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Abstract
Purpose: Frailty is often used in clinical decision-making for patients with COVID-19, yet studies have found variable in�uence of frailty on outcomes in those
admitted to the intensive care unit (ICU). In this individual patient data meta-analysis, we evaluated the characteristics, and outcomes of frail patients
admitted to ICU with COVID-19.

Methods: We contacted the corresponding authors of sixteen eligible studies published between December 1st 2019 and February 28th 2021 reporting the
clinical frailty scale (CFS) in patients with con�rmed COVID-19 admitted to ICU. Individual patient data was obtained from 7 studies. We classi�ed patients as
non-frail (CFS=1-4) or frail (CFS=5-8). The primary outcome was hospital mortality. We also compared the use of mechanical ventilation (MV) and the
proportion of ICU bed-days between frailty categories.

Results: Of the 2001 patients admitted to ICU, 388 (19.4%) were frail. Increasing age and sequential organ failure assessment (SOFA) score, CFS ≥4, use of
MV, vasopressors, renal replacement therapy and hyperlactatemia were risk factors for death in a multivariable analysis. Hospital mortality was higher in frail
patients (65.2% vs. 41.8%; p<0.001), with adjusted mortality increasing with a rising CFS score beyond 3. Younger and non-frail patients were more likely to
receive MV. Frail patients spent less time on MV (median days [IQR] 9 [5-16] vs. 11 [6-18]; p=0.012) and accounted for only 12.3% of total ICU bed-days.

Conclusion: Frail patients with COVID-19 were commonly admitted to ICU and had greater hospital mortality but spent relatively fewer days in ICU when
compared with non-frail patients. Frail patients receiving MV were at greater risk of death than non-frail patients.

Systematic review registration: Registration protocol in PROSPERO (CRD42020224255).

Take Home Message
One in �ve ICU patients admitted to the ICU with COVID-19 were frail and were more likely to die in hospital. Patients with a clinical frailty score greater than 3
were at a higher risk of death. Half the patients received mechanical ventilation and mechanical ventilation was preferentially used in the younger and non-
frail patients. Frail patients spent shorter duration on mechanical ventilation and only accounted for 12.3% of total ICU bed-days. 

Background
Older patients (aged ≥ 65 years [1]) are major users of acute health care [2], making up an increasing proportion of patients admitted to intensive care units
(ICUs) [3, 4]. Although older patients have an increased risk of death in the ICUs, estimating risks in acutely ill older people is challenging due to the
concomitance of chronic diseases and age-related conditions [5]. Among the age-related conditions, frailty is an important element of risk. This syndrome
re�ects a loss of physical, physiological, and cognitive reserves, which makes older people more vulnerable to adverse outcomes in the context of acute
stressors [6]. For example, among patients aged 80 years and older, who represent over 40% of ICU bed-days [7], frailty has been associated with more than
double the risk of death and functional dependence [8–10]. It is noteworthy that patients with frailty are particularly vulnerable to infections as they have
increased risk of alterations in innate and adaptive immunity and a high burden of chronic diseases and age-related conditions (e.g., cognitive impairment,
functional disability, and polypharmacy) [11].

Coronavirus disease 2019 (COVID-19) causes severe respiratory illness in about 13% of cases and can rapidly transform into a life-threatening illness in about
4% of cases, particularly those with comorbidities. The life-threatening form of the disease is characterised by severe acute respiratory distress syndrome,
cytokine release syndrome, metabolic acidosis, and venous thromboembolism, and/or disseminated intravascular coagulopathy [12]. The surge in critically ill
patients with respiratory failure has overwhelmed ICU capacity in many healthcare systems across the world [13, 14]. Studies published during the early phase
of the pandemic have shown poor outcomes in mechanically ventilated patients with COVID-19 [15], although some studies suggest survival has improved
over time [16, 17]. Given that healthcare resources worldwide were overstretched by the unprecedented COVID-19 pandemic, there has been interest in reliable
assessment tools to inform patient prioritisation for scarce intensive care resources.

Frailty tools, such as the clinical frailty scale (CFS), have found clinical utility as an adjunct to age-based criteria for critical care triage decisions (The National
Institute for Health and Care Excellence, NICE triage guidelines) [18]. However, the guideline has been criticised as it was extrapolated from pre-pandemic data
[19]. Many studies have recently been published on the impact of frailty in patients with COVID-19 with some reporting on patients in the ICU. Due to these
limitations in existing information, variations in study design, limitations of published data, and the heterogeneity in the measures of frailty, conventional
meta-analyses based on these studies will have limited accuracy. We conducted an individual patient data meta-analysis to evaluate the characteristics, and
outcomes across the range of frailty in patients with COVID-19 admitted to ICU. Our goal is to provide evidence as to whether the CFS might be used as part of
assessment to capture the risk of death beyond chronological age among patients with COVID-19 admitted to the ICU.

Methodology
The study was registered with PROSPERO (CRD42020224255) and conducted in adherence with the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) Statement [20].

Search strategy, information sources, and study selection
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Two authors (AS and SA) independently searched the publicly available COVID-19 living systematic review [21]. It is updated daily to provide a dynamic
database of research papers related to COVID-19 that are indexed by PubMed, EMBASE, MedRxiv, and BioRxiv. Studies were extracted between December 1st
2019 and February 28th 2021, using the search terms “frail”, and “frailty” within the title and the abstract columns of the systematic review list. Due to the
rapidly evolving pandemic, pre-print studies that were yet to be peer-reviewed were included to capture as much data as possible. These terms were combined
with the Boolean operator “OR”.

