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Background: Acute exacerbations are the leading causes of hospitalization and mortality in 

patients with COPD. Prognostic tools for patients with chronic COPD exist, but there are scarce 

data regarding acute exacerbations. We aimed to identify the prognostic factors of death and 

readmission after exacerbation of COPD.

Methods: This was a retrospective study conducted in the Department of Internal Medicine of 

Geneva University Hospitals. All patients admitted to the hospital with a diagnosis of exacerbation 

of COPD between 2008 and 2011 were included. The studied variables included comorbidities, 

Global Initiative for Chronic Obstructive Lung Disease (GOLD) severity classification, and biologi-

cal and clinical parameters. The main outcome was death or readmission during a 5-year follow-up. 

The secondary outcome was death. Survival analysis was performed (log-rank and Cox).

Results: We identified a total of 359 patients (195 men and 164 women, average age 72 years). 

During 5-year follow-up, 242 patients died or were hospitalized for the exacerbation of COPD. 

In multivariate analysis, age (hazard ratio [HR] 1.03, 95% CI 1.02–1.05; P,0.0001), severity of 

airflow obstruction (forced expiratory volume in 1 s ,30%; HR 4.65, 95% CI 1.42–15.1; P=0.01), 

diabetes (HR 1.47, 95% CI 1.003–2.16; P=0.048), cancer (HR 2.79, 95% CI 1.68–4.64; P,0.0001), 

creatinine (HR 1.003, 95% CI 1.0004–1.006; P=0.02), and respiratory rate (HR 1.03, 95% 

CI 1.003–1.05; P=0.028) on admission were significantly associated with the primary outcome. 

Age, cancer, and procalcitonin were significantly associated with the secondary outcome.

Conclusion: COPD remains of ominous prognosis, especially after exacerbation requiring 

hospitalization. Baseline pulmonary function remains the strongest predictor of mortality and 

new admission. Demographic factors, such as age and comorbidities and notably diabetes and 

cancer, are closely associated with the outcome of the patient. Respiratory rate at admission 

appears to be the most prognostic clinical parameter. A prospective validation is, however, still 

required to enable the identification of patients at higher risk of death or readmission.

Keywords: COPD, exacerbation, prognosis

Introduction
COPD is currently the fifth leading cause of death in the world. As a result of aging 

populations, the absence of prognosis-modifying treatments, and the decline in 

mortality in other chronic diseases, the prevalence of COPD is increasing and it is 

estimated that by 2020 it will be the third leading cause of death worldwide.1,2

COPD is a chronic disease, and its course is punctuated by acute exacerbations of 

respiratory impairment. These exacerbations are the leading causes of death or hospital 

admission for patients with COPD.3,4 Exacerbations and related hospitalizations also 

heavily impact the quality of life of affected people.5

Despite this, scarce data are available regarding prognosis after a severe exacer-

bation of COPD, ie, an exacerbation leading to hospitalization.6 Studies conducted 
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specifically on exacerbations have had diverse results.4,7–12 

As for existing prediction models, such as the body-mass 

index, degree of airflow obstruction, dyspnea, exercise 

capacity (BODE) score, these are established for patients 

with stable disease.6,13

Two reviews have summarized the available evidence 

concerning the predictors of mortality and readmission after 

severe exacerbation of COPD.14,15 Both reviews identified 

three types of parameters, namely markers of severity of 

acute illness (eg, confusion, pH, and PaO
2
 at admission), 

markers of underlying disease severity or comorbidities (eg, 

forced expiratory volume in 1 s [FEV
1
], and cardiac, and 

kidney disease), and factors relating to the quality of life and 

functional impairments. Parameters in these three categories 

are differentially associated with given clinical end points, 

separated into in-hospital mortality, mortality after discharge, 

and hospital readmission.

Identifying patients at high risk of death or readmission 

during an episode of severe exacerbation of COPD may 

enable more optimal use of available resources and help 

identify patients with very poor prognosis, in whom sup-

portive care is perhaps more appropriate and useful. This 

study aimed at determining the factors associated with the 

risk of death and/or new admission up to 5 years after an 

initial hospitalization for an exacerbation of COPD.

