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SYSTEMATIC REVIEW AND META-ANALYSIS

Non- Vitamin K Antagonist Oral 
Anticoagulants Provide Less Adverse Renal 
Outcomes Than Warfarin In Non- Valvular 
Atrial Fibrillation: A Systematic Review and 
MetaAnalysis
Patita Sitticharoenchai , MD; Kullaya Takkavatakarn , MD; Smonporn Boonyaratavej , MD; 
Kearkiat Praditpornsilpa , MD; Somchai Eiam- Ong , MD; Paweena Susantitaphong , MD, PhD

BACKGROUND: Non- vitamin K antagonist oral anticoagulants (NOACs) have better pharmacologic properties than warfarin and 
are recommended in preference to warfarin in most patients with non- valvular atrial fibrillation. Besides lower bleeding com-
plications, other advantages of NOACs over warfarin particularly renal outcomes remain inconclusive.

METHODS AND RESULTS: Electronic searches were conducted through Medline, Scopus, Cochrane Library databases, and 
ClinicalTrial.gov. Randomized controlled trials and observational cohort studies reporting incidence rates and hazard ratio 
(HR) of renal outcomes (including acute kidney injury, worsening renal function, doubling serum creatinine, and end- stage 
renal disease) were selected. The random- effects model was used to calculate pooled incidence and HR with 95% CI. 
Eighteen studies were included. A total of 285 201 patients were enrolled, 118 863 patients with warfarin and 166 338 pa-
tients with NOACs. The NOACs group yielded lower incidence rates of all renal outcomes when compared with the warfarin 
group. Patients treated with NOACs showed significantly lower HR of risk of acute kidney injury (HR, 0.70, 95% CI, 0.64– 0.76; 
P<0.001), worsening renal function (HR, 0.83; 95% CI, 0.73– 0.95; P=0.006), doubling serum creatinine (HR, 0.58; 95% CI, 
0.41– 0.82; P=0.002), and end- stage renal disease (HR, 0.82; 95% CI, 0.78– 0.86; P<0.001).

CONCLUSIONS: In non- valvular atrial fibrillation, patients treated with NOACs have a lower risk of both acute kidney injury and 
end- stage renal disease when compared with warfarin.

Key Words: acute kidney injury ■ end- stage renal disease ■ NOACs ■ non- valvular atrial fibrillation ■ renal outcomes ■ warfarin

Atrial fibrillation (AF) is one of the most common 
types of cardiac arrhythmia.1 The prevalence of 
AF has been increasing worldwide, particularly in 

the aging population and in patients with chronic kid-
ney disease (CKD).2,3 When AF occurs, the blood clots 
can be easily formed in the atria, and this can cause 
cardiac embolism. Accordingly, prevention therapy of 
cardiac embolism, especially ischemic stroke, with oral 

anticoagulant, is the cornerstone in AF management in 
the general population and patients with CKD.4

Nowadays, oral anticoagulants are recommended 
in patients with AF with high CHA2DS2VASc score.4,5 
In selection of anticoagulant medication, the follow-
ing issues should be considered: side effects, drug 
interactions, patient comorbidities, and patient com-
pliance. Heretofore, warfarin, a vitamin K antagonist, 
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has been the mainstay therapy of non- valvular AF.4,5 
In this regard, non- vitamin K oral anticoagulants 
(NOACs) are increasingly used for thromboembolism 
prevention in patients with non- valvular AF because of 
their favorable safety profile compared with warfarin, 
particularly lower bleeding risk, including intracranial 
hemorrhage.6 Furthermore, the use of NOACs does 
not need drug level monitoring, resulting in improved 
patient compliance. According to the 2019 American 
Heart Association guideline,4 NOACs have been ap-
proved and are now recommended in preference to 
warfarin in most of the patients with non- valvular AF.

