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Abstract 
 
Here, we report the clinical predictors for sarcopenia. Sarcopenia is a common condition in patients with cancer 
and is associated with treatment toxicity and poorer outcomes. However, there are limited data available on its 
differential clinical features in biliary tract cancer (BTC) patients with and without sarcopenia. Our primary 
analysis showed that decreased muscle mass was associated with shorter overall survival. This was a 
retrospective analysis of a prospective cohort of BTC patients who received chemotherapy between January 
2016 and December 2017. Factors associated with sarcopenia were examined using uni- and multivariate 
logistic regression. During the study period, a total of 71 participants, including 45 with sarcopenia (63%) and 
26 without sarcopenia (27%), were included. Four significant factors differed between those with and without 
sarcopenia including age (61.9 vs 55.3 years), the proportion of male patients (87% vs 65%), body mass index 
(20.6 vs 23.2 kg/m2), and skeletal muscle density (53.9 vs 59.2 HU). There were two independent predictors for 
sarcopenia in BTC patients: body mass index (BMI) and skeletal muscle density, with adjusted odds ratios (95% 
confidence interval) of 0.683 (0.530, 0.880) and 0.811 (0.700-0.944), respectively. Our study concludes that low 
body mass index and low skeletal muscle density on computed tomography (CT) imaging are suggestive of 
sarcopenia in biliary tract cancer patients.  
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1. Introduction 
 
Sarcopenia is a condition characterized by the depletion of lean body mass and impaired physical function 

[1-3]. It was originally used to describe muscle loss associated with the aging process [4,5]. In other conditions, 
such as malignancy, a decline in muscle mass can also occur regardless of age.  This latter form is termed 
secondary sarcopenia [2,3]. In recent years, there have been many studies demonstrating the detrimental impact 
of sarcopenia on cancer survival and treatment-related toxicity [6-10]. 

The standard methods of evaluating body composition and diagnosing sarcopenia are dual-energy X-ray 
absorptiometry (DXA), computed tomography (CT), and magnetic resonance imaging (MRI). CT imaging is a 
convenient, routinely used method of investigation for various cancers.  The cross-sectional area of skeletal 
muscle at the level of the third vertebra correlates well with total skeletal muscle, a finding that has been 
validated in several studies [1,3,11-13].  
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CT imaging can also be used to evaluate muscle quality by measuring skeletal muscle density ( SMD)  in 
Hounsfield units ( HUs) .  Lower values indicate more fat infiltration or myosteatosis, which may result in 
decreased physical function [14,15] and is associated with poor prognosis in several cancers [16-18]. 

Biliary tract cancer ( BTC)  is an aggressive tumor with a dismal prognosis.  Patients suffer from loss of 
appetite, obstructive jaundice, and abdominal pain, all of which lead to sarcopenia and eventually poor survival. 
Recent studies have reported low muscle mass as a factor related to poor prognosis in patients with biliary tract 
cancer [19-21]. 

This study investigated the differences in the clinical characteristics between BTC patients with and without 
sarcopenia in order to determine the clinical predictors for sarcopenia.  

 
2. Materials and methods 

 
2.1 Study design and patients 

 
This was a secondary analysis of a single-center, prospective study that included biliary tract cancer patients 

undergoing chemotherapy from January 2016 to September 2017.  Eligibility criteria, as reported previously 
[19], included age >18 years and having been diagnosed with either intra- or extrahepatic cholangiocarcinoma, 
gallbladder cancer, or ampullary carcinoma.  Patients also had to have received at least one cycle of 
chemotherapy. Patients were excluded if the baseline contrast-enhanced CT scan did not cover the L3 vertebrae 
before the start of chemotherapy.  

Baseline CT scans for tumor assessment were performed within 60 days before the initiation of 
chemotherapy and were used to evaluate body composition. Two radiologists (PT and PT), blinded to patient 
data, performed the measurement independently.  Skeletal muscle density ( SMD) , which signifies muscle 
quality, was measured using the average radiation attenuation Hounsfield unit (HU) of cross-sectional imaging 
of all skeletal muscles at the L3 landmark.  A lower HU indicated greater infiltration of fat.  Subcutaneous 
adipose tissue was measured and reported as thickness (cm) .  The interrater reliability was assessed, and the 
average intraclass correlation coefficient was 0.90 (0.84-0.94) with a 95% confidence interval. Sarcopenia was 
defined according to the Asian Working Groups for Sarcopenia (AWGS) criteria [1]. 