Methods
Design and population
This was a retrospective study conducted in the Department of 

Internal Medicine of Geneva University Hospitals. All patients 

admitted to the hospital with a diagnosis of exacerbation of 

COPD between 2008 and 2011 were included. Patients leav-

ing the hospital alive after a hospitalization with a principal 

diagnosis of an exacerbation of COPD according to the 

10th revision of the International Classification of Diseases 

(ICD-10) (J44.0: COPD with acute exacerbation unspecified 

and J44.1: COPD with acute lower respiratory tract infec-

tions) were identified in the hospital electronic database. We 

excluded patients who were ,40 years old at admission and 

those admitted for acute heart failure or asthma based on medi-

cal records. Patients who were directly transferred to another 

hospital or treated as outpatients were not included.

Data collection and follow-up
Relevant demographical, clinical, and biological parameters 

were obtained through both automated and manual extrac-

tion of data. Comorbidities frequently found in patients with 

COPD (high blood pressure, diabetes, dyslipidemia, heart 

failure, coronary artery disease, atrial fibrillation, acute 

and chronic renal failure, cancer, osteoporosis, stroke, 

and degenerative disease of the central nervous system) 

were extracted from the hospital electronic database using 

the ICD-10 classification of diseases. Blood test results 

(hemoglobin, leukocyte, thrombocyte counts, creatinine, 

sodium, potassium, C-reactive protein, procalcitonin, 

albumin, urea, arterial partial pressure of oxygen [PaO
2
] 

and partial pressure of carbon dioxide [PaCO
2
], bicarbonate, 

and pH) were also extracted from the same database. We 

obtained both the first and the last available values during 

the index hospitalization. Transfer to the intensive care unit 

and medications prescribed at admission and discharge were 

also obtained. The first and the last vital sign parameters 

(heart rate, blood pressure, respiratory rate, temperature, and 

weight and body mass index) were manually recorded. We 

also documented the severity of airway obstruction measured 

with lung function test obtained when patients were stable; 

when multiple values were available, those obtained closest 

to the index hospitalization were used. The severity of airway 

obstruction was categorized according to the Global Initiative 

for Chronic Obstructive Lung Disease (GOLD) classification 

using spirometry values (stage I: FEV
1
 .80%; stage II: 

FEV
1
 50%–80%; stage III: FEV

1
 30%–50%; and stage IV: 

FEV
1
 ,30% of predicted values).2

Follow-up extended until 60 months (5 years) after the 

initial hospital admission. Vital status was determined by 

consulting the medical files and the civil status database of 

the State of Geneva. Readmissions were tracked using the 

electronic database of the Geneva University Hospitals, the 

main public hospital in the Geneva region. Patients were con-

sidered to be alive if there was no indication of death within 

the hospital or in the civil status database.

Outcomes
The primary composite endpoint was death or readmission 

from the first day of hospitalization until 60 months. The 

secondary outcome was death from the first day of hospital-

ization until 60 months.

statistical analysis
All categorical variables were expressed as numbers or 

percentages and were compared using Fisher’s exact tests 

or univariate Cox model. All continuous variables were 

expressed using median, minimum–maximum ranges, 

and were compared using Wilcoxon test or univariate Cox 

model. All factors with a P-value of ,0.05 following a uni-

variate analysis were included in the multivariate analysis. 

Variables were selected using the backward step elimination. 

Prognostic factors were determined using the Cox regression 
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analysis. Hazard ratios (HRs) were calculated with their 

95% CIs. All tests were two sided with a 0.05 significance 

level. Analyses were performed using the R statistical soft-

ware, Version 3.1.1.

