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Risk Factors for Recurrent Clostridium difficile Infection:
A Systematic Review and Meta-Analysis
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OBJECTIVE. An estimated 20-30% of patients with primary Clostridium difficile infection (CDI) develop recurrent CDI (rCDI) within 2 weeks
of completion of therapy. While the actual mechanism of recurrence remains unknown, a variety of risk factors have been suggested and studied.
The aim of this systematic review and meta-analysis was to evaluate current evidence on the risk factors for rCDI.

DESIGN. We searched MEDLINE and 5 other databases for subject headings and text related to rCDI. All studies investigating risk factors of
rCDI in a multivariate model were eligible. Information on study design, patient population, and assessed risk factors were collected. Data were
combined using a random-effects model and pooled relative risk ratios (RRs) were calculated.

RESULTS. A total of 33 studies (n=18,530) met the inclusion criteria. The most frequent independent risk factors associated with rCDI
were age >65 years (risk ratio [RR], 1.63; 95% confidence interval [CI], 1.24-2.14; P=.0005), additional antibiotics during follow-up
(RR, 1.76; 95% CI, 1.52-2.05; P < .00001), use of proton-pump inhibitors (PPIs) (RR, 1.58; 95% CI, 1.13-2.21; P=.008), and renal insufficiency
(RR, 1.59; 95% CI, 1.14-2.23; P=.007). The risk was also greater in patients previously on fluoroquinolones (RR, 1.42; 95% CI, 1.28-1.57;

P<.00001).

CONCLUSIONS.

Multiple risk factors are associated with the development of rCDI. Identification of modifiable risk factors and judicious use

of antibiotics and PPI can play an important role in the prevention of rCDI.

Infect Control Hosp Epidemiol 2015;36(4):452-460

Clostridium difficile infection (CDI) is the most common cause
of hospital-acquired diarrhea and is associated with significant
morbidity. The risk of acquiring CDI during a hospital admis-
sion is >1%, with an absolute risk of death of 10% in patients
with hospital-acquired CDI. A frequent complication after
complete resolution of the primary episode of CDI is sympto-
matic recurrence. Between 20% and 30% of patients develop
symptomatic recurrence within 2 weeks of successful completion
of therapy.! In hospitalized patients, recurrent Clostridium
difficile infection (rCDI) is responsible for increased morbidity
and diminished quality of life.” Recurrence can be due either to a
relapse or to reinfection with the same or a different strain.’
Clinical evidence suggests that up to 25% of patients have
their first recurrence within 30 days after completion of their
treatment. The rate of recurrence, however, doubles after 2 or
more recurrences.”

While a clear mechanism of recurrence is unknown,
several observational studies with small sample sizes and 2
meta-analyses™ have evaluated the risk factors associated with
the development of rCDI. The most common risk factors iden-
tified were advanced age, comorbidities, use of antibiotics after
CDI diagnosis, inadequate immune response, and concomitant
receipt of acid-suppressive therapy.”® However, with the chan-
ging epidemiology and increasing severity and morbidity,
uncertainty remains regarding the current risk factors associated
with symptomatic CDI recurrence. Identification of novel and
common risk factors can strengthen current risk prediction
tools, improve their diagnostic accuracy, and help to optimize
the management of rCDI. The goal of this study was to
systematically review and evaluate current evidence on the
most common risk factors associated with the development
of rCDL
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METHODS

All procedures used in this study were consistent with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.7

Data Sources and Searches

Two investigators (VP and AD) systematically searched the
literature independently using the following predetermined
inclusion criteria: (1) randomized and non-randomized
studies (case control, and cohort) evaluating the risk factors
for rCD], (2) studies that employed a multivariate analysis for
identifying risk factors associated with rCDI, and (3) studies in
any language that met the first 2 criteria. Studies were excluded
if they did not define rCDI or if they exclusively studied the
pediatric population. Studies that performed only univariate
analyses were excluded because they usually contain inflated
association measures. The following databases were searched
from inception to June 2014 with no language restriction:
MEDLINE (PubMed), EMBASE, Web of Science, The
Cochrane Library, University of York Center for Reviews
and Dissemination (CRD), and Scopus. Search terms were
Clostridium difficile infection, C. difficile infection, CDI, risk
factor, predictor, marker, relapse, recurrence, and recurrent.
Reference lists from included studies and meeting abstracts
from Infectious Diseases Week (ID Week) 2010-2013,
American Gastroenterological Association (AGA), American
Society of Microbiology, Society for Healthcare Epidemiology
of America, and the European Society of Clinical Microbiology
and Infectious Diseases were also searched. The electronic
PubMed search strategy is available in the Supplemental
Appendix.

