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Keywords: Background: The changes in shield strategies, treatments, emergence variants, and healthcare pathways might
Coronavirus disease 2019 (Covid-19) shift the profile and outcome of patients hospitalized with COVID-19 in successive waves of the outbreak.
Hospital mortality Methods: We retrospectively analysed the characteristics and in-hospital outcomes of all patients admitted with
Clinical characteristics COVID-19 in eight university hospitals of Catalonia (North-East Spain) between Feb 28, 2020 and Feb 28, 2021.
Using a 7-joinpoint regression analysis, we split admissions into four waves. The main hospital outcomes
included 30-day mortality and admission to intensive care unit (ICU).

Findings: The analysis included 17,027 subjects admitted during the first wave (6800; 39.9%), summer wave
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third waves (overall 30% reduction); the lowest mortality was reported during the summer wave (8%, 50%
reduction). ICU admission became progressively more frequent during successive waves. In Cox regression
analysis, the main factors contributing to differences in 30-day mortality were the epidemic wave, followed by
gender, age, diabetes, chronic kidney disease, and neoplasms.

Interpretation: Although in-hospital COVID-19 mortality remains high, it decreased substantially after the first
wave and is highly dependent of patient’s characteristics and ICU availability. Highest mortality reductions
occurred during a wave characterized by younger individuals, an increasingly frequent scenario as vaccination
campaigns progress.

Funding: This work did not receive specific funding.

Introduction

Soon after the first outbreak of coronavirus disease 2019 (COVID-19)
in Italy on late February 2020, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) epidemic spread rapidly across all Euro-
pean countries, leading to more than two million cases and 100,000
deaths in three months in this continent [1]. Social distancing measur-
es—including strict lockdowns—dictated in many European countries
successfully reduced the average reproduction number (R-value) below
1.0 by March 2020 [2], which was followed by a rapid reduction in
SARS-CoV-2 incident cases. However, countries worldwide have expe-
rienced successive waves of the pandemic in an scenario of alternate
intensification and lifting of restrictions [3,4]. Vaccination campaigns
are expected to minimize the risk of future waves and change the
characteristics of hospitalized patients. However, the capacity of vac-
cines for achieving long-term immunity and protect against future
strains is uncertain [5], and various authors have warned on the risk of
further waves despite vaccination if restrictions are lifted inadequately
[6].

During the first wave (i.e., sharp incidence increase) of COVID-19,
various retrospective studies of hospitalized patients provided a global

picture of the presenting characteristics of these patients [7-9], as well
as the determinants of severity and death [10-14]. Although highly
heterogeneous, these reports identified several clinical characteristics
consistently associated with severe illness or death. Since then, the
management and therapeutic landscape of COVID-19 have evolved and
new SARS-CoV-2 variants potentially associated with different disease
severity and transmission have emerged, with limited information
regarding the prevalence and dynamics of circulating genomes world-
wide [15-17]. Furthermore, changes in incidence due to shielding and
physical distancing interventions [18] and efforts to deploy strategies
for early identification of cases is reshaping the healthcare pathways of
COVID-19 patients in many countries.

Changes in shield strategies, treatment, emerging SARS-CoV-2 vari-
ants, and healthcare pathways are expected to shift the profile of pa-
tients hospitalized with COVID-19 throughout successive waves.
Nevertheless, the way the pandemic has evolved throughout the various
waves differs between countries in the onset and severity pattern
[19-23]. In Spain, the first case of COVID-19 was reported in late
February [24] and elicited one of the major outbreaks in incidence
globally and a national lockdown that lasted for 98 days [1]. The
reduction in daily new COVID-19 cases below 1000 (0.2 per 100,000
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Fig. 1. Distribution of hospital admissions due to COVID-19 across the analysed period (Feb 28, 2020 to Feb 28, 2021). The 7-joinpoint regression analysis revealed

the presence of four waves, one of them below 33 daily admissions.
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inhabitants) by April 25 [25] led to a “new normal” scenario in which
healthcare authorities tried to contain the SARS-CoV-2 spread in a trade-
off between banning of social, cultural, and commercial activities and
flattening the epidemic curve. Since then, the country has experienced
three additional waves, according to the ministry of health [24].
Although this pattern of alternate periods of high incidence (i.e., waves)
has been experienced in many countries worldwide, there is little in-
formation regarding the changes in patient profile and hospital out-
comes throughout waves in large cohorts. In this study, we investigated
the presenting characteristics and outcomes of patients hospitalized
during the successive waves (from Feb 2020 to Feb 2021) of the COVID-
19 outbreak in Catalonia, a region with 7.5 million inhabitants that was
among the two leading regions in incidence in Spain.

