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Magnetic resonance imaging‑based body 
composition is associated with nutritional 
and inflammatory status: a longitudinal study 
in patients with Crohn’s disease
Ziling Zhou1,2†, Ziman Xiong1†, Yaqi Shen1*  , Zhen Li1, Xuemei Hu1 and Daoyu Hu1 

Abstract 

Objective:  To evaluate the changes in magnetic resonance imaging-based body composition parameters during 
follow-ups in patients with Crohn’s disease (CD).

Methods:  Between November 1, 2017, and June 30, 2021, patients diagnosed with CD, who underwent two or more 
magnetic resonance enterography (MRE) scans at our institution were retrospectively reviewed. The baseline and one 
subsequent follow-up scan for each patient were paired to form longitudinal comparisons. Skeletal muscle, visceral 
adipose tissue (VAT), and subcutaneous adipose tissue (SAT) indexes were calculated from tissue areas measured at 
the third lumbar vertebra level per scan, standardized by dividing the height2 and lumbar height2 (heightL1–L5). We 
also assessed the correlation between changes in VAT to total adipose tissue ratio (VA/TA index) and CD activity scores 
(5-point MRE classification) using Spearman’s correlation analysis. A multivariate linear regression model was used to 
adjust for the follow-up duration and treatment type.

Results:  Overall, 49 patients (with 49 paired scans) were enrolled. VA/TA index changes were negatively correlated 
with changes in skeletal muscle index (SMI; r =  − 0.339, p < 0.05). The VA/TA index (52.69 ± 10.66% vs. 49.18 ± 10.80%, 
p < 0.001) and the total MRE score (8.0 ± 3.9 vs. 5.7 ± 3.4, p < 0.001) decreased significantly during follow-up, regardless 
of follow-up duration and treatment type (both p > 0.05). Changes in total MRE score were negatively correlated with 
SMI changes (r =  − 0.408, p < 0.01) but positively correlated with VA/TA index changes (r = 0.479, p < 0.01).

Conclusion:  An increase in SMI and a decrease in VA/TA index could reflect improved nutritional and inflammatory 
status.
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Key points

1.	 MRI-based body composition parameters can reflect 
disease course in CD patients.

2.	 Decrease of VA/TA index correlated with improve-
ment of disease activity during follow-up.

3.	 Higher SMI may indicate better nutritional status.
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Background
Crohn’s disease (CD) is a chronic, inflammatory, gas-
trointestinal disease. According to previous stud-
ies, patients often suffer from malnutrition during 
the disease course [1]; thus, they face a higher risk of 
post-operative infections and a longer in-hospital stay 
[2]. Weight loss is an intuitive indication of malnutri-
tion and has been considered one of the main features 
of CD; it is often accompanied by sarcopenia, which 
is related to inflammation, reduced physical activity, 
and glucocorticoid use [1, 3, 4]. Generally, CD patients 
were found to gain weight after anti-TNF therapy [5]. 
Regardless of weight gain or loss, skeletal muscle, sub-
cutaneous fat, and visceral fat exhibit different changes 
during the process of weight change; however, anthro-
pometric measurements, including abdominal circum-
ference and body mass index (BMI)—routinely used in 
clinical practice—do not provide an accurate assess-
ment of body composition changes.

Cross-sectional imaging, including computed tomog-
raphy (CT) and magnetic resonance imaging (MRI), 
are widely used for body composition analysis [6–8]. 
We can obtain different body composition parameters 
by performing semi-automatic or manual outlining of 
different tissues on monolayer images at the L3 level. 
MRI-based quantitative analyses of muscle, visceral 
adipose tissue (VAT) and subcutaneous adipose tissue 
(SAT) have been proposed to be as reliable as CT in 
assessing body fat distribution and muscle content [9, 
10]. Compared with CT, MR has no ionizing radiation 
and has a high accuracy for detecting disease activity 
when applied for surveillance of CD patients [11]. A 
link was found between MRI-based body composition 
parameters and inflammatory status in CD patients. For 
example, Büning et  al. [12] found a higher proportion 
of VAT in women with CD than control women; Labar-
the et al. [13] also found a higher proportion of VAT in 
patients with active CD compared to inactive patients. 
However, the former study group was all female, while 
the latter was a cross-sectional comparison of patients 
with different levels of activity, and few studies have 
assessed patients longitudinally by monitoring both 
changes in body composition and inflammatory status 
assessed by MRI during follow-up, that is, the associa-
tion between changes of MRI-based body composition 
and changes of disease activity during treatment was 
still unclear.

