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Abstract

Objective: Depression is a frequent comorbidity of chronic obstructive pulmonary disease
(COPD). This study aims to assess the impact of comorbid depression on COPD-related
hospitalization outcomes in the context of the Portuguese National Health Service (NHS), and to
explore their regional distribution.

Methods: An observational retrospective study was conducted using administrative data
regarding all hospitalizations with a primary diagnosis of COPD held in mainland Portuguese
public hospitals (2000-2015). To select episodes with a secondary diagnosis of depression, a
dichotomous variable was created grouping ICD-9-CM codes related to depressive disorders
(296.2x, 296.3x, 300.4, and 311). To avoid potential bias, propensity score matching was used to
select a comparable sample without depression. In-hospital mortality, length of stay (LoS), and
estimated hospital charges were treated as outcomes. Univariate and multivariate analyses
were performed and adjusted odds ratios (aOR) were calculated between patients’ variables and
chosen outcomes.

Results: Of a total of 135378 hospitalizations with a primary diagnosis of COPD, 4389 cases had
a concurrent depression code. According to 1:1 proportion for propensity score matching, 4245
episodes without depression were selected. Comorbid depression increased LoS (aOR =1.11; Cl
95% = 1.07-1.15) and estimated hospital charges (aOR = 9.86; Cl 95% = 8.48-11.46). While
multivariate analysis showed no significant association of depression with mortality (aOR =1.21;
Cl 95% = 0.88-1.37), univariate analysis revealed greater mortality in male patients (6.2% vs
4.5%; p=0.032).

Conclusion: These results describe the impact depressive disorders have on COPD
hospitalizations. Greater efforts should be made to diagnose and address these conditions to
provide the best care and prevent patients’ negative health outcomes.

Keywords: Chronic obstructive pulmonary disease, depression, comorbidity, hospital charges,
mortality, length of stay



Resumo

Objetivo: A depressdo é uma comorbilidade frequente em doentes com doenca pulmonar
obstrutiva crénica (DPOC). Este estudo pretende determinar o efeito que depressao enquanto
comorbilidade da DPOC tem em resultados de hospitalizacdao no contexto especifico do Servico
Nacional de Saude (SNS) portugués, bem como explorar a sua distribuicdo regional.

Métodos: Foi realizado um estudo observacional retrospetivo com recurso a dados
administrativos relativos a todas as hospitaliza¢cdes de doentes com um diagndstico primario de
DPOC em hospitais publicos de Portugal continental (2000-2015). De modo a selecionar
episodios com um diagndstico secunddrio de depressdo, foi criada uma varidvel dicotdmica
baseado no agrupamento dos cddigos ICD-9-CM associados a perturbacdes depressivas (296.2x,
296.3x, 300.4 and 311). Para evitar potenciais vieses, foi utilizado propensity score matching
para escolher uma amostra comparavel sem registo de depressao. Mortalidade intra-hospitalar,
tempo de internamento e preco estimado da hospitalizacdo foram selecionados como
resultados da hospitalizagcdo. Analises univariada e multivariada foram realizadas e foram
calculados odds ratios ajustados entre as variaveis incluidas e os resultados de hospitalizacao.

Resultados: Do total de 135378 hospitalizacdes associadas a DPOC, 4389 casos tinham um
registo concomitante de sindromes depressivos. De acordo com propor¢do 1:1 usada para o
propensity score matching, 4245 episédios sem depressdo foram selecionados. Enquanto
comorbilidade, a depressdo aumenta tempo de internamento (aOR = 1.11; Cl 95% = 1.07-1.15)
e o prego estimado da hospitalizagdo (aOR = 9.86; Cl 95% = 8.48-11.46). Embora a analise
multivariada ndo tenha apontado uma relagdo significativa entre depressao e mortalidade intra-
hospitalar (aOR = 1.21; Cl 95% = 0.88-1.37), a analise univariada demonstrou que doentes com
depressao e do sexo masculino (6.2% vs 4.5%; p=0.032) tinham maior probabilidade de morte.

Conclusdao: Os presentes resultados descrevem o impacto negativo que perturbacdes
depressivas tém ao nivel do doente hospitalizado por DPOC. Deverao direcionar-se esforgos para
o diagndstico e tratamento destas doengas psiquidtricas de modo a providenciar o melhor
cuidado e a prevenir resultados negativos neste subgrupo de doentes.

Palavras-Chave: Doenca pulmonar obstrutiva crénica, depressdo, comorbilidade, preco de
hospitalizacao, mortalidade, duragao de internamento



Introduction

Background rationale

According to World Health Organization, chronic obstructive pulmonary disease (COPD)
is the third leading cause of death worldwide [1]. Patients with COPD usually present several
comorbidities, that range from physical conditions, such as heart failure, coronary artery
disease, lung cancer, or osteoporosis, to mental health conditions, such as anxiety and
depressive disorders [2]. The clinical relationship between depressive disorders and COPD is
well-established. In these patients, depression is known to be a proponent of increased
mortality, prolonged hospital stays, risk of acute exacerbations, and rehospitalization [4-
6;11;26;36]. Comorbid depression has also been associated with more intense dyspnea, worse
survival, and inferior physical health and functional status [14;20;24,;36;37], further adding to
the COPD toll. Consequently, depressive disorders negatively impact recovery and day-to-day
life of these patients, while simultaneously decreasing adherence to different aspects of COPD
treatment and management [5;7-10;14-20;24;25;36]. Moreover, symptoms of depression can
frequently overlap and correlate with pulmonary-specific symptoms, so depression itself is also
a predictor of fatigue, shortness of breath, and disability in patients with COPD, regardless of
disease severity [11;27].

Not only are depressive disorders in COPD impactful; they are also quite prevalent [3].
A systematic review of 64 studies has found that 30% to 71% of patients with severe COPD had
comorbid depression. These rates were higher than in other advanced chronic illnesses such as
heart and kidney disease, cancer, and acquired immunodeficiency syndrome (AIDS) [12].
Incidence-wise, a longitudinal study by Schneider et al. with a follow-up period of 10 years has
shown an incidence of 16.2 cases of depression per 1000 person-years in the COPD group,
exceeding the 9.4 cases per 1000 person-years in the non-COPD control group [4]. Estimates also
vary greatly depending on the patients’ clinical context, as a comprehensive analysis by Janet
Maurer et al. found that, in stable COPD, the prevalence of depressive symptoms ranges
between 10% and 42%, while in patients who had recently recovered from acute exacerbations
of COPD it ranged between 19,4% and 50% [11].

However, the severity of depressive symptoms in COPD patients also differs: some
studies have found that approximately two-thirds of these patients have moderate-to-severe
depression, and the prevalence of subclinical depression may be even higher [13-15]. Parallel to
general population estimates, female patients with COPD exhibit higher prevalence rates of
depressive disorders when compared to their male counterparts [36]. Other patient-related
factors such as younger age, current smoking, alcohol consumption, and lower education level
and socioeconomic status have also been linked to a higher likelihood of concurrent depression
[36;37].

