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Abstract: (1) Background: the purpose of this study is to analyze the incidence and in-hospital
mortality (IHM) of community-acquired pneumonia (CAP) needing hospital admission and hospital-
acquired pneumonia (HAP) in Spain (2016-2019). (2) Methods: using the Spanish Register of Spe-
cialized Care-Basic Minimum Database, we estimated the incidence of CAP and HAP. We matched
each woman with a man with an identical age, according to comorbidities. (3) Results: we analyzed
518,838 cases of CAP and 38,705 cases of HAP, and 5192 ventilator-associated HAPs (13.4%). The inci-
dence of CAP increased over time in both men (from 384.5 to 449.8 cases /105 population) and women
(from 244.9 to 301.2 cases /105 population). Men showed a 47% higher adjusted incidence of CAP than
women. The incidence of HAP increased over time in both men (from 302.3 to 342.2 cases/105 popu-
lation) and women (from 139.2 to 167.6 cases/105 population). Men showed a 98% higher adjusted
incidence of HAP than women. IHM was higher in men admitted for CAP than in women (12.9% vs.
12.2%; p < 0.001), but not in men who developed HAP (28.9% vs. 28.0%; p = 0.107). Men admitted for
CAP (OR: 1.13; 95% CI: 1.10-1.15) and men who developed HAP (OR: 1.05; 95% CI: 1.01-1.10) had
higher IHM than women. (4) Conclusions: men had higher incidence rates of CAP and HAP than
women. Men admitted for CAP and men who developed HAP had higher IHM than women.

Keywords: community-acquired pneumonia; hospital-acquired pneumonia; ventilator-associated
pneumonia; gender; sex differences; in-hospital mortality

1. Introduction

The burden imposed by community-acquired pneumonia (CAP) continues to be high in
developed countries, especially among adults with underlying clinical risk conditions [1,2].
Incidence has seemingly been growing over the years, and the comorbidity of people
affected by CAP needing hospital admission has been reported to be increasing across
time [3].
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Hospital-acquired pneumonia (HAP) is the second leading cause of nosocomial infec-
tion [4]. Important efforts have been put in place to reduce its morbimortality and associ-
ated health costs, and these have been mainly successful in the case of ventilator-associated
pneumonia (VAP) [5]. However, VAP only represents a fraction of all HAPs. Indeed, voices
have been raised to implement strategies to reduce the impact of non-ventilator-associated
HAP (NV-HAP) [6]. Although updated guidelines to treat both conditions have been
issued [7], some authors have argued that some of the recommendations given are not
based on high-quality evidence [8].

Sex has been claimed to exert an influence on the incidence and outcomes of CAP, with
a possible higher in-hospital mortality (IHM) among men [9]. In the case of HAP, apparently
opposite findings have been published [10,11]. Biological, cultural, behavioral and socio-
economic differences may be important determinants to explain the effect exerted by gender
on the clinical management and outcomes of pneumonia [12]. However, sex differences in
the provision of care resulting in delayed hospital admission, and consequently necessary
care and use of hospital resources, has been reported among women [12]. Recent reviews on
CAP have been found to be more severe in men than women, leading to higher mortality in
males; this is more relevant in the older age groups [10-12]. Whilst a lot of attention is being
paid to racial and ethnic differences in recent years, we perceive that research efforts should
also focus on possible sex disparities in relevant, prevalent processes like pneumonia.

Our group has previously studied the influence of sex on both CAP and the two
subtypes of HAP, namely VAP and NV-HAP [13]. However, the results of this work were
somewhat limited by the short time period evaluated (2016-2017). Additionally, residual
confounding could have biased the results to a certain extent, since no sex-matching
analyses were performed.

Here, we aimed to compare the incidence, clinical characteristics, and in-hospital
outcomes (length of hospital stay and in hospital mortality (IHM)) between women and
men admitted for CAP or HAP to Spanish hospitals during the extended period of 2016-
2019. In order to assess provider difference, we also compared the use of bronchial
fibroscopy, computerized axial tomography of the thorax and dialysis. Possible differences
in pathogen isolation according to sex were analyzed.

We used propensity score matching (PSM) with the purpose of attenuating the baseline
sex-related differences for the comparisons. We finally sought the variables associated with
IHM for patients with either CAP or HAP according to sex.

2. Materials and Methods
2.1. Study Population

For our investigation, we used data from the Spanish Register of Specialized Care-Basic
Minimum Database (RAE-CMBD) for the period between 1 January 2016 and 1 Decem-
ber 2019. Discharge diagnoses and procedures were coded based on the International
Classification of Disease, Tenth Revision (ICD-10) (Table S1). Additional details on the
RAE-CMBD can be found online [14].

We have used a similar methodology in previous research [13,15]. People older than
19 years admitted to the hospital for either CAP or who developed HAP during admission
for another condition were included in the study. Only HAP patients with a “not present at
admission” code who had a hospitalization lasting >48 h were included. HAP cases could
be either VAP or NV-HAP. The study population was stratified according to sex.

