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INTRODUCTION

Growth failure is a common manifestation of
severe inflammatory bowel disease in children
that can have devastating effects on quality of

life. Frequently, growth failure precedes the onset of
intestinal symptoms by many months. Unfortunately,
corticosteroids, frequently used to induce remission of
IBD, is also known to have deleterious effects on
growth. This paper will review the detection, patho-
genesis, and available interventions for this recalci-
trant problem.

DETECTION AND FREQUENCY 
While there is no universal criteria for growth failure,
accepted definitions are shown in Table 1. Methods of

initial assessment include “height below the third per-
centile” and a historical “drop in the trajectory of the
growth curve more than two major percentile lines.”
Height velocity appears to be the most sensitive mea-
surement of growth failure, and can be determined
with subsequent office visits (1,2). A height velocity
less than the third percentile for age and gender signals
growth failure. It is important to concomitantly deter-
mine the Tanner staging of the patient, as height veloc-
ity increases dramatically during puberty, and declines
post-puberty. Furthermore, females begin puberty at
Tanner stage 2–3 with an average peak height velocity
of 9 cm/year, while males begin at Tanner stage 3-4
with an average peak height velocity of 10.3 cm/year.
In addition, delayed bone age more than two standard
deviations below chronological age signifies growth
failure. Concomitant assessment of bone age during
the initial or subsequent visits can be helpful in assess-
ing potential for “catch-up growth.” Several studies
have used z-scores to detect the presence of osteope-
nia and osteoporosis in pediatric IBD. The individual
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bone mass density is compared to age and gender-
matched controls; a z-score of –1 is one standard devi-
ation below the mean for age and gender. 

The prevalence of growth failure in children with
IBD varies from 15%-88% due to differences in defin-
ition of growth failure, pubertal staging, and study

population (population-based versus tertiary referral
center) (Table 2) (2–7). It is important to recognize that
pediatric IBD may present solely as growth failure,
preceding the onset of intestinal symptoms by months
or years (3). While growth failure occurs more com-
monly in children with Crohn’s disease than ulcerative
colitis, 10%–34% of children with UC will develop
growth failure at some point during their clinical
course (5–8).

PATHOPHYSIOLOGY
The cause of growth failure is multifactorial (Table 3),
and includes decreased intake, malabsorption, stool
losses, increased nutritional needs, and growth-inhibi-
tion caused by inflammatory cytokines and hormonal
imbalances. Severity of disease, younger age at pre-
sentation, and small bowel disease have all been asso-
ciated with growth failure in children (6, 9,10). These
factors are logical—active disease during growth
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Table 1
Accepted Definitions of Growth Failure

• Height below 3rd percentile
• Height velocity less than 3rd percentile for age
• Drop in trajectory of the growth curve >2 major 

percentile lines
• Bone age greater than 2 standard deviations below

chronological age

Change in height velocity by pubertal staging 
Prepubertal 4.4 cm/yr
Females (Tanner 2–3) 9 cm/yr
Males (Tanner 3–4) 10.3 cm/yr

Table 2
Prevalence of Linear Growth Impairment in Children with Crohn’s Disease

Definition of Linear % Growth 
Study Time of Assessment Patients Studied Growth Impairment Impaired 

Kanof, et al At diagnosis Prepubertal Decrease in height velocity 88

Kirschner At diagnosis Early puberty Decrease in height percentile 36
>1 SD

Griffiths, et al During follow-up Prepubertal Height velocity <2 SD for 49
Age for >2 yr

Hildebrand, et al Before diagnosis Population-based Height velocity <2 SD for age 65
for cohort for 1 yr

Markowitz, et al At maturity Children in tertiary Failure to reach predicted 37
care setting adult height

Motil, et al Prospectively Children in tertiary Height velocity <4 cm/yr 24
during 3-yr care setting Height z score <1.64 23
follow-up Height for age <95% of 39

expected at 50th percentile
for age

Kleinman, et al. JPGN, 39(1):15-27. Reprinted with permission from Lippincott Williams & Wilkins
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spurts would affect height velocity, and disease of the
small bowel would result in malabsorption and stric-
turing disease.

