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ABSTRACT

Objective We aimed to describe the associations of age
and sex with the risk of COVID-19 in different severity
stages ranging from infection to death.

Design Systematic review and meta-analysis.

Data sources PubMed and Embase through 4 May 2020.
Study selection We considered cohort and case—control
studies that evaluated differences in age and sex on the
risk of COVID-19 infection, disease severity, intensive care
unit (ICU) admission and death.

Data extraction and synthesis We screened and
included studies using standardised electronic data
extraction forms and we pooled data from published
studies and data acquired by contacting authors using
random effects meta-analysis. We assessed the risk of
bias using the Newcastle-Ottawa Scale.

Results We screened 11.550 titles and included 59
studies comprising 36.470 patients in the analyses. The
methodological quality of the included papers was high
(8.2 out of 9). Men had a higher risk for infection with
COVID-19 than women (relative risk (RR) 1.08, 95% ClI
1.03 to 1.12). When infected, they also had a higher risk
for severe COVID-19 disease (RR 1.18,95% Cl 1.10 to
1.27), a higher need for intensive care (RR 1.38, 95% Cl
1.09 to 1.74) and a higher risk of death (RR 1.50, 95% Cl
1.18 to 1.91). The analyses also showed that patients aged
70 years and above have a higher infection risk (RR 1.65,
95% Cl 1.50 to 1.81), a higher risk for severe COVID-19
disease (RR 2.05, 95% Cl 1.27 to 3.32), a higher need for
intensive care (RR 2.70, 95% CI 1.59 to 4.60) and a higher
risk of death once infected (RR 3.61, 95% Cl 2.70 to 4.84)
compared with patients younger than 70 years.
Conclusions Meta-analyses on 59 studies comprising
36.470 patients showed that men and patients aged

70 and above have a higher risk for COVID-19 infection,
severe disease, ICU admission and death.

PROSPERO registration number CRD42020180085.

BACKGROUND

COVID-19 or the disease caused by the
SARS-CoV-2 coronavirus has caused a
pandemic that has affected patients in more
than 188 countries and territories around the

world. The number of patients diagnosed
with COVID-19 has exceeded 27 million on 8

Strengths and limitations of this study
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» Our search strategy revealed 11.550 individual re-
cords and we included 59 studies.

» Our study focuses on the early phase of the
pandemic.

» A thorough sensitivity analysis could not refute the
conclusions.

» Our review has added a quality assessment of the
individual studies.

» Most included studies, n=50, were from China in-
volving Chinese patients with COVID-19 compared
with n=9 studies from outside China.

September 2020, and to date more than 890
000 patients have died."

Regarding demographics, respiratory tract
infections are, in general, more severe in men
and they tend to lead to higher mortality in
men.” Higher mortality for men was also
observed during the severe acute respiratory
syndrome (SARS) epidemic.” In a mixed
group of patients with COVID-19 and SARS,
Jin et al' found that increased age and sex
were associated with more severe disease and
mortality. However, a systematic review on
the association between demographic factors
and different severity stages of COVID-19 is
lacking.

Knowledge on the association between
demographic factors and different severity
stages of COVID-19 such as infection, severe
disease, intensive care unit (ICU) admission
and death may provide insight into the under-
lying pathophysiological mechanisms (immu-
nity, coagulopathy and comorbidities). This
knowledge may also guide clinical decision-
making, especiallywhen there isanimpending
shortage in healthcare resources such as ICU
beds. Additionally, exploring demographic
factors influencing COVID-19 outcomes may
guide policymakers in, for instance, the prior-
itisation of non-pharmaceutical interventions

BM)

Pijls BG, et al. BMJ Open 2021;11:2044640. doi:10.1136/bmjopen-2020-044640 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-5351-5057
http://orcid.org/0000-0002-1580-1543
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-044640&domain=pdf&date_stamp=2021-01-09
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

and screening.” These demographic factors may also be
important for the design and interpretation of clinical
trials on the efficacy of treatments as they could poten-
tially be strong confounders. Therefore, the aim of this
living systematic review is to describe the association
between demographic factors and COVID-19 in different
stages of the disease.

METHODS

The reporting of this living systematic review and meta-
analysis is in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement and a protocol has been registered a priori at
the PROSPERO registry (PROSPERO 2020).° For this
review, we focused on the early phase of the pandemic.

Demographic factors include: age, sex, social economic
status (education level), pregnancy and ethnicity. As only
a few studies so far reported on the latter three factors,
the current version of this review focuses on age and sex.
Age was categorised into old age, defined as 70 years and
older, and young age, defined as younger than 70 years.
Seventy years was chosen as a cut-off point for the main
analyses because this was the most commonly used cut-off
in the first studies included. We also collected data on
other cut-off points (60 and 65 years) where possible. We
considered four stages of disease severity: (1) infection,
(2) severe clinical or radiological symptoms (according to
WHO guidance7), (3) ICU admission, and (4) death. This
led to the following research questions:

What is the association between demographic factors
and:

1. A confirmed COVID-19 infection among the general
population?

2. Clinically/radiologically severe COVID-19 among hos-
pitalised patients with a confirmed infection?

3. ICU admission among patients hospitalised for con-
firmed COVID-19 infection?

4. Death among patients hospitalised for confirmed

COVID-19 infection?

Originally, we also planned to investigate ‘hospitalisa-
tion” as a potential outcome. However, only one study
reported on this, which did not warrant inclusion in this
version of the review. Future versions of the review will
re-evaluate ‘hospitalisation” as an outcome. The cases
and controls for each stage of the disease are defined in
table 1.

Data sources and searches
The search strategy was devised with a specialised librarian
(GHLF) and the following databases were searched from
December 2019 up to 4 May 2020: Medline via PubMed
and Embase. Additionally, EPPI Centre (COVID-19: a
living systematic map of the evidence) was consulted up
to 31 March 2020.°

We designed the search strategy to be sensitive and
reproducible. The term COVID-19 was elaborated in
combinations of controlled vocabulary and free text
terms. See online supplemental appendix 1 for the full
search strategy. No language restrictions were applied
during the search strategy. Studies reported in languages
spoken by the research team were included: English,
Dutch, German, French and Russian. Studies published
in any other language were temporarily excluded and
will be reconsidered in future updates of this living
review.

Study selection

Initial screening on the basis of title and abstract of
eligible studies was performed by one reviewer (RTD,
AV] or BGP). A second reviewer (RTD) redid the study
selection procedure on a random sample of 500 studies.
The between-reviewer agreement from these 500 studies
was 98.4% with a kappa of 0.74, indicating substantial
agreement.” When the information in the abstract did
not suffice or where there was any doubt, the studies
remained potentially eligible. The full text of potentially
eligible studies was independently evaluated in duplicate
by two reviewers (from AR, SZ, AA, JIRD, SH). All records
identified through the searches were collected in an elec-
tronic reference database and subjected to the following
inclusion and exclusion criteria: the study had to focus
on humans with COVID-19 or SARS-CoV-2 coronavirus
infections providing, or potentially providing, sufficient
information to calculate risk ratios for our prespecified
associations (table 1). A study was excluded when no valid
comparisons could be made. This was the case when less
than five observations were reported in any cell of the
contingency tables, when the study quality score (see next
paragraph) was less than 5 out of 9 and when patients
were admitted to hospital for different indications than
for COVID-19 (eg, kidney transplant patients, patients
with fractured bones).