Eligibility Criteria

The corresponding authors of eligible studies [22–38] (Supplementary Table 1) were invited to participate and share their original individual patient data. We
included studies that reported on adults aged ≥ 18 years with laboratory-con�rmed symptomatic COVID-19 patients, a documented CFS score and admitted to
ICU. Only the patients with hospital outcome were included in the �nal analysis.

Data extraction

Data collection included patient demographics (age, sex, comorbidities, ethnicity, ICU admission source, smoking status), CFS score, ICU organ supports, such
as the need for mechanical ventilation (MV), non-invasive ventilation, vasopressors, and/or renal replacement therapy); medical treatment limitation order, ICU
and hospital mortality, and ICU and hospital length of stay (LOS).

Explanatory variable - frailty

In the Canadian Study of Health and Aging, CFS based on a 9-point judgement-based categorical scale was used for frailty measurement [39]. This scale has
demonstrated validity and reliability in frailty assessment in ICU patients and other populations [8, 39]. This scale includes CFS = 1 (very �t), 2 (well), 3
(managing well), 4 (vulnerable), 5 (mildly frail), 6 (moderately frail), 7 (severely frail), 8 (very severely frail), and 9 (terminally ill) [39]. The modi�ed eight-
category CFS is the most utilised frailty assessment in the critically ill [40]. Frailty scores were also dichotomised as non-frail (CFS = 1–4) or frail (CFS = 5–8)
according to accepted de�nitions [8], with the frail cohort further considered in terms of mild/moderate frailty (CFS 5–6) and severe/very severe frailty (CFS
7–8).

Ethical Issues

The individual patient data meta-analysis was exempt from ethics approval because we obtained de-identi�ed data from previously published and ethically
approved individual studies.

Other covariates

Exposure variables such as age, sex, chronic respiratory disease, chronic kidney disease, ischemic heart disease, admission source, SOFA and APACHE 2
scores were investigated as risk factors for hospital mortality in patients with COVID-19.

Main outcome(s): This was a one-stage individual patient data meta-analysis to assess continuous covariates (CFS and age). The primary aim was to
evaluate whether frailty scores predicted outcomes for patients with COVID-19 admitted to ICU, including ICU mortality, hospital mortality, and discharge
destination after adjusting for age and gender. The primary outcome was hospital mortality. We examined the following secondary outcomes: organ support
within the ICU (mechanical and non-invasive ventilation, renal replacement therapy, vasoactive infusion, and extracorporeal membrane oxygenation), length of
ICU and hospital stay, ICU bed-days, and discharge destination.

Missing data

There was minimal missing data for the primary outcome (0.2%). However, there were missing data with illness severity scores (42.9%), comorbidities (11.4%),
presenting symptoms (8.2%), biochemistry within 24 hours of ICU admission (10.5%), use of non-invasive ventilation (37.8%), use of invasive mechanical
ventilation (IMV, 33.2%), hospital length of stay (0.7%) and discharge destination (31.3%). We did not perform any imputation.

Statistical Analysis

In this retrospective study, data were initially checked for completeness and validity with queries directed back to the contributing institutions. Normality was
assessed in continuous data by employing both normal quantile (probit) plots and the Shapiro-Wilk test. Normally distributed data were reported using the
mean (standard deviation [SD]). Non-normal, categorical, and dichotomous data were reported using either the median (interquartile range [IQR]) or number
(frequency [%]) respectively. The �nal dataset was gathered from seven discrete institutions and all analyses were clustered by the institution. An initial
analysis was conducted between survivors and non-survivors to identify the independent predictors of mortality in critically ill patients with COVID-19. When
speci�cally analysing from a clinical frailty point of view, the binary CFS categories non-frail/frail, data were compared using either a standard t-test for
normally distributed data, the Wilcoxon rank-sum test for categorical data or the Fisher’s exact test for dichotomous data. Comparisons were conducted on
demographic, co-morbidity, symptomatology, illness severity score, available within the �rst 24 hours. ICU and hospital mortality were examined using a
logistic model in the primary analysis. Our primary analysis included the CFS scale (1–8) with subsequent adjustment for age and sex. Secondary
multivariable logistic models were constructed to examine the effects of age, CFS, obesity measured as body mass index less or greater than 30 kg.m− 2,
presence or absence of co-morbidities including active cancer, dementia, and the neutrophil-lymphocyte ratio as a marker of chronic in�ammation on ICU
mortality with the predictors selected from the results of the univariate analysis described above. Two-way interactions were also tested between the CFS and
the signi�cant predictors. Sequential deletion of non-signi�cant predictors with potential misspeci�cation tested using the linktest was conducted at each step
of model development. Post-estimation checks for model speci�cation and presence of collinearity were conducted using the link test and variance in�ation
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factor respectively. Results were reported as the odds ratio of death with its 95% con�dence interval and p-value. A competing risk analysis was performed
next to examine the marginal probability of death using both the presence of ventilation and CFS. The method of Fine and Gray was used to generate the
cumulative incidence function [41]. The signi�cant predictors from the logistic model were used and results expressed as sub-hazard ratios and their 95%
con�dence intervals. Youden’s Y statistic was calculated for each CFS score thus yielding individual sensitivity and speci�city results. All analyses were
conducted using STATA™ (version 16.0) with the level of signi�cance set at α < 0.05.

