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Objectives: Sarcopenia is an important predictor of dependence in activities of daily living (ADL disability); however, the association between muscle quality and ADL disability has not been established. We aimed (1) to assess the feasibility of measuring trunk muscle mass and muscle quality by chest CT images; and (2) to explore the possible associations of ADL disability with these muscle mass and muscle quality indicators among older inpatients.

Methods: We included older patients in an acute care ward. ADL disability was defined as the Barthel Index (BI) score ≤ 60 points. Unenhanced chest CT images at the 12th thorax (T12) vertebral level were used to segment skeletal muscle area (SMA) and intermuscular adipose tissue (IMAT) and to measure the mean skeletal muscle radiodensity (SMD). Skeletal muscle index (SMI), the muscle mass indicator, was calculated by SMA (cm2)/body height squared (m2). The percentage of IMAT (IMAT%) was calculated using the equation: IMAT% = IMAT/(SMA+ IMAT) ×100%. Skeletal muscle radiodensity, IMAT, and IMAT% were the muscle quality indicators. Kendall's tau rank correlation coefficients (τ) were calculated to explore the correlations. Univariate and multivariate logistic regression models were performed to calculate odds ratios (OR) and 95% confidence interval (CI).

Results: We included 212 participants. Skeletal muscle index and SMD were positively and significantly associated with the BI score (τ = 0.14 and 0.31, respectively, both P < 0.001); whereas IMAT and IMAT% were negatively and significantly associated with the BI score (τ = −0.21, P < 0.001; τ = −0.21, P < 0.012). After adjusting for confounders, SMI (adjusted OR 1.03, 95% CI 0.97–1.09) was not independently associated with ADL disability; however, SMD (adjusted OR 0.94, 95% CI 0.88–0.99), IMAT (adjusted OR 1.11, 95% CI 1.03–1.20), and IMAT% (adjusted OR 1.09, 95% CI 1.02–1.16) were independently associated with ADL disability. Subgroup analysis found similar results in men; however, none of these indicators were independently associated with ADL disability in women.

Conclusion: Trunk muscle quality indicators (SMD, IMAT, and IMAT%) measured by chest CT images, but not SMI, are independently associated with ADL disability in a single-center study population of older inpatients, especially in men. Further research is necessary to validate our findings.
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INTRODUCTION

Activities of daily livings (ADLs) are the basic tasks a person must perform to maintain their independence at home. Having difficulty performing ADLs, which is called ADL disability, is associated with an increased risk of morbidity and mortality (1). The prevalence of ADL disability increases with aging and has been reported highly prevalent in older adults, especially in older inpatients (2–4). Activities of daily living disability has become a public health issue in the aging world (5).

Skeletal muscle mass is essential for maintaining physical function and performing ADL (6). Sarcopenia, the loss of muscle mass and muscle function, has been associated with ADL disability (2). Recently, an updated version of the European Working Group on Sarcopenia in Older People (EWGSOP2) (7), the most widely used sarcopenia guideline (8), highlighted that muscle quality was as critically important as muscle mass. Muscle quality refers to “micro- and macroscopic changes in muscle architecture and composition” (9). The EWGSOP2 recommended highly-sensitive imaging tools, such as computed tomography (CT), to assess muscle quality, by measuring intermuscular adipose tissue (IMAT) and skeletal muscle radiodensity (SMD), indicating intramuscular adipose tissue (IntraMAT) (8).

Two recent studies reported that IntraMAT in quadriceps was strongly associated with ADL disability and the incidence of ADL disability in older inpatients (10, 11). However, both studies measured IntraMAT by ultrasound, which is not the “gold” method for measuring muscle quality. In contrast, IMAT measured by CT was not significantly associated with mobility disability and the risk of decline in gait speed in community-dwelling older adults (12). Moreover, most previous studies used abdominal or thigh CT images to assess muscle mass and muscle quality (13). In clinical practice, chest CT scans are far more common than abdominal imaging or thigh imaging, especially among hospitalized patients. Moreover, ADL disability is prevalent among older inpatients and correlates with poor health and financial outcomes among this population (14). Therefore, we aimed (1) to assess the feasibility of measuring trunk muscle mass and muscle quality by chest CT images; and (2) to explore the possible associations of ADL disability with these muscle mass and muscle quality indicators among older inpatients.



