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Abstract

Background: Advanced age is a well-known risk factor for poor prognosis in COVID-19. However, few studies have specifically focused on
very old inpatients with COVID-19. This study aims to describe the clinical characteristics of very old inpatients with COVID-19 and identify
risk factors for in-hospital mortality at admission.

Methods: We conducted a nationwide, multicenter, retrospective, observational study in patients > 80 years hospitalized with COVID-19
in 150 Spanish hospitals (SEMI-COVID-19) Registry (March 1-May 29, 2020). The primary outcome was in-hospital mortality. A uni- and
multivariate logistic regression was performed to assess predictors of mortality at admission.

Results: A total of 2772 consecutive patients (49.4% men, median age 86.3 years) were analyzed. Rates of atherosclerotic cardiovascular
disease, diabetes mellitus, dementia, and Barthel Index < 60 were 30.8%, 25.6%, 30.5%, and 21.0%, respectively. The overall case-fatality
rate was 46.9% (n: 1301) and increased with age (80-84 years: 41.6%; 85-90 years: 47.3%; 90-94 years: 52.7%; 295 years: 54.2%). After
analysis, male sex and moderate-to-severe dependence were independently associated with in-hospital mortality; comorbidities were not
predictive. At admission, independent risk factors for death were: oxygen saturation < 90%; temperature > 37.8°C; quick sequential organ
failure assessment (QSOFA) score > 2; and unilateral-bilateral infiltrates on chest x-rays. Some analytical findings were independent risk factors
for death, including estimated glomerular filtration rate < 45 mL/min/1.73 m?; lactate dehydrogenase > 500 U/L; C-reactive protein > 80 mg/L;
neutrophils > 7.5 x 10%/uL; lymphocytes < 0.8 x 103/uL; and monocytes < 0.5 x 10%/pL.

Conclusions: This first large, multicenter cohort of very old inpatients with COVID-19 shows that age, male sex, and poor preadmission
functional status—not comorbidities—are independently associated with in-hospital mortality. Severe COVID-19 at admission is related to

poor prognosis.

Keywords: Age > 80, COVID-19, Mortality, Prognostic factors, SARS-CoV-2

Since the beginning of the COVID-19 pandemic, advanced age has
been identified as one of the strongest risk factors for poor out-
comes, complications, and mortality (1-10). Paradoxically, few
studies have focused on the clinical characteristics of COVID-19
in older patients (265 or 260 years of age) (11-17). Furthermore,
up until now, there has been very limited information on COVID-
19 specifically in very older patients (>80 years old) available
(12,14) despite the fact that this population has the highest mor-
tality rate (18).

Spain is one of the countries with the highest number of patients
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
relative to the size of the population in the world (19). The first
COVID-19 infection in the country was confirmed on January 31,
2020 and since then, 245 575 confirmed cases have been recorded,
with 124 806 hospitalizations, 11 633 admissions to intensive care
units, and 28 315 deaths at July 20 (20). Furthermore, Spain has one
of the oldest populations in the world, with 6.2% of the population
> 80 years old of age at present (21).

To our knowledge, this is the first large, multicenter cohort
study of very old patients hospitalized with COVID-19. The ob-
jectives of this study were to describe the clinical presentation of
patients > 80 years old of age hospitalized with COVID-19 and to
identify risk factors for in-hospital mortality at admission. We hy-
pothesized that prognostic factors for mortality due to COVID-19
could be different in patients > 80 years old of age compared to the
general population.

Materials and Methods

Study Design and Population

We carried out an observational, multicenter, nationwide study of
patients > 80 years old of age hospitalized with COVID-19 in Spain
from March 1 to May 29, 2020. All patient data were obtained from
the Spanish Society of Internal Medicine’s SEMI-COVID-19 Registry,
in which 150 hospitals in Spain participate. The SEMI-COVID-19
Registry includes all consecutive patients > 18 years old admitted to
hospitals for COVID-19; this study analyzes the subpopulation of
patients > 80 years old.

Variables

The SEMI-COVID-19 Registry retrospectively compiles data from
the first admission of patients > 18 years old of age with COVID-19
confirmed microbiologically by a reverse transcription polymerase
chain reaction (RT-PCR) test of a nasopharyngeal swab sample,
sputum specimen, or bronchoalveolar lavage. In brief, this registry
collects sociodemographic data, previous medical history, routine
treatment, clinical presentation, clinical condition, laboratory test
results, radiological findings, clinical management, in-hospital com-
plications, length of hospital stay, early readmissions, referral to
long-term care or skilled-nursing facilities, and in-hospital deaths.
More in-depth information on the justification, objectives, method-
ology, and preliminary results of the SEMI-COVID-19 Registry have
recently been published (22). Data were collected retrospectively by
clinicians using an online electronic data capture system.