Study Selection and Data Extraction

A list of retrieved articles that met the inclusion criteria was
reviewed by 2 investigators independently (VP and AD). These
2 investigators (AD and VP) independently extracted data from
the full text of the included studies. Data collected included study
design, study population, patient demographics and clinical
characteristics, CDI diagnostic criteria, duration of follow-up
and all identified risk factors of rCDI. We also assessed the
number of events (rCDI) per predictor variable (EPV) in the
final multivariate model of each study. A generally accepted “rule
of thumb” was that an EPV >10 maintains bias and variability at
acceptable levels.® Any disagreements or discrepancies were
resolved in consensus with a third investigator (AVH). The
Cohen’s inter-rater k statistics for inclusion agreement and data
abstraction were 0.90 and 0.91, respectively, which indicated
excellent inter-rater agreement.

Quality Assessment

The quality of case-control and cohort studies was assessed
independently by two authors (AD and VP) using the
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Newcastle-Ottawa Scale (NOS).” NOS scores> 7 were con-
sidered high-quality studies, and NOS scores of 5-7 were
considered moderate-quality studies. Study quality was
assessed independently by 2 investigators (VP and AD). Any
disagreements or discrepancies were resolved in consensus
with a third investigator (AVH). The Cohen’s inter-rater k¥
statistic of 0.90 for study quality assessment was indicative of
excellent inter-rater agreement.

Data Synthesis and Analysis

Because of the variety of risk factors that can be evaluated, we
decided a priori that only those risk factors that have been
reported in >3 studies were eligible for a meta-analysis.
DerSimonian and Laird random-effects models were used for
all meta-analyses.'” The meta-analysis was performed using
the inverse variance method for pooled relative RRs and 95%
CIs. The inverse variance method converts the 95% CI to the
standard error on a natural logarithmic scale and back, and the
forest plots may occasionally have rounded-up values of 95%
CL" Only a few studies used a different measure of effect size
(odds ratio), which could not be pooled in a meta-analysis
with risk ratios and/or hazard ratios because the prevalence of
the outcome in the non-exposed group was >10%. However,
odds ratios can be converted to risk ratios, which then can be
combined with hazard ratios in a meta-analysis as forms of
relative risks.'> We evaluated statistical heterogeneity using the
Cochran y* and the I statistic.'” I* values of 40%—60% were
considered to represent a moderate level of heterogeneity.'* A
P value < 0.1 for y* was considered to indicate the presence of
heterogeneity.

Assessment of Publication Bias

To check for publication bias, we generated funnel plots and
used Egger’s regression asymmetry test. Where asymmetry was
detected, we assessed the potential impact of the publication
bias using the Duval and Tweedie nonparametric “trim and
fill> method.'>'®

We used Review Manager software (RevMan, version 5.1 for
Windows, Oxford, UK; The Cochrane Collaboration, 2008)
for our statistical analyses.

RESULTS
Study Characteristics

Our search identified 478 publications (Figure 1). After
removing duplicates and screening titles of the studies,
58 articles were selected based on relevance to the study topic.
After screening the abstracts of these potentially relevant
articles, 49 were selected for full-text review based on relevance
to study topic (Figure 1). A total of 33 articles reported risk
factors for rCDI and were included in the systematic review.
The reasons for exclusion of the remaining 16 articles are listed
in Figure 1. Table 1 summarizes the main characteristics of the
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FIGURE 1. Flow diagram of study selection process. After

screening the title and abstract of the retrieved studies, 58 and 49
studies, respectively were included based on relevance to our study.
After assessing 49 full-text studies for eligibility, 33 studies were
included in our systematic review and meta-analysis.

