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Community-acquired pneumonia (CAP) in chronic obstructive pulmonary disease (COPD) often result 
in sudden and persistent reduction in health-related quality of life (HRQoL), which may be alleviated 
with palliative care. Among individuals with COPD, we aimed to investigate potential associations 
between HRQoL at admission with CAP and the risk of re-hospitalization and mortality and potential 
associations between specific HRQoL domains and CAP treatment outcomes. HRQoL was assessed 
at admission and the participants were grouped into tertiles based on the HRQoL utility index and 
specific domains. The results revealed that participants in the middle and highest tertiles of HRQoL had 
a lower 90-day re-hospitalization risk compared to those in the lowest tertile, whereas no differences 
in re-hospitalization risk were observed 30 and 180 days after discharge. Almost one in four had 
severe pain or discomfort at admission and the domain pain or discomfort emerged as a predictor of 
re-hospitalization. In addition, participants in the middle and highest tertiles had lower risk of 180-day 
mortality compared to those in the lowest, while no differences were observed in 30-day or 90-day 
mortality risk. An increased focus on in-hospital palliative care could alleviate the pain and discomfort 
reported by many participants with potential to reduce re-hospitalization rates.
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Community-acquired pneumonia (CAP) is a common cause of hospitalization among individuals with chronic 
obstructive pulmonary disease (COPD)1 with an up to 18-fold higher incidence of hospitalization with CAP 
among individuals with COPD compared to those without COPD2.

Health-related quality of life (HRQoL) instruments are widely used to determine physical, functional, social, 
and psychosocial well-being from the patient’s perspective3. Low HRQoL is common among individuals with 
COPD4, especially in the advanced stages. The main causes of low HRQoL in COPD is due to reductions in 
physical, psychological, and social aspects5 likely all influenced by high-grade dyspnea.

CAP is an acute lower respiratory tract infection with respiratory symptoms such as cough and dyspnea6. 
In COPD, CAP may cause an acute worsening of existing respiratory symptoms, a so-called acute exacerbation. 
Moderate to severe acute exacerbations are associated with sudden and persistent impairment in HRQoL7, and 
exacerbations requiring hospitalizations have a higher impact on HRQoL compared to exacerbations treated 
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in outpatient facilities7. Palliative care focuses on alleviating symptoms and improving HRQoL8. In COPD, 
palliative care is complicated due to unpredictability and heterogeneity in disease progression and presentation 
and is therefore often restricted to the terminal phase9. However, palliative care is relevant at all stages of COPD8.

While studies on HRQoL among individuals with COPD are mainly cross-sectional, conducted at outpatient 
facilities10–19, or at discharge from the hospital20, there is little knowledge on the association between HRQoL at 
hospital admission and the prognosis in individuals with COPD hospitalized with CAP.

We hypothesized that a higher HRQoL captured shortly after admission is associated with a better prognosis 
among individuals with COPD hospitalized with CAP and that some domains would emerge as predictors 
and thereby potential focus areas for clinical practice and further research. The overall aim of this study was 
to investigate the potential association between HRQoL at admission and the risk of re-hospitalization and 
mortality among individuals with COPD and CAP. We also aimed to investigate potential associations between 
specific domains of HRQoL and CAP treatment outcomes.

Methods
Population and design
This study was nested within the Surviving Pneumonia Cohort (ClinicalTrials.gov: NCT03795662), a 
prospective cohort study conducted at the Department of Pulmonary and Infectious Diseases at Copenhagen 
University Hospital – North Zealand in Denmark. Participants were recruited between January 2019 and March 
2022. Inclusion criteria were a known COPD diagnosis, age ≥ 18 years and CAP at admission defined as a 
new pulmonary infiltrate on chest X-ray or computed tomography scan and minimum one symptom of CAP 
such as fever (≥ 38.0 °C), hypothermia (< 35.0 °C), cough, sputum production, pleuritic chest pain, dyspnea, 
or focal chest signs on auscultation. Exclusion criteria were lack of information on HRQoL and participation 
in interventional studies designed to improve the outcomes of interest (re-hospitalization and mortality). 
Participants were identified by screening at the emergency and medical wards and included within 24  h of 
hospital admission.

Data collection
Data related to measurements and questionnaires were conducted within 48  h of admission and included 
HRQoL, smoking history, information on weight loss, and anthropometry. Demographic characteristics and 
clinical data were collected from the electronic medical records.

Health-related quality of life
HRQoL was assessed using the EuroQoL (EQ) EQ-5D-5L questionnaire21. The EQ-5D-5L questionnaire consists 
of five domains: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. For each of the 
five domains, respondents chose a score from 1 (best score) to 5 (worst score). The individual domain scores 
were converted into an index value called the EQ utility score. Since the EQ-5D-5L instrument has no cut-offs 
for low, medium and high HRQoL, the study population was divided into tertiles based on the EQ utility score. 
The lowest tertile reflects the lowest EQ utility score (i.e., the lowest HRQoL). In addition, we categorized each 
domain of EQ-5D-5L into three groups: 1 point on the specific domain (best score), 2–3 points on the specific 
domain, and 4–5 points on the specific domain (worst score) for secondary analyses. The questionnaire was 
administered by face-to-face contact with a member of the project group who read the questions and typed the 
answer provided by the participant.

