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INTRODUCTION

Crohn’s disease (CD) is an idiopathic, chronic inflam-
matory disease of the gastrointestinal tract.1,2 Traditionally, 
inflammatory bowel disease (IBD), including CD, has been 
considered a disease of high-income nations. However, 
recent epidemiologic studies have indicated that the inci-
dence of IBD is stable or decreasing in North America and 
Europe but increasing in newly industrialized countries, 
including Korea.3-9 In particular, the introduction of bio-
logic therapy, including anti-tumor necrosis factor (TNF) 
agents, is expected to have a beneficial effect on the prog-
nosis of patients with CD.10,11 To date, however, there have 
been few studies on the clinical features and long-term 
prognosis of CD that reflect the clinical course of CD diag-
nosed after 2010 and its temporal changes.

The Crohn’s Disease Clinical Network and Cohort 
(CONNECT) study is a nationwide multicenter cohort 
study of patients with CD in Korea.12 The establishment 
of this study was led by the IBD research group of the 
Korean Association for the Study of Intestinal Diseases. 
The purpose of the CONNECT Study is to investigate the 
epidemiological and clinical characteristics of CD in Korea 
as well as its long-term prognosis.12 The CONNECT study 
consists of a retrospective component and a prospective 
component, which was designed to enroll patients diag-

nosed with CD since 2009.12 Clinical characteristics as well 
as prognosis and outcome predictors of retrospectively 
enrolled patients have been previously published.13-16

Here, we analyzed the data of the prospective compo-
nent of the CONNECT study and investigated the clinical 
features at diagnosis, medical therapy, behavioral progres-
sion, intestinal resection rates, and mortality of patients di-
agnosed with CD since 2009. We were especially interested 
in the temporal changes of medical and surgical therapy as 
well as factors associated with intestinal resection. This is 
the first report of the prospective CONNECT study.

MATERIALS AND METHODS

1. Study design and data extraction
The CONNECT study is a nationwide multicenter study 

with 34 participating medical institutions in Korea. A web-
based, electronic case registration system was developed 
in 2009; since then, the clinical data of patients diagnosed 
with CD have been prospectively collected (www.cdcohort.
org).12 Different from the retrospective CONNECT study, 
the prospective CONNECT study included clinical data of 
CD patients who have been enrolled through this system 
since 2009. The collected and registered clinical informa-
tion by the participating researchers includes data collected 
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(p<0.001) and anti-tumor necrosis factor agents (p=0.018) of cohort 2 were shorter than those of 
cohort 1. Among 887 patients with B1 behavior at diagnosis, 149 patients (16.8%) progressed to 
either B2 or B3 behavior during follow-up. Early use of thiopurine was associated with a reduced 
risk of behavioral progression (adjusted hazard ratio [aHR], 0.69; 95% confidence interval [CI], 
0.50 to 0.90), and family history of inflammatory bowel disease was associated with an increased 
risk of behavioral progression (aHR, 2.29; 95% CI, 1.16 to 4.50). One hundred forty-one patients 
(12.0%) underwent intestinal resection, and the intestinal resection-free survival time was sig-
nificantly longer in cohort 2 than in cohort 1 (p=0.003). The early use of thiopurines (aHR, 0.35; 
95% CI, 0.23 to 0.51) was independently associated with a reduced risk of intestinal resection.
Conclusions: The prognosis of CD in Korea appears to have improved over time, as evidenced 
by the decreasing intestinal resection rate. Early use of thiopurines was associated with an im-
proved prognosis represented by a reduced risk of intestinal resection. (Gut Liver, Published 
online March 24, 2022)
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at the time of CD diagnosis: demographic data, smok-
ing history, family history of IBD, endoscopic findings, 
radiologic findings, laboratory data, and disease location 
and behavior according to the Montreal classification.17 
During follow-up, the following information are supposed 
to be entered into the electronic case registration system: 
changes of disease location and behavior, medication, 
surgical treatment, hospitalization, pregnancy and associ-
ated outcomes, and mortality. We included the patients 
who were newly diagnosed with CD and registered in the 
CONNECT study from January 2009 through September 
2019. During the study period, a total of 1,433 patients 
diagnosed with CD were registered. We excluded 258 
patients whose data on smoking status (n=99), disease 
location (n=110), and/or family history of IBD (n=115) 
were uncertain or missing, and 1,175 patients were finally 
included in the analysis. This study was approved by the 
institutional review boards of all participating institutions, 
including Asan Medical Center (IRB No. 2008-0609, 2012-
0862), and written informed consent was obtained from 
all enrolled patients. The CONNECT study is registered at 
ClinicalTrial.gov (NCT01554007).

