/ml was greater in the paricalcitol then that in the 
cinacalcet group in both the IV (57.7% vs. 32.7%, P=0.016) and oral 
(54.4% vs. 43.4%, P=0.260) strata 

Calcium  
ACHIEVE Study 
2008201 

Calcium levels declined the cinacalcet and low dose vitamin D 
group while they remained unchanged among those randomised to 
flexible vitamin D 

CUPID Study 2013213 Change in calcium was significantly different between participants 
randomised to flexible vitamin D (+1.1%) compared to cinacalcet 
with low dose vitamin D (-7.2%) but that participants who achieved 
K/DOQI targets of calcium were not statistically different between 
the groups 

IMPACT Study 2012211 Paricalcitol was associated with a significant increase from baseline 
in calcium whereas cinacalcet reduced calcium levels (P<0.05). 

Phosphorus  
ACHIEVE Study 
2008201 

Phosphorus did not change appreciably or differ between groups 

CUPID Study 2013213 Serum phosphorus increased by 8.3% in the cinacalcet plus low 
dose vitamin D group and by 7.3% in the flexible dose vitamin D 
group and that the difference between the two groups was not 
statistically significant (P=0.909) 

IMPACT Study 2012211 Mean change in phosphorus from baseline was significantly greater 
among the paricalcitol compared to cinacalcet in the oral stratum 
(P<0.05) but not in the IV stratum (P>0.05). 

High versus low dose vitamin D 

Adverse events 
Akizawa 1994179 Adverse effects were observed in 64 cases (41%), 55 of which (86%) 

were hypercalcemia, the incidence of which depended on the 
dosage 

Akizawa 2004104 Adverse events affected 25% of participants in the low dose 
maxacalcitol group, 58% in the medium dose and 61% of the high 
dose participants 
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Alborzi 2008181 One patient dropped out of the study one month after random 
assignment because of acute renal failure secondary to congestive 
heart failure and pericardial effusion in the lower dose group 

Kant 2007210 The number of participants experiencing any adverse events was 
21/29 for the low dose groups and 17/25 for the high dose groups 

Martin 2001146 Adverse event profile during treatment period was similar to that 
experienced with vitamin D compounds in general with no unusual 
trends in incidence, severity or drug-relation observed 

Mitsopoulos 2006151 Allergic reaction in 1/22 patients the higher paricalcitol dose group 
Sprague 2012254 Adverse events were comparable across treatment groups 

receiving different doses of calcifediol 
VITAL Study 2009194 One participant in the high dose group experienced a 

cardiovascular event 
Yan 2014264 29/108 of participants randomised to higher dose (PTH/80) 

compared to 21/108 of those receiving lower dose (0.04µg/kg) of 
paricalcitol experienced adverse events 

Parathyroid hormone 
Akizawa 1997 180 Dose dependent decreases in parathyroid hormone were observed 

among the groups receiving 2µg (73%), 1.5µg (70%) and 1µg (51%) 
of calcitriol 

Alborzi 2008181 Reported end of treatment serum PTH as mean and 95% CI: 81(24-
273.8) pg/ml in the high dose group and 38.9(10.1-150.2) pg/ml in 
the low dose group 

Mitsopoulous 2006151 Decrease in iPTH levels were greater in the low dose paricalcitol 
group at all times throughout the study without reaching significant 
levels 

Sprague 2012254 iPTH decreased by 20±6%, 33±5% and 39±4% in groups receiving 
30,60 or 90µg per day of CTAP101 calcifediol capsule 

VITAL Study 2009194 Dose dependent reduction in iPTH, with a 26.9-pg/mL decrease in 
the 1-μg/day group (20.9% reduction; P < 0.001 versus placebo) 
and a 52.7-pg/mL reduction in the 2-μg/day group (48.9% 
reduction; P < 0.001 versus placebo). 

Calcium  
Akizawa 1997180 Dose dependent increases in adjusted calcium levels were 

observed among the groups receiving 2µg, 1.5µg and 1µg of 
calcitriol 

Kant 2007210 No statistically significant differences in serum calcium between 
groups 

Martin 2001146 Change from baseline to final evaluation for serum calcium was 
similar between the PTH/80 and 0.04µg/kg treatment groups 

Mitsopoulos 2006151 Statistically similar incidences of hypercalcaemia in treatment 
groups using paricalcitol dosed according to baseline PTH (PTH/80 
versus PTH/120). 

Oksa 2007236 Serum calcium at twelve months as median and range, and that 
there was no difference between the high dose (20,000IU) and low 
dose (5000IU) cholecalciferol groups  

Sprague 2012254 Serum calcium increased by 0.12±0.07mg/dl, 0.14±0.07mg/dl and 
0.08±0.07mg/dl in groups receiving 30,60 or 90µg per day of 
CTAP101 calcifediol capsules. No participants experienced 
hypercalcaemia. 

