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Abstract

Background: Old age is one of the most important risk factors for severe COVID-19. Few studies have analyzed
changes in the clinical characteristics and prognosis of COVID-19 among older adults before the availability of vac-
cines. This work analyzes differences in clinical features and mortality in unvaccinated very old adults during the first
and successive COVID-19 waves in Spain.

Methods: This nationwide, multicenter, retrospective cohort study analyzes unvaccinated patients > 80 years hospi-
talized for COVID-19 in 150 Spanish hospitals (SEMI-COVID-19 Registry). Patients were classified according to whether
they were admitted in the first wave (March 1-June 30, 2020) or successive waves (July 1-December 31, 2020). The
endpoint was all-cause in-hospital mortality, expressed as the case fatality rate (CFR).

Results: Of the 21,461 patients hospitalized with COVID-19, 5,953 (27.7%) were > 80 years (mean age [IQR]: 85.6
[82.3-89.2] years). Of them, 4,545 (76.3%) were admitted during the first wave and 1,408 (23.7%) during successive
waves. Patients hospitalized in successive waves were older, had a greater Charlson Comorbidity Index and depend-
ency, less cough and fever, and met fewer severity criteria at admission (qSOFA index, PO2/FiO2 ratio, inflammatory
parameters). Significant differences were observed in treatments used in the first (greater use of antimalarials, lopi-
navir, and macrolides) and successive waves (greater use of corticosteroids, tocilizumab and remdesivir). In-hospital
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SARS-CoV-2 virulence cannot be ruled out.

Epidemiology, Spain

complications, especially acute respiratory distress syndrome and pneumonia, were less frequent in patients hospital-
ized in successive waves, except for heart failure. The CFR was significantly higher in the first wave (44.1% vs. 33.3%;
-10.8%; p <0.001) and was higher among patients > 95 years (54.4% vs. 38.5%; -15.9%; p < 0.001). After adjustments to
the model, the probability of death was 33% lower in successive waves (OR: 0.67; 95% Cl: 0.57-0.79).

Conclusions: Mortality declined significantly between the first and successive waves in very old unvaccinated
patients hospitalized with COVID-19 in Spain. This decline could be explained by a greater availability of hospital
resources and more effective treatments as the pandemic progressed, although other factors such as changes in

Keywords: COVID-19, SARS-CoV-2, Aged, 80 and over, Comorbidity, Morbidity, Mortality, Complications,

Background

More than 525 million infections and over 6.3 million
deaths in the COVID-19 pandemic have been reported
worldwide as of May 22, 2022 [1]. Starting in late Feb-
ruary 2020, the SARS-CoV-2 epidemic spread rapidly
throughout European countries, causing more than two
million cases and 100,000 deaths on the continent in
three months.

Social distancing measures and lockdowns were
imposed in many European countries, including Spain,
where a strict lockdown lasting 98 days was followed by a
rapid reduction in COVID-19 cases [2]. After restrictions
were lifted—and despite mass vaccination campaigns—
countries around the world, including Spain, have expe-
rienced successive waves (local outbreaks) of infections.
The response to these waves has been alternating intensi-
fication and relaxation of restrictions [3—10].

It has been firmly established that older adults were at
highest risk of complications and death due to COVID-
19 during the first wave [11-16]. There were considerable
differences between old and very old patients in terms
of inflammatory activity, disease severity, and adverse
clinical outcomes [13, 16—-20]. Indeed, the mortality rate
was as high as 50% in hospitalized patients older than
80 years [13, 16, 17]. Multimorbidity, functional status,
dementia, frailty, and long stays in residential care homes
were potent prognostic markers of COVID-19 in older
adults during the first wave [13, 16, 18-20].

The burden of disease on COVID-19 survivors, regard-
less of the severity of symptoms at disease onset, and
on patients admitted to the intensive care unit as well
as the rehabilitation needs associated with COVID-19
infection are receiving growing attention, increasing
the level of evidence from studies which address these
issues [21, 22]. Indeed, rehabilitation is very important in
post-COVID-19 patients [23], as is the need for precise
risk stratification in order to tailor optimal therapeutic
interventions.

While the burden of the COVID-19 pandemic on
patients has been widely recognized, the psychosocial

impact of the working conditions healthcare profes-
sionals endured during the COVID-19 pandemic is also
a crucial issue [23]. Recent works have pointed to the
importance of a healthy work environment in ensuring
job satisfaction among healthcare professionals and in
order to avoid the burnout syndrome and role conflict
experienced during the COVID-19 pandemic [24].

However, there is little information from large cohorts
on changes in the patient profile and clinical outcomes
in the different waves of the pandemic [25-27] and stud-
ies on very old patients hospitalized after the first wave
are surprisingly scarce [28]. The aim of this study was to
investigate differences in the clinical features and out-
comes in patients > 80 years hospitalized with COVID-19
during the first and successive waves in Spain prior to the
availability of vaccines.

Materials and methods

Study design and population

This work is a retrospective cohort study in unvaccinated
hospitalized patients > 80 years of age with COVID-19 in
Spain from March 1, 2020 to December 31, 2020. Data
were drawn from the national SEMI-COVID-19 Registry.
Vaccination against COVID-19 began in Spain in January
2021, but data on patient vaccination are not included in
the registry. Therefore, as the aim was to study unvac-
cinated patients, no patients hospitalized after Decem-
ber 31, 2020 were analyzed in this study. Patients were
grouped according to the pandemic wave in which they
were included in the registry: the first wave (March 1
to June 30, 2020) or subsequent waves (July 1, 2020 to
December 31, 2020). This cut-off date between the first
and subsequent waves corresponds to the date used in
several previous studies from Spain [5, 6, 8, 10].

Definition of variables

All patient data were obtained from the SEMI-COVID-19
Registry of the Spanish Society of Internal Medicine,
in which 150 Spanish hospitals participate. The SEMI-
COVID-19 Registry prospectively collects data from
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the index admission of patients>18 years of age with
COVID-19 microbiologically confirmed by reverse tran-
scription polymerase chain reaction (RT-PCR) or anti-
gen testing. More detailed information on the rationale,
objectives, methodology, and preliminary results of the
SEMI-COVID-19 Registry has recently been published
[29].

The degree of dependence was assessed using the
Barthel Index. Comorbidities were assessed using the
age-adjusted Charlson Comorbidity Index (CCI) [30].
Patients were classified as having dyslipidemia, diabetes
mellitus, or hypertension if they had a previous diag-
nosis on their electronic medical record (EMR) or were
receiving pharmacological treatment for these condi-
tions. Atherosclerotic cardiovascular disease was defined
as a medical history of coronary artery disease (myocar-
dial infarction, acute coronary syndrome, angina pec-
toris, or coronary revascularization), cerebrovascular
disease (stroke, transient ischemic attack), or peripheral
arterial disease (intermittent claudication, revasculariza-
tion, lower limb amputation, or abdominal aortic aneu-
rysm). Chronic lung disease was defined as a diagnosis of
asthma and/or chronic obstructive pulmonary disease.
Malignancy encompassed hematologic malignancy and/
or solid tumors (excluding nonmelanoma skin cancer).
Data on baseline comorbidities were collected from the
EMR obtained from the hospitals.

Laboratory (blood gases, metabolic panel, complete
blood count, coagulation) and imaging tests were per-
formed on admission.

In-hospital complications included the presence of sec-
ondary bacterial pneumonia, acute respiratory distress
syndrome (ARDS), acute heart failure, arrhythmia, acute
coronary syndrome, myocarditis, seizures, stroke, shock,
sepsis, acute renal failure, disseminated intravascular
coagulation, venous thromboembolism, multiple organ
dysfunction syndrome, and acute limb ischemia. Com-
plications during hospitalization were defined pre-hoc
and data on them were available in the EMR. Ventilatory
support included invasive and noninvasive mechanical
ventilation and high-flow oxygen therapy. Admissions
within 30 days of hospital discharge were considered
early readmissions.

Treatments used during hospitalization were classi-
fied as antimicrobial therapy (beta-lactams, macrolides,
or quinolones), antiviral therapy (hydroxychloroquine,
chloroquine, lopinavir/ritonavir, or remdesivir), immu-
nomodulatory therapy (systemic corticosteroids, toci-
lizumab, baricitinib, or colchicine), or anticoagulant
therapy (oral anticoagulants or low-molecular-weight
heparin).

