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Abstract

Background Community-Acquired Pneumonia (CAP) is regarded as a substantial part of the global burden of dis-
ease and a public health priority. In addition to host factors, such as demographic characteristics, comorbidities, CAP
clinical severity, and in-hospital mortality may also be influenced by factors such as socioeconomic status, seasonal
variations, and hospital differentiation. This study aims to analyse trends in hospital mortality among patients hos-
pitalized with CAP in National Health Service (NHS) hospitals in mainland Portugal and the impact of various host
and environmental factors on in-hospital mortality.

Methods This retrospective cross-sectional study analyzed 378,449 hospitalization episodes with CAP as the pri-
mary diagnosis (ICD-9-CM and ICD-10-CM/PCS) in mainland Portugal from 2010 to 2018. Data were sourced

from the National Hospital Discharge Database and population census records. Variables included host factors (demo-
graphic characteristics, secondary diagnoses, CAP clinical severity indicators, Charlson score) as well as environmen-
tal factors, such as seasonality, socioeconomic factors and hospital differentiation. Trend analysis of hospitalization
episodes and in-hospital mortality due to CAP was performed. Multivariable logistic regression was used to examine
associations with in-hospital mortality, with statistical significance set at p < 0.05.

Results A decrease in the number of hospitalization episodes and in-hospital mortality rate over time was observed.
The regression model identified advanced age, male gender, secondary diagnoses, CAP clinical severity, high Charlson
score, the summer season, early school leaving rate, higher unemployment rate, and lower hospital differentiation

as factors associated with an increased probability of death (p < 0.001).

Conclusions Throughout the nine-year period, a steady decline in in-hospital mortality rates was observed. In-
hospital mortality exhibited a dual influence, shaped by host factors (such as age, gender, secondary diagnoses, CAP
clinical severity, Charlson score) and environmental factors, including the summer season, socioeconomic vulnerabil-
ity and hospital capabilities. Therefore, effectively reducing CAP in-hospital mortality requires comprehensive policies
that focus on at-risk groups and address a broad range of both host and environmental risk factors. These policies
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should aim to improve healthcare access, increase vaccination coverage, and enhance thermal housing conditions,

with particular attention to socially vulnerable individuals.

Keywords Community-Acquired Pneumonia, Hospital mortality, Risk factors, Low socioeconomic status, Weather,

Age factors, Gender, Comorbidity

Background

Community-acquired pneumonia (CAP) continues to be
a predominant infectious disease leading to global mor-
tality, particularly in elderly and individuals with under-
lying comorbidities [1-6]. CAP is responsible for high
hospitalizations and mortality rates, resulting in signifi-
cant premature deaths and placing a substantial clinical
and economic burden on healthcare systems in Europe
(5, 6].

In Portugal, although there have been improvements in
recent years [7—10], the country continues to have higher
rates of CAP morbidity and mortality compared to the
rest of Europe [11, 12].

The Coronavirus Disease 2019 (COVID-19) pandemic
has highlighted the profound influence of various factors
on global health, underlining the importance of adopt-
ing an environmental health approach. This approach
considers a wide range of determinants within a broader
environmental context, encompassing all external factors
that affect the host [13]. According to the World Health
Organization (WHO) definition of the environment as
it relates to health, these determinants include physical,
chemical, and biological factors external to a person, as
well as all related behaviours [14]. This implies that, in
a broader context, addressing the socioeconomic envi-
ronment is important, as social impacts on health are
deeply embedded in the larger concept and shaped by
complex interactions between economic systems and
social structures. Therefore, when developing policies to
promote health and well-being, it is essential to account
for both internal (host) and external (environmental) fac-
tors within this comprehensive environmental context of
health and disease [14, 15].

This study aims to investigate temporal trends in hos-
pital mortality among patients admitted with CAP to
National Health Service (NHS) hospitals in mainland
Portugal from 2010 to 2018, with a specific focus on
assessing the influence of host and environmental deter-
minants on in-hospital mortality.

Methods

This study employs a retrospective cross-sectional design
to analyze hospitalizations due to CAP in mainland Por-
tugal from 2010 to 2018.

Data collection

Data was sourced from the National Hospital Discharge
Database (NHDD), which provides comprehensive
information on NHS hospitalization episodes, including
patient demographics, diagnoses (primary and second-
ary), and procedures performed and discharge outcomes.

Two ecological variables were examined (early school
leaving rate and unemployment rate), based on the
national definitions provided by Statistics Portugal [16,
17] and data collected from the 2011 National Cen-
sus [18]. Patients were classified according to the values
of these variables reported in the 2011 Census for the
respective parish of residence, using them as proxies for
socioeconomic status.

The subjects’ anonymity was strictly maintained, as the
dataset did not include any personal identifiable infor-
mation. Hospitalization records contain a randomly
generated identifier, ensuring patient confidentiality.
Consequently, informed consent was not required. The
Ethics Committee of the Lisbon Faculty of Medicine
approved the study (No:15/23).

Inclusion criteria

The study included all hospitalization episodes with a
primary diagnosis of CAP, present on admission. The
primary diagnosis is defined as the condition deter-
mined, after evaluation, to be the principal reason for the
patient’s admission to the hospital. Cases were identified
using the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes 480—
486, and since 2017 the 10 th Revision, Clinical Modifica-
tion/Procedure Coding System (ICD-10-CM/PCS) codes
J12-J18.9, B25.0, A37.91, A22.1, B44.0, and A48.1. The
ICD-9-CM codes 487.0 and 488.11 for influenza pneu-
monia, along with their corresponding ICD-10-CM/PCS
codes, were not included because the systematic investi-
gation of influenza viruses was not conducted uniformly
throughout the analysis period or consistently across all
hospitals. The same criterion was applied in a previous
publication by our group, enabling comparison [10].

Conceptual model development

To provide a comprehensive analysis of in-hospital mor-
tality among CAP patients, we developed a concep-
tual model that integrates both host and environmental
factors. The definition of the variables is presented in
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Table 1 of Additional file 1. The conceptual model was
informed by prior research [9, 10] and tailored to align
with the nature of the available data.

Host factors

Age, gender, comorbidity assessment, secondary diagno-
ses (e.g., cancer, lung cancer, asthma, chronic obstruc-
tive pulmonary disease (COPD), hypertensive disease,
ischemic heart disease, heart failure, cerebrovascular dis-
ease, diabetes mellitus, overweight/obesity, chronic renal
failure, dementia, liver disease/viral hepatitis) as well as
CAP clinical severity (e.g., presence of acute respiratory
failure, mechanical ventilation, non-invasive ventilation,
hemodialysis). Diagnostic and procedure codes (ICD-
10-CM/PCS) are presented in Table 2 of Additional file 2.

Environmental factors

Seasonality (captured as trimester), and ecological factors
(early school leaving rate, unemployment rate), and hos-
pital differentiation (reflecting levels of care complexity
and resource availability in the hospital). Hospitals were
classified into three levels of differentiation, as defined by
national legislation, based on severity, skills, and popula-
tion served [19]. Level I hospitals are the least differenti-
ated, with more limited skills and smaller coverage areas,
while Level III hospitals are the most specialized, typi-
cally university-affiliated institutions with broader popu-
lation coverage.

Figure 1 illustrates this conceptual model, showing
the interaction between host and environmental factors
and their impact on in-hospital mortality. The ration-
ale for including this model is to capture the complex
interplay between these variables, allowing for a more
nuanced understanding of the determinants of in-hospi-
tal mortality.

Statistical analysis

Descriptive statistics were used to summarize the char-
acteristics of the study population. Continuous variables
were expressed as means and standard deviations, while
categorical variables were presented as frequencies and
percentages. The chi-square test and Student’s t-test were
used to compare categorical and continuous variables,
respectively.

Multivariable logistic regression analysis was per-
formed to identify factors associated with in-hospital
mortality. Crude and adjusted odds ratios (aORs) and
95% confidence intervals (CI) were calculated for each
predictor variable [20]. The area under the receiver oper-
ating characteristic (ROC) curve was used to assess the
model’s discriminative ability. Statistical significance was
set at p< 0.05.
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Matching ecological variables, such as early school
leaving rate and unemployment rate, to hospitaliza-
tion episodes required a complete parish code from
the National Hospital Discharge Database. Cases with
incomplete or missing parish codes were excluded from
the ecological data analyses.