Anorexia, partly induced by tumor necrosis factor
alpha (TNF-alpha), decreases food intake. In addition,
children may avoid eating to avoid exacerbating bloat-
ing, nausea, abdominal pain, and diarrhea. While rest-
ing energy expenditure (REE) in children with quies-
cent Crohn’s disease is not higher than healthy controls
children with relapsed Crohn’s disease have been
shown to ingest an average 420 kcal/day less than
healthy siblings (11,12). Depression may also prohibit
adequate nutritional and caloric intake.

Patients with Crohn’s disease may have fistulae or
surgical diversions, resulting in maldigestion. Patients
with small intestinal resections are also susceptible to
malabsorption due to bile salt losses, protein losing

enteropathy, enterocyte damage, and bacterial over-
growth. These may lead to fat, protein, and micronu-
trient losses.

Tumor Necrosis Factor-α (TNF-alpha), a cytokine
of clear relevance to Crohn’s disease, may decrease
appetite, provoke muscle wasting through impaired
protein synthesis, promote fat metabolism, and has
been linked to disease severity (13–15). In murine
models, TNF-alpha has been associated with
decreased production of insulin-like growth factor and
down-regulation of growth hormone receptors (16,17).
Children with IBD and growth-impairment have been
shown to have higher serum levels of TNF-alpha (18).
It was then hypothesized that polymorphisms in the
TNFα gene may predict growth failure. Indeed, a
modest effect of TNFα polymorphisms on growth
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Table 3
Factors Contributing to Growth Impairment 
in Children with Crohn Disease

Factor Reason 

Suboptimal Intake Anorexia
Altered taste
Fear of worsening gastrointestinal symptoms (diarrhea, abdominal pain, bloating)
Early satiety
Psychological factors (fatigue, depression, disordered body image, parental pressure, 

concomitant eating disorder)

Excessive stool losses/ Mucosal damage or resection leading to nutrient loss (protein-losing enteropathy, 
Malabsorption steatorrhea, bile salt loss)

Mineral, trace element loss
Gastrointestinal bleeding

Increased nutritional needs Fever, chronic deficits, energy cost of growth

Disease activity Circulating inflammatory cytokines impair linear growth

Hormonal imbalances Growth Hormone levels increased
IGF-1 levels reduced
Peripheral GH resistance
IGFBP function altered or interrupted
Exogenous corticosteroids

Reprinted with permission from Lippincott Williams & Wilkins. Adapted from Hait, Bousvaros, Grand. IBD 11(6) 519-527, and Kleinman,
et al. JPGN 39(1):15-27.



retardation was recently described among pediatric
patients with Crohn’s disease (19). In the same study,
the use of immunomodulators was associated with
lower z-scores for height and weight, a finding likely
reflective of more severe disease rather than a direct
effect of immunomodulators on growth (19).

Bone loss and osteoporosis are well-described
sequelae of IBD (20). While growth and bone devel-
opment are certainly interrelated, this discussion of
pathogenesis considers skeletal health separately. It is
likely that IBD affects skeletal health in children dif-
ferently than in adults, as bone mass declines in adult-
hood (bone resorption) while in children bone mass
continues to form and model to a peak at the second
decade of life (21). 

There is little known about mechanisms that affect
osteoblast/osteoclast function in the setting of IBD.
Impaired nutritional state, cytokines (i.e. TNFα, IL-6),
bone regulatory factors (growth hormone, insulin
growth factor-1), anti-inflammatory medications (i.e.
corticosteroids), or genetic factors may all be involved.
Several nutritional factors are known to be important
to skeletal health. Vitamin D deficiency is common
among pediatric patients with IBD, particularly in
northern latitudes (22). Vitamin K deficiency may
impair osteoblast function as this vitamin is a key
cofactor in the γ-carboxylation of osteocalcin (23).
Interleukin-1 (IL-1) and IL-6 play a central role in
osteoclast development and hence bone resorption
(24). Interleukin-6 (IL-6) has been implicated with
decreased growth rates in animal studies, and IL-6
polymorphisms have been associated with decreased
bone mineral density in patients with Crohn’s disease
(25). Indeed, genetic polymorphisms in the IL-6 gene
and the IL-1ra gene have been shown to be indepen-
dently associated with bone loss, even when loss was
not correlated to clinical severity of disease or corti-
costeroid use (24). Corticosteroids have been impli-
cated in reduced calcium absorption, downregulation
of calcitriol synthesis, decreased gene expression cal-
cium binding protein, inhibition of osteoblast prolifer-
ation, and stimulation of osteoclastic bone resorption.
It also suppresses insulin growth-factor 1 (IGF-1),
which is stimulated by growth hormone (GH) and
induces chrondrocyte proliferation at the growth plate.
Low IGF-1 levels have been associated with impaired

