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Abstract: Objectives: To evaluate the prognostic value of body composition-related imaging parameters in assessing
Crohn’s disease (CD) severity and biological responses in Chinese patients. Methods: We retrospectively analyzed
electronic medical records and Computed tomography (CT) images from 117 CD patients, including 90 with sarcope-
nia and 27 without. We calculated subcutaneous fat area (SFA), visceral fat area, skeletal muscle area (SMA), mes-
enteric fat index (MFI), skeletal muscle index (SMI), and muscle attenuation (MA). CD Activity Index (CDAI) score and
Simple Endoscopic Score for CD (SES-CD) were used to evaluate inflammation and biologic efficacy. Correlation and
comparative analyses were performed to determine associations between imaging parameters and clinical data.
Receiver operating characteristic curve analysis evaluated the predictive performance of combined body composi-
tion indicators. Results: Sarcopenia was associated with higher CDAI scores and lower body mass index, albumin,
and hemoglobin levels but was not associated with SES-CD or rates of clinical/endoscopic remission or response
to biologic therapy. SMI was inversely correlated with CDAI score and SES-CD and positively correlated with albumin
and hemoglobin. Endoscopy responders had higher SMA, MFI, SMI, and MA than non-responders. SES-CD improve-
ment was positively correlated with MFl and MA and negatively correlated with SFA. The combined analysis of SMI,
MFI, and MA yielded an area under the curve of 0.743 for predicting endoscopic response to biologic therapies in CD
patients. Conclusions: SMI may indicate CD severity, while MFI and MA could predict biologic response. Integrating
multiple body composition parameters enhances treatment outcome evaluation, suggesting their potential utility in
CD assessment.
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Introduction zed as a consequence of various chronic dis-
eases that cause cachexia and wasting [1, 2].
However, the assessment of sarcopenia in CD
patients is not straightforward, as it requires
specific tools and scales that are often not

accessible or practical in routine clinical set-

Crohn’s disease (CD) is a chronic, idiopathic in-
flammatory bowel disease (IBD) that can affect
any segment of the gastrointestinal tract, caus-
ing chronic diarrhea, malabsorption, anorexia,

and weight loss. Additionally, up to 52% of CD
patients experience sarcopenia, a condition
associated with reduced skeletal muscle mass
and function that was originally described as
an age-related phenomenon but is now recogni-

tings.

Computed tomography (CT) is a reliable and
reproducible technique for measuring body
composition, including abdominal fat and mus-
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cle tissue, by quantifying their attenuation val-
ues. The third lumbar spine (L3) level has been
validated as a representative site for whole-
body composition and as a prognostic indicator
in other clinical scenarios, such as cancer and
obesity [3, 4].

Although CT can be used for assessment of
muscle loss in CD patients, the relationship
between sarcopenia, as measured by CT, and
CD-associated inflammation and disease out-
come remains unclear, with various studies
reporting inconsistent results. Some have
found that sarcopenia is linked to higher rates
of post-operative complications, loss of res-
ponse to anti-tumor necrosis factor (TNF) ther-
apeutic agents, and need for bowel resection in
CD patients [5, 6]. However, other studies have
reported that sarcopenia is not significantly
correlated with risks of surgery, hospitalization,
Or poor response to immunosuppressive thera-
py and has no predictive value for medical
treatment and bowel resection in CD patients
[7, 8]. Of note, a recent meta-analysis suggest-
ed that sarcopenia may be a negative prognos-
tic factor in IBD patients, but the definition of
sarcopenia varies considerably across studies
and regions [9-12].

Hence, the prognostic value and assessment
of disease severity in sarcopenia, as evaluated
through CT imaging in CD patients, remain
ambiguous. This study aims to bridge this
knowledge gap by conducting a retrospective
analysis to ascertain whether CT-derived body
composition parameters can accurately evalu-
ate disease severity and predict the response
to biologic therapy in CD patients. This innova-
tive approach holds the potential to provide
invaluable clinical insights, significantly enhanc-
ing the management of CD patients through
more precise condition assessment and cus-
tomized therapeutic strategies.

