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ABSTRACT 38 

Background: Altered body composition may impact on the clinical course of Crohn’s disease 39 

(CD) but is not detected by the simple body mass index (BMI) assessment. 40 

Aim: To assess the prevalence of sarcopenia and visceral obesity by a single computed 41 

tomography (CT) slice, and its association with adverse events in an adult hospitalized CD 42 

cohort. 43 

Methods: 88 CD patients who had abdominal CT scans during hospitalization were 44 

retrospectively enrolled. The skeletal muscle index (SMI) at the third lumbar vertebra level 45 

was used to assess sarcopenia. Sarcopenia was defined as a SMI <38.5cm²/m² in women, 46 

<52.4cm²/m² in men and visceral obesity as a visceral fat area ≥ 130 cm². Clinical 47 

malnutrition was defined by a BMI <18.5 kg/m². Univariate analysis was performed, and 48 

predictors for surgery in the follow-up were entered in a stepwise logistic regression model 49 

for multivariate analysis. 50 

Results: The prevalence of sarcopenia was 58%, malnutrition 21.6%, and visceral obesity 51 

19.3%. Among sarcopenic patients, 49% had a normal BMI, 13.7% were overweight, and 52 

1(2%) was obese. Sarcopenic CD patients had significantly more abscesses (51% vs 16.7%, 53 

p=0.001), hospitalizations (61.2% vs 36.1%, p=0.022) and digestive surgery (63.3% vs 54 

27.8%, p=0.001) than non-sarcopenic patients during the follow-up, whereas usual 55 

malnutrition assessment was not correlated with disease outcomes. In multivariate analysis, 56 

both sarcopenia and visceral obesity were associated with further occurrence of digestive 57 

surgery. 58 

Conclusion: Both sarcopenia and visceral obesity were associated with adverse outcomes in 59 

severe CD patients whereas usual nutritional assessment was not. 60 

Key words: Crohn’s disease, body composition, sarcopenia, visceral obesity, CT scan, 61 

surgery 62 

63 
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Introduction 64 

Crohn’s disease (CD) is a chronic progressive and disabling inflammatory bowel disease 65 

(IBD) which may lead to hospitalizations, surgery and impact quality of life. CD is well 66 

known to be associated with malnutrition,1–4 lower body mass index (BMI)5 and lower lean 67 

body mass.6,7 Indeed, 75% of hospitalized CD patients are malnourished and 1/3 have a low 68 

BMI.8 There are multiple causes: limited food intake, malabsorption, increased nutrients 69 

losses and potentially treatment adverse events. Current data indicate that IBD patients, 70 

particularly CD patients, have alterations in their body composition (lean and fatty mass) that 71 

the simple BMI assessment may fail to detect.9–11 Also, growing evidence suggests that 72 

altered body composition in IBD is associated with more severe phenotypes12 and may 73 

negatively impact on the clinical course of the disease, response to treatments, and quality of 74 

life,13–16 although some discordant results have been reported regarding surgery indications 75 

and outcomes.17 76 

While the deuterium oxide dilution method, or to a lesser extent a proxy by the whole-body 77 

dual-energy X-ray absorptiometry (DXA), would be the best measures of body composition, 78 

these techniques are neither routinely accessible nor feasible in clinical practice. Recently, the 79 

development of an accessible method to assess body composition, using a third lumbar (L3) 80 

computed tomography (CT) slice, has demonstrated its reliability and prognostic ability in 81 

other diseases such as cancer and obesity.18–23 This tool has extended nutritional assessment 82 

possibilities in routine clinical care, and can be applied to CD patients.24 CT can differentiate 83 

body tissues (adipose, muscular, skeletal), water and air, based on tissue specific attenuation 84 

values, and easily provides a body composition analysis, including quantification of 85 

abdominal circumference, abdominal adipose tissues (AT) (subcutaneous, visceral, and 86 

intermuscular), and skeletal muscle (SM).25 87 
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The aims of this study were to assess the body composition of hospitalized CD patients by a 88 

L3 single CT slice and to investigate the association between body composition and adverse 89 

outcomes during the follow-up of this cohort of patients. 90 

 91 

Methods 92 

Study population  93 

From our cohort of patients with a confirmed diagnosis of CD and follow-up at Besançon 94 

University Hospital, those aged 18 to 65 years who had an abdominal CT scan and were 95 

hospitalized in the Gastroenterology unit between the 1st of January 2010 and the 15th of June 96 

