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Abstract
Background—Childhood Crohn’s disease (CD) is associated with poor growth and decreased body
mass index (BMI); however, lean mass (LM) and fat mass (FM) deficits prior to therapy have not
been characterized.

Objectives—To quantify LM and FM in incident pediatric CD subjects and controls, and to identify
determinants of LM and FM deficits.

Methods—Whole body LM and FM were assessed using DXA in 78 CD subjects and 669 healthy
controls, ages 5–21 yr. Gender specific z-scores for LM (LM-Ht) and FM (FM-Ht) relative to height
were derived using log linear regression models in the controls. Multivariate linear regression models
adjusted for potential confounders.

Results—CD was associated with significantly lower height and BMI for age. Within CD subjects,
FM-Ht and LM-Ht were significantly lower in females compared with males (FM-Ht z: −0.66 ± 0.83
vs. −0.08 ± 0.95, p < 0.01; LM-Ht z: −1.12 ± 1.12 vs. −0.57 ± 0.99, p < 0.05). In females, CD was
associated with significantly lower LM-Ht (p < 0.001) and FM-Ht (p < 0.001), adjusted for age, race
and Tanner stage, compared with controls. LM and FM deficits were significantly greater in older
females with CD; 47% of adolescent females had LM-Ht ≤ 5th percentile. In non-black males, CD
was also associated with lower LM-Ht (p < 0.02); FM-Ht deficits were not significant.

Conclusions—Incident CD was associated with significant LM deficits in males and females, and
FM deficits in females. Future studies are needed to identify etiologies for the age and gender
differences and to evaluate therapies for these deficits.
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Crohn’s disease (CD) is an idiopathic, destructive, chronic inflammatory condition of the
gastrointestinal tract. In children with CD, reduced caloric intake, malabsorption, micronutrient
deficiencies, delayed puberty, decreased physical activity, glucocorticoid therapy, and
increased production of inflammatory cytokines may contribute to poor growth and alterations
in body composition. Manifestations include poor weight gain, linear growth, and bone accrual,
as well as alterations in fat mass and lean mass. Decreased body mass index (BMI, kg/m2) is
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a recognized complication of CD. However, decreased BMI does not distinguish between
deficits in lean mass and fat mass, which are distinct markers of protein and energy reserves.
1,2 Growth and development are characterized by age-, gender-, maturation-, and race-specific
increases in lean mass and fat mass. In adults, lean mass deficits are associated with
demonstrable morbidity, including poor physical functioning, altered energy metabolism, and
increased susceptibility to infections.3 In children and adolescents, muscle forces are a key
determinant of bone mass accrual.4 We recently reported that deficits in lean mass were
strongly associated with deficits in whole-body bone mineral content in a prevalent cohort of
children and young adults with CD compared with healthy controls.5

Previous studies of lean mass and fat mass in children and adults with inflammatory bowel
disease (IBD) were performed in small numbers of patients and produced conflicting results.
6–14 More recently, we reported the results of a cross-sectional study of growth and body
composition in 104 children and young adults with CD, evaluated an average of 4 years after
disease diagnosis.5 CD was associated with significant deficits in BMI and height for age
compared with healthy controls. Whole-body lean mass was significantly lower in subjects
with CD, adjusted for age, height, and maturation; however, fat mass was preserved, consistent
with inflammatory cachexia.15–17 This earlier study was the first to describe inflammatory
cachexia in pediatric CD. Given the variable disease duration in these patients, and the fact
that the majority had received glucocorticoid therapy, it was not possible to distinguish between
disease and treatment effects on lean mass and fat mass in this prevalent cohort. The aims of
the present study were to assess lean mass and fat mass in children and adolescents with CD
at the time of disease diagnosis compared to healthy controls, and to identify determinants of
lean mass and fat mass deficits in this incident cohort.

MATERIALS AND METHODS
Study Subjects

Incident CD subjects between the ages of 5 and 21 years were recruited from the Inflammatory
Bowel Diseases Center of the Children’s Hospital of Philadelphia. CD subjects known to have
any other chronic illnesses or medications potentially affecting growth and development were
excluded. Healthy control subjects were recruited from general pediatric clinics in the greater
Philadelphia area. Control subjects were excluded for height or BMI below the third percentile
for age and for any chronic illness or medications that may affect growth and development.

