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Abstract
Background  Data regarding the importance of multidimensional frailty to guide clinical decision making for remdesivir use 
in older patients with coronavirus disease 2019 (COVID-19) are largely unexplored.
Objective  The aim of this research was to evaluate if the Multidimensional Prognostic Index (MPI), a multidimensional 
frailty tool based on the Comprehensive Geriatric Assessment (CGA), may help physicians in identifying older hospitalized 
patients affected by COVID-19 who might benefit from the use of remdesivir.
Methods  This was a multicenter, prospective study of older adults hospitalized for COVID-19 in 10 European hospitals, 
followed-up for 90 days after hospital discharge. A standardized CGA was performed at hospital admission and the MPI was 
calculated, with a final score ranging between 0 (lowest mortality risk) and 1 (highest mortality risk). We assessed survival 
with Cox regression, and the impact of remdesivir on mortality (overall and in hospital) with propensity score analysis, 
stratified by MPI = 0.50.
Results  Among 496 older adults hospitalized for COVID-19 (mean age 80 years, female 59.9%), 140 (28.2% of patients) 
were treated with remdesivir. During the 90 days of follow-up, 175 deaths were reported, 115 in hospital. Remdesivir treat-
ment significantly reduced the risk of overall mortality (hazard ratio [HR] 0.54, 95% confidence interval CI 0.35–0.83 in the 
propensity score analysis) in the sample as whole. Stratifying the population, based on MPI score, the effect was observed 
only in less frail participants (HR 0.47, 95% CI 0.22–0.96 in propensity score analysis), but not in frailer subjects. In-hospital 
mortality was not influenced by remdesivir use.
Conclusions  MPI could help to identify less frail older adults hospitalized for COVID-19 who could benefit more from 
remdesivir treatment in terms of long-term survival.
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Key Points 

Remdesivir was largely used during the coronavirus dis-
ease 2019 (COVID-19) epidemic, but the data regarding 
older people are still limited.

Remdesivir use reduced 3-month, but not in-hospital, 
mortality among older patients hospitalized for COVID-
19.

Based on the Multidimensional Prognostic Index 
stratification, mortality reduction by remdesivir use was 
observed only in robust people, not in frailer subjects.

1  Introduction

The coronavirus disease 2019 (COVID-19) pandemic had an 
impressive impact on the older population. Almost three of 
four subjects who died as a result of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection were 
older adults [1]. During the first pandemic waves, with the 
maximum spread of contagion and before the availability of 
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COVID-19 vaccines, there was a need for treatments able 
to mitigate the severity of the manifestations, especially 
among older adults, to reduce the risk of acute respiratory 
failure (ARF) and mortality. In July 2020, in the middle 
of the COVID-19 pandemic, remdesivir was the first drug 
authorized by the European Medicines Agency (EMA) for 
the treatment of COVID-19.

Remdesivir is an antiviral drug, developed over a decade 
ago for the treatment of hepatitis C and infections from res-
piratory syncytial virus, that had already been previously 
tested against other coronaviruses, i.e. Middle East Respira-
tory Syndrome (MERS) and Severe Acute Respiratory Syn-
drome (SARS) [2]. Molecularly, remdesivir acts as a nucleo-
tide analog that blocks replication of SARS-CoV-2 inhibiting 
the viral RNA-dependent RNA polymerase (RdRp) [3]. Ini-
tially, based on the results of the NIAID-ACTT-1 trial, a ran-
domized controlled trial (RCT) involving 1063 hospitalized 
patients with COVID-19 [4], the EMA gave a ‘conditional 
marketing authorization’ for remdesivir to treat COVID-19 
in adults and adolescents from 12 years of age with pneu-
monia who required oxygen therapy. The drug could also be 
used in adults who did not require supplemental oxygen but 
were at increased risk of developing severe COVID-19. How-
ever, since the findings of the Solidarity trial promoted by the 
World Health Organization (WHO) [5], as well as subsequent 
reports, inconsistency has emerged in regard to remdesivir 
efficacy [6, 7]. This may suggest that remdesivir could provide 
benefits on the clinical course of COVID-19 disease only in 
specific groups of patients. Indeed, recently revised WHO 
guidelines recommending treatment with remdesivir only in 
subjects with non-severe disease, conversely state that treat-
ment could be potentially effective in patients with severe 
COVID-19, but not in those with critical COVID-19 [8].

