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ABSTRACT
Introduction 
Acute exacerbation of chronic obstructive pulmonary disease 
(AECOPD) is frequently accompanied by increased local and 
systemic inflammation brought on by airway infection, pollution, or 
other airway insults.  This study aimed to find the factors determining 
outcomes in patients hospitalized with acute exacerbation of COPD.

Methods
An analytical study among diagnosed cases of AECOPD was 
conducted. Bivariate regression model followed by Multinomial 
logistic regression (MNLR) was used to contrast outcome variables. 
A p-value less than 0.05 was considered statistically significant in 
all analyses.

Results
A total of 126 patients with a mean age of 72.04±9.75 years were 
included in the study. Most of the patients were current smokers 
or past smokers,  cor-pulmonale was present in 34.9% of patients. 
The most common co-morbidity was hypertension (41.2%). Most 
(55.6%) patients had early discharge, 31.7% (40) patients had late 
discharge and 12.7% (16) patients had mortality as the outcome. 
After bivariate analysis, among all variables of the study qualified to 
be included in the multivariate MNLR model, Neutrophil Lymphocyte 
ratio (NLR) was found to be a significant predictor of late discharge 
in comparison with early discharge while Age and NLR were found 
to be a significant predictor of Mortality in comparison with late 
discharge among patients with AECOPD.

Conclusion
Older age and higher NLR predicted mortality in comparison to 
longer hospital stay (>5days). Since NLR is a common variable in 
both the outcome (early vs late discharge and late discharge vs 
mortality), NLR can be used to predict the outcome (early discharge, 
late discharge, and mortality) of patients with AECOPD.
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INTRODUCTION

C hronic obstructive pulmonary disease (COPD) 
prevalence, morbidity, and mortality vary 
across countries and across different groups 

within countries. It is reported to be more than 
210 million globally.1 In Nepal there were 960,737 
Nepalese suffering from COPD in 2016 and it was 
estimated that 16,302 people died from COPD 
in 2016.2 Previous studies of selected patient 
populations have estimated in-hospital mortality 
from acute exacerbation of COPD (AECOPD) 
to range from 4% to 30% in Nepal.3 Despite the 
high number of COPD-related hospitalizations, 
determinants of the outcome of patients hospitalized 
for this acute deterioration in the clinical course of 
COPD are little known. 

Many studies have assessed different factors as 
predictors of mortality. Although clinical variables 
such as age, smoking history, dyspnea, exacerbation 
history, and body mass index (BMI) are somewhat 
useful to model these subtypes, assess disease 
severity, and predict disease progression, a large 
amount of unexplained variance remains.4,5 

In this study, the authors tried to find out the factors 
that can predict the outcome in patients hospitalized 
due to AECOPD. The measures of outcome in this 
study were early discharge (duration of hospital stay 
≤5 days), late discharge (duration of hospital stay >5 
days), and in-hospital mortality. The current study 
differs from previous studies in that it compares 
outcomes; early discharge, late discharge, and 
mortality; with variables age and laboratory values at 
admission (blood pH, pCO2, serum urea, creatinine, 
total bilirubin, and neutrophil to lymphocyte ratio 
(NLR)).

METHODS
A prospective observational study was conducted 
in the Department of Pulmonology and Critical Care 
of Tribhuvan University Teaching Hospital (TUTH). 
It aimed to find out the determinants of outcome 
in patients hospitalized with the diagnosis of 
AECOPD. It was conducted from December 2020 
to June 2021 analyzing patients’ data after receiving 
approval from the Institutional Review Committee 
of the Institute of Medicine. Known cases of COPD 
with the diagnosis of AECOPD admitted in different 
wards of TUTH were included in the study. Patients 
who got discharged against medical advice i.e, 
Leave against Medical Advice (LAMA) or Discharge 
on Patient Request (DOPR), who refused to give 
consent, and who had co-morbidities like cancer 
that are proven to alter the variables (like NLR); 
were excluded from the study. 

Probability random sampling was used to select 
the patients diagnosed with AECOPD. Among the 
AECOPD cases admitted in the department, cases 

were randomly selected as per convenience of the 
author. Sample size was calculated using the Daniel 
formula. The static for the 95% confidence interval 
(95%) used in the study was 1.96 and allowable 
error was kept at 5%. With a previously reported 
prevalence of 8.5%,

Sample size = [z2 X p(1-p)]/e2 

z = 95% confidence interval (standard value of 
1.96) 

p = prevalence of COPD in Nepal6 = 8.5% 

e = 5% allowable error (standard value of 0.05)

Sample size  =1.962 X 0.085 X 0.915 / 0.052 

      =120 

The sample size of 132 was obtained after adding a 
10% non-response rate.  

