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Ab s t r ac t
Objectives: Probiotics are live microorganisms which when administered in adequate amounts confer a health benefit on the host. Because of the 
wide usage of antibiotics, acute changes in diet, and the stress of illness, critically ill patients’ homeostasis of the gut microbiome can be disrupted 
during intensive care unit (ICU) confinement; probiotics are suggested as a beneficial intervention in critically ill patients. We tried to give an 
overview of the effects of probiotic supplements in critically ill patients based on published systematic reviews (SRs) and meta-analyses (MAs).
Data sources: A systematic search was performed in four databases as well as hand searching. 
Study selection: The results were independently screened in two title/abstracts and full-text stages. 
Data extraction: Any reported outcomes in each study were extracted, using a data extraction table. 
Data synthesis: A wide range of outcomes of using probiotic supplements in critically ill patients have been reported in 20 included studies. 
Based on the current knowledge, we can say that probiotics may reduce the rate of ventilator-associated pneumonia, nosocomial pneumonia, 
the overall infection rate, duration of mechanical ventilation, and antibiotic use in critically ill patients, but there is not a significant association 
between using the probiotics and mortality, length of hospitalization, and incidence of diarrhea. 
Conclusion: Despite the various beneficial effects of probiotics in critically ill patients, there is not yet much evidence supporting the routine 
use of these supplements and further well-designed multicenter trials are needed to provide “evidence-based” recommendations.
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St u dy Hi g h l i g h ts
•	 In this umbrella review, we investigated the effects of probiotic 

supplements in critically ill patients to give an overview of any 
reported outcome in systematic reviews and meta-analyses. 

•	 Probiotics have been reported to reduce the rate of ventilator-
associated pneumonia (VAP), nosocomial pneumonia, the overall 
infection rate, duration of mechanical ventilation, and antibiotic 
use in critically ill patients, but they have shown no or a little efficacy 
in reducing the rate of mortality and length of stay in hospital.

•	 The low quality of included studies is one of the most common 
limitations in the included systematic reviews. Our risk of bias 
assessment results indicated a high level of concerns about 
methodological misconduct in our included systematic reviews, 
too. 

In t r o d u c t i o n
Probiotics are nonpathogenic live microorganisms mainly bacteria, 
yeasts, or fungi, which are effective for the human body’s health 
especially for the digestive system.1 They can be found in yogurt or 
other fermented food or supplements. According to the World Health 
Organization (WHO) and Food and Agriculture Organization of the 
United Nations (FAO) definition, probiotics are “Live microorganisms 
which when administered in adequate amounts confer a health benefit on 
the host”.2 In recent years, the use of these supplements has become 
popular because of their benefits on human health, especially in 
infectious diseases, approved in numerous studies.3–5 Probiotics 
contain a variety of microorganisms, but mostly they belong to two 
groups of bacteria called Lactobacillus and Bifidobacterium. These 
supplements help the body maintain its health by replacing “good” 
bacteria in case of elimination by antibiotics with balancing the 
number of “good” and “bad” bacteria and also influencing our body’s 
immune response.6 Although probiotics mostly affect the digestive 
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system, they have a broad range of activities affecting other parts of 
the body, such as skin and urinary tract, too.7,8

Previously, clinicians’ interest in the microbiome was only 
limited to the time of occurrence of an infection in the body, but it 
seems that it is time for a change in this insight. A systematic review 
(SR) of existing meta-analyses (MAs) performed in 2017 provided a 
critical overview of the use of probiotic supplements in physiologic 
and pathological conditions and stated that the evidence-based 
effects of probiotics were only for antibiotic-associated and 
Clostridium difficile-associated diarrhea and respiratory tract 
infections, but it also stated a need for further well-conducted 
studies for ventilator-associated pneumonia (VAP) patients in 
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intensive care unit (ICU).9 In 2017, a Cochrane Overviews of Reviews 
about preventive interventions of probiotics in clinical practice 
found that whether none of 16 included Cochrane SRs provided 
high-quality evidence for any outcome, but probiotics decreased 
the incidence of diarrhea and upper respiratory tract infections, 
need for antibiotics, and absences from school due to colds and 
also VAP.10 Probiotics, with or without a combination of prebiotics, 
are suggested as a beneficial intervention in critically ill patients. 
Because of the wide usage of antibiotics, acute changes in diet, and 
the stress of illness, patients’ homeostasis of the gut microbiome 
can be disrupted.11 In this condition, probiotics can sustain the gut 
microbiota in the patients12 and prevent opportunistic infections 
that can live in the absence of protective gut microorganisms.13 
Prevention and treatment of various infections, diarrhea, and 
perioperative complications in transplant patients14 are some of 
the reported benefits of probiotic supplements. 