Results
Of the 616 studies identi�ed, sixteen studies [22–36] (Supplementary Table 1) met all eligibility criteria. All sixteen corresponding authors were invited to
participate and share their original individual patient data. We included seven studies [22, 26, 29, 31, 32, 36, 37] that provided individual patient data on 9332
hospitalisations (Supplementary Fig. 1), of these, 3690 (39.5%) patients were deemed frail. There were a total of 2804 patients from the excluded nine studies,
of which 476 (17%) were admitted to ICU. It was unclear as to what proportion of these patients were frail (Supplementary Table 1). Off the 2003 patients with
CFS scores, 2 patients with CFS scores of 9 were removed. A total of 2001 patients (21.4%; 2001/9332) admitted to the ICU were included in the �nal analysis.

Survivor vs. non-survivor analysis

The initial analysis identi�ed that 54.1% (1083/2001) patients admitted to the ICU died (Table 1). The independent predictors that increase the probability of
death in these patients with COVID-19 were increasing age, CFS ≥ 4, increasing SOFA score, use of IMV, dialysis and vasopressors, and rising or high lactate; a
history of hypertension was associated with a lower likelihood of death (Table 2, Supplementary Tables 2; Supplementary Fig. 2).

Analysis based on frailty status

One of the major predictors of mortality in patients with COVID-19 was their frailty status. Of the 2001 included patients admitted to the ICU, 80.6%
(1613/2001) were non-frail and 19.4% (388/2001) were frail (Supplementary Table 3). Frailty increased with advancing age (Supplementary Fig. 3). The
baseline characteristics, presenting symptoms, biochemistry and acid-base between frail and non-frail patients are presented in Table 3. Non-frail patients
were more likely to have presenting symptoms such as fever, and myalgia/lethargy, while frail patients were more likely to present with delirium. The time from
symptoms to hospitalisation was shorter for frail patients when compared to non-frail patients (median [IQR] days 7 [4, 10] vs. 8 [5, 11]; p = 0.001). Frail
patients were more likely to have an accompanying acute kidney injury. They were also more lymphopaenic with a higher neutrophil-to-lymphocyte ratio than
non-frail patients. A lower proportion of male patients were frail (47% vs. 54%; p < 0.001). Although home residence was similar, there were a higher proportion
of frail than non-frail patients residing in 24-hour long-term facility (8.8% vs. 2.0%; p = 0.002) before the index hospitalisation. The patients classi�ed as frail
were older and had higher illness severity scores (Simpli�ed Acute Physiology Score 2 [SAPS-2], Supplementary Table 4). The frail patients also had higher
chronic comorbidities, particularly hypertension, cardiovascular disease, diabetes mellitus, active cancer, and dementia, but were less likely to be obese (BMI ≥ 
30kg.m− 2) (Supplementary Table 5).

Primary Analyses of Primary Outcome

Frail patients were more likely to die in ICU (unadjusted mortality 26.8% vs. 17.9%; p = 0.044) and in hospital (unadjusted mortality 65.2% vs. 41.8%; p < 0.001).
Frailty status, after adjusting for age and sex, was independently associated with hospital mortality but not ICU mortality (Table 4, Fig. 1, panels a and b). In
secondary analyses, the relationship between frailty and hospital mortality remained signi�cant independent of age, BMI, and neutrophil-lymphocyte ratio
(Supplementary Table 6).

Secondary Outcomes

The raw outcomes are presented in Supplementary Table 5.

Mechanical ventilation

1014 of the 2001 patients (50.7%) received MV, most of them had a CFS score between 2 and 4 (Fig. 1, panel c). Of these 1014 patients who received MV, there
was no difference between frail and non-frail patients (51.2% [199/388] vs. 50.5% [815/1613]; p = 0.79). However, frail patients spent shorter median [IQR]
duration on MV (9 days [5–16] vs. 11 days [6–18]; p = 0.012). The unadjusted mortality rates were higher in patients requiring MV than those who did not
(Supplementary Tables 7 and 8, Supplementary Figs. 4). All patients with CFS 8 who were mechanically ventilated died. Figure 2 describes the cumulative risk
of death overtime amongst patients who received MV, which demonstrated that the cumulative risk of death decreases with more days on mechanical
ventilation. Multivariable linear regression in ICU survivors indicated that the adjusted geometric mean duration of MV reduced signi�cantly with increasing
CFS score (from 9.5 days [8.3–10.7] for CFS 1 to 3.6 [2.3-5.0] for CFS 7 and 8 combined) (Table 4).

ICU and Hospital Length of stay

Frail patients admitted to ICU were more likely to have shorter median [IQR] LOS in ICU (8 days [4, 16] vs. 11 days [5, 20]; p < 0.001). Of the total 24.3 x 1000 ICU
bed-days, frail patients only contribute 12.3% of the ICU bed-days (Fig. 3). Similar �ndings were observed when only survivors were analysed. Patients with
CFS 7 and 8 spent the shortest time in ICU (0.6 x 1000 ICU bed-days, 2.5%). However, the ICU bed-days occupied by frail patients who died was almost double
that of survivors for CFS 5–7. Frail patients also had shorter median [IQR] hospital length of stay (13 days [8, 23] vs. 16 days [10, 28]; p < 0.001) when
compared to non-frail patients (Supplementary Table 7). Heat map comparing age- and CFS-strati�ed data based on ICU survivors and ICU non-survivors
demonstrated that most patients admitted to ICU were younger than 80 years of age and CFS ≤ 6 (Supplementary Fig. 5).