METHODS


Study Design and Participants

We conducted a cross-sectional study from January 2018 to December 2020. We consecutively invited older patients (aged 65 years and over) who were referred to the Center of Gerontology and Geriatrics, West China Hospital, to participate in this study. We excluded patients with any of the following conditions: (1) acute stroke; (2) New York Heart Association Classification Class IV heart failure; (3) severe respiratory failure (hypoxia with a PaO2/FiO2 ratio less than 300 mmHg) (15); (4) medical history of dementia, delirium, depression, anxiety, or hemodialysis; (5) trauma, surgery, or bone fracture within 3 months prior to enrollment; (6) refusal to sign the consent; (7) terminal diseases; (8) without chest CT images within 48 h after admission; (9) low-quality CT images or any anatomical distortion (e.g., chest wall edema or pleural effusion) or loss of any muscle mass area on CT images. All participants signed the informed consent form prior to participation. The study protocol was approved by the Biomedical Ethics Committee of West China Hospital, Sichuan University.



ADL Measurement

We applied the Barthel Index (BI) (16), a classic self-reported questionnaire, to assess ADL for each participant. The BI includes 10 items: bathing, toilet action, bowel continence, bladder continence, dressing, feeding, grooming, walking on a surface, going up and downstairs, and moving from a chair to a bed and from a bed to a chair. The BI score ranges from 0 points (total dependence) to 100 points (complete independence). The lower the BI score, the worse the ability to perform ADL tasks (16). As previously reported (16, 17), we defined ADL disability as the BI score ≤ 60 points.



Measurements of Muscle Mass and Muscle Quality Indicators

Each participant received chest CT scans within 48 h after admission for acute respiratory infection, chest pain, or other reasons. The CT scans were performed using a 16-slice spiral CT scanner (Brilliance; Philips Healthcare, Ohio, USA) with a 5-mm slice thickness. In this study, we applied a dedicated segmentation software (Mimics version 21.0; Materialise, Leuven, Belgium) to analyze unenhanced cross-sectional CT images at the 12th thorax (T12) vertebral level.

Using a single CT image, skeletal muscle area (SMA) was segmented according to muscle tissue thresholds [−29 to 150 Hounsfield unit (HU)] (18). The HU scale reflects the density of tissue on a CT scan (19). In this study, SMA includes all skeletal muscle visible at the T12 vertebral level (i.e., erector spinae, latissimus dorsi, rectus abdominis, obliquus externus, internus abdominis, and internal and external intercostal muscles). According to previous studies (20, 21), we calculated skeletal muscle index (SMI) using the following equation: SMI = SMA (cm2)/body height squared (m2) to adjust for the impact of body size. A higher SMI indicates more skeletal muscle.

For muscle quality evaluation, we applied Mimics software to calculate the mean SMD of all skeletal muscles at the T12 vertebral level. In cases of lower SMD, there will be a larger percentage of IntraMAT (22), indicating the lower quality of skeletal muscle (23). Moreover, IMAT was assessed by identifying visible adipose tissue within muscle fascia at the T12 vertebral level according to fat tissue thresholds (−30 to−190 HU) (24, 25). Higher IMAT indicates poorer muscle quality. The percentage of IMAT (IMAT%) was calculated using the equation: IMAT% = IMAT (cm2)/(SMA (cm2) + IMAT (cm2)) ×100% (26).



Measurements of Covariates

Trained staff assessed the nutrition status of the participants within 48 h after admission using the mini nutritional assessment short form (MNA-SF), a validated screening tool for identifying malnutrition in older adults (27). The score of MNA-SF ranges from 0 (best) to 14 points (worst). Moreover, the following information was obtained from the Hospital Information System: age, sex, body weight, height, body mass index, comorbidities (hypertension, cardiovascular disease, any type of cancer, diabetes, chronic obstructive pulmonary disease, chronic kidney disease, acute infection), albumin, and hemoglobin.



