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Summary 

Background: The increasing incidence of older-onset ulcerative colitis (UC), which has a 

higher risk of surgery, is a global health issue. However, data regarding intravenous 

steroid treatment, one of the important treatment options to avoid surgery, for older-

onset UC is lacking.  

Aims: To evaluate the association between onset age and effectiveness of intravenous 

steroids in UC. 

Methods: This retrospective multicentre (27 facilities) cohort study included moderate-

to-severe hospitalised UC patients who underwent their first intravenous steroids 

between April 2014 and July 2019. The primary outcome was clinical remission at day 

30, using two-item patient-reported outcome scoring. The key secondary outcomes 

were risks of surgery and adverse events (death, infection, and venous thrombosis) 

within 90 days. A modified Poisson regression model was used for analysis. 

Results: Overall, 467 UC patients (384 younger-onset and 83 older-onset) were enrolled. 

Clinical remission at day 30 was observed in 252 (65.6%) among younger-onset patients 

and 43 (51.8%) among older-onset patients (adjusted risk difference, -21.7% [95%CI, -

36.1% to -7.2%]; adjusted risk ratio [ARR], 0.74 [95%CI, 0.59 to 0.93]). The risks of surgery 

and adverse events were higher in older-onset UC (20.5% vs. 3.1%; ARR, 8.92 [95%CI, 

主論⽂ 



 

4.13 to 19.27], 25.3% vs. 9.1%; ARR, 2.19 [95%CI, 1.22 to 3.92], respectively). Four deaths 

occurred, all involving older-onset UC. The risks of infection and venous thrombosis were 

also higher in older-onset UC (18.1% vs. 8.6%, 7.2% vs. 0.5%, respectively). 

Conclusions: Older-onset was associated with a lower effectiveness of intravenous 

steroids with higher risks of surgery and adverse events in UC. 
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INTRODUCTION 

The rising incidence of ulcerative colitis (UC) worldwide and the global increase in the 

aging population have led to a striking increase in older-onset UC1-8. UC is thought to be 

a disease that develops due to the complex interaction between genetic and 

environmental factors, as well as commensal gut microbiota, which causes a 

dysregulated immune response in the colon9. According to the differences in the 

respective contributions of these factors to the development of the disease depending 

on age, disease heterogeneity has been suggested between younger-onset UC and older-

onset UC6-8, 10-11. 

It is debated whether there is a difference in natural history between younger-

onset UC and older-onset UC. Some studies have reported a mild diseases course in 

older-onset UC with less frequent exposure to aggressive medical treatment6-7, whereas 

other studies have reported that prognosis is not favourable in older-onset UC as 

compared with younger-onset UC2, 10, 12-13. A recent meta-analysis focusing on the age of 

onset revealed that older-onset UC requires a higher rate of surgery than younger-onset 

UC13, and similar results were reported by recent nationwide cohort studies10, 14-16. The 

higher risk of surgery may be due to the difference in effectiveness of intravenous steroid 

treatment, which is one of the important treatment options to avoid surgery for a severe 
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course of UC17-20. However, data regarding the effectiveness and safety of intravenous 

steroid treatment for older-onset UC are lacking16, 21-23. 

In this multicentre cohort study, we investigated the effectiveness and safety of 

intravenous steroid treatment for moderate-to-severe UC in older-onset patients as 

compared to those presenting at a younger age. 
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METHODS 

Study design and participants 

This multicentre retrospective cohort study was conducted at 27 facilities in Japan, 

including both university and non-university hospitals. We used the data of consecutive 

UC patients presenting with a moderate or severe flare who required admission for their 

first intravenous steroid treatment from 1 April 2014 to 31 July 2019. All data were 

derived from the medical records of each participating institution. Ethical approval was 

obtained from all participating institutions. We used an opt-out approach for consent 

because this was a retrospective observational study, there was no risk to participants, 

and the collected data were managed in accordance with appropriate protection of 

privacy through data anonymization. 

We included UC patients aged 18 years or older who were admitted for their 

first intravenous steroid treatment due to moderate or severe flare. Intravenous steroid 

treatment was defined as the use of prednisolone or its equivalent at a daily dose of ≥ 

40 mg intravenously, and the dosing regimen was according to the guidelines17-20. 

We excluded patients who had already undergone colectomy or had a history 

of intravenous steroid treatment. Patients who received any of the following drugs for 

diseases other than UC were ineligible: systemic steroids, calcineurin inhibitors, 
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biological agents, or molecule inhibitors. We did not exclude patients who had a history 

of oral steroid use for UC. 

 

Definition of younger-onset UC and older-onset UC 

We categorised patients into younger-onset UC and older-onset UC according to age at 

the date of initial diagnosis. Although there is no universal cut-off age to classify UC by 

age of onset, a cut-off age of 60 years was the most widely used threshold in previous 

studies5. Thus, we defined younger-onset UC as UC initially diagnosed in patients under 

60 years and older-onset UC as UC initially diagnosed in patients at 60 years or older. 