Phosphorus  
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Kant 2007210 No statistically significant difference in serum phosphorus between 
groups 

Martin 2001146 Change from baseline to final evaluation for serum phosphorus was 
similar between the PTH/80 and 0.04µg/kg treatment groups 

Mitsopoulos 2006151 Change in serum phosphorus was similar between groups treated 
with paricalcitol dosed according to baseline PTH (PTH/80 versus 
PTH/120). 

Oksa 2007236 No difference between the high dose (20,000IU) and low dose 
(5000IU) cholecalciferol groups 

Sprague 2012254 Serum phosphorus levels increased by 0.24±0.12mg/dl, 
0.30±0.10mg/dl and 0.08±0.05mg/dl in groups receiving 30,60 or 
90µg per day of CTAP101 calcifediol capsules 

Alkaline phosphatase 
Akizawa 1997180 Dose dependent decreases in ALP were observed among the 

groups receiving 2µg (22%), 1.5µg (21%) and 1µg (16%) of calcitriol 
Martin 2001146 Decrease from baseline to final evaluation for serum alkaline 

phosphotase was significantly greater in the PTH/80 treatment 
group compared to those receiving o.04µg/kg of paricalcitol 

Mitsopoulous 2006151 Mean decreases in ALP at 12 weeks were not statistically different 
(P=0.546) between the iPTH/80 (15.8U/L) and iPTH/120 (7.7U/L) 
paricalcitol dosing groups 

Daily versus intermittent vitamin D 

Adverse events 

Kovesdy 2012216 Clinical adverse events occurred with similar frequency in the two 
treatment groups and that one participant in the daily paricalcitol 
group dropped out of the study due to exacerbation of a pre-
existing skin condition. 

van der Merwe 
1990173 

Gastric fullness in 1/10 patients receiving intermittent therapy. 

Bone histomorphometry and densitometry 
CUPID Study 2013213 Median PTH decreased by 42.3% in the cinacalcet plus low dose 

vitamin D group and by 30.7% in the flexible vitamin D group 
IMPACT Study 2012211 Mean change in PTH from baseline was significantly greater among 

the paricalcitol compared to cinacalcet in the IV stratum (P<0.05) 
but not in the oral stratum (P>0.05). The proportion of participants 
who achieved the primary efficacy endpoint of iPTH between 150 
and 300pg/ml was greater in the paricalcitol then that in the 
cinacalcet group in both the IV (57.7% vs. 32.7%, P=0.016) and oral 
(54.4% vs. 43.4%, P=0.260) strata 

Moe 2008228 Five of 18 patients underwent bone biopsy before and after 
treatment with intermittent or daily calcitriol for 24 weeks. No 
comparative analyses were possible however the authors reported 
quantitative improvement in all five biopsies. There was no 
difference in bone densitometry of hip, spine and radius between 
groups. 

Parathyroid hormone   
ADVANCE Study 
2011241 

Decrease in plasma PTH from baseline to end of study was greater 
in participants treated with cinacalcet plus low dose vitamin D 
compared with flexible vitamin D 
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Klaus 1995138 Significant reductions in end of treatment serum PTH in both 
groups but no difference was observed between groups. 

Tarrass 2006169 Progressive decline in serum PTH across treatment with 
intermittent or continuous alfacalcidol, but no difference was 
observed between groups. 

van der Merwe 
1990173 

PTH decreased in both intermittent and daily calcitriol groups with 
no statistically significant difference between groups at the end of 
treatment. 

Calcium and phosphorus 
van der Merwe 
1990173 

No difference in end of treatment serum calcium or phosphorus 
between treatment groups. Both increased mean serum calcium 
combined across 12 weeks of treatment with daily or intermittent 
calcitriol.  

Alkaline phosphatase  
Caravaca 1995112 ALP in participants who received oral vitamin D daily increased 

from 552±552 initially to 595±659IU/ml while in those receiving 
oral vitamin D intermittently it significantly decreased (P<0.05) 
from 619±318 to 551±378IU/ml (different assay unit from our 
protocol) 

van der Merwe 
1990173 

No differences between intermittent and daily calcitriol 
administration for end of treatment serum alkaline phosphatase. 

Thrice weekly versus weekly vitamin D 

Parathyroid hormone 
Sanchez Perales 
1999167 

Greater PTH suppression with calcitriol administered once weekly 
(3 µg) versus thrice weekly (1 µg) 

Calcium and phosphorus 
Panichi 1998158 No difference in calcium and phosphorus between the two 

frequencies of administration 
Sanchez Perales 
1999167 

No difference in end of treatment serum calcium and phosphorus 
comparing calcitriol administered once weekly (3 µg) versus thrice 
weekly (1 µg). 

