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Key summary points
Aim The objective of this study is to describe the baseline characteristics of oldest-old patients admitted with COVID-19 
to an acute geriatric unit and to determine the factors associated with in-hospital mortality.
Findings Dementia, incident delirium, and the CURB-65 score ≥ 3 are independent mortality risk factors. The concurrent 
use of angiotensin-converting enzyme inhibitors is a protective factor.
Message Recognition of geriatric syndromes may be useful to help clinicians establish the prognosis of oldest-old patients 
admitted to hospital with COVID-19.

Abstract
Purpose To determine predictors of in-hospital mortality related to COVID-19 in oldest-old patients.
Design Single-center observational study.
Setting and participants Patients ≥ 75 years admitted to an Acute Geriatric Unit with COVID-19.
Methods Data from hospital admission were retrieved from the electronic medical records: demographics, geriatric syn-
dromes (delirium, falls, polypharmacy, functional and cognitive status) co-morbidities, previous treatments, clinical, labora-
tory, and radiographic characteristics. Cox proportional hazard models were used to evaluate in-hospital mortality.
Results Three hundred patients were consecutively included (62.7% females, mean age of 86.3 ± 6.6 years). Barthel Index 
(BI) was < 60 in 127 patients (42.8%) and 126 (42.0%) had Charlson Index CI ≥ 3. Most patients (216; 72.7%) were frail 
(Clinical Frailty Scale ≥ 5) and 134 patients (45.1%) had dementia of some degree. The overall in-hospital mortality rate 
was 37%. The following factors were associated with higher in-hospital mortality in a multi-variant analysis: CURB-65 
score = 3–5 (HR 7.99, 95% CI 3.55–19.96, p < 0.001), incident delirium (HR 1.72, 1.10–2.70, p = 0.017) and dementia (HR 
3.01, 95% CI 1.37–6.705, p = 0.017). Protective factors were concurrent use of angiotensin-converting enzyme inhibitors 
(HR 0.42, 95% CI 0.25–0.72, p = 0.002) or prescription of hydroxychloroquine (HC 0.37 95% CI 0.22–0.62, p < 0.001) 
treatment during admission.
Conclusions and implications Our findings suggest that recognition of geriatric syndromes together with the CURB-65 score 
may be useful tools to help clinicians establish the prognosis of oldest-old patients admitted to hospital with COVID-19.
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Introduction

Background

Spain was one of the countries most affected by the COVID-
19 pandemic during 2020. By February 2021 more than 
3,000,000 cases and 64,700 deaths had been reported [1]. 
In particular, individuals aged more than 74 were affected, 
with an expected mortality excess (any cause) in 2020 of 
78% between March and May 2020 [2].

During recent months, several studies on prognostic 
factors associated with mortality in older adults have been 
published, but very few in oldest-old patients. Identifying 
predictive factors of in-hospital mortality in this vulnerable 
population is critical to establish appropriate goals of care. 
Age has been identified as one of the most important fac-
tors associated with mortality in older patients admitted to 
hospital [3, 4]. A meta-analysis showed that co-morbidities 
such as arterial hypertension, chronic obstructive pulmonary 
disease (COPD), cardiomyopathy, renal disease, and cer-
ebrovascular disease (CVD) are mortality-related factors in 
older adults with COVID-19 [5]. Frailty has been positively 
associated with mortality from COVID-19 in many studies 
in older people, but not in every case. For this reason, it 
should be used with caution as a prognostic marker alone 
[6]. The use of ACEIs or ARBs before COVID-19 illness has 
not been associated with mortality [7]. However, the effects 
in older inpatients have not been completely established.

The objective of this study was to describe the base-
line characteristics of oldest-old patients admitted with 
COVID-19 to an acute geriatric unit and to determine the 
factors associated with in-hospital mortality, including the 
concurrent use of ACEI or the treatment with hydroxychlo-
roquine. Secondary outcomes were to describe the devel-
opment of non-cardiac medical complications, mortality, 
and early hospital readmissions 30 days after discharge 
from hospital.

Methodology

Study population

This was a single-center longitudinal observational ambi-
spective study that included all patients consecutively admit-
ted to the acute geriatric unit of a secondary-care university 
hospital between March and May 2020. This hospital at the 
end of March was transformed into a hospital center dedi-
cated to COVID-19. Over the course of two weeks, it was 
transformed from having 111 medical beds, 42 surgical beds, 
and 4 surgical recovery beds to 190 COVID-19 beds, with 
5 ICU beds.

Potential study participants were identified on admis-
sion by an attending physician (geriatrician), who alerted 
the investigation team. Inclusion criteria were: (1) men and 
women ≥ 75 years of age; (2) COVID-19 infection diag-
nosed by hospital protocol [8]: either confirmed by a positive 
reverse transcriptase-polymerase chain reaction (RT-PCR) 
for the SARS-CoV2 and/or high clinical and radiologi-
cal characteristics); and (3) patients (or their next of kin) 
understood the study and freely agreed to participate in it 
by giving their written informed consent. Furthermore, we 
included patients retrospectively once the patient or their 
families gave their consent.

Exclusion criteria were: (1) patients with palliative 
needs, diagnosed by the attending team, or (2) patients who 
declined to participate.

The protocol was approved by the ethics committee of 
Hospital Universitario La Paz, under the ID: I-4131.

This article was written following the STROBE statement 
of cohort studies [9].

