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ABSTRACT

Background: This study is to describe the changes in prescribing practices of antibiotics to 
treat community-acquired pneumonia (CAP) in Korea during 2010–2015.
Methods: The claim database of the Health Insurance Review and Assessment Service in Korea 
was used to select adult patients (≥ 18 years of age) admitted between 2010 and 2015, with the 
International Classification of Diseases, Tenth Revision codes relevant to all-cause pneumonia 
for the first or second priority discharge diagnosis. The episodes with hospital-acquired 
or healthcare-associated pneumonia were excluded. Consumption of each antibiotic was 
converted to defined daily dose (DDD) per episode. The amount of antibiotic consumption was 
compared between patients with CAP aged < 65 years and those aged ≥ 65 years.
Results: The average amount of antibiotic consumption per episode was 15.5 DDD, 
which remained stable throughout the study period (P = 0.635). Patients aged ≥ 65 years 
received more antibiotics than those aged < 65 years (15.7 vs. 15.3 DDD). Third-generation 
cephalosporin (4.9 DDD/episode, 31.4%) was the most commonly prescribed, followed by 
macrolide (2.7 DDD/episode, 17.1%) and beta-lactam/beta-lactamase inhibitor (BL/BLI) 
(2.1 DDD/episode, 13.6%). The consumption amount of fourth-generation cephalosporin 
(4th CEP) (P = 0.001), BL/BLI (P = 0.003) and carbapenem (P = 0.002) increased each year 
during the study period. The consumption of 4th CEP and carbapenem was doubled during 
2010–2015.
Conclusion: The prescription of broad-spectrum antibiotics such as 4th CEP and carbapenem 
to treat CAP increased in Korea during 2010–2015.
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INTRODUCTION

Antimicrobial-resistant pathogens erode the effectiveness of antibiotics, leading to higher 
mortalities, longer hospital stays, and increased medical costs.1 Approximately 2.8 million 
individuals develop an infection and more than 35,000 people die annually in the U.S. due 
to widespread antimicrobial-resistant pathogens.2 The emergence of antimicrobial-resistant 
organisms is considered to be a serious threat to public health, and the importance of proper 
antibiotic usage has been emphasized to cope with the threat.3

Unfortunately, Korea is known to have a high level of antibiotic prescription among the 
Organization for Economic Cooperation and Development countries.4 The use of antibiotics, 
especially broad-spectrum antibiotics, has been increasing in the last decade in Korean 
hospitals.5,6 Accordingly, the National Action Plan on Antimicrobial Resistance in Korea 
set as their primary objective a prudent use of antibiotics and reduction of unnecessary 
antibiotics prescriptions.7 The first step toward implementing a proper policy for 
antimicrobial stewardship is identifying the current situation. Although some quantitative 
studies have already been conducted, more extensive and far-reaching analyses on antibiotic 
usage patterns are needed.

Community-acquired pneumonia (CAP) is one of the most common community-acquired 
bacterial infections, which usually requires an antibiotic treatment.8 In Korea, the most 
causative bacterial pathogen for CAP is Streptococcus pneumoniae, which comprises 27%–69% 
of the total isolated bacteria.8 Fortunately, the resistance rate of S. pneumoniae to ceftriaxone 
and fluoroquinolone (FQ) is less than 10%.9,10 However, some reports demonstrated that the 
proportion of cases due to gram-negative bacteria and S. aureus was higher in elderly patients, 
which raised concern about antimicrobial resistance.11

Although efforts to improve microbiological diagnosis for patients with CAP are still 
ongoing, the rate of microbiological diagnosis remains around 40% due to difficulties in 
securing adequate samples.12,13 Hence, selecting antibiotics to treat CAP is highly dependent 
on the official guidelines based on empirical antibiotic treatments. The treatment guidelines 
for CAP are developed based on local epidemiology, but individual physicians may not adhere 
to them due to the governmental policies regarding restrictions on antimicrobial agents, 
prescription behavior of each physician, etc.

Analyzing the antibiotic prescription patterns of CAP may give a clue to the changing patterns 
in the practices of prescribing antibiotics to treat common bacterial infections in Korea, 
which is the goal of this study as viewed more broadly.