To assess preadmission functional status, we used the Barthel
Index (23) (independent or mild dependence: 100-91; moderate
dependence: 90-61; and severe dependence: <60). The burden
of comorbidities was assessed by the age-adjusted Charlson
Comorbidity Index (24). DSMS criteria were used for the diagnosis
of dementia (25). Atherosclerotic cardiovascular disease was defined
as a previous history of ischemic cardiopathy (myocardial infarction,
acute coronary syndrome, angina, or coronary revascularization),
cerebrovascular disease (stroke, transient ischemic attack), or per-
ipheral arterial disease (intermittent claudication, revascularization,
lower limb amputation, or abdominal aortic aneurysm).
Nonatherosclerotic cardiovascular disease included atrial fibrillation
and heart failure. Obesity was defined as a body mass index > 30 kg/
m?. Patients were considered to have hypertension, diabetes mellitus,
or dyslipidemia if they had a prior clinical diagnosis or have been on
pharmacological treatment for these conditions. Chronic pulmonary
disease was defined as a diagnosis of chronic obstructive pulmonary
disease and/or asthma. Malignancy included solid tumors and/
or hematologic neoplasia (excluding nonmelanoma skin cancer).
Moderate-to-severe renal disease was defined as an estimated glom-
erular filtration rate < 45 mL/min/1.73 m? according to the CKD-EPI
equation (26). The preadmission comorbidity was collected from the
patient’s electronic medical record, obtained from each hospital.
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The laboratory data (blood gases, metabolic panel, complete blood
count, coagulation) and diagnostic imaging tests were collected at
admission.

The treatments used at admission were classified as antimicro-
bial therapy (beta-lactam, hydroxychloroquine, azithromycin, or
lopinavir/ritonavir), immunomodulatory therapy (systemic cor-
ticosteroids, interferon beta-1b, or tocilizumab), or anticoagulant
therapy (low-molecular-weight heparin in low doses as prophy-
laxis [40 mg of enoxaparin or equivalent], in intermediate doses
as prophylaxis [enoxaparin 1 mg/kg/day or equivalent], or in high
doses as an anticoagulant [1 mg/kg/12 hours or equivalent of an-
other heparin]).

In-hospital complications included the presence of secondary
bacterial pneumonia, acute respiratory distress syndrome, acute
heart failure, arrhythmia, acute coronary syndrome, myocarditis, epi-
leptic seizures, stroke, shock, sepsis, acute kidney failure, dissemin-
ated intravascular coagulation, venous thromboembolism, multiple
organ dysfunction syndrome, and acute limb ischemia. The defin-
ition of complications during the hospitalization was defined pre hoc
and was available from the online electronic data capture system.
Ventilation support included invasive and noninvasive mechanical
ventilation and high-flow oxygen therapy (27). Readmission within
30 days of hospital discharge was considered early rehospitalization.

The end point of the study was all-cause in-hospital mortality
expressed as the case-fatality rate, or the proportion of in-hospital
deaths in relation to the total number of patients hospitalized with
COVID-19.

Statistical Analysis

Patients’ epidemiological and clinical characteristics were analyzed
using descriptive statistics. Continuous and categorical variables are
expressed as medians (interquartile ranges) or mean (standard devi-
ation [SD]) and as absolute values (%), respectively. The continuous
variables were classified into two categories. Patients were included
in either the survivor or nonsurvivor group. The differences between
the groups were determined using the two-sample Student’s # test or
the Mann—Whitney U test for continuous variables and Pearson’s
chi-square test for categorical variables. Values were considered to
be statistically significant when p < .05. The measure of association
was presented as odds ratio and 95% confidence interval.

A multivariate analysis was performed to compensate for con-
founding variables. The regression analysis values were expressed
as adjusted odds ratios (AORs) with a 95% confidence interval.
Multiple logistic regression analysis was used to identify inde-
pendent predictors of in-hospital mortality and complications asso-
ciated with in-hospital mortality. First, a univariate analysis of each
variable was carried out to identify variables which had a signifi-
cant result. All variables with no significant contribution or a con-
founding role were removed from the model. Statistically significant
variables identified in the univariate analysis (p < .01) were entered
into a multivariate logistic regression. Due to the fact that there were
some missing values, variables which were not recorded for >25%
of patients were excluded from the analysis (eg, serum ferritin,
D-dimer, interleukin-6, procalcitonin, venous lactate, and aspartate
aminotransferase). The variables included as part of combined vari-
ables, such as the quick sequential organ failure assessment (QSOFA)
model, were also excluded (eg, tachypnea [>20 breaths per minute],
hypotension [systolic blood pressure < 100 mmHg], and confusion).
Statistical data analysis was performed using IBM SPSS Statistics for
Windows, Version 21.0 (IBM Corp., Armonk, NY).

Ethical Aspects

The STROBE statement guidelines were followed in the conduct
and reporting of the study (Supplementary Material). All the pa-
tients gave their informed consent. When there were biosafety con-
cerns and/or when the patient had already been discharged, verbal
informed consent was requested and noted on the medical record.
Data confidentiality and patient anonymity were maintained at
all times, in accordance with Spanish regulations on observational
studies. Patient identifiable information was deleted before the data-
base was analyzed; thus, it is not possible to identify patients on an
individual level either in this article or in the database. This study
was carried out in accordance with the Declaration of Helsinki and
was approved by the Institutional Research Ethics Committees of
each participating hospital.