2016, were retrospectively enrolled for this study. Only hospitalized CD patients were 97 

included, as they fulfilled the criteria to have both CT scan examination and full conventional 98 

nutritional assessment in the same time period and represent a population of special interest 99 

regarding the risk of malnutrition and altered body composition. Patients were excluded in the 100 

absence of height, weight and serum albumin parameters within two weeks of the CT scan. 101 

Patients with the following comorbidities were also excluded to alleviate potential nutritional 102 

confounding parameters: severe organ insufficiency (cardiac, renal, liver, and pulmonary), 103 

cancer, and infection with human immunodeficiency virus.  104 

Demographic and clinical variables 105 

Age, gender, CD duration, CD location and phenotype according to the Montreal 106 

classification,26 treatment and smoking history were recorded at the date of abdominal CT. 107 

During hospitalisation, the Harvey-Bradshaw index (HBI), as a marker of CD clinical 108 

activity, nutritional supplementation, and medical and surgical treatments were recorded. 109 

BMI, healthy body weight and percentage of weight loss in the past month and 6 months were 110 

calculated. Normal BMI was defined as ≥ 18.5 kg/m² and < 25 kg/m², overweight as ≥25 111 

kg/m² and <30 kg/m², obesity as ≥ 30 kg/m². Malnutrition was defined by a BMI < 18.5 112 
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kg/m². Serum albumin was recorded but was not considered in the definition of malnutrition, 113 

as a low level in patients with acute inflammation does not necessarily reflect poor nutritional 114 

status. Follow-up data were obtained from patient’s medical records. Outcomes: further 115 

hospitalizations, abscess(es) (intestinal and perianal), surgery (intestinal resection and 116 

perianal surgery, use of anti-Tumor necrosis factor (TNF) therapy, and change or dose 117 

optimization of anti-TNF therapy were recorded; bowel restorative surgery was not 118 

considered. The study was conducted through the current French reference methodology, 119 

MR-003, and registered at the University Hospital Research Unit of Besançon, France. 120 

 121 

Radiological body composition measurement  122 

CT images at L3 levels were analyzed to determine SM mass and corrected by the exclusion 123 

of the third lumbar SM, visceral AT and subcutaneous AT by a single operator, blinded to 124 

clinical and biological data, using the free public-domain software developed by the National 125 

Institutes of Health (NIH Image J1.47) (Figure 1). In case of repeated abdominal CTs during 126 

hospitalization, only the first one performed after admission was considered for analysis. The 127 

skeletal muscle index (SMI) (cm²/m²), which is the ratio of the cross-sectional area of skeletal 128 

muscles at the level of the L3 vertebra to the height squared (m²), was used to identify 129 

sarcopenia. As reported before in the literature, sarcopenia was defined as a SMI<38.5cm²/m² 130 

in women and <52.4cm²/m² in men27 and visceral obesity was defined as a visceral fat area 131 

(VFA) ≥ 130 cm². 28 132 

 133 

Statistical analyses 134 

Quantitative variables were presented as mean ± standard deviation when normally 135 

distributed, or as median [interquartile range] if non-normally distributed. Normality was 136 

analysed using the Kolgomorov-Smirnov test. Qualitative variables were presented as 137 
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numbers (percentages). The Chi-square (X2) test was used to compare categorical variables, 138 

and the Student t or Mann Whitney and Wilcoxon tests were used for quantitative variables. 139 

The univariate predictors for surgery in the follow-up with p<0.2, and malnutrition defined by 140 

a BMI < 18.5 kg/m² were entered in a stepwise multivariate logistic regression model. The 141 

Odds ratio (OR) and 95% confidence intervals (CI) were presented in the final multivariate 142 

model. A p-value of less than 0.05 was considered significant. All analyses were performed 143 

using SAS version 9.4 software (SAS Institute, Cary, NC, USA), and R version 3.5.0 (R 144 

Development Core Team, 2005). 145 

 146 

Results 147 

Demographic and disease characteristics 148 

Among our CD cohort patients, a total of 175 patients had an abdominal CT during the 149 

inclusion period, among them 105 were hospitalized and 88 were meeting all inclusion 150 

criteria (Supplementary figure 1). Follow-up data were subsequently available for 85 patients. 151 

The baseline characteristics of the 88 patients are shown in Table 1. Overall, median age was 152 

35.4 ± 12.4 years, half were men (44 patients), half were current smokers (44 patients), and 153 

the mean HBI was 7.4 ± 4.4. Regarding disease location, 53.4% of the patients had an 154 

ileocolonic disease, 34.1% an ileal disease, and 12.5% a colonic disease. The disease 155 

phenotype was stricturing in 43.2%, penetrating in 34.1% and non-stricturing, non-penetrating 156 

in 22.7% of patients; 27.3% had perianal disease. The mean duration of CD at the time of the 157 

