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ABSTRACT

BACKGROUND. Growth failure is a recognized complication of pediatric-onset Crohn’s
disease, but there are few data on final adult height.

OBJECTIVE. Our purpose with this work was to determine adult height and the clinical
features that influence long-term growth impairment.

METHODS. We retrospectively studied 123 patients with Crohn’s disease (65 male and
58 female) who had reached adult height. All of the case subjects were diagnosed
before age 16.0 years. Heights were converted to SD scores and univariate analysis
performed of factors postulated to influence final height, that is, interval from
onset of symptoms to diagnosis, prepubertal onset of symptoms, gender, jejunal
disease present at diagnosis, systemic steroid therapy, intestinal surgery, and
midparental height SD scores. Significant univariate factors were additional ana-
lyzed in regression models.

RESULTS. Mean height deficit at diagnosis was —0.50 SD scores, which improved to
—0.29 SD scores at final height. Mean final height compared with target height,
calculated from parental height, was —2.4 cm (range: —20.0 to 9.0 cm). Nineteen
percent of the case subjects achieved a final height >8.0 cm below target height.
The length of the interval between symptom onset and diagnosis correlated
negatively with height SD scores at diagnosis. Height SD scores at diagnosis were
related to final height SD scores, independent of midparental height. The presence
of jejunal disease was negatively related to final height.

CONCLUSIONS. Mean final adult height showed a modest deficit compared with target
height, but in one fifth of patients, final height was significantly less than target
height. Earlier diagnosis and improved treatment of jejunal disease would be likely
to improve final height.
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GROWTH IMPAIRMENT HAS been recognized as a com-
plication of Crohn’s disease!? since the earliest de-
scriptions of the disorder in children.># Short stature and
concerns about adult height may cause considerable dis-
tress to patients and their parents, particularly during
adolescence, the peak time of diagnosis.” Although nu-
merous reports have described growth impairment at
the time of diagnosis or impaired growth velocity in the
first few years after diagnosis, s there are relatively few
reports that have documented final adult height.681011
Most studies that exist have been relatively small, and
only few factors that negatively impact on growth and,
thus, potentially affect final height have been studied.
Potential clinical factors that affect final height in-
clude the interval from the onset of symptoms until time
of diagnosis,>!2 which may be interpreted as delay in
diagnosis; the presence of jejunal disease at diagnosis®!3;
prepubertal onset of symptoms!!; gender®; and severity
of illness.® It has also been suggested that parents of
children with Crohn’s disease may themselves have
short stature, hence accounting for apparent growth
impairment in their offspring,'' although several reports
have not noted this.®!*!* In addition, there are few data
on the effect of therapy on final height.!!¢ Systemic
corticosteroids are prescribed more cautiously in chil-
dren with growth failure and intestinal resection under-
taken on shorter children. The long-term impact on
growth of such modern clinical practice is not well doc-
umented. The aims of the present study were, thus, first
to analyze a sufficiently large cohort of patients with
pediatric-onset Crohn’s disease to accurately document
possible final height deficit and, second, to determine
factors that might adversely influence long-term growth.

METHODS

Source of Patients

Patients were identified from 2 clinics based at St Bar-
tholomew’s and the Royal London Hospitals (London,
United Kingdom). The first group was prospectively
identified from 1989 onward from a pediatric inflamma-
tory bowel disease clinic. The second group was retro-
spectively identified to have childhood-onset disease but
was subsequently transferred, between 1980 and 1995,
to the adult gastroenterology department.

Diagnosis of Crohn’s disease

All of the case subjects were diagnosed according to
established criteria.'” None had other conditions poten-
tially affecting growth.

Patient Characteristics

A total of 123 patients, 65 male and 58 female, diag-
nosed before the age of 16.0 years was studied. Diagnosis
was at a mean age of 12.2 years (*£2.8 years SD) and a
range of 4.2 to 16.0 years. Thirty cases were identified

from the pediatric clinic and 93 from the adult clinic,
with no overlap of patients from the 2 sources. All were
born in the United Kingdom; 98 (80%) were of white
origin, 16 (13%) of Indian subcontinent origin, 6 (5%)
of African origin, and 3 (3%) from other ethnic groups.

At diagnosis, 27 (27%) of 99 case subjects had jejunal
involvement. Different treatment regimens were used in
the group as a whole, but 52 (58%) of 123 received =1
course of systemic steroids (defined as =1 mg/kg of
prednisolone orally for a minimum of 2 weeks), and 21
of the 52 had =3 such courses. Fifty seven (46%) of 123
patients had had intestinal surgery, with the potential
for affecting growth, such as a right-hemicolectomy or
strictureplasty.