Anthropometry, nutritional categorization, and smoking history
Weight was measured to the nearest 0.1 kg on an electronic scale (Seca, Hamburg, Germany) and height was 
self-reported. BMI was calculated as weight (kg)/height (m2). Fat-free mass was measured using bioelectrical 
impedance analysis (BioScan touch i8, Maltron International Ltd, United Kingdom) and fat-free mass index was 
calculated as fat-free mass (kg)/height (m2). Participants were categorized as undernourished, well-nourished, 
overweight, or obese. Undernutrition was defined as either (1) a BMI < 18.5 kg/m2 or (2) unintentional weight 
loss (≥ 5% within 3 months or ≥ 10% within 12 months) combined with either an alternative cut-off of BMI 
(BMI < 20 kg/m2 if < 70 years of age or BMI < 22 kg/m2 if ≥ 70 years) or a low fat-free mass index (< 15 kg/m2 in 
females and < 17 kg/m2in males)22. Well-nourished was defined as a BMI between 18.5 and 24.9 kg/m2 without 
a self-reported unintentional weight. Participants with a BMI of 25.0–29.9 kg/m2 and a BMI of ≥ 30 kg/m2, were 
defined as overweight and obese, respectively, regardless of prior weight loss. Participants were asked about their 
smoking history throughout their lifetime and based on this categorized as never, previous, or current smokers.

Clinical data and outcomes
The most recent forced expiratory volume in 1 s (FEV1) registered in the electronic medical records was used 
as an indicator of lung function and to categorize participants according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) criteria as mild to moderate (FEV1 ≥ 50% of the predicted value), severe 
(FEV1 30–49% of the predicted value), and very severe (FEV1 < 30% of the predicted value)23. CAP severity was 
categorized as mild, moderate, or severe based on the CURB-65 instrument24. The Charlson comorbidity index 
was used to assess the combined burden of comorbidities25. The outcomes, re-hospitalization and mortality, 
were collected through medical records. Re-hospitalization was defined as a new hospital admission within 30, 
90, and 180 days after discharge and mortality as death within 30, 90, and 180 days from the day of admission.
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Statistical methods
All data were entered into the electronic database REDCap (https://redcap.regionh.dk/). Statistical analyses were 
carried out using STATA/IC version 17.0 (StataCorp LP, College Station, TX, USA). Descriptive statistics were 
reported as median and interquartile range (IQR) for skewed quantitative variables and mean and standard 
deviation (SD) for normally distributed variables. Categorical variables were summarized as counts (%). Kaplan-
Meier curves were used to illustrate mortality and re-hospitalization rates and logrank tests to compare the 
probabilities across the tertile groups. Tests of interaction between HRQoL and sex were conducted to assess 
whether associations between HRQoL and the outcomes (re-hospitalization and mortality) differed between 
males and females. The difference in risk of a minimum of one re-hospitalization within 30, 90, and 180 days 
after discharge was investigated using Cox regression with death as competing event. Participants without a re-
hospitalization within 30, 90, and 180 days after discharge and participants who died after their first discharge 
without a re-hospitalization were censored. The differences in risk of mortality between the day of admission 
and 30, 90, and 180 days after the day of admission were investigated using logistic regression. The lowest tertile 
of the EQ utility score was used as the reference group in the main analyses. In the secondary analyses, the 
EQ domains with observed log-rank test differences, were investigated similarly to the main analyses. In these 
models, the best score (1 point in the specific EQ domain) was used as the reference group. Unadjusted and 
adjusted complete case models were conducted. As important covariates (FEV1, CURB-65, and nutritional 
status) had missing values, an adjusted model with imputed missing values was conducted for each outcome. 
The adjusted models included age, sex, FEV1, CURB-65, Charlson comorbidity index, and nutritional status as 
covariates. In the adjusted models, missing variables were imputed using multiple imputations through chained 
equations to create 10 imputed datasets with 100 iterations per dataset26,27. All variables with missing values were 
assumed to be missing at random. The imputation included the following predictor variables: age, sex, EQ utility 
score, Charlson comorbidity index, smoking, re-hospitalization (30-day, 90-day, and 180-day), and mortality 
(30-day, 90-day, and 180-day). Results were reported as hazard ratio (HR) or odds ratio (OR), as appropriate, 
with a corresponding 95% confidence interval (CI) and p-value. A p-value < 0.05 was considered significant.

