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Abstract 

Background: Clinical trials are most informative for evidence-based decision-making when they 

consistently measure and report outcomes of relevance to stakeholders. We aimed to assess the 

scope and consistency of outcomes reported in trials for hemodialysis. 

Study Design: Systematic review. 

Setting & Population: Adults requiring maintenance hemodialysis. 

Selection criteria: All Cochrane systematic reviews of interventions published by the 29th of 

August 2016 and the trials published and registered in ClinicalTrial.gov since January 2011. 

Interventions: Any hemodialysis-related interventions. 

Outcomes: Frequency and characteristics of the outcome domains and measures reported. 

Results: From the 362 included trials, we extracted and classified 10713 outcomes measures 

(median 21 per trial, interquartile range 10 to 39) into 81 different outcome domains, of which 42 

(52%) were surrogate, 25 (31%) clinical and 14 (17%), patient-reported. The number of outcomes 

measures reported significantly changed over time. The five most commonly reported domains 

were all surrogates: phosphate (125 [35%] trials), dialysis adequacy (120 [33%]), anemia (115 

[32%]), inflammatory markers (114 [31%]) and calcium (109 [30%]). Mortality, cardiovascular 

diseases and quality of life were reported very infrequently (73 [20%], 44 [12%] and 32 [9%], 

respectively).  

Limitations: For feasibility, we included a sampling frame of 362 trials.  

Conclusions: The outcomes reported in clinical trials involving adults on hemodialysis are focused 

on surrogate outcomes, rather than on clinical and patient-centered outcomes. There is also extreme 

multiplicity and heterogeneity at every level - domain, measure, metric, and time point - making 

estimates of comparative effectiveness of available interventions unreliable and no improvements 

over time are evident.  

Key words: Hemodialysis, systematic review, outcomes, patient-centered outcomes, nephrology 

Summary: What are the scope, quality and consistency of outcomes domains and measures in 

hemodialysis trials? Across 362 randomized controlled trials in adults on chronic hemodialysis, 81 
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different outcomes domains and 10713 outcomes measures were reported. The outcomes were 

predominantly focused on surrogate endpoints, rather than on patient-centered outcomes limiting 

the ability of trials to inform shared decision making. This study provides an empiric evidence of 

the extreme multiplicity and heterogeneity of the outcomes used in hemodialysis trials at every level 

– domain, measurement, threshold and time point, which highlights an urgent need to standardize 

outcome reporting in trials. 

 



	

5 

Introduction 

 

Worldwide, an estimated US$240 billion is invested annually into biomedical research and about 

half of this funding is from governmental or non-profit sources.1,2 It is estimated that 85% of the 

total investment is wasted due to problems with how research is prioritized, designed, reported and 

disseminated.1,3-7 A major cause of this postulated waste may be attributed to way that outcomes are 

measured and reported. Many outcomes reported may have limited clinical or policy relevance, 

important domains may not be reported, and different measures may have been used. Collectively, 

these problems may make reliable judgments about the relative effects of interventions difficult, and 

the clinical and policy relevance of published research findings substantially uncertain.8 

 

The unreliability of trials introduced by the selective reporting of outcomes in favor of statistically 

significant outcomes (outcomes reporting bias), and the use of non-validated surrogates are well 

recognized.9 More recently, the more fundamental problem of prioritizing research questions based 

upon commercial or other considerations rather than the needs of patients, clinicians and regulators, 

and the focus on outcomes that may not be critically relevant to the end-users of research have also 

been highlighted.9-12 Despite these major concerns, detailed empiric evaluations of the scope and 

variability of outcomes in randomized trials and at every level – domain, measurement, threshold, 

and time point – are sparse. 

 

Hemodialysis is one of the most costly interventions used in healthcare, and imposes an immense 

burden on healthcare systems and people.13-15 An estimated two million people with end-stage 

kidney disease depend on hemodialysis globally, who have a mortality rate of 27 per 100 patient-

years in the four first months after dialysis initiation, which exceeds the general population by more 

than ten fold.16-19 Hemodialysis is also an invasive and demanding treatment that requires patients to 

be attached to a machine for ten to 30 hours per week, with devastating consequences on quality of 

life.20-23 Although the research investment in hemodialysis has been substantial, the translation into 
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improvements in patient outcomes has been modest at best.24 The aims of this study were to 

describe the scope, quality and consistency of outcomes domains and measures in hemodialysis 

trials to inform strategies to improve outcome selection and reporting and thereby increase the value 

of future trials to inform clinical decisions. 