 
2.2 Statistical analysis 

 
Baseline and clinical characteristics of biliary tract cancer patients with and without sarcopenia were 

compared using descriptive statistics.  When appropriate, a Chi-square/ Fisher's exact test or a Student's t-
test/ Wilcoxon rank-sum test were used to compare the differences between the two groups in terms of 
proportions and numbers, respectively. The crude odds ratio (OR) for individual variables was calculated using 
univariate logistic regression analysis. Clinically significant variables and factors with p values of less than 0.20 
by univariate logistic regression analysis and were included in the multivariate logistic regression analysis. The 
results are presented as crude OR, adjusted OR, and 95% confidence intervals. The goodness of fit of the model 
was tested. The Pearson correlation coefficient was used to determine the level of correlation.  
 
3. Results 
 
3.1 Patients’ clinical characteristics 

 
There were 71 biliary tract cancer patients included in the study, 45 of whom had sarcopenia ( 63.3% ) . 

Baseline characteristics and body composition (as observed using CT and DXA) of patients with and without 
sarcopenia are shown in Tables 1-2. The sarcopenia group was significantly older (61.9 vs 55.3 years) and had a 
higher proportion of male patients (86.7%  vs 65.4% ). Tumor type and staging, neck and waist circumference, 
and handgrip strength were comparable between the two groups. Sarcopenia was associated with a lower mean 
BMI (20.6 vs 23.2). 

 
 
 
 
 
 
 
 
 
 



3 
 

Table 1 Comparison of sarcopenia and non-sarcopenia patient characteristics. 
Clinical factors Non-sarcopenia (n=26) sarcopenia (n=145) p-value 
Mean age, years (SD) 55.3 (8.2) 61.9 (8.3) <0.01* 
Male sex 17   (65.4) 39   (86.7)   0.03* 
Intrahepatic CCA 15   (57.7) 19   (42.2)   0.23 
Node positive 18   (69.2) 29   (64.4)   0.80 
Metastasis 15   (57.7) 32   (71.1)   0.25 
AJCC Stage      1.0 
  Stage 2/3   4   (15.4)    7  (15.6)  
  Stage 4 22   (84.6) 38   (84.4)  
Weight loss (%), median (IQR)   3.7  (1.4, 14.8) 14.0  (6.4, 22.5)   0.008* 
BMI, kg/m2 23.2  (3.5) 20.6   (3.1) <0.01* 
Neck circumference, cm 37.2  (4.3) 36.3   (3.6)   0.33 
Waist circumference, cm 86.5 (12.9) 83.6 (12.0)   0.76 
Handgrip strength, kg 18.2   (5.7) 17.9   (5.7)   0.62 
SD: standard deviation, CCA: cholangiocarcinoma, AJCC: American Joint Committee on Cancer, BMI: body mass index, 
*statistical significance 

The median SMD for the entire group was 56.1 HU (range: 36.0-71.2 HU). Appendicular skeletal mass and 
SMD were significantly lower in those with sarcopenia (16.0 vs 18.2 kg and 53.9 vs 59.2 HU, respectively) . 
Total fat mass and subcutaneous fat thickness were comparable between the two groups.  There was a weak 
correlation between SMD and ASMI, r=0.12, p=0.33 (Figure 1).  
 
Table 2 Distribution of body composition by CT scan and DXA. 
Body composition Non-sarcopenia (n=26) Sarcopenia (n=45) p-value 
Skeletal mass, kg    
   Upper extremity   4.7 (1)   4.3 (0.9)   0.04* 
   Lower extremity 13.5 (2.2) 11.8 (1.8) <0.01* 
   Appendicular muscle 18.2 (3.2) 16    (2.6) <0.01* 
   Total muscle 42.0 (5.9) 39.5 (5.2)   0.07 
ASMI, kg/m2   7.1 (0.9)   6.0 (0.7) <0.01* 
Skeletal muscle density, HU 59.2 (6.0) 53.9 (7.4) <0.01* 
Total fat, kg 14.5 (7.9) 11.9 (9.3)   0.13 
Subcutaneous fat thickness, cm 15.7 (8.1) 15.2 (7.4)   0.81 
SD: standard deviation, ASMI: Appendicular skeletal muscle index, HU: Hounsfield unit, *statistical significance.  