Materials and methods
Study design and patients

This study used a retrospective cohort study
design and was approved by the Ethics Com-
mittee of First Affiliated Hospital of Soochow
University (approval number: 2023-220). All
patient records were de-identified before analy-
sis. Using the electronic medical record system,
we assessed 213 patients with CD who were
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treated at the Gastroenterology Department,
First Affiliated Hospital of Soochow University,
from April 2014 to September 2022. Ultimately,
117 CD patients who initiated biologic therapy
during this time period were included in this
study (Figure 1). The inclusion criteria were as
follows: 1) CD diagnosis based on the World
Gastroenterology Organization practice guide-
lines [13]; 2) treatment with the biologics inflix-
imab (IFX), adalimumab (ADA), ustekinumab
(UST), or vedolizumab (VDZ); and 3) a baseline
abdominal CT scan at our center within 3
months prior to biologic initiation. We excluded
patients 1) <16 years of age, 2) without base-
line CT scan at our center, 3) who did not receive
biologic therapy, 4) lost to follow-up within 6
months, or 5) with prior biologic exposure.

Data collection

Clinical and laboratory assessment: We col-
lected patient demographics, clinical history,
laboratory results, and biologic agents adminis-
tered from electronic medical records. Variables
included age, sex, height, weight, body mass
index (BMI), CD-related abdominal surgery (e.g.,
colectomy, ileo-colon resections, segmental
colectomies), anal fistulas, serum C-reactive
protein (CRP), erythrocyte sedimentation rate
(ESR), albumin (ALB), and hemoglobin (Hb).
Some patients switched to a different biologic
therapy due to loss of response or intolerance.
Disease activity was evaluated based on CD
Activity Index (CDAI) score at baseline and week
48, and endoscopic lesions were assessed by
Simple Endoscopic Score for CD (SES-CD) at
baseline and 9-15 months after starting biolog-
ics. The following criteria [14, 15] were used for
patient assessment: 1) clinical remission, CDAI
scores <150; 2) clinical response, CDAI score
decrease of 2100 or clinical remission at week
48; 3) endoscopic response, an SES-CD
decrease of >50%; 4) endoscopic remission,
SES-CD <2 and no ulceration. All endoscopic
assessments were performed by a blinded
endoscopist experienced in IBD, ensuring the
evaluations were conducted without external
influence. Patients with incomplete endoscopic
examinations or missing CDAl scores were
excluded from the analysis.

CT-based body composition analysis: Baseline
CT data for all patients were obtained from the
electronic medical record and analyzed using
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213 patients with confirmed CD who attended

the Department of Gastroenterology, First Affiliated Hospital of Soochow University
between 1 April 2014 and 30 September 2022.

96 cases were excluded:

(1) lack of baseline abdominal CT scan at our centre (n=52);
(2) not treated with biologics (n=20) ;

(3) loss to follow-up within 6 months (n=13);

(4) history of treatment with biologicals (n=11).

A total of 117 patients were included
IFX: n=111
UST: n=4
VDZ: n=2

Figure 1. Flow chart showing patient selection criteria and study design. A total of 213 patients with CD who were

treated at our hospital during the study period were identified

in our medical records. In total, 117 patients were in-

cluded in this study. Abbreviations: CD, Crohn’s disease; CT, computed tomography; IFX, infliximab; UST, Ustekinum-

ab; VDZ, vedolizumab.

the 3D Slicer program [16]. We measured skel-
etal muscle area (SMA), visceral fat area (VFA),
and subcutaneous fat area (SFA) in cm? at the
L3 level using a semi-automated threshold-
based module and manually corrected regions
of interest. Skeletal muscle index (SMI) was cal-
culated by dividing SMA by height squared, and
mesenteric fat index (MFI) was calculated by
dividing VFA by SFA. We also measured muscle
attenuation (MA) as the mean CT value of skel-
etal muscle. If patients had unilateral hydropic
muscle due to phlegmon or abscess, we dou-
bled the muscle area of the opposite side. Two
radiologists with 3 and 4 years of abdominal
radiology experience performed CT measure-
ments, and these were reviewed and adjusted,
if necessary, by an expert with 15 years of
experience. We defined sarcopenia using the
L3-SMI cut-offs of <44.77 cm?/m? for males
and <32.50 cm?/m? for females based on find-
ings from a Chinese multicenter study [17].

