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Objective. To investigate the impact of the amendment of the Korean National Health Insurance (KNHI) reimbursement criteria 
for anti-tumor necrosis factor-α (TNF-α) agents based on from conventional clinical and laboratory measurements to disease 
activity score of 28 joints (DAS28) on treatment pattern, clinical response, and persistence rate in patients with rheumatoid ar-
thritis (RA). Methods. This multicenter retrospective cohort study evaluated 148 RA patients eligible for the initiation of an-
ti-TNF-α agents as the first-line biologics by either the past (n=95) or current (n=53) KNHI reimbursement criteria. Persistence 
was defined as the duration between the initiation and discontinuation of anti-TNFα agents. Results. In total, 106 (71.6%), 35 
(23.6%), and 7 (4.7%) RA patients started treatment with adalimumab, etanercept, and infliximab, respectively. RA patients 
who received anti-TNF-α agents under the current reimbursement criteria had a significantly lower mean DAS28-erythrocyte 
sedimentation rate (ESR) (6.02 vs. 6.95, p＜0.001) and daily prednisolone-equivalent glucocorticoid dose (4.51 vs. 6.17 mg, 
p＜0.001) than those who received anti-TNF-α agents under the past reimbursement criteria. No significant differences in the 
1-year remission rate defined by DAS28-ESR＜2.6 (17.9% vs. 30.2%, p=0.085) and the persistence rate (p=0.703) between 
the past and current reimbursement criteria was observed. Conclusion. Our data suggest that less active RA patients can receive 
reimbursement for anti-TNF-α agents under the current criteria, and the amendment of the KNHI reimbursement criteria may 
improve access to anti-TNF-α agents without affecting the treatment response and persistence rate. (J Rheum Dis 2020;27:159-167)
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INTRODUCTION

Anti-tumor necrosis factor-α (TNF-α) agents were his-
torically the first biologics applied in clinical trials and 
clinical practice for patients with rheumatoid arthritis 
(RA). The introduction of anti-TNF-α agents into the 
therapeutic armamentarium has revolutionized the RA 
management due to their high efficacy in reducing dis-
ease activity, delaying progressive joint damage, and pre-

serving functional capacity [1]. Since the approval of an-
ti-TNF-α agents in the mid-1990, their use has dramati-
cally expand worldwide [1]. In general, the initiation of 
anti-TNF-α agents is recommended if the disease activ-
ity remains moderate to high despite treatment with the 
first conventional disease modifying anti-rheumatic drugs 
(cDMARDs) according to international guidelines, such 
as the American College of Rheumatology (ACR) and 
European League against Rheumatism (EULAR) [2,3]. 
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Considering the progressive disease course and con-
sequently significant clinical burden of RA, timely and ap-
propriate treatment with anti-TNF-α agents is crucial. 
However, patients with RA often experience substantial 
barriers to access to anti-TNF-α agents because of their 
high cost, potential adverse events, and parenteral ad-
ministration as well as lack of specialized healthcare pro-
fessionals [4]. In particular, low economic status is one of 
the major predisposing factors for undertreatment with 
anti-TNF-α agents [5]. 
To overcome this issue, most countries worldwide have 

their own health insurance reimbursement criteria for an-
ti-TNF-α agents. Given that the extent of anti-TNF-α 

agents use was greatly dependent on the health insurance 
coverage, health regulatory agencies should establish ap-
propriate reimbursement criteria. In South Korea, it is 
mandatory for all citizens to have the Korean National 
Health Insurance (KNHI) by law, and all anti-TNF-α 

agents are only reimbursed under the KHNI system. In 
2006, the KHNI reimbursement criteria for anti-TNF-α 

agents based on conventional clinical and laboratory 
measurements such as the number of joint involvement, 
levels of acute phase reactants, and duration of morning 
stiffness were introduced. However, these criteria have 
been criticized by a number of studies to be too strict and 
less objective [6-8]. Thus, the past KNHI reimbursement 
criteria were revised according to the disease activity 
score, assessed using the 28-joint count for swelling and 
tenderness (DAS28), by the Ministry of Health and 
Welfare of South Korea in January 2014. However, only 
few studies directly compared the differences in the ac-
cess to anti-TNF-α agents and clinical outcomes in pa-
tients with RA between the past and current KNHI re-
imbursement criteria [9]. Therefore, in the present study, 
we aimed to investigate the impact of the recent amend-
ment of the KNHI reimbursement criteria on the treat-
ment pattern, clinical response, and persistence rate in 
patients with RA in clinical practice. 

