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Abstract

The incidence and prevalence of Crohn's disease (CD) in adolescents is rising. The clinical course differs in
several aspects from that of adults. Pediatric-onset disease is more extensive and its course is somewhat more
aggressive. In addition to the common manifestation of CD, adolescents with CD may present with pubertal delay,
growth retardation and osteopenia. These unique aspects of adolescence CD should impact the treatment
paradigm. In cases of growth impairment and osteopenia, treatment should be intensive aiming at promoting
complete mucosal healing and, in turn, improved growth and bone formation. The use of enteral nutrition should be
thus encouraged both for induction and maintenance of remission. However, adolescent CD carries implications that
go beyond the physical manifestations of the disease. Children diagnosed with IBD are at increased risk of
emotional distress and decreased social functioning. The use of support groups and other psychosocial
interventions is advocated as a mean to enhance coping skills and improve quality of life. Half of adolescents are
non-compliant with the recommended treatment hence, a particular emphasis should be placed on engaging the
adolescent in the treatment plan, using several intervention strategies. Adolescence is a time of dynamic physical
changes and growth along with emotional maturation. This review highlights some of the unique aspects that should
come into play while managing CD during this sensitive period of life.
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Introduction
Inflammatory bowel diseases (IBD) can present during childhood

and adolescence in up to 25% of cases [1]. In a multicenter pediatric
registry, the mean age at diagnosis of Crohn's disease (CD) has been
found to be 10.3 years; 15% were diagnosed before six years of age,
48% between 6-12 years, and 37% thereafter [2]. The incidence of CD
in adolescents appears to be increasing worldwide reaching 2.5-11.4
per 100,000 [3], with a prevalence of 58/100,000 [4]. Although the
basic pathophysiology and response to treatments are similar, pediatric
onset CD differs in several aspects from adult onset disease. In
addition, adolescence is a time of dynamic physical changes and
growth along with emotional maturation. Clinicians should be aware
of the bidirectional influence between these changes and IBD and be
ready to incorporate them in the decision making process. This review
focuses on some of the unique aspects that should come into play
while managing adolescent CD.

Pediatric vs. Adult Onset Crohn's Disease
Compared to adult onset disease, studies have shown a predilection

for CD over UC in children with a ratio of 2.8:1, and only pediatric
onset CD is characterized by male predominance [5]. The likelihood
for isolated colonic CD increases in younger age [6]. Children suffer
more frequently from extensive disease, a condition prone to less
favorable outcome, including a greater propensity for disease extension
[7-9]. The cumulative risk of progression to complicated CD (i.e.

fistulizing or stricturing disease) is similar to adults but naturally
occurs at a younger age. By the age of 30 years, the risk of having
undergone an intestinal resection is 48 ± 5% and 14 ± 2% in pediatric
and adult onset CD, respectively [9]. Extensive CD (ileocolonic and
upper gastrointestinal involvement) is seen in 43% of pediatric patients
compared with <10% in adults and extensive colitis is twice as
common in children with UC [7] The more aggressive disease course
may be partially explained by the higher genetic exertion associated
with early onset IBD [10,11]. The Montreal classification of CD
separated pediatric onset CD (A1 ≤ 16 years) from the adult onset
forms) A2 17-40 years; A3>40 years). However, serologic [12] and
clinical [12,13] evidence suggests that pediatric CD is comprised of
two further distinguishable groups: early and late onset. Accordingly, a
pediatric modification of the Montreal classification, termed the Paris
classification, brings these factors into consideration and subdivides
the Montreal A1 classification into A1a (0-9 years) and A1b (10 -16
years) [14], while acknowledging that further division of infantile IBD
(0-2 years) may be appropriate in the future. Acknowledging the more
frequent proximal gastrointestinal involvement in children, the Paris
classification separates the original L4 (upper gastrointestinal) into L4a
(proximal to the ligament of Treitz) and L4b (proximal to the 2/3 of the
ileum). The new classification also highlights growth as another unique
aspect of pediatric CD, denoting the presence of growth failure as G1
versus G0.

Growth
Depending on the definition used, growth failure at diagnosis has

been described in 4 to 38% of CD children whereas growth velocity
may be reduced in up to 88% of CD children [15] and may be the
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presenting sign of the disease [16]. In addition to malnutrition, pro-
inflammatory cytokines impair growth by imposing growth hormone
resistance [17,18]. Prolonged steroid treatment compounds these
disease-related factors by disrupting the metabolic processes essential
for growth. However, short courses of steroids do not seem to affect
long term growth.

