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Background: The disease activity status and behavior of Crohn’s disease (CD) can
reflect the severity of the disease, and changes in body composition are common
in CD patients.

Aims: The aim of this study was to investigate the relationship between body
composition parameters and disease severity in CD patients treated with infliximab
(IFX).

Methods: Patients with CD assessed with the simple endoscopic score (SES-CD)
and were treated with IFX were retrospectively collected, and body composition
parameters at the level of the 3rd lumbar vertebrae were calculated from
computed tomography (CT) scans of the patients. The correlation of patients’
body composition parameters with disease activity status and disease behavior
was analyzed, and the diagnostic value of the relevant parameters was assessed
using receiver operating characteristic (ROC) curves.

Results: A total of 106 patients were included in this study. There were significant
differences in the subcutaneous adiposity index (SAIl) (p=0.010), the visceral
adiposity index (VAI) (p <0.001), the skeletal muscle mass index (SMI) (p <0.001),
and decreased skeletal muscle mass (p<0.001) among patients with different
activity status. After Spearman and multivariate regression analysis, SAl (p = 0.006
and p = 0.001), VAl (p <0.001 and p < 0.001), and SMI (p < 0.001and p = 0.007) were
identified as independent correlates of disease activity status (both disease activity
and moderate-to-severe activity), with disease activity status independently
positively correlated with SAI and SMI and independently negatively correlated
with VAL In determining the disease activity and moderate-to-severe activity
status, SMI performed best relative to SAl and VAI, with areas under the ROC curve
of 0.865 and 0.801, respectively. SAl (p=0.015), SMI (p=0.011) and decreased
skeletal muscle mass (p=0.027) were significantly different between different
disease behavior groups (inflammatory disease behavior group, complex disease
behavior group) but were not independent correlates (p>0.05).

Conclusion: Body composition parameters of CD patients treated with IFX
correlate with the endoscopic disease severity, and SMI can be used as a reliable
indicator of disease activity status.
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1. Introduction

Crohn’s disease (CD) is an inflammatory bowel disease that can
involve any part of the gastrointestinal tract and is characterized by
alternating relapses and remissions, which can result in a variety of
complications, such as intestinal strictures, perforations, and fistulas,
severely reducing the quality of life of patients (1). During the course
of chronic inflammatory disease in CD patients, 65-75% of patients
may experience malnutrition due to dietary restrictions and impaired
digestion and absorption (2), while the chronic malnutrition status
may lead to an imbalance of the intestinal flora and further exacerbate
the inflammatory response of the intestine (3). In recent years,
attention to the nutritional status of patients to reduce the risk of
malnutrition and improve the quality of life of patients has gradually
received attention from IBD experts (4).

The malnutrition status of CD patients can be characterized by
decreased muscle mass or altered fat distribution (5). The intestinal
inflammatory response can cause translocation of enteric bacteria
to the peri-mesenteric adipose tissue and significantly promote
mesenteric adipose tissue hyperplasia (6). At the same time,
inflammatory factors such as tumor necrosis factor-a (TNF-o)
released from the intestinal inflammatory response and
proliferating adipose tissue can activate the NF-kb signaling
pathway to reduce muscle protein formation and promote muscle
protein degradation by the expression of MURF-1 and atrogin-1,
resulting in reduced muscle mass in CD patients (7). Thus, it is
clear that the intestinal inflammatory response is a driver of body
composition changes in CD patients. In turn, quantitative
monitoring of body composition changes in CD patients may
be useful to reflect the severity of inflammation (disease activity
status and disease behavior).