Data collection

We collected the following data during the first 24 h after 
admission from the electronic medical records: (1) demo-
graphic characteristics: age, gender; (2) functional status 
(Barthel Index, BI) [10]. BI is a scale to measure perfor-
mance in daily living activities, with values ranging from 
100 (totally independent) to 0 (totally dependent). We 
considered: independent (BI 100), slight dependence (BI 
60–99), moderate dependence (BI 40–59), severe depend-
ence (BI 20–39), and total dependence BI (0–19) 3) Demen-
tia (any type) categorized by The Global Deterioration Scale 
(GDS) [11]: mild cognitive decline (GDS: 3), mild dementia 
(GDS: 4), moderate dementia (GDS: 5), moderately severe 
dementia (GDS: 6) and severe dementia (GDS: 7); (4) 
delirium, assessed by the Confusion Assessment Method 
(CAM) [12]. The CAM score is based on four features: acute 
onset and fluctuating changes in mental status, inattention, 
disorganized or incoherent thinking, and altered conscious-
ness. Delirium was considered if a patient showed an acute 
onset and fluctuating discourse and inattention, with either 
disorganized thinking or an altered level of consciousness. 
A diagnosis of prevalent delirium was established if it was 
a clinical sign in the emergency department or within 24 h 
from admission. Incident delirium was diagnosed if the 
delirium was present 24 h after hospital admission; (5) The 
Clinical Frailty Scale (CFS) [13] was used to evaluate frailty 
(2 weeks before admission). The CFS is a scale that ranks 
frailty from 1 to 9, with a score of 1 being very fit and 9 
terminally ill. We considered fit (CFS 1–4), mild and moder-
ate frailty (CFS 5–6), and severe or very severe frailty (CFS 
7–8) as it was stated in previous studies [14]; (6) polyphar-
macy, that was defined as the use of more than five drugs. 
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The use of antihypertensive treatments (ACEI/ARB), anti-
coagulants, antipsychotics, and antidepressants as regular 
medication was recorded too; (7) The Charlson Comorbidity 
Index (CCI) was used as a co-morbidity scale [15]. This 
index weights 19 chronic conditions based on a scale of 1–6, 
with higher scores indicating increased multimorbidity. Our 
population was dichotomized according to a cutoff point ≥ 3 
to determine the influence of the CCI on mortality (8) other 
co-morbidities recorded included: hypertension, diabe-
tes mellitus (DM), chronic obstructive pulmonary disease 
(COPD), cerebrovascular (CVD) and liver disease, chronic 
kidney disease (CKD), atrial fibrillation (AF), heart failure 
(HF), cancer, and thromboembolic disease.

Clinical features, laboratory, and radiological charac-
teristics were assessed in the emergency department (ED): 
temperature, heart rate, blood pressure, oxygen saturation 
level, and respiratory rate. CURB-65 (Pneumonia Severity 
Score) [16] and Quick Sequential Organ Failure Assessment 
(qSOFA) [17] scores were used as measures of severity and 
sepsis, respectively. CURB-65 (age ≥ 65 years, new-onset 
confusion; urea > 7  mmol/L; respiratory rate ≥ 30/min, 
systolic blood pressure < 90 mmHg and/or diastolic blood 
pressure ≤ 60 mmHg; and; attributing 1 point for each item) 
has been used to stratify patients with community-acquired 
pneumonia into low (CURB-65 = 0–1), moderate (CURB-
65 = 2) and high (CURB-65 = 3–5) mortality risk [16]. The 
quickSOFA score (qSOFA) uses three criteria, assigning 
one point for low blood pressure (SBP ≤ 100 mmHg), high 
respiratory rate (≥ 22 breaths per min), or altered mental 
state (Glasgow coma scale < 15). The score ranges from 
0 to 3 points.  The presence of 2 or more qSOFA points 
near the onset of sepsis is associated with a greater risk of 
death [17]. Falls were included as a presentation symptom 
of COVID-19.

Treatments during admission, including the prescription 
of medications thought to be helpful in COVID-19 treat-
ment or management, such as hydroxychloroquine, azithro-
mycin, (anticoagulation, prophylactic or therapeutic doses), 
corticosteroids, lopinavir, ritonavir, darunavir, or colchicine, 
were retrieved from electronic records.

Non-cardiac complications were evaluated during admis-
sion: acute respiratory distress syndrome (ARDS) [18], acute 
kidney injury (defined by a serum creatinine rise of at least 
50% from baseline as per NICE) [19], bacterial co-infection 
(defined as raised procalcitonin and C-reactive protein), sep-
sis [17] and sodium disturbance (< 135 or > 145 mEq/L). 
The length of hospital stay was also collected.

Outcomes

The primary outcome was in-hospital mortality, with the 
number of days from hospital admission until death also 
being recorded. Secondary outcomes were non-cardiac 

medical complications as well as readmission (any cause) 
or mortality 30 days after discharge from the hospital.

Statistical analysis

Categorical variables were expressed as numbers and per-
centages (%) and continuous variables as mean and SD or 
median and interquatile range (IQR) according to their distri-
bution. Normality of the continuous data was checked using 
the Kolmogorov–Smirnov test. The differences between the 
discharged and deceased groups for categorical variables 
were examined using the chi-square test, with the likelihood 
ratio correction or Fisher’s exact test for small samples. 
The differences for continuous variables were examined 
using independent samples T-Test or Mann–Whitney U as 
appropriate.