Despite this outlook, it is worth noting that depression is often underdiagnosed and
undertreated in COPD patients [3;11]. Although current treatment guidelines advise that
depression should be targeted for treatment independent of the therapy offered for other
manifestations of COPD, i.e. as separate illnesses, some studies have found that standard-of-
care treatments for depression have uncertain efficacy on patients with comorbid COPD
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[14;16;17]. Pulmonary rehabilitation and other approaches, however, have been found to yield
positive results, both alone and in conjunction with psychotherapy [3;5;11;21-23].
Benzodiazepines, commonly used to aid COPD patients with depressive symptoms, are of
uncertain benefit and may even be harmful [30-34].

According to the Portuguese Society of Pulmonology, around 14% of Portuguese citizens
have been diagnosed with COPD, and in 2016 this disease was responsible for 20,7% of all
respiratory-related deaths [35]. Depressive disorders also affect a sizeable subset of the
Portuguese population, with an estimated annual prevalence of 7,9% [28], and an estimated
10% of the Portuguese population suffering from depressive symptoms [29]. Notwithstanding
mental health conditions can influence the pathophysiology of COPD with a proven impact on
the prognosis, in Portugal depression’s impact on COPD-related hospitalization outcomes has
not been fully investigated. As a result, the extent to which depression contributes to healthcare
utilization, morbidity and mortality is still poorly recognized.

Objectives

To address this gap the present study aims to assess, quantify and describe possible
differences in hospitalization outcomes of COPD patients with and without depression in the
context of the Portuguese healthcare system, and to explore their regional distribution.



Methods

Study Design

The present study consists of a retrospective observational analysis of COPD-related
hospitalizations between 2000 and 2015. This analysis was conducted using administrative data
registered in the Portuguese National Health Service’s (NHS) central database managed by the
Central Administration of the Health System of the Portuguese Ministry of Health (ACSS). The
Reporting of studies Conducted using Observational Routinely collected health Data (RECORD)
statement was used to guide data analysis and reporting [70].

Setting

This study analyses administrative data from NHS mainland Portuguese hospitals.
Portuguese NHS is primarily tax-funded and composed of all public entities and services that
provide and manage healthcare. This publicly covered sector coexists with the private one which
comprises private hospitals that are fully paid out-of-pocket or by voluntary health insurance.
As private hospitals are not included in the NHS, clinical and administrative data from these
institutions are not compiled alongside data from public hospitals and were not included in this
analysis.

The temporal window was selected considering the latest available data coded with the
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) in the
Portuguese NHS. While ensuring that findings are still of relevance to contemporary health
practices and care delivery, the use of data from 2016 and 2017 was avoided as these were
transition years to International Classification of Diseases, 10th Revision, Clinical
Modification/Procedure Coding System (ICD-10-CM/PCS) clinical coding. Caution has been
advised when reusing such data to avoid bias attributable to this transition process [71;72].

Participants

All episodes of patients hospitalized in public mainland hospitals and discharged
between 2000 and 2015 with a primary diagnosis of COPD — as defined by The International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 491.x (chronic
bronchitis), 492.x (emphysema), 496 (chronic airway obstruction, not elsewhere classified) and
491.21 (obstructive chronic bronchitis with (acute) exacerbation) — were initially selected. From
these, all of those with specific secondary depressive disorder diagnoses — defined by ICD-9-CM
codes 296.2x and 296.3x (major depressive disorder, single episode, and recurrent episode,
respectively), 300.4 (dysthymic disorder), and 311 (depressive disorder not elsewhere specified)
— were identified. These codes were selected following prior studies that have shown them to
be moderately accurate in identifying these patients [66-69].

Because the number of patients without a secondarily diagnosed depressive disorder far
exceeded that of the patients with one of the abovementioned psychiatric diagnoses, two
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cohorts of matched samples were derived to reduce confounding biases. Propensity score
matching (PSM) (ratio of 1:1) was used [61], adjusting for age, sex, year of discharge, and
Charlson Comorbidity Index (CCl). Consequently, an analogous group of COPD patients without
a secondary depressive disorder diagnosis (which would function as the control group) was
included.

Variables and outcomes

For each episode sociodemographic variables examined included age (continuous
variable), sex (dichotomous variable — male/female), and patient residence (categorical
variable). The latter was coded per NUTS 2 (Nomenclature of Territorial Units for Statistics, Level
2), that divides Portugal into seven regions: North, Center, Lisbon metropolitan area, Alentejo,
Algarve, Madeira, and Azores Islands. In this study, the last two were grouped into a single
category because of their small number of cases.

As for clinical variables, secondary depressive disorder diagnosis was analyzed by
grouping the relevant ICD-9-CM codes into a dichotomous variable (yes/no). Charlson
Comorbidity Index (discrete variable), specifically the version proposed by Quan et al. [38], was
used as a representation of patients’ health status and prognosis. Type of admission (codified as
a categorical variable into planned/urgent) was also extracted from the database.

The outcomes were defined as in-hospital mortality (dichotomous variable — yes/no),
length of stay (LoS) referring the number of days in the hospital (continuous variable), and
estimated hospital charges (continuous variable). Hospital charges were estimated by a budget
allocation model based on diagnosis-related groups (DRG), which uses expenditure tables
established by governmental decree in 2009 for the purposes of hospital reimbursement [65].
In the original database, hospital charges were inputted as preset values. However, for analysis
purposes this variable this variable was dichotomized using the mean as a cutoff point
(<=2130.74€/>2130.74€). Similarly, LoS was also dichotomized by cutting at the median sample
LoS (<=8 days/>8 days), allowing to approach this outcome variable both as continuous and
categorical.

Data source

Anonymized data regarding COPD-related hospitalizations used in this study was
sourced from the national database of the Central Administration of the Health System of the
Portuguese Ministry of Health (ACSS). This administrative database compiles both administrative
and clinical data related to hospitalizations held in the Portuguese National Health Service,
which according to official statistics account for 72% of all inpatient stays in the country by the
last year under analysis [73].



Statistical analysis

Clinical data and outcomes were compared between episodes with and without a
secondary depressive disorder diagnosis code. Categorical variables are expressed as number
(percentage), while continuous variables are expressed as mean (standard deviation, SD) or
median (percentile 25 — percentile 75, P25-P75), depending on their distribution.

Univariate analyses were carried out using Pearson’s Chi-Square test for categorical
variables and Mann-Whitney U test for continuous variables, as no continuous variable was
normally distributed. Subgroup analysis was also performed using these methods.

To further assess associations between comorbid depressive disorders and relevant
outcomes, regression models were used to parse out and control for every variables’ effect.
Multivariate analysis by means of binary logistic regression was used to calculate adjusted odds
ratios (aOR), with respective 95% confidence intervals (Cl 95%), which was possible in all
outcomes due to prior dichotomization of hospital charges and LoS variables. As it was originally
a continuous variable, LoS was also studied using multiple linear regression, yielding semi partial
correlations for all predictor variables.

Data analysis was performed using the IBM SPSS Statistics ® Software (version 27).
Statistical significance was defined as p-value < 0.05.

Data access and cleaning

Access to relevant data was granted following an established protocol between
Faculdade de Medicina da Universidade do Porto (FMUP) and ACSS.