METHODS

Data source
The National Health Insurance System of Korea covers almost the entire population, 
including low-income families receiving medical aids; approximately 98% of the population 
is covered by the system.14 We obtained the National Health Insurance claim data through the 
Healthcare Big Data Hub, where the Health Insurance Review & Assessment Service provides 
the health insurance data online.
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The data include age, sex, insurer type, clinic/hospital code, area code of clinic/hospital, care 
type (inpatient/outpatient), treatment start date, treatment duration, admission or visit days, 
primary discharge diagnosis code, sub-discharge diagnosis code, medical department in 
charge, medical cost, and prescribed pharmaceuticals. The discharge diagnoses were coded 
following the International Classification of Diseases, Tenth Revision (ICD-10). To identify 
the underlying comorbidities of patients and to minimize missing variables due to the lag 
in billing for health insurance claims, the claim data were obtained from January 2009 to 
December 2016.

Definitions
We examined the episodes for adult (≥ 18 years) hospitalized patients with ICD-10 codes 
for all-cause pneumonia in the first or second priority discharge diagnosis.6,15 All-cause 
pneumonia codes used in the present study are presented in Supplementary Table 1. 
We included the codes relevant to viral pneumonia (J10, J11, and J12), because empirical 
antibiotics are likely to be applied to any type of pneumonia before causative pathogens are 
revealed. The episodes with zero hospitalization day or zero medical cost, as well as those 
with antibiotic prescription for less than 3 days were excluded.16 In addition, the episodes 
with the treatment result “transfer to other medical facilities” and those with 1 day or less 
between discharge and re-hospitalization were excluded.

Importantly, episodes that could be classified as hospital-acquired or healthcare-associated 
pneumonia were excluded, which had any of the following characteristics. Surgery codes 
were recorded during admission; patients had tuberculosis or acquired immune deficiency 
syndrome (AIDS)/human immunodeficiency virus (HIV) as comorbidities; patients had a 
history of organ transplantation or chemotherapy; patients were hospitalized for more than 
2 days within 180 days prior to the pneumonia episode; patients underwent hemodialysis 
within 30 days prior to the pneumonia episode; and patients visited the outpatient clinic with 
the diagnosis code not associated with pneumonia within 30 days prior to the pneumonia 
episode (Fig. 1).17-19

The comorbidities examined in this study were based on the disease categories in the Charlson's 
comorbidity index, and they were myocardial infarction, congestive heart failure, peripheral 
vascular disease, cerebrovascular disease, chronic pulmonary disease, rheumatic disease, 
moderate or severe liver disease, hemiplegia or paraplegia, renal disease, any malignancy (except 
malignant neoplasm of the skin), metastatic solid tumor, AIDS/HIV, and dementia.20

“Medical costs” included all expenses paid by the patient or the health insurance system, 
such as cost per prescription, hospitalization charge, procedure charge, laboratory test 
charge, and radiologic examination charge. Non-reimbursed medical costs were not 
included. All costs are in the US dollars (1 USD ≒ 1,150 KRW).

Antibiotics were defined as medication with Anatomical Therapeutic Chemical (ATC) class 
J01, which does not include antifungal agents or antituberculosis agents. Systemic agents 
with per oral or parenteral administration route were included, whereas topical agents 
were excluded. Antibiotics prescribed at hospital discharge were included for analysis. 
The consumption amount of each class of antibiotics was converted to defined daily dose 
(DDD) following the ATC classification system of the World Health Organization,21 and then 
standardized for per episode.
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Data analysis and statistics
Incidence rates were calculated using the population size data from the Statistic Korea as 
the denominator, because the National Health Insurance System of Korea covers almost the 
entire population. The population size for age ≥ 18 and ≥ 65 in Korea during 2010-2015 was 
306,196,939 and 36,734,078, respectively.22 The demographic data, clinical features, and 
antibiotic usage of the patients with pneumonia were obtained, and these variables were 
compared between patients with CAP aged < 65 years (the 65- group) and those aged ≥65 
years (the 65+ group). For significant differences between groups, we used the t- or χ2 test.

