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Abstract

Introduction: Although severe acute respiratory syndrome
coronavirus-2 infection is causing mortality in considerable
proportion of coronavirus disease-2019 (COVID-19) patients,
however, evidence for the association of sex, age, and co-
morbidities on the risk of mortality is not well-aggregated
yet. It was aimed to assess the association of sex, age, and
comorbidities with mortality in COVID-2019 patients. Meth-
ods: Literatures were searched using different keywords in
various databases. Relative risks (RRs) were calculated by
RevMan software where statistical significance was set as
p < 0.05. Results: COVID-19 male patients were associated
with significantly increased risk of mortality compared to fe-
males (RR 1.86: 95% confidence interval [CI] 1.67-2.07; p <
0.00001). Patients with age =50 years were associated with
15.4-folds significantly increased risk of mortality compared
to patients with age <50 years (RR 15.44:95% Cl 13.02-18.31;
p < 0.00001). Comorbidities were also associated with sig-

nificantly increased risk of mortality; kidney disease (RR 4.90:
95% Cl 3.04-7.88; p < 0.00001), cereborovascular disease (RR
4.78; 95% Cl 3.39-6.76; p < 0.00001), cardiovascular disease
(RR 3.05: 95% Cl 2.20-4.25; p < 0.00001), respiratory disease
(RR 2.74: 95% Cl 2.04-3.67; p < 0.00001), diabetes (RR 1.97:
95% Cl 1.48-2.64; p < 0.00001), hypertension (RR 1.95: 95%
Cl1.58-2.40; p < 0.00001), and cancer (RR 1.89; 95% Cl 1.25-
2.84; p = 0.002) but not liver disease (RR 1.64: 95% Cl 0.82-
3.28; p = 0.16). Conclusion: Implementation of adequate
protection and interventions for COVID-19 patients in gen-
eral and in particular male patients with age =50 years hav-
ing comorbidities may significantly reduce risk of mortality

associated with COVID-19. ©2020S. Karger AG, Basel

Introduction

Over 6.0 million confirmed cases of severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2)-infected
disease called coronavirus disease-2019 (COVID-19)
have been detected globally in which over 350,000 deaths
occurred at the end of June 2, 2020, as declared by the
World Health Organization (WHO). However, it is
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alarming that in the last 24 h as reported by the WHO on
June 2, 2020, 113,198 new confirmed cases of COVID-19
have been detected where 4,242 new deaths had occurred
[1]. At present, COVID-19 existence was confirmed in
over 200 countries or territories, which indicates that
SARS-CoV-2 is rapidly evolving and progresses expo-
nentially throughout the world and is predicted to cause
huge morbidity and mortality if the progression is not
halted immediately. This may consequently lead to huge
socioeconomic global impacts and may also fabricate
high burden on the health-care resources.

Since detection of SARS-CoV-2 in early December
2019 in Wuhan, China, the epidemiological, demograph-
ic, and clinical features of this pandemic virus have start-
ed to appear in the literature. However, it is not well es-
tablished whether the patient’s sex, age, or comorbid dis-
eases were associated with greater risk of SARS-CoV-2
induced severe adverse clinical outcome, for example,
mortality. As SARS-CoV-2 is rapidly spreading all over
the world, it is predicted that patient’s sex, age, and co-
morbidity might render these patients more vulnerable to
either increased mortality or increased risk of infection.
Some studies showed that COVID-19 was higher in males
than females [2-4], while others did not show similar
findings [5, 6]. Similarly, it is replicated in some studies
that patients comparatively older than >50 years had high
rate for COVID-19-confirmed cases [3, 7], while other
studies did not get similar findings [8, 9]. Prevalence of
comorbidities in patients with COVID-19 was also high-
ly variable in many studies [10].

Since the global outbreak of SARS-CoV-2 is declared
as pandemic by the WHO, appropriate interventions and
safety protocols is desperately needed to combat natural
infectious challenges. However, patient’s sex, age, and co-
morbidity may act as triggers for increased risk of either
infection or mortality caused by COVID-19. According-
ly, a systematic review with meta-analysis considering
reasonably larger sample sizes by integrating published
studies to date is urgently warranted to establish robust
evidence regarding these associations. Therefore, this
study was designed to assess the association of sex, age, or
comorbidities with risk of mortality by estimating aggre-
gated risk in patients with COVID-19.

Methods

Literature Search

This meta-analysis was conducted following Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines as described elsewhere [11]. Literatures were searched
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in PubMed from February 2, 2020, to May 21, 2020, using key-
words as “2019 novel corona virus” or “SARS-CoV-2” or “CO-
VID-19” AND “death or mortality or clinical outcomes or clinical
features or epidemiological characteristics.” Additionally, impor-
tant journal Web sites, for example, New England Journal of Med-
icine, Journal of American Medical Association, Lancet, Nature,
British Medical Journal, etc. were also searched for identifying rel-
evant studies.

