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Growth failure in children and adolescents with Crohn’s

disease

Crohn hastalikli cocuk ve addlesanlarda buyume geriligi
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Background/aims: A clinical analysis in children, adoles-
cents and young adults with Crohn’s disease was performed to
investigate if growth failure is caused by an impaired growth
hormone secretion in these patients. Methods: 40 patients with
Crohn’s disease (26 male, 14 female) with an average age of
16,7 years (median: 17,0 years, range: 4-29) were included in
the study. The observation period varied from 8 months to 16,7
years, patient’s age ranged from 4 years up to 29 years. To
examine growth hormone excretion, urinary growth hormone
was measured using an in vitro immunoradiometric assay in
three morning urine samples. Renal function was obtained by
analysing creatinine and a-1-microglobulin in the same sam-
ples. Observation period, chronological age, height, growth rate,
pubertal stage, localisation, peidatric Crohn disease activitiy
index and corticosteroid treatment as well as IGF-1 levels were
determined. We found normal urinary growth hormone levels in
Crohn’s disease concluding that growth failure in patients with
Crohn’s disease is not caused by growth hormone deficiency.
Evenly corticosteroid therapy did not appear to be the most
responsible factor for growth failure in Crohn’s disease.
Conclusions: Disease activity indicated by a high peidatric
Crohn disease activitiy index score had an important impact on
impaired growth in children and adolescents with Crohn’s dis-
ease.
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INTRODUCTION

Besides various intestinal problems, children and
adolescents with Crohn’s disease (CD) frequently
suffer growth failure like short stature (height be-
low 3™ percentile), growth retardation (growth ve-
locity below 10* percentile or decline in growth ra-
te from a higher to a lower percentile) and reduced
growth rate (< 50™ percentile) (1).

Amag: Crohn Hastalikli ¢ocuk, adidlesan ve geng eriskinlerde
goriilen biiyiime geriliginin biiyiime hormonu salinimindaki ye-
tersizlige bagli olup olmadiginin degerlendirilmesini amagla-
yan bir klinik analiz yapildi. Yontem: Crohn hastalikli, orta-
lama yaglart 16.7 [Ortanca=17.0 (4 — 29)] olan 40 hasta (26 er-
kek, 14 kadin) calismaya alindi. Hastalar, 8 ayla 16.7 yas ara-
st degigen siireler boyunca izlendi. Hastalarin yaglari 4’ten 29a
kadar degismekteydi. Biiyiime hormonu salinimini degerlen-
dirmesi igin, 3 sabah idrar érneginde in vitro immunoradyo-
metrik ol¢iim yontemiyle biiyiime hormonu 6l¢iimii yapildi. Re-
nal fonksiyonlar, ayni érneklerde kreatinin ve a-I1-mikroglobu-
lin analiziyle yapildi. Gozlem siireleri, kronolojik yas, boy, bii-
yiime hizi, ergenlik evresi, lokalizasyon, pediatrik Crohn
hastaligi aktivite indeksi, kortikosteroid kullanim oykiisii ve
bunlarin yaninda IGF-1 seviyeleri tespit edildi. Bulgular:
Crohn hastalarinda idrar biiyiime hormonu seviyeleri normal
saptandi ve bu hastalardaki biiyiime geriliginin biiyiime hor-
monu eksikligine baglt olmadigt sonucuna varildi. Hatta,
Crohn Hastaligindaki biiyiime geriligi icin kortikosteroid teda-
vi de fazla etkili bulunmadi. Sonue: Yiiksek pediatrik Crohn
hastaligi aktivite indeksi skoruyla karakterize hastalik aktivi-
tesinin ¢ocuk ve adolesan donemdeki Crohn hastalarinda gorii-
len biiyiime geriligine énemli etkisinin oldugu saptandi.

Anahtar kelimeler: Crohn Hastaligi, Kortikosteroid tedavisi,
bliylime hormonu eksikligi, inflamasyon, iltihabi barsak
hastaligi, PCDAI, kisa boy

There are numerous reasons for growth failure in
patients with CD, such as inadequate food intake,
malabsorption, increased intestinal losses, increa-
sed requirements for calories, secondary hypopitu-
itarism, and corticosteroids (2-9).