Oral versus intravenous vitamin D 

Adverse events 
Liou 1994144 No treatment-related adverse events occurred 
Caravaca 1995112 Intensification of pruritis in one patient of unknown treatment 

assignation 
Indridason 2000133 One patient was intolerant of oral calcitriol due to an upset 

stomach 
Parathyroid hormone 
Quarles 1994163 No difference in end of treatment PTH between oral and calcitriol 

groups 
Levin 1995141 50% of patients in the IV group achieved a reduction in PTH > 50% 

from baseline versus 36% in the oral group; however, the number 
of patients in each group was not reported meaning this data could 
not be included in meta-analysis 

Haddad 2004130 No difference for end of treatment PTH between IV and oral 
calcitriol 

Phosphorus 
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Levin 1995141 No difference in end of treatment serum phosphorus between IV 
and oral vitamin D treatment 

Levine 1996142 No difference in end of treatment serum phosphorus between IV 
and oral vitamin D treatment 

Borazan 2003110 No significant increase in serum phosphorus at the end of 
treatment for either IV versus oral vitamin D treatment 

Oral versus intraperitoneal vitamin D 

Adverse events 
Jones 1994134 There were two episodes of peritonitis in each treatment phase 

through both arms of the crossover study 
Han 1997202 Peritonitis occurred significantly more in IP than oral (P<0.05). 

Bone formation rates 
Salusky 1998166 Bone formation rates were observed in both oral and IP calcitriol 

with no differences between groups 
Calcium and phosphorus 
Gadallah 2000125 Serum calcium was no different between oral and IP groups at 

follow up while serum phosphorus was significantly higher in the 
oral group compared to IP 

Oral versus subcutaneous vitamin D 

Adverse events 
Liou 1995143 Pain was a common complaint in the subcutaneous group, and two 

participants receiving subcutaneous calcitriol developed small 
pruritic papules around the injection site which subsided with no 
further treatment. 

Parathyroid hormone 
Liou 1995143 Serum iPTH decreased after five weeks of subcutaneous and oral 

calcitriol treatments but did not report any differences between 
the two groups. 

Han 1997202 No differences in the percentage decrease in iPTH from baseline 
among the groups receiving different routes of administration. 

Calcium and phosphorus 
Liou 1995143 Serum calcium increased in both treatments but did not report 

differences between the groups while there were no significant 
changes in serum phosphorus in either treatment group. 

Alkaline phosphatase 
Liou 1995143 Serum ALP decreased in both subcutaneous and oral groups but did 

not report any differences between the groups. 
Han 1997202 Serum ALP decreased in both subcutaneous and oral groups but did 

not report any differences between the groups. 
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Appendix 9: Definitions of outcomes in included studies 

Study Definition of hypercalcaemia Definition of hyperphosphataemia 

Akizawa 2004104 Serum calcium > 11.5 mg/dl (2.88 mmol/l) - 
Bansal 2011187 Not specified - 
Coburn 2004115 Serum calcium > 10.7mg/dl (2.67 mmol/l) - 
Coen 1994117 Not specified - 

Coyne 2006118 Serum calcium > 10.5 mg/dl (2.62 mmol/l) 
Serum phosphorus > 5.5 mg/dl (1.78 
mmol/l) 

de Boer 2013195 Not specified - 
Delanaye 2013196 Not specified - 
Delmez 2000119 Serum calcium > 11 mg/dl (2.75 mmol/l) - 

Fishbane 2009200 Not specified 
Serum phosphorus > 5.5 mg/dl (1.78 
mmol/l) 

Greenbaum 
2005129 Serum calcium > 10.5 mg/dl (2.63 mmol/l) 

Serum phosphorus > 6.5 mg/dl (2.1 
mmol/l) 

Hamdy 199587 Serum calcium > 12 mg/dl (3.00 mmol/l) - 
Hewitt 2013205 Serum calcium > 10.4 mg/dl (2.60 mmol/l) Not specified 

Kim 2012214 "symptomatic" - 
Larsen 2013217 Not specified - 

Li 2013219 Not specified - 
Llach 1998145 Serum calcium > 11.5 mg/dl (2.88 mmol/l) Not specified 
Llach 2003220 Not specified Not specified 
Marckmann 
2012224 Ionised calcium > 5.28 mg/dl (1.32mmol/l) - 
Mose 2014231 Not specified - 
O'Donovan 1997233 Serum calcium > 11.5 mg/dl (2.88 mmol/l) - 
OPERA 2014262 Serum calcium > 10.2 mg/dl 2.55 mmol/l) - 
Patel 2011239 Serum calcium > 10.7 mg/dl (2.67 mmol/l) - 
PRIMO 2011258 Serum calcium > 10.5 mg/dl (2.63mmol/l) - 