growth in Crohn’s disease, and may also be due to mal-
nutrition and direct cytokine effects (8,26–28). 

SCREENING
One cannot address growth failure if it is not recog-
nized. Pediatric patients with IBD should have height,
weight, and body mass index measured and plotted on
an appropriate growth chart at each visit. The history
should focus upon changes in appetite, detailed nutri-
tional history (a registered dietician can be helpful),
changes in medication, and symptoms that impact food
intake (i.e. vomiting, pain, etc). The physical exam
should include above growth parameters as well as Tan-
ner stage, physical signs of malnutrition or particular
vitamin deficiencies (rashes, oral lesions, hair changes,
edema, etc). Notable laboratory measurements include
albumin, prealbumin, and fat soluble vitamin levels. 

TREATMENT

Caloric and Selected Nutrient Supplementation 
The use of enteral/parenteral nutrition as primary ther-
apy of active Crohn’s disease is beyond the subject of
this review. What follows below is a review of recent
data regarding treatment of growth failure, not active
disease.

Children with quiescent Crohn’s disease do not
have an elevated REE (11). Adaptation downward in
REE in CD patients secondary to weight loss appears
to be offset by mucosal inflammation (29). Short-and
long-term refeeding studies demonstrate significant
and sustainable catch-up growth (both height and
weight) with aggressive enteral refeeding (29-31).
Multiple studies have shown improved height velocity
in patients with Crohn’s disease with enteral nutrition,
irrespective of whether this was given as nocturnal
supplementation, exclusive elemental feeds, or
cycling. Many did not comment on pubertal status, and
follow-up periods ranged from 6 weeks to 18 months
(7,12,32–36). 

Therefore, depending on the patient’s degree of
malnutrition and disease activity, daily intake should
be increased from 5%–35% above recommended daily

(continued from page 18)
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allowances (37). Suggested amounts of supplemental
nutrition based on age, weight, and gender are pro-
vided in Table 4.

While many vitamin, mineral, and trace element
deficiencies have been reported in children with CD,
dietary intake of iron, zinc, copper, folic acid, and vit-
amin C have been consistently described to decrease
significantly below recommended daily allowances
during a disease flare (12). Daily supplementation with
a standard multivitamin is recommended. 

Maintaining Skeletal Health 
Adequate intake of Vitamin D and dietary calcium are
imperative. Recommended allowances of calcium and
vitamin D in adolescents is 1300 mg/day and 400
IU/day respectively (37). Lifestyle modification

including smoking cessation, increased physical activ-
ity, and minimizing bed rest should be addressed.
Selected patients may be monitored by bone density
measurement with those affected being targeted for
more aggressive medical/surgical therapy, nutritional
therapy, or consideration of bisphosphonates recogniz-
ing that there are no published data supporting the use
of bisphosphonates in children with IBD.

Corticosteroids 
Although long-term high-dose corticosteroids are
known to suppress growth, smoldering disease may
have a stronger contribution to growth failure (4,7).
Budesonide, with its potent topical activity and reduced
systemic toxicity, has been studied as an alternative
steroid. In a retrospective study of 32 children, height
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Table 4
Suggested Amounts of Supplemental Nutrition by Age and Weight

Additional caloric needs
Age (yr) Weight (kg) (1) (1.05–140% above RDI) Amount Formula/day (2)