2. Outcomes and definitions
CD diagnoses were made by combining conventional 

clinical, biochemical, endoscopic, radiologic, histopatho-
logical, and surgical findings.3,18,19 The date of entry into the 
cohort was the date of diagnosis with CD. We investigated 
the following information at diagnosis of CD: demograph-
ics, smoking status, family history of IBD (i.e., first-degree 
relative [parents, offspring, and siblings] with IBD), disease 
location, and disease behavior. Age at diagnosis, disease 
location, and disease behavior were defined according to 
the Montreal classification.17 Age at diagnosis was classi-
fied as A1 (≤16 years), A2 (17–40 years), or A3 (>40 years). 
Disease location was classified as L1 (ileum), L2 (colon), 
or L3 (ileocolon). Furthermore, involvement of the upper 
gastrointestinal tract only was noted as isolated L4 disease. 
Disease behavior was categorized as B1 (nonstricturing, 
nonpenetrating), B2 (stricturing), or B3 (penetrating). 

After diagnosis, data on medications for CD, behav-
ioral progression, intestinal resection, and mortality were 
collected and analyzed. Patients were defined as users of 
each medication for CD according to whether the drug 
was administered or not, irrespective of the duration of 
administration. Medication for CD was categorized as 
follows: oral 5-aminosalicylates, systemic corticosteroids 
(oral or intravenous corticosteroids), thiopurines (aza-
thioprine or 6-mercaptopurine), and anti-TNF agents 
(infliximab [including biosimilar] or adalimumab). Early 
use of corticosteroids was defined as the commencement 

of corticosteroids within 3 months of diagnosis.20,21 Early 
use of thiopurines or anti-TNF agents was defined as the 
commencement of each drug within 1 year of CD diagno-
sis and at least 6 months before behavioral progression or 
intestinal resection.21-23 Early combined use of anti-TNF 
agent and thiopurine was defined as satisfying both of the 
above two conditions. Behavioral progression was defined 
as the development of B2 or B3 in patients with B1 at diag-
nosis.24 The date of behavioral progression was defined as 
the date of development of behavior B2 or B3, whichever 
developed first.

We also investigated the clinical outcomes that included 
the cumulative probabilities of commencing each medica-
tion for CD, cumulative probability of behavioral progres-
sion, cumulative probability of intestinal resection, and 
mortality. Factors associated with behavioral progression 
and intestinal resection were also analyzed. We divided the 
enrolled patients into two cohorts according to the year of 
diagnosis to assess temporal changes in medication use, 
behavioral progression, and intestinal resection. The Kore-
an National Health Insurance reimbursement criteria were 
amended to allow a lifetime reimbursement of infliximab 
and adalimumab for responders to induction therapy from 
October 2010 and May 2011, respectively, as a treatment 
of CD. Therefore, we assumed that ant-TNF agents were 
used for the treatment of CD without limitation from 2012 
in Korea, and divided the patients into cohort 1 (diagnosed 
between 2009 and 2011) and cohort 2 (diagnosed between 
2012 and 2019).

3. Statistical analysis
Continuous variables are expressed as medians with 

interquartile ranges (IQRs). Categorical variables are ex-
pressed as numbers with percentages. The differences in 
the characteristics between temporal cohorts were ana-
lyzed using the chi-square test or the Fisher exact test for 
categorical variables and the Mann-Whitney U test for 
continuous variables. The Kaplan-Meier method was used 
to calculate the cumulative probabilities of medication use 
(for each type), behavioral progression, intestinal resec-
tion, and death. The log-rank test was used to compare 
the cumulative probabilities of each medication use (for 
each type), behavioral progression, and intestinal resection 
between the temporal cohorts. To identify factors associ-
ated with behavioral progression and intestinal resection, 
the Cox proportional hazards regression modeling was 
applied. The variables with p-value <0.1 from the univari-
ate model were included in the multivariable model. All 
results in the Cox regression model are presented as hazard 
ratios (HRs) and 95% confidence intervals (CIs). A two-
sided p-value <0.05 was considered statistically significant. 
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All analyses were performed using R software version 4.0.2 
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