Ethical Considerations
The study protocol was approved by the Committee for the Protection of Human Subjects of
the Institutional Review Board at the Children’s Hospital of Philadelphia. Informed consent
was obtained from young adult subjects and the parents or guardians of subjects under the age
of 18 years. Assent was obtained from subjects between 7 and 18 years of age.

CD Characteristics and Definitions
CD subjects were enrolled within 2 weeks of diagnosis; diagnosis was confirmed by
radiographic, endoscopic, histologic, and clinical parameters. All 78 subjects were evaluated
by colonoscopy and 75 also underwent esophagoduodenos-copy. Upper gastrointestinal tract
disease was defined as disease proximal to the colon, including the terminal ileum. CD activity
was assessed at the time of the study visit using the Pediatric CD Activity Index (PCDAI),
which is based on symptoms (30%), physical examination (30%), laboratory parameters (20%),
and growth data (20%).18 The widely used PCDAI defines growth failure as either involuntary
stable weight, weight loss of 1%–9%, or at least a one channel decrease in height on the growth
chart. PCDAI scores range from 0–100, and were categorized as follows: no disease activity
(0–10), mild disease activity (11–30), and moderate to severe disease activity (>30). Data on
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weight and height prior to diagnosis were obtained from the general pediatric medical record.
At the time of the study visits, data were collected on duration of symptoms, extraintestinal
manifestations, dietary intake, medications, and nutritional supplements. Positive family
history was defined as the identification of any biologically related family member with CD.

Anthropometry and Pubertal Development
All study visits were conducted within 2 weeks of the diagnosis of CD. 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, Croswell, Crymych, UK),
respectively. Pubertal status was assessed with a validated self-assessment questionnaire in
subjects greater than 8 years of age19 and classified according the method of Tanner.20

Body Composition Measures
Whole-body lean mass (kg) and fat mass (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 v. 12.4). Lean mass was calculated as fat-free mass minus bone
mineral content. Measurements of whole-body lean mass and fat mass did not include the head.
15,21 DXA is a precise (CV 1%–4%)22 method that has been used extensively to describe
age-, gender-, race-, and pubertal maturation-related variability in body composition
compartments.23–27 The instrument was calibrated daily using a hydroxyapatite phantom and
weekly with a whole-body phantom.

Laboratory Studies
Laboratory studies included serum hematocrit (mg/dL), erythrocyte sedimentation rate (mm/
h), and albumin (g/dL) in the CD subjects; assays were performed using standard techniques
in the Clinical Laboratories at the Children’s Hospital of Philadelphia. Anemia was defined
using age- and gender-specific reference values. In addition, serum tumor necrosis factor-α
(TNF-α) (pg/mL) and interleukin-6 (IL-6) (pg/mL) levels were measured by enzyme-linked
immunosorbent assay (ELISA; Quest Diagnostics, San Juan Capistrano, CA) in the subjects
with CD and a subset of healthy controls.

Statistical Analysis
Analyses were conducted using STATA 9.0 (Stata, 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 for normally distributed variables and Wilcoxon’s rank sum test for non-
normally distributed variables, respectively. Correlations between body composition z-scores
and continuous variables were assessed by Pearson product moment correlations or Spearman
rank correlations, where appropriate.

Height and BMI were converted to age- and gender-specific standard deviation scores (z-
scores) in the CD subjects and controls using National Center for Health Statistics 2000 Centers
for Disease Control reference data.28 CD was associated with significantly lower height for
age z-scores compared with controls, and body composition variables were highly correlated
with height (lean mass: R = 0.96, P < 0.001; fat mass: R = 0.59, P < 0.001). Therefore, whole-
body lean mass and fat mass were assessed as gender-specific z-scores relative to height, as
previously described.15,21 The distribution of lean mass and fat mass relative to height
demonstrated significant heteroscedasticity, as assessed by the Cook–Weisburg test, and fat
mass was skewed, as assessed by graphical checks and the skewness test for normality (sktest)
in Stata 9. Therefore, lean mass for height (LM-Ht) and fat mass for height (FM-Ht) z-scores
were generated in CD subjects and controls based on the control population utilizing the LMS
method to account for the variably skewed distribution of body composition data.29 Height-
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and gender-specific estimates of the distribution median (M), coefficient of variation (S), and
degree of skewness (L) in lean mass and fat mass were obtained by a maximum-likelihood
curve-fitting technique.

