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A B S T R A C T   

Background: Malnutrition impacts the clinical course of Crohn's disease; however, there is little evidence of its 
influence on perioperative adverse events. We assessed whether nutritional indicators are associated with 
postoperative complications in surgical treatment of Crohn's disease. 
Methods: 137 patients with Crohn's disease who underwent surgical treatment between January 2011 and 
December 2020 were included. Skeletal muscle index was calculated by a single CT slice. We analyzed the risk 
factors for adverse events. 
Results: 37 % of patients had postoperative complications. Adverse events occurred more frequently in patients 
with high serum C-reactive protein, low serum albumin, prognostic nutritional index <38.3, skeletal muscle 
index <38.9 cm2/m2, abdominoperineal resection, long surgical duration, and mass hemorrhage. Among pa-
tients with skeletal muscle index <38.9 cm2/m2, patients who experienced adverse events had higher visceral fat 
index compared with those who did not (0.85 vs. 0.45, P = 0.04). Multivariate analysis revealed that skeletal 
muscle index <38.9 cm2/m2 and low serum albumin were the independent risk factors for postoperative com-
plications (Odds ratio, 2.85; 95 % confidence interval, 1.13–7.16; P = 0.03, 2.62; 1.09–6.26; P = 0.03, 
respectively). Separated by sex, low serum albumin (<3.5 and <2.8 g/dL, male and female, respectively) and 
skeletal muscle index (<38.9 and <36.6 cm2/m2, male and female, respectively) were statistically related to 
postoperative complications. 
Conclusions: Skeletal muscle index is the most useful nutritional predictor of postoperative complications in 
Crohn's disease patients among other nutritional indices. We believe that these patients are at high risk of 
postoperative complications and need appropriate nutritional support in the perioperative period.   

Introduction 

Crohn's disease (CD) is an inflammatory bowel disorder and is 
associated with malnutrition. Several factors, including malabsorption, 
chronic inflammation, decrease of oral intake, and medication, may 
cause impairment of nutritional status in CD patients. As body compo-
sition reflects nutritional status, it has been studied in subjects with 
malignant disease and systematic disease and it can predict clinical 

outcomes in these diseases [1–3]. Recently, it has been indicated that 
malnutrition is a factor in the poor outcomes observed in inflammatory 
bowel disease (IBD) [4]. Sarcopenia, which is defined as a loss of skeletal 
muscle mass accompanied by both decreased muscle strength and 
physical weakness, has also been correlated with malnutritional status 
[5,6]. These definitions are useful to assess the nutritional status in aged 
patients who have malignant or systemic disease. However, IBD is more 
common in younger patients, and it is caused by various mechanisms 

☆ Key message: Our retrospective study of 137 patients that underwent surgery for Crohn's disease revealed that decreased skeletal muscle index which was 
calculated by a single computed tomography slice was a significant risk factor for postoperative complications in Crohn's disease patients. SMI can be easily measured 
before surgery, and it may be useful in perioperative treatment as a nutritional indicator. 
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including inflammation. Therefore, more adequate criteria are necessary 
for the nutritional assessment of CD patients. 

The development of medical treatment of CD has achieved and 
maintained long-term clinical remission. However, surgical intervention 
is still often necessary in the lifetime of CD patients [7]. CD patients 
generally have an increased risk of postoperative adverse events due to 
the characteristics of the disease compared with patients without IBD 
[8]. Many studies have been conducted to identify risk factors for sur-
gical treatment in CD patients. Several clinical factors including low 
serum albumin level, preoperative steroid use, previous surgical history, 
and the presence of preoperative abscesses, were detected as correlated 
risk factors for adverse events among surgical patients [9]. The Euro-
pean Crohn's and Colitis Organization has emphasized the importance of 
assessing the perioperative nutritional status of IBD patients [10]. Some 
recent reports have indicated that preoperative body composition has 
the potential to be a predictive indicator for the occurrence of adverse 
events in CD patients. Although a few reports have indicated that low 
skeletal muscle mass, or sarcopenia, is associated with postoperative 
complications in surgical treatment of CD [11,12], there are almost no 
studies comparing the various indicators of nutritional status. Therefore, 
we focused on nutritional factors collected from preoperative data as 
follows: serum albumin [9], body mass index (BMI) [13,14], Prognostic 
nutritional index (PNI) [15], visceral fat area (VFA) [16], subcutaneous 
fat area (SFA) [16] and skeletal muscle mass [11,12]. The aim of our 
study was to investigate which factors directly reflect the risk for post-
operative complication in surgical treatment of CD patients. This study 
is a retrospective study, which reports our experience in the treatment of 
137 cases. We analyzed the surgical outcomes to assess and investigate 
which nutritional indices are risk factors for postoperative 
complications. 