 

Outcomes 

We evaluated the differences in the effectiveness and safety of intravenous steroid 

treatment between younger-onset UC and older-onset UC. 

The primary outcome was clinical remission at day 30. Day 30 was selected as 

an evaluation time point for assessing the effectiveness of intravenous steroid treatment 

for induction of remission based on previous studies24-25 and the European Crohn’s and 

Colitis Organisation guidelines26. If we were not able to obtain the data at day 30 because 

patients were discharged, the data within 1 week of day 30 was used. Clinical remission 
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was defined as a total score of ≤ 1 and a rectal bleeding subscore of 0 on the validated 

two-item patient-reported outcome (PRO2) scoring27. Patients who died, required 

surgery, or required another rescue treatment such as biological agents, molecule 

inhibitors, calcineurin inhibitors, or systemic steroids (re-induction) within 30 days were 

considered as failure of intravenous steroid treatment and were analysed as not in 

remission. 

The secondary outcomes were clinical remission at day 3, clinical remission at 

day 7, clinical remission at day 90, steroid-free remission at day 90, surgery within 90 

days, and adverse events (death, infection, and venous thrombosis) within 90 days. Day 

3 and day 7 were selected as evaluation time points for assessing the initial response to 

steroids, and day 90 was selected for assessing steroid-dependency based on the 

guidelines17-20, 26. If we were not able to obtain the data at day 90 because patients were 

discharged, the data within 2 weeks of day 90 was used. Clinical remission was defined 

in accordance with the aforementioned definition. Patients who died, required surgery, 

or required another rescue treatment such as biological agents, molecule inhibitors, 

calcineurin inhibitors, or systemic steroids (re-induction) within 90 days were considered 

as failure of intravenous steroid treatment and were analysed as not in remission. 

Adverse events of infection were defined as requiring antimicrobial drugs or surgical 
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procedures such as debridement for infection control28. Venous thrombosis was defined 

following a record of the definitive diagnosis in the medical records. 

 

Covariates 

Data on sex, disease duration, disease extent, disease severity, comorbidity, concomitant 

drug use, and smoking status at the date of the initiation of intravenous steroid 

treatment were obtained. Disease extent was classified into proctitis, left-sided colitis, 

and extensive colitis29. Disease severity was assessed according to the Truelove and 

Witts criteria30. Regarding comorbidity, we used the Charlson comorbidity index (CCI)31-

32 to assess the major comorbid disease burden, and categorised the CCI into a score of 

0 and a score of ≥ 133. We included the following concomitant drugs in covariates: 5-

aminosalicylic acid, immunomodulators (azathioprine and mercaptopurine hydrate), 

non-steroidal anti-inflammatory drugs (NSAIDs), antiplatelet drugs, and anticoagulant 

drugs. The use of these drugs was determined by recorded use at the initiation of 

intravenous steroid treatment. 

 

Statistical analysis 

Baseline characteristics of patients were described using means with standard 
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deviations or medians with interquartile ranges for continuous data and absolute 

numbers with percentages for categorical data. A modified Poisson regression model34-

35 was used to estimate risk differences (RDs) and risk ratios (RRs) to evaluate the 

difference in the clinical outcomes between younger-onset UC and older-onset UC. 

Multivariable analysis was adjusted for sex, disease duration, disease extent, disease 

severity, comorbidity, use of the concomitant drugs, and smoking status. These variables 

were selected based on the clinical perspective and variables identified in previous 

studies as potential confounders8. We conducted four sensitivity analyses to confirm the 

robustness of the main analyses of the primary outcome. First, we changed the cut-off 

for age of onset from 60 years to 50 years and 70 years. Second, we changed the 

covariates by including C-reactive protein (CRP) values in the multivariable analysis. 

Third, we changed the covariates by including body weights in the multivariable analysis. 

Fourth, we changed the definition of the primary outcome not to include initiation of 

rescue treatment as failure, and evaluated the 30-day colectomy rate because rescue 

treatment is likely to reduce the rate of colectomy. Kaplan-Meier plots and the Cox 

proportional hazards regression model were used for analysis to compare the 30-day 

colectomy rate between patients with younger-onset UC and older-onset UC. We used a 

log-rank test to compare the curves of the Kaplan-Meier plots. Moreover, we conducted 
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a stratified analysis that we analysed the data after stratification of intravenous steroid 

dose into ≥ 60 mg/day or < 60 mg/day with regards to the primary outcome and adverse 

events19. We also assessed the proportion of clinical remission at day 30 by age of onset, 

grouped by every 10 years of age. Among the adverse events, we describe the details of 

death and infection. 

