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Abstract
A prolonged hospital length of stay during an episode of exacerbation of chronic obstructive pulmonary disease is a condition that 
increases the risk of suffering associated medical complications. 
Objective: The objective of this study was to determine the factors associated with a prolonged hospital length of stay in exacerbations 
of chronic obstructive pulmonary disease through a prediction model.
Materials and Methods: In a cross-sectional study we gathered the data of the medical records of a hospital located in the Eastern 
region of Colombia, between years 2012 and 2014. We carried out a descriptive, bivariate and multivariate analysis.
Results: A total of 212 patients were included in this study. 61.32% showed a prolonged hospital length of stay. We found a significant 
statistical association between the prolonged hospital stay and the independent variables of the bivariate analysis: dyspnea (OR [Odds 
Ratio]: 2.87 p = 0.04), fever (OR: 2; p = 0.02), inpatient oxygen (OR: 2.34, p = 0.003), inpatient anticholinergics (OR: 2.91, p = 0.002), 
inpatient antibiotic (OR: 2.25, p= 0.004), segs (OR: 1.02, p= 0.01) and lymphocytes (OR: 0.95, p = 0.003). The predictive model had 
a p value of 0.4950 in the analysis of goodness (Pearson Test) and a p value of 0.2689 in the goodness of fit test (Hosmer-Lemeshow 
Test), indicating an adequate fit. Also, the model showed an area under the curve of 0.6588.
Conclusions: Our prediction model included the following variables: age, anticholinergics and segs, for their significant association. 
It has an adequate fit and a good pattern of prediction.
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Introduction

Chronic obstructive pulmonary disease is defined as a common disease that can be prevented and treated, 
characterized by the persistence of respiratory symptoms and the limitation of the airway, due to al-
veolar or airway abnormalities usually caused by significant exposure to gases and harmful particles1. 
Its prevalence in the city of Bucaramanga, Santander, diagnosed by spirometry, is of 7.9% according to 
data obtained from the PREPOCOL study2. Nearly 80% of the patients show periodic exacerbations 
of their respiratory symptoms at some point during the course of the disease. These exacerbations 
tend to increase progressively in frequency and intensity, determining a poor quality of life3, 4. These 
are episodes that worsen the respiratory symptoms and require a change in the management of the 
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disease, and may be classified as mild, moderate and severe. Severe exacerbations are associated with 
hospitalization or consultation at the emergency department1. 

Hospital length of stay in the case of a chronic obstructive pulmonary disease (COPD) exacerbation 
episode is conditioned not only by its characteristics but also by other factors such as: the comorbidi-
ties and individual, sociodemographic and clinical factors of each patient. In the literature there are 
studies about the association of these factors5-9, but few studies have analyzed factors associated with 
prolonged hospitalizations10, 11. 

Hospitalization in COPD patients increases the risk of suffering associated complications such as 
deep vein thrombosis, hydroelectrolytic alterations and infections caused by nosocomial germs12-16. 
Also, the cost of the disease increases significantly in relation to the number of exacerbations and the 
number of hospitalization days17. For that reason, the objective of this study was to determine the risk 
factors associated with a prolonged length of stay, in order to be able to identify at an early stage which 
are the patients that could require a longer hospitalization stay, so that in the future COPD patients 
can be treated in a timely manner. 

Materials and Methods

Study Design
 Cross-sectional study carried out at the Hospital Universitario de Santander, between years 2012 and 
2014, including patients with established diagnosis of COPD (spirometric criterion + clinical criterion 
and use of inhalation therapy). Data were obtained from medical records, respecting the patients’ pri-
vacy by assigning codes to them. The study has been approved by the Ethics Committee of the Hospital 
Universitario de Santander and the Universidad Industrial de Santander, in accordance with current 
regulations. 

Patients
 We included patients with an established diagnosis of COPD, older than 18 years old, who had consulted 
the emergency department with COPD exacerbation diagnosis defined as the increase in one of the 
following symptoms: dyspnea, sputum volume or change in sputum characteristics (purulent). Patients 
with any other chronic respiratory disease (asthma, tuberculosis sequelae, respiratory neoplasia) were 
excluded from the study.

Independent Variables
For the evaluation of patients with COPD exacerbation we took into account variables of general char-
acterization (age, sex), associated comorbidities (heart failure, diabetes mellitus type 2, stroke, arte-
rial hypertension and history of exacerbations), respiratory exposure (smoking and exposure to wood 
smoke), use of outpatient inhalation drugs (inhaled anticholinergics, inhaled beta 2-agonists, inhaled 
corticosteroids, home oxygen), symptoms upon admission (dyspnea, cough, increase in sputum, fever, 
thoracic pain, cyanosis), signs upon admission (alterations in respiratory auscultation, vital signs upon 
admission), inpatient drugs (oxygen, systemic corticosteroids, inhaled corticosteroids, inhaled anti-
cholinergics, inhaled beta 2-agonists or antibiotics) and laboratory tests upon admission (hemogram, 
reactive-C protein).

