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Background/Aims: The long-term course of Crohn’s disease (CD) has never been evaluated in 
non-Caucasian population-based cohorts. The aim of the present study was to evaluate the long-
term prognosis of Korean CD patients in the well-defined population-based Songpa-Kangdong 
inflammatory bowel disease cohort.
Methods: Outcomes of disease and their predictors were evaluated for 418 patients diagnosed 
with CD between 1986 and 2015.
Results: During a median of 123 months, systemic corticosteroids, thiopurines, and anti-tumor 
necrosis factor (TNF) agents were administered to 58.6%, 81.3%, and 37.1% of patients, re-
spectively. Over time, the cumulative probability of starting corticosteroids significantly decreased 
(p=0.001), whereas that of starting thiopurines and anti-TNFs significantly increased (both 
p<0.001). The cumulative probability of behavioral progression was 54.5% at 20 years, and it 
significantly decreased during the anti-TNF era. Intestinal resection was required for 113 patients 
(27.0%). The cumulative probabilities of intestinal resection at 1, 5, 10, 20, and 25 years after CD 
diagnosis were 12.7%, 16.5%, 23.8%, 45.1%, and 51.2%, respectively. Multivariable Cox regres-
sion analysis identified stricturing behavior at diagnosis (adjusted hazard ratio [aHR], 2.70; 95% 
confidence interval [CI], 1.55 to 4.71), penetrating behavior at diagnosis (aHR, 11.15; 95% CI, 
6.91 to 17.97), and diagnosis of CD during the anti-TNF era (aHR, 0.51; 95% CI, 0.35 to 0.76) as 
independently associated with intestinal resection. The standardized mortality ratio among CD 
patients was 1.36 (95% CI, 0.59 to 2.68).
Conclusions: The long-term prognosis of Korean patients with CD is at least as good as that 
of Western CD patients, as indicated by the low intestinal resection rate. Moreover, behavioral 
progression and intestinal resection rates have decreased over the past 3 decades. (Gut Liver 
2022;16:216-227)
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INTRODUCTION

Crohn’s disease (CD) was previously known as a disease 
that primarily affects people from the Western hemisphere, 
but its incidence is rapidly increasing in Asia alongside 
the ever-increasing adoption of Western lifestyle and 
cultural influences on the continent.1-3 According to the 
Songpa-Kangdong inflammatory bowel disease (SK-
IBD) study, which investigated a well-defined population-
based IBD patient cohort from the Songpa-Kangdong 
district of Seoul, Korea, the mean annual incidence of CD 
has increased from 0.06/100,000 during 1986 and 1990 
to 2.44/100,000 during 2011 and 2015.4 However, both 
the genotypic and phenotypic characteristics of CD in 
Asians are known to be different from those in Westerners 
in many aspects. For example, NOD2 is associated with 
CD susceptibility and prognosis in Caucasians but not in 
Asians, whereas TNFSF15 is more strongly associated with 
CD in Asians than in Caucasians.5,6 Additionally, previ-
ous Asian studies have demonstrated that, in contrast with 
Western patients, CD has a male preponderance among 
Asians, along with a high frequency of perianal fistula and 
a low proportion of isolated colonic disease.4,7-12 These dif-
ferences raise the possibility that the natural history of CD 
among Asians may also differ from that among Western-
ers. Understanding the long-term prognosis of CD among 
Asian population is crucial for the proper management of 
individual patients as well as for developing optimal health 
care strategies. However, there has been a lack of popula-
tion-based studies on the long-term outcomes of CD in 
non-Caucasian populations. Previous investigations on the 
long-term clinical courses and outcomes of Asian patients 
with CD should be interpreted with caution because they 
were hospital-based studies,8,10,13-16 and recent population-
based studies from Asia were limited by their short follow-
up periods.17-19

Therefore, the aim of the present study was to investi-
gate the long-term course of Korean patients diagnosed 
with CD between 1986 and 2015 using the SK-IBD cohort. 
We particularly aimed to evaluate the changes in the prog-
nosis of CD after the introduction of anti-tumor necrosis 
factor (TNF) agents in clinical practice.