Missing data for other variables were addressed by
excluding cases with incomplete information from spe-
cific analyses, ensuring that all analyses were performed
on complete available information.

All statistical analyses were conducted using SPSS soft-
ware, version 28 (IBM Corp., Armonk, NY, USA).

Comorbidity assessment
The Charlson Comorbidity Index (CCI) was calculated
for each hospitalization episode using the Comorbidity
R package, which quantifies comorbid conditions based
on ICD-coded diagnoses in the dataset. The CCI Index
assigns weighted scores to various comorbidities, reflect-
ing their impact on mortality risk. These scores were
summed to generate a total score for each patient, follow-
ing the methodology established by Charlson [21].

To enhance interpretability, the continuous Charlson
scores were categorized into three risk groups:

« Low risk: CCI score of 0.
o Moderate risk: CCI scores of 1-2.
+ High risk: CCI scores of > 3.

These categorized risk groups were included as covari-
ates in univariate and multivariable logistic regression
models. This approach allowed the evaluation of the
association between CCI categories and in-hospital mor-
tality, adjusting for demographic and clinical variables.

Sensitivity analysis: assessing seasonality effects

To evaluate the robustness of the observed seasonality
effects on in-hospital mortality, we conducted a sensitiv-
ity analysis employing alternative statistical approaches
beyond our primary logistic regression model (Fig. 2).
These methodological variations were implemented to
determine whether seasonality persisted as a signifi-
cant predictor of mortality across different modeling
frameworks.

First, we expanded our original logistic regression
model to include interaction terms between seasonal-
ity and key risk factors (Season X Age Group, Season
X Charlson Comorbidity Index, Season XUnemploy-
ment Rate, and Season X Hospital Differentiation). This
approach enabled us to assess whether the relationship
between mortality risk and factors such as patient age,
comorbidity burden, and healthcare resource availability
exhibited seasonal variation.
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Table 1 Distribution of CAP hospitalization episodes (n = 378,449) and percentage of in-hospital mortality, according to host and
environmental factors between 2010 and 2018

Cap Hospitalization Episodes Cap In-Hospital Mortality
% (n) % of Death (n) p-value*
or or
Mean (+ SD)/median (IQR) Mean (+ SD)/median (IQR)
Host factors
Gender
Male 53.7% (203,100) 20.6% (41,851) <0.001°
Female 46.3% (175,349) 19.4% (33,994)
Age Group
< 1.2% (4609) 0.6% (27) <0001°
1-4 3.6% (13,743) 0.2% (25)
5-14 2.0% (7585) 0.6% (45)
15-24 0.8% (3162) 3.4% (107)
25-44 3.7% (14,040) 4.7% (659)
45-64 1.7% (44,269) 10.1% (446
65-74 14.0% (52,794) 15.5% (818
75-84 31.3% (118,609) 21.9% (25, 999)
85-94 284% (107,651) 29.5% (31,704)
> 95 3.2% (11,987) 38.6% (4630)
Charlson score
Low Charlson Index 74.7% (282,888) 18% (50,852) <0.001°
Moderate Charlson Index 22.2% (83,925) 24.3% (20,434)
High Charlson Index 3.1% (11,636) 39.2% (4559)
Secondary diagnoses
Cancer 9.0% (34,110) 33.7% (11,506) <0.001%
Lung Cancer 1.4% (5310) 34.1% (1810) <0.001°
Asthma 2.6% (10,028) 7.5% (756) <0.001%
COPD 14.5% (54,986) 16.4% (9031) <0.001°
Acute Respiratory Failure 21.6% (81,641) 25.6% (20,934) <0.001%
Hypertensive Disease 46.4% (175,430) 18.8% (32,989) <0.001°
Ischemic Heart Diseases 13% (49,067) 23.7% (11,620) <0.001°
Heart Failure 22.9% (86,568) 22.9% (19, 831) <0.001°
Cerebrovascular Disease 13.7% (52,002) 27.4% (14,259) <0.001°
Diabetes Mellitus 24.6% (93,012) 20.0% (18,636) 0.485°
Overweight/Obesity 7.1% (26,800) 9.7% (2610) <0.001°
Chronic Renal Failure 18.5% (69,892) 27.4% (19,116) <0.001°
Dementia 10.3% (38,903) 28.1% (10,929) <0.001%
Liver Disease/Viral Hepatitis 3.4% (12,721) 20.3% (2581) 0.242°
Procedures performed
Non-invasive Ventilation 4.8% (18,051) 29.8% (5371) <0.001°
Mechanical Ventilation 2.2% (8179) 43.9% (1338) <0.001%
Hemodialysis 1.5% (5787) 31.0% (1795) <0.001°
Environmental factors
Triennium
2010-1012 35.0% (132,391) 20.2% (26,800) 0.002°
2013-2015 33.6% (127,293) 20.1% (25,552)
2016-2018 31.4% (118,765) 19.8% (23,493)
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Table 1 (continued)
Cap Hospitalization Episodes Cap In-Hospital Mortality
% (n) % of Death (n) p-value*
or or
Mean (+ SD)/median (IQR) Mean (+ SD)/median (IQR)
Quarter
Jan-mar 34.7% (131,191) 19.1% (25,023) <0001°
April-jun 22.6% (85,615) 19.2% (16,463)
Jul-sept 17.7% (67,098) 22.4% (15,059)
Oct-dec 25.0% (94,545) 20.4% (19,300)
Early school leaving rate” (n = 335,657) 1.57 (+2.02)/1.28 (2) 161 (£203)/1.32(2) <0001¢
Unemployment rate” (n = 335,657) 1273 (£ 4.36)/12.21 (5) 12.73(x4.27)/12.20 (5) 0.215¢
Hospital service differentiation
Level lll 1.7% (81,992) 16.4% (13,435) <0001°
Level Il 1.6% (81,706) 21.2% (17,301)
Level | 56.0% (211,810) 21.0% (44,562)
Post-discharge destination—Death 20.0% (75,845)
Total 378,449 75,845

“ p value refers to comparation of in-hospital mortality proportions/measures of central tendency

" Early school leaving rate (%), defined as the proportion of individuals aged 18-24 who have completed at most lower-secondary education and are not in further

education or training

** Unemployment rate (%), defined as the proportion of unemployed persons in the civilian labour force, calculated as (unemployed / active population) x 100

2 Fisher exact test
b Chi-square test
€U Mann-Whitney test

Second, we implemented a Poisson regression model
to analyze the aggregate counts of in-hospital deaths per
season. This model incorporated adjustments for mean
patient age, Charlson Comorbidity Index, and regional
unemployment rate. An offset term was included in the
model specification to account for the total number of
hospitalizations per season, thereby standardizing mor-
tality risk across periods with varying admission volumes.

Third, to address potential overdispersion in the Pois-
son model, we employed a Negative Binomial regression.
The dispersion parameter (0) was estimated and evalu-
ated to determine the comparative fit between the Pois-
son and Negative Binomial models for our mortality data.

Model selection and evaluation of seasonality effects
were based on three primary criteria: the statistical sig-
nificance of seasonality coefficients across modeling
approaches, comparative Akaike Information Crite-
rion (AIC) values, and the magnitude of the dispersion
parameter in the Negative Binomial model. All statisti-
cal analyses were conducted using R statistical software
(version 4.1.0, R Foundation for Statistical Computing,
Vienna, Austria), and statistical significance was estab-
lished at p < 0.05.

Results

From 2010 to 2018, there were a total of 378,449 hospi-
talization episodes for CAP in mainland Portugal’s NHS
hospitals, resulting in 75,845 patient deaths, which cor-
responds to a in-hospital mortality rate of 20%.

A notable trend was observed: hospitalization episodes
decreased across all age groups except for individuals
aged 85-94 years and >95 years, where an increase was
recorded until 2015 (Fig. 3A). Simultaneously, in-hospital
deaths decreased across all age groups apart from indi-
viduals aged >95 years (Fig. 3B). The highest number
of hospital deaths was recorded in the 85-94-year age
group. Detailed numbers for these trends can be found in
Tables 3 and 4 in Additional File 3.

Of all hospitalization episodes for CAP, around two
thirds occurred in people over 75 and 53.7% in male
patients (Table 1).

