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Abstract

Background

SARS-CoV2 infection has affected many older people and has required us to adapt our
practices to this new pathology. Initial functional capacity is already considered an important
prognostic marker in older patients particularly during infections.

Aim
The objective of this longitudinal study was to determine whether baseline functional disabil-

ity was associated with mortality risk after 1 year in older patients hospitalized for COVID-
19.

Methods

All COVID-19 patients admitted to the geriatric acute care unit of Angers University Hospital,
France, between March-June 2020 received a group iso-ressource (GIR) assessment upon
admission. Disability was defined as a GIR score<3. All-cause mortality was collected after
1 year of follow-up. Covariables were age, sex, history of malignancies, hypertension, car-
diomyopathy, number of acute diseases at baseline, and use of antibiotics or respiratory
treatments during COVID-19 acute phase.

Results

In total, 97 participants (mean+SD 88.0+5.4 years; 49.5% women; 46.4% GIR score<3)
were included. 24 of the 36 patients who did not survive 1 year had a GIR score < 3 (66.7%;
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P =0.003). GIR score<3 was directly associated with 1-year mortality (fully adjusted HR =
2.27 95% CI: 1.07-4.89). Those with GIR<3 at baseline had shorter survival time than the
others (log-rank P = 0.0029).

Conclusions

Initial functional disability was associated with poorer survival in hospitalized frail elderly
COVID-19 patients.

Clinical trial registration
ClinicalTrials.gov: NCT04560608 registered on September 23, 2022

Introduction

In December 2019, a new coronavirus SARS-CoV-2 was discovered in Wuhan (China), and
caused millions of deaths worldwide [1]. In April 2020, the SARS-CoV-2 (COVID-19) infec-
tion was declared a pandemic emergency by the World Health Organization [2]. The various
clinical forms of the infection are usually mild, but more often symptomatic and severe in
older polymorbid people [3-5]. Prognostic factors were initially unknown but some, including
comorbidities, were quickly identified [6].

During the pandemic, the number of hospital beds available was overwhelmed by the influx
of patients with severe COVID-19, forcing to select the profile of patients eligible for hospitali-
zation, i.e. those who would benefit from their hospital stay. An infection such as COVID-19
can lead to a succession of episodes of decompensation of chronic conditions in older patients.
The International Classification of Impairments, Disabilities and Handicaps (ICHD) has
shown that every organ impairment leads to disability, especially in older people [7]. It is there-
fore recognized that the initial functional capacity is a potent prognostic marker in older
patients, particularly in the case of acute infection [8-10]. The whole question is whether func-
tional disability on hospital admission is associated with life-threatening in SARS-CoV2 infec-
tions. Estimating the pre-morbid functional state of older patients could then help to better
orient patients in the care pathways most suited to their condition and their hope of survival
and recovery in the context of health crisis.

In France, the most commonly used scale for assessing functional disability is the AGGIR
grid (‘Autonomie Gérontologique Groupe Iso-Ressources’). [7]. It is commonly used in emer-
gency departments and intensive care units to estimate the disability of older patients [8].

We hypothesized that the initial functional disability may serve as a prognostic factor in
older patients with COVID-19. Our objective was to determine whether the presence of an ini-
tial functional disability according to the AGGIR grid was associated with an increase 1-year
mortality in geriatric patients with COVID-19 in the GERIA-COVID cohort (GERIAtric
Patients Hospitalized for COVID-19) during the first wave of the pandemic in France.

Methods

The GERIA-COVID study is a longitudinal observational study conducted in the geriatric acute
care unit dedicated to COVID-19 patients in the University Hospital of Angers, France, during
the first wave of the COVID-19 pandemic (ClinicalTrials.gov NCT04560608). All baseline char-
acteristics were retrospectively collected from patients’ medical records, including data related
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to COVID-19, vital measurements, medical history, standardized geriatric assessment, usual
treatments, standardized clinical examinations and blood tests on hospital admission.

Study population

Patients eligible in the GERIA-COVID study were adults aged 75 years and over admitted into
the geriatric acute care unit of the University Hospital of Angers, France, during the first wave
of the pandemic (between March and June 2020) who were no objection for using anonymized
clinical and biological data for research purpose.