Result
The primary result to be evaluated was the presence of a prolonged length of stay, defined as the number 
of days from hospital admission to discharge (> 5 days).

Statistical Analysis
 The analysis of the gathered data was carried out using Stata 12.0 software. Quantitative variables 
were processed, and mean and median values of central tendency and dispersion were determined (mean 
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and median; standard deviation and interquartile range). Qualitative variables were analyzed with ab-
solute frequencies and percentages. Subsequently, the association between each one of the independent 
variables and the result was evaluated using Chi2 or Fisher Tests for qualitative variables and Student 
T or Wilcoxon tests for quantitative variables. We selected variables with the greatest association, 
defined by a p < 0.20. We carried out a Spearman correlation analysis to determine the final variables 
to be included in the logistic regression analysis to predict the presence of prolonged hospitalization. 
The Backward methodology was used, until a statistically significant model was obtained (p<0.05). 
Then, we conducted a goodness of fit test, discrimination ability, sensitivity, specificity and area under 
the ROC curve of the model.

Results

Characteristics of Patients
258 patients were included in this study, taken from the medical records of 2012-2014. 46 pa-
tients did not comply with inclusion criteria, so, the final number of subjects included in the 
study was 212. 

The mean age of the subjects under evaluation was 73.52 ± 12.35 years; the mean hospital stay 
was 12.27 ± 18.59 days with a minimum value of 1 day and a maximum value of 86 days. 57.55% of 
patients were male; 61.32% had a prolonged hospitalization (of more than 5 days). The most common 
comorbidities were: arterial hypertension (31.13%), heart failure (25%), coronary heart disease (15.09%) 
and diabetes mellitus (12.74%). 

Subjects under evaluation show history of smoking and exposure to wood smoke in 51.42% and 
37.74%, respectively, whereas 22.17% of the individuals reported previous exacerbations. 

At hospital admission, the most common symptoms were: dyspnea (92.45%), cough (69.81%), increase 
in sputum volume (51.89%) and fever (36.32%). Regarding the respiratory test, decrease in respiratory 
sounds (58.49%) and presence of rales (44.34%) were most frequently found. As for the percentage of 
segs, we found an average of 78.57% ± 15.01.

The drugs that were indicated upon hospital admission were inhaled anticholinergics (80.19%), oxy-
gen (65.57%), inhaled beta 2-agonists (60.38%), antibiotics (46.23%), systemic corticosteroids (38.21%) 
and inhaled corticosteroids (35.38%). Table 1 summarizes other patient-characterization variables. 

Bivariate Analysis
As a result of the bivariate analysis, we found a significant statistical association between the prolonged 
hospital stay and the independent variables: dyspnea (OR: 2.87 p = 0.04), fever (OR: 2; p = 0.02), heart 
rate (OR: 1.01; p = 0.03), respiratory rate (OR: 1.05; p = 0.02), inpatient oxygen (OR: 2.34, p = 0.003), 
inpatient anticholinergics (OR: 2.91, p = 0.002), inpatient antibiotic (OR: 2.25, p = 0.004), segs (OR: 1.02, 
p = 0.01) and lymphocytes (OR: 0.95, p = 0.003). Table 2 shows the results of the bivariate analysis.

Using the Backward methodology, modeling was carried out in order to find a prediction model. With 
the prediction model, the following variables were obtained: age, need for inpatient anticholinergics 
and percentage of segs in the admission hemogram: 

Prolonged hospitalization = 0.6 - (Age)*0.03 + (Inpatient anticholinergics) *0.91 + (segs)* 0.02
Then, the goodness of fit analysis was made, by means of the Pearson test, showing a p value 

of 0.4950; thus, the already mentioned values are not statistically different. Also the Hosmer-
Lemeshow test was carried out, calculating a p value of 0.2689, concluding that the model fits 
adequately. 