Eligibility of Included Studies

The studies were included based on the following criteria:
(i) studies must report data on at least any of these variables, for
example, sex, age, or comorbidity with mortality; (ii) sample size
of study must be 2102 due to increased effect on size and statistical
power as there were huge number of studies appeared in the lit-
erature; (iii) they must be observational studies either retrospective
or prospective in nature; (iii) they must be peer-reviewed original
published research article; and (iv) articles must be written in Eng-
lish.

Exclusion Criteria

Studies were excluded if (i) it was a case report, review, view-
point, perspective, correspondence, letter to the editor, or system-
atic review; (ii) randomized clinical trials were not considered due
to different study design; (iii) study reporting outcomes such as
severe/moderate clinical conditions, using mechanical ventilation,
admitted to intensive care unit, or critically ill patients was exclud-
ed; and (iv) studies reporting clinical data on children or pregnant
women were excluded.

Data Extraction, Validity, and Quality Assessment

Rayyan QCRI, a systematic review software tool [12], was used
for primary selection of studies after importing all literature search
histories in this software following inclusion and exclusion criteria
of current study. For final selection of studies, full texts of all pri-
marily included studies were retrieved and were checked one by
one. The selection processes were carried out by 2 investigators
MB and SR independently and if any disagreement arose, it was
then resolved by the principle investigator via discussion with se-
nior authors. When studies were finally selected, the full text was
carefully checked for validity and quality assessment purposes as
described below.

For observational cohort studies, Newcastle Ottawa Scale
guidelines were followed to determine the quality of included stud-
ies, as described elsewhere [13]. All data extraction, input, and
analysis were carried out by MB and was double checked and val-
idated by SR and BI, respectively.

Statistical Analysis

Relative risks (RRs) and 95% confidence interval (CI) was cal-
culated using either random or fixed-effect model based on the
levels of heterogeneity of the included studies. Heterogeneity in the
forest plot was evaluated by using the Cochrane x*-based Q-test,
and regarded as significant if p value <0.1 [14]. Meanwhile, the
statistic of 12 was used to efficiently test for the heterogeneity,
where I2< 25%, I = 25-50%, and I? > 50% indicates low, moderate,
and high degree of heterogeneity, respectively [15]. Random-effect
model was used to estimate pooled effects if I> > 50 and fixed-ef-
fects model was applied to calculate pooled effects when I < 50.
Sensitivity analyses were carried out to measure any significant
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risk differences in-between the studies especially if heterogeneity
was found. This was accomplished by removing the included study
one after another. In addition, publication bias was carried out by
the visual inspection of funnel plots where symmetrical distribu-
tion of the plots indicated the absence of publication bias [16].
Funnel plot asymmetry was also assessed with Egger’s test [17].
Review-Manager software (RevMan version 5.3 Windows; The
Cochrane Collaboration, Oxford, UK) was used for analyzing all
data, where the level of statistical significance was set as <0.05
(2-sided).

Results

General Characteristics and Quality of Included

Studies

Flowchart for the identification of included studies in
this meta-analysis is shown in Figure 1. In total, 20 studies
comprising of 64,676 COVID-19 patients were included
in this analysis. It was identified that majority of these
studies (n=16) were China-based although one study was
identified from Italy, two from the USA, and one study
was multinational [18-37]. The important baseline char-

Factors Associated with Mortality in
COVID-19 Patients

acteristics of included studies are summarized in Table 1.
The quality of included observational studies either ret-
rospective or prospective in nature as assessed by the
Newcastle Ottawa Scale was of high quality (score ranges
between 6 and 8) as shown in online suppl. Table 1 (see
www.karger.com/doi/10.1159/000512592 for all online
suppl. material).

Association of Sex with Mortality in Patients with

COVID-19

As shown in Figure 2, the results of this meta-analysis
after pooled risk estimation indicated that male patients
with COVID-19 were associated with significantly in-
creased risk of mortality as compared to female patients
(RR 1.86: 95% CI 1.67-2.07; p < 0.00001). Interestingly,
when compared sex with SARS-CoV-2 test positivity, it
was found that male patients were associated with only
28% significantly increased risk of confirmed infection
by the pandemic SARS-CoV-2 than female patients (RR
1.28: 95% CI 1.11-1.47; p = 0.0006; figure not shown
here).
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Male Female Risk Ratio Risk Ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI

1.1.1 Mortality

Cao 2020 13 17 4 17 13%  3.25[1.33,7.97]

Chen 2020 83 113 30 113 64% 277 [2.00, 3.83] E—

Chen T 2020 16 19 3 19 1.0% 5.33[1 85, 15.34] _—>
Deng 2020 73 109 36 109 71%  2.03[1.51,273] —_—

Du 2020 10 21 11 21 2.6% 0.91 [0.50, 1.67] —_—t

Feng 2020 653 1,023 370 1023 13.9% 1.76 [1.61, 1.94] -

Hu 2020 14 19 5 19 1.6%  2.80[1.26, 6.22]