1. Baseline characteristics
A total of 1,175 patients were included in this analysis: 

515 patients in cohort 1 (43.8%) and 660 patients in cohort 
2 (56.2%). The baseline characteristics of the entire sample, 
cohort 1, and cohort 2 are summarized in Table 1. There 
were 876 males, accounting for 74.6% of the entire sample, 
and the median age at diagnosis was 22.0 years (IQR, 
18.0 to 29.0). In the entire sample, 193 patients (16.4%) 
were current smokers, and 29 patients (2.5%) had a fam-
ily history of IBD. Ileocolonic disease (L3, 64.8%) was the 
most common location at diagnosis, followed by ileal (L1, 
28.7%) and colonic (L2, 6.4%) disease. A total of 887 pa-
tients (75.5%) had nonstricturing, nonpenetrating behav-
ior at diagnosis. Overall, 552 patients (47.0%) had perianal 
disease at diagnosis.

2. Medical treatment
The median follow-up duration was 68.0 months (IQR, 

39.0 to 91.0) for all patients, 92.0 months (IQR, 68.0 to 
109.0) for cohort 1, and 52.0 months (IQR, 29.0 to 72.0) 
for cohort 2. After the diagnosis of CD, the numbers of 
patients ever treated with oral 5-aminosalicylates, sys-
temic corticosteroids, thiopurines, and anti-TNF agents 
were 1,133 (96.4%), 619 (52.7%), 1,008 (85.8%), and 416 
(35.4%), respectively (Table 1). The cumulative probabili-
ties of using each medication type at 1, 3, 5, and 10 years 
after diagnosis were 47.8%, 50.8%, 51.9%, and 52.9%, 
respectively, for systemic corticosteroids; 69.9%, 80.1%, 
84.0%, and 85.7%, respectively, for thiopurines; and 12.1%, 
24.5%, 32.9%, and 51.7%, respectively, for anti-TNF agents 
(Fig. 1). The temporal changes between cohort 1 and 
cohort 2 in terms of the cumulative probabilities of com-
mencing each type of medication are presented in Fig. 2. 
The treatment-free durations for thiopurines (p<0.001) 
and anti-TNFs (p=0.018) were significantly shorter in 
cohort 2 than in cohort 1, but there was no significant dif-
ference in the treatment-free duration for systemic cortico-

Table 1.Table 1. Baseline Characteristics of 1,175 Patients with Crohn’s Disease

Characteristics
Cohort

p-value
Entire (2009–2019) Cohort 1 (2009–2011) Cohort 2 (2012–2019)

No. of patients 1,175 515 660
Male sex 876 (74.6) 377 (73.2) 499 (75.6) 0.384
Age at diagnosis, median (IQR), yr 22.0 (18.0–29.0) 21.0 (18.0–29.0) 22.0 (19.0–29.0) 0.003
Age at diagnosis <0.001
   ≤16 yr (A1) 136 (11.5) 84 (16.3) 52 (7.9)
   17–40 yr (A2) 945 (80.4) 398 (77.3) 547 (82.9)
   >40 yr (A3) 94 (8.0) 33 (6.4) 61 (9.2)
Follow-up duration, median (IQR), mo 68.0 (39.0–91.0) 92.0 (68.0–109.0) 52.0 (29.0–72.0) <0.001
Smoking status at diagnosis 0.049
   Never smoker 880 (74.9) 397 (77.1) 483 (73.2)
   Ex-smoker 102 (8.7) 33 (6.4) 69 (10.5)
   Current smoker 193 (16.4) 85 (16.5) 108 (16.4)
Family history of IBD 29 (2.5) 15 (2.9) 14 (2.1) 0.498
Disease location at diagnosis 0.041
   Ileum (L1) 337 (28.7) 132 (25.6) 205 (31.1)
   Colon (L2) 75 (6.4) 28 (5.4) 47 (7.1)
   Ileocolon (L3) 761 (64.8) 355 (68.9) 406 (61.5)
   Isolated upper gastrointestinal (L4) 2 (0.2) 0 2 (0.3)
Perianal modifier at diagnosis 552 (47.0) 239 (46.4) 313 (47.4) 0.774
Disease behavior at diagnosis 0.064
   Nonstricturing, nonpenetrating (B1) 887 (75.5) 372 (72.2) 515 (78.0)
   Stricturing (B2) 117 (10.0) 56 (10.9) 61 (9.2)
   Penetrating (B3) 171 (14.6) 87 (16.9) 84 (12.7)
Medication use
   Oral 5-ASA 1,133 (96.4) 505 (98.1) 628 (95.2) 0.012
   Systemic corticosteroids 619 (52.7) 289 (56.1) 330 (50.0) 0.043
   Thiopurines 1,008 (85.8) 457 (88.7) 551 (83.5) 0.013
   Anti-TNF agents 416 (35.4) 201 (39.0) 215 (32.6) 0.026

