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ABSTRACT

Objective To examine age, gender, and temporal
differences in baseline characteristics and clinical
outcomes of adult patients hospitalised with COVID-19.
Design A cohort study using deidentified electronic
medical records from a Global Research Network.
Setting/Participants 67 456 adult patients hospitalised
with COVID-19 from the USA; 7306 from Europe, Latin
America and Asia-Pacific between February 2020 and
January 2021.

Results In the US cohort, compared with patients 18-34
years old, patients >65 had a greater risk of intensive
care unit (ICU) admission (adjusted HR (aHR) 1.73, 95%Cl
1.58 to 1.90), acute respiratory distress syndrome(ARDS)/
respiratory failure (aHR 1.86, 95%Cl 1.76 to 1.96),
invasive mechanical ventilation (IMV, aHR 1.93, 95% Cl,
1.73 to 2.15), and all-cause mortality (aHR 5.6, 95% Cl
4.36 to 7.18). Men appeared to be at a greater risk for
ICU admission (aHR 1.34, 95%Cl 1.29 to 1.39), ARDS/
respiratory failure (aHR 1.24, 95% CI1.21 to 1.27), IMV
(@HR 1.38, 95% Cl 1.32 to 1.45), and all-cause mortality
(@HR 1.16, 95% Cl 1.08 to 1.24) compared with women.
Moreover, we observed a greater risk of adverse outcomes
during the early pandemic (ie, February—April 2020)
compared with later periods. In the ex-US cohort, the

age and gender trends were similar; for the temporal
trend, the highest proportion of patients with all-cause
mortality were also in February—April 2020; however,

the highest percentages of patients with IMV and ARDS/
respiratory failure were in August—October 2020 followed
by February—-April 2020.

Conclusions This study provided valuable information
on the temporal trends of characteristics and outcomes
of hospitalised adult COVID-19 patients in both USA and
ex-USA. It also described the population at a potentially
greater risk for worse clinical outcomes by identifying
the age and gender differences. Together, the information
could inform the prevention and treatment strategies

of COVID-19. Furthermore, it can be used to raise

public awareness of COVID-19’s impact on vulnerable
populations.

Strengths and limitations of this study

» This study investigated characteristics and clinical
outcomes of patients with COVID-19 using data from
a Global Health Research Network, which includes
COVID-19 test results and a wide range of clinical
measures.

» The long follow-up (February 2020-January 2021)
allowed a thorough examination of the temporal
trend of the COVID-19 clinical outcomes.

» The large sample size allowed extensive sensitivity
analyses to test the robustness of the study.

» As with other observational studies using electronic
health records, random measurement error is inevi-
table and may bias the results towards the null.

INTRODUCTION

The COVID-19 is a newly discovered infec-
tious viral disease caused by SARS-CoV-2. The
virus not only affects the respiratory system
but also causes damage to other systems, and
may act as a precipitating factor to worsen
existing conditions, potentially leading to
death.' * The first human case was reported
in December 2019 in Wuhan City, China.’
WHO declared the COVID-19 outbreak a
public health emergency of international
concern on 30 January 2020 and a pandemic
on 11 March 2020.* As of 20 June 2021, the
pandemic has resulted in over 178.4million
cases and 3.8million deaths worldwide.”
The first case of COVID-19 in the USA was
reported on 20 January 2020 in Washington
State, USA.%7 As of 20 June 2021, the USA
had the highest number of reported infec-
tions, with more than 33.5 million confirmed
cases and more than 0.6million deaths.”
A study conducted in China found higher
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cases of COVID-19 among men compared with women
with higher case fatality in men compared with women
(2.8% vs 1.7%).® Similar gender disparity in mortality has
been seen in reports from Italy,’ England, and Wales."’
The Centers for Disease Control and Prevention also
reported higher fatality among older adults with 80%
of all COVID-19 deaths reported in the US occurring in
adults 65 years."'

