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Abstract

Background: COVID-19 patients usually present multiple comorbidities and complications associated with severe
forms of SARS-CoV-2 infection. This study aimed to assess the risk factors and prevalence of comorbidities and com-
plications contributing to the severity of COVID-19.

Methods: This meta-analysis was performed according to PRISMA guidelines. We searched various databases,
including PubMed, Google Scholar, and Scopus (between 2020 and 2023), for eligible studies for this meta-analysis.

Results: Thirty-three studies were eligible, including 85,812 patients, of which 36 % (30,634/85,812) had severe disease,
whereas 64 % (55,178/85,812) had non-severe disease. Severe cases were potentially correlated with the following factors:
gender (male) (odd ratio (OR) = 1.52, 95 % CI: 1.34—1.73), advanced age (OR = 3.06, 95 % CI: 2.18—4.40) pre-existing
smoking (OR = 1.33, 95 % CI: 1.01—1.75), obesity (OR = 2.11, 95 % CI: 1.47—3.04), diabetes (OR = 1.81, 95 % CI:
1.35—2.43), hypertension (OR = 2.22, 95 % CI: 1.72—2.87), coronary heart disease (OR = 2.17, 95 % CI: 1.42—3.31), CKD
(OR = 2.27, 95 % CI: 1.26—4.06), COPD (OR = 1.95, 95 % CI: 1.22—3.09), malignancy (OR = 1.63, 95 % CI: 1.07—2.49) and
cerebrovascular disease (OR = 2.76, 95 % CI: 1.63—4.62). All these comorbidities were significantly higher in the severe
COVID-19 group compared with the non-severe COVID-19 group. In addition, the most severe complications were
associated with shock (OR = 28.08, 95 % CI: 3.49—226.03), ARDS (OR = 13.09, 95 % CI: 5.87—29.18), AKI (OR = 16.91,
95 % CI: 1.87—152.45) and arrhythmia (OR = 7.47, 95 % CI: 2.96—18.83). However, these complications were the most
likely to prevent recovery in patients with severe affections compared with non-severe affection groups.

Conclusion: All the comorbidities and complications listed above are more likely to cause severe forms of COVID-19 in
some patients and hinder recovery. They are therefore risk factors to be controlled to minimize the undesirable effects of
the disease.
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1. Introduction

he COVID-19 pandemic, caused by severe

acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has caused high morbidity and
mortality around the world. More than 0.67 billion
people have been infected and more than 6.8 million
deaths around the world [1,2]. The clinical presen-
tation of SARS-CoV-2 infection is very wide,
ranging from asymptomatic infection in the first
phases of infection to severe symptomatic forms of
infection, sometimes implying dyspnea, organ
dysfunction and, in the worst case, death ensues [2].

Several studies have reported that there are many
clinical risk factors associated with the development
of severe or even potentially fatal forms of the dis-
ease (COVID-19). These risk factors included de-
mographic characteristics such as gender, advanced
age, smoking history; comorbidities such as diabetes
mellitus, hypertension, cardiovascular diseases, and
chronic obstructive pulmonary disease (COPD), as
well as complications such as acute respiratory
distress syndrome (ARDS), septic shock, and, in the
most extreme cases, neurological complications [3].
In addition, recent studies have highlighted the
syndemic concept in the severity of COVID-19 [4,5].
Defined (syndemic) as two or more health conditions
or diseases which, by their synergy, aggravate the
consequences of these diseases on a sick person,
specifically, an unhealthy lifestyle behaviors (i.e.,
physical inactivity, poor diet, increased sedentari-
ness, obesity etc.)—chronic diseases—COVID-19
syndemic [4,5]. Indeed, emerging evidence in the
scientific literature has suggested that some regions
of the world suffer from the syndemic rather than the
pandemic [4]. This syndemic would be one of the
main causes of hospitalizations and high mortality
worldwide during the COVID-19 pandemic [4—6].

Nevertheless, a good understanding of the risk
factors associated with COVID-19 severity is useful
for public health and clinicians to implement
appropriate preventive measures and guidance of
emerging treatment protocols to better identify pa-
tients at high risk of severe COVID-19 for priority
treatment to prevent disease progression and un-
favorable outcomes [7].

The aim of this study was to exhaustively evaluate
the risk factors and prevalence of demographic
characteristics, comorbidities, and complications
associated with the severity of COVID-19 and the
correlation between these risk factors.
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2. Methods

The Preferred Reporting Items for Systematic Re-
view and Meta-Analysis (PRISMA) statement (Sup-
porting information: S1 PRISMA 2020 checklist) and
the statement by the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) group were
employed to design and describe this study [8,9].

2.1. Search strategy

To minimize bias, two investigators (S.D and NN)
independently examined the data (titles, abstracts,
and extraction of potentially eligible articles).
Eligible articles were stored in a “Zotero” citation
manager. Literature searches were performed using
the international databases PubMed Central, Goo-
gle Scholar, and Scopus, using the following search
terms:

“SARS-CoV-2" OR “COVID-19" AND “Severity
and non-severity of COVID-19” OR “Severity of
COVID-19” OR “Intensive Care Unit” OR “clinical
features of COVID-19". The articles selected for this
study are those published between 2020 and 2023.

2.2. Selection criteria

Studies fulfilling the following selection criteria
were included in the meta-analysis: - Inclusion
criteria: (1) study type: case series, cohort study, or
prospective study in relation to the severe form of
COVID-19; (2) COVID-19-positive patients with
comorbidities and associated studies reporting
complications following the severity of COVID-19;
(3) randomized clinical trials, observational studies,
and case series involving >70 patients, written in
English or French.

- Exclusion criteria were: (1) systematic reviews
and meta-analyses; (2) unpublished articles; (3)
studies with sample sizes <70 patients; (4)
insufficient or incomplete data; (5) animal
experiment reports, and (6) pediatric reports.

