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Inflammatory bowel diseases are characterized also by retarded growth and delayed puberty. The underlying

mechanism of these and other extra-intestinal manifestations are partially known: the main hypotheses are

malnutrition and inflammatory response.
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1. Introduction

Inflammatory bowel diseases (IBD) are relevant chronic diseases in children and adolescents characterized by

inflammation across the entire gastrointestinal tract and by various clinical presentation and prognosis . In the

definition of IBD, three different subtypes are included: ulcerative colitis (UC), Crohn’s disease (CD), and IBD-

unclassified . CD affects the entire gastrointestinal tract from the mouth to anus, while UC affects the colon . The

incidence of pediatric IBD is also increasing in preschool children, and a rapid increase has been described in

some geographic areas (about 7.2% per year) . Pediatric IBD is familial in 19–41% of cases, in fact a positive

family history is often present when CD is diagnosed before 11 years of age .

The pathogenesis of IBD still needs to be fully clarified, but the role of immune system dysfunction is well known

. In addition, some environmental factors and the modern human lifestyle might be involved in the increasing

incidence of IBD .

A dysregulated immune response to intestinal bacterial antigens in an individual with a genetic predisposition is

one of the explanations for the development of chronic inflammation inside the gut. The intestinal permeability

increases because of the breach of the intestinal mucosal barrier, and consequently, there is great exposure of the

immune system to antigens, mainly bacteria .

In addition, microbiota appears to be altered compared with healthy controls . Microbiota is essential for pathogen

protection, nutrition, metabolism, and the immune system, so it is possible that the dysbiosis could be related to

IBD pathogenesis, even if a precise relationship has not been fully established yet . In IBD patients, a decrease

in bacteria with anti-inflammatory effects and an increase in bacteria that enhance the inflammation have been

observed; in particular, it seems that there could be a lower level of Firmicutes and an increase in the presence of

Proteobacteria and Bacteroides .
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The first line of defense against the antigens is the innate immune system; in fact, at first, the wounds of intestinal

mucosa are represented by the accumulation in the lamina propria of lymphocytes, plasma cells, Natural Killer

(NK) cells, and macrophages by ulcers. Later, the macrophages create ulcers of the entire intestinal mucosa

thickness  .

The adaptive immune response is also involved in IBD and is responsible for the chronic inflammatory state. The

activity of the adaptive immune system is represented by effector T lymphocytes, regulatory T lymphocytes, and

innate lymphoid cells of intestinal mucosa . Both UC and CD are characterized by the increased and

sometimes massive production of Interleukin (IL)-2, IL-12, IL-6, Interferon γ (IFN-γ), IL-5, and IL-13  (Figure 1).

Figure 1. The role of immune response in IBD: both UC and CD are characterized by the increased and

sometimes massive production of IL-2, IL-12, IL-6, IFN-γ, IL-5, and IL-13. ILCs: Innate Lymphoid cells.

In addition, microRNAs (miRNA) seem to be involved in the immunopathogenesis of IBD because their

dysregulation may result in excessive inflammation . miRNAs are small, single-stranded, noncoding RNA

molecules of 18–24 nucleotides that are involved in gene expression modulation at the posttranscriptional level and

the current challenge is to identify a precise miRNA that controls a determined gene . Research on IBD and

miRNA started in 2008 when Wu et al. identified, for the first time, the miRNA profile in intestinal biopsies from IBD

patients .

Since then, the research in this field has been stepped up with a focus on identifying their role as possible

biomarkers in IBD diagnosis and as possible target therapy [20]. miRNAs have been shown to regulate specific
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genes associated with Crohn’s disease (CD) including nucleotide-binding oligomerization domain-containing

protein 2 (NOD2), IL-6, and tumor necrosis factor (TNF), but further studies are needed to clarify their precise role

and their use in IBD management .

Genomic studies have found about 200 loci that could be associated with genetic susceptibility to IBD and all of

them encode proteins of the innate and adaptive immune system. In this field, the most important and frequent

seems to be a polymorphism in the NOD2 gene .

All the cytokines and other mediators of inflammation have a role in the development of intestinal lesions, but they

could also be involved in extra-intestinal manifestations of IBD such as cachexia, weight loss, growth failure, and

pubertal delay .

IBD are systemic disorders and any organ and/or system could potentially be affected by them. Two types of extra-

intestinal involvement could be identified: extra-intestinal manifestations (EIM) and extra-intestinal complications.

The most frequent EIM are in the joints (peripheral and axial arthropaties), skin (erythema nodosus, pyoderma

gangrenosum, Sweet’s syndrome, aphtous stomatitis), hepatobiliary tract (primary sclerosing cholangitis), and eye

(episcleritis, uveitis); other EIM could affect rarely the lungs, the heart, the pancreas, and the vascular system .

Instead, the complications are caused by all immunogenic mechanisms that characterize the disease and so they

are represented by malabsorption, micronutrient deficiencies, osteoporosis, kidney stones, peripheral

neuropathies, and gallstones .

In general, the course of IBD, and in particular of CD, is more severe in females, but complications like growth

failure and puberty delay seem to be more frequent in males .