Statistical Analysis

The statistical analyses were performed in R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria) and SPSS software 26.0 (IBM SPSS Inc., New York, US). A p-value <0.05 indicates statistical significance. The distribution of continuous data was evaluated using the Shapiro-Wilk test. Continuous data are presented as mean and standard deviation or median and interquartile range where appropriate. Categorical data are presented as numbers and percentages. Group differences were compared using independent samples t-test, Mann-Whitney U-test, or Chi-squared test. Kendall's tau rank correlation coefficients (τ) were calculated to explore the correlations of age, BMI, MNA-SF score, BI score, albumin, and hemoglobin with SMI, SMD, IMAT, and IMAT%. The correlation coefficients are considered as high, moderate, or low when τ is >0.5, 0.3–0.5, or <0.3, respectively (22). Univariate logistic regression was performed to explore the association of different variables with ADL disability. Multivariate logistic regression analysis was performed to assess the association of SMI, SMD, IMAT, and IMAT% with ADL disability with adjustment for age, sex, cardiovascular disease, diabetes, MNA-SF score, and albumin. The results of the logistic regression models are presented as odds ratios (ORs) with 95% confidence intervals (CIs). Based on the significant differences regarding SMI, SMD, IMAT, and IMAT% between men and women found in data exploration using independent samples t-tests and Mann-Whitney U-tests, the main results were further stratified by sex.




RESULTS


Patient Characteristics

Initially, 221 subjects were enrolled, but nine patients were excluded because we were unable to segment their CT images due to chest wall edema (n = 2), pleural effusion (n = 6), or loss of muscle mass on the CT image (n = 1). Thus, we successfully measured muscle mass and muscle quality indicators in 96% (212/221) participants.

We finally included 212 older inpatients (162 men and 50 women) in the analysis. The characteristics of the participants are presented in Table 1. Men were significantly older than women (median: 85.0 and 81.0 years of age, respectively, P = 0.001). Not surprisingly, men had more skeletal muscle than women (mean SMI: 27.9 and 23.5 cm2/m2, respectively, P < 0.001). However, there was no significant difference between men and women regarding skeletal muscle quality indicators (i.e., SMD, IMAT, and IMAT%). Supplementary Table 1 shows the characteristics of the participants according to ADL disability. Patients with ADL disability were significantly older than those without (median: 87.0 and 82.0 years of age, respectively, p < 0.001). Moreover, patients with ADL disability were at higher risk of malnutrition than those without (median MNA-SF score: 7.0 vs. 10.0 points, P < 0.001; mean serum albumin: 34.9 vs. 38.7 g/L; P < 0.001).


Table 1. Characteristics of the study population (n = 212).
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Associations of Muscle Mass and Muscle Quality Indicates With Age and BI Score

Figure 1 shows the correlation coefficients of SMI, SMD, IMAT, and IMAT% with other variables. SMI was positively and significantly associated with the BI score (τ = 0.14, P < 0.001), but negatively and significantly associated with age (τ = −0.17, P < 0.001). Similarly, SMD was positively and significantly associated with the BI score (τ = 0.31, P < 0.001), but negatively and significantly associated with age (τ = −0.17, P < 0.001). In contrast, IMAT was negatively and significantly associated with the BI score (τ = −0.21, P < 0.001), but positively and significantly associated with age (τ = 0.20, P = 0.001). IMAT% was also negatively and significantly associated with the BI score (τ = −0.21, P = 0.012), but positively and significantly associated with age (τ = 0.20, P = 0.011).


[image: Figure 1]
FIGURE 1. The correlation coefficients of SMI, SMD, IMAT, and IMAT% with other variables. BMI, body mass index; IMAT, intermuscular adipose tissue; IMAT%, percentage of intermuscular adipose tissue; MNA-SF, mini nutritional assessment short form; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index.




