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Abstract Although primarily a respiratory illness, several

studies have shown that COVID-19 causes elevation of

liver enzymes and various gastrointestinal (GI) symptoms.

The aim of this study was to undertake a systematic review

and meta-analysis to determine whether the presence of

gastrointestinal (GI) symptoms contributed toward

COVID-19 severity, and identify the GI symptoms char-

acteristic of severe COVID-19. We conducted a literature

search of PubMed from December 1, 2019, to June 30,

2020, and identified all reports with GI symptoms reported.

A meta-analysis comparing the severity of COVID-19 with

the presence of liver enzyme elevation and GI symptoms

was performed using RevMan version 5.4. Pooled data

from 15,305 unique reverse transcriptase–polymerase

chain reaction positive COVID-19 patients from 44 studies

were analyzed. We found that the severe COVID-19

patients significantly had abdominal pain compared to the

non-severe COVID-19 patients (OR = 2.70, 95% CI

1.17–6.27, Z = 2.32, p = 0.02, I2 = 0%) by analyzed 609

patients of 4 studies who reported both abdominal pain and

COVID-19 severity. However, there was no significant

difference in the incidence of diarrhea, nausea, or vomiting

between the two groups. Thus, this systematic review and

meta-analysis demonstrated that abdominal pain could be

characteristic of severe COVID-19 infections. Compared

with other viral infections that primarily infect the respi-

ratory system, patients with COVID-19 have a slightly

lower frequency of diarrheal symptoms with abdominal

pain. However, to confirm this, further studies with

COVID-19 patients across various countries and ethnicities

are required.

Keywords COVID-19 � Gastrointestinal system �
Abdominal pain � Systematic review � Meta-analysis

Introduction

The outbreak of the novel coronavirus epidemic was first

detected in Wuhan, China, in December 2019 and has since

spread worldwide. The International Committee on Tax-

onomy of Viruses identified this novel virus as SARS-

CoV-2 [1], and the World Health Organization formally

named this infectious disease as coronavirus disease 2019

(COVID-19) on February 2020 [2]. The severity of

COVID-19 was mild in most patients (80–81%), but 14%

of patients experienced severe disease, and 5–6.1% of

patients became critical [3, 4]. The most common symp-

toms of COVID-19 are fever, cough, and fatigue/myalgia

[5]. Several reports have shown that patients with COVID-

19 have elevated liver enzymes and various gastrointestinal

(GI) symptoms, such as diarrhea, abdominal pain, nausea,

vomiting, and loss of appetite [6, 7]. SARS-CoV-2 enters

via cells expressing the angiotensin-converting enzyme 2

(ACE2) receptor. ACE2 is abundantly expressed in the

glandular cells of the stomach, duodenum, small intestine,

and colon, thereby supporting the theory that GI symptoms
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in patients with COVID-19 are triggered by the invasion of

SARS-CoV-2 into host GI cells [8]. A recent systematic

review of 78 studies with 12,797 patients found that the

pooled prevalence of all GI symptoms was 17%, the

weighted pooled prevalence of diarrhea was 12.4%, nausea

and/or vomiting was 9.0%, loss of appetite was 22.3%, and

abdominal pain was 6.2%. Mortality among patients with

GI symptoms was similar to the overall mortality. How-

ever, most studies had a high risk of bias, and the overall

quality of evidence was either low or very low for all

outcomes [9]. This study aimed to undertake a systematic

review and meta-analysis of the existing literature on this

subject to determine the association of COVID-19 severity

with the presence of GI symptoms in COVID-19, and

identify GI symptoms that are characteristic of severe

COVID-19.

Data and methods

Search strategy and selection criteria

We conducted a literature search of PubMed from

December 1, 2019, to June 30, 2020, to identify all studies

with GI symptoms reported. The search formula was [(-

covid-19) OR (SARS-CoV-2) OR (novel coronavirus)]

AND [(colon) OR (bowel) OR (hepato) OR (GI) OR

(pancreas) OR (bladder) OR (liver) OR (gastrointestinal)

OR (biliary) OR (diarrhea) OR (abdominal pain) OR

(nausea) OR (vomiting) OR (anorexia) OR (jaundice)]. All

search results were evaluated according to the guidelines of

the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses statement [10].

