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        INTRODUCTION

  Th e primary treatment goal in the management of Crohn’s 

disease (CD) and ulcerative colitis (UC) is the induction and 

maintenance of clinical remission, according to international 

guidelines ( 1,2 ). For decades, corticosteroids have been a corner-

stone in achieving this treatment goal, given the high response 

(80%) and remission (73%) rates ( 3–7 ). Despite their high effi  cacy 

for remission induction, corticosteroids are not recommended as 
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                                                                                                                    OBJECTIVES:     Corticosteroid-free remission is an emerging treatment goal in the management of infl ammatory 

bowel disease (IBD). In the population-based Infl ammatory Bowel Disease South Limburg cohort, 

we studied temporal changes in corticosteroid use and assessed the corticosteroid-sparing effects of 

immunomodulators and biologicals in real life.

    METHODS:     In total, 2,823 newly diagnosed patients with Crohn’s disease (CD) or ulcerative colitis (UC) 

were included. Corticosteroid exposure and cumulative days of use were compared between 

patients diagnosed in 1991–1998 (CD:  n =316, UC:  n =539), 1999–2005 (CD:  n =387, UC: 

 n =527), and 2006–2011 (CD:  n =459, UC:  n =595). Second, the corticosteroid-sparing effects of 

immunomodulators and biologicals were assessed.

    RESULTS:     Over time, the corticosteroid exposure rate was stable (54.0% in CD and 31.4% in UC), even as the 

cumulative corticosteroid use in the fi rst disease year (CD: 83 days (interquartile range (IQR) 35–

189), UC: 62 days (IQR 0–137)). On the long-term, a gradual decrease in cumulative corticosteroid 

use was seen in CD (era ’91–’98: 366 days (IQR 107–841), era ’06–’11: 120 days (IQR 72–211), 

 P <0.01), whereas in UC an initial decrease was observed (era ’91–’98: 184 days (IQR 86–443), 

era ’99–’05: 166 days (IQR 74–281),  P =0.03), and stabilization thereafter. Immunomodulator 

and biological users had a lower risk of requiring corticosteroids than matched controls in CD only 

(33.6% vs. 49.9%,  P <0.01, and 25.7% vs. 38.2%,  P =0.04, respectively).

    CONCLUSIONS:     In a real-world setting, more recently diagnosed IBD patients used lower amounts of corticosteroids as of 

the second year of disease. For CD, a signifi cant association was found with the use of immunomodulators 

and biologicals. These conclusions support the increasing use of these treatment modalities.
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maintenance therapy ( 8,9 ), because of a low effi  cacy on the long-

term and severe side eff ects. Typical short-term eff ects include 

hyperglycemia and Cushingoid features, whereas on the long-term 

patients have a higher risk of osteoporosis, cardiovascular events, 

and glaucoma ( 10–12 ). Furthermore, corticosteroid use increases 

the risk of opportunistic infections and death, especially in elderly 

patients ( 13–15 ). Th erefore, corticosteroid sparing is an emerging 

goal in IBD management, as advocated in the latest European and 

American guidelines ( 1,2,16 ).

  Randomized controlled trials have shown that the immu-

nomodulatory agents azathioprine and 6-mercaptopurine are 

superior to placebo for the maintenance of remission and have a 

corticosteroid-sparing eff ect in both CD ( 17 ) and UC ( 18 ). Th e 

effi  cacy of anti-tumor necrosis factor α  (anti-TNFα ) agents to 

induce and maintain disease remission and to reduce the need 

for corticosteroid therapy has been established in trial popula-

tions as well, both in CD ( 19,20 ) and UC ( 21 ). It is unknown 

whether these drugs also have corticosteroid-sparing eff ects in 

real-life. Such information is important, because the real-life 

situation oft en diff ers from a trial setting, e.g. in terms of a more 

heterogeneous patient population with more comorbidities, less 

stringent disease monitoring, and sometimes treatment indica-

tion, due to local drug availability and costs ( 22 ). Previous obser-

vational studies demonstrated that both immunomodulators and 

anti-TNFα  agents are increasingly used in the medical manage-

ment of infl ammatory bowel disease (IBD) ( 23–25 ). Albeit many 

studies have discussed the impact of changing treatment strate-

gies on the phenotype progression and surgery rate ( 23–29 ), little 

is known about their impact on the total amount of corticoster-

oids IBD patients use during disease course.

  Th e primary aim of this study was therefore to study the evo-

lution of corticosteroid use over the past two decades in a large 

population-based cohort of IBD patients. Second, the real-life cor-

ticosteroid-sparing eff ects of immunomodulators and anti-TNFα  

agents were studied.

