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(e novel coronavirus disease 2019 (COVID-19) has been reported to affect the gastrointestinal system with a variety of
symptoms, including bleeding. (e prevalence of bleeding in these patients remains unclear. (e aim of this meta-analysis is to
estimate the rate of gastrointestinal bleeding in COVID-19 patients and its association with mortality. MEDLINE and Embase
were searched through December 20, 2020. Studies reporting COVID-19 patients with and without gastrointestinal bleeding were
included. Estimated prevalence with 95% confidence intervals (CI) was pooled; heterogeneity was expressed as I2. Metaregression
analysis was performed to assess the impact of confounding covariates. Ten studies met the inclusion criteria and were included in
the analysis. A total of 91887 COVID-19 patients were considered, of whom 534 reported gastrointestinal bleeding (0.6%) [409
(76.6%) upper and 121 (22.7%) lower gastrointestinal bleeding (UGIB and LGIB, resp.)]. (e overall pooled gastrointestinal
bleeding rate was 5% [95% CI 2–8], with high heterogeneity (I2 99.2%); “small study effect” was observed using the Egger test
(p � 0.049). After removing two outlier studies, the pooled bleeding rate was 2% [95% CI 0–4], with high heterogeneity (I2 99.2%),
and no “small study effect” (p � 0.257).(e pooled UGIB rate was 1% (95%CI 0–3, I2 98.6%, p � 0.214), whereas the pooled LGIB
rate was 1% (95% CI 0–2, I2 64.7%, p � 0.919). Metaregression analysis showed that overall estimates on gastrointestinal bleeding
were affected by studies reporting different sources of bleeding. No significant association between gastrointestinal bleeding and
mortality was found. In this meta-analysis of published studies, individuals with COVID-19 were found to be at risk for
gastrointestinal bleeding, especially upper gastrointestinal bleeding.

1. Introduction

(e novel coronavirus disease 2019 (COVID-19) initially
described at the beginning of December 2019 in Wuhan,
Hubei province of China, has evolved into a global pandemic
[1]. (e clinical course of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection ranges from
asymptomatic to a rapidly progressing and life-threatening
disease most commonly associated with a variety of systemic
and respiratory symptoms, such as fever, cough, dyspnoea,
pneumonia, acute respiratory distress syndrome, systemic
inflammatory response syndrome, and multiple organ

failure [2]. Similar to other coronaviruses, SARS-CoV-2
infects the gastrointestinal tract [3, 4]. Alongside common
gastrointestinal symptoms such as diarrhea, nausea, and
vomiting [1], several case reports have described the oc-
currence of gastrointestinal bleeding in COVID-19 patients
[5–9]. Gastrointestinal bleeding has been reported in a
variable proportion, ranging from 2% to 13% in hospitalized
patients [10–13]. A high prevalence of peptic ulcer disease
complicated by bleeding was noticed in patients with
moderate-to-severe acute respiratory distress syndrome
caused by COVID-19 [14, 15]. However, the real burden of
gastrointestinal bleeding in COVID-19 patients still needs to
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be clarified. (us, we aimed to assess the prevalence of
gastrointestinal bleeding in COVID-19 patients; in addition,
we also evaluated the association between gastrointestinal
bleeding and mortality in COVID-19 patients.

2. Materials and Methods

A systematic review and meta-analysis were carried out
following the recommendations of the Cochrane Collabo-
ration Group [16] and in line with PRISMA (Preferred
Reporting Items for Systematic Reviews andMeta-Analyses)
guidelines (16).

2.1. Information Sources and Search Strategies. Primary
sources of the reviewed studies were MEDLINE via PubMed
and Ovid Embase, which were searched systematically up to
December 20, 2020.

