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Background: Advanced age increases the risk for severe COVID-19. However, the risk factors for mortality from COVID-19 in very
elderly patients (>80-years-old) are unknown.

Objective: Investigate the relationship of mortality with the clinical characteristics of very elderly COVID-19 patients.

Materials and Methods: Very elderly patients who were hospitalized with COVID-19 from December 3, 2022 to January 1, 2023
were retrospectively examined. Sociodemographic and clinical variables were recorded and survival was recorded after 30 days.
Results: We examined 181 patients (median age: 90.84 years; 114 older than 90 years). The median Barthel index was 30.69, and
55.8% of patients had severe or critical COVID-19 pneumonia. Forty-two patients (33.2%) received a high-flow nasal cannula or non-
invasive ventilation, and only 4.4% received mechanical ventilation. The overall mortality was 35.9%, and there was no significant
difference in mortality for the 80 to 90-year-old group and the over 90-year-old group (37.7% vs 32.8%, P=0.508). A multivariate
analysis showed that the Barthel index (OR, 0.975; 95% CI, 0.962—0.989), serum creatinine (SCr) level (OR, 1.003; 95% CI, 1.000—
1.006), white blood cell (WBC) count (OR, 1.160; 95% CI, 1.056-1.276), D-dimer level (OR, 1.060; 95% CI, 1.009-1.113), and
corticosteroid use (OR, 0.268; 95% CI, 0.124-0.582) were significantly and independently related to 30-day mortality. A binary
classification model based on the multivariate analysis had good predictive value (area under the curve, 0.794).

Conclusion: Very elderly COVID-19 patients have a high risk for mortality. The Barthel index, SCr, WBC count, D-dimer level, and
corticosteroid use were independently associated with mortality.
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Introduction

There have been 240 million confirmed cases and nearly 5 million deaths worldwide from coronavirus disease 2019
(COVID-19). Beginning in December 2022, there was a dramatic increase in the prevalence of COVID-19 in Beijing.
The clinical severity of COVID-19 ranges from asymptomatic or mildly symptomatic to critical illness with multi-organ
failure. There is evidence that lymphocytopenia, elevated levels of inflammatory biomarkers, and especially advanced
age are associated with poor prognosis in patients with COVID-19." In particular, elderly adults are more likely to have
severe disease and fatal outcome.

Early data from China demonstrated that the case fatality rate (CFR) increased with age, in that it was 0.4% or lower
for patients who were 40-years-old or younger, 1.3% for those in their 50s, 3.6% for those in their 60s, 8% for those in
their 70s, and 14.8% for those in their 80s or older.” The mortality rate in patients who are 80-years-old or more is
therefore more than 6-times higher than in younger patients. The data on COVID-19 cases and deaths in nursing homes is
also very striking. There are up to 1.5 million nursing home residents in the US, less than 0.5% of its population, but
these individuals accounted for 40% of all COVID deaths.> Age-related immune system remodeling and immuno-
senescence are the major reasons for the increased susceptibility to infections, particularly respiratory infections, in the
elderly.*> However, only a few studies have focused on COVID-19 in patients who were 80-years-old or more
(henceforth “very elderly”). Instead, most of these previous studies focused on middle-aged patients (in their 50s or

Clinical Interventions in Aging 2023:18 | 1551162 1155
Received: 14 April 2023 © 2023 Xing et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 11 July 2023 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 25 July 2023


http://orcid.org/0000-0001-9487-2325
http://orcid.org/0000-0002-7294-0355
http://orcid.org/0000-0003-3293-0301
http://orcid.org/0000-0002-5423-0325
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xing et al Dove

60s)," or compared the mortality of different age groups. Very few studies have specifically examined the characteristics
of very elderly patients with COVID-19. It is therefore unclear if the clinical characteristics or prognostic factors
associated with severe COVID-19 are different for these very elderly patients.

Here, we present a retrospective analysis of the clinical characteristics of very elderly patients who were hospitalized
with COVID-19 in an effort to identify risk factors associated with 30-day mortality.