Mehra 2020 336 515 179 515 12.5% 1.88 [1.64, 2.15] ——

Richardson 2020 337 553 216 553 12.9% 1.56 [1.38, 1.77] ——

Shi 2020 35 62 27 62 5.8% 1.30[0.91, 1.85] T

Shi Q2020 28 47 19 47 4 7% 1.47[0.97, 2.24]

Sun 2020 82 121 39 121 74%  2.10[1.58, 2.80] —

Tian 2020 2 3 1 3 04%  2.00[0.33,11.97]

Wang 2020 39 65 26 65 5.8% 1.50 [1.05, 2.15]

Wu 2020 29 44 15 44 4 1% 1.93 [1.22, 3.07] —_—

Yan 2020 76 108 32 108 6.7% 2.38[1.73, 3.26] ——

Yao 2020 7 12 5 12 1.6% 1.40[0.61, 3.19] —

Zhou 2020 38 54 16 54 43%  2.38([1.52,3.71]

Subtotal (95% CI) 2,905 2,905 100.0% 1.86 [1.67, 2.07] 3

Total events 1,871 1,034 : : : : : :
Heterogeneity: T2 = 0.02; x2 = 36.03, df = 17 (p = 0.005); 12 = 53% 01 02 05 1 > 5 10

Test for overall effect: Z = 11.19 (p < 0.00001
(p ) Decrease mortality [F] Increase mortality [M]

Fig. 2. Forest plot of the pooled effects of COVID-19 male patients against female patients on the risk of mortal-
ity. M, male; F, female; CI, confidence interval; COVID-19, coronavirus disease-2019.

Table 1. Baseline characteristics of included studies

Author Country Study design Sample size ~ Male, (%) Median age Follow-up/
(interquartile range)/  observation period/
mean * SD, years data collection

period, days

Cao et a. [18] China Retrospective study 102 53 (52.0) 54 (37-67) 30
Chen et al. [19] China Retrospective study 274 171 (62.4) 62 (44-70) 30
Chen et al. [20] China Retrospective study 203 108 (53.2) 54 (20-91) 41
Deng et al. [21] China Retrospective study 225 124 (55.1) 54.5 (48-66) 52
Du et al. [22] China Prospective study 179 97 (54.2) 57.6+13.7 13
Feng et al. [24] China Observational study 44,672 22,981 (51.4) na 43
Grasselli et al. [36] Italy Retrospective study 1,591 1,304 (82.0) 63.0 34
Hu et al. [23] China Retrospective study 105 54 (51.4) 60.8+16.3 29
Mehra et al. [32] Multinational ~ Observational study 8,910 5,339 (59.9) 52.3+15.9 40
Palaiodimos et al. [33] USA Retrospective study 200 98 (49.0) 64 (50-73.5) 35
Richardson et al. [37] USA Retrospective study 5,700 3,437 (60.3) 63.0 35
Shi et al. [25] China Retrospective study 671 322 (48.0) 63.0 54
Shi et al. [34] China Retrospective study 306 150 (49.0) 64 (56-72) 68
Sun et al. [26] China Retrospective study 244 133 (54.5) 69.5 36
Tian et al. [35] China Retrospective study 262 127 (48.5) 47.5 21
Wang et al. [27] China Retrospective study 339 166 (49.0) 69.0 37
Wu et al. [28] China Retrospective study 201 128 (63.7) 51 (43-60) 51
Yan et al. [29] China Retrospective study 193 114 (59.1) 64.0 45
Yao et al. [30] China Retrospective study 108 43 (39.8) 52.0 12
Zhou et al. [31] China Retrospective study 191 119 (62.3) 56 (46-67) 34

na, not available.
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Age >50 Age <50 Risk Ratio Risk Ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% ClI
1.1.1 Mortality
Du 2020 21 21 0 21 04%  43.00 [2.77, 666.52] _—
Feng 2020 959 1,023 64 1,023 51.2% 14.98 [11.81, 19.01] —-
Grasselli 2020 385 405 20 405 16.0% 19.25 [12.55, 29.53] —s
Palaiodimos 2020 42 48 6 48 4.8% 7.00 [3.29, 14.91]
Richardson 2020 519 553 34 553 27.2% 15.26 [11.01, 21.15] —a>
Tian 2020 3 3 0 3 0.4% 7.00 [0.51, 96.06]
Subtotal (95% CI) 2,053 2,053 100.0%  15.44 [13.02, 18.31] <&
Total events 1,929 124 : : : : : :
Heterogeneity: x2 = 6.18, df = 5 (p = 0.29); 2 = 19% 01 02 05 1 P 5 10
Test for overall effect: Z = 31.50 (p < 0.00001) . .