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1 The relationship between skeletal muscle density (SMD) and appendicular skeletal muscle index 
(ASMI) in biliary tract cancer patients. 
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There were two independent predictors for sarcopenia in biliary tract cancer patients according to 
multivariate regression analysis: BMI and SMD (Table 3), with odds ratios (95% confidence intervals) of 0.683 
(0.530, 0.880) and 0.811 (0.700-0.944), respectively.  

 
Table 3 Factors associated with sarcopenia according to univariable and multivariable analyses. 
Variables Unadjusted OR 95% CI Adjusted OR 95% CI 
Age (years) 1.103 1.032 - 1.180 1.071 0.981 - 1.169 
Male 3.441 1.058-11.195 3.222 0.639-16.247 
BMI (kg/m2)* 0.788 0.671 - 0.926 0.683 0.530 - 0.880 
Weight loss (kg) 1.126 1.022 - 1.241 1.061 0.939 - 1.200 
Metastasis 1.805 0.657 - 4.958 0.984 0.155 - 6.256 
Surgery 1.042 0.379 - 2.869 1.014 0.159 - 6.461 
Albumin (g/dL) 0.505 0.188 - 1.357 0.928 0.212 - 4.059 
SMD (HU)* 0.887 0.816 - 0.965 0.811 0.700 - 0.944 
OR: Odds ratio, BMI: body mass index, HU: Hounsfield unit 

4. Discussion 
 
In this study, we evaluated the clinical predictors of sarcopenia in biliary tract cancer. We found that skeletal 

muscle density (SMD) and body mass index (BMI) were two independent factors for sarcopenia among these 
patients.   

Low BMI was a significant predictor of sarcopenia, indicating low nutritional status, low muscle mass, and 
low physical function.  This is consistent with reports in both cancer patients and older adults without cancer 
[ 22-24] .  A recent study by Sugawara et al.  on esophageal cancer also showed that BMI was significantly 
correlated with fat mass, skeletal muscle mass, and skeletal muscle index [25]. Being underweight is not only 
indicative of low muscle mass but is also a significant prognostic factor for poor survival [21]. However, some 
reports have shown an association between sarcopenia and high BMI in older adults and sarcopenic obesity in 
cancer [26,27]. Since most of the patients in our cohort were under- or normal weight, no cases of sarcopenic 
obesity were observed.  

Skeletal muscle density reflects muscle quality and has been shown to be another predictor of both 
sarcopenia and survival [16-17,28-29]. By measuring muscle radiation attenuation, one can compare the degree 
of fat infiltration into skeletal muscle.  Although the mechanism underlying fat infiltration remains elusive, 
inflammation has been proposed in both cancer and non-cancer patients. In a study of nearly 2,500 colorectal 
cancer patients, pre-diagnosis neutrophil-lymphocyte ratio was significantly associated with sarcopenia and risk 
of death [30]. Moreover, in a study of advanced ovarian cancer patients, muscle area was significantly correlated 
with multiple inflammatory markers including IL-10 and Eotaxin [31]. 

We chose the L3 landmark for the cross-sectional image because it is the standard site for measuring skeletal 
muscle area, which signifies sarcopenia, and is usually covered in routing imaging for biliary tract cancer. 
Moreover, this landmark is used widely in the study of muscle attenuation in both cancer patients and healthy 
individuals.  

Unlike skeletal muscle area, SMD does not correspond to the total lean muscle in the body.  Since SMD 
represents muscle quality, it is not surprising that the correlation between SMD and appendicular skeletal 
muscle is weak. This is consistent with a report in breast cancer, which found that SMD has a weak correlation 
with skeletal muscle index [32]. Differences in timing of skeletal muscle evaluation after cancer diagnosis could 
lead to different results [22].  Hayashi et al. proposed that decreases in muscle density can be detected earlier 
than decreases in muscle mass [17].  

Advanced age is known to be an important risk factor for sarcopenia. There have been numerous reports of 
progressive loss of muscle mass in older adults, both with chronic disease and in the general population [23,27]. 
However, after adjusting for other factors, age was not significantly associated with sarcopenia in this cohort. 
This could be explained by the narrow range of age in our study.  The mean age was 59. 4 years, and the 
maximum was 77 years, with only nine patients over 70 years old.  This is likely because we included only 
patients who were eligible for chemotherapy, resulting the exclusion of many older patients.  