Materials and Methods

Patients who were very elderly (>80-years-old), diagnosed with COVID-19, and admitted to the Geriatric Department of
Beijing Friendship Hospital between December 3, 2022 and January 3, 2023 were retrospectively examined. All patients
were in a cadre ward that provides care to elderly and retired government officials, most of whom are senile males. The
included patients met the China CDC definition for COVID-19° and had evidence of infection by the severe acute
respiratory coronavirus 2 (SARS-CoV-2) based on RT-PCR or antigen testing. The inclusion criteria were: (i) age of at
least 80 years and (ii) positive results for SARS-CoV-2 from RT-PCR or antigen testing. The exclusion criteria were: (i)
age less than 80 years; (ii) negative RT-PCR results in two consecutive samples taken 48 h apart; or (iii) loss to follow
up. Although data on the SARS-CoV-2 variants in these patients were unavailable, the Omicron variant was dominant in
Beijing during the study period.

All patients had symptoms or signs of COVID-19 and were classified according to disease severity:’ mild illness (any
of the various signs and symptoms of COVID-19, but no abnormal chest imaging results); moderate illness (evidence of
lower respiratory disease during clinical assessment or imaging, and oxygen saturation of 93% or more measured by
pulse oximetry [SpO,] in room air at sea level); severe illness: SpO, below 93%, or radiological evidence of lung
infiltrates accounting for more than 50% of the lung field; and critical illness (septic shock, and/or multiple organ
dysfunction and need for mechanical ventilation or admission to an intensive care unit [ICU]).

The Barthel scale was used to measure activities of daily living (ADL) at admission. This scale considers several
daily activities (feeding, bathing, grooming, dressing, bowel and bladder control, ability to use a toilet, transfer from bed
to chair and vice-versa, mobility on level-surfaces, and ability to climb stairs) and classifies individuals as independent
(80-100 points), minimally dependent (60—79 points), partially dependent (40—59 points), very dependent (20-39 points),
or totally dependent (<20 points).

All data were retrieved from clinical and epidemiological records, including comorbidities, symptoms, laboratory data
at admission, and treatments. All patients received follow-up for 30 days after diagnosis. The primary end-point was all-
cause death.

Ethical approval was obtained from the Ethical Committee of Beijing Friendship Hospital. Due to the anonymized
and retrospective design of this study, informed consent was not required. This study was in compliance with the
Declaration of Helsinki.

Statistical Analysis

Statistical analysis was carried out using the SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). A descriptive univariate
analysis of all variables was carried out. Qualitative variables are presented as absolute and relative frequencies, and
quantitative variables as medians and interquartile ranges (IQRs). For comparisons of independent samples, Pearson’s
chi-square test was used for qualitative variables, and the Mann—Whitney U-test or the Kruskal-Wallis test was used for
quantitative variables. Time-at-risk was measured from the enrollment date to the date of death. Time-to-event analysis
was used to identify predictors of death. Receiver operator characteristic (ROC) analysis and calculation of area under the
curve (AUC) were used to analyze the overall diagnostic performance of combined risk factors.

Results

Demographic Characteristic
We retrospectively examined 181 very elderly patients who had COVID-19 and were hospitalized in the Geriatric
Department of Beijing Friendship Hospital during the 1 month study period, a period during which the Omicron
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variant of SARS-CoV-2 was predominant in this region (Table 1). Overall, the median age was 90.84 years (range: 80—
103), 114 patients (63.0%) were older than 90 years, 145 patients (80.1%) were male, the median Barthel (ADL) score
was 30.69 (range: 0-60), and the mean time from symptom onset to hospitalization was 5 days. There were 167
patients (92.3%) who had at least one comorbidity. Comparison of two age groups (80—89 years vs >90 years)
indicated there were significant differences in the sex ratio, coronary heart disease (CHD), diabetes mellitus (DM),
chronic pulmonary disease (CPD), duration of symptoms before hospitalization, diastolic blood pressure (DBP), and
C reactive protein (CRP; all P < 0.05).

Clinical Characteristics and Outcomes

All patients received thorax computed tomography (CT) or X-ray examinations (Table 2). Twenty-five patients (13.8%)
had mild illness, 55 (30.4%) had moderate illness, 35 (19.3%) had severe illness, and 66 (36.5%) had critical illness.
Overall, 86 patients (47.5%) received anti-viral treatment (paxlovid or azvudine), 61 (33.7%) received a corticosteroid
(dexamethasone or methylprednisolone), 5 (2.8%) received baricitinib, and 3 (2.8%) received tocilizumab.