Subsequent comparisons of LM-Ht and FM-Ht z-scores in CD and controls were adjusted for
covariates that may confound this comparison in a sequential fashion in order to identify
variables that may explain the group differences. Due to the known differences in body
composition in blacks and whites, and given the racial distribution of our sample, an indicator
variable was constructed that compared blacks to nonblacks. Because of delays in the onset
and progression through puberty in children with CD, Tanner stage of pubertal maturation
(with indicator variables for each Tanner stage given a value of 0 or 1 if absent or present,
respectively) was entered in the model next. Age was also entered into the model to determine
whether there were effects of age on LM-Ht and FM-Ht z-scores, independent of height and
Tanner stage. We previously reported that greater FM-Ht z-scores were associated with greater
LM-Ht z-scores in healthy children and adolescents5; therefore, FM-Ht z-score was
subsequently included in the models for LM-Ht z-scores in order to determine if the lean mass
was appropriate relative to the fat mass. After the sequential addition of the covariates discussed
above, the effect of multiplicative interaction terms was used to determine whether the impact
of CD varied as a function of subject age, subject Tanner stage, and subject race. Finally, the
model for LM-Ht z-score evaluated whether the impact of CD varied as a function of FM-Ht
z-score via the addition of a CD by FM-Ht z-score interaction term.

RESULTS
Subject Characteristics

Table 1 summarizes subject characteristics in CD and controls. A total of 78 subjects with
incident CD and 669 healthy controls were enrolled in the study. The predominance of whites
and males among the CD subjects was consistent with the demographic distribution of the
disease.30 Within the CD cohort, 83% of patients were white, 10% were black, and 6%
identified as mixed race. The availability of 245 black subjects within the control group allows
for adjustment for race in the multivariate analyses. The proportions of subjects that were
prepubertal were comparable in CD subjects and controls. However, the subjects with CD had
significantly greater age for Tanner stage compared with controls, consistent with delayed
puberty (P < 0.001). The subjects with CD had significantly lower height and BMI z-scores
compared with controls. Within the subjects with CD, there were no gender differences in
height and BMI z-scores. Of note, within the 44 male subjects with CD, the three black subjects
had markedly higher height z-scores (1.24 ± 0.26 versus −0.32 ± 1.01, P = 0.012) and BMI z-
scores (1.97 ± 0.24 versus −0.47 ± 0.96, P < 0.001) compared with the 41 nonblack subjects.
There were no racial differences in height and BMI z-scores in the female subjects with CD.

Disease Characteristics
Disease characteristics, laboratory values, and therapies are summarized in Table 2. Data on
each of the variables other than serum cytokines were available in at least 95% of the subjects;
cytokine data were available in 73% of subjects. Over-all, the majority of subjects had moderate
to severe CD activity, growth failure, anemia, and extraintestinal manifestations such as fever,
apthous ulcers, joint pain, and erythema nodosum. Male subjects were more likely to have a
family history of CD (40% versus 17%, P < 0.05), which was not associated with duration of
symptoms, PCDAI, laboratory values, or clinical symptoms. Black CD subjects had a
significantly higher rate of hospitalization prior to diagnosis than white subjects (75% versus
30%, P < 0.05) and were more likely to present with hematochezia (88% versus 41%, P <
0.05). There were no gender and racial differences in the remaining laboratory values, medical
therapies, or patient symptoms, including extraintestinal manifestations. Among the 35% of
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CD subjects (n = 27, 59% male) with duration of symptoms of 12 months or longer prior to
diagnosis, the following symptoms were reported with the greatest frequency: abdominal pain
(85%), diarrhea (48%), arthralgia (44%), apthous ulcers (44%), hematochezia (41%), and fever
(26%).