included studies. A total of 18,530 patients (range, 59—4,200)
were included in the systematic review and meta-analysis.
A total of 21 studies were retrospective cohorts; 6 studies were
prospective cohorts; 3 studies were case-control studies; and
3 studies were part of randomized controlled trials (RCTs).
The risk of rCDI in the included studies varied between 10.1%
and 50.8% (median, 21.6%). Study data pertaining to age were
provided as age per each additional year in 7 studies and as age
>65 years in 6 studies. The median number of variables in the
final model was 8 (range, 3-15). A total of 16 studies (48.5%)
had an EPV > 10, while 4 studies did not provide enough
information to calculate the EPV. The median EPV was 10.9
(range, 1-53.1) (Table 1).

Quality Assessment

Using the modified NOS scale, 27 of 33 studies were identified
as high-quality studies, and the rest were identified as
moderate-quality studies (Supplemental Table 1). All studies
clearly identified the study population and defined the
outcome and outcome assessment. Considerable variation was
observed in the type of CDI diagnostic confirmation test used,
with older studies relying on C. difficile culture and toxin
enzyme immunoassay (EIA) and more recent studies using
toxin-gene polymerase chain reaction (PCR). Also, the
definition of recurrent CDI and the study follow-up period
varied across the studies (Table 1). Multivariate models in the
included studies varied in the type of model used and the
selection of available confounding variables for adjustment. It
is possible that a few confounding variables were not fully
identified and recorded. The most common confounders
adjusted were age, antibiotic usage, and comorbidities such as
chronic renal insufficiency and tube feeding.

Publication bias was not assessed because of an inadequate
number of included studies (<10 for each risk factor that was
meta-analyzed) needed to properly assess a funnel plot or to
assess the use of other more advanced regression-based methods.
However, we constructed a funnel plot for 2 of the variables,
proton pump inhibitor (PPI) and concurrent antibiotics, as these
risk factors had a large number of patients included from 8 and 9
studies, respectively (Supplemental Figure 1).

Meta-Analyses of Risk Factors for rCDI

Age per each additional year. Meta-analysis of 4 studies
(n=7,599) showed a significantly higher risk of rCDI with an
increase in age per additional year (RR, 1.02; 95% CI, 1.01-1.02;
P<.00001) (Figure 2a). Heterogeneity was low across these
studies (> =29%).

Age>65 years. Meta-analysis of 6 studies (n=3,375)
showed a significantly higher risk of rCDI in patients > 65
years of age (RR, 1.63; 95% CI, 1.24-2.14; P=.0005)
(Figure 2b). Heterogeneity was moderate across these studies
(I =45%).

Additional antibiotics during follow-up. Meta-analysis of 9
studies (n=28,194) showed a significantly higher risk of rCDI in
patients who received additional non-CDI antibiotics during
follow-up (RR, 1.76; 95% CI, 1.52-2.05; P <.00001) (Figure 3a).
Heterogeneity was low across these studies (I = 12%).

Previous fluoroquinolone use. Meta-analysis of 4 studies
(n=16,622) showed a significantly higher risk of rCDI in patients
who had previously been treated with fluoroquinolones (RR,
1.42; 95% CI, 1.28-1.57; P<.00001) (Figure 3b). There was no
heterogeneity across these studies (I* = 0%).

Proton pump inhibitors during follow-up. Meta-analysis of
8 studies (n=4,392) showed a significantly higher risk of
rCDI in patients on a PPI during follow-up (RR, 1.58; 95% CI,
1.13-2.21; P=.008) (Figure 4). Heterogeneity was high across
these studies (I* =71%).

Renal insufficiency. Meta-analysis of 5 studies (n=1,486)
showed a significantly higher risk of rCDI in patients with renal
insufficiency (RR, 1.59; 95% CI, 1.14-2.23; P=.007) (Figure 5).
There was no heterogeneity across these studies (I = 0%).