A total of 13 patients (7.2%) were treated with a high-flow nasal cannula, 29 (16.0%) received non-invasive
ventilation, and 8 (4.4%) received mechanical ventilation in the ICU. The overall mortality rate was 35.9%, and was
37.7% in those 90-years-old or more and 32.8% in those 80 to 89-years-old. Tocilizumab use was significantly more
common in the 80 to 89-year-old group (4.5% vs 0%, P = 0.023).

Factors Associated with Mortality
Sixty-five patients (35.9%) died within 30 days after hospital admission (Table 3). The univariate analysis showed that

the survivors had a higher Barthel (ADL) score and were less likely to have a status of “dependence” (both P < 0.05).

Table | Demographic and Clinical Characteristics of Patients at Baseline

Characteristic Total 80-89-Years-Old | >90-Years-Old P value
(n=181) (n=67) (n=114)
Age, years 90.8+5.3 85.2+2.8 94.243.2 <0.001
Male sex 145(80.1%) 59(88.1%) 86(75.4%) 0.004
Comorbidity
Hypertension 150(82.9%) 59(88.1%) 91(79.8%) 0.156
CHD 92(50.8%) 25(37.5%) 67(72.8%) 0.020
DM 66(36.5%) 33(49.3%) 33(28.9%) 0.006
CPD 21(11.6%) 3(4.5%) 18(15.8%) 0.022
Days from symptoms to admission | 4.96+4.73 5.82+4.60 4.45+4.76 0.022
Barthel index 25(0-60) 45(10-65) 15(0-40) <0.001
SBP, mmHg 135.3+48.7 134.1+20.2 135.9+£59.5 0.807
DBP, mmHg 68.9+12.2 71.2£12.2 67.4£12.0 0.042
Pulse rate, bpm 82.0+15.6 82.2+13.8 81.8x16.7 0.863
Laboratory findings
RBCx10°/L 3.840.7 3.9+0.7 3.840.7 0.316
HgB, g/dL 113.6x19.9 115.7£19.2 112.£20.3 0.277
WBCx10°/L 7.6+4.2 7.7+44 7.6x4.1 0.949
Lymphocytesx 10°/L I.1£1.3 6.2+3.9 5.9+3.6 0.276
Neutrophilsx 10°/L 6.0+3.7 6.2+3.94 5.9+3.6 0.696
D-dimer, ng/mL 1(0-3) 1(0-2) 1(0-2) 0.388
Albumin, g/L 32.8+5.3 33.9+54 32.145.1 0.028
CRP, mg/L 24.7(13.3-26.9) | 25.8(16.5-27.1) 18.5(10.4-26.6) 0.033
SCr, pmol/L 88(69.8-120.7) 86(66.3—118) 89.1(71.4-122.2) | 0.569

Note: Bold P-values indicate statistical significance (P < 0.05).

Abbreviations: CHD, coronary heart disease; DM, diabetes mellitus; CPD, chronic pulmonary disease; SBP, systolic blood pressure;
DBP, diastolic blood pressure; RBC, red blood cells; HgB, hemoglobin; WBC, white blood cells; CRP, C-reactive protein; SCr, serum
creatinine.
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Table 2 Clinical Characteristics and Outcomes of Patients

Characteristic Total (n=181) | 80-89 Yrs (n=67) | =90 Yrs (n=114) | P value
COVID-19 severity 0.466
Mild 25(13.8%) 8(11.9%) 17(14.9%)
Moderate 55(30.4%) 19(28.4%) 36(31.6%)
Severe 35(19.3%) 17(25.4%) 18(15.8%)
Critical 66(36.5%) 23(34.3%) 43(37.7%)
Treatment
Corticosteroid 61(33.7%) 26(38.8%) 35(30.7%) 0.265
Baricitinib 5(2.8%) 3(4.5%) 2(1.8%) 0.280
Tocilizumab 3(1.7%) 3(4.5%) 0(0%) 0.023
Anti-viral agent 86(47.5%) 38(56.7%) 48(42.1%) 0.057
Anticoagulation agent | 56(30.9%) 23(34.3%) 33(28.9%) 0.450
Antibiotic 143(79%) 52(77.6%) 91(79.8%) 0.724
Respiratory support 0.631
MV 8(4.4%) 4(6%) 4(3.5%)
NIV 29(16.0%) 10(14.9%) 19(16.7%)
HFNC 13(7.2%) 4(6%) 9(7.9%)
ICU admission 8(4.4%) 2(3%) 6(5.3%) 0.472
Death 65(35.9%) 22(32.8%) 43(37.7%) 0.508

Note: Bold P-values indicate statistical significance (P < 0.05).
Abbreviations: MV, mechanical ventilation; NIV, noninvasive ventilation; HFNC, high-flow nasal cannula; ICU, intensive
care unit.

