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Background: The natural history of ulcerative colitis (UC) has been poorly studied in 

children.

Methods: We performed a retrospective study in children diagnosed with UC with a follow-up. 

The diagnosis of UC was based on clinical, radiologic, endoscopic, and histologic examinations. 

We estimated the occurrence of colectomy, proctitis, and extraintestinal manifestations (EIMs) 

at the onset of the diagnosis and at the end of the study period.

Results: We identified 115 UC patients between 1986 and 2003 with a mean age at diagnosis of 

10.6 ± 5.1 years. The cumulative rate of colectomy was 4.1% at 1 year, and 16% at 10 years. EIMs 

were experienced by 20% of the children; 48% had arthritis, 35% had sclerosing cholangitis, 

and 17% had aphthous stomatitis. Proctitis was noted in 29 patients and it was not associated 

with an increased risk of colectomy (relative risk  = 1.4; 95% CI = 0.7–4.5), and girls were twice 

more likely to develop proctitis. The pathologic reading for disease extensions was recorded 

for all children at entry and only 62 children had pathological results at maximum follow-up. 

At entry, 25% of the children only had ulcerative proctitis (E1) localization, 40% had left-sided 

UC (E2), and 35% had extensive UC (E3). Among the patients with E1 localization, 20% had 

progressed to E2 and 80% had progressed to E3; among the patients with E2 localization, 

40% had progressed to E3. Age, gender, and EIMs at time of diagnosis were not associated 

with extension of disease at maximal follow-up. The Z score of body mass index (BMI) of 

children was significantly higher at the end of the study. At diagnosis, 85% of patients received 

5-aminosalicyclic acid, 60% received steroids, and 11% received an immunomodulator. The 

majority of patients were still using systemic steroids at and after 5 years from their entry date. 

Only 32 of the 91 children on steroids did not receive an immunomodulator.

Conclusion: Pediatric UC is associated with high rates of EIMs and colectomy that are not 

dependent on age, gender, or race, but is associated with a high rate of proctitis among girls. 

Understanding the clinical course of UC can optimize therapeutic interventions.
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Introduction
The epidemiology of inflammatory bowel diseases (IBD) has been well studied in 

adults; however, information regarding children is still scanty. Understanding the 

epidemiology of IBD in pediatrics is required to comprehend the natural history of 

the disease. Several studies have shown rising incidence of pediatric Crohn’s disease 

(CD) over the last several years; however, the incidence of ulcerative colitis (UC) has 

remained stable or marginally decreased.1–9 UC disease has an early onset; children 

could be at high risk of disease complications, surgery, and develop extraintestinal 
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manifestations (EIMs). Therefore, there is a great need to 

study the natural history of UC to optimize therapeutic 

management and intervention.

It has been recommended to use mesalamine for treating 

UC in the pediatric population as the first course of action 

before moving onto immunomodulators or biologics.10–12 

Until today, the natural history of UC in children is not 

extensively studied.13,14 Children with UC represent a unique 

cohort of patients to investigate because of the initial host 

immune response, need for early intervention, and the natural 

history of the disease.15–18 Therefore, we aimed to study the 

natural history of UC among children to characterize the 

clinical course of the disease and to identify possible factors 

associated with surgery, EIMs, proctitis, and use of current 

therapy in a population-based pediatric cohort identified in 

the IBD Registry at the Texas Children’s Hospital (TCH). 

Because of the unknown etiology of the disease, there is 

a great need in the pediatric population to examine the 

predictive factors in the course of UC that can be used to 

improve therapeutic interventions.

Materials and methods
Patient population
A retrospective epidemiologic investigation was conducted 

to identify a cohort of children diagnosed with IBD and 

registered in the IBD Center at TCH. The hospital is located 

in the Greater Houston Metropolitan Area which consists of 

ten counties with a diverse racial and ethnic population of 

5.5 million.19,20 Our study included children with a confirmed 

diagnosis of IBD.

A cohort of children diagnosed with UC was studied from 

the period of 1986 to 2003. Cases were identified through a 

computer program that generated the database for the studied 

cohort. UC diagnoses were based on clinical, radiological, 

endoscopic, and histological criteria.21,22 The IBD registry 

obtained institutional review board approval for the protocol. 

Informed consent and assent were obtained from parents and 

patients before entry of patient’s information into the registry.

Data collection
Demographic data obtained included month of birth, gender, 

and race/ethnic background. Anthropomorphic data (height 

and weight) were documented for each visit and corresponding 

body mass indices (BMIs) were determined. BMI/age and 

height/age Z scores were calculated. Medications reviewed 

included the following: azulfidine, 5-aminosalicylic acids 

([5-ASA] oral, enema, or suppository), steroids (oral 

prednisone or prednisolone), antibiotics (eg, metronidazole), 

immunomodulators (azathioprine [AZA], 6-mercaptopurine, 

methotrexate, and cyclosporine), and infliximab. Patients 

were classified as having been exposed to medication if 

it was started at any time from diagnosis or during the 

follow-up period.