Curves for the absence of in-hospital mortality were built 
using the Kaplan–Meier method, and comparison between 
groups was performed using the log-rank test. Moreo-
ver, univariate and multivariate Cox proportional regres-
sion analyses were performed, using the stepwise forward 
method. Variables with p value < 0.15 in univariate analysis 
were included in multivariate analysis.

Results were considered significant at p values  < 0.05. 
All data were analyzed with SPSS Statistics version 26.0 
(IBM Corp. Released 2019. IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY: IBM Corp).

Results

Characteristics of the study population

A total of 300 older patients were included (188 women; 
62.7%), mean age was 86.3 ± 6.6. Baseline characteris-
tics of the population are shown in Tables 1 and 2. Most 
patients (200; 66.6%) were diagnosed by positive RT-PCR, 
56 patients (18.6%) met clinical and radiological criteria for 
COVID-19 diagnosis, 37 (12.3%) met clinical and 6 (2%) 
radiological criteria. Barthel Index (BI) was < 60 in 127 
patients (42.8%) and 126 (42.0%) had Charlson Comorbid-
ity Index (CCI) ≥ 3, reflecting the poor functional status and 
the high co-morbidities burden of the cohort. Most patients 
(216; 72.7%) were frail (Clinical Frailty Scale ≥ 5) and 134 
patients (45.1%) had dementia of some degree.

Fever was present in 154 (51%) of patients in the ED 117 
(39%) of patients were diagnosed with delirium in ED, while 
84 (28%) of them developed delirium during admission.

Pneumonia was present in 252 (84%) of patients, 212 
(70%) had multilobar bilaterally, 204 patients (more than 
70%) were moderate or high-risk CURB-65 ≥ 2. qSOFA 
mean was 0.9 ± 0.8.
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Table 1  Baseline characteristics [1]

Bold value indicates statistical significance

Total Survivors Non-survivors p value

n 300 189 111
Woman (%) 188 (62.7) 130 (68.8) 58 (52.3) 0.004
Age (years, SD) 86.3 ± 6.6 85.7 ± 6.7 87.5 ± 6.3 0.022
Length of hospital stay (days) [median (IQR)] 11 (7/18) 14 (10/21) 7 (4/11)  < 0.001
 Number of days from onset of symptoms [median (IQR)] 5 (2/7) 5 (2/8) 5 (3/7) 0.509
 Community-dwelling 97 (32.3) 64 (33.9) 33 (29.7) 0.460
 Nursing home 203 (67.7) 125 (66.1) 78 (70.3)

Co-morbidities
 Hypertension 201 (67.0) 130 (68.8) 71 (64.0) 0.391

Diabetes mellitus (DM) 85 (28.3) 43 (22.8) 42 (37.8) 0.005
 COPD 48 (16.0) 31 (16.4) 17 (15.3) 0.804
 Chronic cerebrovascular disease 73 (24.3) 44 (23.3) 29 (26.1) 0.579
 Chronic liver disease 9 (3.0) 4 (2.1) 5 (4.5) 0.242
 Chronic kidney disease (CKD) 52 (17.3) 34 (18.0) 18 (16.2) 0.695
 Atrial Fibrillation 83 (27.7) 46 (24.3) 37 (33.3) 0.093
 Heart failure 73 (24.3) 47 (24.9) 26 (23.4) 0.778
 Cancer 38 (12.7) 26 (13.8) 12 (10.8) 0.459
 VTE/DTV 33 (11.0) 17 (9.0) 16 (14.4) 0.147
 Comprehensive Geriatric Assessment (CGA)

Charlson Comorbidity Index (CCI)
 CCI (mean) 2.5 ± 2.1 2.3 ± 2.2 2.8 ± 1.8 0.049
 CCI ≥ 3 126 (42.0) 69 (36.5) 57 (51.4) 0.012

Barthel Index (BI)
 Independent (BI 100) 48 (16.2) 36 (19.4) 12 (10.9) 0.013
 Slight dependence (60–99) 121 (40.9) 82 (44.1) 39 (35.5)
 Moderate dependence (40–59) 40 (13.5) 17 (9.1) 23 (20.9)
 Severe dependence (20–39) 33 (11.1) 21 (11.3) 12 (10.9)
 Total dependence (0–19) 54 (18.2) 30 (16.1) 24 (21.8)
 Dependence (BI < 100) 248 (83.8) 150 (80.6) 98 (89.1) 0.057

Frailty
 Fit or very mild frailty (CFS 1–4) 81 (27.3) 63 (33.7) 18 (16.4) 0.003
 Mild or moderate frailty (CFS: 5–6) 131 (44.1) 79 (42.2) 52 (47.3)
 Severe or very severe frailty (CFS: 7–8) 85 (28.6) 45 (24.1) 40 (36.4)

Frail (CFS ≥ 5) 216 (72.7) 124 (66.3) 92 (83.6) 0.001
Dementia: Global Deterioration Scale, GDS
 GDS: 0–3 164 (55.2) 113 (60.1) 51 (46.8) 0.050
 GDS: 4 35 (11.8) 20 (10.6) 15 (13.8)
 GDS: 5 38 (12.8) 20 (10.6) 18 (16.5)
 GDS: 6 42 (14.1) 28 (14.9) 14 (12.8)
 GDS: 7 18 (6.1) 7 (3.7) 11 (10.1)

