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Key points:

e Age and frailty were independently associated with increased risk of mortality in
hospitalised patients with COVID-19

e Delirium was not predictive of mortality but was predictive of critical care admission
with COVID-19

e Age, frailty, and delirium were associated with increased odds of transitions of care
needs at discharge in survivors

Abstract

Introduction:

Increased mortality has been demonstrated in older adults with COVID-19; but the effect of frailty

has been unclear.

Methods:

This multi-centre cohort study involved patientsiaged 18 years and older hospitalised with COVID-19,
using routinely collected data. We used Cox regression analysis to assess the impact of age, frailty,
and delirium on the risk of ihpatient mortality, adjusting for sex, illness severity, inflammation, and
co-morbidities. We useduordinal logistic regression analysis to assess the impact of age, Clinical
Frailty Scale (CFS),.and delirium on risk of increased care requirements on discharge, adjusting for

the samevariables.

Results:

Data from 5711 patients from 55 hospitals in 12 countries were included (median age 74, IQR 54 —
83; 55.2% male). The risk of death increased independently with increasing age (>80 vs 18-49: HR

3.57, Cl 2.54 — 5.02), frailty (CFS 8 vs 1-3: HR 3.03, Cl 2.29 — 4.00) inflammation, renal disease,
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cardiovascular disease, and cancer, but not delirium. Age, frailty (CFS 7 vs 1-3: OR 7.00, Cl 5.27 —
9.32), delirium, dementia, and mental health diagnoses were all associated with increased risk of
higher care needs on discharge. The likelihood of adverse outcomes increased across all grades of

CFS from 4 to 9.

Conclusions:

Age and frailty are independently associated with adverse outcomes in COVID-19. Risk of increased

care needs was also increased in survivors of COVID-19 with frailty or older agé:

Background

Coronavirus disease 2019 (COVID-19) is a mdulti-system disease caused by the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS=CoV-2). Early data suggested older and/or co-morbid
adults were at increased risk of adverse outcomes (1-4). The Clinical Frailty Scale (CFS) (5, 6) featured
in critical care escalation guidelines in United Kingdom (UK) and Canada (7). Early evidence of impact
of frailty produced mixed findings; studies suggested frailty was (8), and was not (9, 10) associated
with increased mortality with COVID-19. Our collaborative previously demonstrated in other
conditions that delirium is common and associated with adverse outcomes, especially in frail older
adults (11). Two distinct cohorts identified that delirium is more common in frail older adults with
COVID-19 (12). Thus, a need for research on delirium and frailty with COVID-19 was recognised (13).
Additionally, prolonged recovery has been reported in survivors (14), although the impact of COVID-

19 upon transitions of care needs with age and frailty has not been previously studied.

120z Adenigad || uo 1sanb Aq g£68719/9zZ0gele/Buiebe/ce0 1 01 /10p/ejonie-aoueape/Buiebe/wod dno-olwapese)/:sdny woJj papeojumoq



Objective

To evaluate the association of age, frailty, and delirium with adverse outcomes including mortality
and secondary outcomes to include critical care admission, incident delirium, and transitions of care

needs in survivors in hospitalised patients with COVID-19.

Methods

Study design and setting

We included unscheduled hospital admissions ofiadults/aged 218 years-old with COVID-19 infection
in this observational study. Emergency department discharges and nosocomial COVID-19 were
excluded. Prospective data upload~upon ‘clinical suspicion was encouraged; clinicians identified
patients during medical clerking, oraward transfer. Retrospective identification was dependent on

local COVID-19 coding processes,involving medical records, informatics, or microbiology.

Investigation was-led through the Geriatric Medicine Research Collaborative (GeMRC) (15, 16). The
protocol was openly available on GeMRC, British Geriatrics Society, and University of Birmingham
REDCap webpages, and disseminated via emails and social media. Sites were required to obtain
local, regional, and national approvals, and declare these were in place when registering. Data
sharing agreements were arranged where required. Sites were provided REDCap data upload logins;
secure encrypted web-based data management software. Sites uploaded anonymised patient-level

data onto REDCap. Independent data managers ensured quality control.
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Case definition and laboratory confirmation

Suspected COVID-19 infection was diagnosed clinically considering symptoms, radiology, and
laboratory tests. Laboratory confirmation was conducted according to local policies and World
Health Organization guidance; identification of SARS-CoV-2 from reverse transciptase polymerase
chain reaction (RT-PCR) from oropharyngeal or high nasal swabs (RdRp gene assay), or antibodies
against SARS-CoV-2 in serum samples 214 days after symptom onset. Patientswere included if there

was strong clinical suspicion but no laboratory confirmation.

Variables and data sources

Data were extracted from routinely collected clinical information; variables are outlined in the online
supplement (Table-S1). Screening with the 4 ‘A’s Test (4AT) (17) on admission was recommended; 24
was suggestive of prevalent, delirium. Incident delirium was defined as documented emergent
delirium during admission<Frailty was derived based on function two weeks before admission using

the 9-point CFS (6), by,prospective clinical assessment or retrospectively from medical records.

Study oltcomes

Primary end point was death during index admission. Secondary end points were critical care

admission, incident delirium, and increased care requirements at discharge (as defined below).
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Statistical methods

Data analysis was performed using STATA SE version 16 (StataCorp LLC, Texas, USA) by an
independent statistician (KO). Descriptive variables were expressed as median and Interquattile
Range (IQR), and counts; chi-squared and Mann-Whitney U tests were applied for statistical

significance of mortality differences.