The inclusion criteria for the present analysis were as follows: (i) COVID-19 diagnosed with
RT-PCR and/or chest-CT scan; (ii) data available on the vital status 1 year after the diagnosis of
COVID-19. Ninety-seven patients were diagnosed with COVID-19 during the study period in
the unit, and were recruited in the GERIA-COVID study. This analysis included all of them.

Functional disability

Initial functional disabilities were examined using the AGGIR grid upon hospital admission
by paramedical staff of the geriatrics department [9]. It includes ten discriminating variables
(ie, coherence, orientation, toilet, dressing, feeding, urinary and fecal continence, communica-
tion, displacement) to classify older adults into 6 Iso-Resource Groups (GIR) [7]. Each item is
rated on a scale of 3 levels (A: done alone completely, usually, correctly; B: partially done, not
usually, not correctly; C: Does not do). An algorithm ultimately classifies patients into one
GIR group. GIR 6 corresponds to fully independent patients, and GIR 1 to fully dependent
patients. In the present study, functional disability was defined as a GIR score <3 out of 6 [10].

Overall 1-year mortality

Follow-up started from the day of COVID-19 diagnosis for each patient and continued for up
to 12 months or until death when applicable. Vital status was recovered by contacting the
patients and their relatives by telephone, and by monitoring the National Institute of Statistics
and Economic Studies (INSEE) register (https://www.insee.fr/fr/information/4190491).

Covariates

Potentials confounders were age, sex, number of acute health issues on hospital admission, his-
tory of hypertension, cardiomyopathy, malignancies, and use of antibiotics and respiratory
treatments during COVID-19. The number of acute health issues on admission was also
recorded (whatever their nature or site). History of cardiomyopathy, malignancies and hyper-
tension were recorded on admission from patient medical file and caregiver interviews. Use of
antibiotics and pharmacological treatments of respiratory disorders was systematically
recorded from hospital prescriptions.

Statistical analysis

The participants’ characteristics were summarized using means and standard deviations (SD)
or frequencies and percentages, as appropriate. Firstly, comparisons between participants sep-
arated according to baseline GIR at the end of 1*' year of the diagnosis of COVID-19 were per-
formed using Chi-square test (or Fisher exact test) or Student t test (or Mann-Whitney
Wilcoxon test according to the normality assessment), as appropriate. Secondly, adjusted Cox
regressions were used to examine the associations of baseline GIR (independent variable) with
1-year mortality (dependent variable). The models produce a survival function that provides
the probability of death at a given time for the characteristics supplied for the independent
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variables. Finally, the elapsed time to death was studied by survival curves computed according
to Kaplan-Meier method and compared by log-rank test. P-values<0.05 were considered sig-
nificant. All statistics were performed using SAS®) version 9.4 software (Sas Institute Inc) and
R (R core Team, 2018).

Ethics

The study was conducted in accordance with the ethical standards set forth in the Helsinki Dec-
laration (1983). No participants or relatives objected to the use of anonymized clinical and bio-
logical data for research purposes. Ethics approval was obtained from the Ethics Board of the
University Hospital of Angers, France (2020/100). The study protocol was also declared to the
National Commission for Information Technology and civil Liberties (CNIL; ar 20-0087v0).

Results

Ninety-seven patients were consecutively diagnosed with COVID-19 in our unit during the
study period and they were all enrolled in the GERIACOVID cohort study. All met the eligibil-
ity criteria and were included in the present analysis (mean+standard deviation, 88.0+5.4
years, 49.5% women, 46.4% with GIR score<3). The vital status of all participants was known
after one year. Among them, 61 participants (62.8%) survived COVID-19 after one year of fol-
low-up while 36 participants died (37.1%).

Table 1 shows the characteristics of the participants according to their vital status after one
year of follow-up. One-year mortality was higher in the group with disability (GIR score<3)
on admission for SARS-COV?2 infection (53.3% versus 23.1% respectively, p = 0.002). Patients
who died at 1 year had also more often a history of malignancies (p = 0.011).

Table 2 shows a direct association between disability (GIR score<3) baseline and 1-year
mortality. The hazard ratio (HR) for mortality was 2.69 [95% confidence interval (CI):
1.34;15.38] (P = 0.005) in the unadjusted model, and 2.27 [95%CI: 1.07;4.89] (P = 0.033) after
adjustment for all potential confounders. The history of malignancies was also associated with
greater mortality risk (HR =2.47, P = 0.011) in the adjusted model.