We performed additional analyses to differentiate the influence of age of onset 

on effectiveness of intravenous steroid treatment from those of age itself, meaning 

whether older-onset of the disease or older age at initiation of treatment is associated 

with effectiveness of intravenous steroid treatment. Thus, patients treated with 

intravenous steroids in older age were divided into two groups according to age of onset: 

older individuals with younger-onset UC and older individuals with older-onset UC. We 

then evaluated the differences in the clinical outcomes among older individuals with 

younger-onset UC, older individuals with older-onset UC, and young UC (age at initiation 

of intravenous steroids < 60 years). 

Multiple imputation was performed to account for missing covariates by 20 

imputed datasets based on all observed predictive information, including outcome36-37. 

We reported 95% two-sided confidence intervals (CIs) as an informal measure of 

uncertainty and avoided using terms such as statistically significant and a like according 
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to the recommendation of the American Statistical Association38. Analyses were 

performed using Stata version 16.0 (StataCorp, College Station, TX, USA). 
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RESULTS 

Patient characteristics 

A total of 480 patients with UC who were admitted for their first intravenous steroid 

treatment due to moderate or severe flare met the eligibility criteria at the 27 facilities. 

Of those, 13 (2.7%) patients were excluded from the analyses because the study 

outcomes were not obtained due to the following reasons: hospital transfers shortly 

after initiation of the treatment (9 patients) and loss to follow-up for personal reasons 

(4 patients) (Figure 1). Thus, 467 patients were included in the analyses, and their 

baseline characteristics are presented in Table 1.  

We identified 384 (82.2%) younger-onset UC patients and 83 (17.8%) older-

onset UC patients. The median age of onset was 32 years in younger-onset UC and 68 

years in older-onset UC. Disease duration was shorter in older-onset UC than younger-

onset UC (2 vs. 18 months). Acute severe cases were 43.2% (166/384) in younger-onset 

UC and 44.6% (37/83) in older-onset UC according to Truelove and Witts criteria. 

Comorbidities, smoking status, and antiplatelet drug usage were more common in older-

onset UC than younger-onset UC (42.2% vs. 9.6%, 40.0% vs. 25.3%, 6.0% vs. 1.6%, 

respectively), but immunomodulator drug usage was less common (1.2% vs. 7.3%). The 

proportions of biologics used after initiation of intravenous steroid treatment were 
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13.8% (53/384) and 9.6% (8/83) in those with younger-onset UC and older-onset UC, 

respectively. Among these patients who used biologics, the interval from initiation of 

intravenous steroid treatment to initiation of biologics was not substantially different 

between those with younger-onset UC and those with older-onset UC with a median of 

13 (7 to 19) days and 17.5 (8 to 48) days, respectively. 

 

Clinical outcomes at day 30 (primary outcome) 

In total, 295 (63.2%) patients achieved clinical remission at day 30, and the proportion 

of clinical remission tended to be decreased among older-onset UC patients (Figure 2). 

Clinical remission at day 30 was observed in 252 (65.6%) younger-onset UC patients and 

43 (51.8%) older-onset UC patients (crude RD, -13.8% [95% CI, -25.6% to -2.1%], P = 

0.021; crude RR, 0.79 [95% CI, 0.63 to 0.98], P = 0.035) (Table 2). Multivariable analysis 

showed that clinical remission at day 30 was achieved in fewer patients with older-onset 

UC than in those with younger-onset UC (adjusted RD, -21.7% [95% CI, -36.1% to -7.2%], 

P = 0.003; adjusted RR, 0.74 [95% CI, 0.59 to 0.93], P = 0.009).  

In the sensitivity analyses, the adjusted RRs of clinical remission at day 30 were 

0.80 (95% CI, 0.67 to 0.96) (P = 0.018) and 0.63 (95% CI, 0.42 to 0.94) (P = 0.026) when 

the cut-off age was defined as 50 years and 70 years, respectively (Supplementary Table 
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S1). The adjusted RR of clinical remission at day 30 was 0.74 (95% CI, 0.59 to 0.93) (P = 

0.009) when the covariates were changed by including CRP values. The adjusted RR of 

clinical remission at day 30 was also 0.74 (95% CI, 0.59 to 0.93) (P = 0.009) when the 

covariates were changed by including body weights. Kaplan-Meier plots of colectomy 

rate were shown in Figure 3. The incidence of 30-day colectomy was 1.8% (7/384) in the 

younger-onset UC and 15.7% (13/83) in the older-onset UC, yielding higher 30-day 

colectomy rate in patients with older-onset UC (crude hazard ratio, 9.47 [3.78 to 23.8], 

P < 0.001; adjusted hazard ratio, 16.7 [95% CI, 5.71 to 48.8], P < 0.001) when initiation 

of rescue treatment as not failure. Moreover, older-onset UC had a poorer outcome 

compared to younger-onset UC even from the intravenous steroid dose-stratified 

analysis as shown in Supplementary Table S2. 

