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Abstract

Objective—To evaluate children with Crohn’s disease for inverse relationships between
systemic inflammatory cytokines and sex hormone regulation in the context of anti-TNF-a
therapy.

Study design—An observational study design was used to assess sex hormone and
gonadotropin levels at the time of initiation of anti-TNF-a therapy, and 10 weeks and 12 months
later in 72 adolescents (Tanner stage 2-5) with Crohn’s disease. Mixed-model linear regression
was used to evaluate relationships between hormone levels, systemic inflammation and DXA
whole body fat mass Z-scores over the study interval.

Results—Sex hormone Z-scores increased significantly over the 10 week induction interval:
testosterone Z-scores in males increased from a median of —0.36 to 0.40 (p<0.05) and estradiol Z-
scores in females increased from —0.35 to —0.02 (p<0.01). In mixed model regression, the
pediatric Crohn’s disease activity index score, cytokine levels and measures of inflammation were
significantly and negatively associated with sex hormone Z-scores, and with luteinizing hormone
and follicle stimulating hormone levels, adjusted for sex and Tanner stage. Sex hormone and
gonadotropin levels were not associated with BMI or fat mass Z-scores.

Conclusions—Crohn’s disease is associated with delayed maturation, and initiation of anti-
TNF-a therapy was associated with significant and rapid increases in sex hormone and
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gonadotropin levels, in associated with improvements in disease activity and measures of
inflammation. These data are consistent with preclinical studies of the effects of inflammation on
sex hormone regulation.
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Chronic inflammatory diseases such as Crohn's disease are associated with delays in the
onset and progression of puberty,l: 2 with potential sequelae including poor linear

growth,3 4 impaired bone accrual,®  and decreased quality of life.” 8 Animal studies have
demonstrated that introduction of inflammatory cytokines and other inflammatory mediators
resulted in decreased release of luteinizing hormone (LH) from the pituitary gland.®
Furthermore, induction of colitis resulted in lower testosterone and estradiol levels
compared with pair-fed controls,10-12 with levels of gonadotropins that did not demonstrate
the normal feedback increase in response to low levels of sex hormones. As such, the
suppression of sex hormones in animal models of inflammation appeared to be centrally-
mediated and thus hypogonadotropic in nature. In addition, mice with colitis had longer
delay of puberty than seen in mice who were food restricted, suggesting that this delay was
due to factors besides body fat and levels of the adipokine leptin—both known to play a
permissive role in sex hormone production.1%-14 In mice with experimental colitis, treatment
with a monoclonal antibody against TNF-a resulted in partial normalization of estrogen
production as evidenced by earlier vaginal opening, an estrogen-dependent marker of
pubertal progression in murine models.1®

Studies of children and adolescents with Crohn's disease reported delays in bone age,6: 17
breast development,18 menarche,1”-19 testicular enlargement,18 and the pubertal growth
spurt1®: 20 _ delays that persisted despite improvements in disease treatment.2 Prior studies
of the impact of Crohn’s disease therapy on sex hormone levels in adolescents with Crohn’s
disease are limited to a case report in a male and a series in adolescents enrolled at a highly
variable interval after starting anti-TNF-a theray.”: 21 Therefore, the regulation of sex
hormones in pubertal children with Crohn’s disease remains understudied.

This study assessed changes in sex hormone levels and biomarkers of inflammation in a
cohort of pubertal and post-pubertal adolescents with Crohn's disease following initiation of
treatment with infliximab, a monoclonal antibody against TNF-a. Our hypothesis was that
prior to anti-TNF-a treatment, males and females have testosterone and estradiol levels
below the reference ranges, respectively, and without compensatory increases in
gonadotropin levels. We further hypothesized that sex hormone levels would increase
following treatment with anti-TNF-a treatment, and reductions in measures of inflammation
(more so than increases in measures of body fat) would be associated with greater increases
in sex hormones. These data may offer insights into the central regulation of sex hormone
production and pubertal progression in the setting of chronic inflammatory disease.
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This study is ancillary to a prior prospective cohort study of bone and mineral metabolism in
90 children and adolescents, ages 5 to 21 years, enrolled at the time of initiation of anti-
TNF-a therapy at the Children’s Hospital of Philadelphia (CHOP).22: 23 Participants were
excluded for prior anti-TNF-a therapy or medical illness or therapies unrelated to Crohn
disease that could potentially affect bone, nutrition or growth. Study visits were completed
at the time of the first anti-TNF-a infusion (baseline visit), and 10 weeks, 6 months and 12
months later. The study protocol was approved by the CHOP Institutional Review Board.
Informed consent was obtained from participants = 18 years of age, and a parent or guardian
of participants < 18 years. Assent was obtained from participants 7 to 18 years of age. The
informed consent covered the ancillary measures described here. Short-term changes in
mineral metabolism have beenreported, demonstrating significant increases in parathyroid
hormone (PTH) and 1,25(0OH), vitamin D levels in association with improvements in
disease activity?2 and decreases in cytokine and C-reactive protein (CRP) levels.
Improvements in disease activity over the first 10 weeks were associated with gains in
height, trabecular bone mineral density and cortical structure over the 12 month study
interval.23 This study of sex hormones and maturation is limited to participants that were
Tanner stages 2 through 5 at enrollment. Of the 76 that were eligible according to Tanner
stage, 72 had at least one specimen available for ancillary measures.