Ethics
The Surviving Pneumonia Cohort was approved by the Scientific Ethics Committee at the Capital Region of 
Denmark (H-18024256), registered on ClinicalTrials.gov (NCT03795662), and conducted in accordance with 
the Declaration of Helsinki. All participants provided oral and written informed consent before enrolment.

Results
The flow of inclusion is illustrated in Fig.  1. Among 253 participants with COPD and CAP included in the 
Surviving Pneumonia cohort, 147 (58%) were included in the current study. In total, 106 individuals were 
excluded, of whom 4 withdrew, 36 participated in interventions, and 66 had no information on HRQoL. There 

Fig. 1.  Flow of inclusion in the study. Ineligible patients include patients who participated in intervention 
studies (physical training and nutritional supplementation) designed to improve the prognosis (n = 36) and 
patients who had no information on health-related quality of life (n = 66).
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were no differences in age, sex, FEV1, CURB-65, Charlson comorbidity index, re-hospitalization, or mortality 
between non-participants and participants (data not shown).

Characteristics of participants are shown in Table 1. The overall median (IQR) EQ utility score was 0.59 
with scores of 0.28 (0.16–0.38), 0.59 (0.54–0.64), and 0.79 (0.73–0.82) in the lowest, middle, and highest tertiles, 
respectively. The mean (SD) age was 74.4 (9.9) years. The median (IQR) FEV1 was 44 (32–59), and more than 
half (58%) had severe COPD, and 17 (13%) had severe CAP. The proportion of females was 63%, 47%, and 
45% in the lowest, middle, and highest tertiles, respectively. Looking at the EQ domains, severe impairment 
in mobility was reported by 39%, severe impairment in both usual activities and self-care by 24%, severe pain 
or discomfort by 23%, and severe anxiety or depression by 10% (Supplementary Table 1). The overall 30-day, 
90-day, and 180-day re-hospitalization rates were 37%, 46%, and 62%, respectively, whereas the overall 30-day, 
90-day, and 180-day mortality rates were 10%, 14%, and 22.5%, respectively.

Of the 147 participants, 60 (41%) had incomplete data on minimum one covariate variable. HRQoL was 
higher among participants with complete data compared to participants with incomplete data (median EQ utility 
of 0.62 versus 0.52). No differences in age, sex, Charlson comorbidity index, re-hospitalization, or mortality were 
observed between participants with complete and incomplete data (data not shown).

Regarding both outcomes (re-hospitalization and mortality), no interactions were observed between sex and 
HRQoL at any of the time points.

Risk of re-hospitalization
Compared to participants in the lowest tertile, participants in the middle and highest tertiles had 54% (HR 
0.46, 95% CI 0.3; 0.8) and 41% (HR 0.59, 95% CI 0.4; 0.9) lower risk of 90-day re-hospitalization, respectively. 

Total EQ utility score at admission

All participants
(n = 147)

Lowest tertile
(n = 49)

Middle tertile
(n = 49)

Highest tertile
(n = 49)

Age, years 74.4 ± 9.9 74.9 ± 10.4 74.0 ± 10.0 74.4 ± 9.6

Female sex 76 (51.7) 31 (63.3) 23 (46.9) 22 (44.9)

Health-related quality of life

EQ utility score 0.59 (0.39–0.73) 0.28 (0.16–0.38) 0.59 (0.54–0.64) 0.79 (0.73–0.82)

Nutritional characteristics

Body mass index, kg/m2 24.8 (21.3–28.6) 25.1 (21.8–30.9) 24.3 (20.4–26.8) 26.4 (22.8–28.6)

Nutritional categorization

 Undernourished 33 (28.7) 10 (29.4) 15 (39.5) 8 (18.6)

 Well-nourished 28 (24.4) 6 (17.7) 10 (26.3) 12 (27.9)

 Overweight 35 (30.4) 11 (32.4) 9 (23.7) 15 (34.9)

 Obese 19 (16.5) 7 (20.6) 4 (10.5) 8 (18.6)

Smoking

Never 5 (3.5) 1 (2.1) 3 (6.3) 1 (2.0)

Previous 107 (74.3) 37 (78.7) 34 (70.8) 36 (73.5)

Current 32 (22.2) 9 (19.2) 11 (22.9) 12 (24.5)

Lung function

FEV1 44 (32–59) 42 (33–55) 40 (30–60) 49 (36-62.5)

 Mild to moderate 
(FEV1 ≥ 50%) 54 (41.9) 16 (34.8) 18 (41.9) 20 (50.0)

 Severe (FEV1 30–49%) 52 (40.3) 23 (50.0) 15 (34.9) 14 (35.0)

 Very severe (FEV1 < 30%) 23 (17.8) 7 (15.2) 10 (23.3) 6 (15.0)

Pneumonia severity#

CURB-65 index

 Mild 19 (14.5) 6 (15.8) 8 (17.4) 5 (10.6)