 

Clinical outcomes at day 3 and day 7 

The total number of patients who achieved clinical remission at day 3 and day 7 were 68 

(14.6%) and 163 (34.9%), respectively. Initial response to intravenous steroid treatment 

was poorer in older-onset UC than in younger-onset UC both at day 3 (10.8% vs. 15.4%; 

adjusted RR, 0.64 [95% CI, 0.32 to 1.28], P = 0.206) and day 7 (26.5% vs. 36.7%; adjusted 

RR, 0.69 [95% CI, 0.47 to 1.02], P = 0.062); however, these differences were not 
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significant (Table 2). 

 

Clinical outcomes at day 90 

The total number of patients who achieved clinical remission at day 90 and steroid-free 

remission at day 90 were 287 (61.5%) and 157 (33.6%), respectively. Clinical remission 

at day 90 was observed in 243 (63.3%) younger-onset UC patients and 44 (53.0%) older-

onset UC patients (crude RR, 0.84 [95% CI, 0.67 to 1.04], P = 0.109). Multivariable 

analysis showed that remission was achieved in fewer patients with older-onset UC than 

in those with younger-onset UC (adjusted RR, 0.81 [95% CI, 0.64 to 1.01], P = 0.065); 

however, this difference was not significant (Table 2). Steroid-free remission at day 90 

was observed in 128 (33.3%) younger-onset UC patients and 29 (34.9%) older-onset UC 

patients (crude RR, 1.05 [95% CI, 0.76 to 1.45], P = 0.777). Multivariable analysis showed 

that this achievement was similar in both groups (adjusted RR, 1.07 [95% CI, 0.76 to 1.50], 

P = 0.719) (Table 2). 

Overall, 29 (6.2%) patients required surgery within 90 days. Kaplan-Meier plots 

of colectomy rate are shown in Figure 3. Twelve (3.1%) younger-onset UC patients and 

17 (20.5%) older-onset UC patients required surgery within 90 days (crude RR, 6.55 [95% 

CI, 3.25 to 13.21], P < 0.001). The risk for surgery was higher in older-onset UC according 
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to multivariable analysis (adjusted RR, 8.92 [95% CI, 4.13 to 19.27], P < 0.001) (Table 2). 

This higher risk of surgery in patients with older-onset UC was seen even though the 

proportions of biologics used after initiation of intravenous steroid treatment were 

similar between the two groups. 

Overall, 56 (12.0%) patients experienced adverse events. More specifically, 

adverse events were observed in 35 (9.1%) younger-onset UC patients and 21 (25.3%) 

older-onset UC patients (crude RR, 2.78 [95% CI, 1.71 to 4.52], P < 0.001). The risk of 

adverse events was higher in older-onset UC according to multivariable analysis 

(adjusted RR, 2.19 [95% CI, 1.22 to 3.92], P = 0.008) (Table 2). In a stratified analysis of 

the dose of intravenous steroids, there was a higher incidence of adverse events in older-

onset UC patients who used ≥ 60 mg/day (Supplementary Table S3). There were 4 (0.9%) 

deaths, 48 (10.3%) infections, and 8 (1.7%) venous thromboses in this study, and older-

onset UC patients had a higher risk of all of these events (Table 2). The causes of death 

were pneumocystis pneumonia, bacterial pneumonia, stroke, and multiple organ failure 

due to uncontrolled UC, all of which were observed in older-onset UC. 

 

Comparison of young UC, older individuals with younger-onset UC, and older 

individuals with older-onset UC 
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We identified 351 (75.2%) young UC cases, 33 (7.1%) older individuals with younger-

onset UC, and 83 (17.8%) older individuals with older-onset UC. Their baseline 

characteristics are shown in Table 3. Using young UC as a reference, the achievement of 

clinical remission at day 30 was similar in older individuals with younger-onset UC 

(adjusted RD, -3.5% [95% CI, -22.6% to 15.6%], P = 0.718; adjusted RR, 0.91 [95% CI, 0.68 

to 1.23], P = 0.548), whereas it was lower in older individuals with older-onset UC 

(adjusted RD, -22.0% [95% CI, -36.6% to -7.4%], P = 0.003; adjusted RR, 0.73 [95% CI, 

0.58 to 0.92], P = 0.008) (Table 4).  

Clinical remission at day 3 and day 7 showed similar results to clinical remission 

at day 30. Compared with young UC, older individuals with older-onset UC had poorer 

outcomes, while older individuals with younger-onset UC did not (Table 4). 

