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Abstract

between men and women.

understood and warrant further studies.

Background: Questions remain about long-term outcome for COVID-19 patients in general, and differences
between men and women in particular given the fact that men seem to suffer a more dramatic course of the disease.
We therefore analysed outcome beyond 90 days in ICU patients with COVID-19, with special focus on differences

Methods: We identified all patient > 18 years with COVID-19 admitted between March 6 and June 30, 2020, in the
Swedish Intensive Care Registry. Patients were followed until death or study end-point October 22, 2020. Association
with patient sex and mortality, in addition to clinical variables, was estimated using Cox regression. We also performed
a logistic regression model estimating factors associated with 90-day mortality.

Results: In total, 2354 patients with COVID-19 were included. Four patients were still in the ICU at study end-point.
Median follow-up time was 183 days. Mortality at 90-days was 26.9%, 23.4% in women and 28.2% in men. After

90 days until end of follow-up, only 11 deaths occurred. On multivariable Cox regression analysis, male sex (HR 1.28,
95% Cl 1.06-1.54) remained significantly associated with mortality even after adjustments. Additionally, age, COPD/
asthma, immune deficiency, malignancy, SAPS3 and admission month were associated with mortality. The logistic
regression model of 90-day mortality showed almost identical results.

Conclusions: In this nationwide study of ICU patients with COVID-19, men were at higher risk of poor long-term
outcome compared to their female counterparts. The underlying mechanisms for these differences are not fully
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Introduction

We have not yet seen the end of the Coronavirus dis-
ease (COVID-19) pandemic. As of November 17, 2020,
there were more than 55 million global cases and more
than one million people have died [1]. In late 2020, many
countries reported anew increasing number of patients
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with COVID-19, leading to reintroduction of restrictions
including country- or region-wide lockdowns. The emer-
gence of COVID-19 has induced an enormous global
need for intensive care services, leading to rapid expan-
sion of intensive care unit (ICU) resources. Understand-
ing of outcomes in COVID-19 patents admitted to ICU
is not complete as the current literature to a large extent
is based on small patient cohorts and a large variation in
follow-up intervals [2, 3]. In addition, many studies are
hampered by the fact that many patients still remain in
ICU at study endpoint as excluding patients still in ICU
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when calculating mortality most likely introduces a skew-
ness in the results.

It is by now apparent that men are suffering a more
dramatic course of COVID-19 compared to women, and
the underlying explanations for these are insufficiently
understood. The number of COVID-19 cases appears to
be equally distributed between men and women [4], but
there are more men than women hospitalized following
COVID-19 and more men are treated in the ICU [5-7].
Questions remain about associations of sex with out-
come beyond 30 days after ICU admission, after adjust-
ing for age, comorbidities and other clinically relevant
confounders. Analysis of comprehensive population data
including detailed baseline characteristics, clinical course
and minimal loss to follow-up are needed in order to
increase clinicians’ knowledge of patient groups at high
risk for poor outcome after intensive care treatment.
In this nationwide cohort study, we therefore aimed to
analyse long-term outcome beyond 90 days in critically
ill patients with COVID-19, with special focus on differ-
ences between men and women. We also present data
on demographics, baseline comorbidities and process of
care.

Methods

This study was approved by the Swedish Ethical Review
Authority (approval number 2020-01477). The study
adhered to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines for
cohort studies [8]. All research was conducted in accord-
ance with national guidelines and regulations.

Study design and population

Intensive care, as all public health care, is tax-funded
and available for all citizens in Sweden regardless of pri-
vate health insurances. In this nationwide cohort study,
we identified all patient > 18 years of age with confirmed
SARS-CoV-2 by polymerase chain reaction admit-
ted between March 6 and June 30, 2020, in the Swedish
Intensive Care Registry (SIR). We excluded SARS-CoV-
2-RNA positive patients with other reason for admission
than COVID-19 and patients with temporary or invalid
Swedish personal identification number. Patients were
followed until death or study end-point October 22,
2020, whichever came first. All 83 ICUs in Sweden are
members of SIR. During the inclusion period, 73 of the
83 Swedish ICUs admitted patients with COVID-19. SIR
is operative collecting individual patient data within the
legal framework of the Swedish National Quality Regis-
tries [9]. In co-operation with the Public Health Agency
of Sweden, mandatory surveillance data of COVID-19
are routinely reported. Written informed consent is not
required, but patients may withdraw their data from the
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registry at any time. Available data in SIR include base-
line demographics, comorbidities, variables included
in the Simplified Acute Physiology Score (SAPS3) and
variables on treatment given within the ICU. Data are
recorded in raw format and transferred electronically to
SIR after local validation. After central validation at SIR,
incomplete or inconsistent (entries outside pre-specified
limits) patient records are returned to the specific ICUs
for correction before data are added to the master data-
base. All Swedish citizens have a unique personal identity
number making linkage possible to the Swedish Popula-
tion Register, and thereby ascertain mortality data. It also
enables to follow the care of a patient between different
ICUs.