Excessive doses of warfarin could cause acute 
kidney injury (AKI) or “warfarin- related nephropa-
thy”, the causes of which are still unestablished but 
might be mediated by glomerular bleeding and red 
blood cell cast obstruction.7,8 Most but not all stud-
ies showed that NOACs, which do not have a direct 
effect on vitamin K, could cause lower incidence of 
AKI.9– 12 Besides AKI, chronic use of warfarin might 
gradually deteriorate renal function, possibly by in-
creasing renovascular calcification.13 This would 
cause progressive renal impairment in long- term out-
come. Some earlier studies illustrated that NOACs, 
which can attenuate vascular inflammation, provided 
better long- term renal outcomes than warfarin.10,14,15 

Previous meta- analyses on these issues yielded 
contradictory results and did not extensively exam-
ine long- term renal outcomes.16,17 In addition, there 
were several methodology- related drawbacks in 
these meta- analyses, including insufficient numbers 
of sample size, study designs, variation in the defi-
nition of renal outcomes, and drug- related issues in 
the studies.

The present systematic review and meta- analysis 
were conducted in patients with non- valvular AF to 
comprehensively compare short- term and long- term 
renal outcomes between warfarin and NOACs, includ-
ing apixaban, dabigatran, edoxaban, and rivaroxaban.

METHODS
Data Sources and Searches
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. The process of literature review as well 
as screening was systematically searched without lin-
guistic restriction from January 1, 2000, to December 
31, 2019. We electronically searched the databases 
of Medline, Scopus, and Cochrane Library to iden-
tify all potentially eligible studies that compared renal 
function or renal outcomes of any “non- vitamin K an-
tagonist oral anticoagulant” or “NOAC” or “novel oral 
anticoagulants” or “direct oral anticoagulants or DOAC 
or dabigatran or edoxaban or rivaroxaban or apixa-
ban. Furthermore, unpublished data were sought from 
ClinicalTrials.gov. The search was limited to the English 
language and focused on human studies.

Study Selection
We included studies if they were randomized clinical 
trials (RCTs), sub- analyses of RCTs, or observational 
cohort (prospective or retrospective) implicated with 
NOACs that reported about renal outcomes. Studies 
were excluded if they were publication types with no 
data, such as reviews, meta- analyses, case reports, 
editorial, abstracts, or editorial letters.

Interested Outcomes
We assessed the risk of renal outcomes in 4 aspects: 
First, AKI, defined as increase in serum creatinine by 
≥0.3 mg/dL within 48 hours or ≥1.5 times baseline or di-
agnosis code of AKI. Second, worsening renal function, 
defined as a decrease of >25%– 30% in estimated glo-
merular filtration rate. Third, doubling serum creatinine, 
defined as changes from baseline at any time point dur-
ing follow- up. Fourth, end- stage renal disease (ESRD), 
defined as estimated glomerular filtration rate <15 mL/
min per 1.73 m2, having kidney transplantation, or under-
going long- term dialysis. The incidence rates of all renal 
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What Is New?
• In the patient with non- valvular atrial fibrillation, 

non- vitamin K antagonist oral anticoagulants 
lower incidence risks of acute kidney injury, 
worsening renal function, doubling serum cre-
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outcomes were also determined. The short- term out-
come in the present meta- analysis was defined as AKI 
while ESRD was designated for the long- term outcome.

Data Extraction, Quality Evaluation, and 
Bias Assessment
This study was separately reviewed by 2 independ-
ent reviewers (Patita Sitticharoenchai and Kullaya 
Takkavatakarn). If there were any disagreements that 
did not have a conclusion, the corresponding author 
(Paweena Susantitaphong) would make a consensus. 
The 2 reviewers independently searched and screened 
the eligibility of the studies and extracted information 
about study characteristics, renal outcomes, patient 
baseline characteristics, comorbidities, and follow- up 
period. If the renal outcomes or functions were not re-
ported in the original publication or supplements, the 
data were extracted from the ClinicalTrials.gov.

The quality of the RCTs was evaluated according to 
the Jadad scale with a score between 0 (poor quality), 
and 5 (high quality) while the risk of bias of observa-
tional studies was determined by Newcastle- Ottawa 
quality assessment which the maximum score is 9 and 
7 is the threshold for high quality. Publication bias was 
analyzed using the Egger test.

Statistical Analysis
The random- effects model was used, and the results 
were reported as pooled incidence and hazard ratios 
(HR) with 95% CI of AKI, worsening renal function, 
doubling serum creatinine, and ESRD.