Linear regression models were used to assess the trend of antibiotic consumption over time 
or age. To allow the trend to vary across different ages, an age quadratic term was included 
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2,519,780 episodes with all-cause pneumonia
codes in the first or second priority discharge

diagnosis on claims

Exclusion of episodes whose primary discharge
diagnosis did not meet all-cause pneumonia or

sepsis/acute respiratory failure codes (n = 764,327)

1,755,453 episodes involving hospitalization
with all-cause pneumonia

Exclusion of episodes with zero hospitalization day or
zero medical cost (n = 78,113)

Exclusion of episodes with antibiotic prescription less
than 3 days (n = 327,660)

Exclusion of episodes with the treatment result
“transfer to other medical facilities” (n = 29,074)

Exclusion of episodes recorded as 1 day or less
between discharge and re-hospitalization (n = 145,207)

Exclusion of episodes that included surgery codes
during admission (n = 25,390)

97,711 episodes with community-acquired
pneumonia who had a prescription of

antibiotics for 3 days or more

Exclusion of episodes with at least one of
the following (n = 1,052,298)

- Had tuberculosis or HIV as comorbidities
- Had a history of organ transplantation or

chemotherapy
- Were hospitalized for more than 2 days within

180 days prior to the pneumonia episode
- Underwent hemodialysis within 30 days prior

to the pneumonia episode
- Patient visited the outpatient clinic with the

diagnosis code not associated with pneumonia
within 30 days prior to the pneumonia episode

Fig. 1. Flow diagram showing the process of selecting episodes with community-acquired pneumonia based on 
the National Health Insurance claims data. 
HIV = human immunodeficiency virus.
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in the regression model. Statistical significance was defined as P < 0.05. All analyses were 
performed using SAS enterprise guide version 6.1 (SAS Institute Inc., Cary, NC, USA).

Ethics statement
The study protocol was approved by the Institutional Review Board (IRB) of Hanyang 
University Hospital (IRB No. 2017-01-020), and the requirement for a written informed 
consent was waived.

RESULTS

Baseline characteristics of patients with CAP
A total of 97,711 CAP episodes were identified in 2010–2015 in Korea (15,418 in 2010, 16,777 
in 2011, 17,070 in 2012, 14,882 in 2013, 15,940 in 2014, and 17,624 in 2015). Of them, 58.3% 
occurred in the 65+ group. The overall incidence per 10,000 persons was 3.19; the incidence 
rate of the 65+ group was 15.52, which was approximately 10-fold the incidence rate 1.51 of 
the 65- group.

Table 1 shows the baseline characteristics of patients with CAP. Approximately 56.5% of 
the total patients were female, and the median age was 73 years with the interquartile range 
(IQR) 46–83. The most common comorbidities were diabetes mellitus (43.7/100 episodes) 
and chronic pulmonary disease (43.4/100 episodes), followed by cerebrovascular disease 
(29.8/100 episodes). The number of comorbidities of the 65+ group is often several times that 
of the 65- group: 3.9-fold in diabetes mellitus, 1.9-fold in chronic pulmonary disease, and 
7.5-fold in cerebrovascular disease. There was a significant difference between the two age 
groups in all variables used.

The average hospitalization day for CAP episodes was 12.0 days, and the hospitalization 
duration was longer in the 65+ group than in the 65- group (13.9 vs. 9.2 days, P < 0.001). The 
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Table 1. Baseline characteristics of community-acquired pneumonia patients in Korea during 2010–2015
Characteristics Total Age, < 65 (41.7%) Age, ≥ 65 (58.3%) P valuea

Male  
(n = 42,456)

Female  
(n = 55,255)

Total  
(n = 97,711)

Male  
(n = 18,733)

Female  
(n = 21,979)

Total  
(n = 40,712)

Male  
(n = 23,723)

Female  
(n = 33,276)

Total  
(n = 56,999)

Age, yr, median (IQR) 69 (45–81) 76 (47–85) 73 (46–83) 42 (32–54) 41 (31–53) 42 (31–53) 80 (74–85) 83 (78–88) 82 (76–87)
No. of comorbidities,b per 100 CAP episodes

