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INTRODUCTION

Community-acquired pneumonia (CAP) is a common 
and potentially serious illness. It is associated with con-
siderable morbidity and mortality, particularly in elder-
ly patients and those with significant underlying diseas-

es [1,2]. Some studies have indicated that the incidence 
of CAP increases substantially with age, and patients > 
60 years account for 81.2% of all cases [3-5]. Furthermore, 
the hospitalization rate due to CAP increases with every 
decade of life until the eighth decade [3-5]. The overall 
annual incidence of CAP in adults also increases with 
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Background/Aims: This study was conducted to assess the disease burden of 
pneumonia according to age and presence of underlying diseases in patients ad-
mitted with community-acquired pneumonia (CAP).
Methods: We performed a retrospective, observational study and collected data 
targeting patients with CAP (≥ 50 years) from 11 hospitals. Disease burden was 
defined as total per-capita medical fee, severity (CURB-65), hospital length of stay 
(LOS), and mortality.
Results: Of the 693 enrolled subjects, elderly subjects (age, ≥ 65 years) had a higher 
mean CURB-65 score (1.56 vs. 0.25; p < 0.01) and higher mortality than nonel-
derly subjects (4.4% [n = 21] vs. 0.5% [n = 1]; p = 0.00). In addition, the total cost of 
pneumonia treatment was higher in elderly patients compared to in nonelderly 
patients (KRW 2,088,190 vs. US $1,701,386; p < 0.01). Those with an underlying dis-
ease had a higher CURB-65 score (1.26 vs. 0.68; p < 0.01), were much older (mean 
age, 71.24 years vs. 64.24 years; p < 0.01), and had a higher mortality rate than 
those without an underlying disease (3.5% [n = 20] vs. 1.7% [n = 2]; p = 0.56). Total 
per-capita medical fees were higher (KRW 2,074,520 vs. US $1,440,471; p < 0.01) and 
hospital LOS was longer (mean, 8.38 days vs. 6.42 days; p < 0.01) in patients with 
underlying diseases compared to those without.
Conclusions: Due to the relatively high disease burden in Korea, particularly in 
the elderly and in those with an underlying disease, closer and more careful ob-
servation is needed to improve the outcomes of patients with CAP.
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age (14 per 1,000 person-year in adults age ≥ 65 years) [6]. 
Additionally, age is an independent risk factor for pneu-
monia, after controlling for confounding variables, such 
as underlying disease conditions, immobility, and use 
of tranquilizers [7,8]. Moreover, the elderly are more sus-
ceptible to pneumonia due to the anatomical and phys-
iological changes that occur in the lungs with age [7,8].

A study conducted in Denmark demonstrated that 
the incidence of pneumonia requiring hospitalization 
increased by 50% from 1994 to 2004, and reported a per-
sistently high mortality rate [9]. A Korean study of the 
pneumonia burden in 764 inpatients with CAP (age, ≥ 50 
years) revealed that 3.2% patients died during treatment 
[10]. Mortality occurs primarily in the elderly and is fre-
quently associated with underlying diseases. Moreover, 
CAP is not only an increasing mortality factor in these 
patients but is associated with a significant economic 
burden in the Asia-Pacific region [10,11].

Although many Korean studies have reported the in-
cidence of CAP and its associated risk factors, there is 
a lack of information regarding the elderly, the group 
that most frequently experiences severe illness and un-
derlying disease [10-12]. Furthermore, no comparative 
information is available on disease burden in those pa-
tients. To better understand the influence of age and 
underlying disease, we focused on the disease burden of 
inpatients with CAP according to aging factors and the 
presence of underlying diseases. Furthermore, we ana-
lyzed the variables associated with disease severity, cost, 
and outcome. 

METHODS

The study setting and population were described previ-
ously by Yoo et al. [10]. This was a retrospective observa-
tional study conducted from January 1, 2008 to Decem-
ber 31, 2010. Subjects aged ≥ 50 years were recruited from 
11 university hospitals and were enrolled in reverse tem-
poral order from the end of treatment. Of the 764 cases 
of confirmed pneumonia, 56 subjects with malignant 
cancer and 15 cases with only a fungal pathogen were 
excluded from analyses. 