Formatting errors and duplicates were absent from the database. The residence variable
had data appearing as strings; these were converted into numerical data by attributing values
to each category. Missing values were only present in the residence variable. Such cases were
excluded from analyses in which this variable was relevant, as they constituted a minute part of
the dataset (n=30), and were unlikely to bias the results due to the large sample size of the
current study.



Results

Study population

According to the ACSS database, a total of 135378 hospitalizations with a primary
diagnosis of COPD occurred between 2000 and 2015. Secondary diagnoses of depressive
disorders were registered in 4389 of these episodes (3.2%). To allow a proper comparative
analysis, PSM for age, sex, year of discharge, and CCl was performed, and 4245 hospitalizations
with a primary diagnosis of COPD without a depression register were selected. As such, a total
of 8634 cases were subject to analysis in this study.

Descriptive data

Detailed demographics and clinical characteristics of the study population - segregated
by presence or absence of a depression register - are present in Table 1. Age at admission did
not significantly differ between COPD patients with and without a depression register (70.82 vs
70.45; p=0.216). The two groups were also similar in terms of sex distribution (p=0.428), with a
higher proportion of women in both groups (53.3% of patients without depression registers;
54.1% of patients with depression registers). This lack of statistically significant differences was
expected, due to the aforementioned matching process. Regarding patient residence, the most
represented regions were the North (59.5% of patients without depression registers; 35.2% of
patients with depression registers), followed by Centre (26.2% of patients without depression
registers; 23.6% of patients with depression registers), and Lisbon (9.6% of patients without
depression registers; 34.2% of patients with depression registers) regions. The North region and
Lisbon are far more represented within the group of COPD patients without depression register,
with a more even distribution between the three main regions in the opposite group.

Regarding clinical variables, no statistically significant differences were found on CCl
(1.08 vs 1.17; p=0.053), as anticipated due to PSM. Type of admission did not differ significantly
between the two groups (p=0.913), with most hospitalizations resulting from urgent admission
(94.7% of patients without depression registers; 94.6% of patients with depression registers).



Table 1 Patient characteristics (N=8634) and univariate analysis of outcomes

Patients without depression register Patients with depression register p-value
(n=4245) (n=4389)
Sociodemographic variables
Sex [N(%)] 0.428
Male 1984 (46.7%) 2014 (45.9%)
Female 2261 (53.3%) 2375 (54.1%)
Age at admission (mean % SD) 70.82 (+10.89) 70.45 (+11.20) 0.216
Residence (NUTS 2) [N(%)]
North 2524 (59.5%) 1545 (35.2%)
Center 1111 (26.2%) 1037 (23.6%)
Lisbon 409 (9.6%) 1499 (34.2%)
Alentejo 132 (3.1%) 232 (5.4%)
Algarve 57 (1.3%) 52 (1.2%)
Islands 0 0
Missing 12 (0.3%) 18 (0.4%)
Clinical variables
Charlson Index (mean + SD) 1.08 (£1.20) 1.17 (1.34) 0.053
Type of Admission [N(%)] 0.913
Planned 226 (5.3%) 236 (5.4%)
Urgent 4019 (94.7%) 4153 (94.6%)
Outcomes
Length of Stay [median (P25-P75)] 7.0 (5.0-11.0) 8.0 (6.0-13.0) <0.001*
In-hospital Mortality [N(%)] 171 (4.0%) 201 (4.6%) 0.207
Hospital Charge (mean  SD) 1689.48 (£1026.73) € 2557.52 (+3115.21) € <0.001*

h h
Abbreviation: N, number of hospitalizations; P25-P75, 25t Percentile — 75t Percentile; NUTS 2, Nomenclature of Territorial Units for Statistics, Level 2

*: Statistically significant
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Outcomes

Univariate outcome analyses for both patient groups are detailed in Table 1. LoS was
significantly longer in patients with comorbid depression (7.0 vs 8.0; p<0.001). However, in-
hospital mortality did not significantly differ (4.0% vs 4.6%; p=0.206). Regarding the associated
mean estimated charges of hospitalization, episodes with a secondary depressive disorder
diagnosis exhibited greater estimates (1689.48 € vs 2557.52 €; p<0.001).

Additional univariate analyses in Tables 2 and 3 highlight possible sex and region-related
differences in the abovementioned outcomes, respectively. In-hospital mortality was
significantly higher in male episodes with comorbid depression when compared to those
without (4.5% vs 6.1%; p=0.032), while women’s episodes does not depict the same distinction
(3.6% vs 3.3%; p=0.633). Concerning regional differences, unlike the other Portuguese regions
patients with depression registers from Lisbon show a significant increase in mortality over those
without (5.2% vs 2.7%; p=0.033).

Table 2  Univariate outcome analysis with focus on patient sex

Patients without Patients with
depression register  depression register p-value
Length of Stay [median (P25-P75)]
Sex
Male 7.00 (5.00-11.00) 9.00 (6.00-14.00) <0.001*
Female 7.00 (5.00-11.00) 8.00 (5.00-12.00) <0.001*
In-Hospital Mortality [N(%)]
Sex
Male 90 (4.5%) 122 (6.1%) 0.032*
Female 81 (3.6%) 79 (3.3%) 0.633
Hospital Charges (above mean) [N(%)]
Sex
Male 142 (7.2%) 868 (43.1%) <0.001*
Female 139 (6.1%) 891 (37.5%) <0.001*

h h
Abbreviation: N, number of hospitalizations; P25-P75, 25t Percentile — 75t Percentile
*: Statistically significant
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Table 3

Univariate outcome analysis with focus on patient residence

Patients without

Patients with

depression register depression register p-value
Length of Stay [median (P25-P75)]
Residence (NUTS II)
North 7.0 (5.0-11.0) 8.0 (6.0-12.0) <0.001*
Center 7.0 (4.0-10.0) 8.0 (5.0-12.0) <0.001*
Lisbon 7.0 (5.0-10.0) 9.0 (6.0-14.0) <0.001*
Alentejo 7.0 (4.0-11.8) 8.5 (6.0-14.0) 0.009*
Algarve 8.0 (5.0-12.0) 10.5 (7.0-14.8) 0.015*
In-Hospital Mortality [N(%)]
Residence (NUTS Il)
North 107 (4.2%) 73 (4.7%) 0.456
Center 43 (3.9%) 33 (3.2%) 0.388
Lisbon 11 (2.7%) 78 (5.2%) 0.033*
Alentejo 7 (5.3%) 12 (5.0%) 0.913
Algarve 3 (5.3%) 4(7.7%) 0.707
Hospital Charges (above mean) [N(%)]
Residence (NUTS Il)
North 88 (3.5%) 568 (36.8%) <0.001*
Center 90 (8.1%) 338 (32.6%) <0.001*
Lisbon 83 (20.3%) 755 (50.4%) <0.001*
Alentejo 12 (9.1%) 68 (28.6%) <0.001*
Algarve 5 (8.8%) 23 (44.2%) <0.001*

Abbreviation: N, number of hospitalizations; P25-P75, 25th Percentile — 75th Percentile;
NUTS 2, Nomenclature of Territorial Units for Statistics, Level 2

*: Statistically significant

Concerning LoS, male and female episodes with comorbid depression registered longer
hospital stays. For all regions, LoS was also significantly prolonged in COPD-episodes with a
concomitant depression register. As for estimated hospital charges, episodes with depression
registers more frequently belonged to the more expensive category compared to episodes
without depression registers; this was true for both males (7.2% vs 43.1%; p<0.001) and females
(6.1% vs 37.5%; p<0.001), as well as for all patients’ residence region.
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Tables 4, 5, and 6 detail results from multivariate logistic analyses. After adjusting for all
variables (sex, age, residence, CCl, type of admission), secondary depression registers did not
significantly influence patient mortality (p=0.411) (Table 4). However, comorbid depressive
disorders were associated with greater odds of increased hospitalization charges (aOR = 9.86; Cl
95% = 8.48-11.46) (Table 5). Depression registers also increased the odds for lengthier hospital
stays (aOR =1.11; ClI 95% = 1.07-1.15) (Table 6).