Przedlacki 1995161 Serum calcium > 10.4 mg/dl (2.60 mmol/l) 
Serum phosphorus > 4.6 mg/dl (1.49 
mmol/l) 

Rianthavorn 
2013243 Not specified Not specified 

Ritz 1995164 Serum calcium > 10.8 mg/dl (2.7 mmol/l) 
Serum phosphorus > 6.8 mg/dl (2.2 
mmol/l) 

Rix 2004165 Ionised calcium > 5.68 mg/dl (1.42mmol/l) - 
Ross 2008244 Serum calcium > 11 mg/dl (2.75 mmol/l) - 

Seibert 2013246 Serum calcium > 10.4 mg/dl (2.6 mmol/l) 
Serum phosphorus > 7.0 mg/dl (2.26 
mmol/l) 

Shroff 2012251 Serum calcium > 10.5 mg/dl (2.62 mmol/l) 
Serum phosphorus > 4.7 mg/dl (1.52 
mmol/l) 

VITAL 2009194 Serum calcium > 10.5 mg/dl (2.62 mmol/l) - 
Watson 1989175 Not specified Not specified 

 Definition of elevated serum calcium by phosphorus product 

Coburn 2004115 Serum calcium by phosphorus product > 65 mg²/dl² (5.24 mmol²/l²) 
Coyne 2006118 At least two consecutive serum calcium by phosphorus values > 55 mg²/dl² (4.46 mmol²/l²) 
Greenbaum 
2005129 Serum calcium by phosphorus product > 75 mg²/dl² (6.08 mmol²/l²) 
Kiattisunthorn 
2011212 Serum calcium by phosphorus values > 55 mg²/dl² (4.46 mmol²/l²) 

Martin 2001146 Serum calcium by phosphorus product > 70 mg²/dl² (5.67mmol²/l²) 
Mitsopoulos 
2006151 Serum calcium by phosphorus product > 70 mg²/dl² (5.67mmol²/l²) 

O'Donovan 1997233 
Serum calcium by phosphorus product > 75 mg²/dl² (6.08 mmol²/l²)f or two consecutive 
laboratory draws 

Przedlacki 1995161 Not specified 

Rashid 1998242 Serum calcium by phosphorus product > 70 mg²/dl² (5.67mmol²/l²) 
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Appendix 10: Characteristics of ongoing studies 

Study Status Population Intervention Outcome measures 

     
Andress 2009266 
 
 

Completed Adult chronic 
haemodialysis 
patients 

Paricalcitol (6 µg) vs. 
doxercalciferol (3.6 
µg) both IV, every 
other day 

Primary and secondary outcome: 
calcium absorption fractions 
analysed by ANOVA or mixed 
model 

     
Bhan 2014268 
 
 

Recruiting Adults with CKD 
stage 3-4 

Ergocalciferol 
(50,000 IU, PO every 
other day) vs. 
calcitriol (0.25 µg PO 
daily) 

Primary outcome: hCAP18 levels 
Secondary outcomes: serum 
vitamin D, calcium, phosphorus, 
PTH and T-cell subsets 

     

Dreyer 2014267,298 
 
 

Completed, 
published 

38 adult patient 
with non-
diabetic CKD 
stage 3-4 and 
vitamin D 
deficiency 

Ergocalciferol 
(50,000 IU weekly for 
one month followed 
by 50,000 IU 
monthly) vs. placebo 

Primary outcome: microcirculatory 
endothelial function 
Secondary outcomes: skin 
autofluorescence, side stream dark 
field imaging, BP, PP, aPWV, LVMI 

     

FLUID study 
2011265 
 
 

Completed 70 adult 
peritoneal 
dialysis patients 
from Canadian 
teaching 
hospitals 

Bio-impedance-
guided volume 
management vs. 
usual care with 

vitamin D₃ (50,000 U 
weekly for 8 doses, 
and then 10,000 U 
weekly) vs. placebo 

Primary outcome: change in LV 
mass at one year as determined by 
cardiac MRI 
Secondary outcomes: composite 
endpoint of death, nonfatal 
cardiovascular event, and transfer 
to haemodialysis 
Other outcomes: BP, quality of life, 
6-minute walk tests, inflammatory 
and fibrotic markers, renal function  
 

     
Greenbaum 
2014270 
 
 

Ongoing Children (9-19 
years) with CKD 
stages 3-5 or 
kidney 
transplant 

Unspecified vitamin 
D 1000 IU vs. 4000 
IU daily 

Primary outcome: vitamin D 
sufficiency 

     
Stubbs 2014269 
 
 

Recruiting Adults with CKD 
stages 3-4 with 
vitamin D 
insufficiency 

Ergocalciferol vs. 
cholecalciferol both 
50,000 IU weekly PO 

Primary outcome: serum vitamin D 
levels 
Secondary outcomes: inflammatory 
markers 

 

 