MATERIALS AND METHODS

1. Study area and population
The SK-IBD study was conducted in the Songpa-Kang-

dong district, which is a well-defined administrative divi-
sion in Seoul, Korea, from 1986 (year of diagnosis of the 
first IBD case) through 2015.4 During the patient enroll-

ment period for 30 years, the Songpa-Kangdong district 
had ethnically homogeneous population (predominantly 
Koreans), which has gradually increased in its number, 
from 936,097 in 1986 to 1,118,960 inhabitants in 2015.4 All 
inhabitants in the region were covered by a unified public 
health insurance system with an easy accessibility to medi-
cal care at any time. The protocol of the present study was 
approved by the institutional review boards of all partici-
pating institutions, including Asan Medical Center (IRB 
number: 2012-0634), and the SK-IBD cohort is registered 
at ClinicalTrials.gov (NCT01731665). The informed con-
sent requirements were waived by the institutional review 
boards.

2. Case identification and ascertainment
A prospective IBD registry was established on January 1, 

1997, in the Songpa-Kangdong district. Patients diagnosed 
before 1997 were retrospectively added to the registry, and 
those diagnosed since 1997 were prospectively enrolled.4 
The quality of data was verified and maintained through 
careful review of data by two of the authors (S.K.Y. and 
B.D.Y.), regular meetings of investigators, and study site 
visits by a central research coordinator. The data used in 
the present study were collected through March 2020.

3. Study design
Using unified case report forms, baseline demographic 

and clinical characteristics, including sex, age at diagno-
sis of CD, date of CD diagnosis, interval from onset of 
symptoms to CD diagnosis, family history of IBD, smok-
ing status at diagnosis, disease location at diagnosis, and 
disease behavior at diagnosis were collected. Additionally, 
for investigating the subsequent progression of disease, 
medication use, behavioral progression, intestinal resec-
tion, hospitalization, and survival were evaluated through-
out the follow-up period. To evaluate the temporal trends 
in the prognosis of CD according to a change in treatment 
paradigm, patients were divided into two temporal cohorts 
according to the year of CD diagnosis: Cohort 1 (1986–
2003) and Cohort 2 (2004–2015). This division was chosen 
in consideration of the commencement of reimbursement 
for anti-TNF agents in September 2003. 

4. Definitions
Diagnosis of CD was made by combining conventional 

clinical, endoscopic, radiologic, and histopathologic crite-
ria.7,20,21 The date of CD diagnosis was defined as the date 
of the first endoscopic or radiologic evaluation showing 
findings consistent with CD. If the diagnosis changed from 
ulcerative colitis or IBD unclassified to CD during obser-
vation, the date of the initial IBD diagnosis was defined 
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as the date of diagnosis of CD. The Montreal classifica-
tion was used for defining CD phenotypes.22 Behavioral 
progression was defined as the development of B2 or B3 
among patients with B1 at the time of CD diagnosis.23 The 
date of behavioral progression was defined as the date 
of diagnosing B2 or B3, whichever came first. Regarding 
medical therapy, early use of corticosteroids was defined 
as treatment started within 3 months of CD diagnosis.10,24 
Early use of thiopurines or anti-TNF agents was defined as 
the commencement of therapy within 6 months of diagno-
sis23 and at least 6 months before behavioral progression, 
the first intestinal resection, or the first hospitalization.10,25 
Hospitalization was defined as admission for managing 
disease flare-ups, either medically or surgically. We exclud-
ed admissions that were only for disease evaluation or drug 
administration, as well as those that were shorter than 3 
days or unrelated to CD.23,26

5. Treatment policy
The therapeutic strategies for CD in Korea have been 

previously described in detail8,10,27 and are not different 

from those in Western countries, excluding therapeutic 
sequences involving biologic agents. We treat patients with 
CD based on a “step-up approach.”28 Systemic corticoste-
roids are used for short-term treatment of flare-ups, and 
immunomodulators are used as maintenance therapy. An-
ti-TNF agents have been reimbursed for treating CD since 
September 2003. However, owing to the strict criteria for 
reimbursement by Korean government, biologics can only 
be reimbursed for moderate to severe CD patients who are 
not responding to both corticosteroids and immunomodu-
lators. Therefore, the “top-down approach” with upfront 
biologic agents is not reimbursable and is rarely used. Ve-
dolizumab and ustekinumab have been reimbursable since 
August 2017 and December 2018, respectively, and are 
occasionally prescribed for patients who have previously 
failed anti-TNF therapy.

