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Background: Antibiotic treatment may disturb the resistance of
gastrointestinal flora to colonization. This may result in complica-
tions, the most serious of which is Clostridium difficile—associated
diarrhea (CDAD).

Purpose: To assess the efficacy and safety of probiotics for the
prevention of CDAD in adults and children receiving antibiotics.

Data Sources: Cochrane Central Register of Controlled Trials,
MEDLINE, EMBASE, CINAHL, Allied and Complementary Medicine
Database, Web of Science, and 12 gray-literature sources.

Study Selection: Randomized, controlled trials including adult or
pediatric patients receiving antibiotics that compared any strain or
dose of a specified probiotic with placebo or with no treatment
control and reported the incidence of CDAD.

Data Extraction: Two reviewers independently screened potentially
eligible articles; extracted data on populations, interventions, and
outcomes; and assessed risk of bias. The Grading of Recommen-
dations Assessment, Development and Evaluation guidelines were
used to independently rate overall confidence in effect estimates for
each outcome.

Data Synthesis: Twenty trials including 3818 participants met the
eligibility criteria. Probiotics reduced the incidence of CDAD by
66% (pooled relative risk, 0.34 [95% Cl, 0.24 to 0.49]; 1> = 0%).
In a population with a 5% incidence of antibiotic-associated CDAD
(median control group risk), probiotic prophylaxis would prevent 33
episodes (Cl, 25 to 38 episodes) per 1000 persons. Of probiotic-
treated patients, 9.3% experienced adverse events, compared with
12.6% of control patients (relative risk, 0.82 [Cl, 0.65 to 1.05];
P =17%).

Limitations: In 13 trials, data on CDAD were missing for 5% to
45% of patients. The results were robust to worst-plausible as-
sumptions regarding event rates in studies with missing outcome
data.

Conclusion: Moderate-quality evidence suggests that probiotic
prophylaxis results in a large reduction in CDAD without an in-
crease in clinically important adverse events.
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ntibiotics are among the most prescribed medications

worldwide. Antibiotic treatment may disturb the col-
onization resistance of gastrointestinal flora, resulting in a
range of symptoms—most notably, antibiotic-associated
diarrhea. Clostridium difficile is the pathogen most often
associated with opportunistic proliferation after breakdown
of colonization resistance due to antibiotic administration.
The spectrum of C. difficile—related disease ranges from
asymptomatic intestinal colonization to diarrhea, colitis,
pseudomembranous colitis, and death (1).

Clostridium difficile—associated diarthea (CDAD) oc-
curs most often in older, hospitalized adults who are ex-
posed to broad-spectrum antibiotics; approximately one third
of cases of antibiotic-associated diarrhea can be attributed to
C. difficile (2, 3). In high-income countries, CDAD is the
most common cause of hospital-acquired infectious diar-
rthea (4—6), and more than 300 000 hospitalized patients
in the United States are affected each year (7-9).
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Beginning in 2002, hospitals in several high-income
countries have experienced a dramatic rise in both the in-
cidence and severity of CDAD (10-14). Reports from the
United States have demonstrated an almost 2-fold increase
in the fatality rate attributable to CDAD (9). A Canadian
study of 136 877 hospital admissions showed that regard-
less of baseline factors, 1 of every 10 patients who acquire
C. difficile will die (15).

Probiotics are microorganisms that are believed to
counteract disturbances in intestinal flora and thereby re-
duce the risk for colonization by pathogenic bacteria (16).
The rationale for probiotic administration includes reinoc-
ulation of disturbed indigenous microflora secondary to
antibiotic use and inhibition of pathogen adhesion, colo-
nization, and invasion of the gastrointestinal mucosa (17,
18). Probiotics are becoming increasingly available as cap-
sules and dairy-based food supplements sold in health food
stores and supermarkets (19). If probiotics are effective,
their low cost and low incidence of associated adverse
events (20) would make them an attractive choice for the
prevention of CDAD. We conducted a systematic review
to determine the efficacy and safety of probiotics (any
strain or dose) for the prevention of CDAD in adults and
children receiving antibiotics.

Downloaded From: http://annals.org/ by a Penn State Univer sity Hershey User on 02/04/2015



METHODS
Data Sources and Searches

In June 2012, we searched 6 primary databases, re-
gardless of publication status or language: the Cochrane
Central Register of Controlled Trials from the Cochrane
Library (2012, Issue 6), MEDLINE (1966 to 2012),
EMBASE (1980 to 2012), CINAHL (1982 to 2012), Al-
lied and Complementary Medicine Database (1985 to
2012), and Web of Science (1945 to 2012). The search
strategies are available upon request. Our gray-literature
search included BIOSIS Previews, Canadian Agency for
Drugs and Technology in Health, Dissertation Abstracts,
Google Scholar, British Society of Gastroenterology An-
nual General Meeting, McGill University Technology As-
sessment Unit, IBD/FBD Group Specialized Register, the
Turning Research Into Practice database, and HighWire.

We reviewed bibliographies of review articles and eli-
gible trials for additional studies not identified by the elec-
tronic searches. We contacted companies that manufacture
probiotic agents and individuals working in the field to
identify additional unpublished or ongoing trials. The
search for ongoing trials included ClinicalTrials.gov and
the metaRegister of Controlled Trials.