2.3. Quality assessment

The evaluation of the quality of studies included
in this meta-analysis was based on the Newcastle-
Ottawa Scale (NOS) [10]. The main elements
include: selection (representativeness of the
exposed cohort, selection of the nonexposed cohort,
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Ascertainment of exposure, demonstration that the
outcome of interest was not present at the start of
the study); comparability (comparability of cohorts
on the basis of design or analysis); and outcome
(assessment of outcome, follow-up time, Adequacy
of follow-up of cohorts). The quality score ranges
from 0 to 10 stars, with a score> 7 stars indicating
high-quality articles (Table 1).

2.4. Statistical analysis

All statistical tests were performed using Review
Manager (RevMan) version 5 (Cochrane Collabora-
tion, Copenhagen, Denmark) [11]. Odds ratios (ORs)
were calculated for dichotomous variables, while
standardized mean differences (SMDs) and 95 %
confidence intervals (CIs) were calculated for
continuous data. The Mantel-Haenszel random-ef-
fects model was used to calculate effect sizes. Het-
erogeneity was estimated using the chi-square test
and the Higgins I? test. Z-score was calculated to
detect the overall effect, with significance set at
P < 0.05. Publication bias was examined using fun-
nel plots. The 95 % CI in the funnel plots is based on
the hypothesis that all studies have only one true
effect. Consequently, the 95 % Cl in the fixed-effects
model (based on this hypothesis) represents the
expected distribution of studies in the absence of
heterogeneity and bias. The random-effects model,
on the other hand, supposes that these studies have
different true effects, and there is therefore no need
to add a 95 % CI. For all analysis, significant levels
were two-tailed, and p < 0.05 was considered sig-
nificant for OR and SMD summarized. Population-
attributable risk fractions (PAF) for COVID-19-pos-
itive patients for the effect of the outcome of
different comorbidities were also calculated for all
groups. The formula used to calculate PAF was:

PAF= P; (OR-1) /OR

P 1 = proportion of risk factors in the population
and OR = odds ratio [12].

For continuous variables for which SMD has been
calculated, the odd ratio is determined according to
the equation: In (OR) = =/ \/3 X SMD [13].

3. Results
3.1. Study selection and characteristics

Fig. 1 shows the flow chart for study selection
according to PRISMA guidelines. According to the
predefined search strategies, a total of 22,005 articles
were initially identified, of which 21,972 were
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excluded following evaluation of the eligibility
criteria. COVID-19 patients were divided into se-
vere and non-severe groups. Study characteristics
are shown in Table 1.

A total of 85,812 patients were included in this
meta-analysis. The characteristics of all studies
included are listed in Table 1. The rate of severe
cases was 36 % (30,634/85,812), while the rate of non-
severe cases was 64 % (55,178/85,812).

3.2. Quality of the included studies

The results of the quality assessment of all the
studies included in this meta-analysis are presented
in Table 2. The majority of studies were high-qual-
ity, with the exception of two studies with a NOS
score of 6. The NOS scores of the thirty-one other
studies with high quality were distributed as fol-
lows: nine studies had a NOS score of 7, nine other
studies had a NOS score of 8, and thirteen studies
had a NOS score of 9.

3.3. Summary of the meta-analysis for primary
outcomes

In Table 3, sixteen risk factors for COVID-19 have
been listed in three categories. These are de-
mographic characteristics, comorbidities, and com-

plications that have an impact on the severity of
COVID-19.

3.4. Publication bias

In order to estimate publication bias in addition to
heterogeneity (chi-square test and Higgins' I? test),
funnel plots were generated (Fig. 2). Funnel plots of
demographics, comorbidities, and complications in
this meta-analysis showed that nearly all the funnel
plots were asymmetrical with the exception of
chronic liver disease, cerebrovascular disease,
asthma/allergy, and AKI, implying that the publi-
cation bias existed to some extent.

3.5. Demographic characteristics

Demographic characteristics in this study
included gender, age, pre-existing smoking, and
body mass index (BMI> 25—30 kg/m?) (BMI is the
most useful measure of overweight and obesity in a
population, because in adults, the scale is the same
regardless of the subject's gender or age (according
to World Health Organization (WHO), there is
overweight when BMI >25 kg/mz; and there is
obesity when BMI is > 30 kg/m?)). The results of the
analysis of demographic characteristics are