Searches included combinations of the followingmedical
subject headings (MeSH): “bleeding” or “hemorrhage” and
“gastrointestinal” or “digestive” and “SARS-CoV-2” or
“COVID-19.” (e complete search strategies are reported in
Supplementary material 1. (e first report of cases of
COVID-19 has been published on February 20, 2020 (17)
which has been elected as the initial date for the literature
search. (e references list of the studies and relevant pub-
lished reviews included were searched. (ere were no re-
strictions on language or publication status. Two authors
(MM and GCM) carried out the initial selection based on
titles and abstracts. A detailed full-text assessment of po-
tentially relevant publications was independently carried out
by the two reviewers, with any discrepancies being resolved
through discussion or arbitration by a third reviewer (GM).
Database searches were supplemented with literature
searches of reference lists from potentially eligible articles to
find additional studies.

2.2. Eligibility Criteria. Studies were selected for inclusion in
the review if they met the following prespecified criteria:
studies reporting cases of gastrointestinal bleeding within a
cohort of COVID-19 patients. We used the following def-
initions for inclusion criteria: (1) upper gastrointestinal
bleeding (UGIB) is defined as bleeding from a source
proximal to the ligament of Treitz according to endoscopic
or imaging findings [18]; (2) lower gastrointestinal bleeding
(LGIB) refers to blood loss of recent onset originating from a
site distal to the ligament of Treitz according to endoscopic
or imaging findings [19]; (3) confirmed COVID-19 cases
refer to the definitions according to the World Health
Organization document released in March 2020 [20]; thus, a
confirmed COVID-19 case is a person with laboratory
confirmation of COVID-19 infection, irrespective of clinical
signs and symptoms. Studies without a control group
(represented by COVID-19 patients without gastrointestinal
bleeding) and case reports were excluded. Studies that did
not meet the inclusion criteria or in which essential infor-
mation was missing or cannot be obtained from the authors
were also excluded.

2.3. Data Collection Process and Quality Assessment.
Relevant data were independently extracted by two authors
(MM and GCM), using a standardized form. (e following
items were extracted from each study: year of publication,
country, the total number of patients, including age and
gender of the participants, the total number of COVID-19
patients with and without gastrointestinal bleeding, the rate
of chronic use of anticoagulants and nonsteroidal anti-in-
flammatory drugs, and the total number of deaths in
COVID-19 patients with and without gastrointestinal
bleeding. In case of multiple publications for a single study,
the latest publication was considered and supplemented, if
necessary, with data from the previous publications. Two
authors (MM and GCM) independently assessed the
methodological quality of the included studies using the
National Institute for Health and Care Excellence (NICE)-
Quality Assessment of Diagnostic Accuracy Studies tool
[21]. Discrepancies between reviewers concerning qualita-
tive assessment were infrequent (overall interobserver var-
iation <10%), and disagreements were resolved through
discussion.

2.4. Statistical Analysis. (e primary outcome was the
pooled gastrointestinal bleeding rate. Secondary outcomes
included the pooled UGIB and LGIB rates and the pooled
mortality rate between groups with and without gastroin-
testinal bleeding. Rates of events were expressed as pro-
portions for all studies and used to calculate the pooled
gastrointestinal bleeding rate, pooled UGIB and LGIB rate,
and pooled mortality rate. After data extraction, 95% con-
fidence intervals (CI) of bleeding rates for each study were
calculated using a random-effect model. Heterogeneity
across the studies was assessed using the I2 statistic. In
particular, the value of I2 describes the percentage of vari-
ability in point estimates which is due to heterogeneity
rather than to sampling error: for an I2< 50%, the risk of
heterogeneity between studies was ranked low-moderate,
whereas for I2≥ 50%, the risk of heterogeneity was ranked
high [22]. We conducted sensitivity analyses excluding
outliers, which were defined as studies in which the pooled
estimates’ (ES’s) 95% CI was outside the 95% CI of the
pooled ES (on both sides) and, excluding studies with a small
number of participants, using an arbitrary cut-off of 100
patients. Indeed, calculations might differ from study to
study, and larger studies provide more precise estimations
[23]. All subsequent analyses have been performed using the
sensitivity analysis which included the larger number of
studies selected. Publication bias was investigated using the
Egger test; a p value< 0.05 indicated a significant small size
study effect. As part of the sensitivity analysis, the impact of
confounding covariates [country, mean age of participants,
sex, number of patients taking anticoagulants or nonste-
roidal anti-inflammatory agents (NSAIDs), source of
bleeding, and methodological quality of the studies included
according to NICE] on the meta-analytic results was eval-
uated using metaregression analysis [24], reporting β
coefficient± standard error (SE). Since a low number of
studies have been found, the p values were also recalculated
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using Monte Carlo permutation [25], with a number of 5000
permutations in order to obtain sufficient precision [26]. For
assessing the mortality among patients with and without GI
bleeding, odds ratio (OR) was calculated for each individual
study; after, estimates were pooled, and 95% CI and p values
were calculated. All analyses were carried out using STATA
statistical software (Stata Corp., College Station, TX, USA).