The calculated classification statistics were: sensitivity, 96.64%; specificity, 16.33%; positive predic-
tive value, 73.72%; negative predictive value, 66.67% and correct classification, 73.21%. (Figure 1). We 
found an area under the curve of 0. 6588, which was the product of the construction of a ROC curve. 
(Figure 2).
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Discussion
According to the relevant findings of our study, the mean age of the subjects under evaluation was 73 
years. This information is similar to that found in other studies9, 18. 19. We find a positive association 
between age and length of hospital stay, which in previous studies have also been related7, 9. Most of 

TABLE 1. Characteristics of patients hospitalized with COPD exacerbation

Variable Measurement

Age (X, SD) 73.53 (12.35)

Sex (n, %)
Male
Female

122 (57.55)
90 (42.45)

Arterial hypertension (n, %) 66 (31.13)

Heart failure (n, %) 53 (25.00)

Coronary heart disease (n, %) 32 (15.09)

Diabetes Mellitus (n, %) 27 (12.74)

Stroke (n, %) 14 (6.60)

Outpatient corticosteroids (n, %) 58 (27.36)

Outpatient anticholinergics (n, %) 44 (20.75)

Outpatient beta 2-agonists (n, %) 42 (19.81)

Outpatient oxygen (n, %) 21 (9.91)

Previous exacerbations (n, %) 47 (22.17)

Dyspnea (n, %) 196 (92.45)

Increase in sputum (n, %) 110 (51.89)

Fever (n, %) 77 (36.32)

Thoracic pain (n, %) 53 (25.00)

Cyanosis (n, %) 25 (11.79)

Hemoptisis (n, %) 9 (4.25)

Systolic arterial pressure (mmHg) (X, SD) 123.75 (24.45)

Diastolic arterial pressure (mmHg) (X, SD) 74.22 (14.91)

Heart rate (BPM) (X, SD) 94.36 (19.54)

Respiratory rate (BPM) (X, SD) 24.25 (5.90)

Leukocytes (cel/mm³) (X, SD) 12.996 (8177)

Segs (%) (X, SD) 78.57 (15.01)

Lymphocytes (%) (X, SD) 13.49 (12.68)

Hemoglobin (g/dl) (X, SD) 10.10 (2.66)

Hematocrit (%) (X, SD) 40.12 (40.12)

Reactive C-protein (X, SD) 115.06 (116.4)

Oxygen saturation (X, SD) 91.91 (7.67)

Inpatient anticholinergics (n, %) 170 (80.19)

Inpatient oxygen (n, %) 139 (65.57)

Inpatient beta 2-agonists (n, %) 128 (60.38)

Inpatient antibiotic (n, %) 98 (46.23)

Inpatient systemic corticosteroids (n, %) 81 (38.21)

Hospital length of stay (X, SD) (n, %) 12.27 (18.59)
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TABLE 2. Bivariate analysis

Variable OR 95% Confidence Interval p

Age 0.99 0.97-1.01 0.6961

Sex 0.79 0.45-1.39 0.4217

Stroke 2.43 0.65-9.00 0.1538

AHT 0.66 0.36-1.19 0.1752

Exposure to wood smoke 1.53 0.85-2.73 0.1483

Outpatient anticholinergics 0.62 0.31-1.22 0.1697

Outpatient B2-agonists 0.63 0.31-1.24 0.1876

Outpatient corticosteroids 0.57 0.31-1.06 0.0803

Dyspnea 2.87 1.001-8.22 0.0452

Fever 2 1.09-3.64 0.0211

Heart rate 1.01 1.001-1.03 0.0334

Respiratory rate 1.05 1.001-1.11 0.227

Rhonchus 1.52 0.81-2.87 0.1841

Inpatient oxygen 2.34 1.31-4.19 0.0039

Inpatient inhaled corticosteroid 0.59 0.33-1.06 0.0784

Inpatient anticholinergics 2.91 1.45-5.83 0.0022

Inpatient antibiotic 2.25 1.26-3.98 0.0048

Segs 1.02 1.001-1.05 0.0113

Lymphocytes 0.95 0.93-0.98 0.0030

Reactive C-protein 1.01 0.99-1.01 0.1226

Figure 1. Sensitivity and specificity of the prediction model
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the individuals under study are male (57.55%), like other studies evaluating risk factors associated 
with hospitalization for COPD18, 19. 

It is important to underline the fact that hospital length of stay in this study was 12.27 ± 18.59 days. 
This finding is similar to the findings of C, Terzano, who found a mean hospitalization stay of 12.25 
days7 during follow-up of a retrospective cohort in his study. 

In our study, the most common associated comorbidities found in evaluated patients were arterial 
hypertension, heart failure, coronary heart disease and diabetes mellitus. In the study conducted by 
Manino, a stronger relationship was found between prolonged hospitalization stay and arterial hyper-
tension20. Likewise, another study carried out by C, Terzano found that patients with COPD exacer-
bations show at least one comorbidity during hospitalization7. Comorbidities such as cardiovascular 
disease and diabetes mellitus type 2 are mostly associated in patients hospitalized for COPD20, and it 
is the increase in glucose level concentration that prolongs the length of hospital stay in acute COPD 
exacerbations21. However, in our study we weren’t able to determine such association, possibly due to 
the sample size used. 