Table 4  Variables associated with in-hospital mortality among COPD-related
hospitalizations

Adjusted Odds Ratio Cl 95% p-value

Depression register

No Ref Ref Ref

Yes 1.21 0.88-1.37 0.411
Sex

Male Ref Ref Ref

Female 0.62 0.50-0.77 <0.001*
Age 1.04 1.03-1.05 <0.001*
Residence (NUTS 1)

North Ref Ref Ref

Center 0.82 0.63-1.09 0.171

Lisbon 1.12 0.85-1.49 0.413

Alentejo 1.17 0.71-1.92 0.536

Algarve 1.72 0.78-3.80 0.178
Type of admission

Planned Ref Ref Ref

Urgent 2.18 1.06-4.46 0.034*
Charlson Index 1.21 1.13-1.29 <0.001*

Abbreviation: Cl 95%, 95% confidence interval; COPD, Chronic Obstructive Pulmonary Disease

*: Statistically significant
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Table 5 Variables associated with length of stay (dichotomized as <=8 days/>8 days)
among COPD-related hospitalizations

Adjusted Odds Ratio Cl 95% p-value

Depression register

No Ref Ref Ref

Yes 1.11 1.07-1.15 <0.001*
Sex

Male Ref Ref Ref

Female 0.86 0.76-0.93 <0.001*
Age 1.01 1.00-1.01 <0.001*
Residence (NUTS )

North Ref Ref Ref

Center 0.97 0.87-1.10 0.533

Lisbon 1.21 1.01-1.36 <0.001*

Alentejo 1.10 0.88-1.35 0.450

Algarve 151 1.03-2.22 0.036*
Type of admission

Planned Ref Ref Ref

Urgent 1.39 1.14-1.70 <0.001*
Charlson Index 1.11 1.07-1.15 <0.001*

Abbreviation: Cl 95%, 95% confidence interval; COPD, Chronic Obstructive Pulmonary
Disease
*: Statistically significant
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Table 6 Variables associated with hospital charges (dichotomized as <=2130.74€/>2130.74€)

among COPD-related hospitalizations

Adjusted Odds Ratio Cl 95% p-value

Depression register

No Ref Ref Ref

Yes 9.86 8.48-11.46 <0.001*
Sex

Male Ref Ref Ref

Female 0.87 0.78-0.98 0.020*
Age 0.98 0.98-0.99 <0.001*
Residence (NUTS Il)

North Ref Ref Ref

Center 0.99 0.85-1.15 0.892

Lisbon 1.85 1.61-2.12 <0.001*

Alentejo 0.82 0.61-1.08 0.161

Algarve 1.34 0.82-2.20 0.250
Type of admission

Planned Ref Ref Ref

Urgent 0.13 0.10-0.17 <0.001*
Charlson Index 1.15 1.10-1.20 <0.001*

Abbreviation: Cl 95%, 95% confidence interval; COPD, Chronic Obstructive Pulmonary

Disease

*: Statistically significant

While multiple linear regression was performed, the assumptions of homoscedasticity

and multivariate normality were not met. The resulting model had an R? of 0.027 (p<0.001),

meaning that only 2.7% of the variance in LoS was explained by the chosen set of predictor

variables. Due to not all assumptions being met, and the weak relationship with the response

variable (LoS), these results were disregarded.
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Sociodemographic variables

Regarding in-hospital mortality, a fatal outcome was close to half as likely for women’s
episodes (aOR = 0.62; Cl 95% = 0.50-0.77) as it was for men. Increased age also increased
mortality (aOR = 1.04; Cl 95% = 1.03-1.05). However, no significant relationship was found
between the patient’s region of residence (using the North region as reference) and in-hospital
mortality.

Women'’s episodes were also associated with lower mean hospitalization charges (aOR
=0.87; CI 95% = 0.78-0.98), with older patients mirroring that same relationship (aOR = 0.98; Cl
95% = 0.98-99). When compared to the North region, COPD-related hospitalizations in Lisbon
had an 85% increase in odds of falling into the higher category (aOR = 1.85; Cl 95% = 1.61-2.12);
other regions showed no significant differences.

Adjusting for all other variables, a one-year increase in age increased the odds of longer
LoS by 1% (aOR = 1.01; Cl 95% = 1.00-1.01), while female episodes reduce the likelihood of
lengthier stays (aOR = 0.86; Cl 95 % = 0.76-0.93). Regional differences were also noticeable, with
patients from Lisbon (aOR = 1.21; Cl 95% = 1.01-1.36) and Algarve (aOR = 1.51; Cl 95% = 1.03-
2.22) being more likely to stay admitted for extended periods (using the North region as
reference).

Clinical variables

Urgent-type admissions more than doubled the likelihood of death (aOR = 2.18; Cl 95%
=1.06-4.46) when compared to planned hospitalizations. Also, higher CCl scores also
corresponded to increased odds of death (aOR =1.21; Cl 95% = 1.13-1.29).

Type of admission also significantly influenced the odds of higher hospitalization
charges, with urgent admissions showing to be associated with below-average costs (aOR=0.13;
Cl 95% = 0.10-0.17). In contrast, patients with more severe CClI comorbidity profiles were more
likely to incur in costlier hospital stays (aOR = 1.15; CI 95% = 1.10-1.17).

As for the duration of hospital stay, patients with higher CCl were more likely to be
admitted for longer periods (aOR = 1.11; Cl 95% = 1.07-1.15). Similarly, urgent-type admissions
had increased odds of lengthier hospitalizations (aOR = 1.39; Cl 95% = 1.14-1.70).

Other analyses

In-group analysis showed significant differences in hospital stays between male and
female episodes with a depression register (9.0 vs 8.0; p<0.001). No such distinction was present
between episodes without depressive disorders (7.0 vs 7.0; p=0.783). The same pattern of
difference between male and female episodes with regard to depression register was apparent
concerning in-hospital mortality (6.1% vs 3.3%; p<0.001) and estimated hospital charges (43.1%
vs 37.5%; p<0.001).
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Discussion

Over 8000 COPD-related hospitalization episodes that occurred during a 15-year period
were analyzed and compared. Comorbid depression was more prevalent in older, female
patients with a greater number of comorbidities, and was shown to increase estimated hospital
charges and length of stay in all patients, as well as mortality in males and patients from the
Lisbon metropolitan area. In addition, no significant associations were found between comorbid
depression registers and the clinical and sociodemographic variables included in the study.

