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Abstract:

Background: Sarcopenia is a syndrome in which skeletal muscle reduction is the primary symptom of age- or disease-related

malnutrition, which is linked to postoperative morbidity and mortality. The skeletal muscle mass index (SMI) from magnet resonance

imaging (MEI) is increasingly used as a prognostic factor in oncologic and surgical patients, but under-presented in the field of
obesity surgery. The biocelectrical impedance analysis (BIA), on the other hand is 2 commen used method for the estimation of the
body composition of bariatric patients, but still believed to be inaccurate, because of patient related and environmental factors. The

aim of this study was to compare the postoperative SMI values as a direct, imaging measured indicator for muscle mass with the BIA

results in patients undergoing Roux-en-Y gastric bypass (RYGE). Methods: We performed a prospective single-center trial. Fatients
undergoing EYGE between January 2010 and December 2011 at our institution were eligible for this study. MREI and BIA

measurements were obtained 1 day before surgery and at 6, 12 and 24 weeks after surgery. Resnlts: A total of 17 patients were
included. SMI values decreased significantly during the postoperative course (p=0.001). Comparing precperative and postoperative
measurements at 24 weeks after surgery, increasing correlations of SMI values with body weight (r=0240 vs. r=0628), phase angle
(r=0225 vs. r=0.720) and body cell mass (BCM, r=0.388 5. r =0.764) were observed. Conclusions: SMI decreases significantly after
EYGE and is correlated to distinct parameters of body composition. These findings show the applicability of the SMI as direct
imaging parameter for the measurement of the muscle mass in patients after EYGE, but also underline the important role of the BIA,
as a precise tool for the estimation of patients body composition at low costs. We are akbls fo obtain a good overview over patients
status post bariatric surgery through BIA measurements, including an estimation of sarcopenia.

Keywords: skeletal muscle mass, bioelectrical impedance analysis, Roux-Y gastric bypass

1. Introduction

Obesity is a global health challenge and the main risk factor for disease and early death [1]. Bariatric surgery has proven to be an
effective strategy in treating obesity [2].

The main objective of Roux-en-Y gastric bypass (EYGE) is weight loss and improvement of metabolic comorbidities. Together
with weight reduction, bariatric surgery leads to a change in body composition. Especially fat mass decreases throughout the first
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months after surgery. Within this period, body cell mass (BCM), lean body mass (LBM), and absolute muscle mass and strength often
also decrease. [3-7]. The postoperative changes of those parameters are associated with weight loss, physical performance, and risk of
malnuirition and can be direct or indirect signs of a reduction in muscle mass [8, 9].

Taking this into account, it is important to monitor the body composition and the skeletal muscle mass before and after bariatric
surgery. There are different tools available to measure or estimate the BCM, LEM and the skeletal muscle status, such as bioelec-
trical impedance analvsis (BIA), Dual- energy X- ray absorptiometry (DxA), handgrip dynamometry (HD) or imaging techniques in-

The analysis of single-layer images (CT- scan or MREI) is used to quantify whole body muscle mass in vivo. The cross-sectional
area of skeletal muscles (SMA, cm?) at the level of the third lumbar vertebra (L3), normalized for height, can be used to calculate the
skeletal muscle index (SMI, cm?/m?), which is linearly related to the whole- body muscle mass [13, 14] .

BIA is commonly performed for the evaluation of pre- and postoperative body composition delivering the parameters BCM,
extracellular mass (ECM), LBEM, and body fat. The Phase angle reflects the quality of LEM[15]. The BEIA provides accurate values
comparable to those obtained by dual-energy X-rav absorptiometry (DXA) at low cost [10]. It measures body component resistance

morbidity and even mortality in surgical patients. This has been investigated mostly in geriatric and oncologic patients [16-19].

The “sarcopenic obesity” seems to play an important role in elderly patients, causing age- related gain of fat tissue and loss of
muscle mass. Recognizing elderly subjects with this kind of body composition changes could be relevant in clinical practice because it
may identify a group of patients with great health risk [27].

In patients after bariatric surgery, the role of SMI pre- and postoperatively is rarely described in literature. The correlation be-
tween SMI- and BIA- measurements remains controversial [28]

This study aims to investigate if the BIA as a common technigue for estimating the body composition is still robust in compari-
son with the SMI measured by MEI in a cohort of patients undergoing EYGB.

