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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic, immune- 
mediated condition of the gastrointestinal tract classically 
labeled as either Crohn’s disease (CD) or ulcerative colitis 
(UC). CD can affect any part of the GI tract from mouth 
to anus, whereas the inflammation of UC is limited to 
the colon. IBD can present at any age, from infants to the 
elderly. Approximately a third of patients are diagnosed 
during childhood or adolescence.1 Disease phenotype and 
clinical course are highly variable, although it has been 
established that children present with more extensive, com-
plicated disease. In addition to debilitating clinical symp-
toms, younger patients face the emotional challenges that 
come with adjusting to a lifelong illness. Caring for children 
with IBD involves several unique considerations including 
growth, puberty, bone health, and psychosocial factors that 
can impact the child and family unit. 

EPIDEMIOLOGY

The worldwide incidence of IBD is increasing at an alarm-
ing rate, especially in industrialized nations.2,3 A report from 
195 countries found that the United States had the highest 
global prevalence with nearly a quarter of cases residing 
here in 2017.2 A recent systematic review of 130 popula-
tion-based studies from 48 countries reported a rising inci-
dence and prevalence of pediatric IBD worldwide with a 
prevalence rate ranging from 28.3 to 63.6 cases per 100,000 
in North America.4 A dramatic rise in children under the age 
of 6, referred to as very early-onset (VEO) IBD, is also being 
observed.5 Recent estimates suggest that VEO-IBD accounts 
for 15% of pediatric cases.6 These patients are often very 
sick  with severe disease phenotypes that may not respond 
to conventional therapies. 

PATHOGENESIS

The immunopathogenesis of IBD has been attributed to a 
combination of causative factors including genetic predispo-
sition, defects in the innate and adaptive immune system, 
alterations of the gut microbiome and various environmen-
tal exposures.7,8 Genome-wide association studies (GWAS) 
have identified over 200 host susceptibility loci to date.9 
These genetic polymorphisms are associated with a variety 

of immune-mediated pathways within the mucosal immune 
system. Family history of IBD is noted in about 12% of 
patients and susceptibility risk is increased in those with an 
affected first-degree relative.10 The concordance rate among 
monozygotic twins is reported to be approximately 15% and 
35% for CD and UC, respectively.11 Thus, genetic predis-
position is insufficient to explain disease onset and several 
environmental risk factors have been identified.

Environmental risk in IBD seems to be driven by factors 
influencing the gut microbiome. At steady state the intesti-
nal microbiota is comprised of trillions of bacteria, viruses, 
protozoa, and fungi. A number of chronic diseases have been 
associated with alterations in the delicate balance of this 
ecosystem, referred to as dysbiosis. Whether the dysbiosis 
observed in IBD is primary or secondary to the underlying 
intestinal inflammation is still not clear. 

The adult microbiome is set during the first 3 years of life. 
Early life events such as birth method, breastfeeding, and 
exposure to antibiotics have been shown to impact microbi-
ome development. A landmark study showed that the micro-
biome of healthy individuals living in industrialized nations 
(the United States) had a markedly less diverse microbiome 
compared to those residing in under-developed rural com-
munities in Africa and Venezuela.12 IBD is generally a dis-
ease of western civilization with increasing incidence noted 
in newly industrialized nations, suggesting that this base-
line lack of microbial diversity driven by our environment 
is likely itself an important risk factor. One possible expla-
nation of this phenomenon is termed the hygiene hypoth-
esis. This presupposes that industrialization, improved hy- 
giene and lack of enteric pathogen exposures may increase 
risk of developing certain immune-mediated conditions,  
including IBD.13

CLINICAL PRESENTATION 

Children with IBD can present with a variety of signs and 
symptoms. The majority will present with a combination of 
gastrointestinal complaints including abdominal pain, nau-
sea, vomiting, diarrhea or hematochezia. Patients with UC 
typically have blood in the stools at presentation. Signifi-
cant proctitis or inflammation of the rectum is commonly 
seen in UC. This can result in debilitating symptoms such as 
urgency, tenesmus and nocturnal stooling. Younger children 
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with CD are more likely to have colonic involvement and 
the initial presentation can mimic UC. The majority of 
older children and adolescents with CD have inflammation 
to varying degrees in the terminal ileum and colon at pre-
sentation. These patients can present with a spectrum of  
symptoms related to the disease location. 