Results

Patients and Outcome

As of May 29, 2020, of a total 12 487 patients diagnosed with
COVID-19 included in the SEMI-COVID-19 Registry, 2839
(22.7%) were >80 years of age. Sixty-seven (2.4%) remained
hospitalized as of the cutoff date and were not included in this
study. Of the total of 2772 patients included, 1471 (53.1%) were
alive after hospital discharge and 1301 (46.9%) died during
their hospital stay (in-hospital mortality) (Figure 1). The overall
case-fatality rate was 46.9% and showed a significant increase
that correlated with age, from a fatality rate of 41.6% (368/885
patients) in patients aged 80-84 years to the highest mortality
rate of 54.2% (77/142 patients) in patients 295 years of age
(Supplementary Table 1).

Demographics and Clinical Characteristics

The percentages of males in the nonsurvivor and survivor groups
were 53% and 46.2%, respectively (p < .001) (Table 1). The pro-
portion of patients living in nursing homes prior to admission was
21.6%, a figure which was similar in the nonsurvivor and survivor
groups. The comorbidities, symptoms, and physical examination
findings of the very old patients with COVID-19 are shown in
Table 2. The percentages of moderate and severe dependence in the
nonsurvivor group were higher than in the survivors group (28.4%
and 24.7% vs 24.3% and 17.8%, respectively, p < .001).

The mean Charlson Comorbidity Index was elevated in the
whole population, but higher in the nonsurvivor group (p < .001).
The most prevalent comorbidities were hypertension (75%),
dyslipidemia (50.5%), nonatherosclerotic cardiovascular dis-
eases (34.4%), atherosclerotic cardiovascular diseases (30.8%),
dementia (30.5%), and diabetes (25.6%). The proportion of car-
diovascular diseases, dementia, moderate-to-severe renal disease,
and obesity was significantly higher in the nonsurvivor group
(p < .05), but no differences were observed between survivor and
nonsurvivor groups in regard to other comorbidities such as hyper-
tension, diabetes, chronic pulmonary diseases, and malignancy. The
most common symptoms were shortness of breath (61.5%) and
cough (61.1%). Presence of dyspnea and anorexia were higher in
the nonsurvivor group, whereas diarrhea was more common in the
survivor group (p < .001). Signs of severe clinical disease at ad-
mission (oxygen saturation < 90%, temperature > 37.8°C, hypo-
tension, tachypnea, confusion, or qgSOFA score > 2) as well the
presence of rales in the chest examination were more common in
nonsurvivor group (p < .001).
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Table 1. Clinical Characteristics, in Hospitalized Patients > 80 Years Old With COVID-19

Total Nonsurvivors Survivors
N (%) N (%) N (%) p
(n=2772) (n=1301) (n = 1471) Value
Age, median (IQR), years 86.3 (83.2-89.6) 86.6 (83.6-90.2) 85.9 (82.5-89.3) <.001
Sex, Male 1367 (49.4) 688 (53) 679 (46.2) <001
Acquisition .044
Community 1954 (70.5) 915 (70.3) 1039 (70.6)
Nosocomial 222 (8.0) 120 (9.2) 101 (6.8)
Nursing home 599 (21.6) 267 (20.5) 331 (22.5)
Degree of dependence <.001
Independent or mild 1463 (52.8) 611 (47.0) 852 (57.9)
Moderate 727 (26.2) 369 (28.4) 357 (24.3)
Severe 583 (21.0) 320 (24.7) 262 (17.8)
Comorbidities
CCI, mean (SD) 3(1.9) 5(2.1) 0 (1. <.001
Hypertension 2080 (75) 971 (74.6) 1109 (75 4) 621
Dyslipidemia 1399 (50.5) 644 (49.5) 755 (51.3) 365
Nonatherosclerotic cardiovascular diseases™ 952 (34.4) 483 (37.1) 469 (31.9) .004
Atherosclerotic cardiovascular diseases™ * 855 (30.8) 449 (34.5) 406 (27.6) <.001
Dementia 844 (30.5) 428 (32.9) 416 (28.3) .009
Diabetes mellitus 710 (25.6) 346 (26.6) 366 (24.9) .302
Chronic pulmonary disease* ** 547 (19.7) 262 (20.1) 285 (19.4) .680
Obesity® 444 (16.0) 229 (17.6) 215 (14.6) .04
Malignancy®® 364 (13.1) 186 (14.3) 178 (12.1) .089
Moderate-to-severe renal disease 324 (11.7) 182 (14.0) 142 (9.6) <.001
Symptoms
Shortness of breath 1705 (61.5) 925 (71.1) 780 (53.0) <.001
Cough 1694 (61.1) 804 (61.9) 890 (60.5) 447
Fatigue 1026 (37.0) 492 (37.9) 534 (36.3) 403
Anorexia 608 (21.9) 293 (22.5) 315 (21.4) .005
Diarrhea 396 (14.3) 159 (12.3) 237 (16 1) .005
Vomiting 150 (5.4) 7 (6.0) 3(5. 25
Physical exam
Oxygen saturation < 90% (pulse oximetry) 729 (26.3) 524 (40.3) 204 (13.9) <.001
Temperature > 37.8°C 590 (21.3) 332 (25.5) 258 (17.5) <001
Hypotension (systolic blood pressure 225 (8.1) 143 (10.9) 82 (5.5) <.001
< 100 mmHg)
Tachycardia (>100 beats per minute) 541 (19.5) 320 (24.5) 224 (15.2) <.001
Tachypnoea (222 breaths per minute) 1189 (42.9) 752 (57.8) 437 (29.7) <.001
Confusion 815 (29.4) 491 (37.7) 324 (22.0) <.001
Pulmonary rales 1551 (55.9) 804 (61.8) 747 (50.8) <.001
qSOFA score
Low risk (<1) 2253 (81.3) 935 (71.9) 1317 (89.5) <.001
High risk (>2) 519 (18.7) 365 (28.1) 154 (10.5)