Study Selection

We included randomized, controlled trials in adult or
pediatric patients treated with antibiotics that compared
the effect of any dose of a specified probiotic of any strain
with placebo or no treatment and reported the incidence of
diarrhea with associated positive stool cytotoxin assay or
culture for C. difficile. Two reviewers independently
screened the titles and abstracts of articles. The full text of
any title or abstract deemed potentially eligible by either
reviewer was retrieved. Subsequently, 2 reviewers indepen-
dently assessed the eligibility of each full-text article and
resolved disagreements by consensus.

Data Extraction and Quality Assessment

Two reviewers independently extracted data on pa-
tients, methods, interventions, outcomes, missing outcome
data (for example, loss to follow-up), and results by using
standardized, pretested, data extraction forms with accom-
panying instructions. For articles published in abstract
form only, we sought further information from authors.
We accepted the primary authors’ definition of the pres-
ence or absence of CDAD.

Two reviewers independently assessed the risk of bias,
including sequence generation, allocation concealment,
blinding, number of patients with missing outcome data,
selective outcome reporting, and other sources of bias (21).
We also independently rated the overall quality of evidence
(confidence in effect estimates) for each of the outcomes by
using the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) approach, in which
randomized trials begin as high-quality evidence but may
be rated down by 1 or more of 5 categories of limitations:

www.annals.org

Probiotics to Prevent Clostridium difficile-Associated Diarrhea REVIEW

Figure 1. Summary of evidence search and selection.

Potentially relevant articles from
primary databases (n = 1659)

MEDLINE: 621

EMBASE: 563

CENTRAL: 295

CINAHL: 94

Web of Science: 84

AMED: 2

Duplicates
(n = 224)

A

Articles selected for title and abstract
review (n = 1435)

Articles selected for full-text review
(n =101)

Gray-literature
articles*
(l1 = 213)

Excluded (n = 86)
Not an RCT: 13
—>| Active diarrhea or CDAD: 5
CD or CDAD not
measured: 68

A

Unique studies
eligible for review >
(n =5)

A

RCTs determined to be eligible for
review (n = 20)

AMED = Allied and Complementary Medicine Database; CD = Clos-
tridium difficile;, CDAD = Clostridium difficile—associated diarrhea;
CENTRAL = Cochrane Central Register of Controlled Trials; RCT =
randomized, controlled trial.

* Sources were BIOSIS Previews, Canadian Agency for Drugs and Tech-
nology in Health, Dissertation Abstracts, Google Scholar, British Society
of Gastroenterology Annual General Meeting, McGill University Tech-
nology Assessment Unit, Inflammatory Bowel Disease/Functional Bowel
Disease register, the Turning Research Into Practice database, HighWire,
clinical trial registries industry contact, and bibliographies.

risk of bias, inconsistency, indirectness, imprecision, and

reporting bias (22).

Data Synthesis and Analysis

Data were analyzed by using the RevMan Analyses
statistical package in Review Manager, version 5.1 (Co-
chrane Collaboration, Copenhagen, Denmark). Using the
DerSimonian—Laird random-effects model, we calculated
relative risks and 95% Cls. To test the precision of the
estimate of effect, we calculated the optimal information
size (OIS) using a (0.05) and B (0.20) values, a relative
risk reduction of 30% for both the CDAD analysis and
adverse events analysis, and the median control group in-
cidence (23). For calculating risk differences, we used the
median control group risk estimate from the included
studies.
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Table 1. Population, Intervention, and Follow-up in Included Trials

Study, Year (Reference)

Arvola et al, 1999 (32)
Beausoleil et al, 2007 (33)
Bravo et al, 2008 (34)
Can et al, 2006 (35)
Duman et al, 2005 (36)

Gao et al, 2010 (37)

Hickson et al, 2007 (38)

Kotowska et al, 2005 (39)
Lénnermark et al, 2010 (40)
McFarland et al, 1995 (41)
Miller et al, 2008 (47)t
Miller et al, 2008 (47)t+
Plummer et al, 2004 (42)
Psaradellis et al, 2010 (48)t
Rafiq et al, 2007 (49)t
Ruszczynski et al, 2008 (43)

Safdar et al, 2008 (44)
Selinger et al, 2011 (50)t

Surawicz et al, 1989 (45)

Thomas et al, 2001 (46)

Population

5 inpatients and 114 outpatients

89 inpatients

86 outpatients

151 inpatients

NS (14-d triple therapy for Helicobacter pylori

eradication)
255 inpatients

135 inpatients

72 inpatients and 197 outpatients (total, 269)
137 inpatients and 102 outpatients (total, 239)
193 inpatients

189 inpatients

316 inpatients

138 inpatients

248 inpatients and 189 outpatients (total, 437)
100 inpatients

134 inpatients and 106 outpatients (total, 240)

40 inpatients
124 inpatients

318 inpatients

302 inpatients

Treatment Group

Control Group

Participants, = Mean Age Participants, = Mean Age

n (SD or Range) n (SD or Range)
89 4.7y (2 wk-11.8 y) 78 4.4y (2wk-12.8Yy)
44 68.8y (14.5y) 45 729y (13.4y)
41 49.8y (205 y) 45 510y (17.9y)
73 NS* 78 NS*

204 457y (12.7 y) 185 447y (139 y)