Weight loss and delayed linear growth is especially con-
cerning in pediatric IBD. Studies suggest that growth fail-
ure occurs in approximately 40% and 10% of children with 
CD and UC, respectively.14,15 Increased metabolic demand, 
poor oral intake, malabsorption, corticosteroid therapy, and 
growth hormone resistance due to chronic inflammation are 
potential contributing factors. Review of an accurate growth 
chart is critical as children can present with an indolent 
decline in growth velocity and/or weight percentiles well 
before symptom onset. Co-morbid obesity should not dis-
suade further evaluation when clinically indicated. Recent 
reports suggest that approximately 30% of children with 
IBD are obese at the time of diagnosis.16

Up to 30% of children with IBD experience extra-intesti-
nal manifestations (EIMs).17 These are reviewed in a separate 
article. 

EVALUATION 

The diagnosis of IBD is based on a combination of clinical, 
serologic, endoscopic, pathologic and radiographic data. 
Initial evaluation should involve a thorough history, phys-
ical exam and review of outpatient growth charts. Pubertal 
assessment via Tanner staging should be completed, when 
appropriate. A supervised perianal inspection should also 
be performed to assess for possible perianal skin tags, fis-
tulae or abscesses. Digital rectal exam is rarely required in  
children with suspected IBD.

Laboratory tests to assess for signs of inflammation and 
disease chronicity are often the first step in evaluation (Table 
1). Up to 20% of children can present with normal labora-
tory values.18 Thus, normal blood work should not deter 
further evaluation when clinically indicated. Esophagogas-
troduodenoscopy (EGD) and Ileo-colonoscopy with biopsies 
provide detailed evaluation of mucosal inflammation and 
distribution (Figure 1). In certain cases, advanced endoscopic 
techniques such as single- and double-balloon and spiral 
enteroscopy can assess the mid-small bowel, which is other-
wise inaccessible via standard endoscopic approaches. These 

advanced procedures are rarely indicated in 
pediatric patients. Video capsule endoscopy 
(VCE) is another way to evaluate the small 
bowel and can be completed in most children, 
when indicated. Magnetic resonance enterog-
raphy (MRE) and computerized tomography 
enterography (CTE) are the preferred imaging 
modalities to assess for small bowel involve-
ment in CD. These cross-sectional images also 
assess for complicated disease behavior such 
as intestinal strictures, fistulae and abscesses. 
An MRE is preferred due to lack of radiation 
exposure, although these are long study proto-
cols which younger children may not be able 
to tolerate. A bone age study, via radiograph of 
the hand, is frequently utilized in children to 
assess the degree of growth impairment. Bone 
mineral density analysis via dual-energy x-ray 

Blood Anemia, low mean corpuscular volume, leukocytosis, thrombocytosis    

Hypoalbuminemia: chronic malnutrition, intestinal inflammation, malabsorption 

Iron deficiency: chronic inflammation, malnutrition

Elevated ESR and CRP        

Elevated Liver enzymes 

Genetic test: r/o monogenic IBD in VEO-IBD   

Immune deficiency work up: r/o immunodeficiency condition in VEO-IBD

Antibody test: pANCA, ASCA, Anti-Cbir, Anti-Ompc1   
   -No initial diagnostic role         
   -Could predict disease behavior and disease severity

Serum trough and antibody level (Biologics): help optimize treatment   

Stool Salmonella, Shigella, Campylobacter, Yersinia, Escherichia coli 0157:H7       

Clostridium Difficile: frequent monitoring and aggressive treatment indicated         

Fecal calprotectin &lactoferrin

Table 1. Laboratory Evaluation of IBD

pANCA: Antineutrophil Cytoplasmic Antibodies
ASCA: Anti-Saccharomyces Cerevisiae (ASCA) Antibodies

Figure 1: Endoscopic views of healthy tissue compared with inflammatory 

bowel disease. A. Normal terminal ileum. B. Crohn disease with patchy in-

flammation, cobble stoning, deep ulcers, exudates, altered vascular pattern 

and friability. C. Normal colonic mucosa with intact architecture and vas-

cular patter. D. Ulcerative colitis with continuous, uniform inflammation.  

