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Sex-specific treatment characteristics and 30-day mortality
outcomes of critically ill COVID-19 patients over 70 years
of age—results from the prospective COVIP study
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Abstract

Purpose Older critically ill patients with COVID-19 have

been the most vulnerable during the ongoing pandemic,

with men being more prone to hospitalization and severe

disease than women. We aimed to explore sex-specific

differences in treatment and outcome after intensive care

unit (ICU) admission in this cohort.

Methods We performed a sex-specific analysis in

critically ill patients C 70 yr of age with COVID-19 who

were included in the international prospective multicenter

COVIP study. All patients were analyzed for ICU

admission and treatment characteristics. We performed a

multilevel adjusted regression analysis to elucidate

associations of sex with 30-day mortality.

Results A total of 3,159 patients (69.8% male, 30.2%

female; median age, 75 yr) were included. Male patients

were significantly fitter than female patients as determined

The COVIP study group (https://www.vipstudy.org; covip@med.uni-

duesseldorf.de) is part of the Very Old Intensive Care Patients (VIP)

project by the European Society of Intensive Care Medicine (ESICM).
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by the Clinical Frailty Scale (fit, 67% vs 54%; vulnerable,

14% vs 19%; frail, 19% vs 27%; P\0.001). Male patients

more often underwent tracheostomy (20% vs 14%; odds

ratio [OR], 1.57; P\0.001), vasopressor therapy (69% vs

62%; OR, 1.25; P = 0.02), and renal replacement therapy

(17% vs 11%; OR, 1.96; P \ 0.001). There was no

difference in mechanical ventilation, life-sustaining

treatment limitations, and crude 30-day mortality (50%

male vs 49% female; OR, 1.11; P = 0.19), which remained

true after adjustment for disease severity, frailty, age and

treatment limitations (OR, 1.17; 95% confidence interval,

0.94 to 1.45; P = 0.16).

Conclusion In this analysis of sex-specific treatment

characteristics and 30-day mortality outcomes of

critically ill patients with COVID-19 C 70 yr of age, we

found more tracheostomy and renal replacement therapy in

male vs female patients, but no significant association of

patient sex with 30-day mortality.

Study registration www.ClinicalTrials.gov (NCT04321

265); registered 25 March 2020).

Résumé

Objectif Les patients âgés gravement malades atteints de

la COVID-19 ont été les plus vulnérables pendant la

pandémie actuelle, les hommes étant plus sujets à

l’hospitalisation et aux maladies graves que les femmes.

Nous avons cherché à explorer les différences spécifiques

au sexe dans le traitement et les devenirs après l’admission

à l’unité de soins intensifs (USI) dans cette cohorte.

Méthode Nous avons effectué une analyse spécifique au

sexe chez des patients gravement malades âgés de C 70 ans

atteints de COVID-19 qui ont été inclus dans l’étude

prospective multicentrique internationale COVIP. Tous les

patients ont été analysés pour connaı̂tre les détails de leur

admission à l’USI et les caractéristiques de leur traitement.

Nous avons réalisé une analyse de régression ajustée à

plusieurs niveaux pour élucider les associations entre le

sexe et la mortalité à 30 jours.

Résultats Au total, 3159 patients (69,8 % d’hommes, 30,2 %

de femmes; âge médian, 75 ans) ont été inclus. Les patients de

sexe masculin étaient significativement plus en forme que les

patientes, tel que déterminé par l’échelle de fragilité clinique

(bonnesanté, 67%vs54%;vulnérables, 14%vs19%; fragiles,

19%vs27%;P\0,001). Les patients de sexemasculin ont plus

souvent bénéficié d’une trachéostomie (20 % vs 14 %; rapport

de cotes [RC], 1,57; P\0,001), d’un traitement vasopresseur

(69%vs 62%;RC, 1,25; P=0,02) et d’un traitement substitutif

de l’insuffisance rénale (17% vs 11%; RC, 1,96; P\0,001). Il

n’y avait aucune différence en matière de ventilation

mécanique, de limites des traitements de maintien en vie et de

mortalité brute à 30 jours (50% d’hommes vs 49% de femmes;

RC, 1,11; P= 0,19), ce qui est demeuré le cas après ajustement

pour tenir compte de la gravité de la maladie, de la fragilité, de

l’âge et des limites du traitement (RC, 1,17 ; intervalle de

confiance à 95 %, 0,94 à 1,45; P = 0,16).

