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Abstract

:

Patients with Crohn’s disease (CD) face malnutrition risk, which, combined with inflammation, can lead to sarcopenia, associated with a worse prognosis. The purpose of the present study was to assess malnutrition and sarcopenia in patients with CD. Fifty-three patients (26 women) participated (38.1 ± 10.9 years, 79% in remission). Body composition, physical performance, nutritional questionnaires, and biomarkers were performed. Malnutrition was screened with the Mini Nutritional Assessment (MNA) and the Malnutrition Inflammation Risk Tool (MIRT) and was assessed with the Global Leadership Initiative on Malnutrition (GLIM) tool using etiologic along with three different phenotypic criteria: low Body Mass Index (BMI), low Calf Circumference (CC), and low Fat-Free Mass Index (FFMI). To find cases and evaluate sarcopenia, the Sarcopenia Questionnaire (SARC-F) and European Working Group on Sarcopenia2 (EWGSOP2) criteria were used. Malnutrition rates were 11.3% (n = 6), 7.5% (n = 4), and 5.6% (n = 3) based on low FFMI, CC, and BMI, correspondingly. Four (7%) patients had low Hand-Grip Strength (HGS), n = 8 (14.8%) had low Appendicular Lean Mass (ALM), and n = 3 (5.6%) had low gait speed. No-one had sarcopenia. A high albumin and triceps skinfold pattern, identified by principal component analysis, was related to reduced C-Reactive Protein (CRP) levels (B = −0.180, SE = 0.085, p = 0.045). In conclusion, based on the studied anthropometric, nutritional, and functional variables, CD patients were not diagnosed with sarcopenia in the present study. Body composition patterns were related to the inflammatory burden, underlying the interplay of inflammation and malnutrition, even in remission states. Further studies on older populations and during disease exacerbation are necessary to explore the potential link between CD, inflammation, and sarcopenia.
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1. Introduction


Inflammatory Bowel Disease (IBD) represents a severe and complex spectrum of gastrointestinal diseases characterized by chronic or recurrent inflammation [1], impacting health status, quality of life, and health costs [2,3,4]. Crohn’s Disease (CD) and Ulcerative Colitis (UC) constitute the two primary conditions within the spectrum of IBD, differentiated by their specific anatomical locations and patterns of lesions [1]. While the exact cause of IBD remains unclear, it is widely believed to result from a combination of genetic predisposition, alterations in the gut microbiota, and environmental factors [5]. Several lines of evidence support that dietary intake, especially a westernized diet, affects the gut microbiome, immunity, and tissue damage, being implicated in the development of IBD [6,7].



Regarding the nutritional status of patients with CD, they are at risk of malnutrition due to reduced food intake, malabsorption, increased gastrointestinal losses, and side effects of medication [8,9]. Patients with CD have varying degrees of malnutrition due to the different severity of enteropathy and other factors [10], with reported rates ranging from 12 to 85% [11]. Several criteria have been used to adequately screen and assess malnutrition [10], with some tools being developed specifically for patients with CD, such as the Malnutrition Inflammation Risk Tool (MIRT) [12]. Moreover, there are scarce data regarding the use of the newly developed Global Leadership Initiative on Malnutrition (GLIM) criteria for malnutrition assessment in patients with IBD [13,14].



Malnutrition can result in loss of muscle mass and function and possibly sarcopenia [15], defined by changes in muscle quantity and functionality. Indeed, it is estimated that~ 50% of patients with CD have sarcopenia [16], while estimates may vary according to sarcopenia definition, age, and ethnicity from 20 to 70% [17]. As documented by Ünal et al., a considerable proportion of IBD patients (142 out of 344) in clinical remission who are malnourished or at risk of malnutrition have a high rate of sarcopenia and probable sarcopenia [18]. Similarly, Ryan et al. showed that 42% of the studied IBD patients had sarcopenia [19]. Moreover, sarcopenia, as a direct result of chronic inflammation and malnutrition, has both diagnostic and prognostic significance in IBD patients [20]; it hinders the patient’s ability for postoperative recovery, increases the likelihood of surgical complications [19], and is generally associated to adverse patient outcomes [21]. In addition, the associated muscle wasting and weakness result in fatigue and reduced quality of life, both of which are prevalent in people living with CD [4,22].



However, there are severe biases and flaws in that kind of study. A main flaw is the heterogeneity of the sarcopenia assessment because of the plethora of existing detection tools [23]. Additionally, a noteworthy factor pertains to patients with CD, who are administered anti-Tumor Necrosis Factor (anti-TNF) agents like infliximab [24]. These individuals exhibit a reversal of symptoms associated with inflammatory sarcopenia and muscle wasting [24]. Hence, it is essential to conduct concurrent screening for nutritional status and body composition analysis in patients with IBD. This approach ensures the provision of suitable nutritional support, even during the remission period, and helps prevent sarcopenia-related surgical complications and unfavorable clinical outcomes [18].



The early detection and management of both malnutrition and sarcopenia are of utmost importance since they are both connected to postoperative complications, increased infection rates, and worse prognosis [10,21]. Thus, the aim of the present study was to assess the malnutrition and sarcopenia features in a sample of patients with CD and search for interrelations with anthropometrics, physical performance measurements, nutritional questionnaires, and biomarkers.




2. Materials and Methods


2.1. Participants


Participants (n = 53, 27 men and 26 women) were recruited from a public Greek hospital and were assessed without comparisons with a control group. Inclusion criteria were (a) confirmed CD patients in remission or mild or moderate symptoms, (b) aged ≥18 years old and (c) capable to self-serve in their daily routine activities, (d) physical activity at least two times per week, (e) controlled diet and (f) in pharmaceutical treatment [25]. Exclusion criteria were (a) CD patients in exacerbation, (b) age less than 18 years old, (c) co-presence of other autoimmune disease, and (d) difficulties in daily living. All measurements and questionnaire filling were conducted in Theageneio anti-cancer hospital from May to August of 2022.




2.2. Ethics


Before proceeding to the measurements, all the patients were informed about the study’s process and the safety of the study. Then, a consent form was signed to ensure patients’ participation. The protocol was carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association. The protocol of the study was approved by the Scientific Board of Theageneio Hospital with approval code: 3734/2-3-2022.




2.3. Measurements


Considering the extensive array of screening tools [18,23] and measurements for detecting sarcopenia, in alignment with the new trends set by the European Working Group on Sarcopenia2 in Older People (EWGSOP2) [23,26] and the absence of a confirming structured approach for determining which tool to utilize, several measurements were taken regarding anthropometric, body composition physical performance tests, malnutrition assessment, nutritional questionnaires, biomarkers, and other variables.



2.3.1. Anthropometrics


The body weight was measured on a scale without shoes and wearing minimal clothes to the nearest 0.01 kg, and the height was measured to the nearest 0.1 cm with a stadiometer (Seca 769 with measuring rod 220 cm, Hamburg, Germany) [27]. The circumference of the waist, midarm, hips, and calf was measured according to standard procedures by using an anthropometric non-elastic tape (Lufkin W606PM; Apex Tool Group, Sparks, MD, USA) [28]. Also, the body mass index (BMI) was calculated [29].




2.3.2. Body Composition


Patients came to the hospital refraining from any type of exercise, caffeine (tea, coffee, and energy drinks), and alcohol the day before the body composition measurements. In addition, they had fasted for at least 2–3 h (no foods, no liquids). Moreover, shoes, socks, tights, or everything else which could affect the measurement was removed, and females were in the middle period of menstruation [30]. Body composition measurements were conducted with the use of skinfolds and Bioelectrical Impedance (BIA). Specifically, skinfold thickness measurements were performed with a Slim Guide caliper (Creative Health Products, Ann Arbor, MI, USA) at a standing position according to standard methodology [27]. Skinfolds included three spots: triceps, subscapularis, and gastrocnemius, measuring to the nearest of 0.2 mm. Also, via BIA Body Fat (BF) (percentage and kg), Total Body Water (TBW), Extracellular Water (ECW) and Intracellular Water (ICW) (percentage and liters), Lean Body Mass (LBM), Dry Lean Body Mass (DLBM) (in kg), and Free Fat Mass Index (FFMI), Body Fat Mass Index (BFMI) were estimated. The measurement was performed via bioelectrical impedance Bodystat® 1500MDD Bodystat 1500 (Bodystat Ltd., Douglas, Isle of Man, UK). The participants, during the measurement, stayed relaxed in the supine position, connecting the two electrodes on the hand and feet, respectively, as proposed by the manufacturer. The appendicular lean mass (ALM) was estimated from published equations by using weight, height, sex, and raw Resistance values measured from bioelectrical impedance analysis [31].




2.3.3. Physical Performance Measurements


A physical performance assessment was conducted in a separate room of the hospital and included four tests. Before the measurements, patients completed a standardized eight minutes warm-up, which included two cycles of five full-body dynamic stretching exercises. The duration and the interval of each exercise were 30 and 15 s, respectively. Afterward, the patients started the following performance tests.



	
30-s Chair Stand Test






To perform the 30-s chair stand test, the participants were seated on a chair with their arms crossed at the chest level and their hands over their shoulders. They had to stand up from this seated position until they reached a complete knee extension and then sit down again until the back touched the backrest of the chair. This procedure was repeated as many times as they could in 30 s [32].



	
One Leg Standing Test (OLST) for Both Legs






Participants were asked to stand on either their left or right leg and were instructed to keep their legs from touching and to maintain a single-leg stance for as long as possible, recording each try with a stopwatch. The try began once the foot was lifted off the floor and ended when the lifted foot was placed on the floor or with arm movements and the placement of their hand on the wall, which was in front of them for support if they needed it. Each leg was tested three times unless subjects performed perfectly on the first two trials [33].



	
6-m Walk Test (Slow and Fast)






Each participant completed two trials, a slow and a fast, starting at the standing position. Patients were instructed to stand with their toes touching the taped start line and walk at their usual (slow) and fast pace to a few steps beyond the taped finish line. Patient’s performance was recorded from the moment their foot crossed the start line to the moment their foot crossed the finish line [34].