As of October 22 2020, 111,000 patients had been
tested positive for SARS-CoV-2-RNA and 5921 deaths
were registered due to COVID-19 in Sweden [10]. Dur-
ing the study period, a total of 23,664 COVID-19 patients
had been hospitalized [11].

Covariates and outcomes

Baseline characteristics were defined at the time of ICU
admission. Physiological variables were recorded within
one hour before until one hour after arrival to ICU. The
worst set of data within this time interval was used.
90-day mortality was defined as death (all-cause mortal-
ity) within 90 days from first admission to ICU, respec-
tively. The primary end-point was time to death after
admission to ICU, and secondary end-point was 90-day
mortality.

Statistical analysis
Categorical variables are presented as number with per-
centage. Continuous variables are presented as median
and interquartile range (IQR). Time to death was dis-
played using the Kaplan—Meier methodology, with com-
parison between curves using a log-rank test.
Association with mortality and a priori selected vari-
ables including patient sex, age, comorbidities (cardiac
disease, chronic obstructive pulmonary disease (COPD)/
asthma, morbid obesity (BMI>40 kg/m?), hypertension,
immune deficiency, chronic liver disease, chronic kidney
disease, neuromuscular disease and malignancy (neopla-
sia spread beyond regional lymph nodes)), hospital level
(local, county or tertiary) and admission month (March,
April, May or June) were estimated using univariate and
multivariable Cox regression models and expressed as
hazard ratios (HR) with corresponding 95% confidence
intervals. To avoid collinearity, age and comorbidity
components were removed from SAPS3. In addition,
in order to test the robustness of our findings, we per-
formed a logistic regression model estimating factors
associated with 90-day mortality. Results were expressed
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as odds ratios (OR) with corresponding 95% confidences
intervals.

Data were analysed as complete cases. A p value of 0.05
was considered statistically significant. All data were ana-
lysed using Stata/SE 16 (StataCorp, Collage Station, TX,
USA) and R 4.0.2 (R Core Team (2020). R: A language
and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria).

Results

Patients

From March 6 to June 30, 2020, a total of 2481 ICU
patients with confirmed SARS-CoV-2 were reported to
SIR. We excluded 127 patients who were admitted to ICU
with a primary diagnosis not associated with COVID-
19 (n=64) and had a temporary (n=62) Swedish per-
sonal identification number or invalid registration data
(n=1). In total, 2354 patients with laboratory-confirmed
COVID-19 were included in the final analyses (see flow
chart in Additional file 1). The median number of admis-
sions per ICU was 25 (IQR 9-56, range 1-243). Of the
total study cohort, only four patients (0.17%) were still in
ICU at study end-point October 22, 2020.

Demographics

Baseline characteristics are presented in Table 1. Of the
included 2354 patient, 1722 (73.2%) were men. Median
age was 61 (IQR 52-69) years for the entire patient
cohort, 60 (IQR 50-70) and 61 (IQR 53-69) years for
women and men, respectively. A majority of the patients
(45%) were admitted during April. Median duration
of symptoms before ICU admission was 10 (IQR 7-13)
days. The majority of patients were admitted to tertiary
(38.7%) or county (49.2%) hospitals. Of the 632 women
included in the study, 20 (3.2%) were pregnant at ICU
admission. Overall, 851 (36.2%) patients had no reported
comorbidity at admission; 216 (34.2%) women and 635
(36.9%) men had no comorbidity. For the entire study
cohort, the most common comorbidities were hyperten-
sion (40.6%) and diabetes (24.4%). Median SAPS 3 score
at admission was 53 (IQR 47-60), corresponding to a
median predicted risk of death of 22 (IQR 13-36)%. For
women, median SAPS 3 score was 54 (IQR 46—60) and
median predicted risk of death was 24 (IQR 14-36)%,
and corresponding figures for men were 53 (46—60) and
22 (IQR 12-36)%.