Notes: CCI = Charlson Comorbidity Index; IQR = interquartile range; N
ment; SD = standard deviation.

®Obesity: body mass index > 30 kg/m?.

®*Malignancy includes solid tumors or hematological neoplasia.

(%) = number of cases (percentage); qSOFA = quick sequential organ failure assess-

*Nonatherosclerotic cardiovascular diseases include atrial fibrillation or/and heart failure.
** Atherosclerotic cardiovascular diseases include coronary, cerebrovascular, and/or peripheral vascular disease.

***Chronic pulmonary disease includes chronic obstructive pulmonary diseases and/or asthma.

Laboratory and Radiological Findings

A higher proportion of patients in the nonsurvivor group had
leukocytosis, neutrophilia, monocytopenia, and lymphocytopenia
(p < .001) as well as higher levels of plasma glucose, creatinine,
lactate dehydrogenase, aminotransferases, C-reactive protein, lac-
tate, procalcitonin, ferritin, D-dimer, and interleukin-6 (p < .001)
(Table 2). Hypoxemia and a PaO,/FiO, ratio
common in the nonsurvivor group (p < .001). The presence of uni-

< 200 were more

lateral and, especially, bilateral infiltrates were significantly more
common in the nonsurvivor group (p < .001).

In-Hospital Treatment

Hydroxychloroquine and lopinavir/ritonavir were used in 75.7%
and 40.9% of patients, respectively (Table 3). Antimicrobial therapy,
including beta-lactam and azithromycin, was indicated in 75.9% and
54.5% of patients, respectively. The main immunomodulatory therapy
was systemic glucocorticoids, which was used in 39.0% of patients.
Moreover, interferon beta-1b, tocilizumab, and colchicine were used
in 7.4%, 2.8%, and 1.5%, respectively. The percentages of patients
treated with hydroxychloroquine and azithromycin in the nonsurvivor
and survivor groups were 68.9% versus 81.7% and 50.5% versus
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Table 2. Radiology and Laboratory Findings, in Hospitalized Patients > 80 Years Old With COVID-19

Total Nonsurvivors Survivors
N (%) N (%) N (%)
(n=2772) (n =1301) (n=1471) P Value
Chest x-ray findings <.001
Normal 500 (19.0) 157 (12.1) 343 (23.3) —
Unilateral infiltrates 582 (21) 243 (18.7) 338 (23.0) —
Bilateral infiltrates 1690 (61.1) 900 (69.2) 790 (53.7) —
Laboratory findings
Complete blood count
Leukocytes > 10.0 x 10°/uL 610 (22.0) 377 28.9) 233 (15.8) <.001
Neutrophils > 7.5 x 10>/uL 740 (26.7) 452 (34.7) 288 (19.5) <.001
Lymphocytes < 0.800 x 103/uL 1170 (42.3) 660 (50.7) 510 (34.7) <.001
Eosinophils < 0.030 x 10%/uL 2150 (77.6) 1059 (81.4) 1091 (74.2) .001
Monocytes < 0.500 x 10%/uL 1447 (52.2) 727 (55.9) 719 (48.9) <.001
Hemoglobin < 11 g/dL 434 (15.6) 206 (15.8) 228 (15.5) .684
Platelet count < 150 x 10°/uL 860 (31.0) 422 (32.4) 438 (29.8) 141
Arterial blood gases
pH < 7.40 (n = 1515) 191 (21.1) 191 (24.8) 128 (17.2) <.001
PCO, < 35 mmHg (1 = 1515) 763 (50.4) 382 (49. 7) 380 (51.1) 585
PO, < 60 mmHg (1 = 1515) 643 (42.4) 411 (53. 231 (31.0) <.001
PO,/FiO, ratio < 200 (n = 1395) 313 (22.4) 228 (32) 5(12.4) <.001
Serum biochemistry
Glucose > 126 mg/dL (n = 2627) 1173 (44.7) 650 (55. 523 (44.6) <.001
eGFR < 45 mL/min/1.73 m? 889 (36.5) 597 (46. 6) 392 (39.6) <.001
Lactate dehydrogenase > 500 U/L (7 = 2200) 406 (18 5) 272 (27.7) 134 (11.0) <.001
AST > 70 U/L (n = 2422) 129 (5. 3 (6.5) 56 (4.3) 013
ALT 270 U/L (n=1971) 221 (11 2) 138 (15.4) 83 (3.3) <.001
C-reactive protein > 80 mg/L (7 = 2612) 124 (47.7) 731 (60.6) 515 (36.7) <.001
Venous lactate > 2.20 mmol/L (n = 1296) 368 (28.4) 237 (36.1) 131 (20.5) <.001
Procalcitonin = 0.150 ng/mL (n = 1306) 6(51.1) 386 (66.0) 281 (39.0) <.001
Interleukin-6 > 40 pg/mL (n = 255) 113 (44.3) 7 (66.3) 56 (33.1) <.001
D-dimer = 1000 ng/mL (1 = 1930) 994 (57.5) 476 (57.5) 518 (47.0) <.001
Serum ferritin > 450 /ug/L (n = 956) 488 (51.0) 202 (64.7) 286 (44.4) <.001

