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(Figure 5b). The publication bias test results: Egger’s test (p-value = 0.40) indicated that there was

no publication bias.
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Figure 5. Proportion of males in COVID-19 severe cases, critical cases, and mortalities. (a, c,
e) Forest plot of sex-distribution in COVID-19 cases in each of the studies. Proportions of males
and the 95% confidence intervals are indicated. (a) Severe cases defined as having at least one of
the following clinical findings: breathing rate >30/min, pulse oximeter oxygen saturation (SpO2)
<93% at rest, or ration of the partial pressure of arterial oxygen (Pa0O2) to the fraction of inspired
oxygen (FiO2) <300 mmHg. (c¢) Critical case defined as: received mechanical ventilation,
clinically diagnosed with shock, received care in the intensive care unit (ICU), or transferred to a
higher level of medical care. (¢) Mortality defined as all deaths in COVID-19 patients that occurred
during the study period. (b, d, f) Funnel plot with 95% confidence region of sex-distribution in

COVID-19 severe cases, critical cases, and mortality in each of the studies.

3.6 Sex-Specific COVID-19 Critically 11l Case Distribution

A total of 9 studies with a total of 2025 critical COVID-19 cases were analyzed (Table 5).
Our results from the randomized effects model meta-analysis showed that in the sex-distribution
of all COVID-19 critically ill cases, males accounted for 71% (95% CI [0.63, 0.79]) (Figure 5c¢).
Female patients made up 29% of all COVID-19 critical cases. There was strong heterogeneity
between the critical population proportions (I* = 83%, 7 = 0.10). A funnel plot was drawn to
assess the publication bias (Figure 5d). The publication bias test results: Egger’s test (p-value =
0.02) indicated that there could be some publication bias introduced by the Grasselli et al. (2020)
study.
3.7 Sex-Specific COVID-19 Mortality Distribution

A total of 6 studies with a total of 399 mortalities related to COVID-19 cases were analyzed

(Table 6). Our results from the randomized effects model meta-analysis showed that in the sex-
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distribution of all COVID-19 mortalities, males accounted for 69% (95% CI[0.63, 0.75]) (Figure
5e). Female patients made up 31% of all COVID-19 mortalities. The heterogeneity for the
mortality population proportions is low (I? = 34%, 7 = 0.04). A funnel plot was drawn to assess
the publication bias (Figure 5f). The publication bias test results: Egger’s test (p = 0.26) indicated
that there was no observable publication bias.

3.8 Sex-Specific COVID-19 Distribution in Asia and the West

Sex-specific differences in clinical outcomes of COVID-19 cases in China were thought to
be related to cultural and social differences in males and females (Cai, 2020). We investigated if
our study results hold in different regions of the world. COVID-19 critically ill patient data sets
were divided into two groups: Asia and West, and subgroup analyses were performed.

A total of 5 studies from Asia, with a total of 238 critical COVID-19 cases were analyzed.
Our results from the randomized effects model meta-analysis showed that in the sex-distribution
of COVID-19 critically ill cases from Asia, males accounted for 71% (95% CI1[0.61, 0.81]) (Figure
6a). Female patients made up 29% of all COVID-19 critical cases in Asia. There was moderate
heterogeneity between the critical population proportions (I = 64%, T = 0.0082). A funnel plot
was drawn to assess the publication bias in studies from Asia (Figure 6b). The publication bias test
results: Egger’s test (p-value = 0.26) indicated that there was no observable publication bias.

A total of 4 studies from Western regions with a total of 1787 critical COVID-19 cases
were analyzed. Our results from the randomized effects model meta-analysis showed that in the
sex-distribution of COVID-19 critically ill cases from the West, males accounted for 70% (95%
CI10.59, 0.82]) (Figure 6¢). Female patients made up 30% of all COVID-19 critical cases in the
West. There was strong heterogeneity between the critical population proportions (I = 86%, 7 =

0.0103). A funnel plot was drawn to assess the publication bias in studies from the West (Figure
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6b). The publication bias test results: Egger’s test (p-value = 0.04) indicated that there could be
some publication bias introduced by the Grasselli et al. (2020) study, as indicated previously. This
comparative subgroup analysis of Asia and the West indicated that there was no geography-
specific difference in the proportion of critically ill COVID-19 male patients. However, indicated
by the moderate to strong heterogeneity observed, there are likely variations in male proportion

between different studies and regions.
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Figure 6. Comparison in the proportion of males in COVID-19 critical cases in Asia and in
the West. (a, ¢) Forest plot of sex-distribution in COVID-19 critical cases in each of the studies.
Proportions of males and the 95% confidence intervals are indicated. Critical case defined as:
received mechanical ventilation, clinically diagnosed with shock, received care in the intensive
care unit (ICU) or transferred to a higher level of medical care. (a) Critical cases in Asian countries.
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(c) Critical Cases in western countries. (b, d) Funnel plot with 95% confidence region of sex-

distribution in COVID-19 critical cases in each of the studies.