 Moderate 95 (72.5) 29 (76.3) 27 (58.7) 39 (83.0)

 Severe 17 (13.0) 3 (7.9) 11 (23.9) 3 (6.4)

Comorbidities

Charlson comorbidity index 5 (4–7) 5 (4–7) 5 (4–7) 5 (4–6)

Table 1.  Characteristics among individuals with chronic obstructive pulmonary disease hospitalized with 
community-acquired pneumonia by health-related quality of life at admission. Health-related quality of 
life was measured as the total utility score derived from the EuroQoL (EQ) 5D-5L questionnaire. Data are 
presented as median (IQR), mean ± SD and n (%). #Assessed using the CURB-65 scoring system including 
confusion (yes/no), urea (> 7mmol/L), respiratory rate (≥ 30/min), blood pressure (systolic < 90 mm Hg or 
diastolic ≤ 60 mm Hg), and age (≥ 65 years). Available data: Age (n = 147), sex (n = 147), Smoking (n = 144), 
Lung function (n = 129), Charlson comorbidity index (n = 147), Health-related quality of life (n = 147), body 
mass index (n = 133), Nutritional categorization (n = 115), CURB-65 (n = 131).
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There were no differences in 30-day and 180-day re-hospitalization risks between participants in the lowest 
and participants in the middle or highest tertiles of HRQoL (Table  2). There were differences in probability 
of avoiding a re-hospitalization according to the degree of pain or discomfort at admission (Fig. 2). Some to 
moderate pain or discomfort was associated with a higher risk of 30-day re-hospitalization (HR: 2.2, 95% CI 
1.1; 4.7) compared to no pain or discomfort, whereas there was no difference in the risk of 90-day and 180-day 
re-hospitalization (90 days: HR: 1.4, 95% CI 0.9; 2.4; 180 days: HR: 1.3, 95% CI 0.9; 2.1). Compared to no pain 
or discomfort, severe pain or discomfort was associated with a higher risk of 30-day (HR: 2.8, 95% CI 1.3; 6.2) 
and 90-day (HR: 1.9, 95% CI 1.1; 3.2) re-hospitalization, whereas there was no difference in the 180-day re-
hospitalization risk (HR: 1.4, 95% CI 0.9; 1.8) (Table 3).

Risk of mortality
No difference in the risk of 30-day and 90-day mortality was observed between the lowest tertile and the middle 
or highest tertiles of HRQoL (Table 4). Participants in the middle and highest tertiles had 80% (OR 0.20, 95% 
CI 0.1; 0.7) and 69% (OR: 0.31; 95% CI 0.1; 0.9) lower risk of 180-day mortality compared to participants in 
the lowest tertile. There were differences in probability of survival according to the degree of ability to perform 
selfcare and usual activities (Fig.  3). Neither impairment in self-care nor usual activities (some to medium) 
were associated with a higher risk of 30-day and 90-day mortality compared to full ability. Some to medium 
impairment in both self-care and usual activities were associated with higher risk of 180-day mortality compared 
to no impairment in self-care and usual activities (OR: 4.2, 95% CI 1.3; 14.1). Severe impairment in self-care and 
usual activities were not associated with higher risk of 180-day mortality compared to no impairment in usual 
activities and selfcare(Table 5).

Discussion
Among individuals with COPD hospitalized with CAP, we found that a higher HRQoL at admission was associated 
with a lower risk of re-hospitalization within the first 90 days after discharge and lower risk of mortality within 
180 days from the day of admission. A high proportion had severe pain or discomfort at admission, indicating 
a need for in-hospital palliative care.

The overall median EQ utility score was 0.59, which is lower than the EQ utility score of 0.80 reported among 
the general aged population (≥ 70 years)28. We observed a higher proportion of females among participants 
with lower HRQoL. It seems that there is a tendency that males and females rate their health differently across 
different conditions (including COPD) as well as in the general population29–34. However, our interaction 

Re-hospitalization

HR (95% CI)
Unadjusted
(n = 140) P

HR (95% CI)
Adjusted
Complete case (n = 81) P

HR (95% CI)
Adjusted
Imputed data
(n = 140) P

30-day

EQ utility score 0.51 (0.2; 1.2) 0.11 0.88 (0.2; 3.2) 0.84 0.52 (0.2; 1.2) 0.14

Lowest tertile Ref. Ref. Ref.

Middle tertile 0.57 (0.3; 1.0) 0.06 0.62 (0.3; 1.4) 0.26 0.58 (0.3; 1.1) 0.08

Highest tertile 0.64 (0.4; 1.1) 0.11 0.65 (0.3; 1.4) 0.29 0.62 (0.4; 1.1) 0.09

90-day

EQ utility score 0.44 (0.2; 0.8) 0.01* 0.81 (0.3; 2.0) 0.65 0.50 (0.3; 0.9) 0.03*

Lowest tertile Ref. Ref. Ref.