Data collection
We reported the methodological details of data collec-

tion previously [10]. Briefly, general and clinical charac-
teristics included sex, age, underlying disease, comorbid 
conditions (solid organ transplant, neutropenia, use of 
immunosuppressant within 3 months, use of corticoste-
roid) and identified pathogen severity using the CURB-
65 (confusion, urea > 7 mM/L [19 mg/dL], respiratory rate 
≥ 30/min, systolic blood pressure < 90 mmHg or diastol-
ic blood pressure ≤ 60 mmHg, and age ≥ 65 years) score, 
hospital length of stay (LOS), and survival status were 
collected.

Resource utilization
All resource utilization and economic data were derived 
from the patient’s detailed direct medical costs (insured 
and uninsured charges). Insured or uninsured charges 
for medical resource items were calculated to reflect 
the actual status at each relevant institution. The 2010 
health insurance fees were consistently applied as in-
sured charges. Each cost was separated by the following 
pertinent charge departments: hospitalization, medi-
cation, diagnostic testing, laboratory testing, imaging 
testing, and procedures or surgery. If patient admission 
days were 2 or more, the transfer and discharge day were 
excluded from the cost analysis, and only medical re-
source utilization was applied. Site and frequency of 
admission were evaluated for hospitalization. Antibi-
otics and other pneumonia-related drugs were includ-
ed as medications. Procedures for identifying bacteria 
(bronchoscopy, thoracentesis, histology, etc.) and spu-
tum, blood, urine, and pleural fluid examinations were 
included as diagnostic tests. Hematology or urinalysis; 
names and frequency of imaging tests (simple chest ra-
diography, chest computed tomography, magnetic res-
onance imaging, ultrasound, and echocardiography); 
and for procedures or surgery, any procedure to resolve 
pneumonia-associated complications were performed 
as laboratory tests. More detailed resource utilization 
and calculation methods for the cost analysis were de-
scribed in our previous report [10]. The costs only for 
evaluating and managing CAP were included. 

Statistical analysis
The SPSS version 20.0 (IBM Co., Armonk, NY, USA) was 
used for the analysis. Descriptive statistics are present-
ed as results for the general and clinical characteristics 
of the elderly and nonelderly patients as well as those 
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with or without an underlying disease. Categorical vari-
ables are described with counts and percentages. Means 
± SD for continuous variables are presented. The t test 
or Mann-Whitney test and chi-square test were used to 
determine the significance of differences. A multivari-
ate analysis of risk factors that affected hospital LOS and 
costs of patients with pneumonia was conducted, and 
log-transformation was applied. A two-tailed p < 0.05 
was considered to indicate significance. The average 
per-capita direct medical cost and average per-capita 

daily direct medical cost for all patients with pneumonia 
and the subgroups of patients (elderly or 50 to 64 years 
and those with or without underlying diseases) were cal-
culated using the direct medical cost results, which were 
estimated from medical resources. 

Ethics statement
The Institutional Review Boards at each site approved 
this study, and written informed consent was obtained 
from all patients. The approval number for Hallym Uni-

Table 1. Baseline characteristics according to age group

Characteristic
Age ≥ 65 yr

(n = 480)
Age < 65 yr

(n = 213)
p value

Sex

Male 298 (62.1)  99 (45.5) < 0.01

Female 182 (37.9)  114 (53.5)

Underlying disease

None   50 (10.4) 65 (30.5) < 0.01

Yes  430 (89.6) 148 (69.5)