2. Materials and Methods

Patients Between January 2010 and December 2011, an open, prospective, single center study was conducted at our institution
investigating postoperative changes in body composition in bariatric patients via MRI and BIA measurements. Patients undergoing
RYGE were included in the study. Further inclusion criteria were BMI 35-60 kg/m?, body weight < 200 kg, adequate patient compli-
ance, waist circumnference < 136 cm (MRI gantry diameter) and age = 18 years. Patients with contraindications for MREI or not willing
or able to give informed consent were excluded from the study. The primary analysis of this study has been published previously
[12]. For this post-hoc analysis, the SMI was measured retrospectively using the MRI studies performed in the prospective trial.
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Bioelectrical Impedance Analysis Bioelectrical impedance measurements were conducted according to standard protocols using
a multiple frequency four-lead BIA instrument (Nutriguard-M, Data Input GmbH, Packing, Germany). Calculations for phase angel,
body cell mass (BCM), extracellular mass (ECM), lean body mass (LBM), ECM/BCM, body fat (BF) and total bodyv water (TBW) were
made using the Nutriguard Plus software (version 5.4, Data Input GmbH, Pécking, Germany).

Magnetic Resonance Imaging Abdominal MPEI exams were obtained using a 1.5 Tesla whole-body scanner (MAGNETOM

MRI using two adjacent axial images within the same series. Total muscle cross-sectional area (cm?) at L3 was determined and aver-
aged for each patient: The lumbar vertebrae 3 was identified, and the following muscles were selected using ayvcan workstation pro
software (version 3.12.000, aycan Digitalsysteme GmbH, Wiirzburg, Germany): rectus abdominis, abdominal (lateral and oblique),
psoas, and paraspinal (quadratus lumborum, erector spinae). Muscle area in centimeters squared (cm?) was calculated and then
normalized for patient’s height in meters squared (m?) and reported as lumbar SMI (cm?'m?).

as absolute numbers and relative frequencies. With the range or interguartile range, the median was presented for skewed or ordi-

nally scaled parameters. Changes in parameters between measurements were examined using analvsis of variance for repeated
measurements. Post hoc analyses for pairwise mean comparisons were performed using the Scheffé method. For correlation analvses,
Pearson correlation coefficient was determined. A test result was considered statistically significant if p=0.05. Statistical analyses were
performed using the SAS statistical analysis software (SAS release 9.4, Cary, NC, USA).

3. Results

A total of 17 patients were included in the study, of which 4 male and 13 female. The average age of the patients was 41.9 years.
Mo patient with type 2 diabetes in this cohort, 5 patients with hypertension, 4 patients with sleep apnea. Mean initial body weight

operative preparation, every patient has documented at least 2.5 h of self-organized physical activity per week. When considering
comorbidities, ¥ patients had no secondary disease followed by 5 have hvpertension, 4 had sleep apnea, 2 had diabetes and 1 had
GERD and knee anthrosis respectively (Table 1).

There were no postoperative surgical complications detected. MEI as well as BLA, was performed one day before surgerv (t1) as
well as 6 weeks (t2), 12 weeks (t3) and 24 weeks (t4) after surgerv. Measurements at tl and t2 were complete for all patients while after
12 and 24 weeks thev were only complete in 11 and 7 patients, respectively.

Table 2 shows the mean values of the respective parameters measured by BLA and the SMI measured by MRI as described above.
In Table 3 the p-values for the respective comparisons are given. Changes in body weight and BMI are significant between tl and t2,
t2 and t3, but not between t3 and t4. Overall, most pronounced changes are observed between tl and t2 (before surgerv and 6 weeks
after surgery). As expected, the body fat is significantly reduced after bariatric surgery. We did not find any further significant re-
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duction between 13 and t4. Nevertheless, the LBM as well as BCM and ECM/BCM Index changed after surgery with a significant
reduction of LEM and BCM between tl and t2 and an almost significant reduction when comparing t2 to t4. The reduction of BCM

being displaved by SMA measurement in BIA and 5MI measurement in MEI imaging. The reduction of muscle mass is significant
comparing the status before and after surgery but also between t2 and t4.

Figure 1 to 3 reveals the Quartiles, Interquartile range (IQR) and outliers for the variables BMI SMI and SMA for different time

oints.