Multiple imputation
When a Cox proportional hazards model is performed, the 

missing covariate data complicate the analysis and can 

undermine the certainty of effect sizes.16 Imputing the missing 

data uses all the data and can be performed using accessible 

methods, such as multiple imputation, where each missing 

value is replaced with a set of m (.1) independent values to 

give m separate complete datasets. This incorporates uncer-

tainty of the missing data that cannot be achieved with single 

imputation (m=1).17 There are many different techniques 

for performing multiple imputation, but the application of 

predictive mean matching after regression switching (MICE-

PMM) appears to be the best method when .10% of data 

are missing.18

In a sensitivity analysis, we performed analysis with 

imputing data with MICE-PMM method, using “pmm” 

function (m=10) in the “mice v2.22” package of R.18 New 

multivariate analysis was performed for the primary outcome 

with model determined with actual data, and new backward 

selection model was performed with imputed data.

ethics committee approval
The ethics committee of Geneva University Hospitals 

approved this study and waived the need for written informed 

consent from all participants because this was a retrospective 

study with anonymized patient data.

Results
Patients
A total of 359 patients met the inclusion criteria (195 men 

and 164 women). The characteristics of the patients are listed 

in Table 1. The median age was 74 (41–96) years, and most 

patients had multiple comorbidities. Of the 359 patients, 

Table 1 Baseline characteristics for total population and for each group of the primary outcome with non-adjusted hazard ratio

Total population Death or 
readmission (242)

No death/
readmission (117)

Nonadjusted hazard 
ratio (95% CI)

n Characteristics n Characteristics n Characteristics

age, median (range) 359 74 (41–96) 242 75 (41–96) 117 69 (46–91) 1.026 (1.01–1.04)
Male gender (%) 359 195 (54) 242 55.4 117 52.1 1.12 (0.81–1.53)
Comorbidities

high blood pressure, n (%) 359 201 (56) 242 136 (56) 117 65 (56) 0.98 (0.76–1.27)
Diabetes, n (%) 359 65 (18) 242 49 (20) 117 16 (14) 1.61 (1.17–2.20)
Dyslipidemia, n (%) 359 108 (30) 242 76 (31) 117 32 (27) 1.07 (0.82–1.41)
Coronary artery disease, n (%) 359 75 (21) 242 55 (23) 117 20 (17) 1.49 (1.10–2.02)
Atrial fibrillation, n (%) 359 54 (15) 242 42 (17) 117 12 (10) 1.41 (1.016–1.98)
heart failure, n (%) 359 66 (18) 242 53 (22) 117 13 (11) 1.54 (1.14–2.1)
stroke, n (%) 359 18 (5) 242 15 (6) 117 3 (3) 1.62 (0.96–2.74)
acute/chronic renal failure, n (%) 359 74 (21) 242 54 (22) 117 20 (17) 1.46 (1.08–1.99)
Cancer, n (%) 359 26 (7) 242 22 (9) 117 4 (3) 1.73 (1.11–2.69)
Pulmonary cancer, n (%) 359 17 (5) 242 13 (5) 117 4 (3) 1.62 (0.92–2.84)
Osteoporosis, n (%) 359 47 (13) 242 36 (15) 117 11 (9) 1.24 (0.87–1.77)
active smokers, n (%) 358 165 (46) 242 107 (44) 116 58 (50) 1.02 (0.61–1.70)

Pulmonary function
Mild or moderate COPD (FeV1 $50%), n (%) 306 93 (30) 220 57 (26) 86 36 (41) 0.63 (0.47–0.86)

Vital parameters at admission
heart rate (beats per min), median (range) 335 98 (54–220) 223 100 (54–200) 112 93 (59–151) 1.008 (1.002–1.014)
respiratory rate (1/min), median (range) 322 24 (11–50) 215 26 (11–50) 107 22 (11–42) 1.03 (1.01–1.05)
Weight (kg), median (range) 328 65 (28–138) 221 64 (36–138) 107 67 (28–124) 0.99 (0.98–0.99)