Methods
Study design and setting

This was a retrospective analysis of patients hospitalized due to se-
vere COVID-19 in eight university hospitals of Catalonia between Feb
28, 2020 and Feb 28, 2021. The end of the observation period was
established on Apr 20, 2021. The hospitals belong to the Institut Catala de
la Salut (Catalan Institute of Health), a major healthcare provider that
accounts for 30% of the total acute hospitalizations in the region and has
a strong territorial representation. Catalonia is an industry- and services-
driven economy country with 7.5 million inhabitants, 5.2 of which live
in the 2268 Km? of the Urban Region of Barcelona. Outbreak waves were
formally defined using a 7-joinpoint regression analysis [26] of the
distribution of hospital admissions reported between the investigated
period. The analysis depicted four waves, three of them with a clear
pattern of hospital admissions increase and decrease and one of them
(the “summer wave”) remaining below 33 daily admissions over almost
four months (Fig. 1). The alpha variant became dominant from July
2020 (Fig. S1, Supplementary File 1).

Patients were identified from the central electronic hospital record of
the Catalan Institute of Health, which systematically collects routine
hospitalization data —including the diagnosis associated with
admission—, resource use during hospital stay, and pharmacy infor-
mation. The study included all patients of any age admitted to the
hospital with a COVID-19 diagnosis. Data regarding existing comor-
bidities, sociodemographic characteristics, and health behaviour were
gathered from the Information System for the Development of Primary
Care Research [27], which is linked to the electronic hospital record
through a unique patient identification number. All data were handled
according to the General Data Protection Regulation 2016/679 on data
protection and privacy for all individuals within the European Union
and the local regulatory framework regarding data protection. The study
protocol was approved by the independent ethics committee of the
Hospital Germans Trias i Pujol (Badalona, Spain), which waived obtaining
informed consent.

Study variables and outcomes

The primary objective of the study was to describe the presenting
features and 30-day mortality of COVID-19 patients admitted within
each of the outbreak waves. Secondary objectives included describing
the frequency of severe clinical events during the hospital stay and
investigate the influence of the presenting features on hospital outcomes
associated with critical illness and mortality throughout the successive
waves.

The presenting features of hospitalized COVID-19 patients were
described based on sociodemographic and clinical data at admission.
Sociodemographic characteristics included age, gender, smoking status,
and socioeconomic status, defined based on the MEDEA index, an
ecological measure of deprivation at the district (i.e., residential areas
within the municipality) level [28,29]. The MEDEA index allows
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stratifying each individual according to five mutually-exclusive levels of
rurality and deprivation (i.e., lack of access to social and material re-
sources) of the district: rural, semi-rural, semi-urban, and urban areas,
the last grouped into low, moderate, high, and very high deprivation
level. Clinical characteristics included the presence of the following
relevant comorbidities: hypertension, cardiovascular disease (i.e.,
stroke, heart disease, ischemic heart disease, or atrial fibrillation), type 1
or 2 diabetes mellitus, chronic kidney disease, liver disease (i.e., chronic
liver disease or viral hepatitis), respiratory disease (i.e., asthma, chronic
bronchitis, or chronic obstructive pulmonary disease), immunosup-
pression (i.e., HIV or history of solid organ transplant), and neoplasia.
The comorbidity burden was described using the Charlson comorbidity
index, and the overall patient complexity was stratified using the
adjusted morbidity groups (GMA, Grups de Morbiditat Ajustada, i.e,
Morbidity-Adjusted Groups), a population-based tool for health-risk
assessment described previously [30,31]. In brief, the GMA tool con-
siders the type of disease—acute or chronic—, number of systems
affected, and complexity of each disease for grouping people in four
health-risk categories: 1) Initial risk (healthy stage, including GMA
scores up to the 50th percentile of the total population); 2) low risk, 50th
to 80th percentiles; 3) moderate risk, 80th to 95th percentiles, and 4)
high risk, above the 95th percentile. We also collected data regarding
laboratory tests performed up to seven days after hospital admission,
except for glomerular filtration rate [GFR] and glycated hemoglobin,
which corresponded to the last laboratory assessment preceding
admission; the smoking status, and the body mass index (BMI), grouped
according to the CDC criteria for weight stratification [32].