Disease characteristics, medications, and anthropometry were recorded at each visit. Height
was measured using a stadiometer and weight with a digital scale. Height and body mass
index (BMI, kg/m2) were converted to sex-specific Z-scores relative to age using national
growth charts.24 Tanner stage was ascertained by self-assessment questionnaire at baseline
and 12 month visits.2® For the 10-week visit, participants were classified at being at the
same Tanner stage as at baseline. Females were asked if they had started their menstrual
period; however, the regularity of menses was not assessed. Disease activity was assessed
using the Pediatric Crohn’s Disease Activity Index (PCDAI) based on symptoms (30%),
physical examination (30%), laboratory variables (20%), and growth (20%), with scores
ranging from 0-100.2% Disease activity was categorized as none (1-10), mild (11-30), and
moderate to severe (> 30).

At the baseline and 12 month visit, whole body DXA scans were obtained using a Hologic
Delphi densitometer (Bedford, MA) with a fan beam in the array mode. The results for
whole body fat mass, excluding the head, were converted to sex- and race-specific Z-scores
relative to age, based on our 921 healthy reference children and adolescents, as previously
described.® Referent children also performed self-assessment of Tanner stage as described
above.?>

Laboratory studies at each visit included hematocrit, erythrocyte sedimentation rate (ESR;
mm/h), and serum C-reactive protein (CRP, mg/L) and albumin (g/dL) concentrations,
analyzed using standard methods in the clinical laboratory. Serum TNF-a and IL-6 were
measured by the Luminex platform and the human cytokine six-plex high-sensitivity
antibody bead kit (Millipore) with a sensitivity of 0.08 and 0.10 pg/mL and interassay
coefficient of variation (CV) of 8.3% and 7%, respectively.2?
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Testosterone and estradiol were tested at Quest Diagnostics (Madison, NJ) using an
ultrasensitive liquid chromatography-tandem mass spectrometry (LC/MS/MS) assay with
sensitivity down to 1 ng/dL for testosterone and 2 pg/mL for estradiol. For testosterone, the
intraassay CVs were 7.1 and 10.5 and the interassay CV’s were 7.6 and 10.8 at testosterone
levels of 9.6 and 43.7 ng/mL, respectively. For estradiol, the intraassay CV’s were 15.3 and
10.4 and the interassay CV’s were 7.7-15.3% and 9.9-14.0% at estradiol levels of 10 and
200 pg/mL. Testosterone and estradiol values were converted to Z-scores based on the mean
and standard deviation of reference values from Quest (Table I; available at
www.jpeds.com). For cases where the lower limit of 2 SD’s below the mean dropped below
0, Z-score was calculated as Z-score = [LOG10(measured value)-LOG10(reference mean)]/
(reference SD/reference mean).2” For testosterone, the Z-scores were Tanner-stage-specific.
For females, the estradiol reference data were available according to age range (years 1-9,
10-11, 12-14, and 15-17 years). Because of the high proportion with delayed maturation
(55% of females), Z-scores were generated using bone age, including the baseline bone age
for baseline and 10-week estradiol levels and the 1-year bone age for the 1-year estradiol
levels. LH and follicle stimulating hormone (FSH) were analyzed at the University of
Virginia Center for Research in Reproduction Ligand Core Laboratory using
chemiluminescence. Manufacturer, assay sensitivity, and intra- and interassay CVs for LH
and FSH measurements had sensitivities of 0.1 and 0.05 1U/L, respectively, with intraassay
CVs of 1.9-3.2% and interassay CVs 4.8-6.6%.28 Bone age radiographs were obtained at
baseline and 1 year and read on a clinical basis by a pediatric radiologist who was aware of
the participants’ age but not Tanner stage.