Table 1 Study structure

Severity stage Case

Control Population

1. Infection
2. Severe symptoms (clinically or radiologically)
3. ICU admittance

4. Death Death

Test positive
Severe symptoms
Admitted to ICU

Test negative General population
Non-severe symptoms  Hospitalised COVID-19 cases
Not admitted to ICU Hospitalised COVID-19 cases

Alive Hospitalised COVID-19 cases

ICU, intensive care unit.
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Data extraction and quality assessment

Observed frequencies of outcomes and controls per
level of the determinants were extracted from text,
tables or figures (ie, 2x2 tables leading to unadjusted
risk ratios) for each included study. One reviewer (AR or
SZ) extracted data from included studies regarding the
severity stages of COVID-19, patient demographics and
study characteristics in a predefined electronic data sheet
that was designed during a pilot data extraction phase on
the first eligible studies. A second reviewer (AA, JIRD or
SH) double-checked the inclusion by the data extractors.
Any disagreements were resolved by consensus or by
consulting a referee (BGP or MPZ). We contacted the
authors of papers with data presented in a way that did not
allow summarisation in contingency tables by email. We
sent a reminder email after 1 week. In total, we contacted
87 authors of whom 17 supplied additional data which
could be used in the analyses for 12 papers. Risk of bias
of the included studies was appraised independently by
one reviewer (from AA, JIRD or SH) using the Newcastle-
Ottawa Scale (NOS)."

Data synthesis and analysis

We used the relative risk (RR) to assess the associa-
tion between each severity stage (ie, diagnosis, severe
disease, ICU admission and death) and demographic
factors. The data from the included studies underwent
random effects meta-analysis to determine the pooled
effect sizes with corresponding 95% Cls and (in case of
heterogeneity) 95% prediction intervals.'' The amount
of statistical heterogeneity was assessed through visual
inspection of the forest plots and by calculating I? statis-
tics."” If data allowed, we explored potential sources of
statistical heterogeneity when I* was above 40% (1)
through subgroup analyses and (2) with random effects
meta-regression analyses on predefined factors. These
factors include: geographical region, study quality, study
size, days into the pandemic, publication date, diagnostic
modality (eg, PCR test, CT signs, clinical symptoms and
their combinations thatled to the diagnosis of COVID-19)
and clinical setting (eg, nursing home, home, hospital,
general practitioner cohort). We carried out leave-
one-out analyses to determine the influence of possible
outlier studies on the pooled effect size. The study setting
and diagnostic modality were very consistent within the
different outcomes, so a sensitivity on these factors was
not meaningful.

To assess publication bias we constructed funnel plots
for visual inspection and statistically tested potential asym-
metry using the Egger and Harbord test."” '* In case of
asymmetry, a trim-and-fill method and cumulative meta-
analyses were used to explore the magnitude and direc-
tion of publication bias.

Patient and public involvement
This systematic review and meta-analysis is part of the
WHO Evidence Collaborative on COVID-19 answering

their rapid review priority questions on risk factors for
infection and disease severity. Patients were not involved.

RESULTS

Study selection

The literature search yielded 11550 unique hits of
which 300 studies were eligible after screening titles and
abstracts. From these eligible studies, we excluded 241:
13 were reviews; 17 were written in a language not spoken
by the review team; 118 did not report or evaluate demo-
graphic factors; and 93 had no valid comparisons between
cases and controls. This left 59 studies in the current meta-
analysis, covering a total of 36470 patients.15_73 Details of
the study selection are given in figure 1 (PRISMA flow
chart).

Study characteristics
We included studies on the effect of age (70 years or more
vs less than 70 years) and sex (men vs women). There
were either no studies or not enough studies on social
economic status, pregnancy or ethnicity to allow any
meaningful analyses. Regarding age and sex, there were
not enough studies on the outcome ‘hospitalization’ to
allow any meaningful analyses. The current meta-analysis
therefore presents results on age and sex regarding risk
of infection, disease severity, ICU admission and death.
From the included studies, 50 were from China, 3 from
the USA, 1 from Germany, 1 from Iran, 1 from Italy, 1
from Singapore, 1 from South Korea and 1 from the UK.
The included studies were published between 2 January
2020 and 15 April 2020. The mean age of the patients
in the included studies ranged from 7 to 73 years. The
percentage of males in the included papers ranged from
35% to 81%. The follow-up ranged from 12 to 73 days.
For details of individual studies, organised by exposure
and outcome, see online supplemental appendix 2.

Risk of bias

The methodological quality of the included papers was
high with an average of 8.2 out of 9, as measured with
the NOS. Case definition and case representativeness
were acceptable in 55 out of 59 and 55 out of 59 studies,
respectively. Control selection and control definition were
acceptable in 59 out of 59 and 55 out of 59 studies, respec-
tively. Exposure ascertainment and comparable ascertain-
ment were acceptable in 57 out of 59 and 58 out of 59
studies, respectively. Non-response rate was not appli-
cable for our study questions. Details of NOS items for
individual studies, organised by exposure and outcome,
are available in online supplemental appendix 2.

Synthesis of results

Meta-analyses of the primary outcomes for the risk factors
sex and age revealed differences among men and women
and among patients 70 years of age or older (70+) and
below 70 years (70-). An overview of the pooled results
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Figure 1

from random effects meta-analyses for each demographic
factor separately can be found in table 2.

Demographic factor: sex

There was an unambiguous association between each
stage of disease severity and sex with men having a
higher risk of infection, disease severity, ICU admission
and death than women. Men have a statistically signifi-
cant 8% higher risk of being diagnosed with COVID-19
than women (RR: 1.08, 95% CI 1.03 to 1.12; 8 studies)

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow chart showing study selection.

(see figure 2). When diagnosed, men also experienced
more severe disease than women (RR 1.18, 95% CI
1.10 to 1.27; 35 studies), implying that the risk of severe
COVID-19 disease for men is 18% higher than that for
women (see figure 3). Moreover, the rate of admission to
ICU in patients with COVID-19 was higher among men
as compared with women. The aggregated random effect
was 1.38 (95% CI 1.09 to 1.74; 11 studies) (see figure 4).
Finally, we observed that men were at higher risk of death

Table 2 Summary of data synthesis

Pooled Heterogeneity

Exposure Outcome Studies (n) Patients (n) estimate (RR) 95% CI 95% PI (&)
Sex Infection 8 16 286 1.08 1.03t0 1.12 NA 0%
(male vs female)  gsevere disease 35 7832 1.18 1.10t01.27 NA 15%

ICU 11 1493 1.38 1.09t0 1.74 NA 32%

Death 14 12 792 1.50 1.18t01.91 0.73t03.10 62%
Age Infection 4 12 996 1.65 1.50t01.81 NA 35%
(70+ vs 70-) Severe disease 7 1102 2.05 12710332 042t09.93 87%

ICU 5 688 2.70 1.59t04.60 0.47t015.7 69%

Death 5 9222 3.61 2.70t04.84 1.51t08.67 60%

ICU, intensive care unit; NA, not applicable; PI, prediction interval; RR, risk ratio.
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Relative risk of COVID-19 infection
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Figure 2 Forest plot showing the association between sex
and risk of COVID-19 infection. Overall, men have a 1.08
times higher risk of COVID-19 infection than women. Liu et
al.*® RR, relative risk.

from COVID-19 as compared with women (RR 1.50, 95%
CI1.18 to 1.91; 14 studies) (see figure 5). These increased
risks for men across all severity stages were statistically
significant, with little heterogeneity (see table 2).

Demographic factor: age

This meta-analysis also showed a clear-cut distinction
between patients aged 70 years or older (70+) and 70
years or younger (70-) with respect to each stage of
disease severity for COVID-19 (see figures 6-9). Patients
aged 70+ appearto have a 65% higher risk for infection
of COVID-19 (RR 1.65, 95% CI 1.50 to 1.81; 4 studies).