The first-line necessary tests are represented by complete blood count, liver enzymes, albumin, C reactive protein,

and/or erythrocyte sedimentation rate . Other useful markers are the fecal calprotectin and lactoferrin, which in

any case could be increased in several inflammatory conditions . There are also serological markers like atypical

perinuclear antineutrophil cytoplasmic antibody (pANCA) and anti-saccharomyces cerevisiae antibody (ASCA),

which are particularly useful in determining the long-term prognosis . Endoscopy is obviously fundamental: the

ESPGHAN/NASPGHAN guidelines recommend total colonoscopy, upper endoscopy

(esophagogastroduodenoscopy), multiple biopsies, and complete small bowel exploration . Imaging technics

such as computer tomography (CT), magnetic resonance enterography (MRE), and small intestine contrast

ultrasonography (SICUS) are useful at diagnosis as well as to assess treatment efficacy and disease status .

2. Growth Failure and Delayed Puberty in Inflammatory
Bowel Diseases (IBD)

Approximately 25% of patients with IBD are diagnosed during childhood and adolescence, and the majority during

puberty and pubertal growth spurt .  
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Symptoms and clinical features of IBD in children and adolescents, at onset and during the disease, are very

similar to those in adult patients, but there are two extraintestinal manifestations that characterize IBD in children:

growth failure and delayed puberty . Based on studies in the 1980s, 1990s, and 2000s, average standard

deviation scores of −0.94 to −1.30 for weight and −0.5 to −1.11 for height at CD onset are reported . The bone

development is affected by inflammation and is characterized by low trabecular and high cortical bone density and

sometimes by decreased muscle mass. For these reasons, IBD children have high risk of osteopenia and

osteoporosis in adulthood .

Despite many studies, the underlying mechanisms are not fully understood. The main hypotheses are represented

by malnutrition and inflammatory response during the active phase of the disease. The increased level of pro-

inflammatory cytokines can impair growth, puberty onset, and its progression .

All the possible risk factors for growth failure and delayed puberty in IBD are shown in Table 1.

Table 1. Possible risk factors for growth failure and delayed puberty in inflammatory bowel diseases (IBD).

Probable Risk Factor Correlated Factors/Mechanisms of Action

Malnutrition state

·           Malabsorption

·           Lower caloric intake

·           Anorexia and poor appetite

·           Delayed gastric emptying

GH-resistance

·           Circulating IGF-1 decreased levels

·           Inflammation-induced hepatocyte

resistance

Cytokines increased

levels

·           Interference with GH signal transduction

in the liver

·           Interference with GH signal transduction

in growth plate chondrocytes

·           Variation of IGF binding protein

concentrations
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·           Direct effects on the growth plate

Susceptibility genes

·           Dymeclin gene DYM

·           Gene OCTN (1/2 variants within IBD5

locus)

Inflammation site

(Jejunal disease)

·           Type of disease with less specific

symptoms than in colitis one and so the diagnosis

might be delayed

Inhibition of the sex

steroids production by

cytokines

·           Direct action on gonads

·           Suppression of GnRH secretion

2.1. Growth Failure

Growth failure can be defined as a static height below the third percentile or a z-score below −2 standard

deviations (SD). Another parameter that can be used to evaluate growth problems is height velocity, expressed as

a percentile or a SD score according to gender and age .

Growth is a marker of health in children and adolescents and growth failure is considered as one of the most

important complications of IBD in children : it has been reported in 15–40% of patients with onset of CD in

childhood and in 3–10% of patients with onset of UC in childhood, more commonly in males .

In the Sex Differences in Statural Growth Impairment in Pediatric Crohn’s Disease study (also known as the

Growth Study), a poorer height growth in males was described: the data suggest that height gain is lower in males

than females with skeletal maturation .

Children with IBD usually report abdominal pain; they may have malabsorption due to mucosal damage and

increased energy requirement because of the inflammatory state. The result is a lower caloric intake and

consequently a malnutrition state (with micronutrient deficits—iron, vitamin B12, folate, vitamin D, zinc, other fat-

soluble vitamins) that might further impair growth and puberty .

Concerning iron deficiency, it is a frequent nutrient deficiency found in adult and pediatric IBD patients and it

represents a consequence of malabsorption or intestinal bleeding or dietary restrictions . This type of deficiency

can lead to a status of anemia, which is influenced by cytokines (like TNF-α) and by hepcidin. In these situations,
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hepcidin increases and induces the ferroportin degradation (ferroportin is an enterocyte iron transport protein): in

this way, inflammation cytokines may substantially interfere with iron absorption . Vitamin D is very important for

normal absorption of calcium and normal bone mineralization . There are insufficient studies on the precise role

of vitamin D in IBD in children, but it is probable that it could influence the severity and the course of IBD .

Normal bone metabolism could also be affected by vitamin K deficiency, which in some studies on adult patients

has been reported with modifications of bone resorption . Another important micronutrient is zinc: this is

absorbed in the small intestine and its deficiency could cause some symptoms including diarrhea and growth

failure. Low serum zinc levels have been reported in adolescents with CD compared to controls .

In addition, Ballinger et al. reported anorexia and poor appetite in rats with experimental colitis as a

consequence of an increased release of serotonin from the hypothalamus. Furthermore, IL-1 may influence

hypothalamic activity and delayed gastric emptying, especially in CD patients .