The inclusion criteria were as follows: study population:

patients diagnosed with COVID-19 (not include asymp-

tomatic patients) by Reverse Transcription Polymerase

Chain Reaction (RT-PCR) and classified according to the

severity of COVID-19 or/and presence of elevated liver

enzymes or/and presence of GI symptoms; study design:

case series studies or cohort studies; outcomes measure: at

least one of the following outcomes reported: GI symp-

toms, laboratory results, severity data, or past historical

data. The exclusion criteria were as follows: abstract:

conferences and commentary articles; population: data on

pediatric patients or pregnant patients only.

Two independent authors (YH and KW) screened the

literature and assessed each study for inclusion. Any dis-

agreements that arose were resolved through discussion.

Data extraction and quality assessment

Data extraction and literature quality assessment were

conducted independently by one investigator (YH), which

were rechecked for accuracy by a second reviewer (TI).

Microsoft Excel 15.0 was used to record all available

information, including age, sex, COVID-19 severity, GI

symptoms (diarrhea, abdominal pain, nausea, vomiting,

and anorexia), liver enzyme elevation [Total bilirubin

(T.bil), aspartate transaminase (AST), alanine transaminase

(ALT), alkaline phosphatase (ALP), and gamma-glutamyl

transpeptidase (c-GTP)], and medical history (underlying

diabetes mellitus (DM), liver disease, and GI disease).

Studies with observed discrepancies in the data were

excluded.

Assessment of bias

The Methodological Index for Non-Randomized Studies

(MINORS) criteria was used to assess the risk of bias [11].

Each of the selected articles was scored as 0 (not reported),

1 (reported but inadequate), or 2 (reported and adequate).

The highest possible score was 16 for non-comparative

studies.

Statistical analysis of data

Microsoft Excel 15.0 was used to analyze the clinical

symptoms and laboratory results. The meta-analysis was

performed using Review Manager (RevMan) version 5.4.1

(The Cochrane Collaboration, 2020). Dichotomous data

were analyzed using the Mantel–Haenszel method and the

odds ratio (OR) and 95% confidence intervals (95% CI)

were obtained. Continuous data were analyzed using the

inverse variance weighted method and expressed as mean

differences with 95% CI. We used the I2 statistics to assess

the magnitude of heterogeneity, and chose the appropriate

effects model based on the results: the fixed effects model

was used if I2\ 50%, and the random effects model was

used if I2 C 50% [12–14]. For continuous data, the mean

differences and standard deviations were incorporated into

the calculations, but if the data were in quartiles, the

medians were considered as the means, and the quartile

deviations were converted to the standard deviation

according to the Cochrane Handbook estimator

(SD � q3�q1
1:35 ) [15].

Outcomes

The primary objective of this meta-analysis was to identify

GI symptoms characteristic of severe COVID-19. The

secondary objective was to compare GI symptoms among

patients with elevated liver enzymes and COVID-19, given

that the relationship between elevated liver enzyme levels

and critical COVID-19 has been previously reported [16].

Severe type of COVID-19 was defined as satisfying any of
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the following items: (1) respiratory distress and respiratory

frequency[ 30/min; (2) blood oxygen saturation B 93%

on room air; (3) PaO2/FiO2 ratio B 300 mmHg; (4) lung

infiltrates[ 50% within 24–48 h. Note that this definition

is identical to the National Chinese Health Commission

(seventh) edition definition [17] and the old World Health

Organization (WHO) definition of severity [18] but differs

from the latest WHO definition of severity (SpO2\ 90%,

RR[ 30, signs of severe respiratory distress (accessory

muscle use, inability to complete full sentences, and, in

children, very severe chest wall indrawing, grunting, cen-

tral cyanosis, or presence of any other general danger

signs) [19]. We included critical patients in ‘‘severe

patients’’ in this review. Therefore, studies with inadequate

separation of severe and non-severe COVID-19 in the

cohort, such as comparing ICU patients and non-ICU

patients, critical and non-critical COVID-19, were exclu-

ded in severity’s meta-analysis. The upper limit of normal

liver function varies slightly among countries and regions.

The elevated liver function definition differs in each article.