Other organ support
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Frail patients were less likely to receive non-invasive ventilation (27% vs. 35%; p = 0.011) or renal replacement therapy (25% vs. 32%; p = 0.026) when compared
to non-frail patients. There was no difference in vasopressor infusion use between frail and non-frail patients (Supplementary Table 8).

Discharge Destination

Frail patients were less likely to be discharged home (unadjusted 23% vs. 45%; p < 0.001), and rehabilitation (unadjusted 23% vs. 35%; p < 0.001). However, the
unadjusted new discharges to 24-hour long-term facility discharge (1.5% vs. 2.3%; p = 0.17) were similar between frail and non-frail patients (Supplementary
Tables 9 and 10).

Discussion
This multinational individual patient data meta-analysis included 2001 patients with COVID-19 admitted to an ICU from seven studies identi�ed the following
�ve key �ndings. First, increasing age and SOFA score, CFS ≥ 4, use of MV, vasopressors, renal replacement therapy and hyperlactatemia were independent
predictors of mortality. Second, A �fth of the patients admitted to ICU were frail, with almost two-thirds of these frail patients dying in hospital. The odds of
hospital mortality increased from a CFS score of 3. Multivariable analysis demonstrated that older age and increasing frailty were independently associated
with hospital mortality. Third, the impact of frailty on the use of MV differed with age, with younger and non-frail patients being more likely to receive MV.
Fourth, the frail ICU survivors received shorter duration of MV and had shorter ICU length of stay. Fifth, the frail patients’ ICU bed-days occupancy was only
16% and spent a shorter time in ICU. This �nal �nding may relate to decisions to limit invasive and burdensome treatments.

The hospital mortality of patients with COVID-19 admitted to ICU has ranged widely depending on the geographical location and the different levels of strain
on the critical care system [23, 27, 29, 30, 36, 42–50]. A large cohort study of patients with COVID-19 treated in ICU during periods of peak COVID-19 found a
two-fold increase in mortality compared to those treated during periods of low demand [42]. Furthermore, several studies have demonstrated an association of
higher mortality with increased hospital or regional COVID-19 caseloads, regardless of whether the patients were frail or not [51]. These �ndings suggest the
importance of caution in interpreting results from different time periods.

A single-centre retrospective study from Italy of 105 patients observed that the frailty index was an independent predictor of both higher in-hospital mortality
and lower proportions with ICU admission [52]. A recent large prospective multinational study (COVIP) identi�ed that frailty was independently associated with
lower survival [53]. Similarly, our individual patient data meta-analysis also observed that frailty was independently associated with hospital mortality
amongst patients with COVID-19 admitted to ICU. A nationwide Turkish study of patients 65 years and over, using the hospital frailty risk score, observed that
frailty was independently associated with hospital mortality, ICU admission, and use of MV [44]. These studies may suggest that the high risk of mortality in
older patients along with ICU resource constraints may raise the question of triaging ICU admissions. Even in times of non-constrained resources, shared
decision-making may be informed by risk of mortality assessments, to allow patients and their caregivers to make informed choices about their care. A recent
systematic review and meta-analysis recommended that frailty screening may be helpful to stratify high-risk groups [54].

Our study observed MV was used more often among younger and non-frail patients. This was consistent with a recent study in non-COVID patients that
investigated the impact of frailty on duration of ventilation where they observed frail young patients had longer duration of ventilation, but not old frail
patients [55]. In a recent large systematic review, the reported mortality in mechanically ventilated patients was 45% and was signi�cantly higher with
increasing age and higher among those receiving mechanical ventilation [15]. In our meta-analysis, frail patients, both survivors and non-survivors, spent a
shorter time on MV. This �nding implies that the patients with frailty may have died sooner or may have had treatment limitations.

We identi�ed that non-frail patients accounted for 85% of the ICU bed-days. This is contrary to the �ndings of a recent study of older non-COVID-19 ICU
patients with pneumonia which found a signi�cantly higher ICU bed occupancy by frail patients [56]. Furthermore, the �ndings that frail ICU survivors received
shorter duration of MV and had shorter ICU LOS are noteworthy and somewhat counterintuitive. This �nding may be in�uenced by differing patterns of care
for frail older adults between countries, resource constraints related to patient triage and possibly earlier decisions to limit life-sustaining treatments in these
patients.

Even before the COVID-19 pandemic began, frailty was recognised as a predictive factor for adverse outcomes, such as mortality [57], hospitalisations [58],
and readmission [59]. Consequently, frailty was proposed as an important aspect to patient assessment early in the pandemic. Despite the stringent
guidelines, the patients with COVID-19 remained eligible for ICU admission under the NICE guidelines, particularly following a ward deterioration. However,
triaging patients just based on the frailty status is not justi�ed by the current data [60, 61]. Indeed, an odds ratio of ~ 2 by itself is not useful clinically. A
patient-centred approach to triage that incorporates frailty screening could be developed to rapidly assess patients for the severity of the presenting acute
illness and the likelihood of medical interventions being successful [62]. An option of triage committee involvement to provide an ethical framework to guide
clinicians to equitable rationing under crisis standards of care has been proposed [63, 64].

Our study has several notable strengths. First, we had high-quality data from the seven included studies from diverse countries, both developing and
developed, at their peak of the pandemic. Second, the CFS, which is the most used frailty assessment tool for critically ill patients, was used in all the included
studies. Finally, we incorporated several secondary analyses, including the competing risk analyses, to assess the impact of frailty on diverse ICU outcomes.