	
Hand-grip Strength Test (HGS)






HGS was measured using a digital hand-grip strength meter (WCS-99.9, Beijing Xindong Huateng Sports Equipment Co., Ltd., Beijing, China) with a range of 5 to 99.9 kg. Before the test, participants adapted to the grip with some probationary tries. They performed three maximal intensity tries, with 45″ intervals between them, for each hand, calculating the average kilos. During the measurement, participants kept their bodies upright, feet naturally apart, arms diagonally down, palms facing inward, and maintaining an upright posture [35].





2.4. Malnutrition Assessment


	
Global Leadership Initiative on Malnutrition (GLIM) tool






The nutritional status was assessed with the GLIM tool [36]. In order to diagnose malnutrition, at least one phenotypic criterion along with one etiologic criterion should be fulfilled [36]. All subjects fulfilled the etiologic criteria due to disease burden/inflammation. For the purposes of the present study, the following three different phenotypic criteria were considered:




	(i)

	
low BMI (i.e., BMI < 20 k kg/m2 if <70 yrs or BMI < 22 kg/m2 if ≥70 yrs, indicating moderate malnutrition; BMI < 18.5 kg/m2 if <70 yrs or BMI< 20 kg/m2 if ≥70 yrs, indicating severe malnutrition) [36].




	(ii)

	
low CC.




	(iii)

	
low FFMI < 17 kg/m2 for men and <15 kg/m2 for women [36].














	
Malnutrition Inflammation Risk Tool (MIRT)








The MIRT tool was developed by Jansen et al. in 2016 and was found to predict clinical outcomes in CD patients, including CD-related flares, hospitalizations, and surgeries [12]. It is a score from 0 to 8, with increased values denoting higher malnutrition and inflammation, and it was calculated as a sum of points gathered from (i) + (ii) + (iiii) [12]:




	(i)

	
BMI: >20 kg/m2 (0 points), 28.5–20 kg/m2 (1 point), <18.5 kg/m2 (2 points).




	(ii)

	
Weight loss in the previous 3 months: <5% (0 points), 5–10% (2 points), ≥10% (3 points).




	(iii)

	
CRP: <5 (0 points), 5–50 (2 points), ≥50 (3 points).










2.5. Sarcopenia Evaluation


To evaluate sarcopenia, the European Working Group on Sarcopenia2 in Older People (EWGSOP2) criteria were used, namely hand strength (<27 kg and <16 kg, for men and women, respectively), peripheral lean body mass (appendicular lean mass, ALM) (<20 kg and <15 kg for men and women respectively) and gait speed (speed ≤ 0.8 m/s) [26].




2.6. Questionnaires


The participants, during their therapy with biological agents, answered the questionnaires, which were read and filled out by one volunteer, making it easier for them to give the answers. The following questionnaires were used: (i) the modified Harvey Bradshaw Index (MHBI) [37] to examine the level of the disease’s remission or exacerbation, (ii) the Sarcopenia Questionnaire (SARC-F) [38] for the examination of the incidence of sarcopenia, (iii) the Lawton Instrumental Activities of Daily Living Scale (LIADLS) [39] and (iv) the Activities Daily Living Scale (ADLS) [40] to record patients’ functional ability for complex and basic daily activities, respectively and (v) the Mini Nutritional Assessment (MNA) questionnaire (short form) [41].




2.7. Biomarkers and Other Variables Assessed


CRP (high sensitivity), albumin, and creatinine were measured. Data on the disease activity, duration, localization, and behavior were recorded. Moreover, data regarding the extended small intestine disease, peri-proctal disease, enterectomy, extra-intestinal manifestations, endoscopic response, and endoscopic healing were recorded (dichotomous variables, yes or no). Smoking habits were also recorded as a dichotomous variable (smoker, non-smoker).




2.8. Statistical Analysis


The Kolmogorov-Smirnoff test was used to test the normality. The values are shown as means, standard deviation (SD) for normally distributed variables, or median with interquartile range (IQR) for non-normally distributed variables. The independent sample t-test (normally distributed variables or normally distributed variables after appropriate transformation) or Mann-Whitney test (non-normally distributed variables) was used for possible differences between the genders. Pearson’s or Spearman correlation coefficients were used, for normally distributed and skewed variables/patterns, respectively. Also, linear regression analysis was conducted to find out the percentage of prediction of independent to dependent variables.



A Principal Components Analysis (PCA) was applied for the identification of body composition/function patterns. More than one component with eigenvalues (originating from the correlation matrix of the standardized variables) was retained for the data analyses. The scree plot was also used to check the previous decision. The orthogonal varimax rotation was applied to generate optimal, non-correlated patterns. Five components of body composition/function patterns were identified based on the principle that the higher absolute scores indicate the variables contributing most to a particular component (absolute loading value > 0.6). Linear regression models were developed to evaluate the association of the extracted body composition/function components (independent variables) on log CRP (dependent variable) after adjustment for age. It is noted that CRP was transformed in a log form to achieve normality. Moreover, Spearman correlation coefficients were applied to test the association of the derived patterns with the MNA score. The analysis was performed with the statistical software IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY, USA: IBM Corp. The level of significance was set at a = 0.05.




2.9. Sample Size Calculation


The prediction of the sample size (n) occurred with G*Power 3.1.9.7 (Universität Düsseldorf, Düsseldorf, Germany) for Windows [42]. Determining a large effect size at 0.51 for two groups (Males and Females) ascertain that a sample size of 39 participants, giving a 95% probability of rejecting the null hypothesis, will be needed to detect significant differences and correlations.





3. Results


The basic characteristics of the subjects are shown in Table 1. Fifty-three patients (26 women and 27 men) aged 38.1 ± 10.9 years with CD were studied. The age range was from 21 to 58 and 18 to 58 years old for men and women, respectively. The median duration of the disease was 9.0 years (25th–75th, 4.0–11.0). Seventy-nine-point one percent of patients were in remission, 14.6% had mild disease, and 6.3% had moderate disease severity with an MHBI score of 2 ± 2 (mean ± SD). Men had significantly higher weight, HGS and dry lean weight and lower gait speed, body fat mass and BFMI than women (p < 0.05). No differences were observed in OLST (R), and phase angle (Table 2). Females appeared to be less hydrated, having higher fat mass indexes than men (Table 2).



According to the participant’s medical history, they were following a single or combined therapy of aminosalicylates, corticosteroids, immunomodulators, and biological agents. The median (interquartile range) for the LIADLS and ADLS was 8 (8–8) and (6–6), respectively. Indeed, all patients achieved the maximum score on both scales, suggesting a good functional ability for complex and basic daily activities. It is noted that disability was defined as an exclusion criterion. Moreover, they were physically active at least two times per week with activities such as walking, running, swimming, football, volleyball, tennis, etc.



In Table 3, the malnutrition and sarcopenia prevalence in patients with CD is presented. As can be seen, the prevalence of malnutrition was different according to the used criteria of the GLIM algorithm ranging from 5.6 to 11.3%. The highest malnutrition prediction was observed with the use of FFMI in the GLIM criteria. It is noted that the prevalence of malnutrition was higher in women with the use of FFMI in the GLIM criteria. Most subjects scored low on the MRIT tool, with the vast majority having a score of 0 on a scale of 0–8. Three subjects had a score of 1, and one subject had a score of 2.



In Table 4, the factor loadings of PCA analysis are presented briefly; five patterns of body composition/function patterns were identified based on the principle that the higher ab-solute scores indicate the variables contributing most to a particular component (absolute loading value > 0.6). Pattern 1:MAC, FFMI, Max HGS; Pattern 2: Gait speed; Pattern 3: CC, age; Pattern 4: Chair standing test, OLST; Pattern 5: Albumin, TSF.



In Table 5, the linear regression analysis results are shown with logCRP as a dependent variable and the identified body composition/function patterns as independent ones. The pattern of increased albumin and TSF was inversely related to CRP levels after the adjustment for sex (R2 = 23.7%). It is noted that the model remained significant after further adjustment for disease severity. The linear regression model was also applied to a subsample of patients being in remission in order to avoid potential bias pertaining to disease severity. The pattern of increased albumin and TSF was significant logCRP “prediction” after adjustment for age (B = −0.279, SE = 0.095, R2 = 45.6%). Furthermore, a Spearman correlation was performed between the identified body composition/function patterns and MNA total score as well its constructive components (MNA sub-scores) (Table 6). As shown, Pattern 4 (Chair-standing test, OLST) was positively related to the MNA sub-score regarding food intake. Moreover, Pattern 1 (MAC, FFMI, Max HGS) and Pattern 3 (CC, age) were positively related to the MNA sub-score pertaining to BMI. When considering only patients in remission, small differentiations in the above associations were observed. More particularly, the MNA total score was related to Pattern 3 (CC, age) (rho = 0.417, p = 0.043), the MNA sub-score for food intake was related to Pattern 5 (Alb, TSF) (rho = 0.455, p = 0.025), the MNA sub-score of weight loss was associated to Pattern 1 (MAC, FFMI, Max HGS) (rho = −0.404, p = 0.050) and the MNA sub-score pertaining to BMI was also related to Pattern 1 (rho = 0.700, p < 0.001) (Supplementary Table S1).




4. Discussion


In the present study, the rate of malnutrition varied according to the GLIM criteria used, and its detection rate increased with the use of more accurate indicators, such as the FFMI. Sarcopenia was not detected in the present sample, while a pattern with high albumin and TSF identified with the use of PCA analysis was related to reduced CRP levels.



In general, patients with CD have a high risk of malnutrition due to loss of appetite, reduced food intake, impaired absorption, increased gastrointestinal losses, possibly increased energy requirements, and side effects of medication [8,9]. The early detection and management of malnutrition are of major importance since malnutrition is connected to postoperative complications [43], increased infection rates, and worse prognosis [10]. Several criteria for the detection of malnutrition in patients with IBD have been proposed, as recently reviewed [10]. The reported rates of malnutrition range from 12 to 85% [11], with patients in remission having lower rates of malnutrition [44] and high heterogeneity being evident between studies [45].