Among the most prevalent symptoms of patients with COPD exacerbations in our study we find 
dyspnea in 92.45% of the subjects, as well as an increase in the risk of having prolonged hospital stay. In 
the literature there are previous studies where dyspnea measured by the mMRC scale (modified Medi-
cal Research Council scale) was associated with a prolonged hospital length of stay, as was described 
by Angeliki M. Tsimogianni22. Other studies, such as the one conducted by Quintana et al have worse 
scores regarding the degree of dyspnea during an exacerbation measured in this case by the mMRC 
scale. These are a predictive factor of a prolonged hospitalization23. 

Other symptoms frequently found in our study were cough and increase in the sputum volume, with 
a frequency of 69.81% and 51.89%, respectively. In the literature there are previous studies that showed 
the positive relationship between productive cough and a high risk of exacerbations24. The same hap-
pens with the increase in the sputum volume: this symptom is related to the increase in moderate and 
severe exacerbations, as well as in the amount of exacerbations25. It is relevant to mention that in our 
study, the presence of fever at hospital admission was related to a hospital stay of more than 5 days. 
This information hadn’t been previously reported in the literature. 

Figure 2. ROC curve prediction model
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22.17% of the individuals reported upon admission that they had suffered previous exacerbations. 
This condition is associated with a higher risk of future hospitalizations5, 26, 28. In our study we didn’t 
determine an association with this variable; future studies will be required with larger sample sizes 
in order to define if patients with recurrent exacerbations in the Colombian population could have 
prolonged hospitalizations. 

Inhaled anticholinergics were the most frequently indicated drugs upon admission (80.19%). The 
literature states that the administration of this drug may reduce severe exacerbations and mortality29. 
In our study, the use of outpatient inhalation therapy tended to show a decrease in the risk of having 
prolonged hospitalizations; nevertheless, statistical significance was not achieved. On the other hand, 
the use of inpatient anticholinergics was associated with a higher probability of having a prolonged 
hospitalization; however, we believe it is not an effect of the drug but the fact that patients requiring 
anticholinergics possibly have a worse clinical status or require longer time for an adequate stabiliza-
tion of the disease and so need prolonged hospitalizations.

In the bivariate analysis we find a positive association between the value of the segs and the prolonged 
hospital stay. This finding was similar to other studies that also found an association between elevated 
levels of segs as a risk factor for respiratory hospitalizations in patients diagnosed with COPD4. 

In the literature there are studies that have previously tried to make statistical models predictive of 
prolonged hospitalizations after an acute exacerbation, as for example the model made by Ying Wang 
and Knut Stavem; however, in that study the statistical model wasn’t statistical, so it wasn’t possible 
to establish a prediction model10. 

Other authors have created punctuation scales that try to predict prolonged hospitalizations during 
a current hospitalization, as for example the case of Filia Diamantea MD and associates, who designed 
a punctuation scale based on 7 parameters (AECOPD, Acute Exacerbations of COPD): 

Anthonisen exacerbation type, number of exacerbations of the previous year, Charlson Comorbid-
ity Index, oxygenation, partial pressure of the PaCO2 in arterial gasometry, dyspnea according to the 
Borg Scale and history of chronic respiratory failure, score with positive results, taking into account 
that the score may be useful for clinical practice30and the duration of hospital stay is directly related 
to this cost. The aim of this study was to investigate possible associations of demographic, clinical, 
laboratory, and functional parameters with stay of subjects admitted for COPD exacerbations and to 
provide a score for the prediction of the need for prolonged hospitalization. METHODS: We included 
164 consecutive subjects admitted to 2 respiratory medicine departments of 2 tertiary hospitals for a 
COPD exacerbation, and we evaluated laboratory, clinical, and functional parameters possibly related to 
the duration of hospital stay. RESULTS: Seven parameters evaluated on subject admission (Antonisen 
type of exacerbation, number of Exacerbations in the previous year, Charlson index of comorbidities, 
Oxygenation, Partial pressure of P(aCO2.

 On the other hand, in our prediction model we determined an association with age, use of inpatient 
anticholinergics and the number of segs in the admission hemogram. With our model we have a more 
simple and quick way of determining which are the patients who will be having hospitalizations of more 
than 5 days. The model has an adequate fit and a good pattern of prediction. 

Among the strengths of the study, there is the fact of being the first one in the region to evaluate 
prolonged hospitalizations, which has an important impact on the health system. When determining a 
prediction model for a prolonged hospital stay, it is possible to previously identify the patients who are 
more likely to undergo that condition. Important and relevant personal data from Colombian patients 
are provided for a more suitable use. 

As regards the disadvantages of this work, we could mention the fact that it is retrospective, so there 
is an inherent bias that we tried to mitigate with the most precise measurement possible of the vari-
ables. Also, data interpretation must be cautious, since the study has been conducted in a third-level 
institution where patients have a higher degree of complexity. 

Funding: No funding was received for conducting this study.
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