This model included only clinical symptoms/signs and albumin level with no other laboratory results. While 
this simple clinical model can be employed in oncological clinics with limited resources, further study with 
larger sample sizes and longitudinal prospective monitoring of muscle depletion throughout the chemotherapy 
course is warranted to truly understand quantitative/qualitative skeletal and muscle change in cancer patients.  
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5. Conclusion 
 
Low body mass index and low skeletal muscle density on CT scans of the L3 vertebra region were 

suggestive of sarcopenia in biliary tract cancer patients. 
 

6. Ethical approval 
 
All patients provided written informed consent, and the study was approved by the Khon Kaen University 

Faculty of Medicine Ethics Committee according to good clinical practice, the Declaration of Helsinki, and 
applicable regulations (Number HE581060). 

 
7. Conflict of interests 

 
The authors declare that they have no conflict of interest. 
 

8. References 
 
[1] Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al. Sarcopenia in Asia: consensus 

report of the Asian working group for sarcopenia. J Am Med Dir Assoc. 2014;15(2):95-101.  
[2] Jentoft CAJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European 

consensus on definition and diagnosis: report of the European working group on sarcopenia in older 
people. Age Ageing. 2010;39(4):412-423. 

[3] Jentoft CAJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. Sarcopenia: revised European 
consensus on definition and diagnosis. Age Ageing. 2019;48(4):601. 

[4] Cipolli CG, Yassuda SM, Aprahamian I. Sarcopenia is associated with cognitive impairment in older 
adults: a systematic review and meta-analysis. J Nutr Health Aging. 2019;23(6):525-531. 

[5] Yeung SSY, Reijnierse EM, Pham VK, Trappenburg MC, Lim WK, Meskers CGM et al. Sarcopenia and 
its association with falls and fractures in older adults: A systematic review and meta-analysis. J Cachexia 
Sarcopenia Muscle. 2019;10(3):485-500. 

[6] Chindapasirt J. Sarcopenia in cancer patients. Asian Pac J Cancer Prev. 2015;16(18):8075-8077.  
[7] Chung E, Lee HS, Cho ES, Park EJ, Baik SH, Lee KY et al. Prognostic significance of sarcopenia and 

skeletal muscle mass change during preoperative chemoradiotherapy in locally advanced rectal cancer. 
Clin Nutr. 2020;39(3):820-828.  

[8] Dolan RD, Almasaudi AS, Dieu LB, Horgan PG, McSorley ST, McMillan DC. The relationship between 
computed tomography-derived body composition, systemic inflammatory response, and survival in 
patients undergoing surgery for colorectal cancer. J Cachexia Sarcopenia Muscle. 2019;10(1):111-122. 

[9] Ganju RG, Morse R, Hoover A, Tennapel M, Lominska CE. The impact of sarcopenia on tolerance of 
radiation and outcome in patients with head and neck cancer receiving chemoradiation. Radiother Oncol. 
2019;137:117-124. 

[10] Kamarajah SK, Bundred J, Tan BHL. Body composition assessment and sarcopenia in patients with 
gastric cancer: a systematic review and meta-analysis. Gastric Cancer. 2019;22(1):10-22. 

[11] Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A practical and precise 
approach to quantification of body composition in cancer patients using computed tomography images 
acquired during routine care. Appl Physiol Nutr Metab. 2008;33(5):997-1006. 

[12] Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of sarcopenia in adults with solid 
tumours: a meta-analysis and systematic review. Eur J Cancer. 2016;57:58-67. 

[13] Zhang XM, Dou QL, Zeng Y, Yang Y, Cheng ASK, Zhang WW. Sarcopenia as a predictor of mortality 
in women with breast cancer: a meta-analysis and systematic review. BMC Cancer. 2020;20(1):172. 

[14] Aubrey J, Esfandiari N, Baracos VE, Buteau FA, Frenette J, Putman CT, et al. Measurement of skeletal 
muscle radiation attenuation and basis of its biological variation. Acta Physiol (Oxf). 2014;210(3):489-
497.  

[15] Miljkovic I, Zmuda JM. Epidemiology of myosteatosis. Curr Opin Clin Nutr Metab Care. 
2010;13(3):260-264.  

[16] Antoun S, Lanoy E, Iacovelli R, Sauvin AL, Loriot Y, Taoufik MM, et al. Skeletal muscle density 
predicts prognosis in patients with metastatic renal cell carcinoma treated with targeted therapies. Cancer. 
2013;119(18):3377-3384.  