Table 1. Characteristics and comparison of COVID-19 patients (n = 97) separated into two groups according to a GIR score < 3.

Total cohort (n =97) Disability (GIR score < 3) P-value*
No (n=52) Yes (n = 45)
Demographical data
Age (years), mean+SD 88.0+ 54 87.0+5.5 89.1+5.2 0.061
Female gender 48 (49.5) 24(46.2) 24(53.3) 0.481
Comorbidities
Hematological and solid cancers 33 (34.0) 14(26.9) 19(42.2) 0.113
Hypertension 62 (63.9) 33(63.5) 29(64.4) 0.920
Cardiomyopathy 52 (53.6) 28(53.9) 24(53.3) 0.960
Hospitalization
Number of acute health issues at hospital admission, med[IQ] 3 [2-4] 2 [1.5-4] 3 [2-4] 0.410
Use of antibioticst 65 (67.0) 31(59.6) 34(75.6) 0.096
Use of pharmacological treatments of respiratory disordersi 11 (11.3) 5(9.6) 6(13.3) 0.565
1-year mortality 36(37.1) 12(23.1) 24(53.3) 0.002

Data presented as n (%) where applicable; COVID-19: Coronavirus Disease 2019; GIR: Iso Resource Groups; *: between-group comparisons based on Chi-square test
(or Fisher exact test) or Student ¢ test (or Mann-Whitney Wilcoxon test according to the normality assessment), as appropriate; T: quinolones, beta-lactams,

sulfonamides, macrolides, lincosamides, aminoglycosides, among others; #: beta2-adrenergic agonists, inhaled corticosteroids, antihistamines, among others.

https://doi.org/10.1371/journal.pone.0289297.t001
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Table 2. Multiple Cox proportional-hazards model showing the hazard ratio for 1-year mortality (dependent variable) according to baseline GIR (independent var-

iable), adjusted for participants’ characteristics (n = 97).

1-year mortality
Unadjusted model Fully-adjusted model Model with backward selection
method
HR [95% CI] P-value HR [95% CI] P-value HR [95% CI] P-value
GIR score < 3 2.69 [1.34;5.38] 0.005 2.27 [1.07;4.89] 0.033 2.54 [1.26; 5.11] 0.009
Age 1.04 [0.98;1.11] 0.226 1.05 [0.98;1.13] 0.186
Female gender 0.67 [0.34;1.30] 0.232 0.52 [0.25;1.11] 0.092
History of cancer 2.59 [1.34;4.98] 0.005 2.47 [1.23;4.96] 0.011 2.37 [1.22; 4.58] 0.011
History of hypertension 1.13 [0.56;2.26] 0.734 1.26 [0.60;2.63] 0.545
History of cardiomyopathy 1.11 [0.58;2.15] 0.748 1.00 [0.50;2.00] 0.998
Number of acute health issues at hospital admission 1.22[0.99;1.49] 0.060 1.18 [0.94;1.48] 0.154
Use of antibiotics* 1.67 [0.79;3.55] 0.183 1.51 [0.65;3.51] 0.340
Use of pharmacological treatments of respiratory disorders’ 1.46 [0.57;3.76] 0.431 1.76 [0.64;4.83] 0.271

CI: confidence interval; COVID-19: coronavirus disease 2019; GIR: Iso Resource Groups; HR: hazard ratio; *: quinolones, beta-lactams, sulfonamides, macrolides,

lincosamides, aminoglycosides, among others; t: beta2-adrenergic agonists, inhaled corticosteroids, antihistamines, among others.

https://doi.org/10.1371/journal.pone.0289297.t1002

Finally, the Kaplan-Meier distributions (Fig 1) showed that patients with COVID-19 with
GIR score<3 at baseline had shorter survival times than the others [log-rank p = 0.0029].

Discussion

The main result of this longitudinal study is that, irrespective of all measured potential con-
founders, disability (defined as a GIR score < 3) in early COVID-19 was associated with
1-year mortality among geriatric patients.