171 60.0y (6.0y) 84 60.0y (6.0y)
69 737y (11.1y) 66 739y (105 y)

132 49y (62 mo-14.8y) 137 4.7y (5.2 mo-15.2 y)

118 47y 121 43y
97 40.7y (16.0y) 96 423y (17.7y)
95 =18y 94 =18y

157 =18y 159 =18y
69 Elderly 69 Elderly

233 59.5y (18.1y)§ 239 58.1y (19.1 y)§
45 NS 55 NS

120 45y (3.7y) 120 46y (3.8y)
23 66.6y (14.5y) 17 725y (11.0y)
62 NS 62 NS

212 48.6 y§ 106 45.4 y§

152 572y (18.0 y)§ 150 54.4y (17.4 y)§

CFU = colony-forming units; NS = not specified; Prol = probiotic group 1; Pro2 = probiotic group 2.
* Adult population (eligibility criteria, 25-50 y).

T Abstract.

¥ Miller and colleagues reported on 2 studies; the dosage of probiotic used was 3 times greater than in the study above.

§ For complete cases.

Heterogeneity was investigated by using the chi-square
test and 7 statistic (24). A priori, we specified the follow-
ing possible explanations for heterogeneity: age (adult vs.
pediatric) with a postulated larger effect in adults; dosage
of probiotic (=10 billion vs. >10 billion colony-forming
units of bacteria or yeast per day), with a postulated larger
effect in trials administering a larger dose (25); probiotic
species when 2 or more trials administered the same spe-
cies, with an expected larger effect in trials of Lactobacillus
rhamnosus or Saccharomyces boulardii (25); and risk of bias,
with an expected larger effect in trials at high or unclear
risk of bias versus trials at low risk of bias. In addition, a
reviewer suggested the effect may be larger in trials admin-
istering multiple versus single species.

880 18 December 2012 | Annals of Internal Medicine | Volume 157 ¢ Number 12

For each subgroup analysis, we tested for interaction
by using a chi-square significance test (26). For subgroups
with more than 2 variables, we performed random-effects
meta-regression of odds ratios by using the statistical pack-
age R, version 2.14 (University of Vienna, Vienna, Aus-
tria). For trials with cells with zero events, a continuity
correction of 0.5 was used for our primary analysis. Using
a trial sequential analysis software (27), we conducted
sensitivity analyses with and without double-zero cell trials,
using 3 adjustments: continuity correction of 0.5, con-
tinuity correction of 0.005, and inverse sample size conti-
nuity correction. For each subgroup, we applied pub-

lished criteria to evaluate the credibility of subgroup effects
(28).
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Table I—Continued

Probiotic

L. rhamnosus GG 53103, 40 X 10° CFU/d for the duration of the antibiotic course

L. acidophilus CL1285 and L. casei, 25 X 10° CFU/d for 2 d, then 50 X 10° CFU/d for the
duration of the antibiotic course
S. boulardii, 10.2 X 10% CFU/d for 12 d; duration of antibiotic course, 5-10 d

S. boulardii lyophilized 20 x 10° CFU/d = 48 h of antibiotic start dose (duration of study drug
course NS)
S. boulardii, 30 X 10° CFU/d for 14 d (duration of antibiotic course 14 d)

Pro1: L. acidophilus CL1285 and L. casei LBC8OR, 50 x 10° CFU/d

Pro2: L. acidophilus CL1285 and L. casei LBC8OR, 100 x 10° CFU/d, within 36 h of starting
antibiotic therapy until 5 d after discontinuation

. casei immunitas DN-114 001, 19 X 10° CFU/d; L. bulgaricus, 1.9 X 10° CFU/d; and
S. thermophilus, 19 % 10° CFU/d within 48 h of starting antibiotic therapy until 7 d after
discontinuation

I~

Control (Risk for
CDAD, %)

Placebo (2)

Placebo (16)

Duration of Follow-up

3 mo after first antibiotic
dose

21 d after last study
drug dose

Placebo (0) 9 d after last study drug
dose
Placebo (3) 4 wk after last antibiotic

No treatment (1)

Placebo (24)

Placebo (17)

dose

4 wk after last study
drug dose

21 d after last study
drug dose

4 wk after last antibiotic
or study drug dose

S. boulardii, 10 X 10° CFU/d for the duration of the antibiotic course Placebo (8) 2 wk after last study
drug dose

L. plantarum 299v, 10 X 10° CFU/d, within 48 h of starting antibiotic therapy until 7 d after Placebo (0) =1 wk after last study
discontinuation drug dose

S. boulardii lyophilized, 30 X 10° CFU/d within 72 h of starting antibiotic therapy until 3 d Placebo (4) 7 wk after last study
after discontinuation drug dose

L. rhamnosus GG, 40 x 10° CFU/d within 72 h of starting antibiotic therapy, then for 14 d Placebo (7) 30 d after last study
(duration of antibiotic course =14 d) drug dose

L. rhamnosus GG, 120 x 10° CFU/d within 72 h of starting antibiotic therapy, then for 14 d Placebo (0) 30 d after last study
(duration of antibiotic course =14 d) drug dose

L. acidophilus and B. bifidum, 20 x 10° CFU/d within 36 h of starting antibiotic therapy, then Placebo (7) Last day of study drug
for 20 d dose