Noteworthy, current indications for remdesivir use are 
mainly based on COVID-19 severity; however, for identi-
fication of optimal candidates for this treatment, it might 
be useful to consider the patients’ multidimensional frailty 
that is a crucial factor to define the individual’s prognosis 
and an important driver for clinical decisions, especially in 
older adults [9, 10]. Indeed, accumulated evidence shows 
that measurement of multidimensional frailty, through well-
validated prognostic tools based on the Comprehensive 
Geriatric Assessment (CGA) as the Multidimensional Prog-
nostic Index (MPI), may improve the selection of patients 
for several pharmacological and non-pharmacological treat-
ments [9]. Furthermore, in older adults with COVID-19, 
higher MPI scores have already been associated with poorer 
short-term outcomes (e.g., in-hospital mortality and dura-
tion of hospitalization) and at 3 months of follow-up (e.g., 
rehospitalization and mortality) [11, 12]. Finally, MPI is 
already used in clinical decision making for older adults 
affected by COVID-19 for better tailoring the use or non-use 
of mechanical ventilation [12]. However, data regarding the 

use of remdesivir in older adults, which are usually excluded 
from RCTs, are still not available [13].

Given this background, using the data from the multi-
center MPI COVID-19 study, we aimed to evaluate whether 
the CGA-based MPI may help physicians in identifying 
older patients hospitalized for COVID-19 who might benefit 
in terms of reduced mortality from the use of remdesivir.

2 � Materials and Methods

2.1 � Study Design and Population

For this research, we included (1) patients ≥ 65 years of age; 
(2) patients consecutively admitted to hospital in the acute 
wards of Geriatrics, Infectious Diseases, or Internal Medi-
cine with an ascertained diagnosis of COVID-19 through 
nasopharyngeal swab with real time-polymerase chain 
reaction; and (3) patients able to sign an informed consent. 
Exclusion criteria were the unwillingness to participate in 
the study and an inability to provide informed consent. The 
period of enrollment and follow-up was between April 2020 
and August 2021. None of the participants was vaccinated as 
the vaccinations were not available during the study period. 
Patients were enrolled after admission in each ward across 
10 European centers located in Italy, Spain, Czech Republic, 
Portugal, and Germany.

This was a prospective, observational study conducted 
according to the World Medical Association's 2008 Declara-
tion of Helsinki, the guidelines for Good Clinical Practice, 
and the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guidelines [14]. The Ethi-
cal Committees of each center formally approved the study. 
Informed consent was provided by participants who under-
went initial evaluation and/or their proxies in the case of a 
participant’s inability to understand and sign the informed 
consent (e.g., severe dementia) for their clinical records to 
be used in clinical studies according to the local law.

2.2 � Outcomes

Data regarding the outcomes of interest were ascertained 
using death certificates. The primary outcomes of our 
research were in-hospital and all-cause mortality, during a 
maximum follow-up period of 90 days from admission in 
each ward.

2.3 � Exposure: Remdesivir

The use of remdesivir was recorded using medical records 
available, including the period of administration, in days. 
The administration of remdesivir was in line with the 
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recommendations of the EMA, i.e., pneumonia requiring 
supplemental oxygen (low- or high-flow oxygen or other 
non-invasive ventilation at the start of treatment), particu-
larly if patients were at increased risk of developing severe 
COVID-19 forms [15]. We excluded patients with severe 
renal or hepatic failure. The period of administration was a 
minimum of 5 days and a maximum of 10, according to the 
EMA indications.