3. Results

3.1. StudySelection. (e electronic search identified a total of
158 records; after duplicates were removed, 119 articles were
screened and finally, 38 full-text articles were assessed for
eligibility (Figure 1). Of the 38 records selected, 24 were
excluded for the absence of outcomes of interest or inability
to extract the number of subjects and/or the number of
events from cases and 4 were excluded for the absence of a
control group.

(us, a total of 10 studies [9–11, 15, 27–32], all full texts,
met the eligibility criteria and were included in the meta-
analysis.

3.2. Study Description. Table 1 resumes the main charac-
teristics and the main outcomes of the studies included in the
meta-analysis. Among the ten studies included, a total of
1481235 patients were considered, of whom 91887 (6.2%)
were COVID-19 patients. (ree studies were carried out in
Europe (two in Italy [15, 28] and one in Spain [32]), three in
the United State of America (USA) [9, 27, 31], three in China
[10, 11, 30], and one in Israel [29]. All studies had a ret-
rospective design. All studies reported only on COVID-19
patients except for two [27, 32]. Among COVID-19 patients,
534 reported gastrointestinal bleeding (0.6%), of whom 409
(76.6%) experienced UGIB and 121 (22.7%) LGIB.(e rate of
males included in the studies ranged from 40% [30] to 65.9%
[9]. (e mean age of patients included ranged from 45.3
[standard deviation (SD) 18.3] years [10] to 77 (SD 15) years
[32]. (ree studies [9, 28, 29] reported the rate of patients
taking anticoagulants or antiplatelet drugs within all patients
included, ranging from 37.4% [9] to 100% [28]. One study
[15] reported only the number of patients taking these drugs
among patients experiencing gastrointestinal bleeding. (e
most frequent gastrointestinal bleeding diagnosis was the
presence of gastroduodenal ulcers [9, 15, 31, 32], followed by
gastroduodenitis [10, 15, 28] and esophageal varices [11].

3.3. Quality Assessment. Table 2 summarizes the method-
ological quality evaluation of the studies included. All the
studies showed high quality according to the NICE quality
assessment scale, defined by a total score ≥4. Among the
included studies, the lowest quality score of 4 was reported
for three studies [10, 11, 30], mainly due to the lack of
specifications on the inclusion and exclusion criteria and the
absence of consecutive patients enrolment.

3.4. Pooled Bleeding Rate in COVID-19 Patients. (e overall
pooled gastrointestinal bleeding rate was 5% [95% CI: 2% to
8%], with high heterogeneity (I2 99.2%); “small study effect”

was observed using Egger test (p � 0.049) (Supplementary
Material 2 and 3). After removing two outliers’ studies
[9, 27], the pooled bleeding rate was 2% [95% CI: 0% to 4%],
with high heterogeneity (I2 99.2%), and no “small study
effect” (p � 0.257) (Figure 2). A visual assessment of funnel
plot together with the Egger’s test for publication bias after
removing outliers’ studies is reported in Figure 3. As a
complementary part of sensitivity analysis, after removing
three studies [10, 11, 27] reporting small cohorts, the pooled
bleeding rate was 3% [95% CI: 1% to 7%], with high het-
erogeneity (I2 99.4%), and no “small study effect”
(p � 0.112) (Supplementary Material 4). On the same line,
after removing two outliers’ studies [9, 27], the pooled UGIB
rate was 1% (95% CI: 0% to 3%, I2 98.6%, Egger’s test
p � 0.214), whereas the pooled LGIB rate was 1% (95% CI:
0% to 2%, I2 64.7%, Egger’s test p � 0.919) (Supplementary
Materials 5 and 6, resp.).