3.9 Disease severity stratification and age distribution

When extracting male and female proportions for each of the four COVID-19 disease
severity categories, we obtained the age distributions of the cases stated as a mean = SD or median
and interquartile range (IQR). Using a skewed distribution assumption, the ages were aggregated
as medians with 95% confidence intervals. The median age for all COVID-19 cases was 50, severe
cases was 61, critically ill cases was 63, and mortality was 70 (Figure 7). A Kruskall-Wallis
ranked-sum test conducted on the medians showed that age was significantly different between the
COVID-19 disease severity groups (chi-squared = 24.07, df = 3, p-value = < 0.0001). Our data
confirm that advanced age is a risk factor for more severe clinical outcomes and mortality related

to COVID-19.
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Figure 7. Median age of COVID-19 patients stratified according to disease severity. Median
age of COVID-19 patients in all cases, severe cases, critically ill cases, and mortalities. Error bars
represent 95% confidence intervals of the median. The median age for all COVID-19 cases was
50, severe cases was 61, critically ill cases was 63, and mortality was 70. A Kruskall-Wallis
ranked-sum test conducted on the medians showed that age was significantly different amount the

COVID-19 disease severity groups (chi-squared = 24.07, df = 3, p-value = <0.0001).

4. Discussion

In our systematic review and meta-analysis, we set forth to address the question of whether
male sex is a risk factor for COVID-19 susceptibility, severe forms of the disease, or mortality
related to COVID-19. Systematically reviewing all literature from December 15th, 2019, to April
16th, 2020, we selected 31 research studies that met our selection criteria and performed a meta-
analysis on COVID-19 clinical outcomes. Our quality assessment measures indicated low
heterogeneity in terms of a single-arm meta-analysis, and the sensitivity analysis showed that there
was minimal publication bias. As of the time of completing this manuscript, there were no
randomized controlled trials with COVID-19 patients that could address this particular question.
The use of non-randomized studies for the meta-analysis is a limitation of this study. However,
Abraham et al. (2010) suggested that, in the absence of randomized, controlled trials, that a well-
designed meta-analysis is used non-randomized controlled trials can also present a high level of

evidence (Abraham et al., 2010).

The four clinical outcome categories (overall, severe, critical, mortality) exhibited different
levels of heterogeneity in our random-effects models. The explanation for these differences is most

likely the region of the studies done within each category. The 23 overall studies exhibited 64%
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heterogeneity with one from Singapore and one from Great Britain. The eight severe studies
exhibited 0% heterogeneity, all being from China. The nine critical studies exhibited 83%
heterogeneity, with five from China, three from Europe, and one from the United States. The six
mortality studies exhibited 35% heterogeneity, with five from China and one from Korea. The use
of a randomized effects model for our meta-analysis takes into account these heterogeneities
observed between different studies and regions. Based on the random-effects models shown, there
appears to be a difference in the proportions of males with COVID-19 between at least some of
the studies or regions. Due to the study designs, their sampling methods, and limited regions
included in this study, it is neither possible nor wise to be more specific. This is a potential avenue

for further research.

Our meta-analysis showed that while males accounted for 53% of all COVID-19 cases,
males accounted for an increasing proportion of severe cases (56%), critically ill cases (71%), and
mortalities (69%) compared to their counterpart. While similar male to female disproportions was
observed among a few other studies looking at clinical characteristics of COVID-19, our study
provides a comprehensive synthesis of data available across different world regions. This study
helps establish male sex as a risk factor for COVID-19 clinical outcomes and shows that it is

consistent in Asia and Western regions.

This study results do not come as a surprise. Several studies conducted on the two previous
coronavirus epidemics, SARS CoV-1in 2002-2003 and MERS in 2012-2013, showed similar
patterns with a male predominance toward greater severity and mortality risks. Studies on
mortality rates during the MERS-CoV epidemic showed the male sex to be a risk factor
(Matsuyama et al., 2016; Nam et al., 2017; Park et al., 2018). Epidemiological studies with SARS-

CoV-1 showed similar patterns (Karlberg et al., 2004). To further support previous
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epidemiological observations, in controlled mouse model experiments, SARS-CoV-1 has
displayed infectious dose-dependent higher mortality rates in male mice compared to female mice
(Channappanavar et al., 2017). The mounting amount of evidence showing differences among
males and female clinical outcomes to coronavirus infections highlights the importance of patient

sex in determining the COVID-19 prognosis.