Methods 

Patients and data collection 

Patients diagnosed with CD who underwent surgical treatment at the 
Department of Surgery and Oncology at Kyushu University between 
January 2011 and December 2020 were included (N = 143). Out of all 
the patients, 6 patients were excluded because of missing clinical data or 
imaging data that was unavailable for analysis, and 137 patients were 
included in the study. The clinical characteristics of the patients were 
determined from the clinical and histopathological reports. Patient de-
mographics and clinical features collected at the time of surgery 
included sex, age, smoking status, disease period, preoperative treat-
ment (5-aminosalicylic acid (5-ASA), biologics and corticosteroids), 
preoperative physical examination, BMI, surgical history, and labora-
tory findings. Penetrating lesions were defined as the occurrence of 
intra-abdominal fistulas, inflammatory masses, and/or abscesses at any 
time in the course of the disease, except with perianal fistulas or ulcers. 
PNI was calculated according to the following formula: 10 × albumin 
(g/dL) + 0.005 × total lymphocyte count (per mL). Onodera et al. re-
ported that a PNI of <40 suggested a high degree of malnutrition in the 
perioperative period of gastrointestinal surgery [15]. All patients un-
derwent imaging studies for diagnosis including colonoscopy, enter-
oclysis, barium enema and abdominal CT scans within two months 
before surgery. Postoperative complications were evaluated according 
to the Clavien–Dindo grading system for the classification of surgical 
complications, version 2.0 [17]. Operative findings such as duration of 
operation and hemorrhage, conversion, postoperative morbidity and 
mortality, postoperative hospital stay and reoperation due to the disease 
exacerbation were extracted from clinical records. The median follow- 
up period of these patients was 67.4 months (range 1–140). This study 
was performed in line with the principles of the Declaration of Helsinki. 
Approval was granted by the Kyushu University Hospital Human 
Research Ethics Committee (No. 2022–97). Written informed consent 
was waived because of the retrospective design. 

Measurement of body components 

BMI was calculated by dividing weight (kg) by height (m2). CT im-
aging was used to calculate VFA, SFA and skeletal muscle mass. A single- 
slice CT scan at the L3 level with the patient in the supine position was 
elected to perform the measurements of VFA, SFA and skeletal muscle 
mass [18–21]. Visceral and subcutaneous fat and skeletal muscle were 
identified and quantified by use of Hounsfield unit thresholds (− 50 to 
− 150 and − 29 to +150, respectively). VFA, SFA and skeletal muscle 
area (SMA) were outlined and measured in square centimeter based on 
the pixel count (Fig. 1). Cross-sectional area, which was automatically 
calculated by summing the pixilation, was then divided by the square of 
the height to generate visceral fat index (VFI) and skeletal muscle index 
(SMI) (cm2/m2) as previously described [18–21]. Imaging analysis was 
performed by use of SYNAPS VINCENT software, version 5.5 (Fujifilm, 
Tokyo, Japan). A researcher blinded to patient information carried out 
these measurements. 