 

Methods 

 

Selection criteria 

 

We searched the Cochrane Database of Systematic Reviews to identify all systematic reviews that 

included trials involving prevalent patients on chronic hemodialysis up to 29th Aug 2016 without 

languages restriction. From each systematic review, we obtained the full text of randomized 

controlled trials (RCTs) from the list of included studies. To obtain a contemporary sample, we also 

searched ClinicalTrials.gov (from January 2011 to 29th Aug 2016) for all published trials that 

enrolled prevalent patients on chronic hemodialysis and had analyzed published results from the 

trials. We excluded trials that did not include adults (defined as those 18 years of age or older).  

 

Data extraction 

 

For each trial, we extracted the following trial characteristics: first author, year of publication, 

participating countries, sample size, mean age of participants, study duration, intervention type, 

primary outcome, and, all outcomes/outcome measures. An outcome measure was defined as any 

measurement or event reported separately for all trial arms. All levels of specification of the 

outcome measures were extracted if reported: domain (e.g. kidney function), specific measurement 

(e.g. estimation of glomerular filtration rate by the modification of the diet in renal disease 

formula), method of aggregation (percentage change), specific metric (between the start and the end 
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of the study period),25,26 and time frame in relation to the commencement of the trial and the 

measure of the outcome.  

 

Analysis 

 

The outcome measures from all included trials were grouped into outcome domains by two 

reviewers independently and discrepancies were discussed to reach agreement (BS, GW). The list 

of outcome domains was reviewed and agreed upon by four reviewers (AT, BS, GW, JCC). 

Reviewer BS grouped all outcome domains into three categories, surrogate (biochemical or 

physiological outcomes that may or may not be validated), clinical (medical outcomes based on 

clinician assessment or diagnosis), and patient-reported (outcomes reported by the patients usually 

relating to quality of life or symptoms), using standard definitions.27,28 The classification was 

agreed by two reviewers (AT, JCC). The number of trials that reported each outcome domain was 

then calculated. The primary outcome, if specified, was identified and we noted if multiple primary 

outcomes were reported in the same trial. For feasibility reasons, we were unable to evaluate the 

different outcome measures for all 81 outcome domains, but limited our detailed, measure-specific 

analysis to two selected frequently reported outcome domains in each category (six in total), 

including the measurement, aggregation, metric and timing reported. We performed three sensitivity 

analyses. We excluded trials of less than 3 months in duration, we excluded trials of less or equal to 

20 patients then we excluded trials published after 2010. We compared the characteristics of the 

outcomes domains, primary outcomes, and outcomes measures by 5-year intervals (1977 to 2015) 

with binomial regression, analysis of variance, and Chi-square tests. We performed statistical 

analyses using R version 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria, URL 

http://www.R-project.org/) to evaluate change over time. 
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Role of the funding source: The funding source had no role in the study design, data collection, data 

analysis, data interpretation, or writing of the report. BS, AT, and JCC add full access to all the data 

and were responsible for the decision to submit for publication. 

 

Results 

 

Trial characteristics 

 

We identified a total of 362 trials involving 42081 participants (Figure 1). The trial characteristics 

are provided in Table 1. The trials were conducted in 49 countries, including the United States (90 

[25%] trials), Italy (31 [9%]), Germany (21 [6%], Canada 18 [5%]), Japan (17 [5%]). Twenty (6%) 

trials involved sites in more than one country. The year of trial publication ranged from 1977 to 

2015, the median (interquartile range [IQR]) duration of trials was 6 months (3 to 12 months) and 

the median (IQR) sample size was 42 patients (23 to 85 patients). 

 

Outcome measures and domains 

 

In total, 10,713 outcome measures were reported across 362 trials. The number of outcome 

measures (inclusive of time points) ranged from 1 to 196, with a median of 21 per trial (IQR 10 to 

39 outcomes) (the same outcome measure with 2 time points different were counted as two different 

measures, e.g. mean serum calcium at 6 months and mean serum calcium at 12 months). The 

number of unique outcome measures (exclusive of time points) ranged from 1 to 63, with a median 

of 9 per trial (IQR 5 to 16). Sixty-seven outcome measures were excluded as they were not 

considered relevant to prevalent patients on hemodialysis (e.g. “number starting dialysis”) or were 

specific to a single intervention within the trial (e.g. “abrasion from ergometer”, “change from 

anergic to reactive”). The remaining 10646 were classified into 81 outcome domains; which were 
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grouped into three categories: surrogate (42 [51%]), clinical (25 [31%]) and patient-reported 

outcomes (14 [17%]). 