    METHODS

   Study population

  Th e Infl ammatory Bowel Disease South Limburg (IBDSL) cohort 

is a long-term, population-based, prospective inception cohort of 

patients with IBD. Th e design and rationale of the IBDSL cohort 

are described in detail elsewhere ( 30 ). In brief, newly diagnosed 

adult IBD patients in the area of South Limburg, the Netherlands, 

are being registered and followed as from 1991. Via a multi-faceted 

identifi cation strategy, 1,162 CD and 1,661 UC patients have been 

included and were followed, which was estimated to be over 93% 

of the IBD population in South Limburg ( 30 ). Patients were diag-

nosed between 1 January 1991 and 31 December 2010 (UC), and 

between 1 January 1991 and 1 July 2011 (CD) and followed until the 

end of current data collection (2011 for UC and 2014 for CD). Th e 

IBDSL project has been approved by the Medial Ethics Committee 

of the Maastricht University Medical Center (NL31636.068.10), is 

registered at  www.ClinicalTrial.gov  (NCT02130349), and follows 

the revised declaration of Helsinki.

    Data collection

  All data were retrieved via a thorough review of each patient’s 

individual record, thereby assuring case ascertainment. Demo-

graphic data, disease phenotype (classifi ed according to the Mon-

treal consensus ( 31,32 )), and medication data were collected by 

trained physicians, using standardized registration forms.

  For the purpose of the present study, all patient visits were scru-

tinized for information on corticosteroid use. Corticosteroid use 

was defi ned as the use of a systemic corticosteroid, either orally or 

intravenously administered. Budesonide use was addressed sepa-

rately in this study. Local application of corticosteroids, includ-

ing enemas or suppositories containing prednisone, budesonide, 

or dexamethasone were not studied because of their low systemic 

availability. For every visit, corticosteroid use, dose, and adminis-

tration route were recorded, including reasons for treatment initia-

tion and cessation, and the tapering regimen. In case no regimen 

was specifi ed, a standard tapering regimen of 5 mg per week was 

assumed as from the date of last visit, in line with the Dutch IBD 

guideline ( 33 ). Immunomodulators comprised azathioprine, mer-

captopurine, tioguanine, and methotrexate. Anti-TNFα  agents 

registered during the studied period in the Netherlands were inf-

liximab and adalimumab.

    Study endpoints and defi nitions

  Th e primary endpoints of the study were as follows: (I) the cor-

ticosteroid exposure (measured as the cumulative probability of 

ever requiring corticosteroids and as the point prevalence of corti-

costeroid use during disease course) and (II) the cumulative days 

of corticosteroid use. Th e latter was defi ned as the total number 

of calendar days a patient has been treated with corticosteroids 

(≥5 mg per day).

  Th e temporal changes in the primary endpoints were assessed 

by comparing the outcome measures between three subsequent 

eras: era 1991–1998, era 1999–2005, and era 2006–2011. Eras were 

distinguished by the years of anti-TNFα  availability in the Neth-

erlands (1999 for CD and 2006 for UC) and comprised all IBD 

patients that were diagnosed within that time span. Analyses were 

performed separately for CD and UC.

  Th e secondary aim of the study was to assess the corticoster-

oid-sparing eff ect of immunomodulators and anti-TNFα  agents, 

measured by the diff erence in the need for a course of corticos-

teroids between users and non-users. Corticosteroid sparing was 

addressed in terms of the risk of requiring a new course of corti-

costeroids aft er the specifi c treatment was started.

    Statistical analyses

  Continuous variables were presented as means with s.d. or as 

medians with interquartile ranges (IQRs), depending on normal-

ity of the underlying distribution. Variables were subsequently 

compared between eras by using one-way analysis of variance or 

Kruskal–Wallis tests, respectively. Categorical variables were pre-

sented as numbers with percentages and compared between eras 

by using  χ  2 -tests.

  Corticosteroid exposure was assessed by estimating the 

cumulative probability of ever requiring corticosteroids during 
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disease course, using Kaplan–Meier survival statistics. Diff erences 

between eras were assessed by using multivariable Cox regres-

sion modeling, adjusting for diff erences in age at diagnosis, sex, 

and initial disease phenotype between eras. Diff erences in hazards 

between eras were expressed as adjusted hazard ratios (aHRs) with 

the 95% confi dence intervals (95%CIs) or by the accompanying 

(adjusted)  P -value from the multivariable model.

  Th e point prevalence of corticosteroid use was determined by 

calculating the proportion of patients that were on corticosteroid 

therapy at the end of every week of follow-up. Th e peak prevalence 

was defi ned as the time point at which most IBD patients were 

on corticosteroid therapy and diff erences in peak heights between 

eras were assessed by using a  χ  2 -test. In addition, the average corti-

costeroid point prevalence was calculated and compared between 

eras by performing linear regression modeling on log-transformed 

prevalences, adjusting for the same confounders as previously 

described.

  Cumulative days of corticosteroid use were determined in cor-

ticosteroid users with a minimum follow-up of 5 years in order to 

avoid extrapolation of the data, particularly in more recent eras 

with a shorter mean follow-up time. Extrapolation could lead to 

an overestimation of the cumulative days of corticosteroid use, 

because the probability of requiring corticosteroids is highest in 

the early years of disease ( 34 ). Th e cumulative days of corticos-

teroid use in the fi rst year and fi rst 5 years of disease were calcu-

lated in these patients and subsequently compared between eras 

by using linear regression modeling on log-transformed values, 

adjusting for the previously discussed confounders.