We aimed to evaluate changes in the nutritional and 
inflammatory status of CD patients by comparing lon-
gitudinal clinical indicators, intestinal lesions, and MR-
based body composition parameters during follow-up.

Methods
The local review board approved this retrospective 
study, and the requirement of informed consent was 
waived.

Patients
All patients who underwent MR enterography (MRE) 
scans at our institution between 1 November 2017 and 
30 June 2021 were reviewed, and those with two scans 
and a diagnosis of CD were enrolled. The diagnosis was 
confirmed by an experienced inflammatory bowel disease 
multidisciplinary team at our institution according to the 
ECCO-ESGAR guidelines [14], combining information 
from endoscopy, biopsy, laboratory tests, imaging find-
ings, and history review. Patients were further excluded 
if: (1) they underwent bowel resection between their 
first and subsequent scans; (2) clinical data on treatment 
information or laboratory information reflecting nutri-
tional status between two scans was unavailable.

After identifying patients who met the above criteria, 
information (sex, age at inclusion, family history, smok-
ing history) at the time of the first MRE per patient was 
recorded from the electronic medical record system. 
Clinical data (age, height, weight, BMI, specific CD-
related treatment, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), albumin (Alb), and haemato-
crit (Hct) levels) and the Montreal classification [15] were 
recorded within seven days of each MRE scan. BMI was 
obtained according to the formula BMI = body weight 
(kg)/height2 (m2) and was categorized as normal (18.5–
24.9), underweight (< 18.5), and overweight (25–30) [16]. 
We paired each patient’s initial scan with one subsequent 
follow-up scan to form a longitudinal comparison group.

MRE examinations
All examinations are performed on one of four 3.0 T MR 
scanners (GE Discovery 750HD, GE Healthcare; Sie-
mens MAGNETOM Skyra (2 sets), Siemens AG; uMR 
780, United Imaging Healthcare). All patients underwent 
pre-scan preparation as recommended by the European 
Society of Gastrointestinal and Abdominal Radiology 
(ESGAR) and European Society of Pediatric Radiology 
(ESPR) [17]; that is, fasting for 4–6 h before the scan and 
drinking 1000–1500 mL of 2.5% aqueous mannitol solu-
tion regularly within 30–45 min before the scan. To mini-
mize bowel peristalsis, 10  mg anisodamine was orally 
administered 30 min before the examination to patients 
without contraindications, including glaucoma and pro-
static hypertrophy. Additionally, routine MRE sequences 
were consistent with those suggested by ESGAR/ESPR, 
as shown in the Additional file 1: Table S1.
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Images analysis
Digital imaging and communications in medicine 
images of the MRE sequence were extracted per patient 
for quantification of body composition parameters and 
assessment of inflammatory involvement of the intestine.

Quantification of body composition parameters
One research assistant extracted a single slice at the mid-
level of the third lumbar vertebra (L3) from the axial 
T1-weighted images for further evaluation. Segmenta-
tion and measurement of skeletal muscle, SAT, and VAT 
were performed by a semi-automated method [18] using 
ImageJ (National Institutes of Health, https://​imagej.​
nih.​gov/​ij/​index.​html), as shown in Fig.  1. Thereby, we 
obtained cross-sectional areas (cm2) of skeletal muscle, 
SAT, and VAT. Additionally, we measured the height 
between the upper edge of the first and lower edge of 
the fifth lumbar vertebrae in each scan (heightL1–L5, cm), 
which is illustrated in Fig. 1. The quantification processes 
were separately performed by two radiologists blinded to 
the patient’s medical information; the average of the two 
measurements was used for subsequent analysis. Addi-
tionally, the skeletal muscle, SAT, and VAT areas were 
normalized by both height square (m2) and heightL1–L5 
square (cm2) to obtain the skeletal muscle index (SMI 
and SMIspinal), subcutaneous adipose index (SAI and 