Therefore, this review does not attempt to define a uniform

set of liver enzyme values. Since the quality of the litera-

ture included in the previous meta-analyses was low, we

believed that a multifaceted review was required.

Result

Study selection and quality assessment

Our literature search produced 1422 publications. Of these,

1419 were unique records, of which 1369 were excluded

after screening the abstracts, figures, and tables. The

remaining 57 records were carefully and thoroughly evalu-

ated. Thirteen studies were excluded for not having met the

inclusion criteria. Finally, 44 records were included (Fig. 1)

[20–66]. Based on our comprehensive selection process, we

believe that the 44 included studies reported data on 15,305

unique COVID-19 patients. Most studies (90.9%) in our

analysis were from China, and the remaining four studies

were from the USA (7.1%), Italy (2.3%), and France (2.3%).

The studies mainly included adults, although a few studies

included a small proportion of pediatric patients. The study

population comprised 12,250 patients with mild-moderate

COVID-19, 3055 patients with severe COVID-19, and no

asymptomatic carriers of SARS-CoV-2 (Supplement 2). The

overall certainty in the body of evidence was low, since most

of the studies were retrospective cohorts. The 44 eligible

articles were subjected to a bias assessment using the MIN-

ORS criteria at the individual study level. The MINORS

scores ranged from 6 to 12 (mean: 9.27, median: 9.0) (Sup-

plement 3).

A meta-analysis was performed in two groups as fol-

lows: (1) COVID-19 severity (non-severe COVID-19 vs.

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

PRISMA Flow Diagram

E
lig

ib
ili

ty
In

cl
ud

ed

Records identified through database 
searching  (n=1422)

records after duplicates 
removed  (n=1419)

records screened
read abstracts, figures and tables
(n=1419)

full-text articles assessed for 
eligibility  (n=57)

studies included in qualitative 
synthesis  (n=44)

studies included in quantitative synthesis
(meta-analysis)  (n=44)

duplicates records
(n=3)

records excluded
(n=1379)

full-text articles excluded, 
with reasons
only child data (n=3)
only pregnancy data (n=2)
Does not meet case of   
severity classification (n=8)

Fig. 1 PRISMA flow diagram [12]

J Gastroenterol

123



severe COVID-19) (2) the presence of liver enzyme

elevation.

What are the symptoms characteristic of severe

COVID-19?

We assessed the GI and hepatic factors associated with a

severe clinical course of infection (non-severe COVID-19

vs. severe COVID-19) (Table 1).

A total of four studies including 609 COVID-19 patients

grouped by severity were included in the analysis for

abdominal pain [25, 32, 35, 50]. Patients with severe

COVID-19 had a significantly lower incidence of abdom-

inal pain than those non-severe illness (OR 2.70; [95% CI

1.17–6.27; p = 0.02; I2 = 0%]) (Fig. 2).

In addition, the severity of COVID-19 in patients with

elevated liver enzymes was significantly greater: T.bil

(mean difference 0.14 mg/dL [95% CI 0.07–0.21;

p\ 0.0001; I2 = 79%]), AST (mean difference 11.41 IU/L

[95% CI 7.20–15.62; p\ 0.00001; I2 = 71%]), ALT (mean

difference 3.94 IU/L [95% CI 2.26–5.61; p\ 0.00001; I2 =

18%]), c-GTP (mean difference, 6.99 IU/L [95% CI

1.32–12.66; p = 0.02; I2 = 0%]), and one elevated liver

enzyme (no details described) (OR 4.01 [95% CI

2.47–6.51; p\ 0.00001; I2 = 40%]) (Supplementary fig-

ures A7–A10, A12).

Patients with a past history of liver disease, GI disease,

or DM had significantly more severe COVID-19 compared

to those without: liver disease (OR 1.57 [95% CI

1.18–2.10; p = 0.002; I2 = 47%]), GI disease (OR 2.76

[95% CI 1.10–6.89; p = 0.03; I2 = 0%]), DM (OR 2.28

[95% CI 1.81–2.88; p\ 0.00001; I2 = 0%]) (Supplemen-

tary figures A13–A15). There was no significant difference

in the presence of GI symptoms such as diarrhea, nausea,

vomiting, anorexia, and elevation of ALP between patients

with severe and non-severe COVID-19 (Supplementary

figures A1, A2, A4, A5, A11).

