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Introduction: The rising trend in hospital admissions among patients with chronic obstructive pulmonary disease (COPD) is
worrying, not only because of the increasing costs, but also because of the worsening quality of life. We aimed to identify the
predictive factors of hospital admission, re-admission and mortality of COPD patients through using information exclusively registered
in electronic clinical records.

Methods: We conducted a population-based case—control study. All data were sourced from the different information systems
comprising the Galician Health Service electronic record database. We included in the study patients diagnosed with COPD (code
R95 in the medical record), >35 years old and with at least one spirometry performed <3 years prior inclusion. We fitted three logistic
regression models, each one to ascertain the factors that influence the probability of admission, re-admission, and mortality, and
calculated odds ratios (OR) with their 95% confidence intervals (95% CI).

Results: COPD patients were admitted due to respiratory causes a mean of 1.51 times across the period December 2016—
December 2017, with 55% requiring re-admission in the next 90 days. The factor most closely associated with the re-admission
profile was home oxygen therapy (OR 3.06 95% CI 2.42-3.87), followed by male gender (OR 2.01 95% CI 1.48-2.72), a CHA2D-
VASc scale score >2 (OR 1.28 95% CI 1.16—1.42), and severity by clinical risk group stratification (OR 1.14 95% CI 1.04-1.26). Male
sex (OR 1.47 CI 95% 1.04-2.09), having been readmitted >2 times (OR 1.34 CI 95% 1.11-1.61) and being >70 years old (OR 1.05 CI
95% 1.03—1.08) increase the probability of dying from COPD during the study period.

Conclusion: These results confirm the complexity of management of COPD exacerbations, and indicate the need to establish
strategies that would ensure continuity of care after hospital admission, with the aim of preventing re-admissions and death.
Keywords: case—control study, COPD, hospital discharge, mortality

Introduction
Chronic obstructive pulmonary disease (COPD) has a relevant and growing impact on health and healthcare policies
worldwide. It is currently ranked as the most prevalent chronic respiratory disease, in men and women alike, and is
expected to increase in the coming years, due to population ageing among other causes.'* The main risk factor of COPD
is smoking, followed by indoor and outdoor exposures to air pollutants and previous infections, among others.> A recent
study concluded that heavy smokers exposed to high radon concentrations had a higher risk of developing COPD.*
Apart from its high prevalence among the world’s population, COPD is a frequent cause of hospitalization in adults. This is
mainly due to the fact that, over the course of the disease, patients with COPD tend to present with a worsening of respiratory
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symptoms, which sometimes requires hospital admission for their clinical stabilization. These exacerbations are linked, in
turn, to a progressive deterioration of the patients’ pulmonary function and quality of life.> The occurrence of exacerbations
translates as frequent hospital attendance and, by extension, increased use of healthcare services.

In hospital emergency services, care of COPD patients accounts for 2% of all patients attended, with 40% of such
patients needing hospital admission.® It is estimated that COPD patients present with a mean of 1 to 4 exacerbations
annually, and that one out of six episodes will culminate in hospital admission.” Although there is wide geographical
variability in COPD hospitalization rates, these have great influence, with an upward trend in recent years which has led
to numbers doubling in certain regions.®

In addition to frequent hospital attendance, another matter of concern is that, according to a study conducted by Pozo-
Rodriguez et al,” 37% of COPD patients who had received hospital discharge required re-admission in the next 90 days.
Another study'® has reported that 10% to 20% of hospitalized patients were readmitted within the next 30 days, and that
this small group of patients represents more than half of all COPD-related hospital care. Patients with a hospital
readmission profile are mainly those who either are in or progressing toward a moderate-to-severe stage of the disease,
and with each additional exacerbation, their risk of dying rises.'""'> As some studies have shown, early re-admission
entails a higher risk of mortality and worse clinical results, and more than one third of the patients discharged following
a COPD exacerbation are readmitted within the first three months post-discharge, with 7% dying.'*"3

Frequent hospital attendance, including hospitalizations and re-admissions, have a considerable impact on the progress,
prognosis, and mortality of COPD patients, as well as limiting their quality of life to a considerable degree.'® Furthermore,
a greater demand for hospital care increases the cost related with COPD, which is already high per se.