The use of computed tomography (CT) image data for body
composition assessment is feasible. Previous studies evaluating the
impact of body composition parameters on clinical prognosis in
patients with CD based on CT or magnetic resonance imaging (MRI)
have shown that changes in body composition are associated with
poor prognosis in patients (8-13). Additionally, different drug
treatments may cause changes in body composition distribution in
CD patients (14-17). For example, a previous study showed a link
between infliximab (IFX)-induced treatment and increased total
abdominal fat in patients. Shen et al. (17) suggested increased visceral
fat in IFX-treated patients was associated with attenuated mucosal
healing. And Lim et al. (16) indicated that IFX, but not ADA trough
levels, were significantly correlated with body composition-related
parameters. Since IFX is the most widely used drug in clinical
treatment (14), so to clarify the relationship between body
composition changes and disease severity in CD patients and to
exclude the interference of different drug treatments on the study
results, only patients treated with IFX were included in this study to
further verify the clinical value of body composition changes. As the
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endoscopic score is the gold standard for assessing the activity of CD
(18), clarifying the correlation between body composition changes
and endoscopic severity in patients with CD may help guide clinical
optimization of disease management and timely adjustment of
medication dosage to delay disease recurrence and prevent disease
complications, thus further improving patients” quality of life.

2. Materials and methods
2.1. Research subjects

In this study, patients with CD who met the following inclusion
and exclusion criteria were retrospectively analyzed from December
2019 to April 2023. Inclusion criteria: (1) Patients diagnosed with CD
based on a comprehensive assessment that included endoscopic,
imaging, pathological, and clinical presentation (19, 20); (2) All
patients received more than 3 consecutive doses of IFX prior to CT
scan and simple endoscopic score for CD (SES-CD); (3) Patients who
underwent SES-CD within 3 days of CT scan; (4) patients with clear
imaging and complete clinical data. Exclusion criteria: (1) patients
with a recent history of abdominal surgery; (2) patients with combined
malignancy and other metabolic diseases.

This study was approved by the Medical Ethics Committee of
Chongging General Hospital (registration number: KY $2022-092-
01), and written informed consent was waived. All procedures were
performed in compliance with the Declaration of Helsinki.

2.2. Clinical data collection

General demographic data of the subjects were collected,
including age, sex, height, weight, body mass index (BMI), disease
duration, and smoking status, while laboratory test data, including
C-reactive protein (CRP), albumin, and erythrocyte sedimentation
rate (ESR), were recorded within 3 days of the subjects’ imaging
examinations. According to the Montreal classification (21), in this
study, nonstenotic and nonpenetrating (B1) were defined as
inflammatory disease behavior, and stenotic (B2) and penetrating
(B3) were defined as complex disease behavior. In addition,
adequate bowel preparation is crucial for successful endoscopy in
patients with CD (22), and all patients in this study underwent
adequate bowel preparation before endoscopic examination. An
experienced gastroenterologist assessed the ulcer size, area, extent
of lesion, luminal stenosis and degree by endoscopy, and scored
each segment of the ileum and colon according to SES-CD. The sum
of all parameters in each bowel segment was the total SES-CD score,
ranging from 0 to 56 (23). Based on previous studies (24, 25),
we defined the degree of disease activity in CD patients according
to the SES-CD score as remission group (<2 points), mild activity
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group (3-6 points), and moderate-to-severe activity group
(>7 points).

2.3. CT examination methods

A Philips IQon spectral CT scanner was used to scan and enhance
the abdomen of CD patients with the following parameters: tube
voltage of 120kV, tube current of 115maA, slice thickness and slice
spacing of 1.0mm, and field of view (FOV) of 410 mm x410 mm.
Quality control was performed monthly using a Quantitative CT
(QCT) body film (Model 4, QCT pro, mindways, United States) and
an image analysis system based on the original image of the CT scan
body film (Model 4).

2.4. Body composition measurements

We selected axial images at the mid-level of the 3rd lumbar
(L3) vertebral body on the CT scan for body composition
measurements. This is because previous studies have shown the
strongest correlation between body composition parameters at
this level with whole-body components (26, 27). The body
composition of the patients was measured by the same
investigators using QCT pro and Image] software (Figure 1). The
CT scans were directly transferred to the QCT pro workstation for
automated body composition measurements. Meanwhile, single
slice tomographic images at the level of L3 were imported into
Image] software to semiautomatically outline visceral fat area
(VFA), subcutaneous fat area (SFA), and calculate total fat area
(TFA), which is the sum of SFA and VFA, according to the fat
threshold - 150 to —50 HU; skeletal muscle area (SMA) was