Growth hormone (GH)-resistance is also held liable for growth failure in IBD . GH is a 191-amino-acid-long

polypeptide secreted by somatotropes, which are cells of the anterior pituitary gland . GH is secreted under

control of growth hormone releasing hormone (GHRH) and somatostatin, which interact with each other and with

several other factors to determine the pulsatile pattern of GH release. In normal conditions, GH stimulates Insulin

like Growth Factor-1 (IGF-1) production by the liver. IGF-1 is fundamental in skeletal growth during puberty and

bone health during one’s entire life; it increases tissue formation by acting directly and indirectly on target cells and

is a crucial mediator of bone growth (Figure 2).
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Figure 2. GH-IGF-1 axis: how growth hormone (GH) acts on target organs/tissues, leading to Insulin like Growth

Factor-1 (IGF-1) production.

IGF-1 enhances the growth of long bones through the stimulation of proliferation and hypertrophy of chondrocytes

of the growth plates . Growth plates in colitis-induced rats are characterized by the inhibition of proliferation and

differentiation of cells responsible for growth: these rats seem to have a smaller proliferative zone in their growth

plates and reduced terminal hypertrophic chondrocytes zone .

Circulating IGF-1 levels are decreased in active CD patients: they depend on several interlacing factors as

nutritional status, disease activity, cytokines circulating levels, including tumor necrosis factor (TNF) and IL-1 .

Among these factors, inflammation seems to have a predominant role: in a recent study, Ballinger et al. analyzed

the contribution of undernutrition and inflammation to growth deficit, comparing rats with colitis, healthy free-feeding

controls, and a group of animals pair-fed (healthy animals whose daily food intake is matched to the colitis group)

to those with colitis. Growth deficit was evident in pair-fed rats compared with healthy free-feeding controls,

confirming the important negative effect on growth; in this study, by including a pair-fed group, the authors have

tried to separate the effects of undernutrition (occurring in colitic and pair-fed groups in the same way) from

inflammation (occurring only in the colitis group) on linear growth. The linear growth was further reduced in the

colitis group, suggesting that inflammation may affect by itself growth (or in any case it can enhance the effects of

undernutrition). In addition, in these rats, there was a negative correlation between plasma GH and IGF-1 levels,

suggesting that there could be an inflammation-induced hepatocyte resistance to GH stimulation . Gupta et al.

 showed that IGF-1 levels were lower in males compared to females and that sex differences in growth failure

did not depend on diagnosis timing and on timing of pubertal growth spurt.

In addition, children with CD present normal GH secretion with decreased circulating IGF-1 levels, and GH levels

were also normal when they have been measured in urine or after stimulation tests: this evidence confirms a

possible GH resistance .

The role of cytokines can be expressed in four different ways: (1) They might interfere with signal transduction of

GH in the liver; (2) there can be a variation of IGF binding protein concentrations; (3) they can have direct effects

on growth plate; and (4) cytokines may also interfere with the signal transduction of GH in growth plate

chondrocytes .

Another hypothesis that is connected with altered IGF-1 function concerns the IGF binding proteins (IGFBPs):

indeed, IGF-1 binds to seven different IGFBP and its bioavailability depends on them. The proteins themselves are

influenced by the inflammatory status. Among them, the main one is IGFBP-3, and its circulating levels are

decreased during active phase of CD and return to normal during the remission phase  (Figure 1).

Several studies have focused on susceptibility genes for IBD in general and for growth failure specifically . The

mainly correlated CD genes seem to be NOD2/CARD15, but they do not influence growth anyway .
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Gene correlation has been described by several authors: Lee et al.  reported a significant association between

growth failure and a polymorphism in the dymeclin gene DYM, after an analysis of 951 subjects with IBD; Russel et

al.  showed a possible association of growth impairment with OCTN 1/2 variants within the IBD5 locus. Further

studies are needed to clarify this important topic.

Another important observation is that the lapse of time between the onset of symptoms and the diagnosis

correlates with the severity of growth failure . Poor growth (but also BMI and weight), measured by Z scores,

persists at follow-up in the very early onset-IBD patients compared with older children who presented growth

improvement during follow-up.

Furthermore, according to another hypothesis, growth retardation could be correlated with the site of the

inflammation: patients with jejunal disease have been observed to have more severe growth impairment because

they refer less specific symptoms than those with colitis and so the diagnosis might be substantially delayed .

Finally, IGF-1 production is also affected by glucocorticoid therapy  .

Several studies have investigated the final adult height in patients with childhood-onset IBD: most of them have

limitations such as a small number of patients, highly selected study populations, too short study periods, lack of

consideration of parental height. The latter limitation is particularly significant because it is well known that parental

height is one of the most important determining factors of adult height. A considerable number of IBD subjects will

be shorter ; instead, other data show that the attained adult height is reduced only in a small number of

patients with CD, but not in those with UC .

In any case, Mouratidou et al.  reported that most patients with childhood onset IBD had a low attained adult

height, but the final height only seemed to be modestly lower than that of healthy peers and siblings. Therefore,

high levels of severe inflammation markers are associated with reduced final adult height, so, perhaps, in these

cases, patients have to be treated earlier or in a more aggressive way.

References

1. Olén, O.; Askling, J.; Sachs, M.C.; Frumento, P.; Neovius, M.; Smedby, K.E.; Ekbom, A.;
Malmborg, P.; Ludvigsson, J.F. Childhood Onset Inflammatory Bowel Disease and Risk of Cancer:
A Swedish Nationwide Cohort Study 1964–2014. BMJ 2017, doi:10.1136/bmj.j3951.