Diabetes mellitus 45.4 42.4 43.7 20.1 12.8 16.2 65.4 61.9 63.4 < 0.001
Chronic pulmonary disease 43.7 43.2 43.4 26.6 29.8 28.3 57.1 52.1 54.2 < 0.001
Cerebrovascular disease 30.7 29.2 29.8 8.3 4.5 6.2 48.4 45.5 46.7 < 0.001
Dementia 22.3 27.1 25.0 2.5 1.0 1.7 37.9 44.4 41.7 < 0.001
Peripheral vascular disease 18.3 19.3 18.8 5.3 5.5 5.4 28.5 28.4 28.4 < 0.001
Congestive heart failure 16.4 20.9 18.9 3.9 2.4 3.1 26.3 33.1 30.3 < 0.001
Hemiplegia or paraplegia 11.6 9.6 10.5 4.4 1.3 2.8 17.3 15.1 16.0 < 0.001
Renal disease 4.9 3.5 4.1 1.2 0.6 0.9 7.7 5.5 6.4 < 0.001
Moderate or severe liver disease 2.0 1.4 1.6 1.4 0.7 1.0 2.5 1.8 2.1 < 0.001
Any malignancy 0.8 6.9 4.2 0.7 2.7 1.8 0.9 9.6 6.0 < 0.001
Metastatic solid tumor 0.1 0.6 0.4 0.1 0.2 0.1 0.1 0.9 0.5 < 0.001

Average hospitalization, day 12.3 11.7 12.0 9.6 8.8 9.2 14.4 13.6 13.9 < 0.001
Average antibiotic cost, USD 228.1 187.2 204.9 156.4 124.3 139.1 284.7 228.7 252.0 < 0.001
Average medical cost, USD 2,200.9 1,781.1 1,963.5 1,436.6 1,061.6 1,234.2 2,804.5 2,256.4 2,484.5 < 0.001
Proportion of antibiotic cost from 
total medical cost, %

10.4 10.5 10.4 10.9 11.7 11.3 10.1 10.1 10.1

IQR = interquartile range, CAP = community-acquired pneumonia.
aPatients aged < 65 vs. ≥ 65 years; bSome patients had multiple comorbidities.
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average medical cost per hospitalized CAP episode was 1,963.5 USD, and for the 65+ group, it 
was about twice as high as that for the 65- group (2,484.5 vs. 1,234.2 USD, P < 0.001).

Overall antibiotic consumption in treating CAP
Table 2 shows the overall antibiotic usage pattern for the treatment of CAP in Korea in 
2010–2015. The average amount of antibiotic consumption per episode was 15.5 DDD, which 
remained stable throughout the study period (15.3 DDD in 2010; 15.9 in 2011; 15.3 in 2012; 
15.5 in 2013; 15.4 in 2014; and 15.8 in 2015, P = 0.635). Men received more antibiotics than 
women (16.6 vs. 14.7 DDD, P < 0.001); the 65+ group received more antibiotics than the 65- 
group (15.7 vs. 15.3 DDD, P < 0.001). The antibiotic use increased up until age 70 (P = 0.005), 
but then started to decrease beyond age 70 (P = 0.012) (Fig. 2).
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Table 2. Overall antibiotic usage pattern for the treatment of community-acquired pneumonia in Korea during 2010–2015
Variables Total Age, < 65 Age, ≥ 65 P valuea

Male Female Total Male Female Total Male Female Total
Average antibiotic consumption, DDD/episode

Total 16.6 14.7 15.5 16.0 14.7 15.3 17.1 14.8 15.7 < 0.001
Second-generation cephalosporin 0.8 0.8 0.8 1.0 1.0 1.0 0.6 0.6 0.6 < 0.001
Third-generation cephalosporin 4.9 4.9 4.9 4.8 4.3 4.5 5.0 5.2 5.1 < 0.001
Beta-lactam/beta-lactamase inhibitorb 2.3 2.0 2.1 2.0 1.8 1.9 2.5 2.1 2.3 < 0.001
Fluoroquinolone 1.6 1.3 1.4 1.7 1.4 1.6 1.4 1.2 1.3 < 0.001
Macrolide 2.7 2.6 2.7 4.0 4.2 4.1 1.7 1.5 1.6 < 0.001
Carbapenem 1.6 1.0 1.3 0.6 0.3 0.4 2.3 1.5 1.8 < 0.001
Glycopeptide 0.7 0.4 0.5 0.3 0.1 0.2 1.0 0.6 0.8 < 0.001
First-generation cephalosporin 0.6 0.8 0.7 0.8 0.9 0.9 0.5 0.7 0.6 < 0.001
Othersc 1.4 0.9 1.1 0.8 0.7 0.7 2.1 1.4 1.6 < 0.001