Statistical analyses

Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). Results
are expressed as mean (SD) if normally-distributed, and median (interquartile range, IQR) if
non-normally distributed. The non-normally distributed variables were natural-log
transformed for all subsequent analyses. Changes over time were assessed using paired t-
tests. To assess the relationship of sex hormone and gonadotropin levels with BMI, body fat
mass, PCDAI score and measures of inflammation, we used a mixed model approach that
takes into account intra-individual correlations over the three study visits. To assess whether
baseline use of other medications was associated with change in sex hormones from 0-10
weeks, regression analysis was performed for each of the other medications assessed
(glucocorticoids, aminosalicylates, mercaptopurine-azathioprine and methotrexate), adjusted
for baseline Tanner stage. In all analyses, a p-value < 0.05 was considered statistically
significant.

RESULTS

A total of 72 participants were Tanner stage 2 through 5 at enrollment and had at least one
measurement of sex hormones (Figure 1; available at www.jpeds.com). Participants are
described in Table Il. Of these, 54 (39 males and 15 females) had measures of sex hormones
at baseline and 10 weeks and (for females) had bone age information to enable calculation of
bone-age-specific estradiol Z-scores. Age, disease severity and baseline sex hormone levels
were similar between the Tanner 2 — 5 participants and those included in the longitudinal
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models (data not shown). Age-for-Tanner-stage for adolescents with Crohn’s disease was
delayed compared with 627 healthy referent participants measured in the same laboratory?®;
using linear regression adjusted for sex, adolescents with Crohn’s disease at Tanner stages 2,
3 and 4 were 2.00, 1.27, and 1.43 years older, respectively (all p < 0.0001).

The PCDAI scores, laboratory variables, anthropometry measures and fat mass data are
summarized in Table 111 at baseline, 10 weeks and 12 months in the 72 participants who
were Tanner 2-5 with at least one sex hormone measure. Disease activity and serum
measures of inflammation decreased significantly over the first 10 weeks following
initiation of anti-TNF-a treatment, as previously described.22: 23 At the 12 month visit, these
markers remained below baseline level, though in paired t-tests, the 12 month levels of
TNF-a and CRP were significantly higher than at 10 weeks. Compared with baseline,
height, weight, BMI and fat mass Z-scores were significantly greater at 12 months.

Table IV (available at www.jpeds.com) summarizes sex hormone and gonadotropin levels
according to Tanner stage and sex from the 76 participants with at least one sex hormone
measure. Among these 16 females and 34 males had sex hormone measurements at baseline,
10 weeks and 1 year; 7 females and 6 males had measures at two of these time points; and 7
females and 2 males had measures at 1 time point only. Participants had a baseline Tanner
stage median (intraquartile range) of 3 (2, 4) for males and 4 (3, 4) for females and at 1 year
of age this was progressed to 4 (3, 5) for males and 4 (4, 5) for females (p<0.0001).
Adolescents in Tanner stages 2—4 (ie, those able to advance in Tanner stage) had a median
increase of 1 (0, 1) Tanner stages. Overall there were increases in testosterone, estradiol, LH
and FSH values from baseline to 10 weeks and 1 year (all p < 0.01), assessed as paired t-
tests on log-transformed data. Using univariate linear regression, Z-scores for testosterone in
males and estradiol in females were not associated with the degree of delay in bone age
(data not shown).

Figure 2 shows Z-scores for testosterone in males and estradiol in females by Tanner stage
in the 54 participants with sex hormone Z-score results at both baseline and 10 weeks.
During the 10 week induction interval, testosterone Z-scores increased significantly in males
(p < 0.05) and estradiol Z-scores increased significantly in females (p < 0.01) in Tanner
stages 2 through 5 combined. Results were similar when estradiol Z-scores were calculated
based on age and not bone age (data not shown). Overall, testosterone levels in males were
53% and 42% higher at 10 weeks and 12 months, compared with baseline, respectively.
Estradiol levels in females were 132% and 90% greater at 10 weeks and 12 months,
compared with baseline, respectively. Baseline use of any of the other Crohn’s disease
medications was not associated with change in sex hormone Z-score (data not shown).