Our study also has several notable limitations. First, the datasets from the seven included had missing data for a proportion of covariates, such as APACHE
scores. Second, it is important to acknowledge that the results may have been predominantly in�uenced by two main studies, one of which was a single centre
study. Third, the differences in the healthcare systems across the different studies included in this individual patient data meta-analysis may introduce
variability that is di�cult to address with clustering by institution. Fourth, although there is evidence that COVID-19 has a disproportionate impact on disease
severity and mortality in minority racial and ethnic groups, we did not have adequate data on the patient race or ethnicity [22]. Fifth, although our seven
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studies were from different countries, our sample may not be globally representative. Sixth, although patients with frailty tend to have treatment limitations
(do not resuscitate, do not intubate, etc.) [65], which may guide their management, we did not have data on treatment limitations or pre-ICU triage decisions
which undoubtedly in�uenced our results. Finally, although imprecise CFS scoring is possible [66], there is evidence that the CFS has acceptable inter-
individual variation in the critically ill population and is validated to stratify older adults according to the level of vulnerability [39] and predict poor short and
longer-term outcomes in critically ill patients [5, 8, 67, 68].

Conclusions
In this multinational individual patient data meta-analysis, almost two-thirds of frail patients with COVID-19 who were admitted to ICU died in hospital. Frail
patients spent a shorter amount of time in ICU suggesting decisions to limit life-sustaining treatments play a role in our �ndings. Frailty captures risks beyond
other known risk factors in those with COVID-19 admitted to the ICU. Future studies should consider incorporating frailty into the patient assessment process
alongside other commonly used measures (age, sex, comorbidities, illness acuity) to support clinicians in making better decisions for severe forms of COVID-
19.
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Table 1
Demographics of Patients with COVID-19 admitted to ICU based on whether the patients survived

or died. Data are summarized according to distribution if normal (Mean [SD]), non-normal
(Median [IQR]), Categorical and Binary (Number [%]).

Characteristics Survivors Non-survivors p-value*

Number 918 1083 -

General Demographics

Male sex (%) 554 (50.2%) 508 (55.3%) 0.025

Age (years) (mean (SD)) 67.1 (11.0) 61.4 (11.9) < 0.001

Age categories

- < 50 years 38 (4.1%) 143 (13.2%) < 0.001

- 50–64.9 years 325 (35.4%) 497 (45.9%) < 0.001

- 65–74.9 years 351 (38.2%) 315 (38.4%) < 0.001

- ≥ 75 years 204 (22.2%) 128 (11.8%) < 0.001

Admission source

- Home 195 (87.8%) 392 (91.8%) 0.12

- 24-hour long-term facility 15 (6.8%) 4 (0.9%) 0.001

- Other 12 (5.4%) 31 (7.3%) 0.41

Smoking status

Current smoker 183 (27.7%) 181 (28.9%) 0.67

Ex or non-smoker 477 (72.3%) 445 (71.2%)

Documented co-morbidities

- Hypertension 465 (67.1%) 448 (69.1%) 0.45

- Cardiovascular disease 203 (22.5%) 179 (17.2%) 0.003

- Cerebrovascular accident 60 (8.7%) 39 (6.0%) 0.08

- Active cancer 121 (13.6%) 101 (9.7%) 0.008

- Chronic respiratory disease** 147 (16.1%) 171 (15.9%) 0.95

- Obesity (BMI ≥ 30 kg.m-2) 215 (26.1%) 363 (38.5%) < 0.001

- Chronic kidney disease 130 (19.5%) 82 (13.4%) 0.004

- Diabetes mellitus 413 (45.1%) 410 (38.1%) 0.002

- Dementia 34 (3.8%) 18 (1.7%) 0.007

Charlson comorbidity index (median (IQR)) 2 (1, 4) 1 (0, 3) < 0.001

Number of co-morbidities ≤ 2 222 (29.6%) 231 (22.6%) 0.018

Number of co-morbidities > 2 527 (70.4%) 713 (75.5%)

Clinical frailty scale (median (IQR)) 3 (3, 5) 3 (2, 4) < 0.001

Illness severity scores

APACHE 2 (median (IQR)) 14 (6, 23) 14 (9, 23) 0.07

APACHE 3 (median (IQR)) No data No data -

SAPS 2 (median (IQR)) 38 (24, 56) 41 (30, 57) 0.006

SOFA (median (IQR)) 7 (5, 12) 8 (5, 12) 0.09

Symptoms, n (%)

Respiratory 776 (91.2%) 897 (91.4%) 0.93

Sputum 25 (4.1%) 24 (4.5%) 0.77

Fever 474 (55.8%) 630 (64.2%) < 0.001

Lethargy / Myalgia 254 (40.5%) 259 (46.8%) 0.030
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Characteristics Survivors Non-survivors p-value*

Delirium 98 (11.6%) 100 (10.2%) 0.37

Gastrointestinal 75 (11.9%) 72 (13.0%) 0.60

Symptom time (days) 7 (5, 11) 8 (5, 10) 0.35

Time to ICU (hours) 3 (2, 4) 3 (2, 5) 0.97

Pathology results (�rst 24hrs), median (IQR)