Notes: ALT = alanine aminotransferase; AST = aspartate aminotransferase; eGFR = estimated glomerular filtration rate; FiO, = fraction of inspired oxygen;

N (%) = number cases (percentage).

58.1%. respectively (p < .001). The proportion of patients treated with
beta-lactam, interferon beta-1b, and systemic corticosteroids in the
nonsurvivor and survivor groups were 79.0% versus 73.2%, 10.2%
versus 4.95%, and 43.4% versus 35.2%, respectively (p < .001).
Finally, the proportion of use of low-molecular-weight heparin in the
nonsurvivor and survivor groups was 76.9% versus 85.5% (p < .001).
The most common ventilation therapies used were high-flow nasal can-
nula oxygen (7.3%) and noninvasive therapy (3.9%).

Complications

Acute respiratory distress syndrome was the most common compli-
cation (43% [severe 26.5%, moderate 9.9%, and mild 7.0%]), fol-
lowed by acute kidney failure (24.6%) (Table 4). Pneumonia, acute
heart failure, multiple organ dysfunction syndrome, and sepsis oc-
curred in 14.2%, 13.9%, 10.8%, and 9.3% of inpatients, respect-
ively. Overall, most of the complications were more common in the
nonsurvivor group. Only 33 patients (1.2%) were admitted to the
intensive care unit; they had a case-fatality rate of 75.8%. The me-
dian length of hospital stay was 14 days, with shorter stays observed
in the nonsurvivor group (p < .001).

Multivariate Analysis of Risk Factors at Admission
Associated With In-Hospital Mortality

The only demographic characteristics independently associated
with all-cause in-hospital mortality were age (AOR: 1.03), male

sex (AOR: 1.28), and severe degree of dependence (AOR: 1.76)
(Table 5). In contrast, comorbidities were not related with mor-
tality. Oxygen saturation < 90% (AOR: 2.70), temperature >
37.8°C (AOR: 1.37), and qSOFA score > 2 (AOR: 1.68) at ad-
mission were independently associated with mortality. Finally, the
laboratory parameters at admission that were predictors of mor-
tality were estimated glomerular filtration rate < 45 mL/min/1.73
m? (AOR: 2.14); lactate dehydrogenase > 500 U/L (AOR: 1.63);
C-reactive protein > 80 mg/L (AOR: 1.65); neutrophil count >
7.5 x 10°%/uL (AOR: 1.44); lymphocyte count < 0.800 x 10%/pL
(AOR: 1.27); and monocyte count < 0.500 x 10%/pL. Also, both
unilateral (AOR: 1.05) and bilateral infiltrates (AOR: 2.10) in chest
x-rays at admission were independent predictors of in-hospital
mortality. In this model, the p value for the Hosmer-Lemeshow test
of goodness of fit was .662. The results of logistic regression model
of risk factors at admission associated with in-hospital mortality
did not change after the inclusion of different medical therapies
(hydroxychloroquine, beta lactams, azithromycin, interferon-beta,
steroids, and low-molecular-weight heparin).

Discussion

This study confirms the high mortality rate from severe COVID-19
among very old patients. We found a case-fatality rate in hospital-
ized patients > 80 years old of age (46.9%) that was similar to other
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Table 3. In-Hospital Treatment Used in Hospitalized Patients > 80 Years Old With COVID-19