Chronic cardiovascular disorder  282 (58.8)  81 (38.0) < 0.01

Chronic lung disease 206 (42.9)  53 (24.9) < 0.01

Chronic metabolic disorders  123 (25.6) 46 (21.6) 0.25

Central nervous system disorders 30 (6.3)  2 (0.9) 0.00

Malignancy  27 (5.6) 3 (1.4) 0.01

Chronic kidney disorders 14 (2.9) 11(5.2) 0.14

Chronic liver diseases 10 (2.1) 9 (4.2) 0.11

Others  105 (21.9) 33 (15.5) 0.05

Comorbid conditionsa

   None 369 (76.9) 161 (75.6) 0.71

   Yes 111 (23.1)  52 (24.4) 0.02

Pathogens 

Gram positive   51 (10.6) 16 (7.5) 0.20

Streptococcus pneumoniae 26 (5.4) 12 (5.6) 0.91

Other gram positive 25 (5.4) 4 (1.9) 0.04

Gram negative   55 (11.5) 15 (7.0) 0.08

Atypical pathogensb  29 (6.0) 20 (9.4) 0.11

Viruses   0 (0.0) 2 (0.9) 0.09

Mixedc  29(6.0) 8 (3.8) 0.56

Others    3 (0.6) 0 (0.0) 0.22

Unknown   313 (65.2) 152 (71.4) 0.11

Values are presented as number (%). 
aComorbid conditions: solid organ transplant, neutropenia, use of immunosuppressant within 3 months, use of corticosteroid.
bAtypical pathogens: Mycoplasma, Legionella, and Chlamydia spp.
cMixed: two or more pathogens.
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versity Sacred Heart Hospital was 2011-S016.

RESULTS

Baseline characteristics
After excluding 71 (56 patients with active malignancy 
and 15 with a single fungal pathogen) of 764 patients, 
the results for 693 patients were analyzed. We separat-
ed all patients with pneumonia into groups according 
to age (elderly [age ≥ 65 years] or nonelderly [age, 50 to 
64 years]), and presence of underlying disease (with or 
without underlying disease), and compared the baseline 
characteristics. Males comprised the majority of elderly 
patients (62.1% [298 patients] vs. 37.9% [182 patients], p < 
0.01) (Table 1). We also separated all patients with pneu-
monia into those with or without an underlying disease 

(Table 2). Of all patients with pneumonia, 83.4% (578) had 
an underlying disease. Mean ages of patients with and 
without an underlying disease were 71.24 ± 9.97 and 64.24 
± 11.16 years (p < 0.01), respectively, and that for males 
was 60% (n = 347) versus 40% (n = 231), respectively (p < 
0.01). A greater proportion of males had an underlying 
disease, and the mean age of males was greater than that 
of females.

A pathogen was identified in 32.9% of cases (228 pa-
tients). Streptococcus pneumoniae was detected in 26 (5.4%) 
of the nonelderly patients and 12 cases (5.6%) of the el-
derly had a pathogen (Table 1). S. pneumoniae was isolat-
ed from 32 cases (5.5%) with an underlying disease and 
six (5.2%) without (Table 2). Mixed infection with S. pneu-
moniae was noted in nine elderly patients (1.9 %; p = 0.10, 
data not shown) and 12 patients (2.1%) with an underly-
ing disease (p = 0.71, data not shown). The distribution 

Table 2. Baseline characteristics according to the presence of underlying disease

Characteristic
With underlying disease

(n = 578)
Without underlying disease 

(n = 115)
p value

Sex

Male 347 (60.0) 50 (43.5) 0.01

Female 231 (40.0) 65 (56.5)

Age, yr 71.24 ± 9.97 64.24 ± 11.16 < 0.01

50–64 148 (25.6) 65 (56.5) < 0.01

65–74 201 (34.8) 28 (24.3) < 0.01

≥ 75 229 (39.6) 22 (19.1) < 0.01

Comorbid conditionsa

None 432 (74.7) 98 (85.2) 0.02

Yes 146 (25.3) 17 (14.8) 0.43

Pathogens

Gram positive 58 (10.0) 9 (7.8) 0.46

Streptococcus pneumoniae 32 (5.5) 6 (5.2) 0.89

Other gram positive 26 (4.5) 3 (2.6) 0.45

Gram-negative 62 (10.7) 8 (7.0) 0.22

Atypical pathogensb 41 (7.1) 8 (7.0) 0.96

Viruses 2 (0.3) 0 (0.0) 1.00

Mixedc 34 (5.9) 3 (2.6) 0.15

Others 2 (0.3) 1 (0.9) 0.42

Unknown 379 (65.6) 86 (74.8) 0.06

Values are presented as number (%) or mean ± SD. 
aComorbid conditions: solid organ transplant, neutropenia, use of immunosuppressant within 3 months, use of corticosteroid. 
bAtypical pathogens: Mycoplasma, Legionella, and Chlamydia spp. 
cMixed: two or more pathogens.
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of pneumonia pathogens did not differ between the el-
derly and nonelderly groups and those with or without 
underlying diseases. Furthermore, gram-positive and 
-negative bacteria were isolated at a similar rate in elder-
ly and nonelderly groups, same as the with underlying 
disease and without underlying diseases (Tables 1 and 2).