L. acidophilus CL1285 and L. casei, 25 X 10° CFU/d for 2 d then 50 X 10% CFU/d until 5 d Placebo (2) 21 d after last study
after discontinuation of antibiotic drug dose

L. acidophilus, 80%; L. bulgaricus, 10%; B. bifidum, 5%, and S. thermophilus, 5%, 3 g/d NS (40) NS
with start of antibiotic therapy until hospital discharge

L. rhamnosus GG (2593, 2594, 2595), 2 X 10"° CFU/d for the duration of the antibiotic Placebo (6) 2 wk after last study
course drug dose

L. acidophilus, 60 x 10° CFU/d during and 14 d after antibiotic course Placebo (6) NS

VSL #3 (B. breve, B. longum, B. infantis, L. acidophilus, L. plantarum, L. paracasei, Placebo (0) 21 d after last study
L. bulgaricus, S. thermophilus), 900 X 10° CFU/d during and 7 d after the antibiotic course drug dose

S. boulardii lyophilized, 20 X 10° CFU/d within 48 h of starting antibiotic therapy until 2 wk Placebo (8) Mean, 17.3 d (SD, 8.6)%
after discontinuation

L. rhamnosus GG, 20 X 10% CFU/d within 24 h of starting antibiotic therapy, then for 14 d Placebo (2) 7 d after last study drug

dose

To explore the effect of missing outcome data, we
collected information on all missing CDAD outcome data
from the included studies, including missing C. difficile
assays, and compared our primary complete case analysis
for CDAD o a series of sensitivity analyses. For the sensi-
tivity analyses, we assumed that the event rate was the same
among control participants for whom data were missing
and among those who were successfully followed. For the
probiotic group, we calculated effects by using assumed
ratios of event rate in persons with missing data compared
with those who were successfully followed: 1.5:1, 2:1, 3:1,
and 5:1 (29). We then determined whether the results
withstood the range of assumptions, including the worst-
plausible assumption (5:1).

To evaluate the potential for publication bias, we ap-
plied funnel plots, the rank correlation test (30), and

weighted regression (31) to the main efficacy outcome,
CDAD.

www.annals.org

Role of the Funding Source
The study did not receive external funding.

RESULTS

Figure 1 shows the results of the literature search. Of
1659 studies identified from the primary electronic
databases— 621 from MEDLINE, 563 from EMBASE,
295 from the Cochrane Central Register of Controlled tri-
als, 94 from CINAHL, 84 from Web of Science, and 2
from the Allied and Complementary Medicine Database—
224 were duplicates, leaving 1435 abstracts or titles iden-
tified as original publications. Of these, 101 were poten-
tially relevant for full-text review, and 15 were ultimately
eligible (32—46). The gray-literature search identified 8 ad-
ditional studies, 5 of which were eligible (47-50).

Table 1 and the Appendix Table (available at www
.annals.org) show the characteristics of included trials. The
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Figure 2. Probiotics for the prevention of Clostridium difficile-associated diarrhea.

Study, Year (Reference) Experimental Group, n Control Group, n

Events Total Events Total

Arvola et al, 1999 (32) 1 61 1 58
Beausoleil et al, 2007 (33) 1 44 7 45
Bravo et al, 2008 (34) 0 41 0 45
Can et al, 2006 (35) 0 73 2 78
Duman et al, 2005 (36) 0 196 1 180
Gao et al, 2010 (37) 9 171 20 84
Hickson et al, 2007 (38) 0 56 9 53
Kotowska et al, 2005 (39) 3 119 10 127
Lonnermark et al, 2010 (40) 1 80 0 83
McFarland et al, 1995 (41) 3 97 4 9%
Miller et al, 2008 (47) 4 95 7 94
Miller et al, 2008 (47)* 2 157 0 159
Plummer et al, 2004 (42) 2 69 5 69
Psaradellis et al, 2010 (48) 1 216 4 221
Rafiq et al, 2007 (49) 5 45 22 55
Ruszczynski et al, 2008 (43) 3 120 7 120
Safdar et al, 2008 (44) 0 23 1 17
Selinger et al, 2011 (50) 0 62 0 62
Surawicz et al, 1989 (45) 3 116 5 64
Thomas et al, 2001 (46) 2 133 3 134
Total (95% Cl) 1974 1844

Total events, n 40 108

Heterogeneity: t2 = 0.00; chi-square = 12.09; P = 0.79; /2 = 0%
Test for overall effect: Z = 5.87; P < 0.001

Weight, % Relative Risk
(95% CI)
M-H Random
17 0.95 (0.06-14.85)
3.0 0.15 (0.02-1.14) N
- Not estimable
1.4 0.21 (0.01-4.37)
1.2 0.31(0.01-7.47)
23.0 0.22 (0.11-0.46) ——
1.6 0.05(0.00-0.84) «————-——
7.9 0.32 (0.09-1.14) ——
1.3 3.11(0.13-75.26)
5.9 0.74 (0.17-3.23) —_—
8.9 0.57 (0.17-1.87) —
1.4 5.06 (0.25-104.63)
4.9 0.40 (0.08-1.99) e
2.7 0.26 (0.03-2.27) —_—
16.1 0.28 (0.11-0.67) R
7.2 0.43 (0.11-1.62) —_—
1.3 0.25 (0.01-5.79)
- Not estimable
6.5 0.33 (0.08-1.34) —_—
4.0 0.67 (0.11-3.96) —_——
100.0 0.34(0.24-0.49) <
T T T 1
0.01 0.1 1 10 100

Favors Control
Group

Favors Experimental
Group

Relative Risk (95% CI)
M-H Random

M-H = Mantel-Haenszel.