In the present study, the rate of malnutrition was relatively low compared to other studies [11]. This finding can be explained by the criteria used and/or the study population characteristics as well as the followed therapy. More particularly, few studies have assessed malnutrition with the GLIM criteria, so comparability between studies is relatively limited [13,14]. In addition, other tools have low sensitivity in malnutrition diagnosis when compared to the GLIM criteria, although similar results have been reported for GLIM and MIRT [46]. In parallel, the studied population appears to be at low nutritional risk. Indeed, as proposed by ESPEN, severe nutritional risk in patients with IBD is defined as the presence of at least one of the following: (i) weight loss > 10–15% within six months, (ii) BMI < 18.5 kg/m2 or (iii) albumin < 30 g/L [8]. In the present study, subjects had none of the aforementioned criteria, and the vast majority of patients were in a remission phase (42 out of 53 patients), while the rest had mild (8 out of 53 patients) or moderate symptoms (3 out of 53 patients). Possibly, by examining the nutritional characteristics of our sample, a balanced dietary plan could prevent malnutrition and, by extension, the presence of sarcopenia, especially in patients with CD in remission.



It is noted that in other studies, including patients in remission, participants were also characterized as well-nourished [47]. Patients’ characteristics and disease history may also play a role in the observed low rate of malnutrition. For example, previous surgery, which predisposes patients to malnutrition [10], was performed in 17 out of 53 patients. The medical treatment of patients (in remission) is a major explanatory parameter of the good nutritional status of the patients and a reversal factor for the presence of sarcopenia. Indeed, a direct effect of anti-TNF treatment on body weight and body composition has been previously reported [48,49]. It is also possible that age plays a pivotal role in the development of sarcopenia. For example, in the study of Ünal et al., sarcopenia and probable sarcopenia were present in ~40% of patients with CD in remission [18]. The difference in the presence of sarcopenia between our study and that of Ünal et al. may be explained by the difference in the age range of participants (38.2 ± 10.9 vs. 49.4 ± 14.5 y). In a study including Greek participants of similar age (41.3 ± 14.1 y) to the present sample (38.2 ± 10.9 y), the prevalence of sarcopenia was 5% [50]. Indeed, as previously demonstrated, patients with possible sarcopenia were older compared to patients without sarcopenia (54.5 ± 15.9 vs. 47.4 ± 13.0 y) [18]. Nevertheless, a higher inflammatory burden increases sarcopenia risk even in young subjects (mean age 29.9 y) [51].



Women presented higher rates of malnutrition according to the GLIM criteria in the present sample. Gender differences have not adequately been addressed in the literature, but women with CD have been reported to have lower FFMI [52] and to be more frequently malnourished (lower protein, folate, vitamin A, thiamin, and calcium intakes) [53], while they may face additional nutritional challenges, in periods of pregnancy or lactation [54]. Women may score worse regarding subjective disease measurements [55]. In addition, hormonal perturbations during the menstrual cycle may worsen GI symptoms, such as diarrhea [54], while other diseases may more frequently co-exist, such as osteoporosis [56], possibly turning into osteosarcopenia [57]. In parallel, alterations in inflammatory indices may be differentiated by gender in healthy volunteers [58,59], although differences were not documented in the present work. Differences in drug responsiveness are also possible [60]. Moreover, the anti-TNF therapy used in patients with CD [24], as well as strength training [61], leads to more muscle gain in males than in females. Indeed, clinicians and dietitians should be more vigilant while treating women with CD in order to detect features of malnutrition and/or sarcopenia.



Regarding BMI, body composition values and physical performance measurements may be adversely affected in patients with CD, even in patients in remission in some [62] but not all studies [50]. BMI, the most frequently reported anthropometric variable, has been found lower in IBD patients than controls [63,64], while overweight and obesity may also be present in patients with IBD, paralleling the increased obesity rates in the general population [65] or implying an aetiopathogenic role of visceral fat in gut inflammation [66]. Nevertheless, in patients with increased BMI, the risk of complications decreases [65], and lower rates of penetrating disease behavior have been reported [67], confirming the obesity paradox. In the present study, the median BMI was normal (25.0 kg/m2), but with the BMI-based GLIM phenotypic criteria, three subjects still had problematic values. Compared to other studies, including IBD patients in remission, our results are comparable to a study reporting a mean BMI of 26.2 kg/m2 [68] or higher than a study conducted in Greek adults (mean BMI in patients in remission 17.1 kg/m2) [50] or other studies reporting a mean BMI of 22.1 kg/m2 [69]. Regarding FFMI, our results were comparable to those of other studies with CD patients (median value 18.7 kg/m2 in our study vs. 17.3 kg/m2) [52]. Women had lower values of FFMI in line with other studies in CD patients [52]. Fat mass was higher than that reported by others (20 kg vs. 14.4 kg) [69], which may be explained by the lower BMI values of patients in that study [69]. The same was evident for TSF [63].



The assessment of muscle functionality is crucial in both CD [70], and sarcopenia conditions since changes in muscle function can be detected earlier than structural changes [71]. Indeed, the HGS test has been found to predict the functional nutritional status in patients with CD [72,73]. In the present study, HGS was slightly lower or similar to that reported by others in patients in remission [72,74]. Regarding the other physical performance measurements, there is great variability in the methodology used (different tests, different time intervals, or protocols), rendering direct comparisons difficult [73,75,76,77]. Similarly, the same “problem” has been identified when considering sarcopenia assessment in this subgroup of patients [17]. Patients with CD have comparable or less physical activity than the general population [70,78,79]. Daily life activities have been reported to be low in CD patients. In the present study, the functional ability was very high in the participants, as assessed by two different scales [25,39]. However, these scales have been traditionally tested in older individuals [80]. Moreover, in the present population, the patients were in remission, and patients with physical difficulties were excluded from recruitment. It is noted that in studies including patients in remission, similar results have been documented according to daily life physical activities [81,82].



Regarding sarcopenia, which combines the phenotypes of muscle quantity and function in its definition, it is estimated that fifty percent of patients with CD have sarcopenia [16]. However, estimates may vary according to sarcopenia definition, age, and ethnicity, increasing variability in sarcopenia percentages ranging from 20 to 70% [17]. The SARC-F questionnaire has been designed to screen for patients at risk of sarcopenia (case-finding) but cannot identify early signs of the disease [62]. In a recent study, the probability of a false-negative assessment of sarcopenia was more than 60% [83]. In this sample, SARC-F scores were very low, and sarcopenia was undetectable. In another study, in Greek patients with IBD, sarcopenia was 2.2% in the total sample and 1.4% in patients in remission [50], which in part confirms our results. It is, however, noted that the assessment of sarcopenia in our study was based on measured functionality tests and predictive equations of ALM, which originated from samples with different characteristics [31].



CRP correlates with IBD activity, and it is related to postoperative complications, especially in patients with CRP > 10 mg/L. [84]. In the present study, only three patients had such values. Moreover, CRP has been previously related to sarcopenia in patients with CD [51]. Albumin reflects nutritional and inflammatory status in patients with CD [10]. It is noted that albumin levels lower than 33.6 g/L and 35 g/L have been associated with postoperative complications [84] and anastomotic leakage [85], correspondingly. Hopefully, in the present phenotypically “well nourished” sample, the median and lower end (25th percentile) values of albumin were higher than the aforementioned critical values, which is in line with the low malnutrition rates. Interestingly, a pattern with high albumin and TSF identified in the present study was inversely related to the measured inflammatory circulating molecules, i.e., CRP. This relation potentially reflects the good nutritional status of patients having high albumin levels and higher TSF. Moreover, the inflammation–muscle mass interplay should be considered. For example, platelet activating factor (PAF), interleukin-6 (IL-6), or tumor necrosis factor-a (TNF-α) can increase muscle breakdown and reduce protein synthesis, while in cachexia and sarcopenia, the inflammatory burden is increased, implying a bi-directional relationship [86,87,88,89,90]. Indeed, CRP and albumin have been previously reported as useful markers for CD differential diagnosis [91] and CD activity [92], and their ratio predicts mucosal healing in patients with CD [93]. Thus, the present results suggest that a good nutritional status, as reflected both by biochemical markers and TSF, relates to an amelioration of the inflammatory milieu.



It is also noted that several body composition/function patterns were detected instead of fewer that would simply categorize patients into those with bad/good function. This may be explained by the sample size and the sample characteristics. It is, however, also possible that each test reflects different angles of nutritional status. This hypothesis is in line with the fact that only selected correlations were significant regarding the identified patterns and MNA-score and its components.



The strengths of the present study include the assessment of a plethora of anthropometric, body composition, and function parameters related to malnutrition and sarcopenia. In parallel, certain biochemical indices were measured, which enabled the association of inflammatory fluctuations with body composition/function patterns.



Limitations of the present study include the relatively small but adequate sample size, as suggested by the power analysis performed. Given that certain variables had zero variability, no other comparisons/correlations could be performed. The cross-sectional nature of the present work cannot imply causality in the observed associations. In addition, the data-driven by nature of identified patterns limits the repeatability and “translation” of the present results in a different clinical context. It is also possible that other inflammatory indices may have been affected by alterations in body composition, such as Lp-PLA2, which is implicated in PAF metabolism [94], is altered in patients with CD [95,96,97], and is differentiated in various body composition patterns [98]. Such data would be interesting to investigate in the future, given the alterations of PAF and Lp-PLA2 in cachexia [86,87] and their influence from diet [99,100]. In the present study, we did not include a control group. It is noted that other studies in patients with CD in remission did not use a control group [18]. Moreover, the use of a control group in our case would include healthy participants with a similar age (38.18 y). In this age group, it is un-probable to detect malnutrition or sarcopenia in the absence of an underlying disease.



The present study is the first to be conducted using a variety of sarcopenia detection tools to determine the presence of sarcopenia in a sample of patients with CD in remission without making comparisons to a control group. This is in contrast to many studies where the prevalence of sarcopenia among patients with CD exceeds 40%. Furthermore, when comparing genders, females had a higher percentage of malnutrition compared to males. However, this difference was not related to the presence of sarcopenia in either gender.