laboratories values (at admission)
hemoglobin level (g/l), median (range) 357 137 (71–210) 242 136 (71–210) 115 141 (84–197) 0.09 (0.98–0.99)
Creatinine (g/l), median (range) 358 76 (35–905) 242 77 (36–905) 116 73 (35–318) 1.003 (1.001–1.004)
Potassium (mmol/l), median (range) 355 4.1 (3–6.8) 240 4.1 (3–6.8) 115 4 (3–6.2) 1.50 (1.20–1.87)
albumin (g/l), median (range) 174 31 (16–40) 127 31 (16–40) 47 32 (19–39) 0.96 (0.92–0.99)
PaCO2 (kPa), median (range) 318 5.64 (2.66–17.5) 216 5.78 (2.66–17.5) 102 5.12 (3.37–9.45) 1.11 (1.032–1.2)
ph, median (range) 318 7.41 (6.98–7.63) 216 7.41 (6.98–7.54) 102 7.41 (7.26–7.63) 0.09 (0.01–0.59)
Procalcitonin (µg/l), median (range) 184 0.11 (0.02–240) 128 0.12 (0.03–240) 56 0.1 (0.02–2.35) 1.006 (0.99–1.013)

Notes: n: number of available data. P-value in bold when ,0.05. range is minimum–maximum.
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s; PaCO2, partial pressure of carbon dioxide.
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165 patients were active smokers at the time of inclusion 

(46%), 164 patients were former smokers (47%), and 

25 patients had no smoking history (7%). Lung function tests 

were available for 306 patients, of whom 93 (30%) patients 

had GOLD stage I or II disease and 213 (70%) patients had 

GOLD stage III or IV disease. At admission, 82% of the 

patients were on β2 agonist therapy, 67% on anticholinergic 

therapy, and 71% on inhaled corticosteroids. A total of 78 

(22%) patients were on long-term oxygen therapy.

Primary outcome (death or readmission)
During the 60 months of follow-up, 242 (67%) patients 

died or were readmitted for an exacerbation of COPD. The 

median time for death or readmission was 20 (16–24) months. 

In Kaplan–Meier analysis, ~40% of patients had died or had 

been readmitted for an exacerbation of COPD within 1 year 

(Figure 1).

On univariate analysis, 17 variables were significantly 

associated with the primary outcome (Table 1). The pres-

ence of type II diabetes (HR 1.61 [1.17–2.20], P=0.03), 

ischemic heart disease (HR 1.49 [1.10–2.02], P=0.0091), 

atrial fibrillation (HR 1.41 [1.016–1.98], P=0.0402), heart 

failure (HR 1.54 [1.14–2.1], P=0.0051), renal failure (HR 

1.46 [1.08–1.99], P=0.0134), cancer (HR 1.73 [1.11–2.69], 

P=0.0138), and age (HR 1.026 [1.013–1.039], P,0.001) were 

associated with an increased risk of death or readmission.

With respect to blood tests, only values corresponding 

to the admission period were significantly associated with 

the outcome. Higher potassium (HR 1.50 [1.20–1.87], 

P,0.001), creatinine (1.003 [1.001–1.004], P,0.001), and 

PaCO
2
 (HR 1.11 [1.032–1.2], P=0.0053) were associated 

with a worse outcome, while higher hemoglobin (HR 0.091 

[0.985–0.997], P=0.0064), albumin (HR 0.96 [0.92–0.99], 

P=0.0457), and pH (HR 0.09 [0.01–0.59], P=0.0119) were 

associated with better outcome in univariate analysis.

Of the vital signs at admission, higher heart rate 

(HR 1.008 [1.002–1.014], P=0.008), higher respiratory 

rate (HR 1.03 [1.01–1.05], P,0.001), and lower weight 

(HR 0.99 [0.98–0.99], P=0.0214) were associated with a 

worse prognosis. Vital signs at discharge were not predictive 

of the outcome.

There were 269 complete data sets available for the 

principal analysis. Among these 269 patients, 191 died 

or were readmitted for an exacerbation of COPD during 

the follow-up. In the Cox proportional hazard model, age, 

GOLD stage, diabetes, cancer, creatinine, and respiratory rate 

were significantly associated with the outcome (Table 2).