In light of this, it is essential to develop health strategies and policies targeted at those groups of patients in which
healthcare processes are less effective, with the aim of reducing both their frequent hospital attendance and mortality. To
this end, we must be capable of identifying and characterizing these groups of patients, systematically and simply.

The aim of this study was thus to ascertain the profile of COPD patients who require hospitalization and/or hospital
re-admission due to respiratory exacerbations, through the study of individual comorbidity and healthcare factors, by
analyzing the universe of COPD patients in a health area with universal coverage and electronic health records (EHRs)
since 2008. In addition, it sought to identify the predictive factors of mortality of COPD patients.

Methods

Study Design

We conducted a population-based case-control study, in which the study base comprised national health cardholders from
the Santiago de Compostela health area (Galicia, Spain). This health area covers a population of 450,000 residing in 46
towns with a total land surface area of 4500 km?”. The health network is made up of 75 health centers, 18 continuous care
points (CCPs), a tertiary university teaching hospital complex, and a district hospital. A total of 18% of the population is
aged over 70 years, and health coverage is practically universal (97%).

For study purposes, we designed a case-control study. The study population consisted of patients with a diagnosis of
COPD prior to 2011. The period for analysis of events (used to define “case” or “control”) covered the 12 months from
December 2016 through December 2017. We included all patients allocated to general practitioners in the health area and
had an active clinical episode of COPD as of 21/12/2016, identified in their EHRs with International Classification of
Primary Care (ICPC-2) code R95. By way of inclusion criteria, patients were required to have a minimum of one follow-
up spirometry test in the preceding three years (both at hospital and in primary care), be over 35 years and have an active
prescription of any of the medications associated with obstructive diseases included in the R03 therapeutic group of the
Anatomical Therapeutic Chemical Classification (ATC).

We formed two groups of cases and one group of controls based on attendance at the Hospital Emergency Service
(HES), general practitioners and CCPs. To establish these groups, the 75th percentile (P75) and the 90th percentile (P90)
of care during the period were defined as cutpoints. The following groups were thus formed: a control group of “non-
frequent attenders” (NF) with 0—10 demands, corresponding to <P75; a first group of cases “with moderately frequent
attendance” (MF), with 11 to 19 demands, corresponding to the P75-90; and lastly, a second group of cases with

810 https: International Journal of Chronic Obstructive Pulmonary Disease 2022:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lépez-Pardo et al

“extremely frequent attendance” (EF), with 20 or more demands, corresponding to >P90. This study was approved by the
Santiago-Lugo Research Ethics Committee under registry code 2016/196.

All data were sourced from electronic records without any type of intervention or possible modification of the clinical
disease course in any case, since all data were collected retrospectively. Because of that, informed consent was not
required in this study. The collection, processing, conservation, communication, and transfer of the data was done in
accordance with the provisions of the General Data Protection Regulation (EU Regulation 2016—-679 of the European
Parliament and of the Council of 27 April 2016) and the Spanish regulations on personal data protection (Organic Law 3/
2018 of 5 December on the Protection of Personal Data and guarantee of digital rights) and Law 14/2007 on biomedical
research.

Data Sources and Data Collection

The data were obtained via EHRs and different health information systems, including: national health cards; Primary
Care Information System (Sistema de Informacion de Atencion Primaria); Minimum Basic Data Set (Conjunto Minimo
Bdasico de Datos); Hospital Outpatient Visit and Diagnostic Test Information System (Sistema de Informacion
Hospitalaria de Consultas Externas y Pruebas Diagndsticas); clinical risk group (CRG) stratification; Out-of-Hospital
Pharmacy; Vaccine Registry; and Home Oxygen Therapy Database. Information was also obtained from Complex Data-
Analysis Systems (Sistemas Inteligentes de Analisis Complejos).