Table 1. Clinical and demographic characteristics of the patients with severe and non-severe COVID-19. g g
Reference Publication =~ Country Samples Severe Non-severe Overall age Risk factor outcomes ‘E E
year (Male/Female) (Median age/ \E E:
Mean age, Te
range/SD) &
Al-Numair et al., 2022 [14] 2022 Saudi Arabia 598 (352/246) 300 298 57 (46—65) ®0 66006 6 & ®
Almarashda et al., 2022 [15] 2022 United Arab 585 (386/199) 154 431 49 (39-59) ®006, 0, 6 0 0 0 G
Emirates
Cai et al., 2020 [16] 2020 China 298 (145/153) 58 240 47,5 (33—61) 0,0 0,0 ®
Chen et al., 2023 [17] 2023 China (Taiwan) 127 (70/57) 39 88 52,3 (SD = 14.1) ®0 6 0
El Aidaoui et al., 2020 [18] 2020 Morocco 134 (73/61) 45 89 53 (36—64) 006,006, 6,0 0 00,6,
®,
Feng et al., 2020 [19] 2020 China 476 (271/205) 124 352 53 (40—64) ®,006,0,06,6, 06,0, 0
Hermosa et al., 2023 [20] 2023 Spain 2217 (1210/1007) 872 1145 62.2 (SD = 12.8) @0 00606, 060 0 0,
Hong et al., 2020 [21] 2020 Korea 98 (38/60) 13 85 55.4 (SD = 17.1) 0,006,060 06,0, 0 0 6,
Ishii et al., 2020 [22] 2020 Japan 345 (198/147) 112 233 54 (32—68) ®0 06,6 0 06 0, ®
Kabuto et al., 2023 [23] 2023 Italy 192 (138/54) 44 148 68.5 (65.2—71.8) ®006, 0, 0 06, d 6
Kantri et al., 2021 [24] 2021 Morocco 138 (73/61) 45 89 53 (36—64) ® 006, 06,066 0 0 0 ®,
Lenoir et al., 2023 [25] 2023 Swiss 584 (332/252) 228 356 58 (SD = 14.1) 0,006,006, 6,0 0 0 O,
Namayandeh et al.,, 2023 [26] 2023 Iran 19,576 (10,291/9285) 2559 17,017 56.2 (SD = 20.71) ®006 06,6 00 0 @,
Ozel et al., 2022 [27] 2022 Turkey 728 (392/336) 37 691 54 (44—65) ® 0 0,6,6 0 6 0 e, o,
Pecorelli et al., 2023 [28] 2023 Switzerland 168 (125/43) 91 77 63 (SD = 12) 0,006, 6,0 60,0,
Ren et al., 2020 [29] 2020 China 129 (62/67) 40 89 50 (34.5—61) 0006, 6 0 0
Reyes et al., 2022a [30] 2022 Colombia 40,440 (25,501/14,939) 20,044 20,396 67 (55—78) 00 06,6 00 0 e ® 6,
Reyes et al., 2022b [31] 2022 Colombia 3008 (1817/1191) 1934 1074 56 (43—67) ® 006 06,06,6 0 6,0 0, ®,
Ryan et al., 2021 [32] 2021 USA 556 (296/260) 164 392 57 (SD = 17) ®006, 06,6 0 6,0 0 ® 6,
Shu et al., 2020 [33] 2020 China 293 (135/158) 86 207 57.1 (SD = 16.3) D006 0 6, 0
Su et al., 2023 [34] 2023 Canada 417 (217/200) 175 242 65.3 (18.4) ®006 06,6 0 06 00
Suleyman et al., 2020 [35] 2020 USA 463 (165/298) 141 214 57.5 (SD = 16.8) ® 006 066 0 06 0 6, o,
Takacs et al., 2023 [36] 2023 Hungary 83 (53/30) 32 51 70.1 (SD = 12.8) ®0 6 0 6
Uzum et al., 2023 [37] 2023 Turkey 272 (144/128) 114 158 65 (SD = 14) 006 6 0 O
Wang et al., 2020 [38] 2020 China 138 (75/102) 36 102 56 (42—68) ®0 06 06,0 0 0 ® 0,
Wei et al., 2020 [39] 2020 China 276 (155/121) 14 262 51 (41-58) ® 006 06 0 6,0
Xiong et al., 2020 [40] 2020 China 116 (80/36) 55 61 58.5 (47—69) ®0 6 0 6,0 0 @ 6,
Xu et al., 2023 [41] 2023 China 11,566 (6959/4607) 2422 9144 65.45 (SD =1561) ©,0Q,®,®, ©, ®, © ®, ®
Yahyaoui et al., 2023 [42] 2023 Morocco 521 (272/249) 185 336 64 (SD = 16.3) ®0 6 0 060 0 ®
Yang et al., 2021 [43] 2021 China 78 (37/41) 17 61 45.5 (34—55.8) ® 006 0 6 0,
Yousif et al., 2022 [44] 2022 Sudan 418 (279/139) 279 139 66,3 (SD = 13) ®006, 0,6, 0 6,0 0
Zhichao Feng et al., 2020 [45] 2020 China 564 (284/280) 69 495 47 (36—58) ® 006,66, 0 06 0 0 ® 6 é)
Zhou et al., 2021 [46] 2021 China 120 (49/71) 16 104 51.6 (SD = 10.8) ® 006, e, 6 0 o
@: sex; @: age; ®: smoking history; @: hypertension; ®: malignancy; ®: coronary heart disease; @: diabetes; ®: cerebrovascular disease; @: chronic obstructive pulmonary disease 5 g
(COPD); ®@: shock; @: chronic kidney disease (CKD); ®: chronic liver disease; ®: acute kidney injury (AKI); @: acute respiratory distress syndrome (ARDS); ®: body mass index o)e)
(BMI); ®: asthma/Allergy. A §
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Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n =1862)
Records removed for other reasons
(n =9383)

Records excluded**
(n=5174)

Reports not retrieved
(n = 5475)

Reports excluded:
Systematic review (n =63)
Case report < 50 patients (n = 15)

"
= . .
-.-°_-,- Records identified from:
! Databases (n = 22005)
= [— *
g
]
o
)
Records screened 5
(n =10760)
Reports sought for |
E retrieval (n = 5586)
=
=
: :
k=
71
Reports assessed for
eligibility (n =111)
_____J
&
= Reports of included
E studies (n =33)

Fig. 1. PRISMA flow diagram of study selection.

presented in Fig. 3. All thirty-three studies reported
gender differences (men were taken as reference
group in this study), and the result of our analysis
showed that men were more likely to have severe
disease than women (OR = 1.52, 95 % CI:1.34—1.73;
I =85 %, p < 0.001) [14—46]. In this study, age was
statistically significant (SMD = 0.62, 95 % CL
0.43—0.82 of which OR = 3.06, 95 % CI: 2.18—4.40;
> = 97 %; p < 0.001) [14—25,27—46]. Of all articles
included in this study, the mean age of patients with
severe affection was higher than that of patients
with non-severe affection, except for the studies of
Takacs et al., 2023 and Xu et al., 2023 [36,41]. Pa-
tients' pre-existing smoking status was positively
correlated with severe coronavirus disease
(OR =1.33, 95 % CI: 1.01—1.75; I = 67 %, P < 0.001)
[15,18—20,23—26,31,32,34,35,39,43—46]. Analyses
based on BMI (BMI >25—-30 kg/m2) revealed that
overweight and obesity (overweight if BMI >25 kg/
m?; and obesity if BMI >30 kg/m?) were higher in
patients with the severe form of the disease
compared to the group of patients with non-severe
affection (OR = 2.11, 95 % CI: 1.47-3.04; I = 96 %;

P < 0.001) [14,15,23,30—32,35,41,42,45]. Fig. 3 shows
forest plots of the meta-analysis of the association
between demographic characteristics of the severity
and non-severity of COVID-19 disease: (a) gender,
(b) age, (d) smoking history, and (e) BML