A B

C D
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absorptiometry scan (DEXA) should be considered in chil-
dren at risk for low bone mineral density, especially in those 
with prolonged corticosteroid (CS) exposures. The workup 
for younger children with VEO-IBD involves genetic testing 
to rule out monogenic causes and underlying immunodefi-
ciency syndromes that can result in an IBD-like phenotype. 
Thus, all children under the age of 2 with suspected IBD 
should have genetic testing prior to starting immune-mod-
ulating medications. Such genetic testing is commercially 
available as a monogenic IBD gene panel which is offered by 
laboratories such as Invitae and the Mayo Clinic. Addition-
ally, genetic testing is available through VEO-IBD research 
consortia at centers across the country. 

DISEASE CLASSIFICATION 

IBD is classified into CD, UC and IBD- unclassified (IBD-U). 
IBD-U is typically reserved for patients with colonic inflam-
mation that may not completely meet diagnostic criteria for 
either CD or UC. Disease phenotype and behavior is clas-
sified in adults according to the Montreal Classification 
schema.19 This does not take into account important pedi-
atric-specific factors. Thus, the Paris Classification is used 
in children.20 This tool includes more detailed description of 
disease phenotype and behavior while incorporating assess-
ment of patient age and growth. Side-by-side comparison of 
the Montreal and Paris Classifications for CD and UC are 
presented in Tables 2,3. 

MANAGEMENT

Goals of therapy in children include controlling active 
symptoms, achieving mucosal healing, optimizing qual-
ity of life and minimizing adverse effects of medications, 
many of which suppress the immune system. The focus in a 
newly diagnosed patient is to induce remission and thereby 
improve clinical symptoms. Systemic corticosteroids (CS) 
have been a mainstay induction therapy for the last 50 
years. While CS are effective at quickly improving symp-
toms, they are associated with a myriad of adverse physical 
and emotional side effects. Thus, long-term use can be prob-
lematic and steroid-sparing strategies are increasingly used 
in children with IBD. Other therapies used for induction of 
remission include biologic agents, high dose mesalamine in 
mild-to-moderate UC and exclusive enteral nutrition (EEN) 
in small bowel CD. 

Biologic Therapy
The use of biologic therapies has transformed management 
of pediatric IBD over the last 20 years. Infliximab (IFX) and 
adalimumab (ADA) are monoclonal antibodies against the 
inflammatory cytokine TNF-α. They are FDA-approved 
for both induction and maintenance of remission in mod-
erate-to-severe pediatric CD and UC. These medications 

CHARACTERISTICS MONTREAL PARIS

Age At Diagnosis A1: <17 yrs.

A2: 17-40 yrs.

A3: >40 yrs. 

A1a: 0 to<10 yrs.

A1b: 10 to <17 yrs.

A2: 17 to 40yr

A3: >40 yrs. 

Location L1: Terminal ileal +/- 
limited cecal disease

L2: Colonic

L3: Ileocolonic

L4: Isolated track 
disease

L1: Distal 1/3 ileal +/- 
limited cecal disease

L2: Colonic 

L3: Ileocolonic

L4a: Upper disease 
proximal to LoT

L4b: Upper disease 
distal to LoT and 
proximal to distal 1/3 
ileum

Behavior B1: Non-stricturing 
and Non-penetrating

B2: Stricturing

B3: Penetrating

P: perianal disease 
modifier

B1: Non-stricturing and 
Non-penetrating

B2: Stricturing

B3: Penetrating  

B2/B3: Both penetrating 
and structuring disease

P: perianal disease 
modifier 

Growth NA G0: No evidence of 
growth delay 

G1: Growth delay 

*LoT: Ligament of Treiz

Table 2. Montreal and Paris classification of CD

CHARACTERISTICS MONTREAL PARIS

Extent E1: Ulcerative 
proctitis

E2: Left Sided UC 
(distal to splenic 
flexure)

E3: Extensive 
(proximal to splenic 
flexure)

E1: Ulcerative proctitis

E2: Left-Sided UC (distal 
to splenic flexure)

E3: Extensive (distal to 
hepatic flexure)

E4: Pancolitis (proximal 
to hepatic flexure)