Acid base status

pH 7.36 (0.12) 7.40 (0.09) < 0.001

PaO2 (mmHg) 77 (36) 78 (35) 0.68

PaCO2 (mmHg) 42 (14) 39 (11) 0.003

HCO3 (mmol/l) 23 (5) 24 (4) < 0.001

SaO2 90 (10) 91 (9) 0.87

L-lactate (mmol/l) 13 (7, 18) 9 (2, 15) < 0.001

Biochemistry

CRP 167 (84, 268) 138 (66, 236) < 0.001

Urea 54 (18, 102) 26 (7, 55) < 0.001

Creatinine 113 (80, 203) 90 (70, 141) < 0.001

LDH 501 (384, 666) 431 (321, 547) < 0.001

D-dimer 2.36 (1.09, 7.34) 1.37 (0.65, 3.63) < 0.001

Troponin 0.03 (0.01, 0.07) 0.02 (0.00, 0.03) < 0.001

Haematology

Neutrophils 8.2 (5.4, 12.6) 7.1 (4.8, 10.5) < 0.001

Lymphocytes 0.75 (0.50, 1.10) 0.89 (0.60, 1.20) < 0.001

N-L ratio 10.8 (6.2, 19.0) 8.0 (4.8, 14.3) < 0.001

Platelets 203 (146, 278) 221 (165, 306) < 0.001

Radiology

Abnormal CXR 672 (73.2%) 850 (78.5%) 0.003

Illness severity scores

APACHE II 19 (9, 25) 10 (5, 19) < 0.001

SAPS 2 47 (30, 62) 31 (24, 47) < 0.001

SOFA 9 (6, 13) 6 (4, 9) < 0.001

Outcome data

ICU LOS (days) 11 (6, 19) 10 (5, 19) 0.14

Hospital LOS (days) 13 (8, 21) 19 (12, 32) < 0.001

Organ Support

HFNC 31 (79.5%) 42 (73.7%) 0.629

CPAP 176 (27.0%) 241 (40.4%) < 0.001

IMV 609 (66.3%) 405 (37.4%) < 0.001

IMV (days) 12 (7, 19) 9 (5, 16) < 0.001

Dialysis 311 (45.3%) 98 (15.2%) < 0.001

Vasopressors 550 (84.8%) 275 (46.8%) < 0.001

SD - standard deviation, IQR - interquartile range, IHD - ischemic heart disease, CVD - cardiovascular disease, COPD - chronic obstructive pulmonary disease,
BMI – body mass index, APACHE - Acute Physiology and Chronic Health Evaluation, SAPS - Simpli�ed Acute Physiology Score, SOFA - Sequential Organ
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Failure Score, PaO2 - partial pressure of oxygen, PaCO2 - partial pressure of carbon dioxide, SaO2 - arterial oxygen saturation, CRP - C-reactive protein, WCC -
white cell count, N-L - neutrophil-lymphocyte ratio, LDH - lactate dehydrogenase, CXR - chest X-ray

* Some of the results will be statistically signi�cant because of the large sample size but may not be clinically signi�cant.

** COPD and/or asthma
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Table 2
Multivariable analysis: Outcome variable is hospital mortality (0 = Survival, 1 = 

Death)
Variable Initial model Final model

OR (95% CI) p-value OR (95% CI) p-value

Age 1.06

(1.04, 1.08)

< 0.001 1.06

(1.04, 1.08)

< 0.001

Hypertension 0.62

(0.44, 0.89)

0.006 0.64

(0.46, 0.89)

0.008

Diabetes Mellitus 1.12

(0.82, 1.53)

0.46 - -

APACHE-2 0.99

(0.97, 1.02)

0.81 - -

SOFA 1.04

(0.98, 1.11)

0.17 1.05

(1.01, 1.09)

0.024

IMV 3.74

(2.36, 5.92)

< 0.001 3.87

(2.47, 6.06)

< 0.001

Dialysis 3.75

(2.62, 5.33)

< 0.001 3.95

(2.79, 5.60)

< 0.001

Vasopressors 3.32

(2.27, 4.87)

< 0.001 3.19

(2.19, 4.64)

< 0.001

pH 0.40

(0.06, 2.79)

0.36 - -

Lactate 1.03

(1.01, 1.05)

0.013 1.03

(1.01, 1.05)

0.008

CFS Level

1 1.00 Reference

Level

1.00 Reference

Level

2 1.41

(0.63, 3.15)

0.63 1.45

(0.66, 3.19)

0.36

3 1.47

(0.68, 3.15)

0.33 1.50

(0.71, 3.19)

0.29

4 2.99

(1.32, 6.77)

0.008 3.26

(1.46, 7.29)

0.004

5 3.54

(1.48, 8.47)

0.004 3.86

(1.63, 9.13)

0.002

6 3.44

(1.35, 8.80)

0.010 3.67

(1.46, 9.23)

0.006

7 4.52

(1.64, 12.41)

0.003 4.73

(1.73, 12.90)

0.002

8 8.85

(1.26, 62.18)

0.028 16.56

(2.82, 120.04)

0.005

APACHE - Acute Physiology and Chronic Health Evaluation, SOFA - Sequential Organ Failure Score, IMV - invasive mechanical ventilation, CFS - clinical frailty
scale
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Table 3
Demographics of Patients with COVID-19 admitted to ICU based on frailty status.