10.3389/fnut.2023.1251448

outlined according to the skeletal muscle threshold —30 to +150
HU. The above body composition parameters were normalized for
height squared (m?) to obtain the total adiposity index (TAI),
subcutaneous adiposity index (SAI), visceral adiposity index
(VAI) and skeletal muscle mass index (SMI). The criteria for
defining the decreased skeletal muscle mass in this study were
SMI < 52.4 cm?/m? in men and SMI < 38.5 cm?/m? in women (28),
and visceral obesity was defined as VFA > 130 cm?® (29).

2.5. Statistical analysis

Statistical analyses were performed with SPSS Statistics 25.0.
Normally distributed measurements are herein expressed as the
mean * standard deviation (X % s), and comparisons between groups
were made using the independent samples ¢ test or one-way
ANOVA. The bias distribution of the measurement data is expressed
as the median (25, 75%), and the Mann-Whitney test or Kruskal-
Wallis test was used for comparison between groups. Count data are
expressed as cases (%) and were compared between groups using the
% test or Fisher’s exact probability method. The Bonferroni method
was used for two-way comparisons of multiple data groups. The
intraclass correlation coefficient (ICC) was used to assess the
agreement between measurements of body composition parameters
by the same physician using two methods, with ICC >0.75 indicating
good agreement of measurements. Body composition parameters
measured by QCT pro were included in the statistical analysis.
Demographics, laboratory data, and body composition parameters
were subjected to Spearman correlation analysis, the correlation
coefficient matrix was plotted, and a multivariate analysis was
performed using binary logistic regression. Receiver operating
characteristic (ROC) curves were used to evaluate the diagnostic

FIGURE 1

red area within the yellow circle represents SMA.

The QCT pro (A-C) and Imaged (D-F) diagrams of body composition measurements of the same patient through the middle portion of the 3rd lumbar
vertebra. The QCT pro automatically identifies and calculates the SFA and VFA (B,C), which are shown in blue in the (B,C); and the SMA is the total area
in the green aperture of (B) minus the total area in the green aperture of (C), indicated by the partially yellow area in (B,C). Imaged software semi-
automatically measured SFA, VFA, and SMA at different body composition thresholds (E,F). In (E), the red color represents SFA and VFA, while in (F), the
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FIGURE 2
Selection process for research subjects.

Patients with recent abdominal
surgery(n=6)
Incomplete clinical information(n=65)

Patients without SES-CD (n=83)

efficacy. p<0.05 was considered to indicate a statistically
significant difference.

3.1. Basic subject characteristics

A total of 340 CD patients with CT examinations between
December 2019 and April 2023 were initially screened, and 106 CD
patients were finally included after the application of strict inclusion
). Sixty-eight (64.15%) of
the patients were male, the mean age was 26.18years (range

and exclusion criteria for eligibility (
9-59years), the mean disease duration was 3.41years (range

0.17-15years), the mean BMI was 20.43 kg/m” (range 13.01-33.06),
26.42% of patients were underweight (BMI < 18.5kg/m?), and 11.32%
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of the patients were overweight (BMI >24kg/m?). The median SES-CD
activity score was 5 (interquartile range 2-11), with 72 patients
(67.92%) having active disease and 64 patients (60.38%) exhibiting
complex disease behavior ( ).

3.2. Measurement of body
composition-related parameters

The SFA, VFA, and SMA measured with QCT pro and Image],
respectively, showed a high degree of agreement with ICC values >0.95
( ). According to the measurements obtained
from QCT pro, the average values of TAI, SAI, VAL and SMI were
68.97+20.56, 32.88+14.41, 35.82+11.43, and 39.42+7.55,
respectively. A total number of 78 patients (73.58%) had decreased
skeletal muscle mass, of which 49 (46.23%) were male patients, and 20
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patients (18.87%) had visceral obesity, of which 12 (11.32%) were male
patients (Table 1).