Additional hospital outcomes aside from death within 30 days after
hospital admission included in-hospital death and the following severe
clinical events: the need for advanced respiratory support (i.e., non-
invasive mechanical ventilation, invasive mechanical ventilation, or
extracorporeal membrane oxygenation [ECMO]), and transfer to an ICU.
Transfer to special units designated for treating COVID-19 patients with
advanced care needs (i.e., including general, paediatric, and new-born
intensive care units, intermediate care units, coronary unit, burn unit,
stroke unit, and heart surgery) were also considered ICU transfers. We
also collected other hospital outcomes such as the length of hospital stay
and destination at discharge (i.e., home, skilled nursing home). Ad-
missions that occurred earlier than seven days after the discharge of
index admission (i.e., first time admitted to hospital because of COVID-
19) were considered a single episode, and data regarding the two ad-
missions were pooled together. Finally, we used billing information of
the included hospitals to retrieve quantitative data on the overall pre-
scription of drugs used for treating patients with COVID-19 during year
2020, using 2019 data as reference.

Statistical analysis

Continuous variables were described as the mean and standard de-
viation (SD) or median and interquartile range (IQR, defined by the 25th
and 75th percentiles) and categorical variables as number and per-
centage over available data. The model fit for the 7-joinpoint regression
analysis was performed using a Grid Search method and assuming a
constant variance (homocedasticity) and an uncorrelated errors model;
the annual percent change estimates resulting from the model are
summarized in Table S1 (Supplementary appendix). Survival was
described using Kaplan-Meier estimates and compared with the Log-
rank test. For each event, the follow-up time was defined between
hospitalization and the event. Patients were followed until censored (i.
e., discharge, lost to follow-up, or end of the observation period). The
influence of patients’ characteristics at admission on the risk of main
hospitalization outcomes (i.e., 30-day and in-hospital death) was
investigated using a Cox proportional-hazard model adjusted for vari-
ables of interest. Missing values were imputed using a multiple impu-
tation analysis by chained equations with 10 imputed datasets; the
percentage of missing values are listed in Table S2. Proportional hazards