Nasogastric tube feeding. Meta-analysis of 3 studies (n=532)
showed that the risk of rCDI in patients being fed by nasogastric
tube was not significantly different from patients without a
nasogastric tube (RR, 1.79; 95% CI, 0.96-3.34; P=.07) (Figure 6).
Heterogeneity was high across these studies (I* = 64%).

Several other risk factors associated with rCDI were not
meta-analyzed beause they were reported in < 3 studies. These
infrequent risk factors with the corresponding effect estimates
are listed in Supplemental Table 2.

DISCUSSION

In this systematic review and meta-analysis of 33 studies and
18,530 CDI patients, the most frequent risk factors associated
with rCDI were advanced age, additional antimicrobial



TABLE 1. Basic Characteristics of Included Studies

Delay
First Author, Year ~ Study Study  Study  Sample  Recurrent  Males, Follow- Between Events Per Variable (no. of ~ NOS
Published Location Period  Design Size, No. CDI, no. (%) %  Age, Mean y (SD) Diagnostic Test up Period  Episodes variables in the final model)  Score
Fekety R, 19977 USA NA  RCT 67 34 (50.7) 209 59.2 (21.1)  Culture or toxin A/B assay 60d <60d 2.6 (13) 9
Do AN, 1998%! Canada 1993-1994 CC 59 13 (22.0) 30.5 17-92% Toxigenic culture NA 45d 3.3 (4) 7
McFarlazr%d LV, USA 1993-1996 RCT 103 43 (41.7) 52.4 61.8 (19.2) Culture, toxin A EIA, or direct CTA 60d 60d 2.9 (15) 9
1999
Kyne L, 2001 USA 1998 PC 63 22 (34.9) 27.0 67.0 (21.4) Toxin A EIA or direct CTA 60d >48h 2.2 (10) 9
de Isusi AM, 2003** Spain 1999-2001 RC 113 20 (17.7) 64.6 71.7 Toxin A EIA NA >7d 2.9(7) 7
Pepin J, 20055 Canada 1991-2004 RC 2,042 243 (11.9) NA NA Direct CTA NA 60d 27.0 (9) 8
Pepin J, 2006° Canada 19912005 RC 463 154 (33.3) 44.1 NA Direct CTA 60d <60d 17.1 (9) 9
Linsky A, 2010%° USA 2004-2008 RC 1,166 251 (21.5) 97.2 73.3 Toxin A/B EIA NA 15-90d 25.1 (10) 8
Kim JW, 2010 S. Korea 2006-2007 RC 125 27 (21.6) 45.6 67.6 (13.9) Toxin A/B EIA 90 d 90d 6.8 (4) 9
Jung KS, 2010% S. Korea 1998-2008 RC 117 13 (11.1) 46.2 62.5 (13.9) Toxin A EIA NA <90d NA 8
Cadena J, 2010®°  USA 2003-2005 RC 129 38(29.5) 953 68.1 (14.0)  Toxin A/B EIA >90d NA 12.7 (3) 7
Garey KW, 2010%° USA 2007-2008 PC 96 23 (24.0) 45.8 61.0 (16.0) Direct CTA 90d <48 h NA 8