2.2. Study Variables

We first calculated the trends in the incidence of CAP, HAP, NV-HAP and VAP among
women and men. To calculate the incidences, we used the reports of the Spanish National
Statistics Institute for the years 2016-2019 grouped by age and sex [16]. We assessed
comorbidity with the Charlson Comorbidity Index (CCI), extracted with the methods for
ICD-10-coded administrative databases [17,18]. Other study variables collected included
age, comorbidities, use of oxygen prior to the index hospitalization, as well as diagnostic
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and therapeutic procedures, such as bronchial fibroscopy, computerized axial tomography
of the thorax or dialysis (Table S1). The RAE-CMBD also allows us to identify patients
who underwent any type of surgical procedure during their hospital admission. The main
outcomes were IHM and length of hospital stay.

Regarding pathogen isolation, we could identify the following codes as confirmed
by the laboratory: Aspergillus, Candida, Escherichia coli, Haemophilus influenzae, Klebsiella
pneumoniae, Legionella, non-specified Streptococcus, Pseudomonas aeruginosa, other Gram-
negative bacteria, Staphylococcus aureus, Streptococcus pneumoniae, Influenza virus, and “other
virus” (Table S1).

2.3. Matching Method

We used a PSM method to create subpopulations more amenable to comparisons
based on their baseline conditions [19]. The PSM was conducted using a multivariable
logistic regression in which the matching variables were age, sex and comorbid conditions
present at admission.

2.4. Statistical Analysis

We evaluated the incidences using Poisson regression models adjusted for age and sex
when required, expressed as incidence rate ratios (IRRs) with 95% confidence intervals (95%
ClIs). We reported means with standard deviations (SDs) or medians with interquartile
ranges (IQRs) as descriptive statistics for continuously distributed variables, and absolute
frequencies and proportions for categorical variables. We compared the continuously
distributed variables with the t test or the Mann-Whitney test, and the categorical variables
with the chi-square test. We used the McNemar’s test and a paired t test to compare the
study subgroups after PSM [19].

We used multivariable logistic regression analyses to identify the variables inde-
pendently associated with IHM. We constructed models separately for men and women.
Finally, we analyzed the effect of sex in the entire database. The results we obtained are
expressed as odds ratios (ORs) with their 95% Cls.

The software used for matching and statistical analysis was Stata version 14 (Stata,
College Station, TX, USA). We set statistical significance at a two-sided p-value of < 0.05.

2.5. Ethics

The RAE-CMBD is owned by the Spanish Ministry of Health and can be accessed
upon request [20]. This registry is anonymized and under public access, which means that
according to Spanish legislation, approval by an ethics committee can be waived.

3. Results

During the 4-year period of 2016-2019, 518,838 cases of CAP (58.9% men) (Table 1),
and 38,705 cases of HAP (65.4% men) (Table 2) were coded. There were 5192 cases of VAP
(representing 13.4% of HAPs), also with a preponderance of the male sex (71.1%) (Table 2).

Table 1. Incidence, clinical characteristics and in-hospital outcomes of patients hospitalized with community-acquired

pneumonia (CAP) in Spain from 2016 to 2019 according to sex.

2016 2017 2018 2019 p-Value for Trends
N (incidence per Men 68,300 (384.48) 74,352 (418.55) 82,851 (465.39) 80,077 (449.81) <0.001
100,000 inhabitants) ~ Women 46,048 (244.86) 51,634 (274.57) 58,860 (312.53) 56,716 (301.15) <0.001
Men 72.87 (15.18) 73.96 (14.69) 73.61 (14.86) 73.5 (15.04) <0.001
Age, mean (SD)

Women 75.01 (16.6) 76.5 (15.68) 76.12 (15.91) 75.94 (16.18) <0.001
Men 12,420 (18.18) 11,984 (16.12) 13,975 (16.87) 13,800 (17.23) <0.001

20-59 years, n (%)
Women 8382 (18.2) 7817 (15.14) 9296 (15.79) 9223 (16.26) <0.001
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Table 1. Cont.

2016 2017 2018 2019 p-Value for Trends

Men 18,197 (26.64) 19,819 (26.66) 22,480 (27.13) 21,799 (27.22) <0.001

60-74 years, n (%)
Women 8773 (19.05) 9925 (19.22) 11,739 (19.94) 11,585 (20.43) <0.001
Men 21,552 (31.55) 23,321 (31.37) 24,967 (30.13) 23,275 (29.07) <0.001

75-84 years, n (%)
Women 12,733 (27.65) 14,084 (27.28) 15,442 (26.24) 14,042 (24.76) <0.001
Men 16,131 (23.62) 19,228 (25.86) 21,429 (25.86) 21,203 (26.48) <0.001

>85 years, 1 (%)
Women 16,160 (35.09) 19,808 (38.36) 22,383 (38.03) 21,866 (38.55) <0.001
Men 2.24 (2.08) 2.35 (2.08) 2.34 (2.11) 2.44 (2.19) <0.001

CCI, mean (SD)
Women 1.71 (1.73) 1.81 (1.77) 1.79 (1.77) 1.87 (1.84) <0.001
LOHS, median Men 7 (8) 7(7) 7 (7) 7 (7) <0.001
(IQR) Women 7(7) 7(7) 7(7) 7(7) <0.001
Men 8686 (12.72) 9412 (12.66) 10,363 (12.51) 9606 (12) <0.001

THM, n (%

(%) Women 5747 (12.48) 6511 (12.61) 7134 (12.12) 6534 (11.52) <0.001

CCI: Charlson comorbidity index; LOHS: Length of hospital stay; IHM: In-hospital mortality.

