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Abstract 

Risk of Infection in Tumor Necrosis 

Factor-α Users in Korea Population 

 

Jieun Lee 

Department of Public Health 

Graduate School of Public Health 

Seoul National University 

 

Background/Objectives: Tumor necrosis factor-α (TNF-α) inhibitors are 

treatment choices for autoimmune and inflammatory diseases. Because of their 

wide range of biological effects in host defense, one of safety concerns using TNF-

α inhibitors is risk of infection. The study was to evaluate whether the risk of 

overall and serious infections increase in patients treated with TNF-α inhibitors for 

rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, psoriasis, Crohn’s 

disease or ulcerative colitis (TNF-α inhibitor cohort) compared to non-TNF-α 

inhibitors patients with those diseases (comparison cohort), and to identify risk 

factors of developing infections in TNF-α inhibitor users.  

Method: The national standard cohort 2.0 database (NHIS-NSC2) was used 

which contains health data of approximately one million of Koreans from the year 

of 2002 to 2015. Because of imbalances in numbers of patients in each cohort and 

differences in baseline characteristics, propensity score matching using greedy 

nearest neighbor matching method was performed. Overall infections and serious 

infections of patients in the TNF-α inhibitors and comparison cohorts during 

follow-up period including 90 days of lag period were counted and analyzed. For 

comparison, incidence rate ratio were calculated using Poisson regression, and cox 

regression was used for hazard ratio for time-to-first infection occurrence.  

Results: Total 548 patients in the TNF-α inhibitor cohort and 4,019 patients in 

the comparison cohort were identified as meeting all inclusion and exclusion 

criteria of the study. After 1:1 matching based on propensity score, 539 patients 

were included in each cohorts. There were no statistically significance in baseline 

characteristics between two cohorts. Total 1743.7210 person-years was observed in 

patients of the TNF-α inhibitor cohort with median follow-up of 3.2351 person-

years. For the comparison cohort, total 1589.5340 person years with median 2.9490 

person-years per person were observed. Crude incidence rate of infection was 

8.5593 (95% CI 8.4231 – 8.6977) for the TNF-α inhibitor cohort and 7.8501 (95% 
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CI 7.7136 – 7.9891) for the comparison cohort. IRR of infection was significantly 

higher in the TNF-α inhibitor cohort 1.0903 (95% CI 1.0647 – 1.1166), and same 

findings were observed in adjusted IRR. However, opposite pattern was shown in 

incidence rate and IRR of serious infection. In the TNF-α inhibitor cohort, crude 

incidence rate in 90-day risk period was higher in the rate in 365-day risk period - 

8.2785 (95% CI 7.7885 – 8.7993) and 7.8879 (95% CI 7.6322 – 8.1522) 

respectively. Among patients in the TNF-α inhibitor cohort, one-time users had the 

highest incidence rate of infection (26.1793) and patients with less than 6-month 

uses had the highest incidence rate of serious infection (1.2516). Total 14,925 

infections in 476(88.3%) patients and 764 serious infections in 209 patients 

(38.8%) were observed in the TNF-α inhibitor cohort. In the comparison cohort, 

12,478 infections in 468 patients (86.8%) and 983 serious infections in 226 

(41.9%) were observed. In both cohorts, acute bronchitis was the most frequently 

observed infection and serious infection, and respiratory infection was the most 

frequently observed type of diseases. More patients in the TNF-α inhibitor cohort 

had infections under national surveillance, however, this pattern was not found in 

serious infection. There was no difference in frequency and number of patients in 

skin related infections. Hazard ratio considering first infection was calculated, and 

there was no statistical significance.  

Conclusion: In this study, increased IRR of infection in the TNF-α inhibitor 

cohort were found compared to the comparison cohort. 88.3% patients in the TNF-

α inhibitors cohort experienced infection, and 38.8% patients had serious infection. 

Though some findings were not prone to support increased risk of infection 

associated with TNF-α inhibitor uses, potential increased risk of infection cannot 

be overlooked. In addition, glucocorticoid use is an independent risk factor of 

infection, and this medication is commonly used among patients with inflammatory 

or autoimmune diseases. Therefore, attention to occurrence of infection is required 

to patients with inflammatory or autoimmune disease who are on 

immunosuppressant medications since occurrence of infection gives extra burdens 

to patients in terms of physical stress and can lead to treatment discontinuation.   

 

Keywords: Tumor necrosis factor-alpha inhibitor, TNF-α 

inhibitor, Risk of infection, Korea 

Student Number: 2015-24015 



 

v 

Table of Contents 
 

I. Introduction ....................................................................................... １ 

1. Study Background ....................................................................... １ 

2. Objectives ................................................................................... ５ 

II. Method ............................................................................................ ５ 

1. Study Approval ........................................................................... ５ 

2. Data Source and Dataset Configuration ...................................... ５ 

3. Exposure ..................................................................................... ９ 

4. Study cohorts .............................................................................. ９ 

4.1. TNF-α inhibitor cohort ........................................................... １１ 

4.2. Comparison (Non-TNF-α inhibitor) cohort ............................ １３ 

5. Outcome variable .................................................................... １４ 

6. Follow-up period ..................................................................... １５ 

7. Statistical analysis ................................................................... １５ 

III. Result .......................................................................................... １７ 

1. Study patients .......................................................................... １７ 

2. Baseline Characteristics .......................................................... ２０ 

3. Incidence Rate ......................................................................... ２１ 

4. Types of infection and serious infection ................................. ２６ 

5. Hazard Ratio ........................................................................... ３２ 

IV. Discussion ................................................................................... ３４ 

V. References ..................................................................................... ３８ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vi 

 

Lists of Tables 

 
Table 1. List of diseases and their KCD-7 codes that included in the study .......... 10 

Table 2. Clinical conditions according to the national health insurance 

reimbursement policy to prescribe TNF-α inhibitors .............................................. 11 

Table 3. List of TNF-α inhibitors approved in Korea and their information ......... 12 

Table 4. Approved indications of TNF-α inhibitors for adults ............................. 12 

Table 5. Drugs defined for the comparison cohort ............................................. 14 

Table 6. Propensity score matching result (1:1 matching) ...................................... 18 

Table 7. Baseline Characteristics ...................................................................... 20 

Table 8. Incidence rate of infection ................................................................... 22 

Table 9. Incidence rate of serious infection ....................................................... 23 

Table 10. 90-day and 365-day risk period IRR .................................................. 24 
 

Table 11. Incidence rate of infections per use period in the TNF-α inhibitor cohort25 

Table 12. Incidence rate of serious infections per use period the TNF-α inhibitor 

cohort ............................................................................................................. 26 

Table 13. Types of infection occurred incidence more than or equal to 1% in the 

TNF-α inhibitor cohort .................................................................................... 27 

Table 14. Types of infection occurred incidence more than or equal to 1% in the 

comparison cohort ........................................................................................... 28 

Table 15. Types of serious infection occurred incidence more than or equal to 1% 

in the TNF-α inhibitor cohort ........................................................................... 30 

Table 16. Types of serious infection occurred incidence more than or equal to 1% 

in the comparison cohort .................................................................................. 31 

Table 17. Hazard ratio of infection ................................................................... 32 

Table 18. Hazard ratio of serous infection ......................................................... 33 

 

 



 

vii 

 

Lists of Figures 
 

Figure 1. Dataset configuration of the study  ...................................................... 9 

Figure 2. Disposition of Patients in Each Cohort  .............................................. 19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

１ 

I. Introduction 

 

1. Study Background 

Tumor necrosis factor alpha (TNF-α) is one of the major proinflammatory 

cytokines that involve in an end-stage of the inflammatory cytokine cascade 

(Feldmannan & Maini, 2001). TNF-α receptors are expressed on membranes of 

macrophage, T-lymphocytes, neutrophils, and smooth muscles cells, and they are 

activated when they bind with TNF-α (Ali, et al., 2013). There are two types of 

receptors – TNFR1 and TNFR2, and they have distinguishable properties in their 

expression on cells and binding preferences (Lis, et al., 2014). TNFR1 exists on 

most cell types and preferably binds with soluble TNF, on the other hand, TNFR2 

is expressed on specific cell types and has binding preference to transmembrane 

protein TNF (Lis, et al., 2014). Excessive levels of TNF-α can lead to over-

activation of inflammation on body such as joints, gastrointestinal tract, and skin. 

Therefore, inhibiting TNF-α activities became important treatment target in some 

inflammatory and autoimmune diseases.  

TNF-α inhibitors are antibodies that inhibit the binding of TNF-α to its receptors 

by neutralization (Lis, et al., 2014). They have been widely used as treatments for 

inflammatory or autoimmune diseases such as rheumatoid arthritis (RA), 

ankylosing spondylitis (AS), psoriatic arthritis (PsA), psoriasis (Ps), Crohn’s 

disease (CD) and ulcerative colitis (UC) to whom chemical drug treatments failed 

to prevent disease progression or side effects cannot be tolerated, and clinical 

studies showed their higher efficacy than conventional chemical drug therapies. 

Relating with efficacy, TNF-α inhibitors, as therapeutic agents, have an advantage 

of specificity over chemical drugs (Feldmannan & Maini, 2001). And expansion of 

TNF-α inhibitors indications have been explored. For example, adalimumab, one of 
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TNF-α inhibitors, was recently approved for Behçet disease in Korea in 20151.   

In Korea, infliximab was the first TNF-α inhibitor approved and covered by the 

national health insurance in 20012. Since then, other TNF-α inhibitor products have 

been introduced and characterized by increasing numbers of prescriptions. Five 

TNF-α inhibitors were approved in Korea, and four of them are currently available 

in the market. According to analysis by the Health Insurance Review and 

Assessment Service (HIRA), total amount of TNF- α inhibitor reimbursement 

claims was increased 17.1% more in 2015 compared to that of previous year (Kim, 

2016). Per product, the increase of adalimumab, etanercept, and infliximab were 

13.8%, 8.7%, and 7.8% respectively (Kim, 2016). Global sales is not different from 

those in Korea. The three products had made it to the list of top-five selling drugs 

globally in 2016 – adalimumab ($16 billion) was ranked the first placed followed 

by etanercept ($8.8 billion) and infliximab ($7.8 billion) on the third and fifth 

places respectively (Philippidis, 2017)3. As the sales tell, significant number of 

patients have been exposed to TNF-α inhibitors. In addition, with the introduction 

of TNF-α inhibitors biosimilars, TNF-α inhibitors market has been undergoing 

dynamic changes, and their increase of revenue has been expected.  