Table V displays the results of mixed-model regression analysis of the relationship of sex
hormone Z-scores and gonadotropins with BMI Z-score, total fat mass and markers of
disease status and inflammation over the 12 month study interval. Testosterone and estradiol
Z-scores were inversely and significantly associated with PCDAI score, cytokine levels and
ESR. Testosterone Z-scores were also negatively associated with CRP levels; estradiol Z-
scores had a similar direction of association but wider standard error and were not
significantly associated with CRP. LH and FSH levels were inversely associated with
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PCDAI score and TNF-a levels, adjusted for sex and Tanner stage. Sex hormone Z-scores
and gonadotropin levels were not related to BMI Z-scores or fat mass Z-scores over the
course of treatment.

DISCUSSION

This study examined changes in sex hormone and gonadotropin levels following initiation of
anti-TNF-a therapy in adolescents with Crohn’s Disease. Improvements in disease activity
and cytokine levels during induction therapy were associated with rapid and significant
increases in sex hormone and gonadotropin levels, independent of BMI or fat mass. These
data suggest systemic inflammation suppresses gonadotropin-stimulated production of sex
hormones, consistent with preclinical studies.?-12: 15

Prior to treatment with anti-TNF-a treatment, the adolescents in the study had mean Z-
scores of testosterone and estradiol of —0.36 and —0.35, respectively, that increased to 0.4
and —0.02, respectively over 10 weeks of anti-TNF-a therapy. Although increases in sex
hormones are expected during pubertal progression, over a 10-week period we observed 53—
132% increases in levels—which were still overall in the normal range for Tanner stage or
bone age. In the case of testosterone, this far surpasses expected gains for males in this age
range, expected to be approximately 112 ng/dL per year between the ages of 12—16 years.30
Indeed, among participants with data for all three time points, there were slightly lower
levels of testosterone and estradiol at 1 year compared with 10 weeks, suggesting against
increases in sex hormones based only on the passage of time. It is notable that TNF-a levels
were higher at the 1-year visit compared with 10 weeks, supporting the potential for some
rebound of inflammatory suppression of sex hormone production.

Suppression of sex hormone levels in inflammatory disease has been felt to be at the level of
gonadotropin regulation.-12. 15 Consistent with this concept, we found levels of LH and
FSH that were not in the hypergonadotropic range at baseline. Release of LH and FSH is
under the control of gonadotropin-releasing hormone (GnRH) neurons in the hypothalamus.
Over the past several years there has been much progress in the description of the regulation
of neurotransmitters that strongly affect the function of GnRH neurons—and thus affect
gonadotropin-driven sex hormone production. These neurotransitters include Kisspeptin,
neurokinin B and dynorphin (secreted from “KNDy” neurons in the arcuate nucleus of the
hypothalamus),3 with the recent addition of MKRN3 as an upstream suppressor of
puberty.32 However, despite these discoveries into direct regulators of GnRH, the overall
regulation of gonadotropins in pubertal progression remains to be described. The
relationships we found linking gonadotropin and sex hormone levels with systemic
inflammatory factors may implicate a role of inflammatory cytokines in this regulation
among individuals with inflammatory disease.

One well-described influence on gonadotropin release is leptin, an adipokine secreted in
increasing proportion to the amount of fat mass.33 Low levels of leptin are associated with
lower sex hormone levels,2 potentially as a protection against female reproduction in a
setting of low energy stores.14 Although leptin levels were not available in our participants,
we assessed for relationships between BMI Z-score and fat mass Z-scores with sex hormone
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levels to evaluate for the potential role of body fat in the regulation of sex hormones
following anti-TNF-a treatment. We found that neither BMI Z-score nor fat mass Z-score
were related to levels of sex hormones or gonadotropins over the course of this study,
potentially indicating that short-term changes in adiposity may not be as strong of a
predictor of short-term changes in sex hormone regulation. Clearly, more detailed
evaluations are required.

The regulation of gonadotropins and estradiol in females becomes more complex with the
cycling of these levels as part of the menstrual cycle, when over a short period of time levels
of LH and FSH peak to several fold above baseline, with concurrent increase in estradiol.
The changes in these levels account for the wide normal ranges of estradiol in later Tanner
stages (see Table 4; online) and the difficulty in determining an expected increase in
estradiol levels over the course of time. A normal pattern of cycling is dependent on
multiple factors, including the presence of adequate fat mass.13: 14 We did not have data
regarding the timing of the last menstrual period; however it is unlikely that there were
systematic differences in the timing of the study visit relative to participant menstrual cycle
at the baseline or 10 week visit. Rather, this imprecision likely introduced measurement
error. Had the study design included measures of sex hormones during the follicular phase,
then we likely would have observed even stronger association with disease activity and
laboratory variables. More data are needed among young women with Crohn’s disease
regarding the influence of anti-inflammatory therapy on overall menstrual cycle regulation.