As COVID-19 cases have risen exponentially around the
world since the start of the pandemic, there is a neces-
sity to document the temporal changes in patient char-
acteristics, and the impact of real-world clinical practice
on outcomes including intensive care unit (ICU) admis-
sions, acute respiratory distress syndrome (ARDS) /respi-
ratory failure, invasive mechanical ventilation (IMV),
and all-cause mortality over time among patients with
COVID-19. The objectives of this study were to provide
real-world evidence on gender and age differences in
COVID-19 outcomes and to understand temporal trends
in outcomes among patients with COVID-19 in the USA
and outside of the USA.

METHODS

Data source

This study used TriNetX (www.trinetx.com), a global
federated research network. The TriNetX database has
been described in detail in other published papers.'*™"
TriNetX network provides a dataset of electronic medical
records (EMR, diagnoses, procedures, medications, labo-
ratory values and genomic information) from different
healthcare organisations (HCOs). The HCOs contrib-
uting EMR data to the TriNetX network are large
academic medical institutions, specialty physician services
and community hospitals providing on average 7years of
historical patient data from both inpatient and outpa-
tient facilities. The US analysis was conducted using EMR
data download from 44 different HCOs covering over
61 million patients that reside predominantly in the USA;
the data are deidentified based on the standard defined
in Section §164.514(a) of the HIPAA Privacy Rule. The
process by which data sets are deidentified is attested to
through a formal determination by a qualified expert as
defined in Section §164.514(b) (1) of the HIPAA Privacy
Rule. The ex-US analysis used the federated cloud-based
TriNetX network, representing 6.6 million patients from
12 HCOs in Spain, the UK, Brazil, Australia, India,
Malaysia and Taiwan, as of 31 January 2021. The ex-US
TriNetX platform provides aggregated counts and statis-
tical summaries of deidentified information. Protected
Health Information or personal data is not available to
the users of the platform. As TriNetX allows real-time
access to the data, the platform was queried to generate
results for this study. The network contains data that is
provided by participating HCOs, each of which represents
and warrants that it has all necessary rights, consents,
approvals and authority to provide the data to TriNetX so
long as their name remains anonymous as a data source

and their data are used for research purposes. The data
shared through the TriNetX platform are attenuated to
ensure that they do not include sufficient information to
facilitate reidentification nor allow for the determination
of which HCO contributed specific information about a
patient. Within HIPAA, TriNetX has a business associate
agreement with each of the HCOs. Overall, the TriNetX
EMR database includes COVID-19 patients from mixed
payer types, geographies and demographic backgrounds,
representing a geographically and socioeconomically
diverse population both in and outside of the USA.

Study design, setting and participants

This was an observational cohort study that identified
patients at their earliest episode of COVID-19 and subse-
quently followed up to describe their disease progression,
treatment received, and outcomes using EMR. This study
included adults (aged =18 years) who were hospitalised
with COVID-19. COVID-19 diagnosis was defined as the
first occurrence from 1 February 2020 to 31 January 2021
of any of the following: (1) positive SARS-CoV-2 RNA or
antigen test; (2) ICD-10-CM diagnosis code U07.1,]12.81,
J12.89, or J80; (3) ICD-10-CM code B97.29 or B34-2
occurring between 1 February 2020 and 30 April 2020.

Patients were excluded, if (1) first COVID-19 diag-
nosis occurring within the last 28 days of the available
data; (2) missing data on age or gender; (3) continuous
hospitalisation starting >10 days before COVID-19 diag-
nosis date; (4) with diagnosis or procedure codes for
labor and delivery during the index hospitalisation or
(5) with diagnosis codes for trauma, injury, fracture or
poisoning during the first 2days of the earliest hospital-
isation. See figure 1A,B for the patient flow diagram for
the US and ex-US analyses, respectively. If a patient had
multiple hospitalisations that met the study criteria, only
the earliest hospitalisation was included in this study.

The index date was defined as the first COVID-19 diag-
nosis date or hospital admission date, whichever comes
earlier; the follow-up window was from the index date
to the earliest of the following: the end of data avail-
ability, discharge date or death date. Health outcomes
were assessed within the duration from the first COVID-
19-related hospital admission date to the earliest of the
following events: hospital discharge, death, end of data,
or 28 days after hospital admission.

For temporal trend analysis, patients were stratified into
four time periods based on their month of index date
(February-April 2020, May—July 2020, August-October
2020, and November 2020-January 2021) for all analyses.