MATERIALS AND METHODS

Study design and patients 
This is a retrospective cohort study performed at three 

university-affiliated rheumatology centers in South Korea. 
We evaluated 148 RA patients aged between 20 and 85 
years who were newly initiated anti-TNF-α agents as 
first-line biologic treatment due to inadequate response 
to methotrexate (MTX) and/or cDMARDs between January 

2007 and September 2018 through a medical record 
review. RA was diagnosed according to the 1987 ACR 
(formerly American Rheumatism Association) revised 
classification criteria [10] or the 2010 ACR/EULAR clas-
sification criteria [11]. Anti-TNF-α agents available in 
the three centers during the study period, which were in-
vestigated in this study, were subcutaneous adalimumab, 
subcutaneous etanercept, and intravenous infliximab. 
The index date was defined as the date of the first pre-
scription of anti-TNF-α agents during the study period. 
The exclusion criteria included RA patients aged ＜20 
years use of any biologic agents before the index date, use 
of biologic agents other than anti-TNF-α agents, and 
other accompanying autoimmune diseases except for sec-
ondary Sjögren’s syndrome. This study was approved by 
the Institutional Review Boards of Kosin University 
Gospel Hospital (IRB no. 018-09-029), Gyeongsang 
National University Changwon Hospital (IRB no. 2019- 
02-022), and Pusan National University Hospital (IRB 
no. 1810-003-071), which waived the requirement for 
obtaining patients’ informed consent due to the study’s 
retrospective nature. 

Clinical assessments 
The following demographic and clinical data at the index 

date were collected: age, sex, disease duration, eryth-
rocyte sedimentation rate (ESR), C-reactive protein 
(CRP), rheumatoid factor (RF), anti-cyclic citrullinated 
peptide (CCP) antibody, DAS28-ESR, DAS28-CRP, type 
of anti-TNF-α agents, and medications including 
cDMARD, glucocorticoids (GCs), and daily predniso-
lone-equivalent GC dose. Disease duration was defined 
as the time from the date of diagnosis to the index date. 
DAS28-ESR was calculated as follows: [0.56×√(tender 
joint count 28)]+[0.28×√(swolle joint count 28)]+ 
[0.70×ln ESR]+[0.0014×visual analog scale score] and 
DAS28-CRP was calculated as [0.56×√(tender joint 
count 28)]+[0.28×√(swolle joint count 28)]+[0.36× 
ln(CRP+1)]+[0.0014×visual analog scale score]+0.96 
[12,13]. Seropositve RA was defined as a positive result 
for RF or anti-CCP antibody.
At the 1-year follow-up, data regarding DAS28-ESR, 

DAS28-CRP, remission rate, and treatment response 
were obtained. Remission was defined as DAS28-ESR 
＜2.6. Treatment response to anti-TNF-α agents was de-
termined according to the EULAR response criteria, 
which was classified as good, moderate, or non-response 
[14]. Good response was defined as a DAS28-ESR im-
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Table 1. Detailed information regarding the past and current Korean National Health Insurance (KNHI) reimbursement criteria

Items Past KNHI criteria Current KNHI criteria

Requirement to start 
anti-TNF-α agents

Met the 1987 to the 1987 American Society of 
Rheumatology diagnostic criteria

Met the 2010 American College of 
Rheumatology/European League against 
Rheumatism classification criteria 

ESR＞28 mm/hr or CRP＞2.0 mg/dL DAS-28 ＞5.1 or 3.2≤ DAS-28 ≤5.1 with 
radiographic progression