 

The proportion of trials reporting each outcome domain is provided in Figure 2. The five most 

commonly reported domains were all surrogates: phosphate (125 [35%] trials), dialysis adequacy 

(120 [33%]), anemia (115 [32%]), inflammatory markers/oxidative stress (114 [31%]) and calcium 

(109 [30%]). Mortality and cardiovascular disease were reported in 73 (20%) and 44 (12%) of 

trials, respectively. Quality of life and fatigue/energy were reported in 32 (9%) and 35 (10%) of 

trials, respectively. 

 

The number of trials reporting at least one surrogate outcome domain was 322 (89%), 211 (58%) 

trials reported at least one clinical outcome domain, and 128 (35%) trials reported at least one 

patient-reported outcome. Of the 26 (32%) outcomes reported by at least 10% of trials, 18 (22%) 

were surrogate, 6 (7%) clinical and 2 (3%) patient-reported. 

 

Forty nine (60%) outcome domains had more than 10 different outcome measures (exclusive of 

time point). The range of specific outcome measures for six outcome domains (two selected 

outcome domains for surrogate, clinical and patient-reported outcomes) and the time points of 

measurement are provided in Figures 3a – 3f. For the category surrogate outcome we assessed 

“serum phosphate” and “serum calcium”, with 35 (254 including different time points) and 35 (258 

including time points) different measures used across all trials, respectively (Figure 3a, 3b). For 

clinical outcomes, “mortality” and “cardiovascular diseases” had 48 (123 including time points) and 

47 (109 including time points) different outcome measures, respectively (Figure 3c, 3d). The 

patient-reported outcomes of “pain” and “fatigue/energy” had 40 (81 including time points) and 18 

(47 including time points) measures, respectively (Figure 3e, 3f). 

 

Characteristics of primary outcomes 
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Across the 362 trials, 230 (64%) did not specify the primary outcome, 40 (11%) specified several 

primary outcomes, and 92 (26%) specified one unique primary outcome. The outcomes specified as 

primary outcomes corresponded to 35 different outcome domains: 19 (54%) were surrogate 

outcomes, 10 (29%) were clinical outcomes and 6 (17%) were patient-reported outcomes. The 6 

most frequently reported primary outcomes were vascular access (35 [27%] trials), mortality (20 

[15%] trials), parathyroid hormone (15 [11%] trials), cardiac function (12 [9%] trials), 

anemia/hemoglobin/iron (8 [6%] trials) and inflammatory markers/oxidative stress (8 [6%] trials). 

The proportion of trials reporting each primary outcome domains is provided in the supplementary 

file, Table S1. 

 

Comparison of outcomes characteristic over time  

 

The number of outcomes reported significantly changed over time (p<0.001) and appeared to 

increase especially over the past ten years (Supplementary file - Figure S1). The proportion of trials 

that reported at least one clinical outcome significantly changed over time (p<0.001) but the 

proportion of trials that reported at least one surrogate and one patient-reported outcome was stable 

(p=0.13 and p=0.66, respectively) (Figure 4). The proportion of trials that specified a primary 

outcome significantly changed over time (p<0.001). The type of outcome (clinical, patient-reported 

or surrogate) did not change over time (p=0.07), however there was an increase in the reporting of 

clinical outcomes from 1991 to 2005 (Figure 5). The number of unique measures for each of the six 

selected clinical, surrogate and patient-reported outcomes continued to expand significantly over the 

study period (Table 2). 

 

Sensitivity analysis 
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We performed a sensitivity analysis and excluded trials of less than 3 months in duration (69 trials). 