Dementia (GDS ≥ 4) 134 (45.1) 76 (40.4) 58 (53.2) 0.033
 Polypharmacy 213 (71.0) 133 (70.4) 80 (72.1) 0.754

Delirium (prevalent) 117 (39.0) 59 (31.2) 58 (52.3)  < 0.001
Delirium (incident) 84 (28.0) 37 (19.6) 47 (42.3)  < 0.001
 Fall 32 (10.7) 19 (10.1) 13 (11.7) 0.653
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Table 2  Baseline characteristics [2]

Total Survivors Non-survivors p value

Clinical variables
 Blood pressure 129.6 ± 25.3 132.2 ± 25.0 124.9 ± 25.2 0.017
 Heart rate 85.9 ± 19.3 83.6 ± 16.7 89.7 ± 22.7 0.015
 Respiratory rate, breath/min 23.2 ± 7.8 21.0 ± 6.9 26.3 ± 8.0  < 0.001
  Fever 154 (51.3) 91 (48.1) 63 (56.8) 0.150

 Blood oxygen level (pulse oximeter) 91.1 ± 6.0 92.0 ± 5.3 89.7 ± 6.8 0.001
 CURB-65, mean 2.1 ± 0.9 1.8 ± 0.9 2.7 ± 0.8  < 0.001
  Severity of pneumonia
  CURB-65: 0–1 (low risk) 83 (28.9) 75 (42.1) 8 (7.3)  < 0.001
  CURB-65: 2 (moderate risk) 105 (36.6) 69 (38.8) 36 (33.0)
  CURB-65: 3–5 (high risk) 99 (34.5) 34 (19.1) 65 (59.6)

 qSOFA, mean 0.9 ± 0.8 0.6 ± 0.7 1.3 ± 0.8  < 0.001
Laboratory data
 Lymphocytes, cells/mm3 (median (IQR)) 0.89 (0.60/1.26) 0.93 (0.62/1.35) 0.77 (0.49/1.00) 0.007
 Albumin, g/dL [median (IQR)] 3.3 (3.0/3.7) 3.4 (3.1/3.7) 3.2 (2.9/3.7) 0.068
 Ferritin, ng/mL [median (IQR)] 266 (155/463.5) 246 (147/392) 401 (203/755) 0.002
  d-Dimer, ng/mL [median (IQR)] 1.5 (0.8/2.8) 1.4 (0.8/2.6) 1.6 (0.9/3.0) 0.281

 C-reactive protein, mg/L [median (IQR)) 62.0 (26.3/143.0) 53.7 (21.6/114.0) 86.0 (46.8/181.5)  < 0.001
 Thrombocytes, 106 (median (IQR)) 206 (1254/289) 221 (158/317) 190 (141/252) 0.004
 Creatinine, mg/dL [median (IQR)] 0.97 (0.70/1.40) 0.80 (0.60/1.20) 1.14 (0.87/1.63)  < 0.001

Treatment
 ACEI 88 (29.3) 63 (33.3) 25 (22.5) 0.047
  Anticoagulants (any dose) 83 (27.7) 48 (25.4) 35 (31.5) 0.251
  Benzodiazepines 96 (32.0) 63 (33.3) 33 (29.7) 0.518
  Risperidone 13 (4.3) 5 (2.6) 8 (7.2) 0.079
  Quetiapine 34 (11.3) 17 (9.0) 17 (15.3) 0.095
  Antidepressants 109 (36.3) 71 (37.6) 38 (34.2) 0.562
  Haloperidol 24 (8.0) 15 (7.9) 9 (8.1) 0.958
  Trazodone 34 (11.3) 23 (12.2) 11 (9.9) 0.551

Treatment during admission
 Anticoagulant prophylaxis 270 (90.6) 176 (93.6) 94 (85.5) 0.020
  None 29 (9.7) 12 (6.4) 17 (15.5) 0.032
  Prophylactic dose 186 (62.4) 124 (66.0) 62 (56.4)
  Therapeutic dose 83 (27.9) 52 (27.7) 31 (28.2)

 Hydroxychloroquine 261 (87.0) 175 (92.6) 86 (77.5)  < 0.001
  Azithromycin 188 (63.1) 121 (64.4) 67 (60.9) 0.551
  Corticosteroids 109 (37.1) 61 (33.0) 48 (44.0) 0.058
  Lopinavir plus ritonavir 22 (7.3) 13 (6.9) 9 (8.1) 0.693
  Colchicine 3 (1.0) 2 (1.1) 1 (0.9) 0.999
  Darunavir 5 (1.7) 4 (2.1) 1 (0.9) 0.655

Radiology
 Pneumonia 252 (84.0) 149 (78.8) 103 (92.8) 0.001
  Respiratory tract infection 48 (16.0) 450 (21.2) 8 (7.2) 0.002
  Unilobar pneumonia 25 (8.3) 15 (7.9) 10 (9.0) 0.746
  Unilateral multilobar pneumonia 15 (5.0) 8 (4.2) 7 (6.3) 0.426

 Bilateral multilobar pneumonia 212 (70.7) 126 (66.7) 86 (77.5) 0.047
  Ground-glass opacification 52 (17.9) 35 (18.6) 17 (16.5) 0.653
  Unilobar pneumonia, unilateral multilobar pneumonia, 

bilateral multilobar pneumonia, ground-glass opacifica-
tion

252 (84.0) 149 (78.8) 103 (92.8) 0.001
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Bacterial co-infection was present in 65 (22.6%) of 
patients, whereas acute kidney injury and sepsis were diag-
nosed in 13% and 11% of them, respectively.