The following variables were collected from all participants: a) socio-demographic characteristics, including sex, age,
town of residence, and health center of reference; b) active smoking habit; c) active episodes of comorbidity, anxiety,
depression, dementia; d) CRGs: the CRG assigned to each patient with COPD was obtained in accordance with the
clinical information available. Each individual was placed in a single group that was then regrouped into different health
states (0 to 9) with levels of severity (1 to 6), by an automatic grouper in accordance with healthcare contact with primary
care, hospitalization and pharmaceutical prescription registered in the EHR; ¢) CHA2DS2-VASc scale score which
indicates the risk of suffering a stroke over the next twelve months. This scale is made up of the following variables:
congestive heart failure or left ventricular systolic dysfunction, arterial hypertension, age, type-2 diabetes, previous
vascular disease, and sex; f) influenza vaccination, ie, vaccinated/unvaccinated and date of vaccination; g) follow-up
spirometry test and place of performance: date and place of performance of tests; h) healthcare requests: we obtained the
number of requests for care received by the HES; 1) hospitalization: all-cause admissions, respiratory-cause admissions
and emergency re-admissions were recorded; g) home hospitalization stays; h) pharmacological treatment: medication
related with obstructive diseases prescribed during the period analyzed; j) treatment with home oxygen therapy. In
addition, we also recorded distance to the referral hospital, presence of a CCP in patients’ town of residence, and deaths.

Statistical Analysis

We first performed a descriptive statistical analysis of the variables of interest. Multinomial logistic regression models
were then fitted to identify predictor variables of respiratory-cause admissions and hospital re-admissions. Whereas the
fact of having undergone more than one respiratory-related hospitalization was used as the dependent variable in the first
model, re-admissions were used as the dependent variable in the second model.

The predictor variables included in both models were depression (yes/no), anxiety (yes/no), dementia (yes/no), CRG
(0-9), CHA2DS2-VASc scale score (0-8), follow-up spirometry test in primary care (yes/no), home oxygen therapy (yes/
no), respiratory-cause admissions (continuous), distance to referral hospital (continuous), and presence of CCP in town of
residence (yes/no). Lastly, sex (male/female), age (continuous) and smoking habit (yes/no) were used as variables of
adjustment.

In the last model, deaths were used as the dependent variable. To identify the predictors of mortality a logistic
regression was performed, including the following as predictor variables: age (continuous); sex (male/female); CRG (0—
4, 5-9); CHA2DS2-VASc scale score (0—1, 2-8); home oxygen therapy (yes/no); respiratory-cause admissions (con-
tinuous); re-admissions (continuous); attendance (non-attendance, moderately frequent, extremely frequent). In all
models, odd ratios (OR) were calculated along with their 95% confidence intervals (95% Cls).
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To assess the model’s performance, its discrimination was analyzed using the area under the ROC curve, and its
calibration using the Hosmer-Lemeshow test. We ascertained the optimal cutpoint corresponding to the probability of
attendance and determined the point on the ROC curve closest to 1. All statistical analyses were performed using the
IBM SPSS Statistics 19.0 computer software package.

Results

Of the 304,819 persons over age 35 years allocated to the health area, a total of 8,861 subjects were identified in their
EHR as COPD patients over the course of 2016. A total of 4,587 patients were excluded, in the majority of cases because
they had not undergone spirometry test in the previous three years, despite undergoing treatment with some medication in
the RO3 group (76.8%). Lastly, a total of 4,274 patients who fulfilled the inclusion criteria were included. While no
significant differences were observed in terms of sex between those who were and those who were not included, age was
higher in the excluded group (71 vs 78 years).

Table 1 describes the main characteristics of the participants: 71.8% were men; the median age was 71 years; 22.4%
were smokers; depression was the most frequent comorbidity (8.9%), followed by anxiety (3.6%); 62.7% had been
immunized with the influenza vaccine in the preceding year; and 61.1% presented with a medium risk of suffering from
stroke over the next 12 months (CHA2DS2-VASc scale score of 2 to 4).

Of the 4,274 subjects included, 2,637 (61.7%) were allocated to the NF group, 1,140 (26.7%) to the MF attendance
group, and 497 (11.6%) to the EF attendance group. Table 2 shows attendance at hospital emergency facilities, as well as
admissions for each of the study groups.