While number of patients’ exposure to TNF-α inhibitors is increasing, concerns 

on several aspects of safety using TNF-α inhibitors arise. Multiple adverse effects 

of TNF-α inhibitors have been identified through both clinical trials and post-

marketing surveillance. Because of their wide range of biological effects in host 

defense, one of the known safety concerns is about their association with increased 

risks of infections. In addition to involvement in inflammation process and 

apoptosis mediation, TNFR1 is responsible for protection against tuberculosis. And 

for TNFR2, it generates cytotoxic T-lymphocytes for antiviral immune responses 

                                                           
1 Information was based on notifications by the Ministry of food and drug safety. 
2 Information was referred from the HIRA, initiation dates of each products by generic 

name are present in Table 2.  
3 Reference used the brand names of products, however, generic names were present in this 

study. 
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(Lis, et al., 2014). Such that, certain relationship to an increased risk of tuberculosis 

among patients receiving TNF-α inhibitors has been established.  

When Mycobacterium tuberculosis invades, TNF activates inflammatory cells 

and controls granuloma formation and maintenance which provides immune cells 

environments of killing bacteria and preventing bacterial dissemination (Algood 

and Lin et al, 2005). As mentioned, TNFR1 is responsible for signal pathway of 

granuloma formation in respond to infected macrophages due to M. tubercuolosis 

(Algood and Lin et al, 2005). The role of TNF in tuberculosis infection was proved 

in in vivo experiments that mice with acute or chronic tuberculosis were treated 

TNF-α antibodies and showed decrease in granuloma formation and increase in 

bacterial concentration (Algood and Lin et al, 2005). Clinically, significant 

increase of tuberculosis cases was showed among patients treated with TNF-α 

inhibitors compared to non-treated patients, and this was supported by meta-

analysis of 29 randomized clinical studies with an odds ratio of 1.94 (95% CI 1.10 

- 3.44, p-value 0.02) (Zhang et al, 2017). Thus, labels of all TNF-α inhibitor 

products include boxed warning of risk of tuberculosis. In Korea, the Ministry of 

Food and Drug Safety released ‘Diagnosis and Treatment of Latent Tuberculosis 

Infection due to Initiation of Anti-TNF Therapy’ in 2004. In accordance with the 

guideline, patients should be evaluated for active tuberculosis and tested for latent 

tuberculosis before initiating and periodically during TNF-α inhibitors treatments 

as preventive measures. If there are any findings, patients must be treated properly 

according to their infection status and previous tuberculosis treatment prior to 

initiation of the treatment (The Ministry of Food and Drug Safety [MFDS], 2004). 

This practice is very common that has been implemented globally.    

In 2001, the U.S. Food and Drug Administration (FDA) issued drug safety 

communication about adding two serious infectious diseases - Legionella and 

Listeria bacteria - in the boxed warning and warning and precaution on labels of 

entire class of TNF-α inhibitors (The United States Food and Drug Administration 
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[FDA], 2011). The announcement made based on findings of FDA review on its 

adverse event reporting system (AERS) and literatures. In the AERS from 1999 to 

2010, it was identified that 80 patients had developed Legionella pneumonia. 

Among them, 14 cases were resulted in death. FDA also received cases about 

Listeria monocytogenes, and 26 cases in literature were identified. Considering 

seriousness and fatality of two types of infections, FDA decided to include this 

information in the product labels so that healthcare providers are able to be aware 

the risks (FDA, 2011). Given the fact that not only tuberculosis but also 

histoplasmosis and other invasive fungal infections were updated in the boxed 

warning and warning and precaution based on safety findings, safety information 

about TNF-α inhibitors continues to be updated. Therefore, continual risk 

identification and evaluation are crucial in patients’ safety; in this case, it was 

infection.  

The British Society for Rheumatology Biologics Register (BSRBR), an 

established registry primarily to investigate the safety of biologic agents, evaluated 

risk of serious infection in RA patients treated TNF-α inhibitors. Compared to that 

of patients received disease modifying antirheumatic drugs (DMARDs), there was 

no increase in risk of serious infection in the TNF-α inhibitor cohort (incidence rate 

ratio 1.03, 95% confidence interval 0.68–1.57) (Dixon et al., 2006). When 

categorizing infection per system organ class, four-fold increase in serious skin and 

soft tissue infections in the TNF-α inhibitor cohort was found (an adjusted IRR 

4.28, 95% confidence interval 1.06–17.17) (Dixon et al., 2006). Unlike the result 

from BSRBR, other registry, called the Swedish Biologics Register (ARTIS)4, 

showed moderate increase of infection during the first year of the treatments whose 

risk ratio was 1.43 (95% Confidence Interval 1.18 to 1.73) during the first year of 

treatment of TNF-α inhibitors (Askling et al, 2007). Though the results are 

different depending on definition of infection, these registries support some degree 

of increase in risk of infection based on data from the real-world.    
                                                           
4 Data were prospectively collected ARTIS and other national Swedish registers. 
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Because of strict inclusion and exclusion criteria, clinical trials do not represent 

treatment outcomes and safety in various populations. Therefore, drug risk 

evaluation using real world data makes undetected adverse events to be revealed. 

Like the BSRBR and ARTIS, risk of infection in TNF-α inhibitor users have been 

published from numerous regions, however, they are mostly from European 

regions and about RA patients. In addition, considering that epidemics of infectious 

diseases are differ in each country, risk of infection in TNF-α inhibitor users of 

Korean population requires evaluation using real-world data. 

 

2. Objectives 

The objective of the study were to evaluate whether risk of infection increase in 

patient treated with TNF-α inhibitor and to identify risk factors for developing 

infections. 

 

II. Method 

 

1. Study Approval 

The study obtained approval of review exemption from the institutional review 

board of Seoul National University (IRB approval No. E1804/003-002). Ethical 

approval is not required for open data based research in Korea.  

Also, the study was reviewed and approved by the National Health Insurance 

Service for the use of the national standard cohort 2.0 database (NHIS study 

management No. NHIS-2018-2-123).  

 

2. Data Source and Dataset Configuration  

This study used the national standard cohort 2.0 database (NHIS-NSC2), on-
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demand public open data established by the National Health Insurance Service 

(NHIS). NHIS-NSC2 was released with enhancements from the first version –it 

reflected feedback from investigators, reinforced linkage and accuracy of 

administrative and claims data, and implemented strengthening personal 

information protection and encryption (National Health Insurance System [NHIS], 

2017). Sample of one millions of people, approximately 2% of the national 

population (n=1,108,369), were selected from people who had maintained their 

national health insurance or medical care status throughout the year of 2006 (NHIS, 

2017). Since the standard cohort extracted by the status of 2006, information of the 

cohort constructed prospectively for years between 2006 and 2015 and 

retrospectively for 2002 and 2005 (NHIS, 2017). In addition to year for the 

extraction, more than two thousand stratification factors, such as sex, age, 

insurance registration type, insurance premium quintile, residential area etc., were 

established in sampling method to make the sample represent the national standard 

population (NHIS, 2017). Because the NHIS-NSC – the first version of the 

standard cohort – well reflected the general Korean population for all demographic 

variables, one of the strengths of the database is its applicability to researches 

which were to evaluate health outcomes and medical treatment effects (Lee, et al., 

2017). With the improvements from the first version of the NHIS-NSC, it can be 

assumed that representativeness of whole population in the NHIS-NSC2 was 

strengthened and its applicability to research was reinforced. 

The database provides information of the standard cohort on national health 

insurance status and premium, birth and death, medical treatment, health 

assessment, and medical institution in separate tables. The medical treatment table 

is further subdivided into four categories based on types of medical services – 

medicine (M), dental medicine (D), Chinese medicine (K), and pharmacy (P). Each 

category is divided into general (T20), treatment (T30), disease (T40), and 

outpatient prescription (T60) details (NHIS, 2017) per information that each table 

contains. Data are labeled with three digits that first alphabet indicates medical 
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service (M, D, K, or P) and followed by two digits of number which indicates 

information. For example, M40 indicates information about diseases incurred from 

medical hospitals.  

Tables of dental medicine (D), Chinese medicine (K), and pharmacy (P) were 

not considered in dataset construction and analysis in this study. Of note, only 

prescribed medications (ethical the counter medications, ETC) to treat diseases of 

interest were considered, therefore, it was reasonable to exclude the pharmacy table 

from the analysis. In addition, only within-institution-prescriptions (M30) were 

considered for TNF-α inhibitor users as the NHIS reimbursement policy stated and 

only allowed within-hospital-prescription of TNF-α inhibitors5.  

Firstly, dataset containing disease of interest and medications were constructed. 

To identify patients for the TNF-α inhibitor and comparison cohort, medical 

history (M40) was reviewed. Patients must have at least one of diseases of interest 

in this study during the data observation period – RA, AS, PsA, PS, CD, or UC – as 

main or sub disease codes. Diseases that marked as ruled out in M40 table were 

excluded. And then, medication prescription history was reviewed for those 

diseases of interest. Disease and medication prescription history were matched by 

patient number, bill number, and start date of bill. M30 table had information of 

within-hospital-prescription for both TNF-α inhibitors and comparison cohorts and 

M60 for outpatient medication prescription of the comparison cohort. Because 

most of pre-defined chemical drugs are oral medications and can be filled in 

pharmacies outside hospitals, unlike TNF-α inhibitors, M60 table was reviewed 

only for drugs defined for the comparison cohort. To identify demographic 

information of age and sex, age at the time of first treatment were calculated based 

on date of first bill that both disease of interest and medication observed by 

deducting month and year of birth from BND table, sex of each patients were 

                                                           
5 Reimbursement policy of the three products – adalimumab, etanercept, and golimumab – 

state within-hospital-prescription. Though within-hospital prescription reimbursement only 

policy is not stated on Infliximab, the policy is applied on infliximab as well because of its 

intravenous route of administration. 
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extracted from BNC table. This dataset were used when referencing information 

for patients in each cohort, and date of first treatment was referred when 

identifying comorbidities, baseline and concomitant medication for baseline 

characteristics.  

To construct dataset containing information on infections, all information of 

patients who met inclusion and exclusion criteria of each cohort were extracted 

from M20, M30, M40, and BND tables. Main and sub disease codes were reviewed 

to identify whether patients had experienced infectious diseases. Considering that 

diagnosis of initial infectious disease can be changed or ruled out, any infectious 

disease marked as a ruled out disease in each bill from M40 table were canceled 

out from disease counting. To identify seriousness of infection, infectious diseases 

led to hospitalization, intravenous antibiotic use, and death were evaluated. If 

hospitalization was marked in each unique bills in M20 table, only those 

hospitalization was counted as serious when infectious disease was a main disease 

code in that bill. After matching M20 and M30 by patient identification codes and 

unique bill number, infection either as main or sub disease were counted as serious 

if intravenous antibiotic were given. For serious infection led to death, cause of 

death in BND table was reviewed. Infectious diseases were counted as serious 

infection led to death 1) when cause of death was infection that exactly matched 

with main or sub disease code in specific bill and 2) when year and month of the 

bill was coincided with year and month of death6 . Figure 1 shows dataset 

configuration of the study. Tables were merged by patient number, bill number, 

and start date of each bill. 