1.00
0.75
> GIR score :
3 + >3
.5 -+ =3
2050
©
2
e
2
(5]
0.25
Log-rank test, p=0.0029
0.00 - ' : v
0 91 182 273 364
Follow-up (days)
Number at risk
>3 52 141 1 41 40
=3 45 27 23 21 21

Fig 1. Kaplan-Meier estimates of the cumulative probability of COVID-19 participants’ survival according to GIR
(n=97).

https://doi.org/10.1371/journal.pone.0289297.9001
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The association between mortality and disability during acute diseases has been extensively
investigated, mainly in intensive care unit (ICU), and is well-recognized to complement the
effect of age to predict mortality in older adults following an acute disease [11]. In geriatric
patients > 80 years admitted to ICU, the 1-month mortality was associated with frailty, and
functional disabilities [12]. In another study, predictive factors of 1-year mortality in 420
patients > 70 years admitted to ICU were mainly related to abilities in daily living, including
Katz ADL score, Barthel index and GIR score [13]. However these previous studies were lim-
ited by a selection bias as highly dependent patients are generally not admitted to ICU.
Another study, focusing on all hospitalized elderly patients > 65 years affected by pneumonia
found a direct association between functional disability (with lower Barthel Index) and higher
mortality risk [14]. COVID-19 has sparked scientific excitement with many articles highlight-
ing various prognostic factors in older adults [15] such as the female gender, qSOFA score > 2,
specific COVID-19 changes on chest CT-scan [16], use of VKA treatment [17], hypercalcemia
[18], early inflammatory syndrome with elevated CRP levels [19] but, curiously, very few stud-
ies have investigated the possible role of initial functional disability. The gSOFA is a score
based on 3 criteria of respiratory, hemodynamic and neurological function, to identify patients
at high risk of hospital mortality from infection [20]. Zerah et al. reported, in a cohort of 821
older patients hospitalized for over 70 years with confirmed COVID-19, an increase in hospital
mortality due to functional impairment (ADL < 4) [16]. In another large study of 2359 older
patients > 70 years admitted into ICU for COVID-19, the group with both pre-existing frailty
and pre-existing disability (ADL score < 6) exhibited extremely high 3-month mortality risk
[21]. Thus, these few previous results were consistent with our present analysis focused on a
geriatric population aged >75 years.

Disability is defined as the loss of functional and cognitive capacities, ie the possibility and
ability to perform daily activities in an appropriate way, and requiring assistance to carry out
acts of daily living [22]. Disability affects more than 50% of patients over age 65 [23], and
increases the risks of mortality and morbidity [23, 24]. It is generally the adverse consequence
of both physiological and pathological aging. For Bouchon et al., aging is an unstable balance,
with a vital functional reserve that decreases with the evolution of chronic diseases and after
each acute decompensation [25]. It appears that the high and uncontrolled release of pro-
inflammatory cytokines (such as IL-6, IL-1, TNF-a) in COVID-19, ie the cytokine storm, is
one of the main mechanisms explaining the severity of the disease in elderly patients [26],
causing acute respiratory distress syndrome and death. Advancing in age is usually already
associated with increased levels of pro-inflammatory cytokines, and reduced levels of system-
atic anti-inflammatory cytokines, creating a chronic state of inflammation called “inflamm-
aging’ [27]. It is likely that the dysregulation of the cytokine homeostasis in ‘inflamm-aging”
may play a critical role in the risk of cytokine storm, and therefore in the risk of reduced func-
tional reserve according to the Bouchon model. Maintaining functional capacity is an impor-
tant indicator of elderly health.

We also found that the history of malignancies predicted greater 12-month mortality in
older adults with COVID-19. This result is fully consistent with previous literature that
retained this variable as on the main prognostic factor in COVID-19 patients, particularly dur-
ing the first wave of the pandemic [13, 28-30].

Our study has some limitations. First, it was a single-centered study, and all patients were
frail elderly patients hospitalized for COVID-19, who might be unrepresentative of the general
population of older adults, therefore disability and mortality may be over-estimated. Second,
the observational design was less robust than an interventional design and prevents any con-
clusion on causality. Third, during the first wave, PCR diagnosis was not always available and
some diagnoses in our study were made using chest CT-scan [31]. However, and despite
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relatively low specificity, CT-scan revealed rather good sensitivity to COVID-19 [32, 33].
Fourth, the GIR score is used mainly in France, which does not allow reproducibility of results
in other countries, and other more common disability scales should be used in the future to
confirm our present results. We could also have taken into account other variables that are
now recognised as having an impact on mortality, such as length of hospital stay[34], but
which it was not possible to collect in our sample.