The survivors also had a lower pulse rate, and lower levels of white blood cells (WBCs), neutrophils, D-dimer, troponin
T (TNT), pro-brain natriuretic peptide (Pro-BNP), and CRP (all P < 0.001). Survival was positively associated with
antiviral treatment, but negatively associated with corticosteroid treatment (both P < 0.05). Only 9.2% of the patients
who died received mechanical ventilation, but the survival rate was better for those who received no respiratory support
(P <0.001).

The multivariate model showed that the Barthel (ADL) score (OR: 0.975; 95% CI, 0.962-0.989), SCr level (OR:
1.003; 95% CI, 1.000-1.006), WBC count (OR: 1.160; 95% CI, 1.056-1.276), D-dimer level (OR: 1.060; 95% CI,
1.009-1.113), and corticosteroid use (OR: 0.268; 95% CI, 0.124-0.582) were significantly and independently associated
with 30-day mortality (Table 4).

ROC analysis that used the combination of all five factors from the multivariate analysis indicated that the sensitivity
was 0.578, the specificity was 0.862, and the AUC was 0.794 (95% CI: 0.727-0.861, P < 0.001; Figure 1A). However,
the two age groups (8089 years vs >90 years) had similar 30-day mortality rates (Log rank test: 0.417, Figure 1B).

Discussion

This retrospective study of 181 very elderly patients with COVID-19 had three major findings. First, these patients had
high incidences of mortality (35.9%) and comorbidities (especially hypertension [82.9%] and CHD [50.8%]), and 55% of
them had severe or critical COVID-19 even though only 4.4% received mechanical ventilation. Second, compared with
patients who were 80 to 90-years-old, those who were over 90-years-old had poorer immune function and nutritional
status, but received similar treatments and respiratory support and had a similar 30-day mortality rate (32.8% vs 37.7%).
Finally, we found that Barthel (ADL) score, SCr level, WBC count, D-dimer level, and corticosteroid use were
significantly and independently associated with 30-day mortality.

Age is a significant factor that affects the susceptibility to COVID-19 and the prognosis of infected patients.® A meta-
analysis of 59 studies that examined 36,470 patients showed that patients aged 70 years or more appeared to have a 65%
increased risk for COVID-19 (relative risk: 1.65, 95% CI: 1.50—1.81). Our study focused on the most vulnerable age
group (very elderly patients) who were hospitalized with COVID-19, a population only rarely examined in previous
clinical studies. The mortality rate among our very elderly patients was high (35.9%), and almost all of them had multiple
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Table 3 Univariate Analysis of Factors Associated with 30-Day Patient Mortality

Variable Died (n=65) Survived (n=116) | P value
Age, years 91.8+5.2 90.3%5.3 0.068
Male sex 52(80%) 93(80.2%) 0.978
Barthel index 17.4£22.8 38.24£32.6 <0.001
Dependent! 60(92.3%) 75(64.7%) <0.001
Symptoms to admission, days | 4.3+3.9 5.3+5.1 0.179
SBP, mmHg 130.9£18.5 137.74£59.0 0.368
DBP, mmHg 67.9%11.4 69.4x12.6 0.429
Pulse rate, bpm 87.3+16.6 79.1£14.3 <0.001
Chronic comorbidities
Hypertension 54(83.1%) 96(82.8%) 0.957
DM 24(36.9%) 42(36.2%) 0.923
CPD 33(50.8%) 59(50.9%) 0.308
Laboratory findings
WBCx10°/L 8.3(5.8-10.8) 5.8(4.3-3.0) <0.001
Lymphocytesx 10°/L 0.9(0.6-1.3) 0.9(0.6-1.3) 0.608
Neutrophilsx 10°/L 6.7(4.7-9.7) 4.2(3.0-6.3) <0.001
D-dimer, ng/mL 2(1-4) 1(0-2) <0.001
TNT, ng/mL 0.03(0.01-0.07) 0.01(0.00-0.02) <0.001
Pro-BNP, ng/L 2480(1370-6146) | 854(420-1955) <0.001
CRP, mg/L 25.9(16.4-27.0) 19.4 (9.0-26.9) 0.029
Treatment
Anti-viral agent 24(36.9%) 62(53.4%) 0.033
Antibiotic 55(84.6%) 88(75.9%) 0.165
Corticosteroid 28(43.1%) 33(28.4%) 0.046
Baricitinib 0(0%) 5(4.3%) 0.090
Tocilizumab 1(1.5%) 2(1.7%) 0.925
Anticoagulation agent 21(32.3%) 35(30.2%) 0.766
Respiratory support <0.001
MV 6(9.2%) 2(1.7%)
NIV 19(29.2%) 10(8.6%)
HFNC 4(6.2%) 9(7.8%)
ICU admission 5(7.7%) 3(2.6%) 0.109