Auxology Observations

Height was assessed using standard anthropometric
techniques.'® Final height was available in all 123 of the
patients, height at diagnosis (=3 months) in 112, and
height at 16 years old (*£1 month) in 91. Height data
were converted to SD scores (SDS) using the 1990
United Kingdom standards.!®

Final Height

Final height was defined as height when growth velocity
was <1 cm per year over a minimum of 6 months.
Height and growth velocity were obtained in 65 patients
at a mean age of 18.2 years (*2.7 years SD) and in 58
patients from a single measurement at age >22 years
(mean *= SD: 29.4 £ 5.4 years), when growth was
considered to be complete.

Parental Heights

Heights were measured in 37 (33%) of 111 mothers and
in 28 (25%) of 110 fathers. In all of the other cases,
patients were asked to report parental height. Reporting
of height by family members has been demonstrated to
be accurate.?

Target Height

Target height was calculated as the mean of maternal
and paternal height SDS values or as an absolute value
in males using the formula: [paternal height + (mater-
nal height + 13)]/2 cm, and in females by: [maternal
height + (paternal height — 13)]/2 cm. These calcula-
tions produce target heights with 95% confidence inter-
vals of =8 cm. In practice, the midparental heights
(MPHs) produced by these 2 methods are very similar.2!
Final height was also compared with target height to
produce the difference in centimeters.

Prepubertal Onset of Symptoms

We used a chronological definition from a previous re-
port of a prepubertal onset of symptoms as <13 years for
males and <11 years for females.!!
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Statistical Analysis

The effects of variables on height SDS were examined at
3 time points: at diagnosis, at 16 years old, and at final
height. Continuous variables analyzed were MPH SDS
and interval from symptoms to diagnosis (“delay”); and
dichotomous variables analyzed were gender, prepuber-
tal onset of symptoms, presence of jejunal disease at
diagnosis, intestinal surgery, and systemic steroid ther-
apy. Significant univariate factors (P < .10, 2-tailed)
were entered into regression models and nonsignificant
factors removed stepwise to achieve the final models
reported.

Ethical Approval

The study was approved by the North East London Local
Research Ethics Committee and the London Multicenter
Research Ethics Committee.

RESULTS

Age at Diagnosis, Interval From Symptom Onset to Diagnosis,
and Prepubertal Symptoms

The mean (*£SD) age at diagnosis was 12.2 (+2.8) years
(range: 4.2 to 15.9 years) after a mean interval from
symptom onset to diagnosis of 12.5 (*12.9) months
(range: 1.0 to 60.0). Forty three (42%) of 102 patients
had a prepubertal onset of symptoms.

Height at Diagnosis

The mean height SDS at diagnosis was —0.50 (95%
confidence interval [CI]: —0.75 to —0.24; n = 102), with
no gender difference. There was a negative relationship
between the length of the interval between onset of
symptoms and diagnosis with height SDS at diagnosis (r
= —0.22; P = .032). When corrected for MPH, this
correlation increased (r = —0.29; P < .01).

Final Height

After diagnosis, patients were followed-up for a mean
(£SD) of 10.4 (%7.1) years (range: 1.2 to 25.4 years; n =
123). Mean final height SDS was —0.29 (95% CI: —0.51
to —0.07; range: —3.48 to 2.80), with no gender ditfer-
ence. Final height SDS was significantly greater than
that at diagnosis (P = .015; Fig 1). There were no rela-
tionships between final height SDS and age at diagnosis,
prepubertal onset of symptoms, systemic steroid ther-
apy, or intestinal surgery. (However, children who had
had intestinal surgery were significantly shorter at diag-
nosis). Children with prepubertal onset of symptoms
who had received steroid therapy were not significantly
shorter than other children at final height.