CT scan was 170.2 ± 290.5 months; the mean duration of follow-up after the CT scan was 158 

22.2 ± 20.1 months. The cause of hospital admission was abdominal pain in 52 (59.1%) 159 

patients, abdominal pain and diarrhoea in 27 (30.7%), diarrhoea in 5 (5.7%), and fever 4 160 

(4.6%). During hospitalisation, 56 patients received oral nutritional supplementation 161 
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(Modulen® or oral supplements), 9 received enteral nutrition. None received parenteral 162 

nutrition. Medical and surgical treatments during hospitalisation are reported in Table 1.  163 

During the follow-up, 31/85 (36.5%) patients had abscesses (23 intestinal locations and 8 164 

perianal locations), 43/85 (50.6%) were re-hospitalized; 41/85 (48.2%) had surgery (32 165 

intestinal resections (13 right hemicolectomies, 13 ileocaecal resections, 5 small bowel 166 

resections and 1 stricturoplasty) and 9 had perianal surgery (surgical drainage of abscess 167 

and/or fistula), and a treatment with an anti-TNF agent was initiated in 42 (48.8%) patients 168 

(Table 1). 169 

Nutritional status and Body composition 170 

At the time of recruitment, mean BMI was 22.7 ± 4.6 kg/m², mean serum albumin level was 171 

28.7 ± 6.4 g/L. BMI was less than 18.5kg/m² in 21.6% of patients; 46.6% had a normal BMI, 172 

23.7% were overweight and 9.1% were obese (Table 1). Overall, malnutrition (as defined by 173 

BMI<18.5kg/m²) occurred in 19/88 (21.6%) patients.  Sarcopenia, as assessed by the SMI on 174 

CT scan, was present in 51/88 (58%) patients, and visceral obesity, as assessed by the VFA, 175 

was present in 17/88 (19.3%) patients. 176 

As shown in Table 2, there were no significant differences regarding age, gender, smoking 177 

status, disease location, and CD clinical activity according to the HBI, when comparing 178 

patients with or without sarcopenia and with or without malnutrition. More frequent perianal 179 

diseases were observed in patients with a BMI <18.5kg/m². Regarding treatments during 180 

hospitalisation, in sarcopenic patients, Modulen® supplementations and surgery were 181 

significantly more frequent, and treatment by thiopurines was less frequent (Table 2). 182 

Sarcopenic patients had significantly lower BMI (20.6 ± 4kg/m² vs 25.6 ± 3.7kg/m², 183 

p<0.0001), lower serum albumin levels (27 ± 6.3g/L vs 30.9 ± 6g/L, p=0.004) and more 184 

frequent malnutrition (35.3% vs 2.7%, p=0.0002) than non-sarcopenic patients. However, 185 

among sarcopenic patients, 25 (49.0%) had a normal BMI, 7 (13.7%) were overweight, 1 186 
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(2%) was obese, and 8 (15.7%) had a visceral obesity assessed by CT scan. SFA was 187 

significantly lower than in non-sarcopenic patients, while VFA and visceral obesity were 188 

similar (Table 2).  Conversely, all patients but one with malnutrition (BMI < 18.5kg/m²) were 189 

sarcopenic, and all radiological measurements of body composition were significantly lower 190 

in the malnourished group (Table 2). 191 

There were no significant differences regarding the main outcomes at follow-up (further 192 

hospitalizations, abscesses, surgeries) between malnourished and non-malnourished CD 193 

patients. However, sarcopenic CD patients had significantly more abscesses (51.0% vs 16.7%, 194 

p=0.001), further hospitalizations (61.2% vs 36.1%, p=0.022) and surgeries (63.3% vs 27.8%, 195 

p=0.001), than non-sarcopenic CD patients (Table 2).  196 

In the group of patients with visceral obesity (Supplementary Table 1), only 2 (11,8%) 197 

patients were obese, 11 (64.7%) were overweight, 4 (23,5%) had a normal BMI, none had a 198 

BMI <18.5kg/m². These patients with visceral obesity were significantly more female (76.5% 199 

vs 43.7%, p=0.01), older (mean age 45.3 vs 33.1 years, p=0.0003), and with longer CD 200 

duration (150 vs 46 months, p=0.03). During follow-up, they had significantly more surgeries 201 

(75% vs 42%, p=0.02) and switch of anti-TNF agent (43.3% vs 18.8%, p=0.05) 202 

(Supplementary Table 1). 203 

 204 

Study of CD patients according to their surgical status during the follow-up  205 