The primary endpoint of the study was all-cause in-
hospital mortality, expressed as the case fatality rate
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(CFR), or the ratio of in-hospital deaths to the total num-
ber of patients hospitalized with COVID-19. Second-
ary endpoints were differences between waves in the
clinical characteristics of patients on admission, medi-
cal treatments used during admission, and in-hospital
complications.

Statistical analysis

The characteristics of each group were analyzed using
descriptive statistics. Continuous and categorical vari-
ables were expressed as medians and interquartile ranges
(IQR) and as absolute values and percentages, respec-
tively. Differences between groups were analyzed using
the Mann—-Whitney U test for continuous variables and
Pearson’s chi-square test for categorical variables. The
95% confidence interval (CI) for differences between
the CFR in the first and successive waves was calculated
using the methods of Newcombe et al. [31]. The sig-
nificance of differences between the first and successive
waves was calculated using odds ratio (OR) and the two-
sample z-ratio. Time-to-event analyses were reported by
means of Kaplan—Meier survival curves.

Three logistic regression models were used to ana-
lyze mortality: model A (adjusted for age, sex, degree of
dependence, place of infection acquisition, gSOFA, and
oxygen saturation), model B (adjusted for model A vari-
ables as well as use of corticosteroids, tocilizumab, and
remdesivir), model C (adjusted for model A and model
B variables as well as lymphocyte, lactate dehydroge-
nase, and C-reactive protein levels). Associations were
expressed as adjusted OR and 95% CI. All analyses were
performed using IBM SPSS Statistics for Windows, Ver-
sion 25.0. Armonk, NY: IBM Corp. Statistical significance
was defined as p <0.05.

Ethical aspects

This work was approved by the Institutional Research
Ethics Committee of Malaga on March 27, 2020 (Ethics
Committee code: SEMI-COVID-19 27-03-20), according
to the guidelines of the Spanish Agency of Medicines and
Health Products. All patients gave informed consent.

Results

A total of 21,461 patients diagnosed with COVID-19
were included in the SEMI-COVID-19 Registry from
March 1 to December 31, 2020: 17,123 in the first wave
and 4,338 in successive waves. Of the total number of
patients, 5,953 (27.7%) were > 80 years of age and are the
study population. In terms of waves, 26.5% (4,545/17,123)
of patients admitted in the first wave and 32.5%
(1,408/4,338) of patients admitted in successive waves
were > 80 years of age (Table 1).
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Table 1 Total patients in the database and patients > 80 years of age hospitalized with COVID-19 included in registry during the first

and successive waves

First wave Successive waves Total p value
Total patients in the SEMI-COVID-19 Regis- 17123 4338 21461
try database
Patients 10-79 years old 12578(73.5) 2930 (67.5) 15,508 (72.3) <0.001
Patients > 80 years old 4545 (26.5) 1408 (32.5) 5953 (27.7)
80-84 years 1772 (10.3) 499 (11.5) 2271(10.6) <0.001
85-89 years 1622 (9.5) 484 (11.2) 2106 (9.8) <0.001
90-94 years 864 (5.0) 21 (7.4) 1185 (5.5) <0.001
> 95 years 287 (1.7) 104 (2.4) 391 (1.8) <0.001

Epidemiological and clinical differences between waves
(Table 2)

The median age (IQR) of patients > 80 years of age was
85.6 (82.3-89.2) years and 50.8% were male. Patients
hospitalized during successive waves had higher rates of
moderate and severe dependence compared to patients
hospitalized during the first wave (moderate dependence
in successive waves: 29.2% vs. first wave: 24.1%; severe
dependence in successive waves: 23.5% vs. first wave:
19.5%; p <0.001).

The median CCI was 6 and was slightly higher in suc-
cessive waves (CCI>6: 19.5% vs. 23.5%, p<0.001). The
rates of comorbidities were similar in the two periods,
except for hypertension (75.2% vs. 78.4%, p=0.014) and
diabetes mellitus (26.6% vs. 31.1%, p <0.001), which were
lower in the first wave.

The duration of symptoms before admission was
shorter in successive waves compared to the first wave
(median [IQR]: 4 [2-7] vs. 5 [2-7] days, p=0.021). Patients
admitted in the second wave had more fever (73.9% vs.
58.3%, p<0.001), cough (61.7% vs. 53.1%, p<0.001),
arthralgias-myalgias (17.3% vs. 14.9%; p=0.032), and
odynophagia (6.1% vs. 3.8%; p=0.005) and fewer pre-
sented with asthenia (38.0% vs. 44.7%, p <0.001) and ano-
rexia (21.6% vs. 25.1%, p=0.006) than patients in the first
wave.

Upon physical examination, patients admitted in suc-
cessive waves had less hypoxemia (52.7% vs. 48.3%;
p<0.001), fever (19.4% vs. 10.6%, p<0.001), tachypnea
(40.8% vs. 36%, p=0.001), and qSOFA>2 (17.6% vs.
14.6%, p =0.004).

Radiological, and analytical differences between waves
(Table 3)

There were fewer cases of bilateral infiltrates on a
chest x-ray upon admission in patients in succes-
sive waves (63.2% vs 55.5%, p<0.001). In regard to

analytical parameters, patients admitted in suc-
cessive waves had lower levels of inflammatory
parameters than patients in the first wave, includ-
ing lactate dehydrogenase (330 [251-463] vs. 302
[233-412], p<0.001), serum ferritin (484 [230-1013]
vs. 396 [189-856], p<0.001), and fibrinogen (607
[500-706] vs. 564 [461-700], p <0.001). There were
no differences in lymphocyte, C-reactive protein,
and D-dimer values between the first and succes-
sive waves, but the PO2/FiO2 ratio was higher in
successive waves (273 [214-323] vs. 289 [242-333],
p<0.001).

Treatment and complications between waves (Table 4)
The use of hydroxychloroquine/chloroquine (8.0% vs.
0.3%, p<0.001), lopinavir/ritonavir (41.7% vs. 0.6%,
p<0.001), interferon (6.7% vs. 0.0%, p <0.001), and
macrolides (55.9% vs. 33.3%, p <0.001) was significantly
higher in the first wave. In contrast, during successive
waves, the use of corticosteroids (39.2% vs. 80.6%,
»<0.001), remdesivir (0.2% vs. 11.2%, p <0.001),
tocilizumab (3.3% vs. 5.5%, p <0.001), and low-
molecular-weight heparin (81.5% vs. 88.8%, p <0.001)
increased significantly. No differences were found in
the indication for ventilatory support between the two
periods analyzed.

The use of high-flow nasal cannula oxygen, non-invasive
mechanical ventilation, and invasive mechanic ventilation
was not common and there were no differences between
the first and successive waves (6.9% vs. 6.1%, 4.1% vs. 4.6%
and 1.2% vs. 1.1%, respectively).

In general, patients admitted after the first wave had
fewer complications, especially severe ARDS (35.7% vs.
22.7%, p<0.001), bacterial pneumonia (14.3% vs. 10.4%,
p<0.001), sepsis (8.1% vs. 5.6%, p<0.001), and multiple
organ dysfunction syndrome (8.1% vs. 6%, p<0.001).
However, cases of acute heart failure were more frequent
in the successive waves (12.4% vs. 16.6%, p <0.001).
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Table 2 Differences in demographic, and clinical findings on admission in patients >80 years hospitalized with COVID-19 during the
first and successive waves