Analysis within the liver enzyme elevation group

In the included reports, the most common definitions of

liver enzyme elevation were T.bi[ 1.0 mg/dL, AST[
30 IU/L, ALT[ 30 IU/L, c-GTP[ 49 IU/L, and

ALP[ 135 IU/L. To determine factors associated with the

presence of liver enzyme elevation, we assessed the con-

tribution of GI symptoms and medical history (Table 2,

Supplement-1 figures B1–B7). Lack of liver enzyme ele-

vation was significantly associated with vomiting (OR 0.53

[95% CI 0.31–0.92; p = 0.02; I2 = 0%), though not asso-

ciated with diarrhea or nausea: diarrhea (OR 1.07; [95% CI

0.59–1.94; p = 0.82; I2 = 50%]) and nausea (OR 0.57 [95%

CI 0.32–1.01; p = 0.05; I2 = 0%]). There were not enough

studies to assess abdominal pain and anorexia. Liver

enzyme elevation was associated with the past history of

liver disease (OR 1.71; 95% CI 1.13–2.58; p = 0.01; I2 =

0%]), but not with underlying DM (OR 0.87 [95% CI

0.66–1.14; p = 0.31; I2 = 0%]). The number of studies was

insufficient to test the association of liver enzyme elevation

with GI diseases.

Analysis of the relationship between abdominal pain

and diarrhea

We examined the relationship between abdominal pain and

diarrhea in all the screened articles with excluded articles

in three meta-analyses since abdominal pain was

Table 1 Summary of

meta-analysis(1); outcome by

the COVID-19 severity (severe

COVID-19 vs. non-severe

COVID-19)

Outcome Studies Participants Effect estimate

1.1 GI symptoms (Not details described) 4 692 1.10 [0.68, 1.78]

1.2 Diarrhea 19 4322 1.26 [0.99, 1.61]

1.3 Abdominal pain 4 609 2.70 [1.17, 6.27]

1.4 Nausea 6 2199 1.04 [0.50, 2.16]

1.5 Vomiting 5 1045 0.98 [0.47, 2.02]

1.6 Anorexia 8 1097 1.70 [0.90, 3.20]

1.7T.Bil 14 2482 0.14 [0.07, 0.21]

1.8 AST 15 2571 11.41 [7.20, 15.62]

1.9 ALT 13 2194 3.94 [2.26, 5.61]

1.10 c-GTP 5 1168 6.99 [1.32, 12.66]

1.11 ALP 4 846 -0.04 [-4.16, 4.09]

1.12 Liver enzyme elevation (described no details) 4 544 4.01 [2.47, 6.51]

1.13 Past history liver 17 9124 1.57 [1.18, 2.10]

1.14 Past history GI exclude liver 2 170 2.76 [1.10, 6.89]

1.15 Past history DM 22 3995 2.28 [1.81, 2.88]
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characteristic of severe COVID-19. The ratio of abdominal

pain to diarrhea was 0.23 (Table 3) [67–74]. This ratio was

generally consistent with the regression line (y = 0.2442x -

0.5447, R2 = 0.554: least-squares method) (Fig. 3). In most

of studies tabulated, the history of diarrhea and abdominal

pain were collected independently. Therefore, the real

extent of overlap between diarrhea and abdominal pain is

unknown.

Discussion

Our meta-analysis demonstrated that the presence of

abdominal pain was characteristic of severe COVID-19.

This result was consistent with an existing meta-analysis

on the relationship between abdominal pain and COVID-19

severity by Suresh et al. [75]. However, Suresh’s system-

atic review [75] collected relatively early reports and did

not sufficiently contrast mild–moderate COVID-19 and

Fig. 2 Meta-analysis result; abdominal pain compared by COVID-19 severity. a Odds ratio, and forest plot. b Funnel plot [25, 32, 35, 50]

Table 2 Summary of meta-analysis (2); outcome by the presence of liver enzyme elevation (liver enzymes elevation vs. no elevation)