In CD patients who underwent surgery during the follow-up, sarcopenia and visceral obesity 206 

at baseline were significantly more frequent (p=0.036 and p=0.002, respectively), compared 207 

to patients who did not. Patients also had lower serum albumin levels (p=0.014). However, 208 

malnutrition according to BMI at baseline was not associated with further occurrence of 209 

surgery (p=0.66). Stricturing or penetrating behaviours (B2/B3) were significantly associated 210 

with more frequent digestive surgery (p=0.013) (Table 3). In univariate analysis (Table 4), 211 
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surgery in the follow-up was significantly associated with disease behaviour (B2 and B3, 212 

respectively, OR=3.75, 95% CI [1.05;13.39] and OR=6.75, 95% IC [1.76;25.96], p= 0.011), 213 

male gender (OR=3.03, 95% CI [1.25;7.34], p=0.012), serum albumin (OR=0.92, 95% CI 214 

[0.85;0.99], p=0.01), sarcopenia (OR=4.48, 95% IC [1.76;11.38], p=0.00) and also visceral 215 

obesity (OR=4.14, 95% CI [1.21;14.13], p=0.016), but not malnutrition (95% CI [0,45;3,49], 216 

p=0.663). In multivariate analysis, only sarcopenia and visceral obesity were indepedant 217 

factors of surgery (Table 4). 218 

 219 

Discussion 220 

 221 

In this observational cohort of hospitalized CD patients, we demonstrated that the evaluation 222 

of the body composition using a single CT slice was a suitable tool to assess their nutritional 223 

status, and was predictive of adverse events in the course of the disease: abscesses, digestive 224 

surgery and hospitalization, whereas BMI and/or serum albumin levels were not. We also 225 

found that both sarcopenia and visceral obesity were independently associated with surgery 226 

during the follow-up. This study showed a high prevalence of sarcopenia (58%) in 227 

hospitalised CD patients, confirming the previously reported results by Schneider et al. 228 

(60%)29 and Holt et al. (68.5%).24 In IBD care, especially in a hospitalization setting, 229 

systematic nutritional assessment using this simple and easily accessible method should be 230 

promoted, in addition to the more common assessment using BMI and albumin levels, to 231 

bring adequate nutritional support and prevent adverse outcomes. 232 

 233 

We pointed out that 64.7% of sarcopenic CD patients had a falsely reassuring BMI 234 

(≥18.5kg/m²), with similar visceral fat levels as compared to non-sarcopenic patients, and 235 

paradoxically 15% were overweight or obese. Sarcopenic CD patients had a significantly 236 
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lower BMI than non-sarcopenic patients, but still in the normal range. Furthermore, 237 

sarcopenia was associated with bad outcomes, whereas malnutrition assessed by conventional 238 

clinical data was not. Indeed, analysis of the body composition using a single CT slice is a 239 

better reflection of lean and fat mass than BMI. Recently, the Global Leadership Initiative on 240 

Malnutrition (GLIM)30 published the global consensus on diagnostic criteria for malnutrition 241 

in adults, introducing reduced muscle mass as one of the phenotypic criteria to assess 242 

malnutrition. Sarcopenia was first suggested in 1989 to define an involuntary loss of muscle 243 

mass in elderly subjects that usually occurs in all individuals because of ageing. It has also 244 

been associated with disability, low quality of life, and death.31,32 Premature sarcopenia was 245 

previously described in IBD population by using dual-energy x-ray absorptiometry and was 246 

shown to correlate with low bone mineral density.29 This premature sarcopenia may be a 247 

consequence of malnutrition (due to dietary restriction and/or malabsorption), inactivity (due 248 

to long-term disabling disease) and chronic inflammation. Supporting the role of 249 

inflammation, recently Subramaniam et al.33 demonstrated that infliximab, potentially by 250 

decreasing inflammatory protein levels (IL6 and CRP), could reverse sarcopenia after 25 251 

weeks of treatment.  252 

 253 

To our knowledge, few studies focused on the prognosis of CD patients according to their 254 

body composition status evaluated by a single CT slice. Association of sarcopenia with early 255 

anti-TNF therapy failure16 and postoperative outcomes34 was suggested. Conflicting results 256 

were reported concerning the association of sarcopenia with surgical events. As expected, 257 

stricturing and penetrating disease phenotypes were risk factors for surgery in our study. 258 