Treatments during admission were as follows: 270 
patients (90.6%) received anticoagulant therapy: 186 (62%) 
of them received prophylactic dose anticoagulation and 83 
(27.9%) therapeutic doses of anticoagulant therapy. Other 
treatments were hydroxychloroquine, azithromycin and par-
enteral glucocorticosteroids that were prescribed for 261 
patients (87%), 188 (63%) and 109 (37%), respectively.

The overall in-hospital mortality rate was 37% (n: 111). 
Median time to in-hospital death was 7 days (interquartile 
range, IQR 4–11). Survivors’ median length of hospital stay 
was 14 days.

Basic comparison between survivors 
and non‑survivors

Baseline differences between in-hospital survivors and non-
survivors are shown in Tables 1 and 2. 62.7% of patients in 
the study were women, but women only represented 52.3% 
of those who died. Components identified during Com-
prehensive Geriatric Assessment were significantly differ-
ent between those surviving and not: those dying during 
admission had a higher co-morbidity burden as assessed 
by the Charlson Comorbidity Index (CCI ≥ 3, p = 0.012), 
worse functional status (Barthel Index, BI, < 60, p = 0.013), 
were more frail (CFS ≥ 5 p = 0.001), had an increased preva-
lence of delirium (incident or prevalent, p < 0.001) and pre-
existing dementia (p = 0.033). Length of hospital stay was 
shorter in the group of non-survivors (p < 0.001). Diabetes 
mellitus and the presence of pneumonia were more preva-
lent in the group of non-survivors (p = 0.005 and p = 0.001 
respectively), but no difference was seen in those with a 
diagnosis of COPD.

Regarding laboratory examinations: lower median values 
of lymphocytes (p = 0.007), and higher ferritin (p = 0.002), 
CRP (p < 0.001), and creatinine (p < 0.001) were associated 
with an increased risk of in-hospital mortality.

Concurrent use of ACEI at hospital admission was associ-
ated with lower in-hospital mortality (p = 0.047). Prescrip-
tion of hydroxychloroquine and anticoagulants during hos-
pital admission were also associated with lower in-hospital 
mortality (p < 0.001 and p = 0.020, respectively). Although it 
was not statistically significant (p = 0.058), there was a trend 
showing potential benefits from the use of glucocorticoids 
during admission for in-hospital mortality.

Multivariant analysis of risk factors associated 
with in‑hospital mortality

In multi-variant analysis (Table 3), CURB-65 score = 3–5 
(HR 7.99, 95% CI 3.55–19.96, p < 0.001), incident delirium 
(HR 1.72, 1.10–2.70, p = 0.017) and dementia (HR 3.01, 
95% CI 1.37–6.705, p = 0.017) were associated with higher 
in-hospital mortality. Kaplan–Meier survival rate analyses 
for those patients with and without delirium are shown in 
Fig. 1, and according to CURB-65 score in Fig. 2. Pre-
admission treatment with ACEI (HR 0.42 95% CI 0.25–0.72, 
p = 0.002) and hydroxychloroquine treatment during admis-
sion (HR 0.37 95% CI 0.22–0.62, p < 0.001) appeared to be 
protective factors. Anticoagulation treatment (any kind of 
anticoagulant treatment), whether at prophylactic or thera-
peutic doses, also seemed to be protective (HR 0.38 95% 
CI 0.19–0.73, p = 0.004 and HR 0.33 95% CI 0.16–0.67, 
p = 0.002).

Mortality and 30‑day hospital readmission

The total number of readmissions 30 days after discharge 
was 28 (15.0%): 24 patients (8.0%) had one hospital admis-
sion and four patients (1.3%) two hospital admissions dur-
ing that month. The most frequent causes of readmission 
were pneumonia n = 5 (1.7%/) followed by falls, acute uri-
nary tract infection, and acute heart failure n = 4 (1.3%). The 
overall causes of hospital readmission are defined in Table 4. 
The global mortality rate 30 days after hospital discharge 
was 6.1% (11 patients).

Table 2  (continued)

Total Survivors Non-survivors p value

Non-cardiac complication
 Respiratory distress syndrome 15 (5.2) 1 (0.6) 14 (13.2)  < 0.001
  Acute renal failure 38 (13.2) 22 (12.2) 16 (15.1) 0.578

 Co-infection 65 (22.6) 42 (23.2) 23 (21.7) 0.022
 Sepsis 31 (10.8) 4 (2.2) 27 (25.5)  < 0.001
  Sodium disturbance 17 (5.9) 10 (5.5) 7 (6.6) 0.714

Bold value indicates statistical significance
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Discussion

To the best of our knowledge, this is the first study to assess 
the importance of geriatric syndromes, such as dementia and 
incident delirium, as risk factors for mortality in a cohort of 
Spanish oldest-old inpatients with high co-morbidity burden 
and functional decline. Moreover, it provides information 
on the process of care for older patients with COVID-19 in 
a secondary-care hospital where most of the patients were 
considered to be non-ICU candidates.

