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Objectives: The study aimed to analyze in-hospital mortality (IHM) among all
COVID-19 patients hospitalized in Spain between March 1, 2020, and December
31,2021, and to compare two distinct periods: the prevaccination period (March
1, 2020, to January 31, 2021) and the vaccination period (February 1, 2021, to
December 31, 2021). The objective was to assess the impact of vaccination
on IHM and identify associated risk factors, using data from Spain’s national
hospitalization registry.

Methods: This retrospective analysis used data from the Spanish National
Surveillance System for Hospital Data. The primary outcome was in-hospital
mortality (IHM). Multivariate logistic regression identified risk factors across
the overall study period, as well as during the prevaccination and vaccination
periods. Risk factors included age (in 20-year intervals), sex, comorbidities
(e.g., hypertension, diabetes, chronic kidney failure, obesity, neurodegenerative
disorders, and others), and admission to the intensive care unit.

Results: A total of 524,314 COVID-19 hospitalizations were recorded in
Spain, with 329,690 during the prevaccination period and 194,624 during the
vaccination period. Hospitalization rates dropped from 697/100,000 people
to 411/100,000, and in-hospital mortality (IHM) decreased from 16.2 to 11.5%
(adjusted odds ratio [AOR]: 0.71, 95% Cl: 0.70-0.73, p < 0.001). IHM rose with
age, from 0.8% in patients aged 18-39 to 31.7% in those >80 years (p < 0.001),
but significant decreases were observed across all age groups after vaccination,
especially in those >80 years (AOR: 0.76, 95% Cl: 0.75-0.79, p < 0.001). Risk
factors for IHM remained consistent, with leukemia, neoplasm, and lymphoma
posing the highest risks, while female sex (AOR: 0.75, 95% CI: 0.74-0.77,
p < 0.001) and dyslipidemia (AOR: 0.85, 95% CI: 0.32-0.86, p < 0.001) were
protective factors.

Conclusion: During the vaccination period, the risk of in-hospital mortality (IHM)
was 29% lower than in the prevaccination period, after adjusting for sex, age,
and comorbidities. This reduced risk was observed across sexes, age groups,
and comorbidities. The risk factors for IHM remained consistent between the
two periods, with age as the main risk factor, while female sex and dyslipidemia
were identified as protective factors.
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1 Introduction

Since the emergence of the SARS-CoV-2 pandemic in December
2019 until October 2023, it has caused more than 676 million cases
and more than 6.88 million deaths worldwide (1). In Spain, one of the
most affected countries in the European Union, there have been more
than 13.7 million cases and a total of 119,470 deaths (1). During the
first 2 years, COVID-19 caused high mortality (2, 4). Numerous risk
factors have been consistently associated with COVID-19 mortality,
advanced age remains one of the most significant predictors, with
individuals over 60 years, and particularly those over 80 years, facing
a markedly higher risk of death (5, 6). Comorbidities, such as
hypertension, diabetes, cardiovascular diseases, chronic kidney
disease, chronic obstructive pulmonary disease (COPD), malignancy,
and immunosuppression have been shown to further exacerbate
mortality risk (2, 4, 6, 7). Moreover, patients requiring admission to
intensive care units (ICU) exhibit an even more pronounced risk of
death (4, 6-8). Additionally, female sex has been associated with a
lower risk of COVID-19-related mortality (6, 7, 9, 10). Furthermore,
vaccination has been shown to significantly reduce hospital
admissions and mortality in various studies conducted in other
countries (11-13).

COVID-19 pandemic has significantly impacted Spain, with the
country experiencing some of the highest incidence and mortality
rates in Europe (2, 4, 5, 9). During the initial phase of the pandemic,
Spain faced six waves of infection up to January 2022, with the fifth
wave being driven by the Delta variant and characterized by a high
incidence of cases (14). Vaccination campaign in Spain began in
December 2020, and by the end of the fifth wave, 77.3% of the
population had been fully vaccinated (14). The pre-vaccination period
saw high rates of hospitalizations and mortality. The vaccination
period showed a marked improvement in patient outcomes. The rapid
vaccination rollout, prioritizing older adults and high-risk groups,
resulted in a significant decline in COVID-19 hospitalizations and
deaths starting in February 2021 (3). The vaccination campaign’s
success is further supported by data indicating that fully vaccinated
patients had less severe forms of COVID-19, and a higher probability
of earlier discharge compared to unvaccinated patients (11). Moreover,
vaccination was associated with a 20% reduction in the risk of case-
fatality among hospitalized patients (15).

This study, based on data from the Spanish National Surveillance
System for Hospital Data (SNSSHD) from the National Healthcare
Service (NHS), aims to evaluate in-hospital mortality (IHM) before
and after the implementation of the COVID-19 vaccination program.
Despite extensive research on COVID-19, there remains a significant
gap in the literature regarding the analysis of risk factors for IHM
during the prevaccination and vaccination periods using a large-scale,
national database. This study seeks to address this gap by investigating
whether the risk factors for IHM have shifted between prevaccination
and vaccination in Spain, offering valuable insights into the changing
dynamics of the pandemic and the impact of vaccination on high-risk
population. The use of observational approaches, such as retrospective
analysis of registries or computerized healthcare utilization databases
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like SNSSHD, can quickly provide data from many patients (16, 17).
Although these methods may introduce bias, they are useful for
understanding rapid approaches (16).

The objectives of this study were: (1) to analyze in-hospital
mortality (IHM) among all hospitalized COVID-19 patients in Spain
between March 1, 2020, and December 31, 2021, and (2) to compare
two distinct periods—the pre-vaccination period (March 1, 2020, to
January 31, 2021) and the vaccination period (February 1, 2021, to
December 31, 2021)—to assess the impact of vaccination on IHM and
associated risk factors.

2 Methods
2.1 Data sources

This is an observational, transversal, and nationwide study using
an administrative database, SNSSHD from the NHS, which contains
all records of hospitalizations (95-97% of discharges) in all public and
private hospitals in Spain. which includes the demographic
characteristics of hospitalized patients (18). Researchers have used this
database to analyze the epidemiological and clinical aspects of
numerous conditions. The SNSSHD allows for the exploration of
various populational and epidemiological aspects of the COVID-19
pandemic in Spain. Previous studies have utilized this database to
investigate different epidemiological aspects during the first and
second years of the pandemic, including the prevalence and cost of
hospitalized patients with asymptomatic COVID-19, the epidemiology
of bacterial coinfections and risk factors in hospitalized patients with
COVID-19, and the impact of environmental factors on hospital
outcomes during and after the lockdown in 2020 (18-22).

We extracted all hospital admission of people >18 years old at the
time of hospital admission that occurred between 1 March 2020 and
31 December 2021. The data collected included information on the
discharge date of each hospitalization. Cases were as follows: (1) From
March 1, 2020, to June 30, 2020, the codes included “B34.2,” “B97.29,
€720.828) “712.82, “J12.81, and “U07.17; and (2) from July 1, 2020,
to December 31, 2021, only the code “U07.1” was used. The total
Spanish population as of January 1, 2020, and January 1, 2021, was
obtained from the National Statistical Institute (23).

2.2 Variables

The variables collected for each hospitalization episode were age,
sex, comorbidities, admission to the intensive care unit (ICU), and
in-hospital mortality. Age groups were categorized according to
20-year intervals: 18-39, 40-59, 60-79, and > 80 years. Comorbidities
were extracted via ICD-10 diagnostic codes, the discharge date (up to
20 diagnoses) and classified into the following categories: hypertension,
dyslipidemia, diabetes mellitus, chronic kidney failure, obesity,
neurodegenerative disorder (including dementia), heart failure,
ischemic heart disease, COPD, cerebrovascular disease, hemodialysis,
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transplantation, chronic liver disease, leukemia, and human
immunodeficiency virus (HIV) infection (Supplementary Table S1).
In this administrative database, each hospital admission is considered
a new patient, and readmissions are treated as separate cases.

The prevaccination period covered the wave in which the D614G
SARS-CoV-2 variant was dominant and included patients diagnosed
with COVID-19 between 1 March 2020 and 31 January 2021 (24). The
vaccination period covered the alpha- and delta-dominant waves and
included patients diagnosed between February 1 and December 31,
2021. Vaccination in Spain began on December 27, 2020, and by
August 2021, 75% of the population had been vaccinated (25).
Although vaccination began on December 27, we considered the
pre-vaccination period to extend until January 31 because, during the
early days of the vaccination campaign, only specific groups—such as
the older adults, healthcare workers, and immunocompromised
individuals—received a single dose. These groups did not begin
receiving the second dose until February, and the broader population
was not significantly reached until later. This is the rationale behind
our decision.