This study had other additional limitations. As opposed to an observational nature of this
type, a randomized controlled trial would have afforded additional specificity to the
conclusions regarding relationships between anti-TNF-a treatment and sex hormone
regulation. Due to limited specimen availability following completion of the primary study,
we were only able to evaluate the change in sex hormone Z-scores in a subset (71%) of
Tanner 2-5 adolescents. However, this subset did not differ from the cohort of adolescents
without Z-scores in terms of age or sex hormone levels. We relied on a validated survey of
child self-assessment of puberty instead of investigator examination, potentially leading to
misclassification of pubertal stage. We used the baseline Tanner stage assessment at 10
weeks, potentially missing an interval progression of Tanner stage between these time
points. Bone age assessments were performed only on a clinical basis, and the pediatric
radiologist was not blinded to the child’s age, potentially biasing toward less bone age delay.
Finally, hormone levels were measured at random times of day (sex hormone levels are
highest in the morning) and random times of the menstrual cycle (estradiol levels peak in the
luteal phase); however, as detailed above, this likely results in an underestimation of the
strength of our associations. However, this study also had multiple strengths, including
prospective follow of adolescents with Crohn’s disease at the initiation of a potent anti-
inflammatory treatment.

In conclusion, adolescents with Crohn’s disease exhibited an increase in levels of
testosterone, estradiol, LH and FSH in short-term follow-up after initiation of anti-TNF-a
treatment, with sex hormone and gonadotropin levels that were related to measures of
disease severity and systemic inflammation. These data corroborate basic science studies
demonstrating effects of systemic inflammation on the regulation of sex hormone
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production. These findings may have implications in the clinical care of chronic
inflammatory disease regarding the delay of puberty and related sequelae.

Acknowledgments

Supported by National Institutes of Health (K23 DK082012 [to M.T.], K23 DK093556 [to M.D.], K24 DK076808
[to M.L.], KO8 HD060739 [to M.D.]); the Clinical and Translational Science Award (UL1RR024134 and
UL1TRO000003); the Penn Joint Center for Inflammatory Bowel Diseases; and the University of Virginia Children’s
Hospital. The authors declare no conflicts of interest.

Abbreviations

BMI body mass index

CRP C-reactive protein

cv coefficient of variation
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Included in mixed model analysis
of the relations of inflammation
and clinical severity with sex
hormone levels

Included in analysis of changes in
sex hormone levels following
infliximab 0-10 weeks

Figure 1.

Adolescent participants in
infliximab study
Male N=53
Female N=37
N=90

Reason for exclusion and
numbers by sex

l\x

Participants Tanner 2-5

Participants Tanner 1

Male N=44 Male N=9
Female N=32 Female N=5
Total=76 Total=14
Participants with testosterone or Partici w/o any
E2 at time 0,10 wk, 1 yr or estradiol measurement
Male N=42 Male N=2
Female N=30 Female N=2
N=72 N=4

M

Participants with testosterone or
E2 at both time 0 and 10 wk
Male N=39
Female N=17
Total=56

T

Participants w/ o testosterone or
E2 at both visits
Male N=3
Female N=13
Total=16

Participants with z-scores
Male N=39
Female N=15
Total N=54

Participants missing z-score:
Male N=0
Female N=2
Total N=2
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online: Flow chart of participants numbers for included analyses, with reason for exclusion.
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A Males: Testosterone change following infliximab

Testosterone
z-score
o
1
|—E|Eﬂ—|
\
\
._{
—
>—D£
=

-2
Medi
b B 71 153 246 402 442 556 18 203
(ng/mL)  Baseline 10 weeks Baseline 10 weeks Baseline 10 weeks Baseline 10 weeks ~ Baseline 10 weeks
Tanner Il Tanner IlI Tanner IV Tanner V Overall
B Females: Estradiol change following infliximab

Estradiol
X

H{ls ]
[_o[F
(K1

-2

A 2 38 2 15 a7 9 7 10 38
(pg/imL)  Baseline 10 weeks Baseline 10 weeks ~ Baseline 10 weeks ~Baseline 10 weeks ~ Baseline 10 weeks

Tanner Il Tanner Il Tanner IV Tanner V Overall

Figure 2. Box Plots of Testosterone and Estradiol Z-scores at Baseline and 10-weeks after
Infliximab