* Miller and colleagues reported on 2 studies; the dosage of probiotic used was 3 times greater than in the study above.

overall risk of bias was low in 7 studies and high or unclear
in 13 studies. Ten of these 13 studies (32-34, 36, 41, 45,
47-49) were judged to have either unclear or high risk of
bias because of allocation concealment and missing partic-
ipant data (Appendix Figure, available at www.annals.org).

Incidence of CDAD

Clostridium difficile-associated diarrhea is defined as
an episode of diarrhea associated with a positive C. difficile
culture or toxin (A or B) assay. To allow for the varying
definitions of diarrhea in the original studies, data were
included as a binary outcome on the basis of the primary
authors’ definition of the presence or absence of diarrhea.
Of 20 studies (3818 participants) reporting on the inci-
dence of CDAD, 18 were placebo-controlled (32-35, 37—
48, 50); 1 provided no treatment to the control group
(36); and 1, published in abstract form only, did not report
the control group intervention (49). Control group risk
varied from 0% to 40%. Probiotics were found to re-

Annals of Internal Medicine | Volume 157 ¢ Number 12

882| 18 December 2012

duce CDAD (relative risk, 0.34 [95% CI, 0.24 to 0.49];
P = 0%; heterogeneity P = 0.79) (Figure 2).

In 13 of the 20 trials, data on CDAD were missing for
5% to 45% of patients. When we used the assumed plau-
sible ratios of event rates in participants with missing data
compared with those who were successfully followed (29),
our results proved robust to all assumptions: Even when a
5:1 ratio of events in intervention group participants with
missing data versus those with complete data was assumed,
the effect was large and the CI was narrow (relative risk,
0.50 [CI, 0.34 to 0.76]; > = 28%; heterogeneity P =
0.13).

We calculated the OIS on the basis of a relative risk
reduction of 30%. The OIS (5676 persons) was greater
than the total sample size (3818 participants), whereas the
number of events across trials was relatively low (148
events). We therefore rated the quality of evidence down
for imprecision. We categorized the confidence in esti-
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mates of the effect of probiotics on CDAD incidence as
moderate; the true effect is likely to be close to the estimate
of effect, but there is a possibility that ic differs
substantially.

Incidence of Adverse Events

Of 17 studies reporting on adverse events, 4 reported
no adverse events in either the treatment group or control
group and 3 reported serious adverse events. However,
more serious adverse events occurred in the control group
in each trial, with investigators reporting that none of these
events were related to the probiotic intervention (47, 48).
The most common adverse events were abdominal cramp-
ing, nausea, fever, soft stools, flatulence, and taste distur-
bance. The incidence of adverse events was 9.3% (range,
0% to 47.7%) in the probiotic group versus 12.6% (range,
0% to 44.7%) in the control group (relative risk, 0.82 [CI,
0.65 to 1.05]; 7 = 18%; heterogeneity P = 0.28) (Figure
3). Zero-cell sensitivity analyses generally yielded a border-
line significant relative risk estimate (relative risk, 0.85 [CI,
0.72 to 1.00]) favoring probiotics.

Using standard « (0.05) and 3 (0.20) values, we cal-
culated the OIS on the basis of a relative risk increase of

Probiotics to Prevent Clostridium difficile-Associated Diarrhea REVIEW

30%. Although the OIS (5686 persons) was greater than
the total sample size (3421 participants), the number of
events among trials was high (374 events), and the CI
almost excluded an increase in adverse events. However,
only 17 of 20 trials reported on adverse events, an outcome
that would presumably be documented in all probiotics
trials, and so we rated the quality of evidence down for
selective reporting bias (51). For the short-term use of pro-
biotics in patients who are not immunocompromised or
severely debilitated, we categorized the confidence in the
assessment of adverse events as moderate (further research
is likely to have an important impact on our confidence
in the estimate of effect and may change the estimate)

(Table 2).

Subgroup Analyses

Results of subgroup analyses were similar in adults and
children, with lower and higher doses, with different pro-
biotic species (for example, S. boulardii vs. L. rhamnosus),
and in studies at higher and lower risk of bias. The sub-
group hypothesis evaluating single versus multiple species
suggested a possible increased effect with multiple species
(interaction P = 0.06) (Figure 4).

Figure 3. Risk for adverse effects with probiotics.