Sarcopenia was also an independent risk factor, confirming the results of Bamba S et al. in a 259 

similar population15. In the recently published study by Thiberge C et al.,17 SMI also tended 260 
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to be reduced in patients with adverse outcome, compared with patients without surgery nor 261 

death ; however, the difference was not significant (p=0.07).  262 

CT imaging has become the gold standard for the quantification of visceral adipose tissue; 263 

using VFA≥130cm² to define visceral obesity has proven to be an easy and reproducible 264 

parameter for the assessment of  visceral obesity.28 Previous studies highlighted that visceral 265 

obesity was a strong predictor of perioperative outcomes after digestive surgery.35,36 Ding et 266 

al.37 demonstrated that visceral obesity was significantly associated with an increase in bowel 267 

resection length, postoperative ileus and postoperative complications overall (p< 0.001) in 268 

patients with CD undergoing primary surgery. Erhayiem et al.38 found that a higher 269 

mesenteric fat index (visceral to subcutaneous fat area ratio), could predict a more 270 

complicated course of the disease. In the post-operative setting, a post-hoc analysis of the 271 

POCER study in 44 CD patients, demonstrated that regardless of the treatment, higher 272 

visceral adiposity was significantly associated with CD recurrence.39 To our knowledge, only 273 

the above-mentioned study by Thiberge et al.17 found opposite results regarding fat body 274 

composition in a severe CD population: in their retrospective cohort of patients, lower 275 

subcutaneous and visceral adiposity indexes were significantly associated with surgery or 276 

death, perhaps because of a longer and more severe course of disease in the patients with an 277 

available CT scan17 or because they used surgery and death as an endpoint, without exclusion 278 

of potential confounding comorbidities (cancer, organ failure…). Our results showed that 279 

visceral obesity was an independent surgical outcome factor in multivariate analysis, whereas 280 

BMI was not. Almost 20% of our patients had visceral obesity but only 9% were obese 281 

according to BMI. Patients with penetrating or stricturing phenotypes had a higher VFA than 282 

patients with non-structuring and non-penetrating disease. On the other hand, our findings, 283 

corroborated by most of the studies mentioned above,36-38 support the hypothesis that human 284 
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fat tissue is not solely a reservoir for excess nutrients but also a dynamic tissue involved in the 285 

regulation of immunity and inflammation.40  286 

 287 

This study suffers from a few limitations that deserve to be underlined. Firstly, it is limited by 288 

its retrospective and single-centre design, although all patients were extracted from a 289 

prospective cohort of patients. We could not properly assess the history of corticosteroids 290 

intake in our patients’ cohort as self-medication and prescription of corticosteroids by general 291 

practitioners are frequent, contrary to other immunomodulators which are precisely recorded 292 

in hospital files; thus we cannot exclude that, in addition to disease severity,  sarcopenia was 293 

also  due to higher corticosteroid intake that may lead to loss of muscle and central adiposity. 294 

Secondly, there is a selection bias linked to the study of hospitalised patients. We 295 

intentionally chose to include only hospitalised CD patients, as they fulfilled the criteria to 296 

have both CT scan examination and full conventional nutritional assessment. Also, their 297 

severe outcomes deserve appropriate management to decrease morbidity. We believed that the 298 

perspective of specific recommendations on nutritional assessment and supplementation in 299 

patients with such severe conditions warranted a dedicated study. A further step to our work 300 

will be to assess the feasibility and prognosis relevance of body composition evaluation by a 301 

non-invasive non-irradiating tool (abdominal MRI), to extend our results to the outpatient 302 

population with less severe CD. 303 

Nutritional assessment by more appropriate tools than weight and BMI should be promoted in 304 

inflammatory bowel diseases to properly assess malnutrition, as sarcopenia is associated with 305 

pejorative outcome, but prevalent in patients with normal BMI. Body composition 306 

measurement also allows the detection of visceral obesity, another pejorative nutritional 307 

parameter underestimated by simple BMI monitoring. The third lumbar (L3) computed 308 

tomography (CT) slice analysis represents an alternative tool to measure the body 309 
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composition of CD patients that may be more easily accessible in all hospitals than the 310 

alternative measurement of bioelectrical impedance.41 Based on such analysis, a proper 311 

management of altered body composition is clearly a future goal for gastroenterologists; it 312 

may be achieved by improving nutritional status and promoting physical activity while 313 

controlling inflammation.  314 

  315 

 316 

 317 

 318 

  319 
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Table 1: Baseline and follow-up Crohn’s disease patients’ characteristics. 442 

Baseline n= 88 

Demographic and disease data   

Age (years), mean ± sd 35.4 ± 12.4 

Male gender, n (%) 44 (50) 

Current Smokers, n (%) 44 (50) 