Outcome measures and statistical analysis

We assessed the relationship between sarco-
penia and inflammation in CD patients by com-
paring baseline clinical data in the sarcopenia
VS. non-sarcopenia groups. To determine whe-
ther CT-derived body composition parameters
can be used to assess CD severity, we per-
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formed correlation analyses evaluating the
relationships between baseline body composi-
tion-related imaging parameters and baseline
clinical parameters. We further assessed the
relationship between sarcopenia and outcome
in CD patients by comparing the therapeutic
efficacy of biologics in the sarcopenia vs. non-
sarcopenia groups. To explore whether CT-
derived body composition parameters can be
used to predict response to biologic therapy in
CD patients, we compared baseline body com-
position-related imaging parameters in the
endoscopic remission, endoscopic non-remis-
sion, endoscopic response, and non-endoscop-
ic response groups and performed correlation
analyses evaluating the relationships between
baseline body composition-related imaging
parameters and post-treatment changes. To
evaluate the predictive performance of the
combined body composition indicators, we
used receiver operating characteristic curve
analysis. The area under the curve (AUC) was
calculated to determine the effectiveness of
these indicators in predicting clinical out-
comes.

SPSS 26 (IBM, NY, USA) was used for all statis-
tical analysis. Normally distributed data were
expressed as mean % standard deviation and
compared by one-way analysis of variance.
Non-normally distributed data were expressed
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Table 1. Comparison of baseline clinical parameters in CD patients with and without sarcopenia

CD patients
Total patients Sarcopenia Non-sarcopenia  P-value”
(n=117) (n=90) (n=27)
Demographic characteristics
Age, years, median (IQR) 32.00 (13.50) 32.00 (13.00) 33.00 (14.00) 455
Gender (female/male) 30/87 20/70 10/17 122
BMI, kg/m?, median (IQR) 19.14 (3.52) 18.33(2.80) 20.57 (3.12) <.001"
Previous history
CD-related surgery, n (%) 18 (15.38) 15 (16.67) 3(11.11) .761
Perianal disease, n (%) 25 (21.37) 21 (23.33) 4(14.81) 430
Biochemical indices
ESR, mm/h, median (IQR) 20.00 (32.00) 21.00 (40.00) 18.00 (28.00) 153
CRP, mg/I, median (IQR) 13.90 (34.75) 13.79 (36.32) 15.00 (23.03) .357
ALB, g/I, mean = SD 36.6716.42 35.75+5.93 39.72+7.14 .004"
Hb, g/I, mean + SD 120.08+23.28 117.33+22.43 129.22+24.16 .019"
Disease activity indices
CDAI, mean = SD 247.01+104.16  263.78+100.79  191.12+97.05 .001"
Endoscopy
SES-CD, median (IQR) 11.00 (9.00) 11.00 (9.00) 11.00 (10.00) .718
Baseline body composition-related imaging parameters
SFA, cm?, median (IQR) 63.48 (67.04) 54.03 (67.54) 78.32 (77.40) .002"
VFA, cm?, median (IQR) 55.56 (73.63) 53.77 (66.69) 75.79 (72.62) .103
SMA, cm?, mean + SD 108.05+24.40 102.96+20.51  125.00+28.80 <.001"
MFI, median (IQR) 0.99 (.72) 1.07 (.72) 0.73(.26) .006"
SMI, cm2/m?, mean + SD 37.13+6.99 35.0045.40 44.23+7.09 <.001"
MA, HU, mean + SD 49.63+4.91 49.49+4.66 50.13+5.74 .550

#P-value, sarcopenia vs. non-sarcopenia. “P<.05. Abbreviations: ALB, albumin; BMI, body mass index; CD, Crohn’s disease; CDAI, Crohn’s disease
activity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; IQR, interquartile range; MA, muscle attenuation;
MFI, mesenteric fat index; SD, standard deviation; SES-CD, Simple endoscopic score for Crohn’s disease; SFA, subcutaneous fat area; SMA,
skeletal muscle area; SMI, skeletal muscle index; VFA, visceral fat area.

as median (interquartile range) and compared
by the Mann-Whitney U test. We compared pro-
portions using the chi-squared test and as-
sessed the correlations between imaging and
clinical variables by calculating Pearson’s or
Spearman’s correlation coefficients. In all cas
es, a two-tailed P-value of .05 was considered
statistically significant.