Statistics analysis 

Univariate analyses were conducted to compare patients with or 
without postoperative complications. All statistical analyses were per-
formed using JMP version 15.1.0 software (SAS Institute, Cary, NC, 
USA). Clinical and demographic characteristics were analyzed using the 
χ2 test for categorical variables. Differences in continuous variables were 
compared using the Mann–Whitney U test. One-way analysis of variance 
test was used to compare the other continuous variables. Receiver 
operating characteristic curve was used to detect the cut-off values of 
continuous variables. Logistic regression analysis was used to determine 
independent risk factors for conversion and postoperative complica-
tions. In the multivariate analysis of all patients, all variables were 
included in a backward stepwise multiple logistic regression to identify 
significant risk factors for postoperative complications. The final model 
included preoperative treatment of 5-ASA, preoperative serum C-reac-
tive protein (CRP), preoperative serum albumin, SMI, and surgical 
duration in all patients, and SMI and preoperative serum albumin in 
male and female patients. The fitness of the model was evaluated by the 
likelihood ratio test that showed P < 0.001. Values of P < 0.05 were 
considered to indicate statistical significance. 

Fig. 1. Evaluation of the body composition using a third lumbar computed 
tomography scan slice. Red: visceral adipose tissue, Blue: subcutaneous adipose 
tissue, Green: skeletal muscle. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
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Results 

Characteristics of Crohn's disease patients with or without postoperative 
complications 

Table 1 shows the results of comparison of patient clinical features 
separated based on the occurrence of postoperative complications. Of 
137 patients, 51 patients (37.2 %) had any grade of postoperative 
complications, and 86 patients had no complications. Grade 3 or 4 
postoperative complications occurred in 17 patients (12.4 %) and in-
fectious complications occurred in 26 patients (19.0 %). Sex, age, 
smoking status, preoperative disease period, immunosuppressive pre-
operative treatment, including corticosteroids, immunomodulators, and 
biologics, surgical history, and disease behavior were not significantly 
different between the two groups (defined by the presence or absence of 
postoperative complications). The patients without postoperative com-
plications were more likely to have had 5-ASA treatment before surgery. 
Table 2 shows the preoperative parameters related to inflammation or 
nutrition status in patients with or without postoperative complications. 
Preoperative CRP was significantly higher in the patients who had 
postoperative complications compared with those who did not (0.53 
mg/L vs. 0.19 mg/L, P < 0.01). The patients who had postoperative 
complications had significantly lower PNI (38.6 vs. 42.6, P < 0.01) 
associated with lower preoperative serum albumin (3.5 mg/dL vs. 3.8 
mg/dL, P < 0.01) than those who did not. Although BMI, VFA, SFA, VFI, 
and skeletal muscle mass did not significantly differ between the two 
groups, SMI was significantly lower in the patients who had post-
operative complications compared to those who did not (40.4 vs. 44.5 
cm2/m2, P = 0.01). 

Table 3 shows the comparison of surgical outcomes between the two 
groups. The patients who underwent laparotomy had postoperative 
complications more frequently compared with those who underwent 
laparoscopic surgery (58.8 % vs. 24.4 %, P < 0.01). Postoperative 
complications occurred in 8 patients (72.7 %) of 11 patients who had 
abdominoperineal resection. The median surgical duration was signifi-
cantly longer (384 min vs. 297 min, P < 0.01), and the median hem-
orrhage amount was larger in the patients who had postoperative 
complications than in the patients who did not (300 g vs. 119 g, P <

0.01). The patients who had postoperative complications needed a 
significantly longer postoperative hospital stay (20.5 days vs. 9 days, P 
< 0.01), and they required longer time prior to first administration of 
biologics after surgery than those who did not (33.5 d vs. 22 d, P < 0.01). 
There were no deaths after surgery in either group. 

Risk factors of postoperative complications for Crohn's disease patients 

Among the preoperative and operative factors, preoperative serum 
CRP levels and albumin levels, low PNI, decreased SMI, open surgery, 

Table 1 
Characteristics of Crohn's disease patients with or without postoperative 
complications.   