 

 

 

 

 

                                                           
6 Date of death was present as year and month in original source data (NHIS-NSC2 BND) 

as a measure of personal information protection.  
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Figure 1. Dataset configuration of the study 

BNC Sex M20
Hospitalization due to

infections

M20 Comorbidities M30 Antibiotic treatment

M30 Baseline glucocorticoid M40 Infectious diseases

BND Death due to infections

M60 Outpatient prescription

BND
Age at the time of first

treatment

List of eligible patients in each cohort

Demographics dataset Infection dataset

Patient identification &

Dataset of diseases and drugs of interest

INST Types of hospitals

M30

M40

Medications - within hospital

prescription

Disease of interest - RA, AS,

PsA, Ps, CD, UC

   

3. Exposure 

Interest of this study is patients’ exposure to TNF-α inhibitors. Classifying TNF-

α inhibitors by active ingredients, total five TNF-α inhibitors are available globally 

– infliximab, adalimumab, etanercept, golimumab, and certolizumab pegol.7 Types 

of TNF-α inhibitors were searched and showed by their generic names instead of 

names of products (brand name). 

 

4. Study cohorts 

Using the dataset of the study which contained information from 2002 to 2015, 

                                                           
7 Types of TNF-α inhibitors were based on list in WHOCC-ATC. Though Afelimomab 

(ATC: L04AB03) was listed in WHOCC-ATC, it was not considered in this study based on 

the facts that its target indication was sepsis, and it did not obtain marketing approval 

because of failure of clinical studies.  
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TNF-α inhibitors and comparison (non-TNF-α inhibitors) cohorts were identified 

by disease codes of medical treatments and prescription history. Korean Standard 

Classification of Diseases-7 (KCD-7) codes for diseases of interest that included in 

this study are present in Table 1. Given the fact that medications of interest are 

treatment choice after primary or several other lines of treatment for each disease 

of interest, patients with disease and medication of interest were regarded as a 

confirmed case. For example, if a patient had disease code of RA in M40 tables 

and was treated one of RA drugs that listed under drugs of interest either for TNF-α 

inhibitors or comparison cohort, that patient was considered as a true RA patient. 

To exclude pediatric uses, patients’ age must be over or equal to 18 years old at the 

time of receiving first observed treatment which applicable to patients in each 

cohort.  

Table 1. Diseases of interest and their KCD-7 codes that included in the study 

Disease KCD-7 code 

Rheumatoid arthritis (RA) M05, M06 

Ankylosing spondylitis (AS) M45 

Psoriatic arthritis (PsA) M07.2, M07.3 

Psoriasis (Ps) L40 

Crohn’s disease (CD) K50 

Ulcerative colitis (UC) K51 

To exclude possible effects of other diseases on infections, patients should not 

have diagnosis of malignant neoplasm within three months prior to the first date of 

observation of disease and medication of interest. In addition, diagnosis and 

treatment decision of those six diseases require follow-up by health care providers 

who are specialized for, therefore, patient must have at least one visit to secondary 

or tertiary hospital for the applicable disease of interest within three months prior 

to the first observation date and during the treatment period. This implies that 

patients kept being followed up by specialists, and treatment decision were made 

by their evaluation of patients’ clinical conditions.    
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4.1. TNF-α inhibitor cohort 

NHIS-NSC2 included reimbursement data covered by the national health 

insurance, and the policy reflected treatment guidelines for each disease of interest.   

Therefore, the study assumed that those patients who were treated with TNF-α 

inhibitors satisfied both clinical and drug use conditions that required by the 

reimbursement policy. Clinical conditions for TNF-α inhibitors use are stated in 

Table 2. 

Table 2. Clinical conditions according to the national health insurance 

reimbursement policy to prescribe TNF-α inhibitors 

Disease Clinical conditions for TNF-α inhibitors use 

RA 

Meeting ACR (American College of Rheumatology)/ EULAR 

(European League Against Rheumatism) diagnostic criteria and  

(a) DAS28 > 5.1 or  

(b) 3.2 ≤ DAS28 ≤ 5.1 and there is progression of joint damage in 

image examination 

AS 

Based on the Modified New York criteria 1984, satisfying radiographic 

criteria and two or more clinical criteria, and BASDAI (Bath 

Ankylosing Spondylitis Disease Activity Index) ≥ 4 

PsA 

At least 3 tender joints and 3 or more swelling joints, and this should 

be the result of two consecutive measurements at intervals of one 

month. 

Ps 

a) Plaque psoriasis accounts for more than 10% of the body surface 

area or  

b) PASI (Psoriasis Area and Severity Index) ≥ 10 or  

c) No response to treatment of methotrexate or cyclosporine even  

administered for more than 3 months or have adverse events to those 

treatment  

CD CDAI (Crohn's Disease Activity Index) ≥ 220 

UC Mayo score 6 to 12 and Endoscopy subscore ≥ 2 

(Source: The Health Insurance Review and Assessment Service as of April, 2018)  

TNF-α inhibitor cohort was defined as subjects who had received TNF-α 

inhibitors at least once during the observation period. TNF-α inhibitors which 

obtained marketing authorization in Korea are present in Table 3.   
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Table 3. List of TNF-α inhibitors approved in Korea and their information8  

Generic name 
Generic name 

code 

Medicinal 

effectiveness 

classification 

code 

Date of the national 

health insurance 

coverage initiation 

Infliximab 383501BIJ 439 2001-03-25 

Adalimumab 488401BIJ 439 2006-07-19 

Etanercept 
455801BIJ 

455802BIJ 
439 2004-05-01 

Golimumab 621201BIJ 142 2013-04-01 

Certolizumab pegol 625330BIJ 439 2014-07-01 

Given the fact that the very first TNF-α inhibitor – infliximab – started to be 

covered by the national health insurance in 2001 in Korea, the NHIS-NSC2 was 

likely to have information of TNF-α inhibitor users from the introduction of a 

product. Though certolizumab pegol was approved in 2014, this drug had never 

been introduced in the market after the approval and voluntarily withdrew its 

marketing authorization in 20179. Therefore, it was excluded from the analysis, and 

no data was observed in the NHIS-NSC2 as well. Approved adult indications for 

each TNF-α inhibitor are summarized in Table 4. 

Table 4. Approved indications of TNF-α inhibitors for adults10 

Generic name 
Indications for adults  

RA AS PsA Ps CD UC 

Infliximab √ √ √ √ √ √ 

Adalimumab √ √ √ √ √ √ 

Etanercept √ √ √ √ - - 

Golimumab √ √ √ - - √ 

Adalimumab was approved for three other adult indications - gastrointestinal 

Behçet's disease, hidradenitis suppurativa, and noninfectious uveitis, however, they 

                                                           
8 Information was retrieved from official website of the Health Insurance Review and 

Assessment Service. 
9 An application for withdrawal were submitted in 2017 and became effective in 2018. 

Withdrawal of certolizumab pegol was notified by the ministry of health and welfare on 

http://www.mohw.go.kr/react/jb/sjb0406vw.jsp?PAR_MENU_ID=03&MENU_ID=03040

6&CONT_SEQ=344345&page=1 
10 Information about reimbursement was retrieved from official website of the Health 

Insurance Review and Assessment Service. 
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were excluded from the diseases of interest in this study based on their approval 

years which were between 2015 and 201611. 

4.2. Comparison (Non-TNF-α inhibitor) cohort  

As mentioned, patients should meet not only clinical and but also drug use 

conditions to receive TNF-α inhibitor according the reimbursement policy by the 

HIRA. Patients are eligible for TNF-α inhibitor treatment in terms of the drug use 

condition if patients were fail to show any prognosis with or had experienced 

adverse events that cannot tolerate chemical drugs which were listed as prior line 

of therapy to TNF-α inhibitor. Because of unavailability of clinical assessment 

information in the NHIS-NSC2, the comparison cohort was defined as patients who 

were treated with the prior line of therapy ahead of TNF-α inhibitor treatment as 

stated in the drug use condition for TNF-α inhibitor use. Of note, drug condition of 

AS to treat TNF-α inhibitor is stated as ‘failure to respond to treatment of 

nonsteroidal anti-inflammatory drugs (NSAIDs) or disease modifying 

antirheumatic drugs (DMARDs) at least for three months,’ only DMARDs was 

considered in this study based on facts that NSAIDs was a first line of therapy and 

47.6% of AS patients were treated with DMARDs12 (Kang et al., 2015). In 

addition, more than half of AS patients who were on combination therapy received 

NSAIDs together (Kang et al., 2015). In that definition, severity of diseases can be 

similar between the two cohorts as much as possible based on available 

information. In addition, patients should never be treated with a TNF-α inhibitor 

for applicable diseases during the follow-up period. Drugs defined for the 

comparison cohort are listed in Table 5. As mentioned, if patients do not show 

prognosis with treatments described in Table 5, they are eligible for TNF-α 

inhibitor as a next line of therapy.  

                                                           
11 Information were based on notifications by the Ministry of food and drug safety. 

http://www.mfds.go.kr/index.do?mid=1176&cd=191 
12 The reimbursement policy for AS is based on 2006 guideline instead of recent 2011 and 

2016 ASAS-EULAR guidelines which do not recommend DMARDs for pure axial diseases.  
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Table 5. Drugs defined for the comparison cohort 

Disease Medications 

RA DMARDs* at least for 6 months 

AS DMARDs at least for 3 months 

PsA DMARDs at least for 6 months 

Ps Methotrexate or Cyclosporin at least for 3 months 

CD Corticosteroids or immunosuppressant 

UC Corticosteroids, Azathioprine or 6-Mercaptopurine  

 

5. Outcome variable  

The main outcome of the study was infection. Infection were defined as any 

infectious events occurred from or after the day of first TNF-α inhibitor treatment 

of patients, and the events were identified by terms coded by KCD7 in main 

diagnosis of visit or treatment. This definition was applied to comparison cohort 

except applicable treatments.  

Following events were counted as infection if they were found in main or sub 

diagnosis: 1) A00-B99 (certain infectious and parasitic diseases), 2) J09-J18 

(influenza and other acute respiratory infections) and 3) certain localized infection. 

For certain localized infection which were coded under other system organ class in 

KCD7, they were identified as infection only if they represent infectious conditions 

(MedDRA, 2017).   For example, tonsillitis is an infectious event because it 

represents most frequently infectious conditions. In other words, main pathological 

cause of tonsillitis is about viral or bacterial infections. An opposite example is 

arteritis whose cause is more frequently explained by inflammatory conditions 

(MedDRA, 2017). To identify the events, list of diseases in both cohorts were 

reviewed.  