Conclusions

In conclusion, we found that, irrespective of all studied potential confounders, initial func-
tional disability during a SARS-CoV-2 infection was associated with lower 1-year survival
among hospitalized geriatric patients. The early assessment of functional disability in older
patient with COVID-19 therefore appears crucial to better define the management and bene-
fit/risk ratio of treatments in this population. With the emergence of less severe variants and
the availability of vaccines in the frail elderly population, it would be interesting to check
whether this result and the prognostic usefulness of disability remains effective in older adults.

Acknowledgments

The authors wish to thank the GERIA-COVID study group. GERIA-COVID study group:
Cédric Annweiler!, Marine Asfar!, Melinda Beaudenon!, Jean Barré', Antoine Brangierl,
Mathieu Corvaisier', Guillaume Duval', Jennifer Gautier', Mialy Guenet', Jocelyne Loison’,
Frédéric Noublanche!, Marie Otekpol, Héléne Riviere!, Guillaume Sacco!, Romain Simon'.

Affiliations: 1: Department of Geriatric Medicine, University Hospital, Angers, France.

The authors have listed everyone who contributed significantly to the work in the Acknowl-
edgments section. Permission has been obtained from all persons named in the Acknowledg-
ments section.

Author Contributions

Conceptualization: Olivier Briére, Cédric Annweiler.

Formal analysis: Olivier Briére, Jennifer Gautier, Cédric Annweiler.
Investigation: Olivier Briére, Jennifer Gautier, Cédric Annweiler.
Methodology: Olivier Briére, Cédric Annweiler.

Project administration: Olivier Briére, Cédric Annweiler.
Supervision: Cédric Annweiler.

Validation: Olivier Briére, Cédric Annweiler.

Visualization: Olivier Briére.

Writing - original draft: Olivier Briere, Cédric Annweiler.

Writing - review & editing: Olivier Bri¢re, Marie Otekpo, Marine Asfar, Guillaume Sacco,
Cédric Annweiler.

References
1. WHO Coronavirus (COVID-19) Dashboard. [cited 31 Jan 2022]. Available: https://covid19.who.int

2.  WHO Director-General’s opening remarks at the media briefing on COVID-19-11 March 2020. [cited 16
Jan 2021]. Available: https://www.who.int/director-general/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020

PLOS ONE | https://doi.org/10.1371/journal.pone.0289297  July 27, 2023 7/9


https://covid19.who.int
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-1911-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-1911-march-2020
https://doi.org/10.1371/journal.pone.0289297

PLOS ONE

Functional abilities and COVID-19

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019
(COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the Chinese Center for
Disease Control and Prevention. JAMA. 2020; 323: 1239—1242. https://doi.org/10.1001/jama.2020.
2648 PMID: 32091533

Promislow DEL. A Geroscience Perspective on COVID-19 Mortality. J Gerontol A Biol Sci Med Sci.
2020; 75: e30—e33. https://doi.org/10.1093/gerona/glaa094 PMID: 32300796

Coronavirus: chiffres clés et évolution de la COVID-19 en France et dans le Monde. [cited 31 Jan 2022].
Available: https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-
et-evolution-de-la-covid-19-en-france-et-dans-le-monde

Chen T, Dai Z, Mo P, Li X, Ma Z, Song S, et al. Clinical Characteristics and Outcomes of Older Patients
with Coronavirus Disease 2019 (COVID-19) in Wuhan, China: A Single-Centered, Retrospective Study.
Newman A, editor. The Journals of Gerontology: Series A. 2020; 75: 1788—1795. https://doi.org/10.
1093/gerona/glaa089 PMID: 32279081

Vetel JM, Leroux R, Ducoudray JM. AGGIR. Practical use. Geriatric Autonomy Group Resources
Needs. Soins Gerontologiques. 1998; 23-7.