Characteristics Non-Frail Frail p-value*

Number 1613 388 -

General Demographics

Male sex (%) 870 (54%) 182 (47%) 0.008

Age (years) (mean (SD)) 62.5 (11.3) 70.1 (11.9) < 0.001

Age categories

- < 50 years 164 (10.2% 17 (4.4%) < 0.001

- 50–64.9 years 731 (45.3%) 91 (23.4%) < 0.001

- 65–74.9 years 516 (32.0%) 150 (38.7%) 0.001

- ≥ 75 years 202 (12.5%) 130 (33.5%) < 0.001

Admission source

- Home 506 (90.5%) 81 (90.0%) 0.85

- 24-hour long-term facility 11 (2.0%) 8 (8.8%) 0.002

- Other 42 (7.5%) 1 (1.1%) 0.020

Smoking status

Current smoker 287 (28.9%) 77 (26.3%) 0.42

Ex or non-smoker 707 (71.1%) 215 (73.6%)

Documented co-morbidities

- Hypertension 693 (66.4%) 220 (73.8%) 0.017

- Cardiovascular disease 241 (15.5%) 141 (36.4%) < 0.001

- Cerebrovascular accident 46 (4.4%) 53 (17.7%) < 0.001

- Active cancer 133 (8.6%) 89 (23.0%) < 0.001

- Chronic respiratory disease** 251 (15.7%) 67 (17.2%) 0.44

- Obesity (BMI ≥ 30 kg.m-2) 496 (35.1%) 82 (23.0%) < 0.001

- Chronic kidney disease 134 (13.7%) 78 (26.2%) < 0.001

- Diabetes mellitus 643 (40.1%) 180 (46.4%) 0.025

- Dementia 11 (0.7%) 41 (10.6%) < 0.001

Charlson comorbidity index (median (IQR)) 1 (0, 3) 3 (1, 6) < 0.001

No comorbidities 237 (14.7%) 71 (18.3%) 0.002

Number of co-morbidities ≤ 2 390 (24.2%) 63 (16.2%)

Number of co-morbidities > 2 986 (61.1%) 254 (65.5%)

Clinical frailty scale (median (IQR)) 3 (2, 3) 6 (5, 6) < 0.001

Illness severity scores

APACHE 2 (median (IQR)) 14 (6, 23) 14 (9, 23) 0.07

APACHE 3 (median (IQR)) No data No data -

SAPS 2 (median (IQR)) 38 (24, 56) 41 (30, 57) 0.006

SOFA (median (IQR)) 7 (5, 12) 8 (5, 12) 0.09

Symptoms, n (%)

Respiratory 1344 (91.7%) 329 (89.9%) 0.25

Sputum 35 (4.0%) 14 (5.2%) 0.39

Fever 921 (62.9%) 183 (50.0%) < 0.001

Lethargy / Myalgia 416 (45.9%) 97 (35.0%) 0.001
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Characteristics Non-Frail Frail p-value*

Delirium 126 (8.6%) 72 (19.8%) < 0.001

Gastrointestinal 120 (13.3%) 27 (9.8%) 0.15

Symptom time (days) 8 (5, 11) 7 (4, 10) 0.001

Time to ICU (hours) 3 (1, 5) 3 (2, 5) 0.46

Pathology results (�rst 24hrs), median (IQR)

Acid base status

pH 7.41 (7.33, 7.46) 7.39 (7.33, 7.45) 0.20

PaO2 (mmHg) 70 (60, 84) 73 (59, 90) 0.18

PaCO2 (mmHg) 38 (33, 46) 38 (32, 44) 0.42

HCO3 (mmol/l) 24 (21, 26) 23 (20, 27) 0.024

SaO2 93 (89, 96) 94 (90, 96) 0.023

L-lactate (mmol/l) 11 (2, 16) 12 (7, 18) < 0.001

Biochemistry

CRP 154 (78, 248) 144 (52, 260) 0.11

Urea 33 (9, 66) 62 (25, 103) < 0.001

Creatinine 97 (71, 164 115 (79, 195) 0.002

LDH 471 (365, 629) 433 (316, 551) < 0.001

D-dimer 1670 (784, 5193) 2116 (1023, 5861) 0.002

Troponin 0.08 (0.02, 8.00) 0.05 (0.03, 0.16) 0.044

Haematology

Neutrophils 7.6 (5.0, 11.4) 7.8 (5.0, 11.5) 0.977

Lymphocytes 0.83 (0.57, 1.19) 0.72 (0.47, 1.1) < 0.001

N-L ratio 8.8 (5.2, 15.6) 10.0 (5.6, 18.9) 0.015

Platelets 217 (159, 300) 195 (131, 260) < 0.001

Radiology

Abnormal CXR 1237 (76.7%) 285 (73.5%) 0.102

SD - standard deviation, IQR - interquartile range, IHD - ischemic heart disease, CVD - cardiovascular disease, COPD - chronic obstructive pulmonary disease,
BMI – body mass index, APACHE - Acute Physiology and Chronic Health Evaluation, SAPS - Simpli�ed Acute Physiology Score, SOFA - Sequential Organ
Failure Score, PaO2 - partial pressure of oxygen, PaCO2 - partial pressure of carbon dioxide, SaO2 - arterial oxygen saturation, CRP - C-reactive protein, WCC -
white cell count, N-L - neutrophil-lymphocyte ratio, LDH - lactate dehydrogenase, CXR - chest X-ray

* Some of the results will be statistically signi�cant because of the large sample size but may not be clinically signi�cant.

** COPD and/or asthma
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Table 4
Unadjusted and adjusted (for age and sex) for ICU and hospital mortality (primary outcome) for patients among survivors and non-survivors who died after IC

and duration of mechanical ventilation (secondary outcome; adjusted for age, chronic respiratory disease, chronic kidney disease, ischemic heart disease,
admission source and APACHE 2 score), by CFS.