  Th e corticosteroid-sparing eff ect of immunomodulators and 

anti-TNFα  agents was studied by using propensity score matching 

analyses. CD and UC patients with a fi rst immunomodulator or 

anti-TNFα  prescription within 12 months aft er diagnosis (users) 

were matched to patients that had no prescription within that time 

window (non-users). Matching was based on the propensity score 

derived from a logistic regression model with immunomodula-

tor use or anti-TNFα  use as the dependent variable, respectively 

(nearest neighbor 1:1 matching without replacement, caliper 0.2). 

Parameters included in the propensity model were age at diagno-

sis, sex, and early disease course characteristics (i.e., disease phe-

notype, hospitalization, and corticosteroid use within 3 months 

aft er diagnosis). By balancing these characteristics between users 

and non-users, we aimed to control for measured confounding 

that results from treatment allocation. Aft er matching, non-users 

and users were followed as from the same point in disease course, 

by assigning non-users an ‘index date,’ based on the date at which 

the matched user starts with the specifi c therapy. As from this 

point, patients were followed until the day on which corticosteroid 

therapy was started, immunomodulator or anti-TNFα  therapy was 

stopped, or end of follow-up was reached. Kaplan–Meier survival 

analyses were used to estimate the cumulative probability of requir-

ing corticosteroids. Cox regression models were used to assess dif-

ferences in outcomes between users and non-users. Analyses were 

further adjusted for confounding by adding the cumulative days of 

corticosteroid use before the index date as parameter in the model. 

As for the outcomes, the fi rst 6 months aft er the index date were 

censored, because many users are on corticosteroid therapy at the 

start of immunomodulator or anti-TNFα  therapy. Furthermore, 

events that took place within 6 months aft er therapy discontinua-

tion were included, because therapy cessation may have preceded 

an event of interest.

  Two-sided  P -values <0.05 were considered statistically signifi -

cant. All statistical analyses were performed using IBM SPSS Sta-

tistics for Windows, Version 23.0. (IBM, Armonk, NY, USA).

     RESULTS

   Patient population

  In total, 1,162 CD patients and 1,661 UC patients were studied. 

Regarding CD, 316 patients were diagnosed in era 1991–1998 

(’91–’98), 387 patients in era 1999–2005 (’99–’05), and 459 in era 

2006–2011 (’06–’11). Regarding UC, 539 patients were diagnosed 

in the fi rst, 527 patients in the second, and 595 in the third era. 

Patients were followed for a median of 7.5 years (IQR 4.1–12.4) 

(CD) and 8.5 years (IQR 4.4–14.7) (UC). Detailed patient charac-

teristics are shown in  Table 1  (CD) and  Table 2  (UC).

  Over time, both CD and UC patients have been more frequently 

exposed to immunomodulators and anti-TNFα  agents. For immu-

nomodulators, the cumulative 5-year exposure rates increased from 

30.6% (era ’91–’98) to 56.6% (era ’99–’05) to 70.8% (era ’06–’11) 

in CD ( P <0.01) and from 8.7% (era ’91–’98) to 24.2% (era ’99–’05) 

( P <0.01), and stabilized thereaft er (22.5%, era ’06–’11) ( P =0.94) in 

UC. For anti-TNFα  agents, the cumulative 5-year exposure rates 

increased from 3.1% (era ’91–’98) to 19.9% (era ’99–’05), to 41.2% 

(era ’06–’11), and from 0% (era ’91–’98) to 4.8% (era ’99–’05), 

to 10.6% (era ’06–’11), respectively (both  P <0.01). Furthermore, 

both therapies were started earlier in disease course in more recent 

eras, refl ected by increasing cumulative 1-year exposure rates (see 

 Tables 1 and 2 ).

    Corticosteroid exposure

  In CD, 665 patients were ever exposed to corticosteroid therapy, 

corresponding to a 5-year exposure rate of 54.0%. Th e exposures to 

corticosteroids and budesonide are shown in  Figure 1 . Although 

the 5-year exposure rate was not diff erent between the three eras 

(50.0%, 56.2%, and 54.8%, respectively, adjusted  P =0.20), more 

CD patients were already exposed to corticosteroids in the fi rst 

year of disease in more recent eras (38.5% in era ’91–’98, 43.2% in 

era ’99–’05, and 48.5% in era ’06–’11, adjusted  P =0.04). In paral-

lel, the 5-year exposure to budesonide increased from 26.8% in 

the fi rst to 65.7% in the second era and remained stable aft erwards 

(66.2% in the third era), adjusted  P <0.01. Similar to corticoster-

oids, the 1-year budesonide exposure rate increased over time: 

7.1% (era ’91–’98), 51.9% (era ’99–’05), and 59.2% (era ’06–’11), 

 P <0.01.

  In UC, 558 patients were exposed to corticosteroid therapy, cor-

responding to a 5-year exposure rate of 31.4%, signifi cantly lower 

than the exposure rate in CD (54.0%),  P <0.01. Th e 5-year expo-

sure rate was higher in era ’99–’05 (36.3%) than in eras ’91–’98 

(28.9%) and ’06–’11 (28.7%) ( P =0.03), whereas no diff erence was 

observed in the 1-year exposure rate between eras (18.0% in era 
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’91–’98, 22.0% in era ’99–’05, and 21.9% in era ’06–’11,  P =0.24). 