Univariate metaregression analysis was used to explain
potential sources of heterogeneity among the studies.
Among the variables assessed, studies reporting different
sources of bleeding (both UGIB and LGIB, β 1.029± 0.010,
p � 0.028) were the only variable explaining the high het-
erogeneity found for defining the overall gastrointestinal
bleeding rate (Table 3). A borderline statistical significance
was found for the geographical area of the study (β
0.978± 0.009, p � 0.055), with higher heterogeneity asso-
ciated with studies carried out in Eastern countries
[10, 11, 30]. (e quality of the studies did not affect our
estimations (β 1.002± 0.020, p � 0.909). After 5000 per-
mutations were carried out, only studies reporting different
sources of bleeding (both UGIB and LGIB,
p� 0.037± 0.0027) remained associated with high hetero-
geneity (Table 3).

3.5. Bleeding and Mortality. Five studies [9–11, 28, 29] re-
ported data on mortality in COVID-19 patients with and
without gastrointestinal bleeding. After excluding three
studies [10, 11, 28] reporting no deaths among patients with
and without gastrointestinal bleeding, two studies were
selected for this analysis [9, 29]. Overall, 2 out of 64 (3.1%)
patients with gastrointestinal bleeding and 91 out of 457
(19.9%) patients without gastrointestinal bleeding were
dead. (e pooled OR for mortality between the two groups
(gastrointestinal bleeding vs. no gastrointestinal bleeding)
was 0.170 (95% CI 0.040 to 0.723, p 0.528), without het-
erogeneity between the two studies (I2 0%) (Supplementary
Material 7).

4. Discussion

(is systematic review and meta-analysis of aggregate data
from 10 studies assessing the rate of gastrointestinal bleeding
in COVID-19 patients, showed an overall bleeding rate of
2%, of which 1% for UGIB and 1% for LGIB, respectively.
Gastrointestinal bleeding is a common problem in the
general population and in hospitalized patients, with re-
ported rates for UGIB of 100–200 per 100000 persons an-
nually and for LGIB of 20.5–27.0 per 100000 persons
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annually [33]. To date, only a few studies [27, 32] reported
data on the comparison between gastrointestinal bleeding
rates in patients with and without COVID-19, thus making
not possible an accurate comparison of the bleeding risk
between these two categories. However, considering the
pooled gastrointestinal bleeding rates of COVID-19 patients
as compared with the reported data of the general pop-
ulation, it is possible to speculate that COVID-19 patients
have an increased risk of gastrointestinal bleeding. In

addition, our results highlight that the potential source of
variability of pooled gastrointestinal bleeding rates is the
inclusion of studies reporting both UGIB and LGIB instead
of only UGIB. (us, it seems reasonable to assert that LGIB
rates seem to confer high heterogeneity.

Only one large study [32] performed in 62 Spanish
Emergency Departments (EDs) has compared the incidence
of gastrointestinal bleeding in patients with or without
COVID-19, showing a lower incidence of this event in
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Figure 1: Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the systematic literature search
and studies included in the meta-analysis.
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patients with COVID-19 as compared with patients without
COVID-19 (1.11% vs. 1.78%). However, in this study [32],
COVID-19 patients underwent fewer endoscopies as com-
pared with the control group, maybe due to infective related
risks, thus leading to an underestimation of the real burden
of gastrointestinal bleeding; moreover, another reason for
gastrointestinal bleeding underestimation in this study is
that most bleeding cases may occur during hospitalization,
thus not recorded at EDs admission.