Infection was subdivided into two categories - one was serious infection and the 

other was non-serious infection. Serious infections were defined as events that led 
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to 1) hospitalization, 2) death or 3) required intravenous antibiotic treatment 

(Dixon et al., 2006). Non-serious infections were defined infection other than 

serious.  

 

6. Follow-up period 

Index date for both cohorts was defined as first observed date that patients 

received the medication of interest in a cohort, which a subject belongs to, as a 

treatment of the disease of interest in a same bill. For baseline characteristics and 

inclusion and exclusion criteria, patients’ data within three months prior to index 

date were reviewed. For exposure and outcome assessment, data of all patients in 

both cohorts were followed up from the starting date of applicable treatment and 

until the last day of treatment, death, or the end of the data observation period (31 

December 2015), whichever came first. After identifying last day of follow-up, 90-

day lag period were given to reflect prescription fill-up time for drugs applicable to 

the comparison cohort and to consider any residual effects of TNF-α inhibitors. 

When assigning 90-day lag period, date of death and last day of data observation 

were taken into consideration. In addition to total period, patients’ risk observation 

periods were cut by 90 and 365 days from the starting of the treatment to evaluate 

whether initial exposure to treatment contributes risk of infection greater or not 

(Anderson et al., 2015).  

 

7. Statistical analysis 

Match. Because of imbalances in numbers of patients between the TNF-α 

inhibitors and comparison cohorts, propensity score were calculated, and patients 

were matched with those have a similar value of the propensity score in the 

comparison cohort using greedy nearest neighbor matching not to have 

replacement. Age, sex, treatment period, types of disease, comorbidities, and 

concomitant use of glucocorticoid were considered as matching variables.  
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Demographic. Baseline characteristics were summarized using descriptive 

statics for each cohorts. Age was calculated based on year of receiving the 

applicable treatment first time by deducting year of birth. Sex, disease of interest, 

comorbidities, baseline and concomitant glucocorticoid use were summarized. 

Continuous variables were summarized with the number of patients, mean, median, 

minimum, and maximum, and t-test were used to compare the two cohorts. For 

categorical variables, the number and percent of subjects were present, and chi-

square or Fisher’s exact test were used to compare the two cohorts.   

Follow-up. Analysis was conducted for total risk observation period, 90-day and 

365-day risk periods.  

Number of Infections. Since single patient could contribute multiple events of 

infections, number of patients and the events were summarized for overall risk 

observation period using descriptive statistics.   

Incidence rate. Incidence rate of overall and serious infection were calculated as 

number of events per person years and 95% confidence interval (95% CI). Each 

patient dedicated to person-years from the first day of applicable treatment and to 

90 days from the end date of follow-up as defined. Crude incidence rate were 

calculated using Poisson regression model, and the rates were present total, 90 and 

365-day risk periods. In addition, incidence rate were calculated based on duration 

of treatment (one-time user, use period less than six months, use period between 

six months and a year, use period between one and two years, use period between 

two to three years, use period between three to four years, use period between four 

and five years, and use period equal to or over five years) within the TNF-α 

inhibitor cohort.  

Incidence rate ratio. Incidence rate ratios were calculated using Poisson 

regression model. The ratio were calculated between the TNF-α inhibitor and 

comparison cohorts. 95% confidence interval were present as well. Crude and 
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adjusted – age, sex, and baseline glucocorticoid use - incidence rate ratio were 

calculated using Poisson regression model. 

Hazard ratio. Assuming constant proportional hazards, time to first occurrence 

of overall and serious infection were calculated using Cox proportional hazard 

model to estimate hazard ratio with 95% confidence interval between TNF-α 

inhibitors and comparison cohorts.  

Statistical analysis was performed using SAS (Statistical Analysis System) 

Enterprise guide (version 7.1, SAS Institute, Inc., Cary, NC). 

 

III. Result 

 

1. Study patients 

Total 108,544 patients were identified as having at least one of six diseases of 

interest – RA, AS, PsA, Ps, UC, CD. Among them, 6,574 patients had received 

either TNF-α inhibitors or drugs that defined for the comparison cohort. Since the 

study considered adult indications of TNF-α inhibitors only, patients’ age at the 

first time of treatment were calculated, and 124 patients were identified as age 

under 18 years old when received the given treatment. 105 patients were excluded 

because of diagnosis of malignant neoplasm within three months prior to the given 

treatment. Then, visit to secondary or tertiary hospital before and during the 

treatment were evaluated since those six disease of interest requires medical 

follow-up by health care providers who are specialized for. Total 4,567 patients 

met all inclusion and exclusion criteria. Among them, 548 patients were identified 

as TNF-α inhibitors user and 4,019 patients as drug users for the comparison cohort.  

Because of imbalances in number of patients in each cohort and significant 

differences in baseline characteristics, propensity score matching to 1:N (TNF-α 

inhibitors cohort : Comparison cohort) was conducted, and age, sex, total treatment 
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period, presence of comorbidities, concomitant use of glucocorticoid, and diseases 

of interest were considered as matching factors. Exact matching of sex was 

considered. After 1:1 matching, mean difference were reduced to 0.0167 compared 

to mean difference of all observations which was 0.9564. Furthermore, variance 

ratio of 1:1 matched observation was 1.0511 which was near to value 1. Though 

matching ratio of 1:2 showed similar mean difference and variance ratio, it was not 

chosen because it still had statistical significance in sex, composition in the 

diseases of interest, concomitant use of glucocorticoid. Especially, ratio of each 

disease of interest was not reached to two times in 1:2 matching. For example, 294 

patients with AS were included as the comparison cohort while 237 patients were 

present in the TNF-α inhibitors cohort. This happened in Ps, CD, and UC as well. 

Therefore, 1:1 matching was finally chosen based on its matching result and 

composition of patients in each cohort. Table 6 shows 1:1 propensity matching 

result and baseline characteristics after 1:1 matching is described in Table 7. 

Table 6. Propensity score matching result (1:1 matching) 

Variable 

Standardized Mean Difference  

(TNF-α inhibitors cohort – Comparison cohort) 
 

Divisor 
Mean difference  Percent reduction Variance ratio 

All 

Obs. 

Region* 

Obs. 

Matched 

Obs. 

Region* 

Obs. 

Matched 

Obs. 

All 

Obs. 

Region* 

Obs. 

Matched 

Obs. 

LPS 1.7783 0.9564 0.8166 0.0167 14.61 98.26 4.8231 1.4095 1.0511 

Age 15.5929 -0.5740 -0.5723 0.0593 0.29 89.68 1.0715 1.0801 1.0119 

Sex 0.4838 0.4598 0.4558 0 0.87 100 1.1212 1.122 1 

Treatment 

period 
2.7349 -0.2915 -0.2909 0.1206 0.21 58.63 0.7748 0.7775 1.0377 

Comorbid-
ities 

0.2951 0.1353 0.1419 -0.0441 0 67.45 1.4533 1.4743 0.9149 

Con-med 0.3024 0.2560 0.2639 0.0798 0 68.84 2.0103 2.0382 1.1671 

RA 0.4620 0.6123 0.6108 0.0964 0.25 84.26 1.4111 1.4112 1.0037 

AS 0.3984 -0.9007 -0.9097 -0.0932 0 89.66 3.4445 3.4508 1.0243 

PsA 0.0899 -0.1828 0 0 100 100 - - - 

PS 0.2232 0.3561 0.3883 -0.0084 0 97.66 0.1688 0.0864 1.3308 

CD 0.2840 -0.3801 -0.3886 0.1242 0 67.34 3.4045 3.4515 0.843 

UC 0.2797 0.0377 0.0329 -0.0531 12.74 0 0.8943 0.9079 1.2028 

Obs.: Observations, LPS: The logit of the propensity score, Con-med: Concomitant use of 

glucocorticoid 
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*Only observations that have propensity scores in the common support region (0.25 times a pooled 

estimate of the common standard deviation of the logit of the propensity score) was used for matching.  

Because of no matched patients in the comparison cohort, nine patients with 

psoriasis in the TNF-α inhibitors were excluded. Other than those, all TNF-α 

inhibitors users were included in the final analyzed cohort after matching. Number 

of patients in the comparison cohort was narrowed down to 539 patients. Patients’ 

disposition in each cohort is present in Figure 2. 

Figure 2. Disposition of Patients in Each Cohort 

Secondary or tertiary hospital visit prior to and during the treatment

(n=4,567)

Age≥18 at the time of first treatment

(n=6,450)

Medication of interest

(n=6,574)

RA, AS, PsA, Ps, UC, CD

(n=108,544)

NHIS-NSC2

(n=1,108,369)

No diagnosis of malignant neoplasm within 3 months prior to first

treatment

(n=6,345)

(n=548)

1:1 Matching

Non-TNF-α inhibitor users

(n=4,019)

TNF-α inhibitor cohort

(n=539)

Comparison cohort

(n=539)

TNF-α inhibitor users
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2. Baseline Characteristics 

Baseline demographics, comorbidities and baseline glucocorticoid use are shown 

in Table 7. Because the comparison cohort was matched to patients in the TNF-α 

inhibitors cohort with 1:1 ratio, it showed similar baseline characteristics, and there 

were no significant differences between the two cohorts. Male patients composed 

about 54% of the total in both cohorts. Mean and median age for the TNF-α 

inhibitors were 43.01 and 41 respectively, and 42.08 and 40 for the comparison 

cohort. Among the six diseases of interest, RA was the most observed disease that 

more than 48% of the patients were treated with drugs of interest followed by AS. 

No patients with psoriasis were included in both cohorts. Dyslipidemia was the 

most frequent disease that patients were accompanied with. Around 70% of the 

patients in each cohort were treated with glucocorticoid before the first date of the 

defined treatment, and approximately 85% of the patients took glucocorticoid 

concurrently while they were on the defined treatment.  

Table 7. Baseline Characteristics 

Characteristics 

TNF-α Inhibitor 

Cohort 
Comparison Cohort 

p-value 

(n = 539) (n = 539) 

Sex (n, %)     

1.000* Male 296 (54.92) 296 (54.92) 

Female 243 (45.08) 243 (45.08) 

Age (years)     

0.3396∫ 
Mean (SD) 43.01 (15.92) 42.08 (15.83) 

Median 41 40 

Min, Max 18, 89 18, 88 

Disease (n, %)      

   RA 263 (48.79) 287 (53.25) 0.1437* 

   AS 237 (43.97) 217 (40.26) 0.2173* 

   PsA -  -  - 

   Ps 4 (0.74) 3 (0.56) 1.0000† 

   CD 80 (14.84) 99 (18.37) 0.1199* 

   UC 44 (8.16) 36 (6.68) 0.3526* 

Comorbidities (n, %) 475 (88.13) 468 (86.83) 0.5195* 

   Diabetes 209 (38.78) 205 (38.03) 0.8022* 
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   Hypertension 222 (41.19) 194 (35.99) 0.0798 

   Hyperglycemia 63 (11.69) 80 (14.84) 0.1269* 

   Dyslipidemia 387 (71.80) 390 (72.36) 0.8386* 

   Asthma  243 (45.08) 251 (46.57) 0.6248* 

   COPD 51 (9.46) 48 (8.91) 0.7517* 

Baseline glucocorticoid 

(n, %) 
379 (70.32) 392 (72.73) 0.3803* 

Concomitant 

glucocorticoid (n, %) 
461 (85.53) 474 (87.94) 0.2431* 

SD: Standard Deviation, COPD: Chronic Obstructive Pulmonary Disease.  