Data was collected by interviewing each patient 
and reviewing the admission report to note the 
laboratory findings. All the patients in the study 
were followed to their discharge or in-hospital 
mortality. Data was collected in a self-made data 
collection form.  

It was a non-interventional observational study. 
There were no risks or benefits to the patients 
involved in the study. Hospital Protocol was followed 
during management of the study population. The 
identity of each patient was kept confidential.  

The dependent variable in the study was the 
outcome of the patient admitted with the diagnosis 
of AECOPD. The measure of outcome was classified 
into early discharge (discharge within 5 days of 
admission), late discharge (discharge after 6th day 
or more from admission), and in-hospital mortality. 
Data related to patient profile and laboratory 
findings on admission were noted at the time of 
admission. Patient profile data included patient 
age, sex, smoking status, comorbidities, blood pH, 
pCO2, serum urea, creatinine, total bilirubin, and 
neutrophil-to-lymphocyte ratio (NLR). 

All the data was collected in Microsoft Excel 
(Ver. 2016) and statistical analysis was performed 
using SPSS ver 26. The demographic data and 
patient profile were presented as frequency 
and percentage. Age and laboratory data (blood 
pH, pCO2, serum urea, creatinine, total bilirubin, 
and NLR) were used to predict the outcome of 
patients admitted with AECOPD. To determine 
the significant factors influencing the outcome of 
the patient, which is ordinal in nature, an ordinal 
logistic regression model was tried. Because the 
assumption of the test of parallel lines in ordinal 
logistic regression was violated, multinomial 
logistic regression (MNLR) was used after verifying 
the adequacy of the model by different model 
adequacy tests. We contrasted early discharge 
vs late discharge and late discharge vs in-hospital 
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mortality. The missing contrast between early 
discharge and in-hospital mortality can be obtained 
in terms of the other two. Bivariate analysis was 
performed to assess the association of each of the 
independent variables and dependent variables. 
Explanatory variables, which were identified by 
bivariate analysis at p-value < 0.25, were selected 
( P value was taken 0.25 to include more number 
of variables to be fitted in MNLRM ) and entered a 
multivariate regression model to identify predictors 
of outcome in patients with AECOPD. p-value < 
0.05 was considered statistically significant in all 
analyses.

RESULTS 
A total of 132 patients were selected for the study 
and 6 patients were excluded later because they 
were discharged on DOPR, so a total of 126 patients 
were included in the study. Patients’ ages ranged 
from 47 to 94 with a mean age of 72.04±9.75 years. 
Most of the patients belonged to the age group 71 
to 80 years and 55.6% (70) of the patient were 
female. Eighty-one percent of patients were current 
smokers or past smokers, and cor-pulmonale was 
present in 34.9% of patients. The most common 
co-morbidity in patients with AECOPD was 
hypertension, followed by diabetes mellitus. The 
hematological co-morbidities reported in the study 
were anemia, thrombocytopenia, leukemia, and 
polycythemia. Amongst the patients included in 
the study, 55.6% (70) of patients admitted with 
AECOPD had early discharge, 31.7% (40) patients 
had late discharge and 12.7% (16) patients had 
mortality as the outcome.

Bivariate regression test of the outcome of patients 
with AECOPD revealed that the variables age, 
blood pH, pCO2, serum urea, creatinine, total 
bilirubin, and NLR at the time of admission had 
statistical significance. (Table 2) They were included 
in the multivariate MNLR model to calculate the 
regression coefficient, p-value, and odds ratio for 
each category.

Analysis to find out the factors that determine the 
outcome of patients admitted with AECOPD by 
the MNLR model was done by contrasting early 

discharge vs late discharge and late discharge vs 
mortality (table 3). The reference category in both 
models was late discharge. From the fitted MNLR, 
the variable NLR (OR=0.72, p-value<0.05) was seen 
to be significant to the model early discharge vs 
late discharge. On the other hand, age (OR=1.158, 
p-value<0.05) and NLR (OR=1.493, p-value<0.05) 
were seen to be significant to model late discharge 
vs mortality of patients with AECOPD. The odds 
ratio for NLR is seen to be 0.72 for the model early 
discharge vs late discharge, which reveals that the 
odds of early discharge relative to late discharge 
decrease by 0.72 per unit increase in NLR. Similarly, 

Table 1. Distribution of study population as per 
patient characteristics, comorbidity and outcome

Characteristics Number (%)

 Age group (years)
≤60 
61-70 
71-80 
81-90 
>90

17 (13.5%) 
38 (30.2%) 
44 (34.9%) 
25 (19.8%) 

2 (1.6%)

Sex 
Male 
Female

56 (44.4%) 
70 (55.6%)