Morning stiffness ≥45 min cDMARDs ≥2 including MTX and 3 months/each 
cDMARD

Active joint count ≥20 or ≥6 including ≥4 large 
joints in case of ≥4 large joints involved

cDMARDs ≥2 including MTX and 3 months/each 
cDMARD

Criteria to maintain 
anti-TNF-α agents

ESR (≤28 mm/hr or improvement ≥20%) or CRP 
(≤2.0 mg/dL or improvement ≥20%) after 3 
months

Active joint count (tender & swollen) ≤50% after 
3 months

Improvement of DAS-28 ≥1.2 after 6 months

TNF-α: tumor necrosis factor-alpha, ESR: erythrocyte sedimentation rate, CRP: c-reactive protein, DAS-28: disease activity score 
using the 28-joint count for swelling and tenderness, cDMARDs: conventional disease modifying anti-rheumatic drugs, MTX: 
methotrexate.

provement of ＞1.2 and DAS28-ESR of ≤3.2, and non-re-
sponse was defined as a DAS28-ESR improvement of ＜0.6 
or between 0.6 and 1.2 with DAS28-ESR of ＞5.1 at the 
1-year follow-up [14]. The other values were classified as 
a moderate response [14]. 
Persistence was defined as the duration from the index 

date to the first discontinuation of anti-TNF-α agents; 
switch to another biologic agents including other an-
ti-TNF-α agents, tocilizumab, abatacept, rituximab, to-
facitinib, or baricitinib; or the end of the study period 
(September 2019). If the interruption of an anti-TNF-α 

agent (permissible gap) was prolonged for ＞90 days, it 
was considered as discontinuation [15]. The causes of 
discontinuation were categorized into lack of efficacy, ad-
verse events, poor health literacy, pregnancy, patient’s 
preference, cost, and unknown based on medical records. 
“Poor health literacy” indicates withdrawal of anti-TNF-
α agents because of the lack of unawareness of the sig-
nificance and requirements of the regular use of these 
drugs, whereas “cost” was defined as discontinuation of 
anti-TNF-α agents due to the patients’ economic reasons 
[16,17]. 
 The past and current KNHI reimburse criteria for the in-

itiation and maintenance of anti-TNF-α agents are sum-
marized in Table 1. If the maintenance criteria are met af-
ter 3 months (the past criteria) or 6 months (the current 

criteria) of using the anti-TNF-α agents, these drugs can 
be reimbursed for an additional of 6 months. If the main-
tenance criteria are not satisfied or serious adverse events 
occur, anti-TNF-α agents should be discontinued or 
switched to another anti-TNF-α agents or biologics un-
der both the past and current KNHI reimbursement 
systems. The primary interest of this study was to com-
pare the clinical characteristics and outcome such as 
treatment response at 1-year follow-up and persistence 
rate according to the past and current KNHI reimburse-
ment criteria, as mentioned above. 

Statistical analyses
All values are expressed as mean±standard deviation or 

median (interquartile range) for continuous variables as 
appropriate, and as numbers (percentages) for catego-
rical variables. Clinical data of the study population were 
compared using the Student t-test or Mann-Whitney 
U-test for continuous variables and the chi-square test for 
categorical variables, as appropriate. The drug persis-
tence to anti-TNF-α agents was calculated using the 
Kaplan-Meier survival curve, and the comparison of drug 
persistence according to the past and current KNHI re-
imbursement criteria was analyzed by the log-rank test. 
All statistical analyses were carried out using SPSS 18.0 
for Windows (IBM Co., Armonk, NY, USA) and STATA 
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Table 2. Comparisons of baseline clinical characteristics according to the past and current Korean National Health Insurance 
(KNHI) reimbursement criteria for anti-TNF-α agents

