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Abstract: Patients with chronic kidney disease (CKD) have altered physiologic processes, which result
in different treatment outcomes compared with the general population. We aimed to systematically
evaluate the efficacy of clinical interventions in reducing mortality of patients with CKD. We searched
PubMed, MEDLINE, Embase, and Cochrane Database of Systematic Reviews for meta-analyses of
randomized controlled trials (RCT) or observational studies (OS) studying the effect of treatment on
all-cause mortality of patients with CKD. The credibility assessment was based on the random-effects
summary estimate, heterogeneity, 95% prediction intervals, small study effects, excess significance, and
credibility ceilings. Ninety-two articles yielded 130 unique meta-analyses. Convincing evidence from
OSs supported mortality reduction with three treatments: angiotensin-converting-enzyme inhibitors or
angiotensin II receptor blockers for patients not undergoing dialysis, warfarin for patients with atrial
fibrillation not undergoing dialysis, and (at short-term) percutaneous coronary intervention compared to
coronary artery bypass grafting for dialysis patients. Two treatment comparisons were supported by
highly credible evidence from RCTs in terms of all-cause mortality. These were high-flux hemodialysis
(HD) versus low-flux HD as a maintenance HD method and statin versus less statin or placebo for
patients not undergoing dialysis. Most significant associations identified in OSs failed to be replicated
in RCTs. Associations of high credibility from RCTs were in line with current guidelines. Given the
heterogeneity of CKD, it seems hard to assume mortality reductions based on findings from OSs.
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1. Introduction

Chronic kidney disease (CKD) is a progressive condition arising from various heterogeneous disease
pathways, which results in irreversible changes of kidney function and structure [1]. The Kidney Disease:
Improving Global Outcomes (KDIGO) 2012 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease defines CKD as abnormalities of kidney structure or function shown by an
estimated glomerular filtration rate (eGFR) of less than 60 mL/min per 1.73 m2, or markers of kidney
damage, present for >3 months, with implications for health [2]. CKD may lead to serious complications
such as cardiovascular disease, anemia, and metabolic bone disease, which results in high cardiovascular
and non-cardiovascular mortality that rises as the severity of CKD increases [3]. CKD accounted for 473.9
disease-adjusted life years lost per 100,000 population in 2016 [4], and its incidence is increasing around the
world as a result of increasing life spans and a rising prevalence of hypertension, obesity, and diabetes [5].

It may be difficult to generalize findings from other populations to patients with CKD because kidney
disease impacts multiple organ systems and physiologic processes in addition to altering absorption,
metabolism, and excretion capabilities, which leads to a higher chance of toxin accumulation and medication
interactions [1,6]. Despite CKD being one of the major risk factors for the loss of healthy life years globally,
people with CKD are often excluded from trials of interventions to treat diabetes, cardiovascular diseases,
and cancer [1,7]. KDIGO clinical practice guidelines provide international recommendations for the
treatment of CKD and related complications [2,8–11], but few of these recommendations are supported by
high-level evidence and most were largely based on expert opinions [12]. Many observational studies
(OSs) have studied interventions on people with CKD to compensate for the limited data of clinical trials,
but findings from OSs are methodologically limited by various biases.

To synthesize the available evidence of the efficacy of interventions in CKD patients, we performed an
umbrella review of the literature. We identified meta-analyses of randomized controlled trials (RCTs) or OSs
reporting the efficacy of clinical interventions on patients with CKD in terms of all-cause mortality. In addition,
to assess potential biases such as reporting biases and confounding biases in statistically significant findings
that might lead to false positives or inflated estimate of the association [13,14], we performed re-analyses
of the identified meta-analyses including statistical tests for various biases and graded the strength of the
associations’ evidence between clinical intervention and all-cause mortality of CKD patients.

2. Materials and Methods

This systematic review was performed according to a pre-specified protocol registered at the
International Prospective Register of Systematic Reviews (PROSPERO registration: CRD42018103559).
The reporting was done according to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Table S1) [15].

2.1. Data Sources and Searches

We searched PubMed, MEDLINE, Embase, and Cochrane Database of Systematic Reviews from
inception to 19 February 2019. The search was limited to articles in English. We adopted search strategies
using keywords such as chronic kidney disease, end-stage renal disease, dialysis, mortality, and meta-analysis
(full search strategy in PubMed and MEDLINE presented in the supplementary material). Additionally, we
manually searched for potential missed articles by screening the references of relevant articles.

2.2. Study Selection

Two investigators (J.Y.K. and J.S.) independently screened for eligible articles by screening the
title, then the abstract, and then the full text. Meta-analyses of RCTs or OSs (e.g., prospective cohort,
retrospective cohort, or case-control design) that investigated the associations between certain clinical
interventions and all-cause mortality of patients with CKD were thought eligible. CKD definition and
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staging followed those of the KDIGO 2012 Clinical Practice Guideline [2], or, alternatively, followed
that of the original meta-analyses. We included studies of any clinical intervention for treating CKD,
complications of CKD, or other diseases in patients with CKD. We included studies that compared an
intervention of interest versus any type of control intervention such as standard therapy or placebo.
We assessed all-cause mortality or survival as our outcome. We excluded studies that compared the
CKD patient group and non-CKD patient group, single-arm studies, studies that assessed CKD status
as a predictive variable, and studies in which patient prognostic biomarkers (such as body mass index)
were exposure of interest. When two or more meta-analyses of similar design in terms of patient
characteristics (e.g., CKD stages), intervention arms, and study design (RCT or OS) were identified, we
identified one meta-analysis as the eligible meta-analysis for our study by adhering to the following
rule. First, the meta-analysis in which individual study effect sizes were reported was thought eligible,
and, second, the meta-analysis with the largest number of patients was thought eligible.

2.3. Data Extraction and Quality Assessment

Data extraction was performed independently by two investigators (J.Y.K. and J.S.). From eligible
meta-analyses, we extracted the name of the first author, year of publication, intervention therapy, control
therapy, population characteristics such as CKD stages, outcome metrics such as risk ratio (RR), odds
ratio (OR), and hazard ratio (HR), summary estimate, 95% confidence interval (CI), follow-up duration,
study design (RCT or OS), the number of observed deaths, and the number of total participants. From
meta-analyses of OSs, we extracted the maximally adjusted summary estimate. When available, we
extracted the effect estimate and its 95% CI of all component studies in the meta-analysis to perform tests
for various biases and grade their level of evidence based on criteria developed over previous reviews.
The eligible meta-analyses that provided these data were regarded as meta-analyses eligible for re-analysis.

2.4. Data Synthesis and Analysis

For meta-analyses eligible for re-analysis, we re-performed meta-analysis under random and a
fixed effects model. Statistical significance was claimed at p-value < 0.05. We also assessed p-value below
thresholds of 10−3 and 10−6 [16,17]. In statistically significant associations, we checked whether the effect
of the largest component study (the study with the smallest standard error) was statistically significant.
Results were obtained with the identical type of metrics (RR, HR, or OR) as in the original analyses.
We performed Cochran’s Q test and calculated the I2 statistic for evaluation of heterogeneity [18,19].
We estimated the 95% prediction interval, which is the range where the effect of the intervention is to
be expected for 95% of similar studies in the future [20,21]. We assessed the presence of small study
effects with the regression asymmetry test proposed by Egger et al. [22,23]. We performed a test for
excess significance to evaluate whether the number of studies reporting nominally significant results
(p-value < 0.05) is greater compared to their expected number [24,25]. We applied various credibility
ceilings to OSs to account for their inherent methodological limitations [26,27]. All statistical tests
are two-sided. Analyses used R version 3.6.2 (Vienna, Austria) and its packages (details of statistical
analytic methods described in the supplementary material) [28–31].

2.5. Credibility Assessment

In accordance with previous umbrella reviews [32–36], we adopted criteria to grade the strength
of the evidence of the associations between clinical interventions and all-cause mortality of CKD
patients. For meta-analysis of OSs, we graded the evidence level to five categories: convincing, highly
suggestive, suggestive, weak, and not significant, in terms of p-value under random effects, the number
of deaths, statistical significance of the largest component study, heterogeneity, 95% prediction interval,
estimate under credibility ceiling, and presence of biases. From meta-analyses of RCTs, we identified
associations of high credibility by assessing the p-value under random effects, the number of deaths,
the statistical significance of the largest component study, heterogeneity, a 95% prediction interval, and
presence of biases. Details of criteria are provided in Table 1.
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Table 1. Summary of evidence grading for associations between clinical intervention and all-cause mortality of patients with chronic kidney disease (for associations
having p-value < 0.05).