Fat Mass
Unadjusted gender-specific FM-Ht z-scores in the CD subjects and controls are presented in
Table 3, stratified by gender and race. Black and nonblack females with CD had significantly
lower FM-Ht z-scores compared with controls (P < 0.01). Within the males, FM-Ht z-scores
were marginally lower in the nonblack subjects with CD compared with controls (P = 0.07).
The three black male subjects with CD had significantly higher FM-Ht z-scores compared with
controls (P < 0.05); however, this is of uncertain clinical significance given the small number
of subjects. Within the subjects with CD, FM-Ht z-scores were significantly lower in females
compared to males (P < 0.005). Within female CD subjects, FM-Ht z-scores were significantly
lower in blacks (P < 0.05), and within males subjects, FM-Ht z-scores were significantly greater
in blacks (P < 0.001).

Table 4 illustrates the results of the sequential multivariate analyses for FM-Ht z-score in males
and females. Within the females, adjustment for race, Tanner stage, and age attenuated the
effect of CD on FM-Ht z-scores, but the mean z-score deficits remained significant at −0.60
(95% confidence interval [CI]: −0.95, −0.24; P < 0.001) compared with controls. The addition
of multiplicative interaction terms revealed that the impact of CD on FM-Ht z-scores in females
did not vary as a function of subject race or Tanner stage. However, there was a significant
interaction between CD status and age in female subjects (P < 0.05). That is, FM-Ht z-scores
were lower among the older female subjects with CD, while FM-Ht z-scores were unrelated
to age in the female controls. Figure 1 illustrates these relations.

Among males, no significant deficits were detected in FM-Ht z-scores in CD compared with
controls in the unadjusted model, or after adjustment for race, Tanner stage, and age. Similarly,
there was no evidence of interactions between CD and age within males, illustrated in Figure
2.

Lean Mass
Unadjusted gender-specific LM-Ht z-scores in the CD subjects and controls are presented in
Table 3, stratified by gender and race. The racial differences in LM-Ht z-scores within the
control sample are consistent with prior reports that blacks have greater lean mass compared
with nonblacks.31 LM-Ht z-scores were substantially lower in nonblack (P < 0.001) and black
(P < 0.01) females with CD compared with controls. Within the males, LM-Ht z-scores were
significantly lower in the nonblack subjects with CD compared with controls (P < 0.001) and
marginally greater in the three black subjects with CD compared with controls (P = 0.07).
Within subjects with CD, LM-Ht z-scores were significantly lower in females compared with
males (P < 0.05).

Sequential multivariate linear regression models were used to compare LM-Ht z-scores in
subjects with CD and controls, adjusting for race, Tanner stage, age, and FM-Ht z-score within
the males and females (Table 5). The sequential multivariate analyses in the females revealed
that the significant deficits in LM-Ht z-scores in the subjects with CD compared with controls
persisted after adjustment for race, Tanner stage, age, and FM-Ht z-score, averaging −0.67
(95% CI: −1.31, −0.95; P < 0.001). Tests for interaction demonstrated that the effect of CD on
lean mass did not vary as a function of race, Tanner stage, or FM-Ht z-score. However, there
was a significant interaction between CD status and age in females, indicating that the LM-Ht
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z-scores were lower in the older females with CD compared with younger subjects, while the
LM-Ht z-scores varied less with age in the controls (Fig. 3).

Within the males the sequential multivariate analyses revealed that adjustment for race, Tanner
stage, age, and FM-Ht z-score attenuated the effect of CD on LM-Ht z-score; however, the
lean mass deficits remained significant, averaging −0.38 (95% CI: −0.68, −0.07; P < 0.02).
Tests for interaction did not demonstrate that the impact of CD on LM-Ht z-scores in males
varied as a function of subject age (Fig. 4), Tanner stage, or FM-Ht z-score. The test for
interaction between CD and race was significant, indicating that the black males with CD had
significantly higher LM-Ht z-scores compared with nonblack males with CD; however, this
difference was explained by the markedly greater FM-Ht z-scores within the three black males
with CD.

CD-Specific Factors and Body Composition
LM-Ht and FM-Ht z-scores in subjects with CD were not associated with PCDAI, site of
disease, duration of symptoms, or TNF-α levels. FM-Ht z-scores were positively associated
with serum albumin (r = 0.43, P < 0.001) and hematocrit (r = 0.23, P < 0.05) and negatively
associated with erythrocyte sedimentation rate (ESR) (r = −0.23, P < 0.05). LM-Ht z-scores
were positively associated with serum albumin (r = 0.27, P < 0.05) and hematocrit (r = 0.23,
P < 0.05), and negatively associated with serum IL-6 levels (r = −0.31, P < 0.05).