 
Disease severity, treatment duration, and treatment 
outcomes
The mean CURB-65 score in all patients with pneumo-
nia was 1.16 points, and was higher in the elderly (1.56 ± 
0.78 vs. 0.25 ± 0.52, p < 0.01) and those with an underlying 
disease than the nonenderly group without underlying 
disease (1.26 ± 0.85 vs. 0.68 ± 0.85, p < 0.01). Patients who 
scored ≥ 3 points comprised 10.2% of the elderly, which 
was significantly higher than that in the 50- to 64-year 
age group (10.2% [n = 49] vs. 0.5 % [n = 1], p < 0.01). More-
over, subjects with an underlying disease scored ≥ 3 
points significantly more frequently than those without 
(7.6% [n = 44] vs. 5.2% [n = 6], p < 0.01) (Table 3). 

LOS was longer in elderly patients (8.45 days vs. 7.16 
days, p = 0.00), and in those with than without an under-
lying disease (8.38 days vs. 6.42 days, p < 0.01) (Table 3). A 
total of 3.2% of the 693 patients with pneumonia died. 
The mortality rate was 4.4% (21 patients) in the elderly 
and 0.5% (one patient) in the nonelderly group (p = 0.00). 
Similarly, the mortality rate was 3.5% (20 patients) in 
those with an underlying disease and 1.7% (two patients) 
in those without (p = 0.56) (Table 3). 

Cost analysis

Total per-capita medical fees for all patients with pneu-
monia were KRW 1,969,303 (US $1,969; US $1 = 1,000 
KRW); they were 2,088,190 KRW in the elderly group and 
1,701,386 KRW in the nonelderly group (p < 0.01). Fur-
thermore, the medical fees summed to 2,074,520 KRW in 
patients with an underlying disease and 1,440,471 KRW 
in those without (p < 0.01) (Table 4). The costs for hos-
pitalization, medication, diagnostic testing, laboratory 
testing, imaging, and a procedure or surgery in those 
with an underlying disease were higher than in those 
without an underlying disease (p < 0.01) (Table 4). Elderly 
patients had a higher cost for each item compared to 
nonelderly patients, with the exception of diagnostic 
tests (Table 4). The percentage breakdown of costs for 
each item in the elderly was 28.2% for hospitalization, 
22.3% for medication, 14.5% for diagnostic testing, 14.8% 
for laboratory testing, 10.4% for imaging, and 9.8% for 
a procedure or surgery. The underlying disease group 
had higher cost percentages for hospitalization (27.9%), 
medication (22.1%), diagnostic testing (15.2%), laboratory 
testing (14.7%), imaging (10.8%), and a procedure or sur-
gery (9.3%). Subjects aged 50 to 64 years and those with-
out an underlying disease showed similar proportions. 

Associations among disease severity, hospital LOS, 
and cost
A univariate analysis presumed that the following fac-
tors were important for predicting patient outcome: 
age > 65 years, chronic cardiovascular disorder, chronic 

Table 3. Severity, hospital length of stay, and mortality according to age (elderly vs. 50 to 65 years) and presence of underlying 
disease

Variable
Age ≥ 65 yr

(n = 480)
Age < 65 yr

(n = 213)
p value

With underlying 
disease (n = 578) 

Without underlying 
disease (n = 115) 