Compared with young UC, achievement of clinical remission at day 90 was lower 

in older individuals with younger-onset UC and in older individuals with older-onset UC, 

but the achievement of steroid-free remission at day 90 was lower only in older 

individuals with younger-onset UC (Table 4). The proportion of patients who 

discontinued steroids by day 90 was 53.6% (120/224) in young UC, 42.1% (8/19) in older 

individuals with younger-onset UC, and 65.9% (29/44) in older individuals with older-

onset UC. We found that the age of onset, rather than age at initiation of treatment, was 
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associated with a higher risk of surgery within 90 days (adjusted RR, 9.25 [95% CI, 4.24 

to 20.19], P < 0.001) as well as of adverse events within 90 days (adjusted RR, 2.32 [95% 

CI, 1.29 to 4.18], P = 0.005) (Table 4 and Supplementary Table S4). 
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DISCUSSION 

In this multicentre cohort study, older-onset UC patients had a lower effectiveness of 

intravenous steroid treatment, with higher risks of surgery and adverse events, than 

younger-onset UC patients. Moreover, we demonstrated that the treatment outcomes 

were associated with age of onset rather than with age at initiation of the treatment in 

older UC patients, based on an analysis of older individuals with younger-onset UC and 

older individuals with older-onset UC. 

Our results were consistent with the findings of a recent meta-analysis13, which 

showed a poor prognosis with a higher risk of surgery in cases with older-onset UC than 

in those with younger-onset UC. No previous study has specifically assessed the 

effectiveness and safety of intravenous steroid treatment for patients with older-onset 

UC, and our findings clearly suggests that one of the reasons for the poor prognosis in 

patients with older-onset UC is the lower effectiveness of intravenous steroid treatment, 

which is one of the important treatment options for a severe course of UC. A few 

previous studies have examined the association between older age and effectiveness of 

steroid treatment in UC16, 21-23, but no clear association has been reported; this is 

different from the present results. Possible explanations for the discrepancy in the 

results may have occurred because previous studies did not separate oral and 
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intravenous administration in their evaluation16, 21-22 or because they did not 

differentiate older UC patients into younger-onset and older-onset23. In our study, we 

focused on UC patients who underwent intravenous steroid treatment, and we clearly 

separated older UC patients according to age of onset. As a result, the effectiveness of 

intravenous steroid treatment for induction of remission was similar in older individuals 

with younger-onset UC, but was lower with a high risk of surgery in older individuals with 

older-onset UC, compared with young UC. 

The outcome of intravenous steroid treatment was worse in patients with older-

onset UC for some possible reasons. First, disease heterogeneity due to differences in 

the respective contributions of genetic susceptibility, environmental factors, and 

commensal gut microbiota, depending on age of onset, suggests differences in 

dysregulated immune responses8, which may lead to different phenotypes of disease or 

responses to intravenous steroid treatment. The lower effectiveness of intravenous 

steroid treatment in older-onset UC may indicate a phenotype with a biologically more 

severe course of disease that cannot be explained by factors that were considered as 

variables in this study8,10,13-14. Another possible explanation is that, in the dysregulated 

immune response in older-onset UC, there may be a mechanism by which 

immunosuppression with intravenous steroid treatment is not effective. Unfortunately, 
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we did not have data on regarding differences in genetic susceptibility, environmental 

factors, and commensal gut microbiota in this study. Thus, further research is needed to 

evaluate the influence of these factors on disease phenotype and on the response to 

intravenous steroid treatment. Second, the outcome of older-onset UC may have been 

worse because disease activity was not evaluated properly via endoscopy, which could 

have led to patients with older-onset UC being treated less aggressively with rescue 

treatment. Third, there may have been a higher risk of surgery in patients with older-

onset UC due to the co-existence of cytomegalovirus colitis, diverticular colitis, or 

ischaemia. However, the data on histological examination for cases of colectomy is 

lacking in this study, and further studies are required to evaluate risk of surgery from co-

existent diseases. 

The present study showed that older individuals with older-onset UC 

successfully achieved steroid-free remission at day 90 rather than older individuals with 

younger-onset UC, which was different from the results of clinical remission at day 30. 

This may indicate that, in older individuals with older-onset UC, inducing remission is 

difficult but maintaining remission after induction is successful. This finding was 

consistent with a previous study that showed that maintenance treatment drugs such as 

immunomodulators are more effective and can successfully maintain steroid-free clinical 

主論⽂ 



 

remission in older-onset UC, compared with younger-onset UC21. However, our results 

may have been caused by differences in clinical practices such as steroid tapering 

schedules or steroid-sparing maintenance drug usage. In fact, the proportion of patients 

who discontinued steroids by day 90 was higher in older-onset UC than in younger-onset 

UC, suggesting that steroids may have been tapered as early as possible due to concerns 

of adverse events in older-onset UC patients. This may be one reason why the proportion 

of steroid-free remission in younger-onset UC was not different from that in patients 

with older-onset UC. Further research regarding steroid tapering schedules and 

maintenance therapy after induced remission for older UC patients is needed. 