DISCUSSION
This study of an incident cohort of 78 children and adolescents with CD demonstrated
significant alterations in growth, pubertal development, and body composition compared with
a robust contemporary control sample. The female subjects with CD demonstrated decreased
fat mass and lean mass relative to height, age, race, and Tanner stage, and the deficits were
most pronounced in the females that were diagnosed with CD during adolescence. The LM-
Ht z-score in the females (black and nonblack combined) averaged –1.12, which is equivalent
to the 13th percentile. Furthermore, the LM-Ht was below the 5th percentile (z-score < −1.64)
in 10 (29%) of the 34 female subjects with CD, demonstrating the significant downward shift
of the lean mass distribution in females with CD. Of even greater concern, among the female
subjects greater than 12 years of age at diagnosis the lean mass was at the 5th percentile or
below in 47% of these subjects. The profound lean mass deficits in the adolescent females are
demonstrated in Figure 2. In contrast, in the males the fat mass was essentially preserved, the
lean mass deficits were less pronounced, and the lean mass deficits did not vary as a function
of age at diagnosis. Although the body composition deficits were not associated with CD
activity (as measured by the PCDAI), both fat mass and lean mass were both positively
correlated with serum albumin and hematocrit. The availability of a contemporary, large,
racially diverse control sample allowed for adjustment for the potential confounding effects of
height, race, age, and Tanner stage, and is a significant strength of this study.

Previous studies on body composition deficits in CD were performed in prevalent samples of
patients with variable disease duration, treatment regimens, and cumulative corticosteroid
exposure.6,10 –13,15,32 For example, we recently examined whole-body lean mass and fat
mass in a cross-sectional sample of 104 children and young adults with CD with an average
disease duration of 4 years.15 The study demonstrated significant deficits in lean mass in males
and females after adjustment for height, age, race, and Tanner stage; however, no deficits in
fat mass were observed in males or females. Ninety-five percent of these subjects had been
treated with glucocorticoids. We hypothesized that the glucocorticoid therapy potentially
contributed to the lean mass deficits and preserved fat mass. However, such studies conducted
in subjects with prevalent disease were unable to distinguish between the effects of CD and its
therapies on body composition.
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Both glucocorticoids and inflammatory cytokines have adverse effects on muscle cells.
Glucocorticoids may cause muscular atrophy by increasing the expression of myostatin, a
negative regulator of skeletal muscle mass.33 Glucocorticoids also suppress glucose and amino
acid muscle uptake by inhibiting cellular transporters.34 Inflammatory cytokines that are
elevated in CD, such as IL-6 and TNF-α, promote protein degradation35 and inhibit skeletal
muscle differentiation by suppressing MyoD mRNA at the posttranscriptional level.36
Furthermore, malnutrition and cytokines result in alterations in the growth hormone–insulin-
like growth factor (IGF) axis. 37 IGF-1 increases muscle protein synthesis,38 and alterations
in IGF-1 have been reported in children with incident CD.39–41

To our knowledge, our study is the first to examine body composition in an incident cohort,
documenting CD effects on growth, maturation, and body composition, prior to the initiation
of glucocorticoid therapy and nutritional supplementation. Therefore, the fat mass and lean
mass deficits seen in the CD subjects in this study reflect the cumulative effects of
inflammation, malnutrition/malabsorption, and pubertal delay. Fat mass was inversely
correlated with serum ESR, and lean mass was inversely correlated with serum IL-6, suggesting
a role for inflammation. TNF-α was not correlated with fat mass nor lean mass deficits;
however, studies have suggested that intestinal mucosal, rather than serum, levels of TNF-α
levels provide better surrogates of inflammatory activity in CD.42 Additionally, it has been
proposed that intestinal inflammation in CD may stimulate the peripheral circulation of
activated T cells, which in turn cause the local secretion of proinflammatory cytokines such as
TNF-α, resulting in end-organ musculoskeletal deficits observed in CD.43