Process of care

Care provided in the ICU is presented in Table 2. Over-
all, 74.7% received invasive mechanical ventilation for a
median total duration of 313 (IQR 186—534) hours. Cor-
responding figures for women were 70.3% with a dura-
tion of 266 (IQR 165-443) hours and for men 76.3%
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with a duration of 331 (191-571) hours. Renal replace-
ment therapy and prone position were reported in 19.2%
and 46.3% of the patients, respectively, and both treat-
ments were more common in men than women. 23
patients received extra corporeal membrane oxygenation
(ECMO). Median total length of ICU stay was 12 (IQR
5-22) days; 10 (IQR 4-18) days for women and 13 (IQR
6—24) days for men.

Mortality

Median follow-up time was 183 (IQR 158-199, range
114-230) days. In total, we observed a crude mortality
at 30-days of 23.3%, in women 21.4% and in men 24.0%.
Mortality at 90-days was 26.9 for the entire study cohort,
234% and 28.2% for women and men, respectively
(Table 1). 90-days mortality per age group is depicted
in Additional file 2. After 90 days until end of follow-up,
only 11 deaths occurred. Overall time to death is dis-
played in Fig. 1 (p=0.016).

On univariate Cox regression analysis, male sex, age,
cardiac disease, COPD/asthma, diabetes, hyperten-
sion, immune deficiency, chronic liver disease. chronic
kidney disease, malignancy, SAPS3 (excluding age and
comorbidity components) and admission month were
significantly associated with mortality. On multivari-
able Cox regression analysis, male sex (HR 1.28, 95% CI
1.06-1.55) remained significantly associated with mor-
tality even after adjustment for the above-mentioned
covariates, also including morbid obesity and neuromus-
cular disease. In addition, age (HR 1.07, 95% CI 1.06—1.08
per year), COPD/asthma (HR 1.46, 95% CI 1.20-1.79),
immune deficiency (HR 1.56, 95% CI 1.18-2.07), mor-
bid obesity (HR 1.45, 95% CI 1.05-1.99), malignancy (HR
1.81, 95% CI 1.19—2.74), SAPS3 (HR 1.04, 95% CI 1.03—
1.05 per unit increase) and admission month (HR 0.48,
95% CI 0.36-0.63, June vs. March) were also significantly
associated with mortality (Fig. 2 and Additional file 3:
Table S1). We could not demonstrate any statistically sig-
nificant interaction between age and patient sex. To test
the robustness of our results, we also performed a logistic
regression model of 90-day mortality, with almost identi-
cal results (Fig. 3 and Additional file 3: Table S2).

Discussion

This is, to the best of our knowledge, the first nationwide
study with complete long-term follow-up in ICU-treated
patient with COVID-19. All patients were followed at
least 90 days after ICU admission, with a median follow-
up time of 183 days. The fact that only 4/2354 patients
were still at ICU at the study endpoint facilitates ade-
quate calculations of long-term mortality after severe
COVID-19. Crude 90-day mortality for the entire study
cohort was 26.9%. Only 11 patients died after 90 days
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Table 1 Baseline characteristics
Characteristics No. (%)