Parenteral administration, % 60.8 60.1 60.4 47.1 44.9 45.9 70.9 70.2 70.5 < 0.001
Average antibiotic cost, USD 228.1 187.2 204.9 156.4 124.3 139.1 284.7 228.7 252.0 < 0.001
Proportion of antibiotic cost from total 
medical cost, %

10.4 10.5 10.4 10.9 11.7 11.3 10.1 10.1 10.1 < 0.001

DDD = defined daily dose.
aPatients aged < 65 vs. ≥ 65 years; bIt includes amoxicillin/clavulanate, amoxicillin/sulbatam, ampicillin/sulbactam, ticarcillin/clavunatae, piperacillin/
sulbactam, piperacillin/tazobactam, and sultamicillin; cIt includes fourth-generation cephalosporin, aminoglycoside, nitroimidazole, lincosamide, monobactam, 
oxazolidinone, penicillin, polymyxin, trimethoprim/sulfamethoxazole, tetracycline, etc.
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Fig. 2. Average antibiotic consumption per hospitalized community-acquired pneumonia episode by age group during 2010–2015.
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Of the total antibiotic use, 60.4% were administered parenterally. The 65+ group received 
antibiotics parenterally more than the 65- group did (70.5% vs. 45.9%, P < 0.001). The 
average antibiotic cost was 204.9 USD, and it decreased every year (235.5 USD in 2010; 216.4 
in 2011; 195.9 in 2012; 197.9 in 2013; 191.5 in 2014; and 194.2 in 2015, P = 0.027). The average 
antibiotic cost for the 65+ group was approximately 1.8-fold that for the 65- group (252.0 
vs. 139.1 USD, P < 0.001). The proportion of the antibiotic cost in the total medical cost was 
approximately 10%, which is similar for the two age groups.

Annual average consumption of antibiotic classes in treating CAP
Fig. 3 and Supplementary Table 2 show the proportion of antibiotic classes to treat CAP 
from 2010 to 2015. Third-generation cephalosporin (3rd CEP) (4.9 DDD/episode, 31.4%) 
was the most commonly prescribed, followed by macrolide (2.7 DDD/episode, 17.1%) and 
beta-lactam/beta-lactamase inhibitor (BL/BLI) (2.1 DDD/episode, 13.6%). The three most 
commonly prescribed antibiotics for the 65- group were 3rd CEP (4.5 DDD/episode, 29.5%), 
macrolide (4.1 DDD/episode, 27.1%) and BL/BLI (1.9 DDD/episode, 12.3%). Differently from 
this, 3rd CEP (5.1 DDD/episode, 32.6%), BL/BLI (2.3 DDD/episode, 14.5%) and carbapenem 
(1.8 DDD/episode, 11.8%) were the most commonly prescribed for the 65+ group.

Table 3 and Supplementary Fig. 1 present the annual average consumption of broad-
spectrum antibiotics to treat CAP. The consumption amount of fourth-generation 
cephalosporin (4th CEP) (P = 0.001), BL/BLI (P = 0.003) and carbapenem (P = 0.002) 
increased every year during the study period. As a result, the 4th CEP consumption in 2015 
was twice that in 2010; the BL/BLI consumption in 2015 was 1.2-fold that in 2010; and the 
carbapenem consumption in 2015 was 1.9-fold that in 2010. There was no noticeable change 
in the usage of 3rd CEP (P = 0.769), FQ (P = 0.299) and glycopeptide (P = 0.159).

The consumption of 3rd CEP (P = 0.030) and 4th CEP (P < 0.001) increased for the 65- group. 
For the 65+ group, however, the consumption of 3rd CEP (P = 0.002) decreased, whereas the 
consumption of 4th CEP (P = 0.020), BL/BLI (P < 0.001) and carbapenem (P < 0.001) increased.