All children should have regular measurements of body weight,
height, and pubertal status at each clinic visit. Growth impairment is
best described in terms of “height velocity”, expressed as growth in cm/
year, over a period of 6-12 months, transformed into standard
deviation score, or z-score [19].

Improving growth necessitates a combined approach in providing
adequate nutrition and aggressively controlling mucosal inflammation.
The delayed bone age in many children with CD enables some degree
of catch-up growth, but final adult height may still be impaired if
mucosal healing is not achieved [20]. Catch up growth requires ~120%
of the recommended daily caloric allowance [16]. In general, any
treatment capable of inducing mucosal healing has also a positive effect
on growth by suppressing circulating cytokines. Exclusive Enteral
Nutrition (EEN) improves growth by mediating mucosal healing and
down-regulating proinflammatory cytokines such as IL-6 and TNF,
potent inhibitors of IGF-1 [21]. Regardless of the induction treatment,
supplemental enteral nutrition is indicated in all children with
malnutrition or linear growth failure [22]. Walters et al. [23]
demonstrated that the positive effect of infliximab on growth is
apparent only until the early stages of puberty (i.e. Tanner growing
stages, 2-3 in girls and 3-4 in boys), emphasizing the need for timely
and aggressive treatment in patients approaching puberty. There is no
firm evidence to suggest that thiopurines facilitate growth [24]. A
retrospective cohort study showed catch-up growth when
methotrexate was administered to children who failed previous
thiopurine treatment [25]. Nonetheless, anti-TNF biologics are the
most effective drugs to induce mucosal healing and therefore also
improving growth [26]. Early use of steroid sparing
immunomodulators is indicated and in severe cases, anti-TNF-α
therapy may be prescribed as the first drug of choice [26]. Timely
referral for surgery has been also found to induce strong catch-up
growth in medically-refractory CD [27]. It is currently not
recommended to treat children with CD with growth hormone for
inducing growth although endocrinology consultation should be
sought in severe cases as CD and growth hormone deficiency may
rarely coexist.

Treatment Paradigm - Pediatric Considerations
A full description of the philosophy and controversies of treating

CD is beyond the scope of this review and can be found elsewhere
[22]. Although in most part, the management of adolescent CD is
similar to adults, there are several unique aspects to management that
should be highlighted. Studies of infliximab [28,29], thiopurines
[30,31], and nutritional therapy [32] often show a better response to
therapy in children than similar studies in adults. The more favorable
outcome merely reflects a shorter duration of disease in the included
children; it has been repeatedly shown that shorter disease duration is
associated with a better response to therapy [33]. Similarly, studies
[34], suggest that a more intensified "top-down" approach may be
associated with a more favorable outcomes in some. There is little
doubt nowadays that biologics are more effective than thiopurines or
methotrexate and all are superior to 5-ASA that are as effective as
placebo for maintaining remission in CD [22]. Adults who have risk

variables indicative of high risk for future complicated disease such as
fistulizing, stenotic or perianal disease and extensive inflammation,
especially in the presence of severe colonic involvement, are treated via
the top down approach. High risk children are judged by the same
parameters but also by the presence of severe osteopenia and
significant growth delay [22]. Regardless of the initial choice of
treatment, rapid treatment escalation should be considered if the
mucosal inflammation has not been sufficiently controlled after a short
trial-run, a relatively new notion termed "treat-to-target" [35]. This
should be especially true in children who have many future disease
years ahead and given their typical extensive disease.

Corticosteroids vs. Exclusive Enteral Nutrition (EEN)
Corticosteroids are highly effective in inducing remission in CD but

their use is heralded by multiple side effects, some of which are
particularly problematic in adolescents: cosmetic changes, negative
effect on bone and growth and mood changes. The use of
corticosteroids does not often attain mucosal healing, which is
required for growth acceleration and bone formation [36,37]; even the
locally active budesonide may still impair growth [38].

EEN requires the consumption of formulated food exclusively for
6-10 weeks; it seems that the type of formula, whether elemental or
polymeric, is not associated with the outcome [32]. Unlike in adults
where steroids may be more effective than nutritional treatment, in
children the two treatments seem equipotent for inducing remission
[39]. Furthermore, EEN may lead to bone formation and restoration of
growth. Therefore, EEN is recommended as the first line therapy to
induce remission in children with active luminal CD [22]. With an
appropriate multidisciplinary support, many children and adolescents
will agree to drink polymeric formula without the need for placement
of a nasogastric tube.