Future research should be directed toward exploring novel perspectives that could streamline the detection of both sarcopenia and CD. One promising avenue is the utilization of the Mendelian randomization method, which assesses genetic variations and investigates the causal impact of a modifiable factor on disease within observational studies [101,102,103]. By incorporating such methodologies, potential recommendations for the treatment and prevention of these conditions could be proposed.




5. Conclusions


In conclusion, based on the studied anthropometric, nutritional, and functional variables, CD patients were not diagnosed with sarcopenia in the present study. Body composition patterns were related to the inflammatory burden, underlying the interplay of inflammation and malnutrition, even in remission states. Further studies on older populations and during disease exacerbation are necessary to explore the potential link between CD, inflammation, and sarcopenia.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15163615/s1, Table S1: Spearman correlation coefficients between MNA score, MNA sub-scores, and body composition/function patterns in patients with remission (subsample of the present study).





Author Contributions


Conceptualization, S.K.P., K.P.; methodology, S.K.P., K.P., K.S., P.D., G.V., D.T., C.G., and I.P.C.; software, P.D. and K.P.; validation, S.K.P., K.P., K.S., P.D., G.V., D.T., C.G., and I.P.C.; formal analysis, S.K.P., K.P., K.S., P.D., G.V., D.T., M.S., and P.N.; investigation, S.K.P., K.P., K.S., P.D., G.V., and D.T.; resources, S.K.P., K.P., K.S., P.D., G.V., D.T., and P.N.; data curation, P.D., and I.P.C.; writing—original draft preparation, P.D., D.T., and M.S.; writing—review and editing, P.D., S.K.P., K.P., K.S., G.V., D.T., M.S., P.N., C.G., and I.P.C.; visualization, P.D. and K.P.; supervision, S.K.P., K.P., K.S., G.V., and D.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Scientific Board of Theagenio Hospital (3734/2-3-2022).




Informed Consent Statement


Written informed consent was obtained from all subjects involved in the study.




Acknowledgments


The authors would like to express their gratitude to the undergraduate students of the Department of Nutritional Sciences and Dietetics at the International Hellenic University for their contributions to the measurements. Specifically, alphabetically: Athanasia Chatziandreou; Anasta Eythimiadou; Sofia Foutra; Sotiria Gavou; Evagelia Gregoriadou; Eleni Karypidou; and Zoi-Dimitra Kiriazidou. Additionally, we extend our thanks to the patients who collaborated and participated in the study. Last but not least, we would like to acknowledge the doctors and nurses who supported the experimental process of the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chang, J.T. Pathophysiology of Inflammatory Bowel Diseases. N. Engl. J. Med. 2020, 383, 2652–2664. [Google Scholar] [CrossRef] [PubMed]

	



Rosen, M.J.; Dhawan, A.; Saeed, S.A. Inflammatory Bowel Disease in Children and Adolescents. JAMA Pediatr. 2015, 169, 1053. [Google Scholar] [CrossRef] [PubMed]

	



Burisch, J.; Zhao, M.; Odes, S.; De Cruz, P.; Vermeire, S.; Bernstein, C.N.; Kaplan, G.G.; Duricova, D.; Greenberg, D.; Melberg, H.O.; et al. The Cost of Inflammatory Bowel Disease in High-Income Settings: A Lancet Gastroenterology & Hepatology Commission. Lancet Gastroenterol. Hepatol. 2023, 8, 458–492. [Google Scholar] [CrossRef] [PubMed]

	



Huppertz-Hauss, G.; Høivik, M.L.; Langholz, E.; Odes, S.; Småstuen, M.; Stockbrugger, R.; Hoff, G.; Moum, B.; Bernklev, T. Health-Related Quality of Life in Inflammatory Bowel Disease in a European-Wide Population-Based Cohort 10 Years after Diagnosis. Inflamm. Bowel Dis. 2015, 21, 337–344. [Google Scholar] [CrossRef] [PubMed]

	



Guan, Q. A Comprehensive Review and Update on the Pathogenesis of Inflammatory Bowel Disease. J. Immunol. Res. 2019, 2019, 7247238. [Google Scholar] [CrossRef] [PubMed]

	



Levine, A.; Sigall Boneh, R.; Wine, E. Evolving Role of Diet in the Pathogenesis and Treatment of Inflammatory Bowel Diseases. Gut 2018, 67, 1726–1738. [Google Scholar] [CrossRef] [PubMed]

	



Li, T.; Qiu, Y.; Yang, H.S.; Li, M.Y.; Zhuang, X.J.; Zhang, S.H.; Feng, R.; Chen, B.L.; He, Y.; Zeng, Z.R.; et al. Systematic Review and Meta-analysis: Association of a Pre-illness Western Dietary Pattern with the Risk of Developing Inflammatory Bowel Disease. J. Dig. Dis. 2020, 21, 362–371. [Google Scholar] [CrossRef]

	



Forbes, A.; Escher, J.; Hébuterne, X.; Kłęk, S.; Krznaric, Z.; Schneider, S.; Shamir, R.; Stardelova, K.; Wierdsma, N.; Wiskin, A.E.; et al. ESPEN Guideline: Clinical Nutrition in Inflammatory Bowel Disease. Clin. Nutr. 2017, 36, 321–347. [Google Scholar] [CrossRef]

	



Balestrieri, P.; Ribolsi, M.; Guarino, M.P.L.; Emerenziani, S.; Altomare, A.; Cicala, M. Nutritional Aspects in Inflammatory Bowel Diseases. Nutrients 2020, 12, 372. [Google Scholar] [CrossRef]

	



Jabłońska, B.; Mrowiec, S. Nutritional Status and Its Detection in Patients with Inflammatory Bowel Diseases. Nutrients 2023, 15, 1991. [Google Scholar] [CrossRef]

	



Cabré, E.; Gassull, M.A. Nutrition in Inflammatory Bowel Disease: Impact on Disease and Therapy. Curr. Opin. Gastroenterol. 2001, 17, 342–349. [Google Scholar] [CrossRef] [PubMed]

	



Jansen, I.; Prager, M.; Valentini, L.; Büning, C. Inflammation-Driven Malnutrition: A New Screening Tool Predicts Outcome in Crohn’s Disease. Br. J. Nutr. 2016, 116, 1061–1067. [Google Scholar] [CrossRef] [PubMed]

	



Fiorindi, C.; Luceri, C.; Dragoni, G.; Piemonte, G.; Scaringi, S.; Staderini, F.; Nannoni, A.; Ficari, F.; Giudici, F. GLIM Criteria for Malnutrition in Surgical IBD Patients: A Pilot Study. Nutrients 2020, 12, 2222. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Zhang, L.; Gao, X.; Dai, C.; Huang, Y.; Wu, Y.; Zhou, W.; Cao, Q.; Jing, X.; Jiang, H.; et al. Validation of the GLIM Criteria for Diagnosis of Malnutrition and Quality of Life in Patients with Inflammatory Bowel Disease: A Multicenter, Prospective, Observational Study. Clin. Nutr. 2022, 41, 1297–1306. [Google Scholar] [CrossRef]

	



Meyer, F.; Valentini, L. Disease-Related Malnutrition and Sarcopenia as Determinants of Clinical Outcome. Visc. Med. 2019, 35, 282–291. [Google Scholar] [CrossRef]

	



Dhaliwal, A.; Quinlan, J.I.; Overthrow, K.; Greig, C.; Lord, J.M.; Armstrong, M.J.; Cooper, S.C. Sarcopenia in Inflammatory Bowel Disease: A Narrative Overview. Nutrients 2021, 13, 656. [Google Scholar] [CrossRef]

	



Nishikawa, H.; Nakamura, S.; Miyazaki, T.; Kakimoto, K.; Fukunishi, S.; Asai, A.; Nishiguchi, S.; Higuchi, K. Inflammatory Bowel Disease and Sarcopenia: Its Mechanism and Clinical Importance. J. Clin. Med. 2021, 10, 4214. [Google Scholar] [CrossRef]

	



Ünal, N.G.; Oruç, N.; Tomey, O.; Ömer Özütemiz, A. Malnutrition and Sarcopenia Are Prevalent among Inflammatory Bowel Disease Patients with Clinical Remission. Eur. J. Gastroenterol. Hepatol. 2021, 33, 1367–1375. [Google Scholar] [CrossRef]

	



Ryan, E.; McNicholas, D.; Creavin, B.; Kelly, M.E.; Walsh, T.; Beddy, D. Sarcopenia and Inflammatory Bowel Disease: A Systematic Review. Inflamm. Bowel Dis. 2019, 25, 67–73. [Google Scholar] [CrossRef]

	



Ding, N.S.; Tassone, D.; Al Bakir, I.; Wu, K.; Thompson, A.J.; Connell, W.R.; Malietzis, G.; Lung, P.; Singh, S.; Choi, C.R.; et al. Systematic Review: The Impact and Importance of Body Composition in Inflammatory Bowel Disease. J. Crohn’s Colitis 2022, 16, 1475–1492. [Google Scholar] [CrossRef]

	



Grillot, J.; D’Engremont, C.; Parmentier, A.-L.; Lakkis, Z.; Piton, G.; Cazaux, D.; Gay, C.; De Billy, M.; Koch, S.; Borot, S.; et al. Sarcopenia and Visceral Obesity Assessed by Computed Tomography Are Associated with Adverse Outcomes in Patients with Crohn’s Disease. Clin. Nutr. 2020, 39, 3024–3030. [Google Scholar] [CrossRef] [PubMed]

	



McGing, J.J.; Radford, S.J.; Francis, S.T.; Serres, S.; Greenhaff, P.L.; Moran, G.W. Review Article: The Aetiology of Fatigue in Inflammatory Bowel Disease and Potential Therapeutic Management Strategies. Aliment. Pharmacol. Ther. 2021, 54, 368–387. [Google Scholar] [CrossRef] [PubMed]

	



Ackermans, L.L.G.C.; Rabou, J.; Basrai, M.; Schweinlin, A.; Bischoff, S.C.; Cussenot, O.; Cancel-Tassin, G.; Renken, R.J.; Gómez, E.; Sánchez-González, P.; et al. Screening, Diagnosis and Monitoring of Sarcopenia: When to Use Which Tool? Clin. Nutr. ESPEN 2022, 48, 36–44. [Google Scholar] [CrossRef]