All-Cause Mortality Evidence Category Clinical Interventions, CKD Patient Group a Coronary Revascularization-Related Interventions, Studied
Outcome, CKD Patient Group a

Observational studies

Convincing evidence
p-value < 10−6 under random effects, >1000 observed deaths,

p-value < 0.05 of the largest study in meta-analysis, no signs of
bias, b statistical significance was retained in 10% credibility

ceiling, 95% prediction interval excludes the null

ACEI or ARB vs. control, CKD stage ND; warfarin for atrial fibrillation vs. no
warfarin, CKD stage ND PCI vs. CABG, short-term acm, CKD stage 5D

Highly suggestive evidence
p-value < 10−6 under random effects, >1000 observed deaths,

p-value < 0.05 of the largest study in meta-analysis

Early vs. late angiography for non ST elevation acute coronary syndrome, any CKD
stage, ICD for heart failure, CKD stage 5D, vitamin D, CKD stage 5D, late vs. early
dialysis initiation, fistula vs. catheter as HD access route, graft vs. catheter as HD

access route, intensive vs. conventional HD, CKD stage 5, early referral to
professional nephrology service, any CKD stage, influenza vaccine, CKD stage 5

CABG vs. PCI, long-term acm, CKD stage < 5; PCI vs. CABG,
short-term acm, CKD stage 3–5

Suggestive evidence
p-value < 10−3 under random effects, >1000 observed deaths

ICD for heart failure, CKD stage 3–5, parathyroidectomy for secondary
hyperparathyroidism, CKD stage 5D, fistula vs. graft as HD access, intensive HD vs.

PD, healthy dietary pattern, CKD stage 3–5

PCI vs. medical therapy, long-term acm, CKD stage 3–5, DES vs.
BMS, long-term acm, any CKD stage, DES vs. BMS, long-term

acm, CKD stage 5D

Weak evidence
p-value < 0.05 under random effects

Combined vs. single RAAS blockade, CKD stage 5, metformin for type 2 diabetes,
CKD stage 3–5, statin vs. less statin or placebo, CKD stage 5D with diabetes, vitamin

D, CKD stage ND, dialysis vs. conservative therapy, CKD stage 5, HD vs. PD,
multidisciplinary care, any CKD stage

Off pump CABG vs. on pump CABG, short-term acm, CKD stage
3–5; PCI vs. medical therapy, short-term acm, CKD stage 5D, 2nd

generation DES vs. 1st generation DES, long-term acm, CKD
stage > 3, DES vs. BMS, short-term acm, CKD stage 5D; CABG vs.

PCI, long-term acm, CKD stage 3–5

Randomized controlled trials

p-value < 10−3 under random effects, >1000 observed deaths,
p-value < 0.05 of the largest study in meta-analysis, no signs of

bias, b 95% prediction interval excludes the null

Statin vs. less statin or placebo, CKD ND, high-flux HD vs. low-flux HD, CKD stage
5 Not available

p-value < 0.05 under random effects

Beta-blockers for heart failure, CKD stage 3–5, more intensive vs. less intensive
blood pressure target, CKD stage 3–5ND, more intensive vs. less intensive blood
pressure target, CKD stage 5D, mineralocorticoid receptor antagonist, any CKD
stage, mineralocorticoid receptor antagonist, CKD stage 5, ICD for heart failure,
CKD stage 1–2, lanthanum carbonate vs. other phosphate-binding agents, CKD
stage 5HD, non-calcium-based phosphate binders vs. calcium-based phosphate

binders, CKD stage 3–5

Not available

a. In comparison a vs. b, a arm is beneficial than b arm in terms of all-cause mortality. b. Not large heterogeneity, no signs of small study effects, and no signs of excess significance bias.
Heterogeneity was assessed in terms of Cochran’s Q test and large heterogeneity was defined as I2 statistic > 50%. Small study effects were assessed by Egger’s asymmetry test and were
claimed at Egger p-value < 0.1. Excess significance bias was assessed with the largest individual study (smallest standard error) as a plausible effect size of meta-analysis, and was claimed
at p-value < 0.1 with a number of observed studies larger than the number of expected studies. All statistical tests are two-sided. Abbreviations: ACEI, angiotensin-converting enzyme
inhibitor. acm, all-cause mortality. ARB, angiotensin receptor blocker. BMS, bare metal stent. CABG, coronary artery bypass. CKD, chronic kidney disease. DES, drug-eluting stent. HD,
hemodialysis. ICD, implantable cardioverter defibrillator. PCI, percutaneous intervention. PD, peritoneal dialysis. RAAS, renin–angiotensin–aldosterone system. vs., versus.
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We attempted to identify the impact of different CKD stages and potential biases arising from
study designs. For overlapping meta-analyses of either OSs or RCTs that investigated the similar
comparison in similar patient groups, we compared the direction and the statistical significance of
the associations and assessed the difference of effect in terms of Cochran’s Q test for heterogeneity.
In addition, for overlapping meta-analyses that investigated the similar comparison groups in a similar
study design but studied patient groups of different CKD levels or dialysis statuses, we compared the
direction and the statistical significance of the associations and assessed the difference of effect using
Cochran’s Q test. A difference beyond chance between the summary estimates of the two meta-analyses
was claimed at a p-value for Cochran’s Q test < 0.1. For evidence from observational studies graded as
convincing or highly suggestive evidence, we performed sensitivity subset analyses by including only
prospective studies, and recorded the change of the evidence level.

3. Results

The search initially identified 3219 potentially eligible articles. After the screening process, we
identified 92 articles including 130 unique meta-analyses that examined the association between
a clinical intervention and all-cause mortality among patients with CKD (Figure 1). Out of
130 meta-analyses, a total of 106 meta-analyses were eligible for re-analyses (individual study effect
sizes were provided). Nine meta-analyses studied management of anemia such as erythropoietin
stimulating agent use, 23 meta-analyses studied dialysis methods, 20 meta-analyses studied coronary
revascularization techniques, and 20 meta-analyses compared blood pressure (BP) lowering agents,
while 24 meta-analyses studied other cardiovascular interventions such as implantable cardioverter
defibrillator (ICD), statin, or warfarin use. A total of 106 meta-analyses were eligible for re-analysis
(individual study data was available), which comprised 170,203 mortality events and a total population
of 3,695,542 people. Fifty (47%) of these meta-analyses were based on OSs, while the other 56 (53%)
were based on only RCTs. For meta-analyses of RCTs, the median number of study estimates was
5 (range 2–21), and the median numbers of deaths and the total participants were 230 and 1730,
respectively. For meta-analyses of OSs, the median number of study estimates was 8 (range 2–26), and
the median number of deaths and total population was 1,226 and 15,493. Metrics used to present the
summary estimate were either RR, HR, or OR. Effect sizes of meta-analyses showed a trend toward
the null value as the inverse variance of the summary estimate increased, and, among included
meta-analyses, the effect sizes of the largest studies were similar to the random effects summary
estimates (Figure 2).

Out of 56 eligible meta-analyses of RCTs, a total of 10 (18%) associations showed statistical
significance under the random effects model, and only three (5%) had p-value < 10−3, which were
warfarin for atrial fibrillation in non-hemodialysis (HD) patients, beta blockers for heart failure, and
high-flux HD versus low-flux HD. Seven (13%) associations were based on 1000 or more deaths. Out of
10 statistically significant associations, seven were also supported by the statistically significant result
of the largest component study, and 95% prediction intervals excluded the null in six associations. Out
of statistically significant associations, only one had small study effects, and an excess significance bias
was not claimed in any of the associations.
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variance (1/variance) of the random effects’ summary estimate of each meta-analysis. The X-axis 
labelled “Log (summary estimate under random effects model)” represents the log of the summary 
estimate under random effects of each meta-analysis, presented. B: Log (effect size of the largest 
study) versus log (summary effect under random effects) for each meta-analysis of observational 
studies. The Y-axis labelled “Log (effect size of the largest study)” represents the log of the effect 
estimate of the largest component study (study with the smallest standard deviation) of each meta-
analysis. The X-axis labelled “Log (summary estimate under random effects model)” represents the 
log of the summary effect estimate under random effects of each meta-analysis. C: Summary estimate 
of random effects summary estimate and inverse variance of meta-analysis of randomized controlled 
trials. D: Log (effect size of the largest study) versus log (summary effect under random effects) for 
each meta-analysis of randomized controlled trials. 
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warfarin for atrial fibrillation in non-hemodialysis (HD) patients, beta blockers for heart failure, and 
high-flux HD versus low-flux HD. Seven (13%) associations were based on 1000 or more deaths. Out 
of 10 statistically significant associations, seven were also supported by the statistically significant 
result of the largest component study, and 95% prediction intervals excluded the null in six 
associations. Out of statistically significant associations, only one had small study effects, and an 
excess significance bias was not claimed in any of the associations.  