DISCUSSION

The type of antibiotics used to treat CAP mostly depends on empirical therapies due to 
difficulties in isolating the causative pathogens.8 Accordingly, guidelines for empirical therapies 
influence the selection of antibiotics for CAP. The 2009 Korean guideline for CAP treatment 
recommended that the first-line empirical antibiotic for patients hospitalized in general wards 
should be FQ alone or beta-lactam combined with macrolide.23 These regimens were effective 
for Streptococcus pneumoniae and Myoplasma pneumoniae which were the most common causative 
agents of CAP in Korea, and the recommendation was in place for many years.13 However, 
macrolide was no longer recommended in the 2018 revised guideline, because no significant 
difference was seen in the treatment outcomes between beta-lactam alone and beta-lactam 
combined with macrolide.8 The guidelines corroborate this study's finding that the most 
commonly prescribed antibiotic classes are 3rd CEP, macrolide, and BL/BLI.

The possible reason for the preference of beta-lactam and macrolide to FQ is as follows. First, 
FQ for patients with CAP might delay the diagnosis of tuberculosis and increase the risk of 
antibiotic resistance. Hence, physicians are cautious in using FQ to treat CAP in Korea where 
the prevalence of tuberculosis is not low.24,25 Second, safety concerns about FQ might have 
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discouraged physicians from using FQ as frequently as other antibiotics. In fact, the US Food 
and Drug Administration has been warning about FQ usage since 2008 due to the risk of 
tendinitis, aortic rupture, QT prolongation, etc.26

Older adult patients received a higher amount of antibiotics and more broad-spectrum 
antibiotics than younger adult patients. Although the recommendation for empirical 
antibiotics for CAP in older patients follows the standard guideline, the risk of antimicrobial-
resistant pathogens weighs more heavily for older patients due to the higher numbers 
of comorbidities and frequent histories of hospitalization.8,27 In addition, the causative 
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Fig. 3. Proportion of antibiotic classes used for the treatment of community-acquired pneumonia during 2010–2015. 
(A) Total, (B) Patients aged < 65 years, (C) Patients aged ≥ 65 years. 
1st CEP = first-generation cephalosporin, 2nd CEP = second-generation cephalosporin, 3rd CEP = third-generation cephalosporin, 4th CEP = fourth-generation 
cephalosporin, AG = aminoglycoside, BL/BLI = beta-lactam/beta-lactamase inhibitor, FQ = fluoroquinolone, SXT = trimethoprim/sulfamethoxazole.
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organisms of CAP in older patients tend to be polymicrobial with gram-negative bacteria, 
particularly in those who have a chronic pulmonary disease. These possibly lead physicians 
to prescribing a higher amount of broad-spectrum antibiotics for older patients.28 Another 
possible explanation for the discrepancy between older and younger patients is the incidence 
of aspiration pneumonia. Aspiration is an important mechanism of CAP in older adults, 
especially in those with cognitive or functional impairment.29 Accordingly, Korean physicians 
tend to use a combination of antibiotics for anaerobes more frequently in older patients than 
in younger patients.30

Also noticeable in this study is the change in the antibiotic prescription pattern: the 
consumption amount of 4th CEP and carbapenem almost doubled in 2015, compared 
with that in 2010. Given that the local guideline for CAP empirical therapy did not change 
during the study period, the result of this study seems to reflect the change in prescribing 
practices in the medical community in Korea. The increase in the number of MDR gram-
negative pathogens that are frequently found in hospital-acquired pneumonia (HAP) could 
be a possible explanation for this phenomenon.31 In fact, the rate of antibiotic resistance 
of S. pneumoniae isolated from any kind of specimen in Korea did not change considerably 
during the study period,31,32 while the resistance of gram-negative pathogens such as 
Klebsiella pneumoniae or Escherichia coli to 3rd CEP or FQ increased significantly.33,34 Physicians 
frequently encountered MDR gram-negative pathogens from HAP, and characteristics of 
infections in elderly patients with comorbidities might be similar to hospital-acquired 
infections because of frequent hospitalization.35 Indeed, prescription of carbapenem and 
4th CEP increased in the patients over 65 years in this report. To clarify this issue, it is 
necessary to study the causative pathogens and their antimicrobial susceptibility in CAP 
elderly population in Korea.
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Table 3. Annual average consumption of broad-spectrum antibiotics per community-acquired pneumonia episode in Korea during 2010–2015 (unit: defined daily 
dose/episode)
Variables Third-generation 