Especially the influence of hormonal factors such
as insulin-like growth factor (IGF)-1 and growth
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hormone (GH) secretion has been broadly discussed
[10-15], but the conclusions are not conclusive. Ho-
wever, there have been some approaches to estab-
lish GH treatment in Crohn’s patients (16, 17). In
this context, we investigated whether GH secretion
is impaired in children and adolescents with CD.

MATERIALS AND METHODS

Our retrospective study included a total of 40 (26
male, 14 female) patients with CD confirmed by
endoscopy, histology or radiology. Tanner’s puber-
tal stage (P1=2, P2=11, P3=2, P4=2 and P5=23 pa-
tients) was ascertained and related to the obtai-
ned results. The average age at the time of inves-
tigation was 16.7 years (median: 17.0 years; ran-
ge: 4-29). The observation period varied from 8
months to 16.3 years (mean: 5.6 years; median: 4.4
years). Patients’ average age at final diagnosis of
CD was 11.1 years (median: 11 years, range 2-20).
The localization of the disease was ileocolon only
(26), colon only (13) and esophagus, stomach and
duodenum (1).

Pediatric Crohn’s Disease Activity Index (PCDAI)
was determined according to Harms et al. and defi-
ned as low with a PCDAI <150, moderate from 150-
220 and high >220 (18). Parameters such as appe-
tite, stool frequency per week, alpha-2-microglobu-
lin, iron, blood sedimentation rate, and numbers of
rod nuclear cells were included (see Table 1).

In 22 patients PCDALI could be ascertained at the
time of diagnosis and revealed a moderate activity
(PCDAI: median 165.5; range 106-382) (18).

The dosage of corticosteroid therapy and the app-
lication mode (alternate versus daily corticostero-
id treatment) were obtained.

Bone age was assessed in 35 patients (in 5 pati-
ents before start of corticosteroid therapy, in 24
cases under treatment and in 1 patient after app-
lication of corticosteroids) and followed up in 24
cases. Bone age retardation was defined as “retar-
ded” when showing a difference with chronological
age > -1.5 years.

Table 1. PCDAI according to Harms
Index = 49.7 + 20.2 x appetite (1, 2, 3)*
+ 2.4 x stool frequency per week
+ 0.8 x blood sedimentation rate (mm/h)
- 0.3 x iron (mg/dl)
+ 4.1 x alpha-2-microglobulin (%)
+ 1.3 x rod nuclear cells (%)
*1 = good; 2 = moderate; 3 = little.
PCDALI defined as: low < 150; moderate 150-220; high > 220.
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The concentration of urinary GH (uGH) was measu-
red with an in vitro immunoradiometric assay (125
I-hGH U COATRIA, bio Mérieux; France) in three
successive morning urine samples. The sensitivity
of the kit is approximately 0.5 pg/ml, and the speci-
ficity is <0.2 pIU/ml. Within- and between-run rep-
roducibility varies from <6.6 and 8.1%, respectively.
Validation shows a significant correlation between
the test and serum GH values in 24-hour measure-
ments, as well as in day and night measurements.
Each patient registered urine volume (in ml) and
clock times for the last micturition in the evening,
alternate night, and the first morning micturition
for calculation of the collection period showing a
significant correlation to uGH excretion (19).

To investigate the renal function, we used creati-
nine as a parameter of glomerular filtration and
alpha-1-microglobulin as a parameter of tubular
function. Creatinine was measured with an enz-
ymatic in vitro test (CREAplus, Boehringer Mann-
heim Systems; Germany), and alpha-1-microglo-
bulin was determined with a kinetic nephelometry
test (Beckman A1M-Test; Germany).

The ratio of uGH and creatinine was calculated
and compared with standard values for hGH Uri-
ne Coatria of bio Mérieux. The reference values of
uGH excretion in relation to creatinine correspond
to age and pubertal stage.

Statistical analysis was done using chi-square test.

All patients provided their informed written con-
sent, and in the case of minors, informed written
consent was given by the parents; patient anony-
mity was preserved.

The study is in full accordance with the ethical
standards of the Declaration of Helsinki (1995).

