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Abstract

Background: The coronavirus (COVID-19) pandemic was reported from Wuhan, China, on December 31, 2019, and
the pandemic was spread to more than 212 countries in the globe. This meta-analysis aimed to assess the pooled
incidence of COVID-19 complications and to identify the association between the incidence of complications and
age.

Methods: Comprehensive databases, PubMed, Hinari, and Google Scholar, were used to locate potential articles for
this review. Data were extracted using Microsoft Excel and imported to the STATA/MP version 16.0 software for
analysis. Heterogeneity between studies was assessed using the Cochrane Q test statistics and I2 test, and small
study effect was checked using Egger’s statistical test at 5% significant level. Sensitivity analysis was checked. A
random-effects model was conducted to estimate the pooled incidence of COVID-19 complications. Univariate
meta-regression was conducted to identify the association between the mean ages with each complication.

Results: From the total of 1237 studies, 12 studies were included with a total of 3064 COVID-19 patients. The most
complications were acute respiratory distress syndrome (30.93%, 95%CI 21.3–40.6%) followed by acute liver injury
(22.8%, 95%CI 14–31.5%), shock (10.9%, 95%CI 7.4–14.4%), acute kidney injury (7%, 95%CI 3.8–10.4%), and acute
cardiac injury (6.4%, 95%CI 2.8–15.6%). Univariate meta-regression revealed that as the mean age increased by 1
year, the incidence of acute respiratory distress syndrome, acute kidney injury, acute cardiac injury, and shock
increased by a factor of 2.9 (β = 2.9, 95%CI 2.4–3.4, adjusted R2 = 88), 0.4 (β = 0.4, 95%CI 0.04–0.72, adjusted R2 =
54), 1.6 (β = 1.6, 95%CI 1.1–2.1, adjusted R2 = 85), and 1.1 (β = 1.1, 95%CI 0.8–1.5, adjusted R2 = 26) times
respectively.

Conclusion: Significant complications of COVID-19 viral infections were reported. Older populations were a high-
risk group of developing adverse complications as compared to their counterparts. Health care professionals should
give primary attention to those risk group individuals.

Keywords: COVID-19, Age, Acute respiratory distress syndrome, Acute kidney injury, Acute cardiac injury, Shock,
Meta-analysis

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: zephab2@gmail.com
1Department of Public Health, College of Health Sciences, Debre Tabor
University, Debre Tabor, Ethiopia
Full list of author information is available at the end of the article

Tiruneh et al. Systematic Reviews           (2021) 10:80 
https://doi.org/10.1186/s13643-021-01636-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-021-01636-2&domain=pdf
http://orcid.org/0000-0001-5867-5105
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:zephab2@gmail.com


Background
Coronavirus is a large family of viruses that usually
causes mild to moderate upper respiratory tract infec-
tions. However, three new coronavirus families namely
SARS-CoV, MERS-CoV, and SARS-CoV-2 have emerged
from animal reservoirs over the past two decades to
cause serious and prevalent human illness and death [1].
The recent emerging COVID-19 novel coronavirus is a
newly emerging zoonotic public health challenge that
emerged at the end of December 31, 2019, in Wuhan,
Hubei province of China with a reported cluster of 27
cases of pneumonia of unknown cause. The Coronaviri-
nae family consists of four genera, Alphacoronavirus,
Betacorona virus, Gammacorona virus, and Deltacorona
virus. Based on genetic properties, COVID-19 belongs to
the genus Betacorona virus [2]. Fever, cough, and dys-
pnea were the most prevalent clinical presentation of the
newly emerging virus infection [3–6].
According to World Health Organization (WHO) re-

port on 26 April 2020, globally, more than 2.8 million
cases were confirmed to have COVID-19, and 193,722
(case fatality rate is 6.9%) related deaths have been re-
ported to date; around 48% of cases reported from Euro-
pean countries. The lowest cases of COVID-19 were
reported from the Africa Region which is 20,316 con-
firmed cases (case fatality rate is 4%) [7].
According to Yang et al. report, from the total of 52