Present Absent P 
value 

(n = 51) (n = 86) 

Age Mean, years (range) 43 
(22–72) 

38 
(18–71)  

0.06 

Sex Male 39 (76.5 
%) 

57 (66.3 
%)  

0.57 

Female 12 (23.5 
%) 

29 (33.7 
%)  

Smoking Present 10 (19.6 
%) 

24 (27.9 
%)  

0.27 

Disease period Mean, years (range) 15 (0–41) 13 (0–49)  0.22 
Preoperative 

treatment $ 
5-ASA 20 (39.2 

%) 
48 (55.8 
%)  

0.06 

Corticosteroid 4 (7.8 %) 7 (8.1 %)  0.95 
Immunomodulator 8 (15.7 

%) 
16 (18.6 
%)  

0.66 

Anti-TNF alpha 
antibody 

28 (54.9 
%) 

33 (38.4 
%)  

0.23 

Surgical history Present 26 (51.0 
%) 

49 (57.0 
%)  

0.50 

Behavior Nonpenetrating 21 (41.2 
%) 

46 (53.5 
%)  

0.16 

Penetrating 30 (58.8 
%) 

40 (46.5 
%)  

CD; Crohn's disease, OS; Open surgery, LS; Laparoscopic surgery. 
$ Duplicative data. 

Table 2 
Clinical markers of disease activity and nutritional status.   

Present Absent P 
value 

(n = 51) (n = 86) 

Preoperative 
serum CRP 

mg/L, 
median, 
(range) 

0.53 
(0.02–20.5) 

0.19 
(0.01–10.7)  

0.006* 

Preoperative 
serum albumin 

mg/dL, 
median, 
(range) 

3.5 (1.6–4.3) 3.8 (2.3–4.9)  0.002* 

PNI Median, 
(range) 

38.6 (16.3–58) 42.6 (25.1–58)  0.009* 

BMI Median, 
(range) 

18.8 
(12.9–26.5) 

19.2 
(11.1–26.5)  

0.37 

Visceral fat area cm2, median, 
(range) 

43.4 
(2.9–165.5) 

35.8 (2.9–259)  0.43 

Subcutaneous fat 
area 

cm2, median, 
(range) 

66.8 
(2.0–224.8) 

65.9 
(2.0–203.5)  

0.96 

VFI Median, 
(range) 

0.78 
(0.04–8.67) 

0.67 
(0.06–10.0)  

0.42 

Skeletal muscle 
mass 

cm2, median, 
(range) 

117.7 
(65.8–180.2) 

126.0 
(63.0–188.6)  

0.15 

SMI Median, 
(range) 

40.4 
(29.3–65.4) 

44.5 
(28.7–69.5)  

0.01* 

BMI; body mass index, CRP; C-reactive protein, PNI; prognostic nutritional 
index, VFI; visceral fat index, SMI; skeletal muscle index. 

* Indicates statistical significance (P < 0.05). 

Table 3 
Surgical outcomes of Crohn's disease patients with or without postoperative 
complications.   

Present Absent P value 

(n = 51) (n = 86) 

Approach Open surgery 30 (58.8 
%) 

21 (24.4 
%) 

<0.001* 

Laparoscopic surgery 21 (41.2 
%) 

65 (75.6 
%)  

Procedure Ileocecal resection 9 (17.7 %) 26 (30.2 
%) 

0.1 

Resection of the 
small intestine 

21 (41.2 
%) 

46 (53.5 
%) 

0.16 

Resection of the 
colorectum 

18 (35.3 
%) 

21 (24.4 
%) 

0.17 

Abdominoperineal 
resection 

8 (15.7 %) 3 (3.5 %) 0.01* 

Others 7 (15.9 %) 5 (7.4 %) 0.16 
Operative 

duration 
min, median, (range) 384 

(114–811) 
297 
(101–729) 

0.008* 

Hemorrhage g, median, (range) 300 
(0–1548) 

119 
(0–4270) 

0.002* 

Postoperative 
mortality  

0 (0.0 %) 0 (0.0 %) – 

Postoperative 
hospital stays 

Mean, days (range) 20.5 
(6–79) 