Disease duration (months), mean ± sd 170.2 ± 290.5 

Location*, n (%) L1 30 (34.1), L2 11 (12.5), L3 47 (53.4) 

Behaviour*, n (%) B1 20 (22.7), B2 38 (43.2), B3 30 (34.1) 

Perianal Disease, n (%) 24 (27.3) 

Cause of hospital admissions, n (%) 
Abdominal pain 52 (59.1), Abdominal pain and diarrhoea 

27 (30.7), Diarrhoea 5 (5.7), Fever 4 (4.6) 

HBI, mean ± sd 7.4 ± 4.4 

Biological data 
  

CRP (mg/L), mean ± sd 63.5 ± 69.3 

Serum Albumin (g/L), mean ± sd 28.7 ± 6.4 

Anthropometric and radiological 

data 

  

BMI (kg/m²), mean ± sd 22.7 ± 4.6 

Malnutrition 

BMI < 18.5kg/m², n (%) 
19 (21.6) 

Normal BMI  

BMI 18.5-25kg/m², n (%) 
41 (46.6) 

Overweight  

BMI 25-30kg/m², n (%) 
20 (22.7) 

Obese  

BMI ≥ 30kg/m², n (%) 
8 (9.1) 

Serum albumine <30g/L and/or BMI 

<18.5kg/m², n (%) 
55 (62.5) 

SMI (cm²/m²), mean ± sd 43 ± 9.1 

VFA (cm²), mean ± sd 79.1 ± 70.2 

SFA (cm²), mean ± sd 153.8 ± 114.4 

Sarcopenia‡, n (%) 51 (58) 

Visceral obesity#, n (%) 17 (19.3) 

Treatments during hospitalization    

Corticosteroids, n (%) 
Total 39 (44.3) 

IV 26 (29.5), oral 23 (26.1), budesonide 10 (11.4) 

Thiopurine, n (%) 19 (21.6) 

Anti-TNF, n (%) 39 (44.3) 

Surgery, [perianal + intestinal] n (%) 6 [2 + 4] (6.8) 

Antibiotics, n (%) 53 (60.2) 

Nutritional supplementation   

Modulen®, n (%) 44 (50) 

Oral supplements, n (%) 12 (13.6) 

Enteral nutrition, n (%) 9 (10.2) 

Parenteral nutrition, n (%) 0 (0) 
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Follow-up n= 85 

Follow-up (months), mean ± sd 22.2 ± 20.1 

Abscess (perineal or enteral), n (%)  31 (36.5) 

New hospitalization, n (%) 43 (50.6) 

Surgery, [perianal + intestinal] n (%) 41 [9 +32] (48.2) 

Start of an anti-TNF, n (%)  42 (48.8) 

Switch of anti-TNF, n (%) 20 (23.5) 

Optimization of anti-TNF, n (%)  36 (42.9) 

 443 
* according to the Montreal classification: L1, ileal; L2, colonic; L3, ileocolonic; B1, non-stricturing non-penetrating; B2, 444 
stricturing; B3, penetrating. 445 
‡ Skeletal Muscle Index < 38.5cm²/m² in women and < 52.4cm²/m² in men 446 
# VFA ≥ 130cm² 447 
BMI, Body Mass Index ; CRP, C Reactive Protein; HBI, Harvey Bradshaw Index; IV, Intravenous; SFA, Subcutaneous Fat 448 
Area; SMI, Skeletal Muscle Index; TNF, Tumour Necrosis Factor; VFA, Visceral Fat Area 449 
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Table 2: Crohn’s disease patients’ characteristics, at baseline and after follow-up, according to their body composition and nutritional status.  

  Sarcopenia‡ No Sarcopenia P Value Malnutrition † No malnutrition P Value 

Demographic and disease data n=51 n=37  n=19 n=69  

Age (years), mean ± sd 36.6 ± 13.7 33.8 ± 10.3 0.29 32.2 ± 12.1 36.3 ± 12.4 0.78 

Male Gender, n (%) 30 (58.8) 14 (37.8) 0.052 12 (63.2) 32 (46.4) 0.19 

Disease duration (months), median [IQR]  116 [19 - 198.5] 46 [17.25 - 856] 0.2835 49 [1 - 327] 74.5 [1 - 1265] 0.31 

Current Smokers, n (%) 27 (52.9) 17 (46) 0.517 11 (57.9) 33 (47.8) 0.43 

Location*, n (%) 

    L1 18 (35.3) 12 (32.4) 0.95 5 (26.3) 25 (36.2) 0.71 

    L2 6 (11.8) 5 (13.5)  2 (10.5) 9 (13.0)  