From a clinical standpoint, this information is very pertinent to the practice of patient care.
As COVID-19 clinical outcomes are strongly associated with male sex, this can help guide
preventative and treatment strategies. Male patients will likely warrant more aggressive inpatient
care measures, and especially those that have other COVID-19 risk factors such as advanced age
or underlying comorbidities. Susceptible males with other known risk factors may need to take
extra precautions to help prevent SARS-CoV-2 infection. Infected males can be encouraged to
obtain medical care at an earlier stage of the disease. In cases that require hospitalization,

physicians can be more aggressive in their medical management of male patients.

In addition to preventative and COVID-19 treatment measures, this presents a unique
clinical opportunity to address male and female differences at the molecular level, immunological
response, and endocrine function (Sandberg and Ji, 2003; vom Steeg and Klein, 2016; Taneja,
2018). For example, SARS-CoV-2 binds to the Angiotensin-converting enzyme 2 (ACE2)
receptors and use it as a mechanism for host cell entry (Hoffmann et al., 2020). Males have been
shown to express more ACE2 receptors within the renin-angiotensin-aldosterone system (RAAS)
(Komukai et al., 2010). This is likely to play an essential role in the severity of this disease
observed in males (Komukai et al., 2010). Differences in male and female immunological
responses will also be a clinically significant factor that can be appropriately modulated to better

serve COVID-19 patients (Pennell et al., 2012; Jaillon et al., 2019). Besides sex-specific
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differences in immunological responses, hormonal regulation and the role of estrogen and
testosterone in priming the ACE2 receptor sensitivity could hold the key to better explain the
higher COVID-19 severity and mortality rates observed in males (Mishra et al., 2016; Bukowska
et al., 2017). In an age of personalized medicine, if molecular level of differences in the disease
processes of SARS-CoV-2 infection can be characterized, clinicians can use targeted therapy using

to promote health equality and help save more patient lives.
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Table 1. Bias risk assessment on the studies included in the meta-analysis using the

methodological index for non-randomized studies (Minors) criteria (Slim et al., 2003).

SudyRefeence , SU D@ 0@ O © 0@ s
Barrasa et al., 2020 48 2 2 2 2 2 2 2 0 14
Bhatraju et al., 2020 24 2 2 2 2 2 1 1 0 12
Cao et al., 2020 102 2 2 2 2 2 1 1 0 12
Chen et al., 2020a 249 2 2 2 2 2 1 1 0 12
Chen et al., 2020b 99 2 2 2 2 2 2 2 0 14
Chen et al., 2020c 203 2 2 2 2 2 2 2 0 14
Chen et al., 2020d 113 2 2 2 2 2 1 2 0 13
Chu et al., 2020 54 2 2 2 2 2 1 1 0 12
Du et al., 2020a 179 2 2 2 2 2 2 1 0 13
Du et al., 2020b 109 2 2 2 2 2 2 2 0 14
Du et al., 2020c 85 2 2 2 2 2 2 2 0 14
Easom et al., 2020 68 2 2 2 2 2 2 2 0 14
Grasselli et al., 2020 1591 2 2 2 2 2 2 2 0 14
Guan et al., 2020 1096 2 2 2 2 2 1 1 0 12
Huang et al., 2020 41 2 2 2 2 2 1 1 0 12
Korea, 2020 54 2 2 2 2 2 2 2 0 14
Lietal., 2020b 548 2 2 2 2 2 1 2 0 13
Liu et al., 2020 137 2 2 2 2 2 2 2 0 14
Mao et al., 2020 214 2 2 2 2 2 1 1 0 12
Qin et al., 2020 452 2 2 2 2 2 1 1 0 12
Simonnet et al., 2020 85 2 2 2 2 2 1 1 0 12
Wan et al., 2020 135 2 2 2 2 2 1 1 0 12
Wang et al., 2020a 138 2 2 2 2 2 1 1 0 12
Wang et al., 2020b 125 2 2 2 2 2 2 2 0 12
Wang et al., 2020c 1012 2 2 2 2 2 1 2 0 13
Wu et al., 2020 80 2 2 2 2 2 2 2 0 14
Xie et al., 2020 79 2 2 2 2 2 1 1 0 12
Xu et al., 2020 90 2 2 2 2 2 2 2 0 14
Yang et al., 2020 149 2 2 2 2 2 2 2 0 14
Young et al., 2020 18 2 2 2 2 2 2 2 0 14
Zhang et al., 2020 140 2 2 2 2 2 1 1 0 12
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(1) A clearly stated aim; (2) Inclusion of consecutive patients; (3) Prospective collection of data;
(4) Endpoints appropriate to the aim of the study; (5) Unbiased assessment of the study endpoint;

(6) Follow-up period appropriate to the aim of the study; (7) Loss to follow-up less than 5%; (8)

Prospective calculation of the study size. The items are scored 0 (not reported), 1 (reported but
inadequate), or 2 (reported and adequate). The global ideal score being 16 for non-comparative

studies.