Comorbid depressive disorders

Analyses performed in this study indicate COPD patients with comorbid depression have
lengthier hospitalizations and higher associated episodes’ charges (regardless of sex or region),
with these patients being close to 10 times as likely to have more expensive admissions, and
10% more likely to be hospitalized for extended periods. These results are in line with other
studies on COPD patients [6;11;26;36].

However, and in contrast with those same reports, our analysis showed comorbid
depression did not influence in-hospital mortality in all patients (p=0.411). We can, nevertheless,
report increased mortality in patients with comorbid depression from Lisbon (p=0.033), and of
the male sex (p=0.032). Additionally, in-group analysis showed statistically significant
differences in mortality, LoS, and estimated hospital charges between male and female episodes
with depression registers, but not among those without. On one hand, the association between
increased mortality and male sex is of uncertain significance due to conflicting findings in prior
studies, though most point to a positive association [40;41;47]. On the other hand, and
seemingly contradicting our results, a 2015 study reported greater LoS in women admitted with
acute exacerbations of COPD (AECOPD) [48], and prior studies have shown longer hospital stays
to be associated with greater expenditure [47;48].

As is described in current literature, comorbid depressive disorders are a negative
prognostic factor, as they have been associated with increased morbidity, mortality, and
decreased quality of life [4-6;14;20;24]. However, they are also underdiagnosed and
undertreated in COPD patients, with the amount of time they remain untreated significantly
impacting patient outcomes, including response to antidepressants and disability ratings
[3;11;43]. Beyond that, undiagnosed depression is thought to be far more common in men - as
reporting rates for depressive symptoms are far lower in the male sex - while women exhibit
greater care-seeking behavior and are more proactive in their treatment [42]. Despite this,
comorbid depression was found to have a greater impact on the outcomes of male patients with
COPD. still, other variables such as type of patient residence, health status, time between COPD
and depressive disorder diagnoses, and therapeutic approach for depression (which in Portugal
is still very dependent on benzodiazepines [29]) were not controlled for in this study, and their
effects could not be accounted for.
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Sociodemographic variables

Over half of COPD patients with a secondary depression register included in this study
were women, which is consistent with the higher prevalence of depressive disorders in female
COPD patients described by most studies [36]. Due to the matching process, the percentage of
women without depression registers was similar, such that univariate analysis showed no
significant relationship between sex and probability of comorbid depression.

Adjusting for all other variables, female patients were 48% less likely to die during their
hospitalizations, in accordance with most studies on COPD-related mortality [38;39]. Lengthier
hospital stays and above-average charges were 14% and 13% less likely for women’s episodes,
respectively. In a 2019 study by Goel K. et al., women were tendentially diagnosed with COPD
at a younger age, and a larger proportion of women were characterized with minor to severe
lack of function, while men showed a greater proportion of severe COPD-related lack of function
[45]. Regarding exacerbation risk, a greater rehospitalization risk in male patients (with less time
between events) has been reported [46], though not consistently, as other studies have
described a higher rate of AECOPD and more frequent hospitalizations in women [41]. Even so,
patients with increased function would be expected to have shorter and therefore less
expensive hospital stays, with less propensity for early rehospitalization and more time to
recuperate.

Patients of both study groups were on average around 70 years old, with no significant
difference between them, again a result of the matching process. Otherwise, it should be noted
that some level of age discrepancy was expected, as studies have shown a greater prevalence of
depression and anxiety in younger COPD patients [36;49].

Multiple studies on patients with COPD have highlighted the positive correlations
between age, mortality, LoS, and hospitalization costs [49-55]. In the present study, a one-year
increase in age raised the odds of in-patient death by 4% and longer hospital stays by 1%.
Conversely, the odds of higher estimated hospitalization charges decreased by 2%, which may
come from more conservative therapeutic choices accounting for the increased frailty and
likelihood of death in older patients (due to aging, multicomorbidity, and more advanced
progression of COPD), potentially resulting in cheaper but more protracted hospital stays.

The distribution of patients with comorbid depression seems to reflect how the
Portuguese population is spread through the country, and not the regional prevalence of
depressive disorders [56;57]. This is likely due to the relatively small regional differences in the
latter not having the same influence in the results as the differences in regional distribution of
the general Portuguese population. As for why the groups differ, it might be related to the
matching process or the distribution of COPD patients around the country. Despite how no
information on the latter could be obtained, it is important to notice that substantial inequalities
in the supply of health services between Portuguese country regions have been reported [74],
and these may also have accounted for the present results.

Using the North region as a reference, while no differences in in-hospital mortality were
found, hospital charges and LoS were significantly greater for patients hospitalized in the Lisbon
metropolitan area, as was LoS for COPD patients in Algarve. Further research on regional
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differences in these outcomes with focus on patients with COPD could be important in balancing
healthcare at the national level.

On the abovementioned increase in mortality in patients with comorbid depression
from Lisbon, we suspect it may have to do with the distribution of male and female patients
between the study groups, as a result of the matching process. Nevertheless, this result should
be verified in future studies.

Clinical variables

The majority of admissions for patients both with and without comorbid depression
were urgent, owing to the fact that most COPD-related hospitalizations are due to AECOPD
[3;52]. Urgent admissions were more than twice as likely to resolve fatally and show a 39%
increase in odds of longer hospitalizations. Despite this, urgent admissions were found to be
nearly 8 times as likely to have reduced hospital charges, which seems to contradict diverse
articles that show an increase in hospitalization costs for patients presenting with AECOPD in
need of urgent care [53-55]. It is possible that the difference in magnitude between both groups
(462 planned admissions vs 8172 urgent admissions), alongside the method used to estimate
hospital charges (using Diagnosis Related Groups), might have contributed to the observed
discrepant results. Moreover, one must also account for the differences in healthcare systems,
cross-country reimbursement criteria and variations regarding hospital discharge rates [75]. As
some of these outcomes are probably influenced by structural factors of the individuals’ health
care systems, additional research should be conducted on this topic to further assess how the
type of admission influences COPD-related hospitalization costs.

COPD patients with more severe comorbidity profiles are more likely to develop
comorbid depression, which is associated with worse health status [3]. To properly evaluate the
impact comorbid depression has on hospitalization outcomes, it was necessary to match
patients with comorbid depression to patients without comorbid depression of similar CCl to
eliminate the confounding influence of other comorbidities. This made the average CCl score of
the two groups artificially similar. Even so, the difference in the average CCl value between the
two groups was nearly significant, which would indicate patients with comorbid depression have
worse comorbidity profiles, thus being more prone to less favorable health outcomes [39;58;59].
Additional exploratory analysis using the total sample of COPD hospitalizations without a
depression register (instead of the matched sample) indicated a significant difference in CCl
burden between the two study groups. This is in line with our current understanding of
depression as a promoter of comorbidity, and worse outcomes in COPD patients [3;60]. In fact,
a one-unit increase in CCl score led to significantly increased odds of in-hospital mortality (21%),
LoS (11%), and hospital charges (15%). Still, two patients can have equal CCl values while having
completely distinct comorbidities, so further research is advised to discern which comorbidities
are most associated with depression and thus more likely to affect COPD patients.
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Study limitations

As a retrospective study, the principal limitation was the use of secondary data, or data
not originally meant for our investigation. The dataset used in this study is primarily intended
for processing hospital reimbursements. Beyond that, the register and codification of diagnoses
are subject to human experience and error, as well as changes in quality over time [62-64]. Also,
a patient with no register of depression could have been diagnosed prior to their hospitalization
of interest (clinical error) or have had their diagnosis registered after (administrative error). As
we were not provided access to detailed clinical information and notes, the data used could be
partially inaccurate or incomplete for some variables. It was also impossible to verify how the
diagnosis of depression was done, how severe it was, and its temporal relation in regard to COPD
diagnosis. These details could have allowed for more in-depth analysis into the impact of
comorbid depressive disorders on COPD outcomes and should be addressed in future studies.