The analysis of secondary diagnoses among patients
hospitalized for CAP highlighted several prevalent con-
ditions (Table 1). Acute respiratory failure, a marker of
CAP severity, was documented in 21.6% of hospitaliza-
tion episodes.

Since 2010, a comparison of successive three-year peri-
ods shows a decline in hospitalization episodes (Table 1).
A third of these hospitalization episodes occurred during
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Table 2 Crude and Adjusted Odds Ratios for in-hospital mortality by Host and Environmental Factors (2010-2018, p < 0.05)

Cap in-hospital mortality

Crude OR (95%Cl) Pvalue Adjusted OR (95%Cl) Pvalue
Host Factors
Gender
Male 1.079 1.062 1.097 <0.001 1.158 1.137 1.181 <0.001
Age group < 0.001
<1 (ref) 1.000 1.000
>95 106.800 74.65 160.132 < 0.001 139.315 93.822 219.084 <0.001
85-94 70.843 49.604 106.074 <0.001 88.288 59.575 138.63 < 0.001
75-84 47.642 33358 71337 < 0.001 57.017 38474 89.53 < 0.001
65-74 31.120 21.778 46617 <0.001 33.682 22714 52911 <0.001
45-64 19.051 13.324 28.551 < 0.001 18.512 12477 29.093 < 0.001
25-44 8.358 5.801 126 <0.001 8.254 5517 13.053 < 0.001
15-24 5.944 3.95 9.265 < 0.001 6.213 3.957 10.187 < 0.001
5-14 1.013 0.632 1.654 0958 1.15 0.685 1.978 0.604
1-4 0.309 0.178 0.534 <0.001 0.254 0.129 0486 <0.001
Charlson score < 0.001
Low Charlson Index (ref) 1.000 1.000
High Charlson Index 2939 2.828 3.055 < 0.001 2.359 2235 249 < 0.001
Moderate Charlson Index 1.469 1442 1.496 < 0.001 1.148 1.116 1.182 <0.001
Secondary diagnoses
Cancer 1.913 1.871 1.956 <0.001 1.54 1.491 1.59 < 0.001
Lung Cancer 2.089 1.973 2212 < 0.001 1.416 1317 1.523 < 0.001
Acute Respiratory Failure 1.519 1.492 1.547 < 0.001 1.384 1.355 1415 < 0.001
Cerebrovascular Disease 1.625 1.591 1.659 <0.001 1.326 1.293 1.359 < 0.001
Chronic Renal Failure 1.671 1.640 1.703 <0.001 1.234 1.202 1.267 <0.001
Liver Disease/Viral Hepatitis 1.016 0972 1.062 0477 1.224 1.162 1.289 <0.001
Dementia 1.653 1614 1.692 <0.001 1.134 1.103 1.166 <0.001
Ischemic Heart Diseases 1.281 1.253 1.310 < 0.001 1.051 1.024 1.078 < 0.001
Asthma 0.319 0.295 0.343 <0.001 0.47 0431 0512 <0.001
Overweight/Obesity 0.410 0.394 0427 <0.001 0.5 0476 0.524 <0.001
Hypertensive Disease 0.866 0.852 0.880 < 0.001 0.613 0.602 0.625 < 0.001
COPD 0.755 0.737 0.773 < 0.001 0.644 0.626 0.662 < 0.001
Diabetes Mellitus 1.000 0.981 1.018 0.966 0.921 0.9 0.942 <0.001
Heart Failure 1.251 1.229 1.274 < 0.001 0.925 0.904 0.946 < 0.001
Procedures performed
Mechanical Ventilation 2973 2814 3.140 < 0.001 4.071 3.801 4361 <0.001
Non-invasive Ventilation 1.743 1.686 1.801 < 0.001 2.034 1.955 2117 <0.001
Hemodialysis 1.813 1.714 1918 < 0.001 1.477 1377 1.583 < 0.001
Environmental factors
Triennium < 0.001
2010-2012 (ref.) 1.000 1.000
2016-2018 0.972 0.953 0.991 0.004 0.899 0.878 0.920 <0.001
2013-2015 0.990 0.971 1.009 0.281 0.937 0917 0.957 < 0.001
Quarter < 0.001
Apriljun (ref.) 1.000 1.000
July-sept 1.216 1.186 1.266 < 0.001 1.145 1.113 1.178 < 0.001
Oct-dec 1.077 1.053 1.103 < 0.001 1.075 1.047 1.104 < 0.001
Jan-mar 0.990 0.969 1.002 0.369 1.021 0.996 1.047 0.098

Early school leaving rate* 1.013 1.009 1.017 < 0.001 1.007 1.002 1.01 0.002
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Table 2 (continued)
Cap in-hospital mortality
Crude OR (95%(Cl) Pvalue Adjusted OR (95%Cl) Pvalue
Unemployment rate ** 1.000 0.998 1.002 0.907 1.005 1.003 1.007 < 0.001
Hospital service differentiation
Level Il (ref.) 1.000 < 0.001
Level | 1.360 1.331 1.389 <0.001 1.556 1.517 1.596 <0.001
Level Il 1.371 1337 1.405 < 0.001 1.504 146 1.548 < 0.001

" Early school leaving rate (%), defined as the proportion of individuals aged 18-24 who have completed at most lower-secondary education and are not in further

education or training

" Unemployment rate (%), defined as the proportion of unemployed persons in the civilian labour force, calculated as (unemployed / active population) x 100

HOST FACTORS
(Patient Characteristics)

ENVIRONMENTAL FACTORS
(Socioeconomic and Healthcare-Related)

Seasonality

Egry School Leaving

nemployment Rate

Hospital Differentiation

(In-Hospital Mortality)

Fig. 1 Conceptual model of in-hospital mortality among CAP patients

the winter season and more than half took place in level
I hospitals.

Regarding in-hospital mortality from CAP, the analy-
sis of host factors revealed an increasing occurrence of
death with advancing age, particularly in individuals
over 75 years and a higher percentage of deaths among
males (Table 1). Secondary diagnoses associated with
higher in-hospital mortality included cancer, lung cancer,
acute respiratory failure, cerebrovascular disease, chronic
renal failure, liver disease, dementia and ischemic heart
disease. Patients requiring non-invasive ventilation,
mechanical ventilation, or hemodialysis also exhibited
higher in-hospital mortality rates (Table 1).

(See figure on next page.)

Since 2010, a comparison of successive three-year peri-
ods also shows a decline in in-hospital mortality (p <
0.002) (Table 1).

Adjusted Odds Ratio (aOR) analysis of host factors
revealed that the highest probability of hospital death
from CAP was among males (15.8% increased risk) and
increased with age, particularly in the >95 years age
group, where the death probability was 139 times higher
than in those under one year old. The higher the comor-
bidity burden, the greater the risk of in-hospital mortal-
ity. CAP severity, marked by acute respiratory failure or
the need for mechanical ventilation, non-invasive venti-
lation, or hemodialysis significantly heightened the risk
of in-hospital mortality (Table 2; Fig. 4). Some secondary

Fig. 2 Sensitivity Analysis of Seasonality Effects on CAP Mortality (A) Comparison of Adjusted and Sensitivity Analysis Odds Ratios (ORs) for age
groups, showing how seasonality modifies mortality risk across different age categories. B Comparison of Adjusted and Sensitivity Analysis

ORs for comorbidities (Charlson Score) and hospital differentiation. C Seasonal trends in CAP mortality from 2010 to 2018, displaying yearly
mortality fluctuations across Winter, Spring, Summer, and Fall. D Comparison of Poisson and Negative Binomial model predictions, demonstrating
that both models yield nearly identical mortality estimates. Error bars represent 95% confidence intervals in (A) and (B), and the dashed diagonal
line in (D) represents the perfect agreement between observed and predicted deaths
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A: Comparison of Adjusted and Sensitivity Analysis Odds Ratios (Age Groups)
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Fig. 2 (Seelegend on previous page.)
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A) In-hospital CAP episodes
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B) In-hospital CAP deaths

Age
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Fig. 3 Evolution of the number of hospitalization episodes for CAP (A) and in-hospital mortality (B) by age group, between 2010 and 2018
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diagnoses, such as asthma, overweight/obesity, hyperten-
sive disease, COPD, diabetes mellitus, heart failure, were
associated with a reduced risk of in-hospital mortality
(Table 2; Fig. 4).