All Women Men
No. (%) 2354 632 (26.8) 1722 (73.2)
Age, median (IQR), y 61 (52-69) 60 (50-70) 61(53-69)
Age, interval, y
<40 190 (8.1) 77 (12.2) 113 (6.6)
40-49 266 (11.3) 77 (12.2) 189 (11.0)
50-59 610 (25.9) 149 (23.6) 461 (26.8)
60-69 724 (30.8) 162 (25.6) 562 (32.6)
70-79 464 (19.7) 133 (21.0) 331(19.2)
>80 100 (4.2) 34 (54) 66 (3.8)
Admission month
March 394 (16.7) 93 (14.7) 301 (17.5)
April 1064 (45.2) 270 (42.7) 794 (46.1)
May 557 (23.7) 162 (25.6) 395 (22.9)
June 339(14.4) 107 (16.9) 232 (13.5)
Location before ICU admission
Emergency department 537 (22.8) 123 (19.5) 414 (24.0)
Hospital floor 1815 (77.1) 508 (80.4) 1307 (75.9)
Time from symptom to ICU admission, median (IQR), d 10 (7-13) 9(7-12) 10 (7-13)
Hospital level
Tertiary 911(38.7) 227 (35.9) 684 (39.7)
County 1158 (49.2) 311 (49.2) 847 (49.2)
Local 285 (12.1) 94 (14.9) 191 (11.1)
Days at hospital before ICU admission, d
No. with data 2338 625 1713
Median (IQR) 1(0-3) 2(0-4) 1(0-3)
Pregnancy 20(3.2)
Comorbidities
None 851 (36.2) 216 (34.2) 635 (36.9)
One or more 1503 (63.8) 416 (65.8) 1087 (63.1)
Chronic hypertension 955 (40.6) 252 (39.9) 703 (40.8)
Chronic cardiac disease 286 (12.1) 47 (7.4) 239 (13.0)
COPD/Asthma 343 (14.6) 127 (20.1) 216 (12.5)
Immune deficiency 144 (6.1) 57 (9.0) 87 (5.1)
Chronic liver disease 19 (0.8) 8(1.3) 11(0.6)
Chronic kidney disease 113 (4.8) 25 (4.0) 88 (5.1)
Diabetes 574 (24.4) 143 (22.6) 431 (25.0)
Neuromuscular disease 34(14) 10(1.6) 24 (14)
Morbid obesity? 165 (7.0) 65(10.3) 100 (5.8)
Malignancyb, No./total (%) 44/2338 (1.9) 14/625 (2.2) 30/1713(1.8)
Vasopressor on admission, No./total (%) 96/2338 (4.1) 21/625 (3.4) 75/1713 (4.4)
Fever®, No./total (%) 977/2190 (44.6) 244/580 (42.1) 733/1600 (45.8)
Glasgow coma scale
No. with data 10,690 252 808
Median (IQR) 15 (14-15) 15 (14-15) 15(14-15)(
Systolic blood pressure, mmHg
No. with data 2181 582 1599
Median (IQR) 120 (100-140) 116.5 (100-134) 120 (103.5-140)

Heart rate, beats/min
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Table 1 (continued)
Characteristics No. (%)

All Women Men
No. with data 2238 598 1640
Median (IQR) 95 (82-110) 95 (83-110) 95 (82-110)
PaO,, mmHg
No. with data 2081 566 1515
Median (IQR) 9(7.7-10.7) 9(7.7-10.7) 9(7.7-10.7)
FiO,, %
No. with data 1583 429 1154
Median (IQR) 70 (60-85) 70 (60-89) 70 (58.5-85)
PaO,/FiO, ratio
No. with data 1565 425 1140
Median (IQR) 13.1(9.9-18.0) 129(9.9-17.6) 13.2(10.0-184)
White blood cell count, x 10%/L
No. with data 2134 570 1564
Median (IQR) 8.1 (6.0-10.9) 7.6 (5.7-10.9) 8.2 (6.2-10.9)
pH
No. with data 2233 600 1633
Median (IQR) 745 (7.39-7.48) 744 (7.38-7.48) 745 (7.40-7.48)
Creatinine, mg/dL
No. with data 2143 571 1572
Median (IQR) 0.8 (0.65-1.03) 0.63 (0.51-0.83) 0.85 (0.71-1.09)
Bilirubin, mg/dL
No. with data 2057 546 1511
Median (IQR) 0.53(0.35-0.7) 041 (0.29-0.58) 0.53 (041-0.76)
SAPS 3 at admission, median (IQR)
No. with data 2338 625 1713
Median (IQR) 53 (47-60) 54 (48-60) 53 (46-60)
Predicted risk of death, median (IQR), % 0.22 (0.13-0.36) 0.24 (0.14-0.36) 0.22 (0.12-0.36)
30-day mortality 548 (23.3) 135(214) 413 (24.0)
90-day mortality 634 (26.9) 148 (23.4) 486 (28.2)