Conclusion Dans cette analyse des caractéristiques de

traitement spécifiques au sexe et des résultats de mortalité

à 30 jours des patients gravement malades atteints de

COVID-19 de C 70 ans, nous avons noté un nombre plus

élevé de trachéotomies et de traitements substitutifs de

l’insuffisance rénale chez les hommes vs les femmes, mais

aucune association significative entre le sexe des patients

et la mortalité à 30 jours.

Enregistrement de l’étude zwww.ClinicalTrials.gov (NCT-

04321265); enregistré le 25 mars 2020.

Keywords COVID � COVIP � critical illness � elderly �
mortality � sex

The ongoing COVID-19 pandemic poses serious

challenges to patients and healthcare systems worldwide.

Older patients C 70 yr of age have been disproportionally
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affected by COVID-19 with severe disease courses and a

high risk of mortality.1

Since the beginning of the pandemic, data from across

the world have identified patient characteristics associated

with risk for adverse clinical outcomes of COVID-19. Age,

male sex, comorbidities,2 and severity of disease course3

have been identified as prognostic factors. Nevertheless,

data on their validity in older patients with critical illness

remain limited. Frailty and associated factors might have

an additional important impact on prognosis.4

Prior to the COVID-19 pandemic, patient sex had not been

associated with mortality in large observational registries of

unselected critically ill patients.5,6 Nevertheless, studies

focusing on older patient populations found that male sex

was a risk factor for adverse outcomes,7,8 as is also the case in

COVID-19.9 Exploring patient sex as a risk factor in older

critically ill patients with COVID-19 may thus have

implications for treatment and prognosis of the most

vulnerable patient subgroup. We hypothesized that older

male patients with severe COVID-19 may have a worse

prognosis than females.

The COVIP study is an international prospective

multicenter study of critically ill patients C 70 yr of age

with COVID-19 treated in an intensive care unit (ICU). In

this analysis from its database, we aimed to explore sex-

specific treatment characteristics and clinical outcomes in

critically ill patients with COVID-19 and hypothesized that

there are sex-specific differences in treatment and lower

mortality in female patients in this population.

Methods

Study design

This work is a secondary analysis of the international

prospective multicenter COVIP study, which was initiated

on 19 March 2020, and recruited COVID-19 patientsC 70 yr

admitted to an ICU. The COVIP study was conducted by the

Very Old Intensive Care Patients (VIP) project within the

European Society of Intensive Care Medicine (www.

vipstudy.org) in 376 ICUs in 44 countries, where the study

protocol and case report forms are available to download.

Ethical approval by an institutional review board was

mandatory for study participation in each country. Patients

were included after informed consent and consented to

publication upon study inclusion. The study was registered at

www.ClinicalTrials.gov (ID: NCT04321265; 25 March

2020) and adhered to the European Union General Data

Privacy Regulation directive, which is implemented in most

participating countries. The study intentionally allowed for

coenrolment of study patients in other COVID-19 studies.

Other analyses have been previously published from the

COVIP database (e.g., the impact of frailty on survival4).

Study population

Each participating center included consecutive patients aged

70 yr or older with COVID-19 (confirmed by a positive

SARS-CoV-2 polymerase chain reaction result) at admission

to the ICU. Each patient was only included once in the study,

regardless of possible readmission, transfer to another ICU,

etc. In case of a patient transfer or readmission, data were

summed up within a single case, which resulted in a unique

electronic database record per patient. Other than duration of

symptoms and duration of hospitalization, pre-ICU disease

course and possible pre-ICU triage due to resource shortage

during pandemic surges were not specifically recorded. The

reference date was day 1 of the first ICU admission with all

consecutive time points relative to this date.