Outcome measures/variables descriptions
Disease diagnosis and distribution were identified based on 

a review of all endoscopy, pathology, and radiology records. 

We estimated the occurrence of colectomy, presence of 

proctitis, and EIMs at the onset of the diagnosis and at the 

end of the study period. EIMs were defined as arthritis, 

aphthous stomatitis, arthralgia, erythema nodosum, skin 

lesions, and/or primary sclerosing cholangitis. Diagnosis 

of EIMs was decision of the specialist physician at TCH. 

UC localization at diagnosis and maximal follow-up 

was classified according to the Montreal classification.23 

Ulcerative proctitis (E1) was defined as involvement limited 

to the rectum (ie, proximal extent of inflammation distal to 

the rectosigmoid junction). Left-sided UC (E2) was defined 

as involvement limited to the portion of the colorectum 

distal to the splenic flexure. Extensive UC (E3) was defined 

as involvement extending proximally to the splenic flexure. 

Osteoporosis/osteopenia was counted as disease outcome 

for UC and was diagnosed based on dual energy X-ray 

absorptiometry (DEXA) scan.

Statistical analysis
Each patient’s initial visit was logged as their enrollment visit 

and all subsequent visits were logged as follow-up visits. 

Patients with no follow-up visits or one follow-up visit that 

occurred less than 1 year after enrollment were excluded. 

The cumulative risk of colectomy was estimated by the 

Kaplan–Meier method, and risk factors for colectomy were 

estimated with Cox hazards proportional models. The 95% 

confidence intervals (CIs) were calculated, assuming a 

Poisson distribution of cases.

The time interval between the initial and final visits was 

determined and the corresponding change in the BMI and 

height Z scores was calculated. Paired and unpaired t-tests 

were used to compare BMI and height Z scores.

Results
Population characteristics of UC 
(1986 to 2003)
Between 1986 and 2003, 120 children had UC, with a median 

follow-up time of 4.4 ± 2.1 years. Five patients diagnosed 

with UC were lost to follow-up. Among the remaining 
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UC patients, 115 had a follow-up time equal to or greater 

than 2 years and included 52 males and 63 females (male: 

female ratio of 0.8:1), with a mean age at diagnosis of 

10.6 ± 5.1 years with no significant difference between boys 

and girls (8.4 ± 5.3 years and 10.7 ± 5.0 years, respectively, 

P = 0.81). There were 92 (80%) Caucasians and the other 

20% were divided between Hispanics, African Americans, 

and Asians.

Extraintestinal manifestations (EIMs)
Twenty three patients (20%) experienced one or more EIMs 

of whom eleven (48%) were diagnosed with arthritis (axial, 

peripheral, or both), eight (35%) had sclerosing cholangitis, 

and four (17%) had aphthous stomatitis. Among children 

with EIMs, 14 (61%) patients had EIMs at baseline, nine 

(39%) patients developed EIMs during the follow-up period, 

and three (13%) patients had more than one EIM. Because 

of the controversy of inclusion of osteopenia/osteoporosis 

as EIMs, they were excluded at the study entry and were 

considered as postdiagnostic EIMs. There were four children 

diagnosed with osteoporosis or osteopenia after the onset of 

diagnosis of UC (3.5%). EIMs were not associated with age 

or gender; however, children with EIMs had longer duration 

of follow-up than those without EIMs (5.2 ± 2.6 years versus 

3.1 ± 2.2 years, respectively).

Proctitis and disease extension
From the initial visit to the end point of the study, proctitis 

was noted in 29 patients (25%) and it was not associated with 

an increased risk of colectomy (OR = 1.4; 95% CI = 0.7–4.5). 

A significant gender difference was noted as almost twice 

as many girls were diagnosed with proctitis than boys (30% 

versus 17%, respectively, P  =  0.043). The mean age at 

diagnosis of proctitis was 10.1 ± 5.6 years and girls tended 

to be older when diagnosed with proctitis then boys (mean 

age of 10.6 ± 5.8 years versus 8.5 ± 5.2 years, respectively, 

P = 0.062).

The pathologic reading for disease extensions was 

recorded for all children at entry and only 62 children had 

pathological results at maximum follow-up. At entry, 25% of 

children had E1 localization, 40% had E2, and 35% had E3. 