Table 2. Incidence, clinical characteristics and in-hospital outcomes of patients who developed hospital-acquired pneumonia

(HAP) in Spain from 2016 to 2019 according to sex.

2016 2017 2018 2019 p-Value for Trends

N (incidence of HAP per Men 5626 (302.27) 6162 (316.83) 6779 (349.68) 6740 (342.16) <0.001
100,000 subjects hospitalized) ~ Women 2936 (139.18) 3252 (148.38) 3579 (166.96) 3631 (167.6) <0.001
N (incidence of NV-HAP per __ Men 4884 (262.4) 5314 (273.23) 5781 (298.2) 5635 (286.06) <0.001
100,000 subjects hospitalized) ~ Women 2585 (122.54) 2913 (132.91) 3202 (149.38) 3199 (147.66) <0.001
N (incidence of VAP per Men 742 (39.87) 848 (43.6) 998 (51.48) 1105 (56.1) <0.001
100,000 subjects hospitalized) ~ Women 351 (16.64) 339 (15.47) 377 (17.59) 432 (19.94) 0.002
Men 69.03 (14.7) 69.43 (15.14) 69.47 (14.72) 68.81 (15.07) 0.029

Age, mean (SD)
Women 72.02 (16.03) 72.33 (15.93) 73.09 (15.98) 72.58 (15.73) 0.047
Men 1367 (24.3) 1491 (24.2) 1603 (23.65) 1648 (24.45) <0.001

20-59 years, n (%)
Women 633 (21.56) 680 (20.91) 702 (19.61) 755 (20.79) 0.001
Men 1924 (34.2) 2013 (32.67) 2312 (34.11) 2376 (35.25) <0.001

60-74 years, n (%)
Women 750 (25.54) 834 (25.65) 895 (25.01) 969 (26.69) <0.001
Men 1595 (28.35) 1724 (27.98) 1855 (27.36) 1766 (26.2) 0.001

75-84 years, 1 (%)
Women 849 (28.92) 898 (27.61) 990 (27.66) 939 (25.86) 0.008
Men 740 (13.15) 934 (15.16) 1009 (14.88) 950 (14.09) <0.001

>85 years, n (%)
Women 704 (23.98) 840 (25.83) 992 (27.72) 968 (26.66) <0.001
Men 2.73 (2.28) 2.75 (2.23) 2.76 (2.26) 2.83 (2.28) 0.107

CCI, mean (SD)
Women 2.3 (1.98) 2.28 (1.99) 2.39 (2.04) 247 (2.12) <0.001
Men 24 (29) 24 (28) 24 (27) 25 (29) 0.492
LOHS, median (IQR)
Women 23 (26) 22 (26) 23 (26) 23 (27) 0.425
Men 1631 (28.99) 1843 (29.91) 2004 (29.56) 1911 (28.35) 0.223
IHM, 1 (%

(%) Women 871 (29.67) 895 (27.52) 996 (27.83) 984 (27.1) 0.116

HAP: hospital-acquired pneumonia; NV-HAP: non-ventilator-associated hospital-acquired pneumonia; VAP: ventilator-associated pneu-
monia; CCI: Charlson comorbidity index; LOHS: length of hospital stay; IHM: in-hospital mortality.
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3.1. Incidence of Hospital Admission for Pneumonia and Hospital-Acquired Pneumonia According
to Sex

The incidence of hospital admission for CAP increased over time in both men (from
384.5 to 449.8 cases/10° population) and women (from 244.9 to 301.2 cases/10° population)
(both p < 0.001). The increasing incidences were mainly driven by the age groups 60-74
and >85 years in both sexes (Table 1). Using Poisson’s regression analyses, men showed a
47% higher adjusted incidence than women (IRR = 1.47; 95% CI: 1.45-1.50).

The incidence of people who developed HAP also increased over time in both men
(from 302.3 to 342.2 cases/10° population) and women (from 139.2 to 167.6 cases/10°
population) (both p < 0.001). Increasing incidences were seen for both VAP (from 39.9 to
56.1 cases/10° population in men, p < 0.001, and from 16.6 to 19.9 cases/10° population in
women, p = 0.002), and NV-HAP (from 262.4 to 286.1 cases/10° population in men, and
from 122.6 to 147.7 cases/10° population in women (both p < 0.001)). Again, the increasing
incidences were mainly driven by the age groups 60-74 and >85 years in both sexes
(Table 2). Men showed higher adjusted incidences than women: for HAP, IRR = 1.98 (95%
CI: 1.97-1.99); for VAP, IRR = 2.21 (95% CI: 2.15-2.27), and for NV-HAP, IRR = 1.83 (95% CL:
1.80-1.86).

Over time, only people admitted to the hospital for CAP were older. Whilst comorbidity
increased over time, the length of hospital stay remained relatively stable (Tables 1 and 2).
We saw significant decreases in IHM in people admitted for CAP, but not in people who
developed HAP.

According to Tables S2 and S3, Klebsiella pneumoniae and Legionella pneumophila were
increasingly coded in women admitted for CAP, whereas the Influenza virus was increas-
ingly coded in men. The category “other virus” became more frequently coded in both
sexes. Tables 54 and S5 show the distribution of pathogens in women and men hospitalized
with CAP or who developed HAP, before and after PSM.