3–6 15–20 40–380 1.5 oz — 11⁄2 cans
7–10 20–35 50–500 1.5 oz — 2 cans

11–15 (Girls) 35–55 60–570 2 oz — 21⁄2 cans
11–15 (Boys) 35–55 65–645 2 oz — 21⁄2 cans
16–18 (Girls) 55–60 70–590 1/3 can — 21⁄2 cans
16–18 (Boys) 55–70 80–750 1/3 can — 3 cans

1. Weights based on 50th percentile for age and sex
2. Based on 240 kcal/oz of supplemental formula, 8 oz per serving

Supplemental Drinks—Nutritional Information based on 8 fl. oz serving size

Product Kcal/ml (g/L) Protein (g/L) Carbohydrate (g/L) Fat (g/L)

Boost 1.01 43 173 18
Boost Plus 1.52 59 200 58
Ensure 1.06 37.2 167 25
Ensure Plus 1.5 55 211 48
Kindercal* 1.06 30 135 44
Modulen 1 36 108 46
Nutren Jr* 1 30 127.5 42
Pediasure* 1 30 110 50

*Formulated for ages <10 years of age
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velocity was not restored to normal despite weight gain
and minimal-to-no-intestinal symptoms (38).

Azathioprine/6-Mercaptopurine 
Two studies have examined growth as an outcome
measure in therapy with azathioprine and 6-mercap-
topurine. A retrospective study of 44 patients with
Crohn’s disease, including patients who required
surgery [17], took concomitant steroids [4], inflix-
imab, or cyclosporine [1] failed to show improvement
in z scores for height (39). It should be noted though
that over the year of follow-up, height z scores stabi-
lized and trended to improvement. Markowitz, et al
conducted a pediatric multi-center, randomized
placebo-controlled trial of 6-mercaptopurine versus
placebo in children newly diagnosed with Crohn’s dis-
ease. Both groups received prednisone. Although the
group treated with 6-mercaptopurine required less cor-
ticosteroids over the 18 month follow-up, there was no
difference in linear growth (40). 

Infliximab 
Small pilot studies with biologic therapy show promise
for enhancing growth in pediatric Crohn’s disease.
Cezard, et al followed 10 pre-pubertal children treated
with infliximab and showed improvements in height
percentiles for age (41). Walter, et al retrospectively
studied height velocity in children treated with inflix-
imab. Growth failure was present in all the subjects
prior to initiation of infliximab. Over a median 26
month period, 17 prepubertal showed improved height
velocities (delta z-score 3.94, p = 0.002) when stan-
dardized by gender and bone age, but no significant
improvement occurred in 7 pubertal children (42).
Another prospective trial of 18 children with severe CD
treated with infliximab also showed significant
improvement in weight and height Z scores (43).
Whether this effect is a primary effect of anti-TNF ther-
apy or secondary to disease remission is speculative. 

Growth Hormone 
Three small uncontrolled trials and one pilot, controlled
study have been performed to evaluate the effect of GH
on growth in pediatric CD (44–46). The results were

equivocal, and the placebo-controlled study clearly
showed that a dose of 0.05 mg/kg/day over one year
does not enhance growth (47). While a higher dose or
concomitant nutritional therapy may yet be shown ben-
eficial, GH therapy cannot yet be recommended as
therapy for short stature in the setting of CD.

CONCLUSIONS
Growth failure is common in children with IBD, both
as an initial presentation and in active disease. Young
patients with small bowel disease appear to be at par-
ticular risk. Screening for growth failure is critical as
the potential for catch-up growth exists primarily
among pre-pubertal patients. 

Aggressive therapy aimed at minimizing the
inflammatory process, maximizing nutrition, and
ensuring physical activity is the cornerstone of a suc-
cessful treatment regimen. Anti-TNF-alpha therapy is
to date, the only pharmacologic therapy that has shown
improvement in growth parameters. Nutritional sup-
plementation 5%–35% beyond the RDA promotes
catch-up growth. Physical activity and adequate vita-
min D/calcium intake are important to maintain skele-
tal health. Enhanced assessment of factors predictive
of growth will allow the inclusion of growth parame-
ters as an independent outcome variable in future clin-
ical trials, ultimately improving the well-being of pedi-
atric patients with CD. ■
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