Results
Patient characteristics

We identified 213 patients in our medical
records who were treated for CD at our institu-
tion during the study period, 117 of whom met
the inclusion criteria and were enrolled in this
study (Figure 1). Most patients were male
(74.4%); 18 (15.4%) had undergone prior gas-
trointestinal surgery, and 25 (21.4%) had peri-
anal disease. IFX was the most common bio-
logic agent administered to study patients
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(94.9%), followed by UST (3.4%) and VDZ (1.7%).
Based on the published sarcopenia definition
[47], we divided study patients into sarcopenia
(n=90) and non-sarcopenia (n=27) groups. The
sarcopenia group had higher disease activity
and lower BMI, ALB, and Hb than the non-sarco-
penia group at baseline. There were no signifi-
cant differences in history of CD-related sur-
gery, perianal disease, ESR, CRP, or SES-CD
between the groups (Table 1).

Correlations between baseline body composi-
tion-related imaging parameters and clinical
parameters

We next assessed the correlations between
baseline body composition-related imaging
parameters and clinical parameters by calcu-
lating Pearson’s or Spearman’s correlation co-
efficients. From these analyses, we found that
SFA, VFA, SMA, and SMI were positively corre-
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Figure 2. Correlation analysis assessing the relationships between baseline body composition-related imaging pa-
rameters and baseline clinical parameters. (A) Correlation coefficients between baseline body composition-related
imaging parameters and baseline clinical parameters; (B) Correlation plots comparing SMI and baseline BMI in all
117 patients; (C) SMI and baseline ESR in all 117 patients; (D) SMI and baseline ALB in all 117 patients; (E) SMI
and baseline Hb in all 117 patients; (F) SMI and baseline CDAIl in all 117 patients; and (G) SMI and baseline SES-CD
in 105 patients. *P<.05. Abbreviations: ALB, albumin; BMI, body mass index; CDAI, Crohn’s disease activity Index;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; MA, muscle attenuation; MFI, mes-
enteric fat index; SES-CD, Simple endoscopic score for Crohn’s disease; SFA, subcutaneous fat area; SMA, skeletal
muscle area; SMI, skeletal muscle index; VFA, visceral fat area.
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Figure 3. Biologic therapeutic efficacy was similar in the sarcopenia and non-sarcopenia groups. From left to right,
graphs show the proportions of sarcopenia (gray bars) and non-sarcopenia patients (blue bars) that achieved clini-
cal remission (68.2% vs. 72.7%, P=.77), clinical response (75.0% vs. 72.7%, P=.88), endoscopic remission (44.4%
vs. 33.3%, P=.45), and endoscopic response (60.5% vs. 81.8%, P=.19). Rates for all clinical and endoscopic out-
comes were similar in the two groups.

lated with BMI, whereas MFI and MA were neg- respectively; response: 75.0% vs. 72.7%, P=

atively correlated with BMI. In addition, SMA, .88, respectively) (Figure 3).

SMI, and MA were negatively correlated with

ESR but positively correlated with ALB and Hb. (2) Endoscopic remission and response: Among

Our data further show that SFA, VFA, and SMI the 117 patients in our study, 60 (51.3%)

were negatively correlated with both CDAI score underwent endoscopy after approximately 1

and SES-CD, with SMA also showing a negative year of biologic treatment (45 with sarcopenia

correlation with CDAI score (all P<.05) (Figure and 15 without sarcopenia). Of these, 54 had

2). both pre- and post-treatment endoscopic data
for endoscopic response analysis. Results

Effects of biologics on clinical and endoscopic show that the rates of endoscopic remis-

outcomes in the sarcopenia and non-sarcope- sion and response did not differ significantly

nia groups between the sarcopenia and non-sarcopenia
groups (remission: 44.4% vs. 33.3%, P=.45,