SAIspinal), and visceral adipose index (VAI and VAIspinal), 
respectively. Sarcopenia was defined as: SMI < 49.9 cm2/
m2 for men; and SMI < 28.7 cm2/m2 for women, accord-
ing to previously defined cut-off value [19]. We calculated 
the percentage of VAT to total adipose tissue (VA/TA 
index) in a single layer based on the formula VAT area/
(SAT area + VAT area) × 100%.

Qualitative assessment of the intestine
We evaluated the intestinal lesions in each scan, referring 
to the 5-Point MR enterocolonography classification [20]. 
The procedure consists of visual scoring of the jejunum, 
distal ileum, terminal ileum, ascending colon, transverse 
colon, descending colon, sigmoid colon, and rectum, 
where there is: 0: normal or no lesions; 1: inactive or 
quiescent CD; 2: mild active inflammation; 3: moderate 
active inflammation; 4: severe active inflammation. Two 
radiologists evaluated each scan, and any inconsisten-
cies between them were reviewed by another senior radi-
ologist, and a final decision was made accordingly. The 
MRE scores for the small bowel (jejunum, distal ileum, 
and terminal ileum) and colorectum (colon and rectum) 
were calculated separately and then added together to 
obtain the total MRE score for each scan. According to 
the MRE score criteria proposed by Kitazume et al., we 
defined intestinal improvement as: a reduction in total 

Fig. 1  Extraction diagram of body composition parameters. a Selection of axial L3 level T1WI slice using coronal T2WI as a reference; b mask 
generated by ImageJ; c region of interest of muscle segmented manually based on a generated mask; d example showing the method to measure 
the lumbar height; e region of interest of SAT segmented manually based on a generated mask; f region of interest of VAT segmented manually 
based on the generated mask. SAT: subcutaneous adipose tissue, VAT: visceral adipose tissue

https://imagej.nih.gov/ij/index.html
https://imagej.nih.gov/ij/index.html
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MRE score ≥ 1, and no intestinal segment score increased 
at follow-up.

Statistical analysis
Statistics were conducted using SPSS 26.0 (IBM Co.) and R 
software version 3.6.0. Quantitative and categorical varia-
bles were described as mean ± standard deviation (SD) and 
frequencies (%), respectively. A paired Student’s t-test or a 
Wilcoxon signed-rank test was performed as appropriate; 
categorical variables were compared through Chi-squared 
or Fisher’s exact tests. Additionally, we calculated the 
changes in clinical indicators, body composition param-
eters, and MRE scores for each longitudinal comparison 
group at follow-up versus baseline to obtain change val-
ues (ΔBMI, ΔCRP, ΔESR, ΔAlb, ΔHct, ΔSMI, ΔSAI, ΔVAI, 
ΔVA/TA index, and ΔMRE score). The specific calculation 
is as follows: Δ(i) = (i)Valuefollow-up – (i)Valuebaseline. Cor-
relations between clinical and MR changes, height and 
heightL1-L5, and standardized indices (SMI and SMIspinal, 
SAI and SAIspinal, and VAI and VAIspinal) were evaluated 

using Spearman/Pearson correlation analysis (0.3 ≤|r|< 0.7, 
moderate; |r|> 0.7, high). Correlation between body com-
position parameters changes and total MRE score changes 
were further adjusted with age, sex, follow-up duration 
and treatment type using multivariate linear regression 
analysis. Follow-up duration was defined as the interval 
between two MRE scans per patient. Treatment type was 
categorized as biologic therapy and non-biologic therapy 
(other therapies without induction of biological agent). 
Intraclass correlation coefficient (ICC) or weighted kappa 
coefficient was used to assess the reliability of body com-
position area measurements and bowel assessment results 
between two radiologists; two-tailed p-values < 0.05 were 
considered significant.

Results
There were 49 patients enrolled in this study (Fig. 2). Two 
MRE scans per patient comprised the longitudinal com-
parison groups and were used to extract body composi-
tion parameters further.