Despite the absence of gender differences within CD subjects in height and BMI z-scores at
the time of diagnosis, gender-specific fat mass and lean mass deficits were significantly greater
in females compared with males. Previous cross-sectional studies performed in prevalent CD
samples have shown conflicting results in terms of gender differences in anthropometric and
body composition deficits, suggesting no gender differences15 or greater deficits in males.
15,32,44,45 The male CD subjects reported here suffered lean mass deficits in the absence of
significant fat mass deficits; this pattern has been termed inflammatory cachexia.17 Female
CD subjects at diagnosis presented with both lean mass and fat mass deficits, exhibiting a
pattern consistent with wasting, likely representing inadequate calories as well as elevated
cytokines. Future studies are needed that incorporate measures of resting energy expenditure,
physical activity, dietary intake, and the growth hormone–IGF-1 axis in order to identify
potential etiologies for the age and gender differences observed here.

The goals of therapy in pediatric CD are to induce and maintain clinical remission, prevent
disease-related complications, and promote normal growth and development; recognition of
the extent of body composition deficits at diagnosis is central to these goals. The clinical
significance of lean mass deficits in adults is well recognized.46 Cachexia frequently
complicates cardiac disease, rheumatoid arthritis, malignancy, chronic pulmonary disease,
HIV, and chronic renal disease, and is associated with markedly increased morbidity and
mortality.47 The clinical significance of lean mass deficits in children with CD is not known;
however, lean mass deficits may be associated with poor physical functioning and greater
infection risk during childhood and compromised peak bone mass by young adulthood.
Mechanical forces on the skeleton arise primarily from muscle contraction and are a critical
determinant of bone accrual. The capacity of bone to respond to these forces is greatest during
growth, particularly prior to the attainment of puberty.48 Decreased bone accrual may result
in increased fractures in childhood, while suboptimal peak bone mass in young adults may
result in early onset of osteoporosis due to the inexorable decline in bone mass that occurs with
aging. We have reported vertebral fractures in a series of children with CD and others have
demonstrated that CD is associated with increased hip and vertebral fractures in adults.49,50
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In summary, pediatric CD at diagnosis is associated with significant body composition deficits,
presenting with cachexia in males and wasting in females. Therapeutic approaches to
controlling inflammation and providing nutritional support may address these deficits;
however, our data in a prevalent cohort suggest that the lean mass deficits persist.15
Longitudinal studies of the response of bone and body composition to the new generation of
biologic agents used for the treatment of CD are warranted.
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FIGURE 1.
Fat mass for height z-score versus age in female Crohn’s disease subjects and controls.
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FIGURE 2.
Fat mass for height z-score versus age in male Crohn’s disease subjects and controls.
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FIGURE 3.
Lean mass for height z-score versus age in female Crohn’s disease subjects and controls.
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FIGURE 4.
Lean mass for height z-score versus age in male Crohn’s disease subjects and controls.
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TABLE 1
Subject Characteristics in Incident Crohn’s Disease and Controls

Crohn’s Disease
N = 78

Controls
N = 669

P

Age* 12.7 ± 2.8 12.1 ± 3.8 NS

Gender (% Male) 56% 48% NS

Race (% Black) 10% 37% <0.001

Prepubertal (%)

  (Tanner stage 1–2) 54% 43% NS

Height z-score*

  Male −0.21 ± 1.06 0.15 ± 0.90 0.01

  Female −0.32 ± 1.07 0.23 ± 0.86 <0.001

BMI z-score*

  Male −0.35 ± 1.21 0.18 ± .97 <0.01

  Female −0.78 ± 1.02 0.26 ± .89 <0.001

NS, not significant; BMI, body mass index.

*
Mean ± SD.
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TABLE 2
Crohn’s Disease Characteristics

Variable Value

Age at diagnosis, (yr), Mean ± SD 12.7 ± 2.8

Duration of symptoms prior to diagnosis (months) Median: 7.1 Range: 0.5−52.6

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

History of growth failure 62 (84%)

PCDAI 38.4 ± 18.0

  No active disease (≤10) 3 (4%)

  Mild (11– 30) 28 (38%)

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

Symptoms

  Diarrhea 49 (63%)

  Hematochezia 36 (46%)

  Abdominal pain 66 (84%)

Extraintestinal manifestations 55 (71%)

  Fever 35 (45%)

  Oral ulcers 25 (32%)

  Joint symptoms 29 (37%)