(1) Clinical remission and response: Of the 117 respectively; response: 60.5% vs. 81.8%,

CD patients included in our study, 55 (47.0%) P=.19, respectively) (Figure 3).

had CDAI score data available after approxi-

mately 48 weeks of biologic treatment for Relationships between baseline body compo-

assessment of clinical remission and response sition-related imaging parameters and endo-

(44 with sarcopenia and 11 without sarcope- scopic outcomes in CD

nia). We found that the rates of both clinical

remission and response were comparable Among the 60 patients who completed endos-

between the sarcopenia and non-sarcopenia copy, 25 achieved endoscopic remission. There

groups (remission: 68.2% vs. 72.7%, P=.77, were no significant differences in the baseline
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Table 2. Comparison of baseline body composition-related imaging parameters of CD patients in the
endoscopic remission vs. endoscopic hon-remission groups

Endoscopic remission

Baseline body composition-related imaging parameters P-value®
Yes (n=25) No (n=35)
SFA, cm?, mean + SD 65.74+43.26 83.70£51.45 .160
VFA, cm?, median (IQR) 65.50 (58.40) 58.90 (79.71) .356
SMA, cm?, mean + SD 105.55+19.34 102.79+29.39 .683
MFI, median (IQR) 1.03 (.80) 0.96 (.69) .333
SMI, cm?/m?, mean + SD 35.85+6.55 35.75+7.41 954
MA, HU, mean + SD 50.02+4.33 48.60+4.27 214

#P-value, endoscopic remission vs. endoscopic non-remission. Abbreviations: MA, muscle attenuation; MFI, mesenteric fat
index; SFA, subcutaneous fat area; SMA, skeletal muscle area; SMI, skeletal muscle index; VFA, visceral fat area.

Table 3. Comparison of baseline body composition-related imaging parameters of CD patients in the
endoscopic response vs. non-endoscopic response groups

Endoscopic response

Baseline body composition-related imaging parameters P-value*
Yes (n=35) No (n=19)
SFA, cm?, mean + SD 70.51+48.72 83.94+45.78 .328
VFA, cm?, median (IQR) 65.50 (53.43) 58.85 (85.10) 935
SMA, cm?, mean * SD 109.07+£23.69 93.18+25.18 .025”
MFI, median (IQR) 1.09 (.82) 0.92 (.49) 047"
SMI, cm?/m?, mean + SD 36.90+6.75 32.93+5.84 .036"
MA, HU, mean £ SD 50.25+4.17 47.54+4.14 .026"

#P-value, endoscopic response vs. endoscopic non-response. “P<.05. Abbreviations: MA, muscle attenuation; MFI, mesenteric
fat index; SFA, subcutaneous fat area; SMA, skeletal muscle area; SMI, skeletal muscle index; VFA, visceral fat area.

body composition-related imaging parameters
between the endoscopic remission and non-
remission groups (Table 2). Among the 54
patients who had both pre- and post-treatment
endoscopic data, 35 achieved endoscopic
response. Of note, we found that the endoscop-
ic response group had higher baseline SMA,
MFI, SMI, and MA than the non-response group
(all P<.05) (Table 3).

Relationship between baseline body composi-
tion-related imaging parameters and changes
in BMI, CDAI score, and SES-CD after treat-
ment

We assessed the correlations between base-
line body composition-related imaging param-
eters and changes in BMI, CDAI score, and
SES-CD before and after treatment. Our results
showed that SFA and VFA were negatively cor-
related with BMI increases, whereas MA was
positively correlated with BMI increases. In
addition, MFI, and MA were positively correlat-
ed with SES-CD decreases, and SFA was nega-
tively correlated with SES-CD decreases (Figure
4).
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Predictive value of combined body composi-
tion parameters for CD outcomes

Lastly, we assessed the predictive ability of
combined SMI, MFI, and MA for endoscopic
response to biologic therapies. The analysis
yielded an AUC value of 0.743 (95% Cl: 0.609-
0.877, P<.01), indicating a significant predictive
capability for endoscopic response (Figure 5).

