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ABSTRACT

Objectives: The aim of the study was to analyze the mortality and characteristics of deceased patients
with COVID-19 during the first year of the pandemic.
Methods: All admissions owing to COVID-19 at a tertiary hospital in Madrid were analyzed. Three waves
were considered: March 2020 to June 2020, July 2020 to November 2020, and December 2020 to April
2021
Results: A total of 3,676 patients were identified. Among inpatients, no differences regarding age, sex,
length of admission, or mortality were found between the 3 waves (p >0.05). The overall mortality rate
was 12.9%. Among deceased patients, the median age was 82 years and the median Charlson Comorbidity
Index was 6. Considering the main predictors for mortality by COVID-19 (age, sex, and concomitant co-
morbidities), only patients with previous lung disease were more prevalent in the third period (p <0.01).
Finally, higher intensive care unit admission rates, a lower rate of patients coming from nursing homes,
and a lower rate of patients with dementia were noted in the third period (p <0.05) among deceased
patients.
Conclusion: One year after the onset of the pandemic, the mortality rate of hospitalized patients and the
profile of non-survivors have not changed significantly. In the absence of vaccine benefits, advanced age
and multiple pathologies are uniform characteristics of non-survivors.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

SARS-CoV-2 infection is currently the largest health problem
worldwide, which led to more than 3 million deaths all over the
globe during the first year of the pandemic (WHO, 2021). From the
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Abbreviations

ARDS Acute respiratory distress syndrome.
ca Charlson Comorbidity Index.

ICU Intensive care unit.

SD Standard deviation

Since the pandemic outbreak, different strategies have been
implemented to reduce the transmission of the virus and assess
its impact on health. In the hospital setting, several approaches
were tried to treat the disease in those patients with acute res-
piratory distress syndrome (ARDS). Among others, dexamethasone,
tocilizumab, and anakinra have been shown to be effective in
treating severe COVID-19 [Horby et al., 2021; Stone et al., 2020;
Kyriazopoulou et al., 2021]. In addition, the measures introduced,
including wearing of facial masks, social distancing, and mass lock-
downs, resulted in fewer hospital admissions. Finally, the rapid de-
velopment of vaccines led to wide vaccination programs all over
the world at the beginning of 2021 [Privor-Dumm et al., 2021].

All these factors contributed to the different waves of the dis-
ease that occurred throughout 2020 and have affected variations in
the number and profile of affected individuals. However, there are
no data to confirm that the profile of patients with severe COVID-
19 and related mortality has changed during the first year of the
pandemic. Our study analyzed the COVID-19 mortality rate at a
reference hospital in Madrid for a year since the start of the pan-
demic (March 2020 to April 2021) and before the impact of vacci-
nation programs.

Material and methods
Study design and patients

This retrospective study included all admitted patients with
COVID-19 pneumonia at the Puerta de Hierro-Majadahonda Uni-
versity Hospital from March 15, 2020, to April 30th, 2021. This is a
large tertiary university hospital with 613 beds, whose catchment
population approaches 375,000 people. The hospital review board
approved the study (PI134-20), and a waiver for informed consent
was granted.

Data collection and outcomes

We reviewed electronic medical records for all hospital-
admitted patients with confirmed COVID-19. The main demograph-
ics (sex and age), admission to intensive care unit (ICU), and di-
agnosis discharge (including death) were recorded for each one.
For all deceased patients with COVID-19, origin (home, nursing
home, or referral from other institutions) and the presence of co-
morbidities were recorded, including neurocognitive impairment
(Alzheimer’s disease, other dementias, and/or mental disorders),
arterial hypertension, diabetes, dyslipidemia, heart disease, cere-
brovascular disease, peripheral arterial disease, chronic kidney dis-
ease, liver disease, lung disease, cancer, autoimmune diseases, and
other immunosuppression conditions. The baseline Charlson Co-
morbidity Index (CCI) was used to estimate the risk of mortality,
taking into consideration that the overall 10-year survival rate is
98.3% in patients with a CCI of 0, which decreases to 77.48% in
those with a CCI of 3 and decreases further to 21.36% in those with
a CCI of 5 or more [Charlson et al., 1987].