Total First wave Successive waves p value
N (%) N (%) N (%)
(n=5953) (n=4545) (n=1408)
Age, years, median (IQR), 85.6(82.3-89.2) 85.5(82.2-89.0) 86.1(82.6-89.7) <0.001
Age, years, median (IQR), 0.003
80-84 years 2271 (38.1) 1772 (39.0) 499 (35.4)
85-89 years 2106 (354) 1622 (35.7) 484 (34.4)
90-94 years 1185 (19.9) 864 (19.0) 321(22.8)
>95 years 391 (6.6) 287 (6.3) 104 (7.4)
Sex, Male 3024 (50.8) 2331 (51.3) 693 (49.2) 0.175
Acquisition
Community 4172 (70.2) 3170 (69.9) 1002 (70.2) 0.341
Nosocomial 426 (7.2) 330(7.3) 96 (7.3) 0.492
Nursing Home 1036 (22.8) 1036 (22.8) 309 (22.0) 0.566
Degree of dependence <0.001
Independent or mild 3178(56.2) 2516 (564) 662 (47.2)
Moderate 1486 (54.3) 1076 (24.1) 410 (29.2)
Severe 1201 (20.5) 871 (19.5) 330(23.5)
Comorbidities
Baseline CCl, median (IQR) 6 (5-7) 6 (5-7) 6 (5-7) 0.007
Baseline CCI>6, n (%) 2445 (42.1) 1892 (42.9) 553 (39.8) 0.006
Hypertension 4516 (76.0) 2(75.2) 1104 (78.4) 0.014
Non-atherosclerotic cardiovascular diseases? 1918 (32.3) 1464 (32.3) 454 (32.3) 0.993
Atherosclerotic cardiovascular diseases® 1750 (29.6) 1320 (29.2) 431 (30.7) 0.306
Dementia 1671 (28.1) 1269 (28.0) 402 (28.8) 0.678
Diabetes mellitus 1645 (27.7) 1204 (26.6) 441 (313) <0.001
Chronic pulmonary disease® 1144 (19.3) 850 (18.8) 294(20.9) 0.079
Obesity' 893 (16.8) 675 (16.7) 218(17.3) 0.584
Malignancyd 806 (13.6) 615 (136) 191 (13.6) 0.993
Moderate-to-severe kidney disease® 692 (11.7) 1(11.5) 171(12.1) 0476
Symptoms
Duration of symptoms in days, median (IQR) 5(2-7) 52-7) 4(2-7) 0.029
Fever 4158 (70.2) 3338(73.9) 820 (58.3) <0.001
Dyspnea 3621 (61.1) 2757 (61.0) 864 (61.4) 0.791
Cough 3537 (59.6) 2791 (61.7) 746 (53.1) <0.001
Asthenia 2326 (39.6) 1696 (38.0) 630 (44.7) <0.001
Confusion 1644 (27.8) 1265 (28.1) 379 (27.0) 0428
Anorexia 1317 (22.5) 963 (21.6) 354 (25.1) 0.006
Diarrhea 975 (16.5) 732 (16.3) 243 (17.3) 0.396
Arthralgia-myalgias 983 (16.7) 774 (17.3) 209 (14.9) 0.032
Vomiting 379 (6:4) 287 (6:4) 92 (6.5) 0.855
Abdominal pain 320 (5.4) 255 (5.7) 65 (4.6) 0.118
Odynophagia 330 (5.6) 272 (6.1) 58 (4.1) 0.005
Headache 310(5.3) 238(5.3) 72(5.1) 0.747
Ageusia 183 (3.1) 145 (3.3) 38(2.7) 0.275
Anosmia 158 (2.7) 127 (2.9) 3122 0.173
Physical examination
Oxygen saturation <94% 3236 (51.4) 2334 (52.7) 902 (48.3) 0.001
Temperature > 37.8 °C 1025 (16.7) 830 (19.4) 195 (10.6) <0.001

Hypotension 467 (7.5) 334 (7.6) 138 (7.1) 0471
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Table 2 (continued)
Total First wave Successive waves p value
N (%) N (%) N (%)
(n=5953) (n=4545) (n=1408)
Tachycardia 1203 (19.2) 881 (20.0) 322(17.2) 0.009
Tachypnea 2314 (39.6) 1810 (40.8) 504 (36.0) 0.001
Pulmonary rhonchi 1087 (17.6) 847 (19.1) 240 (17.7) 0.218
qSOFA index > 2 1076 (16.7) 798 (17.6) 278 (14.6) 0.004

CCl Charlson Comorbidity Index, /QR Interquartile range, N (%) Number of cases (percentage), gSOFA Quick sequential organ failure assessment

2 Non-atherosclerotic heart disease includes atrial fibrillation and/or heart failure. PAtherosclerotic cardiovascular disease includes coronary, cerebrovascular, and/
or peripheral vascular disease. “Chronic pulmonary disease includes chronic obstructive pulmonary diseases and/or asthma. “Malignancy includes solid tumors or
hematological neoplasia. °Kidney disease is defined as an estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m? according to the CKD-EPI equation. fObesity

is defined as a body mass index> 30 kg/ m?

Statistically significant differences are indicated in bold

Table 3 Radiological, and analytical findings on admission in patients >80 years hospitalized with COVID-19 during the first and

successive waves

Total First wave Successive waves p value
N (%) N (%) N (%)
(n=5953) (n=4545) (n=1408)
Chest X-ray findings <0.001
Normal 1091 (18.7) 768 (17.3) 323(23.1)
Unilateral infiltrates 1168 (20.0) 867 (19.5) 301 (21.5)
Bilateral infiltrates 3584 (61.3) 2807 (63.2) 777 (55.5)
Laboratory findings
Arterial blood gases
PO,/FiO, ratio 277 (222-327) 273 (214-323) 289 (242-333) <0.001
Blood count & biochemistry
Lymphocytes (x 103/uL) 0.88 (0.06-1.23) 0.88 (0.60-1.23) 0.87 (0.6-1.23) 0.532
Lactate dehydrogenase (U/L) 322 (246-448) 330 (251-463) 302 (233-412) <0.001
C-reactive protein (mg/L) 71.0(24.0-138) 716 (23.5-143) 69.8 (27.8-128) 0330
D-dimer (ng/mL) 1.01(0.55-2.02) 1.02 (0.54-2.02) 1.00 (0.55-2.01) 0.558
Serum ferritin (ug/L) 445 (212-953) 484 (230-1013) 396 (189-856) <0.001
Fibrinogen (mg/L) 598 (500-700) 607 (500-706) 564 (461-700) <0.001

Statistically significant differences are indicated in bold

Outcomes between waves (Table 5)

The CFR was significantly higher in the first wave than
in successive waves (44.1% vs 33.3%, p <0.001) (CFR
difference: -10.8 [95% CI: -7.5 to -13.6], p<0.001). The
CEFR was significantly lower in all age ranges in patients
hospitalized after the first wave, but this reduction in
mortality was especially notable in patients > 95 years
(-15.8,95% CI: -4.7 to -26.3, p <0.001). The probability of
death in successive waves was 37% lower than in the first
wave (OR: 0.63; 95% CI: 0.55-0.72) without adjusted.

The risk of mortality in those hospitalized after the
first wave remained lower even after adjusting for age,
sex, degree of dependence, place of infection acquisi-
tion, gSOFA, and oxygen saturation (Model A) (OR:

0.61, 95% CI: 0.53-0.70, p<0.001). It was also lower
after adjusting for model A variables as well as corti-
costeroid, tocilizumab, and remdesivir use (Model B)
(OR: 0.55, 95% CI: 0.47-0.64, p <0.001) and after adjust-
ing for model A variables, model B variables, and lym-
phocyte, lactate dehydrogenase, and C-reactive protein
levels (Model C) (OR: 0.6, 95% CI: 0.57-0.79, p <0.001)
(Table 6).

