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Abstract
Background and Aims—Pediatric Crohn’s disease (CD) is associated with deficits in growth,
lean mass (LM), and fat mass (FM). This study assessed changes in height and body composition
in children and adolescents with CD following diagnosis, and identified determinants of these
changes.

Methods—Whole body LM and FM were assessed using DXA in 78 CD subjects at diagnosis
and 6, 12, and a median of 43 (range 24–63) months later. Race- and sex-specific Z-scores for lean
mass (LM-ht-Z) and fat mass (FM-ht-Z) relative to height were derived using reference data in
>900 controls. Serum cytokines and growth factors were measured and quasi-least squares
regression was used to identify determinants of changes in height and body composition Z-scores.

Results—LM-ht-Z and FM-ht-Z (both p<0.005) improved significantly following diagnosis;
however, females had persistent LM deficits vs. controls (−0.50 ± 1.02, p<0.05) at the final visit.
Serum interleukin-6, TNF-α, and lipopolyscaccharide binding protein (LBP) decreased
significantly (all p<0.001). Greater increases in LM-ht-Z were associated with infliximab therapy
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(p<0.05), increases in albumin (p<0.001), and decreases in ESR (p<0.05), interleukin-6 (p<0.005),
and LBP (p<0.05). Greater increases in FM-ht-Z were associated with glucocorticoid,
methotrexate, and infliximab therapy, and increases in albumin (p<0.05) and growth hormone
binding protein (p<0.05). Overall, height-Z did not improve; however, greater increases in IGF-1
(p<0.05) and decreases in TNF-α (p<0.05), interleukin-6 (p<0.05) and LBP (p<0.05) levels were
associated with increases in height-Z.

Conclusions—Immune-mediated mechanisms contribute to growth and body composition
deficits in CD. Therapies should target these deficits.
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INTRODUCTION
Childhood Crohn’s disease (CD) is associated with malnutrition, malabsorption, delayed
puberty, decreased physical activity, glucocorticoid therapy and elevated inflammatory
cytokines. Each of these may contribute to poor growth and alterations in lean mass (LM)
and fat mass (FM). Growth and development are characterized by age-, sex-, maturation-,
and race- specific increases in LM and FM. In adults, LM deficits are associated with
demonstrable morbidity, including poor physical functioning, altered energy metabolism,
and increased susceptibility to infections.1 In children, altered body composition is an
indicator of poor nutritional status and overall health. Furthermore, LM deficits are
associated with poor bone accrual.2

Prior cross-sectional studies of body composition in children and adults with inflammatory
bowel disease were performed in small numbers of patients with conflicting results.3–14 We
reported significant LM deficits in a prevalent cohort of 104 children and young adults with
CD.15 Whole body LM was significantly lower in CD compared with controls, adjusted for
age, height and maturation; however, FM was normal, consistent with inflammatory
cachexia.16–18 In a cohort of 78 incident pediatric CD subjects, we noted cachexia
(decreased LM) in males, and wasting (decreased LM and FM) in females at diagnosis.19

Prior longitudinal studies of body composition in children with incident CD are limited to
two reports. In the first, whole body LM did not improve over a two year interval in 42
subjects; however, the study was limited by sparse reference data and did not address FM.20
In the second, we examined changes in regional LM and FM using tibia peripheral
quantitative computed tomography (pQCT) in our incident pediatric CD cohort.21 Using
robust reference data in over 650 controls, we demonstrated significant improvements in calf
LM and FM over 12 months. The present study builds upon our prior studies in this cohort
by including measures of whole body LM and FM, examining changes in cytokine and
growth factor levels, and extending the period of observation to 2 to 5 years. The aims are
(1) to assess changes in height, LM, and FM in children and adolescents with CD from the
time of diagnosis through long-term follow up, and (2) to identify determinants of changes
in height, LM, and FM in this cohort.