Relative risk of severe COVID-19 disease
male vs female

First Main
Author land  Region RR (95% CI)
Guan,W.J.a China Hubei —.— 0.99 (0.75, 1.30
Gao, Y. China Anhui —_—, 0.98 (0.43, 2.26)
L, K. China Chongging —_—— 1.33 (0.68, 2.61,
Wan, S. China Chongaing —— 0.94(0.56, 1.59
W, J. China  Multi region —— 1.01 (0.70, 1.45)
Shi, Y. China  Zhejiang —_— 2.35(1.28, 4.32)
Qin, C. China  Hubei - 1.09 (095, 1.26
Tian, S. China Beijing —_— 1.38 (081, 2.35)
Zhang,J.a  China Hubei 1.28 (0.86, 1.91
Qian,G.Q.  China Zhejiang - 1.82 (052, 6.35)
Zhang,G.a China Hubei 1.51(0.82,2.78
W, C. China Hubei 1.43 (098, 2.08
Chen, Q. China Zhejiang —— 0.96 (0.58, 1.59)
Liu, Y. China  Hubei —— 1.05 (058, 1.91
Chen, T.b  China Hubei —— 1.21(0.93, 1.58)
Colaneri, M. ltaly Pavia —_— 1.86(0.73, 4.74)
Chu, J. China Hubei —— 1.15 (0.84, 1.59)
Wang,X.  China Hubei — 1.52 (1.03, 2.23)
Zhao,X.Y.  China Jingzhou — 0.75 (0.42, 1.3
Wang,L.b  China Hubei —— 1.01 (0.69, 1.46)
Zhy, Z. China Zheijang —_—— 0.71 (0.28, 1.77)
Zheng,F.  China Changsha —_— 089 (0.46, 1.69)
Zhang,G.b  China Hubei —— 1.83 (1.13, 2.96)
Chen, G China Hubei 235 (0.41, 13.45)
Wang, R. China  Anhui — 1.35 (0.65, 2.82)
Zhang,J.c  China Hubei -~ 1.07 (095, 1.21
Chen, X. China Hubei —_— 2.38 (0.88, 6.42)
Zhang,R.  China Hubei —_—— 0.97 (0.56, 1.69)
Wei,JF.  China Sichuan —— 1.28 (0.75, 2.17)
Liy,R.b China Hubei —— 0.99 (0.66, 1.49)
Lyu, P. China Henan —.—— 0.98 (0.72, 1.33)
Pei, G. China Hubei == 1.29 (1.06, 1.57)
Yu,X.b China  Zheijang B — 2.02 (0.97, 4.20)
Zheng,S.  China Zheijang —_— 1.28 (1.00, 1.66)
Long, L. China H —— 1.75 (1.24, 2.49)
Overall (I-squared = 15.2%, p = 0.217) o 1.18 (1.10, 1.27)
NOTE: Weights aro from randomffectsanalvs I' .
25 1 14

higher risk for females higher risk for males

Figure 3 Forest plot showing the association between sex
and risk of severe COVID-19. Overall, men have a 1.18 times
higher risk of severe COVID-19 than women. Zhang et al;®’
Zhang et al;%® Zhang et al;** Zhang et al;*® Liu et al.*®* RR,
relative risk.

Relative risk of admission to ICU in COVID-19 patients
male vs female

First Main
Author tand Region AR (95% CI)
Huang, C. China Hubel —_— s nesre
WigDa  Cha el — = 132074230
FnBE  Sngmoe  Sngapore JRN T\
Zhang.G.a  China Hubel — - 1.41 (069, 2.86)
Kaligeros, M. US Rhode Island —— 123 (076, 1.99)
Win  cwm  seum B 138075250
Meyors,LC.  US Calforia —— 1.48 (1.06, 2.05)
Lyu.P. China Henan —a— 055 (031,097)
Rieg, S. Germany  Freiburg —;—0— 2.2(1.06,4.22)
Gao, . China Hubei _ 185 (075, 455)
Long, L. China Hubei —_——— 224 (1.05,4.75)
NOTE: Weights are from random effects analysis |
T T

25 1 8
higher isk for females higher risk for males.

Figure 4 Forest plot showing the association between
sex and risk of ICU admission due to COVID-19. Overall,
men have a 1.38 times higher risk of ICU admission due to
COVID-19 than women. Zhang et al.®® ICU, intensive care
unit; RR, relative risk.

When infected, they also appear to have a higher risk for
severe COVID-19 disease, need for intensive care and
death (RR 2.05, 95% CI 1.27 to 3.32; 7 studies, RR 2.70,
95% CI 1.59 to 4.60; 5 studies, and RR 3.61, 95% CI 2.70
to 4.84; 5 studies, respectively). These increased risks for
older patients across all severity stages were statistically
significant and very consistent, though there was some
observed heterogeneity in the magnitude of this effect
but not in the direction of the effect.

Sensitivity analyses

Funnel plots showed some asymmetry for the rela-
tion between sex and the outcomes of severe disease,
ICU admission and death (all p values above 0.063;
Harbord test). Although the subsequent trim-and-fill

Relative risk of death from COVID-19

male vs female

First Main
Author land  Region RR (95% CI)
Tang, N. China  Hubei |—%—‘— 2.78 (1.06, 7.26)
Tian, S. China  Beijing — 2.13(0.20, 23.16)
Wu, C. China  Hubei -—J—%— 1.10(0.63, 1.92)
Chen, T.b China  Hubei | —— 4.84(1.73,13.54)
Meng, Y. China  Hubei 1.75 (0.68, 4.51)
Nikpour, M. Iran  Tehran ——4 1.20 (0.92, 1.56)
Richardson, S.  US NewYork - H 1.03 (0.87, 1.21)
Yan, Y. China  Hubei — 1.65 (1.22,2.22)
Xu, B. China  Hubei —= 1.26 (0.62, 2.54)
Zhang, J. ¢ China  Hubei - 1.60 (0.73, 3.51)
Du, RH. China  Hubei —_— 0.77 (034, 1.72)
Yang, R. China  Hubei 3 —_— 5.15(1.83, 14.50)
Chen, R. China  Nationwide — 2,69 (1.39, 5.21)
Tomlins, J. UK — 0.88 (0.40, 1.93)
Overall (I-squared = 61.9%, p = 0.001) —-0— 1.50 (1.18, 1.91)
with estimated predictive interval ‘; . (073,3.0)
NOTE: Weights are from random effects analysis 1
,0'5 1 2'4

higher risk for females higher risk for males

Figure 5 Forest plot showing the association between sex
and risk of death due to COVID-19. Overall, men have a 1.50
times higher risk of death due to COVID-19 than women. RR,
relative risk.
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Relative risk of COVID-19 infection
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Figure 6 Forest plot showing the association between age
and risk of COVID-19 infection. Overall, patients aged 70
years or older have a 1.65 times higher risk of COVID-19
infection than patients younger than 70 years. Liu et al.*? RR,
relative risk.

analysis revealed some reduction in the effect sizes,
all conclusions remained the same. More specifically,
the RR for severity changed from 1.18 to 1.16, for ICU
from 1.38 to 1.20 and for death from 1.50 to 1.20. We
also redid the meta-analysis by excluding studies with
possible overlap in patients, to make sure each patient
was only included once. We assumed this to be the case
when studies were similar in terms of region, recruit-
ment period and hospital; in a group of studies with a
possible overlap, only the largest study was included in
the analysis. The results remained almost identical (see
table 3). We also performed exhaustive sensitivity anal-
yses consisting of subgroup analyses and meta-regression
(see online supplemental appendix 3). The conclusions
of our study did not change in subgroups, nor were any
factors identified as significant sources of heterogeneity
in meta-regression analyses. The main reason for this is
the low level between study variance. For sex, however,

Relative risk of severe COVID-19 disease
70+ versus 70-
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Figure 7 Forest plot showing the association between age
and risk of severe COVID-19. Overall, patients aged 70 years
or older have a 2.05 times higher risk of severe COVID-19
than patients younger than 70 years. Zhang et al;*” Zhang et
al.% RR, relative risk.

Relative risk of admission to ICU in COVID-19 patients
70+ versus 70-

First Main

Author land  Region RR (95% CI)
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Figure 8 Forest plot showing the association between age
and risk of ICU admission due to COVID-19. Overall, patients
aged 70 years or older have a 2.70 times higher risk of ICU
admission due to COVID-19 than patients younger than 70
years. Zhang et al.%® ICU, intensive care unit; RR, relative risk.

little heterogeneity was observed. For age, there was some
heterogeneity in the magnitude of this effect but not in
the direction of the effect.