  Erythema nodosum 2 (3%)

Albumin (g/dL) 3.41 ± 0.65

Erythrocyte sedimentation rate (mm/h) 26.7 ± 21.4

Median: 21 Range: 0–128

  ESR > 20 41 (53%)

Hematocrit (%) 34.7 ± 4.6

  Anemia 60 (77%)

Cytokines

  TNF-α (normal range: 1.2-15.3 pg/ml) 2.3 ± 1.1

Median: 2.0 Range: 0.9−5.1

  IL-6 (normal range: 0.3−5.0 pg/mL) 11.2 ± 29.8

Median: 4.2 Range: 0.3−221.5

Site of disease

  Upper GI tract disease 66 (88%)

  Isolated upper GI tract disease 5 (7%)

  Colonic disease 71 (91%)

  Isolated Colonic disease 7 (9%)

  Perianal involvement 28 (36%)

Granulomas 37 (47%)

  Esopagheal 1(1%)

  Gastric 10 (13%)

  Duodenal 4 (5%)

  Ileal 14 (20%)

  Colonic 27 (35%)

Crohn’s disease related hospitalizations prior to diagnosis 27 (35%)
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Variable Value

History of surgery

Indication for total of 13 procedures in 9 subjects 9 (12%)

  Abscess drainage 3 (23%)

  Fistulotomy 7 (54%)

  Bowel resection 1 (8%)

  Nephrolithiasis 1 (8%)

  Appendicitis 1 (8%)

Medications at time of study visit

  Oral corticosteroids (excluding budesonide) 34 (44%)

  Budesonide 4 (5%)

  Aminosalicylates 72 (92%)

    Mesalamine 69 (88%)

    Balsalazide 3 (4%)

  6-mercaptopurine/Azathioprine 8 (10%)

  Methotrexate 2 (3%)

  Antibiotics 24 (31%)

  Histamine-2 blockers 6 (8%)

  Proton pump inhibitors 33 (44%)

  Iron supplements 5 (6%)

  Folic acid 4 (5%)

PCDAI, Pediatric CD Activity Index; GI, gastrointestinal. Continuous data are presented as mean ± SD, or median and range, where appropriate. Categorical
data are presented as n (%).
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TABLE 4
Sequential Linear Regression Models of the Independent Effect of Crohn’s Disease on Fat Mass for Height Z-score in
Females

Covariates Group Difference in Z-score (95% CI) P

Female Unadjusted model −0.66 (−1.01,−0.31) <0.001

Race* −0.70 (−1.04,−0.35) <0.001

Race,* Tanner −0.65 (−1.00,−0.30) <0.001

Race, Tanner, Age −0.60 (−0.95,−0.24) 0.001

Male Unadjusted model −0.08 (−0.39, 0.24) >0.2

Race* −0.11 (−0.43, 0.13) >0.2

Race,* Tanner* −0.11 (−0.43, 0.21) >0.2

Race,* Tanner,* Age* −0.10 (−0.44, 0.23) >0.2

Group difference represents the effect of Crohn’s disease on FM-Ht z-score, adjusted for covariates.

*
Not significant in the multivariate model.
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TABLE 5
Sequential Linear Regression Models of the Independent Effect of Crohn’s Disease on Lean Mass for Height Z-score

Covariates Group Difference in z-score (95% CI) P

Males Unadjusted model −0.57 (−0.88,−0.25) <0.001

Race −0.47 (−0.79,−0.15) <0.005

Race, Tanner −0.41 (−0.73,−0.09) <0.02

Race, Tanner,* Age* −0.42 (−0.74,−0.90) <0.02

Race, Tanner,* Age,* Ft-Ht Z −0.38 (−0.68,−0.07) <0.02

Females Unadjusted model −1.11 (−1.47,−0.76) <0.001

Race −1.04 (−1.40,−0.69) <0.001

Race, Tanner −1.00 (−1.36,−0.64) 0.001

Race, Tanner, Age* −0.95 (−1.31,−0.59) <0.001

Race, Tanner,* Age,* Ft-Ht Z −0.67 (−1.00,−0.34) <0.001

Group difference represents the effect of Crohn’s disease on LM-Ht z-score, adjusted for covariates.

*
Not significant in the multivariate model.
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