	



Subramaniam, K.; Fallon, K.; Ruut, T.; Lane, D.; McKay, R.; Shadbolt, B.; Ang, S.; Cook, M.; Platten, J.; Pavli, P.; et al. Infliximab Reverses Inflammatory Muscle Wasting (Sarcopenia) in Crohn’s Disease. Aliment. Pharmacol. Ther. 2015, 41, 419–428. [Google Scholar] [CrossRef]

	



Fuentes-García, A. Katz Activities of Daily Living Scale. In Encyclopedia of Quality of Life and Well-Being Research; Michalos, A.C., Ed.; Springer: Dordrecht, The Netherlands, 2014; pp. 3465–3468. ISBN 978-94-007-0752-8. [Google Scholar]

	



Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al. Sarcopenia: Revised European Consensus on Definition and Diagnosis. Age Ageing 2019, 48, 16–31. [Google Scholar] [CrossRef]

	



Lohman, T.G.; Roche, A.; Martorell, R. Anthropometric Standardization Reference Manual; Human Kinetics Publishers: Champaign, IL, USA, 1988. [Google Scholar]

	



Santos, D.A.; Dawson, J.A.; Matias, C.N.; Rocha, P.M.; Minderico, C.S.; Allison, D.B.; Sardinha, L.B.; Silva, A.M. Reference Values for Body Composition and Anthropometric Measurements in Athletes. PLoS ONE 2014, 9, e97846. [Google Scholar] [CrossRef] [PubMed]

	



Krakauer, N.Y.; Krakauer, J.C. An Anthropometric Risk Index Based on Combining Height, Weight, Waist, and Hip Measurements. J. Obes. 2016, 2016, 8094275. [Google Scholar] [CrossRef] [PubMed]

	



Cambridge Biomedical Research Centre Bioelectric Impedance Analysis.Anthropometry—Objective Methods. Measurement Toolkit. Available online: https://www.measurement-toolkit.org/anthropometry/objective-methods/bioelectric-impedence-analysis#collapseOn (accessed on 8 August 2023).

	



Scafoglieri, A.; Clarys, J.P.; Bauer, J.M.; Verlaan, S.; Van Malderen, L.; Vantieghem, S.; Cederholm, T.; Sieber, C.C.; Mets, T.; Bautmans, I. Predicting Appendicular Lean and Fat Mass with Bioelectrical Impedance Analysis in Older Adults with Physical Function Decline—The PROVIDE Study. Clin. Nutr. 2017, 36, 869–875. [Google Scholar] [CrossRef] [PubMed]

	



Martín-Martínez, J.P.; Collado-Mateo, D.; Domínguez-Muñoz, F.J.; Villafaina, S.; Gusi, N.; Pérez-Gómez, J. Reliability of the 30 s Chair Stand Test in Women with Fibromyalgia. Int. J. Environ. Res. Public Health 2019, 16, 2344. [Google Scholar] [CrossRef]

	



Chomiak, T.; Pereira, F.V.; Hu, B. The Single-Leg-Stance Test in Parkinson’s Disease. J. Clin. Med. Res. 2015, 7, 182–185. [Google Scholar] [CrossRef]

	



Lyons, J.G.; Heeren, T.; Stuver, S.O.; Fredman, L. Assessing the Agreement Between 3-Meter and 6-Meter Walk Tests in 136 Community-Dwelling Older Adults. J. Aging Health 2015, 27, 594–605. [Google Scholar] [CrossRef] [PubMed]

	



Gao, Y.; Huang, H.; Ni, C.; Feng, Y.; Yu, J.; Huang, Y.; Luo, L.; Jiang, Y.; Wang, A. Comparison of Five Expressions of Handgrip Strength for Predicting Cardiovascular Disease Risk Factors in Chinese Middle-Aged Community Residents. Front. Public Health 2022, 10, 903036. [Google Scholar] [CrossRef] [PubMed]

	



Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.; Blaauw, R.; Coats, A.; et al. GLIM Criteria for the Diagnosis of Malnutrition—A Consensus Report from the Global Clinical Nutrition Community. Clin. Nutr. 2019, 38, 1–9. [Google Scholar] [CrossRef]

	



Best, W.R. Predicting the Crohn’s Disease Activity Index from the Harvey-Bradshaw Index. Inflamm. Bowel Dis. 2006, 12, 304–310. [Google Scholar] [CrossRef]

	



Nishikawa, H.; Asai, A.; Fukunishi, S.; Takeuchi, T.; Goto, M.; Ogura, T.; Nakamura, S.; Kakimoto, K.; Miyazaki, T.; Nishiguchi, S.; et al. Screening Tools for Sarcopenia. In Vivo 2021, 35, 3001–3009. [Google Scholar] [CrossRef] [PubMed]

	



Graf, C. The Lawton Instrumental Activities of Daily Living Scale. AJN Am. J. Nurs. 2008, 108, 52–62. [Google Scholar] [CrossRef] [PubMed]

	



Barusso-Grüninger, M.S.; Gianjoppe-Santos, J.; Sentanin, A.C.; Pires Di Lorenzo, V.A. Do London Chest Activity of Daily Living Scale and St George’s Respiratory Questionnaire Reflect Limitations During Activities of Daily Living in Patients With COPD? J. Cardiopulm. Rehabil. Prev. 2019, 39, 274–280. [Google Scholar] [CrossRef]

	



Cereda, E. Mini Nutritional Assessment. Curr. Opin. Clin. Nutr. Metab. Care 2012, 15, 29–41. [Google Scholar] [CrossRef]

	



Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [Google Scholar] [CrossRef]

	



Grass, F.; Pache, B.; Martin, D.; Hahnloser, D.; Demartines, N.; Hübner, M. Preoperative Nutritional Conditioning of Crohn’s Patients—Systematic Review of Current Evidence and Practice. Nutrients 2017, 9, 562. [Google Scholar] [CrossRef]

	



Sokulmez, P.; Demirbag, A.E.; Arslan, P.; Disibeyaz, S. Effects of Enteral Nutritional Support on Malnourished Patients with Inflammatory Bowel Disease by Subjective Global Assessment. Turk. J. Gastroenterol. 2014, 25, 493–507. [Google Scholar] [CrossRef] [PubMed]

	



Sandall, A.M.; Wall, C.L.; Lomer, M.C.E. Nutrition Assessment in Crohn’s Disease Using Anthropometric, Biochemical, and Dietary Indexes: A Narrative Review. J. Acad. Nutr. Diet. 2020, 120, 624–640. [Google Scholar] [CrossRef] [PubMed]

	



Fiorindi, C.; Dragoni, G.; Scaringi, S.; Staderini, F.; Nannoni, A.; Ficari, F.; Giudici, F. Relationship between Nutritional Screening Tools and GLIM in Complicated IBD Requiring Surgery. Nutrients 2021, 13, 3899. [Google Scholar] [CrossRef] [PubMed]

	



Valentini, L.; Schaper, L.; Buning, C.; Hengstermann, S.; Koernicke, T.; Tillinger, W.; Guglielmi, F.W.; Norman, K.; Buhner, S.; Ockenga, J.; et al. Malnutrition and Impaired Muscle Strength in Patients with Crohn’s Disease and Ulcerative Colitis in Remission. Nutrition 2008, 24, 694–702. [Google Scholar] [CrossRef] [PubMed]

	



Nakahigashi, M.; Yamamoto, T. Increases in Body Mass Index during Infliximab Therapy in Patients with Crohn’s Disease: An Open Label Prospective Study. Cytokine 2011, 56, 531–535. [Google Scholar] [CrossRef] [PubMed]

	



Vadan, R.; Gheorghe, L.S.; Constantinescu, A.; Gheorghe, C. The Prevalence of Malnutrition and the Evolution of Nutritional Status in Patients with Moderate to Severe Forms of Crohn’s Disease Treated with Infliximab. Clin. Nutr. 2011, 30, 86–91. [Google Scholar] [CrossRef]

	



Karachaliou, A.; Yannakoulia, M.; Bletsa, M.; Mantzaris, G.J.; Archavlis, E.; Karampekos, G.; Tzouvala, M.; Bamias, G.; Kokkotis, G.; Kontogianni, M.D. Assessment of Dietary Adequacy and Quality in a Sample of Patients with Crohn’s Disease. Nutrients 2022, 14, 5254. [Google Scholar] [CrossRef]

	



Lee, C.H.; Yoon, H.; Oh, D.J.; Lee, J.M.; Choi, Y.J.; Shin, C.M.; Park, Y.S.; Kim, N.; Lee, D.H.; Kim, J.S. The Prevalence of Sarcopenia and Its Effect on Prognosis in Patients with Crohn’s Disease. Intest. Res. 2020, 18, 79–84. [Google Scholar] [CrossRef]

	



Molnár, A.; Csontos, Á.A.; Kovács, I.; Anton, Á.D.; Pálfi, E.; Miheller, P. Body Composition Assessment of Crohn’s Outpatients and Comparison with Gender- and Age-Specific Multiple Matched Control Pairs. Eur. J. Clin. Nutr. 2017, 71, 1246–1250. [Google Scholar] [CrossRef]

	



Gee, M.I.; Grace, M.G.; Wensel, R.H.; Sherbaniuk, R.; Thomson, A.B. Protein-Energy Malnutrition in Gastroenterology Outpatients: Increased Risk in Crohn’s Disease. J. Am. Diet. Assoc. 1985, 85, 1466–1474. [Google Scholar] [CrossRef]

	



Okoro, N.I.; Kane, S.V. Gender-Related Issues in the Female Inflammatory Bowel Disease Patient. Expert Rev. Gastroenterol. Hepatol. 2009, 3, 145–154. [Google Scholar] [CrossRef]

	



Lesuis, N.; Befrits, R.; Nyberg, F.; Van Vollenhoven, R.F. Gender and the Treatment of Immune-Mediated Chronic Inflammatory Diseases: Rheumatoid Arthritis, Inflammatory Bowel Disease and Psoriasis: An Observational Study. BMC Med. 2012, 10, 82. [Google Scholar] [CrossRef] [PubMed]