DISCUSSION

Summary of evidence

In this systematic review we described the association
between demographic factors and COVID-19 infection,
severity, ICU admission and death. There were not enough
data to report on pregnancy, socioeconomic status or
ethnicity. Our results showed that men were more often
severely affected by COVID-19 than women on all stages
of the disease. Men more often had a higher risk for
COVID-19 infection. When hospitalised with COVID-19,
men more often developed severe COVID-19 disease and
more often required intensive care admission, ultimately

Relative risk of death from COVID-19

70+ versus 70-
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Figure 9 Forest plot showing the association between age
and risk of death due to COVID-19. Overall, patients aged 70
years or older have a 3.61 times higher risk of death due to
COVID-19 than patients younger than 70 years. RR, relative
risk.
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Table 3 Exclusion of possible overlaps

All studies Excluding possible overlap

Exposure Outcome Studies (n) Pooled estimate (RR) Studies (n) Pooled estimate (RR)
Sex Infection 8 1.08 6 1.09
(male vs female)  gevere disease 35 1.18 28 1.20

ICU 11 1.38 11 1.38

Death 14 1.50 11 1.34
Age Infection 4 1.65 4 1.65
(70+vs 70-) Severe disease 7 2.05 7 2.05

ICU 5 2.70 5 2.70

Death 5 3.61 4 3.62

Studies with possible overlap of patients were excluded from the analysis, results presented in bold. Possible overlap was assumed when
studies were from the same region, recruitment period and hospital. In a group of studies with possible overlap only the largest study was

included in the analysis. The results remained almost identical.
ICU, intensive care unit; RR, risk ratio.

resulting in death more often. We also found that patients
aged 70 years and above affected by COVID-19 were more
often observed to have confirmed COVID infection,
severe disease, ICU admission and dying compared with
patients younger than 70 years.

A living systematic review design was chosen because
during the COVID-19 pandemic there is an urgent need
for the most up-to-date evidence while maintaining scien-
tific rigour and quality.74 & Additionally, studies relevant
for these research questions will likely be continuously
published in the foreseeable future. Moreover, traditional
systematic reviews risk becoming rapidly outdated when
new evidence is published almost on a daily basis, and it is
notan option to wait until the pandemic is over to publish
a systematic review on the full body of evidence.”® "

Possible explanations
This study looked at unadjusted risk ratios for the demo-
graphic factors age and sex for several COVID outcomes.
Although some studies have reported adjusted risk ratios,
this indicates a different goal. Adjustment is only relevant
when attempting to look at causal effects, in which case
the causal effect will be validly estimated after full adjust-
ment for all confounders, while simultaneously avoiding
adjustment for colliders and mediating factors. Given
that the optimal adjustment factors are not yet known
and also differ across various research questions, settings
and, most importantly, across time and place, we consider
this undesirable. For the purpose of the current study,
unadjusted risk ratios were considered most appropriate.
This observation of higher risk of severe disease and
higher risk of dying for men compared with women
when affected by COVID-19 is in line with the fact that,
in general, respiratory tract infectious diseases are more
severe in men and subsequently tend to lead to higher
mortality in men.? Moreover, during the SARS epidemic
of 2003, mortality was also higher in men.’ Thus, this
increased severity of respiratory tract disease, including
COVID-19, and increased mortality for men may point to

an underlying biological mechanism. Aside from anatom-
ical, lifestyle, behavioural, comorbidities and socioeco-
nomic differences between men and women it has been
suggested that differences in the immune system between
men and women may, at least, partially explain the
observed sex differences in the incidence and severity of
respiratory tract infections.” Indeed, several groups have
found sex differences in the immune response, including
the innate immune response.78 7 Regarding COVID-19,
there are indications that immune response (inflamma-
tion) markers such as interleukin-6 (IL-6) are associated
with severity and mortality.go 81 In a broader perspective,
immune response markers, such as IL-6, have also been
associated with worse outcome and higher mortality in
trauma patients.g2 83 Thus, in addition to differences in
health and comorbidities between men and women,
differences in the way the immune system responds to the
COVID-19 infection may also play a role in the pathogen-
esis and the outcome of the disease.

Similar to sex differences in immune response, the
immune system also changes with age. Ageing is, among
others, characterised by a chronic proinflammatory status
of the immune system with persistent low-grade innate
immune activation that may increase tissue damage
caused by infections in the elderly.84 8 Ageing is also
associated with a high prevalence of comorbidities and
decreased reserve capacity of vital organs which may lead
to increased frailty, and together with an aged immune
system this may put elderly individuals at risk of a poor
outcome and higher risk of mortality when infected with

COVID-19.

Implications for clinicians, policymakers and researchers

Regardless of the underlying mechanism, the observed
demographic differences in COVID-19 severity may
contribute by informing clinical and policy guidelines in
the prioritisation of non-pharmaceutical interventions
and screening for COVID-19 in groups at risk of worse
outcome. The observation that men and patients aged 70
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years and above have a higher risk of severe disease, ICU
admission and death when infected with COVID-19 may
guide individual clinical decision-making. For instance,
men and patients aged 70 and above may be advised to
seek out medical consultation at an earlier stage of the
disease, and when admission in hospital is required clini-
cians should be made aware of the higher risk of severe
disease and mortality in these groups. For clinical trials
and other human studies on COVID-19, in particular
those evaluating possible treatments for COVID-19, it is
especially important to control for age and sex as they are
strong confounders.

Limitations and strengths

We should also consider some limitations. Most included
studies, n=50, were still from China involving Chinese
patients with COVID-19 compared with n=9 studies from
outside China, potentially limiting the generalisability
of the findings. Additional studies outside of China are
expected and will be included in future updates of this
living review. Additionally, the data extraction and quality
assessment were performed by one reviewer. In future
updates of this review, a second reviewer will (at least
partially) reperform the data extraction.

Methodological limitations include the fact that disease
severity was in most papers defined according to the
clinical stages of COVID-19 issued by China and WHO
interim guidance,7 but this was not always reported. Addi-
tionally, in some papers it was unclear whether severity
was assessed on hospitalisation or during follow-up. This
is additionally complicated by the fact that referral policy
to dedicated hospitals in China obscures the severity
on initial admission. Therefore, it was not always clear
whether an RR or OR was the most appropriate risk
measure. RRs were used to obtain conservative estimates.

Due to the observational design of the included studies,
there may be confounding by differences in, for example,
prehospitalisation health status and comorbidities.
However, the observed differences in outcome for sex and
age are consistent with other respiratory tract infections
and there is a pathophysiological basis (eg, differences in
immunity systems and response) that could explain the
differences in outcome for sex and age that we observed.

Our review has the following strengths. Our search
strategy was thorough and complete: we screened 11.550
individual records. After contacting corresponding
authors, we were able to include additional data from 12
studies. The methodological quality as reflected by the
NOS score was high and a thorough sensitivity analysis
could not refute the conclusions. The possible influence
of publication bias on our results was considered to be
small: the time the included studies were published spans
less than 4 months, almost all studies have a different
research question than our questions and we were able to
include extra (unpublished) data from 12 authors. This
small influence of publication bias is confirmed by the
small changes in effect size after the trim-and-fill analyses.

During the study selection phase we came across a
number of studies that had to be excluded because of very
short follow-up (days). As a consequence, the majority of
included study subjects did not report on endpoints like
recovery, discharge from hospital or mortality. Further-
more, information on the subjects without an endpoint
was missing, so there was a high risk of non-differential
misclassification that could lead to bias. For instance, in
a particular study 20% had either recovered or diseased
while 80% was still admitted in the hospital, and there
was no information on the distribution of demographic
factors for this 80%. When confronted with these studies
we contacted the authors and, in some cases, received
information that allowed the study to be included.

CONCLUSION

We systematically reviewed the literature to describe the
relation between age and sex and COVID-19 infection,
disease severity, ICU admission and death. Meta-analyses
on 59 studies comprising 36.470 patients showed that
infection, severe disease, ICU admission and death are
more likely to occur among men and patients aged 70
and above.