2.3 Statistical analysis

The rates of COVID-19-related hospitalization were calculated
per 100,000 people stratified by prevaccination and vaccination study
periods and sex. All of variables were categorical variables are
expressed as absolute values and percentages. Bivariable comparisons
of qualitative variables were performed via the chi-square test. All tests
were two-tailed, and only p-values of less than 0.05 were
considered significant.

The measures of association are presented as odds ratios (ORs)
with 95% confidence intervals (CIs). In the comparison of IHM
between the prevaccination and vaccination study periods, the
vaccination period was considered the exposure factor for calculating
the ORs. In the analysis of risk factors for overall IHM, as well as
during the pre-vaccination and vaccination periods, the exposure
factors included: vaccination status, female sex, age groups (40-59,
60-79, and > 80years), and the presence of the following
comorbidities or conditions: hypertension, dyslipidemia, diabetes
mellitus, obesity, chronic kidney failure, neurodegenerative diseases,
heart failure, ischemic heart disease, COPD, neoplasm, cerebrovascular
disease, lymphoma, organ transplant, hemodialysis, chronic liver
disease, leukemia, HIV infection, and ICU admission.

Multivariate logistic regression analysis was used to identify
independent predictors of IHM in the prevaccination and vaccination
study periods. Variables with a p value below 0.05 in the univariate
analyses were entered into a multivariate logistic regression model
using a stepwise selection method with the likelihood ratio test. The
measures of association after multivariate analysis were presented
adjusted OR (AOR) with 95% ClIs. All the statistical analyses were
performed via the IBM SPSS package for Windows v25.0 (IBM Corp,
Armonk, NY).

2.4 Ethics statement

This study involves the use of medical data from the SNSSHD for
the NHS. To guarantee patients’ anonymity, the database was provided
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to us by the NHS after the removal of all potential patient identifiers.
The procedures described here were carried out in accordance with
the ethical standards described in the Revised Declaration of Helsinki
in 2013.

3 Results

3.1 Rates of COVID-19-related
hospitalization in prevaccination and
vaccination period by sex and age

During the study period, 524,314 hospitalizations related to
COVID-19 were registered in Spain. In the prevaccination period,
there were 329,690 admissions and 194,624 in the vaccination study
period (Table 1). During the prevaccination period, the hospitalization
rate was 697 per 100,000 of the overall population, with 783 per
100,000 for males and 613 per 100,000 for females. In contrast, during
the vaccination period, the hospitalization rate decreased significantly
to 411 per 100,000 overall, with rates of 475 per 100,000 in males and
347 per 100,000 in females (Table 1).

By age group, during the prevaccination period, the hospitalization
rate was 202 per 100,000 in the 18-39 age group, 552 per 100,000 in
the 40-59 age group, 1,338 per 100,000 in the 60-79 age group, and
2,168 per 100,000 in the 80+ age group. During the vaccination

TABLE 1 Number of hospitalization and hospitalization rate per 100,000
habitants by sex and age.

Overall Prevaccination Vaccination
period period period
Hospitalization
Total ‘ 524,314 ‘ 329,690 ‘ 194,624
Sex
Male 292,376 181,765 110,611
Female 13,934 147,922 84,012
Age, range (years)
18-39 48,398 24,071 24,327
40-59 139,196 82,827 56,369
60-79 199,945 126,673 72,784
>80 48,398 24,071 24,327
Hospitalization rate per 100,000 habitants?
Total 553 697 411
Sex
Male 629 783 475
Female 480 613 347
Age, range (years)
18-39 202 202 202
40-59 465 552 378
60-79 1,063 1,338 783
>80 1,555 2,168 936

“The total Spanish population as of January 1, 2020, and January 1, 2021, total sex and age
was obtained from the National Statistical Institute; The overall period is calculate by median
of prevaccination period and vaccination period.
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period, the hospitalization rate remained unchanged in the 18-39 age
group (202 per 100,000) but declined significantly in the other groups:
378 per 100,000 in the 40-59 age group, 783 per 100,000 in the 60-79
age group, and 936 per 100,000 in the 80+ age group (Table 1).

3.2 Clinical variables across the two study
periods

Table 2 presents the differences in the epidemiological and clinical
variables between the prevaccination and vaccination study periods.
The percentage of hospitalized males was greater in both study periods
(55.1 and 56.8%). During the vaccination period, there was an increase
in hospitalizations among younger age groups, specifically those aged
18--39 years and 40--59 years, increasing from 7.3 and 25.1% in the

10.3389/fpubh.2025.1488283

prevaccination period to 12.5 and 29.0% in the vaccination period,
respectively. Conversely, the proportion of hospitalized individuals
aged >80years significantly decreased from 29.2% in the
prevaccination period to 21.1% in the vaccination period (p-value
<0.001).

In terms of the comorbidities evaluated, the prevalence of most
conditions, including hypertension, dyslipidemia, diabetes mellitus,
chronic kidney failure, neurodegenerative disorders, heart failure,
ischemic heart disease, COPD, cerebrovascular disease, hemodialysis,
and leukemia, significantly decreased in the vaccination period (p-
value <0.001 for all). However, the prevalence of obesity, lymphoma,
and transplant cases increased significantly (p-value <0.001).

The number of ICU admissions was notably greater among the
60-79 age group (15.4%) and lower among females (7.5% vs. 12.9% in
males, p-value <0.001) and the older population (aged >80 years) at

TABLE 2 Differences in age, sex, comorbidities, admission to the intensive care unit, and in-hospital mortality by period of study.

Overall period;

Prevaccination period;
N = 329,690; % (N)

Vaccination period;

N = 524,314; % (N) N =194,624; % (N)

Sex

Male 55.8 (292,376) 55.1 (181,765) 56.8 (110,611) <0.001
Female 44.2 (213,934) 44.9 (147,922) 43.2 (84,012)

Age, range (years)

18-39 9.2 (48,398) 7.3 (24,071) 12.5 (24,327) <0.001
40-59 26.5 (139,196) 25.1(82,827) 29.0 (56,369)

60-79 28.0 (199,945) 38.4 (126,673) 37.4(72,784)

>80 26.2 (137,263) 29.2 (96,119) 21.1(41,144)

Comorbidities and complications

Hypertension 46.7 (244,771) 48.5(160,022) 43.5 (84,749) <0.001
Dyslipidemia 30.0 (157,069) 30.9 (101,807) 28.4 (55,262) <0.001
Diabetes mellitus 22.5 (117,715) 22.9 (75,537) 21.7 (42,178) <0.001
Obesity 12.8 (67,114) 11.2 (37,077) 15.4 (30,037) <0.001
CKF 10.7 (56,089) 11.3 (37,215) 9.7 (18,874) <0.001
NDDs 7.4 (38,770) 8.5 (28,152) 5.5 (10,618) <0.001
Heart failure 7.7 (40,553) 8.2 (26,991) 7.0 (13,562) <0.001
THD 7.2 (37,759) 7.6 (25,085) 6.5 (12,674) <0.001
COPD 6.0 (31,289) 6.2 (20,578) 5.5 (10,711) <0.001
Neoplasm 4.3 (22,744) 4.6 (15,130) 3.9 (7,614) <0.001
CVD 2.9 (15,351) 3.2 (10,427) 2.5 (4,924) <0.001
Lymphoma 1.4 (7,568) 1.4 (4,616) 1.5 (2,952) <0.001
Transplant 0.8 (4,109) 0.7 (2,399) 0.9(1710) <0.001
Hemodialysis 0.7 (3,528) 0.8 (2,478) 0.5 (1,050) <0.001
CLD 0.4 (2,196) 0.4 (1,398) 0.4 (798) 0.448
Leukemia 0.2 (1,183) 0.3 (831) 0.2(352) <0.001
HIV 0.2 (1,297) 0.2 (800) 0.3(497) 0.371
Outcome

ICU admission 10.5 (55,224) 8.5 (28,099) 13.9 (27,125) <0.001
HM 14.4 (75,595) 16.2 (53,304) 11.5(22,291) <0.001

*The statistical test used was the chi-square test. %, percentage; N, number; IHM, in-hospital mortality; CKE, chronic kidney failure; IHD, ischemic heart disease; CVD, cerebrovascular

disease; CLD, chronic liver disease; HIV, human immunodeficiency virus; NDDs, neurodegenerative disorders; COPD, chronic obstructive pulmonary disease.
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1.8% (p-value <0.001). Admissions to the ICU increased from 8.5% in
the prevaccination period to 13.9% in the vaccination period (p-value
<0.001). This statistically significant increase was observed across both
sexes and all age groups, as shown in Table 3. The largest percentage
increases, all statistically significant (p-value <0.001), were seen in the
60-79 age group (7.2%), the 40-59 age group (5.7%), and among
males (5.9%), while the smallest increase was observed in aged
>80 years (0.8%).