Total Nonsurvivors Survivors
N (%) N (%) N (%)
(n=2772) (n = 1301) (n = 1471) p Value
Antimicrobial therapy
Beta-lactam antibiotics 2104 (75.9) 1028 (79.0) 1077 (73.2) <.001
Hydroxychloroquine 2098 (75.7) 910 (68.9) 1188 (81.7) <.001
Azithromycin 1511 (54.5) 667 (50.5) 844 (58.1) <.001
Lopinavir/ritonavir 1134 (40.9) 555 (42.0) 579 (39.9) 250
Immunomodulatory therapy
Systemic corticosteroids 1081 (39.0) 573 (43.4) 508 (35.2) <.001
Interferon beta-1b 205 (7.4) 135 (10.2) 70 (4.9) <001
Tocilizumab 78 (2.8) 44 (3.3) 34 (2.3) .140
Colchicine 42 (1.5) 17 (1.3) 25 (1.7) 341
Anakinra 11 (0.4) 5(0.4) 6 (0.4) 932
Baricitinib 10 (0.4) 1(0.1) 9(0.8) .024
Immunoglobulin 6(0.2) 3(0.2) 3(0.2) .891
Ventilation therapy
High-flow nasal cannula oxygen 203 (7.3) 153 (11.6) 50(3.7) <.001
Noninvasive mechanical ventilation 107 (3.9) 18 (1.4) 89 (0.3) <.001
Invasive mechanical ventilation 22 (0.8) 4(0.3 18 (1.4) .001
Anticoagulant therapy
Oral anticoagulants* 183 (6.6) 70 (5.3) 113 (7.9) .004
Low-molecular-weight heparin: 2251 (81.5) 1016 (76.9) 1235 (45.6) <.001
No 513 (18.5) 305 (23.1) 208 (14.5) —
Low (prophylaxis) dose 1624 (58.6) 729 (55.2) 895 (61.5) <.001
Intermediate dose 208 (7.8) 86 (6,5) 122 (9.0) .051
High (anticoagulant) dose 419 (15.1) 198 (15.2) 221 (15) 149

Notes: N (%) = number of cases (percentage).
*Vitamin K and non-vitamin K antagonist oral anticoagulants.

hospital cohorts reported in Madrid and New York, but lower than
what was reported in Italy or China (4,5,8,28).

The predictors of a poor prognosis in COVID-19 have been
described in many cohorts of hospitalized patients. They include
older age, male sex, comorbidities (hypertension, obesity, dia-
betes, cardiovascular diseases, chronic pulmonary diseases, chronic
kidney disease, and malignancy), signs of severe clinical presenta-
tion at admission (dyspnea, low oxygen saturation, high respiratory
rate, hypotension, and a low level of consciousness), evidence of a
hyperinflammatory response (leukocytosis, neutrophilia, and ele-
vated C-reactive protein and ferritin levels), and organ and coagula-
tion dysfunction (increased plasma glucose, serum creatinine, lactate
dehydrogenase, and D-dimer levels) (1-10).

Moreover, complications such as acute respiratory distress
syndrome and multiple organ dysfunction syndrome are very
common in patients hospitalized with COVID-19 and result in poor
prognosis (1-8) These complications are also found in geriatric
series (17). Worse outcomes in older patients with COVID-19 have
been related to uncontrolled local and systemic hyperinflammation
(23,29).

So far, only one small, single-center study specifically focused on
very old patients hospitalized with COVID-19 has been published.
Covino et al (14) described the clinical characteristics and prognostic
factors in 69 patients > 80 years old of age (median age 84 [82-89]
years old) admitted to an Italian referral center for COVID-19. They
found a 30-day mortality rate of 33.3%. They suggested that the risk
of death was not age-dependent in patients > 80 years old of age and
that severe dementia was a relevant risk factor for mortality in this
population. Furthermore, indications of severe COVID-19, such as

elevated lactate dehydrogenase and low oxygen saturation figures at
admission, were also associated with a poor prognosis (14).

Our study suggests that the importance of some of these risk
factors could be different in very old patients. First, in contrast to
the work by Covino et al (14), our study suggests that age remains
an independent risk factor for mortality, even in very old patients
hospitalized for COVID-19. Also, male sex was found to imply a
poor prognosis for COVID-19 in very old patients (30), as well as in
younger adults (1-8).

Second, although dyspnea has been associated with mortality
in many reports (3,31,32), in our study, it was not associated with
death. This fact could be explained by the difficulty in registering this
symptom in ill and very old patients. In fact, qSOFA—a simple scale
easily performed at admission that evaluates respiratory rate, sys-
tolic blood pressure, and mental status—is a predictor of mortality
by sepsis (33) and also a good predictor of a poor prognosis in pa-
tients with COVID-19 (34); it remains useful in patients > 80 years
old of age. In view of our results, we strongly recommend the use of
qSOFA at admission in older patients with COVID-19.

Third, although comorbidities were very common in our
study, as seen in the literature regarding patients > 65 years of age
with COVID-19 (15,35,36), the absence of a correlation between
comorbidities—including dementia—and mortality in our very old
population is striking. It is plausible that the high prevalence of
comorbidities (hypertension, dyslipidemia, heart diseases, dementia,
and other such chronic conditions) among the older population con-
tributes to the weak association between comorbidities and mor-
tality. While empirical evidence shows that mild obesity may improve
the survival rate (“obesity paradox”) in old patients with chronic
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Table 4. Complications and Outcomes in Hospitalized Patients > 80 Years Old With COVID-19