The high level of risk of bias (RoB) in trials makes the existing 
data inconclusive regarding the routine usage of probiotics in 
critically ill patients.15,16 According to Canadian Critical Care Nutrition 
Guidelines, the use of probiotics should be considered in critically 
ill patients, except for an unsafe one, Saccharomyces boulardii. This 
update was after adding 12 randomized controlled trials (RCTs) 
conducted from 2009 until 2013. Aggregation of the results of 
these studies with earlier trials suggested a reduction in VAP with 
the use of these supplements in critically ill patients.17 Society of 
Critical Care Medicine (SCCM) and American Society for Parenteral 
and Enteral Nutrition (ASPEN) do not recommend the routine use of 
these supplements in ICU,18 and the German Society for Nutritional 
Medicine (DGEM) considers “may” recommendation to be justified.19 
When looking for the best evidence, SRs and MAs are at the top of the 
pyramid; so, we are taking to the next level and design this SR of SRs, 
also called umbrella review, to investigate the effects of probiotic 
supplements in critically ill patients to give an overview of any 
reported outcome in SRs and MAs to reach the most reliable results. 

Me t h o d s
A systematic search was performed until September 2020 in 
PubMed, ScienceDirect, EMBASE, and Cochrane database for SRs 

with (Probiotic OR synbiotic) AND (Critical Care OR Intensive Care 
Unit OR Critical Ill OR ICU) AND (systematic review OR meta-analysis) 
keywords and without any filters. Results were imported to EndNote 
software, and after adding results of hand searching to these 
records, two authors independently reviewed the identified title/
abstracts and full texts in two stages and selected articles which 
met our eligibility criteria. 

The inclusion criteria were as follows: (1) SR journal articles; (2) 
the population of the study being adult critically ill patients; and (3) 
the intervention of using probiotics with or without combination 
with prebiotics. The exclusion criteria were as follows: (1) other types 
of studies; (2) studies in languages other than English; (3) animal 
studies; (4) studies of neonates or children; and (5) conference 
abstracts because of a lack of enough information.

The RoB assessment of studies included in this umbrella review 
was done by two authors using risk of bias in systematic reviews 
(ROBIS) tool, which is designed specifically to assess the RoB in 
SRs. Any disagreement between the researchers is resolved by 
referring to the corresponding author. ROBIS tool is completed 
in three phases, and the first phase assesses the relevance of the 
study which is optional. The second phase of the tool identifies 
any concerns with the process, including the appreciate eligibility 
criteria, selection of the studies, data collection and study appraisal, 
and data synthesis, and finally, the third phase is the judgment of 
overall RoB in the SR, so this tool assesses the RoB in reviewing 
process, results, and even conclusion.20

The data extraction was done independently by two authors 
with a data extraction table, including studies name, the number of 
included articles, search databases, interventions and comparisons, 
quality assessment methods, study population, and outcomes. 
Flowchart 1 is preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) 2009 flow diagram,21 and detailed 
information about searching, selecting, and reasons for excluded 
studies are presented in this flowchart. 

Re s u lts
The database search resulted in 559 records, and finally, 20 studies 
were included in umbrella review. A wide range of outcomes of 

Flowchart 1: PRISMA flow diagram
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Overall Mortality
In 2017, a study of probiotics efficacy in preventing VAP29 pooled 
90-day mortality data of the studies as one of their secondary 
outcomes. In two studies, supplementation was not associated with 
a reduction in 90-day mortality. In addition, a 28-day mortality rate 
was also reported and the difference was not significant. Moreover, 
there was no significant difference in the overall mortality rate, too.

Hospital and Intensive Care Unit Mortality
Twelve studies compared the rate of hospital mortality between 
intervention and control groups but none of them could detect 
a significant efficacy in this regard. Similar to hospital mortality, 
12 studies gave information on ICU mortality. Except for one SR,13 
efficacy was not significant in this regard, too.

Length of Hospital and Intensive Care Unit Stay
Six different SRs found no changes in the hospital length of 
stay (LoS) with using probiotics in ICU patients. Thirteen studies 
investigated ICU LoS as one of their outcomes, and except for two 
of them,24,27 they could not show an effect of probiotics in reducing 
the length of stay in ICU.

Diarrhea
Diarrhea was the most common reported adverse event in all 
studies. Eleven studies compared the rate of diarrhea between 
probiotic supplement users and the control group but using 
probiotics was not associated with changes in the rate of diarrhea 
in any of these studies.

Safety Issues
In 2010, Whelan et al.30 investigated 72 different-type studies for 
assessing the safety of probiotics. Twenty-one studies included 
in this SR were performed in critically ill patients. Probiotics were 
tolerated well in most of these studies, and no serious side effects 
were reported. Also, another SR of the safety of probiotics in 
201431 evaluated the safety of probiotics in humans and animal 
models. They found that critically ill patients besides the immune-
compromised and postoperative patients are the most at-risk 
populations to develop adverse effects. 

