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Abstract

BACKGROUND—The objective of this systematic review and meta-analysis was to assess the 

clinical outcomes of Clostridium difficile infection (CDI) in patients with chronic kidney diseases 

(CKD) and end stage renal disease (ESRD).

METHODS—A literature search was performed from inception through February 2015. Studies 

that reported relative risks, odds ratios, or hazard ratios comparing the clinical outcomes of CDI in 

patients with CKD or ESRD and those without CKD or ESRD were included. Pooled risk ratios 

(RRs) and 95% confidence intervals (CIs) were calculated using a random-effect, generic inverse 

variance method.

RESULTS—19 studies (a case-control and 18 cohort studies) with 116,875 patients assessing 

clinical outcomes of CDI were included in the meta-analysis. Pooled RR of severe or complicated 

CDI in CKD patients was 1.51 (95% CI 1.00–2.28). The risk of recurrent CDI is significant higher 

in patients with a pooled RR of 2.73 (95% CI, 1.36–5.47). The pooled RR of mortality risk of CDI 

in patients with CKD, ESRD, and CKD or ESRD were 1.76 (95% CI, 1.26–2.47), 1.58 (1.37–

1.83) and 1.76 (1.32–2.34), respectively.

CONCLUSION—This meta-analysis demonstrates poor outcomes of CDI including severe and 

recurrent CDI in CKD patients. History of CKD and ESRD are both associated with increased 

mortality risk in patients with CDI.
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INTRODUCTION

Clostridium difficile infection (CDI) or Clostridium difficile associated diarrhea (CDAD) is 

the most identifiable pathogen accountable for 12% of health care–associated infection in 

the United States [1]. During the last decade, its incidence and severity have been markedly 

increasing worldwide [2–7]. When patients develop CDI, they encounter increased risk of 

mortality, morbidity, prolonged hospitalization and hospital readmission [8, 9]. Therefore, 

previous studies have attempted to identify risk factors for poor outcomes including 

recurrence, complications, and mortality in CDI.

Recently, Abou Chakra et al [8] performed a comprehensive review of risk factors for CDI 

outcomes (recurrent, treatment failure, complicated infection and mortality). Among several 

risk factors, co-morbidities were identified as a risk of complicated CDI and increased 

mortality. Chronic kidney disease (CKD) is a common disease estimated to effect 8–16% 

worldwide [10–12]. However, the correlation of CDI outcome and CKD and end-stage renal 

disease (ESRD) are still inconclusive. Several studies have shown significant increased 

mortality risk in CKD or ESRD patients with CDI [13–18]. Conversely, a number of studies 

have shown no significant increased risk of incident and recurrent CDI in patients with CKD 

or ESRD [19–23]. A study even found that with CDI, CKD patients had lower mortality risk 

compared with patients without CKD [24].

Thus the objective of this systematic review and meta-analysis was to assess the risks of 

poor clinical outcomes including recurrence, complications, and mortality in CKD or ESRD 

patients with CDI.

MATERIALS AND METHODS

Search Strategy

Two investigators (CT and WC) independently searched published studies and conference 

abstracts indexed in EMBASE, MEDLINE and the Cochrane database from inception to 

February, 2015 using the search strategy described in online supplementary data. A manual 

search for additional relevant studies using references from retrieved articles was also 

performed.

Inclusion Criteria

The inclusion criteria were as follows: (1) randomized controlled trials (RCTs) or 

observational studies (case-control, cross-sectional or cohort studies) published as original 

studies or conference abstracts that evaluated the clinical outcomes of CDI in patients with 

CKD and ESRD, (2) studies that provided data to calculate odds ratios (ORs), relative risks, 
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hazard ratios or standardized incidence ratios with 95% confidence intervals (CIs), and (3) a 

reference group composed of patients without CKD or ESRD.

Study eligibility was independently determined by the 2 investigators noted previously. 

Differing decisions were resolved by mutual consensus. The quality of each study was 

evaluated by using the Jadad quality-assessment scale [25] for RCTs and the Newcastle-

Ottawa quality assessment scale [26] for observational studies. No limits were applied for 

language and foreign papers were translated.