Systematic review registration

PROSPERO 2020: CRD42020180085 and online supple-
mental appendix 4. Please note that we have prospectively
reported when phases of the review started. However,
these changes have not yet been made tothe online
protocol. This delay in updates on the research protocol
is probably due to the highworkload at Prospero.
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Appendix |: Search strategy;

PubMed

("COVID-19"[Supplementary Concept] OR '"severe acute respiratory syndrome coronavirus
2"[Supplementary Concept] OR (("Coronavirus"[MeSH Terms] OR "Coronavirus
Infections"[Mesh:NoExp] OR pneumonia virus*[tiab] OR cov[tiab]) AND (outbreak[tiab] OR
wuhan[tiab] OR novel[all] OR 19[tiab] OR 2019[tiab] OR epidem*[tiab] OR epidemyl[all] OR
epidemic*[all] OR pandem*[all] OR new]tiab])) OR coronavirus*[tiab] OR corona virus*[tiab] OR
ncov[tiab] OR 2019ncov([tiab] OR covid19[tiab] OR "covid 19"[tiab] OR "sars cov 2"[tiab] OR
sars2[tiab] OR "ncov 2019"[tiab] OR "sars coronavirus 2"[tiab] OR "sars corona virus 2"[tiab] OR
"severe acute respiratory syndrome cov 2"[tiab] OR "severe acute respiratory syndrome cov2"[tiab]
OR severe acute respiratory syndrome cov*[tiab] OR cov2[tiab]) AND ("2019/12"[Date - Entrez] :
"3000"[Date - Entrez])

Embase Ovid
1  exp Coronavirus/
2 exp Coronavirus Infections/

3 (coronavirus* or corona virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid*
or sars-cov* or sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome
Coronavirus*).mp.

4 (or/1-3) and 20190101:20301231.(dc). [this set is the sensitive/broad part of the search]

5 4 not (SARS or SARS-CoV or MERS or MERS-CoV or Middle East respiratory syndrome or camel*
or dromedar* or equine or coronary or coronal or covidence* or covidien or influenza virus or
HIV or bovine or calves or TGEV or feline or porcine or BCoV or PED or PEDV or PDCoV or FIPV
or FCoV or SADS-CoV or canine or CCov or zoonotic or avian influenza or HIN1 or H5N1 or HSN6
or IBV or murine corona*).mp. [line 5 removes noise in the search results]

6 ((pneumonia or covid* or coronavirus* or corona virus* or ncov* or 2019-ncov or sars*).mp. or
exp pneumonia/) and Wuhan.mp.

7  (coronavirus disease 2019 or 2019-ncov or ncovl9 or ncov-19 or 2019-novel CoV or severe
acute respiratory syndrome coronavirus 2 or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or
Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19
or covid-19 or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or
coronavirus* or corona virus or Pandemi*2)) or ((covid or covidl9 or covid-19) and
pandemic*2) or (coronavirus* and pneumonia)).mp.

8  (coronavirus disease 2019 or severe acute respiratory syndrome coronavirus 2).sh,dj.

9 (630575119 OR 630830186 OR 630941329 OR 631043694 OR 631260659 OR 631272428 OR
631272880 OR 631286076 OR 631290163 OR 631308782 OR 631324397 OR 631352500 OR
631416440 OR 631431802 OR 631452886 OR 631456079 OR 631457551 OR 631462438 OR
631462876 OR 631465538 OR 631465685 OR 631469310 OR 2004499662 OR 2004505338 OR
2005280837 OR 2005387675 OR 2005408544 OR 2005484987 OR 2005549151).an. [Articles not
captured by this search when created in April 2020, pending further indexing by NLM/Elsevier]
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10 (or/6-9) and 20191201:20301231.(dc). [Lines 5 to 8 are specific to Covid-19]

11 50r10
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Males vs females
Author RR country region City n publicati Start End recruitment F study clinical Diagnostic
on date window U desing setting modality
Infecti
on
Zhu W 0,95 China Anhui 116 10-mrt 24-jan | 20- 27 cohort Hospital PCR
feb
LiuRa 1,1 China Hubei Wuhan 4880 7-mrt 22-jan | 14- 23 cohort Hospital PCR
feb
AT 1,05 China Hubei Wuhan 1014 26-feb 6-jan 6-feb | 31 cohort Hospital PCR
Dong Y 1,03 China multiple 2135 1-apr 8-feb cohort General PCR
regions population
ChuJ 0,86 China Hubei Wuhan 54 29-mrt 7-jan 11- 35 3 cohort Hospital PCR
feb 5
Shen N 1,09 China Hubei Wuhan 5630 30-apr 22-jan | 18- 27 2 cohort Hospital PCR
feb 7
KDC Resp 1,95 South 2370 4 cohort General
Team Korea 6 population
Long C 1,11 China Hubei Yichang 87 11-mrt 20-jan | 8-feb | 19 cohort Hospital laboratory tests,
CT findings
severe
GuanWJa 0,99 China Multiple 1096 28-feb 11- 29- 49 5 cohort Hospital PCR
regions dec jan 1
GaoY 0,98 China Anhui Fuyang 43 13-mrt 23-jan | 2-feb | 10 cohort Hospital PCR
LiK 1,33 China Chongquing and Jinan 83 29-feb 1-jan 29- 29 cohort Hospital PCR
feb
Wan S 0,94 China Northeast Chongquing 135 22-apr 23-jan | 8-feb | 16 1 cohort Hospital PCR
6
WuJ 1,01 China Jiangsu, Anhui 280 27-mrt 20-jan | 19- 30 3 cohort Hospital PCR
feb 0
ShiY 2,44 China Zhejiang 487 18-mrt 17- cohort Hospital
feb
Qin C 1,09 China Hubei Wuhan 452 12-mrt 10-jan | 12- 33 cohort Hospital PCR
feb
Tian S 1,38 China Beijing 262 27-feb 20-jan | 10- 21 2 cohort Hospital PCR
feb 1
ZhangJa 1,28 China Hubei Wuhan 140 18-feb 16-jan | 3-feb | 18 cohort Hospital PCR
Qian GQ 1,82 China Zhejiang 91 17-mrt 20-jan | 11- 22 2 cohort Hospital PCR
feb 7
Zhang G a 1,51 China Hubei Wuhan 95 26-mrt 16-jan | 25- 40 4 cohort Hospital PCR
feb 6
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Wu C 1,43 China Wuhan 201 13-mrt 25- 26- 32 5 cohort Hospital PCR
dec jan 0

ChenQ 0,96 China Zhejiang Taizhou 145 28-apr 1-jan 11- 70 7 cohort Hospital PCR
mrt 0

LiuY 1,05 China Shanghai 221 28-mei cohort Hospital PCR

ChenThb 1,21 China Hubei Wuhan 203 7-apr 1-jan 10- 40 5 cohort Hospital PCR
feb 0

Colaneri M 1,86 Italy North Italy 44 23-apr 21- 28- 7 1 cohort Hospital PCR
feb feb 2

ChuJ 1,15 China Wuhan 54 29-mrt 7-jan 11- 35 cohort Hospital PCR

feb

Wang X 1,52 China Wuhan Fangcang 1012 27-mrt 7-feb 12- 5 1 cohort Hospital PCR
feb 5

Zhao XY 0,75 China Jingzhou 91 29-apr 16-jan | 10- 25 2 cohort Hospital PCR
feb 5

WangLb 1,01 China hubei Wuhan 116 31-mrt 14-jan | 13- 30 3 cohort Hospital PCR
feb 0

zZhuZ 0,71 China Zhejiang Ningbo 127 17-apr 23-jan | 20- 28 2 cohort Hospital PCR
feb 8

Zheng F 0,89 China Changsha 161 17-jan | 7-feb | 21 2 cohort Hospital PCR
1

Zhang G b 1,83 China Hubei 221 5-apr 2-jan 10- 39 4 cohort Hospital PCR
feb 4

Chen G 2,35 China Hubei Wuhan 21 27-mrt 20- 27- 38 3 cohort Hospital PCR
dec jan 8

Wang R 1,35 China Anhui Fuyang 125 24-mrt 20-jan | 8-feb | 19 2 cohort Hospital PCR
9