hospitalized COVID-19 patients, 67%, 29%, 29%, and
23% of them experienced adverse complications of acute
respiratory distress syndrome (ARDS), acute kidney in-
jury (AKI), liver dysfunction, and acute cardiac injury
(ACI), respectively. Of patients developing ARDS, AKI,
ACI, and liver dysfunction adverse complications, 74%,
80%, 75%, and 60% of them died, respectively [8]. This
suggests that experiencing adverse complications has a
high risk of COVID-19 mortality.
Documenting the pooled incidence of adverse compli-

cations of COVID-19 infection will give valuable infor-
mation for the timely intervention of the patients.
However, more pieces of evidence are needed to know
the pooled incidence of adverse complications of pa-
tients with COVID-19 as well as the effects of age on
the incidence of each complication.
Therefore, this systematic review and meta-analysis

will give the pooled incidence of adverse complications
among COVID-19 patients. Also, this review also as-
sesses the effects of age on the incidence of each
complication.

Methods
Protocol registration and search strategy
This review follows the recommendations established by
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [9]; it has been

registered as a protocol in the International Prospective
Register of Systematic Reviews (PROSPERO; https://
www.crd.york.ac.uk) database on ID no
CRD42020181539.
This review was conducted to estimate the pooled ad-

verse complications and effects of age on each complica-
tion among COVID-19 patients. Potential studies were
identified using databases PubMed/MEDLINE, Hinari,
Google Scholar, and Google Search. Searches limited to
English language and studies published from December
31, 2019, to April 10, 2020. Searching MeSH headings
“2019-nCoV infection” OR “2019 novel coronavirus” OR
COVID-19 OR “SARS-CoV-2” OR “2019-nCoV” AND
“complication*” OR “Clinical characteristics” OR “Clin-
ical course” NOT Animals were used to identify poten-
tial studies (additional Table).

Eligibility identification
All studies which have a report on the mean age of the
respondents, all age groups, and all PCR-confirmed
COVID-19 cases; studies having a report on clinical
complications; and studies conducted worldwide were
included for this review. Retrospective and prospective
observational studies, case series, and cross-sectional
chart review study designs were included. Case report
and qualitative studies were excluded from this review.

Measurement of the outcome variables
The primary outcome of interest for this review was to
estimate the pooled incidence of acute complications of
COVID-19 patients. The second objective was to esti-
mate the pooled effects of age on the incidence of
COVID-19 complications. COVID-19 complications
were declared as having ARDS, AKI, ACI, shock, and
ALI among COVID-19 patients during hospitalization.

Study selection and data collection
A total of 1247 articles were identified through the data-
base search. After eligibility identification, 12 potential
studies had been included for this qualitative and quanti-
tative synthesis as summarized in the PRISMA flow dia-
gram [9] (Fig. 1).
All studies were exported and managed using the End-

note™ version X9.2 (Thomson Reuters, Philadelphia, PA,
USA) software. All duplicated studies were removed,
and full-text articles searched using the Endnote soft-
ware manually. Screening for eligibility of the individual
articles was assessed independently by two reviewers
(SA and MA) through review from the title, abstract,
and full text. Exaggerated differences from the two re-
viewers narrowed through discussion and other reviewer
members (ZT and DA).
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Quality assessment of individual studies
The quality of the included studies assessed using the
critical appraisal tool to assess the quality of cross-
sectional studies (AXIS) [10]. Two reviewers (SA and
MA) independently assessed the quality of the included
studies. The exaggerated discrepancy between the two
reviewers was managed through discussion; otherwise, a
third reviewer available to arbitrate any issues that
remained unresolved (DA and ZT). The quality assess-
ment tool measures a total of twenty questions. Overall
scores of the AXIS tool ranges from 0 to 20 scores [10].
The highest score was a low risk of bias whereas the
lowest score was a high risk of bias among the included
studies.