Middle tertile 0.45 (0.3; 0.7) < 0.01* 0.57 (0.3; 1.2) 0.12 0.46 (0.3; 0.8) < 0.01*

Highest tertile 0.59 (0.4; 0.9) 0.01* 0.72 (0.4; 1.3) 0.27 0.59 (0.4; 0.9) 0.01*

180-day

EQ utility score 0.55 (0.3; 0.9) 0.01* 0.86 (0.4; 1.7) 0.68 0.63 (0.4; 1.0) 0.06

Lowest tertile Ref. Ref. Ref.

Middle tertile 0.71 (0.5; 1.0) 0.04* 0.77 (0.5; 1.3) 0.29 0.74 (0.5; 1.0) 0.06

Highest tertile 0.73 (0.5; 1.0) 0.052 0.90 (0.6; 1.4) 0.66 0.76 (0.6; 1.0) 0.09

Table 2.  Risk of 30-day, 90-day, and 180-day re-hospitalization among individuals with chronic obstructive 
pulmonary disease hospitalized with community-acquired pneumonia in the by tertiles of the health-related 
quality of life measured at admission. Health-related quality of life was measured as the total utility score 
derived from the EuroQoL (EQ) 5D-5L questionnaire. Cox regression was fitted for new hospital admission 
within 30, 90 and 180 days after discharge with mortality as competing event. Estimates shown are hazard ratio 
(HR) with corresponding 95% confidence intervals (CI) and p-value. The first column shows the unadjusted 
complete case model. The second column shows the adjusted complete case model. The third column shows 
the adjusted model with imputed variables. The adjusted models include the following variables: age, sex, FEV1 
(pulmonary function), CURB-65 (initial severity of CAP), Charlson comorbidity index, and nutritional status 
(undernourished, well-nourished, overweight, and obese). Values were imputed in FEV1 (n=18), CURB-65 
(n=16), and nutritional status (n=32). *Statistically significant (p < 0.05).
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analyses showed that the identified associations between HRQoL and re-hospitalization or mortality did not 
differ between females and males with COPD hospitalized with CAP.

In our study population, the overall re-hospitalization rate was high, especially among those with the lowest 
HRQoL. Similar re-hospitalization rates have been observed among individuals with acute exacerbation of 
COPD20,34. However, these individuals were followed six months longer than our study population. Especially 

Fig. 2.  Probability of avoiding a re-hospitalization by health-related quality of life using total utility score and 
domain scores measured with the EuroQoL 5D-5L questionnaire among patients with chronic obstructive 
pulmonary disease hospitalized with community-acquired pneumonia.
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the degree of pain or discomfort at admission increased the likelihood of 30-day and 90-day re-hospitalization. 
Almost one in four reported having severe to extreme pain or discomfort. The EQ-5D-5L instrument does not 
distinguish between pain or discomfort and anxiety or depression. Discomfort is not a well-defined concept, and 
pain, anxiety and depression are all potential causes of discomfort35. Addressing discomfort is an important care 
goal in the hospital setting, especially in critically ill patients. Overall, discomfort can be divided into physical 
and psychological discomfort with strong associations between some of the causes. In addition to pain, physical 
causes of discomfort include fatigue, sleeplessness, and breathlessness. Psychological discomfort includes 
unpleasant emotions that could result in anxiety, depression, embarrassment, and isolation35. Coexistence of 
anxiety and dyspnea is an example of strongly related physical and psychological discomfort, which is common 
in COPD exacerbations. Only 10% reported having severe to extreme anxiety or depression, and surprisingly we 
found no association between anxiety or depression and re-hospitalization or mortality. A possible explanation is 
that anxiety (psychological discomfort) and breathlessness (physical discomfort) are closely related36, and some 
participants may have connected their respiratory distress to discomfort rather than anxiety per se. It is also 
possible that morphine relief has been provided to some participants before data collection, which potentially 
can affect the reporting of pain, discomfort, and anxiety, but we do not have the data. Morphine is offered as 
part of clinical practice for treating individuals with COPD as relief of dyspnea and anxiety37. Therefore, anxiety 
might be underestimated in this study. Individuals with COPD experience slowly progressing respiratory failure. 
A major focus of COPD treatment is alleviating the psychological stress associated with chronic dyspnea and 
acute worsening of the respiratory symptoms, especially in end-stage COPD with anxiolytics and opioids37. 
Acute exacerbations and CAP worsen the respiratory symptoms, resulting in sudden and lasting reductions 
in HRQoL7especially caused by reductions in physical, functional and phycological aspects5. Our results 
underscore a need for in-hospital palliative care in individuals with COPD hospitalized with CAP. In-hospital 
palliative care has been shown to reduce re-hospitalization in individuals with critical medical conditions 
(cancer, COPD, heart failure, liver failure, kidney failure, and AIDS) with a short life expectancy of up to one 
year38,39. Palliative care for individuals with COPD is often inadequate39and, in many cases, restricted to the 
terminal phase, likely due to restricted capacity and insufficiently trained health care providers9. Palliative care is 
relevant at all stages of COPD, and an increased focus on in-hospital palliative care could be a beneficial strategy 
to alleviate discomfort among individuals with COPD hospitalized with CAP. Future research should investigate 
whether an increased focus on in-hospital palliative care during hospitalization with CAP among individuals 
with COPD could reduce the re-hospitalization risk.