Figure 1 shows the probability of survival in the first
and successive waves (log rank, p<0.001) and Fig. 2
shows the probability of survival for older adults in
the first and successive waves (log rank, p<0.001)
according to age group (80-84, 85-89, 90-94, and
95 years).
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Table 4 Differences in treatment, complications, and outcomes in Patients > 80 Years Hospitalized with COVID-19 During the First and
Successive Waves

Total First wave Successive waves p value
N (%) N (%) N (%)
(n=5953) (n=4545) (n=1408)
Immunomodulatory therapy
Systemic corticosteroids 2902 (49.0) 1770 (39.2) 1135 (80.6) <0.001
Tocilizumab 228(3.8) 151 (3.3) 77 (5.5) <0.001
Colchicine 68 (1.2) 64 (1.4) 4(0.3) <0.001
Anakinra 31(05) 21(0.5) 10(0.7) 0.270
Baricitinib 26 (0.5) 21(0.6) 5(048) 0.360
Antivirals
Hydroxychloroquine 3467 (58.5) 3463 (76.5) 4(0.3) <0.001
Lopinavir/ritonavir 1893 (31.9) 1885 (41.7) 8(0.6) <0.001
Interferon 302 (5.1) 302 (6.7) 0(0.0) <0.001
Remdesivir 165 (2.8) 7(0.2) 158 (11.2) <0.001
Chloroquine 160 (2.7) 160 (3.5) 0(0.0) <0.001
Immunoglobulin 10(0.2) 10(0.2) 0(0.0) 0.131
Antibiotics
Beta-lactams 4300 (72.6) 3307 (73.2) 993 (70.7) 0.064
Quinolones 942 (16.0) 689 (15.3) 253 (18.0) 0.017
Macrolides 3060 (51.7) 2522 (55.9) 538(33.3) <0.001
Ventilatory therapy
High-flow nasal cannula oxygen 398(6.7) 312 (6.9) 86 (6.1) 0.288
Non-invasive mechanical ventilation 249 (4.2) 185 (4.1) 64 (4.6) 0.460
Invasive mechanic ventilation 70(1.2) 55(1.2) 15(1.1) 0.642
Anticoagulant therapy
Oral anticoagulants ® 428(7.2) 323(7.2) 105 (7.5) 0.681
Low-molecular-weight heparin 425 (83.5) 3678 (81.5) 1247 (88.8) <0.001
Complications
ARDS, severe 1932 (32.6) 1613 (35.7) 319(22.7) <0.001
Acute kidney failure 1370 (23.1) 1059 (23.4) 311 (22.1) 0324
Acute heart failure 794 (13.4) 560 (12.4) 234 (16.6) <0.001
Pneumonia 795 (13.4) 649 (14.3) 146 (10.4) <0.001
Multiple organ dysfunction syndrome 529 (8.9) 440(9.7) 89 (6.3) <0.001
Sepsis 450 (7.6) 366 (8.1) 84 (6.0) 0.009
Arrhythmia 382 (64) 283 (6.3) 99 (7.0) 0.297
Shock 229 (3.9) 186 (4.1) 43 (3.1) 0.073
Venous thromboembolism 110(1.9) 7901.7) 43 (3.1) 0172
Acute coronary syndrome 84 (14) 63(14) 21(1.2) 0.270
Stroke 54(0.9) 43(0.9) 11(0.8) 0.562
Myocarditis 52(0.9) 37(0.8) 15(1.1) 0.381
Intravascular coagulation 61(1.0) 52(1.) 9(0.6) 0.098
Epileptic seizures 44.(0.7) 35(0.8) 9(0.6) 0614
Acute peripheral ischemic 36 (0.6) 30(0.7) 6(0.4) 0315
Outcomes
Intensive care unit admission 111 (1.9) 81(1.8) 30(1.1) 0.400
Readmission 341 (59) 227 (5.2) 114 (8.1) <0.001
Death 2697 (41.8) 2004 (44.1) 693 (36.4) <0.001
Days of hospitalization, median (IQR) 14 (10-21) 14 (9-21) 14 (10-21) 0.734

N (%) Number of cases (percentage), ARDS Acute respiratory distress syndrome, QR Interquartile range:
2 Anticoagulant therapy (dicumarin or direct anticoagulant)

Statistically significant differences are indicated in bold
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Table 5 Case-fatality rate (CFR) in patients > 80 years of age hospitalized with COVID-19
No. of deaths/Total No. of % of total deaths CFR % OR (95% Cl) p value
Patients

Total
80-84 years 818/2271 331 36.0 Ref
85-90 years 921/2106 372 437 1.38 (1.22-1.55) <0.001
90-94 years 538/1185 218 454 147 (1.38-1.70) <0.001
> 95 years 196/391 79 50.1 1.78 (1.43-2.21) <0.001
Total 2473/5953 100 415

First wave
80-84 years 685/1772 342 387 Ref
85-90 years 750/1622 374 46.2 1.36 (1.19-1.56) <0.001
90-94 years 413/864 206 47.8 145 (1.23-1.71) <0.001
> 95 years 156/287 7.8 544 1.89 (1.47-2.42) <0.001
Total 2004/4545 100 441

Successive waves
80-84 years 133/499 284 26.7 Ref
85-90 years 171/484 365 353 1.50 (1.14-1.97) 0.003
90-94 years 125/321 26.7 389 1.75(1.30-2.37) <0.001
> 95 years 40/104 85 385 1.721.10-2.67) 0.016
Total 469/1408 100 333 -

Differences between first and successive waves* 95% (CI)* p value**
80-84 years - - -120(-74;-164) <0.001
85-90 years - - - -109(-5.9;-13.2) <0.001
90-94 years - - - -89(-2.5,-15.0) 0.006
> 95 years - - - -15.8 (-4.7;-26.3) <0.001
Total - - -10.8 (-7.9;-13.6) <0.001

" The confidence intervals for differences between CFR in the first wave and successive waves were calculated using the methods of Newcombe et al. ** Significance of
differences between the first and successive wave was calculated using the two proportion z-test

OR Odds ratio, C/ confidence interval
Statistically significant differences are indicated in bold

There were no differences between waves in length of
hospitalization (median [IQR] 14 [10-21] vs. 14 [10-21]
days, p=0.73) or ICU admission (1.8% vs. 1.1%, p=0.4)
but readmission was more frequent in successive waves
(5.2% vs. 8.1%, p<0.001).

Discussion

In this large cohort of very old patients hospitalized
with COVID-19 in Spain, we found a significant reduc-
tion of nearly 40% in in-hospital mortality after the first
wave of the pandemic. This reduction in mortality can-
not be explained solely by differences in the main predic-
tors of mortality previously described in this population
(age, functional status, dementia, comorbidities) [11-16]
among those admitted in the first and successive waves
because our models controlled for these possible con-
founding variables. Therefore, our findings suggest that
this reduction in mortality must be explained by other
factors, such as a greater availability of hospital resources
after the first wave, during which hospital systems were

overloaded and resources were in short supply, and
improved medical management during hospitalization.

Previous works have reported a reduction in all-cause
mortality in patients hospitalized with COVID-19 after
the first wave in other settings, including in the United
Kingdom, Italy, and the United States of America [7, 32—
34]. However, other studies in Spain and in other Euro-
pean and Latin American countries have not reported a
reduction in mortality after the first wave [8-10, 35]. To
the best of our knowledge, this is the first study that ana-
lyzes differences in mortality in very old patients between
pandemic waves in Spain.

Theoretically, the mortality rate of COVID-19
depends on patient-related factors, medical manage-
ment factors, and virus-dependent factors. In regard
to patient-related factors, advanced age has been iden-
tified as one of the strongest predictors of mortal-
ity since the beginning of the pandemic [29, 36-42].
In addition to old age, risk factors for poor prognosis
have been reported in older adult patients hospitalized
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Table 6 Multivariable logistic regression model for in-hospital mortality in patients > 80 years of age hospitalized with COVID-19

Model A? Model B® Model C*
OR (95% Cl) p value OR (95% Cl) p value OR (95% Cl) p value

Wave

First Ref Ref - Ref

Successive 0.61(0.53-0.70) <0.001 0.58 (0.50-0.68) <0.001 0.67 (0.57-0.79) <0.001
Age group

80-84 years Ref Ref Ref

85-90 years 1.25(1.09-1.43) 0.001 126 (1.10-1.44) 0.001 1.31(1.25-1.54) 0.001

90-94 years 1.27 (1.08-1.50) 0.004 1.30(1.10-1.53) 0.001 1.38(1.13-1.67) 0.001

> 95 years 141(1.11-1.87) 0.003 147 (1.14-1.90) 0.003 1.56 (1.17-2.09) 0.003

Sex, male 144 (1.28-1.63) <0.001 141 (1.25-1.59) <0.001 1.33(1.16-1.53) <0.001
Acquisition

Community Ref - Ref - Ref

Nosocomial 1.52 (1.21-1.90) <0.001 1.54(1.23-1.94) <0.001 146 (1.11-1.92) <0.001

Nursing Home 0.71 (0.61-0.84) <0.001 0.71 (0.61-0.84) <0.001 0.72 (0.61-0.88) <0.001
Degree of dependence