Associations of Muscle Mass and Muscle Quality Indicates With ADL Disability

Figure 2 shows the violin plot and boxplot of SMI, SMD, IMAT, and IMAT% between patients with or without ADL disability. In both men and women, patients with ADL disability appeared to have higher SMI (indicating more muscle mass) than those without ADL disability but the group differences were not statistically significant (Figure 2A). Compared with their counterparts, men with ADL disability had significantly lower SMD but significantly higher IMAT and IMAT% (Figures 2B–D, all p < 0.001). Among women, there was no significant difference between groups regarding SMD, IMAT, and IMAT% (Figures 2B–D). Typical CT images of patients with or without ADL disability are shown in Supplementary Figure 1.
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FIGURE 2. The violin plot and boxplot of SMI (A), SMD (B), IMAT (C), and IMAT% (D) between patients with or without ADL disability. ADL, activities of daily living; HU, Hounsfield unit; IMAT, intermuscular adipose tissue; IMAT%, percentage of intermuscular adipose tissue; NS, not significant; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index. ***indicates P < 0.001.


Table 2 shows the univariate logistic analyses to explore the association between ADL disability and different variables. As shown in Table 2, SMI was not associated with ADL disability (OR 0.97, 95% CI 0.93–1.01); however, muscle quality indicators were significantly associated with ADL disability (SMD: OR 0.91, 95% CI 0.87–0.96; IMAT: OR 1.08, 95% CI 1.02–1.15; and IMAT%: OR 1.05, 95% CI 1.01–1.10). Subgroup analyses indicated that SMI was not associated with ADL disability in both men and women (Table 2). Muscle quality indicators (SMD, IMAT, and IMAT%) were significantly associated with ADL disability in men but not in women (Table 2).


Table 2. Univariate logistic analyses to explore the association between ADL disability and different variables.
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Table 3 shows the multivariate logistic analyses to explore the association of ADL disability with skeletal muscle mass and muscle quality indicators. After adjustment for potential confounders, SMI (adjusted OR 1.03, 95% CI 0.97–1.09) was not independently associated with ADL disability; however, SMD (adjusted OR 0.94, 95% CI 0.88–0.99), IMAT (adjusted OR 1.11, 95% CI 1.03–1.20), and IMAT% (adjusted OR 1.09, 95% CI 1.02–1.16) were independently associated with ADL disability. Subgroup analysis found similar results in men; however, none of these indicators were independently associated with ADL disability in women (Table 3).


Table 3. Multivariate logistic analyses to explore the association of ADL disability with skeletal muscle mass and muscle quality indicators measured by chest CT image*.
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DISCUSSION

Our study was the first to explore the associations of ADL disability with trunk muscle mass indicator (SMI) and muscle quality indicators (SMD, IMAT, and IMAT%) that were measured by opportunistic chest CT images among older patients in an acute care ward. We found that increased fat infiltration in trunk muscles at the T12 vertebral level was independently associated with ADL disability, especially in men. However, trunk muscle mass at the T12 vertebral level was not associated with ADL disability in either men or women.

Our study indicates that it is feasible to segment chest CT images to assess muscle mass and quality. We successfully extracted the relevant data from 96% CT images. Computed Tomography image analysis requires specialized software and trained personnel. In this study, we applied Mimics software, which has been successfully applied in other populations (28). In a previous study, segmentation software programs (FatSeg, OsiriX, ImageJ, and sliceOmatic) showed excellent agreement in measuring muscle mass indicators (29). However, the comparison of Mimics with other software programs that measure muscle mass and quality indicators needs to be further explored.

Only two previous studies addressed the associations of muscle mass and muscle quality with ADL in older inpatients (10, 11). Based on a cross-sectional study with 371 older inpatients, Akazawa et al. (11) reported that increased IntraMAT of the quadriceps was more strongly associated with declines in ADL than the loss of muscle mass. Most recently, the same team conducted a prospective cohort study with 404 older inpatients, and they found that increased IntraMAT of the quadriceps at admission was more strongly associated with worse recovery of ADL than the loss of muscle mass (10). Notably, both studies used ultrasound to measure muscle thickness and measured echo intensity as the surrogates of muscle mass and IntraMAT, respectively. Our results were in line with their findings, but we used chest CT images to assess muscle mass and muscle quality. Computed Tomography is one of the “gold” methods to measure muscle mass and fat infiltration in muscle, and it is supposed to be better than ultrasound in this field.