3.6. Comorbidities

In this study, Fig. 4 shows the potential association
between nine comorbidities and the risk of severe
COVID-19. In comparison with patients with a non-
severe form of COVID-19 disease, there was a higher
risk in patients with the severe form of COVID-19 with
several comorbidities associated. Our results showed
that cerebrovascular disease had the highest OR value
of 2.76 (95 % CI: 1.65—4.62; I = 44 %; p = 0.06)
[19,21,28,31—33,38—40,44,45] despite the fact that no
significant difference between patients with severe
and non-severe cerebrovascular disease was reported
after analysis. This risk is followed by chronic kidney
disease (CKD), with an OR of 227 (95 % CI
126—4.06]; P = 96 %; P < 0.001) [15,18,19,22,24,
26—35,37,38,42,44,45], hypertension with an OR of 2.22



Table 2. Evaluation of the methodological quality of studies according to the NOS score. g g
Study Selection Comparability Outcome Total E E
Represent ativeness  Selection of the Ascertainment Demonstration =~ Comparability of Assessment of Followup Adequacy of score ‘:’ g
of the nonexposed cohort of exposure that outcome cohorts on the basis outcome time follow- up of i ®
exposed cohort of interest of the design cohorts *
was not present or analysis
at start of study
Al-Numair * * * * ok * * % 9
et al., 2022 [14]
Almarashda * * * * ok * « 8
et al,, 2022 [15]
Cai et al., 2020 [16] * * ® * ok * % % 9
Chen et al., 2023 [17] * * * * * * 6
El Aidaoui * * * * * * * * 8
et al.,, 2020 [18]
Feng et al., 2020 [19] ® * * * *ok * * * 9
Hermosa * * * * ok * * 7
et al., 2023 [20]
Hong et al., 2020 [21] * * * * * * * 7
Ishii et al., 2020 [22] * * * * ok * * * 9
Kabuto et al., 2023 [23] * * * * ok * * * 9
Kantri et al., 2021 [24] ® * * * ok * * * 9
Lenoir et al., 2023 [25] * * * * ok * * € 9
Namayandeh * * * * * * 6
et al.,, 2023 [26]
Ozel et al., 2022 [27] * * * * wk * * * 9
Pecorelli et al., 2023 [28] * * * * * * * 7
Ren et al., 2020 [29] * * * * *k * * * 9
Reyes et al., 2022a [30] * * * * *% * * 8
Reyes et al., 2022b [31] * * * * * * * 7
Ryan et al., 2021 [32] * * ® * ok * % * 9
Shu et al., 2020 [33] * * * * ok * * * 9
Su et al., 2023 [34] * * * * * * * 7
Suleyman * * * * ok * * € 9
et al.,, 2020 [35]
Takacs et al., 2023 [36] * * * * * * #* 7
Uzum et al., 2023 [37] * * * * * * * 7
Wang et al., 2020 [38] * * * * * * * * 8 ”
Wei et al., 2020 [39] * * * * ok * % * 9 g
Xiong et al., 2020 [40] * * * * * * * * 8 5 "
Xu et al., 2023 [41] * * ® * * * % * 8 3 5
Yahyaoui et al., 2023 [42] * * * * ok * * 8 gg
Yang et al.,, 2021 [43] * * * * * * * 7 a2
Yousif et al., 2022 [44] * * * * *k * * 8 2 z
Zhichao Feng * * * * ok * * 8 .5 2
et al.,, 2020 [45] 22
Zhou et al., 2021 [46] * * * * ® * * 7
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Z Table 3. Results of meta-analysis for primary outcomes.

[Z Outcome or Subgroup Studies  Participants  Statistical Method Effect Estimate P

; (a) Sex 33 85,812 Odds Ratio (M—H, Random, 95 % CI) 1.52 [1.34, 1.73] 85 %

= (b) Age 28 24,168 Std. Mean Difference (IV, 0.62 [0.43, 0.82] 99 %

([_[—3 Random, 95 % CI)
(c) Asthma/allergy 13 68,323 Odds Ratio (M—H, Random, 95 % CI) 1.04 [0.79, 1.36] 71 %
(d) Body mass index (BMI) 10 58,388 Odds Ratio (M—H, Random, 95 % CI) 2.11 [1.47, 3.04] 96 %
(e) Smoking history 17 29,870 Odds Ratio (M—H, Random, 95 % CI) 1.33 [1.01, 1.75] 67 %
(f) Diabetes 33 85,812 Odds Ratio (M—H, Random, 95 % CI) 1.81 [1.35, 2.43] 97 %
(g) Hypertension 32 74,248 Odds Ratio (M—H, Random, 95 % CI) 2.22 [1.72, 2.87] 96 %
(h) Malignancy 22 81,894 Odds Ratio (M—H, Random, 95 % CI) 1.63 [1.07, 2.49] 94 %
(i) Chronic kidney disease (CKD) 21 70,243 Odds Ratio (M—H, Random, 95 % CI) 2.27 [1.26, 4.06] 96 %
(j) Chronic obstructive 24 84,227 Odds Ratio (M—H, Random, 95 % CI) 1.95 [1.22, 3.09] 98 %

pulmonary disease (COPD)
(k) Cerebrovascular disease 11 6111 Odds Ratio (M—H, Random, 95 % CI) 2.76 [1.65, 4.62] 44 %
() Coronary heart disease 29 84,597 Odds Ratio (M—H, Random, 95 % CI) 2.17 [1.42, 3.31] 98 %
(m) Chronic liver disease 17 78,254 Odds Ratio (M—H, Random, 95 % CI) 1.33 [0.82, 2.16] 91 %
(n) Shock 7 12,541 Odds Ratio (M—H, Random, 95 % CI) 28.08 [3.49, 226.03] 86 %
(o) Acute kidney injury (AKI) 4 397 Odds Ratio (M—H, Random, 95 % CI) 16.91 [1.87, 152.45] 63 %
(p) Acute respiratory distress 12 46,248 Odds Ratio (M—H, Random, 95 % CI) 13.09 [5.87, 29.18] 94 %
syndrome (ARDS)