Decrease mortality Increase mortality

[age <50] [age >50]

Fig. 3. Forest plot of the pooled effects of COVID-19 patients with age >50 years against patients with age <50
years on the risk of mortality. Decre, decrease; Incre, increase; CI, confidence interval; COVID-19, coronavirus

disease-2019.

Association of Age with Mortality in Patients with

COVID-19

It was extremely difficult to find age ranges to assess
risk of mortality since there was wide variability in report-
ing clinical outcomes with age ranges. Out of 20 included
studies, only 6 studies reported clinical outcomes in such
a way that facilitates grouping patients into two arms in
which one arm had age <50 years, while the other arm had
age 250 years. No other suitable age ranges were found to
consider for analysis.

It was found that patients with age >50 years con-
firmed with SARS-CoV-2 infection were associated with
15.4-folds significantly increased risk of mortality as
compared to patients with age <50 years (RR 15.44: 95%
CI 13.02-18.31; p < 0.00001), as shown in Figure 3. How-
ever, when compared these age-groups with the risk of
SARS-CoV-2 infection, it was found that patients with
age 250 years were associated with only 3.45-folds sig-
nificantly increased risk of SARS-CoV-2 test positivity
compared to patients with age <50 years (RR 3.45:95% CI
1.67-7.14; p = 0.0008; figure not shown here).

Association of Comorbidities with Mortality in

Patients with COVID-2019

Effects of various comorbidities such as hypertension,
diabetes mellitus, respiratory disease, cardiovascular dis-
ease, cereborovascular disease, kidney disease, liver dis-
ease, and cancer were compared between survivors and
non-survivors with these comorbidities. All of these co-
morbid conditions except liver disease were significantly
higher in non-survivors compared to survivors as thus; hy-
pertension (RR 1.95: 95% CI 1.58-2.40; p < 0.00001), dia-

Factors Associated with Mortality in
COVID-19 Patients

betes (RR 1.97: 95% CI 1.48-2.64; p < 0.00001), and respi-
ratory disease (RR 2.74: 95% CI 2.04-3.67; p < 0.00001;
shown in Fig. 4a); cardiovascular disease (RR 3.05: 95% CI
2.20-4.25; p < 0.00001) and cereborovascular disease (RR
4.78;95% CI 3.39-6.76; p < 0.00001; shown in Fig. 4b); kid-
ney disease (RR 4.90: 95% CI 3.04-7.88; p < 0.00001), liver
disease (RR 1.64: 95% CI 0.82-3.28; p = 0.16), and cancer
(RR 1.89; 95% CI 1.25-2.84; p = 0.002; shown in Fig. 4c).

These results indicated that COVID-19 patients with
these comorbidities except for liver disease had signifi-
cantly increased risk of mortality. The mean prevalence
of mortality associated with COVID-19 as identified with
included studies was 5.1%. Since SARS-CoV-2 is rapidly
evolving and has extreme capacity to progress exponen-
tially to the mass community, if this mortality rate is pre-
dictively extra-plotted to the general population from all
over the world, it may reasonably assume that this may
cause huge mortality throughout the world.

Heterogeneity, Sensitivity Analysis, and Publication

Bias

There was significant heterogeneity in studies that
tested mortality for sex, hypertension, diabetes, or cardio-
vascular disease. Moderate heterogeneity was found for
studies that tested mortality for age or respiratory disease.
However, heterogeneity completely disappeared in stud-
ies that tested mortality for cereborovascular disease, kid-
ney disease, liver disease, or cancer. Sensitivity analysis as
performed by removing study one after another indicated
that no individual study excessively influenced the overall
pooled effect in this analysis. From the visual inspection
of funnel plot, no publication bias was detected as shown
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a Non-survivors Survivors Risk Ratio Risk Ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
1.1.1 Hypertension

Cao 2020 11 17 17 85 50%  3.24[1.86, 5.62] —_—
Chen 2020 54 113 39 161 64%  1.97[1.41,2.76] ——
Chen T 2020 9 19 12 36 43% 1.421[0.73, 2.75] —1
Deng 2020 40 109 18 116 53%  2.36[1.45, 3.86] —_—
Du 2020 13 21 45 158 58%  2.17[1.43,3.30] —_—
Feng 2020 161 1,023 2,522 43,649 73%  2.72[2.35,3.15] -
Grasselli 2020 195 405 314 1,176 74%  1.80[1.57,2.07] -

Hu 2020 6 19 22 86 38%  1.23[0.58, 2.62] —r—
Mehra 2020 130 515 2216 8,395 73%  0.96[0.82, 1.11] -+

Shi 2020 37 62 162 609 6.9%  2.24[1.76, 2.86] —
Shi Q 2020 32 47 99 259 6.9%  1.78[1.39, 2.29] —
Sun 2020 76 121 62 123 7.0%  1.25[1.00, 1.56] I~
Wang 2020 32 65 106 274 6.6%  1.27 [0 95, 1.70] ——