Data are presented as number (%) unless otherwise indicated.
IQR, interquartile range; IBD, inflammatory bowel disease; 5-ASA, 5-aminosalicylic acid; TNF, tumor necrosis factor.
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steroids between the two cohorts (p=0.500).

3. Behavioral progression
Among 887 patients with B1 behavior at diagnosis, 149 

patients (16.8%) progressed to either B2 or B3 behavior 
during follow-up, and the median time from diagnosis 
to behavioral progression was 30.1 months (IQR, 11.9 to 
60.7). The Kaplan-Meier curves presented in Fig. 3 depict 
the probabilities of remaining free of B2 or B3 complica-
tions for all 1,175 patients. For the 887 patients with initial 
B1 behavior, the cumulative probabilities of behavioral 
progression to either B2 or B3 at 1, 3, 5, and 10 years after 
diagnosis were 4.8%, 11.0%, 15.0%, and 27.1%, respec-
tively (Fig. 4A). The behavioral progression-free survival 
for patients with initial B1 were not significantly different 
between cohort 1 and cohort 2 (p=0.191) (Fig. 4B). Mul-
tivariable Cox regression analysis showed that a family 
history of IBD at CD diagnosis was significantly associated 

with an increased risk of behavioral progression (adjusted 
HR [aHR], 2.29; 95% CI, 1.16 to 4.50), whereas early use 
of thiopurines was an independently associated with a re-
duced risk of behavioral progression (aHR, 0.69; 95% CI, 
0.50 to 0.96) (Table 2).

4. Intestinal resection
A total of 141 patients (12.0%) underwent intestinal 

resection during follow-up, and the median time from di-
agnosis to intestinal resection was 48.0 months (IQR, 8.3 
to 205.1). The cumulative probabilities of intestinal resec-
tion at 1, 3, 5, and 10 years after diagnosis were 6.1%, 8.7%, 
10.7%, and 19.3%, respectively (Fig. 5A). The intestinal 
resection-free survival was significantly longer in cohort 
2 than in cohort 1 (p=0.003) (Fig. 5B). Multivariable Cox 
regression analysis revealed that stricturing behavior (B2) 
and penetrating behavior (B3) at diagnosis were signifi-
cantly associated with an increased risk of intestinal resec-
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tion (B2: aHR, 4.15; 95% CI, 2.61 to 6.61; B3: aHR, 5.05; 
95% CI, 3.43 to 7.43) (Table 3). On the other hand, early 
use of thiopurines was independently associated with a 
reduced risk of intestinal resection (aHR, 0.35; 95% CI, 0.23 
to 0.51) (Table 3).

5. Mortality
Eight patients (0.7%, four males and four females) died 

during follow-up. The median time from diagnosis to 
death was 54.0 months (IQR, 45.3 to 73.3). The causes of 
death were malignancies for three (hepatosplenic T cell 
lymphoma, lung, and breast for each), suicide for one, Al-

zheimer’s disease for one, infection for one, and unknown 
but not related to CD for two. The cumulative survival 
rates at 1, 5, and 10 years after diagnosis were 100%, 99.8%, 
and 98.6%, respectively.

DISCUSSION

We investigated the clinical features and long-term 
prognosis of 1,175 patients with CD prospectively enrolled 
in the CONNECT study in Korea. Earlier use of thio-
purines and anti-TNF agents was observed in the more 
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recently diagnosed cohort. Overall, 141 patients under-
went intestinal resection during follow-up, and the risk of 
intestinal resection decreased among patients diagnosed 
with CD between 2012 and 2019 compared with those 
diagnosed with CD between 2009 and 2011. Early use of 
thiopurines was independently associated with a reduced 
risk of behavioral progression and intestinal resection.