We found, in line with previous studies, that the mortality 
rate in our population was high (37%). Blomaard et al. [20] 

in a cohort study in the Netherlands with more than 1300 
patients included and a mean age of 78 years found a mortality 
rate of 38%. De Smet et al. [21] described a lower mortality 
rate (23%) in a Belgian cohort of 81 patients with similar 
characteristics regarding age, dementia, and polypharmacy 
as in our study, with a mean CFS score of 7, although the 
majority of the patients in this study population were consid-
ered potential candidates for ICU treatment. It is not known 
whether the rates of co-infection, CURB-65, or co-morbidities 
such as diabetes mellitus were similar to the ones in our study.

In a multi-variant analysis, factors associated with 
mortality were delirium, dementia, and CURB-65. Our 

Table 3  Univariable and 
multivariable Cox regression 
analysis of mortality

Bold value indicates statistical significance

Univariate Multivariate

HR (95% CI) p HR (95% CI) p

Dementia (GDS ≥ 4) 1.567 (0.859/2.857) 0.143 3.012 (1.373/6.705) 0.017
 Delirium (prevalent) 2.372 (1.628/3.454)  < 0.001 – 0.777

Delirium (incident) 1.857 (1.276/2.702) 0.001 1.728 (1.104/2.705) 0.017
 CURB-65: 0–1 (low risk) 1 – 1
 CURB-65: 2 (moderate risk) 3.350 (1.557/7.208) 0.002 3.802 (1.639/8.816) 0.002

CURB-65: 3–5 (high risk) 7.764 (3.723/16.191)  < 0.001 7.991 (3.555/17.965)  < 0.001
ACEI 0.578 (0.368/0.910) 0.018 0.428 (0.253/0.725) 0.002
Hydroxychloroquine 0.415 (0.263/0.654)  < 0.001 0.372 (0.220/0.627)  < 0.001
 No anticoagulant treatment 1 1

Prophylactic dose 0.347 (0.202/0.598)  < 0.001 0.380 (0.196/0.736) 0.004
Therapeutic dose 0.395 (0.217/0.720) 0.002 0.331 (0.163/0.671) 0.002

Fig. 1  Kaplan–Meier survival 
curves Delirium (Long-Rank: 
p = 0.001)

Number at risk
No delirium 172 152 124 92 66 50 40 26 20 12 5 2
Delirium 110 91 76 55 36 27 18 14 9 6 5 3
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results demonstrated that patients with dementia had three 
times higher risk of dying than patients without dementia. 
These results are in line with those assessed by Bianchetti 
et al. who stated that dementia is associated with higher 
mortality OR 1.84 (95% CI 1.09–3.13, p < 0.05) in older 
adults admitted to acute hospital wards with COVID-19 in 
Northern Italy [22]. A recent meta-analysis of nine stud-
ies showed that the mortality rate in patients with dementia 
and COVID-19 was higher than those without dementia OR: 
5.17 (95% CI 2.31–11.59) [23]. This may be explained by 
several reasons. Firstly dementia is often associated with 
other co-morbidities such as high blood pressure and dia-
betes mellitus, which worsen the prognosis of patients with 
COVID-19. In addition, the clinical presentation of older 
patients with dementia is often atypical, which makes early 

diagnosis more difficult [24]. The ApoE4 genotype has also 
been associated with a probable increase in the development 
of the cytokine storm whose effects can be more deleterious 
in patients with dementia who already have a higher baseline 
inflammatory state [23].

Although those who were more frail (CFS > 5) were 
more likely to have died, this factor did not come out as 
a significant predictor for mortality in the multivariate 
analysis. This differs from other studies [14]. This may 
be because, at the beginning of the pandemic, the most 
frail institutionalized patients were treated in their nursing 
homes where possible rather than being referred to hospi-
tals. Furthermore, given the characteristics of our hospital, 
such as the limited availability of ICU beds, the robust 
patients who are candidates for invasive therapies are less 
likely to be admitted to our center, which could have been 
a source of bias. Most studies have reported a positive 
association between frailty and mortality, but not all of 
them, as has been stated in a recent systematic review [6]. 
This may be because frailty has been associated with a 
lower degree of inflammation on admission which could 
lead to better health outcomes [25]. Most of the studies 
that assessed the relationship between frailty and mortality 
were relatively small sample sizes, single center with dif-
ferent patient selection criteria which explains the hetero-
geneity of the results [6]. Comprehensive geriatric assess-
ment (CGA) is important, as per Table 1, which highlights 
the significant differences between survivors and non-
survivors. However, BI did not come out as significant 

Fig. 2  Kaplan–Meier survival 
curves CURB-65 (Long-Rank: 
p < 0.001)

Number at risk
CURB 0-1 79 74 59 40 26 18 16 11 8 5 2 0
CURB 2 102 90 77 57 45 33 25 17 12 7 3 1
CURB 3-5 88 69 55 43 26 21 16 12 9 6 5 4

Table 4  Causes of readmission (30 days after hospital discharge)

Cause N %

Pneumonia 5 1.7
Fall 4 1.3
Acute urinary tract infection 4 1.3
Acute heart failure 4 1.3
Fall with fracture 3 1.0
Vomiting and diarrhea 2 0.7
Syncope 1 0.3
Pressure ulcer and osteomyelitis 1 0.3
Rectorrhagia 1 0.3
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in the multivariate analysis. Ramos-Rincón et al. found 
that a severe degree of dependence (BI ≤ 60) was an inde-
pendent predictor of death in a cohort of 2772 Spanish 
patients ≥ 80 diagnosed with COVID-19 included in the 
SEMI-COVID-19 Registry [26]. Our sample had more 
than twice as many patients with severe dependence (BI ‹ 
60), which may explain this different result. There was not 
a significant difference in CCI of those who died or sur-
vived in the current study or in the study of Ramos-Rincón 
et al. probably due to the high prevalence of co-morbidity 
in both series or the fact that the CCI is not sufficiently 
discriminatory in these population.