Out of 50 eligible meta-analyses of OSs, a total of 33 (66%) associations showed statistical 
significance under the random effects model, 22 (44%) had a p-value < 10−3, and 15 (30%) had a p-
value < 10−6. Thirty (60%) associations were based on 1000 or more deaths, of which 22 (44%) were 
also supported by a p-value < 10−3. Out of 33 statistically significant associations, 29 were also 
supported by the statistically significant result of the largest component study. Nine associations had 
small study effects, and two associations were claimed to have an excess of a significant bias. 
Heterogeneity between the studies was generally high with 34 (68%) associations having I2 greater 
than 50%. Furthermore, a 95% prediction interval excluded the null in only seven (14%) associations. 
While 33 (66%) associations were statistically significant under the random effects model, 28 (56%), 
20 (40%), 12 (24%), and 7 (14%) retained statistical significance under 5%, 10%, 15%, and 20% 
credibility ceilings. 

Figure 2. (A): Summary estimate of random effects, summary estimate, and inverse variance of
meta-analysis of observational studies. The Y-axis labelled “Inverse variance” represents the inverse
variance (1/variance) of the random effects’ summary estimate of each meta-analysis. The X-axis
labelled “Log (summary estimate under random effects model)” represents the log of the summary
estimate under random effects of each meta-analysis, presented. (B): Log (effect size of the largest study)
versus log (summary effect under random effects) for each meta-analysis of observational studies.
The Y-axis labelled “Log (effect size of the largest study)” represents the log of the effect estimate of the
largest component study (study with the smallest standard deviation) of each meta-analysis. The X-axis
labelled “Log (summary estimate under random effects model)” represents the log of the summary
effect estimate under random effects of each meta-analysis. (C): Summary estimate of random effects
summary estimate and inverse variance of meta-analysis of randomized controlled trials. (D): Log
(effect size of the largest study) versus log (summary effect under random effects) for each meta-analysis
of randomized controlled trials.

Out of 50 eligible meta-analyses of OSs, a total of 33 (66%) associations showed statistical
significance under the random effects model, 22 (44%) had a p-value < 10−3, and 15 (30%) had a
p-value < 10−6. Thirty (60%) associations were based on 1000 or more deaths, of which 22 (44%)
were also supported by a p-value < 10−3. Out of 33 statistically significant associations, 29 were also
supported by the statistically significant result of the largest component study. Nine associations
had small study effects, and two associations were claimed to have an excess of a significant bias.
Heterogeneity between the studies was generally high with 34 (68%) associations having I2 greater than
50%. Furthermore, a 95% prediction interval excluded the null in only seven (14%) associations. While
33 (66%) associations were statistically significant under the random effects model, 28 (56%), 20 (40%),
12 (24%), and 7 (14%) retained statistical significance under 5%, 10%, 15%, and 20% credibility ceilings.

Associations between clinical interventions and all-cause mortality were graded to adhere to the
pre-determined criteria (Table 1, Table 2, and Tables S2–S5). Out of associations supported by meta-analyses
of OSs, three were graded as convincing evidence. These were angiotensin-converting-enzyme inhibitors
(ACEI) or angiotensin II receptor blockers (ARB) as a BP-lowering agent for non-HD patients, warfarin for
atrial fibrillation for non-HD patients, and short-term mortality after percutaneous coronary intervention
(PCI) versus coronary artery bypass grafting (CABG) for CKD patients undergoing dialysis (Table 2). Ten
associations were graded as highly suggestive evidence (Table 2). Eight associations were supported by
suggestive evidence, 11 associations were supported by weak evidence, and 17 did not show statistically
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significant associations (Table S2). Out of associations supported by meta-analyses of RCTs, two
associations were thought to have high credibility. These were high-flux HD versus low-flux HD as a
maintenance dialysis method and statin versus lower-dose statin or placebo for CKD patients not on
dialysis (Table 2 and Table S3).

We identified 24 meta-analyses reporting all-cause mortality, which were unique in design but not
eligible for re-analysis (Table S6). All these meta-analyses were based on RCTs. While the re-analysis
was not possible, reported p-values were larger than the high credibility threshold of 10−3, so these
associations did not meet criteria for high credibility. One exception was statin versus no statin
or placebo for patients with CKD stage 1–2, but another eligible meta-analysis of RCTs of similar
intervention, including statin versus no statin or placebo for patients not on dialysis, were already
graded as having high credibility.

Meta-analyses of similar design were conducted with both RCTs and OSs in 10 comparisons
(Table 3). The total number of participants in meta-analyses of OSs was generally large (range 2729 to
218,639) compared with RCTs (range 526 to 2736). Only one association was supported by statistically
significant results from both RCTs and OSs (intensive versus conventional HD). One association
was supported by a statistically significant result from RCTs but not from OSs, and the remaining
eight associations were supported by statistically significant results from OSs but not RCTs. In eight
out of ten associations, the effect heterogeneity between study designs was statistically significant.
Meta-analyses of similar comparisons based on patients with different CKD stages (less severe and
more severe stage) were available in 21 comparisons (Table S7). The benefit of clinical intervention
on all-cause mortality was shown only in meta-analyses of less severe stage in five comparisons, and
only in a meta-analysis of a more severe stage in one comparison. In two of these comparisons (statin
versus less statin or placebo and ICD versus no ICD), the authors of the original meta-analyses also
reported smaller relative effects on mortality as eGFR declined [37,38]. The effect difference between
study designs was statistically significant in four comparisons. When sensitivity subset analyses of
prospective studies were attempted on 13 meta-analyses (Table S8), the evidence was convincing for
ACEI or ARB as a BP-lowering agent for non-HD patients, and the evidence was highly suggestive for
warfarin for atrial fibrillation for non-HD patients and the catheter as HD access vs. fistula.
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Table 2. Details of meta-analyses associating clinical intervention and all-cause mortality of patients with chronic kidney disease (presented were associations graded
as convincing or highly suggestive for meta-analysis of observational studies, and associations having p-value < 0.05 for meta-analysis of randomized controlled trials).

Author, Year Comparison (Experimental Arm
vs. Control Arm) CKD Stage

Follow−Up
Duration

(Months) a or
Time of Outcome

Measurement

Number of
Studies

Deaths/
Population

Effect
Metrics

Summary Effect
Estimate (95% CI)

under Random
Effects b

Summary
Estimate
p−Value

I2 (%)
95%

Prediction
Interval

Evaluation of Bias c

Observational studies, convincing evidences

Volodarskiy et al., 2016 CABG vs. PCI 5D

Short−term
mortality

(in−hospital or at
30 days)

11 3347/52,192 RR 2.28 (1.99 to 2.6) 4.5 × 10−34 40 1.69 to 3.06 None

Qin et al., 2016 ACEI or ARB vs. no ACEI or ARB ND 12–96 10 >1000/81,959 HR 0.83 (0.78 to 0.87) 9.8 × 10−13 44 0.73 to 0.94 None

Dahal et al., 2016 Warfarin for atrial fibrillation vs. no
warfarin ND 29–180 4 >1000/30,333 HR 0.66 (0.6 to 0.72) 3.4 × 10−18 39 0.47 to 0.91 None

Observational studies, highly suggestive evidences

Kannan et al., 2016 CABG vs. PCI <5 34 7 4327/15,493 OR 0.82 (0.76 to 0.88) 2.8 × 10−7 0 0.74 to 0.9 Loss of significance under
10% credibility ceiling

Volodarskiy et al., 2016 CABG vs. PCI 3–5

Short−term
mortality

(in−hospital or at
30 days)

14 3470/55,068 RR 1.81 (1.47 to 2.24) 4.0 × 10−8 75 0.98 to 3.36
Large heterogeneity, loss of

significance under 10%
credibility ceiling

Shaw et al., 2016

Early invasive coronary
angiography and/or

revascularization for non−ST
elevation acute coronary syndrome

vs. initial conservative approach

Any
Mortality assessed
in−hospital or at

6–12 months
9 >1000/147,908 HR 0.5 (0.42 to 0.59) 1.4 × 10−16 79 0.3 to 0.85 Large heterogeneity

Shurrab et al., 2018 ICD for primary prevention of
sudden cardiac death vs. no ICD 5D 11–56 4 4366/6485 OR 0.49 (0.38 to 0.63) 3.4 × 10−8 17 0.23 to 1.06 Loss of significance under

10% credibility ceiling

Lu et al., 2017 Vitamin D or analogues vs.
non−vitamin D treatment 5D 4–121 16 >1000/218,639 RR 0.65 (0.57 to 0.75) 1.9 × 10−10 94 0.41 to 1.05 Large heterogeneity, small

study effects

Zhao et al., 2018 Earlier HD vs. later HD 5 12−180 10 >1000/NR HR 1.3 (1.18 to 1.43) 3.6 × 10−8 98 0.97 to 1.74 Large heterogeneity, small
study effects

Ravani et al., 2013 Catheter as HD access vs. fistula 5HD 18 19 >1000/411,068 RR 1.53 (1.41 to 1.67) 4 × 10−22 83 1.13 to 2.08 Large heterogeneity, small
study effects

Ravani et al., 2013 Catheter as HD access vs. graft 5HD 18 15 >1000/394,922 RR 1.38 (1.25 to 1.52) 2.2 × 10−10 85 0.99 to 1.91 Large heterogeneity

Jin et al., 2013 Prolonged nocturnal or daytime HD
vs. conventional HD 5 12–132 13 >1000/85,722 OR 0.72 (0.64 to 0.81) 6.9 × 10−8 68 0.5 to 1.03 Large heterogeneity, small

study effects

Smart et al., 2014
Early referral to specialist

nephrology services vs. late referral
to specialist nephrology services

Any 12 16 4030/23,238 RR 0.56 (0.47 to 0.66) 8.1 × 10−11 82 0.3 to 1.02 Large heterogeneity, small
study effects

Remschmidt et al.,
2014 Influenza vaccine vs. control 5 NR 4 >1000/174,663 OR 0.68 (0.6 to 0.76) 9.1 × 10−11 83 0.41 to 1.13 Large heterogeneity
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Table 2. Cont.