Heterogeneity was evaluated by I2 test, and the I2 
value of >50% demonstrated substantial heterogene-
ity. For any variables presenting with large heteroge-
neity, subgroup analysis was used to investigate the 
potential origin of the heterogeneity. To assess pub-
lication bias, funnel plots and the Egger test, which 
determines asymmetry of the funnel plot, were used 
and P value <0.05 indicates publication bias. Statistical 
analyses were performed using Comprehensive Meta- 
Analysis (version 2.0; Biostat, Englewood, NJ).

RESULTS
Characteristics of the Studies
The results of the electronic search and article selec-
tion were demonstrated in Figure  1. A total of 2017 
potentially relevant citations were established, 1837 
articles were assessed for abstract evaluation, and 44 
articles were retrieved for full- text review. Finally, 18 
articles fulfilled the suitable criteria, including 11 RCTs 

Figure 1. Study flowchart.
Flow diagram of the study demonstrating the selection process.
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and 7 observational studies. Publication periods were 
from 2009 to 2019. A total of 285 201 patients were en-
rolled, 118 863 patients with warfarin and 166 338 pa-
tients with NOACs. The attribution of the 11 RCTs and 
7 observational studies were detailed in Table 1. The 
follow- up duration was varied from 1 to 48  months. 
The majority of the population in all studies were men 
(62.9%) and age ranges were from 60 to 75 years old. 
Patient demographic data and comorbidities were 
comparable across the 18 studies.

Incidence Rate of AKI in NOACs and 
Warfarin Groups
By meta- analysis of 8 study arms,10,11,32 the incidence 
rate of AKI in the NOACs group (apixaban, dabigatran, 
and rivaroxaban) was 9.8 per 100 person- year, (95% 
CI, 6.42– 13.23) while the warfarin group showed the 
incidence rate of 14.13 per 100 person- year (95% CI, 
6.61– 21.66). Of note, the incidence rate of AKI was 
lowest in rivaroxaban 8.05 per 100 person- year (95% 
CI, 4.37– 12.62), following by dabigatran 9.5 per 100 
person- year (95% CI, −0.97– 19.97), and apixaban 
12.84 per 100 person- year (95% CI, −2.5– 28.19).

Incidence Rate of Worsening Renal 
Function in NOACs and Warfarin Groups
By meta- analysis of 5 study arms,9,26,27 the incidence 
rate of worsening renal function in the NOACs group 
(dabigatran, rivaroxaban, and apixaban) was 10.95 
per 100 person- year (95% CI, 4.05– 17.84) while the 
warfarin group exhibited a higher rate of 15.8 per 100 
person- years (95% CI, 2.46– 29.14).

Incidence Rate of Doubling Serum 
Creatinine in NOACs and Warfarin Groups
By meta- analysis of 3 study arms,9 the incidence rate 
among the NOACs group (apixaban, dabigatran, and ri-
varoxaban) was 1.61 per 100 person- year (95% CI, 1.06– 
2.17) while the warfarin group demonstrated a higher 
rate of 3.43 per 100 person- years (95% CI, 2.78– 4.22).

Incidence Rate of ESRD in NOACs and 
Warfarin Groups
By meta- analysis of 7 study arms,9,10,28,32 the incidence 
rate among the NOACs group (apixaban, dabigatran, 
and rivaroxaban) was 1.42 per 100 person- years (95% 
CI, 0.75– 2.09) while the warfarin group illustrated a higher 
rate of 2.63 per 100 person- years (95% CI, 0.93– 4.32).

HR of NOACs on Acute Kidney Injury 
Compared With Warfarin
By meta- analysis of 28 study arms,9- 11,18- 24,28- 32 the 
risk of AKI was significantly lower in the NOACs group 

(HR, 0.70; 95% CI, 0.64– 0.77; P<0.001). (Table 2) By 
subgroup analysis on types of medication, NOACs 
were associated with a significantly lower risk of AKI 
compared with warfarin; HR, 0.66 (95% CI, 0.54– 0.81; 
P<0.001) for apixaban, HR, 0.66 (95% CI, 0.57– 0.76.; 
P<0.001) for dabigatran, and HR, 0.73 (95% CI, 0.63– 
0.85; P<0.001) for rivaroxaban. No significant differ-
ence in risk of AKI was found among patients using 
edoxaban compared with warfarin (HR, 0.91; 95% CI, 
0.71– 1.17; P=0.479). (Table 3, and Figure 2).