Drekonjﬁ DM, USA 2004-2006 RC 246 74 (30.1) 98.0 71.0 (13.0) Culture or toxin assay NA 90d 9.3 (8) 8
2011
Choi HK, 20113> S. Korea 2008-2010 RC 84 11 (13.1) 52.4 62.5 (15—84)b Toxin assay NA <60d 1.0 (11) 7
Bauer MP, 2011°? European 2008 PC 484 86 (17.8) 45.9 69.8 Toxin A/B EIA, direct CTA, PCR 90d NA 6.6 (13) 8
countries
Im GY, 2011* USA 2005-2007 RC 254 60 (23.6)  48.0 79 (19-99)° Toxin A/B EIA NA <56d 12.0 (5) 8
Shakov R, 2011°° USA 2003-2008 RC 247 76 (30.8) 40.9 72.1 Toxin A/B assay NA <180d 10.9 (7) 5
Kim YG, 2012*° S. Korea 2004-2008 CC 198 28 (14.1) 51.5 64.7 (1.6) Toxin A/B EIA NA 30d 2.8 (10) 8
Eyre DW, 2012% UK 2006-2010 PC 1678 393 (23.4) 42.4 75.8 Toxin A/B EIA >90d >14d 32.8 (12) 8
Ryu HS, 2012% S.Korea  2000-2006 RC 294 32(10.9) 527 63.8 (12.5)  Toxin A EIA 60d <56d 4.6 (7) 8
Khanna S, 2012 USA 1991-2005 RC 385 116 (30.1) 34.3 67.6 (10-102d)® Direct CTA NA 56 d 23.2 (5) 8
Rotramel A, 2012*°  USA 2008-2011 CC 739 135 (18.3) 47.0 62.0 (18.0) Toxin assay 24 mo 60d 23 (6) 9
Hebert C, 2013*! USA 2006-2010 RC 829 198 (23.9) 42.7 77.7 EIA or CTA 56 d 15-56 d 16.5 (12) 9
Lupse M, 2013* Romania 2011-2012 RC 306 60 (19.6) 42.2 67.1 (15.3) Toxin A/B EIA and positive stool culture 60d <60d 7(9) 9
Samie AA, 2013% Germany 2006-2009 RC 124 20 (16.1) 50.8 74.5 Toxin A/B EIA and/or positive stool NA 60d 2.5 (8) 7
culture
Stewart DB, 2013**  USA NA RC 69 28 (40.6)  73.9 64.0 (13.0) PCR on positive culture NA 21d NA 8
Rodriguez-Pardo D, ~ Spain 2009 PC 317 62 (19.6) 50.8 73.6 Toxin A/B EIA or stool culture or >90d >56d 8.9 (7) 9
2013% endoscopic/histopathologic evidence
Fujii L, 2013% USA 2004-2009 RC 487 100 (20.5) 41.7 67.4 (15.2) Toxin A/B EIA or PCR for toxin B gene NA <28d 16.7 (6) 8
Lavergne V, 2013*  Canada 2009-2010 PC 121 40 (33.1) 57.9 75.8 2 steps: GDH EIA and direct CTA 60d >3-60d 10.0 (4) 9
Freedb€£§ DE, USA 2009-2012 RC 894 167 (18.7) 48.2 64.0 (19.0) PCR for toxin B gene 90d 15-90d 16.7 (10) 9
2013
Louie TJ, 2013% USA, 2006-2009 RCT 567 150 (26.5) NA NA Toxin A/B EIA 40d 28d 30.0 (5) 9
Canada,
Europe
Zilberberg M, 2014>° USA 2003-2009 RC 4,200 425 (10.1) 51.6 18.0-102.4% Toxin A/B EIA 42d <42d 53.1 (8) 9
Ramanast}'lan S, USA 2002-2009 RC 1,464 315 (21.5) 98.3 NA C. dificile toxin assay NA 14-56 d 35.0 (9) 8
2014