Other major geriatric syndromes affecting our popula-
tion were the prevalent and incident delirium (39% and 
28%, respectively). This can be explained by the fact that as 
described, the study population was frail, with a high rate 
of pre-morbid dementia, cardiovascular and cerebrovascular 
disease. In addition, there was a reasonably high rate of use 
of drugs such as benzodiazepines (32%), known to exacer-
bate delirium, to add to the risks of delirium conferred by 
factors such as the presence of infection, hypoxia, and isola-
tion in a strange environment.

The presence of delirium was associated with a survival 
rate of only 10% after 30 days in the COVIDAge Study 
[27]. Rebora et al. [28] in an Italian cohort of 516 patients 
established that delirium during admission was significantly 
associated with in-hospital mortality (HR) = 1.88, 95% CI 
1.25–2.83). We assessed both, delirium present during the 
emergency room admission and the delirium developed 
during hospitalization (prevalent and incident). In a multi-
variant analysis, only incident delirium was a powerful pre-
dictor of in-hospital mortality. The occurrence of delirium 
in COVID-19 patients has been significantly associated with 
threefold higher mortality, compared to those without delir-
ium in a recent meta-analysis [29]. This is due to multiple 
factors, the presence of delirium has been associated with 
greater severity of COVID-19 infection, and delirium can 
aggravate pre-existing co-morbidities [29]. Prevention, early 
diagnosis, and management (including non-pharmacological 
approaches) of delirium should be a standard of care in older 
patients diagnosed with COVID-19.

On hospital admission, scores of between three and five 
on the CURB-65 scale were associated with a substantial 
increase in mortality in this study. Although those who died 
in the current study had significantly higher qSOFA scores, 
this did not come out as significant in the multivariate 
analysis. In a much larger study of 10.238 Spanish patients 
(mean age of 66.6 years, 57% with an age-adjusted Charlson 
Comorbidity Index ≥ 3), CURB-65 ≥ 3 was also found to be 
better than qSOFA in predicting mortality (AUROC = 0.825) 
[30]. We can conclude that the CURB-65 scale could be 
used to assess the prognosis of older inpatients with pneu-
monia due to COVID-19.

Bacterial co-infection was present in 22.6% of the global 
sample both during hospital admission and hospital stay. 
Lansbury et al. [31] in a recent meta-analysis stated that 
overall, 7% of hospitalized COVID-19 patients had a bac-
terial co-infection (95% CI 3–12%, n = 2183, I2 = 92.2%). 
However, the heterogeneity of the studies included was high 
and the information of the methods used to assess co-infec-
tion is scarce. Nevertheless, we know that high levels of pro-
calcitonin and C-reactive protein may appear in patients with 
COVID-19 without a bacterial co-infection, which might 
have resulted in an overestimation of our results.

Also interesting is that there was no significant difference 
in the mortality of those with or without COPD. Perhaps, the 
use of steroids during admission could have contributed to a 
beneficial survival in a presumed high-risk group.

Nearly 30% of our patients were receiving ACE inhibi-
tors/ARBs for an underlying condition at admission, and 
these were not routinely discontinued. This was less than 
those reported in other studies published in older Spanish 
adults, where nearly 50% of patients were using these treat-
ments. Whereas that study just included people with heart 
failure, the current study included all patients over the age 
of 75, including those with any type of cardiovascular dis-
ease [32]. The use of ACE inhibitors/ARBs was associated 
significantly with less risk of dying in our study. These treat-
ments were stopped during admission on an individual basis 
by the attending physician, e.g., due to acute kidney injury 
or arterial hypotension. It is known that the angiotensin-
converting enzyme 2 (ACE2) serves as a gateway for the 
virus to enter the cell [33]. In the early stages of the pan-
demic, it was hypothesized that the use of ACE inhibitors 
and ARBs could increase ACE2 expression which would 
facilitate infection with COVID-19 [34]. Nowadays, the role 
of ACE inhibitors in the development of the disease is not 
fully established [33]. Lee et al. in a recent meta-analysis of 
11 studies with more than 12,600 patients concluded that 
they are not associated with an increase in mortality [35], so 
their discontinuation is not indicated on admission if there 
are no other clinical reasons to support this [36].

In our study, hydroxychloroquine treatment seemed pro-
tective from mortality. The main actions of hydroxychloro-
quine are due to a decrease of the pH in endosomes, which 
makes it difficult for the virus to enter the cells, as well 
as a reduction in the production of the pro-inflammatory 
cytokines (IL6) [37]; so, in vitro studies have suggested that 
it could inhibit SARS-CoV-2 infection [38]. Based on these 
findings, at this stage of the pandemic, hydroxychloroquine 
was administered alone or in combination with azithromy-
cin to all patients during the first five days of admission to 
our hospital, regardless of age or functional status unless 
the clinical severity prevented from taking oral medica-
tion or there was some contraindication such as QT pro-
longation. Although other small studies in older patients 
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also suggested the effectiveness of these treatments in the 
early stages of disease, [39] this has not been supported by 
large randomized controlled trials [40] which concluded 
that hydroxychloroquine is ineffective at reducing mortal-
ity due to COVID-19, and also highlighted its potential 
adverse effects such as QT prolongation and elevation of 
liver enzyme levels. Moreover, its interactions with drugs 
widely used by older patients (digoxin, insulin, metformin, 
sertraline, antipsychotics, etc.) have to lead to the conclusion 
that hydroxychloroquine is not considered beneficial to treat 
COVID-19, and therefore currently it is not recommended 
[41].