Furthermore, in the NOACs group, the risk of AKI 
was significantly lower in patients with or without CKD 
(HR, 0.60; [95% CI, 0.48– 0.75; P<0.001], and HR, 0.64 
[95% CI, 0.54– 0.75; P<0.001], respectively). The signifi-
cantly lower risk of AKI in the NOACs group was noted 
only in patients with the follow- up duration of >3 months 
(HR, 0.71; 95% CI, 0.65– 0.77; P<0.001]). (Table 3).

HR of NOACs on the Incidence of 
Worsening Renal Function
By meta- analysis of 7 study arms,9,25- 27 the risk of wors-
ening renal function was significantly lower in the NOACs 
group compared with the warfarin group (HR, 0.83; 95% 
CI, 0.73– 0.95; P=0.006). (Table 2 and Figure 3).

HR of NOACs on the Incidence of 
Doubling Serum Creatinine
By meta- analysis of 3 study arms,9 there was a significantly 
lower risk of doubling serum creatinine in the NOACs 
group when compared with the warfarin group (HR, 0.58; 
95% CI, 0.41– 0.82; P=0.002) (Table 2 and Figure 4).

HR of NOACs on the Incidence of ESRD
By meta- analysis of 5 study arms,9,10,32 a significantly 
lower risk of ESRD in the NOACs group was observed 
when compared with the warfarin group (HR, 0.82; 
95% CI, 0.78– 0.86; P<0.001). (Table 2 and Figure 5).

Since there were only 4, 1, and 3 studies having 
data of worsening renal function, doubling serum cre-
atinine, and ESRD, there were insufficient information 
to analyze for the impact of individual NOACs on these 
renal outcomes.

Publication Bias
The funnel plot (Figures S1 through S4) for the inter-
ested outcomes was symmetric, and the Egger test 
was not significant in all interested outcomes, suggest-
ing less susceptibility to publication bias.

DISCUSSION
The present meta- analysis, which included 285  201 
patients from 11 RCTs and 7 observational studies, 
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was conducted to compare short- term and long- term 
renal outcomes, represented by AKI and ESRD, re-
spectively, in non- valvular patients with AF treated with 
warfarin (n=118 863) and NOACs (n=166 338). The in-
cidence rates of all renal outcomes were significantly 
less in NOAC users. The use of NOACs could pro-
vide a significantly lower hazard ratio of the risk of AKI 
(P<0.001), worsening renal function (P=0.006), dou-
bling serum creatinine (P=0.002), and ESRD (P<0.001) 
when compared with warfarin (Table 2).

Non- valvular AF contributes ≈90% of the whole 
AF.33 At present, anticoagulant therapy is the stan-
dard treatment of AF for stroke prevention. Initially, 
warfarin is most commonly prescribed in non- 
valvular AF.34,35 However, several following studies 
had reported that warfarin could induce AKI known 
as warfarin- related nephropathy.7,36– 39 Kidney biopsy 
indicated that warfarin might cause AKI mainly via 
bleeding in glomeruli, resulting in red blood cell ob-
struction in tubular lumens.36,40,41 A previous study 
reported that the incidence of warfarin- induced AKI 
was ≈25% among warfarin users, particularly in pa-
tients receiving high- dose warfarin prescription.42 
Of interest, the incidence of AKI was progressively 

increased depending on the degree of impairment 
of baseline renal function. In this regard, there was 
a 14- fold increase in risk of developing AKI among 
patients with stage 3 CKD.43

NOACs have several pharmacologic advantages 
over warfarin, including rapid onset, predictable phar-
macokinetics, and lower bleeding complications.44 At 
present, NOACs are the main medication used in non- 
valvular AF.4 Nonetheless, certain case reports revealed 
that NOACs were also associated with AKI by the same 
mechanism as warfarin- related nephropathy.45– 47

On AKI in the present meta- analysis, NOACs pro-
vided a lower incidence of AKI and a lesser hazard 
ratio of the risk of AKI when compared with warfarin 
(Table 2). Of note, the consistency of the results could 
also be observed with individual NOACs, apixaban, 
dabigatran, and rivaroxaban, except for edoxaban 
(Table 3). The negative result of the lower risk of edox-
aban might result from the fact that there was only 
1 edoxaban- related RCT in this meta- analysis. This 
would result in the underpowered capability to demon-
strate statistical efficiency.