The mean height deficit compared with target height
was —2.4 cm (95% CI: —3.6 to —1.2; Fig 2). Twenty
(19%) ot 108 children achieved final height <8.0 cm,
that is, >95% CI, below target height. Males were more
likely than females to have a final height deficit >8.0 cm
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Final height is significantly greater than at diagnosis. Patients (n = 91) were included only
if data were available at all 3 time points: diagnosis, age 16 years, and at final height. 2 P <
.05 for height SDS at diagnosis versus final height SDS.
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FIGURE 2

Mean final height is 2.4 cm below target height. Final height was compared with target
height for all patients in whom both parental heights were recorded (n = 108). See text
for methods. 95% of British children should lie within 8.0 cm of the abscissa. Although
the height of the study population is normally distributed, there is a left shift, with the
mean height deficit being —2.4 cm (vertical arrow), and a tail of 19% of patients that
achieved a final height less than —8.0 cm below target height.

below target height (odds ratio [OR]: 3.95; 95% CI: 1.20
to 13.76; P = .01). For males with prepubertal onset of
symptoms, the risk of achieving a final height deficit of
more than —8.0 cm was OR 3.70 (95% CI: 1.06 to 13.23;
P = .018).

Jejunal Disease at Diagnosis

At final height, patients with jejunal disease at diagnosis
were shorter than those without jejunal disease (mean
height: SDS —0.70 vs —0.15; P = .034).
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Parental Height

The mean MPH and paternal and maternal heights were
the same as in the general population: —0.03 SDS (SD:
0.88), —0.03 SDS (SD: 0.98), and —0.04 SDS (SD: 1.13),
respectively, suggesting that growth retardation was not
related to parental height. MPH correlated with height
SDS at diagnosis, at 16 years old, and at final height (r =
0.58; r = 0.67; and r = 0.60, respectively; all P < .0001),
similar to that of the reference United Kingdom popu-
lation.2

Change in Height SDS

Sixty four (57%) of 112 children had an increase and 48
(43%) a decrease in height SDS from diagnosis to final
height. The correlation between height SDS at diagnosis
and final height SDS was r at 0.75 (r> = 0.56; P < .001).
There was a negative relationship between height SDS at
diagnosis and the change in SDS at final height (r =
0.49; P < .001), indicating that shorter children were
more likely to have a gain in height. Those who had
heights more than —1.0 SDS below the mean at diagno-
sis were more likely to have a positive increment in
height (OR: 4.01; 95% CI: 1.44 to 11.55; P = .003).

Multivariate Analysis

At diagnosis, MPH SDS was positively related and inter-
val between symptom onset and diagnosis was nega-
tively related to height SDS (Table 1). At 16 years old,
MPH SDS and height SDS at diagnosis were positively
related to height SDS. Jejunal disease and intestinal
surgery were negatively related to height at 16 years. At
final height, MPH SDS and height SDS at diagnosis were
positively related to height SDS, whereas the presence of
jejunal disease was negatively related. The SDS incre-
ment (final height SDS minus diagnosis height SDS) was

negatively correlated with the difference from midpar-
ental SDS (ie, midparental SDS minus diagnosis SDS; P
< .001) and the presence of jejunal disease (P = .078; 12
= 0.39).

DISCUSSION

This population of Crohn’s patients, with presenting
characteristics representative of current United Kingdom
cases,’ constitutes the largest series to be followed until
final height. It is sufficiently large for the analyses we
have performed to provide clinical conclusions about
several factors influencing final height. Importantly, our
findings suggest a relatively favorable final height prog-
nosis for the majority of patients, albeit when cared for
in a specialist unit in which the primary therapy is
enteral feeding. The finding that the mean final height
deficit was relatively modest at —0.29 SDS is reassuring.
We observed, however, that growth impairment was not
a universal finding, but that there was a subset of ap-
proximately one fifth of patients who were especially at
risk (Fig 2). This is a key group to which future attention
needs to be addressed.

Growth velocity has been reported to be abnormally
decreased in approximately one half of Crohn’s cases
before diagnosis.!0141523.24 Recently, we have shown that
the —174 G/C interleukin-6 polymorphism determines
poor growth at diagnosis,?* although DNA from the ma-
jority of the current cohort is not available. Our current
findings show that when height deficit was present at
diagnosis, because of subnormal growth after the onset
of symptoms, normal growth potential may be compro-
mised. A similar observation has been noted in other
growth-impairing conditions, such as celiac disease and
malnutrition.2627