Wu 2020 16 44 23 157 50%  2.48[1.44,4.27] —_—
Yan 2020 57 108 16 85 54%  2.80[1.74,4.61] ——
Yao 2020 7 12 9 96 3.7%  6.22[2.84,13.64]

Zhou 2020 26 54 32 137 59%  2.06[1.37,3.11] —
Subtotal (95% Cl) 2,754 55,602 100.0%  1.95[1.58, 2.40] 3
Total events 902 5714

Heterogeneity: 2 = 0.15; x2 = 139.26, df = 16 (p < 0.00001); 12 = 89%
Test for overall effect: Z = 6.27 (p < 0.00001)

1.1.2 Diabetes

Cao 2020 6 17 5 85 4.5% 6.00 [2.07, 17.43]

Chen 2020 24 113 23 161 83%  1.490.88, 2.50] e
Chen T 2020 5 19 7 36 48%  1.35[0.50, 3.69] —_—t
Deng 2020 17 109 9 116 8.3% 2.01[0.94, 4.32]

Du 2020 6 21 27 158 6.4%  1.67[0.78, 3.57] e E—
Feng 2020 80 1,023 1,022 43,649 10.5%  3.34[2.68, 4.16] -
Hu 2020 0 19 4 86 0.9%  0.48 [0.03, 8.62]

Mehra 2020 97 515 1,175 8,395 10.7%  135([1.12,1.62] —-—

Shi 2020 17 62 80 609 8.8% 2.09 [1.33, 3.29] —_—
Sun 2020 27 121 24 123 85%  1.14[0.70, 1.87] ——

Wang 2020 11 65 43 274 7.5%  1.08[0.59, 1.97] —_—

Wu 2020 11 44 11 157 6.3% 3.57 [1.56, 7.68] _—
Yan 2020 39 108 9 85 7.0%  3.41[1.75,6.64] _—
Yao 2020 1 12 4 96 1.6%  2.00[0.24, 16.46]

Zhou 2020 17 54 19 137 7.8% 2.27 [1.28, 4.03] _—
Subtotal (95% Cl) 2,302 54,167 100.0% 1.97 [1.48, 2.64] <&

Total events 358 2,462

Heterogeneity: T2 = 0.20; x2 = 59.40, df = 14 (p < 0.00001); 12 = 76%
Test for overall effect: Z = 4.59 (p < 0.00001)

1.1.3 Respiratory disease

Cao 2020 4 17 6 85 56%  3.33(1.05, 10.56]

Chen 2020 11 113 7 161 82%  2.24[0.90, 5,60] —

Chen T 2020 1 19 6 36 2.0%  0.32[0.04, 2.44]

Deng 2020 22 109 3 116 5.4% 7.80 [2.40, 25.34] —_—

Feng 2020 32 1,023 479 43,649 25.7% 2.85[2.00, 4.05] —a—

Hu 2020 5 19 7 88 6.7%  3.23[1.15,9.10]

Mehra 2020 32 515 193 8,395 25.2% 2.70[1.88, 3.89] —a—

Shi 2020 2 62 21 609 38%  0.941[0.22, 3.90] _—

Sun 2020 20 121 4 123 6.6%  5.08[1.79,14.43]

Wang 2020 1 65 10 274 2.0%  0.42][0.05, 3.23]

Yan 2020 11 108 3 85 49%  2.89[0.83,10.02] B

Yao 2020 0 12 3 98 1.0% 1.07 [0.06, 19.49]

Zhou 2020 4 54 2 137 29%  5.07[0.96, 26.90] 1

Subtotal (95% CI) 2,237 53,852 100.0% 2.74 [2.04, 3.67] <&

Total events 145 744 . ; ; ,
Heterogeneity: 2= 005, )(2 = 1548, df =12 (p = 022), 12 =22% 0.01 0.1 1 10 100

Test for overall effect: Z = 673 (p < 0.00001) Decrease risk [Suvivors]  Increaserisk [Non-survivors]

(Figure continued on next page.)
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Heterogeneity: t2 = 0.20; x2 =57.18, df = 13 (p < 0.00001); I2 = 77%
Test for overall effect: Z = 6.63 (p < 0.00001)

1.1.2 Cereborovascular

Cao 2020 3 17 3 85 52%
Chen 2020 4 113 0 161 1.4%
Chen T 2020 3 19 5 36 6.9%
Du 2020 12 21 17 158 35.2%
Hu 2020 3 19 1 86 2.4%
Shi 2020 8 62 14 609 17.4%
Shi Q 2020 7 47 7 259 11.9%
Wang 2020 10 65 11 274 18.1%
Yan 2020 8 108 0 85 1.5%
Subtotal (95% CI) 471 1,753 100.0%
Total events 58 58

Heterogeneity: 2 = 0.00; x2 = 7.00, df = 8 (p = 0.54); 2 = 0%
Test for overall effect: Z = 8.88 (p < 0.00001)

b Non-survivors Survivors Risk Ratio Risk Ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
1.1.1 Cardiovascular