The factors associated with a higher probability of hospital admission due to respiratory causes are shown in Table 3.
Cases with respiratory-related admissions had a higher probability of being smokers (OR 1.47; 95% CI 1.15-1.87) and
receiving oxygen therapy (OR 4.36; 95% CI 3.60-5.29). Presence of comorbidity and availability of healthcare resources
(presence of a CCP in town of residence and distance of less than 16 km to hospital) did not prove to be significant

factors.
Table | Main Characteristics of the Study
Population
Variable N (%)
Sex
Women 1,206 (28.2%)
Men 3,068 (71.8%)
Age
Median (P25-P75) 71 (64-79)
Tobacco use
Yes 958 (22.4%)
Depression
Yes 382 (8.9%)
Dementia
Yes 46 (1.1%)
Anxiety disorders
Yes 152 (3.6%)
CHA2D2S-VASC2 scale score
Low risk (0-1) 1,207 (28.2%)
Medium risk (2—4) 2,609 (61.1%)
High risk (5-8) 458 (10.7%)
Influenza vaccination
Yes 2,681 (62.7%)
Abbreviations: P25, 25th percentile; P75, 75th percentile.
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Table 2 Hospital Attendance and Admissions in Cases and Controls

Mean (range)

n (%)

n (%)

All-cause admissions*

Respiratory admissions*

434 (16.5%)

256 (9.7%)

346 (30.4%)

198 (17.4%)

NF MF EF
(n =2,637) (n = 1,140) (n = 497)
Hospital Emergency Service 0.14 (04) 0.39 (0-6) 0.84 (0-16)

235 (47.3%)

132 (26.6%)

Note: *Patients who had at least one hospital admission.
Abbreviations: NF, non-frequent attenders; MF, with moderately frequent attendance; EF, extremely frequent attenders.

Table 3 Result of Logistic Regression (Respiratory Admissions and Re-Admissions)

Variables Respiratory Admissions Re-Admissions

OR 95% ClI p OR 95% CI p
Sex 1.26 0.99-1.60 0.066 2.01 1.48-2.72 <0.001
Men
Age 1.01 1.00-1.02 0.105 0.98 0.97-1.00 0.039
2 70 years
Tobacco use 1.47 1.15-1.87 0.002 0.97 0.71-1.31 0.838
Yes
Depression 1.15 0.82-1.60 0.421 1.19 0.80-1.78 0.397
Yes
Anxiety 0.72 0.40-1.29 0.268 1.70 0.97-2.98 0.065
Yes
Dementia 1.33 0.62-2.87 0.463 1.07 0.43-2.64 0.887
Yes
*CRG level 1.00 0.93-1.07 0.936 1.14 1.04-1.26 0.008
25
CHA2DS2-VASc scale score 1.04 0.95-1.13 0.392 1.28 1.16-1.42 <0.001
22
Influenza vaccination 0.85 0.69-1.04 0.119 1.10 0.86—1.40 0.469
Yes
Spirometry test in primary care 2.6l 2.02-3.37 <0.001 1.85 1.38-2.48 <0.001
Yes
Home oxygen therapy 4.36 3.60-5.29 <0.001 3.06 2.42-3.87 <0.001
Yes
Distance to hospital 1.00 1.00-1.01 0.388 1.00 0.99-1.01 0.591
2 |6 km
*CCP in town of residence 0.83 0.68-1.00 0.056 0.89 0.70-1.13 0.349
Yes

Abbreviations: *CRG, clinical risk group; *CCP, continuous care point; OR, Odds ratio; 95% Cl, 95% confidence interval; p, p-value.

When it came to factors associated with hospital re-admissions, the results showed that male gender, age over 70

years, multimorbidity, CHA2D-VASc scale score higher than 3, use of home oxygen therapy, and absence of spirometric

follow-up in primary care were all associated with a higher probability of re-admission. The factor most closely

associated with the re-admission profile was home oxygen therapy (OR 3.06; 95% CI 2.42-3.87), followed by male
gender (OR 2.01; 95% CI 1.48-2.72) (Table 3).
The factors related with higher mortality among COPD patients are shown in Table 4. Male gender, aged 70 years and

over, respiratory admissions and re-admissions were factors associated with mortality. In addition, greater out-of-hospital
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Table 4 Results of Logistic Regression. Factors Related with Mortality