[17] Hayashi N, Ando Y, Gyawali B, Shimokata T, Maeda O, Fukaya M, et al. Low skeletal muscle density is 
associated with poor survival in patients who receive chemotherapy for metastatic gastric cancer. Oncol 
Rep. 2016;35(3):1727-1731. 



6 
 

[18] Xiao J, Caan BJ, Feliciano CEM, Meyerhardt JA, Kroenke CH, Baracos VE, et al. The association of 
medical and demographic characteristics with sarcopenia and low muscle radiodensity in patients with 
nonmetastatic colorectal cancer. Am J Clin Nutr. 2019;109(3):615-625.  

[19] Limpawattana P, Theerakulpisut D, Wirasorn K, Sookprasert A, Khuntikeo N, Chindaprasirt J. The 
impact of skeletal muscle mass on survival outcome in biliary tract cancer patients. PLoS One. 
2018;13(10): e0204985. PMID: 30303998. 

[20] Yoon SB, Choi MH, Song M, Lee JH, Lee IS, Lee MA, et al. Impact of preoperative body compositions 
on survival following resection of biliary tract cancer. J Cachexia Sarcopenia Muscle. 2019;10(4):794-
802. 

[21] Lee BM, Cho Y, Kim JW, Jeung HC, Lee IJ. Prognostic significance of sarcopenia in advanced biliary 
tract cancer patients. Front Oncol. 2020;10:1581. 

[22] Kang J, Lee SH, Son JH, Lee JW, Choi YH, Choi JH, et al. Body mass index and weight change during 
initial period of chemotherapy affect survival outcome in advanced biliary tract cancer patients. PLoS 
One. 2018;13(4):e0195118. PMID: 29608578. 

[23] Limpawattana P, Inthasuwan P, Putraveephong S, Boonsawat W, Theerakulpisut D, Sawanyawisuth K. 
Sarcopenia in chronic obstructive pulmonary disease: a study of prevalence and associated factors in the 
Southeast Asian population. Chron Respir Dis. 2018;15(3):250-257.  

[24] Nasimi N, Dabbaghmanesh MH, Sohrabi Z. Nutritional status and body fat mass: determinants of 
sarcopenia in community-dwelling older adults. Exp Gerontol. 2019;122:67-73. 

[25] Sugawara K, Yamashita H, Okumura Y, Yagi K, Yoshimura S, Kawasaki K, et al. Relationships among 
body composition, muscle strength, and sarcopenia in esophageal squamous cell carcinoma patients. 
Support Care Cancer. 2020;28(6):2797-2803. 

[26] Carneiro IP, Mazurak VC, Prado CM. Clinical implications of sarcopenic obesity in cancer. Curr Oncol 
Rep. 2016;18(10):62. 

[27] Pongchaiyakul C, Limpawattana P, Kotruchin P, Rajatanavin R. Prevalence of sarcopenia and associated 
factors among Thai population. J Bone Miner Metab. 2013;31(3):346-350. 

[28] Caan BJ, Feliciano CEM, Prado CM, Alexeeff S, Kroenke CH, Bradshaw P, et al. Association of muscle 
and adiposity measured by computed tomography with survival in patients with nonmetastatic breast 
cancer. JAMA Oncol. 2018;4(6):798-804. 

[29] Kroenke CH, Prado CM, Meyerhardt JA, Weltzien EK, Xiao J, Feliciano CEM, et al. Muscle 
radiodensity and mortality in patients with colorectal cancer. Cancer. 2018;124(14):3008-3015. 

[30] Feliciano EMC, Kroenke CH, Meyerhardt JA, Prado CM, Bradshaw PT, Kwan ML, et al. Association of 
systemic inflammation and sarcopenia with survival in nonmetastatic colorectal cancer: results from the 
C scans study. Jama Oncol. 2017;3(12):e172319. PMID: 28796857. 

[31] Aust S, Knogler T, Pils D, Obermayr E, Reinthaller A, Zahn L, et al. Skeletal muscle depletion and 
markers for cancer cachexia are strong prognostic factors in epithelial ovarian cancer. PLoS One. 
2015;10(10):e0140403. PMID: 26457674. 

[32] Weinberg MS, Shachar SS, Muss HB, Deal AM, Popuri K, Yu H, et al. Beyond sarcopenia: 
characterization and integration of skeletal muscle quantity and radiodensity in a curable breast cancer 
population. Breast J. 2018;24(3):278-284. 

 