cephalosporin
Fourth-generation 

cephalosporin
Beta-lactam/beta-
lactamase inhibitor

Carbapenem Fluoroquinolone Glycopeptide

Total
2010 4.79 0.19 1.96 0.85 1.41 0.47
2011 5.00 0.25 1.90 0.91 1.43 0.45
2012 4.75 0.30 2.05 1.15 1.33 0.52
2013 4.91 0.29 2.20 1.53 1.41 0.64
2014 4.90 0.35 2.23 1.52 1.42 0.58
2015 4.87 0.38 2.34 1.64 1.51 0.54
P value 0.769 0.001 0.003 0.002 0.299 0.159

Age, < 65 yr
2010 3.99 0.07 2.01 0.36 1.56 0.15
2011 4.55 0.11 1.86 0.33 1.59 0.16
2012 4.06 0.12 1.91 0.40 1.40 0.16
2013 4.58 0.16 1.94 0.60 1.53 0.23
2014 4.84 0.18 1.78 0.46 1.60 0.18
2015 5.07 0.21 1.79 0.56 1.71 0.19
P value 0.030 < 0.001 0.065 0.069 0.335 0.205

Age, ≥ 65 yr
2010 5.37 0.28 1.93 1.20 1.30 0.69
2011 5.43 0.39 1.93 1.46 1.27 0.73
2012 5.24 0.42 2.15 1.68 1.28 0.77
2013 5.11 0.37 2.36 2.07 1.33 0.88
2014 4.94 0.47 2.52 2.21 1.29 0.85
2015 4.73 0.50 2.73 2.40 1.37 0.79
P value 0.002 0.020 < 0.001 < 0.001 0.153 0.103
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The main strength of the present study is the data source. Using the National Health 
Insurance Data, which is the most representative and extensive health data in Korea covering 
almost all citizens, we showed clearly the overall changes in the practices of prescribing 
antibiotics as a treatment for common bacterial infections. However, this study has some 
limitations. First, our data do not contain laboratory or radiologic results. Using the 
administrative data alone, we could not validate the diagnosis, and the correlation between 
the changes in antimicrobial-resistant pathogens and the antibiotic prescription patterns 
could not be evaluated. Second, our exclusion criteria were so strict that the estimated 
incidence of CAP was much lower than that reported in previous studies. A Korean study 
using the same data source as used in the present study reported that the incidence of adult 
(≥ 19 years) hospitalized CAP was estimated to be 62.6 per 10,000 persons.36 Our exclusion 
criteria were set as strictly as possible to select the genuine CAP episodes while minimizing 
the possibility of including hospital-acquired or healthcare-associated pneumonia. Although 
several CAP cases might have been excluded inadvertently, we believe that our data provided 
a good approximation to the true antibiotic consumption value for CAP in Korea. Third, our 
measurement unit ‘DDD/episode’ might have been influenced by the severity of the disease. 
Early death in older age groups may have resulted in a lower antibiotic consumption. Fourth, 
sub-analyses according to the disease severity were lacking. Because antibiotic consumption 
might be influenced by the disease severity, it would have been better to analyze according to 
the admission location such as the general ward or intensive care unit. Finally, the antibiotic 
prescription was evaluated only with DDD. According to a recent guideline, “days of therapy” 
is preferred to DDD as a measure of antibiotic consumption.37 Due to the nature of National 
Health Insurance Data which include only the essential information for claims, however, 
detailed information on antibiotic prescription such as duration or combined antibiotic 
therapy was not available.

In conclusion, the prescription of broad-spectrum antibiotics such as 4th CEP and 
carbapenem increased for the treatment of CAP in Korea during 2010–2015, which was 
particularly noticeable for older patients than for young patients.
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