Among patients with E1 localization, 20% had progressed 

to E2 and 80% had progressed to E3; among patients with 

E2 localization, 40% had progressed to E3. Age, gender, 

and EIMs at time of diagnosis were not associated with 

extension of disease at maximal follow-up (OR = 1.3, 95% 

CI = 0.3–4.2, P = 0.54; OR = 1.3, 95% CI = 0.4–3.2, P = 0.65; 

and OR = 1.1, 95% CI = 0.4–2.8, P = 0.81, respectively).

Colectomy
Twenty patients underwent surgery at least once during the 

study period (six patients had partial colectomy and 14 had 

total colectomy), resulting in a crude colectomy rate of 17%. 

In a Kaplan–Meier analysis, the probability of colectomy 

significantly increased from 4.1% at 1 year to 16% at 10 

years (Figure 1). In univariate analysis, EIMs at diagnosis 

were not significantly associated with increased risk of need 

for surgery (OR = 1.4; 95% CI = 0.3–4.0). Boys were two 

times more likely to undergo colectomy than girls (OR = 2.1, 

95% CI = 1.1–8.2, P = 0.04). Age, time between onset of 

symptoms, and diagnosis were not associated with surgery.

BMI
We characterized the growth pattern of children with UC at 

both their initial presentation and maximal follow-up. The 

mean height Z score for children with UC decreased slightly 

from the initial to final visit (−0.11 ± 1.14 versus −0.17 ± 1.12, 

P  =  0.35). However, the mean BMI Z score increased 

from −0.04 ± 1.43 to 0.31 ± 1.07 (P , 0.001).

Medical treatment received at initial 
and at maximal follow-up
At entry, 85% of the patients received treatment with oral 

5-ASA medications, 60% received oral steroids, 11% received 

immunomodulators (eg, 6-mercaptopurine/imuran), and 11% 

received antibiotics. The use of antibiotics had doubled by the 

last follow-up period (Figure 2). Subanalysis revealed that 

the use of antibiotics was correlated to colectomy as many 

children with severe colitis who underwent colectomy were 

prescribed antibiotics.

The number of patients who received systemic steroids 

remained quite high as the majority of them were still 

using steroids at and after 5 years from the entry date. We 

further examined characteristics of patients on steroids 

and immunomodulators. Of the 91  subjects on steroids 

during the study period, 32 (35%) did not receive an 

immunomodulator. However, only five of the 63  subjects 

(8%) on an immunomodulator did not require steroids 

during the follow-up period. Rectal 5-ASAs were being 

prescribed at study entry and its use increased over the study 

period suggesting that these patients continued to have distal 

disease. None of the patients had received infliximab at the 

beginning of the study as the drug was approved for use in 

the US in 1998. Six patients received infliximab in 1998; 

one patient started in the first year from diagnosis, two in 

the second year, two in the fourth year, and one in the fifth 

year from diagnosis.
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Discussion
The main strength of this study is due to its population-

based design and the availability of detailed clinical 

information over time in the Pediatric IBD Registry. 

Diagnosis of UC was confirmed by colonoscopy and 

histological evaluation. All patients included in the analysis 

had at least 2 years of follow-up. Our findings suggest that 

the natural course of pediatric UC is severe for several 

reasons. First, the colectomy rate was 14% at 5 years and 

16% at 10 years which reflects the severity of the cases in 

spite of therapies that led to the surgical intervention during 

the study period. However, our study was performed in 

the era before the introduction of biologic therapy as none 

of our subjects had received biologic therapy as a first line 

of therapy. Future studies are needed to address the effect of 

biologics on the rate of colectomy. Our results revealed 

that boys were twice more likely to have a colectomy as 

girls. It is possible that surgery in girls is often delayed or 

attempts are made to avoid it due to the risk of decreased 

fertility, especially with ileal pouch anal anastomosis. This 

finding was not consistent with Gower-Rousseau et al who 

reported no gender effect on the colectomy rate among a 

cohort of children with UC in France.14 Although both 

studies were conducted in pediatric populations and had 

comparable population size, the demographics and methods 

used varied.

Second, 20% of the studied children had one or more 

EIMs, and these mostly related to joint inflammation. 

These results are comparable to what was previously 

reported among UC children in the US.24–26 The study 
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by Heyman et  al reported 25% EIMs in the total study 

population with no difference in the incidence of EIMs 

by IBD type.27 Our results revealed no age or race effect 

on the incidence of EIMs, which is consistent with other 

studies that reported no differences in symptom presenta-

tion and EIMs between Caucasians and African American 

pediatric patients.25,26 Moreover, we found that children with 

EIMs had longer duration of follow-up years than children 

without EIMs, potentially reflecting higher disease sever-

ity that prolonged the follow-up visits in this group. The 

results showed an incidence rate of 3.5% for abnormal bone 

density manifested as either osteopenia or osteoporosis post 

diagnosis of IBD. These could result from multiple fac-

tors including malabsorption of calcium and/or vitamin D 

(although less likely in UC compared to CD), steroid use, 

significant disease activity, and elevation of inflammatory 

cytokines.27–29 Although the pathogenesis of osteopenia/

osteoporosis is poorly understood in these patients, bone 

mineralization disorders can occur even without exposure 

to steroids.29

Of the studied children, 25% had proctitis during the 

study period and age had no effect on developing proctitis. 