3.3. Differential analysis of body
composition parameters of CD patients In
different disease activity status

According to the SES-CD score, there were 34 (32.08%), 28
(26.41%), and 44 (41.51%) patients in the remission, mild activity, and
moderate-to-severe activity status, respectively, with no significant
differences in demographic data among the different activity statuses
(p>0.05). Laboratory data were significantly different among the three
statuses (ESR: p=0.001; ESR. albumin: p<0.001), and with

TABLE 1 Baseline characteristics of the patients.

Variables Total

n 106
Male 68 (64.15%)
Height (m) 1.66+0.84
Weight (kg) 56.43+11.29
BMI (kg/m?) 20.43+3.42
BMI<18.5kg/m* 28 (26.42)
BMI > 24kg/m’ 12 (11.32)
Age at the time of CT examination (year) 26.18+7.91
Disease duration (years) 3.41+2.75
Montreal classification
Age (years)
<16 (Al) 6 (5.66)
17-40 (A2) 96 (90.57)
>40 (A3) 4(3.77)
Location
Ileal (L1) 16 (15.09)
Tleocolonic (L2) 9 (8.49)
Colonic (L3) 81 (76.42)
Behavior
Nonstricturing/penetrating (B1) 42 (39.62)
Stricturing (B2) 58 (54.72)
Penetrating (B3) 6 (5.66)
Perianal (P) 75 (70.75)
Serum Alb (g/1) 42.76 £5.12
CRP (mg/l) 4.49 (0.95, 11.51)
ESR (mm/h) 11.50 (6.00, 29.00)
SES-CD 5(2.00, 11.00)
Smokers 4(3.77)
Decreased skeletal muscle mass (M/F) 49 (46.23)/29 (27.36)
Visceral obesity (M/F) 12 (11.32)/8 (7.55)

Values are presented as N (%), the mean +SD, or the median (interquartile range). BMI,
body mass index; Alb, albumin; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; SES-CD, simple endoscopic score for Crohn’s disease; M, male; F, female.
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increasing disease activity, CRP and ESR increased while albumin
levels decreased (Table 2).

The differences in SAI (p=0.010), SMI (p <0.001), VAI (p <0.001)
and decreased skeletal muscle mass (p<0.001) were statistically
significant between the different activity statuses. After multiple
comparisons between groups, the differences between the four body
composition parameters mentioned above (SAI: p=0.008, VAL
p<0.001, SMI: p<0.001, and decreased skeletal muscle mass: p <0.05)
were statistically significant between patients in remission and
moderate-to-severe activity, whereas when comparing body
composition between patients in remission and mild activity, only
SMI (p=0.002) and decreased skeletal muscle mass (p <0.05) showed
significant differences. Similarly, a significant difference in VAI
(p=0.009) was found only between patients with mildly and
moderately active. TAI and visceral obesity showed no significant
difference between the three groups and when compared between the
two groups (p>0.05) (Table 2; Figure 3).

3.4. Differential analysis of body
composition parameters of CD patients In
different disease behavior groups

There were 42 (39.62%) and 64 (60.38%) patients in the
inflammatory and complex behavior groups, respectively, with no
significant difference in demographics between the two groups
(p>0.05). ESR (p=0.045) and CRP (p=0.005) were higher in the
complex behavior group. SAI (p=0.015), SMI (p=0.011) and
decreased skeletal muscle mass (p=0.027) were significantly different
between the two groups. The complex behavior group had a lower SAI
and SMI and a higher prevalence of decreased skeletal muscle mass.
The differences in BMI (p=0.090), VAI (p=0.347), TAI (p=0.273) and
visceral obesity (p=0.969) were not significant between the two
groups (Supplementary Table S2; Figure 4).