Variables

The primary outcomes of interest were ICU admission,
ARDS /respiratory failure, IMV and all-cause mortality
(please see medical codes in online supplemental
eAppendix table 1). For ex-US, ICU admission was not
reported given the consideration of potential misclas-
sification. To comply with the data privacy agreement,
only the patient’s death month is available in the US
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A) US Cohort

568523 Patients met COVID-19 definition
|

56795 Excluded from analysis

v

511728 Patients with complete
information and >28 days of follow-up

10294 Missing data*
46501 With <28 days of follow-up*

y

82755 Hospitalized patients

428973 Not hospitalized

15299 Excluded from analysis
2982 Hospitalized >10 days before
COVID-19 diagnosis*
1900 Hospitalized with a labor and

67456 Study population

B) ex-US Cohort

44359 Adult Patients met COVID-19
definition

L

delivery code*

8895 Hospitalized with a trauma code*
2089 Hospitalized pediatric COVID-19
patients*

v

40787 Patients with complete information
and >28 days of follow-up

3572 With <28 days of follow-up

A

8737 Hospitalized patients

32050 Not hospitalized

1431 Excluded from analysis due to

A

7306 Study population

Figure 1

data. Thus, the patient death date was inferred from a
patient’s last physically present/recorded date using the
following: procedure (date), diagnosis (date), encounter
(end date), vital signs (date) and medication (prescribing
date)."” In the ex-US analysis, the death date was used as
reported in the platform.

Patient characteristics such as demographics (age, sex,
race, geographical region, and ethnicity), and calendar
month of index COVID-19 hospitalisation were reported.
The baseline comorbid conditions were evaluated using
12-month data prior to the index date (excluding index
date).

Statistical methods

The demographic and clinical characteristics of the
primary cohort and subcohorts at the index date were
summarised using descriptive statistics. Mean, SD, SE
and 95% CI were reported for continuous variables, and

> hospitalisation with a labor and delivery
code, or with a trauma code

Flow diagram of US and ex-US study cohorts.*The counts in the exclusion criteria were not mutual exclusive.

counts and percentages were reported for categorical
variables.

For the US cohort, the proportional subdistribution
hazard model by Fine and Gray was used for estimating
the HRs and cumulative incidence function (CIF)
for all four outcomes; the hospital discharge date was
treated as a competing risk in estimating HRs and CIF
for mortality, whereas hospital discharge and death were
treated as competing risks in estimating HRs and CIF
for other outcomes.'® ' Three separate Fine and Gray
models were developed stratified by age group, gender,
and time period; each model used the other two main
categories of risk exposure (eg gender and time period
in the age group model) as covariates. The other covari-
ates in each model were race, ethnicity, US region,
hypertension, Type I/II diabetes, active cancer, coronary
artery disease, congestive heart failure, chronic kidney
disease, chronic obstructive pulmonary disease, asthma
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and obstructive sleep apnoea. The cumulative incidence
of selected outcomes was plotted against time from the
day of admission through 28 days assuming censoring at
the study end date (ie, 31 January 2021) and stratified by
gender, age and time period, respectively. All US analyses
were performed using SAS V.9.4 (SAS Institute) with a
two-tailed p<0.05 considered statistically significant. As
for the ex-US cohort, the analysis was performed using
a cloud-based TriNetX analytical platform. The platform
provided aggregated counts and statistical summaries but
did not allow the estimation of adjusted HRs (aHR) and
model-adjusted cumulative incidences.

As some diagnosis codes used to identify US COVID-19
patients in the study were not specific to COVID-19, we
performed sensitivity analyses that include only patients
with ‘confirmed’ (at least one positive SARS-CoV-2 RNA
or antigen test within 21 days of their index date) and
‘probable’ COVID-19 diagnosis (no documented posi-
tive lab test for COVID-19 within 21 days following the
index date). In the sensitivity analyses, we also exam-
ined patients’ baseline characteristics, treatment during
hospitalisation and selected outcomes in ‘confirmed’ and
‘probable’ cohorts in the US, respectively. The sensitivity
analysis was not available for the ex-US study due to the
limitation of the TriNetX ex-US analytical platform.

Patient and public involvement
No patient involved.