Severity S0: Clinical remission

S1: Mild UC 

S2: Moderate UC 

S3: Severe UC

S0: Never severe 

S1: Ever severe

Table 3. Montreal and Paris classification of UC

*Extent defined by maximal macroscopic inflammation
 *Severe defined by Pediatric Ulcerative Colitis Activity Index (PUCAI) ≥ 65

are superior to thiopurines for achieving mucosal healing 
(i.e., deep remission), can heal perianal fistulae in CD and 
improve linear growth in children.21,22 Several studies have 
shown that early use of anti-TNF therapy is associated with 
improvement in clinical outcomes, increased rates of sus-
tained clinical remission, improved rates of mucosal healing 

10D E C E M B E R  2 0 2 2   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  D E C E M B E R  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2022-12.asp
https://www.rimedicalsociety.org


UPDATES IN INFLAMMATORY BOWEL DISEASES

and decreased surgical rates.22,23 Adverse effects include 
increased risk of infection related to degree of immunosup-
pression, infusion reaction (IFX) or reaction at the site of 
injection (ADA), and hematologic or hepatic toxicity. How-
ever, the risk of serious infection with anti-TNF therapy 
has been shown to be less than in patients with prolonged 
corticosteroid exposure.24 Anti-TNF medications were pre-
viously associated with increased malignancy risk, though 
a recent prospective study reported no difference in risk 
of malignancy associated with exposure to infliximab.24,25 
The pharmacokinetics and pharmacodynamics of these 
biologic medications differ between children and adults.  
Children often require higher doses and/or more frequent 
doses to achieve therapeutic drug levels and maintain a 
durable treatment response. This can be especially challeng-
ing when seeking insurance approval for certain medications  
and doses. 

Several newer biologic agents and small molecules have 
shown promising results in treatment of IBD but are still 
not FDA-approved for use in children. These include vedoli-
zumab (α4β7 integrin inhibitor), ustekinumab (anti-interleu-
kin 12/23), rizankinumab (anti-interleukin 23), tofacitinib, 
upadacitinib (both janus kinase (JAK) inhibitors) and ozani-
mod (sphingosine-1 phosphate inhibitor).

5-Aminosalicylates and Immunomodulators
Other options for therapy in pediatric IBD include 5-ami-
nosalicylate (5-ASA) medications such as mesalamine and 
sulfasalazine, immunomodulators (6-mercaptopurine, aza-
thioprine, and methotrexate), antibiotics, and dietary therapy.  
5-ASA medications are indicated for treatment of mild- 
to-moderate ulcerative colitis and can be used as adjunctive 
therapy in patients with Crohn’s disease, though often this 
drug class is not effective in maintaining remission long term. 
The PROTECT study demonstrated a minority of study par-
ticipants with UC achieving corticosteroid-free remission 
at 52 weeks with mesalamine alone. Milder presentation, 
higher baseline hemoglobin, and clinical remission at week 
4 were factors associated with corticosteroid-free remission 
at week 52 with mesalamine alone.26

Immunomodulators are typically not effective in inducing 
remission alone but can be used as adjunctive maintenance 
therapies along with biologics. 6-mercaptopurine (6-MP) is 
a thiopurine analog that has been shown to maintain cor-
ticosteroid-free remission in pediatric IBD.27 Methotrex-
ate inhibits production of dihydrofolate reductase and can 
also be effective in maintenance of remission in CD.28  Both 
drugs are immunosuppressive and can be associated with 
hepatotoxicity. Methotrexate is a known teratogen and 
counselling on safe sexual practices with double contracep-
tion is important when using this medication is females 
of child-bearing age. Prolonged exposure to 6-MP has been 
associated with an increased risk of lymphoma. Addition-
ally, primary Epstein–Barr virus (EBV) infection in children 

with IBD receiving 6-MP therapy has been associated with 
increased risk for severe EBV infections and potential com-
plications like malignancies or hemophagocytic lympho-
histiocytosis, and warrants cautious use of 6-MP in EBV 
naïve patient population. 29,30   T-cell lymphoma is a rare but 
fatal disease that has been reported in a small number of 
mostly male patients exposed to both 6-MP and infliximab.  
Because of this, many practitioners are transitioning to the 
use of methotrexate rather than 6-MP for concomitant ther-
apy with biologic medications to prevent immunogenicity, 
especially in males.28 