	



Van Hogezand, R.A.; Bänffer, D.; Zwinderman, A.H.; McCloskey, E.V.; Griffioen, G.; Hamdy, N.A.T. Ileum Resection Is the Most Predictive Factor for Osteoporosis in Patients with Crohn’s Disease. Osteoporos. Int. 2006, 17, 535–542. [Google Scholar] [CrossRef]

	



Papadopoulou, S.K.; Papadimitriou, K.; Voulgaridou, G.; Georgaki, E.; Tsotidou, E.; Zantidou, O.; Papandreou, D. Exercise and Nutrition Impact on Osteoporosis and Sarcopenia—The Incidence of Osteosarcopenia: A Narrative Review. Nutrients 2021, 13, 4499. [Google Scholar] [CrossRef] [PubMed]

	



Detopoulou, P.; Nomikos, T.; Fragopoulou, E.; Stamatakis, G.; Panagiotakos, D.B.; Antonopoulou, S. PAF and Its Metabolic Enzymes in Healthy Volunteers: Interrelations and Correlations with Basic Characteristics. Prostaglandins Other Lipid Mediat. 2012, 97, 43–49. [Google Scholar] [CrossRef] [PubMed]

	



Hermsdorff, H.H.M.; Volp, A.C.P.; Puchau, B.; Barbosa, K.B.F.; Zulet, M.Á.; Bressan, J.; Martínez, J.A. Contribution of Gender and Body Fat Distribution to Inflammatory Marker Concentrations in Apparently Healthy Young Adults. Inflamm. Res. 2012, 61, 427–435. [Google Scholar] [CrossRef]

	



Rusman, T.; Van Vollenhoven, R.F.; Van Der Horst-Bruinsma, I.E. Gender Differences in Axial Spondyloarthritis: Women Are Not So Lucky. Curr. Rheumatol. Rep. 2018, 20, 35. [Google Scholar] [CrossRef]

	



Ivey, F.M.; Roth, S.M.; Ferrell, R.E.; Tracy, B.L.; Lemmer, J.T.; Hurlbut, D.E.; Martel, G.F.; Siegel, E.L.; Fozard, J.L.; Metter, E.J.; et al. Effects of Age, Gender, and Myostatin Genotype on the Hypertrophic Response to Heavy Resistance Strength Training. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2000, 55, M641–M648. [Google Scholar] [CrossRef]

	



Geerling, B.; Badart-Smook, A.; Stockbrügger, R.; Brummer, R. Comprehensive Nutritional Status in Patients with Long-Standing Crohn Disease Currently in Remission. Am. J. Clin. Nutr. 1998, 67, 919–926. [Google Scholar] [CrossRef]

	



Ghoshal, U.C.; Shukla, A. Malnutrition in Inflammatory Bowel Disease Patients in Northern India: Frequency and Factors Influencing Its Development. Trop. Gastroenterol. 2008, 29, 95–97. [Google Scholar]

	



Dong, J.; Chen, Y.; Tang, Y.; Xu, F.; Yu, C.; Li, Y.; Pankaj, P.; Dai, N. Body Mass Index Is Associated with Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0144872. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, A.; Loftus, E. Obesity in Inflammatory Bowel Disease: A Review of Its Role in the Pathogenesis, Natural History, and Treatment of IBD. Saudi J. Gastroenterol. 2021, 27, 183. [Google Scholar] [CrossRef] [PubMed]

	



Bertin, B.; Desreumaux, P.; Dubuquoy, L. Obesity, Visceral Fat and Crohn’s Disease. Curr. Opin. Clin. Nutr. Metab. Care 2010, 13, 574–580. [Google Scholar] [CrossRef] [PubMed]

	



Pringle, P.L.; Stewart, K.O.; Peloquin, J.M.; Sturgeon, H.C.; Nguyen, D.; Sauk, J.; Garber, J.J.; Yajnik, V.; Ananthakrishnan, A.N.; Chan, A.T.; et al. Body Mass Index, Genetic Susceptibility, and Risk of Complications Among Individuals with Crohn’s Disease. Inflamm. Bowel Dis. 2015, 21, 2304–2310. [Google Scholar] [CrossRef] [PubMed]

	



Principi, M. Differences in Dietary Habits between Patients with Inflammatory Bowel Disease in Clinical Remission and a Healthy Population. Ann. Gastroenterol. 2018, 31, 469. [Google Scholar] [CrossRef]

	



Filippi, J.; Al-Jaouni, R.; Wiroth, J.-B.; Hébuterne, X.; Schneider, S.M. Nutritional Deficiencies in Patients with Crohn’s Disease in Remission. Inflamm. Bowel Dis. 2006, 12, 185–191. [Google Scholar] [CrossRef]

	



Papadimitriou, K. Effect of Resistance Exercise Training on Crohn’s Disease Patients. Intest. Res. 2021, 19, 275–281. [Google Scholar] [CrossRef]

	



Russell, D.M.; Walker, P.M.; Leiter, L.A.; Sima, A.A.F.; Tanner, W.K.; Mickle, D.A.G.; Whitwell, J.; Marliss, E.B.; Jeejeebhoy, K.N. Metabolic and Structural Changes In Skeletal Muscle during Hypocaloric Dieting. Am. J. Clin. Nutr. 1984, 39, 503–513. [Google Scholar] [CrossRef]

	



Lu, Z.L.; Wang, T.R.; Qiao, Y.Q.; Zheng, Q.; Sun, Y.; Lu, J.T.; Han, X.X.; Fan, Z.P.; Ran, Z.H. Handgrip Strength Index Predicts Nutritional Status as a Complement to Body Mass Index in Crohn’s Disease. J. Crohn's Colitis 2016, 10, 1395–1400. [Google Scholar] [CrossRef]

	



Wiroth, J.-B.; Filippi, J.; Schneider, S.M.; Al-Jaouni, R.; Horvais, N.; Gavarry, O.; Bermon, S.; Hébuterne, X. Muscle Performance in Patients with Crohn’s Disease in Clinical Remission. Inflamm. Bowel Dis. 2005, 11, 296–303. [Google Scholar] [CrossRef]

	



Bin, C.M.; Flores, C.; Álvares-da-Silva, M.R.; Francesconi, C.F.M. Comparison Between Handgrip Strength, Subjective Global Assessment, Anthropometry, and Biochemical Markers in Assessing Nutritional Status of Patients with Crohn’s Disease in Clinical Remission. Dig. Dis. Sci. 2010, 55, 137–144. [Google Scholar] [CrossRef] [PubMed]

	



Zaltman, C.; Braulio, V.B.; Outeiral, R.; Nunes, T.; Natividade De Castro, C.L. Lower Extremity Mobility Limitation and Impaired Muscle Function in Women with Ulcerative Colitis. J. Crohn’s Colitis 2014, 8, 529–535. [Google Scholar] [CrossRef] [PubMed]

	



Vogelaar, L.; Van Den Berg-Emons, R.; Bussmann, H.; Rozenberg, R.; Timman, R.; Van Der Woude, C.J. Physical Fitness and Physical Activity in Fatigued and Non-Fatigued Inflammatory Bowel Disease Patients. Scand. J. Gastroenterol. 2015, 50, 1357–1367. [Google Scholar] [CrossRef]

	



Graungaard, S.; Geisler, L.; Andersen, J.R.; Rasmussen, H.H.; Vinter-Jensen, L.; Holst, M. Personalized Exercise Intervention in HPN Patients—A Feasibility Study. Clin. Nutr. ESPEN 2021, 45, 420–425. [Google Scholar] [CrossRef] [PubMed]

	



Neal, W.N.; Jones, C.D.; Pekmezi, D.; Motl, R.W. Physical Activity in Adults with Crohn’s Disease: A Scoping Review. Crohn’s Colitis 360 2022, 4, otac022. [Google Scholar] [CrossRef] [PubMed]

	



Papadimitriou, K. The Influence of Aerobic Type Exercise on Active Crohn’s Disease Patients: The Incidence of an Elite Athlete. Healthcare 2022, 10, 713. [Google Scholar] [CrossRef]

	



Pashmdarfard, M.; Azad, A. Assessment Tools to Evaluate Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) in Older Adults: A Systematic Review. Med. J. Islam. Repub. Iran 2020, 34, 33. [Google Scholar] [CrossRef]

	



Cabalzar, A.L.; Azevedo, F.M.D.; Lucca, F.D.A.; Reboredo, M.D.M.; Malaguti, C.; Chebli, J.M.F. Physical Activity in Daily Life, Exercise Capacity and Quality of Life in Patients with Crohn’s Disease on Infliximab-Induced Remission: A Preliminary Study. Arq. Gastroenterol. 2019, 56, 351–356. [Google Scholar] [CrossRef]

	



Julio, C.; Liliana, C.; Fernando, L.; Carla, M.; Isaac, O.; Pedro, G.; Tarsila, R. P011 Physical Activity Levels in Daily Life of Patients with Moderate-to-Severe Crohn’s Disease Before and After Infliximab-Induced Remission. Am. J. Gastroenterol. 2020, 115, S3. [Google Scholar] [CrossRef]

	



Piotrowicz, K.; Głuszewska, A.; Czesak, J.; Fedyk-Łukasik, M.; Klimek, E.; Sánchez-Rodríguez, D.; Skalska, A.; Gryglewska, B.; Grodzicki, T.; Gąsowski, J. SARC-F as a Case-Finding Tool for Sarcopenia According to the EWGSOP2. National Validation and Comparison with Other Diagnostic Standards. Aging Clin. Exp. Res. 2021, 33, 1821–1829. [Google Scholar] [CrossRef]

	



Zhu, Y.; Zhou, W.; Qi, W.; Liu, W.; Chen, M.; Zhu, H.; Xiang, J.; Xie, Q.; Chen, P. Body Mass Index Is a Practical Preoperative Nutritional Index for Postoperative Infectious Complications after Intestinal Resection in Patients with Crohn’s Disease. Medicine 2017, 96, e7113. [Google Scholar] [CrossRef] [PubMed]

	