Variable
RA patients 

(n=148)
Past KNHI criteria 

(n=95)
Current KNHI criteria 

(n=53)
p-value

Age (yr) 47.9±12.0    47.1±12.4 49.5±11.2 0.252
Sex, female  132 (89.2)    85 (89.5)    47 (88.7) 0.881
Disease duration (mo)    13 (4∼39)    11 (5.5∼35.75)    17 (4∼40.5) 0.271
Seropositive RA*  146 (98.6)    90 (96.8)    50 (94.3) 0.668
GCs user  140 (95.9)    90 (95.7)    50 (96.2) 0.905
Daily GCs dose (mg) 5.57±2.73 6.17±2.76 4.51±2.35 ＜0.001
Number of previous cDMARDs      2 (2∼3)      2 (2∼3)      2 (2∼3) 0.096
Concurrent cDMARDs
   MTX  136 (91.9)    90 (94.7)    46 (86.8) 0.09
   HCQ      8 (5.4)      5 (5.3)      3 (5.7) 0.918
   SSZ    12 (8.1)      5 (5.3)      7 (13.2) 0.09
   LEF      2 (1.4)      1 (1.1)      1 (1.9) 0.673
   TAC      1 (0.7)      1 (1.1)      0 (0) 1
Anti-TNF-α agents
   Adalimumab  106 (71.6)    70 (73.7)    36 (67.9) 0.75
   Etanercept    35 (23.6)    21 (22.3)    14 (25.9)
   Infliximab      7 (4.7)      4 (4.3)      3 (4.7)
DAS28-ESR 6.61±0.99 6.95±0.98 6.02±0.71 ＜0.001
DAS28-CRP 5.86±1 6.15±1.05 5.34±0.66 ＜0.001
TJC    12 (7∼18)    16 (9.8∼20)      8 (6∼10.5) ＜0.001
SJC      6 (10∼18)    16 (9.5∼19.3)      7 (4∼8.5) ＜0.001
ESR (mm/hr)    54 (34∼74)    58 (37∼78)    44 (28∼74) 0.078
CRP (mg/dL) 1.95 (0.72∼4.11) 1.97 (0.88∼4) 1.92 (0.64∼4.23) 0.437

Values are presented as mean±standard deviation, number (%), or median (interquartile range). TNF-α: tumor necrosis 
factor-alpha, RA: rheumatoid arthritis, GCs: glucocorticoids, cDMARDs: conventional disease modifying anti-rheumatic drugs, 
MTX: methotrexate, HCQ: hydroxychloroquine, SSZ: sulfasalazine, LEF: leflunomide, TAC: tacrolimus, DAS-28: disease activity
score using the 28-joint count for swelling and tenderness, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, TJC: 
tenderness joint count, SJC: swollen joint count. *Seropositive RA was defined as rheumatoid arthritis with positive rheumatoid 
factor or anti-cyclic citrullinated peptide antibody. 

version 15.0 for Windows (StataCorp LP, College Station, 
TX, USA), and p＜0.05 was considered statistical signifi-
cance.

RESULTS 

The baseline clinical characteristics of the 148 patients 
with RA who started anti-TNF-α agents from 2007 to 
2018 are shown in Table 2. Adalimumab (n=106, 71.6%) 
was the most commonly prescribed anti-TNF-α agents 
in RA patients, followed by etanercept (n=35, 23.6%) 
and infliximab (n=7, 4.7%). Ninety-four (63.5%) and 54 
(36.5%) patients with RA started anti-TNF-α agents un-
der the past and current KNHI reimbursement criteria, 
respectively. No significant differences in age, frequency 
of female sex, seropositive RA, and GC users, and number 
of previous cDMARDs between the past and current 

KNHI criteria were observed. The mean DAS28-ESR and 
DAS28-CRP in RA patients who received anti-TNF-α 

agents under the current KNHI criteria were significantly 
lower than those who received anti-TNF-α agents under 
the past KNHI criteria (6.02±0.71 vs. 6.95±0.98, p＜ 

0.001 and 5.34±0.66 vs. 6.15±1.05, p＜0.001, respecti-
vely). In addition, patients receiving anti-TNF-α agents 
according to the current KNHI criteria had a significantly 
lower TJC, SJC, and daily GC dose than those receiving 
anti-TNF-α agents according to the past KNHI criteria. 
Serum ESR levels in the past KNHI criteria tended to be 
higher than that in the current KNHI criteria, whereas no 
significant difference in serum CRP levels were found be-
tween the two groups. Disease duration did not differ sig-
nificantly between the past and current KNHI criteria. 
The flow diagram of the current study is presented in 

Figure 1. Data regarding the 1-year treatment response to 
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Figure 1. The flow diagram of the current study. RA: rheumatoid arthritis, TNF-α: tumor necrosis factor-alpha, KNHI: Korean 
National Health Insurance.