2. Mouratidou, N.; Malmborg, P.; Sachs, M.C.; Askling, J.; Ekbom, A.; Neovius, M.; Smedby, K.E.;
Sävendahl, L.; Ludvigsson, J.F.; Olén, O. Adult Height in Patients with Childhood-Onset
Inflammatory Bowel Disease: A Nationwide Population-Based Cohort Study. Aliment. Pharmacol.
Ther. 2020, 51, 789–800, doi:10.1111/apt.15667.

[66]

[67]

[68][69]

[32][68]

[70] [71][72]

[73][74]

[75][76]

[2]



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 9/15

3. Oliveira, S.B.; Monteiro, I.M. Diagnosis and Management of Inflammatory Bowel Disease in
Children. BMJ (Online) 2017, 357, j2083, doi:10.1136/bmj.j2083.

4. Benchimol, E.I.; Bernstein, C.N.; Bitton, A.; Carroll, M.W.; Singh, H.; Otley, A.R.; Vutcovici, M.; El-
Matary, W.; Nguyen, G.C.; Griffiths, A.M.; et al. Trends in Epidemiology of Pediatric Inflammatory
Bowel Disease in Canada: Distributed Network Analysis of Multiple Population-Based Provincial
Health Administrative Databases. Am. J. Gastroenterol. 2017, 112, 1120–1134,
doi:10.1038/ajg.2017.97.

5. de Andrade Lima Simões Ferreira, P.V.; de Cavalcanti, A.S.; da Silva, G.A.P. Linear Growth and
Bone Metabolism in Pediatric Patients with Inflammatory Bowel Disease. J. Pediatr. (Rio J.) 2019,
95 (Suppl. 1), 59–65, doi:10.1016/j.jped.2018.11.002.

6. Sairenji, T.; Collins, K.L.; Evans, D.V. An Update on Inflammatory Bowel Disease. Prim. Care Clin.
Off. Pract. 2017, 44, 673–692, doi:10.1016/j.pop.2017.07.010.

7. Abraham, B.P.; Mehta, S.; El-Serag, H.B. Natural History of Pediatric-Onset Inflammatory Bowel
Disease: A Systematic Review. J. Clin. Gastroenterol. 2012, 46, 581–589,
doi:10.1097/MCG.0b013e318247c32f.

8. Brown, K.A.; Back, S.J.; Ruchelli, E.D.; Markowitz, J.; Mascarenhas, M.; Verma, R.; Piccoli, D.A.;
Baldassano, R.N. Lamina Propria and Circulating Interleukin-6 in Newly Diagnosed Pediatric
Inflammatory Bowel Disease Patients. Am. J. Gastroenterol. 2002, 97, 2603–2608,
doi:10.1111/j.1572-0241.2002.06030.x.

9. Nishino, K.; Nishida, A.; Inoue, R.; Kawada, Y.; Ohno, M.; Sakai, S.; Inatomi, O.; Bamba, S.;
Sugimoto, M.; Kawahara, M.; et al. Analysis of Endoscopic Brush Samples Identified Mucosa-
Associated Dysbiosis in Inflammatory Bowel Disease. J. Gastroenterol. 2018, 53, 95–106,
doi:10.1007/s00535-017-1384-4.

10. Nishida, A.; Inoue, R.; Inatomi, O.; Bamba, S.; Naito, Y.; Andoh, A. Gut Microbiota in the
Pathogenesis of Inflammatory Bowel Disease. Clin. J. Gastroenterol. 2018, 11, 1–10,
doi:10.1007/s12328-017-0813-5.

11. Gosiewski, T.; Strus, M.; Fyderek, K.; Kowalska-Duplaga, K.; Wedrychowicz, A.; Jedynak-
Wasowicz, U.; Sladek, M.; Pieczarkowski, S.; Adamski, P.; Heczko, P.B. Horizontal Distribution of
the Fecal Microbiota in Adolescents with Inflammatory Bowel Disease. J. Pediatr. Gastroenterol.
Nutr. 2012, 54, 20–27, doi:10.1097/MPG.0b013e31822d53e5.

12. Zacharopoulou, E.; Craviotto, V.; Fiorino, G.; Furfaro, F.; Zilli, A.; Gilardi, D.; Peyrin-Biroulet, L.;
Danese, S.; Allocca, M. Targeting the Gut Layers in Crohn’s Disease: Mucosal or Transmural
Healing? Expert Rev. Gastroenterol. Hepatol. 2020, 1–13, doi:10.1080/17474124.2020.1780914.

13. Park, J.H.; Peyrin-Biroulet, L.; Eisenhut, M.; Shin, J.I. IBD Immunopathogenesis: A
Comprehensive Review of Inflammatory Molecules. Autoimmun. Rev. 2017, 16, 416–426,



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 10/15

doi:10.1016/j.autrev.2017.02.013.

14. Hosokawa, T.; Kusugami, K.; Ina, K.; Ando, T.; Shinoda, M.; Imada, A.; Ohsuga, M.; Sakai, T.;
Matsuura, T.; Ito, K.; et al. Interleukin-6 and Soluble Interleukin-6 Receptor in the Colonic Mucosa
of Inflammatory Bowel Disease. J. Gastroenterol. Hepatol. 1999, 14, 987–996,
doi:10.1046/j.1440-1746.1999.01989.x.