(q) Neurological complications 6 64,504 Odds Ratio (M—H, Random, 95 % CI) 0.95 [0.35, 2.64] 97 %
(r) Arrhythmia 5 41,444 Odds Ratio (M—H, Random, 95 % CI) 7.47 [2.96, 18.83] 34 %

(95 % CI:1.72—2.87; 1> = 96 %; p < 0.001) [14—40,42—46]
and coronary heart disease with an OR of 2.17 (95 %
CI:1.42-331; I> = 98 %; p < 0.001) [15,18—22,24—46].
Other significant judgment criteria for risk factors of
the comorbidities involved in the severe form of
COVID-19 included chronic obstructive pulmonary
disease (COPD) (OR: 1.95, 95 % CIL:1.22—3.09; I* = 98 %,
p < 0.001) [14,15,19—-23,25—-28,30—32,34—36,38—42,
44 ,45], diabetes mellitus (OR =1.81, 95 % IC:1.35—2.43;
2=97%, p <0.001) [14—46], malignancy (OR =1.63, 95
% CL 107-249; I* = 94 % p < 0.001)
[18—22,24—32,35,36,38—41,44,45], Chronic liver disease
(CLD) with an OR 0f 1.33 (95 % CI: 0.82—2.16; I* = 91 %,
p < 0001) [14,16—18,20—22,24,26,27,30,32,34,38,40,
41,45] and Asthma/allergy (OR = 1.04, 95 % CIL
0.79—136; I* = 71 %, p < 0.001) [18,20,22,24—28,
30—33,35]. However, there were fewer patients with
asthma or allergies in the severe COVID-19 group
compared to the non-severe COVID-19 group with a
significant number of patients with asthma or
allergies.

3.7. Complications

In Fig. 5, our results indicate that shock with an
OR of 28.08 (95 % CI: 19,99-78,41; I*> = 86 %,
p < 0.001) [18,21,24,35,38,40,41], acute kidney injury
(AKI) with OR = 16.91 (95 % CI:1.87—152.45; I> = 63
%; p = 0.07) [18,21,38,40] and acute respiratory
distress syndrome (ARDS) with OR = 13.09 (95 %
IC: 5.87-2918 I* = 94 %, P < 0.001)
[14,18,21,23—25,27,30,31,38,40,43] were the principal
complications associated with severe and life

threatening disease in COVID-19 patients. In addi-
tion to the aforementioned complications, cardiac
rhythm disturbance (arrhythmia) (OR = 7.47; 95 %
CI: 2.96-18.83; I = 34 %, p = 0.20) [14,18,24,30,38]
was one of the complications associated with the
severity of COVID-19 disease in some patients,
although the result was not statistically significant.
Despite the fact that the studies we examined pro-
vided insufficient evidence to support other findings
of complications other than shock, acute renal fail-
ure (AKI), acute respiratory distress syndrome
(ARDS), and arrhythmia, the data that we have are
very consistent in severe cases of COVID19. How-
ever, neurological complications with an OR of 0.95
(95 % CI: 0.35—2.64; I> = 97 %, p < 0.001) did not
show any potential risk of complication in the group
of patients with severe COVID-19 disease
[26,30—32,42,44].

3.8. Population attributable risk

In this meta-analysis, we calculated the propor-
tion of risk attributed to the population infected with
SARS-CoV-2. The Population Attributable Fraction
(PAF) represents the proportion of cases in the
population that can be attributed to exposure to risk
factors associated with severe infections of the
coronavirus disease (COVID-19). In this study, the
PAFs ranged from 0.10 % to 18.47 % (Table 4). The
estimated attributable fraction for COVID-19 pa-
tients was 18.47 % for acute respiratory distress
syndrome (ARDS), 14.29 % for hypertension, 9.47 %
for body mass index (obesity), 9.39 % for diabetes,
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Fig. 2. Funnel plot representing publication bias of each meta-analysis: (a) sex, (b) age, (d) smoking history, (e) BMI, (e) asthmal/allergy, (f) diabetes,
(g) hypertension, (h) malignancy, (i) CKD, (j) COPD, (k) cerebrovascular disease, (I) coronary heart disease, (m) chronic liver disease, (n) shock, (0)
acute kidney injury (AKI), (p) acute respiratory distress syndrome (ARDS), (q) neurological complications and (r) arrhythmia. *SE (log

[OR]) = Standard error multiplied log scale of odd ratio (OR).

and 8.62 % for coronary heart disease. It is estimated
that reducing the prevalence of ARDS, hyperten-
sion, BMI, diabetes, and coronary heart disease
could have prevented up to 8.62 %—18.47 % of se-
vere cases.

4. Discussion

To our knowledge, this is one of the most
comprehensive studies demonstrating the impact of
various comorbidities and complications on the se-
vere cases of COVID-19, as well as estimating the
prevalence of these risk factors. Identifying potential
risk factors involved in severe coronavirus disease is

crucial for public health professionals to better
target high-risk patients requiring prioritized treat-
ment to prevent unfavorable disease outcomes [7].
In this study, potential risk factors contributing to
severe form included demographic characteristics
such as age, gender, obesity (BMI >25—30 kg/m?)
and smoking history, as well as comorbidities and
complications listed in Table 3. The different risk
factors reported in this meta-analysis are predictive
of a severe and critical form of the disease, requiring
patients' admission to intensive care units (ICU).
Our analysis has shown that the association be-
tween age, gender (male), obesity, and smoking
status appeared with numerous comorbidities as
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Fig. 3. Forest plots comparing demographic characteristics between severe and non-severe groups. (a) sex, (b) age, (d) smoking history, (e) BMI and

severe COVID-19 disease.