6. Statistical analysis
Continuous variables are expressed as medians with 

interquartile ranges (IQRs) or ranges and categorical 
variables are expressed as numbers with percentages. For 

Table 1.Table 1. Demographic and Clinical Characteristics of 418 Patients with Crohn’s Disease in the Songpa-Kangdong District of Seoul, Korea, in 1986–2015

Clinical characteristics
Year of diagnosis

Total Cohort 1 (1986–2003) Cohort 2 (2004–2015) p-value

No. of patients 418 (100) 110 (26.3) 308 (73.7)
Male sex 318 (76.1) 83 (75.5) 235 (76.3) 0.897
Age at diagnosis, median (IQR), yr 22 (18–29) 21 (17–27) 23 (18–31) 0.089
Age at diagnosis, yr 0.072
     ≤16 (A1) 56 (13.4) 16 (14.6) 40 (13.0)
     17–40 (A2) 324 (77.5) 90 (81.8) 234 (76.0)
     >40 (A3) 38 (9.1) 4 (3.6) 34 (11.0)
Interval from symptom onset to diagnosis, median (IQR), mo 10.0 (3.2–35.0) 14.8 (5.5–37.7) 8.9 (2.6–29.8) 0.005
Current smoking at diagnosis 118 (28.2) 34 (30.9) 84 (27.3) 0.537
Family history of IBD 32 (7.7) 9 (8.2) 23 (7.5) 0.835
Disease location at diagnosis 0.525
     Ileum (L1) 104 (24.9) 23 (20.9) 81 (26.3)
     Colon (L2) 39 (9.3) 10 (9.1) 29 (9.4)
     Ileocolon (L3) 275 (65.8) 77 (70.0) 198 (64.3)
Upper GI involvement (L4) 94 (22.5) 19 (17.3) 75 (24.4) 0.144
Disease behavior at diagnosis 0.814
     Nonstricturing, nonpenetrating (B1) 339 (81.1) 91 (82.7) 248 (80.5)
     Stricturing (B2) 34 (8.1) 9 (8.2) 25 (8.1)
     Penetrating (B3) 45 (10.8) 10 (9.1) 35 (11.4)
Perianal fistula before or at diagnosis 181 (43.3) 49 (44.5) 132 (42.9) 0.823
Duration of follow-up, median (IQR), mo 123.7 (78.9–181.1) 223.4 (200.1–256.3) 100.8 (70.2–135.6) <0.001
Ever use of medications
     Systemic corticosteroids 245 (58.6) 83 (75.5) 162 (52.6) <0.001
     Thiopurines 340 (81.3) 88 (80.0) 252 (81.8) 0.776
     Methotrexate 11 (2.6) 3 (2.7) 8 (2.6) 0.645
     Anti-TNF agents 155 (37.1) 46 (41.8) 109 (35.4) 0.251
     Vedolizumab 4 (1.0) 3 (2.7) 1 (0.3) 0.058
     Ustekinumab    6 (1.4) 2 (1.8) 4 (1.3) >0.999

Data are presented as number (%) unless otherwise indicated.
IQR, interquartile range; IBD, inflammatory bowel disease; GI, gastrointestinal; TNF, tumor necrosis factor.
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comparing continuous variables, the Mann-Whitney U 
test was used. The chi-square test or the Fisher exact test 
was used to compare categorical variables, as appropriate. 
Cumulative probabilities of drug use, behavioral progres-
sion, intestinal resection, hospitalization, and survival 
were analyzed using the Kaplan-Meier method, and group 
values were compared using the log-rank test. Multivari-
able Cox regression analysis with the stepwise selection 
method using variables with p-values less than 0.1 in the 
univariate Cox regression analysis was conducted to iden-
tify significant predictors of the cumulative probabilities 
of behavioral progression, intestinal resection, hospitaliza-
tion, and to calculate their hazard ratios (HRs) and 95% 
confidence intervals (CIs). To evaluate the effect of early 
use of corticosteroids, thiopurines, and anti-TNF agents 
on behavioral progression, intestinal resection, and hos-
pitalization, an additional multivariable Cox regression 
analysis was performed after excluding patients who ex-
perienced behavioral progression, intestinal resection, and 
hospitalization, respectively, within 6 months of diagnosis. 

Standardized mortality ratios (i.e., the ratio of the observed 
to the expected number of deaths) were calculated to com-
pare the mortality of CD patients with that of the general 
population. The Poisson distribution was applied for cal-
culating the 95% CIs of the standardized mortality ratios.29 
The mortality data of the total Korean population was 
obtained from the Korean Statistical Information Service.30 
Two-sided p-values less than 0.05 were considered to be 
statistically significant. Statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 23.0 (IBM 
Corp., Armonk, NY, USA) or SAS, version 9.4 (SAS Insti-
tute, Cary, NC, USA).