RESULTS

The median observation period was 4.4 years (me-
an: 5.6 years; range: 8 months — 16.3 years). Wit-
hin the observation period, 33 (82.5%) patients
showed normal height within 3" and 97" percenti-
le, 2 patients (5%) had increased height over the
97" percentile (in the following, subsumed in pati-
ents with normal growth), whereas 5 patients
(12.5%) showed short stature below the 3™ percen-
tile. Bone age was equivalent to chronological age
in 11 patients of the observed patient group, while
bone age was retarded in 24 patients (the retarda-
tion varied from 1.5 to 6.5 years); in 5 patients bo-
ne age was not obtained. Analysis of the detailed
growth curves of the patients with normal height
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showed growth retardation in 25 patients, defined
as growth velocity below the 10™ percentile or dec-
line in growth velocity from a higher to a lower per-
centile. Decline in growth velocity ranged from 10-
94 percentile (mean: 40; median: 40). Growth failu-
re was defined as short stature (height below 3
percentile) and growth retardation as growth velo-
city below the 10" percentile or decline in growth
rate from a higher to a lower percentile) (1).

Subsuming the 5 patients with short stature and
25 patients with normal height but growth retar-
dation, 30 patients (75%) had growth failure.

There was no significant relation between growth
failure and sex or between growth failure and lo-
calization of disease.

The concentration of uGH in correlation to creati-
nine was normal in 4 patients with short stature.
However, uGH/creatinine was below —2 SDS in 3
patients with normal growth and 5 patients with
growth retardation. These results were not signi-
ficant. One patient with short stature had to be
excluded from the study because of additional re-
nal insufficiency.

PCDAI could be determined in 35 patients within
the disease period. The mean value was 153 (me-
dian: 145.5; range: 107-219). Average PCDAIs we-
re higher in patients with growth failure than in
patients with normal growth (Table 2).

Patients with short stature (height below 3rd per-
centile) showed higher PCDAIs compared to pati-
ents with growth retardation (decline in growth
rate, but height above 3rd percentile) and patients
with normal growth (Figure 1). The differences
were not significant.

Thirty-four patients were treated with corticoste-
roids, either as a continuous treatment (13 pati-
ents) or an intermittent treatment (21 patients)
(Figure 2). All patients treated with corticostero-
ids received prednisolone, respectively prednisone;
in addition, 2 male patients were treated with
methylprednisolone intermittently. The duration
of treatment varied from 6 months to 16.3 years

Table 2. Relation between growth failure and average
PCDAI

Mean average Median Range

PCDAI
Short stature 179.5 175 169-199
Growth retardation 153 141.5 113-219
Normal growth 141 142.5 107-178

These differences were not significant.
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Figure 1. Comparison of peak PCDAI in patients with growth
failure and patients with normal growth.

(mean: 3.9 years; median: 3 years). The influence
of the daily dosage of corticosteroids is summari-
zed in Table 3. Results were not significant
(p<0.05).

There was no significant difference regarding
growth outcome comparing daily to alternate-day
corticosteroid therapy (Table 4).

Serum IGF-1 in blood was only examined in 10 pa-
tients retrospectively: 4 had finished growth (Tan-
ner pubertal stage V) at the time of the IGF-1 de-
termination, whereas pubertal stages of the other
6 patients were I-IV. All these patients showed
IGF-1 values ranging from 5" to 95™ percentile
with normal age-related values.

Thirteen patients needed a surgical procedure
(Table 5). Postoperative growth rate increased in 6
cases. In a 13-year-old boy with short stature,
growth velocity rose from <3 percentile to the 50*

100%:
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patients
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Figure 2. Relation between growth failure and corticosteroid
therapy.
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Table 3. Relation between growth failure and daily dosage of corticosteroids in 34 patients

Mean mg/kg/d (mg/m*/d)

Median mg/kg/d (mg/m?*d)

Range mg/kg/d (mg/m?*d)

Normal growth 0.14 (3.7)
Short stature 0.25 (6.7)
Growth retardation 0.21 (5.7)

0.12 (2.4) 0.04-0.27 (0.8-8.4)
0.24 (7.4) 0.13-0.36 (2.3-10.8)
0.21 (5.7) 0.06-0.37 (1.2-9.8)

percentile. In 5 patients with growth retardation
(13 to 17 years old, median: 15 years), growth rate
increased. In the one-year postoperative observa-
tion period, growth rate showed an increase of 7 to
25 percentile (median: 15 percentile) in these 5 pa-
tients. The results were not significant.