3.5. Analysis of independent correlates of
disease severity

The results of the Spearman correlation analysis showed
correlations between several body composition parameters (SMI, SAI,
VAI) and laboratory data (ESR and VAI: p=0.006; CRP and SMI:
p=0.008, CRP and VAL p=0.001; albumin and SMI: p=0.041), as well
as disease activity status (disease activity and SMI: p<0.001, SAIL:
p=0.004, VAL p<0.001; moderate-to-severe activity and SMI:
p<0001, SAL p=0011, VAL p<0.001)
Supplementary Table S3). In order to understand the independent

(Figure 5;

effects of disease activity, we categorized patients into a remission
group and an activity group based on their disease activity status, with
the activity group including patients with both mild and moderate-to-
severe disease activity. Additionally, we divided patients into
non-moderate-to-severe activity group and moderate-to-severe
activity group according to the degree of disease activity, with the
non-moderate-to-severe activity group including patients in remission
and patients with mild disease activity. The above variables were
included in a multivariate binary logistic regression analysis and
adjusted for the effect of the gender covariate, the results showed that
SAI (p=0.006 and p=0.001), VAI (p<0.001 and p<0.001) and SMI
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TABLE 2 Comparison of clinical data and body composition parameters in different activity status of CD patients.

Variables Remission Mild activity Moderate-to-severe activity p value
(n=34) (n=28) (n=44)
Demographic data
Male Gender 21 (61.76) 16 (57.14) 31(70.45) 0.486
Age (years) 27.24+7.95 25.39+8.83 25.86+7.36 0.626
BMI (kg/m?) 20.64+2.90 20.80+4.27 20.03+£3.22 0.589
Disease duration (years) 3.83+3.22 3.56+3.24 3.00+£1.90 0.403
Location 0.059
L1 8(23.53) 6(21.43) 2 (4.55)
L2 4(11.76) 3(10.71) 2 (4.55)
L3 22 (64.71) 19 (67.86) 40 (90.90)
Behavior 0.386
Bl 17 (50.00) 12 (42.86) 13 (29.55)
B2 15 (44.12) 14 (50.00) 29 (65.90)
B3 2(5.88) 2(7.14) 2 (4.55)
Perianal (P) 22 (64.71) 21 (75.00) 32(72.73) 0.629
Laboratory data
ESR (mm/h) 6.5 (4.00-16.50) 11.50 (6.00-22.75) 20.00 (7.25-38.50) 0.001
CRP (mg/l) 1.00 (0.34-3.53) 3.49 (0.88-7.58) 11.81 (4.67-37.04) <0.001
Serum Alb (g/1) 45.44+3.83 43.39+4.14 40.29 +£5.46 <0.001
Body composition
SAI (cm?*/m?) 38.41+13.29 34.22+17.52 28.20+£13.48 0.010
VAI (cm?*/m?) 29.92+10.83 34.07+13.16 42.14+9.67 <0.001
TAI (cm*/m?) 68.33+19.86 68.29+27.77 70.98+21.57 0.839
SMI (cm*/m?) 46.19+8.58 38.92+£9.13 35.31+£6.67 <0.001
Decreased skeletal muscle mass <0.001
Yes 13 (38.24) 23 (82.14) 42 (95.45)
No 21 (61.76) 5(17.86) 2 (4.55)
Visceral obesity 0.171
Yes 4(11.76) 4(14.29) 12 (27.27)
No 30 (88.24) 24 (85.71) 32(72.73)

Values are presented as N (%), the mean + SD, or the median (interquartile range). BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Alb, albumin; SAI,
subcutaneous adipose index; VAL, visceral adipose index; TAI, total adipose index; SMI, skeletal muscle index.
Bold values indicate significant differences (p<0.05).

(p<0.001 and p=0.007) were independently associated with disease
activity (including mild and moderate-to-severe activity) and
moderate-to-severe activity, respectively (Table 3). In addition,
considering the certain correlation between ESR and CRP (Figure 5;
Supplementary Table 53), we included both variables separately in the
multivariate analysis. The results still demonstrated that SAI, VAT, and
SMI were independent factors associated with the degree of disease
activity (Supplementary Tables 54, S5). ROC analysis showed that SAI,
VAI and SMI were all effective in diagnosing disease activity status
and identifying moderate-to-severe disease activity level, with AUC
values all greater than 0.65. Among them, SMI performs best in
diagnosing disease activity and moderate-to-severe activity, with AUC
values of 0.865 and 0.801, respectively (Figure 6).