2.4 � Multidimensional Prognostic Index (MPI)

The evaluation, made with the MPI, was conducted at admis-
sion into the medical ward and included information from 
eight different domains of the CGA [11, 16]. MPI was then 
calculated, as follows:

1.	 Functional status—Activities of Daily Living (ADL) 
index [17].

2.	 Independence status—Instrumental Activities of Daily 
Living (IADL) [18].

3.	 Cognitive status—Short Portable Mental Status Ques-
tionnaire (SPMSQ) [19].

4.	 Co-morbidity—Cumulative Illness Rating Scale (CIRS) 
[20]. The CIRS uses a 5-point ordinal scale (score 1–5) 
to estimate the severity of pathology in each of 13 
systems. Based on the ratings, the Comorbidity Index 
(CIRS-CI) scores, reflecting the number of concomitant 
diseases, were derived from the total number of catego-
ries in which moderate or severe levels (grades 3–5) of 
disease were identified (range 0–13).

5.	 Nutritional status was investigated using the Mini Nutri-
tional Assessment-Short Form (MNA-SF) [21], which 
includes information on several nutritional aspects.

6.	 Risk of developing pressure sores was evaluated through 
the Exton Smith Scale (ESS) [22].

7.	 Medication use was defined according to the Anatomical 
Therapeutic Chemical (ATC) classification code system, 
and the number of drugs used by patients at admission 
was also recorded.

8.	 Social domain was categorized as living alone, in family 
(or with other support), and in institution.

For each domain, a tripartite hierarchy was used, i.e. 
0 = no problems, 0.5 = minor problems, and 1 = major 
problems, based on conventional cut-off points derived 
from the literature for the singular items [16]. The sum of 
the calculated scores from the eight domains was divided 
by 8 to obtain a final MPI risk score ranging from 0 = no 
risk, to 1 = higher risk of mortality. MPI requires between 
15 and 25 min for its complete execution [23]. In the case 
of impossibility of completing the CGA (e.g., hyperactive 
delirium), the evaluation was postponed to the following day, 

but within 48 h from admission for all participants included 
[11].

2.5 � Clinical, Bio‑humoral and Radiological 
Parameters

Among clinical signs and symptoms, information regard-
ing fever (body temperature ≥ 37.5 °C) and the presence of 
cough, diarrhea and dyspnea were recorded. Moreover, we 
investigated the presence of delirium at hospital admission 
using the 4AT score, a short tool for delirium assessment 
designed to be easy to use in clinical care [24]. X-ray find-
ings were categorized as bilateral ground-glass opacities 
versus other findings, while computed tomography findings 
were suggestive of pneumonia in COVID-19 versus other 
findings, according to a standardized classification [25]. 
Finally, data regarding serum inflammatory parameters (i.e., 
white blood cells, C-reactive protein [CRP] serum levels) 
and arterial blood gas parameters (pH, pO2, SpO2, pCO2, 
PaO2/FiO2 ratio) were measured using standard methods 
across the 10 European centers.

2.6 � Statistical Analysis

All patient records and information were anonymized and 
de-identified prior to the analysis.

To minimize the effect of potential confounders, we used 
a propensity score matching with one case (remdesivir) and 
one control that never experienced this kind of intervention 
during hospitalization. Data on continuous variables were 
normally distributed according to the Kolmogorov–Smirnov 
test and then reported as means and standard deviation (SD) 
values for quantitative measures and percentages for cate-
gorical variables, according to use or non-use of remdesivir. 
Levene’s test was used to test the homoscedasticity of vari-
ances and, if its assumption was violated, Welch’s analysis 
of variance (ANOVA) was used. P-values were calculated 
using Student’s t-test for continuous variables and the Man-
tel–Haenszel Chi-square test for categorical variables.