Across the 293 remaining trials, 9139 outcome measures were reported, which were classified into 

81 outcome domains; and grouped into three categories: surrogate (42 [51%]), clinical (25 [31%]) 

and patient-reported outcomes (14 [17%]). We performed a second sensitivity analysis and 

excluded trials of less or equal to 20 patients (79 trials). Across the 283 remaining trials, 

8241outcome measures were reported, which were classified into 80 outcome domains; and 

grouped into three categories: surrogate (42[53%]), clinical (24 [30%]) and patient-reported 

outcomes (14 [17%]). We performed a third sensitivity analysis and excluded trials published after 

2010 (81 trials). Across the 281 remaining trials, 8089 outcome measures were reported, which 

were classified into 81 outcome domains; and grouped into three categories: surrogate (42 [51%]), 

clinical (25 [31%]) and patient-reported outcomes (14 [17%]). Compared with all trials, the 

proportion of trials that reported each outcome domain was similar for trials of 3 months or more 

duration, trials of more than 20 patients and trials published prior to 2011 (Supplementary File 

Table S2).  

 

 

Discussion 

 

The outcome domains reported in clinical trials involving adults on hemodialysis are heavily 

focused on surrogate outcomes, rather than on clinical and patient-centered outcomes like mortality, 

cardiovascular disease, and quality of life, so that the importance of the clinical trials results to 

clinical practice and policy are substantially uncertain. Moreover, the outcomes are extremely 

numerous and heterogeneous across trials at every level - domain, measurement, method of 

aggregation, metric and time point - making it very difficult to evaluate the comparative 

effectiveness of interventions.  
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Three major issues regarding the reporting of outcomes in this setting have been identified. First, 

the outcomes reported lack clinical and policy relevance. Second, outcomes of clear relevance are 

seldom reported, and third, extreme heterogeneity and multiplicity of outcomes is evident, so that 

comparability of interventions is difficult to ascertain and outcomes reporting bias is made more 

likely. 

 

Over 80% of outcome measures were biomarkers with serum phosphate, dialysis adequacy, 

anemia/hemoglobin/iron, inflammatory markers/oxidative stress and calcium as the top five most 

frequently reported outcome domains. However, hemodialysis is notable as it lacks a validated 

biomarker. Changes in serum phosphate, serum calcium, parathyroid hormone, and hemoglobin 

have not been shown to predict changes in mortality and cardiovascular events in randomized trials 

in patients on hemodialysis.29,30 The clinical relevance of trials that report these outcomes therefore 

remain uncertain at best, even if results of interventions were favorable.31-35 This may be even more 

important if patient-important outcomes such as functional, social and emotional well-being, either 

directly or indirectly affected by the intervention are not reported.4,11,36 We suggest that further 

research is needed to strengthen the causal link between surrogates and clinical outcomes so that 

they can be used to improve trial efficiency. 

 

Conversely, most trials did not report outcomes that most would regard as important and highly 

relevant outcomes to patients on hemodialysis and their clinicians. Quality of life was reported in 

just 32 (9%) trials, with mortality and cardiovascular endpoints being reported in only 73 (20%) and 

44 (12%) trials, respectively.31 Studies across medical specialties, including nephrology, have 

consistently shown that patient-important outcomes in trials are uncommon. For example, only 93 

(23%) of 413 trials in cardiovascular disease and 78 (18%) of 436 trials in diabetes included patient-

centered outcomes.10,11 In nephrology, of the 66 systematic reviews focused on the prevention of 

progression to end-stage kidney disease, five (8%) reviews assessed the quality of life.12 The 

priorities of patients with end-stage kidney disease include quality of life, anxiety, and fatigue but 
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these outcomes were rarely evaluated in hemodialysis trials.37,38 The omission of patient-centered 

outcomes undermines the ability of the study to inform shared decision making in the context of 

effective treatments and care that takes into account the patient’s priorities and values. Despite the 

increasing interest in using patient-reported outcomes measures in clinical trials, it remains a 

challenge.39 Compared with surrogate endpoints, clinical outcomes and patient-reported outcomes 

may be more challenging to include in trials as they would generally require more time and 

resources, and a larger sample size. Specific challenges for patient-reported outcomes include the 

lack of well-validated measures for use in the CKD population, and uncertainty about what 

outcomes and outcome measures to use.40,41 Establishing core outcome domains that are important 

to patients and health professionals, and identifying or developing validated and feasible measures 

for use in trials may help to address these challenges.42  	

There is a need to identify the outcomes that are important to patients, then establish standardized, 

well-defined, responsive, and psychometrically robust patient-reported outcome measures for 

outcome domains that are relevant to patients. 39 It has been recommended that specific patient-

reported outcome measures should at least focus on ‘core, disease-related symptoms or on the 

functional effects of a disease, which may be affected by the intervention’.43	These finding may 

reflect that important outcomes are not being measured or an outcome reporting bias whereby only 

outcomes in favor of the intervention are being reported.44,45  

 