Binary logistic regression analysis was used to explore
independent correlates of complex disease behavior. Variables that
were statistically significant in the univariate analysis (SAIL: p=0.016,
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SMI: p=0.015, and decreased skeletal muscle mass: p =0.030) were
included in the multivariate analysis. However, the results indicated
that none of these variables were independent correlates of complex
disease behavior (SAL p=0.065, SMIL: p=0.139, and decreased
skeletal muscle mass: p=0.761) (Table 4). This is consistent with the
results of the Spearman correlation analysis (Figure 5), which showed
no significant correlation between complex disease behavior and
body composition parameters.

4. Discussion

The results of this study showed a high prevalence of decreased
skeletal muscle mass in patients with CD (75%), which is consistent
with the results of our recently published systematic review (30). This
systematic review included 39 studies for analysis, and more than half
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FIGURE 3
Histogram of multiple comparisons of activity status between groups. A: disease remission; B: mild activity; C: moderate-to-severe disease activity. SAl,
subcutaneous adipose index; VA, visceral adipose index; TAl, total adipose index; SMI, skeletal muscle index. ***p <0.001, **p <0.01, *p <0.05,
"p >0.05 (not significant).

of them reported a prevalence of sarcopenia >50% in patients with
CD. Additionally, according to the Global Leadership Initiative on
Malnutrition (GLIM) (
muscle mass as one of the diagnostic criteria for malnutrition in

), which proposes the inclusion of reduced

adults, almost 2/3 of patients in our study cohort were malnourished,
which was significantly higher than the prevalence of malnutrition
defined by BMI (26.42%), and there were significantly more viscerally
obese patients than overweight patients defined by BMI (18.87% vs.
11.32%). This suggests that body composition-related parameters may
be a more sensitive indicator than BMI to reflect the nutritional status
of patients.

Body composition can reflect the severity of disease by
characterizing the nutritional status of CD patients. The results of
this study showed that body composition changes (SMI, SAI, VAI
and decreased skeletal muscle mass) in CD patients differed
between disease activity states, and multivariate analysis indicated
that disease activity states were independently and negatively
correlated with SMI and SAI and independently and positively
correlated with VAL The proliferation of mesenteric adipose tissue
around the lesion, forming “crawling fat) is considered an
important feature of CD (32). Various inflammatory factors, such
as TNF-a, chemokines and resistin, secreted by proliferating
mesenteric adipose tissue play an important role in the progression
of disease inflammation (33). Since peri-intestinal adipose tissue
is an important component of VAT, it shows a positive correlation
with disease activity status. While SAT and VAT have different
metabolic profiles, SAT has been shown to play a protective role in

Frontiers in

the metabolism of prostate cancer patients (34). In CD patients,
similar characteristics seem to exist, as the disease activity
increases, patients’ SAT catabolism decreases and protective
metabolic effects diminish, thus keeping TAI in dynamic balance,
which also provides a reasonable explanation for the lack of a
significant correlation between TAI and disease severity. At the
same time, we found that SMI performed best in reflecting the
disease activity status. The current “gut-muscle axis” hypothesis,
supported by most evidence, suggests that the gut microbiota shifts
to a proinflammatory role, altering host metabolic and immune
responses, maintaining low levels of inflammation, and
upregulating several molecular pathways associated with reduced
muscle mass (7, 35, 36), such that the more severe the disease in
CD patients, the lower the SMI. The results of this study are
consistent with the findings of Labarthe et al. (37), who analyzed
the correlation between body composition and disease activity
level in CD patients using MRI images, although the disease
activity level score (Harvey-Bradshaw) used by this team was
defined according to the patients’ clinical symptoms. Similarly, the
results of a recent study of 71 CD patients with activity follow-up
found a negative correlation between SAI and SMI and the disease
activity level (38), which is similar to our findings. In addition,
we found more significant differences in body composition-related
parameters when the activity levels differed more (remission vs.
This
inflammatory level of the disease tends to fluctuate, and the level