The association between remdesivir and mortality was 
made using a Cox regression analysis, using a multivariable 
analysis in which the factors were included if statistically 
different between patients with remdesivir and controls, or if 
associated with mortality in univariate analyses (p < 0.05). 
Age, sex and MPI were included since previous literature 
suggests a relevant prognostic role for these factors in 
COVID-19 [26]. No collinearity emerged. Similarly, we did 
run a propensity-score model. ARF was included as a covari-
ate in the propensity score analysis, since it was not balanced 
between the two groups. The results were reported as hazard 
ratios (HRs) with their 95% confidence intervals (CIs). Since 
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the interaction MPI by remdesivir in predicting mortality 
was significant (p < 0.05), we have reported the HRs strati-
fied according to an MPI value of less than or equal to/more 
than 0.50 that was identified as the best cut-off as sensitiv-
ity and specificity using the Youden’s index [27] and that 
has since been used in other works as the cut-off for clini-
cal decision making in older adults affected by COVID-19 
[12]. The accuracy of prognostic factors predicting negative 
outcomes during follow-up, in terms of area under the curve 
(AUC), was analyzed using, as exposure, MPI adjusted for 
age and sex. Calibration was analyzed using the C-statistic.

All analyses were performed using SPSS 26.0 for Win-
dows (IBM Corporation, Armonk, NY, USA). All statis-
tical tests were two-tailed and statistical significance was 
assumed for a p-value < 0.05.

3 � Results

We initially enrolled 548 subjects (mean age 80.4 years, 
range 65–99 years; 58% females), of whom 496 were ana-
lyzed after removing 9 subjects without an available MPI 
score, 6 without information regarding remdesivir, and 
37 without information regarding mortality. The excluded 
subjects did not significantly differ from those included, in 
terms of mean age or prevalence of females (p > 0.05 for 
both comparisons).

Compared with the 356 patients not using remdesivir, 
the 140 patients using this medication were significantly 
younger (p < 0.0001) and less frail, according to the MPI 
values (p = 0.001), while no significant differences in terms 
of sex were observed (Table 1). Among the clinical and 
bio-humoral parameters included, patients using remdesivir 
had lower white cell counts but similar serum CRP values. 
Patients taking remdesivir had a worse profile in respiratory 
parameters, as reported in Table 1, although the difference in 
prevalence of ARF was not statistically significant between 
the two groups. Finally, patients using remdesivir pre-
sented a worse clinical presentation in terms of presence of 
pneumonia and signs and symptoms typical of COVID-19. 
Table 1 shows the baseline characteristics, matched using a 
propensity score, between remdesivir and controls in which 
age and MPI scores were similar between the two groups but 
the prevalence of ARF was unbalanced.

The mean length of stay in hospital was 22 days and the 
mean time to death was 73 days after hospital admission. 
During the 90 days of follow-up, 175 deaths were reported, 
115 in hospital. As shown in Table 2, remdesivir did not 
affect in-hospital mortality in the whole sample and in the 
propensity score model. Similarly, the analyses stratified 
for MPI did not show any significant interaction in more or 
less frail patients. At the same time, the use of remdesivir 

significantly decreased the risk of overall mortality (HR 
0.54, 95% CI 0.35–0.83; p = 0.005 in the propensity score 
analysis) in the sample as a whole. However, when stratified 
for MPI value (< 0.50 vs. ≥ 0.50) the effect was only pre-
sent in less frail participants (HR 0.47, 95% CI 0.22–0.96 in 
the propensity score analysis) and not in frailer individuals 
(Fig. 1). 

Finally, the accuracy of MPI in predicting mortality was 
good (AUC 0.74, 95% CI 0.69–0.78; p < 0.0001), without 
differences between patients treated or not treated with rem-
desivir (AUC 0.72 [95% CI 0.67–0.78] in the non-treated 
group vs. 0.74 [95% CI 0.66–0.83] in the treated group; 
p = 0.83 between the two AUCs). Similarly, the calibra-
tion of MPI in predicting mortality was good in the sample 
as whole (C-statistics = 0.71), without differences between 
patients treated and not treated (0.70 vs. 0.71; p = 0.85).