Author, Year Comparison (Experimental Arm
vs. Control Arm) CKD Stage

Follow−Up
Duration

(Months) a or
Time of Outcome

Measurement

Number of
Studies

Deaths/
Population

Effect
Metrics

Summary Effect
Estimate (95% CI)

under Random
Effects b

Summary
Estimate
p−Value

I2 (%)
95%

Prediction
Interval

Evaluation of Bias c

Randomized controlled trials ( >1000 observed deaths; p−value < 0.05 of the largest study in meta−analysis, no signs of bias 95% prediction interval excludes the null)

Zhang et al., 2014 Statin vs. less statin or placebo ND 23–64 7 2351/33,589 RR 0.78 (0.72 to 0.86) 4.2 × 10−8 5 0.68 to 0.9 None

Tan et al., 2018 High−flux HD vs. low−flux HD 5 24–72 9 >1000/8385 RR 0.71 (0.63 to 0.8) 8.5 × 10−9 0 0.62 to 0.82 None

Randomized controlled trials, p−value < 0.05

Badve et al., 2011 Beta−blockers for heart failure vs.
placebo 3–5 12–24 5 980/5702 RR 0.72 (0.64 to 0.8) 2.6 × 10−9 0 0.6 to 0.86 None

Malhotra et al., 2017 More intensive vs. less intensive
blood pressure target 3–5ND 43 17 1293/15,914 OR 0.86 (0.76 to 0.96) 0.01 0 0.76 to 0.97 Small study effects

Heerspink et al., 2009 More intensive vs. less intensive
blood pressure target 5D 12–36 7 481/1571 RR 0.8 (0.66 to 0.96) 0.015 31 0.53 to 1.2 None

Lu et al., 2016 Spironolactone or eplerenone vs. no
mineralocorticoid receptors Any 3–56 5 NR/1724 RR 0.58 (0.36 to 0.91) 0.018 49 0.15 to 2.14 None

Quach et al., 2016 Spironolactone or eplerenone vs.
placebo or none 5 3–36 6 59/721 RR 0.4 (0.23 to 0.7) 0.0012 0 0.19 to 0.88 None

Pun et al., 2014 ICD for primary prevention of
sudden cardiac death vs. no ICD 1 20–40 3 NR/NR HR 0.48 (0.34 to 0.67) 1.7 × 10−5 0 0.05 to 4.24 None

Wang et al., 2018
Lanthanum carbonate vs.

calcium−based phosphate binders
or sevelamer

5HD 5–24 6 171/1730 OR 0.45 (0.32 to 0.63) 2.9 × 10−6 0 0.28 to 0.72 None

Sekercioglu et al., 2016
Non−calcium−based phosphate

binders vs. calcium−based
phosphate binders

3–5 >1 15 NR/NR RR 0.57 (0.39 to 0.83) 0.003 72 0.2 to 1.61 Large heterogeneity

a. Represented as median or range of follow-up duration of individual studies. b. Summary estimate smaller than 1 favors experimental arm (lower mortality in experimental arm), effect
estimate larger than 1 favors control arm (lower mortality in the control arm). c. Any of the following: large heterogeneity, signs of small study effects, signs of excess significance bias, and
for observational studies, loss of statistical significance in a 10% credibility ceiling. All statistical tests are two-sided. Abbreviations: ACEI, angiotensin-converting enzyme inhibitor. ARB,
angiotensin receptor blocker. CABG, coronary artery bypass. CI, confidence interval. CKD, chronic kidney disease. HD, hemodialysis. HR, hazard ratio. ICD, implantable cardioverter
defibrillator. NR, not reported. OR, odds ratio. PCI, percutaneous intervention. RR, risk ratio. vs., versus.
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Table 3. Comparisons of effect of treatment on all-cause mortality between evidences from observational studies and randomized controlled trials.

Comparison (Experimental Arm vs.
Control Arm)

CKD Stage

Observational Studies Randomized Controlled Trials

p-value for
Heterogeneity b

Statistical
SignificanceEffect Metric

Random Effects
Summary Estimate

(95% CI) a

Deaths/
Population Effect Metric

Random Effects
Summary Estimate

(95% CI) a

Deaths/
Population

CABG vs. PCI, long-term acm ND OR 0.82 (0.76 to 0.88) 4327/15,493 HR 0.99 (0.67 to 1.46) c NR/526 0.34 Only OSs

CABG vs. PCI, short-term acm ND RR 1.81 (1.47 to 2.24) 3470/55,068 HR 0.92 (0.54 to 1.58) c NR/526 0.021 Only OSs

DES vs. BMS, long-term acm Any OR 0.79 (0.71 to 0.89) >1000/117,247 RR 0.99 (0.78 to 1.27) 230/1567 0.1 Only OSs

Mineralocorticoid receptor antagonist
vs. control Any RR 0.9 (0.71 to 1.15) NR/2863 RR 0.58 (0.36 to 0.91) NR/1724 0.089 Only RCTs

Early vs. late angiography for non ST
elevation acute coronary syndrome Any HR 0.5 (0.42 to 0.59) >1000/147,908 HR 0.76 (0.49 to 1.17) NR/1453 0.076 Only OSs

Statin vs. less statin or placebo 5D with
diabetes HR 0.67 (0.49 to 0.93) NR/11,095 HR 0.9 (0.8 to 1.02) NR/1986 0.096 Only OSs

Vitamin D vs. control 5D RR 0.65 (0.57 to 0.75) >1000/218,639 RR 1.13 (0.63 to 2.03) NR/700 0.075 Only OSs

Vitamin D vs. control ND RR 0.53 (0.32 to 0.87) NR/2729 RR 1.55 (0.52 to 4.62) NR/832 0.082 Only OSs

Intensive HD vs. conventional HD 5 OR 0.72 (0.64 to 0.81) >1000/85,722 HR 0.86 (0.75 to 0.99) c 769/2736 0.061
Both

significant in
same direction

Multidisciplinary care vs. control Any OR 0.61 (0.43 to 0.86) 762/7390 OR 0.82 (0.53 to 1.27) 240/1912 0.29 Only OSs
a. Summary estimate smaller than 1 favors experimental arm (lower mortality in experimental arm). Effect estimate larger than 1 favors control arm (lower mortality in control arm). b.
Significance threshold of Cochran’s Q test for heterogeneity is p value < 0.1. Significant associations were shown in bold. c. Summary estimate from individual patient data meta-analyses.
All statistical tests are two-sided. Abbreviations: acm, all-cause mortality. BMS, bare metal stent. CABG, coronary artery bypass. CI, confidence interval. CKD, chronic kidney disease.
DES, drug-eluting stent. HD, hemodialysis. HR, hazard ratio. NR, not reported. OR, odds ratio. OS, observational study. PCI, percutaneous intervention. RCT, randomized controlled trial.
RR, risk ratio. vs., versus.
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4. Discussion

We identified and comprehensively analyzed 130 meta-analyses from 92 articles. While 43 associations
were statistically significant, only three were supported by convincing evidence from OSs, and only
two were supported by robust evidence from RCTs. Some fields of treatment studied by multiple
meta-analyses were sparsely supported by statistically significant mortality benefit. Nine meta-analyses
studied interventions for anemia in CKD, of which only meta-regression analyses of RCTs achieved
statistical significance, which shows that a higher dose of erythropoietin stimulating agents was
associated with higher mortality [39]. Out of five meta-analyses studying phosphate binders, no
regimen was shown effective against placebo in terms of mortality.