RESULTS

1. Characteristics of patients
A total of 418 patients were diagnosed with CD from 

January 1986 through December 2015: 110 in 1986–2003 
(Cohort 1) and 308 in 2004–2015 (Cohort 2). Character-
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Fig. 1.Fig. 1. Temporal trends in the cumulative probability of medication 
use among patients with Crohn’s disease: (A) corticosteroids, (B) thio-
purines, and (C) anti-tumor necrosis factor (anti-TNF) agents.
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istics of patients at diagnosis are presented in Table 1. The 
proportion of males, age at diagnosis, current smokers at 
diagnosis, disease location and behavior at diagnosis, and 
perianal fistulas before or at diagnosis were not differ-
ent between the two cohorts. However, the interval from 
symptom onset to diagnosis was significantly shorter in 
Cohort 2 than Cohort 1 (p=0.005). The median duration of 
follow-up was 123.7 months (IQR, 78.9 to 181.1 months).

2. Medical treatment
Systemic corticosteroids, thiopurines, anti-TNF agents, 

vedolizumab, and ustekinumab were given to 58.6%, 
81.3%, 37.1%, 1.0%, and 1.4% of patients, respectively, 

from diagnosis or during follow-up (Table 1). Median 
intervals from diagnosis of CD to medication commence-
ment were 0.9 months (IQR, 0 to 18.6 months) for corti-
costeroids, 7.0 months (IQR, 1.1 to 40.5 months) for thio-
purines, and 61.4 months (IQR, 21.1 to 124.3 months) for 
anti-TNF agents. The cumulative probabilities of initiating 
each medication at 1, 5, 10, 20, and 30 years after diagnosis 
of CD were 42.4%, 52.8%, 58.9%, 67.4%, and 67.4%, re-
spectively, for corticosteroids; 46.6%, 68.9%, 80.3%, 89.6%, 
and 92.6%, respectively, for thiopurines; and 6.5%, 18.7%, 
30.7%, 60.0%, and 73.5%, respectively, for anti-TNF agents. 
Temporal changes in the cumulative probabilities of com-
mencing medications between Cohort 1 and Cohort 2 are 
presented in Fig. 1. The cumulative probability of com-
mencing medications significantly decreased for cortico-
steroids (p=0.010) but significantly increased for thiopu-
rines and anti-TNF agents (both p<0.001). Additionally, 
the median interval from diagnosis of CD to medication 
commencement was significantly shorter in Cohort 2 than 
Cohort 1: 2.7 months versus 0.5 months for corticosteroids 
(p=0.006), 53.0 months versus 3.0 months for thiopurines 
(p<0.001), and 155.6 months versus 36.9 months for anti-
TNF agents (p<0.001).

3. Changes in disease behavior
Among the 339 patients with initial B1, 116 patients 

(34.2%) progressed to either B2 or B3. The Kaplan-Meier 
curves presented in Fig. 2 were generated using the data of 
all 418 patients and depict the probability of remaining free 
of B2 or B3 complications. Among the 339 patients with 
initial B1, the cumulative probabilities of behavioral pro-
gression at 1, 5, 10, and 20 years after diagnosis were 9.2%, 
19.3%, 32.5%, and 54.5%, respectively (Fig. 3A), and were 
significantly lower in Cohort 2 than in Cohort 1 (p<0.001) 
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(Fig. 3B). Multivariable Cox regression analysis revealed 
year of diagnosis (adjusted HR [aHR]2004–2015, 0.54; 95% CI, 
0.37 to 0.81) as a predictor of behavioral progression (Table 
2). When analyzed after excluding 23 patients who showed 
behavioral progression within 6 months of diagnosis, in 
addition to year of diagnosis, family history of IBD was an 
independent predictor of behavioral progression (aHR, 
2.01; 95% CI, 1.10 to 3.70) (Table 3).