Table 4 summarizes the Pearson Correlation Coefficient r for comparison of SMI with the parameters of body composition
measured by BIA. No relevant correlation can be observed between BEMI and SMI, but we found a correlation between the phase an-
gle, BCM, ECM/BCM — Index and SMI. The higher the phase angle, the higher the SMI. The same applies to BCM. The higher the ratio
of ECM/BCM, the lower the SMI.

Applying the cut-offs for sarcopenia introduced by Prado et al [21] (SMI <52 4 cm?/m? for men and <38.5 cm?/m? for women), 12%
of the patients were sarcopenic before surgery (one man and one woman), 17% were sarcopenic at 6 weeks after surgery, 45% at 12

weeks after surgery and 57% at 24 weeks after surgery.

Table 1. Demographic Characteristics of the respondents

Demographic characteristics n=17
Age*
Mean+SD (Eange (Max-hin}) 41 .9+11.1 (35(61-26))
Age group
<=35 6(353)
==A7 5(29.4
Gender
Male 4(235
Female 13 (76.5
Initial body weight (k
Meant5D (Range (Max-Min)) 119.34+11.86 (47.6(144.1-96 5)}
Imitial BMI ((kg/m?)
Meant5D (Range (Max-Min)) 42 9644 5 (15.9(52 3-36 4))

Initial SMI (cmZ/m2)
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Mean+5D ax-Min

52.65+7.06 (28 39(68.89-40.5})

Comorbidities
Mo Secondary disease 7 (50.0)
Hypertension 5(35.7)
Sleep Apnea 4 (286
Diabetes 2(14.3
GEED 1(71
EKnee anthrosis 1(71
Mote: The value is shown as mean#sd (Tange) orn (o). D.-ig
Abbreviation: BMI bodv mass index; SMI, skeletal muscle index; GERD), Gastroesophageal reflux disease. 150
151
Table 2. Body composition and skeletal muscle index at the different time points. 152
tl t2 t3 td
body weight (kg) 11934 = 1186 10367 = 1489 97.25 = 10.87 9259 +89%
BEMI (kg/m?) 4296 +45 3731 x589 3472+58 3433 +462
basal metabolic rate _ _
(keal) 168529+ 17136 155824 + 186.76 1546 36 = 205.97 154714 + 248 98
Phase angle (%) 638+ 088 556093 53l+1.01 57126
TEW (kg) 44 39 + 7 58 4414 =764 44 57 £ 6.35 4309 +7.15
LEM (ke) 6338 +1034 6031 47 30 6089+ 893 5887 979
ECM (kg) 2955 +574 305+587 3152+445 2937 481
BCM (kg) 3383545 2981+ 590 2938 +6.55 2851 +783
Index (ECM/BCM) 088+013 1.04+019 1.11+025 1.06+0.36
BF (kg) 55.96 + 697 4336+ 899 36352779 3371x645
BF (%) 4702 £504 4170 +601 3728+620 3659 + 666
ShA (cmd) 146.73 # 2396 1278222471 124 22 £ 2376 116.42 £ 2937
SMI (cm/m?) 5265706 A5 67 £+ 662 4384+714 42 48 +7 86
153
EResults are presented as mean = standard deviation. t1 = before surgery, t2 = 6 weeks after surgery, t3 = 12 weeks after surgery, t3 = 24 weeks after surgery. BMI = body 154
mass index, TBW = total body water, LEM = lean body mass, ECM = extracellular mass, BCM = body cell mass, BF = body fat, SMA = skeletal muscde area, SMI = skeletal 155
muscle index. 158
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Table 3 & 4: END of the document.

4, Discussion

In the current study, we investigated the changes in the SMI measured on a single 1.3~ MRI laver as a direct indicator for the
skeletal muscle mass of obese patients undergoing a RYGE procedure compared to BIA. To our knowledge, the direct comparison of
those two methods is novel The SMI is rarely discussed in literature, concerning bariatric surgical patients, but it is widely recog-
nized as a direct parameter of the muscle mass status, because of the high accuracy and low susceptibility to external factors, in many
other fields of medicine [20]. BIA on the other side is an often-used tool, which is still not considered sufficiently reliable, because of