The present study was done with treatments which differ 
from current guidelines, and as discussed, suggests some 
benefit from treatments that are not in current COVID-19 
treatment guidelines. This was an observational study and, 
thus, cannot control for confounders. For example, 37% of 
patients also received glucocorticoids, which the RECOV-
ERY trial [42] subsequently demonstrated can increase sur-
vival. Therefore, we do not consider that our results should 
modify the current recommendations.

Interestingly, we did not actually find that the use of glu-
cocorticoids in our study increased survival. This could be 
explained by the fact that the use of steroids was not yet 
generalized by this point in the pandemic, as steroids had 
previously been found to increase mortality in a cohort of 
MERS-CoV patients [43] and, thus, were only prescribed for 
severe disease. Subsequent studies [42] suggest that earlier 
use of steroids could have reduced in-hospital mortality in 
our population. It is theoretically possible that steroids did 
confer a survival advantage on those with COPD in the cur-
rent study, helping to explain the similar rates of COPD in 
those who survived or who died.

In this study, patients received prophylactic dose anti-
coagulation (40 mg of enoxaparin or equivalent) until dis-
charge unless contraindicated, e.g., an active bleeding, severe 
thrombocytopenia, or end-of-life care. The therapeutic doses 
(1 mg/kg/12 h or equivalent) were maintained in patients who 
required it for underlying conditions. Those patients with sus-
pected or confirmed thromboembolic disease were assessed 
and treated according to the guidelines [44]. It was demon-
strated that anticoagulant treatment during admission both 
in prophylactic (HR 0.38 95% CI 0.19–0.73, p = 0.004) and 
therapeutic doses (HR 0.33 95% CI 0.16–0.67, p = 0.002) had 
a positive effect on mortality. This is in line with another study 
[45] which demonstrated that early prophylactic anticoagula-
tion was associated with a decreased risk of 30-day mortality 
(HR 0.73, 95% CI 0.66–0.81) in a cohort of 4297 patients 
admitted to hospital in the United States with a median age of 
68 years (interquartile range 58–75 years). The percentage of 
bleeding in our population was 9% and there were no cases of 
severe bleeding. Currently, the guidelines recommend the use 
of prophylactic dose anticoagulation in older inpatients with 

COVID-19, the risks versus the benefits of the use of higher 
doses to prevent VTE are under review, and further research 
is needed [41].

Lopinavir and ritonavir were used to inhibit SARS-CoV-2 
proteases and prevent viral replication but were soon aban-
doned due to gastrointestinal side effects, so they were only 
prescribed in 7% of our population. Currently, its use is not 
recommended to treat COVID-19 [41].

Our study may have some limitations. This was an ambi-
spective single-center observational study, and although only 
one hospital was involved, the population came from differ-
ent areas of Madrid. Most of the Spanish oldest-old adults 
who participated were considered to be non-ICU candidates 
due to age, co-morbidities, and functional status. Therefore, 
the results may be different in more robust populations. The 
population included was entirely of Caucasian origin, thus, 
the results cannot be extrapolated to other populations. The 
hospitalized patients included were probably individuals with 
more severe symptoms than those treated at home. The age 
of the included patients was very high, with a narrow stand-
ard deviation, which led to the assumption that age was not a 
strong discriminator for prognosis in this population. Clinical 
management of COVID-19 in nursing homes was not deter-
mined in this study, although 67% of the patients included in 
this study were institutionalized individuals. Another limita-
tion is that due to the rapidly accruing international evidence 
in the management of COVID-19, routine management of 
patients within our study changed during the study period. 
For example, as time went on, guidelines/protocols changed to 
recommend early use of steroids, a stronger recommendation 
for thromboprophylaxis, as well as the cessation of the use 
of hydroxychloroquine. These changes may, therefore, affect 
the interpretation of the results. The CFS was used to assess 
frailty, however, it is not known whether the results could 
have been different with other frailty assessment methods 
(e.g., Fried). Moreover, these are data from a real-life cohort 
of a geriatric ward, where the treatment was based on hospital 
protocols according to the guidelines of the Community of 
Madrid. Importantly, the scales used to evaluate functional and 
mental status, co-morbidity burden, and frailty were validated 
in older populations and used in previous COVID-19 studies, 
so the results could be compared. Moreover, only short-term 
follow-up data were provided. Finally, the treatment of older 
inpatients should consider not only prognostic factors but also 
goals of care including patient’s values and preferences accord-
ing to a comprehensive geriatric assessment.

Conclusion

Dementia, incident delirium, and the CURB-65 score were 
independent risk factors and the strongest mortality predic-
tors in a Spanish cohort of oldest-old patients admitted to an 
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acute geriatric unit with COVID-19. Anticoagulation, ACE 
inhibitors, and hydroxychloroquine all seemed to be protec-
tive factors, but this should be interpreted with some caution 
given changing guidelines and patient selection during the 
study. Recognition of geriatric syndromes may be useful 
in helping clinicians establish the prognosis of oldest-old 
patients admitted to hospital with COVID-19.
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