    L3 27 (52.9) 20 (54.1)  12 (63.7) 35 (50.7)  

Behaviour*, n (%) 

    B1 9 (17.7) 11 (29.7) 0.09 5 (26.3) 15 (21.7) 0.21 

    B2 20 (39.2) 18 (48.7)  5 (26.3) 33 (47.8)  

    B3 22 (43.1) 8 (21.6)  9 (47.4) 21 (30.4)  

Perianal Disease, n (%) 15 (29.4) 9 (24.3) 0.6 9 (47.4) 15 (21.7) 0.03 

HBI, mean ± sd  8.2 ± 4.3 6.4 ± 4.4 0.052 8.1 ± 4.6 7.2 ± 4.4 0.36 

Biological data             

Serum Albumin (g/L), mean ± sd 27 ± 6.3 30.9 ± 6 0.004 27.3 ± 7.1 29.1 ± 6.2 0.323 

CRP (mg/L), median [IQR] 48.1 [12.8 - 109] 22.9 [10.8 - 61.3] 0.12 73.1 [1 - 289] 28.6 [1.6 - 314] 0.0008 

Anthropometric and radiological data             

BMI (kg/m²) mean ± sd 20.6 ± 4 25.6 ± 3.7 <0.0001 16.8 ± 1.2 24.4 ± 3.8 <0.0001 

Normal BMI (18.5-25kg/m²), n (%)                                                                                                    25 (49.2) 16 (43.2) 0.017  41 (59.4)  

Overweight (25-30kg/m²), n (%)                                                                                                    7 (13.7) 13 (35.1)   20 (29)  

Obese (BMI ≥ 30kg/m²), n (%)                                                                                                 1 (2) 7 (18.9)   8 (11.6)  

Malnutrition†, n (%)                                                                               18 (35.3) 1 (2.7) 0.0002     

VFA (cm²), mean ± sd                                       
75.5 ± 69.3  92.6 ± 60.5 0.11 21.3 ± 21 95 ± 70.6 <0.0001 

SFA (cm²), mean ± sd                                        112.4 ± 97.7 211.2 ± 112.2 <0.0001 48.8 ± 36.9 183.5 ± 111.4 <0.0001 
Visceral Obesity, n (%)                                                                          8 (15.7) 9 (24.3) 0.31 0  17 (24.6) 0.365 

Sarcopenia‡, n (%)                                                                                   18 (94.7) 33 (47.8)  0.0002 

Treatments during hospitalization       

Corticosteroids, n (%) 22 (43.1) 17 (46) 0.79 11 (57.9) 28 (40.6) 0.18 

Thiopurine, n (%) 7 (13.7) 12 (32.4) 0.03 5 (26.3) 14 (20.3) 0.55 

Anti-TNF, n (%) 20 (39.2) 19 (51.4) 0.26 11 (57.9) 28 (40.6) 0.18 
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Surgery, [perianal + intestinal] n (%) 6 (11.7) 0 0.04 1 (5.3) 5 (7.3) 1 

Antibiotics, n (%) 35 (68.6) 18 (48.7) 0.06 15 (79) 38 (55.1) 0.06 

Modulen, n (%) 33 (64.7) 11 (29.7) 0.001 13 (68.4) 31 (44.9) 0.07 

Oral supplementation, n (%) 7 (13.7) 5 (13.5) 0.98 4 (21.1) 8 (11.6) 0.28 

Enteral nutrition, n (%) 8 (15.7) 1 (2.7) 0.07 4 (21.1) 5 (7.25) 0.1 

Parenteral nutrition, n (%) 0 0  0 0  

Follow-up n= 85  n=49 n=36  n=19 n=66  

Follow-up duration (months), mean ± sd 25.2 ± 21.6 18 ± 17.2 0.08 24 ± 17.3 21.7 ± 20.9 0.29 

Abscess, n (%)                                                                                   25 (51.0) 6 (16.7) 0.001 10 (52.6) 21 (31.8) 0.09 

Hospitalization, n (%)                                                                           30 (61.2) 13 (36.1) 0.022 10 (52.6) 33 (50) 0.84 

Surgery, n (%)                                                                                   31 (63.3) 10 (27.8) 0.001 10 (52.6) 31 (47) 0.66 

Start of anti-TNF, n (%)                                                                            27 (54) 15 (41.7) 0.259 13 (68.4) 29 (43.3) 0.053 

Switch of anti-TNF, n (%)                                                                          8 (16.3) 12 (33.3) 0.067 1 (5.3) 19 (28.8) 0.03 