Notes: TPartially, very, or totally dependent based on the Barthel index. Bold P-values indicate statistical
significance (P < 0.05).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, Diabetes mellitus; CPD,
Chronic pulmonary disease; WBC, white blood cells; TNT, troponin T; Pro-BNP, pro-brain natriuretic
peptide; CRP, C-reactive protein; MV, mechanical ventilation; NIV, noninvasive ventilation; HFNC, high-
flow nasal cannula; ICU, intensive care unit.

Table 4 Multivariable Analysis of Factors Associated with 30-Day Patient Mortality

Variable B S.E P value Exp (B) 95% CI
Barthel index —0.025 0.007 0.000 0.975 0.962, 0.989
WABC count 0.149 0.048 0.002 1.160 1.056, 1.276
SCr level 0.003 0.001 0.026 1.003 1.000, 1.006
D-dimer level 0.058 0.025 0.020 1.060 1.009, 1.113
Corticosteroid use -1.315 0.395 0.001 0.268 0.124, 0.582

Note: Bold P-values indicate statistical significance (P < 0.05).

Abbreviations: WBC, white blood cells; SCr, serum creatinine.
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Figure | (A) Receiver operating characteristic (ROC) analysis of the multivariate model for predicting 30-day patient mortality (AUC: 0.794, 95% Cl: 0.727-0.861, P < 0.001;
sensitivity: 0.578; specificity: 0.862). (B) Kaplan-Meier survival analysis of the two age groups (80—89 years vs 290 years; Log rank test: 0.417).

comorbidities and low Barthel (ADL) scores. In our study, 55.8% of the patients had severe or critical disease, and 20.4%
received non-invasive mechanical ventilation or ventilatory support. A weakened immune defense against infectious
diseases, age-related chronic pro-inflammatory status, and persistent low-grade innate immune activation can increase the
tissue damage caused by infections.”

Although comorbidities can contribute to a decrease in functional reserve and hinder the fight against infections, we
found only a few differences between patients aged 80 to 90 years and those over 90 years. Patients over 90 years had
higher rates of CHD and CPD than the younger group (72.8% vs 37.5%, P = 0.02; 15.8% vs 4.5%, P = 0.022,
respectively). Additionally, our older group had a lower Barthel (ADL) score and a lower serum albumin level.
However, our two age groups were similar in terms of pharmaceutical treatments and oxygen support, and they also
had no significant difference in 30-day mortality (37.7% vs 32.8%, P = 0.508).

Notably, anti-viral agents, anticoagulants, and corticosteroids were given to less than half of our patients because of
our limited experience in treating COVID-19 and insufficient medical resources at that time. Over time, with the
accumulation of experience and resources, more patients received these treatments. Therefore, the mortality of our
very elderly patients (35.9%) was less than reported for this age group during the first wave of the COVID-19 pandemic,
from 25 February to 19 April 2020. Borobia et al investigated the first 2226 adult COVID-19 patients who were admitted
to a single hospital in Spain during January 2020 and reported the mortality rate was 52.9% for those aged 80 to 89 years
and 63.3% for those aged 90 years or more.” Palaiodimos et al studied the first 200 COVID-19 patients who were
admitted to an emergency room in New York City during March 2020 and reported the in-hospital mortality rate was
40% for those aged 74 years or more.® Earlier use of oxygen therapy, improvements in general supportive care, and
increased use of steroids, tocilizumab, or baricitinib might account for this improvement. Only 4.4% of our patients
received mechanical ventilation, much lower than previously reported. For example, Alharthy et al® studied critically ill
COVID-19 patients and reported that 56.8% of them received mechanical ventilation. Another study reported a large age
difference for those who did not and did receive mechanical ventilation (50.63 + 13.3 vs 90.8 & 5.3 years), and that most
elderly patients selected palliative care. The high percentage of elderly patients receiving enhanced respiratory support
and lower ventricular support is a reflection that this group of patients is more inclined to receive palliative care rather
than more positive measures.
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Previous research found that a lower Barthel (ADL) score was significantly related to higher mortality in COVID-19
patients.'® In agreement, we found that the percentage of patients with a low Barthel (ADL) score was much greater for
patients who died (92.3% vs 64.7%). Frailty is another major risk factor for death from COVID-19, particularly in the
elderly.'"*'? Frailty is usually related to old age, poor ADL, and dementia. A previous study of COVID-19 patients identified
the clinical frailty scale (CFS) as a potentially useful and practical tool to evaluate patient status, and reported that each 1-point
increase in the CFS was associated with 12% increase in mortality (OR: 1.12, 95% CI = 1.04-1.20, P = 0.003)."?