dependence on patient related and environmental factors, such as fasting and exercise status, previously to the measurement. Cur
resulis show a strong correlation between the SMI and the main parameters of the BIA (phase angle, LBM, BCM and the ECM/BCM -
Index), which indicates that both methods are comparable in terms of estimating the change in body composition after bariatric sur-
gery. These findings are in line with a publication of Walowski et al, considering that single computed tomography or MEI lavers and
appendicular lean soft tissue by DXA or BIA can be used as a valid substitute for total skeletal muscle mass. All diagnostics show a
high correlation concerning body composition with results from wheole body imaging in cross-sectional and longitudinal analyses
[22]. BIA is a very feasible and inexpensive method for determination of the body composition. The determination of SMI by MEIis a
very exact method in patients with mild obesity, but still MET is more expensive and more time consuming than BIA. Our results
clearly show, that BIA, performed under standardized setting, has a good applicability and precision as a direct, imaging measured
method as the SMI determination. Both methods, BIA and MRI, can be used for the estimation of body composﬂmn and presence of

significantly, bu.t not with the percent decrease after the Pmcedu.re. These findings are in prmmp]e in line to our results, even though
only one CT- scan after 6 months was performed postoperatively [28].

The reduction of SMI as well as BCM, LBEM and phase angle in the first six months after RYGE, detected in our study, is in line
with the findings of Alba et al. The authors also describe a significant decline of total LBM and absolute muscle strength, along with
weight loss and fat mass reduction during T.he ﬁrst Vear a.['ter R‘i’GB [-1] Davidson et al. also demonstrated a decrease of SMI and fat

muscle mass were minimal during the further follow up of 4 vears [23] According to these results, LEM and ske]etal muscle mass
reduction occurs frequently after bariatric surgery and mainly during the first year after surgery. In the mean time, Alba et al. de-
scribed that even during the first vear after RYGB, the decline of the muscle mass does not necessarily lead to poor clinical status of
the patients. Their study showed a significant improvement in physical performance tasks despite a decrease of muscle mass. This
fact could be explained by changes in biomechanics, which simply make it easier for a person to move around after weight loss.
Nonetheless, maintaining more muscle mass or strength leads to greater functional improvements, and future research should ad-
dress a range of strategies to optimize postoperative physical performance [4].
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Two of our patients (11.8%) were sarcopenic according to the Prado- definition [21] before RYGB- procedure. Both patients were 192 { 2083 Deleted: { ]
still sarcopenic & months after surgery. At that time point 57% of the examined patients were sarcopenic. Similar findings were made 200 ---7
by a French group, detecting 32% obese patients with sarcopenia using SMI measured by MRI one year after laparoscopic sleeve 201 | 2083 Deleted: ) )
gastrectomy. However, before surgery, the SMI measurement showed only 8% of this cohort was in sarcopenic condition [24]. WL
The combination of low muscle mass and strength with obesity can further deteriorate the health status and physical perfor- E‘L‘:ﬂ?;,'ﬂ. ) { 2083 Deleted: B ]
mance of bariatric patients. 5till, to date, the exact clinical meaning of these findings remains unclear. Sarcopenia seems to occur 204 s X
frequently in combination with obesity and is deteriorated in the early phase after bariatric surgery, indicating a special need for 205\ [ 2083 Deleted: ]
detection prior to surgery and an intense follow-up during the postoperative period. Structured programs including an ongoing nu- 206 "[ 2083 Deleted: . Having sarco- ']
tritional counseling and even structured rehabilitation programs might be necessary fo prevent pafients from developing further 207,
sarcopenia and malnutrition.. Hansen et al. demonstrated the important role of physical activity and exercise intervention in order to 208 ) [ 2083 Deleted: promote a fur- v]
improve postoperative health benefits in terms of changes in body weight and fat mass, muscle mass and strength and physical fit- 209 .
ness [23]. In addition, such interventions lead to a better preservation of muscle strength, muscle mass, endurance capacity, and bone 210 { 2083 Deleted: Zamboni et .al_‘v]
mineral density as well as greater quality of life [26]. Previous BIA studies clearly explain the importance of the preoperative deter- 21T --- .
mination of body composition and muscle mass status among bariatric surgical patients, describing the predictive value of the phase 112 [ 2083 Deleted: The importancev]
angle (parameter of the BIA) on postoperative body composition and potential weight loss [5, 15]. 213
214
5. Conclusions 215
Sarcopenia is a major problem in patients with obesity and can deteriorate further after bariatric surgerv. Our data verifies the 216 { 2083 Deleted: In conclusion, o ]
accuracy of the BLA- parameters for muscle mass in comparison to the exact measurement of the SMI in single L3 laver of the abdo- 217
men. Both methods can detect the condition of sarcopenia in bariatric patients as an important factor for body compositionbeforeand 218 -
after surgerv.Patients should be screened for a reduction in muscle mass preoperatively as well as during long-term follow-up. Fur- 219 { 2083 Deleted: m‘]
ther, prospective trials are needed to investigate the exact clinical relevance of short-term and long-term sarcopenia after surgery. 23 [ P - ]
221
6. Limitations 222
Our study has some limitations, one of them being the relatively small numbea_:_c_uf_ participants a.ndﬂ1e _n_q.r_:r]l_:g_r_qf_ P_-a_t_i.l_?‘]_.‘l??_l?_ﬁ-_t_t:)_ B 223
follow-up during the end of the study. Still, we were able to provide sequential BLA and SMI by MEIL which allows us to give an 224 { 2083 Deleted: measurements uf]
overview of the development of body composition and muscle mass in the first months after RYGB. 225
228