Similar to the present study, previous studies have 
shown that the clinical features of patients with CD in 
Asia differ from those of Western CD patients.4,21,25-30 Prior 
studies have also reported that CD in Korea has a distinct 

epidemiologic pattern, including male predominance, a 
high frequency of ileocolonic (L3) disease, and frequent 
perianal disease at diagnosis.21,26,29,31 Recently, the Songpa-
Kangdong population-based study, including 418 patients 
diagnosed with CD between 1986 and 2015, corroborated 
these observations regarding the characteristic features of 
Korean patients with CD.5 Among 275 CD patients from 
the Songpa-Kangdong district, diagnosed between 2006 
and 2015, 76.0% were males, 64.7% had L3 disease, and 
42.2% had perianal disease at diagnosis.5 These findings 
are highly similar to the results of the present study, sug-
gesting that our study sample is representative of patients 
with CD in Korea. 

However, these findings contrast with those observed 
in Western studies. A European population-based incep-
tion cohort study, the Epi-IBD study, which included 488 
patients diagnosed with CD in 2010 from 22 European 
countries, found that 50% were males, 29% had L3 disease, 
and only 9% had perianal disease at diagnosis.24 Previ-
ous population-based Western studies also have observed 
lower proportions of males, L3 disease, and perianal 
disease compared with the present study.20,22,32 The exact 
causes for these differences are still unclear. Genetics, epi-
genetic regulation of gene expression, microbiome factors, 
environmental factors, and other unrevealed factors might 
contribute to this phenomenon. For instance, NOD2 ge-
netic variants, which are established as strong CD-suscep-
tible variants in Caucasians, are not associated with CD in 
Asian populations.33-37 In contrast, the TNFSF15 gene has 
a stronger association with CD in Korean and Japanese 
populations than in Western populations.37-39 CD patients 
with these genetic variants showed distinct phenotypes and 
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Table 2.Table 2. Factors Associated with Behavior Progression in Patients with Crohn’s Disease

Variable

Patients with B1 behavior at diagnosis (n=887)

Univariate
HR (95% CI)

p-value*
Multivariable 
HR (95% CI)

p-value

Sex Not included
   Male Reference
   Female 1.26 (0.89–1.79) 0.197
Cohort Not included
   2009–2011 Reference
   2012–2019 0.80 (0.57–1.12) 0.191
Age at diagnosis Not included
   ≤16 yr (A1) Reference
   17–40 yr (A2) 1.15 (0.72–1.82) 0.566
   >40 yr (A3) 0.81 (0.34–1.90) 0.627
Family history of IBD
   No Reference
   Yes 2.42 (1.23–4.76) 0.010 2.29 (1.16–4.50) 0.016
Smoking status at diagnosis Not included
   Never smoker Reference
   Ex-smoker 0.82 (0.43–1.57) 0.548
   Current smoker 1.09 (0.69–1.72) 0.712
Disease location at diagnosis Not included
   Ileum (L1) Reference
   Colon (L2) 0.57 (0.24–1.35) 0.201
   Ileocolon (L3) 1.01 (0.70–1.46) 0.956
Perianal modifier at diagnosis 0.81 (0.58–1.11) 0.192 Not included
Early use of systemic corticosteroids 1.09 (0.79–1.51) 0.602 Not included
Early use of thiopurines 0.64 (0.47–0.89) 0.008 0.69 (0.50–0.96) 0.026
Early use of anti-TNF agents 0.54 (0.22–1.31) 0.173 Not included
Early combined use of anti-TNF agent and thiopurine 0.36 (0.11–1.13) 0.080 0.45 (0.14–1.42) 0.172

B1, nonstricturing, nonpenetrating behavior; HR, hazard ratio; CI, confidence interval; IBD, inflammatory bowel disease; TNF, tumor necrosis fac-
tor.
*Variables with p<0.1 from the univariate model were included in the multivariable model.