Fig. 2  Inclusion flowchart for Crohn’s disease cases
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Clinical characteristics
The demographic characteristics of all CD patients are 
shown in Table  1. Baseline and follow-up clinical infor-
mation for all patients are shown in Table 2, where base-
line information refers to the data obtained when the 
patients had their first MRE scan at our facility. Patients 
were predominantly young males, and none indicated a 
family history of CD. Thirty-eight (77.6%) patients were 
treated with biological agents (predominantly infliximab, 
29/38 cases), seven with enteral nutrition, three with 
immunosuppressants (azathioprine), and corticoster-
oids, and one with 5-ASA. During the follow-up period, 
the patient’s disease site and behaviour did not change 
significantly. Various laboratory parameters statistically 
changed, including a significant decrease in CRP and ESR 
and a significant increase in Alb and Hct (p < 0.001). BMI 
values of all patients increased (18.27 ± 3.04  kg/m2 vs. 
19.55 ± 2.66  kg/m2; p < 0.001), and there was also a sig-
nificant increase in the proportion of patients within the 
normal BMI range (36.7% vs. 57.1%).

Body composition and intestinal lesion assessment
By analysing patients’ heights and lumbar spine heights 
in all 98 scans, we found a high correlation between 
height and heightL1-L5 (Fig. 3a, r = 0.769, p < 0.01). Addi-
tionally, high correlations were observed between SMI 
and SMIspinal, SAI and SAIspinal, and VAI and VAIspinal 
(Fig.  3b–d, r = 0.952, 0.991 and 0.987, respectively; 
p < 0.01).

The ICCs for inter-rater reliability in quantitative meas-
urements of skeletal muscle, SAT, and VAT area were 
0.982, 0.999, and 0.999, respectively (p < 0.001). For the 
qualitative assessment of the intestine, the weighted 

kappa coefficients for each segment were shown in Addi-
tional file 1: Table S2, and the total MRE scores obtained 
were also well reproducible (ICC = 0.716, p < 0.001).

Changes in body composition and MRE scores 
during follow‑up
As shown in Fig.  4a–c, area of skeletal muscle 
(93.26 ± 26.15 cm2 vs. 104.50 ± 27.24 cm2) and SAT 
(65.88 ± 48.87 cm2 vs. 78.93 ± 43.70 cm2) increased 
significantly during follow-up (p < 0.001 and p < 0.01, 
respectively). Representative images showing the body 
composition area changes in three patients are illus-
trated in Fig.  5. Accordingly, indexes including SMI 
(32.08 ± 7.71 cm2/m2 vs. 35.83 ± 8.05 cm2/m2), SMIspinal 
(35.41 ± 8.81 * 102 cm2/m2 vs. 39.51 ± 9.14 * 102 cm2/

Table 1  Clinical features of all Crohn’s disease patients

SD Standard deviation, IQR interquartile range, 5-ASA 5-aminosalicylic acid

Characteristics Baseline (n = 49)

Age at inclusion, years (mean ± SD) 25.82 ± 9.90

Gender (male: female) 3.9:1

Active smokers, n (%) 10 (20.4)

Scanning interval, months (median, IQR) 4.5 (3.5, 7.5)

Treatment, n (%)

 Biological agents 38 (77.6)

  Infliximab 29

  Adalimumab 4

  Vedolizumab 3

  Ustekinumab 2

 Enteral nutrition 7 (14.3)

 Immunosuppressant + corticosteroid 3 (6.1)

 5-ASA 1 (2.0)

Table 2  Clinical data of all Crohn’s disease patients at initial and 
follow-up scan

p value of variables with great statistical difference between baseline and 
follow-up is marked in bold

SD Standard deviation, BMI body mass index, CRP C-reactive protein, ESR 
erythrocyte sedimentation rate, Alb albumin, Hct haematocrit

Characteristics Baseline (n = 49) Follow-up (n = 49) p-value

Montreal classification

 Age at diagnosis, n (%)

  A1 11 (22.4)

  A2 34 (69.4)