p value

CURB-65a 1.56 ± 0.78 0.25 ± 0.52 < 0.01 1.26 ± 0.85 0.68 ± 0.85 < 0.01

Low 275 (57.3) 207 (97.2) < 0.01 381 (65.9) 101 (87.8) < 0.01

Moderate  156 (32.5)   5 (2.3) < 0.01 153 (26.5) 8 (7.0) < 0.01

High  49 (10.2)   1 (0.5) < 0.01  44 (7.6) 6 (5.2) < 0.01

Hospital LOS 8.45 ± 5.68  7.16 ± 4.77    0.00 8.38 ± 5.63 6.42 ± 3.99 < 0.01

Mortality  21 (4.4)   1 (0.5)    0.00 20 (3.5) 2 (1.7)   0.56

Values are presented as mean ± SD or number (%).
LOS, length of stay.
aCURB-65 was analyzed using the nonparametric Mann-Whitney test. CURB-65, confusion, urea > 7 mM/L (19 mg/dL), respi-
ratory rate ≥ 30/min, systolic blood pressure < 90 mmHg, or diastolic blood pressure ≤ 60 mmHg, and age ≥ 65 years. 
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lung disease, CNS disorder, and chronic renal disorder 
(data not shown). Using these variables, we analyzed the 
factors associated with hospital LOS, cost, and severity 
(CURB-65 score). Hospital LOS was increased in the el-
derly (p < 0.033) and those with chronic lung disease (p = 
0.035). Cost was increased in the elderly (p = 0.005), and 
those with a chronic cardiovascular disorder (p = 0.028) 
or chronic lung disease (p = 0.006) (Table 5). The propen-
sity to score low on the CURB-65 was increased in the 
elderly (p < 0.001), in those with chronic renal disease 
(p < 0.001), and in those with a CNS disorder (p = 0.024). 
Moreover, a high CURB-65 score was more likely in pa-
tients with chronic lung disease (p = 0.014). 

DISCUSSION 

This study involved a subgroup analysis, which was first 
conducted by Yoo et al. [10]. In the current study, we 
focused on disease burden measured by total per-cap-
ita medical fees, severity (CURB-65), hospital LOS, and 
mortality, according to age and underlying diseases. 
Our findings demonstrated that disease burden was 
higher in the elderly (≥ 65 years) and in patients with 
an underlying disease compared to those aged 50 to 64 
years or without an underlying disease. 

A cost analysis for pneumonia across studies is chal-
lenging due to differences in coding and data sources 
for the definition of pneumonia as well as the analytical 
methods used to calculate costs [1,5,13-16]. According to a 
US pneumonia burden study, the mean LOS per hospi-
tal admission was 7.6 days, with a mean cost of US $6,949 
per person (1997 value) [5]. This is consistent with the 
results of the retrospective analysis by Niederman et al. 
[16], who reported that mean hospital LOS and cost were 
7.8 days and US $7,166 per person (1995 value) in patients 
> 65 years of age [16]. The overall annual hospital cost 
for CAP in elderly patients in the US is $4.4 billion to 
$4.8 billion [5,16]. A US pneumonia cost analysis of hos-
pital-treated pneumonia as a primary diagnosis in the 
elderly population in 2010, reported a conservative esti-
mate of > US $7 billion, or US $9,749 per person (2005 to 
2007 value); this imposes a tremendous burden on the 
US healthcare system [14]. However, those studies relied 
on Medicare administrative claims for the cost analysis, 
and the subjects selected may not have provided the ac-
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tual costs of care. Additionally, limited clinical details of 
each individual were provided. This suggests the costs 
may have been overestimated as a result of inclusion 
of treatments unrelated to pneumonia or unobserved 
morbidities. In contrast, the costs in our study included 
both insured and uninsured charges for each medical 
resource item. Furthermore, we consistently applied 
the actual cost case by case when a difference existed 
between hospitals, particularly for uninsured charges. 
In contrast to these previous studies, which used only 
the International Classification of Diseases code to se-
lect subjects, the definition of pneumonia in our study 
was clear due to the diagnosis being confirmed by pul-
monary specialists in tertiary teaching hospitals. In sup-
port of these results, another US study reported that the 
mortality rate can change according to the pneumonia 
disease coding used [17]. Few studies in Asia have deter-
mined whether the CAP economic burden can be com-
pared with that of other regions. In Taiwan, the cost of 
one hospital admission and the total cost for CAP in the 
elderly were approximately US $3,221 and US $1,897,137, 
respectively [18]. Among all age groups in rural Thailand, 
the cost of hospitalization for an episode of pneumonia 
ranges from US $490.80 to US $628.60 [19]. However, the 
Thai study used national health insurance claims data 
only; therefore, selection bias may have existed. Further-
more, the case definition for the inclusion criteria and 
the cost analysis method were unclear.