Smoking 
Yes 
No

102 (81%) 
24 (19%)

Cor pulmonale 
Present 
Absent

44 (34.9%) 
82 (65.1%)

Co-morbidities 
Hypertension 
Diabetes 
Hematological 
Atrial fibrillation 
Hypothroidism

52 (41.2%) 
33 (26.1%) 
10 (7.9%) 
7 (5.6%) 
6 (4.7%)

Outcome             
Early discharge 
Late discharge 
Mortality

70 (55.6%) 
40 (31.7%) 
16 (12.7%)

Table 2. Bivariate analysis of the desired variables

Characteristics                Early discharge Late discharge Mortality                    p value

Age (years) 
pH 
pCO2

Urea (mmol/L) 
Creatinine (umol/L) 
Total bilirubin (gm/l) 
NLR

71.8±9.5 
7.39±0.05 

43.81±15.34 
5.83±3.23 

76.84±33.27 
12.09±9.49 
4.32±1.44 

69.7±8.81 
7.34±0.09 

55.02±22.25 
9.94±5.58 

119.48±64.16 
18.65±14.19 
6.03±3.22 

78.69±10.58 
7.28±0.12 

60.1±26.14 
9.77±3.03 

115.94±43.86 
15.38±7.90 

13.89±10.29 

0.005 
<0.001 
0.001 

<0.001 
<0.001 

0.01
<0.001 
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the odds ratio for age and NLR is 1.158 and 1.493 for 
the model late discharge vs mortality, which means 
the odds of mortality relative to late discharge 
increases by 1.158 and 1.493 per unit change in age 
and NLR respectively.

To determine the cutoff value at which NLR best-
predicted mortality in patients with AECOPD, a 
receiver operating characteristic (ROC) curve was 
constructed which showed NLR had maximum 
sensitivity of 87.5% and specificity of 90.9% when 
the cutoff value of NLR was taken to be 8.1 and the 
area under the curve (AUC) was 0.909.

The likelihood ratio test for the overall significance 
of all coefficients for the predictor as well as the 
significance of a single predictor in the model was 
performed which revealed the likelihood chi-square 
value to be 100.621 and final -2Log Likelihood value 
to be 139.5 with the p-value 0.04. This showed 
that at least one or likely most of the coefficients 
were not zero and indicated that all the predictors 
had a significant contribution to predicting the 
outcome. Here the chi-square test for the model 
was significant showing the acceptable fitting of 
the MNLR model. The classification accuracy rate 
was 79.4% which is greater than chance accuracy, 
thus the classification accuracy was satisfied. The 
overall goodness of fit of the estimated model 
was tested using deviance, and the non-significant 
deviance chi-square statistic with a p-value of 1 
suggested that the estimated model fits well with 
the MNLR model. To measure the proportion of 
variation in the outcome that could be explained by 
the predictors in the model, pseudo-R-square was 
calculated. Here, Negelkerke R2 was found to be 
0.646, which indicates that 65% variation in the 
outcome categories was explained by explanatory 
variables. Other pseudo-R-square values i.e., Cox 
and Snell, and McFadden had the value of 0.550 
and 0.419 respectively.

DISCUSSION
The present study was conducted to explore the 
factors associated with the outcome of patients 
admitted with AECOPD. This study also contributes 
new data related to the mortality in COPD patients 
hospitalized with an acute exacerbation. Based 
on the results of estimates of the MNLR model, 
NLR has been found the most influential variable 
on the outcome of patients with AECOPD. NLR 
predicts mortality with a sensitivity of 87.5% and 
a specificity of 90.9% when the cutoff value of 8.1 
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Table 3. Final fitted model for explaining outcome in patients with AECOPD

Variables Estimated 
coefficient p-value Odds 

ratio

95% CI for
odds ratio Estimated 

coefficient p-value Odds 
ratio

95% CI for
odds ratio

Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

Intercept -31.44 37.27

Age

pH

pCO2

Urea

Creatinine

Total bilirubin

NLR

0.02

4.83

-0.02

-0.08

-0.02

0.01

-0.32

0.44

0.27

0.09

0.46

0.08

0.50

0.01

1.02

125.5

0.97

0.92

0.98

1.01

0.72

0.96

0.02

0.94

0.73

0.95

0.96

0.56

1.08

722930

1

1.15

1

1.06

0.92

0.14

-7.06

-0.004

0.07

-0.01

0.01

0.40

<0.01

0.29

0.90

0.57

0.29

0.65

<0.01

1.15

<0.01

0.99

1.08

0.98

1.01

1.49

1.037

<0.01

0.93

0.82

0.95

0.94

1.15

1.29

491.33

1.06

1.41

1.01

1.09

1.92

Figure 1. Receiver operating characteristics (ROC) 
curve for NLR predicting mortality in patients with 
AECOPD
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was taken. The overall in-hospital mortality rate in 
patients with AECOPD was 12.7% whereas most 
patients had early discharge as the outcome.  