Table 3. Comparisons of 1-year clinical outcome in patients with rheumatoid arthritis receiving for anti-TNF-α agents according
to the to the past and current Korean National Health Insurance (KNHI) reimbursement criteria 

Variable
RA patients 

(n=148)
Past KNHI criteria 

(n=95)
Current KNHI criteria 

(n=53)
p-value

RA patients with 1-year treatment 
response data

   86 (58.1)    51 (53.7)    35 (66) 0.167

Remission*    33 (22.3)    17 (17.9)    16 (30.2) 0.085
EULAR response 
     Moderate to good response    84 (56.8)    49 (51.6)    35 (66) 0.119
     No response      2 (1.4)      2 (2.1)      0 (0)
DAS28-ESR 2.89±0.96 2.97±1.09 2.77±0.72 0.348
DAS28-CRP 2.31±0.87 2.36±1.04 2.23±0.54 0.44
TJC      1 (0∼2)      1 (0∼2)      0 (0∼1) 0.243
SJC      1 (0∼2)      1 (0∼2)      1 (0∼2) 0.514
ESR (mm/hr)    21 (11∼35)    22 (11.25∼37.5)    17 (9∼30) 0.092
CRP (mg/dL) 0.14 (0.04∼0.66) 0.24 (0.05∼1.03) 0.09 (0.03∼0.4) 0.046

Values are presented as number (%), mean±standard deviation, or median (interquartile range). TNF-α: tumor necrosis factor- 
alpha, RA: rheumatoid arthritis, EULAR: the European League against Rheumatism, DAS-28: disease activity score using the 
28-joint count for swelling and tenderness, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, TJC: tender joint count,
SJC: swollen joint count. *Remission was defined as DAS28-ESR less than 2.6.

anti-TNF-α agents were available in 51 and 35 patients 
under the past and current KNHI reimbursement criteria, 
respectively. The remission rate at 1-year follow-up in RA 
patients treated with anti-TNF-α agents under the past 
KNHI reimbursement criteria was numerically lower than 
that under the past criteria, but it did not reach statistical 
significance (17.9% vs. 30.2%, p=0.085), as shown in 
Table 3. In addition, no significant difference in the fre-
quency of moderate-to-good EULAR response between 
the two groups (51.6% vs. 66%, p=0.119). Mean DAS28- 
ESR, and DAS28-CRP at 1-year follow-up was found be-

tween the two groups, but the median CRP levels in RA 
patients treated with anti-TNF-α agents under the past 
criteria was significantly lower than that under the past 
criteria (Table 3). 
 During the study period, 87 (58.8%) patients with RA 

discontinued anti-TNF-α agents. The most common 
cause of discontinuation was lack of efficacy (65.5%), fol-
lowed by adverse events (13.8%) and poor health literacy 
(6.9%) (Table 4). There was no significant difference in 
the frequency of causes of anti-TNF-α agent discontinua-
tion between the past and current KNHI criteria (Table 4). 
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Table 4. Comparisons of cause of discontinuation in patients with rheumatoid arthritis receiving for anti-TNF-α agents according
to the to the past and current Korean National Health Insurance reimbursement criteria 

Variable
RA patients 

(n=87)
Past criteria 

(n=62)
Current criteria 

(n=25)
p-value

Lack of efficacy 57 (65.5) 41 (66.1) 16 (64) 0.913
Adverse events 12 (13.8)   9 (14.5)   3 (12)
Poor health literacy   6 (6.9)   4 (6.5)   2 (8)
Pregnancy   4 (4.6)   2 (3.2)   2 (8)
Patient’s want   2 (2.3)   1 (1.6)   1 (4)
Cost   1 (1.1)   1 (1.6)   0 (0)
Unknown   5 (5.7)   4 (6.5)   1 (4)

Values are presented as number (%). TNF-α: tumor necrosis factor-alpha, RA: rheumatoid arthritis.