Budesonide use was signifi cantly lower in UC than in CD, but also 

increased over time, refl ected by 5-year rates of 0.4%, 5.3%, and 

7.2% in the three subsequent eras, respectively (adjusted  P <0.01).

    Corticosteroid point prevalence

  Th e point prevalence of corticosteroid use during disease course 

is shown in  Figure 2  (CD) and  Figure 3  (UC). Th e peak preva-

lence was higher in CD (26.7% aft er week 8) than in UC (11.2% 

aft er week 6),  P <0.01. Beyond the fi rst year of disease, the mean 

point prevalence in CD decreased over time from 9.0%±3.4% in 

era ’91–’98 to 3.9%±2.0% in era ’99–’05, to 1.4%±1.0% in era ’06–

’11, adjusted  P <0.01. A similar time trend was observed in UC: 

4.2%±1.0% in the fi rst to 3.4%±1.2% in the second, to 2.1%±1.5% 

in the third era, adjusted  P <0.01.

    Cumulative days of corticosteroid use

  Th e cumulative days of corticosteroid use was assessed in IBD 

patients with a follow-up of at least 5 years, whom ever had a cor-

ticosteroid prescription ( n =430 for CD,  n =386 for UC).

  In CD, we observed that corticosteroid users received a median 

of 83 days (IQR 35–189) of corticosteroids within the fi rst year 

and 167 days (IQR 78–414) within the fi rst 5 years aft er CD diag-

nosis. Over time, the cumulative corticosteroid use in the fi rst 

year of disease was stable (median 107 days (IQR 35–268) in era 

’91–’98, 81 days (IQR 13–170) in era ’99–’05, and median 79 days 

(IQR 54–160) in era ’06–’11,  P =0.15, see  Figure 4a ), whereas the 

cumulative number of treatment days in the fi rst 5 years of disease 

signifi cantly decreased over time ( P <0.01, see  Figure 4b  and 

 Table 3 ). Th e latter observation was found to be caused by a 

decrease in the cumulative corticosteroid use beyond the fi rst year 

of disease: median 198 days (IQR 26–653) in era ’91–’98 to median 

63 days (IQR 0–173) in era ’99–’05, to median 0 days (IQR 0–83) 

in era ’06–’11,  P <0.01.

  In UC, corticosteroids users received a median of 62 days (IQR 

0–137) of corticosteroids in the fi rst year of disease, which was sig-

nifi cantly lower compared with CD ( P <0.01). In the fi rst 5 years, 

UC patients received a median of 171 days (IQR 84–330) of cor-

ticosteroids, which was not diff erent from CD patients ( P =0.26). 

As in CD, the cumulative number of days on corticosteroids in the 

 Table 1  .     Patient characteristics of CD patients from the IBDSL cohort 

      Era 1991–1998 

(   N   =316)  

  Era 1999–2005 

(   N   =387)  

  Era 2006–2011 

(   N   =459)  

  

 Age  a    Mean (s.d.)  36.2 (15.8)  37.5 (15.8)  38.8 (16.1)   P= 0.08 

 Sex—male   N  (%)  121 (38.3)  137 (35.4)  176 (38.3)   P= 0.62 

 Current smoker  a   ,   b     N  (%)  141 (55.3)  178 (49.4)  175 (46.3)   P= 0.08 

 Disease duration in years  Median (IQR)  16.1 (10.3–19.3)  9.7 (8.1–11.8)  4.2 (2.9–5.6)   P <0.01 

 Disease location  a   ,   c             P= 0.04 

  L1—ileal location   N  (%)  155 (49.1)  170 (43.9)  175 (38.1)   

  L2—colon location   N  (%)  94 (29.7)  127 (32.8)  150 (32.7)   

  L3—ileocolon location   N  (%)  63 (19.9)  80 (20.7)  124 (27.0)   

  L4—only upper GI location   N  (%)  4 (1.3)  10 (2.6)  10 (2.2)   

 Disease behavior  a   ,   c             P= 0.03 

  B1—infl ammatory disease   N  (%)  232 (73.4)  299 (77.3)  369 (80.4)   

  B2—stricturing disease   N  (%)  51 (16.1)  57 (14.7)  69 (15.0)   

  B3—penetrating disease   N  (%)  33 (10.4)  31 (8.0)  21 (4.6)   

 Perianal disease (+ p )  a   ,   c     N  (%)  30 (9.5)  27 (7.0)  37 (8.1)   P= 0.48 

 Upper GI location (+ L4 )  a   ,   c     N  (%)  21 (6.6)  43 (11.1)  60 (13.1)   P= 0.02 

 Cumulative exposure to immunomodulators           P <0.01 

  1-Year exposure   N  (%)  28 (9.1)  117 (31.0)  221 (49.5)   

  5-Year exposure   N  (%)  91 (30.6)  209 (56.6)  286 (70.8)   

 Cumulative exposure to anti-TNFα  agents           P <0.01 

  1-Year exposure   N  (%)  0 (0)  27 (7.1)  94 (21.2)   

