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Corticosteroids and gastrointestinal bleeding in critical care: a sys-

tematic review and meta-analysis 
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Abstract 

Background: Current belief suggests that pa-

tients receiving corticosteroids have an in-

creased risk of bleeding from stress ulceration 

and that these patients should receive stress ul-

cer prophylaxis. This issue is important as many 

ICU patients receive corticosteroids and the 

pharmacologic agents used for stress ulcer 

prophylaxis are associated with adverse events. 

Aim: The goal of this systematic review and me-

ta-analysis was to compare the rate of clinically 

significant (overt) gastrointestinal (GI) bleeding 

in critically ill patients receiving corticosteroids 

versus placebo. 

Methods: We searched PubMed, Embase, and 

the Cochrane database from inception through 

December 2018. In addition, the bibliographies 

of selected articles were reviewed for relevant 

studies and included if inclusion criteria were 

met. Included studies were randomized, place-

bo-controlled and blinded studies that com-

pared treatment with corticosteroids for any 

indication in a patient population that included 

only ICU patients. Primary outcome of interest 

was rate of clinically significant GI bleeding in 

patients treated with corticosteroids versus pla-

cebo. Results were expressed as risk ratio (RR) 

with accompanying 95% confidence interval    

. 

(CI). Heterogeneity, sensitivity analysis, and 

risk of bias were explored. In addition, we did a 

subgroup analysis according to the use of “low-

dose” (<400 mg hydrocortisone or equiva-

lent/day) versus “high-dose” corticosteroid. 

Results: Thirty-five studies, which enrolled 

16,659 patients, met inclusion criteria and were 

analyzed. Significant GI bleeding was recorded 

for 355 patients (overall rate of 2.1%). Sum-

mary data demonstrated no difference in the 

risk of GI bleeding between those treated with 

corticosteroids versus placebo (RR 1.08; 95% 

CI 0.88-1.33; p=0.46) with minimal heterogenei-

ty between studies (Q statistic p=0.86, I2=0%). 

Similarly, there was no significant difference in 

the risk of GI bleeding in either the low (RR 

1.04; 95% CI 0.78-1.38) or the high dose groups 

(RR 1.13; 95% CI 0.84-1.53) and in those stud-

ies at low risk of bias (RR 1.16; 95% CI 0.91-

1.49) and those at a high risk of bias (RR 0.88; 

95% CI 0.6-1.28). 

Conclusion: This meta-analysis did not identify 

a clinically significant difference in the rate of 

overt GI bleeding in critically ill patients receiv-

ing corticosteroids as compared to placebo. The 

role of stress ulcer prophylaxis in these patients 

remains uncertain. 
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Introduction 
The association of corticosteroids and gastrointes-

tinal adverse effects such as gastrointestinal (GI)    

. 

bleeding has been debated and disputed for dec-
ades. (1,2) Furthermore, the use of stress ulcer 

prophylaxis (SUP) with H2 blockers or proton 

pump inhibitors (PPIs) to prevent such outcomes 
has led to further controversy, in relation to not 

only treating or preventing an unconfirmed disease 

process, but also, the potential for adverse effects 

related to PPI use. The use of corticosteroids and 
its influence on the GI system has been described 

by several observational studies, (3-5) but uncer-

tainty persists due to the presence of possible con-
founding factors and the likely multifactorial etiol-

ogy. In more recent years, the use of PPI has in-

creased enormously, but not without consequences. 
(6) There has been increasing evidence to suggest a 
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link between the use of PPIs and an increased risk 

of clostridium difficile infection, nosocomial 
pneumonia, and acute kidney injury. (7,8) As such, 

the routine use of SUP in general and specifically 

for patients on corticosteroids remains controver-
sial. In addition, an association between cortico-

steroid use and peptic ulcers is considered by many 

gastroenterologists to be unlikely, as corticoste-

roids are not believed to possess ulcerogenic prop-
erties. (9) However, physician surveys demonstrate 

that many still consider corticosteroids ulcerogenic 

and routinely prescribe PPI prophylaxis. (9) This 
uncertainty is more pronounced in the setting of 

critically ill patients receiving corticosteroids. The 

primary goal of this meta-analysis was to review 

the existing literature and synthesize the evidence 
to determine the incidence of clinically significant 

gastrointestinal hemorrhage in critically ill patients 

receiving corticosteroids. 
 