Coutton V. Evaluer la dépendance a I'aide de groupes iso-ressources (GIR):une tentative en France
avec la grille aggir. Gerontologie et societe. 2001; 2499: 111-129. Available: https://www.cairn.info/
revue-gerontologie-et-societe-2001-4-page-111.htm

Décret n°97-427 du 28 avril 1997 portant application de certaines dispositions de la loi n* 97—-60 du 24
janvier 1997 tendant, dans I'attente du vote de la loi instituant une prestation d’autonomie pour les per-
sonnes agées dépendantes, a mieux répondre aux besoins des personnes agées par l'institution d’'une
prestation spécifique dépendance—Légifrance. [cited 2 Mar 2022]. Available: https://www.legifrance.
gouv.fr/loda/id/JORFTEXT000000199307/

Le Fur-Musquer E, Delamarre-Damier F, De Decker L, Le Strat A, Lebatard A, Manigold V, et al.
[Modalities of hospitalization in emergency of institutionalized patients]. Geriatr Psychol Neuropsychiatr
Vieil. 2011; 9: 409—415. https://doi.org/10.1684/pnv.2011.0305 PMID: 22182817

Bruno RR, Wernly B, Kelm M, Boumendil A, Morandi A, Andersen FH, et al. Management and out-
comes in critically ill nonagenarian versus octogenarian patients. BMC Geriatr. 2021; 21: 576. https://
doi.org/10.1186/s12877-021-02476-4 PMID: 34666709

for the VIP2 study group, Guidet B, de Lange DW, Boumendil A, Leaver S, Watson X, et al. The contri-
bution of frailty, cognition, activity of daily life and comorbidities on outcome in acutely admitted patients
over 80 years in European ICUs: the VIP2 study. Intensive Care Med. 2020; 46: 57—69. https://doi.org/
10.1007/s00134-019-05853-1 PMID: 31784798

Level C, Tellier E, Dezou P, Chaoui K, Kherchache A, Sejourné P, et al. Outcome of older persons
admitted to intensive care unit, mortality, prognosis factors, dependency scores and ability trajectory
within 1 year: a prospective cohort study. Aging Clin Exp Res. 2018; 30: 1041-1051. https://doi.org/10.
1007/s40520-017-0871-z PMID: 29214518

Corrao S, Argano C, Natoli G, Nobili A, Corazza GR, Mannucci PM, et al. Disability, and not diabetes, is
a strong predictor of mortality in oldest old patients hospitalized with pneumonia. European Journal of
Internal Medicine. 2018; 54: 53-59. https://doi.org/10.1016/j.€jim.2018.04.012 PMID: 29728312

Ruan S. Likelihood of survival of coronavirus disease 2019. The Lancet Infectious Diseases. 2020; 20:
630-631. https://doi.org/10.1016/S1473-3099(20)30257-7 PMID: 32240633

Zerah L, Baudouin E, Pépin M, Mary M, Krypciak S, Bianco C, et al. Clinical Characteristics and Out-
comes of 821 Older Patients With SARS-Cov-2 Infection Admitted to Acute Care Geriatric Wards. New-
man AB, editor. The Journals of Gerontology: Series A. 2021; 76: e4—e12. https://doi.org/10.1093/
gerona/glaa210 PMID: 32845301

Ménager P, Briére O, Gautier J, Riou J, Sacco G, Brangier A, et al. Regular Use of VKA Prior to COVID-
19 Associated with Lower 7-Day Survival in Hospitalized Frail Elderly COVID-19 Patients: The GERIA-
COVID Cohort Study. Nutrients. 2020; 13: E39. https://doi.org/10.3390/nu13010039 PMID: 33374341

Pamart D, Otekpo M, Asfar M, Duval G, Gautier J, Annweiler C, et al. Hypercalcemia as a Biomarker of
Poor Prognosis in Frail Elderly Patients with COVID-19. J Nutr Health Aging. 2021; 25: 1140-1144.
https://doi.org/10.1007/s12603-021-1690-7 PMID: 34866140

Villoteau A, Asfar M, Otekpo M, Loison J, Gautier J, Annweiler C, et al. Elevated C-reactive protein in
early COVID-19 predicts worse survival among hospitalized geriatric patients. PLOS ONE. 2021; 16:
€0256931. https://doi.org/10.1371/journal.pone.0256931 PMID: 34506514

The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)—PMC. [cited 5
Jun 2023]. Available: https://www-ncbi-nIm-nih-gov.buadistant.univ-angers.fr/pmc/articles/
PMC4968574/