Independent or mild Ref - Ref - Ref

Moderate 140 (1.21-1.64) <0.001 142 (1.21-1.63) <0.001 1.5 (1-29-1.81) <0.001

Severe 163 (1.37-1.94) <0.001 1.67 (1.40-2.00) <0.001 2.05(1.67-2.53) <0.001
Comorbidities

ca 1.07 (1.04-1.10) <0.001 1.07 (1.04-1.10) <0.001 1.07 (1.03-1.11) <0.001
Physical examination

Oxygen saturation < 94% 215(1.91-241) <0.001 2.09 (1.87-2.35) <0.001 1.58(1.38-1.81) <0.001

qSOFA score > 2 2.79(2.38-3.27) <0.001 2.09 (1.86-2.25) <0.001 2.311.92-2.78) <0.001
Treatment

Steroid - - 1.29 (1.13-1.45) <0.001 1.29 (1.12-1.50) <0.001

Tocilizumab 1.35(1.00-1.84) 0.049 1.23(0.89-1.71) 0.68

Remdesivir 0.52(0.34-0.79) 0.002 0.51(0.32-7.98) 0.509
Laboratory findings

Lymphocytes (x 10%/uL) 1.00 (1.00-1.00) <0.001

Lactate dehydrogenase (U/L) 1.00 (1.00-1.00) <0.001

C-reactive protein (mg/L) 1.00 (1.00-1.00) <0.001

CCl Charlson Comorbidity Index, OR Odds ratio, C Interval confidence, gSOFA quick sequential organ failure assessment; Ref Reference

# Model A. Adjusted for age group, sex, place of acquisition, degree of dependence, baseline Charlson Comorbidity Index, oxygen saturation, and gSOFA score

b Model B. Adjusted for age group; sex; place of acquisition; degree of dependence; baseline Charlson Comorbidity Index; oxygen saturation; qSOFA score; and

treatment with steroids, tocilizumab, and remdesivir

©Model C. Adjusted for age group; sex; place of acquisition; degree of dependence; baseline Charlson Comorbidity Index; oxygen saturation; qSOFA score; treatment
with steroids, tocilizumab, and remdesivir; and laboratory findings of lymphocytes, lactate dehydrogenase, and C-reactive protein

for COVID-19, including functional status and demen-
tia [11-16]. In our study, we found no differences in
age, the degree of comorbidity, or the rate of demen-
tia between older adult patients hospitalized in the
first and successive waves. Moreover, the older adult
patients admitted in successive waves in our series had
a worse functional status than patients hospitalized
during the first wave and it is well-known that depend-
ence is a strong predictor of poor prognosis in older
adults with COVID-19 [16]. Therefore, it does not seem
plausible that patient-related factors would be able to

explain the lower mortality rate observed among those
hospitalized in successive waves in our study.

In regard to medical management factors, our study
reflects how the use of medical therapies for severe
COVID-19 has changed throughout the pandemic. In the
first wave, more than 80% of hospitalized patients were
treated with hydroxychloroquine or chloroquine, nearly
60% with macrolides, and more than 40% with lopinavir.
The prescribing of all these therapies declined sharply
in successive waves when the results of clinical research
trials that did not support their efficacy were published
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[43-46]. Instead, during successive waves, more evi-
dence-based treatments such as corticosteroids [46],
tocilizumab [47], and remdesivir [48] were indicated. In
addition, though the use of anticoagulant drugs, mainly
low-molecular-weight heparin, was already high in the
first wave (86.7%), its use became almost universal in
successive waves (97.4%), reflecting adherence to recom-
mendations advising their use in severe COVID-19 [46].
On the other hand, the use of beta-lactams declined sig-
nificantly after the first wave. Excessive use of inappropri-
ate empirical antibiotic therapy during the first wave of
COVID-19 has been cautioned against, considering that
the rate of bacterial coinfection in these patients is low
[49-51]. Overall, this trend toward using therapies with
proven benefit may have contributed to reducing both
complications and in-hospital mortality after the first
wave of COVID-19. It is noteworthy that in our study, the
greatest reduction in mortality during the pandemic was
found in patients aged > 95 years. This shows that even
very old patients can benefit from intensive in-hospital
management if their overall condition allows for it [16].

The risk factors associated with increased mortality in
our study are the same as those previously reported in
very old patients [29, 36—42]. Aging, moderate-severe
dependence, CCI, and clinical severity on admission (oxy-
gen saturation < 94%, SOFA score 2) have been associated
with poor outcomes in older patients hospitalized with
COVID-19 [29, 36—42]. The increased mortality associated
with corticosteroid use may be explained by the fact that
it is more frequently use in severe cases [52—55]. Finally,
compared to community-acquired infection, patients with
nosocomial COVID-19 had a higher mortality rate, a find-
ing that has been previously reported [56]. On the other
hand, we observed a lower in-hospital mortality rate in
older patients with COVID-19 who acquired the infection
in long-term care facilities compared with patients with
community-acquired disease. This finding has previously
been described and explained by the possible earlier iden-
tification and treatment of COVID-19 symptoms as well as
earlier hospitalization of these patients [57].

Limitations

Our study has some limitations. First, due to its observa-
tional design, it is not possible to establish causality. Sec-
ond, we cannot exclude undetected bias in our analysis,
either because of limitations in the assessment of func-
tional status or because of changes in admission criteria
during the pandemic. On the one hand, we only calcu-
lated the Barthel Index, since the clinical condition of the
patients prevented a more exhaustive geriatric assess-
ment; thus, our registry lacks data on some geriatric syn-
dromes (falls, delirium, malnutrition, etc.). Third, the it
is plausible that, in the context of an overloaded hospital
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system with limited availability of resources, only older
adult patients with a good functional status were admit-
ted during the first wave whereas more relaxed admission
criteria were followed during the following waves, when
the pressure on hospitals was lower. In support of the
latter argument, we found that patients admitted after
the first wave showed fewer clinical and laboratory cri-
teria of severity and had a shorter duration of symptoms
than patients hospitalized in the first wave. Fourth, we
do not have data on the SARS-CoV-2 strains of patients
hospitalized with COVID-19 and cannot rule out that
the reduction in complications and mortality observed
after the first wave may be at least partially explained by a
lower virulence of SARS-CoV-2 in successive waves [57].
Finally, this study is limited to unvaccinated patients.
Therefore, our conclusions are not able to be extrapo-
lated to vaccinated populations.

Conclusions

In conclusion, we found a significant reduction in com-
plications and mortality in older patients hospital-
ized with COVID-19 after the first wave in Spain. Our
data suggest that both a greater availability of hospital
resources and the use of more effective medical thera-
pies may explain this improvement, although a possible
reduction in SARS-CoV-2 virulence during successive
waves cannot be ruled out.

Mortality in elderly patients declined after the first
wave. This may have been due to a better understanding
of the disease and the use of targeted treatments such as
steroids in patients with hypoxemia. Going forward, pre-
cise risk stratification is needed in order to tailor optimal
therapeutic interventions and continue to reduce SARS-
CoV-2 mortality in elderly patients.

Abbreviations

ARDS: Acute respiratory distress syndrome; CCl: Charlson Comorbidity Index;
CFR: Case fatality rate; COVID-19: Coronavirus disease 2019; EMR: Electronic
medical record; IQR: Interquartile ranges; OR: Odds ratio; qSOFA: Quick
sequential organ failure assessment; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-022-03191-4.

[ Additional file 1. List of the SEMI-COVID-19 Network members. }

Acknowledgements
List of the SEMI-COVID-19 Network members. (Supplementary Appendix)

Authors’ contributions

J-M.R-R., and R.G-H., designed the study, had full access to all data in the study,
and takes responsibility for the integrity and accuracy of the data analysis. V.B,,
LC-P, MR, MR-R, MVN-R,RM-G, MEG-L, RE-M-M.-, G-M.G-G,, J-LB.-P,


https://doi.org/10.1186/s12877-022-03191-4
https://doi.org/10.1186/s12877-022-03191-4

Ramos-Rincon et al. BMC Geriatrics (2022) 22:546

DM-M., UA-S, MB-V, IR-L.SJF-C, J-PM-G, J-OM-G, J-NA-P, MG-G,
V.C-L, F-J.G-S, JM-C, and J-M.A-S. contributed to data acquisition. J-M.R-R,
and R.G-H. were responsible for literature search, manuscript writing, and data
analysis. J-M.R-R, R.G-H.,and J-M.A-S, were responsible for supervision of data
collection and data management. All authors reviewed and approved the
final version of the manuscript. The corresponding author attests that all listed
authors meet authorship criteria and that no others meeting the criteria have
been omitted.