Others
In 2020, a SR of complementary and alternative medicines’ effect 
on sleep quality and quantity in adult intensive care patients found 
no relevant data meeting their inclusion criteria about probiotics; 
so, to the best of our knowledge, no studies have investigated this 
outcome.32

Probiotics’ potential to modulate the inflammatory process 
was investigated in a SR in 2019.33 This study includes only one RCT 
with a population of critically ill patients34 showing that probiotics 
reduce the level of serum interleukin 6 (IL-6) and prolactin (PCT), 
but also a significant increase in serum protein C levels is observed.

Risk of Bias Assessment
Results of the RoB assessments are summarized in Table 2 and 
Figure 1. In terms of eligibility criteria, there was not much concern 
and most of the studies had low RoB based on our assessment. In 
the second domain of ROBIS tool, which assesses the RoB in the 
selection of the studies, the most common concern was about 
efforts to minimize errors in the selection of the studies. In the 
data collection and study appraisal domain, most of the studies 
did not report any try to reduce error in data collection and RoB 

using probiotic supplements in critically ill patients has been 
reported in the studies. All the related data about using probiotic 
supplements in critically ill patients are summarized in Table 1. 

Ventilator-associated Pneumonia
Eleven studies have investigated the relationship between using 
probiotic supplements and the incidence of VAP. Eight of these 
studies, including the study with the largest sample size22 and 
the latest one,23 found probiotic supplementation as an effective 
intervention. Three studies24–26 reported the results of the 
subgroup analysis by the route of administration, and except for 
one study, the results were still significant when the oral form was 
excluded. The subgroup of different probiotic regimens in two 
studies22,26 showed a better efficacy for Lactobacillus rhamnosus 
compared to others.

Incidence of Nosocomial Pneumonia
Four studies assessed the efficacy of probiotic supplements in 
reducing the incidence of nosocomial pneumonia, and a statistically 
significant difference was seen in the largest scale study.27

Duration of Mechanical Ventilation
Seven studies reported the results regarding the duration of 
MV. Until the latest published SR,23 none of the studies found a 
significant change with the use of probiotics; but the latest SR, with 
the largest sample size, found it effective.

All Infections
There are four SRs giving information in this regard. The last 
and largest-scale study28 found that probiotics were effective in 
reducing the rate of infections.

Urinary Tract Infection (UTI)
Only one study gave information in this regard. In 2012, a SR25 
with pooling data from two trials found that probiotics were not 
associated with a decrease in the incidence of UTI as one of their 
secondary goals.

Catheter-related Bloodstream Infection (CR-BSI)
Catheter-related bloodstream infection (CR-BSI) was the other 
outcome reported in two of our included SRs, and none of them 
found a significant relation.

Antibiotic Use
Probiotic efficacy in reducing antibiotic use was investigated in 
two SRs, and the latest one with a larger scale28 found it good 
complementation for antibiotic therapy of critically ill patients.

Antibiotic Use for VAP
Antibiotic use for VAP has been reported in three SRs, with totally 
different results. Three studies investigated this outcome, and the 
antibiotic use was not different between placebo and probiotic 
group in one study, while in the other two ones, antibiotic usage 
was higher in probiotic and placebo group. 

Septic Complication
None of the three included trials that reported the rate of bacteremia 
in the MA of Siempos et al.24 showed any case of bacteremia in the 
probiotic group. Also, there was no infection or bacteremia due to 
a probiotic strain used in Barraud et al.27 SR, based on the results 
of nine studies.
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Fig. 1: Summary of the risk of bias assessment based on ROBIS tool. P, phase; D, domain; Q, question

assessment. Except for three studies, others assessed the RoB 
in their included studies, with Jadad score, Cochrane criteria, or 
other quality assessment tools. Finally, in terms of data synthesis 
biases, the similarity of pooled data was not considered in most of 
the studies. Also, the authors did not address the RoB assessment 
results in their final data synthesis, in about half of the studies. 
Overall, RoB assessment results indicated a high level of concerns 
about methodological misconduct in our included SRs. 

Di s c u s s i o n
In this overview of SRs, all the reported outcomes regarding 
probiotic supplements were investigated. There are still a lot of 
controversies between different studies, which make it impossible 
to reach a reliable conclusion. Based on the current knowledge, 
we can say that probiotics may reduce the rate of VAP, nosocomial 
pneumonia, the overall infection rate, duration of mechanical 
ventilation, and antibiotic use in critically ill patients, but it has 
no or little efficacy in reducing the rate of mortality and length of 
hospitalization. In addition, there is not a significant association 
between using probiotics and the incidence of diarrhea. 