Primary outcome

We used Cox proportional survival analysis to assess impact of delirium and frailty upon inpatient

mortality. Univariable and multivariable analyses‘were conducted:

e Model 1: Variables previously associated with COVID-19 adverse outcomes; age (3, 18), sex
(3, 18), C-Reactive protein/ (CRP) (3), Ferritin (19, 20), Body Mass Index (BMI) (21), Alanine
aminotransferase (3);,lymphocyte: neutrophil ratio, Glomerular Filtration Rate (Modification
of Diet in Renal Disease, MDRD, formula (22)) (3), co-morbidities coded individually (3, 18),
and illness severity (3) by admission National Early Warning Score (NEWS) (23).

o Model, 2: Variables above with CFS; CFS 1-3 was the comparison group, and CFS 9 and
missing CFS were separate discrete groups (6). Additional analyses were conducted with age
and frailty (excluding CFS 9) as continuous variables.

e Model 3: Variables in Models 1 and 2 and delirium (prevalent/incident).

We performed Wald and Likelihood Ratio tests for model fit for age and frailty individually and

together as predictors in all models. In addition, we assessed for multiplicative interactions between
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age and frailty upon the primary outcome of mortality censored at the point of discharge. Frailty was

grouped with the exclusion of CFS 9 in these models (CFS 1-3, CFS 4-6, CFS 7-8, CFS missing).

Sensitivity analysis

We performed sensitivity analyses on models for the primary outcome:

1. Excluding patients aged <65 years-old

2. Excluding patients admitted to hospitals outside the UK

Secondary outcomes

We used binary logistic regression to assess.impact of variables on critical care admission and
incident delirium (excluding prevalent delirium),/and ordinal logistic regression to assess impact
upon care requirements at discharge. Incident delirium was considered as any new diagnosis of
delirium by a healthcare professional at any time during admission, where this was not present at
admission. Increased care was defined as transitions across three care levels: living at home without

formal care, living atthome'with formal care, or living in a 24-hour long-term care facility.

Results

The study includes data from 5711 individuals with COVID-19 admitted to 55 hospitals in 12

countries. Figure-S1 shows reasons for data exclusion. Table-S2 demonstrates participating site
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locations.

characteristics.

Table-1 — Baseline characteristics of patients included in study

Median age was 74 and 55.2% were male. Table-1 shows full baseline patient

Death during admission

All patients Yes No
(N=5711) (N=1596) (N=4115) p value

Age Median (IQR) 74 (58 — 83) 80 (72 - 87) 69 (54 —82) <0.001

(N=5,711)

Distribution — N (%)

18-49 817 (14.3) 49 (3.1) 768 (18.7)

50-64 1,118 (19.6) 156 (9.8) 962'(23.4) <0.001
65-79 1,698 (29.7) 537 (33.7) 1,161 (28.2)

280 2,078 (36.4) 854 (53.5) 1,224 (29.7)

Female — N (%) 2,562 (44.9) 624 (39.1) 1,938 (47.1) <0.001

Temperature: <36°C 391 (6.9) 134 (8.4) 257 (6.3)

Distribution— N (%)  36.0 — 37.5°C 2,977 (52.1) 776 (48.6) 2,201 (53.5)
37.5-37.9°C 699 (12.2) 223%14.0) 476 (11.6) 0.001
38.0 -39.0°C 1,271 (22.3) 348 (21.8) 923 (22.4) ’
>39.0°C 260 (4.6) 83(5.2) 177 (4.3)

Missing 113 (2.0) 32(2.0) 81(2.0)

Oxygen None (Fi0,21%) 2,215 (38:8) 574 (36.0) 1,641 (39.9)

requirement: FiO, 22 - 29% 423 (7.4) 96 (6.0) 327 (8.0)

Distribution =N (%)  fi0, 30 - 39% 227 (40) 66 (4.1) 161 (4.0) <0.001
FiO, >40% 864 (15.1) 392 (24.6) 484 (11.5)

Missing 1,982 (34.7) 468 (29.3) 1,514 (36.8)

Body Mass Index Median (IQR) 26.7 (23.1-31.0) 26.0 (22.4- 26.9 (23.4- 0.002

(N=3,599) 30.5) 31.2)

Distribution = N (%)

<18.5 163 (2.9) 46 (2.9) 117(2.8)

185 -24.9 1,221 (21.4) 333(20.9) 888 (21.6) <0.001
25.0-29.9 1,123 (19.7) 234 (14.7) 889 (21.6)

230.0 1,092 (19.1) 233 (14.6) 859 (20.9)

Missing 2,112 (37.0) 750 (47.0) 1,362 (33.1)

Symptoms — N (%) Fever 2,997 (52.5) 783 (49.1) 2,214 (53.8) <0.001
Cough/ 3,976 (69.6) 1,103 (69.1) 2,873 (69.8) 0.602
breathlessness
Confusion 1,161 (20.3) 444 (27.8) 717 (17.4) <0.001
Other 2,462 (43.1) 617 (38.7) 1,845 (44.8)

Prevalent Delirium — No 4,288 (75.1) 1,087 (68.1) 3,201 (77.8)

N.(%) Yes 1,120 (19.6) 443 (27.8) 677 (16.5) 0.001
Missing 303 (5.3) 66 (4.1) 237 (5.8)

Composite delirium No 3,512 (61.5) 818 (51.3) 2,694 (65.5)

(incident/prevalent) Yes 1,559 (27.3) 630 (39.5) 929 (22.6) <0.001

- N (%) Missing 640 (11.2) 148 (9.3) 492 (12.0)

Clinical Frailty Scale 1-3 2,069 (36.2) 251 (15.7) 1,818 (44.2)

- N (%) 4 571 (10.0) 174 (10.9) 397 (9.7) <0.001
5 604 (10.6) 207 (13.0) 397 (9.7)
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Co-existing
condition — N (%)

Previous residence —
N (%)

Medications — N (%)

Neutrophil to
Lymphocyte ratio
C-Reactive Protein

Ferritin

Glomerular
Filtration Rate

O 00 N O

Missing

Any

Diabetes Mellitus
Cardiovascular
Disease

Respiratory Disease
Cancer

Mental Health
Dementia

Human
Immunodeficiency
Virus

Own home no formal
care

Own home with
formal care

24-hour long-term
care facility

Missing
ACE-inhibitors or
Angiotensin receptor
blockers
Non-steroidal anti-
inflammatory drugs
Steroids
Immunosuppressants
Chemotherapy
Anti-retrovirals
Median (IQR)
(N=5,255)