Figure 2. Comparison of persistence of anti-TNF-α agents in 
patient with rheumatoid arthritis under the past and current 
Korean National Health Insurance reimbursement criteria. 
TNF-α: tumor necrosis factor-alpha.

The 1- and 5-year persistent rates of anti-TNF-α agents 
in RA patients was 64.3% (95% confidence interval [95% 
CI]=55.8%∼71.5%) and 33.3% (95% CI=24.7%∼42%), 
respectively, and the median time to anti-TNF-α agents 
withdrawal was 26 months (95% CI=15.5∼36.5) 
(Supplementary Figure 1). There was no significant dif-
ference in the persistent rate of anti-TNF-α agents ac-
cording to the past and current KNHI reimbursement cri-
teria (p=0.703, Figure 2). In addition, cause specific per-
sistent rate of anti-TNF-α agents did not differ sig-
nificantly between the past and current reimbursement 
criteria (data not shown).

DISCUSSION

To the best of our knowledge, this is the first study to in-
vestigate the impact of the amendment of the KNHI re-

imbursement criteria for anti-TNF-α agents based on 
from the conventional clinical and laboratory measure-
ments to the composite disease activity index such as 
DAS28 on the treatment patterns and outcomes in real 
clinical practice. Patients with RA who started anti-TNF-
α agents under the current reimbursement criteria had 
significantly lower baseline disease activities and daily 
prednisolone-equivalent GC dose than those who started 
anti-TNF-α agents under the past reimbursement cri-
teria, indicating that less active RA patients can receive 
reimbursement for anti-TNF-α agents under the current 
criteria. This notion suggests that more patients may ben-
efit from the DAS28-based current reimbursement cri-
teria, and the amendment of KNHI reimbursement cri-
teria may allow easier use of anti-TNF-α agents. However, 
our data showed that the amendment of the reimburse-
ment criteria did not improve the treatment response and 
persistence rate of anti-TNF-α agents in RA patients. 
 It is utmost important to establish appropriate re-

imbursement policies for the access to anti-TNF-α ther-
apy in patients with RA, because treatment costs have 
been recognized as significant concerns for use of these 
medications [18,19]. Previous studies reported that there 
was a substantial worldwide variability in the utilization 
of anti-TNF-α agents in patients with RA according to 
the different criteria in different regions [20-23] and 
countries with lower income tended to have stricter eligi-
bility criteria leading to poorer access to these medi-
cations [20]. Only approximately half of the RA patients 
eligible for anti-TNF-α agents in accordance with EULAR 
recommendations can meet the national reimbursement 
criteria in European countries [22], suggesting that a sig-
nificant proportion of patients are less likely to receive ad-
equate treatment in real practice. As pointed by Hur et al. 
[24], the past KNHI reimbursement criteria are more 
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stringent compared with the ACR guidelines primarily 
due to the requirement of active joint count ≥20 or ≥6 
including ≥4 large joints in case of involvement of ≥4 
large joints. Our result suggests that the current KNHI re-
imbursement criteria based on DAS28 would be less 
strict in terms of the initiation of anti-TNF-α agents than 
the past criteria based on clinical and laboratory indices. 
Thus, we speculated that the amendment of the re-
imbursement criteria would be highly desirable in that 
more RA patients can receive optimal treatment and con-
tribute to improve the affordability of the anti-TNF-α 