Infection during ICU confinement is a worldwide challenge 
with a high mortality rate reaching about 60%.35 VAP is the second 
most common nosocomial infection in the United States, after 
catheter-associated urinary tract infections.36 It imposes a great 
financial burden on the healthcare system. The American Thoracic 
Society recommended the antibiotics for treatment of VAP in 
ICU patients, but the increasing concern of multidrug-resistant 
bacteria highlighted the importance of prevention strategies.37 
A study comparing different interventions found probiotic a 
cost-effective intervention, in the prevention of VAP.38 Despite 
the possible efficacy of probiotic supplements in the treatment 
of VAP, its efficacy in the prevention of death is not considerable. 
It could be because of the limited attribution of VAP in the 
mortality of ICU patients.39 In other words, probiotics could not 
affect the other more prevalent critical illness of ICU patients, 

such as organ failure, and consequently could not significantly 
reduce the mortality rate. 

The safety of probiotic supplements is not something worrying 
for many people. It has been used in foods and dairy products 
for a long time, and many people consider it a safe product.40 As 
many probiotics are sold as dietary supplements in the United 
States (US), it does not require FDA approval, so there is a lack 
of certain information on the safety of these supplements. In 
2019, FDA stated that “Over-the-counter probiotics used in clinical 
trials to investigate their potential use for various disease conditions 
require more stringent quality controls to ensure purity and potency 
of the product”.41 Also, the US National Institutes of Health (NIH) 
believes that the risk of harmful effects of living microbiota is 
greater for critically ill patients.42 In 2011, a review of 622 studies 
found a lack of assessment and systematic reporting of adverse 
events in probiotic intervention studies and the safety of probiotic 
interventions was stilled unclear.43 In 2018, a SR of 384 probiotic, 
prebiotic, and synbiotic trials found that the broad conclusion of 
the safety of these supplements without reporting safety data is 
impossible. In this study, 53 trials involved hospitalized or critical 
care patients, and 37 of them included harm-related data in the 
publication.44 Studies also reported that probiotics might lead to 
fungemia and bacteremia45 and it should be used with caution in 
immune-compromised patients and older adults.46

A Cochrane review of pharmacological interventions for 
acute pancreatitis in 201747 investigated the length of ICU stay 
in pancreatitis patients. None of 13 studies (n = 1,188) reported a 
consistent decrease in length of ICU stay. Also, a MA of RCTs in 2013 
investigated the efficacy of pre-, pro-, or synbiotic supplements 
in trauma patients. According to this study’s results, use of these 
supplements reduced the length of ICU stay (two trials; SMD, 
−0.71; 95% CI, −1.09 to −0.34, p <0.001), incidence of nosocomial 
infections (five trials; RR, 0.65; 95% CI, 0.45–0.94, p =  0.02), and 
VAP (three trials; RR, 0.59; 95% CI, 0.42–0.81, p =  0.001) in these 
patients, but no reduction in mortality (four trials; RR, 0.63; 95% CI, 
0.32–1.26, p = 0.19) was reported in this study.48 These two studies 
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did not meet our inclusion criteria because of their different study 
population.

This umbrella review indicates the need for more well-
designed clinical trials rather than SRs. The restoration of gut 
microflora in critical illness trial (ROCIT) is one of the future studies. 
This Australian multicenter study can provide clear evidence about 
probiotic usage in ICU patients in a large sample size.49 The low 
quality of included studies is one of the most common limitations 
in the included SRs,25,29,50 which should be considered in future 
studies. Also, publication bias is one of the other concerns.28 The 
heterogeneity in different species was the common bias, which can 
harm the validity of the findings. This could raise from the limited 
published studies, which force the authors to pool heterogenic 
data to reach a single outcome. Different critically ill definitions 
and various diagnostic criteria for VAP are the other limitations, 
which should not be neglected. The different diagnostic criteria 
not only can result in great variation in the incidence of VAP but 
also can influence the mortality rate.51 The main strength of 
our study was the novel study protocol to assess the efficacy of 
probiotic supplements in critically ill patients based on the best 
available evidence. Also, adding other resources to search results 
of four databases led to the full coverage of published studies. 
Using a standard approach in conducting this review is the other 
strength of this study. 

Co n c lu s i o n
In conclusion, despite the various beneficial effects of probiotics 
in critically ill patients, there is not yet much evidence supporting 
their routine use and the available evidence is not sufficient enough 
to recommend the use of probiotics in critically ill patients. Further 
well-designed multicenter trials are needed to confirm their effects 
and benefits in these patients and to provide “evidence-based” 
recommendations.
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