Clinical
frailty
scale

Number
of
patients

ICU
mortality*,

n (%)

Unadjusted
ICU
mortality,
OR (95%-
CI; p-value)

Adjusted
ICU
mortality,

OR (95%-
CI; p-
value)

Hospital
mortality*,

n (%)

Unadjusted
Hospital
mortality,

OR (95%-
CI; p-value)

Adjusted
Hospital
mortality,

OR (95%-
CI; p-
value)

Duration of Mechanical
Ventilation among ICU
survivors (days)

Duration of Mechanica
Ventilation among thos
dying after ICU (days)

Unadjusted
geometric
mean
(95%-CI)

Adjusted
geometric
mean^

(95%-CI)

Unadjusted
geometric
mean
(95%-CI)

Adjusted
geometr
mean^^

(95%-CI)

1 193 20
(10.4%)

Reference Reference 53
(27.5%)

Reference Reference 6.7

(4.5, 10.1)

9.5

(8.3,
10.7)

16.8

(13.1, 15.6)

15.7

(14.3,
17.1)

2 450 59
(13.1%)

0.82

(0.44, 1.51;
p = 0.52)

0.90

(0.48,
1.67; p = 
0.73)

165
(37.6%)

1.43

(0.98, 2.06;
p = 0.06)

1.37

(0.94,
2.00; p = 
0.10)

10.2

(8.9, 12.0)

8.5

(7.7, 9.4)

13.1

(11.0, 15.6)

14.7

(13.5,
15.9)

3 669 143
(21.4%)

0.87

(0.48, 1.52;
p = 0.58)

0.92

(0.51,
1.64; p = 
0.77)

295
(44.1%)

1.98

(1.40, 2.81;
p < 0.001)

1.57

(1.10,
2.25; p = 
0.014)

7.8

(6.6, 9.4)

7.6

(6.9, 8.2)

12.1

(10.7, 13.8)

13.8

(12.7,
14.8)

4 301 67
(22.3%)

0.90

(0.49,
1.65); p = 
0.74)

0.88

(0.47,
1.63; p = 
0.68)

161
(53.5%)

3.04

(2.06, 4.48;
p < 0.001)

2.21

(1.48,
3.30; p < 
0.001)

7.8

(6.6, 9.4)

6.6

(5.9, 7.2)

11.8

(9.6, 14.6)

12.8

(11.7,
13.8)

5 180 49
(27.2%)

1.16

(0.61, 2.19;
p = 0.65)

0.99

(0.51,
1.90; p = 
0.97)

109
(60.6%)

4.04

(2.62, 6.24;
p < 0.001)

2.70

(1.71,
4.25; p < 
0.001)

7.5

(5.6, 10.0)

5.6

(4.8, 6.4)

10.6

(8.6, 13.2)

11.8

(10.7,
13.0)

6 124 33
(26.6%)

1.28

(0.64, 2.55;
p = 0.48)

1.15

(0.57,
2.33; p = 
0.70)

89
(64.5%)

4.62

(2.85, 7.51;
p < 0.001)

3.16

(1.91,
5.23; p < 
0.001)

8.2

(6.2, 11.0)

4.6

(3.6, 5.7)

11.3

(7.9, 16.0)

10.8

(9.5,
12.2)

7 70 17
(24.3%)

0.90

(0.41, 1.97;
p = 0.80)

0.80

(0.36,
1.78; p = 
0.59)

43
(61.4%)

3.91

(2.20, 6.94;
p < 0.001)

2.61

(1.44,
4.73; p = 
0.002)

7.9**

(5.2, 12.0)

3.6**

(2.3, 5.0)

7.3**

(4.6, 11.6)

9.9**

(8.2,
11.5)

8 14 5 (35.7%) 1.26

(0.36, 4.35;
p = 0.72)

1.05

(0.30,
3.74; p = 
0.94)

12
(85.7%)

14.73

(3.19, 67.9;
p = 0.001)

14.20

(2.98,
67.6; p = 
0.001)

ICU - intensive care unit, OR - odds ratio, 95%-CI − 95% con�dence interval

* Dichotomized unadjusted analysis for frail vs. non-frail patients: ICU mortality: 26.8% vs. 17.9%; p = 0.044; Hospital mortality: 65.2% vs. 41.8%; p < 0.001

** Note: Due to small sample numbers, CFS 7 & 8 were combined for duration of mechanical ventilation

^ Dichotomous comparison: non-frail vs. frail adjusted geometric mean for mechanical ventilation in survivors = 7.7 (7.0, 8.3) vs. 4.6 (3.5, 5.7); p < 0.001

^^ Dichotomous comparison: non-frail vs. frail adjusted geometric mean for mechanical ventilation in non-survivors = 13.9 (12.8, 15.0) vs. 10.8 (9.5, 12.3); p < 
0.001

Figures
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Figure 1

Hospital mortality according to Clinical Frailty Scale (CFS) score for all patients adjusted for age and sex. Panel (a) is the raw (unadjusted) data by CFS. Panel
(b) is the data adjusted for age and sex. Panel (c) is as for (b) with ventilation included.

Figure 2
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Graphical representation of cumulative incidence of death for frailty.

Figure 3

Total ICU bed-days strati�ed by Clinical Frailty Scale (CFS) comparing survivors and non-survivors.
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