NoTE. CC, case control; CDI, C. difficile infection; CTA, cytotoxin assay; EIA, enzyme immunoassay; GDH, glutamate dehydrogenase; NA, not available; NOS, Newcastle-Ottawa scale; PC,
prospective cohort; PCR, polymerase chain reaction; RC, retrospective cohort; RCT, randomized control trial; SD, standard deviation.

*Range.

®Median (range); d, days.
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(a) Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Rand 95% CI
Freedherg DE 2013 00188 0005 292% 1.02[1.01,1.03] -
Pepin J 2005 0.0296 0.01 98% 1.03[1.01,1.05] —
Pepin J 2006 00129 0.0046 326% 1.01 [1.00,1.02] il
Zilherberg M 2014 0.01 0.0051 285% 1.01 [1.00,1.02] -
Total (95% CI) 100.0% 1.02[1.01, 1.02] &
Heterogeneity: Tau?= 0.00; Chi*= 4.21, df= 3 (P = 0.24); F= 29% t t t i
Test for overall effect: Z=4.74 (P < 0.00001) 0.85 0.9 1 11 1.2

Protective Risk Factor

(b) Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Rand 95% CI IV, Rand 95% CI
Bauer MP 2011 0.5805 0.3585 11.1% 1.79[0.89, 3.61]
Kim Jw 2010 0.2335 0.07 37.6% 1.26[1.10,1.45] L]
KimYG 2012 0.2255 0.4759 71% 1.25[0.49,3.18] —
Kyne L 2001 1.1003 03603 11.0% 3.01[1.48, 6.09]
Pepin J 2005 0.6523 0.2983 14.3% 1.921.07, 3.45] =
Pepin J 2006 0.5596 0.2369 18.9% 1.751.10,2.78] =
Total (95% CI) 100.0% 1.63[1.24, 2.14] L3
Heterogeneity: Tau®= 0.05; Chi*= 9.03, df=5 (P=0.11); F= 45% I t t i
Test for overall effect: Z= 3.50 (P = 0.0005) 0.01 0.1 1 10 100

Protective Risk Factor

FIGURE 2. Forest plot of the association between age and recurrent C. difficile infection (rCDI). (a) Forest plot of the association between
age, per each additional year and rCDI. (b) Forest plot of the association between age, >65 years and rCDI. The vertical line corresponds to
the no difference point between the 2 groups. Squares, the size of which indicates the proportion of information given by each study,
correspond to hazard ratios (HRs) or risk ratios (RRs). Horizontal lines represent the 95% ClIs. The diamond indicates the pooled relative

risk ratios. df, degrees of freedom; IV, inverse variance.

(a) Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Rand 95% CI
Drekonja DM 2011 0.8078 0.2084 11.9% 2.241.49,3.37) —
Fekety R 1997 0.4472 01999 12.8% 1.56[1.06, 2.31] T
Freedberg DE 2013 0.3001 02012 126% 1.35[0.91, 2.00] ™
FujiiL 2013 0.6539 0.2259 10.3% 1.92[1.24, 2.99] ==
Kim YG 2012 14317 0452 28%  4.19[1.73,1015]
Kyne L 2001 07622 03823 3.9% 2.141.01, 453 —
Linsky A 2010 0.5365 02205 10.7% 1.71[1.11, 263 =
Louie TJ 2013 03199 02102 11.7% 1.38[0.91, 2.08] ™
Zilherherg M 2014 06206 01377 23.4% 1.86[1.42, 2.44] -
Total (95% Cl) 100.0% 1.76 [1.52, 2.05] [}
Heterogeneity: Tau®= 0.01; Chi*=9.07, df= 8 (P = 0.34); F=12% t t t i
Test for averall effect: Z=7.39 (P = 0.00001) 0.01 0.1 1 10 100
Protective Risk Factor
(b) N _
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Rand 95% CI
CadenadJ 2010 06622 0.289 2.9% 1.94 [1.08, 3.48] —
Hebert C 2013 0.3429 01333 147% 1.41[1.09,1.83] =
Ramanathan S 2014 0.309 01113 21.0% 1.36[1.10,1.69] -
Zilherherg M 2014 0.3507 0.0651 61.4% 1.42[1.25,1.61] |
Total (95% CI) 100.0% 1.42 [1.28, 1.57] []
Heterogeneity: Tau®= 0.00; Chi*=1.23, df= 3 (P = 0.75); F= 0% L t t 1
Test for overall effect: Z=6.86 (P = 0.00001) 0.01 0.1 1 10 100

Protective Risk Factor

FIGURE 3. (a) Forest plot of the association between additional antibiotics during follow-up and recurrent C. difficile infection (rCDI). (b)
Forest plot of the association between previous fluoroquinolone use and recurrent C. difficile infection (rCDI). The vertical line corresponds
to the no-difference point between the 2 groups. Squares, the size of which indicates the proportion of information given by each study,
correspond to hazard ratios (HRs) or risk ratios (RRs). Horizontal lines represent the 95% CIs. The diamond indicates the pooled relative
risk ratios. df, degrees of freedom; IV, inverse variance.

therapy during follow-up, and PPI therapy. The risk was also
greater in patients previously on fluoroquinolones and in those
with chronic renal insufficiency.