risk factors for severe COVID-19 [47,48]. Indeed,
several studies have reported that advanced age is
associated with the severity of COVID-19, primarily
due to physiological changes accompanying aging, a
weakened immune system and underlying health
issues [7,49,50]. In agreement with these studies, the
advanced age of patients in our study appeared
strongly as a potential risk factor associated with the
severe form of COVID-19 compared to non-severe
COVID-19 patients (SMD = 0.62; OR = 3.06,
P < 0.001), and the result was statistically significant.
However, age alone does not explain the variability
in disease severity. In agreement with the results
from the general population in this study, it was
evident that the elderly had a higher prevalence of
comorbidities including diabetes (OR = 1.81), hy-
pertension (OR = 2.22), and COPD (OR = 1.95) as
observed in our study (Fig. 4), while complications
including ARDS (OR = 13.09, PAF = 18.47 %), shock
(OR = 28.08, PAF = 5.78 %), AKI (OR = 16.91,
PAF = 5.64 %) and arrhythmia (OR = 747,
PAF = 0.17 % %) were the main obstacles to

recovery in patients with the severe form of COVID-
19 (Fig. 5 and Table 3). In addition, our study sup-
ports the hypothesis of some studies which have
reported that, cancer (OR = 1.63), CKD (OR = 2.27),
cerebrovascular disease (OR = 2.76), and coronary
heart disease (OR = 2.17), are also associated with
the severity of COVID-19 [49,51,52]. These risk fac-
tors increase the risk of admission to intensive care
units, and could be life-threatening [49,51,52]. In
contrast to some studies, our study reported several
comorbidities [47,52—54]. Interestingly, previous
studies such as that of Ross Arena and his col-
leagues have indicated that unhealthy lifestyle be-
haviors, comorbidities, and COVID-19 syndemic in
severe cases raise the question of a complex inter-
action of health factors, acting synergistically to
worsen the overall consequences of the disease
[4—6]. It is reported that physical inactivity can
contribute to obesity, which in turn can increase the
risk of diabetes and other noncommunicable dis-
eases (NCDs) [4—6]. Our study supports this hy-
pothesis, which is consistent with our results
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Fig. 4. Forest plots of the meta-analysis of the association between comorbidities in patients with severe and non-severe COVID-19 disease. (e, f, g, h,
i, j, k, 1, m) forest plots of the association between (e) asthma/allergy, (f) diabetes, (g) hypertension, (h) malignancy, (i) CKD, (j) COPD, (k) cere-
brovascular disease, (I) coronary heart disease, and (m) chronic liver disease.

showing that patients with comorbidities such as
obesity, diabetes, and cardiovascular disease were at
high risk of developing the severe form of COVID-
19. Therefore, raising awareness of healthy lifestyles
could strengthen human resilience and could pro-
tect some people against certain noncommunicable
diseases as well as health deterioration due to viral
infection [4—6].

Advanced age and comorbidities such as diabetes,
hypertension, and asthma have been found to have

a significant impact on the health of COVID-19 pa-
tients. Previous meta-analysis studies have shown
that pre-existing diabetes, hypertension, obesity,
and smoking were associated with severe cases of
COVID-19 and higher mortality, representing up to
30 % of cases [47]. Therefore, it is essential to pay
particular attention to obese elderly patients with a
history of smoking, as well as those with comor-
bidities or complications such as shock, ARDS, AKI,
and arrhythmia because they are likely to develop a
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Fig. 5. Forest plots of complications reported in severe and non-severe groups of patients with COVID-19: (n) shock, (o) acute kidney injury (AKI), (p)
acute respiratory distress syndrome (ARDS), (q) neurological complications, (r) arrhythmia.

severe form of COVID-19 [47]. According to some
reports, the proportion of COVID-19 cases is
approximately equal between the genders [55], but
men are more likely to develop a severe form of the
disease [52]. Our analysis is in agreement with the
fact that male gender (OR = 1.65) is one of the risk
factors associated with the severity of COVID-19
unlike female gender [56]. Nevertheless, it is

reported that the severity of COVID-19 which
mainly affects elderly men is strongly associated
with frequent consumption of tobacco [56]. More-
over, certain genes regulating the immune system
are located on the X chromosome, of which women
possess two copies. These genes located on the X
chromosome contain the largest number of genes
regulating the immune system in the entire human
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Table 4. Proportion of risk attributable to different risk factors for severe forms of the disease.
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Outcome or Subgroup Prevalence PAF OR (95 % CI)

(c) Asthma/allergy 0.07 0.27 % 1.04 [0.79, 1.36]
(d) Body mass index (BMI) 0.18 9.47 % 2.11 [1.47, 3.04]
(e) Smoking history 0.05 1.24 % 1.33 [1.01, 1.75]

(f) Diabetes 0.21 9.39 % 1.81 [1.35, 2.43]
(g) Hypertension 0.26 14.29 % 2.22 [1.72, 2.87]
(h) Malignancy 0.06 232 % 1.63 [1.07, 2.49]

(i) Chronic kidney disease (CKD) 0.07 4 % 2.27 [1.26, 4.06]

(j) Chronic obstructive pulmonary disease (COPD) 0.11 5.35 % 1.95 [1.22, 3.09]
(k) Cerebrovascular disease 0.06 3.82 % 2.76 [1.65, 4.62]

(I) Coronary heart disease 0.16 8.62 % 2.17 [1.42, 3.31]
(m) Chronic liver disease 0.04 0.10 % 1.33 [0.82, 2.16]
(n) Shock 0.06 5.78 % 28.08 [3.49, 226.03]
(o) Acute kidney injury (AKI) 0.06 5.64 % 16.91 [1.87, 152.45]
(p) Acute respiratory distress syndrome (ARDS) 0.20 18.47 % 13.09 [5.87, 29.18]
(r) Arrhythmia 0.002 0.17 % 7.47 [2.96, 18.83]