  5-Year exposure   N  (%)  9 (3.1)  73 (19.9)  161 (41.2)   

 Anti-TNFα , anti tumor necrosis factor α ; CD, Crohn’s disease; IBDSL, Infl ammatory Bowel Disease South Limburg; IQR, interquartile range. 

   a   At diagnosis.  

   b   Smoking status could not be retrieved in 169 cases.  

   c   Disease phenotype according to the Montreal consensus.  
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20.2%, 26.8%, and 40.1% for non-users, respectively (aHR 0.77; 

95% CI 0.58–1.01). Th e eff ect was stronger in CD patients com-

mencing immunomodulator therapy within 6 months aft er diag-

nosis: aHR 0.63; 95% CI 0.47–0.85, with corresponding exposure 

rates of 22.0%, 24.3%, and 33.6% (users), and 27.9%, 34.3%, and 

49.9% (non-users) aft er 1, 2, and 5 years aft er treatment start or 

index date, respectively. In UC, on the contrary, the corticosteroid 

exposure rate in users (17.2%, 28.9%, and 41.9% aft er 1, 2, and 

5 years, respectively) and non-users (13.1%, 18.2%, and 37.6%, 

respectively) was not diff erent between groups (aHR 1.12; 95% 

CI 0.69–1.82).

  In the propensity score-matched cohort on the corticosteroid-

sparing eff ects of anti-TNFα  agents, 118 CD users were matched 

to 118 CD non-users and 28 UC users to 28 UC non-users. Groups 

were well balanced in demographic and disease characteristics 

(standardized diff erences |<0.25| for all parameters). In CD, the 

risk of requiring corticosteroids aft er the index date was 13.2% (1 

year), 14.2% (2 years), and 25.7% (5 years) in users as compared 

with 17.4%, 24.0%, and 38.2%, respectively, in non-users (aHR 

0.58; 95% CI 0.34–0.98). For UC, numbers were limited, but no 

signifi cant diff erence was found in the risk of requiring corticos-

teroids (HR 0.60; 95% CI 0.18–2.01).

     DISCUSSION

  In this population-based study, we showed that the use of corticos-

teroids in IBD changed over the past two decades, in particular in 

CD. Th e number of IBD patients who ever required corticosteroid 

therapy remained stable, yet more CD patients already received a 

fi rst year was found to be similar between eras (median 67 days 

(IQR 0–141) in era ’91–’98, median 53 days (IQR 0–122) in era 

’99–’05, and median 73 days (IQR 0–138) in era ’06–’11,  P =0.58), 

see  Figure 4c . In contrast, the cumulative 5-year use was signifi -

cantly lower in era ’99–’05 than in era ’91–’98 ( P =0.03), but did not 

further decrease in era ’06–’11 ( P =0.68), see  Figure 4d  and  Table 

3 . As in CD, the former decrease can be attributed to a decrease 

in cumulative corticosteroid use beyond the fi rst year of disease 

(median 114 days (IQR 7–301) in the fi rst and median 81 days 

(IQR 0–227) in the second era).

  Other clinical parameters independently associated with a 

higher cumulative number of days of corticosteroid use in CD 

were as follows: younger age at diagnosis, colonic involvement of 

the disease, infl ammatory disease behavior, and being an active 

smoker at time of diagnosis, see  Table 3 . In UC, none of the clini-

cal parameters was signifi cantly associated with higher levels of 

cumulative corticosteroids use, see  Table 3 .

    Corticosteroid-sparing effects of immunomodulators and anti-

TNFα  agents

  In the propensity score-matched cohort on the corticoster-

oid-sparing eff ects of immunomodulators, 313 CD users were 

matched to 313 CD non-users and 114 UC users to 114 UC non-

users. Demographic and disease characteristics were well bal-

anced between users and non-users (standardized diff erences 

|<0.25| for all parameters) in both CD and UC, and are presented 

in  Supplementary Tables 1 and 2 , respectively. In CD, the risk 

of corticosteroid exposure aft er the index date was 18.8%, 23.7%, 

and 32.8% aft er 1,2, and 5 years for immunomodulators users and 

 Table 2  .     Patient characteristics of UC patients from the IBDSL cohort 

      Era 1991–1998 

(   N   =539)  

  Era 1999–2005 

(   N   =527)  

  Era 2006–2011 

(   N   =595)  

  

 Age  a    mean (s.d.)  43.2 (15.8)  45.7 (16.3)  48.3 (17.4)   P <0.01 

 Sex—male   N  (%)  302 (56.0)  288 (54.6)  295 (49.6)   P= 0.07 

 Disease duration in years  median (IQR)  16.9 (14.9–19.0)  8.9 (7.5–10.9)  3.3 (2.0–4.7)   P <0.01 

 Disease location  a   ,   b   ,   c             P <0.01 

  E1—proctitis   N  (%)  156 (29.5)  177 (33.7)  230 (38.7)   

  E2—left-sided disease   N  (%)  291 (55.1)  249 (47.4)  249 (41.8)   

  E3—extensive disease   N  (%)  81 (15.3)  99 (18.9)  116 (19.5)   