On the other hand, several other studies [9–11, 15, 27–31]
suggested an increased gastrointestinal bleeding risk in
COVID-19 patients. Among the potential mechanisms in-
volved in bleeding, some authors hypothesized the devel-
opment of an inflammation-induced coagulopathy and
thromboinflammation, in addition to the direct damage of
the virus on the gastrointestinal mucosa [34]. Indeed, SARS-
CoV-2 is able to infect enteric cells since the highest ex-
pression of angiotensin-converting enzyme 2 in the human
body, which is the viral binding site, occurs in the brush
border of intestinal enterocytes [35, 36]. Moreover, SARS-
CoV-2 nucleocapsid proteins have been detected in the
cytoplasm of gastric, duodenal, and rectal cells of COVID-19
patients with SARS-Cov-2 fecal shedding [12]. A direct
consequence of SARS-CoV-2 infection is inflammation of
gastrointestinal mucosa [12] and the reduction of the epi-
thelial cell functional mass [37]. Since bleeding occurred
mainly during hospitalization, a multifactorial etiology has
been postulated. Indeed, most patients admitted to the

hospital were given thromboprophylaxis and other treat-
ments, which may represent an additional risk factor for
bleeding. Given the emerging evidence of thrombotic risks in
COVID-19 patients [38], it should be underlined that most of
the symptomatic COVID-19 patients took anticoagulants,
such as heparin, at least at prophylactic doses, for preventing
COVID-19 related prothrombotic activity. Heparin treat-
ment has been recently reported to be an effective therapy
[39]. Gastrointestinal bleeding may also be explained by
COVID-19-associated coagulopathy inducing increased
D-dimer and fibrinogen levels, which may predispose to a
high risk of thrombosis, thus explaining the occurrence of
ischemic colitis [40]. Other putative mechanisms underlying
gastrointestinal bleeding may be represented by ulcers oc-
curring under conditions of severe stress such as hospitali-
zation [8, 15] or disseminated intravascular coagulation,
which is a hypercoagulable state also inducing bleeding.

Based on only two studies [9, 29] reporting on the
survival of COVID-19 patients with and without gastroin-
testinal bleeding, we additionally found that bleeding was a
protective factor. We believe that this latter result is strongly
biased by the rather low number of included studies. Similar
to our results, discordant data are available up to now on this
topic [31, 32].

To our knowledge, this is the first meta-analysis aimed at
assessing the pooled rate of gastrointestinal bleeding in
COVID-19 patients. Our meta-analysis has several
strengths. First, a comprehensive literature searchminimizes

Table 1: Characteristics of the studies included in the meta-analysis.

Author Year Country

Patients
included/
COVID-19
patients, (n)

Sex
(male), n

(%)

Age [mean
(SD) or

median (IQR/
range)]

Patients taking
anticoagulants or

NSAIDs (n)

Bleeding, n
(%)

Most frequent
diagnosis for GI

bleeding

Blackett
et al. [27] 2020 USA 545/79 328 (60.2) 63 (52–73) — 35 (44.3) —

Martin
et al. [9] 2020 USA 123/123 81 (65.9) 68.7 (15.1) 46 (37.4) 41 (33.3) Duodenal and rectal

ulcers
Mattioli
et al. [28] 2020 Italy 105/105 58 (55.2) 73.7 (14.6) 105 (100) 1 (1) Erosive gastritis

Patell
et al. [29] 2020 Israel 398/398 209 (52.5) 65 369 (92.7) 33 (.3) —

Shao et al.
[30] 2020 China 155/155 62 (40) 48 (33–63) — 1 (0.6) —

Yang
et al. [11] 2020 China 92/92 49 (53.3) 69.8 (14.5) — 1 (1.1) Variceal bleeding

Lin
et al. [10] 2020 China 95/95 45 (47.4) 45.3 (18.3) — 2 (2.1) Gastroduodenitis