Unlike the two previous studies (10, 11), we measured trunk muscles at the T12 vertebral level instead of thigh muscles. Research on the relationship of muscle composition with physical function has focused primarily on the thigh muscle area (30). However, there was evidence that attenuation of trunk muscles (i.e., decreased SMD) explains a greater proportion of variance in lower extremity physical function than an attenuation of thigh muscles, highlighting the importance of trunk muscles for physical performance (31). These findings emphasized the importance of trunk muscle quality in physical function and ADL in older adults, implying that improving trunk muscle quality might improve functional status in older inpatients.

Sarcopenia has been proven as an important predictor of ADL among different study populations (2, 32–34). In these studies, sarcopenia was defined by the EWGOSP criteria, including both low muscle mass and decreased muscle function. However, there is controversy as to whether low muscle mass alone is associated with ADL impairments or not. For example, a recent meta-analysis included nine relevant studies and summarized that low muscle mass was positively associated with ADL disability in five of the nine studies. Our study indicated that although SMI was positively and significantly associated with the BI score, it was no longer independently associated with ADL disability after adjustment for confounders. Similarly, in a recent cross-sectional study conducted in 316 community-dwelling volunteers, Wang et al. (35) reported that SMD, but not low muscle mass, correlated well with handgrip strength and physical performance. Moreover, Perez-Sousa et al. (36) reported that gait speed, a surrogate of physical performance, mediated the association between low muscle mass and ADL disability in 19,705 community-dwelling older adults. These findings highlighted the crucial role of muscle function in the definition of sarcopenia when exploring sarcopenia's relationship to ADL.

Myosteatosis (i.e., excessive fat infiltration in muscle) is now considered a different disease from sarcopenia. Both low SMD and high IMAT indicate myosteatosis. However, in this study, we did not report the association between myosteatosis and ADL disability. This is because there is currently neither a well-established diagnosis modality nor diagnostic cutoffs of SMD or IMAT to define myosteatosis. For example, a recent systematic review found that 32 different cutoffs of SMD were used to define myosteatosis across 73 included studies (37). Additionally, previous studies regarding myosteatosis primarily focus on malignant diseases (55 out of 73 studies), liver diseases (seven studies), and cardiovascular diseases (five studies) (37). The prevalence of myosteatosis (either defined by increased IMAT or decreased SMD) was supposed to rise with advancing age; however, studies examining myosteatosis in older adults are relatively rare (38, 39). The opportunistic utility of chest CT images to diagnose myosteatosis may facilitate relevant studies in older populations.



LIMITATIONS

First, our study was of cross-sectional design. Thus, we could not determine the causal relationship of trunk muscle mass or muscle quality with ADL disability. Second, the sample size of our study was relatively small, especially for women. This might partly explain why the associations of SMI and IMAT with ADL disability were not statistically significant in women. Third, we did not assess some important confounders, such as depression and cognitive function. However, we excluded patients with medical records of dementia and depression. Fourth, this is a cross-sectional study conducted in a single center; therefore, the representation of our sample was limited. Fifth, we dichotomized the BI using the previously reported cutoff to define ADL disability, and statistical information might be lost in the process. Last, we did not test muscle strength and physical performance in this study, which are expected to be associated with both muscle mass and muscle quality.



CLINICAL IMPLICATIONS

The opportunistic utility of chest CT images has been increasing to identify other diseases, such as chronic obstructive pulmonary disease and osteoporosis (40, 41). Our study implies the potential value of opportunistic usage of chest CT images to assess loss of muscle mass (a key component of sarcopenia) and myosteatosis among older adults in both clinical practice and research. A recent systematic review demonstrated that most of the previous studies (66 out of 70) used abdominal CT to assess myosteatosis and only one study used chest CT (37). Nevertheless, chest CT is far more frequently used than abdominal CT in clinical practice and has been routinely used in health screening (13). Therefore, there would be a great opportunity to use chest CT images to analyze the quantity and quality of skeletal muscle in sarcopenia and myosteatosis research in the future.

Although muscle quality indicators were associated with ADL disability in our study population, they did not seem to be strong, and further study is necessary. Additionally, further research is needed to determine how these muscle quality indicators (and their combination with muscle function) correlate to diverse clinical outcomes (such as ADL disability and quality of life) among different populations.