15. Toptygina, A.P.; Semikina, E.L.; Bobyleva, G.V.; Miroshkina, L.V.; Petrichuk, S.V. Cytokine Profile
in Children with Inflammatory Bowel Disease. Biochem 2014, 79, 1371–1375,
doi:10.1134/S0006297914120116.

16. Koukos, G.; Polytarchou, C.; Kaplan, J.L.; Morley-Fletcher, A.; Gras-Miralles, B.; Kokkotou, E.;
Baril-Dore, M.; Pothoulakis, C.; Winter, H.S.; Iliopoulos, D. MicroRNA-124 Regulates STAT3
Expression and Is down-Regulated in Colon Tissues of Pediatric Patients with Ulcerative Colitis.
Gastroenterology 2013, 145, 842–852, doi:10.1053/j.gastro.2013.07.001.

17. Tili, E.; Michaille, J.J.; Piurowski, V.; Rigot, B.; Croce, C.M. MicroRNAs in Intestinal Barrier
Function, Inflammatory Bowel Disease and Related Cancers—Their Effects and Therapeutic
Potentials. Curr. Opin. Pharmacol. 2017, 37, 142–150, doi:10.1016/j.coph.2017.10.010.

18. Wu, F.; Zikusoka, M.; Trindade, A.; Dassopoulos, T.; Harris, M.L.; Bayless, T.M.; Brant, S.R.;
Chakravarti, S.; Kwon, J.H. MicroRNAs Are Differentially Expressed and Alter Expression of
Macrophage Inflammatory Peptide-2alpha. Gastroenterology 2008, 135, 1624–1635.e24,
doi:10.1053/j.gastro.2008.07.068.

19. Rojas-Feria, M.; Romero-García, T.; Caballero-Rico, J.Á.F.; Ramírez, H.P.; Avilés-Recio, M.;
Castro-Fernandez, M.; Porcuna, N.C.; Romero-Gόmez, M.; García, F.; Grande, L.; et al.
Modulation of Faecal Metagenome in Crohn’s Disease: Role of MicroRNAs as Biomarkers. World
J. Gastroenterol. 2018, 24, 5223–5233, doi:10.3748/wjg.v24.i46.5223.

20. Cao, B.; Zhou, X.; Ma, J.; Zhou, W.; Yang, W.; Fan, D.; Hong, L. Role of MiRNAs in Inflammatory
Bowel Disease. Dig. Dis. Sci. 2017, 62, 1426–1438, doi:10.1007/s10620-017-4567-1.

21. Liu, J.Z.; Anderson, C.A. Genetic Studies of Crohn’s Disease: Past, Present and Future. Best
Pract. Res. Clin. Gastroenterol. 2014, 28, 373–386, doi:10.1016/j.bpg.2014.04.009.

22. Wong, S.C.; MacRae, V.E.; McGrogan, P.; Ahmed, S.F. The Role of Pro-Inflammatory Cytokines
in Inflammatory Bowel Disease Growth Retardation. J. Pediatr. Gastroenterol. Nutr. 2006, 43,
144–155, doi:10.1097/01.mpg.0000226374.18494.14,
doi:10.1097/01.mpg.0000226374.18494.14.

23. Vavricka, S.R.; Schoepfer, A.; Scharl, M.; Lakatos, P.L.; Navarini, A.; Rogler, G. Extraintestinal
Manifestations of Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2015, 21, 1982–1992,
doi:10.1097/MIB.0000000000000392.



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 11/15

24. Goodman, W.A.; Erkkila, I.P.; Pizarro, T.T. Sex Matters: Impact on Pathogenesis, Presentation
and Treatment of Inflammatory Bowel Disease. Nat. Rev. Gastroenterol. Hepatol. 2020,
doi:10.1038/s41575-020-0354-0.

25. Vermeire, S.; Van Assche, G.; Rutgeerts, P. Laboratory Markers in IBD: Useful, Magic, or
Unnecessary Toys? Gut 2006, 55, 426–431, doi:10.1136/gut.2005.069476.

26. Lehmann, F.S.; Burri, E.; Beglinger, C. The Role and Utility of Faecal Markers in Inflammatory
Bowel Disease. Therap. Adv. Gastroenterol. 2015, 8, 23–36, doi:10.1177/1756283×14553384.

27. Israeli, E.; Grotto, I.; Gilburd, B.; Balicer, R.D.; Goldin, E.; Wiik, A.; Shoenfeld, Y. Anti-
Saccharomyces Cerevisiae and Antineutrophil Cytoplasmic Antibodies as Predictors of
Inflammatory Bowel Disease. Gut 2005, 54, 1232–1236, doi:10.1136/gut.2004.060228.

28. Differentiating Ulcerative Colitis from Crohn Disease in Children and Young Adults: Report of a
Working Group of the North American Society for Pediatric Gastroenterology, Hepatology, and
Nutrition and the Crohn’s and Colitis Foundation of America. J. Pediatr. Gastroenterol. Nutr. 2007,
44, 653–674, doi:10.1097/MPG.0b013e31805563f3.

29. Ezri, J.; Marques-Vidal, P.; Nydegger, A. Impact of Disease and Treatments on Growth and
Puberty of Pediatric Patients with Inflammatory Bowel Disease. Digestion 2012, 85, 308–319,
doi:10.1159/000336766.