 Cumulative exposure to immunomodulators           P <0.01 

  1-Year exposure   N  (%)  13 (2.5)  47 (8.9)  56 (9.5)   

  5-Year exposure   N  (%)  46 (8.7)  127 (24.2)  102 (22.5)   

 Cumulative exposure to anti-TNFα  agents           P <0.01 

  1-Year exposure   N  (%)  0 (0)  3 (0.6)  26 (4.4)   

  5-Year exposure   N  (%)  0 (0)  25 (4.8)  52 (10.6)   

 Anti-TNFα , anti tumor necrosis factor α ; IBDSL, Infl ammatory Bowel Disease South Limburg; IQR, interquartile range; UC, ulcerative colitis. 

   a   At diagnosis.  

   b   Disease location according to the Montreal consensus.  

   c   Disease location could not be retrieved in 13 cases.  
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prescription in the fi rst year of disease. Th e total amount of corti-

costeroids used was found to be stable in the fi rst year of disease, 

whereas a divergence in days of use occurred aft er the fi rst year, 

refl ected by a lower cumulative corticosteroid use between the 

second and fi ft h year of disease and a lower corticosteroid point 

prevalence aft er the fi rst disease year in more recent eras. Fur-

thermore, we observed that immunomodulators and anti-TNFα  

agents are earlier and more frequently used, and found that the 

use of these treatment modalities is associated with a lower risk of 

requiring corticosteroid therapy in real life in CD.

  Th is study illustrates that corticosteroid therapy remains a cor-

nerstone in IBD management, even in the era of frequent and 

early use of immunomodulators and anti-TNFα  therapy. We 

observed that 54.0% of the CD patients and 31.4% of the UC 
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 Figure 1 .     Cumulative exposure to corticosteroids and budesonide in Crohn’s disease ( a  and  b ) and in ulcerative colitis ( c  and  d ), stratifi ed by era of 

diagnosis.
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ies (43–76% ( 6,23,25,39 ) for CD and 34–41% ( 6,23,40 ) for UC). 

Furthermore, exposure rates are higher in CD than in UC, which 

can be ascribed to the effi  cacy of 5-aminosalicylate therapy ( 41 ) 

and the use of topical therapies in UC ( 42 ). We found an increase 

over time in corticosteroid exposure in the fi rst year of disease in 

patients were exposed to corticosteroids within 5 years aft er diag-

nosis and found these rates to be stable over time. In literature, 

the corticosteroid exposure rate varies widely between studies, 

yet seems to be higher in hospital based (57–75% ( 5,35–38 ) for 

CD and 45–63% ( 35–38 ) for UC) than in population-based stud-
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 Figure 2 .     Point prevalence of systemic corticosteroids in Crohn’s disease, stratifi ed by era of diagnosis.

        



391

IN
F

L
A

M
M

A
T

O
R

Y
 B

O
W

E
L
 D

IS
E

A
S

E

© 2018 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

Corticosteroid Use in Inflammatory Bowel Disease

CD. It is likely that this is the consequence of good adherence to 

recent Dutch and European IBD guidelines, which advocate the 

use of corticosteroids for remission induction of the fi rst fl are of 

the disease in all patients, except for those with limited ileal dis-

ease localization ( 1,33 ).

  Th e total amount of corticosteroids given to a patient during 

disease course is an important clinical outcome measure, but has 

rarely been studied. In the present study, we found that more-

recently diagnosed CD and UC patients have less cumulative days 

of corticosteroid use than patients diagnosed in the early days of 
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 Figure 3 .     Point prevalence of systemic corticosteroids in ulcerative colitis, stratifi ed by era of diagnosis.
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refractory disease is better controlled nowadays. Another impor-

tant factor is the increasing and earlier use of immunomodulators 

and anti-TNFα  agents. In current guidelines, both immunomodu-

lators and anti-TNFα  agents are advocated as corticosteroid-spar-

ing agents for CD ( 1,16,33,44 ) and UC ( 2,33,44,45 ). In two clinical 

CD trials from the seventies, azathioprine was found to have a 

corticosteroid-sparing eff ect ( 46,47 ), whereas no diff erence in 

corticosteroid requirement between azathioprine and placebo was 

found in the more recent AZTEC trial ( 48 ). In UC, the evidence 

for the effi  cacy of immunomodulators is less strong than in CD. 

Nevertheless, a meta-analysis of seven trials concluded that azathi-

oprine is superior to placebo for maintaining corticosteroid-free 

remission ( 18 ) and this conclusion was supported by a recent ran-

domized study between azathioprine and 5-aminosalicylate ther-

apy ( 49 ). Data on the corticosteroid-sparing eff ects of anti-TNFα  

agents is more consistent and illustrate that the risk of requiring 

our cohort, and that this attenuation is caused by a less frequent 

use of corticosteroids aft er the fi rst year of disease. Several fac-

tors are probably contributing to this eff ect. First, it is likely that 

an increasing awareness of the need for corticosteroid sparing and 

an improved insight in the long-term side eff ects of corticosteroid 

therapy played a role. Th e need for corticosteroid sparing is con-

sequently underlined in recent IBD guidelines ( 1,2,33 ). Second, it 

is possible that sustained disease control has improved over time, 

resulting in a lower need for corticosteroid therapy. Th is may, for 

instance, be caused by better maintenance therapy and/or changes 

in the use of bowel surgery. Refl ecting on the latter, in two previous 

studies on the temporal changes in the long-term outcome of IBD 

in the IBDSL cohort, we observed that the surgery rate in CD and 

the early colectomy rate in UC have decreased over time ( 24,43 ). 