Study, Year (Reference) Experimental Group, n Control Group, n

Events Total Events Total

Arvola et al, 1999 (32) 0 61 0 58
Beausoleil et al, 2007 (33) 21 44 20 45
Bravo et al, 2008 (34) 3 Y| 4 45
Duman et al, 2005 (36) 3 196 4 180
Gao et al, 2010 (37) 1 171 2 84
Hickson et al, 2007 (38) 0 56 0 53
Kotowska et al, 2005 (39) 0 119 0 127
Lonnermark et al, 2010 (40) 3 80 3 83
McFarland et al, 1995 (41) 0 93 12 92
Miller et al, 2008 (47) 2 95 4 94
Miller et al, 2008 (47)* 4 157 0 159
Psaradellis et al, 2010 (48) 87 216 929 221
Ruszczynski et al, 2008 (43) 0 120 0 120
Safdar et al, 2008 (44) 2 23 5 17
Selinger et al, 2011 (50) 3 62 3 62
Surawicz et al, 1989 (45) 0 116 0 64
Thomas et al, 2001 (46) 37 133 52 134
Total (95% Cl) 1783 1638
Total events, n 166 208

Heterogeneity: t2 = 0.03; chi-square = 13.27; P = 0.28; [2=17%
Test for overall effect: Z = 1.58; P = 0.11

Weight, % Relative Risk
(95% CI)
M-H Random
- Not estimable
18.9 1.07 (0.68-1.68) ——
2.6 0.82 (0.20-3.46) —_—
25 0.69 (0.16-3.04) e E—
1.0 0.25 (0.02-2.67) — 1
- Not estimable
- Not estimable
2.2 1.04 (0.22-4.99) —
0.7 0.04 (0.00-0.66) <« —*———
2.0 0.49 (0.09-2.64) —
0.7 9.11 (0.49-167.88)
38.8 0.90 (0.72-1.12) B
- Not estimable
2.4 0.30 (0.06-1.35) L
2.2 1.00 (0.21-4.76) s E—
- Not estimable
26.0 0.72 (0.51-1.01) —H
100.0 0.82 (0.65-1.05) ‘|
T T T 1
0.01 0.1 1 10 100

Favors Control
Group

Favors Experimental
Group

Relative Risk (95% Cl)
M-H Random

M-H = Mantel-Haenszel.

* Miller and colleagues reported on 2 studies; the dosage of probiotic used was 3 times greater than in the study above.
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Table 2. Probiotics to Prevent Clostridium difficile-Associated Diarrhea and Quality of the Evidence*

Outcome Assumed Corresponding RR (95% CI) Participants Quality Comments
Risk: Control Risk: Probiotic (Studies) of the
Groupt Group Evidence§
(95% Ch*
Incidence of CDAD (complete Study Population 0.34 (0.24-0.49) 3818 (20)  Moderate Studies with low risk of bias (7/20) demonstrated
case) a slightly more favorable protective effect than
Diarrhea as defined by studies at high or unclear risk of bias (13/30).
authors + cytotoxin assay 59 per 1000 20 per 1000 A test for subgroup differences did not find a
or culture persons persons statistically significant difference based on risk
Follow-up: end of antibiotic (14-29) of bias (P = 0.24).
treatment to 3 mo after In 13 of 20 trials, data on CDAD were missing for
antibiotic therapy was Moderate]| 5% to 45% of participants. A sensitivity analysis
discontinued using plausible and worst-plausible ratios of
50 per 1000 17 per 1000 event rates in those with missinig data compared
persons persons with those who were successfully followed
(12=25) demonstrated that the CDAD results were robust

to all assumptions (worst-plausible analysis
RR, 0.50 [95% ClI, 0.34 to 0.76]).

Effect sizes were consistent across all 20 studies
(> = 0%; P = 0.79). The outcome assessed in
all 20 studies was the outcome of interest for
our health question.

Using standard « (0.05) and B (0.20) values, for
a RRR of 30%, the OIS (5676 persons) was
greater than the total sample size (3818
persons), and the overall events totaled less
than 150.

Funnel plot inspection, the Begg and Mazumdar
rank correlation test (P = 0.79), and the Egger
regression test (P = 0.16) did not suggest
publication bias or other small-study effects.

Adverse events (complete I 0.82 (0.65-1.05) 3421 (17) Moderate  Test for risk of bias in subgroup differences was

case), as reported by Study Population not statistically significant (P = 0.76).

patients Minimal heterogeneity among trials (1> =17%;

129 per 1000 106 per 1000 P = 0.28). ) ]
persons persons Outcome assessed in these 17 studies was the
(84-135) outcome of interest for our health question.
Using standard « (0.05) and B (0.20) values, we
Moderate|| calculated the OIS based on a relative risk

increase of 30. The OIS (5686 persons) was
greater than the total sample size (3421

36 per 1000 30 per 1000 participants). However, the number of events
persons persons was relatively high (374), and the ClI virtually
(23-37) excluded an increase in adverse events.

Funnel plot inspection, the Begg and Mazumdar
rank correlation test (P = 0.68), and the Egger
regression test (P = 0.51) did not suggest
publication bias or other small-study effects.
Included studies have risk of bias regarding
documentation and reporting of adverse
events.

Adverse events are an outcome of interest for all
probiotics, yet only 17 of 20 included trials
rerorted on adverse events, sugfesting a
selective reporting bias. The studies differed
considerably in how adverse events were
classified, and few studies stated their methods
for classifying such events. Differences in
classification may have overestimated the
adverse events in the control groups. For
example, in 3 studies, serious adverse events
(all documented to be more common in the
control group) were included that were not
deemed to be related to the study product,
whereas in other studies, symptoms (e.g.,
fever, abdominal cramping) classified as
adverse events may have been due to
conditions prevented by Erobiotics (e.g.,

C. difficile occurring in the control group
rather than in the probiotic group).

CDAD = Clostridium difficile-associated diarrhea; OIS = optimal information size; RR = relative risk; RRR = relative risk reduction.