Table 2. Demographics of all studies included in the meta-analysis with sex-specific disease

severity.
Study Age! All Severe Critical ~ Mortality
Study Reference (Ci ty(f)(rni’nrtcl)zince) Population  (mean or  cases 2 cases * cases*  (male %)
median)  (male %) (male %) (male %)
Barrasa et al., 2020 Spain (Vitoria) 48 63.2 - - 56.3 -
Bhatraju et al., 2020  United States 24 64.0 - - 62.5 -
(Seattle)
Cao et al., 2020 China (Wuhan) 102 54.0 52.0 - - 76.5
Chen et al., 2020a China (Shanghai) 249 51.0 50.6 - 86.4 -
Chen et al., 2020b China (Wuhan) 99 55.5 67.7 - - -
Chen et al., 2020c China (Wuhan) 203 54.0 53.2 - - -
Chen et al., 2020d China (Wuhan) 113 68.0 - - - 73.5
Chu et al., 2020 China (Wuhan) 54 39.0 66.7 69.8 - -
Du et al., 2020a China (Wuhan) 179 57.6 54.2 - - 47.6
Du et al., 2020b China (Wuhan) 109 70.7 - - - 67.9
Du et al., 2020c China (Wuhan) 85 65.8 - - - 72.9
Easom et al., 2020 United Kingdom 68 42.5 47.1 - - -
Grasselli et al., 2020  Italy (Milan) 1591 63.0 - - 82.0 -
Guan et al., 2020 China 1096 47.0 58.1 57.8 67.2 -
Huang et al., 2020 China (Wuhan) 41 49.0 73.2 - 84.6 -
Korea, 2020 South Korea 54 75.5 - - - 61.1
Lietal., 2020b China (Wuhan) 548 60.0 50.9 56.9 - -
Liu et al., 2020 China (Wuhan) 137 57.0 44.5 - - -
Mao et al., 2020 China (Wuhan) 214 52.7 40.7 50.0 - -
Qin et al., 2020 China (Wuhan) 452 58.0 52.0 54.2 - -
Simonnet et al., 2020  France (Lille) 124 60 - - 72.6 -
Wan et al., 2020 China (Chongging) 135 47.0 533 52.5 - -
Wang et al., 2020a China (Wuhan) 138 56.0 54.3 - 61.1 -
Wang et al., 2020b China (Fuyang) 125 38.8 56.8 - - -
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Country Stud}{ Age! All . Severg Critica:l Mortality
Study Reference (City or Province) Population (mea'n or cases cases cases (male %)
median)  (male %) (male %) (male %)

Wang et al., 2020c China (Wuhan) 1012 50.0 51.8 - 62.0 -
Wu et al., 2020 China (Jiangsu) 80 46.1 48.8 - - -
Xie et al., 2020 China (Wuhan) 79 60.0 55.7 64.3 - -
Xu et al., 2020 China (Wuhan) 90 50.0 433 - - -
Yang et al., 2020 China (Wenzhou) 149 45.1 54.4 - - -
Young et al., 2020 Singapore 18 47.0 50.0 - - -
Zhang et al., 2020 China (Wuhan) 140 57.0 50.7 56.9 - -

! Mean or median age of the study population for each research study. In the event a study had a
severity or mortality sub-population, age is listed for only the total study population. Mean ages
are indicated in ifalics.

2 All consecutive patients with lab confirmed case of COVID-19 within the study period.

3 Severe case defined as having at least one of the following clinical findings: (a) breathing rate
>30/min, (b) pulse oximeter oxygen saturation (SpOz) <93% at rest, or (c) ration of partial
pressure of arterial oxygen (PaO») to fraction of inspired oxygen (FiO2) <300 mmHg

4 Critical case defined as: (a) received mechanical ventilation; (b) clinically diagnosed with
shock, (c) received care in the intensive care unit (ICU) or (d) transferred to a higher level of

medical care
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Table 3. All confirmed cases of COVID-19 included in the meta-analysis.