IQR interquartile range, y years, d days, ICU intensive care unit, COPD chronic obstructive pulmonary disease, PaO, arterial partial pressure of oxygen, FiO, fraction of

inspired oxygen, SAPS simplified acute physiology score

2 Morbid obesity is defined as a body mass index above 40 kg/m?

b Malignancy is defined as neoplasia spread beyond regional lymph nodes
¢ Body temperature above 38 °C

until end of follow-up. Despite adjustment for clinically
relevant confounders male patients had an approximately
1.3 times higher risk of death compared to females. Fur-
thermore, high age, COPD/asthma, immune deficiency,
malignancy, morbid obesity, SAPS3 and admission
month were associated with poor long-term outcome.

It is by now well established that men have more
severe manifestations of COVID-19 including hospi-
talization, ICU admission and short-term mortality
[4, 12]. Several studies demonstrate a male dominance
in general ICU populations, where men constitute
approximately 60% of the patients [13, 14]. This is lower
compared to COVID-19 patients where men constitute

an even larger proportion [15, 16], as also seen in the
current study with 73% males. Complete understanding
of mortality after ICU admission for COVID-19 is com-
plicated by the fact that previous reports are inconsist-
ent with regards to different follow-up times, but more
important due to the fact that some included patients
were still in ICU at study end-point. Thus, a large
variety of mortality figures has been shown [17]. Fur-
thermore, there is an obvious knowledge gap regard-
ing long-term outcome also due to the novelty of the
pandemic and in this context outcome beyond 90 days
is fair to be considered as long-term outcome for
COVID-19 patients. In the current study, all patients
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Table 2 Care provided in the ICU
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Variable No (%)

All (n=2354) Women (n=632) Men (n=1722)
Highest level of respiratory support
No. with data 2341 629 1712
Invasive mechanical ventilation 1749 (74.7) 442 (70.3) 1307 (76.3)
Non invasive mechanical ventilation 158 (6.7) 50(7.9) 108 (6.3)
Duration of invasive mechanical ventilation
No. with data 1746 441 1305
Median (IQR), h 313 (186-534) 266 (165-443) 331 (191-571)
Renal replacement therapy, No./total (%) 380/1984 (19.2) 72/539 (13.4) 308/1445 (21.3)
Prone position, No./total (%) 979/2119 (46.3) 231/582 (39.7) 748/1537 (48.6)
ECMO, No./total (%) 23/1368 (1.7) 7/353(2.0) 16/1015 (1.6)
Tracheostomy, No./total (%) 654/2341 (27.9) 142/629 (22.6) 512/1712(29.9)
One or more readmissions 314 (13.4) 74 (11.7) 240 (14.0)
ICU length of stay, median (IQR), d 12 (5-22) 10 (4-18) 13 (6-24)

IQR interquartile range, ECMO extracorporeal membrane oxygenation, h hours, ICU intensive care unit, d days

100 =
—— Women
—— Men
90 -
©
2
c
>
N go
70 —
T T T T 1
0 20 40 60 80 100
Days since ICU admittance
Fig. 1 Time to death for men and women admitted to ICU. After
90 days, only 11 more deaths occurred. p=0.016

were followed at least 90-days, with a median follow-up
time of 183 days.

The hazard ratio was 1.28 for men compared to
women after adjustment for age, comorbidities, morbid
obesity, SAPS3, hospital level and admission month.
We could not find any other explanatory factor for this
mortality difference than patient sex, although register-
based studies obviously have its limitations. Only ICU
patients were studied, and we have no data on patients
hospitalized due to COVID-19, but not admitted to
ICU. There is no previous published evidence suggest-
ing differences between women and men regarding
ICU admission thresholds for patients with COVID-19,
nor differences in ICU treatment. It is, however, clear
that men are worse after infection with SARS-Cov-2

[18, 19]. It is well known that male sex is associated
with a poorer prognosis in a number of pulmonary
clinical conditions [20]. The mechanisms causing this
discrepancy is not fully understood and not the focus
for this article, but it is hypothesised that it concerns
either the effect of sex-hormones on inflammation [21]
or X-chromosome linked molecules that are involved
in inflammation, rendering women more prone to be
protected against acute inflammation but more at risk
for adverse outcome after chronic inflammation [20].
There is emerging evidence that sex differences in
SARS-CoV-2 viral entry and immune responses against
SARS-CoV-2 could contribute to these differences [22].
The field is rapidly evolving, and it has been suggested
that men and women could benefit from different treat-
ment approaches [23].