Study periods

In order to examine the course of the pandemic and changes
in the patient profile during the first year after the onset of the
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pandemic, 3 different periods were considered: March 15t 2020 to
June 7th, 2020 (first wave), June 8, 2020, to December 5, 2020
(second wave), and December 6, 2020, to April 30", 2021 (third
wave). These dates were selected according to the national restric-
tions and the defined waves seen corresponding to spring 2020,
after summer 2020, and from Christmas up to April 2021.

Statistical analysis

Continuous variables were expressed as mean and SDs and me-
dians with percentiles (P25-P75). Categorical variables were sum-
marized as counts and percentages. The Kolmogorov test was used
to evaluate data distribution and the Student t-test or Mann-
Whitney U-test was performed consequently to assess differences
between groups. Levene$ test was used for the homogeneity of
variance test, and the chi-square test (with the 2-sided Fisher’s ex-
act test) was used to compare categorical variables. For all analy-
ses, significance was defined as a P value of less than 0.05. Statis-
tical analysis was performed using the SPSS version 26.0 software
statistical package (SPSS Inc., IBM, Armonk, New York).

Results

Between March 15t, 2020, and April 30th, 2021, a total of 3,676
patients were hospitalized with COVID-19 at the Hospital Puerta de
Hierro-Majadahonda (table 1). Overall, 60.1% of admitted patients
were male and the average age was 65 years (54-77). The median
length of admission was 8 days (4-14). During the whole study pe-
riod, 474 patients died (12.9% mortality rate).

The hospital admissions during this year were evaluated taking
into consideration the 3 waves (figure 1, table 1). Overall, almost
50% of individuals were included in the first wave (1,788, 48.6%),
followed by the second and third wave, with a similar number of
individuals in each (926, 25.2% and 962, 26.2%, respectively). When
compared, no differences regarding age, sex, length of admission,
or mortality rates were found.

In order to evaluate the differences between the 3 waves of the
pandemic, as well as the clinical impact of the measures adopted,
we compared the characteristics of the deceased patients. As ex-
pected, the mean age of the deceased patients was significantly
higher than the age of the survivors (62.8 vs 79.4 years, p <
0.001), but no significant differences were noted in the median
age of deceased individuals when the 3 periods were compared
(82 years (72-88)). In addition, no differences were seen regard-
ing sex, length of admission, or previous comorbidities, measured
as CCI (median 6) (table 2). For previous conditions, only patients
with lung disease were more prevalent in the third wave (17.5%,
5.1%, and 37.1% in the first, second, and third waves, respectively,
p <0.01). In contrast, non-survivors in the third period presented
higher ICU admission rates (12.6% in the first wave, 14.4% in the
second wave, and 25.8% in the third wave, p <0.03), a lower rate of
patients coming from nursing homes (35%, 31.7%, and 12.2% in the
first, second, and third waves, respectively, p <0.001), and a lower
rate of patients with dementia (35%, 42.3%, and 23.4% in the first,
second, and third waves, respectively, p <0.02). Similarly, depen-
dence rates were higher in the second period (39.4%, 56.7%, 31.5%
in the first, second, and third waves, respectively, p <0.01). To note,
only 2 patients (1.6%) who died in the third period had received
the complete vaccination cycle.