Outcome Studies Participants Effect estimate

2.1 Diarrhea 7 1911 1.07 [0.59, 1.94]

2.2 Abdominal pain 1 148 0.84 [0.07, 9.51]

2.3 Nausea 3 1501 0.57 [0.32, 1.01]

2.4 Vomiting 4 1681 0.53 [0.31, 0.91]

2.5 Anorexia 1 156 0.35 [0.04, 3.20]

2.6 Past history liver 5 2152 1.71 [1.13, 2.58]

2.7 Past history DM 5 1053 0.87 [0.66, 1.14]

2.8 Past history GI exclude liver 0 0 Not estimable
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severe critical COVID-19. In this meta-analysis, for ana-

lyzing abdominal pain and COVID-19 severity more

purely, we excluded the two articles by Pan et al. and Wang

et al. [69, 76] included in the meta-analysis by Suresh et al.

[75]. Because, for assessing the severity of COVID-19,

these reports compared admission ICU vs. non-ICU or

discussed in a specific population. On the other hand, by

increasing the number of included studies and patients, we

could obtain a clear picture of the severity of abdominal

pain and COVID-19 in symptomatic patients than existing

reviews by extending the literature search period and

checking all figures, including supplement material, during

screening.

SARS-CoV-2, like SARS-CoV, has a spike protein on

its surface. The enzyme protease cleaves the spike protein

to bind to the ACE2 receptor on the surface of the infected

cell, causing infection [77, 78]. It is known that trans-

membrane serine protease 2 (TMPRSS2), a type of serine

Table 3 The ratio abdominal pain to diarrhea in COVID-19 patients [68–75]

First author Country Numeber of patients Diarrhea (n) Abdominal pain (n) Abdominal pain/diarrhea ratio

Jin-Jin Zhang China 140 18 8 0.44

Q Guan China 8 3 1 0.33

Pingzheng Mo China 155 7 3 0.43

Ling Mao China 214 41 10 0.24

Lei Pan China 204 35 2 0.06

Zhenyu Fan China 148 6 3 0.50

Chaoqun Han China 206 67 9 0.13

Xiao-Shan Wei China 84 26 2 0.08

Guqin Zhang China 221 25 5 0.20

Walker D. Redd USA 318 107 46 0.43

Xin-Ying Zhao China 91 14 2 0.14

Elisabetta Buscarini Italy 411 15 5 0.33

Xiao-Li Xiong China 244 15 4 0.27

Ting Zheng China 1320 107 11 0.10

Total 3764 486 (13%) 111 (2.9%) 0.23

y = 0.2442x - 0.5477
R² = 0.554
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Fig. 3 The relationship between abdominal pain and diarrhea in COVID-19 patients (scatter plot and regression line) [68–75]. Based on Table 3

and this figure, we estimate that about 23% of diarrhea symptoms are accompanied by abdominal pain
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protease expressed in membranes, is extremely efficient

and can be activated in small amounts, and TMPRSS2

expression is higher in the intestinal tract and liver than in

the lungs [79, 80]. Moreover, in experiments with SARS-

CoV-2 using an artificial intestinal tract (enteroids), in

addition to TMPRSS2, TMPRSS4 has been reported to

proliferate during infection [81]. It is based on these lab-

oratory findings that SARS-CoV-2 is hypothesized to cause

severe GI symptoms. However, clinically, there have been

few reports noting that the symptoms associated with

SARS-CoV-2 intestinal infection are prognostic of

COVID-19 outcomes.

Our meta-analysis demonstrated that among GI symp-

toms, abdominal pain was characteristic of severe COVID-

19, while there was no significant difference in the inci-

dence of diarrhea, nausea, vomiting, and anorexia between

patients with mild–moderate and severe COVID-19.