4. Intestinal resection
A total of 113 patients (27.0%) underwent intestinal 

resection, with a median time to intestinal resection of 
26.5 months (IQR, 0 to 111.7 months). The cumulative 

probabilities of intestinal resection at 1, 5, 10, 20, and 25 
years after diagnosis were 12.7%, 16.5%, 23.8%, 45.1%, and 
51.2%, respectively (Fig. 4A). The cumulative probability 
of intestinal resection was significantly lower in Cohort 2 
than Cohort 1 (p=0.002) (Fig. 4B). When analyzed in pa-
tient subgroups according to disease location and behavior 
at diagnosis, this difference in the cumulative probability of 
intestinal resection between the two cohorts was observed 
in subgroups of patients with L1 and L3 (L1, p=0.031; L2, 
p=0.754; L3, p=0.004) (Supplementary Fig. 1) and in those 
with B1 (B1, p<0.001; B2, p=0.111; B3, p=0.849) (Supple-
mentary Fig. 2).

Multivariable Cox regression analysis identified that 

Table 2.Table 2. Factors Associated with Behavioral Progression, Intestinal Resection, and Hospitalization

Factor

Risk of behavioral progression 
(n=339)

Risk of intestinal resection  
(n=418)

Risk of hospitalization  
(n=418)

Unadjusted HR 
(95% CI)

Adjusted HR  
(95% CI)†

Unadjusted HR 
(95% CI)

Adjusted HR  
(95% CI)‡

Unadjusted HR 
(95% CI)

Adjusted HR  
(95% CI)§

Sex
     Male Reference Not included Reference Not included Reference Not included
     Female 0.81 (0.51–1.29) 0.92 (0.59–1.43) 1.01 (0.74–1.38)
Age at diagnosis, yr
     ≤16 (A1) Reference Not included Reference Not included Reference Not included
     17–40 (A2) 1.29 (0.76–2.21) 1.29 (0.72–2.31) 0.76 (0.53–1.09)
     >40 (A3) 0.64 (0.24–1.75) 1.39 (0.61–3.18) 0.67 (0.37–1.19)
Symptom onset to diagnosis,  

(per mo)
1.00 (1.00–1.01) Not included 1.00 (1.00–1.01) Not included 1.00 (1.00–1.01) 1.00 (1.00–1.00)

Cohort
     1986–2003 Reference Reference Reference Reference Reference Reference
     2004–2015 0.53 (0.36–0.79) 0.54 (0.37–0.81)* 0.55 (0.37–0.81) 0.51 (0.35–0.76)* 0.55 (0.42–0.73) 0.57 (0.43–0.75)*
Current smoking at diagnosis
     No Reference Not included Reference Reference Reference Reference
     Yes 1.34 (0.89–2.03) 1.56 (1.07–2.28) 1.31 (0.89–1.94) 1.41 (1.07–1.87) 1.08 (0.81–1.44)
Family history of IBD
     No Reference Reference Reference Not included Reference Not included
     Yes 1.71 (0.94–3.12) 1.68 (0.92–3.06) 1.28 (0.68–2.38) 1.00 (0.61–1.63)
Disease location at diagnosis
     Colon (L2) Reference Not included Reference Reference Reference Not included
     Ileum (L1) 2.04 (0.85–4.90) 6.08 (2.16–17.14) 4.17 (1.43–12.20)* 1.36 (0.80–2.31)
     Ileocolon (L3) 2.08 (0.96–4.51) 2.94 (1.07–8.08) 4.04 (1.44–11.34)* 1.04 (0.63–1.69)
Upper GI involvement (L4)
     No Reference Reference Reference Reference Reference Not included
     Yes 0.58 (0.34–1.01) 0.59 (0.34–1.02) 0.53 (0.30–0.93) 0.61 (0.35–1.08) 0.82 (0.58–1.15)
Disease behavior at diagnosis
     Nonstricturing, nonpenetrating (B1) - - Reference Reference Reference Reference
     Stricturing (B2) - - 3.05 (1.78–5.26)   2.70 (1.55–4.71)* 2.28 (1.53–3.39) 2.18 (1.46–3.27)*
     Penetrating (B3) - - 11.87 (7.76–18.18) 11.15 (6.91–17.97)* 6.48 (4.48–9.37) 6.00 (4.07–8.82)*
Perianal fistula before or at diagnosis
     No Reference Not included Reference Reference Reference Reference
     Yes 1.13 (0.77–1.65) 0.63 (0.43–0.93) 0.82 (0.55–1.23) 0.73 (0.55–0.96) 0.80 (0.60–1.06)