Data collection

Centers collected data on patient baseline characteristics,

ICU admission characteristics, ICU disease course, and
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clinical outcomes using a uniform electronic case report

form (eCRF). No direct patient identifying characteristics

like name or other ID were registered in the database. As

described previously,10 the eCRF and database runs on

secure servers composed and stored in Aarhus University,

Denmark. These servers were operated in cooperation

between the Information Technology Department and the

Department of Clinical Medicine at the University.

Prior diagnoses of diabetes (any type), ischemic heart

disease, chronic renal insufficiency (creatinine clearance

\ 60 mL�min-1), arterial hypertension (any grade),

pulmonary disease (any type), and chronic heart failure

(any type) were recorded. The frailty level prior to hospital

admission for COVID-19 was assessed using the English

version of the Clinical Frailty Scale (CFS),11 classifying

patients into nine classes from very fit to terminally ill.

Patients were grouped as fit (CFS of 1–3), vulnerable (CFS

of 4), and frail (CFS of 5–9) for data analysis. The

Sequential Organ Failure Assessment (SOFA) score on

ICU admission was calculated either manually or using an

online calculator in the eCRF as described previously.10,11

Type and duration of organ support were recorded in detail

regarding noninvasive and invasive mechanical ventilation,

prone positioning, tracheostomy, vasopressor therapy, and

renal replacement therapy.

Clinical outcome assessment

The primary endpoint was survival assessed at 30 days

after ICU admission, which was either assessed directly

from the hospital administration system, or in follow-up by

telephone. Secondary outcomes were disease-specific

variables of noninvasive ventilation, intubation,

tracheostomy, prone positioning, vasopressor therapy,

renal replacement therapy, and limitation of life-

sustaining therapies such as withholding or withdrawing

treatments, which were documented according to

international recommendations.12

Statistical analysis

All statistical computations were performed using Stata/BE

17.0 for Mac (Intel 64-bit; StataCorp LLC, College Station,

TX, USA). Patients included in the COVIP study between

19 March 2020, and 4 February 2021, were analyzed and

grouped into male or female. Patients with missing data for

sex or 30-day mortality were excluded, and other missing

data were handled using listwise deletion (Electronic

Supplementary Material [ESM], eTable 1). Sex-subgroup

differences regarding baseline characteristics, ICU

admission characteristics, ICU disease course, and

clinical outcomes were analyzed. Continuous variables

are reported as medians with interquartile range (IQR), and

categorical variables as counts with % of total or respective

sex subgroup. Normal distribution of continuous variables

was empirically tested using the Shapiro–Wilk and

Kolmogorov–Smirnov tests. Comparisons were performed

using Mann–Whitney U tests (for non-normally distributed

variables) and Student’s t tests (normally distributed

variables). Categorical variables were compared using

Chi-square tests.

Three sequential multilevel logistic regression models

were used to evaluate the associations of patient sex with

ICU disease course and clinical outcomes. Included

variables were selected based on previous literature and

our own clinical experience—a detailed description is

given in ESM eTable 1. First, a baseline model with male

sex as a fixed effect and effects of the singular specific ICU

site as a random effect (model 1) was fitted, which

corrected for possible bias (recruitment/treatment) on an

ICU level that may have occurred between the many

countries/ICUs that participated in COVIP. An additional

analysis of model 1 was performed to analyze subgroups

for sex differences (ESM eFig. 1) on data only adjusted for

ICU effects (model 1). Second, adjustment for patient and

ICU admission characteristics (age, SOFA score, and

frailty; model 2) were added to model 1. Third, adjustment

for management strategies (treatment withhold/withdrawal;

model 3) were added to model 2. Model 1 and model 2

were used to evaluate the subgroup-specific primary and

secondary outcomes, whereas model 3 was only used to

evaluate the primary outcome. Odds ratios (ORs) with 95%

confidence intervals (CIs) are reported. Sex-specific

marginal predicted means for 30-day mortality according

to SOFA and CFS scoring at ICU admission were

calculated and graphically analyzed. All statistical tests

were two-sided, and P\ 0.05 was considered statistically

significant.
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Results

Patient population

A total of 3,159 critically ill COVID-19 patients were

included in this analysis of the COVIP study (Table 1).