RESULTS

A total of 67 456 patients hospitalised with COVID-19 were
identified from February 2020 to January 2021 in the US
(figure 1A), with a mean (SD) age of 58.3 (17.3) years
old; 51.2% (n=34518) were men (table 1). The highest
proportion of patients in the US cohort had their index
hospitalisation in November 2020 and December 2020
(15.9% and 17.7%, respectively). The most common
comorbid condition was cardiovascular disease (n=25970,
38.5%) including patients with hypertension (n=23272,
34.5%), followed by gastrointestinal disorders (n=15987,
23.7%) and type II diabetes (n=14031, 20.8%) (table 1).
The proportion of patients with chronic lung diseases
was higher in women compared with men, driven by a
higher proportion of asthma in women (online supple-
mental eAppendix table 2). The burden of comorbidities
increased with age (online supplemental eAppendix table
3). In the USA, the proportion of White patients with
index COVID-19 hospitalisation increased over subse-
quent months with the highest proportion seen during
November 2020—January 2021; whereas the proportion
of African American and Hispanic patients with index
COVID-19 hospitalizations decreased over months, with
the lowest seen during November 2020—January 2021.
The index COVID-19 hospitalizations in the Northeast
region were highest at the beginning of the pandemic
(27.7%), followed by a subsequent drop in infection
rates between May and October 2020 then a sharp rise

Table 1 Baseline characteristics of US and ex-US
hospitalised adult patients with COVID-19

Patient, %
Ex-US
US cohort  cohort
Characteristic (n=67456) (n=7306)
Age, mean (SD), years 58.3(17.3) 61.0(16.9)
Male 51.2 55.1
Race
White 56.1 19.4
Black or African American 23.7 0.8
Asian 3.2 0.8
American Indian or other 0.9 NA
Pacific Islander
Unknown 16.1 79.0
Ethnicity
Hispanic 24.8 NA
Month of index
February 2020 1.2 0.3
March 2020 6.7 30.1
April 2020 11.1 18.4
May 2020 7.3 6.0
June 2020 7.8 3.2
July 2020 11.1 2.4
August 2020 6.5 8.5
September 2020 5.8 1383
October 2020 8.5 7.7
November 2020 15.9 5.2
December 2020 17.7 4.6
January 2021 1.0 0.4
Baseline comorbidities
Cardiovascular disease 38.5 15.9
Hypertension 34.5 131
Gastrointestinal disorders 23.7 8.6
Skin disorder 12.6 55
Cancer 7.6 5.8
Solid tumours 5.7 4.2
Haematologic malignancies 2.6 25
Chronic kidney disease 12.2 41
Chronic lung disease 12.8 6.8
Asthma 6 2.2
Chronic obstructive 7.7 4.5
pulmonary disease
Pulmonary fibrosis 1 0.5
Diabetes mellitus
Type | diabetes 1.6 0.4
Type Il diabetes 20.8 6.7
Liver disease 2.5 5.6
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in November 2020-January 2021 (14.7%). The Midwest
region saw a gradual uptick in the infection rates over the
course of the pandemic with the highest rates (21.9%)
seen from November 2020—January 2021. The US patients
hospitalised with COVID-19 during November 2020-
January 2021 had more cardiovascular diseases compared
with the patients in earlier months (online supplemental
eAppendix Table 3).

The ex-US cohort included a total of 7306 patients
hospitalised with COVID-19 (figure 1B), with 91.4% of
them from Europe (online supplemental eAppendix
table 4). The mean (SD) age, 61.0 (16.9), was greater
than that in the US cohort, 55.1% of the cohort were
men, and the 48.8% patients had their index hospitalisa-
tion in February-April 2020. A detailed description of the
ex-US cohort was presented in table 1.

In the US cohort, the most commonly used medica-
tions post index were acetaminophen 45269 (67.1%),
followed by enoxaparin 33370 (49.5%), dexametha-
sone (37.7%),insulin (32.7%), heparin (14.8%), aspirin
(26.7%), azithromycin (23.7%) and methylprednisolone
(19.8%). The most commonly used antiviral among the
US cohort was remdesivir 13667 (20.3%). Among the
ex-US cohort, the most frequently used medication post
index was also acetaminophen 4719 (64.6%), followed by
azithromycin 2842 (38.9%), hydroxychloroquine 2119
(29.0%), methylprednisolone 1563 (21.4%), insulin
1476 (20.2%), dexamethasone 1454 (19.9%) and amoxi-
cillin 1381 (18.9%). For additional details refer to online
supplemental eAppendix tables 5 and 6.