  A3 4 (8.2)

 Location, n (%) 0.93

  L1 17 (34.7) 15 (30.6)

  L2 1 (2.0) 2 (4.1)

  L3 30 (61.2) 31 (63.3)

  L3 + 4 1 (2.0) 1 (2.0)

 Behaviour, n (%) 0.93

  B1 31 (63.3) 28 (57.1)

  B2 11 (22.4) 13 (26.5)

  B3 5 (10.2) 6 (12.2)

  B2 + 3 2 (4.1) 2 (4.1)

 Perianal disease, 
n (%)

28 (57.1) 29 (59.2) 1.00

BMI, kg/m2 
(mean ± SD)

18.27 ± 3.04 19.55 ± 2.66 < 0.001

BMI classification, 
n (%)

0.047

 Normal 18 (36.7) 28 (57.1)

 Underweight 29 (59.2) 21 (42.9)

 Overweight 2 (4.1) 0

Laboratory findings (mean ± SD)

 CRP, mg/L (n = 46) 35.34 ± 43.39 11.71 ± 20.98 < 0.001
 ESR, mm/h 
(n = 48)

23.85 ± 17.97 11.04 ± 13.51 < 0.001

 Alb, g/L (n = 46) 38.43 ± 5.85 42.19 ± 5.42 < 0.001
 HCT, % (n = 47) 34.70 ± 6.15 38.71 ± 5.71 < 0.001
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m2), SAI (23.10 ± 16.87 cm2/m2 vs. 27.65 ± 15.75 cm2/
m2), and SAIspinal (25.50 ± 18.58 * 102 cm2/m2 vs. 
30.46 ± 17.51 * 102 cm2/m2) showed the same increas-
ing trend during follow-up (p < 0.001 for SMI and 
SMIspinal, and p < 0.01 for SAI and SAIspinal, respec-
tively). No significant changes were observed in VAT 
area (65.88 ± 31.37 cm2 vs. 75.10 ± 41.49 cm2) and 
VAI (23.01 ± 10.85 cm2/m2 vs. 26.00 ± 13.92 cm2/
m2) (p > 0.05). VAIspinal (25.39 ± 12.00 * 102 cm2/m2 vs. 
28.72 ± 15.66 * 102 cm2/m2) showed a slightly increase 
during follow-up (p = 0.04). On the contrary, VA/TA 
index decreased significantly during the same process 
(52.69 ± 10.66% vs. 49.18 ± 10.80%, p < 0.001) (Fig.  4d). 
Sarcopenia presented in all patients at the time of the 
first MRE scan and presented in 37 males and 7 females 
after follow-up (p = 0.77). Additionally, the small bowel, 
colorectum and total MRE scores all decreased signifi-
cantly during the follow-up period (Fig. 4e).

Correlation among clinical indicators changes, MRE score 
changes, and body composition changes during follow‑up
The correlation coefficients for changes in clinical indica-
tors, MRE score, and body composition parameters are 
shown in Additional file 1: Table S3. We found that ΔBMI 

was moderately to highly positively correlated with ΔSMI, 
ΔSAI, and ΔVAI (r = 0.593, 0.779, and 0.568, respectively; 
p < 0.01), and moderately negatively correlated with the 
ΔVA/TA index (r =  − 0.422; p < 0.01) (Fig.  6a). The cor-
relation between ΔCRP and body composition param-
eters was only reflected in the ΔVA/TA index (r = 0.355, 
p < 0.05) (Fig. 6b). ΔESR was moderately negatively corre-
lated with ΔSMI (r =  − 0.481, p < 0.01) but positively cor-
related with ΔVA/TA index (r = 0.332, p < 0.05) (Fig. 6c). 
The Δtotal MRE score showed a negative correlation 
with both ΔSMI and ΔSAI (r =  − 0.408, p < 0.01; − 0.320, 
p < 0.05) and a positive correlation with the ΔVA/TA 
index (r = 0.479, p < 0.01) (Fig.  6d). The correlation 
between ΔVAI and Δtotal MRE score was not observed 
(r =  − 0.020, p > 0.05). Additionally, results showed that 
ΔSMI was positively correlated with both ΔAlb and ΔHct 
(r = 0.450 and 0.422, respectively p < 0.01) and negatively 
correlated with ΔVA/TA index (r =  − 0.339, p < 0.05). 
Furthermore, we found that the differences in SMI, SAI, 
and VAI during follow-up were mainly in patients using 
biological agents, while the differences in VA/TA index 
were significant for all therapy methods. Additionally, the 
patients’ intestinal improvement was not affected by the 
treatment modality (Table 3). When adjusted by variates, 