Optimisation of anti-TNF, n (%)                                                                                                    22 (45.8) 14 (38.9) 0.524 7 (36.8) 29 (44.6) 0.54 

* according to the Montreal classification: L1, ileal; L2, colonic; L3, ileocolonic; B1, non-stricturing non-penetrating; B2, stricturing; B3, penetrating 

† albuminemia <30g/L and/or Body mass index <18.5kg/m² 

‡ Skeletal Muscle Index < 38.5cm²/m² in women and < 52.4cm²/m² in men; # VFA ≥ 130cm² 

BMI, Body mass index; CRP, C Reactive Protein; HBI, Harvey Bradshaw Index; IQR, interquartile range; sd, standard deviation; SFA, subcutaneous fat area; TNF, tumor necrosis 

factor; VFA, visceral fat area. 
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Table 3: Comparison of Crohn’s disease patients according to their surgical status during the 

follow-up. 

 

  Surgery  No surgery P Value 

  n=41  n=44    

Demographic data       

Age (years), mean ± sd 38.2 ± 13.4 33.1 ± 10.9 0.059 

Male gender, n (%) 26 (63.4) 16 (36.4) 0.012 

Current Smokers, n (%) 23 (56.1) 20 (45.5) 0.326 

Location*, n (%)   0.446 

            L1 17 (41.5) 13 (29.6)   

            L2 4 (9.8) 7 (15.9)   

            L3 20 (48.8) 24 (54.6)   

Perianal disease, n (%) 13 (31.7) 11 (25) 0.492 

Behaviour*, n (%)   0.013 

            B1 4 (9.8) 15 (34.1)   

            B2 19 (46.3) 19 (43.2)   

            B3 18 (29.3) 10 (22.7)   

HBI, mean ± sd 7.2 ± 3.8 7.8 ± 5 0.98 

Body composition and nutritional characteristics 

Serum albumin (g/L), mean ± sd 26,8 ± 5,4 30,2 ± 7 0.014 

CRP (mg/L), mean ± sd 80.5 ± 67.3 63.1 ± 58.5 0.79 

BMI, mean ± sd 22.3 ± 4.9 23.2 ± 4.5 0.38 

Malnutrition†, n (%) 10 (24.4) 9 (20.4) 0.66 

VFA (cm²), mean ± sd 92.3 ± 85.5 66.1 ± 49.3 0.09 

SFA (cm²), mean ± sd 139.4 ± 118.5 167.9 ± 111.1 0.26 

Sarcopenia‡, n (%) 31 (75.6) 18 (40.9) 0.0021 

Visceral adiposity#, n (%) 12 (29.3) 4 (9.1) 0.0357 

* according to the Montreal classification, L1, ileal; L2, colonic; L3, ileocolonic; B1, non-stricturing, non-

penetrating; B2, stricturing; B3, penetrating. 

† body mass index <18.5kg/m² 

‡ Skeletal Muscle Index < 38.5cm²/m² in women and < 52.4cm²/m² in men 

 # VFA ≥ 130cm² 

BMI, Body mass index; CRP, C Reactive Protein; HBI, Harvey Bradshaw Index; sd, standard deviation; SFA, 

subcutaneous fat area; VFA, visceral fat area;   
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Table 4: Univariate and Multivariate analysis of risk factors for surgery during the follow-up 

 Univariate analysis Multivariate analysis 

Variable Odds Ratio 95% CI P value 
Odds 

Ratio 
95% CI 

P 

value 

Age (continuous variable)  1.04 (1;1.07) 0.055    

Male Gender 3.03 (1.25;7.34) 0.012    

Behaviour (B1) *   0.011    

B2 3.75 (1.05;13.39)     

B3 6.75 (1.76;25.96)     

Serum Albumin (continuous variable)  0.92 (0.85;0.99) 0.014 0.94 (0.87;1.02) 0,13 

Malnutrition† 1.25 (0.45;3.49) 0.663    

Sarcopenia‡ 4.48 (1.76;11.38) 0.001 5.04 (1.72;14.79) 0.002 

Visceral obesity # 4.14 (1.21;14.13) 0.016 6.42 (1.58;26.01) 0.005 

 

* according to the Montreal classification, L1, ileal; L2, colonic; L3, ileocolonic; B1, non-stricturing, non-

penetrating; B2, stricturing; B3, penetrating. 

† body mass index <18.5kg/m² 

‡ Skeletal Muscle Index < 38.5cm²/m² in women and < 52.4cm²/m² in men 

# Visceral fat area ≥ 130cm² 
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Figure 1: Evaluation of the body composition using a third lumbar CT scan slice. 
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