Our findings highlight the extreme multiplicity and heterogeneity in the outcome domains and 

measures across trials in hemodialysis with 81 different outcome domains and 10713 outcome 

measures reported. For example, serum phosphate (the most frequently reported outcome) was 

measured in 125 (35% of trials, yet had 35 different outcomes measures. The differences in 

nomenclature, thresholds, and terms used for the same outcome can preclude comprehensive and 

systematic assessments of the comparative effect of interventions. Some of the differences in 

outcomes may be due to changes in interventions and understanding of methodology that have 

evolved over time. We speculate that such heterogeneity is not limited to hemodialysis but would be 
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found in other medical specialties. However we are not aware of other studies that have 

systematically assessed the reporting of all outcome domains and at the level of outcome measures 

inclusive of definition, threshold, time points.46-48 

 

Our study addresses an evidence gap by providing a detailed analysis of the scope and consistency 

of outcome domains, down to the level of outcome measures, across a large selection of 

hemodialysis trials. However, we acknowledge some potential limitations. As it was not feasible to 

include all trials in hemodialysis, Cochrane systematic reviews and ClinicalTrials.gov were used as 

a sampling frame, potentially introducing selection bias. As we did not include all trials, and 

because trials in Cochrane reviews would be similar in addressing the same topic, we expect that 

our results may underestimate the scope, inconsistency, and variability of outcome reporting. The 

older studies included were from Cochrane systematic reviews and any trends may be confounded 

with these sources, and given the smaller number of older trials, the estimates may be less reliable. 

Cochrane systematic reviews of RCTs probably cover most of the major topics and probably 

include most of the prominent and “landmark” RCTs in nephrology.49  

 

This work provides empiric evidence for the need to standardize outcome reporting in trials. Major 

initiatives have been forged to establish a consensus-based standardized set of core outcomes. A 

core outcome set is an ‘agreed minimum set of outcomes to be measured and reported in all clinical 

trials of a specific disease or trial population, to ensure that the results of studies can be compared, 

contrasted and combined as appropriate, and to ensure all trials contribute relevant and usable 

information’.42,50,51 However, researchers can add other relevant outcomes, for example, outcomes 

that may be disease or condition specific. The Outcome Measures in Rheumatology (OMERACT), 

established in 1992, is the pioneering initiative for developing core outcomes, which has improved 

the consistency and reporting of outcomes in rheumatology trials.26,52,53 The World Health 

Organization (WHO) and the US Food and Drug Administration support the validity of OMERACT 

methodology for developing core outcomes.54 Now, there are more than 720 references of core 
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outcome projects that span hundreds of disease areas registered in the Core Outcome Measures in 

Effectiveness Trials (COMET) database. A core outcome set is to be used as a minimum in trials for 

a given health condition because they are critically important to patients and health professionals.42 

To complete a core outcome domain, establishing standardized outcome measures to enable the 

measurement and reporting of core outcome domains to inform shared decision-making among 

patients and their clinicians is needed.55 Further research may also be conducted to ascertain the 

perspectives of funding agencies and industry on implementing core outcomes in trials, to inform 

strategies for ensuring the important outcomes are reported in trials. 

 

A wide array of outcomes is reported in trials of interventions in hemodialysis and most are 

biochemical endpoints. There is considerable multiplicity and heterogeneity in the outcomes chosen 

by clinical triallists to be measured and reported, from domain, through to measurement, method of 

aggregation, metric and timing across trials. The development of a core outcome set for 

hemodialysis trials that is based on the priorities of patients, caregivers and health professionals is 

needed and now underway via the Standardized Outcomes in Nephrology (SONG) initiative.56 The 

core outcome set proposed by the SONG-HD initiative57, is aimed to be relevant and feasible for 

pragmatic trials.  Investigators would be expected to add other outcomes based on the type of trial 

(e.g. pilot versus a larger definitive trial), population, and scientific rationale of the intervention. 