Median and intraquartile range (with dot for mean and whiskers for standard deviation) for
Tanner-stage specific testosterone Z-scores (A) and bone-age-specific estradiol Z-scores (B)
among participants Tanner 2-5, both by individual Tanner stage and overall group.
Corresponding median values for raw measures are shown below. Differences in t-test of
log-transformed values: * p < 0.05; **p < 0.01.
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Table 1
Mean and standard deviation for testosterone and estradiol for z-score calculations

Testosterone values in boys by Tanner stage and estradiol values for girls by age for the liquid
chromatography/mass spectroscopy tests used. (Adapted from Quest Diagnostics, Madison, NJ, http://
www.questdiagnostics.com/testcenter/testguide.action?dc=TS_Testosterone_ LCMSMS, http://
www.questdiagnostics.com/testcenter/BUOrderInfo.action?tc=30289&labCode=SJC).

Testosterone in males (ng/mL)

Tanner stage Mean® St. Dev.*
| 2.7 1.04

M 36.7 53

11 160.5 95

v 2015 1337
\Vi 367 154

Estradiol in females (pg/mL)

Age (y) Mean™ St. Dev.”
1-9 4.2 3.9
10-11 135 18.4
12-14 44.1 36.4
15-17 43.9 64.9

*
Calculated using 2 pg/mL for all values below sensitivity
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Table 2

Participant Characteristics.

Total N
Age, years median (intraquartile range) [overall range]
Age, mean (SD)
Age, n (%), years
5-9
10-14
15-21
Sex, n (%)
Male
Female
Duration of Disease, years median (intraquartile range) [overall range]
Tanner Stage, n (%)
2
3
4
5
Menstruating female, N (percent)
Age of menarche, mean (SD) years
Bone age, mean (SD), years
Bone age, years median (intraquartile range) [overall range]
Bone age delay, mean (SD), years
Bone age delay, years median (intraquartile range) [overall range]
Location of Disease, n (%)
lleal
Colonic
lleocolonic
Iso upper
Perianal
Medications, n (%):
On anti-TNF-a agent
On glucocorticosteroids
On aminosalicylates
On mercaptopurine-azathioprine

On methotrexate

72
15.1 (7.4-21.9)
15.1 (2.6)

2(2.8)
32 (44.4)
38 (52.8)

42 (58.3)
30 (41.7)
1.4 (0.4, 3.9) [0.02-12.8]

17 (23.6)
18 (25.0)
22 (30.6)
15 (20.8)
21/34 (61.8)
12,5 (1.3)
14.3 (2.4)
14.3 (12.7, 16.0) [5.0, 19.0]
-0.28 (1.1)
-0.25 (-1.0, 0.5) [-2.8, 2.3]

4 (5.6)
24 (28.5)
50 (69.4)
61(84.7)
27 (37.5)

85 (100.0)
23 (31.9)
61(84.7)
21(29.2)
14 (19.4)
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Change in anthropometry and inflammatory markers over time

Data shown are for the 72 children Tanner 2-5 with at least one sex hormone measure.

Table 3

Baseline 10 weeks 52 Weeks

Height z-score T ~0.45(1.03) ~0.41 (1.05) -0.32 (1.01) ™™ ##
Weight z-score T -0.356 (1.04) -0.02 (0.98) ** | 0.13 (1.11) ™" #
BMI z-score T -0.17 (1.07) 0.22(0.97)™ | 0.33(0.98) ™"
Subtotal fat mass z-score 0.30 (0.91) 0.58 (0.89) *
PCDAI# 25 (15,37.5) 10 (5,17.5) ™ | 10 (25,15) ™
PCDAI (%)

0-10 (no disease) 21.7 56.9 70.2

11-30 (mild disease) 34.8 354 24.6)

>30 (moderate to severe disease) | 43.5 7.7 53

Inflammatory markers#

IL-6, pg/mL

11.7 (5.68, 22.8)

5.0 (2.6, 9.6)

5.1 (2.5,10.3)

TNF-a, pg/mL 7.1(4.9,102) 167 (1.0,26) | 267 #(0.9,6.8)

C-reactive protein 1.2 (0.5, 2.5) 05" 0.3,05) | 05 **H (0.3,0.8)

ESR, mm/hr 21 (12, 39) 9™ (4, 14) 11 (5,17)
Tmean (SD)

# N . .
median (intraquartile range), log-transformed values used for comparisons

Comparisons: Different from baseline value using paired t-test:

*
p<0.05;

*:

*
p<0.0001.

Different from 10-week value using paired t-test:

#oc0.0,

# 0<0.001.
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