The sensitivity analysis using the predictive mean 

matching to replace unavailable data included 359 patients 

and 242 events. Variables associated with the outcome in the 

main analysis remained significant in this sensitivity analysis 

(Table 3). However, two supplemental variables, which were 

weight and PaCO
2
, were associated with better outcome.

secondary outcomes
During follow-up, 140 (39%) patients had died. The median 

time for death was 50 (44– not available [NA]) months. The 

incidence of death in this COPD population was 18/100 

person-years.

On univariate analysis, several variables were associated 

with death (P,0.05) (Table 4), amongst which age (HR 1.055 

[1.036–1.074]), the presence of type II diabetes (HR 1.56 

[1.06–2.3]), ischemic heart disease (HR 1.60 [1.09–2.35]), 

atrial fibrillation (HR 1.86 [1.24–2.79]), renal failure (HR 

1.80 [1.23–2.64]), cancer (HR 2.60 [1.58–4.26]), and pul-

monary cancer (HR 2.67 [1.44–4.95]).

Figure 1 Kaplan–Meier curve of survival without death or new readmission (primary 
outcome) in patients with an exacerbation of COPD.
Note: 95%CI is in dashed lines.
Abbreviation: CI, confidence interval.

Table 2 Multivariate analysis for the primary outcome (death or 
readmission)

Variables Hazard ratio (95% CI) P-value

age 1.03 (1.02–1.05) ,0.0001
severity of COPD reference (FeV1 $80%)
50%# FeV1 ,80% 2.17 (0.67–7.05) 0.20
30%# FeV1 ,50% 3.17 (1.00–10.6) 0.051
FeV1 ,30% 4.65 (1.42–15.1) 0.01
Diabetes II 1.47 (1.003–2.16) 0.048
Cancer 2.79 (1.68–4.64) ,0.0001
Creatinine at admission (µmol/l) 1.003 (1.0004–1.006) 0.02
respiratory rate (at admission) 1.03 (1.003–1.05) 0.028

Notes: 269 patients analyzed, with 191 events (90 observations not included due to 
missing data). Values in bold indicate P,0.05.
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s.
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Respiratory rate at admission was the only vital sign asso-

ciated with higher risk of death (HR 1.029 [1.004–1.056]), 

and other vital signs at admission and at discharge were not 

associated with death. Lung function was not significantly 

associated with the secondary outcome.

With respect to biological parameters, three values at 

admission were significantly associated with a worse prog-

nosis, such as higher creatinine (HR 1.003 [1.001–1.004]), 

higher potassium (HR 1.62 [1.20–2.19]), and higher procalci-

tonin (HR 1.009 [1.001–1.017]). While higher albumin level 

(HR 0.94 [0.89–0.98]) and higher hemoglobin level (HR 0.98 

[0.97–0.99]) were associated with a better outcome.

There were 129 complete data sets available for the 

secondary analysis. Among them, 49 COPD patients died 

during the follow-up. In the Cox proportional hazard model, 

age (HR 1.12 [1.05–1.19]), cancer (HR 7.04 [2.22–22.36]), 

and procalcitonin (HR 1.02 [1.00–1.03]) were significantly 

associated with the outcome (Table 4).

On Kaplan–Meier analysis, survival for COPD patients 

after acute exacerbation was ~85% after 1 year (Figure 2).

Discussion
Our study confirms the poor prognosis in terms of mortality 

and recurrent hospital admission after an acute exacerbation 

of COPD (Figure 1). To identify factors associated with this 

outcome, possible prognostic variables were categorized 

into comorbidities, vital signs at admission, and laboratory 

values. We observed that very few clinical and biological 

parameters are associated with the clinical outcome of 

patients, whereas comorbidities and lung function seem to 

be strongly associated with survival. As expected, cancer 

was a predictor of death.