Another important limitation stemming from the observational study design is the
inability to randomly allocate the variable of interest in the chosen contingent of subjects. As
such, differences in outcomes may be due to the variable of interest (depression register) or
confounding variables (age, sex). Propensity score matching is likely to have balanced this
possible bias by making both study groups more comparable in regard to those characteristics,
in a sense mimicking randomization [61]. In this study, patients were matched for age, sex, year
of discharge, and CCl. Consequently, we were able to more adequately characterize the effect
of comorbid depression on COPD outcomes, as these are well-known confounding variables.
However, the effects of the matching variables cannot be effectively derived and need to be
carefully interpreted.

Finally, previous studies on the validity of using ICD-9-CM codes in administrative data
to identify individuals with COPD or AECOPD have shown different levels of sensitivity and
specificity, though they seem to more accurately represent and capture depression [66-69].
While misdiagnosed patients are likely to have been included in our study, both groups are likely
to have been similarly affected, thus making this aspect less informative.

Clinical implications

Our study benefits from a large sample and a long study period, as well as from the fact
that it was pioneering in characterizing the impact of comorbid depression in COPD-related
Portuguese hospitalizations. By using ACSS data, which codifies admissions to NHS hospitals, the
external validity of this study was strengthened by our analysis of a broad group of patients
largely representative of the target population - Portuguese COPD patients. In addition, as far as
the authors are aware, the analysis at the regional level is the first conducted in the country, and
made it possible to highlight regional differences in hospital spending and duration of patient
stay that, while requiring further research, could prove useful in handling and balancing quality
of care and health investment at the national level.

This study further solidifies the significant influence comorbid depression has on COPD-
related outcomes, specifically hospitalization outcomes. Because depressive disorders favored
lengthier hospitalizations and higher associated charges, they represent an important social and
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economic toll at both the patient and the healthcare system levels. Additional measures are
required to ensure early screening and diagnosis of these conditions in COPD patients, and
awareness among healthcare professionals regarding their symptoms, frequent overlap and
impact needs to be improved. Moreover, male patients could benefit the most from these
measures, as they have higher rates of undiagnosed and untreated depression, and fared worse
in all COPD-related hospitalization outcomes.

Furthermore, a multidisciplinary therapeutic approach including medication,
rehabilitation, and patient support groups, all alongside appropriately spaced reevaluations of
both physical and mental status could offer these patients the best disease control and quality
of life. In Portugal, and particularly in COPD patients, an additional effort should be made to
prescribe fewer benzodiazepines, as they could negatively impact these patients. Further
research should also be carried out to ascertain country regional differences in the studied
outcomes, particularly Lisbon and the Algarve region, since it could help to reduce the known
inequities of care across the NHS.

Conclusion

In COPD, comorbid depression was associated with increased duration of hospital stay
and estimated hospital charges, while differences in mortality were observed only in male
patients and those from the Lisbon region. The present study reinforces the important impact
of these disorders on COPD-related hospitalizations and the NHS at large, while similarly
highlighting the need for better and timely assessment, diagnosis and care of comorbid
depression as it may be an avenue to prevent patients’ negative health outcomes.
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Appendix 1 — RECORD reporting guidelines checklist

The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using
routinely collected health data.

with a commonly used term in
the title or the abstract (b)
Provide in the abstract an
informative and balanced
summary of what was done
and what was found

observational retrospective study
was conducted using
administrative data regarding all
hospitalizations with a primary
diagnosis of COPD held in
mainland Portuguese public
hospitals (2000-2015)”

b) Pagina 2 (Paragrafo 2, 3): “To
select patients with a secondary
diagnosis of depression, a
dichotomous variable was
created grouping ICD-9-CM
codes related to depressive
disorders (296.2x, 296.3x, 300.4,
and 311). To avoid potential
bias, propensity score matching
was used to select a comparable
sample without depression. (...)
adjusted odds ratios (aOR) were
calculated between patients’
variables and chosen outcomes.
(...) Comorbid depression
increased LoS and estimated
hospital charges (...) univariate
analysis revealed greater
mortality in male patients(...)”

data used should be
specified in the title or
abstract. When possible, the
name of the databases used
should be included.

RECORD 1.2: If applicable,
the geographic region and
timeframe within which the
study took place should be
reported in the title or
abstract.

RECORD 1.3: If linkage
between databases was
conducted for the study, this
should be clearly stated in
the title or abstract.

Ite | STROBE items Location in manuscript where | RECORD items Location in

m items are reported manuscript where

No items are reported
Title and abstract

1 (a) Indicate the study’s design | a) Pagina 2 (Paragrafo 2): “An RECORD 1.1: The type of | 1.1)/1.2) P4gina 2

(paragrafo 2): “(...)
study was conducted
using administrative
data (...)”

1.3) Néo aplicavel,
pois s6 uma base de
dados foi usada




Introduction

Background
rationale

Explain the scientific
background and rationale for
the investigation being
reported

Péagina 4 (Parégrafo 1 - 4);
Pagina 5 (Paragrafo 1): “The
clinical relationship between
depressive disorders and COPD
is well-established. In these
patients, depression is known to
be a proponent of increased
mortality, prolonged hospital
stays, risk of acute
exacerbations, and
rehospitalization (...). Not only
are depressive disorders in
COPD impactful; they are also
quite prevalent. (...) it is worth
noting that depression is often
underdiagnosed and undertreated
in COPD patients(...).”

Obijectives

State specific objectives,
including any prespecified
hypotheses

Pagina 5 (Paragrafo 2): “To
address this gap the present
study aims to assess, quantify
and describe possible differences
in hospitalization outcomes of
COPD patients with and without
depression in the context of the
Portuguese healthcare system,
and to explore their regional
distribution. «

Methods

Study Design

Present key elements of study
design early in the paper

Pagina 6 (Paragrafo 1): “The
present study consists of a
retrospective observational
analysis of COPD-related
hospitalizations between 2000
and 2015




Setting

Describe the setting, locations,
and relevant dates, including
periods of recruitment,
exposure, follow-up, and data
collection

Pagina 6 (Paragrafo 2, 3): “This
study analyses administrative
data from NHS mainland
Portuguese hospitals. (...)
clinical coding.”