9 (6–29) <0.001* 

Days before 
restarting 
biologics 

Mean, days (range) 33.5 
(18–90) 

22 (10–64) <0.001* 

CD; Crohn's disease, OS; Open surgery, LS; Laparoscopic surgery. 
* Indicates statistical significance (P < 0.05). 
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abdominoperineal resection, long surgical duration, and amount of 
hemorrhage were significantly related to postoperative complications in 
CD patients by univariate analysis. The results of multivariate analysis 
for independent risk factors of postoperative complications are included 
in Table 4. SMI <38.9 cm2/m2 (Odds ratio (OR), 2.85; 95 % confidence 
interval (CI), 1.13–7.16; P = 0.03) and low preoperative serum albumin 
(OR, 2.62; 95 % CI, 1.09–6.26; P = 0.03) were the independent risk 
factors associated with postoperative complications in all of the CD 
patients by multivariate logistic regression analysis. Although VFI, 
which is a reliable marker of visceral obesity, did not have significant 
correlation with postoperative complications by itself, patients who 
experienced adverse events had higher visceral fat index compared with 
those who did not among patients with skeletal muscle index <38.9 
cm2/m2, (0.85 vs. 0.45, P = 0.04). 

In general, SMI significantly differs between the sexes as seen in our 
data (median SMI: 37.8 vs. 46.7 cm2/m2, male and female, respectively. 
P < 0.001). Because of this sex difference, we conducted a multivariable 
analysis divided by sex and the results are shown in Table 5. Univariate 
analysis showed that disease duration over 18 years, preoperative serum 
albumin <2.8 g/dL, and SMI <36.6 cm2/m2 were significantly related to 
postoperative complications in female patients, while preoperative 
serum albumin <3.5 g/dL, PNI <38.6, SMI <38.9 cm2/m2, open sur-
gery, surgical duration >405 min, and > 433 g of intraoperative 
bleeding in male patients were associated with higher risk for post-
operative complications. Multivariate logistic regression analysis 
revealed that preoperative serum albumin <2.8 g/dL and SMI <36.6 
cm2/m2 were the independent risk factors related to postoperative 
complications for female patients, and preoperative serum albumin 
<3.5 g/dL and SMI <38.9 cm2/m2 were the independent risk factors for 
male patients. 

Discussion 

In the present study, we demonstrated that body composition-based 
nutritional status parameters are reliable predicative indicators for the 
occurrence of postoperative adverse events from the analysis of the 
clinical results of surgical treatment in CD patients. Our data revealed 
that preoperative inflammation indicated by high CRP and low serum 
albumin, malnutrition indicated by PNI and SMI, and highly invasive 
procedures with massive hemorrhage and long duration significantly 
correlated with the occurrence of adverse events after surgery in CD 
patients. We also showed that SMI is the most precise indicator for 
postoperative adverse events in CD patients among the nutritional fac-
tors measured, including BMI, PNI, VFA, SFA and SMA. 

Invasive surgical intervention can cause inflammation and metabolic 
stress that result in involvement of immune responses and release of 
inflammatory mediators. Most patients with CD are in a malnourished 
state with chronic inflammation preoperatively, thus they often expe-
rience prolonged inflammatory response and have adverse events 
resulting in delayed recovery from surgery. The assessment of severe 
malnutrition in IBD patients indicated by the European Society for 

Clinical Nutrition and Metabolism guidance 2020 includes both chro-
nological and subjective criteria, for example, weight loss within the 
past 6 months, subjective global assessment, and serum albumin < 3g/ 
dL [22]. However, it is controversial to use these criteria in the peri-
operative management of CD patients because they often require urgent 
surgery. Plasma measurements such as albumin or transferrin are 
affected by surgery and since they are expected to decrease in the 
presence of infection, inflammation, or trauma, serum albumin should 
not be used as the nutritional marker in active diseases, as recommended 
by the European Crohn's and Colitis Organization [10]. Therefore, we 
think that a nutritional indicator suitable for surgical CD cases should be 
chosen from measurements determined by body composition that can be 
objectively and simply measured. 