More advanced CKD is associated with a higher risk of cardiovascular mortality [40]. In patients
with coronary heart disease and CKD, the ideal revascularization strategy is still unknown. Evidence
from OSs suggested that CABG was convincingly associated with higher short term-mortality than PCI
in CKD stage 5 patients (RR = 2.28, 95% CI = 1.99 to 2.6). There was no statistically significant difference
in long-term mortality in CKD stage 5 patients. Eighteen meta-analyses of OSs compared coronary
revascularization therapies for CKD patients. Comparing CABG and PCI, CABG was associated
with higher short-term mortality regardless of CKD status, but was beneficial in terms of long-term
mortality in patients with CKD stages 3–5 but not in dialysis patients. However, meta-analyses of three
post-hoc analysis of RCTs concluded that, for patients with CKD stage 3–5, CABG compared to PCI was
associated with neither short-term mortality nor long-term mortality. As guidelines suggest [41], RCTs
for patients with CKD such as the ongoing International Study of Comparative Health Effectiveness
with Medical and Invasive Approaches-Chronic Kidney Disease (ISCHEMIA-CKD) trial are needed to
validate the optimal revascularization therapy for patients with CKD.

Convincing evidence from OSs also suggested that ACEI or ARB were associated with lower
mortality in CKD patients not on dialysis. Meta-analyses of RCTs also suggested that, compared to
placebo, ACEI was associated with lower mortality, while ARB was not. However, whether these
findings lead to superiority of ACEI over ARB is uncertain because trials of ACEIs tended to be
outdated than trials of ARBs, and head-to-head trials failed to show a statistically significant difference
on mortality [42]. In CKD patients with diabetes, use of ACEI nor ARB was not associated with lower
mortality, even though it did lower the risk of progression to end-stage renal disease (ESRD) [43].
KDIGO guidelines indicate that the choice of BP lowering agents for CKD patients is less important
than the achieved BP reduction. The guidelines also indicate that there is no strong evidence to support
the preferential use of any agents except for use of ACEI or ARB for CKD patients with albuminuria [9].
Accordingly, meta-analyses of RCTs found that more intensive BP control was associated with lower
mortality rates in CKD patients with or without dialysis [44,45], even though p-values were close to
the significance threshold.

Warfarin was associated with lower mortality in non-HD patients with atrial fibrillation, which is
supported by convincing evidence from OSs. Meta-analysis of RCTs was not available. A post-hoc
analysis of RCT reported reduced ischemic stroke/systemic embolism events in patients with CKD stage
3 using adjusted-dose warfarin compared to aspirin/low-dose warfarin [46]. Based on findings from
RCTs, guidelines recommend the use of vitamin K antagonist or new oral anticoagulants for non-HD
patients with atrial fibrillation [47,48]. However, for dialysis patients with atrial fibrillation, no RCT
of anticoagulant therapies was available [47,48]. This was reflected in discordant recommendations,
whereby one guideline did not recommend anticoagulant use for dialysis patients [47], and the other
recommended warfarin but not new oral anticoagulants based on observational data [48]. However, the
mortality benefit of warfarin in dialysis patients did not reach statistical significance in a meta-analysis
of OSs [49]. In RCTs of anticoagulants, people with CKD and ESRD are frequently excluded [50,51].
Further well-conducted RCTs are needed to reach a clear conclusion.

Highly credible evidence from RCTs showed that high-flux HD was associated with lower
mortality compared with low-flux HD. Guidelines recommended both high-flux HD and low-flux HD
as maintenance dialysis methods, while acknowledging a moderate benefit of high-flux HD on several
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secondary outcomes with no increase in harm but also high cost and low availability [52]. Highly
credible evidence from RCTs also showed that statin use was associated with lower all-cause mortality
in CKD patients not on dialysis, but the association was not significant in patients undergoing dialysis.
An individual patient data meta-analysis also showed that there were trends for relatively smaller
cardiovascular and all-cause mortality benefits of statins as eGFR declined [53]. The benefit of statin use
in CKD patients not on dialysis was also acknowledged by current guidelines [11,54,55]. The KDIGO
guidelines recommend statin treatment for adults aged >50 years with CKD not on dialysis but did not
recommend statin therapy initiation in dialysis-dependent CKD patients [11].

When meta-analyses of RCTs and OSs with a similar design (in terms of comparison arms, CKD
stage, and underlying comorbidities) were compared, only one out of nine statistically significant
associations from OSs were replicated in RCTs, while the heterogeneity of effects between study designs
was statistically significant in eight out of ten associations. Compared with eligible meta-analyses
of RCTs, a higher percentage of meta-analyses of OSs reported significant associations but had large
heterogeneity or signs of small study effects. These differences could have been caused by patient group
heterogeneity among the individual studies, and a relatively low number of patients or a selection
bias in RCTs. Residual confounding among observational studies is also likely. When estimating
a treatment effect using observational data, it is very difficult to fully adjust for all potential biases
including confounding by indication [56]. The high rate of complications in CKD patients may also
have acted as underlying causes of confounding biases.

Numerous guidelines highlighted the importance of specific treatment recommendations for
patients with CKD due to their high rate of morbidities and high mortality [41,47,48,57]. This is especially
true for interventions targeting cardiovascular disease [40] since rates of cardiovascular-related adverse
events are strongly and independently related to the CKD stage. Yet, most of the recommendations for
CKD patients were based on low evidence from observational studies or expert opinions due to a lack of
trial data, with the latter being a particular issue for patients with ESRD on dialysis who are frequently
excluded [51]. We observed a substantial discrepancy in the observed effect size between the study
designs (RCT or OS) that may make it hard to base treatment decisions for CKD patients on findings
from OSs alone, which are more susceptible to numerous biases due to their innate methodological
limitations. To overcome the exclusion of patients with non-severe and severe CKD, trials including
only CKD patients should be conducted to assess the true effect of the treatment on CKD patients such
as the ongoing ISCHEMIA-CKD trial or the recently published Canagliflozin and Renal Outcomes in
the Type 2 Diabetes and Nephropathy (CREDENCE) trial [58]. Alternatively, future trials, especially
trials assessing cardiovascular interventions, should include adequate numbers of patients with CKD
of various stages to assess if any treatment effect is modified by the CKD status. Additionally, the
reporting of relationships between the severity of CKD and benefit of treatment, such as those reported
in several meta-analyses of cardiovascular interventions [37,38], might be helpful to assume treatment
effect in CKD patients of a severe stage when data from trials are not yet available.

One notable limitation of our study is that we only searched for meta-analyses in our study, and
large individual trials might have been missed. We could not identify new, large trials comparing statin
use versus non-statin use, but concurrent meta-analyses all showed a consensus in that statin therapy
lowered mortality in non-dialysis patients [59,60]. We identified a few trials comparing high-flux
HD and low-flux HD [61,62]. While these trials were not powered enough to assess a mortality
benefit in either modality, the results of these trials were consistent with the results of our re-analysis
in that high-flux dialysis were associated with lower FGF-23 and β2m level. This signifies better
middle molecular clearance in patients with ESRD. Additionally, while we were not able to identify
meta-analyses of RCTs eligible for re-analyses studying two of the associations graded as convincing
evidence by observational studies (ACEI or ARB vs. no ACEI or ARB for patients not undergoing
dialysis and warfarin for atrial fibrillation vs. no warfarin for patients not undergoing dialysis), we
found that results from RCTs showed consistent results within these two associations. A meta-analysis
showed that ACEI or ARB showed reduced renal failure in patients with non-diabetic CKD [63], and
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a network meta-analysis showed that ACEIs showed reduced mortality against active controls in
CKD patients with or without diabetes [64]. A retrospective analysis of CKD stage 3 subgroup of two
trials showed that an adjusted-dose warfarin group showed statistically significant 24% reduction in
ischemic stroke or systemic embolism compared to low-dose warfarin or heparin group, even though a
mortality benefit was not significant [46]. These findings support the robustness of the two associations
of convincing evidence.

Some other limitations also exist. We did not assess the individual quality of the included
meta-analyses, as this was the responsibility of the original authors. Although we adopted evidence
grading criteria applied and developed for numerous previous studies, the criteria are mainly based
on arbitrary thresholds. Although we applied the most rigorous criteria to control the potential biases
in literature, we cannot be fully sure that results thought as credible in our review are indeed genuine.
Fourth, we assessed only all-cause mortality of the reported associations. While doing so allowed us to
objectively assess the comparative efficacy of various treatments and avoid reporting a large number
of nominally significant associations, other treatments shown to improve secondary outcomes such as
progression of CKD and cardiovascular events could have been missed. Non-significant mortality
associations may not necessarily imply that treatment is not beneficial, and further well-designed
studies are warranted. This relates particularly to associations supported by studies with a short
follow-up period reporting a benefit in secondary outcomes.