Data Extraction

A standardized data collection form was used to extract the following information: last name 

of first author, country of origin, study design, year of publication, sample size, definition of 

CDI, definition of severe/complicated CDI, definition of CKD and ESRD, confounder 

adjustment, and adjusted effect estimate with 95% CI.

Statistical Analysis

Review Manager 5.2 software (The Cochrane Collaboration, Oxford, UK) was used for data 

analysis. Point estimates and standard errors were extracted from individual studies and 

were combined by the generic inverse variance method of DerSimonian and Laird [27]. 

Given the high likelihood of between study variances, a random-effect model was used 

rather than a fixed-effect model. Statistical heterogeneity was assessed using Cochran’s Q 

test. This statistic was complemented with the I2 statistic, which quantifies the proportion of 

the total variation across studies that is due to heterogeneity rather than chance. An I2 of 

0%–25% represents insignificant heterogeneity, 26%–50% low heterogeneity, 51%–75% 

moderate heterogeneity and >75% high heterogeneity [28]. The presence of publication bias 

was assessed by funnel plots of the logarithm of odds ratios vs their standard errors [29]. 

Forest plots were demonstrated in order by weight of each study.

RESULTS

The search strategy yielded 1674 potentially relevant articles: 1477 were excluded based on 

the title and abstract indicating that they clearly did not fulfill inclusion criteria on the basis 

of article type, study design, population, or outcome of interest (Online supplement data). 

The remaining 197 articles underwent full-length review, with 178 excluded because they 

did not report outcomes of interest (n=143) or were not RCTs or observational studies 

(n=35). 19 studies (a case-control [30] and 18 cohort studies [13–24, 31–36]) with 116,875 

patients assessing clinical outcomes of CDI were identified. No RCT met our inclusion 

criteria. Of 19 studies, 12 studies [13–24] with 115,113 patients were included in the meta-

analysis of mortality risk of CDI in patients with CKD or ESRD. Four studies [14, 31, 32, 

34] with 1,283 patients and five studies [13, 21, 30, 35, 36] with 1,512 patients were 

included in the meta-analyses assessing the risks of severe CDI and recurrent CDI in 

patients with CKD, respectively. The data on the risk of severe CDI and recurrent CDI in 

patients with ESRD were limited. Tables 1 contains detailed characteristics and quality 

assessment of all included studies.
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The Risk of Severe or Complicated Clostridium Difficile Infection in patients with CKD or 
ESRD

The pooled risk ratio (RR) of severe or complicated CDI in patients with CKD was 1.51 

(95% CI 1.00–2.28). There was no significant statistical heterogeneity with an I2 of 0% 

(Figure 1). The data on the risk of severe CDI in patients with ESRD were limited. A study 

by Bauer et al [33] found no significant increased risk of severe or complicated CDI in 

patients with ESRD with OR of 0.29 (95% CI 0.04–2.35) (Table 1).

The Risk of Recurrent Clostridium Difficile Infection in patients with CKD

The pooled RR of recurrent CDI in patients with CKD was 2.73 (95% CI, 1.36–5.47, I2 

=45%) (Figure 2). The data on the risk of recurrent CDI in patients with ESRD was limited. 

Bauer et al [33] found no significant increased risk of recurrent CDI in patients with ESRD 

with OR of 2.23 (95% CI 0.59–8.37).

The Mortality Risk of Clostridium Difficile Infection and CKD/ESRD

The pooled RRs of mortality of CDI in patients with a history of CKD, ESRD and CKD or 

ESRD were 1.76 (95% CI 1.26–2.47, I2 =97%), 1.58 (95% CI 1.37–1.83, I2 =5%) and 1.76 

(95% CI 1.32–2.34, I2 =97%). respectively (Figure 3).

Evaluation for Publication Bias

Funnel plots to evaluate publication bias for the risks of complicated CDI, recurrent CDI and 

mortality of CDI in CKD (Figure S1, Figure S2 and Figure S3) and ESRD patients (Figure 

S3) are fairly symmetric and suggest no significant publication bias.