Environmental factors, broadly understood as external
influences, were statistically associated with in-hospi-
tal mortality rates. Hospitalization episodes during the

summer and in less differentiated hospitals (levels II and
I) were associated with higher in-hospital mortality rates
(Table 2; Fig. 4). A one-percentage-point increase in early
school leaving and unemployment rates corresponded
to a 0.7% and 0.5% increase in in-hospital mortality risk,
respectively (Table 2).
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The area under the ROC curve was 73.5%, indicating
a fair discriminative capacity for predicting in-hospital
mortality risk factors in CAP [22].

Sensitivity analysis: robustness of seasonality effects

To evaluate the robustness of seasonality effects on in-
hospital mortality, we conducted sensitivity analyses
using three alternative statistical approaches: logistic
regression with interaction terms, Poisson regression for
mortality counts, and Negative Binomial regression for
overdispersion correction.

Logistic regression with interaction terms
The inclusion of interaction terms revealed that sea-
sonality significantly modified the effect of age on mor-
tality. Among patients aged 85-94 years, the adjusted
odds ratio increased from 88.3 to 191.4 (p < 0.001) when
accounting for seasonal interactions. This effect was even
more pronounced for patients aged >95 years, with the
odds ratio increasing from 139.3 to 327.3 (p < 0.001).
Hospital differentiation also demonstrated a significant
interaction with seasonality, indicating that facilities with
lower differentiation levels experienced greater seasonal
fluctuations in mortality rates. Additionally, unemploy-
ment rate exhibited a minor but statistically significant
seasonal interaction (p = 0.049). Overall, the odds ratio
for seasonality increased from 1.027 in the adjusted
model to 1.442 in this sensitivity analysis, confirming sea-
sonality as an independent effect modifier (p = 0.026).

Poisson regression for mortality counts

The Poisson regression analysis indicated that spring
was associated with a significant reduction in mortality
(—5.5%, p< 0.001) compared to winter. Conversely, sum-
mer (+ 6.3%, p< 0.001) and fall (+ 3.4%, p= 0.007) were
associated with increased mortality rates. Age remained a
strong predictor of mortality (+ 3.1% per year, p< 0.001),
while the unemployment rate did not demonstrate statis-
tical significance in this model (p = 0.266).

Negative binomial regression for overdispersion correction
The Negative Binomial regression produced results
nearly identical to those of the Poisson model, with an
extremely high dispersion parameter (0 =8341). This
finding suggests that overdispersion was not present in
our data and that the Poisson regression provided an ade-
quate fit without requiring further correction.

Comparison across modeling approaches

A comparison of the original logistic regression with the
three sensitivity analyses demonstrated consistency in
the direction and significance of seasonal effects across
all modeling approaches. All models confirmed spring
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as a period of reduced mortality risk, while summer and
fall were consistently associated with increased mortal-
ity compared to winter. Age remained a strong predic-
tor across all models, and the Charlson Comorbidity
Index maintained its significant inverse relationship
with mortality. The unemployment rate, which was not
significant in the original model, showed only a minor
interaction effect in the expanded logistic regression
model and remained non-significant in both count-based
approaches.

These findings affirm that seasonality is a robust pre-
dictor of in-hospital mortality, with consistent effects
observed across diverse statistical methodologies. This
consistency reinforces the validity of our primary find-
ings and suggests that seasonal variations in mortality
risk represent a genuine phenomenon rather than a sta-
tistical artifact (Fig. 4).

Discussion

This comprehensive retrospective analysis highlights the
sustained decline in CAP-related hospitalization episodes
and in-hospital mortality over the 9-year study period.

In-hospital mortality risk was influenced by a com-
bination of host factors, such as age, gender, secondary
diagnoses, CAP clinical severity, Charlson score as well
as environmental factors, including seasonal variations,
socioeconomic vulnerability, and hospital differentiation.

To validate our primary findings, we conducted a com-
prehensive sensitivity analysis using multiple statisti-
cal approaches. The logistic regression with interaction
terms revealed that seasonality significantly modifies
the effect of age on mortality risk, with substantially
increased odds ratios among patients aged 85-94 years
(OR: 1914, p< 0.001) and >95 years (OR: 327.3, p<
0.001). Additionally, the interaction between seasonal-
ity and hospital differentiation demonstrated that facili-
ties with lower differentiation levels experienced greater
seasonal mortality fluctuations, suggesting potential
resource-related vulnerabilities.

The Poisson and Negative Binomial models, which ana-
lyzed total mortality counts per season, consistently con-
firmed that spring was associated with reduced mortality
(=5.5%, p< 0.001), while summer (+ 6.3%, p< 0.001) and
fall (+ 3.4%, p= 0.007) were associated with increased
risk compared to winter. The nearly identical results
between these models, along with the high dispersion
parameter (6 =8341) in the Negative Binomial model,
indicate that seasonality represents a stable predictor of
mortality regardless of analytical approach.

The remarkable consistency in direction and sig-
nificance of seasonal effects across diverse modeling
frameworks substantiates that our findings reflect gen-
uine temporal patterns in mortality risk rather than
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methodological artifacts. These results validate the
robustness of our primary logistic regression model and
emphasize the importance of developing season-specific
healthcare strategies, particularly for vulnerable popula-
tions such as the elderly and those receiving care in less-
resourced facilities.

The strength of this study lies in its large population
base, which includes all NHS CAP hospitalization epi-
sodes across various age groups over a nine-year period
(2010-2018). This comprehensive coverage provides
robust insights into the trends in CAP hospitalization
episodes and the factors contributing to in-hospital
mortality.

The consistent decline in both in-hospital mortality
rates and hospitalization episodes agrees with other Por-
tuguese studies [10] and may be partially attributed to the
effective implementation of health policies related to the
National Program for Respiratory Diseases since 2012.
Specific measures, such as free influenza vaccination for
individuals over 65, the inclusion of pneumococcal vacci-
nation for children in the National Vaccination Program,
and free pneumococcal vaccination for high-risk adult
groups since 2015, may have contributed to these health
improvements [23-29].

Age emerged as a primary host factor influencing in-
hospital mortality risk, particularly among older adults,
reflecting the combined impact of age-related immu-
nological changes and chronic comorbid conditions
[6, 9, 10, 30, 31]. Gender also played a significant role,
with males exhibiting higher in-hospital mortality rates
potentially due to behavioural and healthcare utiliza-
tion patterns [31-33]. CAP clinical severity reflected by
the presence of acute respiratory failure and the need for
mechanical ventilation, non-invasive ventilation, or hae-
modialysis, also influenced the in-hospital mortality, as
reported in the literature [32].

Secondary diagnoses such as cancer, cerebrovascu-
lar disease, chronic renal failure, and dementia signifi-
cantly increased in-hospital mortality risk, while asthma,
COPD, diabetes mellitus and heart failure appeared to
have a protective effect in the Portuguese context. This
aligns with another national study [9], which found that
diabetes mellitus and COPD were protective concerning
the risk of death, contrary to findings in the international
literature [6]. One plausible explanation could be the
impact of national policies implemented as part of Por-
tuguese health priority programs, specifically targeting
diabetes mellitus, cardiac and respiratory diseases. Even
so, this effect is insufficient to fully explain the disparity
when compared to the lowest international in-hospital
mortality rates.

Building on the individual risk factors, the Charlson
score was used to quantify the cumulative impact of
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comorbidities. Higher scores (> 3) were associated with
an increased risk of in-hospital mortality, offering a com-
prehensive assessment of their role in CAP outcomes.
Moderate-risk patients (CCI 1-2) exhibited 14,8% higher
odds of in-hospital mortality, while high-risk patients
(CCI >3) showed a 2.4-fold increase. These results align
with the literature [21], underscoring the critical role
of cumulative comorbid conditions in predicting CAP
outcomes.

Our findings highlight the ‘obesity survival paradox,
where obese patients exhibit a reduced risk of in-hospital
mortality from CAP. This may be explained by three fac-
tors: closer medical monitoring due to common comor-
bidities such as heart disease and diabetes mellitus; lower
severity scores and reduced systemic inflammation in
obese patients, potentially linked to the regulatory effects
of adipose tissue on inflammatory responses; and greater
metabolic reserves, providing resilience against catabolic
stress. These mechanisms, supported by existing litera-
ture, suggest that obesity, despite its associated risks, may
confer protective effects in specific clinical contexts, such
as CAP [34-41].