Age'! Total Number of Number of  All cases
Study Reference (mean or number of  male cases female (male %)
median) cases 2 cases
Cao etal., 2020 54.0 102 53 49 52.0
Chen et al., 2020a 51.0 249 126 123 50.6
Chen et al., 2020b 55.5 99 67 32 67.7
Chen et al., 2020c 54.0 203 108 95 53.2
Chu et al., 2020 39.0 54 36 18 66.7
Du et al., 2020a 57.6 179 97 82 54.2
Easom et al., 2020 42.4 68 32 36 47.1
Guan et al., 2020 47.0 1096 637 459 58.1
Huang et al., 2020 49.0 41 30 11 73.2
Li et al., 2020b 60.0 548 279 269 50.9
Liu et al., 2020 57.0 137 61 76 44.5
Mao et al., 2020 52.7 214 87 127 40.7
Qin et al., 2020 58.0 452 235 217 52.0
Wan et al., 2020 47.0 135 72 63 53.3
Wang et al., 2020a 56.0 138 75 63 543
Wang et al., 2020b 38.8 125 71 54 56.8
Wang et al., 2020c 50.0 1012 524 488 51.8
Wu et al., 2020 46.1 80 39 41 48.8
Xie et al., 2020 60.0 79 44 35 55.7
Xu et al., 2020 50.0 90 39 51 433
Yang et al., 2020 45.1 149 81 68 54.4
Young et al., 2020 47.0 18 9 9 50.0
Zhang et al., 2020 57.0 140 71 69 50.7

' Mean or median age of the study population reported by each research study. Mean ages are
indicated in italics.

2 All consecutive patients with lab-confirmed case of COVID-19 within the study period.
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Table 4. All severe cases of COVID-19 included in the meta-analysis.

Age'! Totalno.  No. of male No. of Severe
Study Reference (mean or of severe severe cases female cases
median) cases ? severe cases (male %)

Chu et al., 2020 38.0 43 30 13 69.8
Guan et al., 2020 52.0 173 100 73 57.8
Li et al., 2020b 65.0 269 153 116 56.9
Mao et al., 2020 58.2 88 44 44 50.0
Qin et al., 2020 61.0 286 155 131 54.2
Wan et al., 2020 56.0 40 21 19 52.5
Xie et al., 2020 62.5 28 18 10 64.3
Zhang et al., 2020 64.0 58 33 25 56.9

' Mean or median age of the study population reported by each research study. Mean ages are
indicated in italics.

2 Severe case defined as having at least one of the following clinical findings: (a) breathing rate
>30/min, (b) pulse oximeter oxygen saturation (SpO2) <93% at rest, or (c) ration of partial
pressure of arterial oxygen (PaO) to fraction of inspired oxygen (Fi02) <300 mmHg

Table 5. All critical cases of COVID-19 included in the meta-analysis.

Age! Total no. No. of male No. of Critical
Study Reference (mean or of critical  critical cases female cases
median) cases 2 critical cases (male %)

Barrasa et al., 2020 63.2 48 27 21 56.3
Bhatraju et al., 2020 64.0 24 15 9 62.5
Chen et al., 2020a 51.0 22 19 3 86.4
Grasselli et al., 2020 63.0 1591 1304 287 82.0
Guan et al., 2020 63.0 67 45 22 67.2
Huang et al., 2020 49.0 13 11 2 84.6
Simonnet et al., 2020 60 124 90 34 75.3
Wang et al., 2020a 66.0 36 22 14 61.1
Wang et al., 2020c 55.5 100 62 38 62.0

' Mean or median age of the study population reported by each research study. Mean ages are
indicated in italics.
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2 Critical case defined as: (a) received mechanical ventilation; (b) clinically diagnosed with
shock, (c) received care in the intensive care unit (ICU) or (d) transferred to a higher level of
medical care

Table 6. All deaths in COVID-19 patients included in the meta-analysis.

Age'! Total Number of Number of  Mortality
Study Reference (mean or  number of male female (male %)
median) deaths 2 deaths deaths

Cao et al., 2020 72.0 17 13 4 76.5
Chen et al., 2020d 68.0 113 83 30 73.5
Du et al., 2020a 70.2 21 10 11 47.6
Du et al., 2020b 70.7 109 74 35 67.9
Du et al., 2020c 65.8 85 62 23 72.9
Korea, 2020 75.5 54 33 21 61.1

! Mean or median age of the study population reported by each research study. Mean ages are
indicated in italics.

2 All consecutive number of deaths in COVID-19 patients that occurred during the study period.
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