A

20

10

C
u
m

u
la

ti
v
e

p
ro

b
a
b
ili

ty
(%

)

107.552.5

Time since diagnosis (yr)

Cumulative probability (%)

Number at risk

0

1 yr 3 yr 5 yr 10 yr

6.1

1,057

8.7

834

10.7

606

19.3

53

B
30

20

10

C
u
m

u
la

ti
v
e

p
ro

b
a
b
ili

ty
(%

)

Time since diagnosis (yr)

0 107.552.5

p=0.003

Cohort 1 Cohort 2

Cumulative probability

Cohort 1 (2009 2011)

1 yr 3 yr 5 yr 10 yr

7.4%

5.0%

466

591

10.3%

6.7%

420

414

12.4%

7.3%

355

251

17.7%

-

53

-

Number at risk

Cohort 2 (2012 2019)

Cohort 1 (2009 2011)

Cohort 2 (2012 2019)

1 yr 3 yr 5 yr 10 yr

30

Fig. 5.Fig. 5. Cumulative probability of intestinal resection among 1,175 patients with Crohn's disease after diagnosis. The shaded area in each graph 
represents the 95% confidence interval. (A) Entire sample (2009–2019), (B) cohort 1 (2009–2011) versus cohort 2 (2012–2019).



Hong SW, et al: Long-term Prognosis of CD in Korea

https://doi.org/10.5009/gnl210299  9

prognoses. For example, in CD patients with NOD2 vari-
ants, ileal disease, left colonic disease, right colonic disease, 
stenosing disease, fistulizing disease and intestinal resec-
tion have been reported to develop more frequently.40,41 In 
Korean patients with CD, TNFSF15 variants were indepen-
dently associated with the development of stricture, non-
perianal penetrating complications and perianal fistula.42 
Accordingly, differences in genetic characteristics might be 
associated with different phenotypes between Western and 
Korean CD patients. However, more studies are required 
to reveal the causes for different phenotypic characteristics 
between Korean and Caucasian CD patients.

In our study, a family history of IBD was independently 
associated with the risk of behavioral progression. This is 
in contrast to a population-based study from North Amer-
ica, which did not show an association between a family 
history of IBD and intestinal complications.43 On the other 
hand, a population-based study from Denmark revealed 

that CD patients with a known CD family member had a 
significantly higher risk of major surgery after 2 years of 
disease duration than did patients with sporadic CD.44 A 
hospital-based study from Korea showed that family his-
tory of IBD in CD patients was an independent factor for 
the time-to-first intestinal resection in patients with CD.45 
A recent population-based study on 418 patients with CD 
from Korea showed that a family history of IBD was sig-
nificantly associated with an increased risk of behavioral 
progression.46 Overall, family history of IBD is likely as-
sociated with the risks of intestinal complications and sur-
gery, but further studies are required to reach a consistent 
and more reliable conclusion.

An intriguing finding of the present study was a rela-
tively low intestinal resection rate compared with previous 
studies. In our study, the cumulative 5-year intestinal resec-
tion rate after diagnosis was 10.7% among all patients and 
12.4% in cohort 1, compared with 22% in the aforemen-

Table 3.Table 3. Factors Associated with Intestinal Resection in Patients with Crohn’s Disease

Variable

Entire patients (n=1,175)

Univariate 
HR (95% CI)

p-value*
Multivariable 
HR (95% CI)

p-value

Sex Not included
   Male Reference
   Female 1.28 (0.76–1.60) 0.598
Cohort
   2009–2011 Reference Reference
   2012–2019 0.58 (0.41–0.83) 0.003 0.73 (0.51–1.04) 0.085
Age at diagnosis Not included
   ≤16 yr (A1) Reference
   17–40 yr (A2) 1.26 (0.73–2.16) 0.404
   >40 yr (A3) 1.16 (0.52–2.57) 0.724
Family history of IBD Not included
   No Reference
   Yes 1.13 (0.42–3.07) 0.805
Smoking status at diagnosis
   Never smoker Reference Reference
   Ex-smoker 1.31 (0.73–2.32) 0.368 1.51 (0.83–2.74) 0.176
   Current smoker 1.56 (1.03–2.33) 0.032 1.42 (0.93–2.16) 0.100
Disease location at diagnosis
   Ileum (L1) Reference Reference
   Colon (L2) 0.33 (0.12– 0.92) 0.034 0.48 (0.17–1.32) 0.155
   Ileocolon (L3) 0.70 (0.49– 0.98) 0.040 0.94 (0.66–1.35) 0.736
Perianal modifier at diagnosis 0.66 (0.46– 0.92) 0.015 0.90 (0.63–1.28) 0.549
Disease behavior at diagnosis
   Nonstricturing, nonpenetrating (B1) Reference Reference
   Stricturing (B2) 4.55 (2.90–7.15) <0.001 4.15 (2.61–6.61) <0.001
   Penetrating (B3) 6.70 (4.62–9.70) <0.001 5.05 (3.43–7.43) <0.001
Early use of systemic corticosteroids 0.74 (0.52–1.06) 0.098 1.10 (0.76–1.61) 0.616
Early use of thiopurines 0.27 (0.19–0.39) 0.014 0.35 (0.23–0.51) <0.001
Early use of anti-TNF agents 0.41 (0.18–0.94) 0.035 0.67 (0.29–1.55) 0.349
Early combined use of anti-TNF agent and thiopurine 0.49 (0.18–1.32) 0.158 Not included