Under normal homeostasis, matrix Gla protein, 
which is a vitamin K dependent protein, plays an im-
portant role in vascular calcification inhibition.48,49 
Therefore, long- term use of vitamin K antagonists like 
warfarin could increase vascular calcification, possi-
bly leading to development of CKD and accelerating 
CKD progression.7,13 On the contrary, NOACs have no 
interaction with vitamin K. Besides, previous studies 
demonstrated the effect of NOACs on the trend of 
plaque regression and attenuation of vascular inflam-
mation.15,50,51 Therefore, NOACs might yield a protec-
tive effect on renovascular calcification.50,52

In the present meta- analysis, NOACs could signifi-
cantly reduce the hazard risk ratio on the incidences of 
worsening renal function, doubling serum creatinine, 
and ESRD (Table 2). The contradictory effects on re-
novascular calcification of NOACs and warfarin could 
explain the above results. As stated earlier, the preva-
lence of AF is rising in patients with CKD.2 The presence 
of CKD results in an increased risk of thromboembo-
lism (HR, 1.46; 95% CI, 1.2– 1.76; P=0.0001), particu-
larly in case of ESRD (HR, 1.83; 95% CI, 1.56– 2.14, 

Table 2. Primary Analysis Examining the Renal Outcomes in Patients Using NOACs Versus Warfarin

Outcome HR
Lower Bound 

95% CI
Upper Bound 

95% CI P Value I2 Index (%) Egger Test

AKI (all) 0.70 0.64 0.77 <0.001 83.37 0.439

WRF 0.83 0.73 0.95 0.006 75.57 0.293

Doubling serum 
creatinine

0.58 0.41 0.82 0.002 0 0.376

ESRD 0.82 0.78 0.86 <0.001 0 0.369

AKI indicates acute kidney injury; CKD, chronic kidney disease; ESRD, end- stage renal disease; HR, hazard ratio; NOACs, non- vitamin K oral anticoagulants; 
and WRF, worsening renal function.

Table 3. Subgroup Analysis Examining the Renal 
Outcomes in Patients Using NOACs Versus Warfarin

Outcome HR

Lower 
Bound 
95% CI

Upper 
Bound 
95% CI P Value

I2 Index 
(%)

AKI (apixaban) 0.66 0.54 0.81 <0.001 83.40

AKI (dabigatran) 0.66 0.57 0.76 <0.001 74.83

AKI (edoxaban) 0.91 0.71 1.17 0.479 0

AKI (rivaroxaban) 0.73 0.63 0.85 <0.001 86.08

AKI (≤3 mo 
follow- up)

0.27 0.06 1.17 0.081 0

AKI (>3 mo 
follow- up)

0.71 0.65 0.77 <0.001 84.96

AKI (among CKD 
population)

0.60 0.48 0.75 <0.001 93.77

AKI (among non- 
CKD population)

0.64 0.54 0.75 <0.001 90.73

AKI indicates acute kidney injury; CKD, chronic kidney disease; NOACs, 
non- vitamin K oral anticoagulants; and HR, hazard ratio.
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P<0.00001).26 Therefore, the superior advantage of 
NOACs over warfarin in retarding progression of renal 
impairment would attenuate the development of AF 
and thromboembolism in patients with CKD. As for-
merly mentioned, the incidence of AKI is progressively 
dependent on the severity of renal impairment.11 As 
such, the greater benefit of NOACs over warfarin in 
preserving long- term renal function would lessen the 
incidence in developing AKI following treatment with 
NOACs.