Cao 2020 3 17 2 85 2.9%  7.50[1.35, 41.54]

Chen 2020 16 113 7 161 73%  3.26[1.39,7.66]

Chen T 2020 6 19 5 36 5.8%  2.27[0.80, 6.49] —
Deng 2020 13 109 4 116 56%  3.46[1.16, 10.28]

Feng 2020 92 1,023 873 43,649 13.5%  4.50 [3.66, 5.52]

Hu 2020 1 19 5 86 21%  0.91[0.11,7.31]

Mehra 2020 167 515 1,336 8,395 14.0%  2.04[1.78,2.33]

ShiQ 2020 17 47 32 259 10.8%  2.93[1.78,4.82]

Sun 2020 20 121 15 123 9.5%  1.36[0.73, 2.52] —
Wang 2020 21 65 32 274 11.0%  2.77[1.71, 4.47]

Wu 2020 4 44 7 157 5.0%  2.04[0.63, 6.65] —

Yan 2020 27 108 4 85 6.1%  5.31[1.93, 14.60]

Yao 2020 2 12 2 96 2.6%  8.00[1.24, 51.69]

Zhou 2020 13 54 2 137 3.8%  16.49 [3.85, 70.65]

Subtotal (95% CI) 2,266 53,659 100.0%  3.05 [2.20, 4.25]

Total events 402 2,326

5.00 [1.10, 22.71]
12.79 [0.70, 235.22]
1.14 [0.30, 4.25]
5.31[2.97,9.51]
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in Figure 5. Analysis revealed that the funnel plot was
symmetric and Egger’s regression tests provided no evi-
dence of substantial publication bias for either the preva-
lence of SARS-CoV-2 test positivity among COVID-19
patients (B=1.7116,95% CI -2.28 to 5.7, p value = 0.3767)
or for hypertension with mortality in patients with CO-
VID-19(B=1.3765,95% CI -1.89t0 4.6, p value=0.3817).
The results showed that Egger’s test from two different
variables (SARS-CoV-2 test positivity or hypertension)
were consistent with p > 0.05, indicating no significant
publication bias in this study. In summary, male patients,
age >50 years, or had comorbid conditions (e.g., kidney
disease, cereborovascular disease, cardiovascular disease,
respiratory disease, diabetes, hypertension, and cancer)
were significantly associated with increased risk of mor-
tality in COVID-19.

Factors Associated with Mortality in
COVID-19 Patients

(Figure continued on next page.)

Discussion

Pandemic COVID-19 is causing huge morbidity and
mortality throughout the world; however, the association
of sex, age, or comorbidities with mortality has not been
investigated in larger effect size. To the very best of the
authors’ knowledge to date, this is the 1st study to esti-
mate aggregated risk of gender, age, or comorbidity with
mortality in patients with COVID-19. The findings may
be considered as novel providing evidence that male pa-
tients, age >50 years, or had comorbidities were signifi-
cantly associated with increased risk of mortality. Since
risk of mortality was assessed for considerably large num-
ber of high-quality data of COVID-19 patients with dif-
ferent interventions, the evidence may, therefore, be con-
sidered as high standard.
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C Non-survivors Survivors

Risk Ratio Risk Ratio
M-H, Fixed, 95% ClI M-H, Fixed, 95% ClI

Study or subgroup Events Total Events Total Weight
1.1.1 Kidney disease

Cao 2020 3 17 1 85 2.9%
Chen 2020 4 113 0 161 3.6%
Chen T 2020 2 19 1 36 6.1%
Shi 2020 12 62 16 609 25.9%
Shi Q 2020 5 47 7 259 18.9%
Wang 2020 4 65 9 274 30.3%
Yan 2020 3 108 1 85 9.8%
Zhou 2020 2 54 0 137 2.5%
Subtotal (95% Cl) 485 1,646 100.0%
Total events 35 35

Heterogeneity: x2 = 6.39, df = 7 (p = 0.50); 2 = 0%

Test for overall effect: Z = 6.55 (p < 0.00001)

1.1.2 Liver disease

Cao 2020 1 17 2 85 6.1%
Chen 2020 5 113 6 161 45.4%
Chen T 2020 1 19 1 36 6.3%
Du 2020 2 21 2 158 4.3%
Shi Q 2020 0 47 9 258 27.2%
Wang 2020 1 65 1 274 3.5%
Yan 2020 1 108 0 85 5.1%
Yao 2020 1 12 1 96 2.0%
Subtotal (95% Cl) 402 1,153 100.0%
Total events 12 22

Heterogeneity: x2 = 6.17, df = 7 (p = 0.52); 12 = 0%

Test for overall effect: Z = 1.41 (p = 0.16)