Concerning lung function, our study is in line with pre-

vious observations that survival is inversely proportional to 

FEV
1
. Such results have been found in similar studies and are 

probably explained by the degree of ventilatory impairment 

and the higher risk of colonization by aggressive bacteria 

causing exacerbation.4,19,20 A study exploring the relationship 

between the degree of lung impairment and the bacterial flora 

of sputum in acute exacerbation demonstrated the higher 

prevalence of Pseudomonas aeruginosa and Hemophilus 

influenzae in the case of severe lung impairment.20

Not surprisingly, and as described in other studies, 

older patients present worse clinical outcomes after acute 

exacerbation.7,9,10,12 The impact of age on survival may be 

explained by a gradual and natural decline in lung function. 

Elderly patients also tend to have multiple comorbidities, 

making them more vulnerable to exacerbations.9,19 It is 

interesting to note that Groenewegen et al9 found similar 

results concerning the negative impact of age on survival, 

but younger age was associated with a higher risk for new 

exacerbation without a clear explanation.

With respect to comorbidities, surprisingly, cardiovas-

cular disease, and in particular, ischemic heart disease, 

was not associated with outcome. This may reflect trends 

in improved treatment and decreased mortality of cardio-

vascular disease in general. Diabetes is a disease that is less 

described in COPD patients.21,22 However, it has been shown 

in several studies that patients with obstructive spirometry 

tests showed an increased risk of developing diabetes.22–24 The 

link between diabetes and COPD is not clear, but systemic 

inflammation in COPD may be the promoter of diabetes.21,22 

A further link may be the development of weakness of the 

respiratory muscles in a context of neuropathy.21 In terms of 

mortality, patients with COPD and diabetes also present a 

higher risk of cardiovascular death, but our study does not 

provide data on this aspect.

Cancer is another disease with a significant influence 

on the outcome of patients. We distinguished between lung 

cancer and other types of cancer. Indeed, COPD patients 

are known to be at higher risk for lung cancer, notably for 

squamous cell carcinoma, and cancer is described as the most 

frequent cause of death in patients with mild COPD.2,25,26 

Surprisingly, it was nonlung cancer that was associated with 

poor outcome. Influence of cancer alone is less studied in 

the case of exacerbation.7,27 Most studies include cancer in a 

set of other comorbidities using the Charlson index for their 

analysis.9,10 Nevertheless, this finding may be explained by 

Table 3 Multivariate analysis for the primary outcome with 
predictive miss-matching data imputation

Variables Hazard ratio (95% CI) P-value

age 1.02 (1.009–1.038) 0.001
severity of COPD reference (FeV1 $80%)
50%# FeV1 ,80% 1.47 (0.53–4.09) 0.45
30%# FeV1 ,50% 2.06 (0.75–5.66) 0.15
FeV1 ,30% 2.65 (0.94–7.49) 0.06
Diabetes II 1.80 (1.28–2.54) 0.0006
Cancer 1.60 (1.01–2.53) 0.043
Creatinine at admission (µmol/l) 1.03 (1.005–1.05) 0.01
PaCO2 at admission (kPa) 1.11 (1.02–1.20) 0.007
Procalcitonin at admission (µg/l) 1.005 (0.99–1.01) 0.17
albumin at admission (mmol/l) 0.97 (0.94–1.003) 0.08
Blood pressure at 
admission (mmhg)

0.99 (0.98–0001) 0.054

respiratory rate at admission 1.03 (1.01–1.05) 0.002
Weight at admission (kg) 0.99 (0.98–0.99) 0.03

Note: P-value in bold when ,0.05.
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 s; 
PaCO2, partial pressure of carbon dioxide.
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the size of our study population and by the fact that whichever 

type of cancer is concerned, pulmonary or other, survival is 

significantly influenced by the natural evolution of the disease 

or side effects linked to treatment.