BMI is one body composition parameter used in a daily practice to 
assess nutritional status. Weight loss and low BMI are common in pa-
tients with CD. A low BMI is also considered to increase the risk of 
postoperative infectious complications in patients with CD [13]. 
Meanwhile, other studies report that CD patients with a high BMI tend to 
experience postoperative infectious complications [14]. As we showed 
no correlation between BMI and postoperative complications, it is 
controversial to include BMI as a variable for the risk of postoperative 
complications in CD patients. Visceral obesity has also been focused on 
for its adverse effects in the disease course of CD [16]. Recent studies 
suggest that visceral adipose tissue, particularly mesenteric adipose 
tissue, plays an important role in the development of intestinal inflam-
mation [23]. Massive visceral fat deposition leads adipocytes to release 
various proinflammatory factors, which is followed by the infiltration of 
macrophages that may be associated with disease onset and have a 
significant contribution to severity and complications in CD patients 
[24,25]. The report from USA showed that patients with CD who had a 
VFA >130 cm2 tend to experience adverse events postoperatively [16], a 
correlation between VFA and postoperative complications in this study. 
The different distribution of visceral obesity in Asian populations may 
cause insufficient power of VFA alone as a risk factor. 

Recently, it has been indicated that skeletal muscle wasting could be 
caused by the local and systemic inflammation following release of 
proinflammatory cytokines from visceral adipose tissue in CD patients 
[27,28]. Sarcopenia is a well-known factor for poor clinical outcomes, 
including surgical outcomes, in IBD. Ryan et al. reported that sarcopenia 
defined by SMI can be a predictor of surgical intervention and that it 
correlates with an increased risk of major postoperative complications 
for patients with IBD [4]. In a study by Galata et al., CD patients with low 
SMI were more likely to experience surgical site infections [11]. 
Although there are only a small number of studies focused on the rela-
tionship between SMI and surgical morbidity, our results support these 
previous reports. In our study, it was also suggested that sarcopenic 
obese patients, who had both higher VFI and lower SMI, experienced 
postoperative adverse events more frequently. Sarcopenia is more 
common in malnourished people; however, it needs to be considered 
that a sarcopenic state in IBD patients can also possibly be accompanied 
by visceral obesity. In CD patients, mesenteric fat deposit induces 

Table 4 
Multivariate analysis of the risk factors for postoperative complications.  

Postoperative complication Univariate analysis Multivariate analysis 

Odds ratio 95 % C.I. P value Odds ratio 95 % C.I. P value 

Preoperative CRP >0.48/<0.48 mg/dL  2.97 1.44–6.11 0.003*  1.79 0.75 - 4.26  0.19 
Preoperative albumin <3.5/>3.5 g/dL  4.14 1.98–8.65 <0.001*  2.62 1.09 - 6.26  0.03* 
PNI <38.3/>38.3  3.34 1.58–7.16 0.002*    
SMI <38.9/>38.9  4.08 1.61–8.01 <0.001*  2.85 1.13 - 7.16  0.03* 
Surgical approach Open/Laparoscopy  2.5 1.19–5.28 0.02*    
Procedure APR/Others  5.15 1.30–20.40 0.02*  1.82 0.36 - 8.94  0.47 
Surgical duration >383/<383 min  3.43 1.63–7.21 0.001*  2.42 0.99 - 5.89  0.05 
Hemorrhage >299/<299 g  3.97 1.87–8.39 <0.001*    

CRP; C-reactive protein, PNI; prognostic nutritional index, SMI; skeletal muscle index, APR; abdominoperineal resection. 
* Indicates statistical significance (P < 0.05). 
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intestinal inflammation, which may lead to skeletal muscle wasting, 
resulting in more severe disease. Thus, it makes sense that, in cases of CD 
requiring surgical treatment (more severe cases), both sarcopenia and 
visceral obesity are often observed [29,30]. Although we did not show a 
significant relationship between VFI and postoperative complications, 
visceral fat volume should be assessed in combination with skeletal 
muscle volume to verify whether it impacts disease progression. 