Total Nonsurvivors Survivors
N (%) N (%) N (%)
(n=2772) (n=1301) (n = 1471) p Value
Complications
ARDS
No 1567 (56.6) 355 (27.3) 1212 (82.4)
Mild 195 (7.0) 53 (4.1) 141 (9.6) 157
Moderate 275 (9.9) 193 (14.8) 82 (5.6) <001
Severe 738 (26.5) 701 (53.9) 37 (2.5) <.001
Acute kidney failure 684 (24.6) 441 (33.9) 246 (16.5) <.001
Pneumonia 394 (14.2) 234 (18.0) 160 (10.9) <001
Acute heart failure 386 (13.9) 246 (18.9) 1340 (9.5) <.001
Multiple organ dysfunction syndrome 299 (10. 8) 289 (22.2) 10 (0.7) <.001
Sepsis 259 (9.3 216(16 6) 43 (2.9) <001
Arrhythmia 177 (5. 3) 9 (7.6) 78 (5.3) 014
Shock 115 (4.1) 111 (8.5) 4(0.3) <.001
Acute coronary syndrome 8(1.4) 5(2.7) 3(0.2) <.001
Venous thromboembolism 0 (1.5) 2 (0.9) 28 (1.9) .032
Myocarditis 7 (1.0) 0(1.6) 7(0.5) .004
Intravascular coagulation 6(1.3) 1(2.4) 5(0.3) <.001
Epileptic seizures 5(0.9) 6(1.2) 9 (0.6) .084
Stroke 5(0.9) 3(1.0) 12 (0.8) .603
Outcome
Intensive care admission 33(1.2) 25(1.9) 8 (0.5) .001
Days of hospitalization, median (IQR) 14 (9-21) 11 (7-16) 17 (12-23) <.001

Notes: ARDS = acute respiratory distress syndrome; IQR = interquartile range; N (%) = number of cases (percentage).

diseases (37) or community-acquired pneumonia (38), obesity has
been identified as a risk factor for mortality in COVID-19, a finding
that was confirmed in our very old population.

Fourth, an elevated plasma glucose level was not a predictor of
mortality in our cohort, which is in contrast with previous reports
(19,39). Acute kidney injury, a common complication in hospitalized
adults, is associated with poor prognosis. It has recently been related
to higher mortality in patients > 65 years old with COVID-19 (40),
a finding that was also observed in our study.

Finally, our study highlights the prognostic importance of
preadmission clinical status in older adults more than 80-year patients
with COVID-19. Remarkably, we found that a severe degree of depend-
ence (defined by a Barthel Index < 60) was an independent predictor of
death. Surprisingly, functional status had not been previously evaluated
in relation to mortality in geriatric patients with COVID-19 (11-17).

Several prognostic scores for mortality in hospitalized older pa-
tients have been proposed, such as the Multidimensional Prognostic
Index (MPI) (36), the Hospital-patient One-year Mortality Risk
(HOMR) score (41,42), and the Identification of Seniors At Risk-
Hospitalized Patients (ISAR-HP) score (43). However, a simpler way
to predict in-hospital mortality in the older adults is to assess func-
tional status using the Barthel Index, which evaluates the ability to
perform activities of daily living and has been demonstrated to be
a good predictor of mortality in geriatric patients hospitalized for
any reason (44). Our study is the first report that has found that
preadmission functional status is related to mortality in older adults
aged more than 80 years old patients with COVID-19.

An unexpected finding in our study was the similar survival
rates among older people living in nursing homes compared to those
living at home, considering that we observed a close relationship be-
tween dependence and mortality and the fact that it is well-known
that older people living in nursing homes have higher rates of se-
vere dependence. Selection bias is the most plausible explanation for

this finding, given that older patients sent to hospitals from nursing
homes could be less dependent.

This study has some limitations. First, this is a retrospective series fo-
cused on hospitalized patients. Given that these patients presented with
more severe disease and a higher mortality rate, our data may over-
estimate overall mortality in the entirety of the older adults aged more
than 80 years old with COVID-19. Second, as a retrospective cohort
study, data were collected by a large number of researchers, which could
have led to heterogeneity in data input and validation. Third, more than
one-third of patients did not have laboratory data for some biochem-
ical values, such as procalcitonin, venous lactate, D-dimer, interleukin-6
serum levels, and serum ferritin levels, which may have led to an under-
estimation of their potential predictive value. Finally, the data were
retrospectively collected during the peak of the COVID-19 pandemic in
Spain, which was a period of overwhelming demand on the health care
system. Thus, despite the large number of clinical and complementary
variables included in the registry, other important variables, such as de-
lirium, undernutrition, and other hospital-acquired geriatric syndromes,
were not included. For the same reason, we could not collect any frailty
scale data in this study. Recently, it has been reported that the level of
frailty is a useful predictor of short-term COVID-19 outcomes in geri-
atric patients (45). However, a fair relationship between frailty and the
Barthel Index in hospitalized older patients has been demonstrated (46).