Disease: Patients who had more than one disease was counted each disease category separately.  
*Chi-square test, ∫t-test, †Fisher’s exact test 

 

3. Incidence Rate 

Total person-years including 90-day lag period after the defined treatment was 

1743.7210 person-years in the TNF-α inhibitor cohort, and its median follow-up 

per person was 3.2351 (SD 1.0740 – 4.9945) person-years. Total person-years and 

median follow-up period per person for the comparison cohort were 1589.5340 and 

2.9490 (SD 0.9123 – 4.6986) person-years respectively. Total 14,925 infections 

were identified in 476 (88.3%) patients in the TNF-α inhibitor cohort, compared 

with 12,478 infections in 468 (86.8%) patients in the comparison cohort. When 

dividing number of infections by number of patients in each cohort, patients in the 

TNF-α inhibitor cohort had 31.4 infections per person on average, and it was 26.7 

infections per person for the comparison cohort. The TNF-α inhibitor cohort had 

higher crude incidence rate of infection (8.5593, 95% CI 8.4231 – 8.6977) than the 

rate of the comparison cohort (7.8501, 95% CI 7.7136 – 7.9891) during total period 

of observation. However, the comparison cohort had higher crude incidence rate in 

90 and 365 risk periods than the TNF-α inhibitor cohort. Both cohorts showed 

decreased pattern of incidence of infection in 365-risk period compared to that of 

90-risk period. Referring the comparison cohort, overall IRR was 1.0903 (95% CI 

1.0647 – 1.1166). Therefore, more infections were significantly occurred in the 

TNF-α inhibitor cohort. Differences were adjusted for age, sex, comorbidities, and 

concomitant glucocorticoid use. All adjusted IRR showed same pattern with 
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overall IRR that their values were all higher than one. Incidence rate of infections 

in both cohorts is summarized in Table 8.  

Table 8. Incidence rate of infection 

 TNF-α inhibitor 

Cohort 
Comparison Cohort 

p-value 
 (n = 539) (n = 539) 

Person-years, total 1743.7210 1589.5340 - 

Person-years per person  

(median, IQR) 

3.2351  

(1.0740 – 4.9945) 

2.9490  

(0.9123 – 4.6986) 
- 

No. of infection    

Total period 14,925 12,478 - 

  90-day risk period 1,032 1,115 - 

  365-day risk period 3,538 3,836 - 

Rate of infections 

/person years (95% CI) 
   

Total period 8.5593  

(8.4231 – 8.6977) 

7.8501  

(7.7136 – 7.9891) 
- 

90-day risk period 8.2785  

(7.7885 – 8.7993) 

9.1283  

(8.6079 – 9.6801) 
- 

  365-risk period 
7.8879  

(7.6322 – 8.1522) 

8.7557  

(8.4830 – 9.0373) 
- 

IRR overall (95% CI) 
1.0903  

(1.0647 – 1.1166) 
Referent < 0.0001 

Adjusted for age 
1.1011  

(1.0752 – 1.1276) 
Referent < 0.0001 

Adjusted for age, sex 
1.1282  

(1.1016 – 1.1555) 
Referent < 0.0001 

Adjusted for age, sex,  

comorbidities 

1.1285  

(1.1019 – 1.1558) 
Referent < 0.0001 

Adjusted for age, sex,  

comorbidities, 

concomitant 

glucocorticoid use  

1.1223  

(1.0959 – 1.1495) 
Referent < 0.0001 

CI: Confidence Interval, IRR: Incidence Rate Ratio 
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Total 764 serious infections were identified in 209 (38.8%) patients in the TNF-

α inhibitor cohort and 983 infections in 226 (41.9%) patients in the comparison 

cohort. On average, a patients in the TNF-α inhibitor cohort experienced 3.7 

serious infections and 4.4 serious infection in the comparison cohort. Crude 

incidence rate of serious infection was 0.4381 (95% CI 0.4082 – 0.4703) in the 

TNF-α inhibitor cohort and 0.6184 (95% CI 0.5809 – 0.6583) in the comparison 

cohort. As crude rate of infection did, comparison cohort had higher crude 

incidence rate in both 90-day and 365-day risk periods than those of the TNF-α 

inhibitor cohort. Increased risk of serious infection in the TNF-α inhibitor cohort 

was not observed in both crude and adjusted incidence rate ratio. Incidence rate of 

serious infection is summarized in Table 9.  

Table 9. Incidence rate of serious infection 

 
TNF-α inhibitor 

Cohort 

(n = 539) 

Comparison Cohort 

(n = 539) 
p-value 

No. of serious infection    

Total period 764 983 - 

  90-day risk period 54 91 - 

  365-day risk period 192 276 - 

Rate of infections 

/person years (95% CI) 
   

Total period 0.4381  

(0.4082 – 0.4703) 

0.6184  

(0.5809 – 0.6583) 
- 

90-day risk period 0.4332  

(0.3318 – 0.5656) 

0.7450  

(0.6066 – 0.9149) 
- 

  365-risk period 
0.4281  

(0.3716 – 0.4931) 

0.6300  

(0.5599 – 0.7089) 
- 

IRR overall (95% CI) 
0.7085  

(0.6446 – 0.7787) 
Referent < 0.0001 

Adjusted for age 
0.7179  

(0.6531 – 0.7891) 
Referent < 0.0001 
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Adjusted for age, sex 
0.7525  

(0.6844 -0.8274) 
Referent < 0.0001 

Adjusted for age, sex,  

comorbidities 

0.7539  

(0.6856 – 0.8290) 
Referent < 0.0001 

Adjusted for age, sex,  

comorbidities, 

concomitant 

glucocorticoid use  

0.7486  

(0.6808 – 0.8231) 
Referent < 0.0001 

 

As shown in Table 8 and 9, crude incidence rates of infection and serious 

infection in 90-day and 365-day risk period were higher in the comparison cohort 

than the TNF-α inhibitor cohort though overall and adjusted IRR of infection were 

significantly higher in the TNF-α inhibitor cohort. IRR of infection and serious 

infection in both 90-day and 365-day risk periods showed same pattern with the 

crude incidence rate in those periods. Overall IRR of infection in 90-day and 365-

day risk periods were 0.9069 (95% CI 0.8333 – 0.9870) and 0.9009 (95% CI 

0.8607 – 0.9430) respectively. Overall IRR of serious infection in 90-day and 365-

day risk periods were 0.5814 (94% CI 0.4152 – 0.8142) and 0.6795 (95% CI 

0.5652 – 0.8169) respectively. Adjusted IRR for both infection and serious 

infection were similar to overall IRR. IRR in 90-day and 365-day risk periods are 

present in Table 10. IRR of all infection and serious infection were statistically 

significant.  

Table 10. 90-day and 365-day risk period IRR 

 90-day risk period 365-day risk period 

 IRR (95%CI) 
p-

value  
IRR (95%CI) 

p-

value  

Infection     

IRR overall  
0.9069 

(0.8333 – 0.9870) 
0.0237 

0.9009 

(0.8607 – 0.9430) 
<.0001 

Adjusted for age 
0.8968 

(0.8240 – 0.9761) 
0.0117 

0.9156 

(0.8748 – 0.9584) 
0.0002 

Adjusted for age, sex 
0.8994 

(0.8263 – 0.9789) 
0.0142 

0.9220 

(0.8808 – 0.9652) 
0.0005 
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Adjusted for age, sex,  

comorbidities 

0.9016 

(0.8284 – 0.9813) 
0.0166 

0.9231 

(0.8818 – 0.9663) 
0.0006 

Adjusted for age, sex,  

comorbidities, 

glucocorticoid use 

0.9003 

(0.8272 – 0.9799) 
0.0151 

0.9189 

(0.8788 – 0.9619) 
0.0003 

Serious Infection      

IRR overall  
0.5814 

(0.4152 – 0.8142) 
0.0016 

0.6795 

(0.5652 – 0.8169) 
<.0001 

Adjusted for age 
0.5767 

(0.4118 – 0.8075) 
0.0014 

0.6948 

(0.5779 – 0.8353) 
0.0001 

Adjusted for age, sex 
0.5759 

(0.4112 – 0.8067) 
0.0013 

0.7005 

(0.5825 – 0.8424) 
0.0002 

Adjusted for age, sex,  

comorbidities 

0.5772 

(0.4230 – 0.8083) 
0.0014 

0.7023 

(0.5840 – 0.8446) 
0.0002 

Adjusted for age, sex,  

comorbidities, 

glucocorticoid use 

0.5778 

(0.4126 – 0.8093) 
0.0014 

0.6984 

(0.5805 – 0.8398) 
0.0001 

Incidence rate ratio: incidence rate of the TNF-α inhibitor cohort/incidence rate of the comparison 

cohort 

Patients in the TNF-α inhibitor cohort were classified by duration of treatment. 

Table 11 summarizes number of person who had experienced infection, number of 

events, and incidence rate based on person-years in each treatment duration group 

in the TNF-α inhibitor cohort. Incidence of infection per person-years was the 

highest in one-time users (26.1793) followed by users whose treatment period was 

between four and five years (7.8113) and users with period between six months and 

one year (12.1452). Incidence rate based on TNF-α inhibitor treatment duration 

were statistically significant (p-value 0.0016).   

Table 11. Incidence rate of infections per use period in the TNF-α inhibitor cohort  

Use period 

Total 

No. of 

person 

Infection 

No. of 

person 

No. of 

event 

Incidence 

rate (PY) 

p-

value§ 

One-time user  14 5 52 26.1793 

0.0016 

Use period < 6 months*  85 55 382 11.1188 

6-month ≤ Use period < 1-year 45 39 342 8.2184 

1 year ≤ Use period < 2-year 95 84 1,220 8.1324 

2-year ≤ Use period <3-year 62 58 1,478 9.1377 

3-year ≤ Use period < 4-year 59 59 2,124 9.5922 
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4-year ≤ Use period < 5-year 50 49 2,790 12.1452 

Use period ≥ 5-year 129 127 6,537 7.2404 

*One-time users were excluded. §Chi-square test was used. 