Fig. 3  Scatter plots showing the significant positive correlations between height and the height of the 1st to 5th lumbar vertebrae (a), as well as 
between the standardized indices obtained via two different methods (b–d)
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including sex, age, follow-up duration, and treatment 
type, ΔVA/TA index was still strongly associated with the 
Δtotal MRE score (Table 4).

Discussion
This retrospective, longitudinal study explored changes 
in clinical indicators, disease activity, and body composi-
tion parameters in CD patients during follow-up. In the 
present study, the change in VAT percentage (VA/TA 
index) and SMI during treatment in CD patients can be 
used as feasible indicators to monitor overall nutritional 
and inflammatory status, since ΔVA/TA index was cor-
related well with changes in CRP, ESR and MRE activity 
score, while ΔSMI correlated linearly with changes in 
BMI, Alb, Hct, and MRE activity score during follow-up.

After treatment, a significant increase in skeletal 
muscle, SAT, and VAT area was found, while an unex-
pected decrease in the relative visceral fat content (VA/

TA index) was observed. The changes in skeletal mus-
cle, SAT, and VAT during treatment were positively cor-
related with the evolution of BMI, whereas the VA/TA 
index was negatively correlated. Drug therapy-induced 
weight gain in CD patients has been reported [5]. A pro-
spective study found that anti-TNF therapy caused a 
rapid and uniform gain in abdominal fat; i.e., the increase 
occurred uniformly in both SAT and VAT [21]. This is 
somewhat similar to findings in the present study; how-
ever, they did not observe a link between these indicators 
and trends in BMI nor conduct further analysis targeting 
the relative VAT content.

Adipose tissue has been described as an endocrine 
organ that profoundly impacts metabolism [22]. In 
humans, SAT and VAT have been shown to have signifi-
cantly different gene expression patterns [23, 24]. VAT 
inflammation has long been recognized as important 
in the pathogenesis of CD; its encapsulation of diseased 

Fig. 4  Bar graphs of body composition parameters and MRE scores for all cases. Black bars represent baseline data, and grey bars represent 
follow-up data. a Area of skeletal muscle, SAT, and VAT at baseline and follow up; b Value of SMI, SAI, and VAI at baseline and follow up; c Value 
of SMIspinal, SAIspinal, and VAIspinal at baseline and follow up; d Value of VA/TA index at baseline and follow up; e MRE scores of small bowel 
and colorectum at baseline and follow up. ***: p < 0.001, **: p < 0.01, *: p < 0.05, ns: p > 0.05 (not significant); SAT: subcutaneous adipose tissue, 
VAT: visceral adipose tissue, SMI, skeletal muscle index; SAI, subcutaneous adipose index; VAI, visceral adipose index; SMIspinal, skeletal muscle area 
normalized by lumbar spinal height2; SAIspinal, subcutaneous adipose tissue area divided by lumbar spinal height2; VAIspinal, visceral adipose tissue 
area divided by lumbar spinal height2; ns, no significant difference; VA/TA index, VAT to total adipose tissue ratio
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Fig. 5  Changes in body composition area during follow-up in three Crohn’s disease cases. The area of each component in these images has been 
labeled, and the changes in VA/TA index of case 1–3 is − 11.95%, − 9.01% and − 12.88%, respectively. SAT: subcutaneous adipose tissue, VAT: visceral 
adipose tissue, VA/TA index: VAT to total adipose tissue ratio