Environmental factors, including seasonal variations,
social determinants such as education and unemploy-
ment rates, and hospital differentiation, were critical
determinants of in-hospital mortality risk for CAP in our
study. Although a higher number of hospitalizations were
observed during the winter, the summer season exhib-
ited a stronger association with in-hospital mortality,
likely due to extreme heat and its physiological effects on
vulnerable populations, such as those aged 85 and older
[42-45].

These findings align with studies emphasizing the role
of climate in health outcomes, including a recent analy-
sis by Alho et al. which demonstrated an increase in
hospitalization episodes, during heatwave days in Por-
tugal across all age groups and major disease categories,
including respiratory diseases [46].

Furthermore, another study on heat-related mortality
in Europe identifies Portugal as one of the most heat-vul-
nerable countries in the region [47].

These results highlight the broader impact of envi-
ronmental stressors and reinforce the need to integrate
environmental variables into health outcome analy-
ses. Adaptive healthcare strategies, including heatwave
response plans and improvements to thermal housing
conditions, are essential for mitigating the effects of cli-
mate change and reducing the burden of CAP during
extreme weather events.

We found that individuals living in parishes with
high rates of early school leaving were at an increased
risk of in-hospital mortality, although the associa-
tion was weaker compared to other variables studied.
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Several studies have demonstrated an inverse associa-
tion between mortality risk in adulthood and educational
level [48-50]. A similar finding was observed in parishes
with high unemployment rates. Both early school leav-
ing and unemployment rates were used as proxies for
social vulnerability. Education and economic status have
long been recognized as primary determinants of health
inequalities and are key environmental factors associated
with morbidity and mortality patterns, both in children
and adults with pneumonia [10, 51-53].

Socioeconomic vulnerability includes factors such
as poverty, limited access to healthcare and social ser-
vices, and inadequate housing, all of which contrib-
ute to increased risks of adverse health outcomes and
higher mortality rates. Therefore, addressing socioeco-
nomic vulnerability is essential for reducing CAP-related
in-hospital mortality. Health policies should focus on
improving healthcare accessibility and vaccination cov-
erage, alleviating poverty, and enhancing housing condi-
tions, particularly in terms of thermal comfort.

Hospital differentiation appears to play a role in influ-
encing in-hospital mortality rates, as indicated in the
literature [54, 55]. However, this is the first study to
identify inequality in CAP in-hospital mortality associ-
ated with hospital differentiation. In Portugal, Level III
hospitals are typically located in urban areas, whereas
lower-level hospitals (Levels I and II) are often situated in
more remote or rural regions. A key factor contributing
to these differences in CAP-related in-hospital mortality
may be challenges in accessing healthcare resources, par-
ticularly general practitioners and specialists [53]. Never-
theless, additional research in these contexts, is necessary
to further explore these dynamics.

The higher in-hospital mortality rate observed in this
study (20%) is consistent with previous Portuguese
research on CAP, which has reported similar Figs. [7,
10]. However, this rate contrasts with the lower in-hos-
pital mortality rates documented internationally (5—10%)
[56]. This disparity may partly reflect Portugal’s demo-
graphic characteristics, as it is one of the oldest countries
in Europe, with nearly 25% of the population in the age
group over 65, in 2023 [57]. This ageing demographic
is particularly significant because older adults are more
likely to have chronic conditions and frailty, both of
which can contribute to the CAP severity and increased
in-hospital mortality associated with CAP. Supporting
this, our study found that 82% of deaths occurred in indi-
viduals aged 75 or older, highlighting the critical role of
age in shaping in-hospital mortality outcomes. Addition-
ally, Portugal’s vulnerability to heat-related mortality [47],
along with differences in hospital differentiation, socio-
economic status, and comorbidity profiles, may further
exacerbate these disparities. These findings highlight the
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importance of considering region-specific determinants,
including age structure and other drivers of inequalities
such as social isolation and socioeconomic disadvantage,
when interpreting in-hospital mortality rates.

Study limitations

While our study provides valuable insights, several limi-
tations must be acknowledged. Its exploratory and ret-
rospective design, based on existing data, restricts the
ability to address all relevant host and environmental fac-
tors comprehensively.

While validated indices such as CURB-65 could not
be directly calculated due to dataset limitations, the CCI
served as a validated alternative for capturing in-hospital
mortality [21]. However, it may not fully account for the
nuanced interplay of individual clinical variables.

Furthermore, environmental variables such as atmos-
pheric pollution and ambient temperature, which are
known to influence respiratory health, were not included
in the analysis. These omissions represent significant
gaps that warrant attention in future research.

Socioeconomic environment based exclusively on
patients’parishes of residence may not fully capture indi-
vidual-level status. Moreover, the ecological variables for
unemployment and early school leaving rates derived
from the 2011 population census may not fully capture
the evolution of these variables over time. Additionally,
missing data for variables such as early school leaving
and unemployment rates may have reduced the effective
sample size, limiting the generalizability of the findings.

The study’s scope is further restricted to NHS hospitals
in mainland Portugal, limiting its generalizability to other
healthcare systems or regions with different contexts.
Finally, the exclusion of data from the COVID-19 pan-
demic era underscores the need for separate analyses to
capture its impact on CAP outcomes.

Conclusions

Our study showed a declining trend in CAP hospi-
talizations and in-hospital mortality over time, reflect-
ing advancements in public health interventions and
improvements in medical care. In-hospital mortality
from CAP in Portugal is a multifaceted issue influenced
by a combination of host factors and environmental con-
ditions. Key determinants include age, gender, comor-
bidity burden assessed by CCI, CAP clinical severity,
seasonal variations, social vulnerability and hospital
differentiation.

Therefore, effectively reducing CAP in-hospital mortal-
ity requires comprehensive policies targeting on at-risk
groups and addressing a broad spectrum of both host and
environmental risk factors. These policies should seek to
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improve healthcare access, expand vaccination coverage,
and enhance thermal housing conditions.

Although Portugal has a universal public healthcare
system, disparities caused by social disadvantages and
environmental factors, such as poor living conditions,
continue to exist. This underscores the importance of
addressing seasonal challenges and ensuring fair access
to healthcare, especially for vulnerable and at-risk
populations.

Abbreviations

AlC Akaike Information Criterion

aORs Adjusted Odds ratios

CAP Community-acquired pneumonia

COPD Chronic obstructive pulmonary disease

ccl Charlson Comorbidity Index

@] Confidence interval

COVID-19 Coronavirus Disease 2019

ICD-9-CM International classification of diseases 9th Revision—Clini-

cal modification
International classification of diseases 10th Revision- Clini-
cal modification/Procedure Coding System

ICD-10-CM/PCS

IQR Interquartile ranges

NHDD National Hospital Discharge Database
NHS National Health Service

ORs Odds ratios

ROC Receiver operating characteristic

SD Standard deviation

WHO World Health Organisation

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512890-025-03716-8.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Acknowledgements
Not applicable.

Authors’ contributions

EP and CB wrote the main manuscript text. EP and PN designed the study,
acquired the data, and analyzed the data. EP, CB, AC, and PN drafted the
manuscript. CB, AC, and PN critically revised the manuscript. PN prepared
Figs. 1,2, 3,and 4. All authors read and approved the final manuscript.

Funding
Funded by FCT, reference UID 04295 - Instituto de Saide Ambiental.

Data availability

Morbidity data supporting this study’s findings are not publicly available. They
were obtained under a protocol established between the Central Administra-
tion of the Health System (ACSS) and the Faculty of Medicine of the University
of Lisbon (FMUL) for scientific research. Due to legal and ethical restrictions,
these data cannot be shared with third parties. Census Parish-level data
(unemployment and early school leaving rates) are publicly available at the
Statistics, Portugal website. (e.g. https://censos.ine.pt/xportal/xmain?xpid=
CENSOS&xpgid=ine_censos_indicador&contexto=ind&indOcorrCod=00067
31&selTab=tab10).