Incidence rate of serious infection was the highest in users whose treatment 

period was less than six months (1.2516) followed by one-time user (1.0669). 

Other than users in those two groups, incidence rate of serious infection was lower 

than one in other groups. There was no significant difference in incidence rate of 

serious infection in users with different treatment duration. Table 12 shows 

incidence rate of serious infection per treatment duration in the TNF-α inhibitor 

cohort. 

Table 12. Incidence rate of serious infections per use period the TNF-α inhibitor 

cohort 

Use period 

Total 

No. of 

person 

Serious infection 

No. of 

person 

No. of 

event 

Incidence 

rate (PY) 

p-

value§ 

One-time user 14 2 2 1.0669 

0.9806 

Use period < 6 months*  85 14 43 1.2516 

6-month ≤ Use period < 1-year 45 6 17 0.4085 

1 year ≤ Use period < 2-year 95 22 47 0.3133 

2-year ≤ Use period <3-year 62 25 58 0.3586 

3-year ≤ Use period < 4-year 59 26 74 0.3342 

4-year ≤ Use period < 5-year 50 32 151 0.6573 

Use period ≥ 5-year 129 82 372 0.4120 

*One-time users were excluded. §Chi-square test was used.  

 

4. Types of infection and serious infection 

Total 476 (88.3%) patients had experienced total 14,924 infection in the TNF-α 

inhibitor cohort, and 468 (86.8%) patients had experienced total 12,478 infections 

in the comparison cohort. Acute bronchitis was the most frequently observed 

infection in both cohorts that around 50% of patients had – 1,791 (12%) events in 

290 (53.8%) patients which was 6.18 events per patients on average in the TNF-α 
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inhibitor cohort and 1,879 (15.1%) in 254 (47.1%) patients which was 7.40 events 

per patients on average in the comparison cohort. And conjunctivitis was the 

second most observed infection in both cohort. Among types of infection that 

observed more than or equal to 1% of the events, respiratory diseases (J) were the 

most frequently observed types of infection which took16 out of 29 types of 

diseases in the TNF-α inhibitor cohort, and 15 out of 26 types of diseases in the 

comparison cohort were respiratory. Respiratory infection took more than 50% of 

the total events in both cohorts. Among the respiratory infection, 86 (16.0%) 

patients in the TNF-α inhibitor cohort had 183 (1.2%) respiratory infection that 

under national surveillance (J_) which was 3.91 events per patient on average, 64 

(11.9%) patients in the comparison cohort had 146 (1.2%) respiratory infections 

under the national surveillance which was 2.28 events per patient on average. For 

pneumonia (J18), 183 (1.2%) pneumonia were observed in 55 (10.2%) patients in 

the TNF-α inhibitor cohort and 145 (1.2%) events in 41 (7.6%) patients in the 

comparison cohort. Number of the events per person was similar in both cohorts. 

Skin related infection (L) were occurred similarly in both cohorts. More patients in 

the TNF-α inhibitor cohort had infections that under the national surveillance (A_, 

B_, J_) than the comparison cohort. Types of infection occurred with incidence 

more than or equal to 1% are summarized in Table 13 for the TNF-α inhibitor 

cohort and Table 14 for the comparison cohort. 

Table 13. Types of infection occurred incidence more than or equal to 1% in the 

TNF-α inhibitor cohort 

TNF-α inhibitor cohort (n=539) 

KCD7 Disease term 
Event Patient 

n (%) n (%) 

Total 14,925  (100) 476 (88.3) 

J20 Acute bronchitis 1,791  (12) 290 (53.8) 

H10 Conjunctivitis 1,051  (7) 207 (38.4) 

B35 Dermatophytosis 979 (6.6) 141 (26.2) 

J06 
Acute upper respiratory infections 

of multiple and unspecified sites 
915 (6.1) 188 (34.9) 

J03 Acute tonsillitis 843 (5.6) 193 (35.8) 
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J04 Acute laryngitis and tracheitis 823 (5.5) 160 (29.7) 

J00 
Acute nasopharyngitis[common 

cold] 
725 (4.9) 150 (27.8) 

J32 Chronic sinusitis 654 (4.4) 87 (16.1) 

J01 Acute sinusitis 574 (3.8) 133 (24.7) 

J02 Acute pharyngitis 549 (3.7) 148 (27.5) 

A_ 
Certain infectious and parasitic 

diseases 
509 (3.4) 92 (17.1) 

J40 
Bronchitis, not specified as acute or 

chronic 
464 (3.1) 123 (22.8) 

A09 
Other gastroenteritis and colitis of 

infectious and unspecified origin 
463 (3.1) 141 (26.2) 

B_ 
Certain infectious and parasitic 

diseases 
419 (2.8) 59 (10.9) 

N30 Cystitis 339 (2.3) 67 (12.4) 

J_ 
Respiratory infectious diseases in 

national surveillance (J028-J2188)  
337 (2.3) 86 (16.0) 

B00 
Herpesviral [herpes simplex] 

infections 
297 (2.0) 67 (12.4) 

L03 Cellulitis 283 (1.9) 80 (14.8) 

J31 
Chronic rhinitis, nasopharyngitis 

and pharyngitis 
249 (1.7) 56 (10.4) 

B02 Zoster [herpes zoster] 212 (1.4) 35 (6.50) 

J41 
Simple and mucopurulent chronic 

bronchitis 
188 (1.3) 56 (10.4) 

J18 Pneumonia, organism unspecified 183 (1.2) 55 (10.2) 

L02 
Cutaneous abscess, furuncle and 

carbuncle 
181 (1.2) 70 (13.0) 

L08 
Other local infections of skin and 

subcutaneous tissue 
180 (1.2) 69 (12.8) 

K61 Abscess of anal and rectal regions 170 (1.1) 20 (3.7) 

J21 Acute bronchiolitis 167 (1.1) 36 (6.7) 

A04 Other bacterial intestinal infections 144 (1.0) 30 (5.6) 

H66 
Suppurative and unspecified otitis 

media 
142 (1.0) 21 (3.9) 

J37 
Chronic laryngitis and 

laryngotracheitis 
142 (1.0) 29 (5.4) 

 

Table 14. Types of infection occurred incidence more than or equal to 1% in the 

comparison cohort 

Comparison cohort (n=539) 

KCD7 Disease term 
Event Patient 

n (%) n (%) 

Total 12,478  (100) 468 (86.8) 

J20 Acute bronchitis 1,879  (15.1) 254 (47.1) 

H10 Conjunctivitis 900 (7.2) 180 (33.4) 
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J06 
Acute upper respiratory infections 

of multiple and unspecified sites 
818 (6.6) 180 (33.4) 

J03 Acute tonsillitis 735 (5.9) 187 (34.7) 

J04 Acute laryngitis and tracheitis 727 (5.8) 137 (25.4) 

B35 Dermatophytosis 629 (5.0) 117 (21.7) 

J01 Acute sinusitis 545 (4.4) 99 (18.4) 

A09 
Other gastroenteritis and colitis of 

infectious and unspecified origin 
522 (4.2) 140 (26.0) 

N30 Cystitis 471 (3.8) 61 (11.3) 

J00 
Acute nasopharyngitis[common 

cold] 
464 (3.7) 134 (24.9) 

J02 Acute pharyngitis 462 (3.7) 129 (23.9) 

B_ 
Certain infectious and parasitic 

diseases 
417 (3.3) 77 (14.3) 

J32 Chronic sinusitis 387 (3.1) 65 (12.1) 

J40 
Bronchitis, not specified as acute 

or chronic 
361 (2.9) 108 (20.0) 

L03 Cellulitis 245 (2.0) 73 (13.5) 

A_ 
Certain infectious and parasitic 

diseases 
196 (1.6) 49 (9.1) 

L02 
Cutaneous abscess, furuncle and 

carbuncle 
185 (1.5) 48 (8.9) 

J31 
Chronic rhinitis, nasopharyngitis 

and pharyngitis 
177 (1.4) 61 (11.3) 

J15 Bacterial pneumonia, NEC 150 (1.2) 22 (4.1) 

J_ 
Respiratory infectious diseases in 

national surveillance (J028-J2188)  
146 (1.2) 64 (11.9) 

J18 Pneumonia, organism unspecified 145 (1.2) 41 (7.6) 

L08 
Other local infections of skin and 

subcutaneous tissue 
144 (1.2) 33 (6.1) 

H66 
Suppurative and unspecified otitis 

media 
141 (1.1) 25 (4.6) 

J41 
Simple and mucopurulent chronic 

bronchitis 
137 (1.1) 47 (8.7) 

J21 Acute bronchiolitis 131 (1.0) 39 (7.2) 

M00 Pyogenic arthritis 127 (1.0) 12 (2.2) 

 

Total 209 (38.8%) patients had experienced total 764 serious infections in the 

TNF-α inhibitor cohort, and 226 (41.9%) patients had experienced total 983 serious 

infections in the comparison cohort. Like infection was, acute bronchitis was the 

most frequently observed serious infection in both cohorts that 80 (10.5%) events 

in 48 (8.9%) patients which was 1.67 events per patients on average in the TNF-α 

inhibitor cohort and 174 (17.7%) in 50 (9.3%) patients which was 3.48 events per 
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patients on average in the comparison cohort. Respiratory infections were the most 

frequently observed types of serious infections that 12 out 23 type were in the 

TNF-α inhibitor cohort and 13 out of 24 types for the comparison cohort. 

Pneumonia and skin related serious infection were occurred similarly in both 

cohorts. Unlike infection, more patients in the comparison cohort had experienced 

certain infectious and parasitic diseases than the TNF-α inhibitor cohort. However, 

it was not able to identify whether those serious infections were opportunistic 

infections or not because of masking of codes. Types of serious infection occurred 

with incidence rate more than or equal to 1% are summarized in Table 15 for the 

TNF-α inhibitor cohort and Table 16 for the comparison cohort. 