Median (IQR)~ mg/L
(N=5;289)
Distribution — N (%)
<10

10-40

>40

Missing

Median (IQR) — mg/L
(N=1734)
Distribution — N (%)
<100

100 - 1000

>1000

Missing

Median (IQR)
(N=5,275)

>90

60 -89

880 (15.4)
761 (13.3)
165 (3.0)
31(0.5)
630 (11.0)
4,765 (83.4)
1,669 (29.2)

2,847 (49.9)

1,459 (25.6)
622 (11.0)
482 (8.4)
911 (16.0)

16 (0.3)

3,453 (60.5)

802 (14.0)

1,010 (17.7)

446 (7.8)

1,330 (23.3)

328,(5.7)

509 (8.9)
177 (3.1)
86 (1.5)
34 (0.6)

6.0 (3.5-10.7)

76 (29 — 148)

578 (10.1)
1,072 (18.8)
3,639 (63.7)

422 (7.4)

580 (257 —1249)

160 (2.8)
1,039 (18.2)
535 (9.4)
3977 (70.0)

57.6 (37.8 - 78.8)

851 (14.9)
1,611 (28.2)

318 (19.9)
308 (19.3)
(5.8)
(1.1)
228 (14.3)
1,483 (92.9)
544 (34.1)

92
18

1,013 (63.5)

427 (26.8)
234 (14.7)
124 (7.8)
387 (24.3)

0(0.0)

760 (47.6)
285 (17.9)

442 (27,7)

109 (6.8)

405 (25.4)

98 (6.1)

163 (10.2)
37 (2.3)
18 (1.1)
6 (0.4)

8.2 (4.7-8.2)

111 (54 - 197)

66 (4.1)
207 (13.0)
1,199 (75.1)
124 (7.8)
681 (322 —
1415)

19 (1.2)
268 (16.8)
149 (9.3)

1,160 (72.7)
43.2 (26.4 -
64.4)

147 (9.2)

291 (18.2)

562 (13.7)
453 (11.0)
73 (1.8)
13 (0.3)
402 (9.8)
3,282 (79.8)
1,125 (27.3)

1,834 (44.6)

1,032 (25.1)
388 (9.4)
358 (8.7)
524 (12.7)

16 (0.4)

2,693 (65.4)

517 (12.6)

568 (13.8)

337 (8.2)

925 (22.5)

230 (5.6)

346 (8.4)
140 (3.4)
68 (1.7)
28 (0.7)

5.4(3.2-9.2)

63 (23 -126)

512 (12.4)
865 (21.0)
2,440 (59.3)
298 (7.2)
544 (231 -
1192)

141 (3.4)
771 (18.7)

386 (9.4)
2,817 (68.5)
62.7 (44.2 —

82.5)

704 (17.1)
1,320 (32.1)

<0.001
<0.001

<0.001

0.193
<0.001
0.256
<0.001

0.013

<0.001

0.001

0.003

<0.001
0.010
0.001
0.036

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

<0.001
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Alanine
aminotransferase
(ALT) - U/L

Confirmation - N
(%)

OUTCOMES

45-59
30-44
15-29

<15

Missing
Median (IQR)
(N=4631)

Distribution — N (%)
<40

240

Missing

Clinical suspicion
PCR

Antibody test

Length of stay/ days to death — Median (IQR)

(N=4,939)
Incident delirium —
N (%)

Critical care
admission — N (%)

None

Incident with no
documented
prevalent delirium
Incident delirium with
documented
prevalent delirium
Missing

No

Yes
Missing

1,033 (18.1)
877 (15.4)
561 (9.8)
342 (6.0)
436 (7.6)

24 (16 — 41)

3,468 (60.7)
1,164 (20.4)
1,079 (18.9)
498 (8.7)
5200 (91.1)
13 (0.2)

8 (4-16)

3,985 (69.8)

439 (7.7)

748 (13.1)

539 (9.4)
5063 (86.7)

647 (11.3)
1(<0.1)

266 (16.7)
345 (21.6)
281 (17.6)
161 (10.1)
105 (6.6)

24 (16 — 40)

987
327

61.8)
20.5)
282 (17.7)
80 (5.1)
1514 (94.9)
2(0.1)

—_— e~ o~ —

7(4-13)

957 (60.0)

187+(11.7)

321(20.1)

9.44 (8.2)
1370 (85.8)

226 (14.2)
0(0.0)

767 (18.6)
532 (12.9)
280 (6.8)
181 (4.4)
331 (8.0)

24 (16— 41)

2,481 (60.3)
837 (20.3)
797 (19.4)
418 (10.2)
3686'(89.6)
11(0.3)

9.(4-18)

3,028 (73.6)

252 (6.1)

427 (10.4)

408 (10.0)
3693 (89.7)

421 (10.2)
1(<0.1)

0.895

0.329

<0.001

<0.001

<0.001

ACE = Angiotensin converting enzyme, inhibitors, FiO, = Fraction of inspired oxygen, IQR

Interquartile range, PCR = Polymerase-chain reaction, P-values= Chi’ tests for categorical data, and

Mann-Whitney U-test for continuous data.

Mortality

Risk.of death increased independently with age and frailty in univariable and multivariable analyses

(Table-2), including with age and frailty as continuous variables (Table-S3, online supplement). Risk

of death tripled >80 years-old (HR 3.57, 95%CI 2.54-5.02), compared to 18-50, and in very severely

frail individuals (CFS 8 vs. CFS 1-3) (HR 3.03, 95%Cl 2.29-4.00). Model 1 and 2 are available online

(Table-S4). Age and frailty together and not individually as predictor variables improved model of fit
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(LR ¥3(7)=91.3, p<0.001; Wald x?(10)=207.9, p<0.001). Additionally, mortality risk increased with age
and frailty together in multiplicative interactions (Table-S5, Figure-S2). Delirium was predictive of
mortality in univariable but not multivariable analysis. Risk of death increased with higher CRP or
ferritin, more severe renal disease, and cancer. Mortality did not differ across BMI cut-offs; risk of
death was increased with missing BMI. Figure-1 demonstrates Kaplan-Meier curves for risk of death
for frailty and delirium. Results were not affected by sensitivity analyses for 265 years-old,0r UK

data only (Table-S6, Table-S7).