This initiative is hoped to lead to better outcome reporting and to increase the value of trials for 

treatment decision-making ultimately leading to improvements for patients in outcomes important 

and relevant to them. 
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Table 1. Characteristics of included trials (n=362) 

Trial characteristic Number of trials n (%) 
Year of publication   

1977-1979 3 (0.8)  
1980-1989 22 (6.1)  
1990-1999 89 (24.6)  
2000-2009 158 (43.6)  
2010-2015 90 (24.9)  

Country   
United States 90 (24.9)  
Italy  31 (8.6)  
Germany 21 (5.8)  
Canada  18 (5.0)  
Japan 17 (4.7)  
Greece  16 (4.4)  
United Kingdom 15 (4.1)  
Australia 11 (3.0)  
Netherlands 11 (3.0)  
Other  112 (30.9)  
Multinational studies 20 (5.5)  

Sample size   
1 to  50 211 (58.3)  
51 to 100 66 (18.2)  
101 to 150 29 (8.0)  
151 to 200 18 (5.0)  
>200 35 (9.7)  
Not reported 3 (0.8)  

Duration of trial (months)   
≤ 3 122 (33.7)  
>3 – 6  89 (24.6)  
>6 – 9  26 (7.2)  
>9 – 12  63 (17.4)  
>12 57 (15.7)  
Not reported 5 (1.4)  

Intervention type   
Pharmacological 161 (44.5)  
Dialysis techniques 115 (31.8)  
Exercise 40 (11.0)  
Vascular access care 43 (11.9)  
Psychological 3 (0.3)  

Number of unique outcome measures reported in each trial  
0 to 10 213 (58.8)  
11 to 25 118 (32·6)  
26 to 50 26 (7.1)  
>50 5 (1.4)*  

*the references of the 5 trials with more than 50 unique outcomes measures are specified in the 

Supplementary file)



	

24 

Table 2. Number of new measures reported in trials published over 5-year periods for six selected clinical, surrogate and patient reported domains 

Outcome domain 
Total 
number of 
measures 

Number of new measures by time period (years) p-value for 
change 
over time 

1977 
to 
1980 

1981 
to 
1985 

1986 
to 
1990 

1991 
to 
1995 

1996 
to 
2000 

2001 
to 
2005 

2006 
to 
2010 

2011 
to 
2015 

Mortality 48 0 0 0 1 5 14 18 37 p<0.001 
Cardiovascular disease 47 0 1 1 5 10 24 11 30 p<0.001 
Pain 40 1 0 3 9 7 19 5 16 p<0.001 
Fatigue/energy 18 0 0 0 3 4 9 7 7 p=0.01 
Phosphate 35 1 2 3 9 12 16 5 13 p=0.01 
Calcium 35 4 3 5 11 11 22 6 15 P<0.001 

Difference in the number of new outcome measures per domain over time. 
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Figure legends 

Figure 1. Search results 

*sample size unknown in three trials 

Figure 2. Number of trials reporting each outcome domain (total 362 trials, 81 outcome domains) 

NB: Proportion are expressed in a x10 log scale to display proportion <1%  

Figure 3a. Frequency of outcomes measures (definitions and time points) among trials reporting 

phosphate (124 trials, 35 outcomes measures) 

Abbreviations: Ca, Calcium; P, phosphate 

Figure 3b. Frequency of outcomes measures (definitions and time points) among trials reporting 

calcium (109 trials, 35 outcomes measures) 

Abbreviations: Ca, Calcium; no.; number; P, phosphate; PTH, parathyroid hormone 

Figure 3c. Frequency of outcomes measures (definitions and time points) among trials reporting 

mortality (74 trials, 48 outcomes measures) 

Figure 3d. Frequency of outcomes measures (definitions and time points) among trials reporting 

cardiovascular diseases (44 trials, 47 outcomes measures) 

Figure 3e. Frequency of outcomes measures (definitions and time points) among trials reporting 

pain (57 trials, 40 outcomes measures) 

Figure 3f. Frequency of outcomes measures (definitions and time points) among trials reporting 

fatigue/energy (34 trials, 18 outcomes measures) 

Figure 4. Proportion of trials that reported at least one clinical, patient-reported and surrogate 

outcome over time. 

Difference in the proportion of trials that reported at least one clinical, patient-reported and 

surrogate outcome over time.   

Figure 5. Proportion of trials that specified a primary outcome. 

Difference in the categories of primary outcomes over time. 