Prognostic factors may be useful for guiding patient stratification according to risk of severe disease or death. For
example, we found that a high WBC count was related to mortality. Considering the possibility of bacterial co-infection
in patients, 79% patients of our patients received antibiotics. A low lymphocyte count is one of the major characteristics
of COVID-19 infection, and patients with severe COVID-19 pneumonia usually have bacterial co-infections. Previous
research reported that deceased COVID-19 patients were more likely to have received antibiotics (84.6% vs 75.9%).'*'*
Another study of 81 patients with COVID-19 reported that an elevated neutrophil-to-lymphocyte ratio (>9.8) was related
to acute respiratory distress syndrome (ARDS) and was also related to receipt of non-mechanical and mechanical
ventilation.'®

An increased D-dimer level is an indication of thrombosis. Previous studies reported increased D-dimer and
fibrinogen concentrations during the early stages of COVID-19, and that a 3- to 4-fold rise in the D-dimer level was
linked to poor prognosis.'®'” An elevated D-dimer level is indicative of venous thromboembolisms, a condition that may
lead to ventilation-perfusion mismatch. In addition, underlying conditions, such as diabetes, cancer, stroke, and
pregnancy, may increase the D-dimer level in COVID-19 patients. Thus, measuring the level of D-dimer and coagulation
parameters during the early stage of COVID-19 may help clinicians to provide better management of these patients.
A study of 343 patients with COVID-19 showed that 12/67 patients with D-dimer levels of 2.0 pg/mL or more at
admission died, but only 1/267 patients with D-dimer levels below 2.0 pg/mL died (P < 0.001; hazard ratio: 51.5; 95%
CI, 12.9-206.7)."® Another study of COVID-19 patients found that a D-dimer level of 1.0 ug/mL or more on admission
was associated with increased in-hospital mortality."

Moreover, kidney damage, as indicated by a higher SCr level, also increases the risk of severe disease or death in
patients with COVID-19.22! Although renal dysfunction may be indicative of systemic vascular and inflammatory
complications, histopathologic analyses suggested the possibility that SARS-CoV-2 can directly infect the renal tubular
epithelium.?? Our results showed that deceased patients were more likely to have used a corticosteroid (43.1% vs 28.4%,
P = 0.046), presumably because patients with more severe disease are more likely to receive corticosteroid treatment.

Conclusions
In summary, our results confirmed that very elderly COVID-19 patients have a greatly increased risk for death. The
Barthel (ADL) score, SCr level, WBC count, D-dimer level, and corticosteroid use were independently and significantly
related to 30-day mortality, and use of these variables in ROC analysis led to an AUC value of 0.794. Our results might
help future researchers to develop multivariable prognostic models that could facilitate decision-making for very elderly
COVID-19 patients.

Our study has some limitations. Firstly, all data were from one hospital in Beijing, so the findings may not be
generalizable to other populations. Secondly, we only performed follow-up for 30 days, and the mortality rate might be
greater for longer follow-up periods. Thirdly, we did not investigate the effect of vaccination on survival. Finally, genetic
factors could play a role in senility and in the course of COVID-19 progression. A future study that examines the effects
of different genetic variants on the severity of COVID-19 in very elderly patients would provide important information
that could aide in combating this disease in this highly vulnerable population.
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