Methods 

Identification of trials 
Our goal was to review and include all random-

ized, blinded, controlled trials in critically ill pa-

tients admitted to the ICU who were randomized to 

receive corticosteroids or placebo for treatment of 
the underlying principle diagnosis and which re-

ported the rate of clinically important GI bleeding. 

Clinically important gastrointestinal in the ICU is 
defined as overt gastrointestinal bleeding and at 

least one of the following features: a spontaneous 

decrease blood pressure, a decrease in hemoglobin 
of at least 2 g per deciliter, or transfusion of two or 

more units of packed red cells. We excluded stud-

ies that included patients who had a history of pep-

tic ulcer disease, those that enrolled patients under 
the age of 18 years and those that included patients 

chronically receiving corticosteroids. A literature 

search was performed using PubMed, Embase, and 
the Cochrane database from inception through Oc-

tober 2018. The PubMed search strategy is depict-

ed in Figure S1 (supplementary Figure 1). In addi-

tion, the bibliographies of selected articles were 
reviewed for relevant studies and included if inclu-

sion criteria were met. Articles were reviewed for 

data on rate of clinically significant gastrointestinal 
hemorrhage. Studies were sub-grouped according 

to the use of “low” dose corticosteroid (<400 mg 

hydrocortisone or equivalent/day) or high dose 
corticosteroid, and the rate of GI bleeding was 

compared between the placebo and corticosteroid 

groups. 

 
Data extraction and quality assessment 

The three reviewers independently assessed eligi-   

. 

bility of articles identified in the initial search 

strategy for inclusion. Relevant data was extracted 
and compiled on a standardized data matrix, which 

identified each paper with several parameters in-

cluding: author, year, number of patients, country 
of origin, underlying principle diagnosis, dose of 

corticosteroid used, rate of GI bleeding on cortico-

steroid, rate of GI bleeding on placebo, and the 

stated use of stress ulcer prophylaxis. 
 

Statistical design 

Descriptions of all studies involved in the analysis 
were compiled and reported. Pooled risk ratio (RR) 

and its 95% confidence interval (CI) were estimat-

ed using a weighted random-effect model DerSi-

monian-Laird approach. Heterogeneity among the 
studies was assessed by the Cochran Q and the I2 

statistics. The heterogeneity was considered signif-

icant if either the Q statistic had a p<0.1 or 
I2>50%. All statistical tests for this meta-analysis 

were performed using Review Manager 5.3.5 

(Cochrane Community). The risk of bias was as-
sessed using the Cochrane risk of bias assessment 

tool. The authors have read the PRISMA 2009 

Checklist, and the manuscript was prepared and 

revised according to the PRISMA 2009 Checklist. 
 

Results 

Our initial search strategy yielded 106 full text ar-
ticles for review, of which 32 articles met inclusion 

criteria. An additional three studies were identified 

upon review of bibliographies, which met inclu-
sion criteria and were included in the meta-analysis 

for a total of 35 double blinded, randomized con-

trolled trials, which enrolled a total of 16,659 pa-

tients. (10-44) The results of the search strategy are 
depicted in Figure S2 (supplementary Figure 2). 

The included studies are summarized in Table 1. 

The average sample size was 476 (23-7507) pa-
tients. The risk of bias assessment of the included 

studies is depicted in Figure S3 (supplementary 

Figure 3). Eight studies (22%) were at high risk for 

bias for any of the 6 domains. (10,13,16,19,22,25, 
32,35) 

Significant GI bleeding was recorded for 355 pa-

tients (overall rate of 2.1%). Summary data 
demonstrated no difference in the risk of GI bleed-

ing between those treated with corticosteroids ver-

sus placebo (RR 1.08; 95% CI 0.88-1.33; p=0.46) 
with minimal heterogeneity between studies (Q 

statistic p=0.86, I2=0%). Similarly, there was no 

significant difference in the risk of GI bleeding in 

either the low (RR 1.04; 95% CI 0.78-1.38) or the 
high dose groups (RR 1.13; 95% CI 0.84-1.53); the 

forest plot is depicted in Figure 1. There was no    
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difference in the risk of GI bleeding in those stud-

ies with a low risk of bias (RR 1.16; 95% CI 0.91-
1.49) and those at a high risk of bias (RR 0.88; 

95% CI 0.6-1.28). Three studies reported using 

PPIs, (20-22) with no difference in risk of bleeding 
complications (RR 1.14; 95% CI 0.21-6.26; p=0.2) 

between the corticosteroid and placebo groups. 