Variables Mortality

OR 95% ClI P
Sex 1.47 1.04-2.09 0.031
Men
Age 1.05 1.03-1.08 <0.001
=70
*CRG level 1.15 0.67-2.00 0.611
25
CHA2DS2-VASc 1.10 0.98-1.25 0.111
22
Home oxygen therapy 0.75 0.55-1.03 0.074
Yes
Re-admissions 1.34 I.11-1.61 0.002
22
Respiratory admissions 1.07 0.85-1.35 0.572
22
Attendance 0.24 0.17-0.34 <0.001
No
Moderate 0.37 0.26-0.53 <0.001

Abbreviations: *CRG, clinical risk group; OR, Odds Ratio; 95% Cl, 95% Confidence Interval; p, p-value.

attendance (CCPs and primary care) was also associated with higher mortality in these types of patients. The factor most
strongly associated with mortality was having been readmitted twice or more (OR 1.34; 95% CI 1.11-1.61).
As can be seen in Figures 1-3, all predictive models displayed an acceptable degree of discrimination (0.7 < AUC <0.8).

0.64

Susceptibility

0.4

00 T T T T T T
00 02 04 06 08 1.0

1-Specificity

Figure | ROC curve. Admissions due to respiratory exacerbation.
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Figure 2 ROC curve. All-cause readmissions.
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Figure 3 ROC curve. Mortality.

Discussion
The results of this study highlight the fact that certain individual and healthcare factors can predict hospitalization of

COPD patients due to respiratory causes, as well as re-admissions and mortality. The different risk factors identified in
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the groups of patients hospitalized and subsequently readmitted due to respiratory exacerbations point to the existence of
different profiles that require the application of specific healthcare strategies to this group of patients.

While COPD patients were admitted to hospital due to exacerbations a mean of 1.51 times, this figure rose to 2.56
times when admissions for any medical reason were taken into account. These figures highlight the important influence
that comorbidities have on these patients’ hospital attendance. In this respect, the information provided by CHA2D-VASc
score in this study is novel, in that it shows itself to be a powerful predictive factor of hospitalization. The ARTIC study'’
found that comorbidities associated with a greater number of severe exacerbations in patients with COPD included heart
failure, ischemic heart disease, and stroke. Moreover, previous diagnosis of mental health problems is similar to that
reported in other previous studies, such as that by Lajas et al, which found that 8.6% of patients admitted due to an
exacerbation presented with prior diagnosis of depression and 3.3% presented with prior diagnosis of anxiety.'® Social
and health aspects may likely play a role in patients’ depression and anxiety. According to other studies,'® patients who
live alone or have little family support experience more re-admissions due to COPD exacerbations. These aspects were
not measured in this study since they are not included in patients’ EHRs, something that amounts to a limitation.

The results suggest that patients hospitalized due to respiratory causes have a higher probability of being men, aged
70 years and over, and a smoker. These findings are in line with those of other descriptive studies with population and
hospital enrolment.?*%* This severe exacerbation profile, coupled with ageing, multimorbidity and severity, might
account for the growing trend in acute hospitalization and increased risk of mortality in recent years.

A total of 55% of patients who at some time underwent hospitalization during the study period needed to be
readmitted to hospital after the first medical discharge. This percentage is higher than that reported in previous

: 13,15,2
studies,'* !>

and may be due to the fact that, rather than focusing on a given department or hospital, our study instead
focused on the overall health area setting. Attention should be drawn to the small percentage of re-admitted patients who
received follow-up spirometry tests in primary care and influenza vaccination, which might indicate that patients who
undergo repeated hospitalizations leave the ambit of primary care, thereby reducing the possibilities of implementing the
socially and medically complex prevention and management measures that these patients need.

The results of this study show greater therapeutic intensity, particularly with respect to home oxygen therapy, among
patients who required hospitalization due to respiratory causes. Likewise, home oxygen therapy was identified as the
most powerful predictor of hospital re-admission in COPD patients, results that coincide with those of Lajas et al.'
Patients who need home oxygen therapy tend to present with a more advanced and, by extension, more severe disease
profile, and in order to reduce re-admissions, it is thus essential that this group of patients receive healthcare and follow-
up after hospital discharge.