To investigate the influence of disease activity on
growth, detailed data of patients with short statu-
re either at the time of diagnosis and/or at the ti-
me of the study were ascertained. Evaluation of
patients with short stature within the observation
period led to the following findings:

At the time of diagnosis of CD, 5 patients had
short stature. At this time, none of them had recei-
ved corticosteroids. Disease activity varied from
low to moderate levels (PCDAI values of these pa-
tients ranged from 110 to 220, mean: 169).

During the observation period, the growth rate in
2 of 5 patients improved and height became nor-
mal. The PCDAI at the beginning of the observati-
on period (mean: 130) and at the time of the study
(mean: 141) showed a low activity index. Both pa-
tients were treated with corticosteroids (predniso-
lone and prednisone, mean daily dosage 0.19
mg/kg/d).

There was no growth improvement in 3 patients
with short stature at the time of the diagnosis and
height remained short during the disease period.
At the beginning of the observation period, PCDA-
I was moderate (mean: 208). At the time of the in-

Table 4. Relation between growth failure and alternate-
day corticosteroid treatment

Daily Alternate-day
corticosteroid corticosteroid
therapy therapy
Normal growth n=7 2 5
Short stature n=5 2 3
Growth retardation n=22 10 12

Table 5. Growth rate in 13 patients before and after re-
section of inflammatory bowel segments

Normal Short Growth
growth height retardation
Before surgery 2 2 9

After surgery 8 1 4

vestigation and examination of uGH, PCDAI was
moderate (mean: 169) as well. These patients we-
re undergoing daily corticosteroid treatment
(prednisolone and prednisone; mean daily dosage
0.23 mg/kg/d).

In 2 patients, growth was impaired during the ob-
servation period, so that height decreased from
normal to short stature. PCDAI at the beginning
of the observation period was low (mean: 133) and
revealed moderate activity (mean: 190). Both pati-
ents received corticosteroids (prednisolone and
prednisone, mean daily dosage: 0.27 mg/kg/d).

Bone age of 35 patients was obtained during the
observation period. Bone age was equivalent to
chronological age in 11 patients of the observed
patient group, while bone age was retarded in 24
patients. Bone age retardation ranged from 1.5 to
6.5 years. In the group showing bone age retarda-
tion, 5 patients had short stature, 16 had growth
retardation and 3 had normal growth.

Twenty-one patients with bone age retardation we-
re undergoing corticosteroid treatment. Two pati-
ents with growth retardation and 1 patient with
normal growth showed bone age retardation witho-
ut undergoing corticosteroid treatment (Table 6).

The fact that short stature was found in patients
at the time of the diagnosis of CD before undergo-
ing corticosteroid treatment and the known sup-
pressive side effects of chronic inflammation on
growth led to the presumption that disease acti-
vity is a major factor responsible for growth failu-
re in children and adolescents with CD. To con-
firm this theory, we compared the data of patients
without corticosteroid treatment during the obser-
vation period to highlight the impact of disease ac-
tivity on growth.

Although the observed number of patients was
low, normal growth was related to low disease ac-
tivity when comparing patients without corticoste-
roid treatment whereas impaired growth was rela-
ted to higher disease activity. Disease activity is
an influencing factor of impaired growth in chil-
dren and adolescents with CD that should not be
underestimated.
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Table 6. Mean bone age retardation
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Short stature Growth retardation Normal growth

CS treatment No CS CS treatment No CS CS treatment No CS
Number of patients 5 - 14 2 2 1
Mean bone age retardation (years) 4.3 - 2.4 1.75 2 2

CS: Corticosteroid.

DISCUSSION

Evaluating the correlation between uGH secretion
and growth failure in children and adolescents
with CD, growth failure in these patients is not
based on GH deficiency. There is also no correlati-
on between growth failure and IGF-1 levels.