Th e paralleling trends of a declining surgery rate and a lower 

use of longstanding corticosteroid therapy, seem to indicate that 
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 Figure 4 .     Cumulative corticosteroid use in the fi rst year and in the fi rst 5 years of disease in Crohn’s disease ( a  and  b ) and ulcerative colitis ( c  and  d ). 

Analyses were performed in patients with at least fi ve years of follow-up (CD:  N  = 430, UC:  N  = 386).        
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corticosteroid therapy is lower in patients on anti-TNFα  therapy 

than in patients on placebo ( 19,20 ). In the present study, we could 

confi rm the corticosteroid-sparing eff ect of immunomodulators 

and anti-TNFα  agents for CD also in real life, particularly if therapy 

is started early in disease course. Hence, it is likely that changes 

in medication had an important role in the decreasing use of cor-

ticosteroids aft er the fi rst year of disease in CD. For UC, on the 

contrary, no corticosteroid-sparing eff ects of immunomodulator 

or anti-TNFα  therapy were observed. However, it is important 

to acknowledge the limited number of patients in these analyses, 

 Table 3  .     Parameters associated with higher levels of cumulative corticosteroid use  a   

    Crohn’s disease    Ulcerative colitis  

    Cumulative 5-year 

corticosteroid use  

  Unadjusted OR    Adjusted OR    Cumulative 5-year 

corticosteroid use  

  Unadjusted OR    Adjusted OR  

    Median days (IQR)    OR (95% CI)    OR (95% CI)    Median days (IQR)    OR (95% CI)    OR (95% CI)  

  Age   b   

  18–40 Years  194 (91–504)  Ref  Ref  159 (84–342)  Ref  Ref 

  40–60 Years  119 (69–257)  0.63 (0.48–0.81)  0.71 (0.56–0.92)  169 (95–289)  0.99 (0.79–1.25)  0.97 (0.77–1.23) 

  >60 Years  106 (69–205)  0.62 (0.42–0.93)  0.64 (0.43–0.96)  188 (73–358)  0.98 (0.76–1.26)  0.96 (0.75–1.24) 

  Sex  

  Male  145 (82–399)  Ref  Ref  175 (91–353)  Ref  Ref 

  Female  171 (77–458)  1.12 (0.90–1.39)  1.07 (0.88–1.31)  167 (79–316)  0.87 (0.71–1.06)  0.87 (0.71–1.07) 

  Era  

  1991–1998  366 (107–841)  Ref  Ref  184 (86–443)  Ref  Ref 

  1999–2005  161 (75–314)  0.54 (0.43–0.67)  0.54 (0.44–0.68)  166 (74–281)  0.79 (0.64–0.97)  0.80 (0.65–0.99) 

  2006–2011  120 (72–211)  0.44 (0.33–0.57)  0.44 (0.34–0.58)  160 (117–235)  0.83 (0.59–1.17)  0.88 (0.61–1.25) 

  Disease location   b   

  E1—proctitis   —    —    —   157 (76–272)  Ref  Ref 

  E2—left-sided disease  —  —  —  180 (98–384)  1.29 (0.99–1.69)  1.24 (0.95–1.63) 

  E3—extensive disease  —  —  —  158 (82–299)  1.18 (0.88–1.58)  1.15 (0.85–1.55) 

  L1—ileal location  129 (64–302)  Ref  Ref   —   —  — 

  L2—colon location  191 (88–565)  1.61 (1.26–2.04)  1.53 (1.21–1.95)  —  —  — 

  L3—ileocolon location  184 (88–384)  1.34 (1.04–1.72)  1.34 (1.05–1.70)  —  —  — 

  L4—only upper GI location  217 (63–500)  1.25 (0.49–3.20)  1.54 (0.56–4.24)  —  —  — 

  Upper GI location  b   (+L4)  

  No  161 (78–414)  Ref  Ref       

  Yes  209 (101–378)  1.05 (0.74–1.50)  1.07 (0.75–1.53)       

  Disease behavior  b  

  B1—infl ammatory disease  182 (84–497)  Ref  Ref  —  —  — 

  B2—stricturing disease  136 (72–272)  0.70 (0.54–0.91)  0.77 (0.60–0.99)  —  —  — 

  B3—penetrating disease  168 (73–266)  0.76 (0.50–1.16)  0.88 (0.58–1.33)  —  —  — 

  Perianal disease  b   (+p)  

  No  168 (82–413)  Ref  Ref  —  —  — 

  Yes  122 (69–513)  0.94 (0.67–1.32)  0.85 (0.62–1.16)  —  —  — 

  Current smoker at diagnosis  

  No  131 (76–314)  Ref  Ref    —  — 

  Yes  199 (92–487)  1.38 (1.12–1.69)  1.30 (1.07–1.57)    —  — 

 95% CI, 95% confi dence interval; HR, hazard ratio; IBD, infl ammatory bowel disease; IQR, interquartile range; OR, odds ratio; Ref, reference category. 

   a   Analyses were performed in IBD patients with a corticosteroid prescription within 5 years after diagnosis and a follow-up of at least 5 years.  

   b   At diagnosis.  
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Future studies, with a longer follow-up time of UC patients in the 

era of anti-TNFα  availability are therefore warranted.