Details on missing data are provided in ESM eTable 1.

Patients were more frequently male (n = 2,205; 69.8%).

Median [IQR] age at admission was 75 [72–78] yr and did

not differ by sex (P = 0.52).

The following comorbidities were present: arterial

hypertension (2,112/3,159; 67%), diabetes mellitus

(1,162/3,159; 37%), cardiovascular disease (733/3,159;

23%), chronic pulmonary disease (700/3,159; 22%),

chronic kidney disease (541/3,159; 17%), and chronic

heart failure (455/3,159; 14%). Male patients had

significantly more often cardiovascular disease (27% vs

15%; P\ 0.001) and chronic heart failure (16% vs 12%;

P = 0.02).

ICU admission characteristics

The median SOFA score at ICU admission was 5 (IQR

3–8), and there was a small but statistically significant

difference in SOFA score distribution (P = 0.01) with more

severe disease in males. Male patients were significantly

fitter at ICU admission than female patients according to

CFS (fit: 67% vs 54%; vulnerable 14% vs 19%; frail 19%

vs 27%; P \ 0.01). Duration of COVID-19 associated

symptoms before ICU admission was longer in male

patients (7 (IQR 4–10) days vs 6 (IQR 3–9) days; P = 0.02).

There was no difference in duration of hospitalization

before ICU admission between sexes (Table 2).

ICU treatment characteristics

Sex-specific differences in treatment characteristics were

recorded (Table 2). While there was no difference in

noninvasive ventilation, the following were significantly

more frequent in male patients: mechanical ventilation

(1,574/2,205, 72% vs 640/954, 67%; P = 0.01),

tracheostomy (439/2,205, 20% vs 130/954, 14%; P \
0.001), and prone positioning (852/2,205, 55% vs 301/954,

48%; P = 0.01). Additionally, male patients were more

often given vasopressor therapy (1,513/2,205, 69% vs

588/954, 62%; P\ 0.001) and renal replacement therapy

(382/2,205, 17% vs 100/954, 11%; P\ 0.001).

Regarding limitation of life-sustaining treatments, there

was no difference between male and female patients in

treatment withholding (631/2,205, 29% vs 254/954, 27%;

P = 0.22); however, treatment withdrawal was significantly

more common in male patients (427/2,205, 20% vs

154/954, 16%; P = 0.03).

Clinical outcomes

Thirty-day mortality (Table 2) was 50% in male and 49%

in female patients (P = 0.75).

Marginal predicted means of 30-day mortality (ESM

eFig. 2) according to SOFA and CFS scoring at ICU

admission showed a linear increase in mortality with

increasing SOFA or CFS.

Multilevel adjusted regression analysis

Details on 30-day mortality and adjustment variables

included in the models are given in Table 3 and ESM

eTable 2: When adjusting the analysis for the ICU level

Table 1 Patient characteristics

Male patients

(N = 2,205; 69.8%)

Female patients

(N = 954; 30.2%)

P value

Age (yr) 75 [72–78] 75 [72–79] 0.52

70–79 1,768/2,205 (80%) 728/954 (76%) 0.008

80–89 422/2,205 (19%) 210/954 (22%)

[ 90 15/2,205 (1%) 15/954 (2%)