Discussion

In this retrospective cohort study, we investi-
gated how CT-derived body composition param-
eters relate to inflammation and biologic
response in CD patients, using CDAI score and
SES-CD as measures of disease activity. Of
note, we found that sarcopenia was linked to
malnutrition and higher CDAI score but not to
SES-CD or biologic response. SMI, a compo-
nent of sarcopenia, also showed an inverse cor-
relation with both CDAI score and SES-CD, indi-
cating that it may be leveraged as potential as
a marker of disease severity. Furthermore, we
identified several body composition parame-
ters, including SMI, SMA, MA, and MFI, that pre-

Am J Transl Res 2024;16(10):5427-5440
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Figure 4. Correlation analysis assessing the relationships between baseline body composition-related imaging pa-
rameters and post-treatment changes. (A) Correlation coefficients between baseline body composition-related im-
aging parameters and changes in BMI, CDAI score, and SES-CD before and after treatment; (B) Correlation plots
comparing SFA and SES-CD changes in 54 patients; (C) MFI and SES-CD changes in 54 patients; and (D) MA and
SES-CD changes in 54 patients. *P<.05. Abbreviations: BMI, body mass index; CDAI, Crohn’s disease activity Index;
MA, muscle attenuation; MFI, mesenteric fat index; SES-CD, Simple endoscopic score for Crohn’s disease; SFA,
subcutaneous fat area; SMA, skeletal muscle area; SMI, skeletal muscle index; VFA, visceral fat area.

dicted endoscopic response to biologic thera-
pies in CD patients. These results suggest that
body composition assessment by CT may offer
valuable insights for evaluating CD activity and
prognosis, with potential utility for guiding bio-
logic therapy.

Our finding that sarcopenia did not predict bio-
logic response contrasts with some previous
reports that associated sarcopenia with prima-
ry non-response or loss of response to anti-TNF
therapy in CD patients [18, 19]. However, these
studies used different definitions of sarcopenia
and biologic response. Here, given our study
population, we used sarcopenia diagnostic cri-
teria [17] derived from a multicenter population
in China, which considered the influence of eth-
nic and dietary differences on the definition of
sarcopenia. We further note that our criteria for
defining biological response were based on
endoscopic assessment, which is more reliable
and objective than biochemical or clinical
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remission. Moreover, unlike in the prior study
[18], we evaluated the long-term efficacy of bio-
logics rather than the short-term induction
phase. Therefore, our results may better reflect
the sustained impact of body composition on
biologic response in CD patients.

Previous investigations have found that SMI is
related to inflammatory and nutritional mark-
ers, such as CRP, ESR, BMI, ALB, and Hb [7,
20]. However, to our knowledge, this is the first
study to report an association between SMI
and both CDAIl score and SES-CD in CD patients.
We posit that SMI may decrease in active CD
due to reduced nutrient intake, impaired
absorption, increased energy expenditure, and
chronic inflammation-induced muscle catabo-
lism. Conversely, a high SMI may indicate a bet-
ter nutritional and inflammatory status and
lower disease burden [21-23]. In contrast to our
findings, Barajas Ordonez F. et al. did not
observe a significant difference in body compo-
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showed that the 5-year cu-
mulative secondary failure-

free and bowel resection-free

rates were significantly lower

in patients with low SMI than

in those with high SMI [6].
However, few studies have
assessed the relationship be-

tween baseline skeletal mus-

cle status and endoscopic
outcomes in CD patients
treated with biologic agents.

Here, we found that endo-
scopically responsive patients

had higher SMI at baseline

than non-responsive patients,
suggesting that SMI may be

10 not only a measure of disease
severity but also a predictor of
endoscopic response to bio-

Figure 5. Predictive value of combined body composition parameters for en- logics.
doscopic response: AUC Analysis of SMI, MFI, and MA. The analysis yielded

an AUC value of 0.743 (95% CI: 0.609-0.877, P<.01), indicating significant
predictive capability for endoscopic response. Abbreviations: AUC, area un-
der the curve; SMI, skeletal muscle index; MFI, mesenteric fat index; MA,

muscle attenuation.

sition parameters between CD patients with
inflammatory vs. complicated disease [24].
However, in another study assessing the same
population, this group detected a significant
difference in body composition parameters
between the mild-to-moderate and severe dis-
ease groups [25]. These inconsistent results
may result from the different criteria used to
define disease severity in prior studies. To avoid
this confounding factor, we performed correla-
tion analysis to assess the relationship between
body composition parameters and clinical
parameters rather than comparing body com-
position parameters across different disease-
severity categories.