MATERIALS AND METHODS
Study Subjects

Incident CD subjects, ages 5 to 21 years, were recruited from the Children’s Hospital of
Philadelphia (CHOP). Patients with other illnesses or medications affecting growth and
development were excluded. Baseline visits were completed within two weeks of diagnosis,
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and follow-up visits 6 and 12 months later. A subset of 52 CD subjects enrolled in a
subsequent ancillary study to complete an additional long term follow-up (LTFU) visit at a
median of 43 months (range 24–63 months) after diagnosis. All CD subjects completed at
least one follow-up visit. Baseline body composition and 12 month changes in pQCT
outcomes have been reported in this cohort.19, 21

A total of 921 healthy control subjects recruited from pediatric clinics in the greater
Philadelphia area were used to generate reference data for body composition measures.
Control subjects were excluded for reported height or body mass index (BMI) below the
third percentile at screening, and for chronic illnesses or medications affecting growth. A
subset of controls (n=212), representative of the larger group in terms of age, race, and sex,
enrolled in a longitudinal study with additional visits at 6 and 12 months.

The study protocol was approved by the CHOP Institutional Review Board. Informed
consent was obtained from young adult subjects and the parents or guardians of subjects
under 18 years of age. Assent was obtained from subjects seven to 18 years of age.

Crohn’s Disease Characteristics and Definitions
CD diagnosis was confirmed by radiographic, endoscopic, histologic, and clinical
parameters, as previously described.19, 21 All 78 subjects were evaluated by colonoscopy,
and 75 also underwent esophagoduodenoscopy. Site of disease was defined according to the
Montreal classification.22 CD activity was assessed using the Pediatric Crohn Disease
Activity Index (PCDAI) based on symptoms (30%), physical examination (30%), laboratory
parameters (20%), and growth data (20%), with scores ranging from 0 to 100.23 Growth data
prior to diagnosis were obtained from the general pediatric medical record. Additionally,
data on duration of symptoms, extraintestinal manifestations, dietary intake, medications,
and nutritional supplements were collected.

Anthropometry and Pubertal Development
Weight and height were measured using a digital scale to the nearest 0.1 kg (Scaltronix,
White Plains, NY) and a wall-mounted stadiometer to the nearest 0.1 cm (Holtain Ltd.,
Croswell, Crymych, United Kingdom), respectively. Pubertal status was assessed with a
validated self-assessment questionnaire in subjects greater than eight years of age24 and
classified according the method of Tanner.25

Body Composition Measures
Whole body LM (kg) and FM (kg) were assessed by dual energy x-ray absorptiometry
(DXA) using a Hologic Delphi densitometer (Bedford, MA) with a fan beam in the array
mode (software version 12.4), excluding the head.16, 26 LM was calculated as fat free mass
minus bone mineral content. DXA is a precise (CV 1–4%)27 method used extensively to
describe age-, sex-, race-, and pubertal maturation-related variability in body composition.
28–31 The instrument was calibrated daily using an hydroxyapatite phantom and weekly
with a whole body phantom.

Laboratory studies
Laboratory studies included serum hematocrit (mg/dL), erythrocyte sedimentation rate
(ESR) (mm/h), and albumin (g/dL) in CD subjects; assays were performed using standard
techniques in the CHOP clinical laboratories and were obtained at all four study visits. The
following cytokine and growth factor measurements were obtained at baseline, 6 months,
and LTFU. Serum tumor necrosis-alpha (TNF-α) (sensitivity: 0.05 pg/mL, inter-assay
variation: 8.3%), interleukin-6 (IL-6 ) (sensitivity: 0.10 pg/mL, inter-assay variation: 7%),
and interleukin -1β (IL-1β) (sensitivity: 0.06 pg/mL, inter-assay variation: 8.8%) were
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measured using the Luminex™ platform and the human cytokine six-plex high sensitivity
antibody bead kit (Millipore, Billerica, MA). Serum insulin-like growth factor-1 (IGF-1)
(sensitivity: 1.9 ng/mL, inter-assay variation: 7%, Immunodiagnostic Systems, Tyne &
Wear, UK), growth hormone binding protein (GHBP) (sensitivity: 1.69 pmol/L, inter-assay
variation: 6.3%, DSL, Webster, TX), and intact insulin-like growth factor binding protein-3
(IGFBP-3) (sensitivity: 0.05 ng/mL, inter-assay variation: 6.4%, (R&D Systems,
Minneapolis, MN) were measured by enzyme-linked immunosorbant sandwich assay
(ELISA) , using commercially available kits. Serum lipopolysaccharide binding protein
(LBP) (sensitivity: 4.4 ng/mL) was determined by solid-phase ELISA (Hycult
Biotechnology, Uden, Netherlands).