Balancing Lymphoma Risk Associated with
Thiopurines in Pediatric CD

While thiopurines are associated with a 4-fold increased risk for
non-Hodgkin's lymphoma [40,41], this risk is age-dependent; the risk
for lymphoma is greatest in those older than 65 years of age, and low in
those younger than 20 years of age [41,42]. It must also be emphasized
that effective thiopurines use may reduce the inflammation-associated
adenocarcinoma in both the large and small bowel [43]. Taken
together, it may be concluded that the benefit of thiopurine treatment
in children outweighs the general risk of lymphoma in children.
However, in addition to the general lymphoma risk, over 40 cases of
aggressive and otherwise extremely rare, hepatosplenic T-cell
lymphoma have been identified in those treated with thiopurines,
many of whom as combination therapy with anti-TNF [44]. A recent
meta-analysis show a numerical benefit of adding thiopurines to
infliximab, although the difference missed statistical significance (OR:
1.73 (95% CI 0.97, 3.07)) [45]. However, since the vast majority of
hepatosplenic T-cell lymphoma patients were young males (age range
12-40 years) some pediatric gastroenterologists refrain from
combining thiopurines with anti-TNF and prescribe either anti-TNF
monotherapy or combination with low dose methotrexate. Others
advocate adding thiopurines for a short period of several months,
especially in girls, and in those who are at risk of severe disease [44].
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Bone Health
Any degree of osteopenia has been reported in up to 70% of

children with CD [46] but significant osteopenia (i.e. z score below -2)
in 25% [47,48]. Attaining high peak bone mass during childhood is the
most significant determinant, besides genetics, in reducing the risk of
fractures in old age [49]. The etiology of low bone mineral density
(BMD) in CD is multifactorial of which the negative effect of
circulating pro-inflammatory cytokines (e.g. IL- 1, IL-6 and TNF-α) is
probably the most important, just like with growth [50,51]. Other
contributing factors include chronic use of corticosteroids,
malnutrition and low intake of vitamin D and calcium. DEXA (dual x-
ray absorptiometry) is considered the gold standard for measuring
bone mass, but this should utilize pediatric software and age-
appropriate nomograms corrected for height and possibly also for
bone age (i.e. using z-score rather than t-score as done in adults). To
date, only several studies investigated the impact of therapies on BMD
in pediatric CD. A prospective study that followed 58 children with CD
for two years did not show significant improvement in BMD despite
increased height z-score and reduced disease activity [52]. Anti-TNF
therapy and EEN showed rapid improvement of serum bone markers
in children with CD [53-56]. Numerous studies showed that physical
activity especially weight bearing exercise promotes cortical bone
acquisition [57-59]. Vitamin D status should be monitored and
supplemented as needed. The rare use of bisphosphonates should be
reserved to those with pathological fractures in consultation with
endocrinologist.

Puberty
Brain et al. [60] reported a mean delay in pubertal onset of 1.5 years

for girls and 0.8 years for boys with CD. Menarche occurred after the
age of 16 years in 73% of females whose disease onset preceded
puberty, especially in those with frequent relapses. The inflammatory
process and malnutrition both contribute to hypogonadism leading to
pubertal delay. Therefore, just as with growth and bone, the optimal
management for pubertal delay involves caloric supplementation and
aiming at mucosal healing achieved by medical or surgical
interventions [61]. Data from other chronic inflammatory disease
suggest that treatment with sex hormones can accelerate puberty in
affected patients [62]. Treating pubertal delay is a tradeoff between the
need to reduce the psychosocial implication of pubertal delay and
reduced growth potential due to the associated closure of the epiphysis.
A multidisciplinary approach with a pediatric endocrinologist is
mandatory for optimizing management.

The Effects of CD and Treatment on Adolescent
Developmental Stages

It is imperative for clinicians who care for adolescents to understand
their developmental, psychological and educational needs and consult
an adolescent medicine physician when needed. In the early
adolescence stages (ages 10-13 years) the interest in family activities is
reduced and the adolescent seeks social support from peers. The brain
develops during adolescence from caudal to frontal direction and thus
the ability for long term planning, which is dependent on the frontal
lobe, is not well developed. This fact explains the need for immediate
satisfaction and difficulty in accepting the limitations induced by the
illness and its treatment. Delayed puberty and impaired growth further
affects the self-esteem of the adolescent.