Arterial hypertension 1,458/2,205 (66%) 654/954 (69%) 0.16

Diabetes mellitus 807/2,205 (37%) 355/954 (38%) 0.67

Cardiovascular disease 590/2,205 (27%) 143/954 (15%) \ 0.001

Chronic pulmonary disease 498/2,205 (16%) 202/954 (21%) 0.38

Chronic kidney disease 389/2,205 (18%) 152/954 (16%) 0.24

Chronic heart failure 339/2,205 (16%) 116/954 (12%) 0.02

Patient characteristics of male vs female patients. Data are presented as median [interquartile range] or n/total N (%). Age was tested as a

continuous variable (Mann–Whitney U test) and categorized in arbitrary groups, which were tested for their distribution (Chi square test).
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only (model 1), we found significantly higher odds for

tracheostomy (OR, 1.57; 95% CI, 1.27 to 1.95; P\0.001),

vasopressor therapy (OR, 1.25; 95% CI, 1.04 to 1.51;

P = 0.02) and renal replacement therapy (OR, 1.96; 95%

CI, 1.57 to 2.25; P\0.001) in male vs female patients. In

additional subgroup analyses (ESM eFig. 1), there was a

higher risk for mortality (OR C 1) in male vs female

patients who were classified as fit (OR, 1.35; 95% CI, 1.09

to 1.69), who were\80 yr of age (OR, 1.22; 95% CI, 1.03

to 1.43) and in patients with [ seven days after symptom

onset (OR, 1.51; 95% CI, 1.20 to 2.06). When adjusting the

model (model 2) for age, disease severity at ICU admission

(SOFA score), and patient frailty (CFS), only tracheostomy

(OR, 1.49; 95% CI, 1.17 to 1.88; P = 0.001) and renal

replacement therapy (OR, 1.94; 95% CI, 1.49 to 2.51;

P \ 0.001) were significantly associated with male sex.

Additionally, the model found higher 30-day mortality

(OR, 1.24; 95% CI, 1.03 to 1.49; P = 0.03) in male vs

female patients; however, when additionally adjusting for

treatment limitations (Table 3, model 3), this difference in

30-day mortality was no longer statistically significant

(OR, 1.17; 95% CI, 0.94 to 1.45; P = 0.16).

Discussion

We present here an analysis of sex-specific treatment

characteristics and clinical outcomes in critically ill

COVID-19 patients C 70 yr of age from the international

multicenter COVIP database. We found (1) a higher

prevalence of male sex and slightly greater severity of

illness at ICU admission; (2) more tracheostomy and renal

replacement therapy in male patients; and (3) no difference

between sexes in 30-day mortality.

Patient factors including age, comorbidities,2,13,14 and

frailty4,10 as well as disease severity3,15,16 are drivers of

short-term mortality in critical illness—with and without

COVID-19. Differentiating sex-specific effects in this

conundrum of interdependent factors has been

challenging in the past: Valentin et al. found no

difference in illness-adjusted mortality rates between

25,998 critically ill male (58%) vs female patients6 from

Austria, despite more intensive ICU treatment in male

patients. At an age cut-off of 45 yr, Samuelsson et al. found

no difference in prognosis between sexes in 127,254

Table 2 ICU admission, treatment characteristics, and 30-day mortality outcomes

Male patients

(N = 2,205; 69.8%)

Female patients

(N = 954; 30.2%)

P value

ICU admission

SOFA score 5 [3–8] 5 [3–8] 0.01

0–4 915/2,205 (42%) 449/954 (48%)

5–9 980/2,205 (45%) 373/954 (40%)

[ 9 287/2,205 (13%) 122/954 (13%)

Clinical Frailty Scale 3 [2–4] 3 [3–5] \ 0.001

Fit 1,331/2,205 (67%) 459/954 (54%)

Vulnerable 274/2,205 (14%) 162/954 (19%)

Frail 369/2,205 (19%) 226/954 (27%)