Determination of uGH by immunoradiometric as-
say is a valid, noninvasive and simple screening
method to detect GH deficiency (20-23). For vari-
ability in GH excretion, it is necessary to determi-
ne uGH on several days (24). In patients with re-
nal insufficiency, uGH is not a reliable parameter
for hypothalamic-pituitary dysfunction, so renal
function has to be supervised (25). Using the rati-
o of uGH to creatinine, the pubertal peak of GH
production is blunted. uGH secretion depends on
pubertal status (19, 26-28).

In our study, several patients had already finished
puberty at the time of uGH examination. Therefo-
re, the interpretation of our data is limited. In so-
me patients only IGF-1 levels were examined.

Hormonal disorders like GH deficiency or hypot-
halamic-pituitary dysfunction are controversially
discussed as a reason for growth failure in pati-
ents with chronic inflammatory bowel disease (10-
15). In individual cases of patients with chronic
inflammatory bowel disease, an altered GH secre-
tion was found (14, 29). Investigations of a large
number of patients suggested secondary hypopitu-
itarism in chronic inflammatory bowel disease
(12). The investigation of uGH in children with
chronic inflammatory bowel disease by Braegger
(10) showed results comparable with ours.

Use of corticosteroid therapy to reduce disease ac-
tivity (30) is only one factor for growth failure in
patients with CD. The impact of daily corticostero-
id dosage on growth must be interpreted in corre-
lation with disease activity, respectively PCDALI.
In patients with growth failure, daily corticostero-
id dosage was higher than in patients with normal
growth.

Slonim et al. (17) demonstrated that improved
growth can be obtained at the beginning of corti-
costeroid treatment by controlling the underlying

disease. Bone age acceleration might be another
possible factor explaining this phenomenon. Six of
our patients (18%) showed the same occurrence.

Regarding patients with alternate versus daily
corticosteroid treatment, there were more patients
with normal growth in the alternate-day group.
Beneficial effects of alternate day versus daily cor-
ticosteroid therapy concerning growth have been
largely discussed (31-35). Disease activity is a ma-
jor factor influencing growth failure in children
and adolescents with CD.

Although the circumscribed number of analyzed
parameters especially in patients without corticos-
teroid therapy must be considered, disease acti-
vity in patients with short stature seems to be hig-
her than in patients with growth retardation ver-
sus low disease activity in patients with normal
growth. In CD patients under steroid treatment,
normal growth and low activity were correlated
with low daily corticosteroid dosage, while growth
failure and moderate activity were combined with
higher daily corticosteroid dosage.

Griffiths et al. (36) revealed in 100 children with
CD that linear growth velocity is mainly based on
the severity of gastrointestinal symptoms that inf-
luence the PCDAI according to Harms (18).

If indicated, surgical intervention and resection of
inflamed bowel sections may have beneficial ef-
fects on growth in CD patients when performed
before epiphysial closure. After surgery, 55% of
our patients with growth failure revealed impro-
ved growth with increased growth rate and a dec-
rease in PCDALI Discussion regarding surgical in-
tervention to improve growth in CD patients has
been controversial (37), with conflicting results af-
ter surgical intervention (37-39).

This study was performed to investigate growth
and growth velocity in children and adolescents
with CD and to correlate it with GH secretion. In
the observed patient group, growth failure was not
related to uGH secretion but to the disease acti-
vity index.

Corticosteroid therapy was not the only factor res-
ponsible for growth failure in children and adoles-
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cents with CD. If corticosteroid therapy becomes
necessary, it is advisable to choose the lowest and
shortest therapeutical dosage. Treatment with
mesalazine and sulfasalazine, azathioprine, infli-
ximab and others might have beneficial effects in
reducing corticosteroid dosage and disease activity
(30, 40, 41). Alternate-day treatment is used prior
to daily corticosteroid therapy after resolving epi-
sodes of acute exacerbation.

When indicated, surgical intervention can be ef-
fective in both reducing the activity of inflammati-
on and improving growth in children and adoles-
cents with CD.

There are only a few studies focusing on GH treat-
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