When considering the efficacy of biologics for
CD treatment, a low SMI may also impair
immune function and wound healing of CD
patients, leading to an increased risk of compli-
cations and surgery [26]. Ando K. et al. were
the first to investigate the association between
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In addition to SMI, our study
identified SMA and MA, both
of which reflect skeletal mus-
cle mass, as predictors of
endoscopic response to bio-
logics in CD patients-findings with potential
implications for the pathophysiology and treat-
ment of CD. SMA reflects overall muscle area,
whereas MA represents myosteatosis, a com-
ponent of sarcopenic obesity characterized by
fat infiltration into skeletal muscle, leading to
impaired muscle quality and function [27].
Previous studies have reported that myosteato-
sis is associated with worse outcomes after
IBD surgery [28], but ours is the first study to
note its relevance for endoscopic response to
biologics in CD patients, showing that higher
MA and SMA are associated with improved
endoscopic response. These findings suggest a
potential interaction between skeletal muscle
status, chronic inflammation, and the thera-
peutic effect of biologics in CD. For example,
active CD can cause reduced oral intake and
nutrient loss due to mucosal inflammation and
diarrhea. In parallel, chronic CD-associated
inflammation can suppress insulin-like growth
factor 1 level via the production of TNF-a and
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interleukin 6 and increase myostatin, a myo-
Kine produced by skeletal muscle. Critically,
both myostatin and proinflammatory cytokines,
such as TNF-a, promote muscle catabolism
and inhibit muscle synthesis [1]. Intriguingly, a
recent animal study showed that irisin, another
myokine, ameliorated experimental colitis and
decreased colonic TNF-a levels [29]. Thus, skel-
etal muscle status may be a novel therapeutic
target and a predictive marker for anti-TNF ther-
apy efficacy in CD.

We further measured MFI as an indicator of vis-
ceral fat mass, which is thought to promote CD
pathogenesis and adversely affect prognosis.
However, we found that higher MFI predicted
better endoscopic response to biologics in CD
patients. This observation contradicts most
prior studies in which visceral fat was linked to
worse outcomes in CD [3, 6, 30-39]. Several
factors may account for this discrepancy. First,
our results may reflect fat consumption rather
than the pathogenic role of mesenteric fat in
patients with severe or longstanding CD, as
suggested previously by Thiberge C. et al. [40].
Previous studies have mainly focused on the
proinflammatory effects of mesenteric fat in
CD. However, our study has demonstrated that
MFI is higher in CD patients with complicated
disease behavior. This finding is consistent with
previous research, indicating that a higher pro-
portion of visceral fat in total fat mass is corre-
lated with increased levels of proinflammatory
cytokines and disease activity [22, 41-43].
Second, the mean VFA and BMI of our CD
patients were much lower than those of
Western CD patients in previous studies,
reflecting racial and dietary differences
between the East and West [30-34]. Anti-TNF
drug clearance has been shown to vary with
body weight extremes in IBD patients, implying
that optimal visceral fat volume may help main-
tain adequate anti-TNF drug concentrations in
CD patients [44]. Third, most previous studies
have examined the impact of visceral fat on
post-operative complications and recurrence in
CD, reporting inconsistent results [30, 34-36].
Additionally, the few prior studies [3, 6, 37, 38]
assessing the non-surgical prognosis of CD
patients had notable limitations, such as
including only children [37] or only female CD
patients in remission [38]. In contrast, our
study population was more representative of
the clinical reality, as we enrolled active CD
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patients who received biologics for the first
time. Moreover, unlike the studies by Bamba S.
et al. [3] and Ando K. et al. [6], which evaluated
the associations between body composition
parameters and long-term drug efficacy (i.e.,
bowel resection rate), we aimed to investigate
the link between body composition parameters
and endoscopic efficacy of biologics. Finally, we
note that a Chinese study [39] reported an
inverse relationship between VFA and mucosal
healing in biologically naive CD patients treated
with IFX induction therapy, which contrasts with
our data showing an inverse correlation
between VFA and disease activity. There are
two possible explanations for this discrepancy.
First, the prior study was conducted at a lead-
ing surgical center for IBD in China, where
enteral nutrition therapy is widely used.
Consequently, most patients (96.91%) received
enteral nutrition before biological therapy,
resulting in lower BMI but higher SFA values
than were recorded for subjects in our study.
Critically, subcutaneous fat has been reported
to have metabolic and immunological proper-
ties different from those of visceral fat and to
produce substances that can improve systemic
glucose metabolism [45]. Therefore, the effect
of VFA on biological efficacy may have been
confounded by higher patient SFA in the earlier
study. Second, this study measured endoscop-
ic mucosal healing after three IFX infusions,
which reflects short-term biologic efficacy. In
contrast, we measured endoscopic response
after a longer follow-up period, thus assessing
the long-term efficacy of biologic therapies.
Overall, our findings suggest the need to re-
evaluate the role of adipocytes in CD patho-
physiology toward the goal of identifying
new prognostic biomarkers and therapeutic
targets.