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Table 1
Presenting characteristics of patients admitted to hospital due to Covid-19.
No. Overall First wave Summer wave Second wave Third wave
(N =17,027) (N = 6800) (N =1807) (N = 3804) (N = 4616)
Sociodemographic characteristics
Sex (female), n (%) 17,027 7239 (42.5%) 2929 (43.1%) 782 (43.3%) 1623 (42.7%) 1905 (41.3%)
Age (years), median (IQR) 16,989 64.0 (51.0;76.0) 64.0 (51.0;75.0) 59.0 (44.0;73.0) 64.0 (50.0;76.0) 66.0 (54.0;77.0)
Age group, n (%) ’
0-20 277 (1.63%) 62 (0.91%) 55 (3.04%) 90 (2.37%) 70 (1.53%)
20-30 564 (3.32%) 198 (2.91%) 98 (5.42%) 142 (3.74%) 126 (2.75%)
30-40 1096 (6.45%) 409 (6.01%) 192 (10.6%) 266 (7.00%) 229 (5.00%)
40-50 1959 (11.5%) 837 (12.3%) 257 (14.2%) 414 (10.9%) 451 (9.84%)
50-60 2975 (17.5%) 1272 (18.7%) 311 (17.2%) 650 (17.1%) 742 (16.2%)
60-70 3422 (20.1%) 1346 (19.8%) 325 (18.0%) 783 (20.6%) 968 (21.1%)
70-80 3718 (21.9%) 1552 (22.8%) 302 (16.7%) 779 (20.5%) 1085 (23.7%)
80-90 2392 (14.1%) 917 (13.5%) 198 (11.0%) 523 (13.8%) 754 (16.4%)
90-109 586 (3.45%) 207 (3.04%) 69 (3.82%) 151 (3.98%) 159 (3.47%)
District deprivation level® 15,741
Rural 563 (3.58%) 122 (1.92%) 73 (4.50%) 154 (4.40%) 214 (5.02%)
Semi-rural 1060 (6.73%) 261 (4.10%) 200 (12.3%) 261 (7.46%) 338 (7.93%)
Semi-urban 1435 (9.12%) 370 (5.82%) 123 (7.59%) 418 (11.9%) 524 (12.3%)
Urban low deprivation 2316 (14.7%) 982 (15.4%) 190 (11.7%) 493 (14.1%) 651 (15.3%)
Urban moderate deprivation 2327 (14.8%) 1006 (15.8%) 243 (15.0%) 483 (13.8%) 595 (14.0%)
Urban high deprivation 4020 (25.5%) 1849 (29.1%) 395 (24.4%) 771 (22.0%) 1005 (23.6%)
Urban very high deprivation 4020 (25.5%) 1770 (27.8%) 397 (24.5%) 920 (26.3%) 933 (21.9%)
Clinical characteristics 16,140
Health risk (GMA level), n (%)
Initial risk (health stage) 1862 (11.5%) 699 (10.8%) 279 (16.6%) 452 (12.5%) 432 (9.88%)
Low risk 4116 (25.5%) 1719 (26.5%) 442 (26.4%) 897 (24.9%) 1058 (24.2%)
Moderate risk 5721 (35.4%) 2378 (36.7%) 531 (31.7%) 1241 (34.4%) 1571 (35.9%)
High risk 4441 (27.5%) 1690 (26.1%) 425 (25.3%) 1014 (28.1%) 1312 (30.0%)
Charlson comorbidity index, median (IQR) 1.00 (0.00;2.00) 1.00 (0.00;2.00) 1.00 (0.00;2.00) 1.00 (0.00;2.00) 1.00 (0.00;2.00)
S 15,192
Chalson comorbidity index, n (%)
0-2 9657 (63.6%) 3975 (64.7%) 1067 (67.4%) 2132 (62.9%) 2483 (60.9%)
2 2242 (14.8%) 886 (14.4%) 211 (13.3%) 510 (15.0%) 635 (15.6%)
3-13 3293 (21.7%) 1278 (20.8%) 305 (19.3%) 749 (22.1%) 961 (23.6%)
Specific comorbidities®, n (%) 16,758
Diabetes 4156 (24.8%) 1504 (22.4%) 432 (24.7%) 952 (25.4%) 1268 (27.9%)