Besides the higher association with mortality for men
compared to women in the present study, increasing age,
COPD/asthma, immune deficiency, malignancy, morbid
obesity, SAPS3 and admission month were associated
with mortality. Age and various comorbid have been
demonstrated as risk factors for poor outcome in ICU
patients with COVID-19 [4]. Differences in the influence
of comorbid conditions, as previously reported, could be
partly explained by data availability, patient selection and
various follow-up periods. For SAPS3, we excluded the
age and comorbidity components in an attempt to avoid
collinearity. Improved survival in patient admitted in the
latter inclusion months compared to March is not sur-
prising given the novelty of the pandemic and constant
evolving evidence of optimal treatment strategies for
critically ill patients with COVID-19 [24-26]. Further-
more, the higher mortality during the early months of the
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Fig. 2 Univariate and multivariable Cox regression exploring 90-day mortality. Local hospital is considered as reference. March is considered as
reference month
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Fig. 3 Univariate and multivariable logistic regression exploring 90-day mortality. Local hospital is considered as reference. March is considered as
reference month
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pandemic could also be an effect of patient volume per
se.

Sweden has adopted a slightly different strategy dur-
ing the pandemic than most other countries which has
received some global interest. In contrast to country- or
region-wide lockdowns, a combination of binding regu-
lations and non-political nation-wide voluntary restric-
tions and quarantine recommendations has been applied.
In Sweden, the first COVID-19 patient was admitted
to an ICU on March 6, 2020 [27]. During the following
months, there was a steady increase in ICU COVID-19
patients. In the beginning of July, there was a durable
low incidence of new admissions, but in late October
ICU admissions started to increase once again. Between
Mars 6 and June 30, 2020, Sweden had a rapidly increas-
ing death toll, predominately in the age group > 80 where
3672 (63%) of the deaths occurred [10]. To date, Sweden
has approximately 595 deaths/million inhabitants. This is
more than other countries in Scandinavia, but similar to
other European countries [1].

Complete follow-up was ascertained by linkage
between SIR and national registries. In Sweden, all citi-
zens have a personal identity number, except for a few
newly arrived. SIR receive a list of all deceased or emi-
grated persons from the Swedish population regis-
try once a week and the follow-up and date of death is
included in the dataset for each ICU-admission as well
as a code for any problems with the linkage. SIR includes
high-resolution data on pre-ICU comorbid conditions,
process of ICU care and long-term follow-up. Data in the
register are validated in-house at all ICUs reporting to
SIR, but also centrally by SIR before data are extracted.
Furthermore, data are prospectively reported to SIR for
quality-surveillance purposes and are therefore unbiased
in relation to this study. Importantly, only four patients
remained at ICU at study endpoint, thus making com-
prehensive analyses of mortality possible. All COVID-19
ICU patients in Sweden are included in the study, provid-
ing high generalizability to similar health-care systems.

As with all registry-based study designs, this study has
limitations. Data on socioeconomic status and ethnic-
ity may have added value to this study, but these data
were unfortunately not available. The inclusion period
was when the pandemic was at its first peak in Sweden.
Even though there was a rapid increase in the number
of ICU beds following early reports of the pandemic,
ICU recourses were of course strained during this
period. Data on ICU staffing during the study period
were unavailable. Additionally, the worldwide cumu-
lative knowledge concerning treatment of the disease
increases during the course of the pandemic, and treat-
ment algorithms are constantly evolving. For example,
the introduction of high-dose low molecular weight
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heparins is not included in SIR, nor is dexamethasone
[24, 25]. COVID-19 patients admitted to ICU from July 1,
2020, and onwards might have a different outcome than
patients included in our study.

Conclusion

In this nationwide study, we present complete long-term
follow-up in ICU-treated patient with COVID-19. Criti-
cally ill men with COVID-19 are at higher risk of poor
long-term outcome after ICU admission compared to
their female counterparts. Differences remained after
adjustment for relevant confounders including age,
comorbidities, SAPS3 and admission month. The under-
lying explaining mechanisms for these differences are not
fully understood and warrant further studies.
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