ZhanglJc 1,07 China Hubei Wuhan 663 15-apr 11-jan | 6-feb | 26 cohort Hospital PCR

Chen X 2,38 China Hubei Wuhan 48 17-apr 1-feb 19- 18 1 cohort Hospital PCR
feb 8

Zhang R 0,97 China Hubei Wuhan 120 1-apr 10-jan | 10- 31 3 cohort Hospital PCR
feb 1

Weil F 1,28 China Sichuan 103 6-apr 16-jan | 10- 54 cohort Hospital PCR

mrt

LiuR b 0,99 China Hubei 119 31-mrt 31-jan | 26- 26 2 cohort Hospital PCR
feb 6

Lyu P 0,98 China Zhengzhou 51 17-apr 15-jan | 24- 40 4 cohort Hospital PCR
feb 0

Pei G 1,29 China Hubei Wuhan 333 12-apr 28-jan | 9-feb | 12 2 cohort Hospital PCR
6

YuXb 2,02 China Zheijang 92 23-apr 19-jan | 19- 60 5 cohort Hospital PCR
mrt 6

Zheng S 1,28 China Zhejiang 96 6-apr 19-jan | 15- 27 2 cohort Hospital PCR
feb 7
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Long L 1,75 China Hubei Jingzhou city and 301 20-apr 16-jan | 24- 39 4 cohort Hospital PCR
Xiangyang city feb 5
ICU
Huang C 2,02 China Hubei Wuhan 41 24-jan 16- 2-jan 17 cohort Hospital PCR
dec
Wang D a 1,32 China Wuhan 138 7-feb 1-jan 28- 27 3 cohort Hospital PCR
jan 3
Bingwen E F 1,62 Singapore 67 3-mrt 23-jan | 28- 36 cohort Hospital PCR
feb
Zhang G a 1,41 China Hubei Wuhan 95 26-mrt 16-jan | 25- 40 4 cohort Hospital PCR
feb 6
Kalligeros M 1,23 us Rhode Island 103 30-apr 17- S-apr | 48 4 cohort Hospital PCR
feb 8
Weil F 1,38 China Sichuan 103 6-apr 16-jan | 10- 54 cohort Hospital PCR
mrt
Myers L C 1,48 us California 377 24-apr 1-mrt 31- 30 3 cohort Hospital PCR
mrt 9
Lyu P 0,55 China Henan Zhengzhou 51 17-apr 15-jan | 24- 40 4 cohort Hospital PCR
feb 0
Rieg S 2,12 Germany Freiburg 115 28-apr 25- 31- 35 3 cohort Hospital PCR
feb mrt 5
CaoJ 1,85 China Hubei Wuhan 102 2-mrt 3-jan 1-feb | 29 4 cohort Hospital PCR
3
Long L 2,24 China Hubei Jingzhou city and 301 20-apr 16-jan | 24- 39 4 cohort Hospital PCR
Xiangyang city feb 5
death
Tang N 2,78 China Hubei Wuhan 183 18-feb 1-jan 3-feb | 33 4 cohort Hospital PCR
3
Tian S 2,13 China Beijing 262 27-feb 20-jan | 10- 21 2 cohort Hospital PCR
feb 1
Wu C 1,1 China Hubei Wuhan 201 13-mrt 25- 26- 32 5 cohort Hospital PCR
dec jan 0
ChenThb 4,84 China Hubei Wuhan 203 7-apr 1-jan 10- 40 5 cohort Hospital PCR
feb 0
Meng Y 1,56 China Hubei Wuhan 168 28-apr 16-jan | 4-feb | 19 6 cohort Hospital PCR
4
Nikpouraghda | 1,2 Iran Teheran 2968 19-apr 19- 15- 56 7 cohort Hospital PCR
m feb apr 3
Richardson 1,03 us New York 5700 22-apr 1-mrt | 4-apr | 34 3 cohort Hospital PCR
4
Yan, Y 1,65 China Hubei Wuhan 193 6-apr 10-jan | 24- 45 cohort Hospital PCR
feb
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XuB 1,26 China Hubei Wuhan 187 13-apr 26- 1- 66 6 cohort Hospital PCR
dec mrt 6
ZhangJc 1,6 China Hubei Wuhan 663 15-apr 11-jan | 6-feb | 26 cohort Hospital PCR
DuRH 0,77 China Hubei Wuhan 179 7-mei 25- 7-feb | 44 cohort Hospital
dec
Yang R 5,15 China Hubei Wuhan 212 24-apr 11-jan | 16- 65 6 cohort Hospital PCR
mrt 5
ChenR 2,69 China 1578 15-apr cohort Hospital PCR
Tomlins J 0,88 UK Bristol 95 30-apr 10- 20- 10 2 cohort Hospital
mrt mrt 7
Males vs females NOS
Author % % mean % BMI > | Case Case Control control exposure comparable non response Overal
comorbiditi | males age 25 definition representativeness | selection definition ascertainment ascertainment rate quality
es
Infection
Zhu W 56 40 23 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
LiuRa 46 Acceptable | Acceptable Acceptable Not Acceptable Acceptable NA 7
acceptable
AT 46 51 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Dong Y 57 7 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable Unknown 8
ChuJ 67 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 9
Shen N a7 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 9
KDC Resp 45 Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
Team Acceptable
Long C 53 Acceptable Not acceptable Acceptable Not Acceptable Acceptable NA 6
acceptable
Severe
GuanWJa 24 58 47 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
GaoY 61 43 Unknown Acceptable Acceptable Acceptable Unknown Acceptable NA 6
Li K 18 53 45 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Wan S 32 53 47 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Wu 54 43 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Shiy 53 46 Acceptable | Acceptable Acceptable Acceptable Unknown unknown NA 5
QinC 44 51 58 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 9
Tian S 49 48 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ZhangJ a 64 51 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 8
Qian GQ 41 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhang G a 56 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
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Wu C 33 64 51 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ChenQ 55 48 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Liuy 52 Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
acceptable
ChenThb 42 53 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Colaneri M 64 64 60 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
ChuJ 67 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 9
Wang X 11 52 51 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhao XY 23 54 46 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
Wang Lb 44 58 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable unknown 8
ZhuZ 41 35 51 24 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zheng F 21 50 45 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ZhangGb 35 49 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Chen G 33 81 61 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
Wang R 27 57 37 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable unknown 9
ZhangJc 37 48 56 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Chen X 77 65 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
ZhangR 73 43 61 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Weil F 54 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
LiuRb 52 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 6
Lyu P 33 56 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 6
Pei G 55 56 Acceptable | Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
YuXb 62 55 Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 5
acceptable

Zheng S 60 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Long L 50 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ICU