3.2. Clinical Characteristics and Outcomes for Women and Men Admitted to the Hospital for CAP

Before PSM, women admitted for CAP were older than men, but had lower overall co-
morbidity, except for heart failure, dementia, and rheumatoid disease codes (more frequent
among women) (Table 3). The differences in baseline characteristics between sexes were
partially attenuated by PSM. Men underwent bronchial fibroscopy, chest computerized
tomography, dialysis, invasive or non-invasive mechanical ventilation and any surgery
more often than women. IHM was higher in men than in women admitted for CAP (12.5%
vs. 12.2% before PSM (p = 0.001); and 12.9% vs. 12.2% (a 5.7% higher relative risk among
men) after PSM (p < 0.001)).

3.3. Clinical Characteristics and Outcomes for Women and Men Who Developed HAP

Before PSM, women who developed HAP were older than men, but had lower over-
all comorbidity, except for heart failure, dementia, and rheumatoid disease codes (more
frequent among women). The differences between sexes were not significant for cerebrovas-
cular disease, type 2 diabetes mellitus and renal disease (Table 4). PSM equalized ages
between men and women, but only partially attenuated other differences in the baseline
characteristics. Men underwent bronchial fibroscopy, chest computerized tomography;,
dialysis, and any surgery more often than women. The difference in IHM seen before
PSM (29.2% among men vs. 28.0% among women; p = 0.01) became non-significant after
PSM (28.9% among men vs. 28.0% among women, a 3.2% higher relative risk among men
(p =0.107)).
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Table 3. Distribution of study covariates and hospital outcomes for women and men hospitalized with community-acquired

pneumonia (CAP) in Spain (2016-2019), before and after propensity score matching (PSM).

BEFORE PSM AFTER PSM

Men Women p-Value Men Women p-Value
N (incidence per 100,000 inhabitants) 305,580 (429.59) 213,258 (283.3) <0.001 213,258 (NA) 213,258 (NA)
Age, mean (SD) 73.5(14.95) 75.92 (16.09) <0.001 73.55 (16.21) 75.92 (16.09) <0.001
20-59 years old, n (%) 52,179 (17.08) 34,718 (16.28) <0.001 44,145 (20.7) 34,718 (16.28) <0.001
60-74 years old, 1 (%) 82,295 (26.93) 42,022 (19.7) <0.001 52,952 (24.83) 42,022 (19.7) <0.001
75-84 years old, n (%) 93,115 (30.47) 56,301 (26.4) <0.001 59,259 (27.79) 56,301 (26.4) <0.001
>85 years old, 1 (%) 77,991 (25.52) 80,217 (37.62) <0.001 56,902 (26.68) 80,217 (37.62) <0.001
CCI, mean (SD) 2.35(2.12) 1.8 (1.78) <0.001 1.93 (1.95) 1.8 (1.78) <0.001
Myocardial infarction, 7 (%) 19,232 (6.29) 6039 (2.83) <0.001 8029 (3.76) 6039 (2.83) <0.001
Congestive heart failure, 1 (%) 62,570 (20.48) 54,436 (25.53) <0.001 43,264 (20.29) 54,436 (25.53) <0.001
Peripheral vascular disease, 1 (%) 22,400 (7.33) 5158 (2.42) <0.001 4692 (2.2) 5158 (2.42) <0.001
Cerebrovascular disease, 1 (%) 20,763 (6.79) 12,056 (5.65) <0.001 13,073 (6.13) 12,056 (5.65) <0.001
Dementia, 1 (%) 22,475 (7.35) 24,188 (11.34) <0.001 18,302 (8.58) 24,188 (11.34) <0.001
COPD, 1 (%) 79,200 (25.92) 16,322 (7.65) <0.001 24,549 (11.51) 16,322 (7.65) <0.001
T2DM, n (%) 86,761 (28.39) 53,436 (25.06) <0.001 53,413 (25.05) 53,436 (25.06) 0.935
Rheumatoid disease, 11 (%) 5591 (1.83) 7966 (3.74) <0.001 5066 (2.38) 7966 (3.74) <0.001
Peptic ulcer, 1 (%) 2089 (0.68) 858 (0.4) <0.001 999 (0.47) 858 (0.4) 0.001
Mild, moderate/severe liver disease, 11 (%) 22,020 (7.21) 9142 (4.29) <0.001 12,599 (5.91) 9142 (4.29) <0.001
Hemiplegia or paraplegia, 1 (%) 2744 (0.9) 1514 (0.71) <0.001 2033 (0.95) 1514 (0.71) <0.001
Renal disease, n (%) 58,964 (19.3) 36,933 (17.32) <0.001 36,102 (16.93) 36,933 (17.32) 0.001
Cancer and metastatic cancer, 1 (%) 49,633 (16.24) 19,491 (9.14) <0.001 30,892 (14.49) 19,491 (9.14) <0.001
AIDS, n (%) 3685 (1.21) 1468 (0.69) <0.001 2769 (1.3) 1468 (0.69) <0.001
Undergone surgery, 1 (%) 9304 (3.04) 4937 (2.32) <0.001 6590 (3.09) 4937 (2.32) <0.001
Bronchial fibroscopy, 1 (%) 3975 (1.3) 1929 (0.9) <0.001 2847 (1.34) 1929 (0.9) <0.001
Computerized axial tomography of thorax, 7 (%) 20,140 (6.59) 10,887 (5.11) <0.001 14,152 (6.64) 10,887 (5.11) <0.001
Dialysis, 1 (%) 3951 (1.29) 1639 (0.77) <0.001 2608 (1.22) 1639 (0.77) <0.001
Oxygen prior to hospitalization, 1 (%) 21,244 (6.95) 11,932 (5.6) <0.001 9278 (4.35) 11,932 (5.6) <0.001
Non-invasive mechanical ventilation, 1 (%) 8957 (2.93) 5688 (2.67) <0.001 5286 (2.48) 5688 (2.67) <0.001
Invasive mechanical ventilation, n (%) 8675 (2.84) 4248 (1.99) <0.001 6224 (2.92) 4248 (1.99) <0.001
LOHS, median (IQR) 7(7) 7(7) 0.353 7(7) 7(7) 0.553
IHM, n (%) 38,067 (12.46) 25,926 (12.16) 0.001 27,531 (12.91) 25,926 (12.16) <0.001