3.3 Mortality by clinical variables across the
prevaccination and vaccination study
periods

The overall IHM during the study period was 14.4%. A
comparison of the IHM between the prevaccination and vaccination
periods is shown in Table 4. In the prevaccination period, the IHM
was 16.2%, which decreased to 11.5% during the vaccination period
(exposure; OR: 0.67, 95% CI: 0.66-0.68, p-value <0.001).

The IHM increased progressively with each age stratum, from
0.8% in patients aged 18-39 years to 31.7% in patients aged >80 years.
There was a decrease in IHM across all age groups during the
vaccination period, with the most pronounced reduction observed in
patients over 80 years old (OR: 0.76, 95% CI: 0.75-0.79, p-value
<0.001; Table 3). IHM was greater in males than in females (15.3% vs.
13.3%, p-value <0.001), with a similar reduction observed in both
sexes between the prevaccination and vaccination study periods (for
males, from 17.2 to 12.2%, and for females, from 14.9 to 10.5%). The
THM decreased during the vaccination period for all the comorbidities
analyzed, as well as for patients admitted to the ICU (OR: 0.60, 95%
CI: 0.59-0.61, p-value <0.001).

3.4 Mortality and risk factors in the overall
period

The univariate analysis of risk factors associated with IHM over
the study period is presented in Table 5. The results of the multivariate
analysis—variables were included as covariates if they were
significantly associated according to simple models—with the AOR

10.3389/fpubh.2025.1488283

values of IHM are illustrated in Figure 1. AOR of IHM during the
vaccination period was 0.71 (95% CI: 0.70-0.73). The primary factor
associated with ITHM was age, with an AOR of 51.67 (95% CI: 46.7-
57.17) for patients aged >80 years compared with those aged
18-39 years. Admission to the ICU was also associated with a greater
AOR (6.30, 95% CI: 6.14-6.47). Female patients had a lower risk of
IHM (AOR: 0.75, 95% CI: 0.74-0.77). Most of the comorbidities
analyzed were associated with increased mortality; notably, patients
with leukemia, neoplasms, and lymphoma had higher AOR values of
2.60 (95% CI: 2.26-2.9), 2.33 (95% CI: 2.25-2.41), and 2.24 (95% CI:
2.12-2.37), respectively. Hypertension was not associated with IHM,
and dyslipidemia was associated with a lower risk.

3.5 Mortality and risk factors across the
prevaccination and vaccination study
periods

Table 6 provides an analysis of the IHM risk factors stratified for
each specific period (prevaccination / vaccination). The results of the
multivariate analysis—variables were included as covariates if they
were significantly associated according to simple models—with the
AOR values of THM stratified for each specific period are illustrated
in Figure 2. Age was the principal factor associated with IHM. Older
patients (aged >80 years) had similar AORs in both periods (AOR of
48.3 [95% CI: 42.4-55.1] for the first period and 52.2 [95% CI: 44.1-
62.5] for the second period). Female sex was associated with a 26%
reduction in mortality in prevaccination period and a 19% reduction
in mortality in vaccination period.

Admission to the ICU showed similar increased AOR values in
both periods. Most of the comorbidities analyzed presented consistent
AOR values across both periods. Patients with leukemia, neoplasms,
and lymphoma presented the highest AOR values, which were very
similar between the two periods. However, the AOR for transplant
patients was greater in the second period, with AORs of 2.3 (95% CI:
2.01-2.63) vs. 1.45 (95% CI: 1.31-1.61; Figure 2).

Hypertension was not associated with IHM in either period, and
obesity and HIV infection were identified as risk factors only in the
first period. Dyslipidemia was a protective factor against mortality in
both periods, with similar AOR values for the first period (0.85 for the

TABLE 3 Frequency of hospitalizations with intensive care unit admission stratified by age and sex by period of study.

Overall period; %

Prevaccination period; %

Vaccination period; %

(n/N)? (n/N) (n/N)
Overall 10.5 (55,224/523,937) 8.5 (28,099/329,632) 13.9 (27,125/194,305) <0.001
Sex
Male 12.9 (37,772/29,2,158) 10.7 (19,441/18,738) 16.6 (18,361/110,420) <0.001
Female 7.5 (17,452/214327) 5.9 (8,688/147,894) 10.4 (8,764/17,452) <0.001

Age, range (years)

18-39 8.4 (4,073/48,328) 6.5 (1,570/24,066) 10.3 (2,503/24,262) <0.001
40-59 12.8 (17,846/139,078) 10.5 (8,720/82,817) 16.2 (9,126/56,261) <0.001
60-79 15.4 (30,771/199,334) 12.8 (16,257/126,648) 20.0 (14,514/72,686) <0.001
>80 1.8 (2,534/137,201) 1.6 (1,552/96,104) 2.4 (982/41,097) <0.001

“The results are presented as percentages (number of events per sample size).

*The statistical test used was the chi-square test. %, percentage; n. number of cases, N, total number.
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TABLE 4 Comparison of in-hospital mortality (IHM) during the prevaccination and vaccination periods.

Variables IHM during prevaccination period; IHM during vaccination period;

% (n/N)?

% (n/N)?

10.3389/fpubh.2025.1488283

OR (95% Cl)

Total 16.2 (53,304/329,690) 11.5 (22,291/194,624) 0.67 (0.66-0.68) <0.001
Sex

Male 17.2 (31,293/181,765) 12.2 (13,490/110,611) 0.67 (0.65-0.68) <0.001

Female 14.9 (22,011/147,922) 10.5 (8,801/84,012) 0.67 (0.65-0.69) <0.001
Age, range (years)

18-39 1.0 (236/24,071) 0.7 (167/24,327) 0.70 (0.57-0.85) <0.001

40-59 3.2 (2,682/82,827) 3.1(1,727/56,369) 0.94 (0.89-1.00) 0.071

60-79 14.5 (18,341/126,673) 12.4 (8,989/72,784) 0.83 (0.81-0.85) <0.001

>80 33.3 (32,045/96,119) 27.7 (11,408/41,144) 0.76 (0.75-0.79) <0.001
Hypertension

No 11.1 (18,844/169,668) 7.4 (8,170/10,9,875) 0.64 (0.63-0.66) <0.001

Yes 21.5 (34,460/160,022) 16.7 (14,121/84,749) 0.73 (0.71-0.74) <0.001
Dyslipidemia

No 15.1 (34,497/22,7,883) 10.5 (14,596/139,362) 0.65 (0.64-0.67) <0.001

Yes 18.5 (18,807/101,807) 13.9 (7,695/55,262) 0.71 (0.69-0.73) <0.001
Diabetes mellitus

No 14.5 (36,930/254,153) 10.1 (15,435/152,446) 0.66 (0.65-0,76) <0.001

Yes 27.7 (16,374/75,537) 16.3 (6,856/42,178) 0.70 (0.68-0.72) <0.001
Obesity

No 16.4 (47,948/292,613) 11.7 (19,275/164,587) 0.68 (0.66-0.68) <0.001

Yes 14.4 (5,356/37,077) 10.0 (3,016/30,037) 0.66 (0.63-0.69) <0.001
CKF

No 14.2 (41,532/292,475) 9.8 (17,270/175,750) 0.66 (0.65-0.67) <0.001

Yes 31.6 (11,772/37,215) 26.6 (5,021/18,874) 0.78 (0.75-0.81) <0.001
NDDs

No 14.5 (43,770/301,538) 10.5 (19,384/184,006) 0.69 (0.68-0.71) <0.001

Yes 33.9 (9,534/28,152) 27.4(2,907/101,618) 0.74 (0.70-0.77) <0.001
Heart failure

No 14.5 (43,792/302,699) 9.9 (17,969/181,062) 0.65 (0.64-0.66) <0.001

Yes 35.2(9,512/26,991) 31.9 (4,322/13,562) 0.86 (0.23-0.89) <0.001
IHD

No 15.2 (46,360/304,605) 10.6 (19,332/181,950) 0.66 (0.65-0.71) <0.001

Yes 27.7 (6,944/25,085) 23.3(2,959/12,674) 0.79 (0.76-0,84) <0.001
COPD

No 15.6 (48,088/309,112) 10.9 (20,081/183,913) 0.66 (0.65-0,68) <0.001

Yes 25.3 (5,216/20,578) 20.6 (2,210/10,711) 0.77 (0.73-0.81) <0.001
Neoplasm

No 15.5 (48,868/314,560) 10.8 (20,287/187,010) 0.66 (0.65-0.67) <0.001

Yes 29.3 (4,436/15,130) 26.3 (2,004/7,614) 0.86 (0.81-0.92) <0.001
CVD

No 15.7 (50,044/319,263) 11.1 (20,997/189,700) 0.67 (0.66-0.68) <0.001

Yes 31.3 (3,260/10,427) 26.3 (1,294/4,924) 0.78 (0.72-0.84) <0.001

(Continued)
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TABLE 4 (Continued)

10.3389/fpubh.2025.1488283

Variables IHM during prevaccination period; = IHM during vaccination period; OR (95% ClI)
% (n/N)? % (n/N)?