4 � Discussion

In this prospective, observational study on older adults hos-
pitalized with COVID-19 across different European coun-
tries, we found that remdesivir administration was associated 
with a reduction of all-cause mortality at 3 months of follow-
up, but not with in-hospital mortality, particularly among 
less frail patients, according to the MPI, and independently 
by age, sex, and the presence of ARF at admission. In a 
real-world experience, we observed that older adults judged 
as candidates for remdesivir treatment were younger and 
less frail but with worse pulmonary and respiratory mani-
festations. When matching patients treated or not treated 
with remdesivir, using a propensity score, and adjusting for 
the presence of ARF, the results of in-hospital and 3-month 
mortality did not change. Finally, MPI showed good accu-
racy and calibration in predicting mortality, independently 
from remdesivir treatment.

Systematic revision of the results from five RCTs on 
7643 patients suggests that remdesivir could have little or 
no impact on in-hospital mortality (odds ratio 0.95, 95% 
CI 0.84–1.07) among patients with severe and critical 
COVID-19 [8]. As for many RCTs testing pharmacologi-
cal treatments, one of the main limitations of these trials is 
the enrollment of a relatively younger population and the 
exclusion of multimorbid, frail older adults that are, on the 
contrary, typical of daily clinical practice of a geriatrician. 
A few observational studies offer a better picture of remde-
sivir effect among hospitalized older adults [28, 29]. In a 
cohort of 2344 US veterans hospitalized with COVID-19, 
remdesivir therapy was not associated with improved 30-day 
survival [28]. Conversely, in a Spanish population of patients 
aged 80 years and older hospitalized for COVID-19, those 
treated with remdesivir exhibited a 60% lower 30-day mor-
tality rate, but these data refer only to the first and second 
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Table 1   Baseline clinical characteristics by use or non-use of remdesivir

MPI multidimensional prognostic index, ADL activities of daily living, IADL instrumental activities of daily living, SPMSQ Short Portable 
Mental State Questionnaire, ESS Exton–Smith Scale, MNA-SF Mini Nutritional Assessment-Short Form, CIRS-CI Cumulative Illness Rating 
Scale-Comorbidity Index, SD standard deviation, CRP C-reactive protein, pO2 partial pressure of oxygen, SpO2 oxygen saturation, pCO2 partial 
pressure of carbon dioxide, PaO2/FiO2 ratio of partial pressure of oxygen in arterial blood (PaO2) to the fraction of inspiratory oxygen concen-
tration (FiO2), 4AT alertness, abbreviated mental test-4, attention, acute change or fluctuating course, COVID-19 coronavirus disease 2019, CT 
computed tomography
Data are reported as mean (SD) or as percentages
a Acute respiratory failure was defined as a pO2 ≤60 mmHg

Parameter All sample Propensity score

All sample 
[n = 496]

Remdesivir 
[n = 140]

No rem-
desivir 
[n = 356]

p-value All sample 
[n = 280]

Remdesivir 
[n = 140]

No rem-
desivir 
[n = 140]

p-value

Mean age, years 
[mean (SD)]

80.7 (8.2) 78.7 (7.9) 81.5 (8.1) < 0.0001 78.9 (8.0) 78.7 (7.9) 79.1 (8.1) 0.69

Female sex (%) 59.7 56.4 61.0 0.36 56.4 54.3 0.81
MPI domains [mean (SD)]
 ADL score 3.1 (2.4) 4.2 (1.9) 3.8 (2.0) 0.10 4.2 (2.2) 4.2 (1.9) 4.3 (2.1) 0.59
 IADL score 3.1 (2.9) 4.8 (2.5) 4.0 (2.3) 0.01 4.7 (2.7) 4.8 (2.5) 4.6 (2.9) 0.74
 SPMSQ score 3.8 (3.5) 4.4 (2.8) 5.4 (3.0) 0.007 5.1 (2.9) 4.4 (2.8) 5.7 (3.0) 0.005
 ESS score 14.2 (4.2) 15.0 (3.9) 13.9 (4.3) 0.006 15.0 (4.0) 15.0 (3.9) 14.9 (4.0) 0.73
 MNA-SF score 8.2 (3.6) 9.0 (3.5) 8.0 (3.4) 0.003 8.7 (3.6) 9.0 (3.5) 8.3 (3.7) 0.08
 CIRS-CI score 4.1 (2.2) 4.0 (2.2) 4.2 (2.2) 0.30 3.9 (2.3) 4.0 (2.2) 3.7 (2.4) 0.34
 Number of 

medications
6.2 (1.6) 5.8 (3.0) 6.3 (3.2) 0.09 5.7 (3.1) 5.8 (3.0) 5.6 (3.1) 0.63