Huang C 32 73 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Wang D a 46 54 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Bingwen E F 55 42 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhang G a 56 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Kalligeros M 61 60 81,6 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Weil F 54 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Myers L C 56 61 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 9
Lyu P 33 57 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 6
Rieg S 63 56 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
CaoJ 46 52 53 24 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Long L 50 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
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Death
Tang N 41 54 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Tian S 49 48 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Wu C 33 64 51 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ChenThb 42 53 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Meng Y 34 51 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Nikpouragh 11 66 56 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
dam
Richardson 94 60 63 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Yan, Y 49 59 63 Acceptable | not acceptable Acceptable Acceptable Acceptable Acceptable NA 8
XuB 55 61 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhanglc 37 48 56 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
DuRH 54 58 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Yang R 42 51 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
ChenR 57 Acceptable | not acceptable Acceptable Not Acceptable Acceptable na 7
Acceptable
Tomlins J 63 73 Acceptable | Acceptable Acceptable Not Acceptable Acceptable NA 8
Acceptable
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70 and above versus less
than 70
Author RR countr region city n publication Star | End recruitment FU study clinical Diagnostic
y date t window desing setting modality
Infectio
n
Zhu W 1,1 China Anhui 116 10-mrt 24- 20- 27 cohort Hospital PCR
jan feb
LiuRa 1,75 China Hubei Wuhan 4880 7-mrt 22- 14- 23 cohort Hospital PCR
jan feb
Shen N 1,56 China Hubei Wuhan 5630 30-apr 22- 18- 27 cohort Hospital PCR
jan feb
KDC Resp Team 1,36 South Korea 2370 46 cohort General population
severe
ZhangJa 2,01 China Hubei Wuhan 140 18-feb 16- 3-feb 18 cohort Hospital PCR
jan
Qian GQ 11,3 China Zhejiang 91 17-mrt 20- 11- 22 27 cohort Hospital PCR
3 jan feb
Zhang G a 1,31 China Hubei Wuhan 95 26-mrt 16- 25- 40 46 cohort Hospital PCR
jan feb
LiuY 2,35 China Shanghai 221 28-mei cohort Hospital PCR
ChenThb 1,06 China Hubei Wuhan 203 7-apr 1- 10- 40 50 cohort Hospital PCR
jan feb
Lyu P 1,06 China Henan Zhengzhou 51 17-apr 15- 24- 40 40 cohort Hospital PCR
jan feb
Long L 2,97 China Hubei Jingzhou city and Xiangyang | 301 20-apr 16- 24- 39 45 cohort Hospital PCR
city jan feb
ICU
Wang D a 2,11 China Wuhan 138 7-feb 1- 28- 27 33 cohort Hospital PCR
jan jan
Zhang G a 1,87 China Hubei Wuhan 95 26-mrt 16- 25- 40 46 cohort Hospital PCR
jan feb
Weil F 4,37 China Sichuan 103 6-apr 16- 10- 54 cohort Hospital PCR
jan mrt
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Lyu P 1,3 China Henan Zhengzhou 51 17-apr 15- 24- 40 40 cohort Hospital PCR
jan feb
Long L 4,61 China Hubei Jingzhou city and Xiangyang | 301 20-apr 16- 24- 39 45 cohort Hospital PCR
city jan feb
death
Tang N 3,29 China Hubei Wuhan 183 18-feb 1- 3-feb | 33 43 cohort Hospital PCR
jan
ChenThb 6,73 China Hubei Wuhan 203 7-apr 1- 10- 40 50 cohort Hospital PCR
jan feb
Meng Y 3,78 China Hubei Wuhan 168 28-apr 16- 4-feb 19 64 cohort Hospital PCR
jan
Nikpouraghdam 3,94 Iran Teheran 2968 19-apr 19- 15- 56 73 cohort Hospital PCR
M feb apr
Richardson S 3,38 us New York 5700 22-apr 1- 4-apr | 34 34 cohort Hospital PCR
mrt
70 and above versus less NOS
than 70
Author % % mean % BMI> | Case Case Control control exposure comparable non response | overal
comorbiditi male | age 25 definition representativeness | selection definition ascertainment ascertainment rate quality
es s
Infection
Zhu W 56 40 23 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
LiuRa 46 Acceptable | Acceptable Acceptable Not Acceptable Acceptable NA 7
acceptable
Shen N 47 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 9
KDC Resp Team 45 Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 7
Acceptable
severe
ZhangJa 64 51 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable acceptable 8
Qian GQ 41 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhang G a 56 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
LiuY 52 Not Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
acceptable
ChenTh 42 53 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Lyu P 33 57 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 6
Long L 50 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
ICU
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Wang D a 46 54 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Zhang G a 56 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Weil F 54 49 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Lyu P 33 57 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 6
Long L 50 50 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Death

Tang N 41 54 54 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
ChenThb 42 53 55 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
Meng Y 34 51 57 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 8
Nikpouraghda 11 66 56 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9
mM

Richardson S 94 60 63 Acceptable | Acceptable Acceptable Acceptable Acceptable Acceptable NA 9

Pijls BG, et al. BMJ Open 2021; 11:€044640. doi: 10.1136/bmjopen-2020-044640



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Appendix lll: Sensitivity analysis

In order to investigate potential sources of observed heterogeneity in primary outcomes,
we performed several subgroup and meta-regression analyses provided enough information
was available.

For sex outcome severe disease, the first subgroup analysis included studies with quality
scores 7 or above. This allows having only high-quality studies in the meta-analysis.
Although the I? statistics dropped to below 1% (form 15.2%), the effect size remained
unaffected (RR 1.15, 95%CI 1.09 to 1.22), see Figure Al. As an additional analysis, we
partitioned studies based on whether critical condition of severity was upon hospitalization
or developed during follow-up. The former showed a slight increase (RR 1.27, 95%Cl 1.12 to
1.44 - Figure A2) while the latter a slight decrease (RR 1.11, 95%Cl 1.04 to 1.19 — Figure A3).
However, both were fairly close to that of base analysis (RR 1.18, 95%Cl 1.10 to 1.27).
Finally, we performed meta-regression on study size, total quality score, study duration and
study start date, but none were significant.

Relative risk of severe COVID-19 disease
male vs female
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Figure A3

For sex outcome ICU admission, we conducted a subgroup analysis based on geographical
location (Asia versus outside Asia), but the overall conclusion remained the same (RR 1.33,
95%Cl 0.93 to 1.91 and RR 1.47, 95%CI 1.14 to 1.90 for Asia and outside Asia, respectively),
see Figure A4. There was also no evidence for the effect of study size, total quality score,
study duration and study start date from meta-regression.
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Relative risk of admission to ICU in COVID-19 patients
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For sex outcome death, we also conducted a subgroup analysis based on geographical
location (east Asia versus outside east Asia). In the group of east Asia, the effect size was
substantially increased (RR 1.8, 95%Cl: 1.32 to 2.46), while it largely dropped to RR 1.06,
95%Cl: 0.93 to 1.22 in the group of outside east Asia, which consists of only 3 studies (see,
Figure A5). The results from meta-regression on study start date revealed that this factor
can explain about 40% of heterogeneity, see Table 1.

Relative risk of death from COVID-19

male vs female
Fest Main
Auther lnd  Reghen RA {95% C1)
chien
Tang. N Chna Mube! 2.78 (1.08, 7.26)
Tan S Chna Being 213 (0.20, 23.16)
wu. C China Hube 110 (0.63, 1.52)
Chen, T.b China Hubel 4.84 (1.73, 1259)
Meng, ¥ China Hube! 176 (0.08, 451)
Yon ¥ Chna Musel a8 (122,222
X B Chna Hubel 1.26 (0.62, 254)
Zharg, J. ¢ Chna Huwel 1.80(0.73,351)
Du RH China Hubei 077 (0,34, 1.72)
Yang, R Chna Hubel S.15 (1.83, 14.50)
Chan, R Chna Nationwide 268 (1.3,521)
Sublotal (Faguaed = 48.4%, p = 0 045} L8 (1,52, 2.46)
wilh extmated prodative narvl (0.78, 415)
Others
Niggour, M Ian  Tatess 1.20 (D.92, 158)
Rictardmon, 5. US Now'ork 103 a7, 1.21)
Tomies, J UK 0.8 (D.40, 1 33
Sublctnl (Feguared = 00%, p = 088N 100 (0.69, 122)
with estimated prodictive imerval (044, 250)
Overall (l-equared « 61.5%, p = 0.001) 150 (1,18, 1.81)
with essmaled prodictive imerval 0.73, 3.90)

NOTE Wwights see from random effects sabysls -
I T

0

1 a

Pigrer risk dor Semales higher riss for males

Figure A5

PijlsBG, et al. BMJ Open 2021; 11:e044640. doi: 10.1136/bmjopen-2020-044640



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Table 1

. metareg logES startdate, wsse(_selogES) eform tau

Meta-regression Number of obs = 13
REML estimate of between-study variance tau2 = L]
% residual variation due to heterogeneity I-squared_res = 40.99%
Proportion of between-study variance explained Adj R-squared = 100.00%
With Knapp-Hartung modification
logES exp(b) Std. Err. t P>t [95% Conf. Intervall
startdate .9927859 .0029568 -2.43 0.033 .9862992 .9993152
_cons 1.33e+69 8.67e+70 2.43 0.033 4133904 4.3e+131
Test for residual between-study variance (of tau2=0) Q_res (11 df) = 18.64
Prob > Q_res = 0.0679
Likelihood-ratio test of tau2=0: chibar2(01) 0.00 Prob > chibar2 = 1.0000

For age outcomes severe disease, ICU admission, and death, insufficient number of studies
were available preventing obtaining meaningful results from sensitivity analysis.
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Review question

What is the association between demographic factors* and COVID-19 in:

1) patients diagnosed with COVID-19 compared to patients not diagnosed with COVID-19?