5. Conclusions

Despite the limitations, we have identified the available evidence regarding the efficacy of a vast
range of treatments for patients with CKD. While the associations from RCTs graded as having high
credibility were in line with recommendations from current guidelines, treatment efficacy supported
by OSs was not consistent with results from RCTs. It may be hard to assume the benefit of treatment
on mortality based on findings from OSs. Future trials focusing on CKD patients are warranted to
provide optimized treatment strategies to this cohort with a high unmet need.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/2/394/s1.
Supplementary Method S1: PubMed and MEDLINE search strategy. Supplementary Method S2: Details of
data analytic methods. Table S1: PRISMA Checklist. Table S2: Details of meta-analyses of observational
studies associating clinical intervention and all-cause mortality of patients with chronic kidney disease graded
as suggestive evidence, weak evidence, or not significant. Table S3: Details of meta-analyses of randomized
controlled trials associating clinical intervention and all-cause mortality of patients with chronic kidney disease,
having a p-value > 0.05. Table S4: Details of credibility assessment in meta-analyses of observational studies
associating clinical intervention and all-cause mortality of patients with chronic kidney disease. Table S5: Details
of credibility assessment in meta-analyses of randomized controlled trials associating clinical intervention and
all-cause mortality of patients with chronic kidney disease. Table S6: Details of eligible meta-analysis unique
in design but ineligible for re-analysis. Supplementary references. Table S7: Comparisons of effect of treatment
on all-cause mortality between evidences from different chronic kidney disease stages. Table S8: Sensitivity
subset analysis of prospective studies only of evidence from observational studies graded as convincing or highly
suggestive evidence.

Author Contributions: Conceptualization, J.Y.K., J.S., K.H.L., and J.I.S. Data curation, J.Y.K. and J.S. Formal
analysis, J.Y.K. and J.S. Investigation, J.I.S. Supervision, J.I.S. Validation, J.Y.K., J.S., K.H.L., J.O., M.J.C., J.L., N.G.L.,
F.S., S.H.H., G.H.J., J.I.S., and A.K. Visualization, J.Y.K. and J.S. Writing—original draft J.Y.K., J.S., K.H.L., J.O.,
M.J.C., J.L., N.G.L., F.S., S.H.H., G.H.J., J.I.S., and A.K. Writing—review & editing, J.Y.K., J.S., K.H.L., J.O., M.J.C.,
J.L., N.G.L., F.S., S.H.H., G.H.J., J.I.S., and A.K. All authors have read and agreed to the published version of
the manuscript.

Funding: There was no funding source for this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Webster, A.C.; Nagler, E.V.; Morton, R.L.; Masson, P. Chronic Kidney Disease. Lancet 2017, 389, 1238–1252.
[CrossRef]

http://www.mdpi.com/2077-0383/9/2/394/s1
http://dx.doi.org/10.1016/S0140-6736(16)32064-5


J. Clin. Med. 2020, 9, 394 15 of 18

2. Levin, A.; Stevens, P.E.; Bilous, R.W.; Coresh, J.; De Francisco, A.L.; De Jong, P.E.; Griffith, K.E.;
Hemmelgarn, B.R.; Iseki, K.; Lamb, E.J.; et al. Kidney Disease: Improving Global Outcomes (KDIGO) CKD
Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic
Kidney Disease. Kidney Int. Suppl. 2013, 3, 1–150.

3. Saran, R.; Robinson, B.; Abbott, K.C.; Agodoa, L.Y.C.; Bhave, N.; Bragg-Gresham, J.; Balkrishnan, R.;
Dietrich, X.; Eckard, A.; Eggers, P.W.; et al. US Renal Data System 2017 Annual Data Report: Epidemiology
of Kidney Disease in the United States. Am. J. Kidney Dis. 2018, 71, A7. [CrossRef] [PubMed]

4. Xie, Y.; Bowe, B.; Mokdad, A.H.; Xian, H.; Yan, Y.; Li, T.; Maddukuri, G.; Tsai, C.Y.; Floyd, T.; Al-Aly, Z.
Analysis of the Global Burden of Disease study highlights the global, regional, and national trends of chronic
kidney disease epidemiology from 1990 to 2016. Kidney Int. 2018, 94, 567–581. [CrossRef] [PubMed]

5. Suckling, R.; Gallagher, H. Chronic kidney disease, diabetes mellitus and cardiovascular disease: Risks and
commonalities. J. Ren. Care 2012, 38, 4–11. [CrossRef] [PubMed]

6. Webster, A.C.; Cross, N.B. When evidence doesn’t generalise: The case of ACE inhibition. Lancet Diabetes
Endocrinol. 2016, 4, 290–292. [CrossRef]

7. Charytan, D.; Kuntz, R.E. The exclusion of patients with chronic kidney disease from clinical trials in coronary
artery disease. Kidney Int. 2006, 70, 2021–2030. [CrossRef]

8. Kidney Disease: Improving Global Outcomes (KDIGO) Anemia Work Group. KDIGO Clinical Practice
Guideline for Anemia in Chronic Kidney Disease. Kidney Int. Suppl. 2012, 2, 279–335. [CrossRef]

9. Becker, G.J.; Wheeler, D.C.; De Zeeuw, D.; Fujita, T.; Furth, S.L.; Holdaas, H.; Mendis, S.; Oparil, S.; Perkovic, V.;
Saad Rodrigues, C.I.; et al. Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work
Group. KDIGO Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease.
Kidney Int. Suppl. 2012, 2, 337–414. [CrossRef]

10. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group. KDIGO 2017
Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic
Kidney Disease–Mineral and Bone Disorder (CKD-MBD). Kidney Int. Suppl. 2017, 7, 1–59. [CrossRef]

11. Kidney Disease: Improving Global Outcomes (KDIGO) Lipid Work Group. KDIGO Clinical Practice
Guideline for Lipid Management in Chronic Kidney Disease. Kidney Int. Suppl. 2013, 3, 259–305. [CrossRef]

12. Alseiari, M.; Meyer, K.B.; Wong, J.B. Evidence Underlying KDIGO (Kidney Disease: Improving Global
Outcomes) Guideline Recommendations: A Systematic Review. Am. J. Kidney Dis. 2016, 67, 417–422.
[CrossRef] [PubMed]

13. Ioannidis, J.P. Why most published research findings are false. PLoS Med. 2005, 2, e124. [CrossRef] [PubMed]
14. Ioannidis, J.P. Why most discovered true associations are inflated. Epidemiology 2008, 19, 640–648. [CrossRef]

[PubMed]
15. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and

meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264–269. [CrossRef] [PubMed]
16. Ioannidis, J.P.; Tarone, R.; McLaughlin, J.K. The false-positive to false-negative ratio in epidemiologic studies.

Epidemiology 2011, 22, 450–456. [CrossRef]
17. Sterne, J.A.; Smith, G.D. Sifting the evidence-what’s wrong with significance tests? BMJ 2001, 322, 226–231.

[CrossRef]
18. Cochran, W.G. The combination of estimates from different experiments. Biometrics 1954, 10, 101–129.

[CrossRef]
19. Ioannidis, J.P.; Patsopoulos, N.A.; Evangelou, E. Uncertainty in heterogeneity estimates in meta-analyses.

BMJ 2007, 335, 914–916. [CrossRef]
20. Higgins, J.P.; Thompson, S.G.; Spiegelhalter, D.J. A re-evaluation of random-effects meta-analysis. J. R. Stat.

Soc. Ser. A Stat. Soc. 2009, 172, 137–159. [CrossRef]
21. Riley, R.D.; Higgins, J.P.; Deeks, J.J. Interpretation of random effects meta-analyses. BMJ 2011, 342, d549.

[CrossRef] [PubMed]
22. Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test.

BMJ 1997, 315, 629–634. [CrossRef] [PubMed]
23. Sterne, J.A.; Sutton, A.J.; Ioannidis, J.P.; Terrin, N.; Jones, D.R.; Lau, J.; Carpenter, J.; Rucker, G.; Harbord, R.M.;

Schmid, C.H.; et al. Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ 2011, 343, d4002. [CrossRef] [PubMed]

http://dx.doi.org/10.1053/j.ajkd.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/29477157
http://dx.doi.org/10.1016/j.kint.2018.04.011
http://www.ncbi.nlm.nih.gov/pubmed/30078514
http://dx.doi.org/10.1111/j.1755-6686.2012.00274.x
http://www.ncbi.nlm.nih.gov/pubmed/22348359
http://dx.doi.org/10.1016/S2213-8587(15)00415-5
http://dx.doi.org/10.1038/sj.ki.5001934
http://dx.doi.org/10.1038/kisup.2012.40
http://dx.doi.org/10.1038/kisup.2012.7
http://dx.doi.org/10.1016/j.kisu.2017.04.001
http://dx.doi.org/10.7326/M13-2453
http://dx.doi.org/10.1053/j.ajkd.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26526035
http://dx.doi.org/10.1371/journal.pmed.0020124
http://www.ncbi.nlm.nih.gov/pubmed/16060722
http://dx.doi.org/10.1097/EDE.0b013e31818131e7
http://www.ncbi.nlm.nih.gov/pubmed/18633328
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://www.ncbi.nlm.nih.gov/pubmed/19622511
http://dx.doi.org/10.1097/EDE.0b013e31821b506e
http://dx.doi.org/10.1136/bmj.322.7280.226
http://dx.doi.org/10.2307/3001666
http://dx.doi.org/10.1136/bmj.39343.408449.80
http://dx.doi.org/10.1111/j.1467-985X.2008.00552.x
http://dx.doi.org/10.1136/bmj.d549
http://www.ncbi.nlm.nih.gov/pubmed/21310794
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880