Page 13 of 15

Declarations

Ethics approval and consent to participate

The Ethics Committee of the Lisbon Faculty of Medicine approved the study
(No: 15/23). This study was conducted in accordance with the principles of
the Declaration of Helsinki. The subjects’anonymity was maintained; therefore,
informed consent was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Instituto de Satide Ambiental (ISAMBY), Faculdade de Medicina, Universidade
de Lisboa, Avenida Professor Egas Moniz, Lisbon 1649-028, Portugal. 2Centro
de Investigacao, Inovagdo e Desenvolvimento em Enfermagem de Lisboa
(CIDNUR), Escola Superior de Enfermagem de Lisboa, Avenida Professor

Egas Moniz, Lisbon 1600190, Portugal. *Unidade Local de Satide de Santa
Maria, Avenida Professor Egas Moniz, Lisbon 1649-028, Portugal. “Laboratério
Associado TERRA, Faculdade de Medicina, Universidade de Lisboa, Avenida
Professor Egas Moniz, Lisbon 1649-028, Portugal.

Received: 26 July 2024 Accepted: 8 May 2025
Published online: 03 June 2025

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet.
2020;396(10258):1204-1222. https://doi.org/10.1016/S0140-6736(20)
30925-9.

2. GBD 2016 Lower Respiratory Infections Collaborators. Estimates of the
global, regional, and national morbidity, mortality, and aetiologies of
lower respiratory infections in 195 countries, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Infect Dis.
2018;18(11):1191-1210. https://doi.org/10.1016/51473-3099(18)30310-4.
Epub 2018 Sep 19. PMID: 30243584; PMCID: PMC6202443.

3. Ferreira-Coimbra J, Sarda C, Rello J. Burden of Community-Acquired
Pneumonia and Unmet Clinical Needs. Adv Ther. 2020;37(4):1302-1318.
https://doi.org/10.1007/512325-020-01248-7. Epub 2020 Feb 18. PMID:
32072494; PMCID: PMC7140754.

4. Torres A, Cilloniz C, Niederman MS, Menéndez R, Chalmers JD, Wunderink
RG, van der Poll T. Pneumonia Nat Rev Dis Primers. 2021;7(1):25. https://
doi.org/10.1038/541572-021-00259-0. (PMID: 33833230).

5. Torres A, Cilloniz C, Blasi F, Chalmers JD, Gaillat J, Dartois N, Schmitt HJ,
Welte T. Burden of pneumococcal community-acquired pneumonia
in adults across Europe: A literature review. Respir Med. 2018;137:6-13.
https://doi.org/10.1016/j.rmed.2018.02.007. (Epub 2018 Feb 19 PMID:
29605214).

6. Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for community-
acquired pneumonia in adults in Europe: a literature review. Thorax.
2013;68(11):1057-65. https://doi.org/10.1136/thoraxjnl-2013-204282.
PMID:24130229;PMCID:PMC3812874.

7. Froes F, Diniz A, Mesquita M, Serrado M, Nunes B. Hospital admissions of
adults with community-acquired pneumonia in Portugal between 2000
and 2009. Eur Respir J. 2013;41(5):1141-6. https://doi.org/10.1183/09031
936.00216711. (Epub 2012 Aug 9 PMID: 22878871).

8. Teixeira-Lopes F, Cysneiros A, Dias A, Durdo V, Costa C, Paula F, Serrado M,
Nunes B, Diniz A, Froes F. Intra-hospital mortality for community-acquired
pneumonia in mainland Portugal between 2000 and 2009. Pulmonology.
2019;25(2):66-70. https://doi.org/10.1016/j.pulmoe.2018.06.004. Epub
2018 Jul 17. PMID: 30026065.

9. HespanholV, Barbara C. Pneumonia mortality, comorbidities matter? Pul-
monology. 2020;26(3):123-129. https://doi.org/10.1016/j.pulmoe.2019.10.
003. Epub 2019 Nov 29. PMID: 31787563.


https://doi.org/10.1186/s12890-025-03716-8
https://doi.org/10.1186/s12890-025-03716-8
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicador&contexto=ind&indOcorrCod=0006731&selTab=tab10
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicador&contexto=ind&indOcorrCod=0006731&selTab=tab10
https://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_indicador&contexto=ind&indOcorrCod=0006731&selTab=tab10
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S1473-3099(18)30310-4
https://doi.org/10.1007/s12325-020-01248-7
https://doi.org/10.1038/s41572-021-00259-0
https://doi.org/10.1038/s41572-021-00259-0
https://doi.org/10.1016/j.rmed.2018.02.007
https://doi.org/10.1136/thoraxjnl-2013-204282.PMID:24130229;PMCID:PMC3812874
https://doi.org/10.1136/thoraxjnl-2013-204282.PMID:24130229;PMCID:PMC3812874
https://doi.org/10.1183/09031936.00216711
https://doi.org/10.1183/09031936.00216711
https://doi.org/10.1016/j.pulmoe.2018.06.004
https://doi.org/10.1016/j.pulmoe.2019.10.003
https://doi.org/10.1016/j.pulmoe.2019.10.003

Pessoa et al. BMC Pulmonary Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2025) 25:278

Pessoa E, Bérbara C, Viegas L, Costa A, Rosa M, Nogueira P. Factors associ-
ated with in-hospital mortality from community-acquired pneumonia in
Portugal: 2000-2014. BMC Pulm Med. 2020;20(1):18. https://doi.org/10.
1186/512890-019-1045-x.PMID:31964385,PMCID:PMC6974967.

. European Commission, OECD. Health at a Glance: Europe 2018 State of

Health in the EU Cycle. 2018. Available from: https://doi.org/10.1787/
health_glance_eur-2018-en.

Eurostat. Respiratory diseases statistics. 2022. p. ISSN 2443-8219. Avail-
able from: https://ec.europa.eu/eurostat/statistics-explained/index.php?
title=Respiratory_diseases_statistics#Deaths_from_diseases_of_the_
respiratory_system.

Yang X, Lo K. Environmental health research and the COVID-19 pandemic:
A turning point towards sustainability. Environ Res. 2021; 197:111157.
https://doi.org/10.1016/j.envres.2021.111157. Epub 2021 Apr 20. PMID:
33887273; PMCID: PM(C8542966.

World Health Organization. (2006). Preventing Disease Through Healthy
Environments. Retrieved from: https://www.who.int/publications/i/item/
92415938227ua=1.

Virgolino A, Antunes F, Santos O, Costa A, Gaspar de Matos M, Barbara

C, Bicho M, Caneiras C, Sabino R, Ntiincio MS, and et al. 2020. "Towards

a Global Perspective of Environmental Health: Defining the Research
Grounds of an Institute of Environmental Health" Sustainability 12, no. 21:
8963. https://doi.org/10.3390/5u12218963.

Statistics Portugal. Early leavers from education and training rate. 2015.
Available from: https://smi.ine.pt/Indicador/Detalhes/9654?L ANG=EN.
Statistics Portugal. Unemployment Rate. 2014. Available from: https://smi.
ine.pt/Conceito/Detalhes/545.

Instituto Nacional de Estatistica. Censos 2011 Resultados Definitivos - Por-
tugal. Lisboa: Science; 2012.

Ministry of Health (Portugal). Ordinance No. 82/2014, April 10: Criteria for
categorizing services and establishments of the National Health Service.
Didrio da Republica. Apr 10. Series. 2014;1(71):2364—6.

Lyles RH, Allen AS. Estimating crude or common odds ratios in case-
control studies with informatively missing exposure data. Am J Epide-
miol. 2002;155(3):274-81. https://doi.org/10.1093/aje/155.3.274. PMID:
11821253.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classify-
ing prognostic comorbidity in longitudinal studies: Development and
validation. J Chronic Dis. 1987;40(5):373-83.

Carter JV, Pan J, Rai SN, Galandiuk S. ROC-ing along: Evaluation and
interpretation of receiver operating characteristic curves. Surgery.
2016;159(6):1638-45. https://doi.org/10.1016/j.5urg.2015.12.029. (Epub
2016 Mar 5 PMID: 26962006).

Direcao-Geral de Saude. Programa Nacional para as Doencas Res-
piratérias: 2012-2016. Lisboa, Portugal: Ministério da Saude; 2013.
Available from: https://www.dgs.pt/documentos-e-publicacoes/progr
ama-nacional-para-as-doencas-respiratorias-2012-2016-pdf.aspx.
Bousquet J, Pinto JR, Barbara C, da Sousa JC, Fonseca J, Miguel JP,
Boavida J, Bom AT, Malva J, Cordeiro CR. Portugal at the cross road of
international chronic respiratory programmes. Rev Port Pneumol (2006).
2015;21(5):230-2. https://doi.org/10.1016/j.rppnen.2015.07.001. Epub
2015 Aug 12. PMID: 26275595.