moderate-to-severe activity). may be because the

of disease activity is more likely to change between adjacent
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FIGURE 4
Comparison of body composition parameters between the infammatory and complex behavior groups. (A—F) represent the differential analysis of SAI
(A), VAI (B), TAI (C), SMI (D), decreased skeletal muscle mass (E), and visceral obesity (F) between the two groups, respectively. SAl, subcutaneous
adipose index; VAI, visceral adipose index; TAI, total adipose index; SMI, skeletal muscle index. *p <0.05, "p > 0.05 (not significant)

subgroups, whereas the distribution of body composition changes
relatively slowly and thus some of the body composition parameters
do not differ significantly between adjacent subgroups.

Our study reported a strong association between body
composition parameters and disease activity status, but two other
) did not find such an association. We concluded that this
discrepancy may be attributed to several reasons. Firstly, both of these

studies (8,

studies used the Crohn’s disease activity index (CDAI) scoring system
to assess disease activity, which depends mainly on subjective
sensations such as the degree of abdominal pain in patients, and pain
thresholds vary from patient to patient, which may affect the accurate
assessment of disease activity (40). In contrast, the endoscopic scoring
system used in this study provides a more objective picture of bowel
inflammation and allows patients to report disease activity status more
consistently between visits or between clinicians (41). Secondly,
previous studies did not differentiate between patients based on their
treatment methods. Considering that different drug treatments may
influence body composition distribution, we only included patients

Frontiers in

who treated with IFX. Shen et al. (
adiposity was associated with attenuated mucosal healing in

) showed that increased visceral

IFX-treated patients, which is consistent with the findings of our
study. Lastly, differences in body composition distribution may
be influenced by race (42), and differences in lifestyle and dietary
habits exist between races, which may also affect the consistency of
results between studies.

Nonetheless, our results showed that SAI and SMI were lower
and the prevalence of decreased skeletal muscle mass was higher
in CD patients with complex disease behavior, and although the
group differences in VAT were not significant, VAT still tended to
be higher in the complex disease behavior group. Erhayiem et al.
(43) showed that CD patients with higher VAT were more likely to
have complex disease behavior after body composition analysis of
CT images of 50 CD patients, which was similarly concluded in a
). Zhou et al. (
analyzing body composition in 122 CD patients, found that a lower

subsequent study (44- ), by retrospectively

SMI may be an indicator of complex disease behavior. However,
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TABLE 3 Multivariate analysis of disease activity and moderate-to-severe activity.

Disease activity status

Moderate-to-severe disease activity

95%Cl p value 95%Cl p value
SAI 0.92 (0.87-0.98) 0.006 0.88 (0.82-0.95) 0.001
VAI 115 (1.07-1.23) <0.001 1.24 (1.11-1.38) <0.001
SMI 0.82 (0.73-0.91) <0.001 0.86 (0.78-0.96) 0.007
Serum Alb (g/l) 0.85 (0.67-1.07) 0.169 0.82 (0.66-1.01) 0.061
CRP (mg/l) 119 (0.99-1.44) 0.070 1.02 (0.97-1.08) 0426
ESR (mm/h) 1.03 (0.97-1.10) 0.344 0.99 (0.94-1.05) 0.713

SAI subcutaneous adipose index; VAI, visceral adipose index; SMI, skeletal muscle index; Alb, albumin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Bold values indicate significant differences (p<0.05).

although our study revealed variability in some body composition
parameters among CD patients with different disease behaviors, it
was not their independent correlate, which is consistent with the
results of a recent study (50). This may be because intestinal
complications such as stricture or penetration are a further
progression of poorly controlled disease activity and are influenced
by a combination of factors such as altered body composition, poor
drug therapy and an active intestinal inflammatory response;
therefore, altered body composition is not an independent correlate
of complex disease behavior.