Statistical Analysis
Analyses were conducted using STATA 10.0 (Stata Corporation, College Station, TX). A
two-tailed p-value <0.05 was the criterion for statistical significance. Differences in means
were assessed using Student’s t test and Wilcoxon’s rank sum test. Correlations between
anthropometric and body composition parameters and continuous variables were assessed by
Pearson product moment correlations or Spearman rank correlation tests, where appropriate.

Height and BMI were converted to age- and sex-specific standard deviation scores (Z-
scores) in the CD subjects and controls using national reference data.32 CD was associated
with significantly lower height Z-scores compared with controls, and body composition
variables were highly correlated with height (LM: R = 0.94, p < 0.001; FM: R = 0.57, p <
0.001). Therefore, whole body LM and FM were assessed as race- and sex-specific Z-scores
relative to height, as previously described.16, 19, 26 The distributions of LM and FM
relative to height demonstrated significant heteroscedasticity and skew. Therefore, LM for
height (LM-Ht) and FM for height (FM-Ht) Z-scores were generated in CD subjects and
controls based on the control population utilizing the LMS method.33 Race-, and sex-
specific estimates of the distribution median (M), coefficient of variation (S) and degree of
skewness (L) in LM and FM relative to height were obtained by a maximum-likelihood
curve-fitting technique.

Quasi-least squares (QLS) regression using the xtqls function in STATA 10.0 assessed (1)
changes over time in disease activity, anthropometry and body composition Z-scores and (2)
determinants of changes in these Z-scores in CD subjects.34 QLS models allow for a
variable number of measurements per subject and the implementation of the Markov
correlation structure, which is appropriate for modeling associations among measurements
that are unequally spaced in time. Signed rank tests assessed changes between the baseline
and the LTFU visit cytokine and growth factor values. Because height, BMI, LM-ht, and
FM-ht Z-scores did not increase linearly during the study period, variables for time and
(time)2 were added to the models. The initial models to assess determinants of changes from
baseline in Z-scores for height, LM-ht, and FM-ht included baseline Z-score, race, and
pubertal status for the following reasons: (1) the large influence of baseline Z-score on the
magnitude of change in Z-score, (2) significant differences in anthropometry and body
composition in blacks and whites, and (3) delays in the onset and progression through
puberty in children and adolescents with CD. Tanner stage was categorized as prepuberty to
early puberty (Tanner stages 1 and 2) vs. middle to late puberty (Tanner stages 3 to 5).
Analyses involving changes in height Z-score were limited to those subjects in Tanner
stages 1–4. Sex was not a significant covariate in these multivariate models. Multiplicative
interaction terms did not reveal interactions between Tanner stage and sex or race. All
models involving changes in variables other than those expressed as Z-scores (e.g.,
laboratory values) used absolute changes from baseline, adjusted for baseline values.
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Medication use changed significantly between study visits; therefore, models examining the
impact of medications on changes in height, LM-ht, and FM-ht Z-scores used interval
change (the change in LM-ht or FM-ht Z-score between consecutive visits) rather than
change from baseline. Models for interval change in each Z-score included covariates for the
interval baseline Z-score (i.e., the Z-score at the beginning of an interval) and interval
medication use (expressed as mean mg/kg/day for glucocorticoids, and as a categorical yes/
no variable for other medications) in addition to race and Tanner stage.

Last, we previously reported that greater FM-ht Z-scores were associated with greater LM-ht
Z-scores in healthy children.15 In order to determine if CD subjects had the expected
increases in LM-ht Z-score relative to increases in FM-ht Z-score, analyses were performed
within the CD subjects and the subset of controls that completed 6 or 12 month visits. These
models used generalized estimating equations since the intervals between study visits were
constant during the first 12 months.

RESULTS
Subject and Disease Characteristics at Baseline

Table 1 summarizes subject characteristics in CD subjects and controls. The sex and racial
distribution of the CD subjects is consistent with the demographics of the disease.35

Although the proportions of prepubertal subjects in CD subjects and controls were
comparable, CD subjects had significantly greater age for Tanner stage and sex compared
with controls (p < 0.001), consistent with delayed puberty. CD subjects had significantly
lower height and BMI Z-scores compared with controls. Height and BMI Z-scores did not
differ according to sex within the CD subjects. Baseline disease characteristics are
summarized in Table 2; the majority of CD subjects presented with growth failure, moderate
to severe disease activity, anemia, and ileocolonic disease..