Branco MJ, Paix&o E, Nunes B. Vacinagdo antigripal da populagdo
portuguesa, em 2009-2010: cobertura e algumas caracteristicas do acto
vacinal. Lisboa, Portugal; 2010. Available from: http://hdl.handle.net/
10400.18/226.

Machado A, Torres AR, Kislaya |, Neto M. Vacinagéo antigripal da popu-
lagdo portuguesa em 2016/2017 e 2017/2018: cobertura e caracteristicas
do ato vacinal. Lisboa, Portugal; 2019. Available from: http://repositorio.
insa.pt/bitstream/10400.18/5700/3/INSA_Relatorio_Vacinacao-antigripal-
epocas-2016-2017_2017-2018.pdf.

Restivo V, Costantino C, Bono S, Maniglia M, Marchese V, Ventura G, Cas-
uccio A, Tramuto F, Vitale F. Influenza vaccine effectiveness among high-
risk groups: A systematic literature review and meta-analysis of case-
control and cohort studies. Hum Vaccin Immunother. 2018;14(3):724-735.
https://doi.org/10.1080/21645515.2017.1321722. Epub 2017 Jun 16.
PMID: 28481673; PMCID: PMC5890832.

Kislaya I, Rodrigues AP, Sousa-Uva M, Gémez V, Gongalves P, Froes F,
Nunes B. Indirect effect of 7-valent and 13-valent pneumococcal conju-
gated vaccines on pneumococcal pneumonia hospitalizations in elderly.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 14 of 15

PLoS ONE. 2019;14(1). https://doi.org/10.1371/journal.pone.0209428PMID
:30650091,PMCID:PMC6334925.

Tsaban G, Ben-Shimol S. Indirect (herd) protection, following pneumo-
coccal conjugated vaccines introduction: A systematic review of the
literature. Vaccine. 2017;35(22):2882-91. https://doi.org/10.1016/j.vaccine.
2017.04.032. (Epub 2017 Apr 24 PMID: 28449971).

Htun TP, Sun'Y, Chua HL, Pang J. Clinical features for diagnosis of pneumo-
nia among adults in primary care setting: A systematic and meta-review.
Sci Rep. 2019;9(1):7600. https://doi.org/10.1038/541598-019-44145-y. PMI
D:31110214;,PMCID:PMC6527561.

KaplanV, Angus DC, Griffin MF, Clermont G, Scott Watson R, Linde-
Zwirble WT. Hospitalized community-acquired pneumonia in the elderly:
age- and sex-related patterns of care and outcome in the United States.
Am J Respir Crit Care Med. 2002;165(6):766-72. https://doi.org/10.1164/
ajrccm.165.6.2103038. (PMID: 11897642).

Niederman MS, Torres A. Severe community-acquired pneumonia. Eur
Respir Rev. 2022;31(166). https://doi.org/10.1183/16000617.0123-2022.
PMID:36517046,PMCID:PMC9879347.

Case A, Paxson C. Sex differences in morbidity and mortality. Demogra-
phy. 2005;42(2):189-214. https://doi.org/10.1353/dem.2005.0011. (PMID:
15986983).

Wang N, Liu BW, Ma CM, Yan Y, Su QW, Yin FZ. Influence of overweight
and obesity on the mortality of hospitalized patients with community-
acquired pneumonia. World J Clin Cases. 2022;10(1):104-16. https://doi.
0rg/10.12998/wjcc.v10.i1.104. PMID:35071510,PMCID:PMC8727241.

Nie W, Zhang Y, Jee SH, Jung KJ, Li B, Xiu Q. Obesity survival paradox in
pneumonia: a meta-analysis. BMC Med. 2014;10(12):61. https://doi.org/
10.1186/1741-7015-12-61. PMID:24722122,PMCID:PMC4021571.

LaCroix AZ, Lipson S, Miles TP, White L. Prospective study of pneumonia
hospitalizations and mortality of U.S. older people: the role of chronic
conditions, health behaviors, and nutritional status. Public Health Rep.
1989;104(4):350-60. PMID: 2502806; PMCID: PMC1579936.

Inoue'Y, Koizumi A, Wada Y, Iso H, Watanabe Y, Date C, Yamamoto A,
Kikuchi S, Inaba Y, Toyoshima H, Tamakoshi A. Risk and protective factors
related to mortality from pneumonia among middleaged and elderly
community residents: the JACC Study. J Epidemiol. 2007;17(6):194-202.
https://doi.org/10.2188/jea.17.194. PMID:18094518,PMCID:PMC7058467.
Kahlon S, Eurich DT, Padwal RS, Malhotra A, Minhas-Sandhu JK, Marrie TJ,
Majumdar SR. Obesity and outcomes in patients hospitalized with pneu-
monia. Clin Microbiol Infect. 2013;19(8):709-16. https://doi.org/10.1111/j.
1469-0691.2012.04003.x. Epub 2012 Sep 11. PMID: 22963453; PMCID:
PMC3594436.

Singanayagam A, Singanayagam A, Chalmers JD. Obesity is associated
with improved survival in community-acquired pneumonia. Eur Respir
J.2013;42(1):180-7. https://doi.org/10.1183/09031936.00115312. (Epub
2012 Dec 6 PMID: 23222873).

Zhou B, Zhao S, Tang M, Chen K, Hua W, Su Y, Chen S, Liang Z, Xu W, Li

X, Xue X, Sun X, Zhang S. Overweight and obesity as protective factors
against mortality in non ischemic cardiomyopathy patients with an
implantable cardioverter defibrillator. Clin Cardiol. 2020;43(12):1435-
1442. https://doi.org/10.1002/clc.23458. Epub 2020 Sep 16. PMID:
32936479; PMCID: PMC7724223.

Chen J,Wang J, Jiang H, Li MC, He SY, Li XP, Shen D. Lower long-term mor-
tality in obese patients with community-acquired pneumonia: possible
role of CRP. Clinics (Sao Paulo). 2019;74: e608. https://doi.org/10.6061/clini
¢s/2019/e608. Epub 2019 Jul 10. PMID: 31291389; PMCID: PMC6607938.
Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J,
Tobias A, Tong S, Rocklév J, Forsberg B, Leone M, De Sario M, Bell ML, Guo
YL, Wu CF, Kan H, Yi SM, de Sousa Zanotti Stagliorio Coelho M, Saldiva
PH, Honda'Y, Kim H, Armstrong B. Mortality risk attributable to high and
low ambient temperature: a multicountry observational study. Lancet.
2015;386(9991):369-75. https://doi.org/10.1016/50140-6736(14)62114-0.
Epub 2015 May 20. PMID: 26003380; PMCID: PMC4521077.

Ji-young Son, Liu JC, Bell ML. Temperature-related mortality a sys-
tematic review and investigation of effect modifiers. Environ Res Lett.
2019;14(073004). https://doi.org/10.1088/1748-9326/ab1cdb.