HR, hazard ratio; CI, confidence interval; IBD, inflammatory bowel disease; GI, gastrointestinal.
*p<0.05; †Model included the following covariates: cohort (1986–2003 or 2004–2015), family history of IBD, and upper GI involvement; ‡Model in-
cluded the following covariates: cohort (1986–2003 or 2004–2015), current smoking at diagnosis, disease location at diagnosis, upper GI involve-
ment, disease behavior at diagnosis, and perianal fistula at or before diagnosis; §Model included the following covariates: symptom onset to diag-
nosis, cohort (1986–2003 or 2004–2015), current smoking at diagnosis, disease behavior at diagnosis, and perianal fistula at or before diagnosis.
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disease location at diagnosis (aHRL1, 4.17; 95% CI, 1.43 to 
12.20 and aHRL3, 4.04; 95% CI, 1.44 to 11.34), disease be-
havior at diagnosis (aHRB2, 2.70; 95% CI, 1.55 to 4.71 and 
aHRB3, 11.15; 95% CI, 6.91 to 17.97), and year of diagnosis 
(aHR2004–2015, 0.51; 95% CI, 0.35 to 0.76) were independent 
predictors of intestinal resection (Table 2). When analyzed 
after excluding 48 patients who underwent intestinal re-
section within 6 months of diagnosis, disease behavior at 
diagnosis and year of diagnosis remained independent pre-
dictors of intestinal resection, and early use of thiopurines 

was marginally associated with intestinal resection (aHR, 
0.47; 95% CI, 0.22 to 1.01) (Table 3).

5. Hospitalization
At CD diagnosis or during follow-up, a total of 216 

patients (51.7%) were hospitalized and the median time 
to the first hospitalization was 2.6 months (IQR, 0 to 47.2 
months). The indications for the first hospitalizations were 
CD aggravations managed by medical therapy in 146 pa-
tients (67.6%) and CD complications leading to intestinal 

Table 3.Table 3. Factors Associated with Behavioral Progression, Intestinal Resection, and Hospitalization, Excluding Events That Occurred within 6 
Months of Diagnosis

Factor

Risk of behavioral progression 
(n=316)

Risk of intestinal resection  
(n=370)

Risk of hospitalization  
(n=299)

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)†

Unadjusted HR 
(95% CI)

Adjusted HR  
(95% CI)‡

Unadjusted HR 
(95% CI)

Adjusted HR  
(95% CI)§

Sex
    Male Reference Not included Reference Not included Reference Not included
    Female 0.81 (0.49–1.33) 0.67 (0.36–1.25) 0.98 (0.61–1.57)
Age at diagnosis, yr
    ≤16 (A1) Reference Not included Reference Not included Reference Not included
    17–40 (A2) 1.21 (0.69–2.11) 1.15 (0.57–2.33) 0.61 (0.36–1.02)
    >40 (A3) 0.56 (0.19–1.68) 0.68 (0.18–2.51) 0.49 (0.21–1.18)
Symptom onset to diagnosis  

(per mo)
1.00 (1.00–1.01) Not included 1.00 (1.00–1.01) Not included 1.00 (1.00–1.01) Not included