It should be noted that, as also reported by another study,'' re-admissions and respiratory exacerbations were
associated with a higher mortality rate. In our study, 14.3% of hospitalized and 15.8% of re-admitted patients died.
These figures are higher than those estimated by Cerezo et al’s study.'® In addition, a novel finding was the association
observed between frequent out-of-hospital attendance (primary care and CCPs) and mortality, with the figure rising to
16% in patients with extremely frequent attendance. These findings highlight the need for frequent COPD-related
attendance, exacerbations and re-admissions to become an important intervention point in healthcare planning and
clinical practice.

Given the profound clinical implications that hospitalizations and re-admissions have for the patient, owing to their
high mortality and negative impact on quality of life, it is essential to develop evidence-based approaches, targeted at
preventing and managing severe exacerbations. In this context, primary care plays a key role, though once the patient has
been repeatedly hospitalized, it appears to become less important. The need of establishing circuits must be reinforced, to
ensure that, once the patients are discharged, they receive self-care training and support as well as a structured follow-up,
since interventions designed to empower patients and their families serve to prevent the appearance of exacerbations.?*
Furthermore, the re-admission rate among COPD patients is very high, so that it is considered fundamental that, on being
discharged from hospital, patients be followed up by means of visits to the pulmonology department, telephone calls,
pulmonary rehabilitation, and a nursing and medical care continuity plan, underpinned and supported, where necessary,
by information and communication technologies.>> Another aspect connected with the lack of follow-up is that almost
half of the patients were not included for failing to have a spirometry test performed in the preceding 3 years, which is in
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direct contradiction with recommendations made in disease management guidelines.”® This is an even greater problem,
bearing in mind that all health centers are equipped with spirometers.

This study has limitations, the main one being the exclusion of a substantial percentage of subjects for not having had
a spirometry test performed in the preceding 3 years, despite being classified as COPD and receiving treatment for the
disease. We chose to include only those subjects that had a confirmed diagnosis -something that can only be done when
spirometry results are available- in order to avoid including subjects that might not have COPD. The approach to
studying attendance from a statistical standpoint, by setting a cutpoint and taking, by way of reference, a given percentile
above which attendance is deemed to be excessive, could also be seen as a limitation. While this methodology might
classify clinically appropriate situations as frequent attendance, the cutpoints used are nonetheless similar to those
applied in other studies on frequent attendance due to COPD.?”*® Another limitation of this study is the non-inclusion of
other complications in addition to mental health problems, as we had no information available. It was also not possible to
include information on whether patients had undergone respiratory rehabilitation.

This study’s main strength lies in the inclusion of the whole population of patients allocated to a given health area,
since it ensures representativeness of the local population, and in addition serves to reduce patient selection bias.
A further important strength of this study is that a uniform data-collection system was applied, which reduces
information bias since there is no intervention by the researcher. Thanks to the data-collection method, data loss was
zero, since the databases are regularly updated. Moreover, the follow-up period established was long enough to allow for
the occurrence of events of interest. Another important advantage linked to the inclusion of all patients is that, in contrast
with other studies, the hospital department concerned has no influence whatsoever on the inclusion or management of
patients (as occurs in pulmonology vs internal medicine). Lastly, another highly relevant advantage is that our study
shows that the joint use of health information systems by experts affords an enormous potential for the generation of
useful scientific evidence for clinical decision-making.

The results of this study indicate the potential of EHRs in the approach to chronic diseases such as COPD, which
makes it possible to advance in the design of population-based studies that provide a broad, comprehensive picture and
enable results to be obtained more efficiently. To conclude, the time of hospital discharge should be considered a critical
intervention point, bearing in mind the high re-admission and mortality rate. Furthermore, we feel that the role of primary
care is crucial in terms of reducing hospital attendance through health education, professional counseling and healthcare
continuity in these types of chronic patients, with special attention being paid to those patients who present with profiles
of anxiety, depression or cardiovascular problems.

Abbreviations

ATC, Anatomical Therapeutic Chemical Classification; CCP, continuous care point; COPD, chronic obstructive pulmon-
ary disease; CRG, clinical risk group; EHR, electronic health record; EF, extremely frequent attenders; MF, with
moderately frequent attendance; NF, non-frequent attenders; ICPC, International Classification of Primary Care.
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