Discussion

The aim of the current study was to analyze the course and the
different waves during the first year of the COVID-19 pandemic in
our hospital, focusing on the epidemiology and characteristics of
the deceased patients. After the abrupt start of COVID-19, many
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Main characteristics of inpatients with COVID-19 according to the study period
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First period (1st

Second period (8th

Third period (6th Dec

March- 7th June 2020) June-5th Dec 2020) 2020-30th April 2021) Total
N (% of admissions) 1,788 (48.6) 926 (25.2) 962 (26.2) 3,676
Age (years) (Median, P25-P75) 65 (55-76) 66 (54-77) 66 (54-77) 65 (54-77)
Male (N,%) 1,109 (62) 537 (58) 564 (58.7) 2,210 (60.1)
Length of admission (days) (Median, P25-P75) 7 (4-12,8) 9 (5-15) 9 (5-15) 8 (4-14)
Deaths (N) 246 104 124 474
Mortality rate (%) 13.8 11.2 12.9 129
SD = standard deviation.
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Figure 1. Weekly hospital admissions and exitus with COVID-19 from March 2020 to April 2021 at Puerta de Hierro-Majadahonda Hospital in Madrid.

Table 2
Main characteristics of deceased patients with COVID-19 according to the study period

First period Second period Third period

N (mortality rate) 246 (13.8) 104 (11.2) 124 (12.9)
Age (years) (Median, P25-P75) 81 (72-87) 83 (76-89) 82 (72-88)
Male, N (%) 149 (60.6) 62 (59.6) 79 (63.7)
ICU admission, N (%) 31 (12.6) 15 (14.4) 32 (25.8)
Length of admission (d) (Median, P25-P75) 6 (3-14) 9 (6-18) 11 (6-20)
PriorPrevious living at nursing homes, N (%) 86 (35) 33 (31.7) 15 (12.2)"
Dementia, N (%) 86 (35) 44 (42.3) 29 (23.4)
Dependence, N (%) 97 (39.4) 59 (56.7)" 39 (31.5)
CCI (median, P25-P75) 6 (4-8) 6 (5-8) 6 (4-8)
Hypertension, N (%) 169 (68.7) 80 (76.9) 90 (72.6)
Diabetes, N (%) 76 (30.9) 36 (34.6) 39 (31.5)
Dyslipidemia, N (%) 107 (43.5) 49 (47.1) 51 (41.1)
Heart disease, N (%) 84 (34.1) 43 (41.3) 40 (32.3)
Cerebrovascular disease, N (%) 54 (22) 21 (20.2) 25 (20.2)
Peripheral arterial disease, N (%) 13 (5.4) 13 (12.5) 11 (8.9)
Chronic kidney disease, N (%) 44 (17.9) 25 (24) 27 (21.8)
Liver disease, N (%) 11 (4.5) 4 (3.8) 2 (1.6)
Lung disease, N (%) 43 (17.5) 24 (5.1) 46 (37.1)"
Cancer, N (%) 41 (16.7) 13 (12.5) 20 (16.1)
Autoimmune disease, N (%) 19 (7.7) 11 (10.6) 7 (5.6)
Immunosuppression, N (%) 41 (1.7) 16 (15.4) 26 (21)

ICU: Intensive Care Unit. CCI: Charlson Comorbidity Index
* p<0.05 (marked with bold): when compared with the other periods.
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cohorts worldwide analyzed the mortality rates and the severe dis-
ease risk factors, uniformly concluding that frail and comorbid pa-
tients were at a higher risk (Wu et al., 2020; Chen et al., 2020;
Moreno-Torres et al., 2021). In addition, once the pandemic sta-
bilized during the summer in 2020, several studies showed that
mortality rates significantly improved after the first wave probably
because of a better understanding of the disease; a greater avail-
ability of infrastructures, staff, or equipment; and the wide use of
corticosteroids, among other therapies [Vahidy et al., 2020; Kurtz
et al., 2021; Armstrong et al., 2021; Roth et al., 2021; Jones et al.,
2021]. However, there is conflicting evidence about the associa-
tion between these improvements and the changes in the charac-
teristics of the admitted patients. Finally, there are no data about
whether the mortality rate and profile of deceased patients have
changed in the last months.

Our study reflects that admissions dramatically decreased from
the first wave because of the national lockdown and population
prophylactic measures adopted in Spain. In addition, it is notice-
able that each wave presented a peak that was attributed to the
greater flexibility and poorer compliance of restrictions during hol-
iday periods such as summer, December national holidays, and
Christmas (Soriano et al., 2021a).