* The patient or population was adults and children given antibiotics; the settings were inpatients and outpatients; and the intervention was probiotics.

T Based on the mean control group risk from all included trials.

¥ Based on the assumed risk in the comparison group and the relative effect of the intervention (95% CI).

§ Grading of Recommendations Assessment, Development and Evaluation Working Group grades of evidence are as follows. High quality = further research is very unlikely
to change our confidence in the estimate of effect; moderate quality = further research is likely to have an important impact on our confidence in the estimate of effect and
may change the estimate; low quality = further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the
estimate; and very low quality = we are very uncertain about the estimate.

|| Based on the median control group risk from all included trials.
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Publication Bias
We found no graphical or statistical evidence of pub-
lication bias (figures available upon request).

Discussion

We found that 20 randomized trials testing the effect
of probiotics (Bifidobacterium, Lactobacillus, Saccharomyces,
or Streptococcus species) in patients receiving antibiotics
showed a large relative risk reduction in the incidence of
CDAD (relative risk, 0.34 [CI, 0.24 to 0.49]). Of the 20
trials, 19 were blinded (Figure), and results were robust to
sensitivity analyses of worst-plausible-case assumptions re-
garding missing outcome data. Our judgment is that the
evidence warrants moderate confidence in this large relative
risk reduction (Table 2).

Results were similar in adults and children, with lower
and higher doses, among trials administering similar pro-
biotic species (for example, S. boulardii vs. L. rhamnosus),
and in studies at higher and lower risk of bias (Figure 4).
Trials using multiple species showed larger effects (relative
risk, 0.25 [CI, 0.15 to 0.41]) than those using a single
species (relative risk, 0.50 [CI, 0.29 to 0.84]). The sub-

Probiotics to Prevent Clostridium difficile-Associated Diarrhea REVIEW

group effect was one of a small number of a priori hypoth-
eses with a specified direction, and the test for interaction
suggested a low likelihood that chance explains the appar-
ent effect (P = 0.06) (Figure 4). However, the comparison
is between-study rather than within-study; the interaction
was not consistent across studies; and although it could be
argued that multiple organisms may be more effective than
single organisms, we are not aware of external evidence
involving probiotics and CDAD to support this hypothe-
sis. The hypothesis is sufficiently credible that it should be
addressed in future studies (28).

Of 17 trials reporting adverse events, none reported a
serious adverse event deemed attributable to probiotics,
with the pooled estimate virtually excluding any increase in
adverse events (relative risk, 0.82 [CI, 0.65 to 1.04]; I =
17%). We consider these results to warrant moderate con-
fidence that short-term probiotic use in persons who are
not immunodeficient or severely debilitated does not result
in important side effects (20).

The most recent previous systematic review and meta-
analysis of probiotics (52) addressed the treatment and pre-
vention of antibiotic-associated diarrhea and included a

Figure 4. Effect of probiotics on prevention of Clostridium difficile-associated diarrhea among subgroups.

Subgroup Events/Patients, n/n Relative Risk (95% CI) P Value for
Probiotic Group ~ Control Group Test of
(n = 1974) (n = 1844) Interaction

Age

Adults 33/1674 90/1539 " 0.22 (0.23-0.49)

Children 7/300 18/305 — 0.40 (0.17-0.96) 0.69
Probiotic dosage

>10 billion CFU/d 36/1775 98/1634 —— 0.34 (0.23-0.49)

<10 billion CFU/d 4/199 10/210 ] 0.61 (0.08-4.60) 0.57
Species

Other (mixed) species 8/335 37/339 —— 0.30 (0.15-0.61)

L. acidophilus + L. casei 11/431 31/350 —— 0.21(0.11-0.42) 0.34

L. rhamnosus 12/566 18/565 —a— 0.63 (0.30-1.33) 0.15

S. boulardii 9/642 22/590 —— 0.39 (0.19-0.82) 0.84
Risk of bias

Low 17/695 52/613 - 0.27 (0.16-0.46)

High or unclear 23/1279 56/1231 —— 0.42 (0.26-0.68) 0.24
Species

Single 21/1208 40/1155 —h— 0.50 (0.29-0.84)

Multiple 19/766 68/689 —i— 0.25 (0.15-0.41) 0.06

T T T T T 1
0.1 0.2 0.5 1.0 20 5.0 10.0
Favors Favors
Probiotic Control

Relative Risk (95% CI)

CFU = colony-forming units.
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meta-analysis of probiotics for the prevention of CDAD.
Among 14 included randomized, controlled trials, the
pooled estimate of effect reported as a relative risk was
0.29, which is very close to ours. We conducted a compre-
hensive search particular to CDAD and identified an addi-
tional 6 randomized, controlled trials for inclusion, thus
lowering the risk for publication bias while increasing the
precision of the results and further increasing confidence in
the estimate. We also systematically addressed the safety of
probiotics in a meta-analysis of adverse events reported
among 17 of 20 included trials.

Another systematic review (53) included 5 randomized
trials (41, 42, 45, 46, 54). We included 4 of these in the
previous review (41, 42, 45, 46) and excluded 1 study (54)
that did not specify how many participants in each group
developed CDAD. In addition to these 4 studies, we in-
cluded 16 trials that were published after the previous re-
view (53).