Duration of symptoms before ICU admission (days) 7 [4–10] 6 [3–9] 0.02

Duration of hospitalization before ICU admission (days) 2 [1–5] 2 [1–5] 0.93

Treatment characteristics

Noninvasive ventilation 571/2,205 (26%) 243/954 (26%) 0.76

Mechanical ventilation 1,574/2,205 (72%) 640/954 (67%) 0.01

Tracheostomy 439/2,205 (20%) 130/954 (14%) \ 0.001

Prone positioning 852/2,205 (39%) 301/954 (32%) 0.01

Vasopressor therapy 1,513/2,205 (69%) 588/954 (62%) \ 0.001

Renal replacement therapy 382/2,205 (17%) 100/954 (11%) \ 0.001

Treatment withholding 631/2,205 (29%) 254/954 (27%) 0.22

Treatment withdrawal 427/2,205 (20%) 154/954 (16%) 0.03

30-day mortality 1,100/2,205 (50%) 470/954 (49%) 0.75

ICU admission characteristics, treatment characteristics, and 30-day mortality outcomes; crude data without adjustment. Data are presented as

median [interquartile range] or n/total N (%). CFS = clinical frailty scale (CFS was recoded as CFS 1–3 = fit, CFS 4 = vulnerable, CFS 5–9 =

frail); ICU = intensive care unit; SOFA = Sequential Organ Failure Assessment
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patients (57% male) from Sweden, but men also used more

ICU resources than women did.5

Nevertheless, more advanced age may have impact on

sex-specific prognosis of critical illness, as studies focusing

on older (rather than unselected) patients in the ICU found

other results. In an analysis from combined data from the

VIP1 and VIP2 studies, Wernly et al.8 found higher 30-day

mortality in male vs female patients over 80 yr of age after

matching and adjusting for baseline characteristics and

ICU management. In the FROG-ICU (French and

European Outcome reGistry in Intensive Care Units)

study, Hollinger et al. found a survival advantage in a

subgroup analysis of female patients[63 yr of age, while

there was no difference between sexes in the overall

cohort.7 These data hint at an age-dependent effect of

patient sex on outcome of critical illness.

In studies of critically ill older patients with COVID-19,

60–70% of patients were male4,17—despite females

accounting for a majority of the elderly patients in

developed countries. An analysis of over three million

global cases of COVID-19 by Peckham et al.9 found a

strong worldwide association of male sex with need for

ICU treatment (OR, 2.84) and risk of death from COVID-

19 (OR, 1.39), despite no difference in the sex-specific risk

of contracting COVID-19. In a propensity-score matched

analysis of 14,712 patients from the multinational TriNetX

network,18 male sex was significantly associated with death

from COVID-19, independent of the level of comorbidities.

This increased severity of illness in male patients with

COVID-19 may be reflected in the recruitment of critically

ill patients in the COVIP study (70% male). We recognized

more cardiovascular comorbidities in male patients

(Table 1), which was found to be associated with

mortality.2 We also found more tracheostomy and renal

replacement therapy in male patients than in female

patients. Even though the crude differences are small

between sexes, these findings confirm previous data on

treatment intensity in male compared with female critically

ill elderly patients, and extend them to COVID-19, without

showing an association with 30-day mortality. Thus, no

significant effect of sex on mortality from COVID-19 was

detectable during ICU treatment of patients C 70 yr of age.

This could be because the excess mortality from COVID-

19 in males was determined prior to ICU admission, which

highlights the importance of preventive measures and

effective early treatments prior to critical illness, especially

in men.

Frailty is recognized as an important prognostic factor in

critically ill older patients with and without COVID-19. In

the VIP2 study, frailty was independently associated with

short-term mortality.11 Similarly, six-month mortality in

patients [ 80 yr with sepsis was predicted by age, SOFA

score, and frailty.19,20 In a recent analysis from the COVIP

study,4 we confirmed frailty to be associated with lower

survival also in COVID-19. Hewitt et al. found frailty to

predict COVID-19 outcomes better than either age or

comorbidities.21 In the COVIP study, frailty correlated just

Table 3 Multilevel logistic regression models for male vs female patients

Male

patients

Female

patients

Model 1

(OR with 95% CI)