J. Clin. Med. 2020, 9, 394 16 of 18

24. Ioannidis, J.P.; Trikalinos, T.A. An exploratory test for an excess of significant findings. Clin. Trials (Lond. Engl.)
2007, 4, 245–253. [CrossRef]

25. Ioannidis, J.P.A. Clarifications on the application and interpretation of the test for excess significance and its
extensions. J. Math. Psychol. 2013, 57, 184–187. [CrossRef]

26. Papatheodorou, S.I.; Tsilidis, K.K.; Evangelou, E.; Ioannidis, J.P. Application of credibility ceilings probes the
robustness of meta-analyses of biomarkers and cancer risk. J. Clin. Epidemiol. 2015, 68, 163–174. [CrossRef]

27. Salanti, G.; Ioannidis, J.P. Synthesis of observational studies should consider credibility ceilings. J. Clin.
Epidemiol. 2009, 62, 115–122. [CrossRef]

28. Champely, S.; Ekstrom, C.; Dalgaard, P.; Gill, J.; Weibelzahl, S. pwr: Basic Functions for Power Analysis.
R Package Version 1.2-2. 2018. Available online: https://CRAN.R-project.org/package=pwr (accessed on
1 April 2019).

29. Schwarzer, G. An R package for meta-analysis. R News 2007, 7, 40–45. Available online: https://cran.r-project.
org/web/packages/meta/index.html (accessed on 1 April 2019).

30. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2019; Available online: https://www.R-project.org/ (accessed on 1 April 2019).

31. Viechtbauer, W. Conducting meta-analyses in R with the metafor package. J. Stat. Softw. 2010, 36, 1–48.
Available online: http://www.jstatsoft.org/v36/i03/ (accessed on 1 April 2019). [CrossRef]

32. Belbasis, L.; Bellou, V.; Evangelou, E.; Ioannidis, J.P.; Tzoulaki, I. Environmental risk factors and multiple
sclerosis: An umbrella review of systematic reviews and meta-analyses. Lancet Neurol. 2015, 14, 263–273.
[CrossRef]

33. Choi, E.K.; Park, H.B.; Lee, K.H.; Park, J.H.; Eisenhut, M.; van der Vliet, H.J.; Kim, G.; Shin, J.I. Body
mass index and 20 specific cancers: Re-analyses of dose-response meta-analyses of observational studies.
Ann. Oncol. 2018, 29, 749–757. [CrossRef]

34. He, Y.; Li, X.; Gasevic, D.; Brunt, E.; McLachlan, F.; Millenson, M.; Timofeeva, M.; Ioannidis, J.P.A.;
Campbell, H.; Theodoratou, E. Statins and Multiple Noncardiovascular Outcomes: Umbrella Review of
Meta-analyses of Observational Studies and Randomized Controlled Trials. Ann. Intern. Med. 2018, 169,
543–553. [CrossRef] [PubMed]

35. Kalliala, I.; Markozannes, G.; Gunter, M.J.; Paraskevaidis, E.; Gabra, H.; Mitra, A.; Terzidou, V.; Bennett, P.;
Martin-Hirsch, P.; Tsilidis, K.K.; et al. Obesity and gynaecological and obstetric conditions: Umbrella review
of the literature. BMJ 2017, 359, j4511. [CrossRef]

36. Kyrgiou, M.; Kalliala, I.; Markozannes, G.; Gunter, M.J.; Paraskevaidis, E.; Gabra, H.; Martin-Hirsch, P.;
Tsilidis, K.K. Adiposity and cancer at major anatomical sites: Umbrella review of the literature. BMJ 2017,
356, j477. [CrossRef] [PubMed]

37. Pun, P.H.; Al-Khatib, S.M.; Han, J.Y.; Edwards, R.; Bardy, G.H.; Bigger, J.T.; Buxton, A.E.; Moss, A.J.; Lee, K.L.;
Steinman, R.; et al. Implantable cardioverter-defibrillators for primary prevention of sudden cardiac death in
CKD: A meta-analysis of patient-level data from 3 randomized trials. Am. J. Kidney Dis. 2014, 64, 32–39.
[CrossRef]

38. Sun, L.; Zou, L.; Chen, M.; Liu, B. Meta-analysis of statin therapy in maintenance dialysis patients. Ren. Fail.
2015, 37, 1149–1156. [CrossRef] [PubMed]

39. Koulouridis, I.; Alfayez, M.; Trikalinos, T.A.; Balk, E.M.; Jaber, B.L. Dose of erythropoiesis-stimulating agents
and adverse outcomes in CKD: A metaregression analysis. Am. J. Kidney Dis. 2013, 61, 44–56. [CrossRef]

40. Sarnak, M.J.; Levey, A.S.; Schoolwerth, A.C.; Coresh, J.; Culleton, B.; Hamm, L.L.; McCullough, P.A.;
Kasiske, B.L.; Kelepouris, E.; Klag, M.J.; et al. Kidney disease as a risk factor for development of cardiovascular
disease: A statement from the American Heart Association Councils on Kidney in Cardiovascular Disease,
High Blood Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Hypertension (Dallas
Tex. 1979) 2003, 42, 1050–1065. [CrossRef]

41. Kastrati, A.; Banning, A.P.; Koller, A.; Ahlsson, A.; Richter, D.J.; Sibbing, D.; Alfonso, F.; Stefanini, G.G.;
Collet, J.-P.; Niebauer, J.; et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart J.
2018, 40, 87–165. [CrossRef]

42. Mavridis, D.; Palmer, S.C.; Strippoli, G.F.M. Comparative Superiority of ACE Inhibitors Over Angiotensin
Receptor Blockers for People With CKD: Does It Matter? Am. J. Kidney Dis. 2016, 67, 713–715. [CrossRef]

http://dx.doi.org/10.1177/1740774507079441
http://dx.doi.org/10.1016/j.jmp.2013.03.002
http://dx.doi.org/10.1016/j.jclinepi.2014.09.004
http://dx.doi.org/10.1016/j.jclinepi.2008.05.014
https://CRAN.R-project.org/package=pwr
https://cran.r-project.org/web/packages/meta/index.html
https://cran.r-project.org/web/packages/meta/index.html
https://www.R-project.org/
http://www.jstatsoft.org/v36/i03/
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1016/S1474-4422(14)70267-4
http://dx.doi.org/10.1093/annonc/mdx819
http://dx.doi.org/10.7326/M18-0808
http://www.ncbi.nlm.nih.gov/pubmed/30304368
http://dx.doi.org/10.1136/bmj.j4511
http://dx.doi.org/10.1136/bmj.j477
http://www.ncbi.nlm.nih.gov/pubmed/28246088
http://dx.doi.org/10.1053/j.ajkd.2013.12.009
http://dx.doi.org/10.3109/0886022X.2015.1061871
http://www.ncbi.nlm.nih.gov/pubmed/26139229
http://dx.doi.org/10.1053/j.ajkd.2012.07.014
http://dx.doi.org/10.1161/01.HYP.0000102971.85504.7c
http://dx.doi.org/10.1093/eurheartj/ehy394
http://dx.doi.org/10.1053/j.ajkd.2016.02.031


J. Clin. Med. 2020, 9, 394 17 of 18

43. Palmer, S.C.; Mavridis, D.; Navarese, E.; Craig, J.C.; Tonelli, M.; Salanti, G.; Wiebe, N.; Ruospo, M.;
Wheeler, D.C.; Strippoli, G.F. Comparative efficacy and safety of blood pressure-lowering agents in adults
with diabetes and kidney disease: A network meta-analysis. Lancet 2015, 385, 2047–2056. [CrossRef]

44. Heerspink, H.J.; Ninomiya, T.; Zoungas, S.; de Zeeuw, D.; Grobbee, D.E.; Jardine, M.J.; Gallagher, M.;
Roberts, M.A.; Cass, A.; Neal, B.; et al. Effect of lowering blood pressure on cardiovascular events and
mortality in patients on dialysis: A systematic review and meta-analysis of randomised controlled trials.
Lancet 2009, 373, 1009–1015. [CrossRef]

45. Malhotra, R.; Nguyen, H.A.; Benavente, O.; Mete, M.; Howard, B.V.; Mant, J.; Odden, M.C.; Peralta, C.A.;
Cheung, A.K.; Nadkarni, G.N.; et al. Association Between More Intensive vs Less Intensive Blood Pressure
Lowering and Risk of Mortality in Chronic Kidney Disease Stages 3 to 5: A Systematic Review and
Meta-analysis. JAMA Intern. Med. 2017, 177, 1498–1505. [CrossRef] [PubMed]