There was a higher risk of adverse events in older-onset UC than younger-onset 

UC; this finding was consistent even when we performed additional analyses with older 

individuals with older-onset UC and older individuals with younger-onset UC. Among the 

adverse events, death and venous thrombosis were almost exclusively observed in older-

onset UC, which may support a complicated course of the disease among these patients. 

Moreover, there was a higher incidence of adverse events in older-onset UC patients 

who used higher doses of intravenous steroids39. Our findings that the effectiveness and 

safety of intravenous steroid treatment depended on the age of onset could assist in 

better management of disease by allowing an appropriate treatment response 
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prediction and monitoring with consideration of different effects of the treatment. More 

evidence regarding medical treatment other than intravenous steroid treatment based 

on age of onset may also be required. 

Our study had some limitations. First, unmeasured confounders, particularly in 

confounding by indication, may have had some influence on the observed high risk of 

surgery in older-onset UC. The risk of surgery in the present study was higher than that 

reported in a previous meta-analysis (odds ratio, 1.36 [95% CI, 1.18 to 1.57])13, which 

may be partly because older patients with UC refractory to intravenous steroid 

treatment has undergone surgery without going through salvage therapies due to 

concerns of delay in surgery. Limiting the study participants to moderate-to-severe UC 

patients who required intravenous steroid treatment may have also contributed to the 

observed higher risk of surgery. Second, the possibility of other unmeasured 

confounders such as concomitant drugs (e.g., proton pump inhibitors and sartans) and 

detailed nutritional status (e.g., serum albumin) are also an issue of concern, although 

we considered the most well-known potential confounders in the analysis. Third, 

treatment effect was evaluated by scoring only based on symptoms rather than on 

objective measures such as endoscopy and histology due to the retrospective nature of 

the study. The lack of these data is an important limitation because there may have been 
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discrepancies between PRO2 score and endoscopic/histologic findings, and it is unclear 

whether disease activity was evaluated accurately at proper timings or whether co-

existent diseases such as cytomegalovirus colitis, diverticular colitis, or ischaemia 

affected outcomes. Further prospective research may be required to evaluate the effect 

of treatment using such measures. Fourth, we do not have the data regarding access to 

healthcare and thus cannot evaluate whether a delay in diagnosis of older-onset UC led 

to the worse outcome. However, the disease severity at time of initiation of intravenous 

steroid treatment was similar between patients with older-onset UC and those with 

younger-onset UC and was adjusted as covariates in the analysis of this study. 

In conclusion, older-onset UC showed a lower effectiveness of intravenous 

steroid treatment with higher risks of surgery and of adverse events than younger-onset 

UC. Further research is warranted to establish the optimal treatment strategies for 

moderate-to-severe older-onset UC. 
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Figure legends 

Figure 1. Study flow chart and numbers of patients.  

 

Figure 2. Proportion of patients with clinical remission at day 30 according to age of 

onset, grouped by every 10 years of age.  

 

Figure 3. Kaplan-Meier plots of colectomy rate.  
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Table 1. Baseline characteristics of the study participants 

 Younger-onset UC (n=384) Older-onset UC (n=83) 

Male (n, %) 234 (60.9) 50 (60.2) 

Body weight (mean in kg, SD) 58.0 (12.6) 56.1 (10.6) 

Age of onset (median in years, IQR) 32 (22–44) 68 (63–72) 

Disease duration (median in months, IQR) 18 (1–80.5) 2 (0–28) 

   0 ≤ duration < 1 month (n, %) 54 (14.1) 26 (31.3) 

   1 ≤ duration < 12 months (n, %) 117 (30.5) 31 (37.4) 

   12 months ≤ duration (n, %) 213 (55.5) 26 (31.3) 

Disease extent   

   Proctitis (n, %) 3 (0.8) 0 (0) 

   Left-sided colitis (n, %) 65 (16.9) 20 (24.1) 

   Extensive colitis (n, %) 316 (82.3) 63 (75.9) 

Disease severity (Truelove and Witts criteria)   

   Moderately severe (n, %) 218 (56.8) 46 (55.4) 

   Acute severe (n, %) 166 (43.2) 37 (44.6) 

PRO2 total score (median, IQR) 5 (4–6)  5 (3–6) 

   Stool frequency subscore (median, IQR) 3 (3–3) 3 (2–3) 

   Rectal bleeding subscore (median, IQR) 2 (1–3) 2 (1–3) 

Concomitant drugs   

   5-aminosalicylic acid (n, %) 314 (81.8) 64 (77.1) 

   Immunomodulators (n, %) 28 (7.3) 1 (1.2) 

   NSAIDs (n, %) 20 (5.2) 5 (6.0) 

   Anticoagulant drugs (n, %) 5 (1.3) 3 (3.6) 