HR, hazard ratio; CI, confidence interval; IBD, inflammatory bowel disease; TNF, tumor necrosis factor. 
*Variables with p<0.1 from the univariate model were included in the multivariable model.
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tioned 2010 European population-based cohort,24 19.6% 
in a Danish cohort diagnosed between 2003 and 2011,47 
and 17.4% in a Dutch cohort diagnosed between 2006 and 
2011.32 It is not clear whether this difference in intestinal 
resection rates between Korean and Caucasian populations 
is due to difference in the natural course of CD or differ-
ence in treatment strategies by region. To clarify the issue, 
multi-regional, long-term cohort studies, including large 
sample sizes, are required. 

Other remarkable findings of our study included the 
temporal change in the immunosuppressive medication 
initiation timing and in the frequency of intestinal resec-
tion. Over time, more patients received earlier thiopurines 
or anti-TNF therapy, and fewer patients underwent in-
testinal resection. Moreover, early use of thiopurines was 
independently associated with reduced risks of behavioral 
progression and intestinal resection. The previously re-
ported retrospective CONNECT study also showed an 
independent association between immunomodulator use 
within 6 months of CD diagnosis and a lower risk of com-
plications of CD (intestinal surgery, stricture, or fistula).14 
A retrospective study of 2,043 patients from Korea also 
showed that early azathioprine use (within the first year of 
diagnosis and at least 6 months before the first intestinal 
resection) was associated with a lower risk of intestinal 
resection.21 This association between early thiopurine 
use and a lower likelihood of intestinal resection has also 
been observed in cohort studies conducted in the Western 
world.20,22,24 However, in a prospective randomized trial 
by Cosnes et al. ,48 early azathioprine treatment within 6 
months of CD diagnosis did not differ from conventional 
management in terms of the cumulative probability of 
intestinal resection at 36 months. A systemic review and 
meta-analysis of randomized controlled trials also did 
not find a reduced risk of CD-related surgery with aza-
thioprine compared to placebo treatment.10 However, the 
randomized controlled trial by Cosnes et al.48 included a 
relatively small number of CD patients and the outcomes 
related to intestinal surgery were set as secondary out-
comes. In addition, the follow-up period was only 3 years, 
which is too short to investigate the effect of early use of 
azathioprine on intestinal resection among patients with 
CD.48 Given these limitations, the randomized controlled 
trial by Cosnes et al.48 may fall short of fully addressing the 
long-term effects of early thiopurine therapy on the course 
of patients with CD. On the other hand, several large-scale, 
long-term, real-world studies have shown that the early use 
of thiopurine has a favorable effect on the course of CD, 
which is in line with our findings.20-22 Collectively speak-
ing, early use of thiopurines could have a positive effect on 
the natural course of CD. 

In our study, early anti-TNF therapy was not associated 
with a reduced risk of intestinal resection, which was in 
line with previous studies.24,32 In a recent study using health 
administrative data in Ontario, Canada, the marketplace 
introduction of infliximab did not produce a significant 
decline in the rate of intestinal resection.49 However, in a 
systematic review and meta-analysis of randomized con-
trolled trials, anti-TNF use significantly reduced the risk 
of surgery.10 Therefore, currently, no definitive conclu-
sions can be drawn regarding the contribution of anti-
TNF therapy, especially early therapy, to reducing the risk 
of intestinal resection among patients with CD. Moreover, 
most related studies, including the present study, have not 
been designed to determine the causal relationship be-
tween medications and intestinal resection. Actually, the 
risk of intestinal resection could be influenced by several 
factors other than medication, such as improved access to 
diagnostic procedures, improved awareness of the disease, 
early CD diagnosis before development of bowel damage, 
and strict monitoring strategies.50,51 Additionally, the clini-
cal decision-making on intestinal resection for patients 
with CD can be influenced by multiple factors, including 
the preferences of patients and physicians, medical costs, 
and cultural differences. Hence, subsequent well-designed 
studies controlling multiple potential confounders and ap-
plying a consistent treatment algorithm for CD patients are 
required to prove the causal relationship between various 
drugs and intestinal resection.