Lymphoma

No 16.0 (51,987/325,074) 11.2 (21,468/191,672) 0.66 (0.65-0.67) <0.001

Yes 28.5 (1,317/4,616) 27.9 (823/2,952) 0.96 (0.87-1.07) 0.548
Transplant

No 16.1 (52,853/327,291) 11.4 (21,946/192,914) 0.66 (0.65/0.69) <0.001

Yes 18.8 (451/2,399) 20.2 (345/1,710) 1.09 (0.93-1.28) 0.280
Hemodialysis

No 16.1 (52,647/327,212) 11.4 (22,054/193,574) 0.67 (0.66-0.68) <0.001

Yes 26.5 (657/2,478) 22,6 (237/1,050) 0.80 (0.68-0.95) 0.014
CLD

No 16.1 (52,946/328,292) 11.4 (22,114/193,826) 0.67 (0.66-0.68) <0.001

Yes 25.6 (358/1,398) 222 (177/798) 0.82 (0.67-1.01) 0.078
Leukemia

No 16.1 (53,023/328,859) 11.4 (22,205/194,272) 0.67 (0.66-0.68) <0.001

Yes 33.8 (281/831) 24.4 (86/352) 0.63 (0.48-0.84) 0.002
HIV

No 16.2 (52,316/328,890) 11.5 (22,247/194,127) 0.67 (0.66-0.68) <0.001

Yes 11.8 (88/800) 8.9 (44/94) 0.78 (0.53-1.15) 0.221
ICU Admission

No 14.7 (44,386/301,536) 9.4 (151,429/167,181) 0.60 (0.59-0.64) <0.001

Yes 31.7 (8,908/28,099) 24.0 (6,506/27,125) 0.68 (0.65-0.71) <0.001

“The results are presented as percentages (number of events per sample size).

*The statistical test used was the chi-square test. %, percentage; n. number of cases, N, total number; IHM, in-hospital mortality; CKF, chronic kidney failure; IHD, ischemic heart disease;

CVD, cerebrovascular disease; CLD, chronic liver disease; HIV: human immunodeficiency virus; NDDs, neurodegenerative disorders; COPD, chronic obstructive pulmonary disease.

first period [95% CI: 0.83-0.87] and 0.83 [95% CI: 0.81-0.86] for the
second period; Figure 2).

4 Discussion

The findings from this large registry-based study demonstrate that
COVID-19 outcomes among hospitalized patients have considerably
improved over the first 2 years of the pandemic, The risk of IHM was
29% lower for patients during the vaccination period compared to the
prevaccination period, after adjusting for sex, age groups,
comorbidities, and ICU admission The risk factors for IHM were
consistent across both periods, with age and cancer identified as
primary risk factors, whereas.

hypertension was notably not a risk factor. Obesity and HIV
infection were only risk factors in the prevaccination period after
adjustment for other variables. Female sex and dyslipidemia were
protective factors. In our study, the interaction between the risk-
factors and prevaccination and vaccination study periods in the IHM
were controlled by inclusion these risk factors were included in the
multivariate analysis.

The reduction in mortality between the two study periods (a
0.29% decrease in deaths) aligns with findings from published studies
in the literature. The IHM in 2021 was comparable to rates reported
in other European countries, such as England (26), Italy (27), France
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(13), and the Netherlands (28), as well as in the United States (26).
Several factors contributed to this improvement, including virus
variants, the introduction of more effective COVID-19 treatments,
and intensive vaccination programs (12, 13, 26-30).

Vaccination in Spain was widely implemented in the early
months of 2021, covering more than 75% of the population by August
2021 (25), and has been reported as the main factor associated with
decreased mortality in most published cohorts per example in
England (12), France (13, 31), Spain (11, 32) Israel (33), as in
our study.

In Spain, the first nationwide study reported by Garcia-Carretero
etal. (20) analyzed the number of hospitalizations, ICU admissions,
and deaths due to COVID-19 over 2 years (2020-2021), but risk
factors related to disease severity were not analyzed in this cohort.
These findings are similar to those presented in our study, which
revealed a reduction in hospitalization and mortality rates and an
increase in ICU admissions in the second year. The observed increase
in ICU admissions in different cohorts has been linked to the
characteristics of the hospitalized population during the first year,
particularly their older age and higher comorbidity burden, which
may have contributed to the limitations in therapeutic efforts or
resource allocation associated with the first wave rather than
indicating a greater severity of infection (32).

We analyzed the most prevalent comorbidities recorded in the
SNSSHD between the between the prevaccination and vaccination
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TABLE 5 Risk factors for in-hospital mortality overall.

10.3389/fpubh.2025.1488283

IHM; % (n/N)? OR (95% ClI) p value*

Period
Prevaccination 16.2 (53,304/329,690) 1
Vaccination 11.5 (22,291/194,624) 0.67 (0.66-0.68) <0.001
Sex

Male 15.3 (44,783/292,376) 1

Female 13.3 (30,812/231,934) 0.85 (0.34-0.86) <0.001
Age, range (years)

18-39 0.8 (403/48,398) 1

40-59 3.2 (4,409/139,196) 3.89 (3.52-4.31) <0.001

60-79 13.7 (27,330/199,457) 18.91 (17.12-20.87) <0.001

>80 31.7 (43,453/137,263) 55.16 (49.98-60.8) <0.001
Hypertension

No 9.7 (27,014/279,543) 1

Yes 19.8 (48,581/244,771) 2.23 (2.28-2.35) <0.001
Dyslipidemia

No 13.4 (49,093/367,245) 1

Yes 16.9 (16,502/157,069) 1.31(1.29-1.33) <0.001
Diabetes mellitus

No 12.9 (52,365/406,599)

Yes 19.7 (23,230/117,715) 1.66 (1.63-1.69) <0.001
Obesity

No 14.7(67,223/457,200) 1

Yes 12.5 (8,372/67,114) 0.83 (0.81-0.85) <0.001
CKF

No 12.6 (58,802/468,225) 1

Yes 29.9 (16,793/56,089) 2.97 (2.91-3.02) <0.001
NDDs

No 13.0 (63,154/185,544) 1

Yes 32.1(12,441/38,770) 3.16 (3.09-3.22) <0.001
Heart failure

No 12.8 (61,761/483,761) 1

Yes 34.1 (13,834/40,553) 3.54 (3.46-3.67) <0.001
IHD

No 13.5 (65,697/486,555) 1

Yes 26.2 (9,903/37,759) 227 (2.22-2.33) <0.001
COPD

No 13.8 (68,169/493,025) 1

Yes 23.7 (7,426/31,289) 1.93 (1.88-1.99) <0.001
Neoplasm

No 13.8 (69,155/501,570) 1

Yes 28.3 (6,440/27,744) 2.47 (2.39-2.54) <0.001
CVD

No 14.0 (71,041/508,963) 1

Yes 29.7 (4,554/15,351) 2.60 (2.50-2.69) <0.001
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TABLE 5 (Continued)

10.3389/fpubh.2025.1488283

IHM; % (n/N)? OR (95% ClI) p value*

Lymphoma

No 14.2 (73,455/516,746) 1

Yes 28.3 (2,140/7,568) 2.38 (2.26-2.53) <0.001
Transplant

No 14.4 (74,799/520,205) 1

Yes 19.4 (796/4,109) 1.43 (1.32-1.54) <0.001
Hemodialysis

No 14.3 (74,701/520,786) 1

Yes 25.3 (894/3,528) 2.03 (1.87-2.19) <0.001
CLD

No 14.4 (75,060/522,118) 1

Yes 24.4 (535/2,196) 1.91 (1.74-2.11) <0.001
Leukemia

No 14.4 (75,228/523,131) 1

Yes 31.0 (367/1,183) 2.67 (2.36-3.03) <0.001
HIV

No 14.4 (75,463/523,017) 1

Yes 10.2 (132/1,297) 0.67 (0.56-0.80) <0.001
ICU Admission

No 12.8 (60,138/468,717) 1

Yes 27.9 (15,414/55,224) 2.63 (2.57-2.68) <0.001

“The results are presented as percentages (number of events per sample size).