1.1.3 Cancer

Cao 2020 1 17 3 85 3.7%
Chen 2020 5 113 2 161 6.0%
Chen T 2020 1 19 4 36 10.1%
Deng 2020 6 109 2 116 7.1%
Du 2020 1 21 3 158 2.6%
Feng 2020 6 1,023 101 43,649 16.9%
Hu 2020 1 19 5 86 6.6%
Shi 2020 4 62 19 609 12.9%
Shi Q2020 4 47 10 259 11.2%
Wang2020 3 65 12 274 16.8%
Yao 2020 1 12 1 96 0.8%
Yhou 2020 0 54 2 137 52%
Subtotal (95% Cl) 1,561 45,666 100.0%
Total events 33 164

Heterogeneity: x2 = 6.49, df = 11 (p = 0.84); 2 = 0%
Test for overall effect: Z = 3.04 (p = 0.002)
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Fig. 4. a Forest plot of the pooled effects of comorbidities on the risk of mortality associated with hypertension,
diabetes or respiratory disease. b Forest plot of the pooled effects of comorbidities on the risk of mortality associ-
ated with cardiovascular or cereborovascular disease. ¢ Forest plot of the pooled effects of comorbidities on the
risk of mortality associated with kidney disease, liver disease, or cancer. Incre, increase; CI, confidence interval.

Without elucidation exact mechanism and confirma-
tion, it may not plausible to explain why mortality was
significantly higher in male COVID-19 patients than fe-
males. As reviewed elsewhere, it has been stated that male
patients may had higher expression of angiotensin-con-
verting enzyme 2 (ACE2), which may be regulated by
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male sex hormones rendering them to more risk for
SARS-CoV-2infection and poor clinical outcomes as well
[38]. In addition, this may be partly because ACE2 ex-
pression encoded by the ACE2 gene lays on the X-chro-
mosome, thus allowing females to be potentially hetero-
zygous whereas men who are definitely homozygous al-
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lowing males to be potentially high ACE2 expressor [39].
Moreover, it is hypothesized that females may counteract
the progression of the SARS-CoV-2 infection and severe
clinical outcomes due to carrying X-linked heterozygous
alleles called sex dimorphism by activating a mosaic ad-
vantage [39]. Contrastingly, some authors stated that
ACE2 expression may act as a biological sword and may
protect patients from organ injury. It has also been pos-
tulated that the ACE2 upregulation may improve clinical
outcomes in SARS-CoV-2-infected patients by protect-
ing organ injury, although not specifying any gender-ori-
ented effects [40, 41]. Amid the conflicting evidence re-
garding the association of ACE2 expression with the
magnitude of SARS-CoV-2 infection and clinical out-
comes, the findings of present analysis warrants future
clinical studies assessing gender specific effects of ACE2
expression in relation to mortality or any other underly-
ing reasons causing poor clinical outcome in both sexes
with COVID-19, which may be influenced by age also.
There is correlation between age and natural immu-
nity as reviewed elsewhere and concluded that older peo-
ple are particularly prone to develop more infections as
natural immunity declines gradually at older ages [42].
Older people are also vulnerable to adverse drug reactions
which may be partly because of the either reduced organ
function at older age or taking multiple drugs due to co-
morbidities [43]. The results of the current study indi-
cated that people aged 50 years or older were significant-

Factors Associated with Mortality in
COVID-19 Patients

ly at higher risk of mortality than those younger than 50
years. Linear regression with ACE2 gene expression in
nasal epithelium as the dependent variable and age-group
as the independent variable, a recent study showed that
compared with younger children, ACE2 gene expression
was significantly higher in older children (p = 0.01),
young adults (p < 0.001), and adults (p = 0.001) which
may partly able to explain why mortality was significant-
ly higher in older patients, as identified in present study
[44]. Based on this evidence and from the findings of the
current study, it is postulated that patients older than 50
years may have higher expression of ACE2 encoded by
the ACE2 gene as well as have other conventional factors,
for example, reduced immunity, low organ function, or
coexisting comorbidities which may be accountable for
greatly increased risk of mortality.

Comorbidity may also relate to reduced immune func-
tion. For example, in diabetic patients, natural immune
function reduced substantially which may restrict the
body to produce respective antibody against any infection
[45]. Also, polypharmacy and comorbidity are interre-
lated and dependable to each other. Since natural immu-
nity is declined profoundly in comorbid conditions and
as patients are taking more drugs concurrently, the noto-
rious adverse drug reactions (ADRs) alongside downreg-
ulation of immune function may expected to occur in
these patients and may increase risk of mortality eventu-
ally.