30. Griffiths, A.M. Specificities of Inflammatory Bowel Disease in Childhood. Best Pract. Res. Clin.
Gastroenterol. 2004, 18, 509–523, doi:10.1016/j.bpg.2004.01.002.

31. Sauer, C.G.; Kugathasan, S. Pediatric Inflammatory Bowel Disease: Highlighting Pediatric
Differences in IBD. Med. Clin. N. Am. 2010, 94, 35–52, doi:10.1016/j.mcna.2009.10.002.

32. Sawczenko, A.; Ballinger, A.B.; Savage, M.O.; Sanderson, I.R. Clinical Features Affecting Final
Adult Height in Patients with Pediatric-Onset Crohn’s Disease. Pediatrics 2006, 118, 124–129,
doi:10.1542/peds.2005-2931.

33. Laakso, S.; Valta, H.; Verkasalo, M.; Toiviainen-Salo, S.; Mäkitie, O. Compromised Peak Bone
Mass in Patients with Inflammatory Bowel Disease-a Prospective Study. J. Pediatr. 2014, 164,
1436–1443, doi:10.1016/j.jpeds.2014.01.073.

34. Ballinger, A.B.; Savage, M.O.; Sanderson, I.R. Delayed Puberty Associated with Inflammatory
Bowel Disease. Pediatr. Res. 2003, 53, 205–210, doi:10.1203/00006450-200302000-00002.

35. Zeferino, A.M.B.; Barros Filho, A.A.; Bettiol, H.; Barbieri, M.A. Acompanhamento Do Crescimento.
J. Pediatr. (Rio J.) 2003, 79 (Suppl. 1), S23–S32, doi:10.1590/s0021-75572003000700004.

36. Marchand, V.; Boctor, D.L.; Critch, J.N.; Gowrishankar, M.; Roth, D.; Unger, S.L.; Williams, R.C.;
Bhatia, J.; Courant, G.; Davidson, A.G.F.; et al. The Toddler Who Is Falling off the Growth Chart.
Paediatr. Child Health 2012, 17, 447–450, doi:10.1093/pch/17.8.447.



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 12/15

37. Heuschkel, R.; Salvestrini, C.; Beattie, R.M.; Hildebrand, H.; Walters, T.; Griffiths, A. Guidelines
for the Management of Growth Failure in Childhood Inflammatory Bowel Disease. Inflamm. Bowel
Dis. 2008, 14, 839–849, doi:10.1002/ibd.20378.

38. Hildebrand, H.; Karlberg, J.; Kristiansson, B. Longitudinal Growth in Children and Adolescents
with Inflammatory Bowel Disease. J. Pediatr. Gastroenterol. Nutr. 1994, 18, 165–173,
doi:10.1097/00005176-199402000-00008.

39. Gupta, N.; Bostrom, A.G.; Kirschner, B.S.; Ferry, G.D.; Winter, H.S.; Baldassano, R.N.; Gold,
B.D.; Abramson, O.; Smith, T.; Cohen, S.A.; et al. Gender Differences in Presentation and Course
of Disease in Pediatric Patients with Crohn Disease. Pediatrics 2007, 120, e1418–e1425,
doi:10.1542/peds.2007-0905.

40. Gupta, N.; Lustig, R.H.; Andrews, H.; Sylvester, F.; Keljo, D.; Goyal, A.; Gokhale, R.; Patel, A.S.;
Guthery, S.; Leu, C.-S. Introduction to and Screening Visit Results of the Multicenter Pediatric
Crohn’s Disease Growth Study. Inflamm. Bowel Dis. 2020, doi:10.1093/ibd/izaa023.

41. Ishige, T. Growth Failure in Pediatric Onset Inflammatory Bowel Disease: Mechanisms,
Epidemiology, and Management. Transl. Pediatr. 2019, 8, 16–22, doi:10.21037/tp.2018.12.04.

42. Conklin, L.S.; Oliva-Hemker, M. Nutritional Considerations in Pediatric Inflammatory Bowel
Disease. Expert Rev. Gastroenterol. Hepatol. 2010, 4, 305–317, doi:10.1586/egh.10.23.

43. Mouli, V.P.; Ananthakrishnan, A.N. Review Article: Vitamin D and Inflammatory Bowel Diseases.
Aliment. Pharmacol. Ther. 2014, 39, 125–136, doi:10.1111/apt.12553.

44. Duggan, P.; O’Brien, M.; Kiely, M.; McCarthy, J.; Shanahan, F.; Cashman, K.D. Vitamin K Status
in Patients with Crohn’s Disease and Relationship to Bone Turnover. Am. J. Gastroenterol. 2004,
99, 2178–2185, doi:10.1111/j.1572-0241.2004.40071.x.

45. Griffin, I.J.; Kim, S.C.; Hicks, P.D.; Liang, L.K.; Abrams, S.A. Zinc Metabolism in Adolescents with
Crohn’s Disease. Pediatr. Res. 2004, 56, 235–239, doi:10.1203/01.PDR.0000132851.50841.D7.

46. Ballinger, A.; El-Haj, T.; Perrett, D.; Turvill, J.; Obeid, O.; Dryden, S.; Williams, G.; Farthing, M.J.G.
The Role of Medial Hypothalamic Serotonin in the Suppression of Feeding in a Rat Model of
Colitis. Gastroenterology 2000, 118, 544–553, doi:10.1016/S0016-5085(00)70260-5.