Table 15. Types of serious infection occurred incidence more than or equal to 1% 

in the TNF-α inhibitor cohort 

TNF-α inhibitor cohort (n=539) 

KCD7 Disease term 
Event Patient 

n (%) n (%) 

Total 764  (100) 209 (38.8) 

J20 Acute bronchitis 80 (10.5) 48 (8.9) 

L03 Cellulitis 66 (8.6) 20 (3.7) 

N30 Cystitis 61 (8.0) 23 (4.3) 

J03 Acute tonsillitis 60 (7.9) 32 (5.9) 

J04 Acute laryngitis and tracheitis 46 (6.0) 20 (3.7) 

J06 
Acute upper respiratory infections of 

multiple and unspecified sites 
34 (4.5) 22 (4.1) 

A09 
Other gastroenteritis and colitis of 

infectious and unspecified origin 
33 (4.3) 25 (4.6) 

B_ 
Certain infectious and parasitic 

diseases 
32 (4.2) 7 (1.3) 

L02 
Cutaneous abscess, furuncle and 

carbuncle 
31 (4.1) 21 (3.9) 

J18 Pneumonia, organism unspecified 29 (3.8) 21 (3.9) 

J40 
Bronchitis, not specified as acute or 

chronic 
22 (2.9) 16 (3.0) 

J_ 
Respiratory infectious diseases in 

national surveillance (J028-J2188)  
22 (2.9) 9 (1.7) 

J00 
Acute nasopharyngitis[common 

cold] 
21 (2.7) 9 (1.7) 

H10 Conjunctivitis 19 (2.5) 12 (2.2) 

L08 
Other local infections of skin and 

subcutaneous tissue 
17 (2.2) 9 (1.7) 
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B35 Dermatophytosis 16 (2.1) 12 (2.2) 

J32 Chronic sinusitis 16 (2.1) 9 (1.7) 

J02 Acute pharyngitis 15 (2.0) 12 (2.2) 

A_ 
Certain infectious and parasitic 

diseases 
13 (1.7) 8 (1.5) 

J15 Bacterial pneumonia, NEC 10 (1.3) 5 (0.9) 

K61 Abscess of anal and rectal regions 9 (1.2) 7 (1.3) 

A41 Other sepsis 8 (1.0) 6 (1.1) 

J31 
Chronic rhinitis, nasopharyngitis and 

pharyngitis 
8 (1.0) 4 (0.7) 

 

Table 16. Types of serious infection occurred incidence more than or equal to 1% 

in the comparison cohort 

Comparison  cohort (n=539) 

KCD7 Disease term 
Event Patient 

n (%) n (%) 

Total 983 (100) 226 (41.9) 

J20 Acute bronchitis 174 (17.7) 50 (9.3) 

N30 Cystitis 137 (13.9) 27 (5.0) 

A09 
Other gastroenteritis and colitis of 

infectious and unspecified origin 
58 (5.9) 32 (5.9) 

L03 Cellulitis 54 (5.5) 24 (4.5) 

J03 Acute tonsillitis 52 (5.3) 37 (6.9) 

L02 
Cutaneous abscess, furuncle and 

carbuncle 
44 (4.5) 23 (4.3) 

H10 Conjunctivitis 38 (3.9) 21 (3.9) 

J18 Pneumonia, organism unspecified 31 (3.2) 21 (3.9) 

A_ 
Certain infectious and parasitic 

diseases 
28 (2.8) 16 (3.0) 

J40 
Bronchitis, not specified as acute or 

chronic 
28 (2.8) 20 (3.7) 

J32 Chronic sinusitis 26 (2.6) 5 (0.9) 

J04 Acute laryngitis and tracheitis 23 (2.3) 11 (2.0) 

J06 
Acute upper respiratory infections of 

multiple and unspecified sites 
23 (2.3) 17 (3.2) 

J02 Acute pharyngitis 22 (2.2) 13 (2.4) 

J00 
Acute nasopharyngitis[common 

cold] 
21 (2.1) 10 (1.9) 

J41 
Simple and mucopurulent chronic 

bronchitis 
18 (1.8) 12 (2.2) 

B_ 
Certain infectious and parasitic 

diseases 
16 (1.6) 11 (2.0) 

L04 Acute lymphadenitis 15 (1.5) 6 (1.1) 

J01 Acute sinusitis 14 (1.4) 11 (2.0) 

J31 
Chronic rhinitis, nasopharyngitis and 

pharyngitis 
13 (1.3) 8 (1.5) 
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J37 
Chronic laryngitis and 

laryngotracheitis 
13 (1.3) 2 (0.4) 

L08 
Other local infections of skin and 

subcutaneous tissue 
11 (1.1) 6 (1.1) 

M00 Pyogenic arthritis 11 (1.1) 5 (0.9) 

B35 Dermatophytosis 10 (1.0) 5 (0.9) 

 

 

5. Hazard Ratio 

Time to first infection and serious infection were calculated using cox hazard 

proportional model. The overall hazard ratio of infection associated with use of 

TNF-α inhibitors relative to the comparison cohort was 0.887 (95% CI 0.632 – 

1.246). When hazard ratio were adjusted to age, sex, comorbidities, or concomitant 

glucocorticoid use, it showed similar pattern with the univariate analysis. Hazard 

ratio adjusted for age, sex and comorbidities showed slight increase to 0.902 (95% 

CI 0.642 – 1.267). However, there were no statistically significant differences in 

hazard ratio of infection between two cohorts, and 95% confidence interval of all 

analysis include value of one. The pattern was similar when disease of interest 

were adjusted. Values of hazard ratio were between 0.8 and 0.9. Hazard ratio 

adjusted to CD showed the highest 0.912 (95% CI 0.649 – 1.281), however, it was 

still under value of one and not statistically significant as well. Therefore, when 

considering first event of infection after the initiation of treatment, there were no 

difference in hazard ratio between two cohorts regardless of baseline characteristics 

and disease status. Hazard ratio of infection is summarized in Table 17.  

Table 17. Hazard ratio of infection  

  Hazard Ratio (95% CI) p-value 

Overall 0.887 (0.632 – 1.246) 0.4903 

Adjusted for age 0.898 (0.640 – 1.261) 0.5354 

Adjusted for age, sex 0.896 (0.638 – 1.258) 0.5255 

Adjusted for age, sex,  

comorbidities 
0.902 (0.642 – 1.267) 0.5522 

Adjusted for age, sex, comorbidities,  

concomitant glucocorticoid use  
0.868 (0.618 – 1.219) 0.4139 
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Disease adjusted   

   RA 0.866 (0.616 – 1.216) 0.4051 

   AS 0.890 (0.634 – 1.249) 0.5001 

   PsA 0.887 (0.632 – 1.246) 0.4903 

   Ps - - 

   CD 0.912 (0.649 – 1.281) 0.5964 

   UC 0.883 (0.629 – 1.240) 0.4718 

Hazard ratio: the TNF-α inhibitor cohort/the comparison cohort 

 

The overall hazard ratio of serious infection associated with use of TNF-α 

inhibitors relative to the comparison cohort showed higher value than the hazard 

ratio of infection. Overall hazard ratio was 1.054 (95% CI 0.903 – 1.231). Like the 

hazard ratio of infection, adjusted hazard ratio of serious infection showed similar 

pattern with the univariate analysis when adjusting to age, sex, comorbidities, or 

concomitant glucocorticoid use. Tough serious hazard ratio had value over one, 

95% confidence interval included value of one. And there were no statistical 

significance in hazard ratio of serious infection between two cohorts. The pattern 

was similar when disease of interest were adjusted. Therefore, when considering 

first event of serious infection after the initiation of treatment, there were no 

difference in hazard ratio between two cohorts regardless of baseline characteristics 

and disease status. Hazard ratio of serious infection is summarized in Table 18.  

Table 18. Hazard ratio of serious infection  

  Hazard Ratio (95% CI) p-value 

Overall 1.054 (0.903 – 1.231) 0.5027 

Adjusted for age 1.060 (0.908 – 1.238) 0.4587 

Adjusted for age, sex 1.059 (0.907 – 1.236) 0.4661 

Adjusted for age, sex,  

comorbidities 
1.061 (0.909 – 1.238) 0.4562 

Adjusted for age, sex, comorbidities,  

concomitant glucocorticoid use  
1.050 (0.900 – 1.226) 0.5350 

Disease adjusted   

   RA 1.047 (0.897 – 1.223) 0.5577 

   AS 1.052 (0.901 – 1.228) 0.5183 

   PsA 1.054 (0.903 – 1.231) 0.5027 
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   Ps - - 

   CD 1.057 (0.906 – 1.235) 0.4793 

   UC 1.052 (0.901 – 1.228) 0.5197 

 

IV. Discussion 

In this study, it was found that incidence rate of infection was higher in the TNF-

α inhibitor cohort (8.5593 [95% CI 8.4231 – 8.6977]) than the comparison cohort 

(7.8501 [95% CI 7.7136 – 7.9891]). When referring to the comparison cohort, IRR 

associated with TNF-α inhibitors uses was significantly higher – 1.0903 (95% CI 

1.0647 – 1.1166), and this was consistently found when adjusting age, sex, 

comorbidities and/or concomitant glucocorticoid use. However, this pattern was 

not found in serious infection, and the TNF-α inhibitor cohort showed significantly 

lower IRR compared to the comparison cohort. This result was consistent in terms 

of frequency of events and number of patients. More infection were counted in the 

TNF-α inhibitor cohort that 88.3% of the patients had 14,925 infection compared to 

41.9% of the patients with 12,478 infection in the comparison cohort. On average, 

31.36 infection occurred in TNF-α inhibitor users compared to 26.6 in the 

comparison cohort. For serious infection, 38.8% of the TNF-α inhibitor users 

experienced 764 serious infections which was 3.66 events on average compared to 

41.9% patients in the comparison cohort experienced 983 events which was 4.35 

events on average. Though IRR of serious infection was lower in the TNF-α 

inhibitor cohort, there were 3% difference in number of patients and less than one 

event of serious infection per patient on average between two cohorts. It is known 

that TNF-α inhibitor user experiences more infections during initial treatment 

period, therefore, infection were counted for 90-day and 365-day risk periods from 

initiation of treatment (Anderson et al., 2015). Though crude incidence rate in 

serious infection were similar between two periods, higher crude infection rate in 

90-day risk period were found compared to the rate in 365-day risk period. When 
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incidence rate of infection and serious infection were calculated based on treatment 

period of TNF-α inhibitors, one-time users had the highest incidence rate of 

infection and users who were treated less than six months had the highest serious 

incidence rate. These findings support patients can be more vulnerable at risk of 

infection in early treatment period. Considering time to first infection, no 

significant findings in hazard ratio of infection were observed. Though hazard ratio 

of serious infection was higher than one, it was not statistically significant as well.  

In this study, the TNF-α inhibitor cohort had less numbers of serious infection 

observed compared to the comparison cohort, and hazard ratio of infection and 

serious infection did not support increased risk of infection associated with TNF-α 

inhibitors uses. Glucocorticoid is one of medications that widely used in patients 

with autoimmune or inflammatory diseases. In this study, 85.53% of patients in the 

TNF-α inhibitor cohort had ever used glucocorticoid during the treatment period, 

and 87.94% patients was in the comparison cohort. Glucocorticoid itself can 

increase risk of bacterial, viral and fungal infection two to six fold higher in 

patients taking the medication (Fardet et al, 2016). In that study, the most 

frequently reported types of infections were lower respiratory tract among patients 

received glucocorticoid (Fardet et al, 2016). In this study, the most frequently 

observed infection and serious infection in both cohorts were acute bronchitis 

which belongs to lower respiratory tract infection. When IRR was calculated based 

on whether patients had ever been treated with glucocorticoid during the treatment 

period, two to three fold increase in IRR of infection and serious infection were 

observed in this study. In addition, hazard ratio was 3.090 (95% CI 2.150 – 4.441) 

for infection and 1.439 (95% CI 1.177 – 1.760) for serious infection. In addition, 

TNF-α inhibitors is known to have glucocorticoid-sparing effect (Nilsson et al., 

2011). From the DANBIO registry, a nationwide rheumatologic database in 

Denmark, glucocorticoid-sparing effect observed that patient who were treated 

with TNF-α inhibitors showed significant decrease of median daily prednisone 

dose and number of systemic administration of glucocorticoid, and among them, 
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38% of the patient discontinued glucocorticoids (Nilsson et al., 2011). 