Table 3  Effect of therapy on body composition parameters and intestinal improvement

p values below 0.05 are marked in bold

SMI Skeletal muscle index, SAI subcutaneous adipose tissue index, VAI visceral adipose tissue index, VA/TA area of visceral fat/area of subcutaneous fat; P1 intra-group 
differences between baseline and follow-up values in patients group with biologic therapy type; P2 intra-group differences between baseline and follow-up values in 
patients group with non-biologic therapy type; P3 inter-group differences evaluated using the independent samples t-test or Mann–Whitney U test, and the χ2 test

Biological agents 
(n = 38)

Non-biological agents 
(n = 11)

P1 P2 P3

ΔSMI, cm2/m2 4.38 ± 4.61 1.62 ± 4.46 < 0.001 0.26 0.0499
ΔSAI, cm2/m2 4.51 ± 8.07 4.68 ± 17.13 < 0.001 0.39 0.93

ΔVAI, cm2/m2 3.75 ± 10.47 0.37 ± 11.22 0.017 0.92 0.61

ΔVA/TA index, % − 3.22 ± 7.23 − 4.51 ± 4.63 0.009 0.009 0.58

Intestinal improvement, n 24 6 – – 0.73
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intestinal segments to form the so-called “creeping fat” 
is an important source of pro-inflammatory cytokines 
(e.g., IL-6 and TNF-α) [25–27]. Contrary to the nega-
tive effects of abnormal VAT accumulation, several stud-
ies have confirmed SAT to benefit metabolism [28–30]. 
The present study showed that the ΔVA/TA index was 
positively correlated with the trends in CRP, ESR, and 
total MRE score (r = 0.355, p < 0.05; r = 0.332, p < 0.05; 

r = 0.479, p < 0.01), while ΔSAI was negatively correlated 
with Δtotal MRE score (r =  − 0.320, p < 0.05). Labarthe 
et  al. [13] also observed that active/severe CD patients 
had a higher VA/TA index and lower SAI than inactive 
patients, similar to the present results. Still, we focus 
more on analysing changes in disease over treatment, 
which is more applicable to monitoring during follow-up. 

Fig. 6  Scatter plots showing the correlation between changes in clinical indicators, MRE score, and body composition parameters during follow-up. 
a Correlation between changes of body composition parameters (ΔSMI, ΔSAI, ΔVAI, and ΔVA/TA) and BMI; b Correlation between ΔVA/TA and ΔCRP; 
c Correlation between changes of body composition parameters (ΔSMI and ΔVA/TA) and ESR; d Correlation between changes of body composition 
parameters (ΔSMI, ΔSAI, and ΔVA/TA) and total MRE score. **: p < 0.01, *: p < 0.05; BMI, body mass index; CRP, C-reactive protein; ESR, Erythrocyte 
sedimentation rate; SMI, skeletal muscle index; SAI, subcutaneous adipose index; VAI, visceral adipose index, VA/TA index: VAT to total adipose tissue 
ratio; Δ(i) =(i)Valuefollow-up − (i)Valuebaseline, i= BMI, SMI, SAI, VAI, VA/TA, CRP, ESR, MRE score

Table 4  Correlation between body composition parameters changes and Δtotal MRE scores with adjustment of multi-variables

p values below 0.05 are marked in bold

MRE Magnetic resonance enterography, SMI skeletal muscle index, SAI subcutaneous adipose tissue index, VA/TA area of visceral fat/area of subcutaneous fat

Variables ΔVA/TA ΔSMI ΔSAI

Coefficient SD p value Coefficient SD p value Coefficient SD p value

Intercept − 7.69 3.13 0.017 2.10 2.31 0.369 3.19 5.06 0.532

Biologic therapy 2.15 2.06 0.302 1.90 1.52 0.219 − 1.49 3.33 0.656

Follow-up duration 0.16 0.16 0.308 0.02 0.12 0.868 0.68 0.25 0.010
Age 0.15 0.09 0.092 − 0.03 0.06 0.632 − 0.17 0.14 0.226

Sex (female) − 2.48 2.10 0.245 − 1.31 1.55 0.403 5.46 3.41 0.117

Δtotal MRE scores 0.84 0.25 0.001 − 0.50 0.19 0.010 − 0.67 0.41 0.109
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Therefore, changes in the two fat parameters could reflect 
changes in the inflammatory state.