Author Contributions: Conceptualization, G.V. and 5B.; methodology, GV, and MO software, CW,; validation, CW, GV, and C.G; formal 227
analysis, C.V., 5B. and C.G; investigation, G.V., M.O,; resources, CE., M.O,; data curation, G.V., CW. and 5.B.; writing — original draft preparation, 228
GV, 5B, writing—review and editing, G.V.,, 5E. and A F; visualization, CW.; supervision, GV, M.O.; project administration, M.O.. All authors 229
hawve read and agreed to the published version of the manuscript. 230

Funding: This research received no external funding 231

Copyright © 2022 pubrica. No part of this document may be published without permission of the author



!‘-.I

|

Institutional Review Board Statement: The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the
Medical Ethics Commission IT of the Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany (2009-3121-IvA).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

Feren A, Torheim LE, Lillegaard IT: Development of a nutrition knowledge questionnaire for obese adults. Food Nutr Res 2011, 55.

Kang JH, Le QA: Effectiveness of bariatric surgical procedures: A systematic review and network meta-analysis of randomized controlled trials. Medicine (Ealfirmore) 2017,
06(46):e8632.

Friedrich AE, Damms-Machado A, Meile T, Scheuing IV, Stingel K, Basrai M, Kuper MA, Kramer KM, Konigsrainer &, Bischoff SC: Laparoscopic sleeve gastrectomy compared
to a multidisciplinary weight loss program for obesity-—-effects on body composition and protein status. Obes Surg 2013, 23(12):1957-1965.

Alba DL, Wu L, Cawthon PM, Mulligan K, Lang T, Patel 5, King INJ, Carter [T, Rogers 5], Posselt AM, Stewart L, Shoback DM, Schafer AL: Changes in Lean Mass, Absolute
and Relative Muscle Strength, and Physical Performance After Gastric Eypass Surgery. [ Clin Erdocrinol Mefab 2019, 104(3):711-720.

Vassilev G, Hasenberg T, Erammer |, Kienle P, Eonellenfitsch U, Otto M: The Phase Angle of the Bioelectrical Impedance Analysis as Predictor of Post-Bariatric Weight Loss
Outcome. Obes Surg 2017, 27(3):665-669.

Ciangura C, Bouillot JL, Lloret-Linares C, Poitou C, Veyrie I, Basdevant A, Oppert IM: Dynamics of change in total and regional body composition after gastric bypass in
obese patients. Obesify (Silver Spring) 2010, 18(4):760-765.

Chaston TE, Dixon JB, O'Brien FE: Changes in fat-free mass during significant weight loss: a systematic review. Inf [ Obes (Lond) 2007, 31(5):743-750.

Hue O, Berrigan F, Simoneau M, Marcotte ], Marceau P, Marceau 5, Tremblay A, Teasdale N: Muscle force and force control after weight loss in obese and morbidly obese
men. Obes Surg 2008, 18(9):1112-1118.

Steele T, Cuthbertson D], Wilding JI': Impact of bariatric surgery on physical functioning in obese adults. Obes Rev 2015, 16(3):245-235.

Copyright © 2022 pubrica. No part of this document may be published without permission of the author



10

11

1%

13.

14.

15.

1e.