The only significant clinical parameter was the respira-

tory rate at admission. The risk of death or readmissions is 

increased in patients presenting severe tachypnea or dyspnea, 

elements already noted across different studies. Some other 

studies suggest that the degree of dyspnea is more predictive 

of mortality than FEV
1
.28–30 Tachypnea has been consistently 

demonstrated as a marker of severity in multiple pathologies, 

perhaps because respiratory rate is at a crossroad of several 

physiopathological processes, such as respiratory failure, 

muscle function, and metabolic acidosis.31

With respect to laboratory values, only creatinine values 

and PaCO
2
 at admission were significantly associated with 

the primary outcome, with PaCO
2
 obtained from the multiple 

imputation analysis. PaCO
2
 is a reflection of alveolar 

ventilation, and there is a relationship between the blood 

gas analysis at admission and survival in acute exacerbation, 

with a worse prognosis in the case of high value of PaCO
2
.8,9 

Presumably, this is a reflection of the severity of the exacerba-

tion. High values of creatinine were also associated with the 

risk of mortality or readmission. Impaired renal function is 

associated with poor outcome in most clinical settings.

Although albumin values may be of interest as a marker 

for patients’ nutrition state, we found no association with the 

clinical outcomes.28,32 However, patients’ weight analyzed 

through multiple imputation appears to play a protective role 

in the risk of death or readmissions during the exacerbation 

of COPD.

In certain clinical situations, procalcitonin is a useful marker 

for the diagnosis of bacterial infection,33 and some authors suggest 

that it should be measured in the exacerbations of COPD to 

help with the introduction of antibiotics.34 In this study, we 

found no association of procalcitonin values and the primary 

outcome. However, with respect to the secondary outcome, 

death, in addition to age and cancer, we found that elevated 

procalcitonin predicted a worse outcome. Procalcitonin is 

associated with worse outcomes in certain infectious diseases, 

such as pneumonia.35 However, its impact on long-term out-

comes in COPD is surprising and remains to be confirmed 

in a larger study. The nonsystematic measurement in the 

emergency department meant that this information was often 

missing and makes correct interpretation difficult.

The sensitivity analysis from the multiple imputation 

confirmed the findings mentioned previously (age, severity 

of COPD, diabetes, cancer, creatinine, and respiratory rate). 

In addition, this analysis suggests that PaCO
2
 at admission 

is associated with the primary outcome. Presumably, this is 

a reflection of the severity of the exacerbation. Increase in 

weight was associated with a better outcome, and this is in 

line with previous findings.

With respect to mortality, three predictors were sig-

nificant in the multivariate analysis, which were age, cancer, 

and procalcitonin. Other comorbidities and severity of lung 

function impairment were not significant. Age and cancer 

are expected factors, and procalcitonin was a new finding. 

This has not been described previously. Procalcitonin is a 

recognized prognostic factor in pneumonia, but its implication 

in long-term prognosis is not easy to understand. Due to the 

multiple testing issues, this finding should be interpreted with 

caution and probably requires replication in a larger cohort.

Strengths of our study include a nonselected population 

representative of the global COPD population. We were able to 

take into account many important covariates, including clinical 

and biological evaluations at admission and at the end of the 

hospital stay. We believe that some of the analyzed covariates 

are readily available in daily practice. To limit the impact of 

missing variables, an imputation analysis was carried out and 

this confirmed the primary findings of the study.

A limitation of our study is its retrospective design with 

inherent bias, such as indication bias, not being excluded. 

This design also meant that several potential predictors were 

not sought out. These include previous admission for an 

exacerbation of COPD and the presence of functional impair-

ment. Readmissions were only tracked at Geneva University 

Hospitals, but this represents a minor issue as it is the main 

and only public hospital in the region. Another limitation 

is the use of all cause mortality, as opposed to specific 

etiologies. These data were not systematically available.

Figure 2 Kaplan–Meier curve of survival for COPD patients after acute exacerbation 
after 1 year.
Note: 95%CI is in dashed lines.
Abbreviation: CI, confidence interval.
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Conclusion
COPD remains of ominous prognosis, especially after 

exacerbation requiring hospitalization. Baseline pulmonary 

function remains the strongest predictor of mortality and 

new admission. Demographical factors, such as age and 

comorbidities, notably diabetes and cancer, are closely 

associated with the outcome of the patient. Respiratory 

rate at admission appears to be the most prognostic clinical 

parameter. A prospective validation is, however, still required 

to enable the identification of patients at higher risk of death 

or readmission.
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