Funding
This study required no funding sources for the design of the study, collection,
analysis and interpretation of data, or in writing the manuscript.

Availability of data and materials

The datasets generated during the current study are not publicly available
due data are not publicly available due to privacy or ethical restrictions, but
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This work was approved by the Institutional Research Ethics Committee of
Malaga on March 27, 2020 (Ethics Committee code: SEMI-COVID-19 27-03-20),
according to the guidelines of the Spanish Agency of Medicines and Health
Products. All patients gave informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Clinical Medicine, Miguel Herndndez University of Elche, Ctra
N332 s/n, 03550 Sant Joan d'Alacant, Alicante, Spain. 2Department of Internal
Medicine, Instituto de Investigacion Biomédica de Mélaga (IBIMA), Regional
University Hospital of Malaga & University of Malaga, Malaga, Spain. *Internal
Medicine Department, Bellvitge University Hospital, , Barcelona, L'Hospitalet
de Llobregat, Spain. *Internal Medicine Department, Costa del Sol Hospital,
Marbella, Spain. °Internal Medicine Department, 12 de Octubre University
Hospital, Madrid, Spain. ®Internal Medicine Department, Gregorio Marafion
University Hospital, Madrid, Spain. ’Internal Medicine Department, Cabuefies
University Hospital, Gijén, Spain. éInternal Medicine Department, Badajoz
University Hospital Complex, Badajoz, Spain. °Internal Medicine Department,
Albacete University Hospital Complex, Albacete, Spain. '®Internal Medicine
Department, Segovia Hospital Complex, Segovia, Spain. ' Internal Medicine
Department, Miguel Servet University Hospital, Zaragoza, Spain. '?Inter-

nal Medicine Department, La Princesa University Hospital, Madrid, Spain.
3Internal Medicine Department, Infanta Sofia University Hospital, . S. de los
Reyes, Madrid, Spain. '“Internal Medicine Department, A Corufia University
Hospital Complex, A Corufia, Spain. '*Internal Medicine Department, Rio
Hortega University Hospital, Valladolid, Spain. '®Internal Medicine Depart-
ment, Nuestra Sefora del Prado Hospital, Talavera de La Reina, Toledo, Spain.
Internal Medicine Department, Pozoblanco Hospital, Pozoblanco, Cérdoba,
Spain. '®Internal Medicine Department, Alfredo Espinosa Hospital, Urduliz,
Vizcaya, Spain. '“Internal Medicine Department, Virgen de La Salud University
Hospital, Toledo, Spain. “’Internal Medicine Department, Juan Ramon Jiménez
University Hospital, Huelva, Spain. 2'Internal Medicine Department, Hospital
of Henares, Coslada, Madrid, Spain. %’Internal Medicine Department, Infanta
Cristina University Hospital, Parla, Madrid, Spain. 2>CIBER de Fisiopatologfa

de La Obesidad Y Nutricion (CIBEROBN), Instituto de Salud Carlos Ill, Madrid,
Spain.

Received: 16 March 2022 Accepted: 3 June 2022
Published online: 30 June 2022

Page 12 of 14

References

1. COVID-19 Map - Johns Hopkins Coronavirus Resource Center. https://
coronavirusjhu.edu/map.html. Accessed 22 May 2022

2. Wilder-Smith A, Freedman DO. Isolation, quarantine, social distancing
and community containment: pivotal role for old-style public health
measures in the novel coronavirus (2019-nCoV) outbreak. J Travel Med.
2020;27(2). taaa020. https://doi.org/10.1093/JTM/TAAA020

3. Chu J. A statistical analysis of the novel coronavirus (COVID-19) in Italy
and Spain. PLoS ONE. 2021;16(3):e0249037. https://doi.org/10.1371/
JOURNAL.PONE.0249037.

4. Karagiannidis C, Windisch W, McAuley DF, Welte T, Busse R. Major differ-
ences in ICU admissions during the first and second COVID-19 wave in
Germany. Lancet Respir Med. 2021;9(5):e47-8. https://doi.org/10.1016/
$2213-2600(21)00101-6.

5. SorianoV, Ganado-Pinilla P, Sanchez-Santos M, et al. Main differences
between the first and second waves of COVID-19 in Madrid. Spain Int J
Infect Dis. 2021;105:374-6. https://doi.org/10.1016/J.1JID.2021.02.115.

6. Mollinedo-Gajate |, Villar-Alvarez F, Zambrano-Chacén M de los A, et al.
First and Second Waves of Coronavirus Disease 2019 in Madrid, Spain:
Clinical Characteristics and Hematological Risk Factors Associated With
Critical/Fatal lliness. Crit care Explor. 2021;3(2):e0346. https://doi.org/10.
1097/CCE.0000000000000346.

7. Meschiari M, Cozzi-Lepri A, Tonelli R, et al. First and second waves among
hospitalised patients with COVID-19 with severe pneumonia: a compari-
son of 28-day mortality over the 1-year pandemic in a tertiary university
hospital in Italy. BMJ Open. 2022;12(1):e054069. https://doi.org/10.1136/
BMJOPEN-2021-054069.

8. Zuil M, Benitez ID, Cabo-Gambin R, et al. Clinical management and
outcome differences between first and second waves among COVID-19
hospitalized patients: A regional prospective observational cohort. PLoS
ONE. 2021;16(10):20258918. https://doi.org/10.1371/JOURNAL.PONE.
0258918.

9. Wolfisberg S, Gregoriano C, Struja T, et al. Comparison of characteristics,
predictors and outcomes between the first and second COVID-19 waves
in a tertiary care centre in Switzerland: an observational analysis. Swiss
Med Wkly. 2021;151:w20569. https://doi.org/10.4414/SMW.2021.20569.

10. Carbonell R, Urgelés S, Rodriguez A, et al. Mortality comparison between
the first and second/third waves among 3,795 critical COVID-19 patients
with pneumonia admitted to the ICU: A multicentre retrospective cohort
study. Lancet Reg Heal Eur. 2021;11:100243. https://doi.org/10.1016/J.
LANEPE.2021.100243.

11. Niu S, Tian S, Lou J, et al. Clinical characteristics of older patients
infected with COVID-19: A descriptive study. Arch Gerontol Geriatr.
2020;89:104058. https://doi.org/10.1016/j.archger.2020.104058.

12. ChenTL, Dai Z, Mo P, et al. Clinical Characteristics and Outcomes of Older
Patients with Coronavirus Disease 2019 (COVID-19) in Wuhan, China:

A Single-Centered, Retrospective Study. J Gerontol A Biol Sci Med Sci.
2020;75(9):1788-95. https://doi.org/10.1093/GERONA/GLAAQS9.

13. Covino M, De Matteis G, Santoro M, et al. Clinical characteristics and
prognostic factors in COVID-19 patients aged >80 years. Geriatr Gerontol
Int. 2020;20(7):704-8. https://doi.org/10.1111/ggi.13960.

14. Palmieri L, Vanacore N, Donfrancesco C, et al. Clinical Characteristics of
Hospitalized Individuals Dying with COVID-19 by Age Group in Italy. J
Gerontol A Biol Sci Med Sci. 2020;75(9):1796-800. https://doi.org/10.
1093/gerona/glaal46.

15. Wang L, He W, Yu X, et al. Coronavirus disease 2019 in elderly patients:
Characteristics and prognostic factors based on 4-week follow-up. J
Infect. 2020;80(6):639-45. https://doi.org/10.1016/J.JINF.2020.03.019.

16. Ramos-Rincon JM, Buonaiuto V, Ricci M, et al. Clinical Characteristics and
Risk Factors for Mortality in Very Old Patients Hospitalized With COVID-19
in Spain. J Gerontol A Biol Sci Med Sci. 2021;76(3):e28-37. https://doi.org/
10.1093/gerona/glaa243.

17. Docherty AB, Harrison EM, Green CA, et al. Features of 20 133 UK patients
in hospital with covid-19 using the ISARIC WHO Clinical Characterisation
Protocol: Prospective observational cohort study. BMJ. 2020;369: m1985.
https://doi.org/10.1136/bmj.m1985.