   Antiplatelet drugs (n, %) 6 (1.6) 5 (6.0) 

History of oral steroid use (n, %) 139 (36.4) 17 (20.7) 

History of biologic use (n, %) 8 (2.1) 3 (3.6) 

Charlson comorbidity index ≥ 1 (n, %) 37 (9.6) 35 (42.2) 

Current smoker (n, %) 92 (25.3) 32 (40.0) 

CRP (median in mg/L, IQR) 63 (21–125) 71 (28–121) 

Initial dose of steroid (mean in mg, SD) 54.1 (11.1) 51.7 (10.7) 

University hospital (n, %) 313 (81.5) 64 (77.1) 

UC denotes ulcerative colitis; IQR, interquartile range; SD, standard deviation; PRO2, two-item patient-reported outcome; NSAIDs, 

non-steroidal anti-inflammatory drugs; CRP, C-reactive protein. 

Missing data on current smoker in 23 (4.9%) participants, history of oral steroids use in 3 (0.6%) participants, and CRP in 2 (0.4%) 
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participants, and body weight in 4 (0.9%) participants. 
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Table 2. Summary of primary and secondary outcomes of younger-onset UC and older-

onset UC 

 Younger-onset UC 

(n=384) 

Older-onset UC 

(n=83) 
Crude RR (95% CI) Adjusted† RR (95% CI) 

Primary outcome     

Clinical remission at day 30 (n, %) 252 (65.6) 43 (51.8) 0.79 (0.63–0.98) 0.74 (0.59–0.93) 

Secondary outcomes     

Clinical remission at day 3 (n, %) 59 (15.4) 9 (10.8) 0.71 (0.36–1.37) 0.64 (0.32–1.28) 

Clinical remission at day 7 (n, %) 141 (36.7) 22 (26.5) 0.72 (0.49–1.06) 0.69 (0.47–1.02) 

Clinical remission at day 90 (n, %) 243 (63.3) 44 (53.0) 0.84 (0.67–1.04) 0.81 (0.64–1.01) 

Steroid-free remission at day 90 (n, %) 128 (33.3) 29 (34.9) 1.05 (0.76–1.45) 1.07 (0.76–1.50) 

Required surgery within 90 days (n, %) 12 (3.1) 17 (20.5) 6.55 (3.25–13.21) 8.92 (4.13–19.27) 

Adverse events within 90 days (n, %) 35 (9.1) 21 (25.3) 2.78 (1.71–4.52) 2.19 (1.22–3.92) 

Death‡ (n, %) 0 (0) 4 (4.8)   

Infection (n, %) 33 (8.6) 15 (18.1)   

Venous thrombosis (n, %) 2 (0.5) 6 (7.2)   

UC denotes ulcerative colitis; RR, risk ratio; CI, confidence interval. 

†Adjusted for sex, disease duration, disease extent, disease severity, comorbidity, use of concomitant drugs (5-aminosalicylic acid, 

immunomodulators, non-steroidal anti-inflammatory drugs, anticoagulant drugs, and antiplatelet drugs), and smoking status. 

‡ The causes of death: pneumocystis pneumonia, bacterial pneumonia, stroke, and multiple organ failure due to uncontrolled UC. 
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Table 3. Baseline characteristics of young UC, older individuals with younger-onset UC, 

and older individuals with older-onset UC 

 Young (< 60 years)  Older individuals (≥ 60 years) 

 Younger-onset UC 

(n=351) 
 

Younger-onset UC 

(n=33) 

Older-onset UC 

(n=83) 

Male (n, %) 216 (61.5)  18 (54.6) 50 (60.2) 

Body weight (mean in kg, SD) 58.4 (12.7)  54.7 (10.8) 56.1 (10.6) 

Age of onset (median in years, IQR) 30 (21–42)  52 (47–58) 68 (63–72) 

Disease duration (median in months, IQR) 13 (1–65)  150 (48–259) 2 (0–28) 

   0 ≤ duration < 1 month (n, %) 54 (15.4)  0 (0) 26 (31.3) 

   1 ≤ duration < 12 months (n, %) 114 (32.5)  3 (9.1) 31 (37.4) 

   12 months ≤ duration (n, %) 183 (52.1)  30 (90.9) 26 (31.3) 

Disease extent                 

   Proctitis (n, %) 3 (0.9)  0 (0) 0 (0) 

   Left-sided colitis (n, %) 55 (15.7)  10 (30.3) 20 (24.1) 

   Extensive colitis (n, %) 293 (83.5)  23 (69.7) 63 (75.9) 

Disease severity (Truelove and Witts criteria)                 

   Moderately severe (n, %) 195 (55.6)  23 (69.7) 46 (55.4) 

   Acute severe (n, %) 156 (44.4)  10 (30.3) 37 (44.6) 