Data extraction and management
The data extraction for this review was summarized by
two authors (SA and MA) using Microsoft Excel. The dis-
crepancies between the two authors were managed
through discussion between them and/or the other au-
thors (DA and ZT). The main categories of data extraction
were thematized on the main characteristics of the study
which were author, year, journal, country, sample size,
mean age, and sex; clinical characteristics (fever, cough,
shortness of breath, myalgia and fatigue, headache, and
diarrhea); clinical complications during hospitalization
(ARDS, AKI, ACI, ALI, and shock); and imaging results.

Qualitative and quantitative synthesis
The extracted data were imported to the STATA/MP
version 16.0 software for further analysis. The

descriptive analysis of the included articles was summa-
rized using tables. The pooled estimate of each compli-
cation of COVID-19 patients was estimated by the
random-effects model using DerSimonian-Laird model
weight [11]. Heterogeneity in meta-analysis is mostly in-
evitable due to the differences in study quality, sample
size, method, and different outcomes measured across
studies [12, 13]. Statistical heterogeneity was checked by
the Cochrane Q test and I2 statistics [14]. Sensitivity ana-
lysis was also conducted to determine the effect of single
studies on the pooled estimates. Univariate meta-
regression was conducted for each complication by the
mean age of the respondent from primary studies using
the random-effects model. Egger’s statistical test was
used to check publication bias [15]. Statistically signifi-
cant (P value < 0.05) Egger’s test indicates that the pres-
ence of a small study effect was handled using non-
parametric trim and fill analysis using the random-
effects model [16].

Results
Characteristics of included studies
All studies included for this systematic review and
meta-analysis were conducted by Chinese scholars in
China. The total sample size of 3064 COVID-19 pa-
tients was included in this review. The minimum and
maximum sample sizes were 41 [17] and 1099 [18],
respectively. The mean age of the patients from the
included studies ranges from 47 [18] to 69 [19] years
old (Table 1).

Fig. 1 PRISMA flow diagram for included studies for COVID-19 patients
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The pooled incidence of acute complication of novel
coronavirus
From twelve studies [17–28], the incidence of ARDS
pooled estimate was 31% (95%CI = 21.26, 41.60); signifi-
cant heterogeneity was observed among studies (I2 =
99.05, P value < 0.001). The highest weight among stud-
ies was observed from the studies conducted by Jin et al.
and Guan et al. [18, 20] (Fig. 2). A small study effect
(publication bias) was investigated using Egger’s statis-
tical test [29]. Egger’s statistical test provides that there
is no evidence for the presence of publication bias (β =
−6.06, P value = 0.38).
Among ten studies [17–19, 21–24, 26–28], using the

random-effects model, the incidence of AKI pooled esti-
mate was 7% (95%CI = 3.84, 10.44). The highest weight
among studies was observed from studies conducted by
Guan et al. [11] (Fig. 3). Egger’s statistical test evidenced

that there is no publication bias among the included
studies (β = −4.31, P value = 0.13).
From nine studies [17, 19, 22–28], the incidence of

AKI (18.89, 95%CI = 10.45, 27.29) had evidence of publi-
cation bias (β = −5.2, P value = 0.038). After random ef-
fects model trim and fill analysis (Fig. 4), the pooled
incidence of ACI was 6.38 (95%CI = −2.84, 15.60)
among hospitalized COVID-19 patients.
Using ten studies [17–21, 23–25, 27, 28], the incidence

of shock among COVID-19 patients was 7% (95%CI =
3.84, 10.44). The highest weight among studies was ob-
served from studies conducted by Jin et al. [20] (Fig. 5).
Egger’s statistical test evidenced that there is no publica-
tion bias among the included studies (β = −4.51, P value
= 0.29).
Furthermore, the pooled incidence of ALI among