genome, theoretically conferring women a double
advantage in stimulating an effective and rapid
immune response [57]. In addition, the female hor-
mones estrogen and progesterone would boost
women's immunity against severe COVID-19, while,
lower expression of the androgen receptor (AR) in
women might contribute to reduced vulnerability to
complications like acute respiratory distress syn-
drome [58,59]. Angiotensin-converting enzyme 2
(ACE2) an essential receptor for cell entry of SARS-
CoV-2 is known to be influenced by sex hormones
and is present in greater quantity in men than in
women, which could increase sensitivity to SARS-
CoV-2 [60,61]. In addition, the host transmembrane
serine protease 2 (TMPRSS2) also plays an impor-
tant role in the entrance of SARS-CoV-2 into cells.
Its expression is associated with an increase in
androgen receptors [62,63]. Our study showed that
pre-existing diabetes was a risk factor (OR = 1.81)
associated with severe disease in patients with
COVID-19 compared to patients with non-severe
forms of the disease. This finding is in agreement
with several related studies [64,65]. Diabetic patients
suffer from altered immunological and inflamma-
tory pathways after hyperglycemia, which could
make them more susceptible to developing a severe
COVID-19 infection [66]. In other words, high blood
glucose levels in diabetic patients could make them
more vulnerable to severe COVID-19 infection. On
the other hand, COVID-19 infection can influence
glucose levels and worsen outcomes in diabetic
patients. The severe form of COVID-19 can stimu-
late the liberation of stress hormones such as
cortisol and adrenalin, temporarily raising blood
glucose levels by stimulating glucose production in
the liver [66]. In addition, the systemic inflammation
associated with infection can disrupt insulin regu-
lation, leading to insulin resistance and increased

glucose levels [66], therefore, this suggests a bidi-
rectional association between diabetes/glycemia
and COVID-19 [67]. In addition to the comorbidities
previously mentioned, obesity is identified as
another metabolic comorbidity associated with se-
vere COVID-19. We considered obesity as a risk
factor on the basis of this meta-analysis (OR = 2.11)
with a prevalence of 9.47 % associating obesity with
risk factors for severe COVID-19. Obesity is impli-
cated in significant changes in the distribution of
immune cells in adipose tissue, with a decrease in
regulatory T cells (Treg), Th2 cells, and M2 macro-
phages, as well as a decrease in M1 macrophage
cells and an increase in CD8+ T lymphocytes,
hampering immune defense and T cell activity
[47,66,68]. The high level of ACE2 receptor
expressed in adipocytes may transform adipose
tissue into a viral vector, which could facilitate the
spread of SARS-CoV-2 to other organs [69].
Hypertension was one of the major predominant
factors for disease severity of COVID-19. It is a
chronic disease that generally occurs in the elderly.
In the severe form of COVID-19, there is a strong
correlation between hypertension and age, on the
one hand, and coronary heart disease on the other
hand. This correlation could explain the high prev-
alence of hypertension in patients with severe
COVID-19 [70,71]. Considered the leading revers-
ible risk factor for cardiovascular morbidity and
mortality, contributing to the development of
vulnerable cardiovascular areas and acute myocar-
dial affections favoring severe and fatal forms of
COVID-19 [72]. Recent reports have shown that the
prevalence of hypertension in patients with COVID-
19 is considerable, ranging from 9.6 % to 40.8 % [70].
According to our results, most patients with severe
COVID-19 were older than those with non-severe
COVID-19 and the prevalence of hypertension in
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our study was 14.29 % with an OR of 2.22 and with
an OR of 217 for coronary heart disease and
arrhythmic complications (OR = 7.47) implicated in
the worsening of COVID-19 in patients. These re-
sults were consistent with related studies [70,71].
SARS-CoV-2 infection is therefore associated with a
high inflammatory load that can induce vascular
inflammation, myocarditis, and cardiac arrhyth-
mias. This suggests that myocardial and vascular
damage may be direct or indirect after SARS-CoV-2
infection through myocarditis and endothelial
dysfunction [73]. Furthermore, in subjects with se-
vere COVID-19, systemic inflammation, elevated
cytokine levels and hypercoagulability could
contribute to atherosclerotic plaque rupture [71]. In
addition, sympathetic hyperactivity and hypoxemia
can lead to myocardial ischemia and ventricular
dysfunction by disturbing the balance between the
heart's oxygen supply and consumption [71]. In
normal physiological conditions, the antagonistic
effects of ACE 1 and ACE 2 maintain homeostasis.
However, in patients with severe coronavirus dis-
ease, angiotensin-1 is converted to angiotensin-2 by
ACE, leading to inflammation, oxidative stress,
fibrosis, vasoconstriction and increased vascular
permeability contributing to ARDS [71]. In addition,
it has been reported that some antihypertensive
drugs can affect hemoglobin levels in hypertensive
patients with diabetes mellitus, which could be
associated with the severity of COVID-19 [70]. In
general, comorbidities such as hypertension, dia-
betes, obesity, and smoking are strongly associated
with vascular endothelial damage, dysfunction of
the hemostatic system, and chronic inflammation.
This can lead to increased cytokines, multiple organ
failure (MOF), which can lead to acute respiratory
distress syndrome (ARDS) and aggravation of the
patient's condition in case of SARS-CoV-2 infection
[71]. According to our estimations, between 8.62 %
and 18.47 % of severe cases could have been avoided
if the prevalence of hypertension (OR = 2.22;
PAF = 14.29 %), coronary heart disease (OR = 2.17;
PAF = 8.62 %) and complications such as acute
respiratory distress syndrome (ARDS) (OR = 13.09;
PAF = 18.47 %) had been reduced. In our meta-
analysis, cerebrovascular disease was one of the
predominant factors in the severity of COVID-19.
Cerebrovascular disease was found to be associated
with a 2.76-fold increased risk of severe COVID-19
in patients infected with SARS-CoV-19. However,
there was a non-significant trend with cerebrovas-
cular disease in COVID-19 patients in our study.
Our results are in agreement with those of Aggarwal
and his colleagues [74]. Some studies have shown
that comorbidity such as COPD in patients with
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COVID-19 was one of the potential risk factors
associated with the severity of COVID-19 compared
with asthmatic/allergic patients [47,52]. In asth-
matics, the upper and lower airways are mainly
affected, whereas in COPD patients, the altered le-
sions extend from the small peripheral airways to
the alveolar tissues, which can lead to the severe
form of coronavirus disease (COVID-19). The le-
sions caused by COPD are similar to those caused
by SARS-CoV-2 and this could increase the risk of
severe COVID-19. However, longterm use of
inhaled corticosteroids to control asthma may have
a beneficial modulatory effect on patients with
COVID-19 by reducing epithelial damage and
enhancing T-cell immune responses [47,52]. The
results of our analysis were in agreement with these
related studies, showing that the risk of severe
COVID-19 was higher in patients with pre-existing
COPD (OR = 1.95; 95 % CI. 1.22—3.09) with a
prevalence of 5.35 % in contrast to asthmatic or
allergic patients who did not present an increased
risk of severe COVID-19 (OR = 1.04; 95 % CI:
0.79—1.36) with a prevalence of 0.27 %. COPD can
engender airway obstruction and respiratory com-
plications such as ARDS [69,75,76].