Sarcopenia is defined according to the criteria of the International 
Consensus for healthy young adults (SMI <55 cm2/m2 for males and 
<39 cm2/m2 for females), but a clear definition of sarcopenia for IBD 
patients does not exist. Additionally, skeletal muscle mass volume is 
highly influenced by sex, especially in young people [31]. Thus, we need 
to make allowances for sex differences in the cut-off value of SMI as a 
risk factor, especially in CD patients. Galata et al. obtained a sarcopenia 
prevalence of 70.4 % in 162 CD patients and proposed that the cut-off 
value for risk of postoperative adverse events should be an SMI of 
<41.5cm2/m2 in males and SMI of <31.8 cm2/m2 in female patients as 
calculated by abdominal CT or MRI [11]. Zhang et al. reported that the 
prevalence of sarcopenia was 27.4 % in 124 CD patients according to the 
cut-off previously reported by Martin et al. [32], which is SMI <41 cm2/ 
m2 in females, SMI <43 cm2/m2 in males with BMI <25 kg/m2, and SMI 
<53 cm2/m2 in males with BMI ≥25 kg/m2 [33]. These cut-off values of 
sarcopenia were useful to detect CD patients at higher risk of post-
operative complication, but the data was mostly derived from patients of 
a Western genetic background. Other special considerations are required 
for assessment of SMI as a marker of sarcopenia in Asian populations 
including Japanese patients because of the differences in genetic back-
grounds and body composition compared with non-Asian populations 
[6]. Lau et al. reported that the relative total skeletal muscle of Hong 
Kong Chinese was 17 % lower in young Chinese men compared with 
American men, but the relative total skeletal muscle of young Chinese 
women was similar to that of American women [34]. Asian populations 
generally have lower BMIs than non-Asian populations, although their 
visceral fat volume is suggested to be greater than in non-Asian pop-
ulations [35]. A previous report showed that CD patients have increased 
amounts of mesenteric fat compared with controls, even in an Asian 
population [36]. From the perspective of these differences, we should 
assess the correlation of SMI and VFI with postoperative adverse events, 
and a suitable cut-off for SMI as a risk factor in specific Asian pop-
ulations needs to be defined. Thus, we propose that the perioperative 
sarcopenic status of Japanese CD patients be defined as follows: Sarco-
penic status for males should be defined as SMI <38.9 cm2/m2, and in 
female patients it should be SMI <36.6 cm2/m2. 

There are some limitations in this study. Our study was a retro-
spective single-institution study and so the patient population is too 
small to draw any firm conclusions. Although the proportion of males is 
generally larger than that of females among CD patients, we should 
consider that our study had a smaller number of female patients 
compared with male patients, making sex differences more difficult to 
observe. Therefore, additional large-scale prospective controlled studies 

are warranted to validate the definition of SMI in Japanese CD patients, 
including sex differences. Other nutritional factors such as serum pre-
albumin were not available due to lack of data. There were also data 
lacking on interventions such as perioperative nutritional support and 
rehabilitation, so the present study did not address whether these factors 
may also contribute to improving nutritional status. 

Despite these limitations, this study revealed that sarcopenia as 
assessed by SMI can be used as an independent risk factor to predict the 
incidence of postoperative complications in surgical patients with CD. 
This is the largest study evaluating whether SMI and other body 
composition and nutritional indicators are risk factors for postoperative 
morbidity in patients with CD. CD itself has many factors that predispose 
to be sarcopenic state. We believe that active intestinal inflammation, 
which reflects visceral fat deposits, may contribute to developing sar-
copenia, and sarcopenic state identified by SMI could help us to identify 
cases with a potentially high risk of complications. To improve surgical 
outcomes of CD patients, it is recommended to implement targeted risk 
reduction using body measurements before surgery by providing enteral 
or parenteral nutritional intervention. This can potentially reverse sar-
copenia, making it a crucial aspect of preoperative care. 
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