COVID-19 patients was estimated using six studies [20,

Table 1 Characteristics of the included studies for this review among COVID-19 patients

S. no First author Publication year Country Sample size Mean age Quality scorea

1 Jin et al. [20] 2020 China 651 51 18

2 Chen et al. [21] 2020 China 99 55.5 19

3 Yang et al. [22] 2020 China 52 59.7 15

4 Zhang et al. [23] 2020 China 221 55 19

5 Cao et al. [24] 2020 China 102 54 19

6 Huang et al. [17] 2020 China 41 49 19

7 Du et al. [25] 2020 China 85 66 14

8 Wang et al. [26] 2020 China 138 56 18

9 Zhao et al. [27] 2020 China 77 52 17

10 Guan et al. [18] 2020 China 1099 47 19

11 Chen et al. [28] 2020 China 274 68 19

12 Deng et al. [19] 2019 China 225 69 17
aQuality score ranges from 0 to 20

Fig. 2 Forest plot of pooled incidence of ARDS among hospitalized COVID-19 patients
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22, 24, 25, 27, 28]. From these studies, the incidence of
ALI among hospitalized COVID-19 patients was 22.77%
(95%CI = 14.05, 31.48) (Fig. 6). Egger’s statistical test re-
vealed that there is no publication bias among the in-
cluded studies (β = 5.98, P value = 0.394). The pooled
incidence of acute complication of COVID-19 is sum-
marized and shown in Table 2.

Meta-regression analysis of acute complications of
COVID-19 patients
Univariate meta-regression analysis was conducted using
the aggregated mean age of study level variables using
the random-effects model. This meta-regression analysis

evidenced that the mean age and the incidence of acute
complication of 2019 novel coronavirus patients are sta-
tistically significant. As shown in the bubble plot (Fig. 7),
the mean age and incidence of ARDS had a linear rela-
tionship. As the mean age increased by 1 year, the inci-
dence of developing ARDS complications among
COVID-19 patients would increase by a factor of 2.9 (β
= 2.9, 95%CI 2.4–3.4) times, with a total incidence of
ARDS complication of hospitalized COVID-19 patients
explained by the covariate mean age of 88% (R2 = 87.62).
Besides, the mean age and incidence of ACI among hos-
pitalized COVID-19 patients had a linear relationship.
The incidence of ACI complications among COVID-19

Fig. 3 Forest plot of pooled incidence of AKI among hospitalized COVID-19 patients

Fig. 4 Trim and fill plot of pooled incidence of ACI among hospitalized COVID-19 patients
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patients increased by a factor of 1.6 (β = 1.63, 95%CI
1.1–2.2) times as the mean age increased by 1 year with
model adjusted R2 of 85%. The mean age and incidence
of AKI had a statistically significant linear relationship.
The likelihood of developing AKI would increase by a
factor of 0.4 (β = 0.4, 95%CI 0.04–0.72) times as the
mean age increased by 1 year, with an incidence of AKI
explained by the mean age of 54% (R2 = 54.07)
(Table 3).

Discussion
In the past 4 months, more than 2.8 million individuals
have been infected by COVID-19 coronavirus [7]. The
virus was an emerging public health challenge around
the globe. Currently, the virus has effective vaccination

evidenced by different studies [30, 31]. Therefore, to
date, social distancing, staying home, frequent hand
washing for at least 20 s, and avoiding handshaking have
been put an option to prevent the transmission. Clinical
complications and death were higher among old
populations.
This review revealed that 31% of the patients who ex-

perienced ARDS followed by ALI, shock, AKI, and ACI
experienced 23%, 11%, 7%, and 6% of the cases, respect-
ively. From the report of four studies [19, 21, 22, 24], in
patients with ARDS, AKI, and ACI complications, 75%,
91%, and 86% of them died, respectively. Therefore, early
identification of complications and critical follow-up and
treatment was needed for COVID-19 patients.
The incidence of ARDS and ALI was similar to previ-

ous reports among laboratory-confirmed MERS-CoV

Fig. 5 Forest plot of pooled incidence of shock among hospitalized COVID-19 patients