This observation is not consistent with Heyman et al who 

reported that older patients with UC demonstrated more 

cases of proctitis than younger patients with UC.30 This 

difference could be due to a difference in locations of the 

studied population or a difference in the use of diagnostic 

methods for UC. It is still not clear why girls were two times 

more likely to have proctitis than boys. Since this observation 

was not previously reported, it deserves further investigation. 

The low proportion of proctitis in our study is evidence for 

the validity of our results as it has been long considered 

in the literature that the proportion of proctitis is a good 

marker for the completeness of collection of UC cases in 

epidemiological studies.31

Our findings of the initial extent of the disease were simi-

lar to that found in other pediatric studies.32,33 However, other 

recent studies have reported a higher rate (.80%) of E3 

location at diagnosis.2,34 This conflict in results could be 

because our study was population-based. Patients with less 

severe forms of UC may be seen in private care facilities 

rather than referred to academic centers. Another explana-

tion is that the definition of disease extension in our study 

was based on microscopic evidence of inflammation rather 

than on macroscopic findings.2 The majority of UC cases 

progressed to more proximal parts or more extensive disease 

upon follow-up.

Our study did demonstrate a growth failure among the 

studied children at the time of the diagnosis. However, there 

was slight deterioration of the height Z score and slight 

improvement of the BMI by the end of follow-up period. 

Growth failure among IBD children has been previously 

reported in CD, and occurs more frequently in CD than in UC. 

In UC, growth failure at diagnosis ranged from 0% to 10%, 

while at follow-up this ranged from between 0% and 17%.35–37 

Therefore, growth failure should not be excluded for children 

with UC.

Almost all children in the studied cohort received 

5-ASA at least once over the disease course, in accordance 

with the recent guidelines from the US and Europe that 

recommend 5-ASA as first line therapy in induction of 

response and remission, as well as in maintenance.10–12 

This figure is similar to what was previously reported by 

Gower-Rousseau et al in France.14 At diagnosis and at 1 year, 

60% of the studied cohort received systemic steroids, and 

this percentage remained high as the majority of patients 

were still using it even at 5 years from diagnosis. The use 

of immunomodulators was very low at diagnosis to the 

first year, but increased over the study period. Despite this 

increase in immunomodulator use, steroid use remained 

high as only 8% of children on immunomodulators did not 

take steroids during the follow-up period. Since the majority 

of the patients were on steroids, and 35% did not receive 

immunomodulators, it appears that these patients should be 

stepped up to immunomodulators to avoid complications of 

steroid use. The use of immunomodulators has increased 

more slowly in pediatric UC and its impact on the natural 

history of the disease remains difficult to assess. The 

antibiotic used for the current study was mainly Flagyl as 

it was commonly used for bad flares in conjunction with 

steroids.

The utilization of data for constructing a retrospective 

cohort has some shortcomings. Our study population 

was taken from a single pediatric hospital and there are 

possibilities that more severe cases are referred to academic 

centers. However, TCH is one of the largest children’s 

hospitals in the nation and offers a diverse population that 

closely reflects that of the Texan population. Moreover, there 

are only two private pediatric gastroenterology practices, and 

these opened in the same area in 2000. Another limitation 

of the study is that the information on EIMs at diagnosis of 

IBD was retrospective and there were no standard criteria 

for the definition of each EIM. However, our definition 

for EIMs was based on what is reported in the literature. 
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Additionally, we could not assess the impact of biologics on 

the course of UC due to the small number of patients who 

received infliximab. However, the study period did not allow 

this investigation as the drug was only introduced for clinical 

use in 1998. Finally, the missing information on disease 

severity and disease activity scores could have provided more 

insights to the natural history of the disease in children. The 

retrospective nature of the current epidemiologic study did 

not permit the analysis of these parameters. However, the 

analysis of the current variables over a long period of time 

provided several important findings regarding the natural 

history of UC in children.

This study demonstrates clear evidence that pediatric UC 

is associated with high rates of EIMs and colectomy which 

were not associated with age, gender, or race/ethnicity. It 

was also associated with a high rate of proctitis, especially 

among girls. The majority of UC cases progressed to more 

proximal parts or more extensive disease upon follow-up. It 

is possible that even within the same community different 

cohorts may have different risk factors for presenting with 

UC disease. It is important to study the natural history and 

the clinical course of UC in pediatrics during more recent 

years to compare the prognosis of the disease before and 

after the use of biologics.
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