Among US patients, this study showed that outcomes
worsened with increased age, with the highest aHR in the
age groups of 50-64 and 65+, compared with to those aged
18-39 (reference group). In particular, patients=65 years
had higher aHRs compared with the reference group for
ICU admission (17.6% vs 7.2%; aHR 1.73, 95% CI 1.58
to 1.90, p<0.0001), ARDS/respiratory failure (43.1% vs
18.3%; aHR 1.86, 95% CI 1.76 to 1.96, p<0.0001), IMV
(13.8% vs 5.1%;aHR 1.93,95% CI, 1.73 to 2.15, p<0.0001),
and all-cause mortality (9.6% vs 0.8%; aHR 5.6, 95% CI
4.36 to 7.18, p<0.0001). In contrast to women, men were
more often admitted to the ICU (16.9% vs 12.3%; aHR
1.34, 95% CI 1.29 to 1.39, p<0.0001) and were at higher
risk for ARDS/respiratory failure (41.0% vs 32.8%;
aHR 1.24, 95% CI 1.21 to 1.27, p<0.0001), IMV (13.7%
vs 9.4%; aHR 1.38, 95% CI 1.32 to 1.45, p<0.0001), and
all-cause mortality (6.1% vs 4.6%; aHR 1.16, 95% CI 1.08
to 1.24, p<0.0001). Moreover, we observed the highest
risk of worse outcomes during the early pandemic (ie,
February-April 2020), compared with the later three
time periods (May—July 2020, August-October 2020, and
November 2020—January 2021), with significantly higher
aHRs for all four outcomes. The risk of ICU admission
and IMV decreased across the four time periods. The risk
of ARDS/respiratory failure during the summer period
of May—July 2020 were lowest among all four periods,
while the all-cause mortality of August-October 2020
and November 2020-January 2021 were lower, compared

with the periods of February—-April 2020 or May-July 2020
(figure 2 and online supplemental eAppendix table 7).

In the US analysis, the model-adjusted cumulative inci-
dence for all four outcomes measures at 7, 14, and 28
days were consistently higher among men compared with
women, and among patients aged 50 and over compared
with patients aged 18-49. With respect to time periods,
the adjusted cumulative incidence for ICU admission,
ARDS/respiratory failure, and IMV was markedly greater
among patients with index date in February-April 2020
as compared with patients having their index COVID-19
hospital admission during the other three time periods
(figure 3).

The ex-US analysis demonstrated similar age, and
gender trends, although the data format and availability
did not allow for similarly detailed analyses. Patients
265 years, compared with the age group of 18-39, had a
higher incidence of ARDS/respiratory failure (31.5% vs
17.4%) and all-cause mortality (23.4% vs 1.0%). A higher
percentage of patients aged between 50 and 64 years old
had IMV compared with the other two age groups. The
differences in adverse clinical events were also evident
across gender; with higher proportions of men experi-
enced ARDS/respiratory failure (29.0% vs 23.4%), IMV
(5.0% vs 2.3%), and all-cause mortality (13.8% vs 10.4%)
compared with women. The proportion of patients
with ARDS/respiratory failure and IMV were highest in
August—October 2020 and lowest in May—July 2020. As for
the temporal trend, though the highest all-cause mortality
was also observed in the period of February-April 2020,
the highest and lowest percentages of patients with IMV
and ARS/respiratory failure were found in August—
October 2020 and May—July 2020, respectively (figure 4).

In the US analysis, the sensitivity analyses among
subgroups of patients with confirmed COVID-19 diag-
nosis showed similar distributions of baseline characteris-
tics, as well as comparable trends in adjusted cumulative
incidence and aHRs for the primary outcomes of interest
across age, gender, and time periods. Similar trends were
also observed in the probable cohort. Details of sensitivity
analysis results were presented in online supplemental
eAppendix tables 8-12 and figures 1-6.