Therefore, prevention of abnormal growth by earlier

TABLE 1 Effect of Clinical Variables on Height SDS at Diagnosis, Age 16 Years, and Final Height
Variables Used in Model Unstandardized Coefficients Standardized P
Coefficients
B SE B t
Model A: height SDS at diagnosis
Constant —.20 0.17 —1.22 23
MPH SDS 1.03 0.14 64 7.58 <.001
Length of symptoms before diagnosis, mo -.02 0.01 -23 —272 <001
Model B: height SDS at 16y
Constant 08 0.11 0.73 47
Jejunal disease present at diagnosis: (1) yes (0) no —-37 0.17 =12 —2.18 03
Intestinal surgery: (1) yes (0) no —-32 0.15 —-12 =211 04
MPH SDS 2 0.1 14 1.93 06
Height SDS at diagnosis 71 0.07 75 1022 <.001
Model C: height final SDS
Constant 05 0.1 0.56 58
MPH SDS 45 0.11 33 4.14 <.001
Height SDS at diagnosis 49 0.07 55 6.86 <.001
Jejunal disease present at diagnosis: (1) yes (0) no —33 0.18 —.12 —1.85 07

Coefficient of multiple determination for model A is R2 = 0.46; for model B, R2 = 0.80; for model C, R2 = 0.67. All P values are 2-tailed. See text

for methods.
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diagnosis, thus reducing the duration of symptoms be-
fore treatment, is an important goal. However, many
children present with nonspecific symptoms, which may
not immediately be recognized to be associated with
Crohn’s disease.’ Increased awareness by primary care
doctors and pediatricians of the possibility of Crohn'’s
disease, with wider use of screening investigations, such
as erythrocyte sedimentation rate, C-reactive protein,
serum albumin, and platelet count, may help in earlier
diagnosis.28

Although it has been suggested previously that jeju-
nal disease at diagnosis might be linked to impaired
growth,® a statistical association has only been demon-
strated recently.’ The present study expands this associ-
ation to show that jejunal disease affects final height.
Extensive small bowel disease presents a particular chal-
lenge for management, but it is clear that, from the
growth perspective, particular attention should be fo-
cused on this group.

The size of the current study has enabled us to show
a statistically significant gain in height SDS from diag-
nosis to final height. It is likely that this occurred because
of the active treatment received. It has been reported
that approximately half of patients with Crohn’s disease
improved their height SDS during treatment.”2° We also
observed this and also that the shortest children had the
greatest increment in height. This latter observation will
be useful in counseling patients. Although there were no
overall effects of prepubertal symptom onset or gender
on final height, males with prepubertal onset of symp-
toms were at the greatest risk of failing to attain final
height within their genetic potential. It has been re-
ported previously that girls experienced better catch-up
growth than boys.’

In much of North America, corticosteroids are often
used as initial treatment for Crohn’s disease. In contrast,
in the United Kingdom, enteral feeding has been the
favored therapy for inducing remission for ~20 years
because of concerns about the potential of systemic ste-
roids to lead to growth impairment.>® This has limited
corticosteroids to children who have failed dietary ther-
apy and who may, therefore, have more intractable
disease. Despite this policy, in practice many of our
patients did receive =1 course of systemic steroids. How-
ever, we did not observe a long-term effect on height,
which is in agreement with other reports.”! Given that,
in the United Kingdom, pediatric inflammatory bowel
disease clinics were, in part, specifically established to
limit the use of corticosteroids (especially among chil-
dren identified as being short), this finding is reassuring.
These data do not argue in favor of the use of systemic
steroids based on disease activity alone, but patients can
be informed that there is no evidence that judicious use
of systemic corticosteroids in the setting of a specialist
clinic will cause significant long-term growth sequelae.

We also found no effect of intestinal surgery on final
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height, concurring with a previous report.¢ The targeted
use of surgery as an intervention for poor growth ex-
plains this apparent contradiction. Parents can be ad-
vised that, in selected cases, as well as impressive short-
term postoperative catch-up growth,'¢ a positive effect
on final height is a likely outcome.

CONCLUSIONS

Decreasing the length of delay in diagnosis would be
likely to improve final adult height in pediatric Crohn’s
disease patients. Children with jejunal disease are at
increased risk of growth retardation, and prepubertal
males should be observed carefully in this regard. Al-
though the growth prognosis for most children is rela-
tively good, there is a subgroup who are more at risk of
long-term height deficit and, thus, may require more
intensive surveillance and management.
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“These days, people are spending as much time in front of a computer as a
television—in some cases, even more. Adults spend about 14 hours a week
watching TV and 14 online, compared with 11 watching TV and 10 online
two years ago, according to JupiterResearch. Young adults, ages 18 to 24,
spend about 10 hours a week online, two hours more than they spend
watching TV. Many don’t even own TVs but have laptops.”

McBride S. Wall Street Journal. May 15, 2006
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