*The statistical test used was the chi-square test. %, percentage; n, number of cases; N, total number; IHM, in-hospital mortality; CKF, chronic kidney failure; IHD, ischemic heart disease;

CVD, cerebrovascular disease; CLD, chronic liver disease; HIV, human immunodeficiency virus; NDDs, neurodegenerative disorders; COPD, chronic obstructive pulmonary disease.

study periods. In 2021, hospitalized patients were younger and had
fewer comorbidities than they did in the previous year, likely due to
the initiation of vaccination in older populations and those with
significant comorbidities (31).

The risk factors for IHM were similar between the prevaccination
and vaccination study periods and were consistent with those reported
since the onset of the pandemic (33); however, the degree of impact
differed among the various associated factors.

Age was the main risk factor in our study, with patients over
80 years of age exhibiting high mortality rates regardless of the all
study period, prevaccination and vaccination study periods.
Although age is regarded as a key prognostic factor in people
hospitalized with COVID-19, a recent study that included 10,551
hospitalizations in Spain suggested that, when measured exhaustively,
the comorbidity burden better explains the greater risk of critical
illness (ICU admission, need for invasive mechanical ventilation, or
in-hospital death) than chronological age does (34). Our analysis,
which considers only mortality, supports the association with
mortality in very older patients. Including ICU admission as a
variable may introduce a confounding factor in the analysis of
clinical outcomes.

In terms of comorbidities, arterial hypertension, initially identified
as arisk factor (33), was not associated with increased severity in this
Spanish cohort. In contrast, other comorbidities were associated with
IHM, with the strongest associations observed for factors related to

Frontiers in Public Health

immunosuppression, such as solid or hematological neoplasms. This
is consistent with population-based series, where immunosuppression
continues to be a risk factor throughout different waves of the
pandemic (35, 36). A systematic review assessed the existing data
describing the efficacy of COVID-19 vaccination in protecting
immunocompromised individuals against breakthrough infections
and severe COVID-19 outcomes (37). These individuals are also more
likely to experience severe complications from these breakthrough
infections and do not mount the same immune response
following vaccination.

According to a recent meta-analysis, obesity was associated
with a 34% relative increase in the odds of mortality (p-
value = 0.002), although there was considerable heterogeneity in the
results (38). Only one report specifically compared vaccinated and
unvaccinated obese patients, revealing a trend toward lower
mortality in the vaccinated group, which is consistent with the
findings of our study.

In addition to vaccination as the main protective factor, only
dyslipidemia and female sex were identified as factors associated with
lower mortality in the prevaccination and vaccination study periods.
Patients with a recorded diagnosis of dyslipidemia are likely receiving
statins, which could explain the protective role observed. This finding
is supported by a recent meta-analysis of seven randomized clinical
trials that revealed that statins reduce case fatality rates in patients
hospitalized with COVID-19 (39).
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AOR ORa (95% Cl) P-value
Pre-vaccination period
Sex; Female . 0.74(0.72-0.75) <0.001
Ag, range (years); 40-59 —— 2.78(2.43-3.18) <0.001
Ag, range (years); 60-79 - 13.11(11.49-14.94) <0.001
Ag, range (years); 280 —— 48.36 (42.41-55.16) <0.001
Hypertension; Yes L 0.98 (0.96-1.00) 0.066
Dyslipidemia; Yes . 0.85(0.83-0.87) <0.001
Diabetes mellitus; Yes >~ 1.10(1.08-1.27) <0.001
Obesity; Yes - 1.08(1.04-1.20) <0.001
CKF; Yes . 1.39(1.35-1.43) <0.001
NDDs; Yes . 1.63(1.58-1.67) <0.001
Heartfailure; Yes . 1.54(1.50-1.59) <0.001
IHD; Yes . 1.20(1.16-1.24) <0.001
COPD; Yes . 1.06 (1.02-1.10) 0.002
Neoplasm; Yes > 2.21(2.12-2.30) <0.001
CVD; Yes . 1.59(1.52-1.68) <0.001
Lymphoma; Yes * 2.06(1.92-2.21) <0.001
Transplant; Yes -+ 1.45(1.31-1.61) <0.001
Hemodialysis; Yes - 1.45(1.31-1.61) <0.001
CLD, Yes —— 1.61(1.41-1.85) <0.001
Leukemia; Yes — 2.79(2.23-3.18) <0.001
HIV; Yes —— 1.83(1.43-2.34) <0.001
ICU Admission; Yes * 6.05 (5.85-6.25) <0.001
Vaccination period
Sex; Female * 0.81(0.77-0.83) <0.001
Age, range (years); 40-59 —— 3.51(2.94-4.18) <0.001
Age, range (years); 60-79 = 13.62(11.48-16.17) <0.001
Age, range (years); 280 —— 52.55 (44.16-62.54) <0.001
Hypertension; Yes o 1.00(0.96-1.32) 0.952
Dyslipidemia; Yes . 0.83(0.81-0.86) <0.001
Diabetes mellitus; Yes 4 1.03(1.00-1.07) 0.05
CKF; Yes . 1.47(1.41-1.54) <0.001
Obesity; Yes L 0.99(0.95-1.04) 0.971
NDDs; Yes * 1.61(1.53-1.70) <0.001
Heartfailure; Yes * 1.84(1.80-1.93) <0.001
IHD; Yes * 1.33(1.27-1.40) <0.001
COPD; Yes * 1.14(1.09-1.21) <0.001
Neoplasm; Yes * 2.61(2.46-2.78) <0.001
CVD; Yes *> 1.71(1.59-1.84) <0.001
Lymphoma; Yes hal 2.60(2.37-2.85) <0.001
Hemodialysis; Yes —— 1.38(1.17-1.62) <0.001
Transplant; Yes = 2.30(2.01-2.63) <0.001
CLD; Yes —— 1.97(1.64-2.38) <0.001
Leukemia; Yes — 2.34(1.79-3.08) <0.001
ICU Admission; Yes * 6.85(6.57-7.14) <0.001
0.3 3 30
FIGURE 1
Risk factors for in-hospital mortality in the overall Variables were included as covariates if they were significantly associated according to simple
models. The 95% confidence intervals (Cls) of the odds ratios were adjusted (AOR) for multiple testing.

As extensively documented in the literature and corroborated by
our findings, females experienced lower mortality rates related to
COVID-19 than males did (9, 10, 40). Sex-related differences, such as
immune responses and hormone levels, could be related to the
mortality rates of patients with COVID-19 (41).

The major strength of our study is the use of a comprehensive
medical-administrative database that includes over half a million
COVID-19 hospitalizations across Spain over 2 years, allowing for
robust analysis of in-hospital mortality trends and associated risk
factors. To our knowledge, this is one of the largest studies to analyze
COVID-19 hospitalizations and ITHM between the prevaccination and
vaccination study periods, adjusting for age, sex, and comorbidities.

Frontiers in Public Health

This large population study allows us to identify risk factors associated
with COVID-19 mortality, which are consistent throughout the
evolution of the pandemic and are related to vaccination, SARS-CoV-2
variants, or therapeutic strategies.

The limitations of our study are inherent to the use of medico-
administrative databases and include potential biases (16, 17)
associated with reliance on ICD-10 coding, as patient medical
histories were not accessible, potentially impacting data accuracy.
Additionally, the lack of detailed information on treatments (such as
remdesivir, steroids, or ventilation), patient clinical status, lifestyle
behaviors (smoking habits, weight, alcohol consumption, glycaemic
values, etc.), laboratory and radiological findings, and vaccination
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TABLE 6 Risk factors for in-hospital mortality in the prevaccination and vaccination periods.