Re-hospitalization

HR (95% CI)
Unadjusted
(n = 140) P

HR (95% CI)
Adjusted
Complete case (n = 81) P

HR (95% CI)
Adjusted
Imputed data
(n = 140) P

30-day

EQ pain/discomfort

None Ref. Ref.

Some/medium 2.2 (1.3; 4.6) 0.04* 1.9 (0.8; 4.5) 0.13 2.2 (1.1; 4.6) 0.04*

Severe 2.7 (1.3; 5.9) 0.01* 2.5 (1.1; 5.7) 0.04* 2.8 (1.3; 6.2) 0.01*

90-day

EQ Pain/discomfort

None Ref. Ref. Ref.

Some/medium 1.5 (0.9, 2.5) 0.15 1.4 (0.8; 2.7) 0.26 1.4 (0.9; 2.4) 0.16

Severe 2.0 (1.2; 3.3) 0.01* 1.7 (0.9; 3.3) 0.10 1.9 (1.1; 3.2) 0.02*

180-day

EQ Pain/discomfort

None Ref. Ref. Ref.

Some/medium 1.3 (0.9; 1.8) 0.23 1.3 (0.9; 2.0) 0.19 1.3 (0.9; 2.1) 0.18

Severe 1.5 (1.0; 2.2) 0.047* 1.3 (0.8; 2.2) 0.22 1.4 (0.9; 1.8) 0.07

Table 3.  Risk of 30-day, 90-day and 180-day re-hospitalization among individuals with chronic obstructive 
pulmonary disease by EuroQoL domain pain or discomfort score at admission with community-acquired 
pneumonia. The EuroQoL (EQ) domain pain or discomfort was categorized into three groups as no pain or 
discomfort (a score of 1), some to moderate pain or discomfort (a score of 2–3), and severe pain or discomfort 
(a score of 4–5). The group with no pain or discomfort was used as reference. Cox regression was fitted for new 
hospital admission within 30, 90 and 180 days after discharge with mortality as competing event. Estimates 
shown are hazard ratio (HR) with corresponding 95% confidence intervals (CI) and p-value. The first column 
shows the unadjusted model. The second column shows the adjusted complete case model. The third column 
shows the adjusted model with imputed variables. The adjusted models include the following variables: 
age, sex, FEV1 (pulmonary function), CURB-65 (initial severity of CAP), Charlson comorbidity index, and 
nutritional status (undernourished, well-nourished, overweight, and obese). Values were imputed in FEV1 
(n = 18), CURB-65 (n = 16), and nutritional status (n = 32). *Statistically significant (p < 0.05).
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Our results indicated that lower HRQoL was associated with a higher risk of 180-day mortality. In non-
hospitalized individuals with COPD, low HRQoL has been associated with a higher risk mortality19,40. 
Impairment in functional ability (usual activities and self-care) seems to be the main predictor of mortality in 
this population. Functional ability is also included in several other instruments including frailty scores and 
the Barthel index (ability to perform daily activities independently). Frailty has been associated with increased 
risk of mortality among patients hospitalized with CAP41. We have previously reported that a low Barthel 
Index at admission with CAP was associated with a higher risk of re-hospitalization and mortality (not only 
COPD patients)42. It is uncertain if a focus on avoiding further functional decline through in-hospital and post-
discharge exercise training could improve survival in vulnerable patient groups.

In this study population, different follow-up periods appeared as important for the two outcomes of interest. 
The explanation for this is likely found in the specific domains. The association between HRQoL and re-
hospitalization was driven by the domain pain or discomfort at admission as some to moderate pain or discomfort 
was associated with higher 30-day re-hospitalization risk and severe pain or discomfort with both higher 30-day 
and 90-day re-hospitalization risk. The association between HRQoL and mortality was driven by low functional 
ability at admission indicating that those with a self-reported low functional status are more vulnerable. A 
similar finding has been reported among acutely hospitalized elderly, where a higher admission HRQoL was 
linked to higher survival rates and reduced functional decline up to three months after discharge43. This study 
included follow-up three and 12 months after discharge. It is therefore uncertain if they would also find an 
association at 180 days after discharge. We did not find an association between admission HRQoL and mortality 
three months after discharge, likely due to the low mortality rate of 10% at this time point combined with the 
relatively small sample.