PLOS ONE | https://doi.org/10.1371/journal.pone.0289297  July 27, 2023 8/9


https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://doi.org/10.1093/gerona/glaa094
http://www.ncbi.nlm.nih.gov/pubmed/32300796
https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://doi.org/10.1093/gerona/glaa089
https://doi.org/10.1093/gerona/glaa089
http://www.ncbi.nlm.nih.gov/pubmed/32279081
https://www.cairn.info/revue-gerontologie-et-societe-2001-4-page-111.htm
https://www.cairn.info/revue-gerontologie-et-societe-2001-4-page-111.htm
https://www.legifrance.gouv.fr/loda/id/JORFTEXT000000199307/
https://www.legifrance.gouv.fr/loda/id/JORFTEXT000000199307/
https://doi.org/10.1684/pnv.2011.0305
http://www.ncbi.nlm.nih.gov/pubmed/22182817
https://doi.org/10.1186/s12877-021-02476-4
https://doi.org/10.1186/s12877-021-02476-4
http://www.ncbi.nlm.nih.gov/pubmed/34666709
https://doi.org/10.1007/s00134-019-05853-1
https://doi.org/10.1007/s00134-019-05853-1
http://www.ncbi.nlm.nih.gov/pubmed/31784798
https://doi.org/10.1007/s40520-017-0871-z
https://doi.org/10.1007/s40520-017-0871-z
http://www.ncbi.nlm.nih.gov/pubmed/29214518
https://doi.org/10.1016/j.ejim.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/29728312
https://doi.org/10.1016/S1473-3099%2820%2930257-7
http://www.ncbi.nlm.nih.gov/pubmed/32240633
https://doi.org/10.1093/gerona/glaa210
https://doi.org/10.1093/gerona/glaa210
http://www.ncbi.nlm.nih.gov/pubmed/32845301
https://doi.org/10.3390/nu13010039
http://www.ncbi.nlm.nih.gov/pubmed/33374341
https://doi.org/10.1007/s12603-021-1690-7
http://www.ncbi.nlm.nih.gov/pubmed/34866140
https://doi.org/10.1371/journal.pone.0256931
http://www.ncbi.nlm.nih.gov/pubmed/34506514
https://www-ncbi-nlm-nih-gov.buadistant.univ-angers.fr/pmc/articles/PMC4968574/
https://www-ncbi-nlm-nih-gov.buadistant.univ-angers.fr/pmc/articles/PMC4968574/
https://doi.org/10.1371/journal.pone.0289297

PLOS ONE

Functional abilities and COVID-19

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

Bruno RR, Wernly B, Flaatten H, Fjalner J, Artigas A, Baldia PH, et al. The association of the Activities
of Daily Living and the outcome of old intensive care patients suffering from COVID-19. Ann Intensive
Care. 2022; 12: 26. https://doi.org/10.1186/s13613-022-00996-9 PMID: 35303201

International Classification of Functioning, Disability and Health (ICF). [cited 31 Mar 2022]. Available:
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-
health

Millan-Calenti JC, Tubio J, Pita-Fernandez S, Gonzalez-Abraldes |, Lorenzo T, Fernandez-Arruty T,
et al. Prevalence of functional disability in activities of daily living (ADL), instrumental activities of daily
living (IADL) and associated factors, as predictors of morbidity and mortality. Archives of Gerontology
and Geriatrics. 2010; 50: 306—310. https://doi.org/10.1016/j.archger.2009.04.017 PMID: 19520442

Stuck AE, Walthert JM, Nikolaus T, Blla CJ, Hohmann C, Beck JC. Risk factors for functional status
decline in community-living elderly people: a systematic literature review. Social Science & Medicine.
1999; 48: 445-469. https://doi.org/10.1016/s0277-9536(98)00370-0 PMID: 10075171

Bouchon JP. 1 + 3 ou comment tenter d'étre efficace en gériatrie. Rev Prat Méd Gén.: 888.