Mid adolescence (ages 14-16 years) is characterized by decreased
interest in parental activity and increased conflicts due to reduced
acceptance of authority. The adolescent, who feels omnipotent and
invulnerable, seeks independence while the parents, who were
accustomed to taking care of their ill child, often find it hard to provide
the space for independence. An adolescent with chronic illness can
express risk behaviors such as by stopping medical treatment. Peer
group activity is dominant during mid-adolescence. Members of the
group define their dress, moral and cultural codes in accord with the
group. The ill adolescent may find the illness, recurrent medical
treatments and clinic visit to interfere with their ability to integrate
with the team.

During late adolescence (ages 17-21 years) intimate relationships
replace some of the peer group activity. The illness and disturbed body
image can affect the confidence to endeavor in romantic relationships.
It is recommended that pediatric gastroenterologists see adolescent
patients without their caregivers, providing them with opportunity to
discuss concerns in private. It is imperative to assure confidentiality
that will provide the adolescent the sufficient confidence in the
discussion.

Psychological Issues
Children with IBD may be at risk for stress, social strain and even

isolation, blame, altered self-image and psychiatric sequelae [63-69].
The altered quality of life of children with IBD can affect the entire
family who often lack the appropriate strategies to deal with this
complicated reality [65]. In a qualitative study, children with IBD
expressed concerns related to symptoms and treatments, vulnerability,
lack of control, and perceived the ‘self ’ negatively [63]. Adolescents
with IBD demonstrate higher levels of internalizing disorders (anxiety
and depression). The rate of depression may be as high as 25% and it is
often under-recognized both by parents and health care professionals.
Anxiety and depression appear to be risk factors for early recurrence of
the disease and adversely affect the disease course [70].

Despite the overwhelming evidence that show impaired quality of
life, increased anger, fear and embarrassment in patients with IBD
[71], data to guide treatment is sparse. Referral for cognitive behavioral
therapy has been shown to be especially effective in improving
depressive symptoms and functioning in children with IBD [72]. In
our unit we run a support group guided by experienced psychologists
with particular experience with IBD. The support group offers children
and their families the opportunity to share their strengths, experiences,
knowledge and enhance their coping skills with the disease. Following
participation in our support groups, the participants reported better
quality of life and improved coping mechanisms with the disease-
related symptoms (data not published). Several websites provide
opportunities for social interaction (e.g. www.ccfa.org,
www.myibdu.org, and www.ibdsf.com).

Adherence to Therapy
Non adherence in pediatric IBD patients is high, in the range of

38%-66%, especially in adolescents [73-75]. Adherence is affected by
doctor-patient relationship, treatment duration, number of prescribed
medications and doses per day, adverse effects of the medications, and
symptoms disappearance. In the clinical setting, the most efficient way
to evaluate adherence is simply asking the child how often they missed
a medication. The successful clinician will gradually build trust with
the adolescent by providing supportive guidance without being
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judgmental. Other effective measures to improve adherence are
simplifying the treatment regimen, providing a written treatment plan
and educating the adolescent about effective organizational strategies.
Adolescents often wish to have a greater role in the decision making
process. The interested reader is referred to an excellent review on
adherence in pediatric IBD by Hommel et al. [76].

Transition of Care
The period of transition and transfer may be associated with poorer

health outcomes. Gradual encouragement of the adolescent to gain
knowledge about the management of his/her illness and assuming
increased responsibility is the mainstay of transition. A recent study
found that self-assessed ability to perform self-management tasks
related to IBD seems to improve with age, but not with disease
duration. The timing of the transition should be tailored to the needs
of the patient and the local practice. The pediatric gastroenterologist
should prepare a detailed summary of the clinical history, including
the original reports of all tests in order to minimize repeating
procedures by the adult physicians. At least one joint pediatric- adult
care visit should be scheduled before the transfer to introduce the
adolescent and the new team in a secure environment. However, two
joint clinics may be preferred- one in the pediatric facility and one in
the adult facility.

Summary
Treating adolescents with CD requires understanding of the unique

aspects of this sensitive age. While many of the concepts discussed
herein are also relevant to adolescents with UC, still growth
impairment, osteopenia, delayed puberty and malnutrition are much
less common than in CD. This review highlighted the main physical
and psychosocial challenges apparent in adolescence, and suggested
management considerations to address these challenges.
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