2) COVID-19 patients admitted to hospital compared to COVID-19 patients not admitted to hospital?

3) Patients with severe COVID-19 (clinical / radiological) compared to patients with non-severe COVID-19?
4) COVID-19 patients admitted to ICU compared to COVID-19 patients not admitted to ICU?

5) COVID-19 patients who died compared to COVID-19 patients who survived?

*demographic factors include: age, sex, social economic status (education level), pregnancy and ethnicity.
Rationale for the rapid and living systematic review design: in the midst of a pandemic there is an urgent
need for the most up-to-date evidence while maintaining scientific rigor and quality. Additionally, studies
relevant for these research questions will likely be continuously published in the foreseeable future.
Moreover, traditional systematic reviews risk becoming rapidly outdated when new evidence is published
almost on a daily basis and it is not an option to wait untill the pandemic is over to publish a systematic
review on the full body of evidence. Hence a rapid systematic review that is continuously updated (aka living)
is necessary.

Searches

The search strategy will be devised with an information specialist and the following databases will be
searched from 2019-12 onwards: PubMed, EMBASE and Web of Science. Additionally, EPPI Centre
(COVID-19: a living systematic map of the evidence) will be consulted.

We will also search preprint repositories medRxiv and bioRxiv from 2019-12 onwards.

No language restrictions will be applied during the search strategy. Studies reported in languages spoken by
the research team will be included. These are at least English, Dutch, German, French and Russian. Studies
published in any other language will be excluded and listed seperately in the appendix.

Types of study to be included

Studies that provide information on the 5 research questions mentioned above.

Inclusion criteria:

1) Human study on COVID-19 or SARS-CoV-2 coronavirus

2) Comparison of patients diagnosed with COVID-19 with patients not diagnosed with COVID-19 regarding
age, sex, social economic status, pregnancy or ethnicity

3) Comparison of COVID-19 patients admitted to hospital to COVID-19 patients not admitted to hospital
regarding age, sex, social economic status, pregnancy or ethnicity

4) Comparison of patients with severe COVID-19 (clinically / radiologically) to patients with non-severe
COVID-19 regarding age, sex, social economic status, pregnancy or ethnicity

5) Comparison of COVID-19 patients admitted to ICU to COVID-19 patients not admitted to ICU regarding
age, sex, social economic status, pregnancy or ethnicity

6) Comparison of COVID-19 patients who died to COVID-19 patients whu survived, regarding age, sex,
social economic status, pregnancy or ethnicity

Page: 1/5
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Exclusion criteria:

1) No reporting/evaluation of demographic factors (age, sex, social economic status, pregnancy or ethnicity)
2) No comparison of diagnosis-positive versus diagnosis-negative, admitted to hospital versus not admitted
to hospital, severe COVID-19 versus not severe COVID-19, admitted to ICU versus not admitted to ICU,
deaths versus alive

Condition or domain being studied
COVID-19 or the disease caused by SARS-CoV-2 coronavirus.

Participants/population
Patients or individuals subjected to diagnosis of COVID-19.

Intervention(s), exposure(s)

The exposure is COVID-19 or the disease caused by the SARS-CoV-2 coronavirus. As cases we consider:
1) patients diagnosed with COVID-19

2) COVID-19 patients admitted to hospital

3) COVID-19 patients with severe COVID-19 (clinically / radiologically)

4) COVID-19 patients admitted to the ICU

5) COVID-19 patients who died

demographic factors for the analysis include age, sex, social economic status (education level), pregnancy
and ethnicity.

Comparator(s)/control

As the controls we consider:

1) patients not diagnosed with COVID-19

2) COVID-19 patients not admitted to hospital

3) COVID-19 patients with non-severe COVID-19 (clinically / radiologically)
4) COVID-19 patients not admitted to ICU

5 COVID-19 patients who survived

Main outcome(s)

1) COVID-19 diagnosis

2) hospital admittance due to COVID-19

3) severity of COVID-19 (clinically / radiologically)
4) ICU admittance due to COVID-19

5) mortality as a result of COVID-19

* Measures of effect

These outcomes are expressed as the number of patients or individuals for each outcome or the ratio of the
probabilities of the 5 outcomes between the exposed and unexposed groups regarding demographic factors,
mentioned above, expressed as Relative Risk, Odds Ratio, Hazard Ratio or Risk Difference.

Additional outcome(s)
None.

* Measures of effect
Not applicable.

Data extraction (selection and coding)

For this rapid and living systematic review design we consider two phases which may alternate periodically
when new evidence becomes available: rapid phase and quality assurance phase.

During the rapid phase emphasis is put on timely availability of up-to-date analyses, so one reviewer (from a
pool of reviewers) will perform study selection and data extraction. During the quality assurance phase, a
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second reviewer (from a pool of reviewers) will re-do the full study selection procedure. Both reviewers will
record their findings in an electronic database. Any disagreements will be resolved by either consensus or by
consulting a referee.

During the rapid phase one reviewer (from a pool of reviewers) will extract data from included studies
regarding the outcomes, patient demographics, and study characteristics. During the quality assurance
phase, a second reviewer (from a pool of reviewers) will re-do the data extraction for at least 20 studies
(randomly selected). Both reviewers will record their findings in an electronic database. Any disagreements
will be resolved by either consensus or by consulting a referee. In case the data extraction from the second
reviewer leads to more than 10% change in the results from the meta-analysis, the second reviewer will re-
do the whole data extraction.

Risk of bias (quality) assessment

The risk of bias of the included studies will be appraised by one reviewer (from a pool of reviewers) during
the rapid phase using the Newcastle Ottawa Scale (NOS)
http:/www.ohri.ca/programs/clinical_epidemiology/oxford.asp. During the quality assurance phase, a second
reviewer (from a pool of reviewers) will re-do the risk of bias assessment for at least 20 studies (randomly
selected). Both reviewers will record their findings in an electronic database. Any disagreements will be
resolved by either consensus or by consulting a referee. In case the risk of bias assessment from the second
reviewer leads to a different quality score in more than 10% of the studies, the second reviewer will re-do the
whole risk of bias assessment.

Strategy for data synthesis

The data from the included studies will be pooled in a meta-analysis with the random effects model
according to DerSimonian and Laird to determine the pooled effect sizes with corresponding 95% confidence
intervals and (in case of heterogeneity) corresponding 95% preduction intervals. The amount of statistical
heterogeneity will be assessed through visual inspection of the Forest plots and by calculating the ?2
statistics and I? statistics. In case of statistical heterogeneity and if data allow, potential sources of statistical
heterogeneity will be explored through subgroup analyses (e.g. geographical region/countries and items from
NOS) and with random effects meta-regression (e.g. study size, inclusion period or publication data).

To assess for publication bias we will construct a funnel plot. In case of asymmetry in the funnel plot, a trim-
and-fill method and cumulative meta-analyses will be used to explore the magnitude and direction of
publication bias.

Analysis of subgroups or subsets

See also strategy for data synthesis. Subgroup analyses will be performed, if data permit, on pre-defined
factors:

* geographical region/country\

* items from NOS (separately, not total score)

* study size

* start inclusion period

* publication date

* diagnostic modality (e.g. PCR test, CT signs, clinical symptoms and their combinations that led to the
diagnosis of COVID-19)

* clinical setting (e.g. nursing home, home, hospital, GP cohort)

If considered appropriate sensitivity analyses will explore the effect of other non pre-defined items/factors.
These will be labellled as "non pre-defined" in the results.
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