Frontiers in Nutrition 09

Notably, this study also found a correlation between some body
composition parameters and inflammatory indicators. Levels of
inflammatory indicators (ESR and CRP) are elevated in patients with
active disease or with complex disease behavior, which further supports
the conclusion that body composition can reflect disease severity.
However, inflammatory markers can be influenced by infectious diseases
or medication use at other sites and are therefore less specific in reflecting
disease severity in CD patients. In contrast, our study found that SAI, VAI,
and SMI were independent correlates of disease activity status and
moderate-to-severe disease activity level after correcting for inflammatory
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ROC analysis of SMI, VAI, and SAI diagnosed disease activity (A) and moderate-to-severe activity (B). SMI, skeletal muscle index; VAI, visceral adipose
index; SAl, subcutaneous adipose index.

TABLE 4 Univariate and multivariate analyses of complex disease behavior.

Univariate analysis

Multivariate

analysis
95%Cl p value 95%Cl
Age (years) 0.99 (0.95-1.04) 0.753
Sex 1.01 (0.45-2.27) 0.981
Disease duration (years) 0.99 (0.86-1.14) 0.843
BMI (kg/m?) 0.90 (0.80-1.01) 0.095
SAI (cm?*/m?) 0.97 (0.94-0.99) 0.016 0.97 (0.94-1.00) 0.065
VAI (cm?*/m?) 1.02 (0.98-1.05) 0.344
TAI (cm?m?) 0.99 (0.97-1.01) 0.271
SMI (cm*/m?) 0.93 (0.88-0.99) 0.015 0.95 (0.88-1.02) 0.139
Visceral obesity 0.98 (0.36-2.65) 0.969
Decreased skeletal muscle mass 2.67 (1.10-6.46) 0.030 1.20 (0.37-3.83) 0.761

BMI, body mass index; SAI, subcutaneous adipose index; VAI, visceral adipose index; TAI, total adipose index; SMI, skeletal muscle index.

indicators in a multivariate analysis. This suggests that body composition
parameters are more advantageous than inflammatory indicators in
assessing the course of disease activity. Therefore, monitoring changes in
body composition in CD patients and early increasing the dosage of IFX
or adopting interventions such as nutritional management and physical
exercise for patients with a tendency of increased visceral fat and
decreased skeletal muscle mass may help prevent further disease
progression and allow patients to maintain a state of long-term disease
remission (51).

There are numerous methods for measuring body composition,
including dual-energy X-ray absorptiometry (DXA), bioelectrical
impedance analysis (BIA), CT, and MRI (5). Among them, DXA
and BIA show low performance in quantifying the specific
distribution of body composition, while CT and MRI provide high
resolution of soft tissues and are considered the gold standard for
body composition assessment (52, 53). The QCT used in this study
is an emerging quantitative technique mainly applied to body
composition and bone density measurements, which is consistent
with the effects of body composition measurement tools commonly
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used in previous scientific studies; moreover, QCT can easily,
accurately and automatically calculate patients’ body composition
information without the burden of additional radiation and cost by
using patients’ regularly reviewed CT data (54). Thus, QCT can help
clinics to easily and efficiently monitor patients’ body composition
information.

This study has several limitations. First, it was a single-center,
retrospective investigation and was based on a single-race
population analysis only. The distribution of body composition
may be influenced by race, and therefore, the present results still
need to be evaluated in a multicenter, prospective, multirace
population validation study. Second, the limited sample size of the
study and the uneven proportion of people in different disease
activity subgroups and disease behavior subgroups may have
caused some bias in the study results. Finally, only patients treated
with IFX were included in this study. Therefore, in our future
studies, we plan to further include patients treated with different
drugs and to expand the sample size of the study to better control
for potential confounders.
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5. Conclusion

In conclusion, this study shows that there is a correlation between
body composition parameters and disease severity in patients with
CD. Patients with a higher VAT and a lower SAT and SMI may have
higher disease activity and more complex disease behavior, and SMI
can be a reliable indicator of disease activity status. Regular monitoring
of patients’ body composition trends by QCT may allow early
identification of the disease severity process and enable the clinical use
of timely targeted treatment or management measures to promote a
good treatment outcome and prognosis.
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