Gonzalez
Gonzalez
et al. [32]

2020 Spain 1463693/74814 45935
(61.4) 77 (15) — 83 (0.1) Ulcers

Mauro
et al. [15] 2020 Italy 4871/4871 — 75 22 (only among

bleedings) 23 (0.5)
Peptic ulcer,
haemorrhagic

gastritis
Trindade
et al. [31] 2020 USA 11158/11158 — 69.4 (14.3) — 314 (2.8) Gastroduodenal

ulcers
COVID-19� coronavirus 2019 associated disease; n�number; SD� standard deviation; IQR� interquartile range; GI� gastrointestinal; and USA�United
States of America.
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the risk of missing studies. Moreover, the presence of a large
cohort of patients from different countries makes our re-
ported rates globally generalizable. In addition, all studies
included were ranked as having a high quality according to
the NICE quality assessment scale. Another strength of our
meta-analysis is the sensitivity analysis performed excluding
those studies source of publication bias, thus obtaining more
reliable results. Moreover, maybe due to the COVID-19
pandemic irruption in everyday clinical practice and re-
search activity, influencing the study’s design and publica-
tion process, we expected to find a high heterogeneity among
included studies. As additional strength of our analysis, we
performed a univariate metaregression analysis to find
sources of heterogeneity. (e only risk factor identified by
this analysis was the presence of studies reporting sources of
bleeding different from UGIB.

At the same time, this meta-analysis has some weak-
nesses. Among these, the small number of included studies
could have led to an underestimation of the gastrointestinal
bleeding pooled rates. Moreover, we considered studies
reporting on COVID-19 patients from different settings
(e.g., inpatients [15], records from endoscopy units [27], or
EDs [32]), thus with different degrees of COVID-19 clinical

course, which may have influenced the reported pooled
estimates. Nevertheless, it was not possible to extract exact
numbers of events from each of these specific categories both
in cases and in control groups, so to perform subgroup
analysis. In addition, since only a few included studies re-
ported on UGIB and LGIB confirmed by endoscopy, we
considered the number of UGIB and LGIB as reported by
each author even without the presence of a confirmatory
endoscopy, thus leading to a misclassification bias for the
definition of patients with and without gastrointestinal
bleeding. Moreover, in our meta-analysis, it was not possible
to consider other predisposing conditions for gastrointes-
tinal bleeding. Finally, only a few studies [9, 28, 29] reported
on the use of anticoagulants and NSAIDs, treatments that
may influence bleeding rates. However, considering only
these three studies, our metaregression analysis showed that
this factor did not influence our pooled results, confirming
previous results on an absent influence of anticoagulation on
gastrointestinal bleeding occurrence [9].

In conclusion, our results provide evidence that patients
with COVID-19 present a gastrointestinal bleeding risk of
2%. We are still unable to clearly state whether these patients
have an increased risk of gastrointestinal bleeding when

Table 2: Risk of bias and applicability concerns of the studies included in the meta-analysis.

Author

NICE quality assessment score-ITEMS

Total
NICE
score∗

NICE 1:
case series
collected in
more than
one centre?

NICE 2: is
the

objective of
the study
clearly

described?

NICE 3: are
the

inclusion
and

exclusion
criteria
clearly

reported?

NICE 4: is
there a clear
definition of
the outcome
reported?

NICE 5: were
data collected
prospectively?

NICE 6: is there
an explicit

statement that
the patients were

recruited
consecutively?

NICE 7: are
the main
findings of
the study
clearly

described?

NICE 8:
Are

outcomes
stratified?