Besides, there was no significant difference in the severity

of COVID-19 between patients with GI symptoms and

those without. Moreover, our meta-analysis showed that

patients with history of DM had a predominantly higher

rate of severe disease. History of DM is generally a high-

risk factor for thrombosis/vascular disease. Besides, Chen

et al. reported that microthrombosis is one of the charac-

teristic pathophysiologies of COVID-19, and 91.3% of

dead patients had microthrombosis. They considered that

endothelial damage caused by SARS-CoV-2 cell invasion

with subsequent host immune response and activated

coagulation pathways contributes the progression of severe

COVID-19 [82]. These results may be related to the fact

that a certain proportion of COVID-19 patients could

experience intestinal upset and abdominal pain due to

ischemic changes secondary to thrombosis caused by

SARS-CoV-2 infection. SARS-CoV-2 causes thrombosis

at various sites [83, 84]. In the NYC data, out of 12,630

hospitalized patients, 49 patients experienced thrombotic

events, of which intestinal ischemia was reported in two

cases [85]. Skok et al. reported that in autopsies of 19

COVID-19 patients, 30% of the patients had focal ischemic

changes in the intestine [86]. Bhayana et al. [84] reported

that the bowel findings included pneumatosis or portal

venous gas, seen on 20% of CT images of patients in the

ICU (4 of 20, the frequency of gastrointestinal abnormal-

ities was significantly higher in ICU-admitted patients). In

about half of them, intestinal ischemia was observed due to

small vessel thrombosis. In other words, the intestinal

damage caused by COVID-19 has a pattern of intestinal

ischemia by thrombosis, in addition to the intestinal

infection caused by SARS-CoV-2; thrombosis is more

likely to occur in patients with severe COVID-19. Ischemic

enteritis is reported to cause more abdominal pain than

diarrhea or nausea/vomiting [87]. Our results suggest that

the presence of abdominal pain in COVID-19 patients

reflects intestinal ischemia caused by microthrombi and is

an indicator of severe COVID-19. However, even in the

presence of severe COVID-19-related bowel symptoms,

there may be a reporting bias since significant respiratory

failure, renal failure, and multiple organ failures are more

notable.

A meta-analysis by Zheng et al. showed the high levels

of D-dimer in patients with severe COVID-19 and the

association between the levels and poor prognosis [88].

Therefore, if the abdominal pain is severe and the blood

examination shows the abnormalities of coagulation test,

contrast-enhanced CT should be performed. If there is

thrombosis on CT, thrombolytic therapy such as heparin

should be performed. COVID-19 is often a microthrombus

that may not be detected CT, therefore, if coagulation

blood tests such as D-dimer are abnormal, antithrombotic

therapy should be considered. The WHO recommends that

DVT prophylaxis with heparin and other medications for

all admission patients with COVID-19 [18]. However,

Xiao et al. reported that ten of 60 patients with COVID-19

who had received antithrombotic treatment had GI bleed-

ing [8]. Therefore, we should carefully consider

antithrombotic therapy for COVID-19 patients with no

apparent thrombus.

As for the elevation of liver enzymes in our meta-

analysis, we found a statistically significant elevation of T.

bil, AST, ALT, and c-GTP in patients with severe COVID-

19 than in those with mild–moderate COVID-19. The data

in this current study were coincident with that of the pre-

vious meta-analysis [89]. On the other hand, there was no

significant difference in the levels of T.bil, AST, and ALT

between patients with GI symptoms and those without.

These data may reflect that GI symptoms do not correlate

with the severity of COVID-19 based on the elevation of

liver enzymes. To investigate factors explaining liver

enzyme elevation other than severe COVID-19, we per-

formed a meta-regression analysis of age or history of DM

and liver enzyme elevation in patients with COVID-19

severity (using EZR software with the package meta

[90, 91]), but no significant results were obtained. These

results may be due to the variable expression of ACE2 in

various organs. Li et al. showed that the liver and lung have

a similar distribution of ACE2 ribonucleic acid (RNA), and

the colon has similar average ACE2 expression as the liver.

Meanwhile, the small intestine has a high level of

expression, approximately 106 times higher than that in the

liver, and the expression levels in the colon and small

intestine vary compared to the liver and lung [92]. It is still

unknown whether the organ-wise difference in ACE2 RNA

expression is associated with corresponding symptoms of

COVID-19. However, the similar levels of expression of

the ACE2 RNA in the lung and liver may be the reason for
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the relevance of liver damage in the severity of COVID-19,

that is mainly defined by respiratory symptoms.