In addition to the cost analysis method and disease 
coding, the population examined is an important factor 
for a cost analysis study. A multicenter, hospital-based 

study of the clinical and economic burden of invasive 
pneumococcal disease (IPD) reported mean direct medi-
cal costs of US $7,452 (mean, US $5,404 or US $8,756/case), 
and no difference between age and risk groups [20]. Sim-
ilarly, Weycker et al. [13] reported that the direct medical 
cost per case did not differ significantly between risk 
and age groups (US $15,402 to US $31,849/case) [13]. The 
former calculated direct medical costs by adding only 
IPD-related costs for each subject, whereas the latter in-
volved data from the 2004 Healthcare Cost and Utiliza-
tion Project Nationwide Inpatient Sample using mean 
age- and risk-specific charges [13,20]. Those results are 
in agreement with our findings. Total costs for CAP in 
our elderly and underlying disease groups were signifi-
cantly higher than in the nonelderly and without under-
lying disease groups, suggesting that the initial disease 
severity is an important factor for the cost analysis, as 
are the cost analysis and disease coding methods. As 
only subjects with severe disease were included, selec-
tion bias could have existed in those studies. Moreover, 
those studies may have reported considerably higher 
costs because they did not include actual costs, such as 
uninsured charges, as in our study. Therefore, our data 
are more accurate and can be generalized to an inpatient 
CAP population.

CAP is one of the most common causes of death in 
the infectious diseases category in Korea, and mortality 
rates reach 12% to 14%, even with antibiotic use [21]. A 
prospective surveillance study conducted in 14 tertiary 
hospitals in Asian countries (South Korea, China, Tai-
wan, Hong Kong, India, Singapore, Vietnam, and Phil-

Table 5. Multivariate analysis of the associations among hospital length of stay, cost, and CURB-65

Variable
Hospital LOS Cost CURB-65a

B p value B p value B p value

Age ≥ 65 yr 0.099 0.033 0.146 0.005  −3.063  < 0.001

Underlying diseases

Chronic cardiovascular 
disorder

0.065 0.126 0.105 0.028  −0.146 0.323

Chronic lung disease 0.091 0.035 0.133 0.006   0.367 0.014

CNS disorders 0.061 0.536 0.033 0.769  −0.561  0.024

Chronic renal disorders 0.180 0.104 0.161 0.196   −1.299  < 0.001

CURB-65, confusion, urea > 7 mM/L (19 mg/dL), respiratory rate ≥ 30/min, systolic blood pressure < 90 mmHg or diastolic 
blood pressure ≤ 60 mmHg, and age ≥ 65 years; LOS, length of stay; CNS, central nervous system.
aConfusion, urea > 7 mM/L (19 mg/dL), respiratory rate ≥ 30/min, systolic blood pressure < 90 mmHg or diastolic blood pres-
sure ≤ 60 mmHg, and age ≥ 65 years.

www.kjim.org


771

Lee JY, et al. Disease burden of pneumonia

www.kjim.orghttp://dx.doi.org/10.3904/kjim.2014.29.6.764

ippines; Asian Network for Surveillance of Resistant 
Pathogens), showed that old age was a risk factor for 
mortality [11]. In fact, when patients were stratified by 
age, the mean CURB-65 severity score increased gradu-
ally with age (50 to 54 years, 0.16; 55 to 59 years, 0.30; 60 to 
64 years, 0.29; 65 to 70 years, 1.40; data not shown) as in 
our study. Furthermore, the percentage of patients with 
a high CURB-65 score also increased markedly starting 
at age 65 yr (50 to 54 years, n = 0 [0%]; 55 to 59 years, n 
= 0 [0%]; 60 to 64 years, n = 1 [1.3%]; 65 to 70 years, n = 
7 [6.9%]; data not shown). This is possibly because the 
CURB-65 score includes age ≥ 65 years as a factor in the 
severity scoring. We divided the patients into elderly (≥ 
65 years) or nonelderly (50 to 64 years) groups. The elder-
ly group developed a higher disease burden. However, 
age is itself an important risk or prognostic factor for 
pneumonia. Age was not a predictive factor for mortality 
in a Korean study conducted to determine predictors of 
in-hospital mortality in patients with severe CAP who 
required mechanical ventilation [22]. Therefore, severity 
is more important than age in terms of mortality.