46. Hart, R.G.; Pearce, L.A.; Asinger, R.W.; Herzog, C.A. Warfarin in atrial fibrillation patients with moderate
chronic kidney disease. Clin. J. Am. Soc. Nephrol. CJASN 2011, 6, 2599–2604. [CrossRef] [PubMed]

47. Ahlsson, A.; Manolis, A.S.; Casadei, B.; Van Putte, B.; Popescu, B.A.; Atar, D.; Kotecha, D.; Hindricks, G.;
Diener, H.-C.; Heidbuchel, H.; et al. 2016 ESC Guidelines for the management of atrial fibrillation developed
in collaboration with EACTS. Eur. Heart J. 2016, 37, 2893–2962. [CrossRef]

48. January Craig, T.; Wann, L.S.; Alpert Joseph, S.; Calkins, H.; Cigarroa Joaquin, E.; Cleveland Joseph, C.; Conti
Jamie, B.; Ellinor Patrick, T.; Ezekowitz Michael, D.; Field Michael, E.; et al. 2014 AHA/ACC/HRS Guideline
for the Management of Patients With Atrial Fibrillation. Circulation 2014, 130, e199–e267. [CrossRef]

49. Lei, H.; Yu, L.T.; Wang, W.N.; Zhang, S.G. Warfarin and the Risk of Death, Stroke, and Major Bleeding
in Patients With Atrial Fibrillation Receiving Hemodialysis: A Systematic Review and Meta-Analysis.
Front. Pharmacol. 2018, 9, 1218. [CrossRef]

50. Marinigh, R.; Lane, D.A.; Lip, G.Y. Severe renal impairment and stroke prevention in atrial fibrillation:
Implications for thromboprophylaxis and bleeding risk. J. Am. Coll. Cardiol. 2011, 57, 1339–1348. [CrossRef]

51. O’Lone, E.; Viecelli, A.K.; Craig, J.C.; Tong, A.; Sautenet, B.; Roy, D.; Herrington, W.G.; Herzog, C.A.; Jafar, T.;
Jardine, M.; et al. Cardiovascular Outcomes Reported in Hemodialysis Trials. J. Am. Coll. Cardiol. 2018, 71,
2802–2810. [CrossRef]

52. Daugirdas, J.T.; Depner, T.A.; Inrig, J.; Mehrotra, R.; Rocco, M.V.; Suri, R.S.; Weiner, D.E.; Greer, N.; Ishani, A.;
MacDonald, R.; et al. KDOQI Clinical Practice Guideline for Hemodialysis Adequacy: 2015 Update. Am. J.
Kidney Dis. 2015, 66, 884–930. [CrossRef]

53. Herrington, W.G.; Emberson, J.; Mihaylova, B.; Blackwell, L.; Reith, C.; Solbu, M.D.; Mark, P.B.; Fellstrom, B.;
Jardine, A.G.; Wanner, C.; et al. Impact of renal function on the effects of LDL cholesterol lowering
with statin-based regimens: A meta-analysis of individual participant data from 28 randomised trials.
Lancet Diabetes Endocrinol. 2016, 4, 829–839. [CrossRef] [PubMed]

54. National Kidney, F. KDOQI Clinical Practice Guideline for Diabetes and CKD: 2012 Update. Am. J. Kidney
Dis. 2012, 60, 850–886. [CrossRef]

55. Sarnak, M.J.; Bloom, R.; Muntner, P.; Rahman, M.; Saland, J.M.; Wilson, P.W.; Fried, L. KDOQI US commentary
on the 2013 KDIGO Clinical Practice Guideline for Lipid Management in CKD. Am. J. Kidney Dis. 2015, 65,
354–366. [CrossRef] [PubMed]

56. Bosco, J.L.; Silliman, R.A.; Thwin, S.S.; Geiger, A.M.; Buist, D.S.; Prout, M.N.; Yood, M.U.; Haque, R.;
Wei, F.; Lash, T.L. A most stubborn bias: No adjustment method fully resolves confounding by indication in
observational studies. J. Clin. Epidemiol. 2010, 63, 64–74. [CrossRef]

57. Al-Khatib Sana, M.; Stevenson William, G.; Ackerman Michael, J.; Bryant William, J.; Callans David, J.; Curtis
Anne, B.; Deal Barbara, J.; Dickfeld, T.; Field Michael, E.; Fonarow Gregg, C.; et al. 2017 AHA/ACC/HRS
Guideline for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac
Death. Circulation 2018, 138, e272–e391. [CrossRef]

58. Jardine, M.J.; Mahaffey, K.W.; Neal, B.; Agarwal, R.; Bakris, G.L.; Brenner, B.M.; Bull, S.; Cannon, C.P.;
Charytan, D.M.; de Zeeuw, D.; et al. The Canagliflozin and Renal Endpoints in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) Study Rationale, Design, and Baseline Characteristics.
Am. J. Nephrol. 2017, 46, 462–472. [CrossRef]

59. Messow, C.M.; Isles, C. Meta-analysis of statins in chronic kidney disease: Who benefits? QJM 2017, 110,
493–500. [CrossRef]

http://dx.doi.org/10.1016/S0140-6736(14)62459-4
http://dx.doi.org/10.1016/S0140-6736(09)60212-9
http://dx.doi.org/10.1001/jamainternmed.2017.4377
http://www.ncbi.nlm.nih.gov/pubmed/28873137
http://dx.doi.org/10.2215/CJN.02400311
http://www.ncbi.nlm.nih.gov/pubmed/21903982
http://dx.doi.org/10.1093/eurheartj/ehw210
http://dx.doi.org/10.1161/CIR.0000000000000041
http://dx.doi.org/10.3389/fphar.2018.01218
http://dx.doi.org/10.1016/j.jacc.2010.12.013
http://dx.doi.org/10.1016/j.jacc.2018.04.012
http://dx.doi.org/10.1053/j.ajkd.2015.07.015
http://dx.doi.org/10.1016/s2213-8587(16)30156-5
http://www.ncbi.nlm.nih.gov/pubmed/27477773
http://dx.doi.org/10.1053/j.ajkd.2012.07.005
http://dx.doi.org/10.1053/j.ajkd.2014.10.005
http://www.ncbi.nlm.nih.gov/pubmed/25465166
http://dx.doi.org/10.1016/j.jclinepi.2009.03.001
http://dx.doi.org/10.1161/CIR.0000000000000549
http://dx.doi.org/10.1159/000484633
http://dx.doi.org/10.1093/qjmed/hcx040


J. Clin. Med. 2020, 9, 394 18 of 18

60. Palmer, S.C.; Navaneethan, S.D.; Craig, J.C.; Johnson, D.W.; Perkovic, V.; Hegbrant, J.; Strippoli, G.F.
HMG CoA reductase inhibitors (statins) for people with chronic kidney disease not requiring dialysis.
Cochrane Database Syst. Rev. 2014, Cd007784.

61. Schneider, A.; Schneider, M.P.; Krieter, D.H.; Genser, B.; Scharnagl, H.; Stojakovic, T.; Wanner, C.; Drechsler, C.
Effect of High-Flux Dialysis on Circulating FGF-23 Levels in End-Stage Renal Disease Patients: Results from
a Randomized Trial. PLoS ONE 2015, 10, e0128079. [CrossRef]

62. Chazot, C.; Kirchgessner, J.; Pham, J.; Vo-Van, C.; Lorriaux, C.; Hurot, J.M.; Zaoui, E.; Grassmann, A.; Jean, G.;
Marcelli, D. Effect of Membrane Permeability on Cardiovascular Risk Factors and beta2m Plasma Levels
in Patients on Long-Term Haemodialysis: A Randomised Crossover Trial. Nephron 2015, 129, 269–275.
[CrossRef]

63. Mishima, E.; Haruna, Y.; Arima, H. Renin-angiotensin system inhibitors in hypertensive adults with
non-diabetic CKD with or without proteinuria: A systematic review and meta-analysis of randomized trials.
Hypertens. Res. 2019, 42, 469–482. [CrossRef] [PubMed]

64. Xie, X.; Liu, Y.; Perkovic, V.; Li, X.; Ninomiya, T.; Hou, W.; Zhao, N.; Liu, L.; Lv, J.; Zhang, H.; et al.
Renin-Angiotensin System Inhibitors and Kidney and Cardiovascular Outcomes in Patients With CKD:
A Bayesian Network Meta-analysis of Randomized Clinical Trials. Am. J. Kidney Dis. 2016, 67, 728–741.
[CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0128079
http://dx.doi.org/10.1159/000380767
http://dx.doi.org/10.1038/s41440-018-0116-3
http://www.ncbi.nlm.nih.gov/pubmed/30948820
http://dx.doi.org/10.1053/j.ajkd.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26597926
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Sources and Searches 
	Study Selection 
	Data Extraction and Quality Assessment 
	Data Synthesis and Analysis 
	Credibility Assessment 

	Results 
	Discussion 
	Conclusions 
	References