Liver disease® 1678 (10.0%) 674 (10.0%) 151 (8.64%) 374 (9.98%) 479 (10.5%)
Hypertension 7600 (45.4%) 2985 (44.4%) 713 (40.8%) 1721 (45.9%) 2181 (48.0%)
Imrnunosuppressiond 80 (0.48%) 33 (0.49%) 14 (0.80%) 17 (0.45%) 16 (0.35%)
Cardiovascular disease® 3677 (21.9%) 1431 (21.3%) 335 (19.2%) 844 (22.5%) 1067 (23.5%)
Chronic kidney disease 2390 (14.3%) 876 (13.0%) 210 (12.0%) 578 (15.4%) 726 (16.0%)
Neoplasia 2598 (15.5%) 1003 (14.9%) 236 (13.5%) 598 (16.0%) 761 (16.8%)
Chronic respiratory diseasel 2342 (14.0%) 926 (13.8%) 226 (12.9%) 509 (13.6%) 681 (15.0%)
Smoking status, n (%) 13,466
Never smoker 7632 (56.7%) 3131 (57.1%) 804 (59.2%) 1687 (56.6%) 2010 (55.1%)
Active smoker 1068 (7.93%) 398 (7.26%) 124 (9.12%) 234 (7.85%) 312 (8.56%)
Former smoker 4766 (35.4%) 1950 (35.6%) 431 (31.7%) 1061 (35.6%) 1324 (36.3%)
Body mass index (Kg/mz), median (IQR) 8944 29.3 (26.0;33.0) 29.1 (25.9;32.5) 29.0 (25.7;33.2) 29.1 (25.9;33.1) 29.7 (26.3;33.3)
Body mass index categories®
Underweight 152 (1.70%) 47 (1.29%) 28 (2.96%) 40 (2.03%) 37 (1.56%)
Normal 1488 (16.6%) 617 (16.9%) 160 (16.9%) 347 (17.6%) 364 (15.3%)
Overweight 3353 (37.5%) 1440 (39.5%) 348 (36.8%) 718 (36.4%) 847 (35.7%)
Obese 3951 (44.2%) 1544 (42.3%) 410 (43.3%) 870 (44.1%) 1127 (47.5%)
Laboratory assessments
Glycated hemoglobin (%), median (IQR) 6790 6.10 (5.60;7.10) 6.10 (5.60;7.00) 6.10 (5.60;7.10) 6.10 (5.60;7.20) 6.20 (5.70;7.20)
Glomerular filtration rate® (mL/min/1.73m?), median (IQR) 13,706
severely decreased 750 (5.47%) 261 (4.74%) 76 (5.12%) 177 (5.85%) 236 (6.39%)
moderately decreased 2155 (15.7%) 801 (14.5%) 214 (14.4%) 469 (15.5%) 671 (18.2%)
mildly decreased 4767 (34.8%) 2026 (36.8%) 466 (31.4%) 1019 (33.7%) 1256 (34.0%)
normal or high 6034 (44.0%) 2419 (43.9%) 727 (49.0%) 1359 (44.9%) 1529 (41.4%)
Albumin (g/L), median (IQR) 6795 34.0 (30.0;37.5) 33.0 (29.6;36.5) 35.0 (31.0;38.5) 34.6 (30.5;38.0) 34.0 (30.5;37.5)
D-dimer (ng/mL), median (IQR) 5926 555 (316;1335) 545 (311;1461) 544 (314;1174) 560 (319;1300) 573 (325;1281)
Ferritin (ng/mL), median (IQR) 6527 691 (346;1334) 770 (378;1475) 571 (284;1169) 658 (323;1245) 667 (350;1277)
Interleukin-6 (pg/mL), median (IQR) 2513 28.1 [10.5;83.4] 50.9 (15.9;276) 22.7 (10.2;76.6) 21.1 (8.30;50.3) 20.2 (8.52;45.6)
Lymphocite count (XlOg/L), median (IQR) 9000 1.10 [0.75;1.55] 1.09 (0.74;1.50) 1.20 (0.86;1.67) 1.13 (0.78;1.60) 1.08 (0.74;1.53)
C-reactive protein (mg/dL), median (IQR) 8051 64.9 (28.7;119) 75.8 (31.6;139) 50.6 (25.6;103) 58.6 (27.4;108) 60.5 (28.0;108)