Surgery
Surgery remains an integral part of the comprehensive man-
agement of children with IBD. Those with moderate-to- 
severe, treatment-refractory UC may require total colec-
tomy with ileal pouch anal anastomosis (IPAA). IPAA entails 
resecting diseased colon and constructing a pouch from the 
distal ileum and anastomosing it to the cuff of rectum to 
preserve continuity and avoid a permanent ileostomy. Those 
with CD are at risk for debilitating complications, such as 
perianal fistulae, abscesses, intestinal strictures, fistulae 
and perforation. Patients with stricturing CD may require 
a limited ileocecectomy. Penetrating CD can present with 
fistulae extending from the bowel to multiple extralumi-
nal locations such as bladder (entero-vesical), vagina (ente-
ro-vaginal) and abdominal wall (entero-cutaneous). Many 
of these complications require surgical intervention and 
justify aggressive early use of biologic medications, espe-
cially in those who present with severe disease phenotypes. 
Recent population-based data suggest a general decline in 
surgical rates over time, likely attributed to increased, 
early use of biologic agents and successful achievement of  
mucosal healing.

Nutrition
Nutrition is critical to the maintenance and treatment of 
children with IBD. Specific dietary therapies can be used as 
primary and adjunctive treatments and are discussed in a 
separate article. 

HEALTH MAINTENANCE
Routine health maintenance visits are integral to the care 
of children and adolescents with IBD. Assessing growth and 
pubertal development on a regular basis is important, regard-
less of disease activity. Some patients with sub-clinical 
inflammation will still experience poor growth. Thorough 
physical exam, review of growth charts, routine lab work 
and trending of the fecal calprotectin (a stool inflammatory 
marker) are important to routine care. Each patient’s immu-
nization status needs to be reviewed at diagnosis. While vac-
cines should not be delayed in IBD, live virus vaccines need 
to be avoided in patients treated with immune suppressing 
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medications such as corticosteroids, immune modulators 
(such as methotrexate or 6-mercaptopurine) and biologics. 
Vaccination guidelines are reviewed in a separate article and 
updated guidelines can be downloaded from the Crohn’s and 
Colitis Foundation website or the Cornerstones Health web-
site.  Screening for tuberculosis exposure or latent infection 
and Hepatitis B immune status need to be obtained prior to 
initiation of biologic agents. 

Longstanding inflammation increases the risk of malig-
nant transformation and cancer, especially in UC. A meta- 
analysis reported the incidence of colorectal cancer (CRC) 
among patients with IBD to be 1%, 2%, and 5% after 10, 
20, and > 20 years of disease duration, respectively.31 Signifi-
cantly higher risk was seen in patients with longer disease 
duration, extensive disease, and in patients diagnosed at a 
young age.32 Surveillance colonoscopy is thus recommended 
8-10 years from diagnosis and then every 1-5 years depend-
ing on risk factors for neoplasia which include extent and 
duration of disease, inflammation burden over time and at 
last colonoscopy, male gender, family history of colorectal 
cancer under the age of 50, and primary sclerosing cholangi-
tis (PSC) (AGA guidelines).  Patients with both IBD and PSC 
are considered high risk and start surveillance at diagnosis 
and then annually.

PSYCHOLOGICAL CONSIDERATION

Children with IBD are at higher risk for anxiety and depres-
sion.33 Routine assessment of psychosocial stressors at home 
and at school should be performed at each visit. Involving a 
child psychologist early on can help screen for those most 
at risk while providing coping strategies for adjusting to a 
chronic illness. Support groups can also provide a valuable 
resource for patients and families struggling to adjust to a 
new diagnosis of IBD. 

A MULTIDISCIPLINARY TEAM APPROACH

A multidisciplinary care team often includes pediatric GI 
providers, nurse specialists, social workers, nutritionists, 
administrative support, clinical research coordinators, and 
behavioral psychologists. Optimal care involves close col-
laboration with other clinical specialties including, but not 
limited to, dermatology, rheumatology, immunology, oph-
thalmology, pharmacy, psychology, psychiatry, nutrition, 
radiology, anesthesia and pediatric surgery. Care coordina-
tion between outpatient, inpatient and infusion services is 
integral for patients on biologic medications. A dedicated 
GI or IBD social worker can serve as a liaison for patients 
and families serving as a constant, supportive presence. 
Coordination with schools and colleges is also important to 
ensure adequate accommodations are available relative to  
bathroom access and academic support. 