Table 3 summarizes growth factor and cytokine values in CD subjects at diagnosis
compared with controls. CD subjects had significantly greater IL-6, TNF-α, and LBP levels
compared with controls. These differences remained significant (IL-6, p<0.01; TNF-α
p<0.05; LBP, p<0.001) after adjustment for sex, age, and Tanner stage. CD subjects also had
lower IGF-1 and greater IGFBP-3 and GHBP levels compared with controls, and these
findings remained significant (all p<0.001) after adjustment for sex, age, and Tanner stage.

Changes in Therapies, Disease Activity, and Laboratory Parameters
Of the 78 subjects originally enrolled in the study, 74, 67, and 52 completed 6-month, 12-
month, and LTFU study visits, respectively. There were no baseline differences in sex, race,
PCDAI, and height Z-score in subjects who did vs. did not complete a LTFU visit. Table 4
summarizes the proportions of subjects treated with CD therapies during each study interval,
including the median glucocorticoid dose in those treated with glucocorticoids. Among the
46 subjects who completed all 4 study visits, the proportions who received the following
medications during any interval in the study were: systemic steroids 34 (74%), methotrexate
11 (24%), 6-mercaptopurine 36 (78%), azathioprine 5 (11%), infliximab 13 (28%), and
enteral nutrition 9 (20%). Of note, no subject received exclusive enteral nutritional therapy.
Among these 46 subjects, PCDAI improved significantly over the study interval (p<0.001),
with a median score of 40 at baseline, 15 at 6 months, 10 at 12 months, and 5 at LTFU.
Figure 1 summarizes changes in growth factors and cytokines. CD subjects had significant
reductions in IL-6 (p=0.0008), TNF-α (<0.0001), LBP (p=0.0004), and IGFBP-3 (p<0.01)
over the study interval.
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Changes in Anthropometry and Body Composition Parameters in Crohn’s Disease
Subjects

We previously reported sex differences in baseline body composition deficits in this cohort;
male CD subjects presented with LM deficits (cachexia), and females presented with LM
and FM deficits (wasting).19 Therefore, the graphical displays of longitudinal anthropometry
and body composition measures are stratified by sex. Height z-score did not change
significantly (Figure 2A) for either sex. However, both male and female CD subjects
showed significant improvements (Figure 2B) in BMI Z-score (both, p<0.001). Figures 2C
and 2D illustrate the significant improvements in LM-ht (both, p<0.005) and FM-ht (both,
p<0.005) Z-scores in both males and females. LM-ht Z-scores at LTFU were significantly
greater than those at 12 months, indicating continued improvement beyond the first year of
therapy. The body composition Z-scores at the LTFU visit in CD were also compared with
controls. In the males with CD, LM-ht Z-scores were comparable to controls, and FM-ht Z-
scores were significantly greater than controls (0.56 ± 0.72, p<0.005). Female CD subjects
had LM deficits at LTFU (−0.50 ± 1.02, p<0.05) and FM-ht Z-scores were comparable to
controls.

Using the longitudinal data available in a subset of controls at baseline, 6, and 12 months,
we assessed if CD subjects demonstrated the expected increases in LM-ht Z-scores relative
to concurrent increases in FM-ht Z-scores during the first 12 months after diagnosis. Female
CD subjects had greater increases in LM-ht z-score relative to increases in FM-ht z-score,
compared to controls, but there was no group difference in male CD subjects vs. male
controls. That is, the improvement in LM in boys was commensurate with the gains in FM,
relative to controls. In girls, however, the gain in LM was significantly greater than expected
for the concurrent gain in FM (p<0.01).

Crohn’s Disease-Specific Determinants of Changes in Body Composition and Height
Lean Mass—The multivariable QLS base model of determinants of changes from baseline
in LM-ht Z-score included baseline LM-ht Z-score, race, and pubertal status. Each of the
variables included in Tables 2 through 4, was assessed individually within the multivariate
base model, and results below are expressed as [β-coefficient, (95% confidence interval), p-
value]. Greater increases in LM-ht Z-score were associated with greater increases in FM-ht
Z-score [0.52,(0.37, 0.66),p<0.001] and albumin [0.39,(0.17,0.60), p<0.001], and decreases
in ESR [−0.01,(−0.02,−0.0001), p<0.05], IL-6 [−0.01(−0.02,−0.004), p<0.005], and LBP
[−0.01(−0.002,−0.004), p<0.05]. Concurrent infliximab therapy [0.30, (0.02,0.58), p<0.05]
was associated with greater increases in LM-ht Z-score over the corresponding interval.