Cohort
    1986–2003 Reference Reference Reference Reference Reference Reference
    2004–2015 0.50 (0.33–0.76) 0.50 (0.33–0.77)*   0.41 (0.240–0.70) 0.49 (0.28–0.85)* 0.45 (0.30–0.68) 0.51 (0.33–0.79)*
Current smoking at diagnosis
    No Reference Not included Reference Reference Reference Reference
    Yes 1.30 (0.83–2.02) 1.56 (0.94–2.57) 1.36 (0.82–2.28) 1.51 (0.99–2.29) 1.27 (0.82–1.95)
Family history of IBD
    No Reference Reference Reference Reference Reference Not included
    Yes 2.07 (1.13–3.79) 2.01 (1.10–3.70)* 1.91 (0.94–3.87) 1.96 (0.95–4.03) 1.00 (0.49–2.08)
Disease location at diagnosis
    Colon (L2) Reference Not included Reference Not included Reference Not included
    Ileum (L1) 1.91 (0.73–5.00)   3.49 (0.99–12.30) 1.10 (0.48–2.49)
    Ileocolon (L3) 2.22 (0.97–5.12) 3.08 (0.96–9.95) 1.12 (0.54–2.32)
Upper GI involvement (L4)
    No Reference Not included Reference Not included Reference Not included
    Yes 0.64 (0.36–1.13) 0.66 (0.33–1.33) 0.84 (0.51–1.41)
Disease behavior at diagnosis
     Nonstricturing, nonpenetrating (B1) - - Reference Reference Reference Reference
    Stricturing (B2) - - 2.44 (1.23–4.82) 2.18 (1.09–4.35)* 2.37 (1.34–4.21) 2.24 (1.25–3.99)*
    Penetrating (B3) - - 3.42 (1.46–8.03)  4.93 (2.02–12.08)*   3.62 (1.31–10.00) 2.88 (1.02–8.18)*
Perianal fistula before or at diagnosis
    No Reference Not included Reference Not included Reference Not included
    Yes 1.03 (0.68–1.55) 0.88 (0.54–1.44) 0.87 (0.58–1.30)
Early use of corticosteroids 0.90 (0.59–1.37) Not included 1.06 (0.65–1.73) Not included 0.81 (0.53–1.26) Not included
Early use of thiopurines 0.77 (0.47–1.25) Not included 0.46 (0.23–0.94) 0.47 (0.22–1.01) 0.53 (0.32–0.89) 0.67 (0.39–1.16)
Early use of anti-TNF agents 0.53 (0.13–2.16) Not included 0.55 (0.08–3.97) Not included   0.05 (0.00–10.13) Not included

HR, hazard ratio; CI, confidence interval; IBD, inflammatory bowel disease; GI, gastrointestinal; TNF, tumor necrosis factor. 
*p<0.05; †Model included the following covariates: cohort (1986–2003 or 2004–2015), and family history of IBD; ‡Model included the following co-
variates: cohort (1986–2003 or 2004–2015), current smoking at diagnosis, family history of IBD, disease behavior at diagnosis, and early use of 
thiopurines; §Model included the following covariates: cohort (1986–2003 or 2004–2015), current smoking at diagnosis, disease behavior at diagno-
sis, and early use of thiopurines.
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resection in 70 patients (32.4%). The cumulative prob-
abilities of hospitalization at 1, 5, 10, and 20 years after 
diagnosis were 31.2%, 40.7%, 51.9%, and 67.9% (Fig. 5A), 
respectively, and these probabilities were significantly 
lower in Cohort 2 than Cohort 1 (p<0.001) (Fig. 5B). Mul-
tivariable Cox regression analysis revealed that year of di-
agnosis (aHR2004–2015, 0.56; 95% CI, 0.43 to 0.75) and disease 
behavior at diagnosis (aHRB2, 2.19; 95% CI, 1.47 to 3.27 
and aHRB3, 6.02; 95% CI, 4.13 to 8.79) were independent 
predictors of hospitalization (Table 2). When analyzed 
after excluding 119 patients who were hospitalized within 
6 months of diagnosis, the above two factors remained sta-
tistically significant (Table 3).

6. Mortality
Overall, eight patients (1.9%, five males and three fe-

males) died after a median follow-up duration of 79.1 
months (range, 17.1 to 306.0 months). Of these eight pa-
tients, six patients died of diseases unrelated to CD. The 
cumulative survival rates at 1, 5, 10, 20, and 30 years after 
diagnosis were 100%, 99.0%, 98.6%, 98.6%, and 84.5%, 
respectively. The standardized mortality ratio among CD 
patients was 1.36 (95% CI, 0.59 to 2.68).