Meftahi GH, Jangravi Z, Sahraei H, Bahari Z. The possible pathophysiology mechanism of cytokine
storm in elderly adults with COVID-19 infection: the contribution of “inflame-aging.” Inflamm Res. 2020;
69: 825-839. https://doi.org/10.1007/s00011-020-01372-8 PMID: 32529477

Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al. Proinflammatory cytokines, aging,
and age-related diseases. J Am Med Dir Assoc. 2013; 14: 877-882. https://doi.org/10.1016/j.jamda.
2013.05.009 PMID: 23792036

Lee LY, Cazier J-B, Angelis V, Arnold R, Bisht V, Campton NA, et al. COVID-19 mortality in patients
with cancer on chemotherapy or other anticancer treatments: a prospective cohort study. The Lancet.
2020; 395: 1919—-1926. https://doi.org/10.1016/S0140-6736(20)31173-9 PMID: 32473682

Lee LYW, Cazier J-B, Starkey T, Briggs SEW, Arnold R, Bisht V, et al. COVID-19 prevalence and mor-
tality in patients with cancer and the effect of primary tumour subtype and patient demographics: a pro-
spective cohort study. The Lancet Oncology. 2020; 21: 1309-1316. https://doi.org/10.1016/S1470-
2045(20)30442-3 PMID: 32853557

Chai C, Feng X, Lu M, Li S, Chen K, Wang H, et al. One-year mortality and consequences of COVID-19
in cancer patients: A cohort study. IUBMB Life. 2021; 73: 1244—1256. https://doi.org/10.1002/iub.2536
PMID: 34318585

ACR Recommendations for the use of Chest Radiography and Computed Tomography (CT) for Sus-
pected COVID-19 Infection. [cited 6 Apr 2022]. Available: https://www.acr.org/Advocacy-and-
Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-
Suspected-COVID19-Infection

Khatami F, Saatchi M, Zadeh SST, Aghamir ZS, Shabestari AN, Reis LO, et al. A meta-analysis of
accuracy and sensitivity of chest CT and RT-PCR in COVID-19 diagnosis. Sci Rep. 2020; 10: 22402.
https://doi.org/10.1038/s41598-020-80061-2 PMID: 33372194

Xu B, Xing Y, Peng J, Zheng Z, TangW, Sun Y, et al. Chest CT for detecting COVID-19: a systematic
review and meta-analysis of diagnostic accuracy. Eur Radiol. 2020; 30: 5720-5727. https://doi.org/10.
1007/s00330-020-06934-2 PMID: 32415585

Leidi F, Boari GEM, Scarano O, Mangili B, Gorla G, Corbani A, et al. Comparison of the characteristics,
morbidity and mortality of COVID-19 between first and second/third wave in a hospital setting in Lom-
bardy: a retrospective cohort study. Intern Emerg Med. 2022; 17: 1941-1949. https://doi.org/10.1007/
$11739-022-03034-5 PMID: 35809152

PLOS ONE | https://doi.org/10.1371/journal.pone.0289297  July 27, 2023 9/9


https://doi.org/10.1186/s13613-022-00996-9
http://www.ncbi.nlm.nih.gov/pubmed/35303201
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://doi.org/10.1016/j.archger.2009.04.017
http://www.ncbi.nlm.nih.gov/pubmed/19520442
https://doi.org/10.1016/s0277-9536%2898%2900370-0
http://www.ncbi.nlm.nih.gov/pubmed/10075171
https://doi.org/10.1007/s00011-020-01372-8
http://www.ncbi.nlm.nih.gov/pubmed/32529477
https://doi.org/10.1016/j.jamda.2013.05.009
https://doi.org/10.1016/j.jamda.2013.05.009
http://www.ncbi.nlm.nih.gov/pubmed/23792036
https://doi.org/10.1016/S0140-6736%2820%2931173-9
http://www.ncbi.nlm.nih.gov/pubmed/32473682
https://doi.org/10.1016/S1470-2045%2820%2930442-3
https://doi.org/10.1016/S1470-2045%2820%2930442-3
http://www.ncbi.nlm.nih.gov/pubmed/32853557
https://doi.org/10.1002/iub.2536
http://www.ncbi.nlm.nih.gov/pubmed/34318585
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://doi.org/10.1038/s41598-020-80061-2
http://www.ncbi.nlm.nih.gov/pubmed/33372194
https://doi.org/10.1007/s00330-020-06934-2
https://doi.org/10.1007/s00330-020-06934-2
http://www.ncbi.nlm.nih.gov/pubmed/32415585
https://doi.org/10.1007/s11739-022-03034-5
https://doi.org/10.1007/s11739-022-03034-5
http://www.ncbi.nlm.nih.gov/pubmed/35809152
https://doi.org/10.1371/journal.pone.0289297