GMA: Adjusted morbidity groups. IQR: interquartile range (25th and 75th percentiles). SD: standard deviation.
3rural (<7500 inhab and < 100 inhab/Km?), semi-rural (<7500 and > 100 inhab/Km? or > 7500 inhab and < 100 inhab/Km2), semi-urban (7500-10,000 inhab and
100-150 inhab/Km?), urban (>10,000 inhab and > 150 inhab/Km?); deprivation levels of urban areas correspond nation-level quartiles.
bCategories are not mutually exclusive. “Chronic liver disease or viral hepatitis. “HIV infection or history of solid organ transplant. ®stroke, heart disease, ischemic heart
disease, or atrial fibrillation. fasthma, chronic bronchitis, or chronic obstructive pulmonary disease. Sstratified according to the CDC criteria: underweight (< 18.5),
normal (18.5 to <25), overweight (25.0 to <30), and obese (> 30). hseverely decreased ((30), moderately decreased (30-60), mildly decreased (61-90), normal or high

(> 90).
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Table 2

Hospitalization outcomes and management of the Covid-19 episode.
Overall First wave Summer wave Second wave Third wave
(N =17,027) (N = 6800) (N =1807) (N = 3804) (N = 4616)

Hospital outcomes (N = 17,027)

30-day mortality °, n (%)

In-hospital mortality, n (%)

Transfer to a ICU, n (%)

Length of hospital stay (days), median (IQR)
Destination at discharge °, n (%)

Home 10,192 (60.0%)
Skilled nursing facility for intermediate care 1630 (9.60%)

2356 (13.8%)
2228 (13.1%)
4484 (26.3%)
7.00 (4.00;14.0)

Management features (N = 16,953)
Need of respiratory support, n (%)
Type of respiratory support , n (%)
Oxygen therapy

non-invasive positive pressure
Invasive mechanical ventilation
Extracorporeal membrane oxygenation

9264 (54.6%)

7160 (42.2%)
2495 (14.7%)
1697 (10.0%)
117 (0.69%)

1132 (16.6%)
1027 (15.1%)
1514 (22.3%)
7.00 (4.00;14.0)

3534 (52.0%)
650 (9.56%)

3791 (55.8%)

3006 (44.2%)
759 (11.2%)
759 (11.2%)
52 (0.76%)

150 (8.30%)
132 (7.30%)
431 (23.9%)
7.00 (4.00;12.0)

486 (12.8%)
480 (12.6%)
1094 (28.8%)
8.00 (4.00;14.0)

588 (12.7%)
589 (12.8%)
1445 (31.3%)
8.00 (4.00;15.0)

1189 (65.8%)
153 (8.47%)

2490 (65.6%)
356 (9.37%)

2979 (65.0%)
471 (10.3%)

773 (42.8%) 2093 (55.2%) 2607 (57.3%)
585 (32.4%)
233 (12.9%)
134 (7.42%)

11 (0.61%)

1597 (42.1%)
627 (16.5%)
366 (9.64%)
31 (0.82%)

1972 (43.3%)
876 (19.2%)
438 (9.62%)
23 (0.51%)

ICU: intensive care unit. IQR: interquartile range (25th and 75th percentiles).

# 15.5% of 30-day deaths occurred post-discharge; range: 12.8% (third wave) to 26.0% (summer wave). Patients still at hospital after 30 days accounted for 9.3% in

the overall study sample; range: 8.8% (summer wave) to 10.0% (second wave).

b Only the two most frequent destinations are presented. “The same patient could receive more than one type of respiratory support during hospital stay.

assumption was assessed according to the scaled Schoenfeld residuals
[33]. The model was computed for the entire study sample (i.e., patients
admitted at any time within the investigated period) and for each wave
separately. A similar analysis was performed for transfer to a special
unit. Results of the models were presented as the hazard ratio (HR) and
the 95% confidence interval (CI). Owing to the limited linearity of the
hazard functions for age, this variable was included as a 5-knot
restricted cubic spline [34]. Finally, the estimated cumulative inci-
dence function for both 30-day and in-hospital mortality assuming a
competing risk scenario was computed, considering ICU transfer as the
competing risk event and home discharge as no event or censoring. The
significance threshold was set at a two-sided alpha value of 0.05 for all
analyses. All analyses were performed using the R statistical package
(version 4.0.2 or higher) and plotted using ggplot2 and Survminer.