TRANSITION OF CARE TO ADULT  
GASTROENTEROLOGY
Assuring a seamless transition of care for young adults 
with IBD from pediatric to adult gastroenterology prac-
tices is critical and often challenging. Advanced planning 
and effective communication among the key stakeholders 
in the patient’s care is essential to a successful transition. 
The timeline is unique for every patient and should be based 
on a combination of factors including transition readiness, 
developmental maturity and emotional maturity, which 
does not always correlate with chronological age. For exam-
ple, a patient with developmental or cognitive delays may 
benefit from a later transition to adult GI providers. In gen-
eral, discussion of transition of care begins in early adoles-
cence as the patient takes a more active role in discussion 
of their health care needs and management decisions. Once 
the decision to transition has been completed, a formal 
sign out between the pediatric and adult gastroenterologist 
should be completed to ensure adequate communication of 
salient clinical details. While there is no standard approach, 
a number of transition models, instruments and checklists 
are currently available to help support patients through this  
important phase. 

CONCLUSIONS

IBD is a chronic, debilitating condition with rapidly increas-
ing disease burden in the pediatric population worldwide. 
The presentation of IBD in children and adolescents is vari-
able and primary care clinicians should be familiar with 
atypical clinical presentations to avoid delays in diagnosis. 
Treatment focuses on controlling active symptoms and pre-
venting long-term complications with a focus on preserv-
ing age-appropriate quality of life. Successful management 
of children with IBD involves a multidisciplinary team 
approach. Close attention to emotional health is as import-
ant as medical management in this especially vulnerable 
patient population. 

References 
1.	 GBD 2017 Inflammatory Bowel Disease Collaborators. The 

global, regional, and national burden of inflammatory bowel 
disease in 195 countries and territories, 1990-2017: a system-
atic analysis for the global burden of disease study 2017. Lancet 
Gastroenterol Hepatol. 2020 Jan 1; 5(1):17-30. PMID: 31648971.

2.	 Molodecky NA, Soon IS, Rabi DM, et al. Increasing inci-
dence and prevalence of the inflammatory bowel disease with 
time, based on systematic review. Gastroenterology. 2012 Jan 
1;142(1):46–54. PMID: 22001864. 

3.	 Kaplan GG. The global burden of IBD: from 2015 to 2025. 
Nat Rev Gastroenterol Hepatol. 2015 Sept 1;12(12):720-727. 
PMID: 26323879.

4.	 Kuenzig ME, Fung SG, Marderfeld L, et al. Twenty-first century 
trends in the global epidemiology of pediatric-onset inflamma-
tory bowel disease: systematic review. Gastroenterology. 2022 
Apr 1;162(4):1147-1159. PMID: 34995526.

12D E C E M B E R  2 0 2 2   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  D E C E M B E R  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2022-12.asp
https://www.rimedicalsociety.org


UPDATES IN INFLAMMATORY BOWEL DISEASES

5.	 Benchimol E, Charles B, Bitton A.  Trends in Epidemiology of 
Pediatric Inflammatory Bowel Disease in Canada: Distribut-
ed Network Analysis of Multiple Population-Based Provincial 
Health Administrative Databases. Am J Gastroenterol.2017 Jul 
1; 112(7):1120–1134. PMID: 28417994.

6.	 Heyman MB, Kirschner BS, Gold BD, et al. Children with ear-
ly-onset inflammatory bowel disease (IBD): analysis of a pediat-
ric IBD consortium registry. J Pediatr. 2005 Jan 1;146(1):35-40. 
PMID: 15644819.

7.	 Ouahed J, Spencer E, Kotlarz D, et al. Very early onset inflam-
matory bowel disease: a clinical approach with a focus on the 
role of genetics and underlying immune deficiencies. Inflamm 
Bowel Dis. 2019 May 12;26(6):820-842. PMID: 31833544.

8.	 Rothschild D, Weissbrod O, Barkan E,  et al.  Environment 
dominates over host genetics in shaping human gut 
microbiota. Nature. 2018 Mar 8;555:210–215. PMID: 29489753.

9.	 Huang H, Fang M, Jostins L, et al. International Inflammato-
ry Bowel Disease Genetics Consortium, Weersma RK, Duerr 
RH, Mathew CG, Rioux JD, McGovern DPB, Cho JH, Georg-
es M, Daly MJ, Barrett JC. Fine-mapping inflammatory bow-
el disease loci to single-variant resolution. Nature. 2017 Jul 
13;547(7662):173-178. PMID: 28658209.