Prevaccination period

IHM; % (n/N)

OR (95% Cl)

p value

10.3389/fpubh.2025.1488283

Vaccination period

IHM; % (n/N)

OR (95% CI)

Period 16.2 (53,304/329,690) 11.5 (22,291/194,624)
Sex

Male 17.2 (31,293/181,765) 1 12.2 (13,490/10,611) 1

Female 14.9 (22,011/147,922) 0.84 (0.82-0.85) <0.001 10.5 (8,801/84,012) 0.84 (0.82-0.87) <0.001
Age, range (years)

18-39 1.0 (236/24,071) 1 0.7 (167/24,327) 1

40-59 3.2 (2,682/82,827) 3.38 (0.29-3.86) <0.001 3.1 (1,727/56,369) 4.57 (1.89-5.63) <0.001

60-79 14.5 (18,341/126,673) 17.10 (15.02-19.46) <0.001 12.4 (8,989/72,784) 20.38 (17.47-23.77) <0.001

>80 33.3 (32,045/96,119) 50.51 (44.40-57.46) <0.001 27.7 (11,408/41,144) 55.50 (47.59-64.72) <0.001
Hypertension

No 11.1 (18,844/169,668) 1 7.4 (8,170/109,875) 1

Yes 21.5 (34,460/160,022) 2.19 (2.16-2.24) <0.001 16.7 (14,121/84,749) 2.49 (2.41-2.59) <0.001
Dyslipidemia

No 15.1 (34,497/227,883) 1 10.5 (14,596/139,362) 1

Yes 18.5 (18,807/101,807) 1.27 (1.24-1.29) <0.001 13.9 (7,695/55,262) 1.38 (1.34-1.42) <0.001
Diabetes mellitus

No 14.5 (36,930/254,153) 1 10.1 (15,435/152,446) 1

Yes 21.7 (16,374/75,537) 1.63 (1.59-1.66) <0.001 16.3 (6,856/42,178) 1.72 (1.67-1.78) <0.001
Obesity

No 16.4 (47,948/292,613) 1 9.8 (17,270/175,750) 1

Yes 14.4 (5,356/37,007) 0.86 (0.84-0.89) <0.001 26.6 (5,021/18,874) 3.33(3.21-3.44) <0.001
CKF

No 14.2 (41,532/292,475) 1 11.7 (19,275/164,587)

Yes 31.6 (11,772/37,215) 2.79 (2.72-2.86) <0.001 10.0 (3,016/30,037) 0.84 (0.80-0.88) <0.001
NDDs

No 14.5 (43,770/301,538) 1 10.5 (19,384/184,006) 1

Yes 33.9 (9,534/28,152) 3.02 (2.94-3.09) <0.001 27.4(2,907/10,618) 3.02 (3.06-3.35) <0.001
Heart failure

No 14.5 (43,792/302,699) 1 9.9 (17,969/181,062) 1

Yes 35.2(9,512/26,991) 3.21 (3.13-3.30) <0.001 31.9 (4,322/13,562) 4.24 (4.08-4.41) <0.001
IHD

No 15.2 (46,360/304,605) 1 10.6 (19,332/181,950) 1

Yes 27.7 (6,944/25,085) 2.13 (2.07-2.19) <0.001 23.3(2,959/12,674) 2.56 (2.45-2.67) <0.001
COPD

No 15.6 (48,088/309,112) 1 10.9 (20,081/183,913) 1

Yes 25.3 (5,216/20,578) 1.84 (1.78-1.90) <0.001 20.6 (2,210/10,711) 2,12 (2.02-2.22) <0.001
Neoplasm

No 15.5 (48,868/314,560) 1 10.8 (20,287/187,010) 1

Yes 29.3 (4,436/15,130) 2.25(2.17-2.34) <0.001 26.3 (2,004/7,614) 2.93 (2.78-3.09) <0.001
CVD

No 15.7 (50,044/319,263) 1 11.1 (20,997/189,700) 1

Yes 31.3 (3,260/104,427) 2.45 (2.34-2.55) <0.001 26.3 (1,294/4,924) 2.86 (2.68-3.06) <0.001
Lymphoma

No 16.0 (51,987/325,074) 1 11.2 (21,468/191,672) 1

Yes 28.5(1,317/4,616) 2.10 (1.96-2.23) <0.001 27.9 (823/2,952) 3.06 (2.82-3.36) <0.001

(Continued)
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TABLE 6 (Continued)

Prevaccination period

Vaccination period

10.3389/fpubh.2025.1488283

IHM; % (n/N) OR (95% CI) p value IHM; % (n/N) OR (95% ClI) p value

Transplant

No 16.1 (52,853/327,291) 1 11.4 (22,054/193,574) 1

Yes 18.8 (451/2,399) 1.20 (1.08-1.33) <0.001 22.6 (237/1,050) 2.26 (1.96-2.62) <0.001
Hemodialysis

No 16.1 (52,647/327,212) 1 11.4 (21,946/192,914) 1

Yes 26.5 (657/2,478) 1.88 (1.72-2.06) <0.001 20.2 (345/1,710) 1.97 (1.74-2.21) <0.001
CLD

No 16.1 (52,946/328,292) 1 11.4 (22,114/193,826) 1

Yes 25.6 (358/1,398) 1.79 (1.58-2.02) <0.001 22.2 (177/798) 2.21 (1.87-2.61) <0.001
Leukemia

No 16.1 (53,023/328,859) 1 11.4 (22,205/194,272) 1

Yes 33.8 (281/831) 2.66 (2.30-3.07) <0.001 24.4 (86/352) 2.50 (1.96-3.19) <0.001
HIV

No 16.2 (53,216/328,890) 1 11.5 (2,224/194,127) 1

Yes 11.0 (88/800) 0.64 (0.51-0.79) <0.001 8.9 (44/497) 0.75 (0.55-1.02) 0.068
ICU Admission

No 14.7 (44,386/30,1,536) 1 10.6 (19,332/181,950) 1

Yes 31.7 (8,908/28,099) 2.69 (2.61-2.76) <0.001 23.3(2,959/12,674) 2.56 (2.45-2.67) <0.001

%, percentage; n, number of cases; N, total number; IHM, in-hospital mortality; CKF, chronic kidney failure; IHD, ischemic heart disease; CVD, cerebrovascular disease; CLD, chronic liver

disease; HIV: human immunodeficiency virus; NDDs, neurodegenerative disorders; COPD: chronic obstructive pulmonary disease.

All period
Period; Vaccination
Sex; Female

Age, range (years); 40-59
Age, range (years); 60-79

FIGURE 2

Risk factors for in-hospital mortality in the prevaccination and vaccination study periods. Variables were included as covariates if they were significantly
associated according to simple models. The 95% confidence intervals (Cls) of the odds ratios were adjusted (AOR) for multiple testing.

Age, range (years); =80
Hypertension; Yes
Dyslipidemia; Yes

Diabetes mellitus; Yes

Obesity; Yes

CKF; Yes

NDDs; Yes

Heart failure; Yes
IHD; Yes

COPD; Yes
Neoplasm; Yes
CVD; Yes
Lymphoma; Yes
Transplant; Yes
Hemodialysis; Yes
CLD; Yes
Leukemia; Yes
HIV; Yes

ICU Admission ; Yes

AOR

03

30

AOR (95% Cl)

0.71(0.70-0.73)
0.75(0.74-0.77)
3.10(2.79-3.44)
13.69(12.38-15.13)
51.67(46.70-57.17)
0.98 (0.97-1.00)
0.85(0.32-0.86)
1.08(1.06-1.10)
1.05(1.02-1.08)
1.42(1.38-1.53)
1.65 (1.58-1.66)
1.63(1.59-1.67)
1.08(1.05-1.12)
1.09(1.05-1.12)
2.33(2.25-2.41)
1.63(1.56-1.69)
2.24(2.12-2.37)
1.89(1.72-2.06)
1.43(1.31-1.58)
1.72(0.54-1.92)
2.60(2.26-2.90)
1.78(1.46-2.18)
6.30 (6.14-6.47)

P-value

<0.001
<0.001
<0.001
<0.001
<0.001

0.123
<0.001
<0.001

0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

status limits our ability to evaluate specific therapeutic interventions
or outcomes. Other limitation is each hospital admission is considered
a new patient, and readmissions are treated as separate cases.
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Therefore, findings derived from healthcare administrative databases
should be interpreted with caution due to these potential biases
(16, 17).
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5 Conclusion

In conclusion, the overall impact of COVID-19 hospitalizations
over the first 2 years of the pandemic resulted in more than half a
million admissions. The risk of in IHM was 29% lower for patients
during the vaccination period compared to the prevaccination
period, after adjusting for sex, age groups, comorbidities, and ICU
admission, with similar reductions observed across both sexes, age
groups, and patients with comorbidities. The risk factors for IHM
were consistent between the prevaccination and vaccination study
periods, with age and solid/hematologic cancers being the main risk
factors. The vaccination period, female sex, and dyslipidemia served
as protective factors against in-hospital mortality. The COVID-19
hospitalizations recorded in SNSSHD provide critical insights into
the burden of severe COVID-19 in Spain. Analysis of these data is
the severity of COVID-19
hospitalizations and identifying risk factors associated with mortality

invaluable for documenting

across different scenarios.