Fat Mass—Similar to the LM base model above, the multivariable QLS base model to
assess determinants of changes from baseline in FM-ht Z-score included baseline FM-ht Z-
score, race, and pubertal status. Greater increases in FM-ht Z-score were associated with
increases in albumin [0.19,(0.02,0.36), p<0.05] and GHBP [0.0003,(0.0001,0.0006),
p<0.05], as well as presentation with weight loss at CD diagnosis [0.35,(0.11, 0.60),
p<0.005]. Greater increases in FM-ht Z-score at the end of any given interval were
significantly associated with cumulative glucocorticoid exposure [0.69,(0.12,1.26), p<0.05],
methotrexate [0.30,(0.04,0.56), p<0.05], and infliximab [0.29, (0.06, 0.52), p<0.05]. When
all three medications were included in the same model, the glucocorticoid and methotrexate
effects remained significant, and the infliximab effect was attenuated [0.19 (−0.04,0.41),
p=0.10].

Height—Height Z-score did not change significantly during the study interval overall;
although some subjects demonstrated increases in height Z-scores. The median change in
height Z-score between baseline and LTFU in Tanner 1–4 subjects was 0.13 (interquartile
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range −0.40, 0.71). Subject race, gender, age, baseline disease severity, and height Z-score
did not differ between those with increases vs. decreases in height z-score over the study
interval. QLS models similar to those used for LM-ht and FM-ht Z-scores were used to
assess determinants of changes in height Z-score. Greater increases in height Z-score were
associated with increases in IGF-1 [0.0008 (0.0001,0.0015), p<0.05], and with decreases in
PCDAI [−0.007 (−0.011,−0.003), p<0.001], TNF-α [−0.0215(−0.0385,−0.0045), p<0.05],
IL-6 [−0.007 (−0.0135,−0.0018), p<0.05], and LBP [−0.0008(−0.0016,−0.00001), p<0.05].
Greater decreases in height Z-score at the end of any given interval between consecutive
visits were significantly associated with greater concurrent glucocorticoid use
[−0.63(−1.00,−0.28), p=0.0005].

DISCUSSION
This study demonstrated significant improvements in body composition parameters in
incident CD subjects from diagnosis throughout a period of extended follow-up.
Additionally, the study identified the following determinants of improvements in LM-ht Z-
score following diagnosis: increases in FM-ht Z-score and albumin; decreases in ESR, IL-6,
and LBP; and infliximab therapy. Increases in albumin and GHBP, presentation with weight
loss at diagnosis; and use of glucocorticoids, methotrexate, and infliximab were associated
with greater increases in FM-ht Z-score. The data reported here differ significantly from
prior reports and also provide new findings regarding determinants of changes in body
composition in pediatric CD from diagnosis. First, our study is the first longitudinal study to
show improvements in body composition parameters. Second, the inclusion of a robust
contemporary reference population allowed for sex- and race-specific assessment of body
composition relative to height, with further adjustment for Tanner stage. Additionally, the
inclusion of the subset of controls with baseline, 6- and 12-month body composition data
allow for the assessment of changes in LM relative to FM during the first 12 months of
therapy in CD subjects. Third, to our knowledge, our study is the first to show
improvements in LM-ht Z-score associated with improvements in IL-6 and LBP, as well as
infliximab use.

A prior study of changes in body composition during two years after CD diagnosis, limited
by a small cross-sectional reference population (n=81), did not show improvements in LM,
did not note sex differences in body composition changes, and did not include measures of
FM.20 In male CD subjects, we noted cachexia at baseline, with complete recovery of LM
deficits at LTFU. In fact, increases in FM in males resulted in significantly greater FM in
male CD subjects at LTFU compared with controls. In contrast, female CD subjects
presented with LM and FM deficits at baseline and demonstrated complete recovery of FM
deficits but persistent LM deficits despite improvement in LM-ht Z-scores at LTFU. The
patterns of progressing from cachexia to excess adiposity in males and from wasting to
cachexia in females over the study interval are not captured by examining differences in
BMI Z-score (Figure 2B). These findings highlight the importance of assessing lean and fat
compartments individually as indicators of nutritional status.