  In conclusion, corticosteroids are still frequently used in the fi rst 

year of disease, but their cumulative use has decreased as of the 

second year of disease over the past two decades in a real-life IBD 

cohort. For CD, a signifi cant association was found with the use 

of immunomodulators and anti-TNFα  agents, which supports the 

increasing use of these treatment modalities in disease manage-

ment.
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Corticosteroid therapy is a cornerstone in the management 
of infl ammatory bowel disease. 

   ✓     Immunomodulators and biologicals are considered to be 
corticosteroid-sparing agents, which are more frequently 
used in disease management nowadays. 

   ✓     Whether the total amount of corticosteroids used by 
patients during disease course has decreased over time is 
currently unknown. 

    WHAT IS NEW HERE 

    ✓     Over the past two decades, the cumulative corticosteroid 
use decreased in both Crohn’s disease and ulcerative coli-
tis, and changes were found to take place as of the second 
year of disease. 

   ✓     For Crohn’s disease, the corticosteroid-sparing effect of 
immunomodulators and biologicals was confi rmed in a 
real-life setting, and it is therefore likely to be that changes 
in medical therapy have contributed to the attenuation of 
corticosteroid use.   
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possibly caused by the fact that UC patients are less oft en exposed 

to these treatment modalities and anti-TNFα  therapy was regis-

tered at a later stage for UC. In the only other study evaluating the 

cumulative use of corticosteroids, Targownik  et al.  ( 34 ) demon-

strated that, in contrast to the present study, the cumulative cor-

ticosteroid use in IBD remained stable in the county of Manitoba 

(Canada) between 1995 and 2010, despite an increasing uptake of 

immunomodulator and anti-TNFα  agents. Although it is likely 

that the use of corticosteroids in the management of IBD is highly 

area dependent, a more frequent use of immunomodulator and 

biological therapy in our cohort over the Canadian cohort must 

be noted. In the Canadian cohort, the cumulative 5-year immu-

nomodulator exposure increased from 19.8% (1995–2000) to 

31.7% (2005–2009), whereas the exposure increased from 30.6% 

(1991–1998) to 70.8% (2006–2011) in our cohort. A similar dif-

ference was noted in the use of anti-TNFα  agents: 5.1 to 12.7% 

(Canadian cohort) vs. 19.9 to 41.2% (IBDSL). As a result, corti-

costeroid-sparing eff ects could therefore have been missed at 

population level. Future studies, in cohorts with a high uptake of 

immunomodulators and anti-TNFα , preferably early in disease 

course, should confi rm the results of the present study.

  Interestingly, in contrast to CD, the cumulative corticosteroid 

use showed no further decrease into the most recent era in UC. 

Th is may be due to a more limited gain in corticosteroid sparing 

in UC, given the lower use of corticosteroids in UC than in CD. 

It may also be related to the observation that immunomodulator 

exposure in UC also stabilized between the second and third era 

(5-year exposure: 22.8% and 21.7%, respectively). Although no 

signifi cant association was found between immunomodulator use 

and corticosteroid sparing in UC in this study, a clinical eff ect may 

have been missed due to the limited number of UC patients in the 

propensity score analyses.

  Strengths of the present study reside in the large number of 

IBD patients included, its population-based character, and the 

long inclusion period. Th e latter two enabled us to determine the 

eff ects of the uptake of immunomodulators and anti-TNFα  agents 

on corticosteroid use in an unselected IBD population. Despite its 

strengths, some limitations need to be addressed. First, data on 

corticosteroid use were retrieved directly from the medical records, 

rather than from pharmacies. Th is may have induced some inaccu-

racy, in particular in the duration of a course of corticosteroids, and 

has inevitably led to assumptions regarding missing or inconsist-

ent data. Second, other factors than medication use may have con-

tributed to the attenuated corticosteroid use during disease course, 

e.g., the advocacy of corticosteroid sparing in recent guidelines. 

Th e eff ects of such interventions are hard to study in an obser-

vational design and therefore must be kept in mind when inter-

preting the data. Th ird, residual confounding by indication may be 

present in the propensity score analyses. Such confounding would 

result in an underestimation of the true eff ect and may therefore 

partly explain the negative results concerning the corticosteroid-

sparing eff ects of immunomodulators in UC. Last, no fi rm con-

clusions can be drawn regarding the corticosteroid-sparing eff ects 

of immunomodulators and anti-TNFα  therapy in UC, given the 

low number of patients in the propensity score-matched analyses. 
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