Table-2 — Cox regression models for risk of death

Univariable Multivariable
HR 95% Cl P-value ~ HR 95% Cl P-

Value

Delirium

No Ref Ref

Yes 130 1.17-1.44 ~ 20.001 0.97 0.86-1.09 0.588

Missing 0.95 0.80- 113 0562 079 0.65-0.97 0.028

Frailty Distribution

1-3 Ref Ref

4 208 ~171-252  <0.001 1.63 1.32-2.02  <0.001

5 230 %.191-276 <0.001 1.68 1.36-2.08  <0.001

6 232 196-274 <0.001 177 1.45-217  <0.001

7 262/ 222-310 <0.001 190 1.54-234  <0.001

8 448 353-5.69  <0.001 3.03 2.29-4.00  <0.001

9 415 257-6.70  <0.001 2.37 1.38-4.06 0.002

Missing 3.15 2.63-3.77 <0.001 242 1.96-299  <0.001

Age Distribution

18- 49 years Ref Ref

50-64 years 2.03 1.47-2.80 <0.001 196 1.38-2.77  <0.001

65-80 years 404 3.01-541  <0.001 293 2.10-4.09  <0.001

>80 years 5.07 3.80-6.77 <0.001 3.57 254-502  <0.001

Sex

Female Ref Ref

Male 129 1.17-1.43  <0.001 122 1.09-1.36 0.001

NEWS

0-4 (Low risk) Ref Ref

5-6 (Medium risk) 143  1.24-1.65 <0.001 1.53 1.31-1.78  <0.001

27 (High risk) 214 1.90-241 <0.001 2.11 1.85-2.41  <0.001

Missing 2.00 1.71-2.35 <0.001 1.75 1.47-2.09 <0.001
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CRP

< 10mg/I

10-40mg/I

>40mg/|

Missing

Ferritin

<100 ng/ml

100 — 1000 ng/ml
>1000 ng/ml
Missing

Alanine transferase
< 40 |U/L

> 40 U/L

Missing
Neutrophil: Lymphocyte Ratio
BMI

18.5-25 kg/m”
<18.5kg/m’
25-30kg/m’
>30kg/m”

Missing

eGFR (mL/min/1.73 m?)
>90

60-89

45-59

30-44

15-29

<15

Missing
Comorbidities
Diabetes Mellitus
Cardiovascular Disease
Respiratory Disease
Cancer

Mental Health
Dementia

Ref
1.48
2.53
2.55

Ref
2.05
1.95
2.32

Ref
1.04
1.11
1.01

Ref
0.87
0.82
0.79
1.40

Ref
0.93
1.27
1.95
2.50
2:37
0:94

1.22
1.60
1.07
1.33
0.94
1.42

1.12-1.95
1.98-3.24
1.89-3.44

1.29-3.27
1.21-3.15
1.47-3.64

0.92-1.18
0.97-1.27
1.01-1.01

0.64-1.18
0.69-0.97
0.67-0.93
1.23-1.59

0.76-1.14
1.04 -1.55
1.61-2.37
2.05-3.06
1.89-2.96
0.73-1.21

1.10-1.36
1.45-1.77
0.96-1.20
1.16-1.53
0.78-1.13
1.27-1.60

0.006
<0.001
<0.001

0.002
0.006
<0.001

0.557
0.120
<0.001

0.371

0.018

0.006
<0.001

0.479
0.022
<0.001
<0.001
<0.001
0.632

<0.001
<0.001
0.231
<0.001
0.495
<0.001

Ref
1.23
1.87
2.22

Ref
1.83
1.75
1.90

Ref
1.16
0.95
1.00

Ref
0.73
095
1.03
1.43

Ref
0.75
0.93
1.22
1.37
1.51
1.01

1.07
1.08
0.94
1.20
0.86
1.06

0.92-1.65
1.44 -2.44
1.55-3.18

1.14-2.93
1.07-2.85
1.20-3.00

1.01-1.33
0.81=1.11
1.00 =1.01

0.52-1.02
0.79-1.13
0.86-1.24
1.24-1.64

0.61-0.92
0.75-1.15
0.99-1.50
1.10-1.70
1.19-1.93
0.68-1.50

0.96-1.20
0.96-1.21
0.84-1.06
1.04-1.39
0.70-1.04
0.92-1.22

0.157
<0.001
<0.001

0.012
0.025
0.006

0.033
0.502
0.018

0.069

0.539

0.758
<0.001

0.006
0.485
0.056
0.004
0.001
0.966

0.231
0.199
0.320
0.015
0.119
0.400

NEWS = National Early Warning Score; CRP = C-Reactive Protein;, BMI = Body Mass Index; eGFR =

Estimated Glomerular Filtration Rate by Modified Diet in Renal Disease formula
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Critical care admission

Critical care admissions were more likely with greater illness severity, CRP, or ferritin, or BMI <18.5
or 230 (Table-3), and less likely with age, frailty, and dementia. Admissions were six times less likely
in >80 years-old compared to 18-50 (OR 0.13, 95%Cl 0.08-0.21). Delirium was independently
associated with critical care admission (OR 2.67, 95%Cl 2.06—3.46). Model 1 and 2 are-available

online (Table-S8).