Bunker A, Wildenhain J, Vandenbergh A, Henschke N, Rocklov J, Hajat S,
Sauerborn R. Effects of Air Temperature on Climate-Sensitive Mortality
and Morbidity Outcomes in the Elderly; a Systematic Review and Meta-
analysis of Epidemiological Evidence. EBioMedicine. 2016; 6:258-268.


https://doi.org/10.1186/s12890-019-1045-x.PMID:31964385;PMCID:PMC6974967
https://doi.org/10.1186/s12890-019-1045-x.PMID:31964385;PMCID:PMC6974967
https://doi.org/10.1787/health_glance_eur-2018-en
https://doi.org/10.1787/health_glance_eur-2018-en
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Respiratory_diseases_statistics#Deaths_from_diseases_of_the_respiratory_system
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Respiratory_diseases_statistics#Deaths_from_diseases_of_the_respiratory_system
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Respiratory_diseases_statistics#Deaths_from_diseases_of_the_respiratory_system
https://doi.org/10.1016/j.envres.2021.111157
https://www.who.int/publications/i/item/9241593822?ua=1
https://www.who.int/publications/i/item/9241593822?ua=1
https://doi.org/10.3390/su12218963
https://smi.ine.pt/Indicador/Detalhes/9654?LANG=EN
https://smi.ine.pt/Conceito/Detalhes/545
https://smi.ine.pt/Conceito/Detalhes/545
https://doi.org/10.1093/aje/155.3.274
https://doi.org/10.1016/j.surg.2015.12.029
https://www.dgs.pt/documentos-e-publicacoes/programa-nacional-para-as-doencas-respiratorias-2012-2016-pdf.aspx
https://www.dgs.pt/documentos-e-publicacoes/programa-nacional-para-as-doencas-respiratorias-2012-2016-pdf.aspx
https://doi.org/10.1016/j.rppnen.2015.07.001
http://hdl.handle.net/10400.18/226
http://hdl.handle.net/10400.18/226
http://repositorio.insa.pt/bitstream/10400.18/5700/3/INSA_Relatorio_Vacinacao-antigripal-epocas-2016-2017_2017-2018.pdf
http://repositorio.insa.pt/bitstream/10400.18/5700/3/INSA_Relatorio_Vacinacao-antigripal-epocas-2016-2017_2017-2018.pdf
http://repositorio.insa.pt/bitstream/10400.18/5700/3/INSA_Relatorio_Vacinacao-antigripal-epocas-2016-2017_2017-2018.pdf
https://doi.org/10.1080/21645515.2017.1321722
https://doi.org/10.1371/journal.pone.0209428
https://doi.org/10.1016/j.vaccine.2017.04.032
https://doi.org/10.1016/j.vaccine.2017.04.032
https://doi.org/10.1038/s41598-019-44145-y
https://doi.org/10.1164/ajrccm.165.6.2103038
https://doi.org/10.1164/ajrccm.165.6.2103038
https://doi.org/10.1183/16000617.0123-2022
https://doi.org/10.1353/dem.2005.0011
https://doi.org/10.12998/wjcc.v10.i1.104
https://doi.org/10.12998/wjcc.v10.i1.104
https://doi.org/10.1186/1741-7015-12-61
https://doi.org/10.1186/1741-7015-12-61
https://doi.org/10.2188/jea.17.194
https://doi.org/10.1111/j.1469-0691.2012.04003.x
https://doi.org/10.1111/j.1469-0691.2012.04003.x
https://doi.org/10.1183/09031936.00115312
https://doi.org/10.1002/clc.23458
https://doi.org/10.6061/clinics/2019/e608
https://doi.org/10.6061/clinics/2019/e608
https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1088/1748-9326/ab1cdb

Pessoa et al. BMC Pulmonary Medicine (2025) 25:278

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

https://doi.org/10.1016/j.ebiom.2016.02.034. Epub 2016 Feb 23. PMID:
27211569; PMCID: PMC4856745.

Jacobson LDSV, Oliveira BFA, Schneider R, Gasparrini A, Hacon SS.
Mortality Risk from Respiratory Diseases Due to Non-Optimal Tem-
perature among Brazilian Elderlies. Int J Environ Res Public Health.
2021;18(11):5550. https://doi.org/10.3390/ijerph18115550. PMID:3406737
3,PMCID:PMC8197018.

Alho AM, Oliveira AP, Viegas S, Nogueira P. Effect of heatwaves on daily
hospital admissions in Portugal, 2000-18: An observational study. Lancet
Planet Health. 2024;8(5):e318-26. https://doi.org/10.1016/52542-5196(24)
00046-9.

Ballester J, Quijal-Zamorano M, Méndez Turrubiates RF, Pegenaute F, Her-
rmann FR, Robine JM, et al. Heat-related mortality in Europe during the
summer of 2022. Nat Med. 2023,;29(7):1857-66. https://doi.org/10.1038/
541591-023-02419-z.

Vrbova L, Mamdani M, Moineddin R, Jaakimainen L, Upshur RE. Does
socioeconomic status affect mortality subsequent to hospital admission
for community acquired pneumonia among older persons? J Negat
Results Biomed. 2005;8(4):4. https://doi.org/10.1186/1477-5751-4-4. PMID
:15819975,PMCID:PMC1090611.

Braveman PA, Cubbin C, Egerter S, Williams DR, Pamuk E. Socioeconomic
disparities in health in the United States: what the patterns tell us. Am

J Public Health. 2010;100 Suppl! 1(Suppl 1): S186-96. https://doi.org/10.
2105/AJPH.2009.166082. Epub 2010 Feb 10. PMID: 20147693; PMCID:
PM(C2837459.

Montez JK, Berkman LF. Trends in the educational gradient of mortality
among US adults aged 45 to 84 years: bringing regional context into the
explanation. Am J Public Health. 2014;104(1): e82-90. https://doi.org/
10.2105/AJPH.2013.301526. Epub 2013 Nov 14. PMID: 24228659; PMCID:
PMC3865154.

Link BG, Phelan J. Social conditions as fundamental causes of disease. J
Health Soc Behav. 1995; Spec No:80-94. PMID: 7560851.

Phelan JC, Link BG, Diez-Roux A, Kawachi |, Levin B."Fundamental causes”
of social inequalities in mortality: a test of the theory. J Health Soc Behav.
2004;45(3):265-85. https://doi.org/10.1177/002214650404500303. Erra-
tum.In:JHealthSocBehav.2005Mar;46(1):v. PMID: 15595507.

Everett BG, Rehkopf DH, Rogers RG. The Nonlinear Relationship between
Education and Mortality: An Examination of Cohort, Race/Ethnic, and
Gender Differences. Popul Res Policy Rev. 2013;32(6):https://doi.org/10.
1007/511113-013-9299-0. https://doi.org/10.1007/511113-013-9299-0.
PMID: 24288422; PMCID: PMC3839428.

Burke LG, Frakt AB, Khullar D, Orav EJ, Jha AK. Association Between Teach-
ing Status and Mortality in US Hospitals. JAMA. 2017;317(20):2105-13.
https://doi.org/10.1001/jama.2017.5702.

Atalay K, Edwards R, Georgiakakis F. Mortality inequality, spatial differ-
ences and health care access. Health Econ. 2023;32(11):2632-54. https://
doi.org/10.1002/hec.4746.

Restrepo MI, Faverio P, Anzueto A. Long-term prognosis in community-
acquired pneumonia. Vol. 26, Current Opinion in Infectious Diseases.
2013.p. 151-8.

OECD, European Commission. Health at a Glance: Europe 2024: State of
Health in the EU Cycle. OECD Publishing, Paris. 2024. https://doi.org/10.
1787/b3704e14-en.

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

Page 15 of 15


https://doi.org/10.1016/j.ebiom.2016.02.034
https://doi.org/10.3390/ijerph18115550
https://doi.org/10.1016/S2542-5196(24)00046-9
https://doi.org/10.1016/S2542-5196(24)00046-9
https://doi.org/10.1038/s41591-023-02419-z
https://doi.org/10.1038/s41591-023-02419-z
https://doi.org/10.1186/1477-5751-4-4
https://doi.org/10.2105/AJPH.2009.166082
https://doi.org/10.2105/AJPH.2009.166082
https://doi.org/10.2105/AJPH.2013.301526
https://doi.org/10.2105/AJPH.2013.301526
https://doi.org/10.1177/002214650404500303
https://doi.org/10.1007/s11113-013-9299-0
https://doi.org/10.1007/s11113-013-9299-0
https://doi.org/10.1007/s11113-013-9299-0
https://doi.org/10.1001/jama.2017.5702
https://doi.org/10.1002/hec.4746
https://doi.org/10.1002/hec.4746
https://doi.org/10.1787/b3704e14-en
https://doi.org/10.1787/b3704e14-en

	Host and environmental determinants of in-hospital mortality in community-acquired pneumonia: evidence of seasonality, socioeconomic factors, and hospital differentiation in Portugal
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data collection
	Inclusion criteria
	Conceptual model development
	Host factors
	Environmental factors

	Statistical analysis
	Comorbidity assessment
	Sensitivity analysis: assessing seasonality effects

	Results
	Sensitivity analysis: robustness of seasonality effects
	Logistic regression with interaction terms
	Poisson regression for mortality counts
	Negative binomial regression for overdispersion correction
	Comparison across modeling approaches

	Discussion
	Study limitations
	Conclusions
	Acknowledgements
	References