In addition to the primary analyses, we con-
ducted combined analyses of SMI, MFIl, and MA
to assess their effectiveness in predicting clini-
cal outcomes. The results indicate a reason-
ably strong predictive capability for endoscopic
response to biologic therapies. This finding
demonstrates that these body composition
parameters, when combined, can be valuable
in forecasting treatment outcomes. The inclu-
sion of these combined metrics underscores
the importance of a multifaceted approach to
evaluating treatment efficacy, providing a more
comprehensive understanding of patient res-
ponses to biologic therapies. Future research
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should continue to explore and validate these
combined measures to further refine and
improve their predictive accuracy in clinical
settings.

Several limitations of this study should be
noted. Firstly, the retrospective single-center
design may introduce selection bias and limit
the generalizability of the findings to broader
populations. Secondly, the relatively small sam-
ple size, particularly among patients receiving
non-anti-TNF biologics, restricts the ability to
make robust comparisons between different
biologic therapies. Additionally, although our
follow-up period is longer than in some previ-
ous studies, it may still be insufficient to fully
capture the long-term effects of biologic thera-
pies on body composition and disease out-
comes in CD patients. Data for SES-CD and
CDAI after biological treatment is notably miss-
ing for some patients, which may limit the gen-
eralizability of the findings and introduce selec-
tion bias. Lastly, while the AUC value of 0.743
for endoscopic response indicates moderate
predictive ability, it also highlights some limita-
tions. This value suggests that SMI, MFI, and
MA alone may not fully capture the complexity
of CD and response to biologic therapies. The
moderate performance could be due to dis-
ease heterogeneity and unaccounted con-
founding factors. These limitations underscore
the need for larger, multicenter, prospective
studies to validate and further investigate our
findings. Despite these limitations, the study’s
strengths-including the use of objective endo-
scopic assessments and new insights into the
predictive value of body composition parame-
ters such as SMI, MFIl, and MA for forecasting
endoscopic response to biologic therapies in
CD-underscore its significant contribution to
the field.

In summary, we found that sarcopenia was
prevalent among CD patients and associated
with lower BMI, lower ALB levels, lower Hb lev-
els, and higher disease activity, as measured
by CDAI score but not by SES-CD. Our results
further show that baseline SMI was inversely
correlated with both CDAI score and SES-CD,
suggesting SMI may reflect the severity of
inflammation and mucosal damage in CD.
Furthermore, although we found that sarcope-
nia did not affect the response to biologics,
higher baseline values of SMI, SMA, MA, and
MFI were predictive of endoscopic response,
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and baseline MA and MFI were linked to
improved endoscopic scores after biologic ther-
apy. Combining SMI, MFI, and MA offers moder-
ate predictive value for CD outcomes. Coll-
ectively, these findings indicate that body com-
position-related imaging parameters may be
useful tools for evaluating the severity and the
response to treatment in CD patients.
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