47. Shamir, R. Nutritional Aspects in Inflammatory Bowel Disease. J. Pediatr. Gastroenterol. Nutr.
2009, 48 (Suppl. 2), S86–S88, doi:10.1097/MPG.0b013e3181a15ca0.

48. El-Haj, T.; Poole, S.; Farthing, M.J.G.; Ballinger, A.B. Anorexia in a Rat Model of Colitis:
Interaction of Interleukin-1 and Hypothalamic Serotonin. Brain Res. 2002, 927, 1–7,
doi:10.1016/S0006-8993(01)03305-4.

49. Gryboski, J.D.; Burger, J.A.; McCallum, R.; Lange, R. Gastric Emptying in Childhood Inflammatory
Bowel Disease: Nutritional and Pathologic Correlates. Am. J. Gastroenterol. 1992, 87, 1148–



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 13/15

1153, doi:10.1111/j.1572-0241.1992.tb07358.x.

50. Sanderson, I.R. Growth Problems in Children with IBD. Nat. Rev. Gastroenterol. Hepatol. 2014,
11, 601–610, doi:10.1038/nrgastro.2014.102.

51. Shamir, R.; Phillip, M.; Levine, A. Growth Retardation in Pediatric Crohn’s Disease: Pathogenesis
and Interventions. Inflamm. Bowel Dis. 2007, 13, 620–628, doi:10.1002/ibd.20115.

52. Locatelli, V.; Bianchi, V.E. Effect of GH/IGF-1 on Bone Metabolism and Osteoporsosis. Int. J.
Endocrinol. 2014, 2014, 235060, doi:10.1155/2014/235060.

53. Hunziker, E.B.; Wagner, J.; Zapf, J. Differential Effects of Insulin-like Growth Factor I and Growth
Hormone on Developmental Stages of Rat Growth Plate Chondrocytes in Vivo. J. Clin. Investig.
1994, 93, 1078–1086, doi:10.1172/JCI117058.

54. Koniaris, S.G.; Fisher, S.E.; Rubin, C.T.; Chawla, A. Experimental Colitis Impairs Linear Bone
Growth Independent of Nutritional Factors. J. Pediatr. Gastroenterol. Nutr. 1997, 25, 137–141,
doi:10.1097/00005176-199708000-00002.

55. Akobeng, A.K.; Clayton, P.E.; Miller, V.; Hall, C.M.; Thomas, A.G. Low Serum Concentrations of
Insulin-like Growth Factor-I in Children with Active Crohn Disease Effect of Enteral Nutritional
Support and Glutamine Supplementation. Scand. J. Gastroenterol. 2002, 37, 1422–1427,
doi:10.1080/003655202762671521.

56. Ballinger, A.B.; Azooz, O.; El-Haj, T.; Poole, S.; Farthing, M.J.G. Growth Failure Occurs through a
Decrease in Insulin-like Growth Factor 1 Which Is Independent of Undernutrition in a Rat Model of
Colitis. Gut 2000, 46, 694–700, doi:10.1136/gut.46.5.695.

57. Gupta, N.; Lustig, R.H.; Kohn, M.A.; McCracken, M.; Vittinghoff, E. Sex Differences in Statural
Growth Impairment in Crohn’s Disease: Role of IGF-1. Inflamm. Bowel Dis. 2011, 17, 2318–2325,
doi:10.1002/ibd.21617.

58. Tenore, A.; Berman, W.F.; Parks, J.S.; Bongiovanni, A.M. Basal and Stimulated Serum Growth
Hormone Concentrations in Inflammatory Bowel Disease. J. Clin. Endocrinol. Metab. 1977, 44,
622–628, doi:10.1210/jcem-44-4-622.

59. Braegger, C.P.; Torresani, T.; Murch, S.H.; Savage, M.O.; Walker-Smith, J.A.; MacDonald, T.T.
Urinary Growth Hormone in Growth-Impaired Children with Chronic Inflammatory Bowel Disease.
J. Pediatr. Gastroenterol. Nutr. 1993, 16, 49–52, doi:10.1097/00005176-199301000-00009.

60. Farthing, M.J.G.; Campbell, C.A.; Walker-Smith, J.; Edwards, C.R.; Rees, L.H.; Dawson, A.M.
Nocturnal Growth Hormone and Gonadotrophin Secretion in Growth Retarded Children with
Crohn’s Disease. Gut 1981, 22, 933–938, doi:10.1136/gut.22.11.933.

61. Oguchi, S.; Walker, W.A.; Sanderson, I.R. Profile of IGF-Binding Proteins Secreted by Intestinal
Epithelial Cells Changes with Differentiation. Am. J. Physiol. 1994, 267, G843-G850,



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 14/15

doi:10.1152/ajpgi.1994.267.5.g843.

62. Savage, M.O.; Blair, J.C.; Jorge, A.J.; Street, M.E.; Ranke, M.B.; Camacho-Hübner, C. IGFs and
IGFBPs in GH Insensitivity. Endocrin. Dev. 2005, 9, 100–106, doi:10.1159/000085760.

63. Bannerjee, K.; Camacho-Hübner, C.; Babinska, K.; Dryhurst, K.M.; Edwards, R.; Savage, M.O.;
Sanderson, I.R.; Croft, N.M. Anti-Inflammatory and Growth-Stimulating Effects Precede Nutritional
Restitution During Enteral Feeding in Crohn Disease. J. Pediatr. Gastroenterol. Nutr. 2004, 38,
270–275, doi:10.1097/00005176-200403000-00007.