18

15

Madan AK, Kuykendall 5t, Orth W5, Temovits CA, Tichansky D5: Does laparoscopic gastric bypass result in a healthier body composition? An affirmative answer. Obes
Surg 2006, 16(4):465-468.

Otto M, Kautt 5, Eremer M, Kienle P, Post 5, Hasenberg T: Handgrip strength as a predictor for post bariatric body composition. Obes Surg 2014, 24(12):2082-2088.

Otto M, Farber |, Haneder 5, Michaely H, Kienle P, Hasenberg T: Postoperative changes in body composition--comparison of bioelectrical impedance analysis and magnetic
resonance imaging in bariatric patients. Obes Surg 2015, 25(2):302-309.

Shen W, Punyanitya M, Wang Z, Gallagher D, 5t-Onge MP, Albu |, Heymsfield SB, Heshka 5: Total body skeletal muscle and adipose tissue volumes: estimation from a
single abdominal cross-sectional image. [ Appl Physiol (1955) 2004, 97(6):2333-2338.

Mourtzakis M, Prado CM, Lieffers [R, Eeiman T, McCargar L], Baracos VE: A practical and precise approach to gquantification of body composition in cancer patients using
computed tomography images acquired during routine care. Appl Fhysiol Nutr Mefak 2008, 33(5):957-1006.

Gerken ALH, Rohr-Erautle KE, Weiss C, Seviried 5, Reissfelder C, Vassilev G, Otto M: Handgrip Strength and Phase Angle Predict Outcome After Bariatric Surgery. Obes
Surg 2021, 31{1):200-206.

Lieffers JR, Bathe OF, Fassbender K, Winget M, Baracos VE: Sarcopenia is associated with postoperative infection and delayed recovery from colorectal cancer resection
surgery. Br [ Cancer 2012, 107(6):931-936.

Martin L, Birdsell L, Macdonald I, Reiman T, Clandinin MT, McCargar L], Murphy R, Ghosh 5, Sawyer MEB, Baracos VE: Cancer cachexia in the age of obesity: skeletal muscle
depletion is a powerful prognostic factor, independent of body mass index. [ Clin Oncel 2013, 31(12):1539-1547.

Cruz-Tentoft AJ, Basyens JP, Bauer M, Boirie ¥, Cederholm T, Landi F, Martin FC, Michel JP, Eolland Y, Schneider SM, Topinkova E, Vandewoude M, Zambeoni M, European
Working Group on Sarcopenia in Older I*: Sarcopenia: European consensus on definition and diagnoesis: Report of the European Working Group on Sarcopenia in Older
People. Age Ageing 2010, 39(4):412-423

Eeisinger KW, van Vugt JL, Tegels J], Snijders C, Hulsewe KW, Hoofwijk AG, Stoot TH, Von Meyenfeldt MF, Beets GL, Derikx [T, Poeze M: Functional compromise reflected
by sarcopenia, frailty, and nutritional depletion predicts adverse postoperative outcome after colorectal cancer surgery. Ann Surg 2015, 261(2):345-352.

Galata C, Hodapp |, Weiss C, Karampinis I, Vassilev G, Reissfelder C, Otto M: Skeletal Muscle Mass Index Predicts Postoperative Complications in Intestinal Surgery for
Crohn's Disease. [FEN | Parenter Enteral Nutr 2020, 44(4):714-721.

Prade CM, Cushen 5], Orsso CE, Eyan AM: Sarcopenia and cachexia in the era of obesity: clinical and nutritional impact. Froc Nu#r Soc 2016, 75(2):188-195.

Walowskd CO, Braun W, Maisch M|, Jensen B, Peine 5 Norman K, Muller M], Bosy-Westphal A: Reference Values for Skeletal Muscle Mass - Current Concepts and
Methodological Considerations. INufrients 2020, 12(3).

Davidson LE, Yu W, Goodpaster BH, Delany JP, Widen E, Lemes T, Strain GW, Pomp A, Courcoulas AF, Lin 5, Janmmala I, Thomnton JC, Gallagher D: Fat-Free Mass and
Skeletal Muscle Mass Five Years After Bariatric Surgery. Obesity (Silver Spring) 2018, 26(7:1130-1136.