PRO2 total score (median, IQR) 5 (4–6)  5 (4–5)    5 (3–6) 

   Stool frequency subscore (median, IQR) 3 (3–3)  3 (3–3) 3 (2–3) 

   Rectal bleeding subscore (median, IQR) 2 (2–3)  2 (1–3) 2 (1–3) 

Concomitant drugs                 

   5-aminosalicylic acid (n, %) 286 (81.5)  28 (84.9) 64 (77.1) 

   Immunomodulators (n, %) 27 (7.7)  1 (3.0) 1 (1.2) 

   NSAIDs (n, %) 17 (4.8)  3 (9.1) 5 (6.0) 

   Anticoagulant drugs (n, %) 3 (0.9)  2 (6.1) 3 (3.6) 

   Antiplatelet drugs (n, %) 6 (1.7)  0 (0) 5 (6.0) 

History of oral steroid use (n, %) 122 (35.0)  17 (51.5) 17 (20.7) 

History of biologic use (n, %) 8 (2.3)  0 (0) 3 (3.6) 

Charlson comorbidity index ≥ 1 (n, %) 27 (7.7)  10 (30.3) 35 (42.2) 

Current smoker (n, %) 86 (25.8)  6 (20.0) 32 (40.0) 

CRP (median in mg/L, IQR) 65 (21–125)  61 (22–130) 71 (28–121) 

Initial dose of steroid (mean in mg, SD) 54.4 (11.2)  51.2 (9.6) 51.7 (10.7) 
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University hospital (n, %) 290 (82.6)  23 (69.7) 64 (77.1) 

UC denotes ulcerative colitis; IQR, interquartile range; SD, standard deviation; PRO2, two-item patient-reported outcome; NSAIDs, 

non-steroidal anti-inflammatory drugs; CRP, C-reactive protein. 

Young UC was defined as age at initiation of intravenous steroids < 60 years and age of disease onset < 60 years. 

Older individuals with younger-onset UC was defined as age at initiation of intravenous steroids ≥ 60 years and age of disease onset 

< 60 years. 

Older individuals with older-onset UC was defined as age at initiation of intravenous steroids ≥ 60 years and age of disease onset ≥ 

60 years. 

Missing data on current smoker in 23 (4.9%) participants, history of oral steroids use in 3 (0.6%) participants, and CRP in 2 (0.4%) 

participants, and body weight in 4 (0.9%) participants. 
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Table 4. Differences in clinical outcomes among young UC, older individuals with 

younger-onset UC, and older individuals with older-onset UC 

 Young (< 60 years)  Older individuals (≥ 60 years) 

 Younger-onset UC 

(n=351) 
 

Younger-onset UC 

(n=33) 

Older-onset UC 

(n=83) 

Primary outcome               

Clinical remission at day 30               

     Number of events (n, %) 230 (65.5)  22 (66.7) 43 (51.8) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  0.91 (0.68–1.23) 0.73 (0.58–0.92) 

Secondary outcomes     

Clinical remission at day 3            

     Number of events (n, %) 52 (14.8)  7 (21.2) 9 (10.8) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  0.97 (0.42–2.20) 0.64 (0.32–1.27) 

Clinical remission at day 7               

     Number of events (n, %) 126 (35.9)  15 (45.5) 22 (26.5) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  1.14 (0.72–1.81) 0.70 (0.48–1.04) 

Clinical remission at day 90              

     Number of events (n, %) 224 (63.8)  19 (57.6) 44 (53.0) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  0.73 (0.52–1.02) 0.78 (0.62–0.99) 

Steroid-free remission at day 90      

     Number of events (n, %) 120 (34.2)  8 (24.2) 29 (34.9) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  0.47 (0.23–0.94) 1.01 (0.71–1.42) 

Required surgery within 90 days      

     Number of events (n, %) 11 (3.1)  1 (3.0) 17 (20.5) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  1.93 (0.25–14.95) 9.25 (4.24–20.19) 

Adverse events within 90 days      

     Number of events (n, %) 30 (8.6)  5 (15.2) 21 (25.3) 

        Death (n, %) 0 (0)  0 (0) 4 (4.8) 

        Infection (n, %) 28 (8.0)  5 (15.2) 15 (18.1) 

        Venous thrombosis (n, %) 2 (0.6)  0 (0) 6 (7.2) 

     Risk ratio (adjusted†, 95% CI) 1 [Reference]  1.62 (0.68–3.88) 2.32 (1.29–4.18) 

UC denotes ulcerative colitis; CI, confidence interval. 

†Adjusted for sex, disease duration, disease extent, disease severity, comorbidity, use of concomitant drugs (5-aminosalicylic acid, 

immunomodulators, non-steroidal anti-inflammatory drugs, anticoagulant drugs, and antiplatelet drugs), and smoking status.  
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