therapy.
Treatment to target (T2T) and adjusting therapy accord-

ing to the validated composite measure of disease activity, 
such as the DAS and EULAR response criteria, are recog-
nized as a standard strategy in RA management to reach 
optimal clinical outcomes [25]. Regarding the initiation 
and maintenance of anti-TNF-α agents, the current KNHI 
reimbursement criteria more closely reflect the T2T strat-
egy as compared with the past KNHI reimbursement cri-
teria, as shown in Table 1. Thus, it is anticipated that the 
amendment of the KNHI reimbursement criteria may re-
sult in better treatment response. However, there was no 
significant difference in the 1-year treatment response, 
such as the frequency of remission and moderate-to-good 
EULAR response, between the past and current KNHI re-
imbursement criteria in our data. This unexpected result 
probably can be explained by the small sample size in our 
study, which led to the low statistical power to detect any 
differences between the past and current criteria. In addi-
tion, due to the retrospective design, a substantial portion 
of patients could not be followed-up at 1 year (Figure 1), 
and a significant difference in baseline disease activities 
between the past and current criteria was observed (Table 
1), which can act as confounding factors for the result of 
our analysis. Thus, further large-scale studies are war-
ranted to investigate whether the recent amendment of 
the KNHI reimbursement criteria can improve the treat-
ment response to anti-TNF-α therapy.
 Drug persistence can be interpreted as surrogate mark-

ers for long-term efficacy, safety, and tolerability and 
should be considered in real-world decision making 
[26-28], because lifelong treatment with DMARDs is re-
quired for patients with RA [2,3]. Thus, identifying asso-
ciated factors for and promoting drug persistence are cru-
cial for optimal care of RA patients. Given that lack of effi-
cacy has been proposed as a major cause for discontinua-
tion of anti-TNF-α therapy in previous studies [29,30] 

and our analysis (Table 4), we supposed that changes in 
the maintenance criteria of the KNHI reimbursement sys-
tem may be significantly associated with persistence of 
these medications. The agreement rate of the main-
tenance criteria between the past and current reimburse-
ment criteria was reported to be low in a previous Korean 
study [7], which supports this hypothesis. However, the 
amendment of the KNHI reimbursement criteria did not 
have a significant impact on the long-term persistence 
rate of anti-TNF-α therapy in this study. Similar to our 
finding, Lee et al. [9] reported that the changes in KNHI 
polices, such as the introduction of the expanding benefit 
coverage for RA patients, did not affect the 6-month per-
sistence rate of anti-TNF-α agents. Given that the deter-
minants for drug persistence are complex and multi-
factorial [16,31], the amendment of the KNHI reimburse-
ment criteria alone seemed to be not sufficient to alter the 
overall persistence to anti-TNF-α agents. Given that only 
a limited number of RA patients in Korea were analyzed 
in our study, additional studies will be needed to validate 
our finding. 
The potential limitations in the present study should be 

discussed. First, although this is a multicenter study, the 
RA patients evaluated in the current study may not be 
representative of all patients in Korea, and the sample size 
was small. To overcome this limitation, the analysis of the 
national claim database or large-scale registry data can be 
an alternative approach to investigate the clinical impact 
of the amendment of the national reimbursement criteria. 
Second, owing to its retrospective nature, some missing 
data were encountered during data collection in our 
study, which may have influenced the study results. Third, 
because the majority of RA patents (71.6%) was treated 
with adalimumab and only 4.7% of patients received in-
fliximab, we could not analyze the study results according 
to each anti-TNF-α agent. In particular, it has been re-
ported that there was a significant difference in the persis-
tence rate among anti-TNF-α agents [26,29,30]. Thus, 
further studies adjusting the effect of the type of an-
ti-TNF-α agents are necessary. 

CONCLUSION 

In conclusion, although treatment response and drug 
persistence did not differ significantly between the past 
and current KNHI reimbursement criteria, the baseline 
disease activities in RA patients treated with anti-TNF-α 

agents under the current criteria was significantly lower 
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than those treated with anti-TNF-α agents under the 
past criteria. Thus, the recent amendment of the KNHI re-
imbursement criteria can provide more health benefits in 
patients with RA and can improve the access to anti-TNF-
α agents. Our study highlights the importance of the ap-
propriate national reimbursement criteria for anti-TNFα 

therapy considering the clinical significance of anti-TNF-
α agents in the optimal management of RA. However, 
owing to the small sample size and retrospective design, 
further investigations are obviously needed to validate 
our findings.
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