Results
Patient characteristics

Between Feb 28, 2020 and Feb 28, 2021, 17,027 patients were
admitted to hospitals of the Catalan Institute of Health due to COVID-19:
6802 (29.9%) before Jun 6, 2020 (first wave), 1807 (10.6%) between
Jun 7 and Sep 22, 2020 (summer wave), 3807 (22.3%) between Sept 23
and Dec 12, 2020 (second wave), and 4616 (27.1%) between Dec 13,
2020 and Feb 28, 2021 (third wave). By the time of the database closure
(i.e., March 22, 2021), 108 patients had not yet been discharged. Table 1
summarizes the main demographic and clinical characteristics of pa-
tients hospitalized during the investigated period. Patients admitted
within the first, second, and third waves had similar demographic
characteristics, although those in the third wave were older. The sum-
mer wave was characterized by a higher proportion of patients with low
health risk (i.e., lower GMA level) and younger. Hypertension, diabetes,
and cardiovascular disease were the leading comorbidities in the overall
study sample and each of the investigated periods. The comparison of
comorbidities revealed significant differences between waves regarding
the proportion of patients with diabetes, hypertension, cardiovascular
disease, and chronic kidney disease at the time of admission. Overall, the
proportion of patients with Charlson score > 3 increased in the second
and third waves. The percentage of individuals with obesity on admis-
sion increased in the third wave. The proportion of patients in the lowest
socioeconomic level increased after the first wave.

Hospital outcomes

The 30-day mortality rate was highest in the first wave (17%) and
decreased afterwards, remaining stable at 13% in the second and third
waves; the lowest mortality was reported during the summer wave
(8.30%) (Table 2). Likewise, survival was significantly higher among
patients hospitalized during the summer wave; this trend was also
observed in the competing risk analysis (Fig. 2). On the other hand, ICU
transfers progressively increased throughout the analysed period, from
22% in the first wave to 31% in the third wave (Table 2). The competing
risks analysis showed that patients admitted during the first wave had
the lowest probability of being transferred to an ICU and the highest
probability of dying (Fig. 2). The median (IQR) follow-up time for 30-
day mortality, in-hospital mortality, and time to ICU transfer were
30.0 (30.0; 30.0), 7.00 (4.00; 14.0), and 5.00 (2.00; 8.00), respectively.

During the first wave, we observed a remarkable increase in the
expenditure of drugs intended for treating COVID-19 like chloroquine,
hydroxychloroquine, lopinavir/ritonavir, and tocilizumab (Fig. S2,
Supplementary File 1). No purchases of these drugs were reported after
May 2020, except for tocilizumab, which consumption was maintained
throughout successive waves. Study hospitals started using remdesivir in
July 2020 and maintained its use throughout the investigated period.

Determinants of hospital outcomes

Using the first wave as a comparator, the Cox regression analysis for
the overall study sample revealed a 50% reduction of 30-day mortality
risk during the summer wave (adjusted HR 0.50; 95% CI 0.43-0.60) and
30% reduction during the second and third waves: adjusted HR 0.69
(0.62-0.77) and 0.62 (0.56-0.69), respectively (Fig. 3). Age, sex, dia-
betes, chronic kidney disease, and neoplasms were additional risk fac-
tors for dying within the 30 days following admission due to COVID-19
after adjusting for all factors.

The risk of transfer to ICU was significantly higher during the second
and third waves (Fig. 3). Other factors associated with ICU transfer
included high BMI and GMA health risk higher than baseline. Higher
deprivation levels in urban areas were associated with a lower risk of
ICU transfer.

Discussion

Our longitudinal analysis showed that some presenting features
previously described for hospitalized COVID-19 patients [7-9,35]
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Fig. 2. Survival curve (Kaplan-Meier estimate) of patients admitted to hospital because of COVID-19 during the first wave (Feb 28 to Jun 6, red line), summer wave
(Jun 7 to Sep 22, green line), second wave (Sep 23 to Dec 12, blue line), and third wave (Dec 13, 2020 to Feb 28, 2021) of the COVID-19 outbreak. A: In-hospital
survival. B: 30-day survival. The p-value corresponds to the Log-rank test for survival differences between the two curves. C: competing risk analysis for 30-day
mortality. D: competing risk analysis for in-hospital mortality. The censoring proportion for 30-day and in-hospital survival were 86.2% and 86.9%, all due to
end of follow-up. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. (continued).

remain consistent throughout various waves of the outbreak, particu-
larly age, sex, and the prevalence of comorbidities like hypertension and
diabetes. A remarkable exception to this trend was the milder wave
reported during the summer period in our area, which was characterized
by younger patients with lower comorbidity burden. Although we could
not collect data regarding patients’ occupation, these differences might

be explained by the local outbreaks reported among seasonal workers,
including migrant individuals in vulnerable conditions and more phys-
ical contacts [36]. This hypothesis is consistent with the high proportion
of individuals from semi-rural areas.