Recurrent CDI is a complex condition that is difficult to
treat. The potential risk factors identified through our
meta-analysis appear to be congruent with the pathogenesis of
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Freedherg DE 2013 -0.1985 01767 181% 0.82[0.58,1.16] =T
Hebert C 2013 0.3307 0.1492 191% 1.391.04,1.86) =
Kim J¥ 2010 094 02724 143% 2.56[1.50, 4.37) =
Kirm YG 2012 20022 06985 48%  7.41[1.88,29.12 —_—
Linsky 4 2010 0.3507 01303 19.8%  1.42[1.10,1.83] -
Rodriguez-Pardo D 2013 0.6323 0.2886 13.7% 1.881.07,3.31] =
Rotramel A 2012 -0.1324 05202 7.4% 0.88[0.32, 2.43] I
Samie AA 2013 1.8029 0.8503  2.9% 6.07 [0.94, 39.07]
Total (95% CI) 100.0%  1.58[1.13,2.21] <&
Heterogeneity: Tau®= 0.13; Chi®= 24.00, df= 7 (P = 0.001); F=71% k t t 1
Test for overall effect: Z= 2.64 (P = 0.008) 0.0 01 1 10 100
Protective  Risk Factor
FIGURE 4. Forest plot of the association between proton-pump inhibitors during follow-up and recurrent C. difficile infection (rCDI). The

vertical line corresponds to the no difference point between the two groups. Squares, the size of which indicates the proportion of
information given by each study, correspond to hazard ratios (HRs) or risk ratios (RRs). Horizontal lines represent the 95% Cls. The
diamond indicates the pooled relative risk ratios. df, degrees of freedom; IV, inverse variance.

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Bauer MP 2011 07453 05538 96% 2.11[0.71,6.24] N
de Isusi AM 2003 -0.2132 05536 96% 0.81[0.27, 2.39] e
KimYG 2012 0.6065 06744 6.5% 1.83 [0.49, 6.88] —r
Louie TJ 2013 0.533 02173 62.3% 1.70[1.11, 2.61] -
Samie AA 2013 03556 0493 121% 1.43[0.54,3.75] | s
Total (95% CI) 100.0% 1.59[1.14, 2.23] L 2
Heterogeneity: Tau®= 0.00; Chi®=1.95, df=4 (P=0.75); F= 0% I t t i

Test for overall effect: Z=2.71 (P =0.007) 0.01 0.1

-

Protective Risk Factor

FIGURE 5. Forest plot of the association between renal insufficiency and recurrent C. difficile infection (rCDI). The vertical line
corresponds to the no difference point between the two groups. Squares, the size of which indicates the proportion of information given by
each study, correspond to RRs. Horizontal lines represent the 95% Cls. The diamond indicates the pooled relative risk ratios. df = degrees of
freedom; IV = inverse variance.
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FIGURE 6. Forest plot of the association between tube feeding and recurrent C. difficile infection (rCDI). The vertical line corresponds to
the no difference point between the 2 groups. Squares, the size of which indicates the proportion of information given by each study,
correspond to RRs. Horizontal lines represent the 95% Cls. The diamond indicates the pooled relative risk ratios. df, degrees of freedom; IV,
inverse variance.

the disease. Advanced age is an important risk factor, and  microbiome and decrease the colonization resistance, further

numerous studies have suggested that an impaired immune
response to C. difficile toxins contributes to an increased risk of
disease recurrence.* Previous clinical studies of antibiotic
treatment have shown that the gut microbiota are significantly
disrupted by broad-spectrum antibiotic therapy and that the
susceptibility to rCDI correlates with the extent of disruption
of the gut microbiota.'” Therefore, additional antibiotics
following CDI treatment may alter the recovering colonic

contributing to an increased risk of C. difficile recurrence.'”
Similarly, it has been hypothesized that PPI may disrupt the
colonic microbiome in a manner similar to antibiotics'® and
thus may contribute to rCDI. It is possible that a regimen
of antibiotics plus a PPI has an additive effect that causes
significant and persistent changes to the gut microbiome.
Previous studies have also implicated renal insufficiency as a
risk factor for CDI. Individuals with renal insufficiency have
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been reported to have reduced gastric acid secretion, which in
turn can increase the risk of C. difficile colonization."