Authors note

Jose-Manuel Ramos-Rincon affirms that this manuscript is an
honest, accurate, and transparent account of the study being reported,
that no important aspects of the study have been omitted, and that any
discrepancies from the study as planned (and, if relevant, registered)
have been explained.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this
study was not required from the participants or the participants’

References

1. Johns Hopkins University & Medicine. (2024). Coronavirus Resource Center.
Available from: https://coronavirus.jhu.edu/map.html (Accessed on 3 August 2024)

2. Andrés M, Leon-Ramirez JM, Moreno-Perez O, Sanchez-Paya ], Gaya I, Esteban V,
et al. COVID19-ALC research group. Fatality and risk features for prognosis in
COVID-19 according to the care approach - a retrospective cohort study. PLoS One.
(2021) 16:€0248869. doi: 10.1371/journal.pone.0248869

3. Barandalla I, Alvarez C, Barreiro P, de Mendoza C, Gonzélez-Crespo R, Soriano V.
Impact of scaling up SARS-CoV-2 vaccination on COVID-19 hospitalizations in Spain.
Int J Infect Dis. (2021) 112:81-8. doi: 10.1016/}.ijid.2021.09.022

4. Casas-Rojo JM, Antén-Santos JM, Millan-Nunez-Cortés J, Gémez-Huelgas R,
Ramos-Rincon JM, Rubio-Rivas M, et al. Mortality reduction in older COVID-19-
patients hospitalized in Spain during the second pandemic wave from the SEMI-
COVID-19 registry. Sci Rep. (2023) 13:17731. doi: 10.1038/s41598-023-42735-5

5. Ramos-Rincon JM, Buonaiuto V, Ricci M, Martin-Carmona J, Paredes-Ruiz D,
Calder6n-Moreno M, et al. Clinical characteristics and risk factors for mortality in very
old patients hospitalized with COVID-19 in Spain. ] Gerontol A Biol Sci Med Sci. (2021)
76:€28-37. doi: 10.1093/gerona/glaa243

Frontiers in Public Health

13

10.3389/fpubh.2025.1488283

legal guardians/next of kin in accordance with the national
legislation and the institutional requirements.

Author contributions

J-MR-R: Conceptualization, Data curation, Formal analysis,
Investigation, Writing - original draft, Writing - review & editing. JS-P:
Data curation, Formal analysis, Writing - review & editing. PG-D-L-A:
Data curation, Formal analysis, Writing — review & editing. J-CR-D:
Writing - original draft, Writing - review & editing. EM:
Conceptualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1488283/
full#supplementary-material

6. Zhang Y, Luo W, Li Q, Wang X, Chen J, Song Q, et al. Risk factors for death among
the first 80 543 coronavirus disease 2019 (COVID-19) cases in China: relationships
between age, underlying disease, case severity, and region. Clin Infect Dis. (2022)
74:630-8. doi: 10.1093/cid/ciab493

7. Lowhorn RJ, Chowdhury M, Kimitei S, Haskin S, Masum M, Rahman AKME
Comorbidities and their association with COVID-19 mortality in Mexico between January
2020 and august 2021. PLoS One. (2024) 19:¢0296895. doi: 10.1371/journal.pone.0296895

8. Lavrentieva A, Kaimakamis E, Voutsas V, Bitzani M. An observational study on
factors associated with ICU mortality in Covid-19 patients and critical review of the
literature. Sci Rep. (2023) 13:7804. doi: 10.1038/s41598-023-34613-x

9. Josa-Laorden C, Crestelo-Vieitez A, MDM GA, Rubio-Rivas M, Sanchez M, Toledo
Samaniego N, et al. Gender-based differences by age range in patients hospitalized with
COVID-19: A Spanish observational cohort study. J Clin Med. (2021) 10:899. doi:
10.3390/jcm10050899

10. Appunni S, Rubens M, Ramamoorthy V, Saxena A, Doke M, Roy M, et al. Gender
differences in hospital outcomes among COVID-19 hospitalizations. South Med J. (2024)
117:75-9. doi: 10.14423/SMJ.0000000000001654

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1488283
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1488283/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1488283/full#supplementary-material
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1371/journal.pone.0248869
https://doi.org/10.1016/j.ijid.2021.09.022
https://doi.org/10.1038/s41598-023-42735-5
https://doi.org/10.1093/gerona/glaa243
https://doi.org/10.1093/cid/ciab493
https://doi.org/10.1371/journal.pone.0296895
https://doi.org/10.1038/s41598-023-34613-x
https://doi.org/10.3390/jcm10050899
https://doi.org/10.14423/SMJ.0000000000001654

Ramos-Rincon et al.

11. Ruiz-Giardin JM, Rivilla M, Mesa N, Morales A. Comparative study of vaccinated
and unvaccinated hospitalized patients: A retrospective population study of 500
hospitalized patients with SARS-CoV-2 infection in a Spanish population of 220,000
inhabitants. Viruses. (2022) 14:2284. doi: 10.3390/v14102284

12. Kirwan PD, Charlett A, Birrell P, Elgohari S, Hope R, Mandal S, et al. Trends in
COVID-19 hospital outcomes in England before and after vaccine introduction, a cohort
study. Nat Commun. (2022) 13:4834. doi: 10.1038/s41467-022-32458-y

13. Tan-Lhernould L, Tamandjou C, Deschamps G, Platon J, Sommen C, Chereau F,
et al. Impact of vaccination against severe COVID-19 in the French population aged 50
years and above: a retrospective population-based study. BMC Med. (2023) 21:426. doi:
10.1186/s12916-023-03119-8

14. Iftimie S, Lopez-Azcona AFE, Lozano-Olmo MJ, Hernandez-Aguilera A, Sarra-
Moret6 S, Joven J, et al. Characteristics of hospitalized patients with SARS-CoV-2
infection during successive waves of the COVID-19 pandemic in a reference hospital in
Spain. Sci Rep. (2022) 12:17384. doi: 10.1038/s41598-022-22145-9

15. Gonzalez Rodriguez JL, Oprescu AM, Mufioz Lezcano S, Cordero Ramos J,
Romero Cabrera JL, Armengol De La Hoz MA, et al. Assessing the impact of vaccines
on COVID-19 efficacy in survival rates: a survival analysis approach for clinical
decision support. Front. Public Health. (2024) 12:1437388. doi: 10.3389/fpubh.2024.
1437388

16. Corrao G, Rea E, Mancia G. Evaluating sources of bias in observational studies. J
Hypertens. (2021) 39:604-6. doi: 10.1097/HJH.0000000000002725

17. Corrao G, Mancia G. Generating evidence from computerized healthcare utilization
databases. Hypertension. (2015) 65:490-8. doi: 10.1161/HYPERTENSIONAHA.114.04858

18. Real Decreto 69/2015, de 6 de febrero, por el que se regula el Registro de Actividad
de Atencion Sanitaria Especializada. Boletin Oficial del Estado, 1235: 10790-10890.
(2015). Available from: https://www.sanidad.gob.es/estadEstudios/estadisticas/docs/
BOE_RD_69_2015_RAE_CMBD.pdf (Accessed on 3 August 2024)

19. Alvarez-Del Rio B, Sdnchez-de Prada L, Alvaro-Meca A, Martin-Ferndndez M,
Alvarez FJ, Tamayo E, et al. Prevalence and cost of hospitalized patients with
asymptomatic COVID-19 in 2020 in Spain. Front Public Health. (2023) 11:1229561. doi:
10.3389/fpubh.2023.1229561

20. Garcia-Carretero R, Vazquez-Gomez O, Gil-Prieto R, Gil-de-Miguel A.
Hospitalization burden and epidemiology of the COVID-19 pandemic in Spain
(2020-2021). BMC Infect Dis. (2023) 23:476. doi: 10.1186/512879-023-08454-y

21.L6pez-Herrero R, Sanchez-de Prada L, Tamayo-Velasco A, Lorenzo-Lépez M,
Gomez-Pesquera E, Sinchez-Quirds B, et al. Epidemiology of bacterial coinfections and
risk factors in COVID-19-hospitalized patients in Spain: a nationwide study. Eur ] Pub
Health. (2023) 33:675-81. doi: 10.1093/eurpub/ckad060

22. Sanchez-de Prada L, Eiros-Bachiller JM, Tamayo-Velasco A, Martin-Fernandez
M, Alvarez FJ, Giner-Baixauli C, et al. Environmental factors are associated with
hospital outcomes in COVID-19 patients during lockdown and postlockdown in
2020: A nationwide study. Environ Res. (2023) 229:115904. doi: 10.1016/j.
envres.2023.115904

23. National Statistical Institute. (2024). INEbase/Population figures and Demographic
Censuses/Population Continuous Statistics. Results/Resultados definitivos. Available
from: https://www.ine.es/en/ (Accessed on 1 December 2024).

24. Centro de Coordinacion de Alertas y Emergencias Sanitarias. Circulacién de VOC
202012/01 (B.1.1.7) y Otras Variantes de SARS-CoV-2 de Interés Para la Salud Publica
en Espafa. (2010). Available from: https://www.sanidad.gob.es/profesionales/
saludPublica/ccayes/alertasActual/nCov/documentos/20210120-EER.pdf (Accessed on
3 August 2024).