With regards to those studies not reporting on the 

use of SUP, no difference was once again seen for 
clinically significant bleeding (RR 1.08; 95% CI 

0.88-1.33; p=0.8) between the corticosteroid and 

placebo groups. 
 

Discussion 

The underlying pathophysiology causing stress 

ulcers or stress related mucosal damage is not 
completely understood. It is postulated to be con-

sequence of severe physiological stress leading to 

decreased mucosal blood flow, tissue ischemia and 
reperfusion injury leading to a compromised integ-

rity of the gut barrier and mucosal defense system. 

This process ultimately results in inflammation, 
injury, and ulceration. (45,46) In the 1994 prospec-

tive, observational study by Cook et al, which in-

cluded 2200 critically ill patients, mechanical ven-

tilation for greater than 48 hours and coagulopathy 
were identified as substantial risk factors for clini-

cally significant GI bleeding, and was subsequent-

ly widely adopted as indications for stress ulcer 
prophylaxis. (47) Over time, this precautionary 

guideline has become more mainstream as many 

institutions today routinely engage in SUP in all 
patients that are admitted to the intensive care unit. 

More recently, the benefits of stress ulcer prophy-

laxis have been questioned and the indications for 

this intervention have become less clear. (48) A 
recent multicenter, randomized controlled trial, 

which enrolled 3298 high risk ICU patients failed 

to demonstrate a benefit from routine stress ulcer 
prophylaxis. (49) Nevertheless, many clinicians 

believe that corticosteroids increase the risk of 

stress ulceration and therefore advocate for the use 

of stress ulcer prophylaxis in this situation. (50,51) 
The meta-analysis reported here demonstrated no 

evidence of increased incidence of GI bleeding in 

patients who are critically ill and receiving cortico-
steroids compared with those receiving placebo. 

Furthermore, when grouped by high dose and low 

dose corticosteroid use, there was no significant 
increase in the rate of GI bleeding for patients on 

corticosteroids as compared to patients on placebo. 

If steroids are truly ulcerogenic one would have 

expected the rate of GI bleeding from stress ulcera-
tion to be increased in the group of patients receiv-

ing high dose corticosteroids. These findings chal-   

. 

lenge conventional practice that occurs daily in 

many intensive care units across the world. 
The data presented in this meta-analysis contrib-

utes to the heterogeneity of findings that have been 

reported previously. (1,2,9) Our findings differ 
from the previously reported meta-analysis by 

Narum et al, who reported a 40% increase in the 

odds ratio for GI bleeding or perforation in hospi-

talized patients receiving corticosteroids. (9) How-
ever, the majority of studies reviewed by Narum 

and colleagues did not report a history of peptic 

ulcer as an exclusion criterion, which may repre-
sent a significant confounding contribution to-

wards the results. (9) Our findings are more con-

sistent with previously published studies by Conn 

and colleagues, (1,52) who concluded that it was 
unlikely that corticosteroids increased the risk of 

bleeding from stress ulceration. 

The strengths of this meta-analysis include the fact 
that we only included randomized, placebo-

controlled trials. Furthermore, to our knowledge, 

this is the first meta-analysis restricted to critically 
ill patients. In addition, studies that included pa-

tients previously on steroids and those who had a 

history of GI bleeding were excluded, which lead 

to a more standardized pool of patients to prevent 
potential confounding. Limitations of our study 

include a paucity of trials that reported data on the 

use of stress ulcer prophylaxis. Only three studies, 
representing 259 patients, reported on the use of 

stress ulcer prophylaxis. However, due to the ubiq-

uitous use of stress ulcer prophylaxis in ICUs 
worldwide, (53) it is likely that stress ulcer prophy-

laxis was used in those studies in which it was not 

specifically reported. It could therefore be argued 

that the use of stress ulcer prophylaxis prevented 
stress ulceration in the patients receiving cortico-

steroids. However, if such an association existed it 

would have been expected that the risk of bleeding 
would be higher in the patients receiving high dose 

corticosteroids. However, subgroups such as burn 

victims or patients suffering from traumatic brain 

injury receiving corticosteroids may derive benefit 
from stress ulcer prophylaxis as this population 

may be at an increased risk of bleeding for stress 

ulceration. 
 