Voican C5, Lebrun A, Maitre 5, Lainas P, Lamouri K, Njike-WNakseu M, Gaillard M, Tranchart H, Balian A, Dagher I, Perlemuter G, Naveau 5: Predictive score of sarcopenia
occurrence one year after bariatric surgery in severely obese patients. PLoS One 2018, 13{5):e0197248.

Copyright © 2022 pubrica. No part of this document may be published without permission of the author



26

27,

28

Hansen D, Decroix L, Deves Y, Nocca D, Comelissen V, Dillemans B, Lanmoo M: Towards Optimized Care After Bariatric Surgery by Physical Activity and Exercise
Intervention: a Review. Obes Surg 2020, 30{3):1118-1125.

Livhits M, Mercado C, Yermilay I, Parikh JA, Dutsen E, Mehran A, Ko CY, Gibbons MM: Exercise following bariatric surgery: systematic review. Qbes Swrg 2010, 2005):
B57-6E5.

Zamboni, M, Mazzali. G, Fantin. F et al. Sarcopenic obesity: a new category of obesity in the elderly. Nutr Metgh Cardiovase Dis (2008) 18, 355-395.

Lee JE, Park Y5, Kim K, Oh T, Chang W. Comparison of Bicelectrical Impedance Analysis and Computed Tomography on Body Composition changes including Viscer-
2l Fat after Bariatric Surgery in Asian Patients with Qbesity, Obes. Surg. 2021, 32 (10): 4243-50

Copyright © 2022 pubrica. No part of this document may be published without permission of the author

327

328
329
330
331
332
333
334
335
338
337

338
339

340
341
342
343
344
345
344
347



349
Table 3. Comparison of BLA parameters betwean the different time points. 350
351
t  bod basal  pose TBW LBM ECM  BCM BF (k)  BF (%) SMI
'Y BMI  metabolic * ECM/ SMA
weight angle
rate (kcal) BCM

1vs2 <0.0001 <0.0001 =<=0.0001 00007 0.0002 00002 0.6115 <0.0001 00075 <0.0001 0.0002 <0.0001 <0.0001

1vs3 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 0.565%3 <0.0001 00013 <0.0001 <0.0001 <0.0001 <0.0001

1vs4 <0.0001 <0.0001 <=0.0001 0.0052 <0.0001 <0.0001 0.9572 00001 00079 <0.0001 <0.0001 <0.0001 <0.0001

2vs3 00032 00045 0Q4B68 0.7336 07074 0.7025% 09535 0452 05751 00038 00074 05178 05735

2vs 4 <0.0001 <0.0001 OQ.056%9 059557 0.0054 0005 07076 00635 07784 00002 00015 00258 00415

Ivs4 01042 0076 0.5251 09863 00658 0.0626 0.6024 0.5838 1 0.3%65 07147 03509 0.3857
352
p-values for comparison between the respective time points. t1 =before surgery, t2 = & weeks after surgery, t3 = 12 weeks after surgery, t3 = 24 weeks after surgery. BMI = 353
body mass index, TBW = total body water, LEM = lean body mass, ECM = extracellular mass, BCM =body cell mass, BF = body fat, SMA = skeletal muscle area, SMI = 354
skeletal muscle index. 355
356
357
358
359
a0
361
382
3483
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Figure 1. Box plot for BMI for different time points 365
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Figure 2. Box plot for SMI for different time points 368
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Table 4. Correlation of SMI with BIA parameters.

basal
metaboli
body g c phase o 1BM  ECM  Bem EOM/BC oy (kg) BF (%) SMA
weight angle M
rate
(kcal)
1 024085 038667 038526 0022527 028819 028748 015098 03879 -024203 -00167 -0.18213 074816
2 042458 030951 066135 051569 0476 04753 018051 0.66573 -050681 01514 -0.14671 0.82661
3 027591 02205 065462 0.72809 040136 040183 -0.16068 0.66083 071336 -0.07564 -024256 0.79288
4 062821 0.18605 076101 071963 058433 058561 -0.05668 0.76404 -064093 -0.01619 -0.30592 0.87446

Pearson Correlation Coefficient r. t1 =before surgery, t2 = 6 weeks after surgery, t3 = 12 weeks after surgery, £3 = 24 weeks after surgery. EMI = body mass index, TBW =
total body water, LBM =lean body mass, ECM = extracellular mass, BCM = body cell mass, BF = body fat, SMA = skeletal muscle area, SMI = skeletal muscle index.
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