Table-3 — Odds ratios derived from logistic regression for secondary outcome of critical care
admission

Univariable Multivariable

OR 95% ClI P-value - OR 95% CI P-value
Delirium
No Ref Ref
Yes 1.01 084-122 , 0.88 267 2.06-3.46 <0.001
Missing 1.01 .0.78~132 0.925 1.10 0.79-1.54  0.566
Frailty Distribution
1-3 Ref Ref
4 0.54, 0.41-0.71 <0.001 0.73 0.52-1.01  0.059
5 027 0.19-0.37 <0.001 0.37 0.24-056 <0.001
6 0.16 0.11-0.22 <0.001 0.32 0.21-051 <0.001
7 0.05 0.03-0.10 <0.001 0.10 0.05-0.20 <0.001
8 0.02 0.00-0.16 <0.001 0.05 0.01-0.41  0.005
9 0.12 0.02-092  0.041 - - -
Missing 0.33 0.24-0.45 <0.001 0.54 0.37-0.79  0.002
Age Distribution
18- 49 years Ref Ref
50-64 years 1.15 0.92-1.44 0.227 1.02 0.78-1.34  0.868
©5-80 years 0.57 0.45-0.71 <0.001 0.68 0.50-0.92  0.013
> 80 years 0.07 0.05-0.11 <0.001 0.13 0.08-0.21 <0.001
Sex
Female Ref Ref
Male 1.83 1.54-218 <0.001 1.22 0.97-152  0.083
NEWS
0-4 (Low risk) Ref Ref
5-6 (Medium risk) 2.38 1.86-3.04 <0.001 193 1.46-2.54 <0.001
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>7 (High risk)
Missing

CRP

< 10mg/I

10-40mg/I

>40mg/|

Missing

Ferritin

<100 ng/ml

100 — 1000 ng/ml
>1000 ng/ml
Missing

Alanine transferase
< 40 |U/L

> 40 U/L

Missing
Neutrophil: Lymphocyte Ratio
BMI

18.5-25 kg/m”
<18.5kg/m’
25-30kg/m’
>30kg/m”

Missing

eGFR (mL/min/1.73 m?)
>90

60-89

45-59

30-44

15-29

<15

Missing
Comorbidities
Diabetes Mellitus
CardiovascularDisease
Respiratory Disease
Cancer

Mental Health
Dementia

4.27
2.55

Ref
1.60
3.17
2.93

Ref
3.54
8.72
1.24

Ref
2.47
0.73
1.01

Ref
0.21
1.97
2.71
0.87

Ref
0.82
0.85
0:/71
0.76
0.70
0.39

1.16
0.74
0.90
0.80
0.77
0.06

3.46-5.27
1.90-3.44

1.02-2.51
2.13-4.72
1.81-4.75

1.77-7.07
4.35-17.49
0.63-2.46

2.06 - 2.96
0.56-0.95
1.00-1.01

0.06 - 0.66
1.52-2.56
2.10- 348
0.67-1.13

0.64-1.05
0.65-1.11
0.53-0.95
0.55-1.06
0.47-1.05
0.25-0.61

0.97-1.38
0.63-0.87
0.74-1.09
0.61-1.06
0.56-1.06
0.03-0.12

<0.001
<0.001

0.040
<0.001
<0.001

<0.001
<0.001
0.535

<0.001
0.017
0.051

0.008
<0.001
<0.001

0.292

0.11
0.226
0.022
0.108
0.082

<0.001

0.101
<0.001
0.279
0.125
0.112
<0.001

4.01
3.42

Ref
1.44
1.82
3.52

Ref
2.05
3.83
0.91

Ref
1.18
0.70
1.01

Ref
0.20
1.33
1.46
0.80

Ref
0.90
1.28
1.21
1.34
0.99
1.01

1.15
1.17
1.06
1.14
0.96
0.26

3.13-5.15
2.36-4.96

0.87-2.40
1.14 - 2.88
1.90-6.52

0.96-4.40
1.76-8.35
0.43-1.93

0.94- 148
0:50 -0.98
1.00-1.02

0.05-0.86
0.98-1.82
1.08-1.98
0.58-1.09

0.67-1.22
0.91-1.79
0.83-1.77
0.87-2.07
0.60-1.64
0.55-1.86

0.92-143
0.94-1.47
0.84-1.34
0.81-1.60
0.66-1.40
0.12-0.56

<0.001
<0.001

0.154
0.011
<0.001

0.064
0.001
0.802

0.144
0.039
0.114

0.031
0.068
0.014
0.154

0.504
0.160
0.322
0.184
0.962
0.973

0.226
0.161
0.626
0.464
0.842
0.001

NEWS = National Early Warning Score; CRP = C-Reactive Protein;, BMI = Body Mass Index; eGFR =

Estimated Glomerular Filtration Rate by Modified Diet in Renal Disease formula
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Incident delirium

Delirium incidence was 9.6%. Incident delirium odds increased with age but not frailty (Table-4). Risk
in >80 year-olds was double that of 18-50 (OR 2.21, 95%Cl 1.37-3.59). Incident delirium odds were
independently associated with male sex, illness severity, and cardiovascular disease. Dementia was

not associated with incident delirium. Model 1 is available online (Table-S9).

Table-4 — Odds ratios derived from logistic regression for secondary outcomes of.incident delirium