CCI: Charlson comorbidity index; COPD: chronic obstructive pulmonary disease; T2DM: type 2 diabetes mellitus; AIDS: Acquired immune
deficiency syndrome; LOHS: length of hospital stay; IHM: in-hospital mortality. NA: not applicable.
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Table 4. Incidence distribution of study covariates and hospital outcomes for women and men who developed hospital-
acquired pneumonia (HAP) in Spain (2016-2019), before and after propensity score matching (PSM).

BEFORE PSM AFTER PSM

Men Women p-Value Men Women p-Value

N (incidence of HAP per 100,000
subjects hospitalized)

N (incidence of NV-HAP per 100,000
subjects hospitalized)

24357 (315.73) 13,398 (155.59)  <0.001 13,398 (NA) 13,398 (NA)

21,614 (280.17) 11,899 (138.18)  <0.001 11,899 (NA) 11,899 (NA)

N (incidence of VAP per 100,000

subjects hospitalized) 3693 (47.87) 1499 (17.41) <0.001 1499 (NA) 1499 (NA)

Age, mean (SD) 69.19 (1491)  7253(15.92)  <0.001  72.46(1328) 7253(1592)  0.655

20-59 years old, 1 (%) 6109 (24.14) 2770 (20.67) <0.001 2297 (17.14) 2770 (20.67)  <0.001

60-74 years old, n (%) 8625 (34.08) 3448 (25.74) <0.001 4430 (33.06) 3448 (25.74) <0.001

75-84 years old, n (%) 6940 (27.42) 3676 (27.44) 0.977 4195 (31.31) 3676 (27.44) <0.001

>85 years old, 1 (%) 3633 (14.36) 3504 (26.15) <0.001 2476 (18.48) 3504 (26.15)  <0.001

CCI, mean (SD) 2.77 (2.26) 2.36 (2.04) <0.001  2.12(2.01) 236(2.04)  <0.001

Myocardial infarction, n (%) 2429 (9.6) 655 (4.89) <0.001 278 (2.07) 655 (4.89) <0.001

Congestive heart failure, 1 (%) 5632 (22.25) 3908 (29.17) <0.001 3331 (24.86) 3908 (29.17)  <0.001

Peripheral vascular disease, 1 (%) 2656 (10.5) 630 (4.7) <0.001 178 (1.33) 630 (4.7) <0.001

Cerebrovascular disease, 11 (%) 3862 (15.26) 2076 (15.49) 0.543 2263 (16.89) 2076 (15.49) 0.002

Dementia, 1 (%) 1020 (4.03) 876 (6.54) <0.001 793 (5.92) 876 (6.54) 0.036

COPD, n (%) 4194 (16.57) 780 (5.82) <0.001 1032 (9.20) 780 (5.82) <0.001

T2DM, n (%) 6158 (24.33) 3184 (23.76) 0214 3050 (22.76) 3184 (23.76)  0.053

Rheumatoid disease, 1 (%) 338 (1.34) 458 (3.42) <0.001 297 (2.22) 458 (3.42) <0.001

Peptic ulcer, 1 (%) 548 (2.17) 241 (1.8) 0.015 227 (1.69) 241 (1.8) 0.514

Mild, m"derateé s(i/z)ere liver disease, 719 (10 86) 897 (6.7) <0.001 499 (3.72) 897 (6.7) <0.001

Hemiplegia or paraplegia, 1 (%) 1574 (6.22) 772 (5.76) 0.073 856 (6.39) 772 (5.76) 0.032

Renal disease, 11 (%) 4284 (16.93) 2316 (17.29) 0.373 2132 (15.91) 2316 (17.29) 0.003

Cancer and metastatic cancer n (%) 6557 (25.91) 2562 (19.12) <0.001 2592 (19.35) 2562 (19.12) 0.642

AIDS, 1 (%) 232 (0.92) 57 (0.43) <0.001 80 (0.6) 57 (0.43) 0.049

Undergone surgery, 1 (%) 12,833 (50.71) 6051 (45.16) <0.001 6449 (48.13) 6051 (45.16) <0.001

Bronchial fibroscopy, 1 (%) 812 (3.21) 320 (2.39) <0.001 376 (2.81) 320 (2.39) 0.031

Computerized axial tomography of 2130 (8.42) 894 (6.67) <0.001 1064 (7.94) 894 (6.67) <0.001
thorax, n (%)