As reported by Fang and his colleagues, among
the comorbidities, whether malignancy contributes
to the worsening of coronavirus disease remains
controversial [51]. Some studies have shown that
patients with malignancy did not show an increased
risk of developing a severe form of COVID-19
[69,77]. This could be due to the attenuated flow of
cytokines caused by their compromised immune
systems [69,77]. However, some studies have shown
that cancer patients are more likely to develop a
severe form of the disease [78]. Our study showed
that malignancy was a risk factor for disease wors-
ening (OR = 1.63). Furthermore, we observed a low
prevalence of severe COVID-19 in patients with
malignancy in our study (PAF = 2.32 %). These re-
sults are in agreement with related studies such as
Desai and his colleagues and Elgohary and his col-
leagues [78,79]. However, it is not easy to make
strong conclusions for several reasons, such as the
small number of cancer patients with a severe form
of COVID-19, the lack of information on cancer
staging, treatment phase, comorbidities, type of
cancer treatment, planned treatment for COVID-19
infection and the ability of the healthcare system to
manage these patients [78]. All these factors can
influence patient outcomes. Regarding the risk of
developing the severe COVID-19 associated with
chronic liver disease, we observed an OR of 1.33
with a 95 % CI: 0.82—2.16. Compared with the re-
sults of Nagarajan and his colleagues, who found an
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OR of 2.44 with a 95 % CI:1.8—3.16 for chronic liver
disease, our result suggests a weaker association
between chronic liver disease and the risk of
developing the severe form of COVID-19 [53].
Furthermore, chronic kidney disease (CKD)
(OR = 2.22) and pre-existing acute kidney injury
(AKI) (OR = 16.91) were risk factors for disease
worsening and hampered recovery in patients with
severe COVID-19 compared to patients with non-
severe COVID-19. Previous studies with similar re-
sults to ours suggested that it was likely that patients
with CKD had a disorder of the immune system,
suggesting that CKD and pre-existing AKI compli-
cations could be involved in the severe COVID-19
disease [54,69]. Shock (OR = 28.08), AKI
(OR = 16.91), ARDS (OR = 13.09), and arrhythmia
(OR = 7.47) were principal complications associated
with the severity of COVID-19. Al-Mutair and his
colleagues reported that excessive lung inflamma-
tion, increased pulmonary capillary permeability
and alveolar fluid accumulation induced by SARS-
CoV-2 were associated with ARDS, for this reason,
some ARDS patients required respiratory assis-
tance, particularly diagnosed in patients with severe
COVID-19, and this could be due to increased levels
of interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) found in these patients [80]. Never-
theless, daily assessment of the Sequential Organ
Failure Assessment (SOFA) score and the Multiple
Organ Dysfunction (MOD) score associated with
septicemia is essential for early diagnosis, treatment
and prevention of the consequences of shock and
multi-organ dysfunction in patients with severe
COVID-19 [80].

Interestingly, the population-attributable risk frac-
tions (PAFs >8 %) in this study were statistically sig-
nificant. Like Li and his colleagues, we found that the
highest prevalence of comorbidities was hypertension
[69]. However, the prevalence of hypertension in our
study (PAF = 14 %) was higher than that reported by
Li and his colleagues (PAF = 11.3 %). Among the
complications listed in this study, ARDS was the
complication contributing to the severity of COVID-19
with a high prevalence in our study (PAF = 18.47 %)
compared to the study of Li and his colleagues, in
which the complications implicated in the severity of
COVID-19 were ARDS (PAF = 10 %) and AKI
(PAF = 7.4 %) [69]. Therefore, the risk of severe cases
could decrease with the reduction of the prevalence of
these factors. In addition, factors such as obesity
(PAF = 9.47 %), diabetes (PAF = 9.39 %), and coronary
heart disease (PAF = 8.62 %) should be controlled. Itis
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important to be cautious about public health guide-
lines for the management of patients with these
comorbidities. However, the other risk factors had
PAFs ranging from 0.10 % to 5.78 %, which suggests
that these PAFs exerted less effect on the severity of
COVID-19 (Table 4).

Our study has several limitations. Eligible studies
were limited to articles written in English and
French. We were unable to assess the impact of
SARS-CoV-2 variants on COVID-19 risk or the ef-
fect of vaccination on decreasing severe cases in
patients; although all the studies reviewed
compared severe and non-severe cases. However,
some articles did not specify their definition criteria
for severe and non-severe cases, which could bias
the results of these studies. Comorbidities and
complications can be measured differently from one
study to another, which can introduce measurement
bias. The quality of the data included in the meta-
analysis depends on the quality of the original
studies. Unmeasured or unaccounted confounding
factors could exist in the included studies, which
could influence the results. If some studies have
significant methodological flaws, this can affect the
validity of the aggregated results.

5. Conclusion

In this meta-analysis, the group of patients with
severe COVID-19 had a higher prevalence of de-
mographic characteristics, comorbidities, and com-
plications compared to the group of nonsevere
COVID-19 patients. However, several risk factors
associated with an increased risk of worsening
coronavirus disease (COVID-19) have been re-
ported. These included advanced age, sex, obesity,
pre-existing smoking, as well as comorbidities such
as diabetes, hypertension, malignancy, chronic
kidney disease (CKD), chronic obstructive pulmo-
nary disease (COPD), cerebrovascular disease, and
coronary artery disease. In addition, complications
such as septic shock, acute kidney injury (AKI),
acute respiratory distress syndrome (ARDS), and
arrhythmia can have lasting consequences on pa-
tients' health, leading to an undesirable disease
course. These outcomes are crucial in guiding
timely treatment decisions and assessing disease
prognosis.
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