Blackett
et al. [27] Yes Yes No Yes No No Yes Yes 5

Martin
et al. [9] Yes Yes No Yes No No Yes Yes 5

Mattioli
et al. [28] No Yes Yes Yes No Yes Yes Yes 6

Patell et al.
[29] No Yes Yes Yes No Yes Yes Yes 6

Shao et al.
[30] No Yes No Yes No No Yes Yes 4

Yang et al.
[11] No Yes No Yes No No Yes Yes 4

Lin et al.
[10] No Yes No Yes No No Yes Yes 4

Gonzalez
Gonzalez
et al. [32]

Yes Yes No Yes No No Yes Yes 5

Mauro
et al. [15] Yes Yes Yes Yes No No Yes Yes 6

Trindade
et al. [31] Yes Yes No Yes No No Yes Yes 5

(e quality of selected studies was independently assessed by two investigators (GM and MM) using the National Institute of Clinical Excellence (NICE)
quality assessment scale (1). Higher-quality studies were defined by a total score ≥4 and “lower-quality studies” by a total score <4. Discrepancies between
reviewers concerning qualitative assessment were infrequent (overall interobserver variation <10%).
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Mattioli (2020)

Study ES (95% CI) Weight (%)

10.800.01 (0.00, 0.05)

Patell (2020) 13.270.08 (0.06, 0.11)

Shao (2020) 11.760.01 (0.00, 0.04)

Yang (2020) 10.430.01 (0.00, 0.06)

Lin (2020) 10.520.02 (0.01 , 0.07)

Gonzalez Gonzalez (2020) 14.450.00 (0.00, 0.00)

Mauro (2020) 14.350.00 (0.00, 0.01)

Trindade (2020) 14.410,03 (0.03, 0.03)

Overall 100.000.02 (0.00, 0.04)

–0.1 0 0.1
Proportion

0.2 0.3

Figure 2: Forest plot of the pooled gastrointestinal bleeding rate in COVID-19 patients after removing 2 outlier’s studies. ES: estimated
proportion/prevalence; CI: confidence interval.

0
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0.04

se
 (E

S)

0.06

0.08

0.1

–0.2 –0.1 0
ES

Funnel plot with pseudo 95% confidence limits

0.1 0.2

Figure 3: Funnel plot visual to asymmetry due to the “small sample size” effect after removing outlier’s studies. SE of ES: standard error of
estimated proportion/prevalence; ES: estimated proportion/prevalence; dotted black line: the line of pseudo 95% confidence limits; solid
black line: the line of overall effect; and blue point: each study included.

Table 3: Results of univariable metaregression analysis performed after removing outlier’s studies.

Covariates Number of
studies

Beta
coefficient± SE

Adjusted R2

(%)
p

value
p value± SE after Monte Carlo

permutation
Country 8 0.978 (±0.009) 100 0.055 0.417± 0.0070
Age 6 0.998 (±0.002) 100 0.423 0.592± 0.0060
Sex (male) 6 0.999 (±7.54−07) 100 0.274 0.298± 0.0065
Anticoagulants/NSAIDs intake 3 1.000 (±0.0003) — 0.589 0.339± 0.0067
Source of bleeding (UGIB vs.
UGIB + LGIB) 8 1.029 (±0.010) 100 0.028 0.037± 0.0027

NICE quality assessment scale score 8 1.002 (±0.020) −50.74 0.909 0.967± 0.0025
SE � standard error; R2 � relative reduction in between-study variance: the value indicates the proportion of between study variance explained by covariate;
NSAIDs� nonsteroidal anti-inflammatory agents; UGIB� upper gastrointestinal bleeding; LGIB� lower gastrointestinal bleeding; and NICE�National
Institute of Clinical Excellence.
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compared to patients without COVID-19. Our data should
be considered by clinicians when managing COVID-19
patients at gastrointestinal bleeding risk for other conditions
or before starting anticoagulants. As included studies were
conducted in centers from different countries all over the
world, we believe our findings are generalizable worldwide.
Recently, effective anti-COVID-19 vaccines have been de-
veloped [41, 42], and distribution is ongoing. However, full
vaccination coverage will require months; in this view,
further well-designed studies evaluating the real risk of
gastrointestinal bleeding in COVID-19 patients and its
pathophysiology will be still useful in clinical practice.
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