Dendukuri and colleagues (53) chose not to conduct a
meta-analysis because of variability in the probiotic agent,
probiotic dose, and criteria for diagnosing CDAD (53).
We began with the hypothesis that probiotic agents had
similar effects and that variation in diagnostic criteria
would result in random error but would not bias estimates
of treatment effect. We examined variability in results and
found it to be completely consistent with chance (P =
0%) in the effect of probiotics for the prevention of
CDAD. Despite this low variability, we conducted sub-
group analyses and found that the age of the enrolled pop-
ulation, probiotic dose, probiotic species, and risk of bias
failed to explain the clinical heterogeneity that did exist (all
interaction P > 0.05) (55).

Three recent systematic reviews have addressed the
safety of probiotics (20, 56, 57). The most comprehensive
of these reviews (20) searched 12 electronic databases and
included all study designs involving humans. For short-
term probiotic use compared with control group partici-
pants, results were consistent with our findings: 208
randomized, controlled trials showed no statistically signif-
icantly difference in the overall number of adverse events
(relative risk, 1.00 [CI, 0.93 to 1.07]), including serious
adverse events (relative risk, 1.06 [CI, 0.97 to 1.16]; 66
randomized, controlled trials were primarily based on Lac-
tobacillus species) (20).

Our review has limitations. First, the studies demon-
strated some inconsistency in CDAD diagnostic methods.
As mentioned, however, in blinded studies this inconsis-
tency would result in random error that, if anything,
would make detection of treatment effects less likely. Fur-
thermore, the consistency of the results across trials sug-
gests that differing diagnostic methods did not influence
results. Although only 7 of 20 studies were at low risk of
bias, results were similar between studies with lower and
higher risk of bias.

Second, although the CI around the pooled estimate
of effect on CDAD is narrow, the total sample size across

886 | 18 December 2012 | Annals of Internal Medicine | Volume 157 ¢ Number 12

studies did not meet the OIS (5676 persons). We therefore
rated the overall confidence in effect estimates as moderate.

Third, there is considerable variability in the control
group risk for CDAD across studies (Table 1). The control
group risk was very high in some included studies (for
example, 24% [37] and 40% [49]), buct it is possible that
these trials were conducted during C. difficile outbreaks.
The absolute magnitude of benefit from use of probiotics
will depend on the risk in patients who do not receive
prophylaxis.

Finally, of the 20 included trials, 13 excluded patients
who were immunodeficient or who were receiving immu-
nosuppressive therapy (33-35, 37-40, 43, 45, 46—48).
Although results suggested that no important adverse ef-
fects occurred in the studied population, the possibility of
serious adverse effects in severely debilitated or immuno-
compromised populations remains (20).

Our systematic review also has several strengths. First,
our search strategy was comprehensive, and we identified
and included 5 studies from the gray-literature search (47—
50). Second, we used 3 available approaches and found no
suggestion of publication bias.

Third, we conducted a stringent assessment of plausi-
ble assumptions regarding missing outcome data (29), an
aspect of rigor that has seldom been applied in meta-
analyses to date. Akl and colleagues (29) reviewed the rel-
evant literature regarding event rates in persons who are
difficult to follow versus those who were followed and sug-
gested a sensitivity analysis approach to explore vulnerabil-
ity to missing participant data. The approach involves as-
suming that the event incidence among participants with
missing data is higher by a specific ratio relative to the
observed event incidence among followed up participants,
referred to as the risk incidence in those lost to follow-up
versus those followed up (Rl rpyury). We chose the
Rl rpuspu values of 1:1, 1.5:1, 2:1, 3:1 and 5:1 in the
intervention group versus the control group by following
Akl and colleagues’ recommendations. We chose an upper
limit of 5 for Rl rpy/py because it is the highest ratio
reported in the literature of the incidence of bad outcomes
in persons with missing data (58).

Fourth, we assessed variability in results and con-
ducted subgroup exploration using optimal analytical and
interpretational approaches (22). Finally, we applied
GRADE criteria to interpret results and concluded that
there is moderate confidence that probiotics reduce CDAD
without resulting in important adverse effects. Given a to-
tal sample size of more than 3000 patients and narrow Cls
that suggest a large effect on CDAD, our rating down of
confidence in estimates on the basis of not meeting OIS
criteria represents a conservative interpretation of these re-
sults. The OIS represents the sample size that would be
required for a single optimally powered study using a mod-
est estimate of treatment effect. It is a safeguard against
premature conclusions regarding adequate precision that
may, as in this case, arise when the apparent effect is very
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large. If the OIS is met, it is reassuring; if it is not, it is
probably wise to lower confidence in estimates of effect for
imprecision.

Moderate-quality evidence supports a large protective
effect of probiotics in preventing CDAD. Given the low
cost of probiotics and the moderate-quality evidence sug-
gesting the absence of important adverse effects, there
seems little reason not to encourage the use of probiotics in
patients receiving antibiotics who are at appreciable risk for

CDAD.
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Appendix Figure. Risk of bias of included trials.
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* Miller and colleagues reported on 2 studies; the dosage of probiotic
used was 3 times greater than in the study above.

W-318 |18 December 2012 | Annals of Internal Medicine | Volume 157 ¢ Number 12

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 02/04/2015

www.annals.org