A strength of this study is that HRQoL is determined by a generic HRQoL instrument that has been validated 
in individuals with COPD44. Instead of using admission HRQoL, we could also have chosen HRQoL at discharge. 
However, we have several arguments for using admission HRQoL, including the preventive potential of 
identifying specific domains as target areas during admission. Moreover, HRQoL captured at discharge had more 
missing values, mainly caused by uncertainty about when participants were discharged. Disease-specific HRQoL 
instruments are focused on disease-specific aspects and thereby differ from generic instruments using a more 
holistic approach45. Thereby, generic HRQoL instruments may be superior to the disease-specific instruments in 
integrating the combined influence of all comorbidities on HRQoL11. Comorbidities are common in individuals 
with COPD, and a higher burden of comorbidities is likely associated with lower HRQoL. Therefore, we consider 
it a strength to use a generic instrument, even though we acknowledge both instruments as relevant. Additional 
strengths include information on important confounders (nutritional status, comorbidities, FEV1). A limitation 
is the potential risk of selection bias when recruiting patients hospitalized with acute illnesses such as CAP, 

Mortality

OR (95% CI)
Unadjusted
(n = 147) P

OR (95% CI)
Adjusted
Complete case
(n = 87) P

OR (95% CI)
Adjusted
Imputed data
(n = 147) P

30-day

EQ utility score 2.68 (0.3; 27.0) 0.40 1.1 (0.0; 24.7) 0.98 2.53 (0.2; 33.6) 0.48

Lowest tertile Ref. Ref. Ref.

Middle tertile 1.0 (0.3; 3.7) 1.00 0.24 (0.0; 2.0) 0.18 0.65 (01; 3.2) 0.60

Highest tertile 1.0 (0.3; 3.7) 1.00 0.24 (0.0; 1.8) 0.16 0.90 (0.2; 4.0) 0.90

90-day

EQ utility score 0.56 (0.1; 3.4) 0.52 0.16 (0.0; 2.3) 0.18 0.50 (0.1; 3.9) 0.51

Lowest tertile Ref. Ref. Ref.

Middle tertile 0.44 (0.1; 1.4) 0.17 0.14 (0.0; 0.9) 0.04* 0.30 (0.1; 1.2) 0.09

Highest tertile 0.54 (0.2; 1.6) 0.28 0.12 (0.0; 0.8) 0.03* 0.47 (0.1; 1.6) 0.23

180-day

EQ utility score 0.27 (0.1; 1.2) 0.09 0.16 (0.0; 1.8) 0.14 0.23 (0.0; 1.3) 0.10

Lowest tertile Ref. Ref. Ref.

Middle tertile 0.37 (0.1; 0.96) 0.04* 0.18 (0.0; 0.97) 0.046* 0.20 (0.1; 0.7) 0.01*

Highest tertile 0.37 (0.1; 0.96) 0.04* 0.18 (0.0; 0.9) 0.04* 0.31 (0.1; 0.9) 0.04*

Table 4.  Risk of 30-day, 90-day and 180-day mortality among individuals with chronic obstructive pulmonary 
disease hospitalized with community-acquired pneumonia by tertiles of health-related quality of life at 
admission. Health-related quality of life was measured as the total utility score derived from the EuroQoL 
(EQ) 5D-5L questionnaire. Logistic regression was fitted for mortality 30, 90 and 180 days after discharge. 
Estimates shown are odds ratios (OR) with corresponding 95% confidence intervals (CI) and p-value. The first 
column shows the unadjusted model. The second column shows the adjusted complete case model. The third 
column shows the adjusted model with imputed variables. The adjusted models include the following variables: 
age, sex, FEV1 (pulmonary function), CURB-65 (initial severity of CAP), Charlson comorbidity index, and 
nutritional status (undernourished, well-nourished, overweight, and obese). Values were imputed in FEV1 
(n = 18), CURB-65 (n = 16), and nutritional status (n = 32). *Statistically significant (p < 0.05).
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since individuals with the most severe disease may decline to participate. Further among included participants, 
severely ill ones likely have a higher dropout rate compared to those with milder disease. To avoid attrition bias 
related to lacking follow-up data, participants were given the option to only allow using their medical record for 
future follow-up. Another potential limitation was missing data, which is why we used imputation. Looking at 
the results in Table 2, there are obvious disagreements in the results based on the adjusted model analyzing the 