Conclusion

In very old patients hospitalized with COVID-19, clinical data of
severe COVID-19 at admission were associated with high all-cause
mortality. Age, male sex, poor preadmission functional status, and
severe symptoms—but not comorbidities—were independently asso-
ciated with in-hospital mortality. Therefore, functional assessment is
of critical importance for establishing a prognosis for older patients
with COVID-19.
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Table 5. Risk of Mortality According to Comorbidities, Symptoms, Physical Examination, Radiology, and Laboratory Findings in Hospitalized
Patients > 80 Years Old With COVID-19 (bivariate and multivariate analysis)

OR (CI 95%) AOR (CI 95%) p Value
Age 1.04 (1.03-1.06) 1.03 (1.00-1.06) .024
Sex, male 1.31 (1.12-1.54) 1.27 (1.01-1.59) .036
Degree of dependence
Independent or mild 1 1
Moderate 1.44 (1.20-1.72) 1.17 (0.89-1.58) 293
Severe 1.70 (1.40-2.08) 1.76 (1.20-2.57) .003
Comorbidities
CCI 1.12 (1.07-1.16) NI —
Nonatherosclerotic cardiovascular disease* 1.25 (1.07-1.47) 1.07 (0.85-1.35) 552
Atherosclerotic cardiovascular diseases** 1.38 (1.17-1.64) 1.22 (0.96-1.54) 102
Dementia 1.24 (1.05-1.46) 1.05 (0.78-1.38) 747
Obesity® 1.24 (1.00-1.54) NI
Moderate—severe renal disease 1.52 (1.20-1.92) 0.84 (0.59-1.86) 322
Symptoms
Shortness of breath 2.17 (1.85-2.54) 1.21 (0.96-1.55) 102
Anorexia 1.06 (0.88-1.28) 0.93(0.72-1.22) 687
Diarrhea 0.73 (0.59-0.91) 0.83 (0.62-1.34) 832
Physical exam
Oxygen saturation < 90% (pulsi oximetry) 4.19 (3.47-5.05) 2.70 (2.10-3.50) <.001
Temperature > 37.8°C 1.60 (1.32-1.93) 1.37 (1.06-1.78) .016
Hypotension (systolic blood pressure < 100 mmHg) 2.12 (1.58-2.84) NI
Tachycardia (>100 beats per minute) 1.80 (1.48-2.19) NI —
Tachypnoea (>20 breaths per minute) 3.23 (2.76-3.79) NI —
Confusion 2.14 (1.81-2.53) NI —
Pulmonary rales 1.56 (1.36-1.89) 1.13 (0.90-1.41) 282
qSOFA score 2 2 (high risk) 3.33 (2.71-4.09) 1.68 (1.25-2.26) .001
Chest x-ray
Normal 1 1
Unilateral infiltrates 1.56 (1.20-2.00) 1.50 (1.03-2.18) .033
Bilateral infiltrates 2.49 (2.00-3.07) 2.10 (1.51-2.93) <.001
Laboratory findings
Leukocytes > 10.0 x 10%/uL 2.15 (1.79-2.60) NI —
Neutrophils > 7.5 x 10°/uL 2.19 (1.84-2.61) 1.44 (1.11-1.86) .004
Lymphocytes < 0.800 x 10%/uL 1.90 (1.66-2.26) 1.27 (1.01-1.60) .038
Eosinophils < 0.030 x 103/puL 1.51 (1.29-1.82) 1.23 (0.42-1.61) 101
Monocytes < 0.500 x 10%/uL 1.32 (1.13-1.549 1.26 (1.00-1.59) .043
pH < 7.40 1.59 (1.24-2.05) NI —
PO, < 60 mmHg 2.55(2.06-3.17) NI —
PO,/FiO, ratio < 200 3.31 (2.54-4.39) NI —
Glucose > 126 mg/dL 1.84 (1.58-2.15) 1.12 (0.90-1.48) 283
eGFR < 45 mL/min/1.73 m? 2.30 (1.96-2.70) 2.14 (1.68-2.78) <.001
Lactate dehydrogenase > 500 U/L 3.09 (2.46-3.89) 1.63 (1.35-2.05) <.001
AST > 70 U/L 1.56 (1.09-2.23) NI
ALT > 70 U/L 2.16 (1.68-2.88) NI —
C-reactive protein > 80 mg/L 2.65 (2.26-3.11) 1,65 (1.32-2.07) <.001
Venous lactate > 2.20 mmol/L 2.19 (1.71-2.82) NI —
Procalcitonin > 0.150 ng/mL 3.03 (2.42-3.81) NI —
Interleukin-6 > 40 pg/mL 3.96 (2.28-6.89) NI —
D-dimer > 1000 ng/mL 1.52 (1.27-1.82) NI —
Serum ferritin > 450 /pg/L 2.29 (1.73-3.09) NI —

Notes: ALT = alanine aminotransferase; AOR = adjusted odds ratio; AST = aspartate aminotransferase; CCI = Charlson Comorbidity Index; CI 95% = coeffi-

cient interval; eGFR = estimated glomerular filtration rate; NI = not included in the multivariate analysis; OR = odds ratio; SOFA = quick sequential organ failure

assessment.
®Obesity = body mass index > 30 kg/m?.

*Nonatherosclerotic cardiovascular disease includes atrial fibrillation or/and heart failure.

** Atherosclerotic cardiovascular diseases include coronary, cerebrovascular, and/or peripheral vascular disease.
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12826 patients in the
SEMI-COVID-19 Network*

399 patients without the minimum
clinical characteristics

‘ 12487 patients completed ‘

L » 9648 patients with < 80 years old

‘ 2839 patients with 80 years l

65 patients still hospitalized*®

‘ 2772 patients discharged ‘

‘ 1310 patients died ‘

* At 29th may 2020

Figure 1. Patient inclusion flowchart
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