25. Ministerio de sanidad. GIV COVID-19. Gestion integral de la vacunacion COVID-19.
Informe de actividad. Periodo de los datos: 27/12/2020-31/08/2021. (2021). Available from:
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/
documentos/Informe_GIV_Comunicacion_01092021.pdf (Accessed on 3 August 2024)

26. Gray WK, Navaratnam AV, Day ], Wendon J, Briggs TWR. COVID-19 hospital
activity and in-hospital mortality during the first and second waves of the pandemic in

Frontiers in Public Health

14

10.3389/fpubh.2025.1488283

England: an observational study. Thorax. (2022) 77:1113-20. doi: 10.1136/
thoraxjnl-2021-218025

27. Zuccaro V, Colaneri M, Asperges E, Valsecchi P, Sambo M, Maiocchi L, et al.
Mortality due to COVID-19 during the pandemic: A comparison of first, secondo and
third SMAtteo COvid19 REgistry (SMACORE). Heliyon. (2022) 8:¢08895. doi: 10.1016/j.
heliyon.2022.e08895

28. Termorshuizen F, Dongelmans DA, Brinkman S, Bakhshi-Raiez F, Arbous MS, de
Lange DW, et al. Dutch COVID-19 research consortium. Characteristics and outcome
of COVID-19 patients admitted to the ICU: a nationwide cohort study on the
comparison between the consecutive stages of the COVID-19 pandemic in the
Netherlands, an update. Ann Intensive Care. (2024) 14:11. doi: 10.1186/
513613-023-01238-2

29. Adjei S, Hong K, Molinari NM, Bull-Otterson L, Ajani UA, Gundlapalli AV, et al.
Mortality risk among patients hospitalized primarily for COVID-19 during the omicron
and Delta variant pandemic periods — United States, April 2020-June 2022. MMWR
Morb Mortal Wkly Rep. (2022) 71:1182-9. doi: 10.15585/mmwr.mm?7137a4

30.Nyberg T, Ferguson NM, Nash SG, Webster HH, Flaxman S, Andrews N, et al.
Comparative analysis of the risks of hospitalization and death associated with
SARS-CoV-2 omicron (B.1.1.529) and delta (B.1.617.2) variants in England: a
cohort study. Lancet. (2022) 399:1303-12. doi: 10.1016/S0140-6736(22)00462-7

31. Radomyslsky Z, Kivity S, Alon Y, Saban M. Modeling mortality prediction in older
adults with dementia receiving COVID-19 vaccination. BMC Geriatr. (2024) 24:454.
doi: 10.1186/s12877-024-04982-7

32.San Martin-Lopez JV, Mesa N, Bernal-Bello D, Morales-Ortega A, Rivilla M,
Guerrero M, et al. Seven epidemic waves of COVID-19 in a Hospital in Madrid: analysis
of severity and associated factors. Viruses. (2023) 15:1839. doi: 10.3390/v15091839

33. Dessie ZG, Zewotir T. Mortality-related risk factors for COVID-19: a systematic
review and meta-analysis of 42 studies and 423,117 patients. BMC Infect Dis. (2021)
21:855. doi: 10.1186/s12879-021-06536-3

34, Valero-Bover D, Monterde D, Carot-Sans G, Cainzos-Achirica M, Comin-Colet J,
Vela E, et al. Is age the Most important risk factor in COVID-19 patients? The relevance
of comorbidity burden: A retrospective analysis of 10,551 hospitalizations. Clin
Epidemiol. (2023) 15:811-25. doi: 10.2147/CLEP.S408510

35. Evans RA, Dube S, Lu Y, Yates M, Arnetorp S, Barnes E, et al. Impact of COVID-19
on immunocompromised populations during the omicron era: insights from the
observational population-based INFORM study. Lancet Reg Health Eur. (2023)
35:100747. doi: 10.1016/j.lanepe.2023.100747

36. Nijman G, Wientjes M, Ramjith J, Janssen N, Hoogerwerf J, Abbink E, et al. Risk
factors for in-hospital mortality in laboratory-confirmed COVID-19 patients in the
Netherlands: A competing risk survival analysis. PLoS One. (2021) 16:¢0249231. doi:
10.1371/journal.pone.0249231

37. Bytyci ], Ying Y, Lee LYW. Immunocompromised individuals are at increased risk
of COVID-19 breakthrough infection, hospitalization, and death in the postvaccination
era: A systematic review. Immun Inflamm Dis. (2024) 12:e1259. doi: 10.1002/iid3.1259

38. Haber R, Ghezzawi M, Puzantian H, Haber M, Saad S, Ghandour Y, et al. Mortality
risk in patients with obesity and COVID-19 infection: a systematic review and meta-
analysis. Metabolism. (2024) 155:155812. doi: 10.1016/j.metabol.2024.155812

39. De Mesquita CF, Rivera A, Aratjo B, Durées VL, Neto IQC, Carvalho VH, et al.
Adjunctive statin therapy in patients with Covid-19: A systematic review and Meta-
analysis of randomized controlled trials. Am ] Med. (2024) 137:966-973.el11. doi:
10.1016/j.amjmed.2024.06.002

40. Auderset D, Amiguet M, Clair C, Riou J, Pittet V, Schwarz J, et al. Gender/sex
disparities in the COVID-19 Cascade from testing to mortality: an intersectional
analysis of Swiss surveillance data. Int ] Public Health. (2024) 69:1607063. doi: 10.3389/
ijph.2024.1607063

41. Ho JQ, Sepand MR, Bigdelou B, Shekarian T, Esfandyarpour R, Chauhan P, et al.
The immune response to COVID-19: does sex matter? Immunology. (2022) 166:429-43.
doi: 10.1111/imm.13487

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1488283
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3390/v14102284
https://doi.org/10.1038/s41467-022-32458-y
https://doi.org/10.1186/s12916-023-03119-8
https://doi.org/10.1038/s41598-022-22145-9
https://doi.org/10.3389/fpubh.2024.1437388
https://doi.org/10.3389/fpubh.2024.1437388
https://doi.org/10.1097/HJH.0000000000002725
https://doi.org/10.1161/HYPERTENSIONAHA.114.04858
https://www.sanidad.gob.es/estadEstudios/estadisticas/docs/BOE_RD_69_2015_RAE_CMBD.pdf
https://www.sanidad.gob.es/estadEstudios/estadisticas/docs/BOE_RD_69_2015_RAE_CMBD.pdf
https://doi.org/10.3389/fpubh.2023.1229561
https://doi.org/10.1186/s12879-023-08454-y
https://doi.org/10.1093/eurpub/ckad060
https://doi.org/10.1016/j.envres.2023.115904
https://doi.org/10.1016/j.envres.2023.115904
https://www.ine.es/en/
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/20210120-EER.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/20210120-EER.pdf
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_01092021.pdf
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_01092021.pdf
https://doi.org/10.1136/thoraxjnl-2021-218025
https://doi.org/10.1136/thoraxjnl-2021-218025
https://doi.org/10.1016/j.heliyon.2022.e08895
https://doi.org/10.1016/j.heliyon.2022.e08895
https://doi.org/10.1186/s13613-023-01238-2
https://doi.org/10.1186/s13613-023-01238-2
https://doi.org/10.15585/mmwr.mm7137a4
https://doi.org/10.1016/S0140-6736(22)00462-7
https://doi.org/10.1186/s12877-024-04982-7
https://doi.org/10.3390/v15091839
https://doi.org/10.1186/s12879-021-06536-3
https://doi.org/10.2147/CLEP.S408510
https://doi.org/10.1016/j.lanepe.2023.100747
https://doi.org/10.1371/journal.pone.0249231
https://doi.org/10.1002/iid3.1259
https://doi.org/10.1016/j.metabol.2024.155812
https://doi.org/10.1016/j.amjmed.2024.06.002
https://doi.org/10.3389/ijph.2024.1607063
https://doi.org/10.3389/ijph.2024.1607063
https://doi.org/10.1111/imm.13487

	A national population-based study of mortality and risk factors in COVID-19-hospitalized patients in Spain (2020–2021)
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Variables
	2.3 Statistical analysis
	2.4 Ethics statement

	3 Results
	3.1 Rates of COVID-19-related hospitalization in prevaccination and vaccination period by sex and age
	3.2 Clinical variables across the two study periods
	3.3 Mortality by clinical variables across the prevaccination and vaccination study periods
	3.4 Mortality and risk factors in the overall period
	3.5 Mortality and risk factors across the prevaccination and vaccination study periods

	4 Discussion
	5 Conclusion
	Authors note

	References