Difference in the proportion of trials that specified a primary outcome over time.  
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Supplementary file 

Table S1. Primary outcomes reported in 132 trials 
 
Domains	of	primary	outcomes	(132	trials)	 Number	of	trials	n	(%)	
Vascular	access	complications	 35	(27%)	
Mortality	 20	(15%)	
Parathyroid	hormone	 15	(11%)	
Cardiac	function	 12	(9%)	
Anemia/hemoglobin/iron	 8	(6%)	
Inflammatory	markers/oxidative	stress	 8	(6%)	
Infection	(non-vascular	access)	 7	(5%)	
Physical	function/mobility/disability	 5	(4%)	
Adverse	effects	(non-specified)	 4	(3%)	
Blood	pressure	 4	(3%)	
Hypotension	 4	(3%)	
Phosphate	 4	(3%)	
Strength/endurance	 4	(3%)	
Albumin/protein	 3	(2%)	
Hematological	parameters	(other)	 3	(2%)	
Weight/BMI/Composition	 3	(2%)	
Cardiovascular	disease	 2	(2%)	
Pruritus	 2	(2%)	
Fatigue/energy	 2	(2%)	
Pain	 2	(2%)	
Quality	of	life	(global)	 2	(2%)	
Lipids	 2	(2%)	
Vitamin	D	 2	(2%)	
Bleeding/hematoma	 1	(1%)	
Fever/chills	 1	(1%)	
Gastrointestinal	effects	(other)	 1	(1%)	
Respiratory	disease	 1	(1%)	
Sexual	function	 1	(1%)	
Sleep	 1	(1%)	
Calcium	 1	(1%)	
Dialysis	adequacy	 1	(1%)	
Glucose	metabolism	 1	(1%)	
Hypertension	 1	(1%)	
Potassium	 1	(1%)	
Zinc	 1	(1%)	
 

 
 

  



Table S2. Sensitivity analysis of the proportion of trials that reported each outcome domain 
 
	 All	trials	(n=362)	 Trials	≥	3months	

(n=293)	
Trials	>	20	
patients	(n=283)	

Trials	published	
≤2010	(n=281)	

Outcome	domain	 Proportion	of	
trials	(%)	

Proportion	of	
trials	(%)	

Proportion	of	
trials	(%)	

Proportion	of	
trials	(%)	

Ability	to	work	 0.6	 0.3	 0.4	 0.7	
Acid-base	balance	 9.9	 8.5	 7.1	 10.3	
Adverse	effects	(non-specified)	 21.8	 23.2	 24.4	 19.2	
Albumin/protein	 20.2	 20.5	 18.7	 18.9	
Aldosterone	 0.8	 1.0	 0.4	 0.4	
Alkaline	phosphatase	 13.5	 15.0	 14.5	 15.3	
Aluminium	toxicity	 3.6	 4.1	 3.2	 4.3	
Amyloidosis	 0.6	 0.3	 NA	 0.7	
Anemia/hemoglobin/iron	 31.8	 33.4	 30.7	 31.0	
Anxiety/stress	 1.1	 1.0	 1.1	 1.4	
Bleeding/hematoma	 5.5	 5.1	 6.7	 4.3	
Blood	pressure	 22.7	 23.2	 20.1	 22.1	
Blood	viscosity	 0.6	 0.7	 0.4	 0.7	
Bone	density/disorders	 9.9	 11.3	 9.9	 10.0	
Bone	marrow	fibrosis	 0.3	 0.3	 0.4	 0.4	
Calcitonin	 0.6	 0.3	 0.7	 0.7	
Calcium	 30.4	 31.7	 29.0	 29.9	
Calcium	x	Phosphate	 9.9	 9.6	 11.0	 9.3	
Caloric	intake	 3.0	 3.4	 2.5	 3.2	
Cancer	 0.8	 1.0	 1.1	 0.4	
Cardiac	function	 18.8	 19.8	 18.4	 17.4	
Cardiovascular	disease	 12.7	 14.3	 14.5	 10.3	
Cognition	 2.2	 2.0	 2.1	 0.7	
Comorbidity	(non-specified)	 0.6	 0.7	 0.7	 0.7	
Compliance	 2.2	 2.4	 2.8	 1.8	
Cramps	 2.8	 1.7	 2.8	 1.8	
Creatinine	 15.5	 13.3	 12.4	 16.7	
Depression	 8.3	 9.2	 9.5	 8.5	
Dialysis	adequacy	 32.6	 30.0	 30.4	 32.0	
Electrolytes	(other)	 10.2	 9.6	 8.5	 11.0	
Fatigue/energy	 9.7	 10.6	 10.6	 9.3	
Fertility	(hormones)	 2.5	 2.4	 0.7	 3.2	
Fever/chills	 4.7	 4.1	 4.9	 4.3	
Food	intake/appetite	 3.6	 4.1	 3.5	 2.5	
Gastrointestinal	effects	(other)	 8.8	 7.8	 9.9	 4.6	
Glucose	metabolism	 5.5	 5.5	 4.9	 3.9	
Hematological	parameters	
(other)	 13.8	 11.6	 13.1	 11.4	