Although improvements in PCDAI were not associated with improvements in LM-ht Z-
score, improvements in albumin and ESR, components of the PCDAI, and reductions in
IL-6 and LBP, were associated with improvements in LM-ht Z-score. In fact, serum
cytokines remained elevated six months following diagnosis, despite improvements in
clinical disease activity, suggesting that therapies used to induce remission were not
immediately effective in suppressing systemic inflammation. We were able to demonstrate a
relationship between improvements in height Z-scores and reductions in PCDAI , IL-6,
TNF-α, and LBP, though not infliximab therapy. The lack of an association between
infliximab therapy and improvement in height Z-score is consistent with a similar study in
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an inception cohort of children with Crohn’s disease initiating infliximab therapy over a
varied interval following disease diagnosis.36 Two prior studies that reported an association
between infliximab therapy and changes in height Z-score were based on subjects’
enrollment at the time of initiation of infliximab therapy and did not include untreated
Crohn’s disease controls.37–38

Recent studies using murine models of CD have elucidated the roles of IL-6 in growth
failure.39–40 Although it is well recognized that sarcoactive cytokines41–42 induce myoblast
apoptosis43 and stimulate protein degradation with resultant decreases in muscle mass, the
association between improvements in LM deficits and IL-6 in incident pediatric CD has not
been previously reported. LBP is an acute phase protein that is upregulated in the liver in
response to endotoxin and IL-6 exposure. Additionally, a recent study of cross-sectional
measures of LBP in a prevalent pediatric CD cohort demonstrated an association between
elevated LBP and lower height Z-scores, suggesting that increased exposure to endotoxin
results in immune-mediated growth hormone resistance.44 The study reported here is the
first to examine changes in LBP and associated improvements in height and LM-ht Z-scores.
Although TNF-α decreased significantly from baseline to LTFU, these changes were not
associated with improvements in LM-ht Z-score. However, interval increases in LM-ht Z-
score were associated with infliximab therapy. Together, the associations between
improvements in LM deficits, reductions in IL-6 and LBP, and infliximab use emphasize the
role of inflammation as an etiology for LM deficits.

We demonstrated decreased IGF-1 in CD subjects compared with controls but did not show
significant increases over time or a relationship with LM deficits. However, increases in
height Z-score were associated with increases in IGF-1. The predominant source of
circulating IGF-1 is the liver, and recent murine studies have shown that hepatic IGF-1 is
dispensable for many aspects of postnatal growth.45 Therefore, local IGF-1 action, not
reflected in serum measurements, may be sufficient for attainment of LM.46 Under normal
conditions, IGFBP-3 is produced by hepatic Kupffer cells in association with IGF-1
production by hepatocytes. We observed increased IGFBP-3 in CD subjects compared with
controls at baseline, which normalized during long-term follow-up. This was unexpected, as
serum IGFBP-3 is typically reduced during catabolism. However, IL-6 has been shown to
induce IGFBP-3 secretion by Kupffer cells in vitro; this may explain the increase observed
in the serum at earlier time points when IL-6 was elevated.47 The net effect of an increase in
total IGF-1, and decrease in IGFBP-3, during LTFU would have been to increase the
relative amount of free IGF-1 available to promote accrual of LM. GHBP is produced in
humans from cleavage of the extra-cellular domain of the growth hormone receptor and
release into the serum.48 Under normal conditions, serum GHBP is positively associated
with FM.49 Therefore, it was surprising to observe increased in GHBP at baseline in CD
patients, compared with controls. This may reflect an increase in GHR cleavage under
inflammatory conditions, as we recently demonstrated in a murine model of acute endotoxin
exposure.50 We did observe the expected positive association between increases in FM-ht Z-
score and GHBP during therapy.49

Our study has some limitations, including the lack of dietary and physical activity data. For
example, the associations between infliximab therapy and lean mass may be mediated by
improved physical activity and dietary intake. There was loss to follow-up during the study
interval, but subjects who did and did not complete all 4 study visits were no different in
terms of demographics, disease activity, anthropometry, or body composition at baseline,
minimizing potential bias. In addition, mucosal, as opposed to serum, levels of inflammatory
cytokines such as TNF-α, were not available and may have correlated better with body
composition outcomes. Finally, the biologic and clinical significance of the observed
relations between the changes in cytokines and growth factors and associated changes in
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growth and body composition is unknown; however, our findings support the hypothesis that
alterations in these biomarkers may directly impact growth and body composition.