 Living alone 
(%)

35.1 23.7 39.7 0.09 33.3 23.7 42.9 0.07

 MPI score 0.52 (0.24) 0.47 (0.25) 0.54 (0.23) 0.001 0.47 (0.26) 0.47 (0.25) 0.47 (0.26) 0.96
Inflammatory parameters [mean (SD)]
 White cells 8.0 (5.3) 7.1 (3.2) 8.3 (5.9) 0.03 7.9 (4.3) 7.1 (3.2) 8.6 (5.3) 0.008
 CRP 11.8 (17.6) 13.6 (18.2) 11.1 (17.0) 0.18 12.1 (16.7) 13.6 (18.2) 10.5 (14.0) 0.13

Arterial blood gas parameters [mean (SD)]
 pH 7.4 (0.07) 7.43 (0.06) 7.43 (0.07) 0.76 7.44 (0.07) 7.43 (0.06) 7.44 (0.08) 0.26
 PaO2/FiO2 ratio 306 (145) 262 (119) 323 (151) < 0.0001 278 (118) 262 (119) 293 (117) 0.07
 pO2 63 (30) 57 (31) 66 (29) 0.03 67 (28) 57 (31) 77 (25) < 0.0001
 SpO2 90 (11) 88 (14) 91 (10) 0.07 91 (14) 88 (14) 94 (14) < 0.0001
 pCO2 34 (13) 32 (14) 35 (13) 0.08 35 (13) 32 (14) 37 (12) 0.006
 Acute respira-

tory failure 
(%)a

21.2 26.4 19.1 0.19 18.2 26.4 10.0 0.001

Clinical and radiological presentation
 Bilateral 

ground-glass 
opacities 
[X-ray] (%)

43.2 48.9 41.4 0.13 44.6 48.9 40.3 0.18

 Pneumonia 
suggestive of 
COVID-19 
[CT] (%)

47.0 53.6 39.3 0.005 57.9 53.6 62.1 0.18

 Fever (%) 49.3 61.6 44.5 0.001 58.3 61.6 55.0 0.27
 Cough (%) 39.1 46.4 36.2 0.04 38.6 46.4 30.7 0.007
 Diarrhea (%) 13.7 12.3 14.3 0.66 10.8 12.3 9.3 0.45
 Dyspnea (%) 58.7 73.4 53.1 < 0.0001 67.1 73.4 60.7 0.03
 4AT score 

[mean (SD)]
4.03 (4.43) 3.96 (4.40) 4.05 (4.44) 0.83 3.92 (4.42) 3.96 (4.40) 3.88 (4.44) 0.88
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Table 2   Effect of remdesivir on in-hospital and overall mortality during 90 days of follow-up

Data are reported as HRs with their 95% CIs, adjusted for age, sex, center, MPI, presence of acute respiratory failure at admission, and cor-
responding p-values for treatment with antivirals (n = 140) versus no treatment (n = 356) during hospitalization. The propensity score model 
included 140 participants treated with antivirals compared with 140 participants not treated, matched for age, sex, center, and multidimensional 
prognostic model. Acute respiratory failure was included as a covariate in the propensity score analysis. MPI Multidimensional Prognostic 
Index, HR hazard ratio, CI confidence interval