The rate of in-hospital mortality for COPD patients 
hospitalized with acute exacerbation has been 
reported to be between 2.5% and 30%, depending 
on the methodology of data collection and the 
patient population.7,8 The results of our study fall 
in this range and correspond with the in-hospital 
mortality rate of a study done among  1,016 adult 
patients with AECOPD which reported an in-hospital 
mortality rate of 11%.9  

Knowledge about the prognosis of disease and 
factors that predict the poor outcome is important to 
help physicians to advise patients on the expected 
natural course of an illness. Several risk factors that 
predict death from AECOPD have been identified 
in prior studies. Many clinical and laboratory 
parameters are shown to have value in predicting 
the outcome of patients hospitalized with COPD.10-

13 Some of the studied parameters include clinical 
parameters like age, sex; comorbidities, laboratory 
values like arterial PCO2 level, serum pH level, 
serum albumin level, serum urea, and creatinine, 
sodium, and potassium level arterial PCO2 level, 
serum pH level, serum albumin level, serum urea 
level, serum creatinine level, serum sodium level, 
serum potassium level. A study done among 100 
patient with AECOPD  in a tertiary care center in 
Nepal found that FEV1/FVC impairment, decreased 
pH, increased pCO2, current smoking status, and 
presence of biomass exposure are associated 
with prolonged hospitalization, ICU admission, and 
death.14 Similarly a study done among 599 AECOPD 
patient in University hospital found that admission 
between Thursday and Saturday, heart failure, 
diabetes, stroke, high arterial PCO2, and low serum 
albumin level were associated with a prolonged 
LOS.15 Another prospective study among 437 
AECOPD patient  at the Hospital Clinic of Barcelona 
found that the presence of an mMRC ≥2 and acute 
respiratory acidosis at admission independently 
increased the risk of a prolonged hospital stay in 
patients with AECOPD.16 However, the factors 
used in our study had no significance to predict the 
outcome in a patient admitted with AECOPD when 
entered into the MNLR model. NLR as a predictor 
of mortality is reported in previous studies too,17-19 
but to our knowledge, this study is the first one to 
report its usefulness to predict outcome as early 
discharge, late discharge, and mortality by using the 
MNLR model. 

In COPD, there are basically functional and structural 
alterations primarily caused by long-term inhalation 
of harmful particles. Decrease in endogenous 
protective mechanism against oxidative stress 
via Nrf2, the altered immune response of the 

airway inflammatory cells, exaggerated cellular 
senescence of the lung structural cells, and cell 
death with expanded inflammation occur in patients 
with COPD.20 Neutrophil to lymphocyte ratio is 
the ratio of absolute neutrophil count to absolute 
lymphocyte count. NLR is increased when there 
is an increase in the number of neutrophils and/
or a decrease in the number of lymphocytes as 
a result the activated neutrophils could release 
inflammatory cytokines and proteolytic enzymes. 
Lymphocytes play an important role in the immune 
system, and lymphopenia is associated with a high 
risk of infection and mortality.21 Thus, an increase in 
inflammatory response with a decrease in immune 
function may explain the poorer outcome in patients 
with AECOPD with high NLR. A retrospective study 
done among 303 AECOPD patient in University 
Hospital found that at a cut-off value of 6.15, the 
sensitivity and specificity of NLR in predicting 
in-hospital mortality were 81.08% and 69.17%, 
respectively, with an AUC of 0.803.18 Our study 
found a sensitivity and specificity higher than this 
study when the cutoff value for NLR was 8.1. 

The strength of this study is the definition of the 
outcome as we classified the outcome into three 
groups and used the MNLR model to predict the 
factors that could determine the outcome. The 
limitations of this study are the small sample 
size and a small mortality group which possibly 
caused the study to be underpowered. Also, this 
was a single-center study and thus it cannot give a 
general idea of mortality in patients with AECOPD. 
We did not take into consideration the severity of 
COPD as per GOLD classification or the frequency 
of exacerbation. Many variables like co-morbidities, 
smoking status, presence of cor-pulmonale, mode 
of ventilation, and other laboratory parameters that 
may have influenced the outcome in the patients 
were not included in the study.

CONCLUSION
Neutrophil Lymphocyte ratio though a simple, 
cheap, and easy-to-use marker, can be used to 
predict the outcome (early discharge, late discharge, 
and mortality) of patients with AECOPD. It is also a 
promising marker in predicting mortality in patients 
with AECOPD with high sensitivity and specificity.
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