Participants

(a) Cohort study - Give the
eligibility criteria, and the
sources and methods of
selection of participants.
Describe methods of follow-up
Case-control study - Give the
eligibility criteria, and the
sources and methods of case
ascertainment and control
selection. Give the rationale for
the choice of cases and
controls

Cross-sectional study - Give
the eligibility criteria, and the
sources and methods of
selection of participants

(b) Cohort study - For matched
studies, give matching criteria
and number of exposed and
unexposed

Case-control study - For
matched studies, give matching
criteria and the number of
controls per case

Pégina 6 (Paragrafo 4, 5): “All
episodes of patients hospitalized
in public mainland hospitals and
discharged between 2000 and
2015 with a primary diagnosis of
COPD (...) an analogous group
of COPD patients without a
secondary depressive disorder
diagnosis (which would function
as the control group) was
included.”

RECORD 6.1: The methods
of study population
selection (such as codes or
algorithms used to identify
subjects) should be listed in
detail. If this is not possible,
an explanation should be
provided.

RECORD 6.2: Any
validation studies of the
codes or algorithms used to
select the population should
be referenced. If validation
was conducted for this study
and not published
elsewhere, detailed methods
and results should be
provided.

RECORD 6.3: If the study
involved linkage of
databases, consider use of a
flow diagram or other
graphical display to
demonstrate the data linkage
process, including the
number of individuals with
linked data at each stage.

6.1) Pagina 6
(Paragrafo 4): “(...)
primary diagnosis of
COPD - as defined
by The International
Classification of
Diseases, 9th
Revision, Clinical
Modification (ICD-9-
CM) codes (...) were
identified.

6.2) Pagina 6
(Paragrafo 4): “These
codes were selected
following prior
studies that have
shown them to be
moderately accurate
in identifying these
patients (...).”

6.3) N&o aplicavel,
pois ndo foi realizado
linkage

Variables

Clearly define all outcomes,
exposures, predictors, potential
confounders, and effect

Pagina 7 (Paragrafos 1, 2, 3):
“For each episode
sociodemographic variables
examined included (...)

RECORD 7.1: A complete
list of codes and algorithms
used to classify exposures,
outcomes, confounders, and

7.1) Nao aplicéavel




modifiers. Give diagnostic
criteria, if applicable.

estimated hospital charges
(continuous variable).”

effect modifiers should be
provided. If these cannot be
reported, an explanation
should be provided.

Data sources/ 8 For each variable of interest, Pagina 7 (Paragrafo 4):
measurement give sources of data and details | “Anonymized data regarding
of methods of assessment COPD-related hospitalizations
(measurement). used in this study was sourced
Describe comparability of from the national database of the
assessment methods if there is | Central Administration of the
more than one group Health System of the Portuguese
Ministry of Health (ACSS).”
Bias 9 Describe any efforts to address | Pagina 6 (Paragrafo 5):
potential sources of bias “Because the number of patients
without a secondarily diagnosed
depressive disorder far exceeded
that of the patients with one of
the abovementioned psychiatric
diagnoses, two cohorts of
matched samples were derived
to reduce confounding biases,
Propensity score matching
(PSM) (ratio of 1:1) was used.”
Study size 10 | Explain how the study size was | Pagina 6 (Paragrafo 2, 3): “This
arrived at study analyses administrative
data from NHS mainland
Portuguese hospitals (...)
transition process.”
Quantitative 11 | Explain how quantitative Pégina 7 (Parégrafo 3): “In the
variables variables were handled in the original database, hospital
analyses. If applicable, charges were inputted as preset
describe which groupings were | values. (...) both as continuous
chosen, and why and categorical.”
Statistical 12 | (a) Describe all statistical a) Pagina 6 (Paragrafo 5);
methods methods, including those used | Pagina 8 (Paragrafo 1, 2, 3, 4):

to control for confounding

“Because the number of patients
without a secondarily diagnosed
depressive disorder far exceeded




(b) Describe any methods used
to examine subgroups and
interactions

(c) Explain how missing data
were addressed

(d) Cohort study - If
applicable, explain how loss to
follow-up was addressed
Case-control study - If
applicable, explain how
matching of cases and controls
was addressed

Cross-sectional study - If
applicable, describe analytical
methods taking account of
sampling strategy

(e) Describe any sensitivity
analyses

that of the patients with one of
the abovementioned psychiatric
diagnoses (...) was included.”;
“Clinical data and outcomes
were compared between
episodes with and without a
secondary depressive disorder
diagnosis code (...) yielding
semi partial correlations for all
predictor variables.”

b) Pagina 8 (Paragrafo 2):
“Subgroup analysis was also
performed using these methods.”
c) Pagina 8 (Paréagrafo 6):
“Missing values were only
present in the residence variable.
Such cases were excluded from
analyses (...)”

d) Nao aplicavel, pois nao foram
realizados

e) Néo aplicavel, pois ndo foram
realizadas

Data access and
cleaning
methods

RECORD 12.1: Authors
should describe the extent to
which the investigators had
access to the database
population used to create the
study population.

RECORD 12.2: Authors
should provide information
on the data cleaning
methods used in the study.

12.1) P4gina 8
(Paragrafo 5,6):
Access to relevant
data was granted
following an
established protocol
between Faculdade
de Medicina da
Universidade do
Porto (FMUP) and
ACSS.”




12.2) Pagina 8
(Parégrafo 6):
“Formatting errors
and duplicates were
absent from the
database. (...) large
sample size of the
current study.”

Linkage RECORD 12.3: State 12.3) Néo aplicéavel,
whether the study included | pois néo foi realizado
person-level, institutional- linkage
level, or other data linkage
across two or more
databases. The methods of
linkage and methods of
linkage quality evaluation
should be provided.
Results
Participants 13 | (a) Report the numbers of a) Pagina 9 (Paragrafo 1): RECORD 13.1: Describe in | 13.1) Pagina 9
individuals at each stage of the | “According to the ACSS detail the selection of the (Parégrafo 1):
study (e.g., numbers potentially | database (...) were subject to persons included in the “Secondary diagnoses
eligible, examined for analysis in this study.” study (i.e., study population | of depressive
eligibility, confirmed eligible, | b) Néo aplicavel, pois ndo houve | selection) including filtering | disorders were
included in the study, nédo-participantes based on data quality, data | registered in 4389 of
completing follow-up, and c) Néo aplicavel, pois nenhum availability and linkage. The | these episodes (...)
analysed) foi usado selection of included were subject to
(b) Give reasons for non- persons can be described in | analysis in this study”
participation at each stage. the text and/or by means of
(c) Consider use of a flow the study flow diagram.
diagram

Descriptive data | 14 | (a) Give characteristics of a) Pagina 9 (Parégrafo 2, 3):

study participants (e.g.,
demographic, clinical, social)
and information on exposures
and potential confounders

(b) Indicate the number of
participants with missing data
for each variable of interest

“Detailed demographics and
clinical characteristics of the
study population - segregated by
presence or absence of a
depression register - are present
in Table 1. (...) with most




(c) Cohort study - summarise
follow-up time (e.g., average
and total amount)

hospitalizations resulting from
urgent admission (...)”

b) Pagina 8 (Paragrafo 6):
“Missing values were only
present in the residence variable.
Such cases were excluded from
analyses in which this variable
was relevant, as they constituted
a minute part of the dataset
(n=30) (...)”