DISCUSSION

To the best of our knowledge, this was the first popu-
lation-based study that evaluated the long-term clinical 
course patients with CD over 30 years in a non-Caucasian 
population. One of the intriguing findings of the present 
study was that the cumulative probability of intestinal re-
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Fig. 4. Fig. 4. Cumulative risk of intestinal resection among patients with Crohn’s disease: (A) in the entire cohort and (B) in the two temporal cohorts.
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section appeared to be lower in our study (only 45% at 20 
years) than in Western studies. When the comparison was 
confined to the results of studies conducted in the biologic 
era, the 5-year cumulative probability of intestinal resec-
tion in our study (15.1% in patients diagnosed in 2004–
2015) was similar to or lower than those in Western studies 
(19.6% in Danish patients diagnosed in 2003–2011,31 17.4% 
in Dutch patients diagnosed in 2006–2011,26 and 22% in 
European patients diagnosed in 201023) although the cu-
mulative probability of anti-TNF use in our study (24.5%) 
was similar to or lower than those in Western studies (19%, 
41.2%, and 30%, respectively). For detailed comparisons, 
see Supplementary Table 1. Considering the high propor-
tion of our patients with poor prognostic factors—i.e., 
young age at diagnosis (A1 or A2, 90.9%), ileal involve-
ment (L1 or L3, 90.7%), and perianal fistula at diagnosis 
(43.3%)—compared with that of Western patients,23,26,31 it 
is not clear why our patients showed a low rate of intesti-
nal resection. One possible explanation is that the cultural 
preferences of Koreans may have partly contributed to 
lowering the intestinal resection rate. For example, the dic-
tates of Confucianism, which is relatively popular in Korea, 
influence a reluctance among some patients to undergo 
intestinal resection, and this might have affected the intes-
tinal resection rate in the short-term.8 However, it is dif-
ficult to explain the low 20-year cumulative probability of 
intestinal resection only with cultural preferences because 
it may be possible to postpone intestinal resection for a 
short time, but it is impossible to delay it for a long time. 
Another possibility is that the impact of some prognostic 
factors on the probability of intestinal resection may be less 
prominent among Koreans. For example, previous Korean 
studies failed to show a higher probability of intestinal re-
section among patients with perianal fistulas than among 
those without perianal fistulas.32,33 Perianal fistula was also 
not a predictor of intestinal resection in the present study. 
However, the exact causes of the differences in the intesti-
nal resection rates between the present study and previous 
Western studies are still unclear. Unrevealed factors, such 
as genetic and epigenetic differences according to ethnic-
ity, might have contributed to this observation. This issue 
remains to be further elucidated.

Another notable finding of the current study was that 
the intestinal resection rate has decreased during the anti-
TNF era. In our study, the cumulative probability of start-
ing corticosteroids has decreased, whereas the cumulative 
probabilities of commencing thiopurines and anti-TNF 
agents have increased over the study period. This evolv-
ing pattern of CD treatment was also observed in Western 
studies.26,31 Moreover, previous Western studies, like our 
present study, revealed that disease outcomes have been 

improving in recent years.24-26,31 However, we could not 
demonstrate an association between early use of anti-TNFs 
and the improvement of disease outcomes. Similarly, previ-
ous Western studies could not ascertain the true impact of 
anti-TNF therapy on the rate of surgery.23,26,34 These results 
suggest that changes in unmeasured confounders, includ-
ing improved awareness of the disease, introduction of 
therapeutic guidelines, and continuing medical education 
for IBD, may have contributed to lowering the rate of in-
testinal resection over time.35 However, further studies are 
required to explore the causality between the introduction 
of anti-TNF therapy and the reduced intestinal resection 
rate because our study, like most previous Western studies, 
was not designed to address this issue.

Our study had several strengths. First, all inhabitants 
in our study area were covered by a unified public health 
insurance system provided by the Korean government, 
and they had unrestricted access to medical facilities at 
any time. Therefore, our population-based study included 
unselected patients representing the entire disease spec-
trum, and our patients received relatively uniform disease 
management regulated by the universal reimbursement 
criteria. Second, our study utilized the strictly defined cri-
teria for diagnosis and classification of CD and regularly 
updated clinical information during follow-up. This was 
a definite advantage over population-based studies using 
health administrative data. Third, by enrolling patients 
over 30 years, temporal trends of disease outcomes could 
be evaluated, particularly according to the introduction of 
anti-TNF agents.

However, we have to admit that there were a few limita-
tions in the present study. First, data on the CD activity 
index, occurrence of extraintestinal manifestations, or any 
changes in smoking habit during follow-up was not col-
lected. Therefore, we could not evaluate the impact of these 
factors on treatment responses and disease outcomes. Sec-
ond, it is unclear whether our results can be extrapolated to 
other Asian populations because there is heterogeneity in 
the genotypic and phenotypic characteristics of CD among 
different Asian populations.5,36,37 Therefore, our study re-
sults should be validated in other Asian populations. Third, 
because vedolizumab and ustekinumab were used only in a 
small number of patients, their real-life effectiveness could 
not be evaluated.

In conclusion, the results of our population-based study 
suggest that the long-term prognosis of Korean patients 
with CD is at least as good as that of Western patients, as 
indicated by the low rate of intestinal resection. Moreover, 
the rates of behavioral progression, intestinal resection, 
and hospitalization have decreased over the past three de-
cades.
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