18 Bernabeu-Wittel M, Ternero-Vega JE, Diaz-Jiménez P, et al. Death risk
stratification in elderly patients with covid-19 A comparative cohort
study in nursing homes outbreaks. Arch Gerontol Geriatr. 2020;91:104240.
https://doi.org/10.1016/j.archger.2020.104240.


https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1093/JTM/TAAA020
https://doi.org/10.1371/JOURNAL.PONE.0249037
https://doi.org/10.1371/JOURNAL.PONE.0249037
https://doi.org/10.1016/S2213-2600(21)00101-6
https://doi.org/10.1016/S2213-2600(21)00101-6
https://doi.org/10.1016/J.IJID.2021.02.115
https://doi.org/10.1097/CCE.0000000000000346
https://doi.org/10.1097/CCE.0000000000000346
https://doi.org/10.1136/BMJOPEN-2021-054069
https://doi.org/10.1136/BMJOPEN-2021-054069
https://doi.org/10.1371/JOURNAL.PONE.0258918
https://doi.org/10.1371/JOURNAL.PONE.0258918
https://doi.org/10.4414/SMW.2021.20569
https://doi.org/10.1016/J.LANEPE.2021.100243
https://doi.org/10.1016/J.LANEPE.2021.100243
https://doi.org/10.1016/j.archger.2020.104058
https://doi.org/10.1093/GERONA/GLAA089
https://doi.org/10.1111/ggi.13960
https://doi.org/10.1093/gerona/glaa146
https://doi.org/10.1093/gerona/glaa146
https://doi.org/10.1016/J.JINF.2020.03.019
https://doi.org/10.1093/gerona/glaa243
https://doi.org/10.1093/gerona/glaa243
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1016/j.archger.2020.104240

Ramos-Rincon et al. BMC Geriatrics

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

(2022) 22:546

Covino M, Russo A, Salini S, et al. Frailty Assessment in the Emergency
Department for Risk Stratification of COVID-19 Patients Aged >80 Years.
J Am Med Dir Assoc. 2021;22(9):1845-1852.e1. https://doi.org/10.1016/J.
JAMDA.2021.07.005.

D'ascanio M, Innammorato M, Pasquariello L, et al. Age is not the only
risk factor in COVID-19: the role of comorbidities and of long staying in
residential care homes. BMC Geriatr. 2021,21(1):63. https://doi.org/10.
1186/512877-021-02013-3.

de Sire A, Andrenelli E, Negrini F, et al. International Multiprofessional
Steering Committee of Cochrane Rehabilitation REH-COVER Action.
Rehabilitation and COVID-19: a rapid living systematic review by
Cochrane Rehabilitation Field updated as of December 31st, 2020 and
synthesis of the scientific literature of 2020. Eur J Phys Rehabil Med.
2021;57:181-8. https://doi.org/10.23736/51973-9087.21.06870-2.

Curci C, Negrini F, Ferrillo M, et al. Functional outcome after inpatient
rehabilitation in postintensive care unit COVID-19 patients: findings and
clinical implications from a real-practice retrospective study. Eur J Phys
Rehabil Med. 2021;57(3):443-50. https://doi.org/10.23736/51973-9087.20.
06660-5.

Ferraro F, Calafiore D, Dambruoso F, Guidarini S, de Sire A. COVID-19
related fatigue: Which role for rehabilitation in post-COVID-19 patients?
A case series J Med Virol. 2021;93(4):1896-9. https://doi.org/10.1002/jmv.
26717.

de Sire, Marotta N, Raimo S, et al. Psychological Distress and Work Envi-
ronment Perception by Physical Therapists from Southern Italy during
COVID-19 Pandemic: The CA.LA.B.R.IA Study. Int J Environ Res Public
Health. 2021;18(18):9676. https://doi.org/10.3390/ijerph18189676.
Roso-Llorach A, Serra-Picamal X, Cos FX, et al. Evolving mortality and clini-
cal outcomes of hospitalized subjects during successive COVID-19 waves
in Catalonia. Spain Glob Epidemiol. 2022;4: 100071. https://doi.org/10.
1016/J.GLOEPI.2022.100071.

Vinceti M, Filippini T, Rothman KJ, Di Federico S, Orsini N. The association
between first and second wave COVID-19 mortality in Italy. BMC Public
Health. 2021;21(1). https://doi.org/10.1186/512889-021-12126-4
Alves-Cabratosa L, Comas-Cufi M, Blanch J, et al. Individuals With SARS-
CoV-2 Infection During the First and Second Waves in Catalonia, Spain:
Retrospective Observational Study Using Daily Updated Data. JMIR public
Heal Surveill. 2022;8(1):e30006. https://doi.org/10.2196/30006.

Mayerl H, Stolz E, Freidl W. Longitudinal effects of COVID-19-related
loneliness on symptoms of mental distress among older adults in Austria.
Public Health. 2021;200:56-8. https://doi.org/10.1016/J.PUHE.2021.09.009.
Casas-Rojo JM, Anton-Santos JM, Millan-Nunez-Cortés J, et al. Clinical
characteristics of patients hospitalized with COVID-19 in Spain: Results
from the SEMI-COVID-19 Registry. Rev Clin Esp. 2020;220(8):480-94.
https://doi.org/10.1016/j.rce.2020.07.003.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: Development
and validation. J Chronic Dis. 1987;40(5):373-83. https://doi.org/10.1016/
0021-9681(87)90171-8.

Newcombe RG. Two-sided confidence intervals for the single proportion:
Comparison of seven methods. Stat Med. 1998;17(8):857-72. https://doi.
0rg/10.1002/(SIC)1097-0258(19980430)17:8%3c857::AID-SIM777%3e3.0.
COR2-E.

Asch DA, Sheils NE, Islam MN, et al. Variation in US Hospital Mortality
Rates for Patients Admitted With COVID-19 During the First 6 Months of
the Pandemic. JAMA Intern Med. 2021;181(4):471-8. https://doi.org/10.
1001/JAMAINTERNMED.2020.8193.

Atkin C, Kamwa V, Reddy-Kolanu V, et al. The changing characteristics

of COVID-19 presentations. A regional comparison of SARS-CoV-2
hospitalised patients during the first and second wave. Acute Med.
2021;20(2):92-100.

Meschiari M, Cozzi-Lepri A, Tonelli R, et al. Modena COVID-19 Working
Group (MoCo19). First and second waves among hospitalised patients
with COVID-19 with severe pneumonia: a comparison of 28-day
mortality over the 1-year pandemic in a tertiary university hospital in
Italy. BMJ Open. 2022;12(1):e054069. https://doi.org/10.1136/bmjop
en-2021-054069.

Zeiser FA, Donida B, da Costa CA, et al. First and second COVID-19 waves
in Brazil: A cross-sectional study of patients’ characteristics related to
hospitalization and in-hospital mortality. Lancet Reg Health Am. 2022;6:
100107. https://doi.org/10.1016/j.lana.2021.100107.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50

51.

52.

53.

Page 13 of 14

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized
Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan,
China. JAMA -J Am Med Assoc. 2020;323(11):1061-9. https://doi.org/10.
1001/jama.2020.1585.

Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl J Med. 2020;382(18):1708-20. https://doi.org/10.
1056/NEJM0a2002032.

Zhou F,YuT, Du R, et al. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1054-62. https://doi.org/10.1016/50140-
6736(20)30566-3.

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting Characteristics,
Comorbidities, and Outcomes among 5700 Patients Hospitalized with
COVID-19 in the New York City Area. JAMA. 2020;323(20):2052-9. https://
doi.org/10.1001/jama.2020.6775.

Liang WH, Guan WJ, Li CC, et al. Clinical characteristics and outcomes of
hospitalised patients with COVID-19 treated in Hubei (epicenter) and
outside Hubei (non-epicenter): A Nationwide Analysis of China. Eur Respir
1.2020;4;55(6):2000562. https://doi.org/10.1183/13993003.00562-2020
Docherty AB, Harrison EM, Green CA, et al. Features of 16,749 hospitalised
UK patients with COVID-19 using the ISARIC WHO Clinical Characterisa-
tion Protocol. BMJ. 2020;239:2020.04.23.20076042. https://doi.org/10.
1136/bmj.m1985

Borobia A, Carcas A, Arnalich F, et al. A Cohort of Patients with COVID-

19 in a Major Teaching Hospital in Europe. J Clin Med. 2020,9(6):1733.
https://doi.org/10.3390/jcm9061733.