Outcome data

15

Cohort study - Report numbers
of outcome events or summary
measures over time
Case-control study - Report
numbers in each exposure
category, or summary
measures of exposure
Cross-sectional study - Report
numbers of outcome events or
summary measures

Péagina 11 (Paragrafo 1):
“Univariate outcome analyses
for both patient groups are
detailed in Table 1. (...)
episodes with a secondary
depressive disorder diagnosis
exhibited greater estimates (...)”

Main results

16

(a) Give unadjusted estimates
and, if applicable, confounder-
adjusted estimates and their
precision (e.g., 95% confidence
interval). Make clear which
confounders were adjusted for
and why they were included
(b) Report category boundaries
when continuous variables
were categorized

(c) If relevant, consider
translating estimates of relative
risk into absolute risk for a
meaningful time period

a) Pagina 11 (Paragrafo 1, 2),
Pagina 12 (Paragrafo 1), Pagina
13 (Paragrafo 1): "Univariate
outcome analyses for both
patient groups are detailed in
Table 1. (...) Depression
registers also increased the odds
for lengthier hospital (...)”

b) Pagina 7 (Paragrafo 3):
“However, for analysis purposes
this variable this variable was
dichotomized using the mean as
a cutoff point
(<=2130.74€/>2130.74€).
Similarly, LoS was also
dichotomized by cutting at the
median sample LoS (<=8




days/>8 days), allowing to
approach this outcome variable
both as continuous and
categorical.”

c) Nao aplicavel, pois néo foi
realizado

Other analyses

17

Report other analyses done—
e.g., analyses of subgroups and
interactions, and sensitivity
analyses

Pagina 16 (Paragrafo 7): “In-
group analysis showed
significant differences (...)
concerning in-hospital mortality
(...) and estimated hospital
charges (...).”

Discussion
Key results 18 | Summarise key results with Pégina 17 ( Pargrafo 1): “Over
reference to study objectives 8000 COPD-related
hospitalization episodes (...)
clinical and sociodemographic
variables included in the study.”
Limitations 19 | Discuss limitations of the Péagina 20 (Paragrafo 1, 2, 3): RECORD 19.1: Discuss the | 19.1) Pagina 20

study, taking into account
sources of potential bias or
imprecision. Discuss both
direction and magnitude of any
potential bias

“As a retrospective study, the
principal limitation (...) thus
making this aspect less
informative”.

implications of using data
that were not created or
collected to answer the
specific research
question(s). Include
discussion of
misclassification bias,
unmeasured confounding,
missing data, and changing
eligibility over time, as they
pertain to the study being
reported.

(Paragrafo 1, 2, 3):
“As a retrospective
study, the principal
limitation (...) thus
making this aspect
less informative”.

Interpretation

20

Give a cautious overall
interpretation of results
considering objectives,

Paginas 17 (Paragrafos 2, 3 ,4),
Paginas 18 e 19: “Analyses
performed in this study indicate




limitations, multiplicity of COPD patients (...) further
analyses, results from similar research is advised to discern

studies, and other relevant which comorbidities are most

evidence associated with depression and
thus more likely to affect COPD
patients”

Generalisability | 21 | Discuss the generalisability Pagina 20 (Paragrafo 4): “By
(external validity) of the study | using ACSS data, which codifies
results admissions to NHS hospitals, the
external validity of this study
was strengthened by our analysis
of a broad group of patients
largely representative of the
target population - Portuguese
COPD patients”

Other Information

Funding 22 | Give the source of funding and | Pagina 21 (Paragrafo 3): “This
the role of the funders for the research did not receive grant
present study and, if funding from any agency in the
applicable, for the original public, commercial or not-for-
study on which the present profit sectors.”
article is based
Accessibility of . RECORD 22.1: Authors N&o aplicavel
protocol, raw should provide information
data, and on how to access any
programming supplemental information
code such as the study protocol,
raw data, or programming
code.

*Reference: Benchimol El, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sgrensen HT, von EIm E, Langan SM, the RECORD Working
Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine 2015;
in press.

*Checklist is protected under Creative Commons Attribution (CC BY) license.
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form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints
provide early registration and dissemination of your research, which facilitates early citations and
collaboration.

During submission to Editorial Manager, you can choose to release your manuscript publicly as a
preprint on the preprint server SSRN once it enters peer-review with the journal. Your choice will have
no effect on the editorial process or outcome with the journal. Please note that the corresponding
author is expected to seek approval from all co-authors before agreeing to release the manuscript
publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI)
is assigned. Your preprint will remain globally available free to read whether the journal accepts or
rejects your manuscript.

For more information about posting to SSRN, please consult the SSRN Terms of Use and FAQs.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example.
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All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

When submitting a Clinical Trial paper to the journal via the online submission system please select
Clinical Trial Paper as an article type.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
https://www.editorialmanager.com/yrmed/default.aspx

Submissions are allocated to a handling editor, typically an Associate Editor. Should the paper be
considered suitable for peer review, appropriate reviewers will be recruited. Authors are required to
provide the name and full contact details of 2 potential reviewers, though choice of reviewers is at
the discretion of the handling editor.

The final decision-making responsibility lies with the handling editor, who reserves the right to reject
the paper despite favourable reviews depending on the priorities of the journal.

Reviews

The journal welcomes submission of state-of-the-art reviews on important topics with a clinical
relevance. Potential review authors are encouraged to contact the Deputy Editor Dr Mario Cazzola
mario.cazzola@uniroma?Z.it in advance with their review proposals.

Case Reports

Case reports will no longer be considered for publication in Respiratory Medicine, but instead should be
directed to the sister publication Respiratory Medicine Case Reports. Please note that this is a separate
publication. Case reports should be submitted for consideration by Respiratory Medicine Case Reports
via https://www.editorialmanager.com/yrmed/default.aspx. Respiratory Medicine Case Reports is an
open access journal and all authors will be required to pay a £250 processing fee to cover the costs of
publishing the article, which authors will be required to pay once an article has passed peer review.

Brief Communications
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These should be submitted as detailed above but should not exceed 1000 words, and may normally
contain only one illustration or table. Brief communications containing new information may be
selected for rapid peer review and publication at the discretion of the editor and editorial board.

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single anonymized review process. All contributions are typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information
on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.
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Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).
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A structured abstract, by means of appropriate headings, should provide the context or background for
the research and should state its purpose, basic procedures (selection of study subjects or laboratory
animals, observational and analytical methods), main findings (giving specific effect sizes and their
statistical significance, if possible), and principal conclusions. It should emphasize new and important
aspects of the study or observations. The abstract must not exceed 250 words.

A list of three to six keywords should be supplied: full instructions are provided when submitting the
article online.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
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A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.
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A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.]. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr.,, E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:
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[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini, E. Shelef,
K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S. Molins, Advanced
Terrestrial Simulator (ATS) v0.88 (Version 0.88), Zenodo, March 25, 2020. https://doi.org/10.5281/
zenodo.3727209.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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