Dialysis, 1 (%) 1863 (7.36) 679 (5.07) <0.001 893 (6.67) 679 (5.07) <0.001

Oxygen prior to hospitalization n (%) 698 (2.76) 359 (2.68) 0.652 255 (1.9) 359 (2.68) <0.001

LOHS, median (IQR) 24 (29) 23 (26) <0.001 24 (28) 23 (26) <0.001

THM, 1 (%) 7389 (29.2) 3746 (27.96) 0010 3865 (28.85) 3746 (27.96)  0.107

HAP: hospital-acquired pneumonia; NV-HAP: non-ventilator-associated hospital-acquired pneumonia; VAP: ventilator-associated pneu-
monia; CCI: Charlson comorbidity index; COPD: chronic obstructive pulmonary disease; T2DM: type 2 diabetes mellitus; AIDS: Acquired
immune deficiency syndrome; LOHS: length of hospital stay; IHM: in-hospital mortality. NA: not applicable.
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3.4. Multivariable Analysis of Variables Associated with IHM for Women and Men Admitted to
the Hospital for CAP

As can been seen in Table 5, the risk of dying during hospital admission for CAP
increased with age and each comorbidity included in the model that showed statistical
significance, except for prevalent chronic obstructive pulmonary disease (COPD) (OR:
0.76 (95% CI: 0.73-0.80)), and diabetes (OR: 0.91 (95% CI: 0.89-0.93)). Both non-invasive
and invasive mechanical ventilation were associated with a higher IHM, irrespectively of
sex. Over time, IHM decreased significantly in both men and women admitted for CAP.

After accounting for potential confounders, men had a higher IHM than women in people
admitted for CAP (OR: 1.13 (95% CI: 1.10-1.15)).

Table 5. Multivariable analysis of factors associated with in-hospital mortality during admission for community-acquired

pneumonia (CAP), according to sex.

MEN WOMEN BOTH
OR (95% CI) OR (95% CI) OR (95% CI)
20-59 years old 1 1 1

60-74 years old 1.77 (1.69-1.85) 1.56 (1.46-1.67) 1.77 (1.70-1.85)

75-84 years old 2.62 (2.50-2.74) 2.95(2.77-3.14) 2.89 (2.78-3.01)

>85 years old 448 (4.28-4.7) 5.51 (5.18-5.85) 5.19 (4.99-5.4)
Myocardial infarction 1.09 (1.04-1.14) 1.27 (1.19-1.37) 1.18 (1.13-1.24)
Congestive heart failure 1.34 (1.31-1.38) 1.29 (1.25-1.33) 1.31 (1.28-1.34)
Cerebrovascular disease 1.45 (1.40-1.51) 1.60 (1.52-1.68) 1.52 (1.47-1.58)
Dementia 2.09 (2.02-2.17) 1.94 (1.87-2.01) 2.03 (1.98-2.09)

COPD 0.73 (0.71-0.75) 0.73 (0.68-0.77) 0.76 (0.73-0.80)

T2DM 0.88 (0.86-0.90) 0.93 (0.90-0.96) 0.91 (0.89-0.93)

Mild, moderate/severe liver disease 1.38 (1.32-1.44) 1.22 (1.13-1.30) 1.31 (1.25-1.37)
Hemiplegia or paraplegia 2.03 (1.84-2.25) 2.10 (1.84-2.39) 1.95 (1.78-2.13)
Renal disease 1.10 (1.07-1.13) 1.16 (1.12-1.20) 1.12 (1.10-1.15)

Cancer and metastatic cancer 3.12 (3.04-3.21) 343 (3.29-3.57) 3.28 (3.20-3.37)
AIDS 1.22 (1.07-1.39) 1.14 (1.05-1.24) 1.23 (1.08-1.40)

Dialysis 2.26 (2.09-2.45) 2.98 (2.64-3.37) 2.58 (2.39-2.78)

Oxygen prior to hospitalization 1.13 (1.08-1.18) 1.15 (1.09-1.22) 1.13 (1.08-1.18)
Non-invasive mechanical ventilation 2.73 (2.59-2.88) 2.67 (2.50-2.85) 2.78 (2.65-2.91)
Invasive mechanical ventilation 7.34 (6.98-7.73) 7.70 (7.13-8.32) 7.46 (7.10-7.83)
2017 0.98 (0.95-1.01) 0.97 (0.93-1.00) 0.98 (0.95-1.00)

2018 0.94 (0.91-0.97) 0.92 (0.89-0.96) 0.93 (0.90-0.95)

2019 0.88 (0.85-0.91) 0.85 (0.82-0.89) 0.86 (0.84-0.89)

Men NA NA 1.13 (1.10-1.15)

COPD: chronic obstructive pulmonary disease; T2DM: type 2 diabetes mellitus; AIDS: Acquired immune deficiency syndrome. NA:

not applicable.

3.5. Multivariable Analysis of Variables Associated with IHM for Women and Men Who
Developed HAP

In Table 6, we can see the comorbidities associated with a higher IHM in men and
women who developed HAP during a hospital admission. IHM increased with age, but
having undergone a surgical procedure was associated with a lower IHM in people who
developed HAP during the same hospital admission (OR: 0.74 (95% CI: 0.70-0.78)). Over
time, IHM was significantly lower only in women. VAP was associated with a higher IHM
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in both sexes (in the overall population, OR: 1.95 (95% CI: 1.82-2.10)). After accounting for
potential confounders, men had a higher IHM than women who developed HAP during a
hospital admission (OR: 1.05 (95% CI: 1.01-1.10)).