This prospective cohort study showed that the progno-
sis of patients with CD has improved over time in Korea. 
The possible explanations for this improved prognosis are 
as follows. First, although the age at diagnosis was higher 
in cohort 2 compared with cohort 1, the proportion of ileal 
disease (L1) at diagnosis was also higher in cohort 2. Addi-
tionally, albeit without statistical significance, the propor-
tion of patients with complicated behavior (B2 or B3) at 
diagnosis tended to be lower in cohort 2. This suggests that 
the awareness of CD could have improved over time, as ev-
idenced by the detection of previously neglected ileal-only 
disease and the early diagnosis of CD prior to the develop-
ment of intestinal complications. This improved awareness 
could have resulted in a better clinical outcome in cohort 2. 
Another possible reason for the better prognosis of cohort 
2 is the timing of commencement of therapeutic agents for 
CD, considering that early use of thiopurines was associ-
ated with lower risks of behavioral progression and intes-
tinal resection. Moreover, unmeasured factors such as the 
implementation of therapeutic and monitoring guidelines, 
and IBD-specific continuing medical education could have 
contributed to the improvements in the prognosis of CD 
patients over time.50
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The main strength of this analysis was in its enrollment 
of over 1,000 patients across Korea and the analysis of CD 
patients diagnosed in recent years, which could fill the 
knowledge gap regarding the characteristics and prognosis 
of CD patients diagnosed in the 2010s. However, the pres-
ent study also had several limitations. First, this study was 
not a population-based cohort study; it was a hospital-
based cohort study. Since all of the medical institutions that 
participated in the CONNECT study were secondary or 
tertiary referral hospitals, there might have been selection 
bias favoring more severe disease. However, as mentioned, 
the highly similar baseline characteristics of patients in-
cluded in this analysis and a previous Korean population-
based study suggest that our sample could be representative 
of the general CD population in Korea.5 Moreover, after 
referral from primary care clinics, almost all CD patients 
in Korea are continuously followed at secondary or tertiary 
centers and not referred back to the primary care clinics.52 
Therefore, the clinical outcomes of our study patients are 
likely not significantly biased. Second, there might have 
been differences in the treatment strategies or surgical in-
dications among the participating hospitals because we did 
not provide a uniform therapeutic algorithm for the study 
centers. In particular, the timing of initiation of anti-TNF 
agents or surgery might have differed from center to center. 
This is an inherent issue of multicenter studies that could 
not be controlled. However, because Korean CD treatment 
guidelines have been widely distributed, and the therapeu-
tic strategy of CD is universally based on the “step-up ap-
proach,”53-56 and because therapeutic decisions are strictly 
regulated by the uniform and tight reimbursement system 
under the Health Insurance Review & Assessment Service 
of Korea, therapeutic algorithms would not have been 
significantly different among the participating centers. 
Third, because our study was not designed to investigate 
the causal relationship between treatment and outcomes, 
the significant association between early use of thiopurines 
and prognosis of CD patients might have been influenced 
by unmeasured confounders. As an example, patients 
who received earlier thiopurine therapy might have been 
managed with a tighter and closer disease monitoring, 
which might have been a confounder leading to a better 
prognosis. Finally, since this study enrolled CD patients 
who provided informed consent, there might have been a 
possibility of another selection bias. This concern can be 
settled indirectly through the difference in the numbers of 
enrolled patients in cohort 1 and cohort 2. Although the 
duration of enrollment to cohort 2 was nearly twice that of 
cohort 1, the number of patients in cohort 2 was smaller 
than that of cohort 1. When considering the steadily in-
creasing incidence of CD in Korea,5 more complete enroll-

ment of consecutive patients newly diagnosed with CD 
could enhance the quality of the CONNECT study. 

In conclusion, compared with Western patients, CD 
patients in Korea had different clinical features at the time 
of diagnosis. The prognosis of patients with CD in Korea 
appears to have improved over time, and early use of thio-
purines was independently associated with reduced risks 
of behavioral progression and intestinal resection.
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