The shift in the presenting characteristics was also translated to
changes in mortality, which was particularly lower during the summer
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line). The corresponding models with age included as restricted cubic spline for linearity is provided in Fig. S3 (Supplementary file 1).
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wave, presumably due to the younger age of the population during that
wave. A meta-analysis investigating mortality of hospitalized COVID-19
patients revealed very high heterogeneity among 33 studies reporting
hospital outcomes during the first wave of the pandemic [37]. The
pooled mortality for the global population of hospitalized patients (17%,
95% CI 13% - 23%) was very similar to the 30-day mortality observed in
our analysis during the first wave (17%). This value decreased — and
remained stable — during the second and third waves, suggesting that
13% mortality among hospitalized patients better represents the actual
mortality expected for an outbreak wave. Neverthless, the mortality
decline to 8% during the summer period (below the 95% CI reported in
the pooled analysis) suggests that changes in the transmission pattern (e.
g., more people outdoors) [38] and the characteristics of COVID-19
patients may strongly affect mortality. Likewise, vaccination cam-
paigns are expected to shift the profile of hospitalized COVID-19 pa-
tients and mark a turning point in mortality in this setting.

Besides the presenting features, hospital outcomes must be placed in
the context of hospital capacity and healthcare pathways implemented
throughout the pandemic. Like many other countries worldwide
[39,40], we experienced a severe overburden of the healthcare system,
including hospital resources, during the first wave of the outbreak. The
limited hospital resources during the first wave may explain the lower
transfer rate to ICU and special units during these period — despite
higher mortality — compared with the second and third waves, as
shown in our competing risk analysis. This effect, along with the less
accurate prescription and therapeutic behaviours in the early stages of
the pandemic, is likely to blur the relative weight of factors with po-
tential influence on mortality during the first wave.

Finally, we observed a remarkable increase in the proportion of so-
cioeconomically deprived patients being admitted to hospital after the
first wave. To date, various authors have consistently reported the so-
cioeconomic gradient in COVID-19 incidence in the study area [41,42].
Limited access to personal outdoor space, overcrowding, and employ-
ments with limited opportunities to work from home have been listed
among features that may increase the exposure of economically disad-
vantaged people to COVID-19 [43,44]. Although our analysis focused on
hospitalized patients, the significant shift towards lower socioeconomic
levels suggests a broadening of social inequalities in the post-lockdown
scenario.

Our analysis was limited by the use of administrative databases,
which depend on the accuracy and exhaustivity of data collected during
routine practice. An example of this limitation is the BMI, with high rate
of missing value because it is unfrequently measured in healthy in-
dividuals. This effect might be aggravated by the overwhelming expe-
rienced by healthcare professionals, particularly during the first wave. A
remarkable example of lack of reporting was the use of oxygen therapy
at admission, scarcely reported in medical records in our area, particu-
larly during the first wave. Likewise, retrospective analysis based on
electronic records may lose sight on transfers to other hospitals and be
affected by a delay in the reporting of diagnostics and procedures.
Despite these limitations, our analysis is based on a large sample of
patients admitted to hospitals with broad coverage of the population in
Catalonia that was likely to capture the heterogeneity of hospitalized
individuals from the general population.

In summary, our study has a number of novel findings. We uniquely
present data for 4 waves of the pandemic in a large cohort of hospital-
ized patients. Our analysis show that despite consistent presenting
characteristics of COVID-19 patients, mortality rates among hospitalized
patients have decreased after the first wave of the outbreak. Notably,
socioeconomic disparities tended to increase as the pandemic pro-
gresses. Changes in the SARS-CoV-2 spreading patterns, public health
measures, and in-hospital management of COVID-19 patients are likely
to contribute to differences in mortality among hospitalized patients.
Public health interventions aimed at reducing COVID-19 mortality must
therefore tackle the elder and the poor and be continuously updated to
reflect the evolving patterns of the pandemic.
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