The findings from our meta-analyses are in agreement with
a previous meta-analysis of 12 studies (sample size=1,382
patients).® Garey et al performed a pooled analysis of data from
univariate/multivariate studies and reported 3 specific risk
factors significantly associated with increased risk of rCDI:
(1) continued use of non—C. difficile antibiotics after diagnosis
of CDI, (2) concomitant receipt of antacid medications, and
(3) older age.’ In a more recent systematic review, Chakra
et al’ reviewed the risk factors for recurrence, complications,
and mortality in patients diagnosed with CDI. These
researchers chose to not perform a meta-analysis because of
their concerns regarding the small sample sizes of individual
studies and the varied definitions of CDI outcomes and follow-
up periods across studies. From their systematic review of
24 studies that assessed risk factors for recurrence, they
concluded that advanced age, use of concomitant antibiotics,
use of PPI, and CDI strain type were the most frequent risk
factors for recurrence. The goal of our study was not only to
statistically combine observational studies but also to system-
atically assess the most common risk factors for rCDI and to
assess heterogeneity across studies. However, potential risk
factors were eligible for a pooled meta-analysis only if they
were assessed in at least 3 independent studies that met the
inclusion criteria. Therefore, it is possible that a few important
risk factors for rCDI, such as CDI strain type and severity,
were not pooled for a summary statistic in this review. Risk
factors for infectious diseases such as CDI cannot be tested
by RCTs for ethical reasons. Therefore, we must rely on
observational studies that are performed rigorously. A
meta-analysis of observational studies is challenging; greater
emphases must be placed on study quality and on addressing
reasons for potential heterogeneity among the studies.
The major strengths of our study are these: (1) our findings
are consistent with previous studies; (2) this work was a
comprehensive review over multiple years with a significantly
large patient population; (3) our study included only
studies that used multivariate analyses; and (4) we used the
NOS scale for quality analysis. In addition, our meta-analysis
of the risk factors for rCDI strictly followed the PRISMA
guidelines for reporting systematic reviews (Supplemental
Table 3).

Our study had several limitations. The studies in our meta-
analysis varied in several ways: study design; diagnostic tests
used to detect CDI; type, dose, and duration of antibiotic
therapy; definition of rCDI; and follow-up period. The data
reported regarding the majority of these variations were either
unavailable or insufficient to permit subgroup analysis.
Although relatively fewer studies were included in our meta-
analyses, they were inclusive based on a comprehensive lit-
erature search and a large sample size of >18,500 subjects.
Included studies were observational in nature and therefore
were subject to residual confounding even after statistical
adjustment. An inherent limitation of a random-effects model,

APRIL 2015, VOL. 36, NO. 4

compared with a fixed-effects model, is that greater reliance
may be placed on small studies with possibly inferior data. It is
also possible that patients who received antibiotics and/or
acid-suppressive therapy both tended to be sicker at baseline,
which introduces confounding by indication. Also, patients
with recurrent episodes might have presented as outpatients,
and some episodes of recurrence may have been missed if
testing was not done in a laboratory to which investigators had
access. Our meta-analyses had <10 studies for each risk factor;
therefore, the results of the meta-analyses should be inter-
preted with caution. Lastly, because of the observational nature
of the studies analyzed, causality cannot be established based
on this meta-analysis. Better-designed, large, prospective
studies are needed to ascertain causality and to understand the
contribution of each risk factor.

Our systematic review and meta-analysis identified
advanced age, renal insufficiency, and 3 other modifiable risk
factors (ie, previous use of fluoroquinolones and antibiotics
and PPI use during the follow-up period) for developing
rCDI. Future work should include a deliberate approach to
limiting PPI use in older patients with CDI for 30-90 days post
diagnosis, as this is potentially the most easily modifiable
intervention. This study provides primary care physicians,
gastroenterologists, and other healthcare professionals
additional information with which to counsel their patients on
the risk of recurrence, modifiable risk factors, and high-risk
populations in order to target prevention efforts.
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