64. Beattie, R.M.; Camacho-Hübner, C.; Wacharasindhu, S.; Cotterill, A.M.; Walker-Smith, J.A.;
Savage, M.O. Responsiveness of IGF-I and IGFBP-3 to Therapeutic Intervention in Children and
Adolescents with Crohn’s Disease. Clin. Endocrinol. (Oxf.) 1998, 49, 483–489,
doi:10.1046/j.1365-2265.1998.00562.x.

65. Wine, E.; Reif, S.S.; Leshinsky-Silver, E.; Weiss, B.; Shaoul, R.R.; Shamir, R.; Wasserman, D.;
Lerner, A.; Boaz, M.; Levine, A. Pediatric Crohn’s Disease and Growth Retardation: The Role of
Genotype, Phenotype, and Disease Severity. Pediatrics 2004, 114, 1281–1286,
doi:10.1542/peds.2004-0417.

66. Lee, J.J.; Essers, J.B.; Kugathasan, S.; Escher, J.C.; Lettre, G.; Butler, J.L.; Stephens, M.C.;
Ramoni, M.F.; Grand, R.J.; Hirschhorn, J. Association of Linear Growth Impairment in Pediatric
Crohn’s Disease and a Known Height Locus: A Pilot Study. Ann. Hum. Genet. 2010, 74, 489–497,
doi:10.1111/j.1469-1809.2010.00606.x.

67. Russell, R.K.; Drummond, H.E.; Nimmo, E.R.; Anderson, N.H.; Noble, C.L.; Wilson, D.C.; Gillett,
P.M.; McGrogan, P.; Hassan, K.; Weaver, L.T.; et al. Analysis of the Influence of OCTN1/2
Variants within the IBD5 Locus on Disease Susceptibility and Growth Indices in Early Onset
Inflammatory Bowel Disease. Gut 2006, 55, 1114–1123, doi:10.1136/gut.2005.082107.

68. Sawczenko, A.; Sandhu, B.K. Presenting Features of Inflammatory Bowel Disease in Great Britain
and Ireland. Arch. Dis. Child. 2003, 88, 995–1000, doi:10.1136/adc.88.11.995.

69. Timmer, A.; Behrens, R.; Buderus, S.; Findeisen, A.; Hauer, A.; Keller, K.M.; Kliemann, G.; Lang,
T.; Lohr, W.; Rzehak, P.; et al. Childhood Onset Inflammatory Bowel Disease: Predictors of
Delayed Diagnosis from the CEDATA German-Language Pediatric Inflammatory Bowel Disease
Registry. J. Pediatr. 2011, 158, 467–473, doi:10.1016/j.jpeds.2010.09.014.

70. Kritsch, K.R.; Murali, S.; Adamo, M.L.; Ney, D.M. Dexamethasone Decreases Serum and Liver
IGF-I and Maintains Liver IGF-I MRNA in Parenterally Fed Rats. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 2002, 282, R528–R536, doi:10.1152/ajpregu.00085.2001.

71. Giustina, A.; Wehrenberg, W.B. The Role of Glucocorticoids in the Regulation of Growth Hormone
Secretion Mechanisms and Clinical Significance. Trends Endocrinol. Metab. 1992, 3, 306–311,
doi:10.1016/1043-2760(92)90142-N.



Growth and Puberty in IBD | Encyclopedia.pub

https://encyclopedia.pub/entry/2910 15/15

72. Wong, S.C.; Dobie, R.; Altowati, M.A.; Werther, G.A.; Farquharson, C.; Ahmed, S.F. Growth and
the Growth Hormone-Insulin like Growth Factor 1 Axis in Children with Chronic Inflammation:
Current Evidence, Gaps in Knowledge, and Future Directions. Endocr. Rev. 2016, 37, 62–110,
doi:10.1210/er.2015-1026.

73. Ferguson, A.; Sedgwick, D.M. Juvenile Onset Inflammatory Bowel Disease: Height and Body
Mass Index in Adult Life. BMJ 1994, 308, 1259–1263, doi:10.1136/bmj.308.6939.1259.

74. Markowitz, J.; Grancher, K.; Rosa, J.; Aiges, H.; Daum, F. Growth Failure in Pediatric
Inflammatory Bowel Disease. J. Pediatr. Gastroenterol. Nutr. 1993, 16, 373–380,
doi:10.1097/00005176-199305000-00005.

75. Herzog, D.; Fournier, N.; Buehr, P.; Koller, R.; Rueger, V.; Heyland, K.; Nydegger, A.; Spalinger, J.;
Schibli, S.; Braegger, C. Early-Onset Crohn’s Disease Is a Risk Factor for Smaller Final Height.
Eur. J. Gastroenterol. Hepatol. 2014, 26, 1234–1239, doi:10.1097/MEG.0000000000000169.

76. Ghersin, I.; Khateeb, N.; Katz, L.H.; Daher, S.; Shamir, R.; Assa, A. Anthropometric Measures in
Adolescents with Inflammatory Bowel Disease: A Population-Based Study. Inflamm. Bowel Dis.
2019, 25, 1061–1065, doi:10.1093/ibd/izy336.

Retrieved from https://encyclopedia.pub/entry/history/show/9131


