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Probiotics do not significantly reduce nosocomial
pneumonia
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Liu and colleagues, in their recent meta-analysis, con-
cluded that probiotics were associated with a statistically
significant reduction in the incidence of nosocomial
pneumonia (NP) (odds ratio = 0.75; 95% confidence
interval = 0.57 to 0.97, P = 0.03) [1]. These results were
obtained using the fixed-effect model, ignoring a moder-
ate level of heterogeneity (I2 = 46%) [2]. However, we
believe that the inclusion criteria, subjects, and interven-
tions were different among the included studies, and
might have impacted the results. Good practice would
therefore be to choose a more conservative analysis; that
is, the random-effects model. Using this model, the
claimed reduction in NP would have been not significant
(odds ratio = 0.70, 95% confidence interval = 0.46 to 1.05,
P = 0.085) (Figure 1). We have already addressed this
issue with reference to a previous meta-analysis on pro-
biotics [3,4].
Remarkably, the authors used the random-effects

model only when the I2 test for heterogeneity was
higher than 50%. However, the strategy of starting with
a fixed-effect model and subsequently moving to a ran-
dom-effects model if the heterogeneity test is significant
is discouraged by some authors [5]. The selection of a
model should be based solely on the issue of which
model fits the distribution of the effect sizes and takes
into account the relevant sources of error.
In conclusion, this meta-analysis showed that probiotics

did not significantly reduce NP. Additionally, ventilator-
associated pneumonia and mortality were not impacted.
The use of probiotics to reduce these important outcomes
is therefore not justified given the low level of evidence.

Silvestri and colleagues noted that a more conservative
random-effects model should be used to analyze the
pooled incidence of NP. The reason why we used a
fixed-effect model in our analysis can be explained by
the lack of statistical power. The confidence intervals
tend to be wider especially when implementing a ran-
dom-effects model, and the statistical significance is
more likely to be lost. Regarding the potential misinter-
pretation among the special patient population in our
review that is different from other studies [4,6], we pre-
defined heterogeneity as low, moderate or high with I2

values above 25%, 50%, and 75%, respectively, as recom-
mended by some authors [7]. We calculated all pooled
odds ratios based on this criterion to increase the con-
sistency of our meta-analysis.
Silvestri and colleagues are also concerned about the

switch between different models. However, our popula-
tion of critically ill patients, as we mentioned above, is
from a heterogenetic group. Heterogeneity is an inevita-
ble issue in studies on critical care. Using different mod-
els depending on heterogeneity [7] is supposed to be a
more conservative way to interpret the results.
Despite the potential limitations of our work [1], we

believe the available evidence suggests that probiotics
have a marginal effect on the prevention of NP, and
relevant research should not be discouraged to identify
populations that benefit most from probiotics. We fully
agree with Dr Silvestri and colleagues that further large-
scale, randomized controlled trials are warranted. This
was also clearly stated in the conclusions of our meta-
analysis.
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Figure 1 Forrest plot for the impact of probiotics on
nosocomial pneumonia. Results presented as the odds ratio (OR)
with 95% confidence interval (CI) using the random-effects model.
OR < 1 favors treatment; OR > 1 favors controls. Heterogeneity was
not demonstrated (c2 = 10.4158, degrees of freedom = 11, P = 0.49;
I2 = 0%). The Cochran Q statistic for heterogeneity was used.
Heterogeneity was considered significant if P < 0.10. I2 was
evaluated with the formula 100%×(Q - df)/Q, where Q = Cochran Q
statistic and df = degrees of freedom (number of studies - 1).
Negative values of I2 are set equal to 0%. I2 = 0%, no observed
heterogeneity; I2 < 40%, mild heterogeneity; I2 = 30 to 60%,
moderate heterogeneity; I2 = 50 to 90%, substantial heterogeneity;
and I2 = 75 to 90%, considerable heterogeneity [2]. τ2 = 0.20425;
heterogeneity before taking τ2 into consideration was moderate
(c2 = 20.0232, degrees of freedom = 11, P = 0.045; I2 = 45.06%).
References to studies are included in [1].

Silvestri et al. Critical Care 2012, 16:453
http://ccforum.com/content/16/6/453

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/22731894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22731894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22731894?dopt=Abstract
http://www.cochrane-handbook.org
http://www.ncbi.nlm.nih.gov/pubmed/20562560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20562560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12958120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12958120?dopt=Abstract

	Authors’ response
	Author details
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