Hormonal	side	effects	(other)	 1.1	 1.4	 1.1	 0.4	
Hospitalization	 10.2	 12.3	 11.7	 8.5	
Hypertension	 3.0	 3.4	 3.5	 2.5	
Hypotension	 11.9	 11.9	 11.3	 10.0	
Impact	on	family/friends	 6.4	 6.5	 6.4	 6.4	
Infection	(non-vascular	access)	 13.0	 15.4	 15.2	 11.0	
Inflammatory	markers/oxidative	
stress	 31.5	 28.0	 27.6	 32.0	

Interdialytic	weight	 3.0	 3.4	 2.5	 2.8	
Lipids	 12.4	 11.6	 13.1	 12.5	
Liver	disease	 0.8	 0.7	 1.1	 0.7	
Liver	function	 5.2	 5.5	 5.3	 6.4	
Medication	dose	/	use	 24.3	 27.3	 25.1	 26.3	



Mortality	 20.2	 24.2	 24.4	 16.7	
Muscular	complications	 3.6	 4.1	 3.9	 3.6	
Nausea/vomiting	 5.8	 5.8	 6.7	 4.3	
Neurological	event	(non-stroke)	 6.6	 7.2	 6.0	 4.6	
Oxalate	 0.3	 0.3	 0.4	 0.4	
Pain	 15.7	 14.3	 16.3	 13.2	
Parathyroid	gland	changes	 1.4	 1.4	 0.7	 1.1	
Parathyroid	hormone	 28.7	 30.7	 29.3	 28.1	
Phosphate	 34.5	 35.2	 33.9	 33.8	
Physical	
function/mobility/disability	 15.7	 17.7	 17.0	 16.7	

Potassium	 12.4	 12.3	 11.3	 11.0	
Pruritis	 3.6	 2.0	 3.9	 3.2	
Psychological	impact	(other)	 9.4	 9.9	 10.6	 9.6	
Quality	of	life	(global)	 8.8	 9.6	 9.9	 9.3	
Residual	kidney	function	 0.6	 0.7	 0.4	 0.7	
Respiratory	disease	 3.6	 3.8	 4.2	 2.1	
Respiratory	function	 3.6	 4.1	 3.5	 4.3	
Sexual	function	 3.6	 3.1	 1.8	 4.6	
Skin	problems	 3.6	 3.8	 4.2	 2.5	
Sleep	 2.8	 2.4	 2.8	 1.4	
Strength/endurance	 9.1	 11.3	 10.6	 11.4	
Technical	complications	 1.7	 2.0	 1.8	 2.1	
Time	on	dialysis	 4.1	 2.7	 4.6	 3.2	
Transplantation	 1.7	 2.0	 2.1	 2.1	
Treatment	costs	 2.2	 2.4	 2.1	 2.8	
Uric	acid	 1.9	 2.0	 1.8	 1.8	
Urine	volumne	 1.1	 1.0	 0.7	 0.7	
Vascular	access	complications	 22.9	 24.6	 26.9	 19.2	
Vitamin	D	 5.8	 6.5	 5.7	 3.9	
Vitamin	E	 0.6	 0.3	 0.7	 0.7	
Weight/BMI/Composition	 15.5	 16.0	 15.5	 16.0	
Zinc	 1.4	 1.4	 0.4	 1.4	
 
  



 
Figure S1. Number of outcome measures reported in clinical trials over 5-year intervals.  

 

 
Difference in number of outcome measures per trial over time. Each boxplot is the number of 

outcomes in trials in the time period. the line in the boxplot is the median number.	

p<0.001	



	
Figure	S2.	Frequency of outcomes measures (definitions and time points) among trials reporting quality of life (33 trials. 37 outcomes measures)	
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