DISCUSSION

The COVID-19 pandemic has been rapidly evolving in the
USA and other countries. It is critical to understand the
demographic distribution and temporal trends in adverse
clinical events associated with the disease such as ICU
admissions, ARDS/respiratory failure, IMV, and all-cause
mortality across the globe. The evidence generated from
this study showed that patients 265 years seemed to have an
approximately two fold increased risk of ICU admission,
ARDS /respiratory failure and IMV; and about a 5.6-fold
increase in all-cause mortality. The 7, 14 and 28 day (post-
hospital admission date) adjusted cumulative incidence
of these adverse clinical events was consistently higher in
patients =65 years compared with those aged 18—49 years,
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A) Gender

Characteristics Adjusted HR (95%CI) Pr > ChiSq

Male (Reference : Female'

ICU Admission 1.34(1.29-1.39) <.0001
IMV 1.38 (1.32-1.45) <.0001
ARDS/Respiratory Failure 1.24 (1.21-1.27) <.0001
All-Cause Mortality 1.16 (1.08-1.24) <.0001

B) Age
Characteristics Adjusted HR (95%CI) Pr > ChiSq
ICU Admission
18-34 1 (ref)
35-49 1.36 (1.24-1.50) <.0001
50-64 1.72 (1.57-1.88) <.0001
65+ 1.73 (1.58-1.90) <.0001
MV
18-34 1 (ref)
35-49 1.43 (1.27-1.60) <.0001
50-64 1.98 (1.78-2.21) <.0001
65+ 1.93 (1.73-2.15) <.0001
ARDS/Respiratory Failure
18-34 1 (ref)
35-49 1.56 (1.47-1.65) <.0001
50-64 1.88 (1.78-1.99) <.0001
65+ 1.86 (1.76-1.96) <.0001
All-Cause Mortality
18-34 1 (ref)
35-49 1.58 (1.20-2.09) 0.0012
50-64 2.62(2.03-3.37) <.0001
65+ 5.60 (4.36-7.18) <.0001
C) Calendar Month
Characteristics Adjusted HR (95%CI) Pr > ChiSq
ICU Admission

Feb, 2020 - Apr, 2020 1 (ref)

May, 2020 - Jul, 2020 0.67 (0.64-0.71) <.0001

Aug, 2020 - Oct, 2020 0.58 (0.55-0.62) <.0001

Nov, 2020 - Jan, 2021 0.51 (0.49-0.54) <.0001
IMV

Feb, 2020 - Apr, 2020 1 (ref)

May, 2020 - Jul, 2020 0.56 (0.53-0.60) <.0001

Aug, 2020 - Oct, 2020 0.49 (0.45-0.52) <.0001

Nov, 2020 - Jan, 2021 0.43 (0.40-0.45) <.0001
ARDS/Respiratory Failure

Feb, 2020 - Apr, 2020 1 (ref)

May, 2020 - Jul, 2020 0.78 (0.76-0.81) <.0001

Aug, 2020 - Oct, 2020 0.83 (0.80-0.87) <.0001

Nov, 2020 - Jan, 2021 0.84 (0.81-0.87) <.0001
All-Cause Mortality

Feb, 2020 - Apr, 2020 1 (ref)

May, 2020 - Jul, 2020 0.87 (0.80-0.96) 0.0056

Aug, 2020 - Oct, 2020 0.75 (0.67-0.83) <.0001

Nov, 2020 - Jan, 2021 0.80 (0.73-0.88) <.0001
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]
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Figure 2 The forest plots of adjusted HRs among US hospitalised adult patients with COVID-19 by gender, by age group,
and by time period. Three separate Fine and Gray models were developed stratified by age group, gender and time period;
each model used the other two main categories of risk exposure (eg, gender and calendar month in the age group model) as
covariates. The other covariates in each model were race, ethnicity, US region, hypertension, diabetes (type | and Il), active
cancer, coronary artery disease, congestive heart failure, chronic kidney disease, chronic obstructive pulmonary disease,
asthma and obstructive sleep apnoea. ARDS, acute respiratory distress syndrome; ICU, intensive care unit; IMV, invasive

mechanical ventilation.