10.	Moller T, Andersen V, Wohlfahrt J, Jess T. Familial Risk of In-
flammatory Bowel Disease: A population-based cohort study 
1977–2011.  Am.  J.  Gastroenterol.2015 Apr 1;110(4):564-571. 
PMID: 25803400.

11.	Halme L, Paavola-Sakki P, Turunen U, et al. Family and twin 
studies in inflammatory bowel disease. World J. Gastroenter-
ol. 2006 Jun 21;12(23):3668-3672. PMID: 16773682.

12.	Yatsunenko T, Rey FE, Manary MJ, et al. Human gut micro-
biome viewed across age and geography. Nature 2012 May 
9;486(7402):222-227.PMID:22699611

13.	 Koloski N-A, Bret L, Radford-Smith G. Hygiene hypothesis 
in inflammatory bowel disease: a critical review of the lit-
erature.  World J Gastroenterol.  2008 Jan 14;14(2):165–173. 
PMID: 18186549.

14.	Gupta N, Lustig RH, Andrews H, et al. Introduction to and 
screening visit results of the multicenter pediatric crohn’s dis-
ease growth study. Inflamm Bowel Dis. 2020 Nov 19;26(12):1945-
1950. PMID: 32190893.

15.	DeBoer MD, Denson LA. Delays in puberty, growth, and accrual 
of bone mineral density in pediatric Crohn’s disease: Despite 
temporal changes in disease severity, the need for monitoring 
remains. J Pediatr. 2013 Mar 25;163(1):17-22. PMID: 23522861.

16.	Singh S, Dulai PS, Zarrinpar A, Ramamoorthy S, Sandborn WJ. 
Obesity in IBD: epidemiology, pathogenesis, disease course and 
treatment outcomes. Nat Rev Gastroenterol Hepatol. 2017 Aug 
10;14(2):110-121. PMID: 27899815.

17.	Jose FA, Garnett EA, Vittinghoff E, et al. Development of ex-
traintestinal manifestations in pediatric patients with inflam-
matory bowel disease. Inflamm Bowel Dis. 2009 Jan 1;15(1):63-
81. PMID: 18626963.

18.	Mack DR, Langton C, Markowitz J, et al. Pediatric Inflamma-
tory Bowel Disease Collaborative Research Group. Laboratory 
values for children with newly diagnosed inflammatory bowel 
disease. Pediatrics. 2007 Jun 1;119(6):1113-9. PMID: 17545378.

19.	Satsangi J, Silverberg MS, Vermeire S, et al. The Montreal 
classification of inflammatory bowel disease: controversies, 
consensus, and implications. Gut. 2006 May 11;55(6):749-53. 
PMID: 16698746.

20.	Levine A, Griffiths A, Markowitz J, et al. Pediatric modifica-
tion of the Montreal classification for inflammatory bowel 
disease: the Paris classification. Inflamm Bowel Dis. 2011 Jun 
1;17(6):1314-1321. PMID: 21560194.

21.	Borrelli O, Bascietto C, Viola F, et al. Infliximab heals intesti-
nal inflammatory lesions and restores growth in children with 
Crohn’s disease. Dig Liver Dis. 2004 May 1;36(5):342-347. 
PMID: 15191204.

22.	Walters TD, Kim MO, Denson LA, et al. PRO-KIIDS Research 
Group. Increased effectiveness of early therapy with anti-tu-

mor necrosis factor-α vs an immunomodulator in children with 
Crohn’s disease. Gastroenterology. 2014 Feb 1;146(2):383-391. 
PMID: 24162032.

23.	Kang B, Choe YH. Early biologic treatment in pediatric crohn’s 
disease: catching the therapeutic window of opportunity in 
early disease by treat-to-target. Pediatr Gastroenterol Hepatol 
Nutr. 2018 Jan 21;21(1):1-11. PMID: 29383299.

24.	Dulai PS, Thompson KD, Blunt HB, et al. Risks of serious in-
fection or lymphoma with anti-tumor necrosis  factor therapy 
for pediatric inflammatory bowel disease: a  systematic re-
view. Clin Gastroenterol Hepatol. 2014 Sept 1;12(9):1443-51. 
PMID: 24462626.