Univariable Multivariable

OR 95% Cl P-value “OR 95% CI P-value
Frailty Distribution
1-3 Ref Ref
4 149 1.04-2.12 0.028 1.07 0.72-1.60 0.745
5 1.43 1.01-2.04 0.045 1.06 0.71-1.58 0.779
6 1.86 1.39-249 <0.001 124 0.86-1.79 0.258
7 197 1.46-2.66 <0.001 138 0.94-2.03 0.102
8 248 1.51-4.06 <0.001 135 0.75-2.44 0.317
9 1.17¢ 0.28,-4.97 0.830 041 0.05-3.10 0.386
Missing 121 0.84-1.75 0.299 096 0.63-1.45 0.831
Age Distribution
18- 49 years Ref Ref
50-64 years 1.57 1.01-2.42 0.045 1.29 0.82-2.03 0.272
65-80 years 2.07 1.38-3.09 <0.001 159 1.01-2.51 0.045
> 80 years 293 1.99-4.30 <0.001 221 1.37-3.59 0.001
Sex
Female Ref Ref
Male 1.24 1.01-1.51 0.037 126 1.01-1.57 0.039
NEWS
0-4.(Low risk) Ref Ref
5-6 (Medium risk) 1.08 0.81-1.43 0.600 1.02 0.76-1.38 0.876
27 (High risk) 1.76 1.40-2.21 <0.001 152 1.18-1.96  0.001
Missing 1.40 1.00-1.97 0.050 132 091-1.91 0.141
CRP
< 10mg/I Ref Ref
10-40mg/I 1.40 0.93-2.13 0.110 121 0.78-1.89 0.392
>40mg/I 149 1.03-2.17 0.034 115 0.77-1.72 0.505
Missing 0.82 0.46-1.45 0.499 096 0.47-1.98 0.923
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Ferritin

<100 ng/ml Ref Ref

100 - 1000 ng/ml 1.40 0.93-2.13 0.110 146 0.73-2.92 0.283
>1000 ng/ml 149 1.03-2.17 0.034 1.62 0.78-3.36 0.197
Missing 0.82 0.46-1.45 0.499 1.02 0.52-2.00 0.945
Alanine transferase

<40 1U/L Ref Ref

>401U/L 1.08 0.85-1.37 0.552 1.17 0.90-1.52 0.248
Missing 0.79 0.60-1.04 0.088 098 0.72-1.32 0.873
Neutrophil: Lymphocyte Ratio 1.01 1.00-1.02  0.002 101 1.00-1.01 0175
BMI

18.5-25 kg/m’ Ref Ref

<18.5kg/m?’ 146 0.85-2.53 0.172 1.25 0.70-2.22 0.455
25-30kg/m’ 091 0.66-1.25 0.570 0.94 0.67-1731 0.695
>30kg/m’ 095 0.70-1.31 0.767 1.15 . 0.82.- 1:62 0.423
Missing 1.16 0.89-1.51 0.260 1.06. 0.80+1.40 0.688
eGFR (mL/min/1.73 m?)

>90 Ref Ref

60-89 0.84 0.61-1.16 0.291 0.75 0.53-1.05 0.089
45-59 094 0.66-1.33 0.706 0.71 0.49-1.03 0.074
30-44 139 0.99-1.94 0.055 0.90 0.62-1.30 0.575
15-29 150 1.04-247 0:031 0.88 0.58-1.32 0.535
<15 1.14 0.72°-1.80 0.577 0.76 0.46-1.27 0.299
Missing 0.59 0.35-0.99 0.046 0.58 0.25-1.35 0.210
Comorbidities

Diabetes Mellitus 1.20 0.97-1.48 0.087 1.04 0.82-1.30 0.763
Cardiovascular Disease 1.67, 1.37-2.04 <0.001 129 1.03-1.62 0.028
Respiratory Disease 1.67° 1.37-2.04 <0.001 1.13 0.90-1.42 0.278
Cancer 1.00 0.74-1.37 0.976 0.89 0.64-1.24 0.492
Mental Health 1.00 0.70-1.42 0.993 1.07 0.75-1.55 0.701
Dementia 144 1.13-1.84 0.003 1.12 0.83-1.49 0.460

NEWS = National Eatly Warning Score; CRP = C-Reactive Protein;, BMI = Body Mass Index; eGFR =
Estimated Glamerular Filtration Rate by Modified Diet in Renal Disease formula

Transitions of care needs

Increased care risk increased with age, frailty, delirium, dementia, and mental health problems

(Table-5). Likelihood of increased care >80 years-old was triple that for 18-50 (OR 3.07, 95%Cl 2.25-
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4.20). Increased care levels were seven times more likely with severe frailty (CFS 7) than without

frailty (CFS 1-3) (OR 7.00, 95%CI| 5.27-9.32). Models 1 and 2 are available online (Table-510).

Table-5 — Odds ratios derived from ordinal logistic regression for secondary outcomes of increased
care level on discharge

Univariable Multivariable
OR 95% CI P-value OR 95% CI P-value

Delirium
No Ref Ref
Yes 422 3.65-4.89 <0.001 1.83  153-2.19 7 <0.001
Missin 41.80 - 73.02 -

g 53.46 63,37 <0.001 100.10 1371 <0.001
Frailty Distribution
1-3 Ref Ref
4 2.69 2.13-3.40 <0.00%. 193 1.47-254 <0.001
5 3.77 3.03-4.70 <0.001{ 255 1.94-3.34 <0.001
6 8.26 6.82-10.01 . <0.001- 509 3.92-6.60 <0.001
7 109 8.93-13.29 '<0.001 7.00 527-9.32 <0.001
8 10.87 7.40-1597 <0.001 6.06 3.73-9.85 <0.001
9 7.59 294-4955 <0.001 368 1.19-11.39 0.024
Missing 449 £355-568 <0.001 1.36 1.00-1.85  0.049
Age Distribution
18- 49 years Ref Ref
50-64 years 1.56, 1.24-1.97 <0.001 137 1.04-1.82  0.026
65-80 years 3:95 3.19-490 <0.001 2.20 1.66-2.93 <0.001
> 80 years 7.16 5.80-883 <0.001 3.07 2.25-420 <0.001
Sex
Female Ref Ref
Male 0.70 0.62-0.79 <0.001 0.98 0.84-1.15 0.812
NEWS
0-4 (Lowyrisk) Ref Ref
5-6 (Medium risk) 0.84 0.72-0.99  0.040 1.10 0.90-1.33  0.355
27 (High risk) 1.02 0.88-1.19  0.788 1.15  0.95-1.39  0.159
Missing 0.87 0.69-1.10  0.242 0.25 0.18-0.36 <0.001
CRP
<10mg/I Ref Ref
10-40mg/I 1.23 0.99-1.53  0.063 1.02  0.79-1.33  0.858
>40mg/I 1.21  1.00-1.46  0.052 1.08 0.85-1.37  0.529
Missing 2.74 2.07-3.61 <0.001 358 2.40-5.33 <0.001
Ferritin