Although data indicates that the prevalence of over-
weight and obesity is increasing in the CD population 
and that increased VAT caused by obesity promotes 
disease progression [31], in patients with a low BMI, 
hypertrophic mesenteric adipose tissue is observed early 
in the onset of the disease [32]. Moreover, even though 
most CD patients exhibited a normal or even low BMI, 
they still had a higher percentage of VAT when compared 
with healthy subjects [33]. In the present study, twenty-
nine patients (59.2%) had low baseline BMIs. After treat-
ment, their overall BMI had improved, while a significant 
reduction in VAT percentage occurred at the same time. 
Therefore, we believe that BMI may be misleading and 
does not provide a good indication of changes in abnor-
mal VAT for accurate determination of disease progres-
sion status.

Monitoring the nutritional status of CD patients dur-
ing treatment is important for their quality of life [34]. 
Skeletal muscle content and density are indexes to assess 
patients’ nutritional condition in previous studies, and 
sarcopenia is often used to describe a combined loss of 
muscle function and mass. Wiese et  al. [35] presented 
that infliximab reversed poor nutritional status in CD, 
while Subramaniam et  al. [36] showed increased mus-
cle mass in patients treated with anti-TNF. All patients 
in this study suffered sarcopenia at their inclusion. After 
subsequent treatment, their nutritional status showed 
an overall improvement, as evidenced by an increase in 
SMI and a decrease in patients who suffered sarcopenia. 
A consistent finding is that the increase in SMI was paral-
leled by improvements in BMI and laboratory nutritional 
index like Alb and Hct, as ΔSMI was positively corre-
lated with trends in Alb and Hct (r = 0.450 and 0.422, 
respectively, p < 0.01). Additionally, the increase of SMI 
and decrease of VA/TA index were strongly associated 
with improvement in disease activity reflected by the 
decrease of total MRE score after adjustment of multi-
ple variables. An explanation for this is that CD patients 
often have nutrient absorption issues, mainly reflected in 
reduced fat and protein content, leading to amino acid 
deficiency and hypoproteinaemia [37]. Hypoproteinae-
mia occurs not only due to decreased synthesis but also 
increased catabolism during inflammation [3]. Therefore, 
changes in the nutritional status and disease activity of 
CD patients during treatment can be well detected by 
body composition parameters, including SMI and VA/TA 
index.

In this study, a method for area normalization using 
heightL1–L5 instead of height was proposed. We found 
a strong correlation between the standardized indices 
of skeletal muscle, SAT, and VAT obtained by the two 

routes (r = 0.952, 0.991, and 0.987, respectively; p < 0.01). 
HeightL1-L5 is predominant in conditions when accurate 
standing height data was unavailable, like emergency 
admission. If height can be replaced by heightL1–L5 meas-
ured directly on the images, patients excluded due to lack 
of height data can be decreased and thus increase the 
statistical power of similar retrospective studies. Further 
large-scale prospective research was needed to facili-
tate the application of heightL1–L5 in body composition 
analysis.

This study has some limitations. First, due to its ret-
rospective design, some clinical information like endo-
scopic data was not available at the time of each MRE 
scan. Correspondingly, we evaluated the disease activ-
ity of each patient by scoring the intestinal lesions in 
each MRE image. Information was also incomplete for 
calculating the Crohn’s disease activity index in most 
CD patients at their admission. Further study is needed 
for verifying the significant changes of SMI and VA/TA 
with inflammatory status reflected by endoscopic data 
or Crohn’s disease activity index. Second, selection bias 
may exist due to the relatively small sample size and 
single centre design. Finally, although the current semi-
automated segmentation method can obtain accurate 
body composition parameters, it is still a time-consum-
ing process. To promote clinical practicability, the same 
precise automated segmentation methods should be 
developed in future works.

In conclusion, body composition analysis based on 
MRI is reproducible; the information obtained, espe-
cially the SMI and VA/TA index, can be used to moni-
tor the nutritional and inflammatory status of CD 
patients during follow-up.
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