DISCUSSIONS

In this current meta-analysis, we demonstrated significant increased risks of poor clinical 

outcomes of CDI including complicated CDI and recurrent CDI in patients with CKD, with 

1.51-fold and 2.73-fold increased risks, respectively. CKD and ESRD are both associated 

with 1.76-fold and 1.58-fold increased risks of mortality in CDI.

The findings of increased risks of poor clinical outcomes in patients with CKD and mortality 

risk in both CKD and ESRD is likely explained by impaired immune system function to 

fight against infection [37–39]. A reduction in the number and function of lymphoid cells 

has been described in patients with reduced kidney function and uremia [38]. When CKD 

and ESRD patients develop CDI, therefore, they may have higher risk of developing 

complications from CDI such as toxic megacolon requiring colectomy [40]. Studies have 

also found higher morbidities and lengths of hospital stay in CKD and ESRD patients with 

CDI resulting in increased long-term mortality [18].

Interestingly, despite increased risk of mortality in both patient with CKD and ESRD, those 

with ESRD have a lower risk than CKD. Our finding is also consistent with the finding in a 

recent study by Keddis et al. [40] which found lower rate of colectomy and mortality in 

patients with ESRD requiring dialysis compared with patients with less severe stages of 
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CKD. It was speculated that the lower mortality risk in ESRD with CDI could be due to 

more frequent admissions, regular nephrology care, and close monitoring.

There are some limitations in our current meta-analysis. First, all included studies were 

observational studies. Therefore, our meta-analysis can best demonstrate an association but 

not a causal relationship. Second, there are statistical heterogeneities in the complete 

analysis in CKD patients with CDI. The potential sources of these heterogeneities include 

the differences in the definitions of CKD, diagnostic methodology of CDI, and the 

differences in confounder adjustment methods. The available data in included studies was 

limited. Therefore, it prevented us from further investigation for these potential sources of 

heterogeneities.

In summary, this meta-analysis shows significant increased risk of poor clinical outcomes of 

CDI in patients with CKD. Patients with CKD and ESRD, who develop CDI, have a 

significant mortality risk. Patients with CKD and ESRD need careful monitoring to prevent 

CDI. In addition, these patients may require more aggressive management since they carry 

poorer clinical outcomes of CDI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s already known about this topic?

- Clostridium difficile infection (CDI) or Clostridium difficile associated 

diarrhea (CDAD) is the most identifiable pathogen accountable for 12% of 

health care–associated infection in the United States.

- Its incidence and severity have been markedly increasing worldwide.

- Chronic kidney disease (CKD) is a common disease estimated to effect 8–

16% worldwide.

- However, the correlation of CDI outcome and CKD and end-stage renal 

disease (ESRD) are still inconclusive.

What does this article add?

- This meta-analysis demonstrates poor outcomes of CDI including severe and 

recurrent CDI in CKD patients.

- History of CKD and ESRD are both associated with increased mortality risk 

in patients with CDI.
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Figure 1. 
Forest plot of the all included studies comparing the risk of severe or complicated CDI in 

patients in CKD vs. without CKD; square data markers represent risk ratios (RRs); 

horizontal lines, the 95% CIs with marker size reflecting the statistical weight of the study 

using random-effects meta-analysis. A diamond data marker represents the overall RR and 

95% CI for the outcome of interest. IV, inverse variance; SE, standard error.
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Figure 2. 
Forest plot of the all included studies comparing the risk of recurrent CDI in patients in 

CKD vs. without CKD; square data markers represent risk ratios (RRs); horizontal lines, the 

95% CIs with marker size reflecting the statistical weight of the study using random-effects 

meta-analysis. A diamond data marker represents the overall RR and 95% CI for the 

outcome of interest. IV, inverse variance; SE, standard error.
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Figure 3. 
Forest plot of the all included studies comparing the mortality risk of CDI in patients in 

CKD or ESRD vs. without CKD or ESRD; square data markers represent risk ratios (RRs); 

horizontal lines, the 95% CIs with marker size reflecting the statistical weight of the study 

using random-effects meta-analysis. A diamond data marker represents the overall RR and 

95% CI for the outcome of interest. IV, inverse variance; SE, standard error.
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