Fig. 3.  Probability of survival by health-related quality of life using total utility score and domain scores 
measured with the EuroQoL 5D-5L questionnaire among patients with chronic obstructive pulmonary disease 
hospitalized with community-acquired pneumonia.
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raw data (complete case model) compared to the model using imputed covariate data. Using imputation, a valid 
statistical model, is considered a strength as this model have more statistical power and the imputed variables 
are considered important potential confounders. HRQoL was captured up to 48 h after admission, which may 
be a limitation since some domains might be rated differently by some participants immediately after arrival at 
the hospital. Also, we had to exclude 66 (27%) with no data on admission HRQoL. Lacking project resources is 
the main reason for missing HRQoL upon admission. For purposes that require data that is part of routine care, 
missing information is very limited, whereas data collection requiring face-to-face contact is more challenging, 
especially among acutely ill participants hospitalized in a busy medical ward. However, the comparison between 
eligible and ineligible patients showed that there was no difference in available relevant characteristics such as 
comorbidities, age, sex, FEV1, CAP severity as well as the outcome measures. The FEV1 and classification of the 
COPD stage may also have limitations. Firstly, besides FEV1, we did not have data to classify according to the 
widely used GOLD ABCD23or GOLD ABE46 assessment tools. Secondly, there may be great variation in how 
long it has been since the last FEV1 measurement (the date of the procedure was unknown). It is therefore likely 
that lung function has deteriorated in some participants since the measurement.

Mortality

HR (95% CI)
Unadjusted
(n = 147) P

HR (95% CI)
Adjusted
Complete case (n = 87) P

HR (95% CI)
Adjusted
Imputed data
(n = 147) P

30-day

EQ selfcare

Full ability Ref. Ref. Ref.

Some/medium impairment 1.8 (0.5; 6.5) 0.34 3.1 (0.4; 22.2) 0.26 2.0 (0.5; 8.6) 0.34

Severe impairment 1.1 (0.2; 5.4) 0.88 6.1 (0.6; 63.9) 0.13 0.9 (0.1; 5.5) 0.90

EQ usual activities

Full ability Ref. Ref. Ref.

Some/medium impairment 1.8 (0.5; 6.5) 0.34 3.1 (0.4; 22.3) 0.26 2.0 (0.5; 8.6) 0.34

Severe impairment 1.1 (0.2; 5.4) 0.88 6.1 (0.6; 63.7) 0.13 0.9 (0.1; 5.5) 0.90

90-day

EQ selfcare

Full ability Ref. Ref. Ref.

Some/medium impairment 2.7 (0.8; 9.0) 0.11 3.7 (0.6; 21.6) 0.15 2.9 (0.8; 11.0) 0.12

Severe impairment 2.5 (0.6; 9.5) 0.19 4.5 (0.5; 38.6) 0.17 2.1 (0.5; 9.8) 0.34

EQ usual activities

Full ability Ref. Ref. Ref.

Some/medium impairment 2.7 (0.8; 9.0) 0.11 3.7 (0.6; 21.6) 0.15 2.9 (0.8; 11.0) 0.12

Severe impairment 2.5 (0.6; 9.5) 0.19 4.5 (0.5; 36.6) 0.17 2.1 (0.5; 9.8) 0.34

180-day

EQ selfcare

Full ability Ref. Ref. Ref.

Some/medium impairment 4.0 (1.4; 11.8) 0.01* 5.6 (1.1; 28.2) 0.04* 4.2 (1.3; 14.1) 0.02*

Severe impairment 3.8 (1.2; 12.2) 0.03* 7.4 (1.0; 54.0) 0.049* 3.5 (0.9; 13.5) 0.07

EQ usual activities

Full ability Ref. Ref. Ref.

Some/medium impairment 4.0 (1.4; 11.8) 0.01* 5.6 (1.1; 28.2) 0.04* 4.2 (1.3; 14.1) 0.02*

Severe impairment 3.8 (1.2; 12.2) 0.03* 7.4 (1.0; 54.0) 0.049* 3.5 (0.9; 13.5) 0.07

Table 5.  Risk of 30-day, 90-day and 180-day mortality among individuals with chronic obstructive pulmonary 
disease by the EuroQoL domains usual activity and selfcare scores at admission with community-acquired 
pneumonia. The EuroQoL (EQ) domains selfcare and usual activities were categorized into three groups as full 
ability (a score of 1), some to medium impairment (a score of 2–3), and severe impairment (a score of 4–5) 
with full ability as reference. Cox regression was fitted for new hospital admission within 30, 90 and 180 days 
after discharge with mortality as competing event. Estimates are hazard ratios (HR) with corresponding 95% 
confidence intervals (CI) and p-value. We conducted an unadjusted model, an adjusted complete case model, 
and an adjusted model with imputed variables. The adjusted models include the following variables: age, sex, 
FEV1, CURB-65, Charlson comorbidity index, and nutritional status. Values were imputed in FEV1 (n = 18), 
CURB-65 (n = 16), and nutritional status (n = 32). *Statistically significant (p < 0.05).
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Conclusion
Among individuals with COPD hospitalized with CAP, those with a relatively higher HRQoL were at lower 
risk of re-hospitalization and mortality. Increased focus on in-hospital palliative care could alleviate the pain or 
discomfort reported by many participants with potential to reduce re-hospitalization rates.

Data availability
Since the dataset used for the current study is not published, the data set can be accessed in a pseudonymized 
form, by reasonable request to the corresponding author.
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