Indeed, an earlier meta- analysis by Caldeira et al,16 
involving 75 100 patients from 10 RCTs, demonstrated 
that NOACs yielded comparable risk of renal failure com-
pared with vitamin K antagonist/low- molecular  weight 
heparin. However, there were several flaws in such 
meta- analysis, including insufficient sample size in RCTs, 
a wide range of drug use indications (comprising AF, ve-
nous thromboembolism, and hip/knee arthroplasty), and 
use of vitamin K antagonist and low- molecular weight 

heparin as combined controls, all of which might cause 
underestimation or overestimation of  the risk of renal 
failure. In a recent meta- analysis by Zhang et al,17 in-
volving  189  483 patients from 11 RCTs and 3 obser-
vational studies, NOACs provided a lower risk of renal 
impairment compared with vitamin K antagonists or ace-
tylsalicylic acid. Although, the meta- analysis by Zhang et 
al17 seemed to provide more reliable and updated infor-
mation than the study by Caldeira et al,16 the definition of 
renal impairment in the meta- analysis by Zhang et al17 
was varied, including acute tubular necrosis, nephritis, 
nephrotic syndrome, and post- renal failure. The vari-
ations of definition might also lead to heterogeneity of 
the results. In addition, long- term renal outcomes were 
not comprehensively determined in such meta- analysis. 
Furthermore, vitamin K antagonists and salicylic acid 
were used as the combined control.17

The present meta- analysis, which obviously included 
more patients than the 2 previous meta- analyses, has 

Figure 2. Forest plot of individual study displaying the hazard ratio for acute kidney injury.
NOACs indicates non- vitamin K oral anticoagulant.
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several strengths and interesting points compared with 
the earlier studies. First, to our knowledge, this is the 
first meta- analysis that extensively evaluated not only 
short- term outcomes in the aspect of AKI but also 
carefully revealed the long- term outcomes of kidney 
function, including worsening renal function, doubling 
serum creatinine, and ESRD. Second, we conducted 
an extensive and up- to- date literature review, includ-
ing many RCTs and good- quality observational stud-
ies. Third, the previous meta- analyses reported a 
composite outcome in terms of renal impairment, in 

which the definition of renal impairment was not clearly 
identified and varied among the included studies.16,17 
Fourth, our study also evaluated subgroup analysis in 
the timing of the follow- up period and  found that the 
development of AKI events was lower in the NOACs 
group after receiving medications for >3 months. Fifth, 
we also demonstrated that AKI events were lower in 
the NOACs groups in both patients with normal kidney 
function and CKD.

Admittedly, there were some limitations in the 
present meta- analysis. First, there was the high I2 

Figure 3. Forest plot of individual study displaying the hazard ratio for worsening renal function.
NOACs indicates non- vitamin K oral anticoagulant.

Figure 4. Forest plot of individual study displaying the hazard ratio for doubling serum creatinine.
NOACs indicates non- vitamin K oral anticoagulant.
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value, which represented considerable heterogeneity. 
Second, some papers demonstrated only the change 
of renal functions in short- term follow- up that we can-
not include in our meta- analysis in terms of incidence 
of ESRD.23,29,30 Third, the definitions of worsening renal 
outcome and estimated glomerular filtration rate equa-
tion were varied among the studies, both of which 
might affect the validity of the results. Lastly, the clinical 
outcomes per each NOAC were only described in AKI. 
Unfortunately, the data about other outcomes espe-
cially incidence of ESRD are insufficient to analyze for 
individual NOACs. Therefore, we cannot make the final 
conclusion that these benefits might come from class 
effect or specific individual effect of NOAC.

CONCLUSIONS
In patients with non- valvular AF, patients treated with 
NOACs have a lower risk of both AKI and ESRD when 
compared with warfarin. These benefits might come 
from class effect or specific individual effect of NOAC. 
More data to support this knowledge are needed in 
the future.
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Figure Sl. Funnel plot for the risk of acute kidney injury. 
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Figure 52. Funnel plot for the incidence of worsening renal function. 
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Figure S3. Funnel plot for the incidence of doubling serum creatinine. 
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Figure S4. Funnel plot for the incidence of End stage renal disease. 
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