In summary, this study demonstrated significant improvements in body composition over a
median of 43 months following CD diagnosis. These observational data suggest that
biologic therapies targeting inflammatory cytokines and the intestinal microbiome (e.g.
LBP) may benefit patients presenting with linear growth failure, cachexia or wasting at
diagnosis. However, randomized clinical trials are needed to determine if early use of such
therapies will affect growth and body composition in pediatric Crohn’s disease.
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Figure 1.
Cytokine (A) and growth factor (B) levels following disease diagnosis in incident Crohn’s
Disease subjects, expressed as pg/mL. Data presented are limited to the 30 subjects with
data at each study visit. P-values are based on results of a signed rank test between baseline
and LTFU values.
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Figure 2.
Anthropometry (A,B) and body composition (C,D) Z-scores following disease diagnosis in
incident Crohn’s disease subjects. Data for Figure 2A are limited to the 27 subjects in
Tanner stages 1–4 at each study visit. Data for Figure 2B – D are limited to the 46 subjects
with data at each study visit. P-values for time and (time)2 are reported jointly to capture the
non-linear relations.
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Table 1

Baseline Characteristics of Incident Crohn’s Disease Subjects and Healthy Controls

Variable Crohn Disease Controls p

N 78 921

Age,years 12.7 ± 2.8 11.8 ± 3.9 0.03

  Range 5.5,18.0 5.0,22.0

Sex,% Male 56 48 0.1

Race,% Black 10 44 <0.001

Tanner Stage 1–5, n 24, 18, 13, 18, 5 332, 110, 122, 188, 163

  Pre- to early Pubertal,% Tanner 1–2 54 48 0.3

Height Z-score −0.26 ± 1.1 0.26 ± 0.9 <0.001

  Range −3.2,2.2 −2.6,3.3

BMI Z-score −0.55 ± 1.1 0.36 ± 1.0 <0.001

  Range −2.7,2.2 −3.4,3.0

Continuous variables presented as mean ± SD
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Table 2

Crohn’s Disease Characteristics at the Baseline Visit

Variable Value

Duration of symptoms prior to diagnosis (months), median(range) 7.1(0.5,52.6)

Family history of Crohn’s disease, n(%) 22(30%)

History of growth failure, n(%) 62(84%)

PCDAI, Mean ± SD 38.4±18.0

  No active disease (≤10) 3(4%)

  Mild (11–30) 28(38%)

  Moderate to Severe (>30) 43(58%)

Albumin (g/dL), median(range) 3.5(1.8,4.7)

ESR (mm/h), median,(range) 21(0,128)

Anemia, n(%) 60(77%)

Site of Disease, n(%)

  Isolated ileal disease 2(3%)

  Isolated colonic disease 7(9%)

  Ileo-colonic disease 46(59%)

  Isolated upper GI tract disease 5(7%)

  Perianal Involvement 28(36%)

PCDAI, Pediatric CD Activity Index; ESR, erythrocyte sedimentation rate; GI, gastrointestinal.
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Table 4

Crohn’s Disease Therapies During Each Interval

Baseline to 6 Months
n=72

6 to 12 Months
n=67

12 months to LTFU
n=52

Systemic Glucocorticoids 44 (61%) 21 (31%) 16 (31%)

Median (range) mg/kg/day 0.19 (0.02,0.86) 0.15 (0.05,0.36) 0.04 (0.003,0.19)

Methotrexate 4 (6%) 6 (9%) 11 (21%)

6-Mercaptopurine 28 (39%) 33 (49%) 31 (60%)

Azathioprine 4 (6%) 5 (7%) 3 (6%)

Infliximab 5 (7%) 9 (13%) 13 (25%)

Enteral feeds 4 (6%) 3 (4%) 8 (15%)

Medication use expressed as n (%)
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