Guo, Z.; Guo, D.; Gong, J.; Zhu, W.; Zuo, L.; Sun, J.; Li, N.; Li, J. Preoperative Nutritional Therapy Reduces the Risk of Anastomotic Leakage in Patients with Crohn’s Disease Requiring Resections. Gastroenterol. Res. Pract. 2016, 2016, 5017856. [Google Scholar] [CrossRef] [PubMed]

	



Detopoulou, P.; Voulgaridou, G.; Papadopoulou, S. Cancer, Phase Angle and Sarcopenia: The Role of Diet in Connection with Lung Cancer Prognosis. Lung 2022, 200, 347–379. [Google Scholar] [CrossRef]

	



Morigny, P.; Kaltenecker, D.; Zuber, J.; Machado, J.; Mehr, L.; Tsokanos, F.; Kuzi, H.; Hermann, C.D.; Voelkl, M.; Monogarov, G.; et al. Association of Circulating PLA2G7 Levels with Cancer Cachexia and Assessment of Darapladib as a Therapy. J. Cachexia Sarcopenia Muscle 2021, 12, 1333–1351. [Google Scholar] [CrossRef]

	



Goodman, M.N. Tumor Necrosis Factor Induces Skeletal Muscle Protein Breakdown in Rats. Am. J. Physiol.-Endocrinol. Metab. 1991, 260, E727–E730. [Google Scholar] [CrossRef] [PubMed]

	



Garcia-Martinez, C.; Lopez-Soriano, F.J.; Argiles, J.M. Acute Treatment with Tumour Necrosis Factor-a Induces Changes in Protein Metabolism in Rat Skeletal Muscle. Mol. Cell. Biochem. 1993, 125, 11–18. [Google Scholar] [CrossRef]

	



Papadopoulou, S.K.; Voulgaridou, G.; Papadimitriou, K.; Koidou, E. Linking Biomarkers with Causes, Lifestyle Factors, and Management of Sarcopenia. In Biomarkers in Nutrition; Patel, V.B., Preedy, V.R., Eds.; Biomarkers in Disease: Methods, Discoveries and Applications; Springer International Publishing: Cham, Switzerland, 2022; pp. 1085–1114. ISBN 978-3-031-07389-2. [Google Scholar]

	



Daniluk, U.; Daniluk, J.; Krasnodebska, M.; Lotowska, J.M.; Sobaniec-Lotowska, M.E.; Lebensztejn, D.M. The Combination of Fecal Calprotectin with ESR, CRP and Albumin Discriminates More Accurately Children with Crohn’s Disease. Adv. Med. Sci. 2019, 64, 9–14. [Google Scholar] [CrossRef]

	



Qin, G.; Tu, J.; Liu, L.; Luo, L.; Wu, J.; Tao, L.; Zhang, C.; Geng, X.; Chen, X.; Ai, X.; et al. Serum Albumin and C-Reactive Protein/Albumin Ratio Are Useful Biomarkers of Crohn’s Disease Activity. Med. Sci. Monit. 2016, 22, 4393–4400. [Google Scholar] [CrossRef]

	



Zhou, F.-S.; Gao, N.; Sun, X.; Jiang, X.-Y.; Chen, J.-J.; Mao, Q.-Q.; Zhong, L. C-Reactive Protein/Abumin Ratio Is a Useful Biomarker for Predicting the Mucosal Healing in the Crohn Disease: A Retrospective Study. Medicine 2021, 100, e24925. [Google Scholar] [CrossRef]

	



Detopoulou, P.; Nomikos, T.; Fragopoulou, E.; Antonopoulou, S.; Kotroyiannis, I.; Vassiliadou, C.; Panagiotakos, D.B.; Chrysohoou, C.; Pitsavos, C.; Stefanadis, C. Platelet Activating Factor (PAF) and Activity of Its Biosynthetic and Catabolic Enzymes in Blood and Leukocytes of Male Patients with Newly Diagnosed Heart Failure. Clin. Biochem. 2009, 42, 44–49. [Google Scholar] [CrossRef]

	



Theocharidou, E.; Tellis, C.C.; Mavroudi, M.; Soufleris, K.; Gossios, T.D.; Giouleme, O.; Athyros, V.G.; Tselepis, A.D.; Karagiannis, A. Lipoprotein-Associated Phospholipase A2 and Arterial Stiffness Evaluation in Patients with Inflammatory Bowel Diseases. J. Crohn’s Colitis 2014, 8, 936–944. [Google Scholar] [CrossRef] [PubMed]

	



Oshimoto, H.; Okamura, S.; Iida, T.; Ishikawa, T.; Hosaka, K.; Mori, M. Diagnostic Value of the Serum Platelet-Activating Factor Acetylhydrolase Activity in Inflammatory Bowel Disease. Tohoku J. Exp. Med. 2005, 207, 65–71. [Google Scholar] [CrossRef] [PubMed]

	



Kald, B.; Smedh, K.; Olaison, G.; Sjödahl, R.; Tagesson, C. Platelet-Activating Factor Acetylhydrolase Activity in Intestinal Mucosa and Plasma of Patients with Crohn’s Disease. Digestion 1996, 57, 472–477. [Google Scholar] [CrossRef] [PubMed]

	



Detopoulou, P.; Nomikos, T.; Fragopoulou, E.; Panagiotakos, D.B.; Pitsavos, C.; Stefanadis, C.; Antonopoulou, S. Lipoprotein-Associated Phospholipase A2 (Lp-PLA2) Activity, Platelet-Activating Factor Acetylhydrolase (PAF-AH) in Leukocytes and Body Composition in Healthy Adults. Lipids Health Dis. 2009, 8, 19. [Google Scholar] [CrossRef] [PubMed]

	



Detopoulou, P.; Fragopoulou, E.; Nomikos, T.; Yannakoulia, M.; Stamatakis, G.; Panagiotakos, D.B.; Antonopoulou, S. The Relation of Diet with PAF and Its Metabolic Enzymes in Healthy Volunteers. Eur. J. Nutr. 2015, 54, 25–34. [Google Scholar] [CrossRef]

	



Fragopoulou, E.; Detopoulou, P.; Alepoudea, E.; Nomikos, T.; Kalogeropoulos, N.; Antonopoulou, S. Associations between Red Blood Cells Fatty Acids, Desaturases Indices and Metabolism of Platelet Activating Factor in Healthy Volunteers. Prostaglandins Leukot. Essent. Fat. Acids 2021, 164, 102234. [Google Scholar] [CrossRef]

	



Saadh, M.J.; Pal, R.S.; Arias-Gonzáles, J.L.; Orosco Gavilán, J.C.; Jc, D.; Mohany, M.; Al-Rejaie, S.S.; Bahrami, A.; Kadham, M.J.; Amin, A.H.; et al. A Mendelian Randomization Analysis Investigates Causal Associations between Inflammatory Bowel Diseases and Variable Risk Factors. Nutrients 2023, 15, 1202. [Google Scholar] [CrossRef]

	



Liu, Z.; Liu, R.; Gao, H.; Jung, S.; Gao, X.; Sun, R.; Liu, X.; Kim, Y.; Lee, H.-S.; Kawai, Y.; et al. Genetic Architecture of the Inflammatory Bowel Diseases across East Asian and European Ancestries. Nat. Genet. 2023, 55, 796–806. [Google Scholar] [CrossRef]

	



Semenova, E.A.; Pranckevičienė, E.; Bondareva, E.A.; Gabdrakhmanova, L.J.; Ahmetov, I.I. Identification and Characterization of Genomic Predictors of Sarcopenia and Sarcopenic Obesity Using UK Biobank Data. Nutrients 2023, 15, 758. [Google Scholar] [CrossRef]








 





Table 1. Basic characteristics of the subjects.
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	Total (n = 53)
	Men (n = 27)
	Women (n = 26)
	p Value





	Age (yrs)
	38.18 (10.92)
	34.65 (8.39)
	41.26 (12.06)
	0.039



	BMI (kg/m2)
	25.00 (23.30–29.40)
	26.10 (23.80–27.50)
	24.40 (21.27–31.25)
	0.395



	Waist circumference (cm)
	96.48 (16.87)
	99.60 (12.14)
	93.78 (19.99)
	0.265



	Hip circumference (cm)
	107.00 (100.00–114.00)
	108.50 (103.70–113.00)
	105.00 (97.00–127.00)
	0.394



	Smoking (yes)
	n = 4 (7.5%)
	n = 1 (3.7%)
	n = 3 (11.5%)
	0.322



	Disease duration (yrs)
	9.00 (4.00–11.00)
	10.00 (4.00–11.00)
	7.50 (4.25–11.00)
	0.396



	Localization ∫
	
	
	
	0.811



	L1
	n = 19 (35.80%)
	n = 10 (37.0%)
	n = 9 (34.6%)
	



	L2
	n = 3 (5.7%)
	n = 1 (3.7%)
	n = 2 (7.7%)
	



	L3
	n = 17 (32.1%)
	n = 8 (29.6%)
	n = 9 (34.6%)
	



	L4
	n = 0 (0.0%)
	n = 0 (0.0%)
	n = 0 (0.0%)
	



	Behavior ∫
	
	
	
	0.959



	B1
	n = 12 (22.6%)
	n = 6 (22.2%)
	n = 6 (23.1%)
	



	B2
	n = 14 (26.4%)
	n = 7 (25.9%)
	n = 7 (26.9%)
	



	B3
	n = 3 (5.7%)
	n = 1 (3.7%)
	n = 2 (7.7%)
	



	B2B3
	n = 10 (18.9%)
	n = 5 (18.5%)
	n = 5 (19.2%)
	



	Extended small intestine disease (yes)
	n = 15 (28.3%)
	n = 7 (25.9%)
	n = 8 (30.7%)
	0.500



	Periproctal disease (yes)
	n = 11 (20.7%)
	n = 4 (14.8%)
	n = 7 (26.9%)
	0.271



	Enterectomy (yes)
	n = 17 (32.0%)
	n = 9 (33.3%)
	n = 8 (30.7%)
	0.444



	Extraintestinal manifestations (yes)
	n = 10 (18.8%)
	n = 4 (14.8%)
	n = 6 (23.0%)
	0.394