We also found that the incidence of nausea and vomiting

was significantly higher in COVID-19 patients without

elevated liver enzymes than those with it. The patient

groups with elevated liver enzymes mostly included

patients with hepatitis B or non-alcoholic fatty liver disease

(NAFLD). A meta-regression was performed for age and

nausea or vomiting in the hepatic dysfunction group, but

the results were not significantly different. Most body mass

index (BMI) values were missing and could not be ana-

lyzed. However, BMI may be relevant, given that patients

with liver enzyme elevation had a predominantly high BMI

in the study by Hao et al. [47]. The mechanism by which

COVID-19 causes nausea and vomiting is still unknown. In

general, vomiting is caused by the stimulation of the

vomiting center via the cerebral cortex, vestibular organs,

chemoreceptor trigger zone, or the autonomic nervous

system. Recently, the relationship between liver disease

(hepatitis B, NAFLD, and others) and central nervous

system (CNS) symptoms has been reported [93–95]. The

significantly lower frequency of vomiting in the group with

liver enzyme elevation might be associated with prior CNS

changes due to liver disease, although the exact reasons

remain unclear.

Next, we focused on the association between the

severity of COVID-19 and comorbidities. There were sig-

nificant differences in the severity of COVID-19 between

patients with a history of liver disease, GI disease, and DM,

and those without it, which is consistent with the results of

the existing meta-analyses [88, 96]. Uchida et al. [97]

reported that fatty liver, which can be identified by CT, is

associated with severe COVID-19 and elevated liver

function enzymes. On the other hand, a history of GI dis-

ease or DM did not contribute to elevated liver enzymes

and GI symptoms in patients with COVID-19. Targher

et.al. reported that DM was not a risk factor in the asso-

ciation between metabolic dysfunction associated fatty

liver disease and severe COVID-19 [98]. Portincasa et al.

discussed the possible involvement of COVID-19 in

inflammatory pathways in metabolically compromised

NAFLD patients who could have a poor COVID-19 out-

comes, including acute liver damage [99]. Thus, the asso-

ciation between a history of DM and elevated liver function

enzymes in COVID-19 remains controversial.

We investigated the relationship between diarrhea and

abdominal pain in COVID-19 patients. In this study, there

were no studies that defined diarrhea clearly, except for the

report by Wei et al. [71] We found that 2.9% of COVID-19

patients had abdominal pain, 13% had diarrhea, and the

ratio of abdominal pain to diarrhea was approximately

0.25. Our data collection had the incidence of abdominal

pain and diarrhea but had no relationship between two

symptoms. Therefore, we adopt ‘‘the ratio of abdominal

pain to diarrhea’’ to discuss the relationship between

diarrhea and abdominal pain. However, we thought this

was insufficient to show the relationship between the two,

so we added the regression curve as a compliment. The

ratios of abdominal pain and diarrhea are very close to each

calculation, which is 0.23–0.24. Based on these findings,

we estimate that about 23% of diarrhea symptoms are

accompanied by abdominal pain. Zayet et al. [100] repor-

ted that COVID-19 patients had a significantly higher

incidence of diarrhea compared to influenza A/B patients.

However, the frequency of abdominal pain was not sig-

nificantly different between patients with COVID-19 and

influenza A/B. The ratio of abdominal pain to diarrhea in

COVID-19 patients was 0.5, while the ratio in influenza

A/B patients was 0.82. Although the incidence of abdom-

inal pain and diarrhea in COVID-19 patients varied widely

in the published literature, abdominal pain with diarrhea is

likely to be a less common feature of COVID-19.

In patients with severe acute respiratory syndrome

(SARS, which infects via ACE2 receptors), 3.9% of

patients had abdominal pain and 7.5% had diarrhea, and the

ratio of abdominal pain to diarrhea was 0.52 [101]. In

Middle East respiratory syndrome (which infects via DDP-

4 [102]), 17% of patients had abdominal pain and 25.5%

had diarrhea, and the ratio of abdominal pain to diarrhea

was 0.58 [103]. In norovirus infections, 59% of patients

had abdominal pain and 68% had diarrhea, and the ratio of

abdominal pain to diarrhea was 0.862 [104, 105]. In sum-

mary, COVID-19 has a lower ratio of abdominal pain to

diarrhea than these infections, that is, lesser incidence of

abdominal pain even in the presence of diarrheal symp-

toms. Generally, viral infections cause an alteration in

intestinal permeability, resulting in enterocyte dysfunction

and diarrhea. However, the mechanism of abdominal pain

is complex and includes abnormalities in intestinal peri-

stalsis, intestinal edema, and intestinal ischemia. The cause

of the discrepancy between abdominal pain and diarrheal

symptoms in COVID-19 is not well understood. However,

a similar phenomenon of divergence between abdominal

pain and diarrheal symptoms was reported in common

acute respiratory infections (ARI). Minodier et al. [106]