Future directions 

The notion of pharmacological interventions to 
prevent stress ulceration has been challenged in 

more recent years. (54) As discussed previously, 

the mechanism of injury is postulated to be related 

to perfusion abnormalities, and not necessarily gas-
tric acid hypersecretion. In addition, with regard to 

potential adverse effects of PPI therapy, a substan-   
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tial interest has been undertaken with alternate 

strategies, such as enteral nutrition. A meta-
analysis, which included 1836 patients reported 

that in the presence of enteral feeding, pharmaco-

logical stress ulcer prophylaxis did not significant-
ly change the rate of stress ulcer related gastroin-

testinal hemorrhage. (55) Worth noting, is the 

identification of a subgroup of patients on enteral 

feeding and PPIs who were at increased risk for 
pneumonia and increased mortality. (55) A recent, 

larger meta-analysis confirmed similar findings. 

(56) Enteral nutrition may lead to more favorable 
regional gastric mucosal blood flow, leading to 

optimization of barrier energy utilization and func-

tion and intraluminal pH while simultaneously 

avoiding ischemia and reperfusion related inflam-
mation and injury. (56) Future studies should ex-

plore the risk of GI bleeding in patients receiving 

corticosteroids who are not receiving stress ulcer 
prophylaxis and the influence of early enteral feed-

ing. 

Conclusion 

This meta-analysis failed to identify a clinically 
significant increase in the rate of gastrointestinal 

bleeding in critically ill patients receiving cortico-

steroids. The potential confounding of enteral feed-
ing and stress ulcer prophylaxis on corticosteroid 

induced GI bleeding needs to be further examined. 
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Table 1. A summary of all the studies included in the meta-analysis. Low dose steroids include less than 400 

mg hydrocortisone or equivalent per day 
 

Author Year Country Sample size Steroid dose Population 

Abroug 2014 Tunisia 217 Low COPD 

Alia 2011 Multiple 83 High COPD 

Annane 2002 France 299 Low Septic shock 

Annane 2018 France 1241 Low Septic shock 

Arabi 2010 Saudi Arabia 75 Low Cirrhosis and septic shock 

Asehnoune 2014 France 328 Low Traumatic brain injury 

Bollaert 1998 France 41 Low Septic shock 

Braakman 1983 Netherlands 161 High Traumatic brain injury 

Bracken 1990 USA 333 High Spinal cord injury 

Briegel 1999 Germany 40 Low Septic shock 

Chaney 1998 USA 60 High CABG 

Confalonieri 2005 Italy 48 Low Severe CAP 

Cooper 1979 USA 76 High Traumatic brain injury 

de Gans 2002 Europe 301 High Meningitis 

Dias Cicarelli  2006 Brazil 29 Low SIRS syndrome post-op setting 

El-Ghamrawy 2006 Egypt 34 Low Severe CAP 

Gagnon 1990 USA 23 Low Pneumocystis jirovecii  

Huang 2014 China 69 Low Burn patients 

Lee 2007 Taiwan 86 Low MV>48 hrs 

Matsumoto 2001 Japan 46 High Spinal cord injury 

Meduri 1998 USA 23 High ARDS 

Meduri 2007 USA 89 Low ARDS  

Mentzelopoulos 2013 Greece 149 Low In hospital cardiac arrest 

Prasongsukarn 2005 Canada 86 High CABG 

Roquilly 2011 France 149 Low Trauma patients 

Sabry 2011 Egypt 80 Low Severe CAP 

Schumer 1976 USA 172 High Septic shock 

Sprung 1984 USA 59 High Septic shock 

Sprung 2008 Europe 499 Low Septic shock 

Thomas 1999 Europe 60 High Meningitis 

Tongyoo 2016 Bangkok 195 Low ARDS 

Torres 2015 Spain 120 Low Severe CAP 

VaSSCSG 1987 USA 223 High Septic shock 

Venkatesh 2018 Australia 3658 Low Septic shock 

Whitlock 2015 Multiple 7507 High CABG 

 

Legend: COPD=chronic obstructive pulmonary disease; CABG=coronary artery bypass grafting; 

SIRS=systemic inflammatory response syndrome; ARDS=acute respiratory distress syndrome; 

CAP=community acquired pneumonia; MV=mechanical ventilation. 
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Figure S1. The search strategy and keywords used for literature review and identification of relevant studies 
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Figure S2. The selection of relevant studies from search results 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
Legend: ICU=intensive care unit; GIB=gastrointestinal bleeding. 
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Figure S3. Risk of bias assessment 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Legend: Green=low risk of bias; clear box=unclear risk of bias; red=high risk of bias. 
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Figure 1. A summary forest plot of all papers included in systematic analysis stratified by dose of 

corticosteroids with depicted individual and pooled odds ratio for gastrointestinal hemorrhage 
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