25.	Hyams JS, Dubinsky MC, Baldassano RN, et al. Infliximab is 
not associated with increased risk of malignancy or hemophago-
cytic lymphohistiocytosis in pediatric patients with inflamma-
tory bowel disease. Gastroenterology. 2017 Feb 10;152(8):1901-
1914. PMID: 28193515.

26.	Hyams JS, Davis Thomas S, Gotman N, et al. Clinical and bio-
logical predictors of response to standardised paediatric colitis 
therapy (PROTECT): a multicentre inception cohort study. Lan-
cet. 2019 Jun 1;393(10182):1708-1720. PMID: 28193515.

27.	Markowitz J, Grancher K, Kohn N, et al. A multicenter trial of 
6-mercaptopurine and prednisone in children with newly diag-
nosed Crohn’s disease. Gastroenterology. 2000 Oct 1;119(4):895-
902. PMID: 11040176

28.	Colman RJ, Lawton RC, Dubinsky MC, Rubin DT. Methotrex-
ate for the treatment of pediatric crohn’s disease: a systemat-
ic review and meta-analysis. Inflamm Bowel Dis. 2018 Sept 
15;24(10):2135-2141. PMID: 29688409.

29.	Biank VF, Sheth MK, Talano J, et al. Association of Crohn’s 
Disease, Thiopurines, and Primary Epstein-Barr Virus Infection 
with Hemophagocytic Lymphohistiocytosis. J.Pediatr. 2011 
Nov 1;159 (5):808-812. PMID: 21722918

30.	Vos AC, Bakkal N, Minnee RC, et al. Risk of malignant lym-
phoma in patients with inflammatory bowel diseases: a Dutch 
nationwide study. Inflamm Bowel Dis. 2011 Sept 1;17(9):1837-
1845. PMID: 21830262.

31.	Lutgens MW, van Oijen MG, van der Heijden GJ, et al. Declin-
ing risk of colorectal cancer in inflammatory bowel disease: an 
updated meta-analysis of population-based cohort studies. In-
flamm Bowel Dis. 2013 Apr 1;19(4):789-799. PMID: 23448792

32.	Elmahdi R, Lemser CE, Thomsen SB, et al. Development of 
cancer among patients with pediatric-onset inflammatory bow-
el disease: A Meta-analysis of population-based studies. JAMA 
Netw Open. 2022 Mar 1;5(3):e220595. PMID: 35230438. 

33.	Barberio B, Zamani M, Black CJ, et al. Prevalence of symptoms 
of anxiety and depression in patients with inflammatory bowel 
disease: a systematic review and meta-analysis. Lancet Gastro-
enterol Hepatol. 2021 Mar 12;6(5):359-370. PMID: 33721557.

Authors
Shova Subedi, MD, Warren Alpert Medical School of Brown 

University; Division of Pediatric Gastroenterology, Nutrition 
and Liver Diseases, Hasbro Children’s Hospital, Providence, 
Rhode Island.

Allison L. Behrle Yardley, MD, Warren Alpert Medical School of 
Brown University; Division of Pediatric Gastroenterology, 
Nutrition and Liver Diseases, Hasbro Children’s Hospital, 
Providence, Rhode Island.

Jason M. Shapiro, MD, Warren Alpert Medical School of Brown 
University; Division of Pediatric Gastroenterology, Nutrition 
and Liver Diseases, Hasbro Children’s Hospital, Providence, 
Rhode Island.  

Correspondence 
Jason M. Shapiro, MD
jshapiro@lifespan.org

13D E C E M B E R  2 0 2 2   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  D E C E M B E R  I S S U E  W E B P A G E  |  R I M S

mailto:jshapiro%40lifespan.org?subject=
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2022-12.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Theme
	CONTENTS–Contributions
	CONTENTS–Features, News, People
	IBD-Shapiro, Rupawala, Shah
	IBD-Subedi
	IBD-Ley
	IBD-Rupawala
	IBD-Anto
	IBD-Rehman
	IBD-Shapiro
	IBD-Kogan
	CASE-Kingrey
	CASE-Xiong
	IMAGES-Merhi
	CONTRIBUTION-Kothadia
	HEALTH-Weidele
	HEALTH–Vital Statistics
	GUEST EDITORS
	COMMENTARY-Binder
	PERSPECTIVE-Nguyen
	WE ARE READ EVERYWHERE
	RIMS NEWS
	NEWS
	PEOPLE/PLACES
	OBITUARIES