reported that diarrhea was observed in 14.6% of 574

patients with ARI and abdominal pain in 34.3%, and the

ratio of abdominal pain to diarrhea was 2.35. They per-

formed RT-PCR on nasal swabs and stool to look for

pathogenic organisms. Despite accounting for the fact that

some patients with multiple viral infections such as enter-

oviruses and children under 15 years of age (18% of all

patients) were included, the frequency of abdominal pain

was higher than that of diarrhea. In addition, 28 patients

were detected with coronavirus (NL63, 229E, OC43, and

HKU1 strains, which are common human coronaviruses),
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and 78.6% of them had GI symptoms. If these results were

valid worldwide, then commoner viral infections could

cause GI symptoms more frequently than expected. There

seems to be a divergence between diarrhea and abdominal

pain.

Interestingly, Singh et al. [107] reported a difference in

the incidence of diarrhea and abdominal pain in a cohort of

COVID-19 patients based on the history of inflammatory

bowel disease (IBD). They reported that the ratio of

abdominal pain to diarrhea in IBD patients with COVID-19

was higher than that in non-IBD patients (0.95 vs. 0.53,

with no significant difference between the two groups on

the t test.). The reason for this phenomenon remains

unclear. However, the epithelium in IBD patients who are

in clinical remission is already ‘primed’ by a low level of

inflammation related to IBD. Thus, in these patients, viral

infection can easily trigger a further increase in intestinal

permeability by fostering further recruitment of lympho-

cytes into the intestinal mucosa and by production of

proinflammatory cytokines. Based on these findings, it

would be reasonable to assume that IBD patients with

COVID-19 have more abdominal symptoms than those

without IBD.

An NYC cohort data showed that ethnic minority groups

were at risk for COVID-19 deaths and intensive care unit

(ICU) admissions [108]. However, a systematic review

could not confirm that ethnicity was an independent poor

prognostic factor for COVID-19 after adjusting for

comorbidities [109]. There is no detailed report on the

difference between ethnic/race and GI symptoms at pre-

sent. In this study, we were able to examine the incidence

of diarrheal symptoms of COVID-19 in China, the United

States, and Italy (Table.3), but there was no tendency for

the incidence of diarrhea to differ among the nation.

This study has several limitations. We researched arti-

cles containing abstracts written in English. Therefore, we

might miss out on some reports written in non-English.

Many studies of COVID-19 lack definitions of GI symp-

toms. However, the similar tendency is observed in reports

regarding respiratory infections such as SARS, MERS, and

flu. We consider that this is a common limitation of the

study, which exam GI symptoms in respiratory infections.

In most studies tabulated, diarrhea and abdominal pain

were collected independently, and the true rate of overlap

between diarrhea and abdominal pain is unknown. Most of

the patients in this meta-analysis were from China and

most likely of Asian descent. The number of studies to be

included was 3 or 4, and the result might change if the

number of studies covered increases. The results may be

prone to bias due to the exclusion of pediatric and pregnant

patients. It has been noted that in children, the frequency of

diarrhea and vomiting differs by age groups, even for the

same enteroviral infection [110]; it is thus necessary to

evaluate symptoms by age. In addition, the proportion of

severe COVID-19 patients was higher than that in common

SARS-CoV-2 infections, because our study included many

case series. There were many missing values, and con-

founding factors could not be analyzed.

In conclusion, our study has shown that abdominal pain

is likely to be characteristic of severe COVID-19. Com-

pared with other viral infectious diseases that primarily

infect the respiratory system, patients with COVID-19 may

have a slightly lower frequency of diarrheal symptoms with

abdominal pain. Since most of the patients in this study

were from China, future studies should include patients

from various countries and ethnicities.
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