Model 2

(OR with 95% CI)

Model 3

(OR with 95% CI)

Treatment characteristics

Noninvasive ventilation 26% 26% 1.08 (0.82–1.41; P = 0.60) 1.22 (0.90–1.64; P = 0.20)

Mechanical ventilation 72% 67% 1.15 (0.95–1.39; P = 0.16) 0.82 (0.65–1.03; P = 0.08)

Tracheostomy 20% 14% 1.57 (1.27–1.95; P\ 0.001) 1.49 (1.17–1.88; P = 0.001)

Prone positioning 55% 48% 1.22 (0.96–1.56; P = 0.11) 1.21 (0.96–1.53; P = 0.10)

Vasopressor therapy 69% 62% 1.25 (1.04–1.51; P = 0.02) 1.03 (0.83–1.27; P = 0.78)

Renal replacement therapy 17% 11% 1.96 (1.57–2.25; P\ 0.001) 1.94 (1.49–2.51; P\ 0.001)

Treatment withholding 29% 27% 1.04 (0.87–1.25; P = 0.66) 1.10 (0.90–1.33; P = 0.36)

Treatment withdrawal 20% 16% 1.14 (0.91–1.42; P = 0.27) 1.09 (0.85–1.40; P = 0.49)

30-day mortality 50% 49% 1.11 (0.95–1.31; P = 0.19) 1.24 (1.03–1.49; P = 0.03) 1.17 (0.94–1.45; P = 0.16)

Multilevel logistic regression models for the association of treatment characteristics and mortality outcomes in male vs female patients. Data are

presented as OR with 95% CI. Columns 2 and 3 show unadjusted treatment characteristics for comparison.

Model 1 = univariate analysis only corrected for singular ICU level effects

Model 2 = model 1 plus adjustment for SOFA score, age, and frailty

Model 3 = model 2 plus adjustment for treatment limitations (only for mortality).

CI = confidence interval; ICU = intensive care unit; OR = odds ratio; SOFA = Sequential Organ Failure Assessment
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as well with 30-day mortality as the initial SOFA score at

admission (ESM eFig. 2) in both sexes; interestingly,

frailty was slightly but significantly lower in male vs

female patients, despite worse outcomes in male patients.

This is certainly a point that deserves more research.

This is the first and largest primary analysis of sex-

specific therapy and 30-day mortality in patients with

COVID-19 C 70 yr of age, as the patient group most

severely challenged by the ongoing pandemic. A large

sample size and high-quality data from prospective

assessment in the international COVIP study allowed

multilevel adjusted analyses for detection of small sex-

dependent effects on treatment intensity and outcomes.

Nevertheless, several study limitations of the design need

to be considered. The COVIP study does not provide data

on pre-ICU triage and admission decisions, which may

have introduced bias due to patient selection for ICU

admission. Treatment characteristics were recorded as

binary variables (yes/no), which may not reflect disease

course in all patients appropriately. Standards of care

including pharmacological therapies (antivirals,

immunomodulators, vaccines, etc.) may have changed

during the time of the study; however, this was not assessed

in COVIP. Also, no information on ICU recruitment

characteristics, occurrence and length of COVID-19 waves

with impact on pre-ICU triage, healthcare capacity and

healthcare use, data quality, treatment quality, treatment

intensity, etc., was available for inclusion in the models. In

model 2 and model 3, including the SOFA score as a

covariate to adjust for disease severity bears risk for

overfitting of treatment variables included in the score

(vasopressors, ventilation, renal failure). Because of the

design of this analysis, P values were not adjusted for

multiple testing.

Conclusion

In this analysis of sex-specific treatment characteristics and

30-day mortality outcomes of critically ill patients with

COVID-19 C 70 yr of age, we found a higher prevalence of

male sex and more tracheostomy and renal replacement

therapy in male patients than in female patients, but no

significant association of patient sex with 30-day mortality.
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