Because we defined the costs for disease burden, se-
verity (CURB-65), hospital LOS, and mortality, we iden-
tified the variables associated with these factors. Cost 
and hospital LOS were significantly higher in the elder-
ly and in patients with an underlying disease; however, 
no significant association with any variable was found in 
the multivariate analysis (data not shown). This might 
have been caused by a lower or slightly higher mortality 
rate in those with an underlying disease or the elderly. 
Although we cannot explain the low mortality, several 
factors are likely involved, such as the modest effect of 
higher pneumococcal vaccination rates on pneumonia 
risk; reduced smoking; and better treatment for chron-
ic underlying disease; these are risk factors for pneu-
monia. Pooled data from observational studies have 
demonstrated the overall burden of CAP in patients 
with other medical conditions, such as chronic respi-
ratory diseases, cardiovascular diseases, cerebrovascular 
diseases, dementia, and diabetes mellitus, which were 
the most frequent underlying diseases [3,23]. Up to two-
thirds of patients had a chronic respiratory disease and 
almost half had a chronic cardiovascular disease [3,6,23]. 
Our results also indicate that ~90% of those with an 
underlying disease had chronic cardiovascular disease 
(52.4%, n = 363) or chronic lung disease (37.4%, n = 259). 

Disease severity and frequency of an underlying condi-
tion affected the outcomes. Mortensen et al. reported 
that about half of deaths in patients with CAP were at-
tributable to worsening of a pre-existing condition [24]. 
Although we cannot explain these factors separately, we 
understand that age and underlying disease are import-
ant factors for predicting disease burden. An analysis of 
each individual patient with an underlying disease and 
a longitudinal assessment of outcomes are needed to 
better understand the associations between age and un-
derlying disease, cost, disease severity, and hospital LOS.
Some limitations of this investigation should be men-
tioned. As our study was performed in a tertiary referral 
center and did not include an outpatient population, in 
which CAP is treated more commonly, it is difficult to 
generalize our results. Another limitation of our study is 
that only subjects age ≥ 50 years were included; thus, our 
results may not be representative of the entire popula-
tion of pneumonia patients in Korea.

The strengths of this study are the accuracy of the cost 
analysis for inpatient CAP. Due to the lack of informa-
tion about the most frequent independent risk factors 
(elderly, patients with underlying disease) in Korea, we 
analyzed these patients using accurate medical resourc-
es, including uninsured items, which had not been ap-
plied in previous studies. Insured items were adjusted 
for annual inflation by consistently applying the 2010 
insurance fees for each insurance medical resources. 
Furthermore, the nursing (or intensive care unit nurs-
ing) personnel category was applied by identifying the 
actual status in each institution. An accurate economic 
burden for uninsured items was calculated by focusing 
on publicly available uninsured data, as disclosed on the 
website of each institution. Although this was a retro-
spective study, patients with pneumonia at each hospital 
were identified in reverse temporal order from the treat-
ment completion date (December 31, 2010) and were 
extracted relatively randomly; hence, little bias existed 
according to disease severity, age, sex, or the presence 
of underlying disease. Third, the study was conducted 
mostly in the pulmonary divisions of university hospi-
tals; thus, the diagnosis of pneumonia and assessment 
of underlying diseases were accurate. We identified 
pathogens more aggressively using every possible diag-
nostic tools such as bronchoscopy, thoracentesis, histol-
ogy, etc., and assessed treatment outcomes in > 90% of 
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all cases.
In summary, we report herein the characteristics and 

medical costs of Korean pneumonia patients aged ≥ 50 
years who received inpatient care. Patients were divided 
into elderly and non-elderly and those with and without 
an underlying disease. Total costs, hospital LOS, and 
disease severity were higher in the elderly and in those 
with an underlying disease than in the non-elderly and 
those without an underlying disease. Therefore, this 
disease imposes a considerable on both the individual, 
particularly the elderly and those with an underlying 
disease, and society in general. Furthermore, an actual 
cost analysis regarding all medical resources, includ-
ing noninsurance charges, is essential; this should be 
based on an accurate disease diagnosis as well as on the 
presence of underlying disease, as discussed above. Giv-
en that being elderly and having chronic lung disease 
were associated with a higher disease burden, closer and 
more careful observations in these populations are es-
sential to improve the outcomes of inpatient treatment 
of CAP. 
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