Glucocorticoid was set as drug of interest in patients with CD and UC in the 

comparison cohort. In addition, French RATIO registry identified that oral steroid 

use more than 10mg/day or boluses of steroid were significant independent risk 

factors of opportunistic infections for TNF-α inhibitor users (Salmon-Ceron et al., 

2011). Therefore, it can be assumed that pattern of glucocorticoid treatment period 

and its amount might be different from how it was prescribed to patients in the 

TNF-α inhibitor cohort. Therefore, glucocorticoid could be an independent risk 

factor for infection, and this is further to be studied. 

Similar to this study, using the first version of NHIS-NSC, a study evaluate risk 

of herpes zoster in patients who were treated with TNF-α inhibitors for AS and 

compare the risk to DMARDs non-users and current DMARDs (cDMARDs) users. 

Both TNF-α inhibitors and cDMARDs users showed higher hazard ratio than 

DMARDs non-users. However, when comparing result of the TNF-α inhibitor to 

cDMARDs users, incidence rate and hazard ratio of TNF-α inhibitors was lower 

than those results of cDMARD users. Same pattern in hazard ration was found 

when adjusting sex, age, and baseline glucocorticoid use – 3.70 (95% CI 9.1-28.0) 

for cDMARDs users and 3.52 (95% CI 6.1-27.8) for TNF-α inhibitors users (Lim 

et al., 2018). Rather than comparing against non-drug users, this study compared 

incidence rate and hazard ratio of infection and serious infection to users of drugs 

that are listed as line of therapy before treating TNF-α inhibitors to minimize 

severity in each disease of interest. Considering criteria of the comparison cohort 

selection in this study was similar to cDMARDs users of the study by Lim et al., 

such observation of no increase of infection or less than control group can be 

happened. Besides, different relative risk of infection in TNF-α inhibitor users 

based on selection criteria of control group have been reported from different 

registries. Therefore, this difference is more about different selection criteria of 

control groups rather than characteristics of TNF-α inhibitor groups (Crawford & 

Curtis, 2008).  
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Though some result in this study do not prone to support increased risk of 

infection associated with TNF-α inhibitor uses, strength of this study is that it 

supports some of findings from other studies. ARTIS registry reported increased 

risk of infection in TNF-α inhibitor users treated for RA compared to biologics 

naïve patients (Askling et al, 2007). BSRBR which investigate risk of serious 

infection did not find increased risk of serious infection compared to DMARDs 

users (Dixon et al., 2006). In this study, significant increased IRR of infection were 

found whereas there was evidence in increased risk of serious infection. A study 

conducted using a national cohort of veterans to evaluate TNF-α inhibitor uses and 

its association with hospitalized infection, and it identified pneumonia, bronchitis, 

and cellulitis were the most common infection that lead to hospitalization (Lane et 

al., 2011). In this study, acute bronchitis was the most common infection and 

serious infection, and cellulitis was the second most serious infection in the TNF-α 

inhibitor cohort. Pneumonia was listed as infection which occurred more than one 

percent as well.  

Based on mechanism of TNF-α inhibitor cohort, there are some established 

relationship with opportunistic infection such as tuberculosis, and cautions were 

described in prescribing information. However, published studies showed mixed 

results on risk of infection associated with TNF-α inhibitors from no significant 

increase to 2-fold increase (Lane et al., 2011). In this study, increased IRR of 

infection in the TNF-α inhibitor cohort were found compared to the comparison 

cohort. 88.3% patients in the TNF-α inhibitors cohort experienced infection, and 

38.8% patients had serious infection. Therefore, potential increased risk of 

infection associated with use of TNF-α inhibitors cannot be ruled out or ignored. 

Also, glucocorticoid use is an independent risk factor of infection, and this 

medication is commonly used among patients with inflammatory or autoimmune 

diseases. Hence, attention on occurrence of infection is required to patients with 

autoimmune or inflammatory disease who are on immunosuppressant medications 

since occurrence of infection gives extra burden to patients in terms of physical 
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stress and can lead to treatment discontinuation.   
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Abstract in Korean 
 연구 배경/목적: 종양괴사인자-알파(TNF-α) 길항제는 자가면역 또는 

염증성 질환의 치료요법으로 사용된다. TNF-α 길항제는 숙주 방어기전에 

광범위한 생물학적 영향을 나타내기에, 감염은 TNF-α 길항제 사용에서 

고려되는 안전성 이슈 중의 하나이다. 본 연구는 TNF-α를 처치 받지 않는 

환자로 구성된 비교 코호트와 비교하여 류마티스 관절염, 강직성 척추염, 

건선성 관절염, 건선, 크론병 또는 궤양성 대장염의 적응증으로 TNF-α길

항제를 사용한 환자(TNF-α 억제제 코호트)에게서 감염 및 중대한 감염에 

대한 위험이 증가 하는지를 평가하며 감염 위험 요인을 파악하고자 한다.  

연구 방법: 본 연구는 건강보험공단에서 제공하는 표본코호트2.0 데이터

베이스(NHIS-NSC2)를 사용하였으며, 해당 데이터베이스는 2002년부터 

2015년까지 약 백만 명의 한국인의 건강 데이터를 포함하고 있다. 코호트

간의 환자 수 및 인구학적 정보 차이가 있었기에, greedy nearest neighbor 매

칭 방법을 사용하여 성향점수매칭을 실시하였다. 처치 기간 및 마지막 관

찰일로부터 90일을 포함한 관찰기간 동안의 TNF-α 억제제 코호트 및 비

교 코호트 환자에게서 발생한 감염 및 중대한 감염을 계산하였다. 코호트

간의 비교를 위해 포아송 회귀 분석을 이용하여 발생률을 계산하였고, cox 

회귀 분석을 시간 대 첫 감염 발생에 대한 위험비를 계산하였다.  

연구 결과: TNF-α 억제제 코호트 기준을 만족하는 환자는 548명이었으

며, 비교 코호트 기준을 만족하는 환자는 4,019명이었다. 성향점수를 기준

을 1:1매칭을 통하여 최종적으로 각 코호트에 539명의 환자가 포함되었다. 

총 1743.7210 인년이 TNF-α 억제제 코호트 관찰되었으며, 환자당 관찰 인

년의 중앙값은 3.2351였으며, 비교 코호트에서는 총 1589.5340 인년이 관

찰되었으며 환자당 중앙값은 2.9490 인년이었다. 두 코호트간의 인구학적 

정보는 통계적으로 유의한 차이는 없었다. TNF-α 억제제 코호트 환자의 

감염 조발생률은 8.5593 (95% CI 8.4231 – 8.6977)였으며, 비교코호트의 감

염 조발생률은 7.8501 (95% CI 7.7136 – 7.9891)였다. 감염발생률의 비는 

TNF-α 억제제 코호트에서 유의하게 높았으며 그 값은 1.0903 (95% CI 

1.0647 – 1.1166)였으며, 이는 보정을 하였을 때도 같았다. 그러나 중대한 

감염의 발생률 비는 감염과 반대로 관찰되었다. TNF-α 억제제 코호트에

서의 90일 위험 기간 동안의 감염발생률은 8.2785 (95% CI 7.7885 – 8.7993)

였으며, 365일 위험 기간 동안의 감염발생률은 7.8879 (95% CI 7.6322 – 

8.1522)로 90일 위험 기간 동안 높게 발생하였다. TNF-α 억제제 코호트 

환자 중에서는 TNF-α 억제제를 한번만 사용한 환자에게서 감염발생률이 

제일 높았으며 (26.1793), 중대한 감염발생률은 TNF-α 억제제를 6개월 미

만으로 사용한 환자(1.2516)에게서 가장 높게 발생하였다. TNF-α 억제제 

코호트에서는 14,925 감염이 476명(88.3%)의 환자에게서 발생하였으며, 중



 

４２ 

대한 감염은 764건으로 209명(38.8%)의 환자에게 발생하였다. 비교 코호트

에서는 12,478건의 감염이 468명(86.8%)의 환자에게서 발생하였으며, 983건

의 중대한 감염이 226명(41.9%)의 환자에게서 발생하였다. 두코호트에서 

모두 급성 기관지염이 가장 많은 빈도로 발생함 감염 및 중대한 감염이었

다. 또한 가장 많이 발생한 감염 및 중대한 감염의 종류는 호흡기계 감염

이었다. 법정감염병은 TNF-α 억제제 코호트 환자에게서 더 발생하였으나, 

중대한 감염에서는 관찰되지 않았다. 피부관련 감염병에서 두 군간의 환자

수 및 발생 빈도는 차이가 없었다. 첫 감염 발생에 대한 위험비를 계산하

였으며, 통계적으로 유의한 차이는 발견되지 않았다.  

결론: 본 연구에서 TNF-α 길항제 사용에 따른 비교코호트 대비 감염 

발생 비율이 증가함을 발견하였다. TNF-α 길항제 코호트 환자 중 88.3%

가 적어도 한번 이상의 감염을 처치 기간 동안 경험하였으며, 38.8%의 환

자에게서 처치 기간 동안 적어도 한번 이상의 중대한 감염이 발생하였다. 

비록 일부 결과가 TNF-α 길항제 사용에 따른 감염 증가를 지지하는 방향

으로 나타나지 않았으나, 감염 발생 비율 및 감염을 경험한 환자수에 비추

어 보았을 때 TNF-α 길항제에 의한 잠재적 감염 증가는 무시 할 없을 것

으로 판단된다. 또한 본 연구에서 염증 또는 자가면역 질환에서 흔히 사용

되는 약제인 글루코코르티코이드의 사용이 감염에 영향을 주는 독립적인 

요소로 평가되었다. 따라서, 감염의 발생은 환자에게 의학적 경제적 추가 

부담 및 처치 중단으로 이어 질 수 있기에, 염증 및 자가 면역 질환을 갖고 

있는 환자에게 면역억제제가 투여 되는 경우 감염 발생에 대한 주의가 필

요하다.  

 

주요어: 종양괴사인자-알파 길항제, TNF-α 길항제, 감염 

위험, 한국 

학번: 2015-24015 
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