Table 6. Multivariable analysis of factors associated with in-hospital mortality in people who
developed hospital-acquired pneumonia (HAP), according to sex.

MEN WOMEN BOTH
OR (95% CI) OR (95% CI) OR (95% CI)
20-59 years old 1 1 1

60-74 years old

1.73 (1.60-1.88)

1.56 (1.37-1.76)

1.64 (1.53-1.76)

75-84 years old

2.27 (2.08-2.47)

2.03 (1.79-2.30)

2.13 (1.98-2.29)

>85 years old

2.50 (2.25-2.77)

2.27 (1.98-2.59)

2.35 (2.17-2.55)

Myocardial infarction

1.13 (1.03-1.25)

NS

1.12 (1.03-1.22)

Congestive heart failure

1.25 (1.16-1.33)

1.37 (1.25-1.49)

1.28 (1.21-1.35)

Cerebrovascular disease

1.36 (1.26-1.47)

1.46 (1.31-1.62)

1.39 (1.31-1.48)

Dementia

1.19 (1.04-1.37)

NS

1.11 (1.00-1.23)

Mild, moderate/severe liver disease

1.47 (1.34-1.60)

1.54 (1.32-1.79)

1.50 (1.39-1.62)

Cancer and metastatic cancer

1.65 (1.55-1.76)

1.92 (1.73-2.12)

1.74 (1.64-1.84)

Undergone surgery

0.74 (0.70-0.79)

0.73 (0.67-0.80)

0.74 (0.70-0.78)

Dialysis

3.00 (2.72-3.32)

3.23 (2.74-3.81)

3.05 (2.80-3.33)

Oxygen prior to hospitalization

NS

NS

1.15 (1.01-1.32)

2017

1.04 (0.96-1.13)

0.91 (0.82-1.02)

0.99 (0.93-1.06)

2018

1.01 (0.93-1.09)

0.90 (0.81-1.01)

0.97 (0.91-1.03)

2019

0.93 (0.86-1.01)

0.85 (0.76-0.95)

0.90 (0.84-0.96)

VAP

1.90 (1.75-2.07)

2.07 (1.82-2.35)

1.95 (1.82-2.10)

Men

NA

NA

1.05 (1.01-1.10)

VAP: ventilator-associated pneumonia. NS: not significant. NA: not applicable.

4. Discussion

Here, we found increasing incidences of CAP with hospital admission and HAP—both
VAP and NV-HAP—from 2016 to 2019 in Spanish hospitals. Men showed higher adjusted
incidences than women for all kinds of pneumonia. We saw significant decreases in [IHM
over time in people admitted for CAP, and in women who developed HAP, but not in men
who developed HAP. Finally, men had higher IHM than women for both CAP and HAP in
the multivariate analyses.

We could see increasing incidences of CAP needing hospital admission over time.
Although this finding could simply reflect less restrictive admission criteria for CAP in an
older, more comorbid population instead of actual yearly increases in the incidence of CAP,
additional evidence supports true increases in the incidence of CAP [21]. However, the
COVID-19 pandemic onset will probably represent an inflection point for the incidence
of CAP cases unrelated to SARS-CoV-2. Indeed, during the first waves of the COVID-
19 pandemic, lower rates of admission for CAP have been reported, mainly in milder
cases [22].

Older research had previously shown relatively similar incidence rates for CAP, with
higher rates in men with clinical risk factors [23] and with advancing age [24]. Perhaps a
lower compliance with influenza vaccination in recent years in our country can provide an
additional explanation for our findings [25]. As far as incidence is concerned, we believe
that through the PSM method followed in this study, we contribute valuable data thanks
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to the attenuation of the residual confounding that has precluded drawing more definite
conclusions in previous studies.

We also confirmed increasing incidences of VAP and NV-HAP. There are large dis-
crepancies in the incidence rates reported for VAP in the literature, which partially obey
the different criteria used for its diagnosis, the differences in the microbiological sampling
methods [26], and eventually the disparities in the populations studied (e.g., surgical
vs. non-surgical patients) [27]. We found that men had higher incidences than women,
accordingly to previous research [28]. Yet, the most important risk factor for VAP is likely
the underlying medical conditions of the patients, both the severity of the current illness
and the prevalent coexisting medical conditions [29].

As regards NV-HAP, the identification of patients with this condition presents a
challenge for clinicians due to the dispersion of cases throughout all clinical areas of the
hospital [30]. In fact, NV-HAP can develop in patients admitted with no clinical risk factors
to develop pneumonia other than hospital admission [31]. These circumstances make it
difficult to reduce the incidence of NV-HAP in everyday clinical practice, especially in
bedridden patients with a high risk for bronchial aspiration [32]. Additional risk factors
are age, disturbance of consciousness, CCI score, antibiotic use and glucocorticoid use [33].