Intervirology 9
DOI: 10.1159/000512592



It is also known that after the transmission of SARS-
CoV-2 into the human body, ACE-2 receptor accelerates
the binding of this pathogenic virus to their target cells.
The ACE-2 is highly expressed in epithelial cells of the
lung, intestine, kidney, and blood vessels which is pre-
dominantly upregulated in patients with either diabetes
or hypertension treating with ACE inhibitors (ACEIs)
and angiotensin II type-I receptor blockers (ARBs) [46,
47]. This upregulation of ACE-2 in patients with diabetes
and hypertension treating ACEIs or ARBs may therefore
exacerbate infection with SARS-CoV-2. It is therefore hy-
pothesized by some authors [46-48] that diabetes and hy-
pertensive patients may eventually increase risk of devel-
oping severe and fatal COVID-19, which is in line with
findings of the current study.

The results of this analysis found that comorbidities
were significantly aggravating mortality in SARS-CoV-2
infection. In contrast, a recent meta-analysis found that
using ACEIs/ARBs in COVID-19 patients were not asso-
ciated with higher risk of mortality or severity of infection
[49]. Since both hypertension and diabetes independent-
ly associated with significantly increased risk of mortality,
the findings of current study suggest extremely close
monitoring for COVID-2019 patients treated with
ACEIs/ARBs, even if possible, may be treated with alter-
native cardiovascular medicines. For example, Fang et al.
[46] suggest to use calcium channel blockers instead of
ACEIs/ARBs as did not find any evidence for increased
ACE-2 expression or activity by calcium channel block-
ers. However, in these clinical debating situations, profes-
sional societies recommended to continue ACEIs/ARBs
in COVID-19 patients unless it is contraindicated for oth-
er clinical conditions rather than SARS-CoV-2 infection
[50].

Each comorbidity has its own pathophysiology and
mechanistic link between SARS-CoV-2 infection and
mortality, some of which has already been proposed or
established while others unrevealed yet. For example,
chronic kidney disease (CKD) has been associated with
inflammation and dysregulation of immune function
which may explain increased risk of mortality in COV-
ID-19 patients with kidney disease [51]. It has been re-
ported in a recent study that ACE2 receptor is overex-
pressed in the tubular cells of COVID-19 patients with
kidney disease characterized by increased serum creati-
nine and urea nitrogen [51, 52]. Taken together, the al-
terations in ACE2 receptor expression and dysregulation
of immune function may answer to why the highest sig-
nificantly increased risk of mortality was found in CO-
VID-19 patients with kidney disease in the present study.
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Also, increased ACE2 expression at both mRNA and
protein levels was found in patients with basic heart fail-
ure disease, indicating that if infected by SARS-CoV-2,
these patients may have greater risk of heart attack and
consecutively adverse clinical outcomes [53]. This is also
in line with the current study findings that show CO-
VID-19 patients with cardiovascular disease were associ-
ated with significantly increased risk of mortality.

Although present analysis found a strong association
of age 250 years with mortality and also comorbidities
with mortality as well, it failed to establish the association
between age and comorbidities combined with mortality
due to lacking reported data regarding these associations.
However, it is generally assumed that if COVID-19 pa-
tients had age 250 years and also had comorbidities, then
the risk of mortality would be much greater than exposing
either the alone risk factor (age or comorbidity), warrant-
ing future clinical studies to explore such associations.

It is found that mean prevalence of mortality was sig-
nificantly lower than survivors associated with CO-
VID-19, however, when predictively extra-plotting this
mortality rate to general population, it is predicted that
huge number of patients may die due to SARS-CoV-2 in-
fection. Hence, more rigid and strict measures should be
immediately implemented in the society in this regard to
tackle this natural infectious disaster which may facilitate
to save human beings profoundly.

Limitations

In spite of providing robust evidence for the associa-
tion of sex, age, or comorbidities with mortality in CO-
VID-19 patients, there are some limitations of this study.
First, variables, for example, sex, age, or comorbidities
were not adjusted; therefore, the results presented in this
study may vary if results were adjusted with these along
with other variables affecting clinical outcomes. Second,
in some tested variables, there was high level of heteroge-
neity which may be partly because of different study de-
signs of included studies, patient’s characteristics, various
treatments, ethnicity, or unadjusted variables. Third, as
compared to real death toll from all over the world caused
by COVID-19, data presented in this study are relatively
small due to not getting outcome data yet. Having those
limitations, it is expected that the robust evidence pro-
vided in this study may play a pivotal role to stakeholders,
policymakers, and health-care professionals to intervene
the greatest infectious and unprecedented health chal-
lenges of 21st century and may advance epidemiologic
features, disease progression, and clinical outcomes as-
sociated with SARS-CoV-2 infection.
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Conclusions

Male patients with COVID-19 were associated with
significantly increased risk of mortality compared to fe-
males. Patients with age >50 years were at a significantly
massive risk of mortality compared to those aged <50
years. Mortality was significantly higher in those patients
with kidney disease, cereborovascular disease, cardiovas-
cular disease, respiratory disease, diabetes, hypertension,
and cancer. Implementation of adequate protection and
interventions for COVID-19 patients in general and in
particular male patients with age =50 years having co-
morbidities may significantly reduce the risk of mortality
associated with COVID-109.
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