Despite these clearly identifiable dynamics regarding the num-
ber of new cases and hospital-admitted patients, no differences in
the deceased patients, by age or sex, were found between the 3
waves. Moreover, the mortality rate remained constant throughout
the study period, and the profile of non-survivor individuals re-
mained unchanged. Thus, these results confirm that age and frailty
are still by far the strongest risk factors, despite greater knowledge
of the disease and better therapeutic management of patients with
severe COVID-19.

These findings and the discrepancies with other studies could
be partially explained for the following reasons. First, broad cor-
ticosteroid and tocilizumab treatment was promptly considered in
our institution’s protocols, leaving less room for improvement in
subsequent waves [Fernandez-Cruz et al., 2020; Ruiz-Antoran et al.,
2021]. Second, early planning and the possibility to double the
number of beds per room delayed the early overload of wards and
ICUs, contributing to attenuating the mortality rate in comparison
with other Spanish hospital cohorts [Moreno-Torres et al., 2021,
Yehia et al., 2020, Casas-Rojo et al., 2020]. Third, poor knowledge
of the natural course of COVID-19 during the first wave resulted
in a higher number of hospital admissions for patients who would
have benefited from adequate home care. This fact was translated
into lower mortality rates at the beginning [Moreno-Torres et al.,
2021]. At the same time, the higher number of ICU admissions
during the third wave could also be a consequence of the greater
severity of COVID-19 observed in hospitalized patients during this
period. Finally, it should be considered that most studies carried
out during the first wave were based on the diagnosis made in
the hospital context [Preskorn, 2020; Soriano et al., 2021b]. In the
following waves, the greater availability of diagnostic tests led to
the inclusion of information related to asymptomatic or less se-
vere diagnoses, thus reducing the overall mortality due to the in-
fection. Consequently, overall population reported mortality rates
could have been decreased because a higher number of non-severe
patients have been identified, although not necessarily because the
disease prognosis has improved. However, our study is based ex-
clusively on the diagnoses that required hospital admission and on
the mortality observed in this setting during the whole study pe-
riod. Overall and despite these possible explanations, the fact that
mortality rates and the profile of deaths have not changed in 1
year at our center, yields 2 possible interpretations. On the one
hand, with the therapeutic tools at our disposal, we have man-
aged the disease in an acceptable way from the beginning, and on
the other hand, these findings emphasize the need for specific an-
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tivirals against SARS-CoV-2 [Beigel et al., 2020; Jayk-Bernal et al.,
2021; Owen et al., 2021].

Finally, it should be mentioned that mass vaccination programs,
which began in Madrid at the beginning of 2021, have clearly mod-
ified the course of severe COVID-19 [Barandalla et al., 2021]. In
our study, the vaccine impact was intentionally not yet fully noted
because in April only a small percentage of the population have
been fully vaccinated. However, it is observed that during the third
wave, the number of dependent and patients with dementia was
significantly lower than in the previous waves, which can be ex-
plained by the impact of the vaccine in these groups. Besides, it
is noteworthy that we only identified 2 deaths in this period who
have received the complete vaccination schedule. Altogether, previ-
ous data show that in the absence of effective treatment, a vaccine
is an essential tool to reduce mortality from COVID-19 and to pre-
vent the current wave of infections (November 2021) such as the
one that is occurring in some Central European countries among
unvaccinated people.

Our analysis has several limitations. First, it is a single-center,
observational, retrospective study. Second, we have not analyzed
the different therapeutic options and the possible associated ben-
efits. Finally, we have limited ourselves to analyzing the baseline
characteristics of the deceased patients, not being able to rule out
differences in the total number of hospitalized patients.

1 year after the onset of the pandemic, the mortality rate
of in-hospital patients and the profile of deceased patients have
not changed, with older age and pluripathology being constant
features. Despite the absence of solid improvements in mortality
rates, recent trends might indicate the expected benefits of the
vaccine.
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