suggesting elevated risk throughout the course of disease
among older patients. Similar trends were observed in
ex-US patients for ARDS/respiratory failure and all-
cause mortality, while the risk of IMV was similar among
patients aged 18-49 and aged 65 or over. These results
were in accordance with prior reports from studies across
the globe.®** As shown in online supplemental eTable
2, elderly patients had a higher prevalence of pre-existing

comorbidities, which could have undermined patients’
ability to fight against infections.** In addition, Takahashi
et al’ found that declined T-cell response is associated
with increased age, which could lead to lower efficacy in
viral clearance and a higher likelihood of inflammatory
cytokine storm, resulting in poor health outcomes.

Men had an approximate 20%-41% increased risk of
all-cause mortality, ARDS/respiratory failure, IMV and
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intensive care unit; IMV, invasive mechanical ventilation.

ICU admissions compared with women. The increased
risk of these clinical outcomes remained consistently
higher in men over 7-28 days postindex suggesting worse
disease prognosis in men. These results were also in line
with prior reports.’ *' ***! For example, Fried et al showed
increased mortality and morbidity associated with older
age and male sex using medical claims data.® Palaiodimos
et al, reported increasing age and male sex were inde-
pendently associated with worse in-hospital outcomes.*'
However, Fried’s study only covered the period from
February to April 2020 while the study by Palaiodimos et
al only included 200 patients from one medical centre
in New York, USA. Our study included longitudinal
data from thousands of patients lives in the USA and

outside of the USA, thereby providing further support
for the observation that gender seemed to be a differ-
ential factor in adverse clinical outcomes. Studies from
national statistical agencies across England and Wales,
France, Germany, Italy, Netherlands, Portugal, Korea,
and Spain also observed that men had twice the risk of
death from COVID-19 using data collated by the National
Institute for Demographic Studies.*” Many factors might
contribute to the observed gender difference in adverse
clinical outcomes. For example, Takahashi et al showed
that immune responses to SARS-CoV-2 differed between
men and women, possibly resulting from men having
higher plasma levels of innate immune cytokines and
poorer T cell activation.”” Protein ACE2, a key protein

Zhu J, et al. BMJ Open 2021;11:051588. doi:10.1136/bmjopen-2021-051588

7



Open access

29.0% Gender mFemale = Male
30%
£ 20%
s
L
=)
g 10%
§ 0
5
ey
0%
Age Grou
35% & P u18-49 ©50-64 m65+
30% 26.9%
5 25% I 23.4%
£ 20w 17:4%
b
S 15%
g
o 10%
< 5.8% 5.3%
5% 2.6% I 3.2% L0% 3
o 0
% .
34.0% Calendar Month Feb, 2020 -April, 2020
35% : = May, 2020 - Jul, 2020
30% 27.5% u Aug, 2020 - Oct, 2020
= s £ Nov, 2020 -Jan, 2021
5 o 2117%
£ 20% 17.0%
s 15 -
gn 5%
£ 10% 7.9% »
o
5 o 4.0% 5.2%

‘ £

0,
£ - B

0%
ARDS/Respiratory failure

MV All-cause Mortality

Figure 4 The selected outcomes among ex-US hospitalised adult patients with COVID-19 by gender, by age group and by
time period. Error bars reflect SEs. ARDS, acute respiratory distress syndrome; IMV, invasive mechanical ventilation.

involved in the entry of SARS-CoV-2 into cell and the
protection from lung injury, was also higher in women
than men.” Moreover, women were more likely to follow
healthy behaviours, such as better hygiene practices and
lower level of smoking and alcohol use, which could also
explain better outcomes in women.*”**