	Endoscopic response (yes) ∫
	n = 35 (89.7%)
	n = 17 (89.4%)
	n = 18 (90.0%)
	0.500



	Endoscopic healing (yes) ∫
	n = 24 (61.5%)
	n = 11 (57.8%)
	n = 13 (65.0%)
	0.450



	Albumin (g/dL) ‡
	4.45 (4.28–4.65)
	4.57 (4.37–4.77)
	4.36 (4.19–4.50)
	0.040



	CRP (mg/dL) ‡
	0.13 (0.07–0.32)
	0.10 (0.04–0.22)
	0.16 (0.08–0.41)
	0.127



	Creatinine (mg/dL)
	0.67 (0.59–0.80)
	0.62 (0.51–0.84)
	0.74 (0.61–0.80)
	0.478







BMI: Body mass index; CRP: C-reactive protein; Localisation: L1: ileum; L2 colonic; L3 ileocolonic; L4 upper gastrointestinal tract; Behavior: B1 non-structuring non-penetrating; B2 structuring; B3: penetrating; B2B3: both penetrating and structuring disease either at the same or different times; ∫ missing data for 14 patients, the percentages have been calculated from a total sample of 39 subjects; ‡ The variable was logarithmized prior to statistical comparison Data are presented as mean (standard deviation) for normally distributed variables and median and interquartile range (25th–75th) for non-normally distributed variables. Categorical variables are presented as frequencies (n, %). The independent sample t-test (normally distributed variables or normally distributed variables after appropriate transformation) or Mann-Whitney test (non-normally distributed variables) was used for possible differences between the genders.













 





Table 2. Body composition and physical performance measurements of the volunteers.
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	Total (n = 53)
	Men (n = 27)
	Women (n = 26)
	p Value





	Fat mass (kg)
	20.40 (15.35–30.50)
	17.60 (12.50–23.80)
	24.95 (17.35–35.32)
	0.022



	Body fat (%)
	28.66 (10.22)
	21.03 (7.36)
	35.25 (7.50)
	0.001



	Fat free mass (kg)
	57.25 (12.60)
	69.13 (5.32)
	47.10 (6.40)
	<0.001



	FFMI (kg/m2)
	18.73 (2.89)
	20.87 (1.93)
	16.88 (2.22)
	<0.001



	ALM * (kg)
	19.30 (4.49)
	23.49 (1.82)
	15.67 (2.44)
	<0.001



	TBW (%)
	40.51 (7.97)
	54.40 (5.40)
	47.40 (5.74)
	0.001



	ECW(lt)
	18.22 (2.95)
	21.50 (5.44)
	16.71 (3.54)
	0.002



	ECW (%)
	22.87 (2.57)
	22.80 (2.74)
	22.90 (2.84)
	<0.001



	ICW (%)
	22.59 (5.44)
	30.15 (5.21)
	25.44 (3.85)
	0.002



	ICW (lt)
	27.62 (4.93)
	27.25 (2.44)
	18.63 (3.83)
	0.001



	Phase angle (o) ‡
	5.70 (5.15–6.65)
	6.10 (5.40–7.10)
	5.65 (4.67–6.32)
	0.395



	CC (cm)
	35.20 (4.10)
	35.29 (4.36)
	35.13 (3.99)
	0.907



	CS (mm)
	8.20 (5.01)
	7.08 (4.99)
	9.07 (4.97)
	0.225



	MAC (cm)
	33.51 (3.93)
	34.47 (3.10)
	32.63 (4.44)
	0.132



	TSF (mm)
	9.83 (5.98)
	10.96 (5.56)
	8.84 (6.26)
	0.241



	Chair standing test (replications)
	15.52 (5.27)
	15.80 (5.63)
	15.27 (5.05)
	0.751



	Gait speed test (slow) (s for 6 m)
	5.41 (1.13)
	5.56 (1.17)
	5.24 (1.10)
	0.365



	Gait speed test (high) (s for 6 m)
	3.26 (2.88–4.28)
	3.13 (2.70–4.12)
	3.73 (3.17–4.68)
	0.039



	HGS—right (kg)
	25.90 (20.15–39.05)
	39.40 (35.62–43.05)
	21.15 (18.77–25.62)
	<0.001



	HGS—left (kg)
	25.00 (20.12–39.62)
	39.65 (35.75–42.07)
	20.60 (18.22–23.47)
	<0.001



	HGS—max (kg)
	26.60 (21.22–40.97)
	41.05 (38.55–45.07)
	22.30 (19.20–25.62)
	<0.001



	OLST—right (s)
	32.67 (19.73–55.02)
	32.67 (24.55–66.98)
	32.48 (8.78–51.40)
	0.351



	OLST—left (s)
	31.63 (19.53–64.86)
	33.50 (21.85–65.87)
	30.16 (5.85–64.86)
	0.489







‡ The variable was logarithmized prior to statistical comparison. * ALM was estimated from published equations [31]. FFMI: Fat free mass index; ALM: Appendicular lean mass; TBW: Total body water; ECW: Extracellular water; ICW: Intracellular water; CC: Calf circumference; CS: Calf skinfold; MAC: Midarm circumference; TSF: Triceps skinfold; HGS: Hand-grip strength; OLST: One leg standing test. Data are presented as mean (standard deviation) for normally distributed variables. Otherwise, data are presented as the median and interquartile range (25th–75th). The independent sample t-test (normally distributed variables or normally distributed variables after appropriate transformation) or Mann-Whitney test (non-normally distributed variables) was used for possible differences between the genders.













 





Table 3. Malnutrition and sarcopenia prevalence in patients with CD.
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	Criterion Used
	Total (n = 53)
	Men (n = 27)
	Women (n = 26)
	p-Value





	GLIM
	
	
	
	



	GLIM (BMI phenotypic criteria)
	n = 3 (5.6%)
	n = 1 (3.7%)
	n = 2 (7.6%)
	0.556



	GLIM (CC phenotypic criteria)
	n = 4 (7.5%)
	n = 2 (7.4%)
	n = 2 (7.6%)
	0.593



	GLIM (FFMI phenotypic criteria)
	n = 6 (11.3%)
	n = 0 (0%)
	n = 6 (23%)
	0.017



	MRIT (scale 0–8)
	
	
	
	0.519



	Score 0
	n = 49 (92.4%)
	n = 26 (96.2%)
	n = 23 (92.3%)
	



	Score 1
	n = 3 (5.6%)
	n = 1 (3.7%)
	n = 2 (7.6%)
	



	Score 2
	n = 1 (1.8%)
	n = 0 (0%)
	n = 1 (3.8%)
	



	Score >2
	n = 0 (0%)
	n = 0 (0%)
	n = 0 (0%)
	



	MNA—score
	13.0 (12.0–14.0)
	13.0 (12.0–14.0)
	13.0 (10.0–14.0)
	0.732



	MNA categories
	
	
	
	0.351



	MNA—malnutrition (score 0–7)
	n = 1 (1.8%)
	n = 0 (0%)
	n = 1 (3.8%)
	



	MNA—at risk of malnutrition

(score 8–11)
	n = 6 (11.3%)
	n = 2 (7.4%)
	n = 4 (15.3%)
	



	MNA—subscales
	
	
	
	



	MNA Food intake
	2 (2–2)
	2 (2–2)
	2 (2–2)
	0.049



	MNA weight loss
	3 (2–3)
	3 (2–3)
	3 (3–3)
	0.210



	MNA mobility
	2 (2–2)
	2 (2–2)
	2 (2–2)
	1.000



	MNA acute stress
	2 (0–2)
	1.5 (2–2)
	2 (0–2)
	0.671



	MNA neurological problems
	2 (2–2)
	2 (2–2)
	2 (2–2)
	0.112



	MNA BMI
	3 (3–3)
	3 (2–3)
	3 (2–3)
	0.329



	Sarcopenia—related variables
	
	
	
	



	SARC-F
	0 (0–1)
	0 (0–1)
	0 (0–1)
	0.697



	Low HGS * (yes)
	n = 4 (7.5%)
	n = 2 (7.4%)
	n = 2 (7.6%)
	0.659



	Low ASM (yes) §
	n = 8 (15%)
	n = 0 (0%)
	n = 8 (30.7%)
	0.003



	Low gait speed (slow) (yes) ∫
	n = 3 (5.6%)
	n = 1 (3.7%)
	n = 2 (7.6%)
	0.384



	Low gait speed (slow) (yes) ∫
	n = 0 (0%)
	n = 0 (0%)
	n = 0 (0%)
	NA



	ECOGSW2 (yes)
	n = 0 (0%)
	n = 0 (0%)
	n = 0 (0%)
	NA







Data are presented as median and interquartile range (25th–75th) or frequencies (n, %). GLIM: Global leadership initiative on malnutrition; BMI: Body mass index; CC: Calf Circumference; FFMI: Fat free mass index; MIRT: Malnutrition inflammation risk tool; MNA: Mini nutritional assessment; SARC-F: Sarcopenia questionnaire; HGS: Hand-grip strength; NA: Not applicable; * Low HGS: <27 kg for men and <16 kg for women; § Low ASM < 20 kg for men and <16 kg for women; ∫ cut-off speed ≤ 0.8 m/s.













 





Table 4. Component loadings are derived using principal component analysis for the identification of body composition/function patterns.
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Components




	
Pattern 1

MAC, FFMI

Max HGS

	
Pattern 2

Gait speed

	
Pattern 3

CC, Age

	
Pattern 4

Chair Standing Test, OLST

	
Pattern 5

Albumin, TSF






	
Albumin (log) (mg/dL)

	
0.216

	
0.205

	
−0.137

	
−0.191

	
0.787




	
CC (cm)

	
0.385

	
−0.164

	
0.757

	
0.172

	
−0.179




	
MAC (cm)

	
0.692

	
0.120

	
0.547

	
−0.106

	
0.160




	
TSF (mm)

	
−0.111

	
−0.056

	
0.096

	
0.316

	
0.697




	
Chair standing test (times/30 s)

	
0.065

	
−0.035

	
−0.107

	
0.829

	
−0.033




	
Gait Speed test (slow) (s)

	
0.111

	