<100 ng/ml Ref Ref
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100 — 1000 ng/ml
>1000 ng/ml

Missing

Alanine transferase
<40 1U/L

> 40 IU/L

Missing

Neutrophil: Lymphocyte Ratio
BMI

18.5-25 kg/m’
<18.5kg/m’
25-30kg/m’

>30kg/m”

Missing

eGFR (mL/min/1.73 m?)
>90

60-89

45-59

30-44

15-29

<15

Missing

Comorbidities
Diabetes Mellitus
Cardiovascular Disease
Respiratory Disease
Cancer

Mental Health
Dementia

0.88
0.65
0.99

Ref
0.53
1.01
1.01

Ref
2.08
0.9
0.65
0.86

Ref
0.87
0.99
1.31
1.75
1.84
2.67

1.16
1.29
0.89
1.23
1.36
3.97

0.62-1.24
0.45-0.96
0.72-1.37

0.45-0.63
0.86-1.18
1.00-1.02

1.48-2.93
0.75-1.08
0.54-0.79
0.73-1.01

0.72-1.05
0.80-1.21
1.05-1.63
1.34-2.28
1.34-2.52
2.09-342

1.02-1.33
1.5 -1.46
0.78-1.02
1.00-1.50
1.11-1.68
3.38-4.65

0.460
0.029
0.970

<0.001
0.916
0.002

<0.001
0.239

<0.001
0.073

0.136
0.898
0:018
<0.001
<0:001
<0.001

0.025
<0.001
0.107
0.045
0.003
<0.001

1.07
1.00
0.86

Ref
0.97
1.09
1.00

Ref
1.24
1.21
1.00
0.91

Ref
0.73
0.71
0.71
1.00
1.10
1.64

0.92
1.03
0.84
1.11
1.57
1.73

0.71-1.62
0.63-1.59
0.58 -1.27

0.79-1.19
0.89-1.33
0.99-1.01

0.83-1.86
0.98 -1.51
0.79-1.27
0.75=1.12

0.58-0.91
0.55-0.92
0.54-0.94
0.73-1.38
0.75-1.62
1.07-2.53

0.78-1.09
0.88-1.21
0.71-1.00
0.88-1.40
1.22-2.01
1.39-2.16

0.745
1.000
0.441

0.778
0.390
0.713

0.289
0.083
0.992
0.386

0.005
0.008
0.016
0.997
0.621
0.024

0.336
0.731
0.044
0.361
<0.001
<0.001

NEWS = National Early:Warning Score; CRP = C-Reactive Protein;, BMI = Body Mass Index; eGFR =

Estimated GlomerularFiltration Rate by Modified Diet in Renal Disease formula

Discussion

lnterpretation of results

Age and frailty were independently associated with COVID-19 mortality. This is consistent with risk

exhibited for nearly all other illnesses, and does not represent relative risk for COVID-19 compared
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to other illnesses; risk of dying increases with age and frailty (6) within “normal” risk (24). However,
increases in absolute mortality risk will be most pronounced in these groups, even if relative risk is
equivalent to young or robust individuals. It is important to consider the results of likelihood testing,
which demonstrated that age and frailty as individual predictors improved the model of fit. Risk
continued to increase with increasing age and with increasing frailty. Therefore, the greatest risk will
have been exhibited by the oldest and most frail patients. Underlying mechanisms for incréased
mortality with age and frailty with COVID-19 may include endothelial dysfunction“leading ‘to
vasoconstriction and organ dysfunction (25, 26), heightened inflammation (27) and. pro-coagulant
state (25, 26, 28), dysregulated Angiotensin-Converting Enzyme 2 activity promoting viral uptake
(28-30), and immunesenescence (28). Immunesenescence is associated with immune system

changes that are age-related (31, 32), frailty-related (33), or inactivity-related (34, 35).

Delirium was not independently predictive ofd{mortality, but was associated with critical care
admission; delirium itself is an illness severity marker. This may relate to exclusion of prevalent
delirium cases, or represent different delirium” pathophysiology with COVID-19 compared to other
conditions. We demonstrated novel, results that frailty, age, delirium, dementia, and mental health
diagnoses were independently associated with transitions of care in survivors i.e. adverse functional
outcomes. Quality<of life is”individual and subjective, but increased dependency will have been
hugely significant for many individuals. Transitions of care are also likely to have been associated
with state-funded health and social care system costs, during a time of international economic

recession;.which has wider health impacts (36).

What is the external validity of our results?
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Previous studies assessing COVID-19 mortality with frailty showed mixed results. These have been
predominantly small single site studies (9, 10, 37). Our results are consistent with another study
including 1410 UK-hospital and 154 Italian-hospital patients; sub-categorised CFS and age were
independently associated with mortality (8). A second UK single site study involving 677 patients
demonstrated increased mortality in CFS 26 (38). A small Italian study demonstrated that a Frailty
Index was also predictive of mortality (37), even after removing co-morbidities from the index (39).
However, a small UK study showed that age but not continuous CFS was predictive of-mortality’in
univariable analysis; CFS was not included in multivariable analysis (40). Similar results were shown
in another UK study (9). Differences may relate to under-powering in smaller-studies, or how CFS
was recorded or extracted from clinical records. In our study, few patients.had*missing CFS (11% vs.
32% in the latter study) (9). However, these studies also assessed martality following discharge,
whereas we report mortality during index admission. Whilst this isimportant to distinguish, we do
not consider this explanatory for differences; it is unlikely rebust patients were more likely to have
been discharged to die outside of hospital. As our data were censored at hospital discharge, this has

also been accounted for.