Results of this study found a significantly higher cumu-
lative rate and aHR for ARDS/respiratory failure and
IMV among patients 265 years and men, in line with prior
reports of hospitalised COVID-19 patients showing greater
risk among these demographic subgroups.” ** Analysis of
the trends of ICU admissions in the USA and all-cause
mortality over time periods in both USA and ex-USA
revealed that patients with index date in February-April
2020 were at increased risk of death compared with
patients diagnosed in the later time period. This could
potentially be due to healthcare facilities being over-
whelmed with the volume of COVID-19 admissions at the
onset of the pandemic in some areas. In addition, limited
information about COVID-19, and lack of experience
in the clinical management of the disease leading to a
trial and error approach using different pharmaceutical
and non-pharmaceutical interventions to manage disease
progression and spread, and inexperience in resource
management of the healthcare staff in the early stage of
COVID-19 pandemic®™ could have resulted in poorer
outcomes among patients diagnosed at the beginning of

the pandemic. Besides, the lack of SARS-CoV-2 diagnosis
kits in the early pandemic could play an important role.
Thus, the diagnosis kits were likely to have been reserved
for the sickest patients, with the consequence that rates
of ICU admission, ARDS/respiratory failure, IMV and
death will appear higher at earlier time points. It was
also possible that these trends were confounded by other
unobserved patientrelated or environmental risk factors.

This study was not meant to compare the US and ex-US
cohorts; however, there were some differences between
ARDS/respiratory failure and IMV in temporal trend.
For example, ex-US patients seemed to have a much
lower ARDS/respiratory failure and IMV in May-July
2020, compared with the US cohort. Additionally, ARDS/
respiratory failure and IMV proportion in November
2020-January 2021 were much lower compared with
August—=October 2020 in the ex-USA cohort; while the
proportions of these two outcomes during these two
periods were closer in the US cohort. This was very likely
due to different non-pharmaceutical interventions for
the COVID-19 pandemic (eg, lockdown policies) imple-
mented by each country within the ex-USA cohorts as
well as different response strategies each country’s HCO
took. In addition, the baseline characteristics of the US
and ex-US cohorts differed, which might reflect the
differences in the underlying demographic distribution
and healthcare systems across countries. Of note, the
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prevalence of some comorbidities in the ex-US cohort was
lower than the prevalence in previous studies conducted
in non-US countries. For example, in the current study,
the prevalence of hypertension was 13.1% in the ex-US
cohort, whereas a recent meta-analysis of COVID-19
studies showed that the prevalence of hypertension was
39.5% in China, 35.9% in Italy and 27.8% in the UK.*
The difference might be due to different compositions of
the patient populations across studies. For example, the
ex-US cohort in the current study had 55.1% men, while
the studies included in the meta-analysis had a male to
female ratio of 1.57 on average. Moreover, the current
study had a longer follow-up than previous studies, which
might also explain different patient characteristics across
studies.

Our study has certain limitations. First, there is often a
trade-off between sensitivity and specificity in defining a
representative real-world cohort of patients with COVID-
19. We performed a sensitivity analysis using only patients
with COVID-19-specific clinical diagnosis, and patients
with lab confirmation of disease. The results from our
sensitivity analyses were similar to those from our primary
analyses, suggesting that the potential effect of misclas-
sification was minimal and did not impact the study
conclusion. Second, compared with claims data, the
EMR database may provide more timely, detailed, and
accurate patient health information, but it only reflects
the patient experience in the participating healthcare
systems within the research network,” ** and the infor-
mation from medical encounters before the COVID-19
hospitalisation or with other doctors/providers outside
the research network is not captured.” Third, among
deceased patients, as the death information was available
ata monthly level, the patients’ last physically present date
in the database was used to infer the death date, but this
measurement error should be non-differential and bias
the results towards null. Fourth, for the ex-US analysis,
the statistical analysis has been built into the platform and
does not allow customisation, which has limited the ability
to calculate statistics such as SE, CI and model the risk.
Moreover, due to data privacy, the number of COVID-19
patients contributed by each country could not be speci-
fied. Finally, though COVID-19 patients included in this
study were from multiple participating HCOs in the USA
and outside of the USA, it may not fully represent the
wider population across the globe.

CONCLUSIONS

Temporal trends in adverse clinical outcomes among
patients with COVID-19 from this multinational EMR
database comprising of patients from diverse demo-
graphic backgrounds suggest that older age, male
gender and diagnosis in earlier months of the pandemic
conferred greater risk for ICU admissions, ARDS/respi-
ratory failure, IMV and all-cause mortality over 7-28
days postindex hospital admission. This evidence may
be helpful in identifying patients at greater risk of these

adverse clinical events, and in so doing, inform clinical
interventions and increase public awareness.
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