Fig. 6 Forest plot of pooled incidence of ALI among hospitalized COVID-19 patients
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infection (40% and 31%, respectively) in Saudi Arabia
[32]. Besides, the incidence of AKI was lower than a
study from Saudi Arabia among laboratory-confirmed
MERS-CoV patients [32]. ARDS and shock incidence
were higher than the severe influenza season in China
during 2017–2018 [33]. On the other hand, ARDS was
lower than a report from the Middle East respiratory
syndrome coronavirus (MERS-CoV) infection hospital-
ized patients in China (88%) whereas shock frequency
was similar with MERS-CoV [34].
From a univariate meta-regression analysis, age had a

linear relationship with ARDS, AKI, ACI, and shock
complications among COVID-19 hospitalized patients.
As the mean age increased by 1 year, the incidence of
ARDS, ACI, AKI, and shock increased by a factor of 2.9,
1.6, 0.4, and 1.1 times, respectively. The finding was sup-
ported by previous studies conducted among MERS-
CoV patients in China, which is being older has a higher
risk of mortality [34]. Another study in Saudi Arabia evi-
denced that the likelihood of death increased by four
times among hospitalized MERS-CoV patients younger
than 65 years [32]. Besides, the hazard of severe acute

respiratory syndrome (SARS)-related mortality increased
by 3.5 times in those with age above 60 years among
hospitalized patients [35]. The possible justification for
the risk of developing complications and death among
older patients will be due to prevalent chronic comor-
bidity among older patients.
The result of this systematic review and meta-analysis

highlights the clinical complications of COVID-19 pa-
tients. Also, this review documents the association be-
tween age and complications among COVID-19 patients
during hospitalization. Evaluating these results will help
clinicians and other stakeholders to mitigate the progres-
sion of the infection.

Strength and limitation of the review
This study was identified as the pooled evidence of ad-
verse clinical complications of COVID-19. Besides, the
study shows the association between age and each ad-
verse complication used to timely interventions. The
first limitation of this review was few studies were in-
cluded for the evaluation of adverse complications and
no studies were included outside China. Second,

Table 2 The pooled estimates of novel coronavirus complication among COVID-19 patients

Complication of COVID-19 No. of studies Sample size (N) Pooled incidence (95%CI) Heterogeneity (I2, P value) Egger’s P value

ARDS 12 3064 30.93 (21.26, 40.60) 99.05%, < 0.001 0.38

AKI 10 2328 7.14 (3.84, 10.44) 91.31%, < 0.001 0.13

ACI 14a 1215 6.38 (−2.84, 15.60) 95.08%, < 0.001 0.038

Shock 10 2874 10.89 (7.42, 14.35) 98.01%, < 0.001 0.29

ALI 6 1823 22.77 (14.05, 31.48) 94.58%, < 0.001 0.39
aAfter trim and fill analysis imputed five studies

Fig. 7 The bubble plot of the mean age and ARDS complication among COVID-19 patients
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substantial statistically significant heterogeneity was ob-
served across studies that undermine the pooled esti-
mate of COVID-19 complications which suggests that
chance could be responsible for between-study variabil-
ity. These heterogeneities could be due to different study
designs, sample size variations, and age variations among
the included study participants. Since all studies were
from China, it will limit the generalizability to other
contents.

Conclusion and recommendation
The novel 2019 coronavirus causes significant morbidity
and mortality associated with multiorgan failure espe-
cially among older individuals. The review summarizes
the pooled complications of ARDS, AKI, ACI, ALI, and
shock. Being aged had a risk of developing adverse com-
plications of COVID-19 during hospitalization. Since
older age had more risk of developing complications and
a high risk of mortality, health care providers should
take care of primary attention for those groups.
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