The US National Vital Statistics System has shown decreasing mortality rates for
pneumonia during the period 20162019 [34]. In our multivariate analyses, IHM decreased
over time for all types of pneumonia, except for men who developed HAP, who nonethe-
less showed a non-significant trend towards a lower mortality rate. Previous research
had described higher mortality rates among men who developed NV-HAP than among
women [35]. In our study we observed that men had higher IHM than women overall.
On the one hand, men received more diagnostic and therapeutic procedures when ad-
mitted for CAP or whenever they developed HAP, but on the other hand had a higher
number of comorbidities. Perhaps a worse clinical situation during admission prompted
the indication of a higher number of procedures in a population with an a priori higher
probability of death during the hospital stay. Alternatively, gender differences in clinical
presentation, subjective impressions of illness severity or objective severity scores could
have translated into distinct behaviors in the clinical management of sick men and women
on behalf of the treating physicians [36]. Indeed, our group has previously reported a
sex gap in the indication of non-invasive vs. invasive mechanical ventilation in people
admitted to Spanish hospitals [37]. In this study, IHM increased linearly among women
admitted for CAP, but men older than 84 showed lower mortality rates than men aged 75 to
84 years. This phenomenon was even more remarkable in the case of HAP, with a relatively
low IHM among very old men (14.36%), perhaps reflecting some sort of advantage for
having overcome competing risks, or a distinctive biological response in male patients who
have lived beyond 84 years old.

Both non-invasive and invasive mechanical ventilation were associated with a higher
IHM, irrespectively of sex. These should not be interpreted as causal facts, but rather as
significant associations found in an observational study where confounding by indication
may be underlying. Prevalent COPD and diabetes were associated with a lower mortality
risk in the population admitted for CAP in the multivariate analyses after extensively
accounting for potential confounding variables. We had previously detected lower IHM in
COPD patients admitted for CAP [38], and in people with diabetes admitted for CAP [39,40],
using a similar database for the period 2004-2013. We might speculate that patients
diagnosed with any of these two conditions were admitted to the hospital earlier that
people unaffected. In a meta-analysis published by Jiang et al., COPD was associated with
a lower IHM in patients admitted for CAP. In a similar fashion, some authors have claimed
that hyperglycemia may pose a higher IHM, rather than prevalent diabetes itself [41].

We noticed that having undergone a surgical procedure was associated with a lower
IHM in people who developed HAP during the same hospital admission. We had pre-
viously reported mortality rates around 30% in people who developed postoperative
pneumonia in Spain from 2001-2015 [42]. Arguably, both people admitted to the hospital
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for a surgical procedure, and people admitted to the hospital for other reasons who under-
went a surgical procedure, had a better performance and health status than people who
did not undergo any surgical procedure. Although some risk factors are not modifiable,
we could act on surgical-specific modifiable factors, such as oral bacterial load or smoking
habits, in an attempt to reduce the incidence of HAP in surgical patients if feasible before
elective surgery [43].

Finally, we detected that people who developed VAP had a higher IHM than people
who developed NV-HAP among both sexes (in the overall population, a 95% higher
IHM), in accordance with previous reports [44], probably due to the severity and type of
underlying disease leading to the indication of mechanical ventilation, whilst not being
driven by the procedure itself. The European Respiratory Society has launched a project to
develop new international guidelines for HAP and VAP due to their unacceptably high
mortality rates [7]. The reality is that VAP still has a high attributable mortality, that is, the
percentage of deaths that would not have occurred in the absence of the infection [45].

As the main strengths of our study, we can put forward its large sample size, with
data from over 557,000 episodes of pneumonia, the widespread coverage of the Spanish
population by the RAE-CMBD (>95% of all hospital admissions) and the standardized
methodology, which we have previously used [15]. Yet, we should point out several limita-
tions. Our data source is an administrative database supported by the information that
physicians keep in the discharge report, which also depends on manual coding on behalf of
the administrative staff. Despite a pair-matching process that most likely contributed to at-
tenuate sex-related differences in baseline characteristics and clinical variables, a complete
elimination of residual confounding is difficult to achieve in observational case—control
studies. Although baseline conditions were vastly accounted for, we could not adjust
for clinical severity at presentation with well-established, validated scores. Nevertheless,
potential indirect markers of acute severity, such as need of mechanical ventilation or
dialysis, were included in the models. We have extensively discussed elsewhere about the
possible inaccuracy of CAP and HAP coding in administrative databases [13].

We settled stringent criteria for the definition of HAP, seeking specificity. Thus,
people discharged home after an admission for other reasons who were readmitted due
to pneumonia shortly after being sent home were not included in the study. Moreover,
in our study, anonymity precludes the extraction of some specific pieces of information
(i.e., people who moved from one hospital to another would appear twice), and the
same patient could contribute with more than one episode of CAP or HAP. However, the
information bias that results in a multiple admission of a patient would, in our opinion,
be non-differential as it would affect men and women with the same intensity. Therefore,
the main conclusions of our investigation would not be affected. Detailed information
on some clinical variables, such as antibiotic or corticoid therapy, and others, were not
available. Furthermore, according to the RAE-CMBD methodology, in the secondary
diagnosis position only those conditions, risk factors or diseases that have directly affected
the length of hospital stay, the diagnosis or therapeutic procedures conducted during the
hospitalization, or the mortality should be included. Therefore, smoking status, which is
an important confounding factor with gender imbalance, is not collected in our database
and could not be analyzed.

Finally, we had no access to socio-economic data and such information could improve
the value of our results.

5. Conclusions

In summary, both CAP needing hospital admission and HAP are problems of the first
magnitude in our health system. We found higher incidences and IHM among men than
among women for every type of pneumonia studied. Future research efforts should focus
on identifying possible reasons that explain sex differences in order to reduce them.
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