Ader F, Peiffer-Smadja N, Poissy J, et al. An open-label randomized
controlled trial of the effect of lopinavir/ritonavir, lopinavir/ritonavir plus
IFN-B-1a and hydroxychloroquine in hospitalized patients with COVID-19.
Clin Microbiol Infect. 2021;27(12):1826-37. https://doi.org/10.1016/J.CMI.
2021.05.020.

Sivapalan P, Ulrik CS, Lapperre TS, et al. Azithromycin and hydroxychloro-
quine in hospitalised patients with confirmed COVID-19: a randomised
double-blinded placebo-controlled trial. Eur Respir J. 2022;59(1):2100752.
https://doi.org/10.1183/13993003.00752-2021.

Arabi YM, Gordon AC, Derde LPG, et al. Lopinavir-ritonavir and hydroxy-
chloroquine for critically ill patients with COVID-19: REMAP-CAP rand-
omized controlled trial. Intensive Care Med. 2021;47(8):867-86. https://
doi.org/10.1007/500134-021-06448-5.

RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in
Hospitalized Patients with Covid-19. N Engl J Med. 2021;384(8):693-704.
https://doi.org/10.1056/NEJMOA2021436.

Abani O, Abbas A, Abbas F, et al. Tocilizumab in patients admitted to
hospital with COVID-19 (RECOVERY): a randomised, controlled, open-
label, platform trial. Lancet (London, England). 2021;397(10285):1637-45.
https://doi.org/10.1016/50140-6736(21)00676-0.

Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of
Covid-19 — Final Report. N Engl J Med. 2020;383(19):1813-26. https://
doi.org/10.1056/nejmoa2007764.

ATTACC Investigators, ACTIV-4a Investigators, REMAP-CAP Investigators,
et al. Therapeutic Anticoagulation with Heparin in Noncritically Il Patients
with Covid-19. N Engl J Med. 2021;385(9):790-802. https://doi.org/10.
1056/NEJMOA2105911.

Calderén-Parra J, Muino-Miguez A, Bendala-Estrada AD, et al. Inap-
propriate antibiotic use in the COVID-19 era: Factors associated with
inappropriate prescribing and secondary complications. Analysis of the
registry SEMI-COVID. PLoS One. 2021;16(5):e0251340. https://doi.org/10.
1371/JOURNAL.PONE.0251340.

Bendala Estrada AD, Calderdn Parra J, Ferndndez Carracedo E, et al.
Inadequate use of antibiotics in the covid-19 era: effectiveness of anti-
biotic therapy. BMC Infect Dis. 2021;21(1):1144. https://doi.org/10.1186/
$12879-021-06821-1.

Balaz D, Wikman-Jorgensen PE, Galvai VG, et al. Evolution of the Use of
Corticosteroids for the Treatment of Hospitalised COVID-19 Patients in
Spain between March and November 2020: SEMI-COVID National Regis-
try. J Clin Med. 2021;10(19). https://doi.org/10.3390/JCM10194610
Salinas-Botran A, Pérez-Belmonte LM, Méndez-Bailén M. Answer to the
Glucocorticoid therapy in patients with COVID-19 and concurrent heart
failure correspondence. Rev Clin Esp (Barc). 2022;222(5):310-1. https://
doi.org/10.1016/j.rceng.2021.11.001.


https://doi.org/10.1016/J.JAMDA.2021.07.005
https://doi.org/10.1016/J.JAMDA.2021.07.005
https://doi.org/10.1186/s12877-021-02013-3
https://doi.org/10.1186/s12877-021-02013-3
https://doi.org/10.23736/S1973-9087.21.06870-2
https://doi.org/10.23736/S1973-9087.20.06660-5
https://doi.org/10.23736/S1973-9087.20.06660-5
https://doi.org/10.1002/jmv.26717
https://doi.org/10.1002/jmv.26717
https://doi.org/10.3390/ijerph18189676
https://doi.org/10.1016/J.GLOEPI.2022.100071
https://doi.org/10.1016/J.GLOEPI.2022.100071
https://doi.org/10.1186/S12889-021-12126-4
https://doi.org/10.2196/30006
https://doi.org/10.1016/J.PUHE.2021.09.009
https://doi.org/10.1016/j.rce.2020.07.003
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3c857::AID-SIM777%3e3.0.CO;2-E
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3c857::AID-SIM777%3e3.0.CO;2-E
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3c857::AID-SIM777%3e3.0.CO;2-E
https://doi.org/10.1001/JAMAINTERNMED.2020.8193
https://doi.org/10.1001/JAMAINTERNMED.2020.8193
https://doi.org/10.1136/bmjopen-2021-054069
https://doi.org/10.1136/bmjopen-2021-054069
https://doi.org/10.1016/j.lana.2021.100107
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1183/13993003.00562-2020
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.3390/jcm9061733
https://doi.org/10.1016/J.CMI.2021.05.020
https://doi.org/10.1016/J.CMI.2021.05.020
https://doi.org/10.1183/13993003.00752-2021
https://doi.org/10.1007/S00134-021-06448-5
https://doi.org/10.1007/S00134-021-06448-5
https://doi.org/10.1056/NEJMOA2021436
https://doi.org/10.1016/S0140-6736(21)00676-0
https://doi.org/10.1056/nejmoa2007764
https://doi.org/10.1056/nejmoa2007764
https://doi.org/10.1056/NEJMOA2105911
https://doi.org/10.1056/NEJMOA2105911
https://doi.org/10.1371/JOURNAL.PONE.0251340
https://doi.org/10.1371/JOURNAL.PONE.0251340
https://doi.org/10.1186/S12879-021-06821-1
https://doi.org/10.1186/S12879-021-06821-1
https://doi.org/10.3390/JCM10194610
https://doi.org/10.1016/j.rceng.2021.11.001
https://doi.org/10.1016/j.rceng.2021.11.001

Ramos-Rincon et al. BMC Geriatrics

54.

55.

56.

57.

(2022) 22:546

Calderon-Parra J, Cuervas-Mons V, Moreno-Torres V, et al. Influence of
chronic use of corticosteroids and calcineurin inhibitors on COVID-19
clinical outcomes: analysis of a nationwide registry. Int J Infect Dis.
2021;116:51-8. https://doi.org/10.1016/J.1J1D.2021.12.327.

Mufoz-Gémez A, Fernandez-Cruz A, Lavilla-Olleros C, et al. Real-Life
Impact of Glucocorticoid Treatment in COVID-19 Mortality: A Multicenter
Retrospective Study. J Clin Med. 2021;10(20):4678. https://doi.org/10.
3390/JCM10204678.

Biernat MM, Zinczuk A, Biernat P, et al. Nosocomial outbreak of SARS-
CoV-2 infection in a haematological unit - High mortality rate in infected
patients with haematologic malignancies. J Clin Virol. 2020;130:104574.
https://doi.org/10.1016/J.JCV.2020.104574.

Ramos-Rincédn J-M, Bernabeu-Whittel M, Fiteni-Mera |, et al. Clinical fea-
tures and risk factors for mortality among long-term care facility residents
hospitalized due to COVID-19 in Spain. J Gerontol A Biol Sci Med Sci.
2022;77(4):138-47. https://doi.org/10.1093/GERONA/G.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/J.IJID.2021.12.327
https://doi.org/10.3390/JCM10204678
https://doi.org/10.3390/JCM10204678
https://doi.org/10.1016/J.JCV.2020.104574
https://doi.org/10.1093/GERONA/G

	Differences in clinical features and mortality in very old unvaccinated patients (≥ 80 years) hospitalized with COVID-19 during the first and successive waves from the multicenter SEMI-COVID-19 Registry (Spain)
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study design and population
	Definition of variables
	Statistical analysis
	Ethical aspects

	Results
	Epidemiological and clinical differences between waves (Table 2)
	Radiological, and analytical differences between waves (Table 3)
	Treatment and complications between waves (Table 4)
	Outcomes between waves (Table 5)

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