Consistent with resultselsewhere, male sex, inflammation, and cancer were associated with
mortality (18). However, BMI was not independently predictive of death, which is contrary to
previous research (21), although high and low BMI were associated with critical care admission.
Studies previously adjusted for age, sex, and co-morbidities, but this is the first study to adjust for

frailty=Both being underweight and obese have been associated with frailty (41).

Previous research demonstrated that delirium is a common COVID-19 presentation (12, 18). It is
surprising that delirium did not predict mortality in our study. Delirium has been consistently

associated with mortality in hospitalised patients with other illnesses (11, 42). A single-site Italian
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study demonstrated that delirium, diagnosed against reference criteria by geriatricians, was
associated with four-fold increased COVID-19 mortality risk (43). Under-recognition is unlikely to
fully explain differences as prevalence was high in our study. Delirium was associated with critical

care admission, which is consistent with a Brazilian study (44).

Frailty has been associated with prevalent delirium in COVID-19 (12) and other conditiens (11).
Incident delirium was not associated with frailty in this study. Additionally, dementia, a classical
delirium risk factor, was not associated with risk. Higher risk was demonstrated\with:cardiovascular
disease and illness severity. These differences in patient groups affected may explain differences in
COVID-19 mortality with delirium compared to other conditions. Severely ill robust patients may
have been as likely to develop delirium as frail patients, butdess likely to die. We are not aware of
other studies reporting transitions of care in patients with €QVID-19. Studies outside of COVID-19
have shown that frailty and cognitive spectrum disorders are associated with increased risk of new

discharge to a care home (45, 46).

What is the internal validiyof our results?

A major strength of our study is that it was large and multi-centre. This is the largest study to date
evaluating how frailty and delirium relate to outcomes in hospitalised patients with COVID-19. Data
collectors» were not involved in analysis; statistical analysis was conducted by an independent
statistician. We included large numbers of variables in multivariable analyses, which had been
previously associated with adverse outcomes with COVID-19. We did not collect ethnicity data.
Previous research identified that Black African or Caribbean and Bangladeshi individuals are at

increased risk of adverse outcomes from COVID-19, although this also relates to socioeconomic
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status (47, 48). This personal information requires stricter safeguards (49), and is not internationally

standardised.

Data collectors were provided delirium and frailty diagnosis guidance. Prospective data collection
was encouraged and diagnoses were made by clinicians. Results provide predictive value of réal-
world delirium and frailty diagnoses. Given the high overall delirium prevalence, we coensider, it
unlikely that under-diagnosis of delirium significantly impacted upon our overall “results.
Retrospectively identified data may be vulnerable to documentation errors, anduwe ecannot rule out
possibility of data entry errors via REDCap. To counteract this, data managers performed quality
control checks on uploaded data, and contacted sites where data‘were missing or outlying values

recorded.

Overall, missing data rates were low; discrete’missing categories were included to account for those
that were. Highest missing data rates related te” BMI (height and weight). This could explain why
obesity was not predictive of mortality; missing BMI was associated with mortality. It may have been
most likely to be missing in‘most unwell, or possibly most obese patients. Higher odds of mortality
were demonstrated withimissing CFS, which is consistent with previous studies (50). Multiple

imputation has.shewniconsistent effect of frailty on mortality in other populations (50).

Inclusion of hospitalised patients only is a limitation. The majority of people with COVID-19 had mild
symptoms (51), particularly those who were young and robust; inclusion of community cases may
have amplified association of frailty with mortality. Conversely, frail individuals may have died
unexpectedly, or advance care planning decisions may have been made to avoid admission.

Internationally, significant numbers of people who died from COVID-19 died in 24-hour long-term
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care facilities (52, 53). We also recognise that our sample may not be internationally representative.
As dissemination was via GeMRC (15, 16), more older adults may have been identified if clinicians
were working on geriatric medicine wards. This in itself should not have affected main results; data

collection was not biased towards outcomes.

Recommendations for future research and clinical practice

Healthcare policy should recognise heightened vulnerability in older adults, particularly those living
with frailty. Caution should be exhibited to ensure older adults with frailty are shielded from high
risk COVID-19 exposure, such as ensuring isolation procedures during elective surgery admissions.
Older and/or frail patients admitted with COVID-19 should undergo holistic assessment, ensuring
treatment is proportionate, and in accordance with their wishes. Research identifying underlying
mechanisms of adverse outcomes with age and frailty may enable novel intervention development.
It is vital older adults with frailty are adequately represented in all COVID-19 research. Vaccines and

COVID-19 treatments may have different responsiveness with age or frailty.

Considering high odds of increased care in patients with frailty, urgent funding is needed to enhance
community and hospital rehabilitation services (54). At present, longer-term consequences of
COVID-19 are unknown. Chronic symptoms of fatigue and systemic upset have been reported even
in"community-dwelling previously robust adults (14). Further research should focus on
understanding mechanisms and adverse recovery predictors, particularly in patients who developed

acute sarcopenia (55, 56) or induced frailty (57).
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Conclusion

In this international multi-centre study, age, frailty, and morbidity were independently associated
with adverse outcomes with COVID-19. Patients who were older or more severely frail were more
likely to die, less likely to be admitted to critical care, and more likely to require higher care levelsion
discharge in survivors. Increased awareness of importance of measuring frailty alongside ageiand co-
morbidities in hospitalised patients will assist clinicians making holistic decisions involving treatment

of reversible pathology, prevention of unwanted or burdensome treatment, and early rehabilitation.
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Figure 1 — Kaplan-Meier curves demonstrating risk of death with frailty and delirium
An increasedrisk of death was demonstrated in the most severely frail patients, whereas delirium

was not'associated with risk of death in this cohort.

Table 1 — Baseline characteristics of patients included in study

Table 2 — Cox regression models for risk of death
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Table 3 — Odds ratios derived from logistic regression for secondary outcome of critical care

admission

Table 4 — Odds ratios derived from logistic regression for secondary outcomes of incident delirium

Table 5 — Odds ratios derived from ordinal logistic regression for secondary outcomes of increased

care level on discharge
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