In-hospital mortality Overall mortality

All sample Propensity score All sample Propensity score

Without stratification for MPI 0.80 (0.51–1.24)
p = 0.32

0.62 (0.37–1.02)
p = 0.06

0.70 (0.48–0.991)
p = 0.048

0.54 (0.35–0.83)
p = 0.005

MPI < 0.50 [n = 199] 0.62 (0.28–1.38)
p = 0.24

0.58 (0.26–1.28)
p = 0.18

0.46 (0.22–0.95)
p = 0.04

0.47 (0.22–0.96)
p = 0.041

MPI ≥ 0.50 [n = 297] 0.87 (0.51–1.48)
p = 0.59

0.82 (0.49–1.39)
p = 0.47

0.74 (0.48–1.14)
p = 0.17

0.72 (0.47–1.10)
p = 0.14

Fig. 1   Survival analysis by use 
or non-use of remdesivir in 
participants with an MPI < 0.50 
and MPI > 0.50, during 90 days 
of follow-up. The graphs are 
the result of a Cox regression 
analysis, adjusted for potential 
confounders. MPI Multidimen-
sional Prognostic Index
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pandemic waves before the vaccination campaign [29]. We 
showed that remdesivir treatment was not associated with a 
reduced risk of in-hospital mortality nor in the population 
as a whole, with neither stratifying according to multidi-
mensional frailty.

However, few studies explored the long-term effects of 
remdesivir administration on survival. In an observational 
study of 3889 patients aged ≥ 70 years, remdesivir treat-
ment was associated with a significant improvement (up to 
59%) of survival over approximately 8 months of follow-up, 
halving the mortality risk among those with severe disease 
as defined by those requiring high-flow oxygen therapy, 
mechanical ventilation, or extracorporeal membrane oxy-
genation therapy [30]. In this study, we found a reduction of 
mortality risk by 46% at 3 months in the whole population 
and up to 53% among less frail older adults. The severity of 
respiratory symptoms did not impact on these results, con-
sidering that one of four older patients receiving remdesivir 
had an ARF. The long-term benefit on survival needs to be 
verified in further randomized studies, but it might poten-
tially justify wider use of remdesivir in older adults when 
taking into account multidimensional frailty rather than the 
mere COVID-19 severity for decision making.

Furthermore, during the COVID-19 pandemic, the role 
of CGA-based assessment has emerged as crucial for clini-
cal decision making [12, 31, 32]. Some controversies on 
the effectiveness of treatments against COVID-19 disease 
among the older population [33] might be solved by proper 
implementation of the CGA-based approach. The MPI, an 
easy-to-use tool directly derived from a standard CGA, has 
already demonstrated excellent properties for applying, in 
routine clinical practice, a tailored approach based on an 
individual patient’s prognosis [9]. Indeed, the MPI may help 
to stratify older patients in different settings, including the 
hospital [16], defining the best candidate for pharmacologi-
cal treatments as statins [34, 35], oral anticoagulants [36], 
or anti-dementia drugs [37]. In this study, we found that an 
MPI score < 0.50 could be a strong prognostic indicator of 
remdesivir effects, regardless of the presence of an ARF.

The present findings should be interpreted considering 
some limitations. First, due to the observational nature of 
this research, we cannot completely rule out selection bias 
and the effects of residual or unobserved confounding fac-
tors. The propensity score matched remdesivir recipients 
and controls, but there may have been residual confounding 
related to illness severity, onset of COVID-19 symptoms, or 
SARS-CoV-2 variants. Second, we were not able to verify 
remdesivir response based on COVID-19 disease severity 
according to the WHO guidelines [13]. However, it should 
be considered that almost 26% of subjects receiving remde-
sivir had ARF at the beginning of the treatment, and critical 
subjects, based on the WHO definition, whenever possible 
were managed in the intensive care unit setting. Finally, our 

results are not generalizable to the outpatient setting and thus 
need to be confirmed by ad hoc studies.

5 � Conclusion

Older adults hospitalized for COVID-19 with lower levels 
of multidimensional frailty, as measured by the MPI, might 
have greater long-term survival when treated with remdesi-
vir. Thus, independently by age, comorbidities and respira-
tory impairment, CGA-based prognostic tools, such as the 
MPI, may help to identify older adults who can benefit more 
from remdesivir treatment.
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