CONCLUSION

Trunk muscle quality indicators (SMD, IMAT, and IMAT%) measured by chest CT images at the T12 vertebral level were independently associated with ADL disability in a single-center study population of older inpatients, especially in men. Despite the positive and significant association between the SMI and the BI score, the SMI was not independently associated with ADL disability after controlling for confounders. Our study supports the opportunistic utility of chest CT images for assessing muscle mass and muscle quality in older inpatients. More longitudinal studies with large sample sizes in different study populations are required to validate our findings and to determine the diagnostic cutoffs of SMI, SMD, IMAT, and IMAT% for defining low muscle mass and myosteatosis.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Biomedical Ethics Committee of West China Hospital, Sichuan University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MY: conception and design of study and statistical analysis. LT: imaging data analysis. XJ and MY: drafting the manuscript. All authors: acquisition, analysis, and interpretation of data and critical revision of the manuscript for important intellectual content.



FUNDING

This work was supported by the K&D Program of the Sichuan Science and Technology Department (Grant number: 2020YFS0573). The sponsors played no role in the design, methods, data collection, analysis, or preparation of this work.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.743698/full#supplementary-material



REFERENCES

 1. Millán-Calenti JC, Tubío J, Pita-Fernández S, González-Abraldes I, Lorenzo T, Fernández-Arruty T, et al. Prevalence of functional disability in activities of daily living (ADL), instrumental activities of daily living (IADL) and associated factors, as predictors of morbidity and mortality. Arch Gerontol Geriat. (2010) 50:306–10. doi: 10.1016/j.archger.2009.04.017

 2. Wang DXM, Yao J, Zirek Y, Reijnierse EM, Maier AB. Muscle mass, strength, and physical performance predicting activities of daily living: a meta-analysis. J Cachexia Sarcopenia Muscle. (2019) 11:3–25. doi: 10.1002/jcsm.12502

 3. Ankuda CK, Freedman VA, Covinsky KE, Kelley AS. Population-based screening for functional disability in older adults. Innov Aging. (2020) 5:igaa065. doi: 10.1093/geroni/igaa065

 4. Loyd C, Markland AD, Zhang Y, Fowler M, Harper S, Wright NC, et al. Prevalence of hospital-associated disability in older adults: a meta-analysis. J Am Med Dir Assoc. (2019) 21:455.e5–61.e5. doi: 10.1016/j.jamda.2019.09.015

 5. Chatterji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning, and disability in older adults—present status and future implications. Lancet. (2015) 385:563–75. doi: 10.1016/s0140-6736(14)61462-8

 6. Buford TW, Anton SD, Clark DJ, Higgins TJ, Cooke MB. Optimizing the benefits of exercise on physical function in older adults. PM R. (2014) 6:528–43. doi: 10.1016/j.pmrj.2013.11.009

 7. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. (2019) 48:16–31. doi: 10.1093/ageing/afz046

 8. Yang M, Tan L, Li W. Landscape of sarcopenia research (1989-2018): a bibliometric analysis. J Am Med Dir Assoc. (2020) 21:436–7. doi: 10.1016/j.jamda.2019.11.029

 9. McGregor RA, Cameron-Smith D, Poppitt SD. It is not just muscle mass: a review of muscle quality, composition and metabolism during ageing as determinants of muscle function and mobility in later life. Longev Heal. (2014) 3:9. doi: 10.1186/2046-2395-3-9

 10. Akazawa N, Kishi M, Hino T, Tsuji R, Tamura K, Hioka A, et al. Intramuscular adipose tissue in the quadriceps is more strongly related to recovery of activities of daily living than muscle mass in older inpatients. J Cachexia Sarcopenia Muscle. (2021) 12:891–9. doi: 10.1002/jcsm.12713

 11. Akazawa N, Kishi M, Hino T, Tsuji R, Tamura K, Moriyama H. Increased intramuscular adipose tissue of the quadriceps is more strongly related to declines in ADL than is loss of muscle mass in older inpatients. Clin Nutr. (2020) 40:1381–7. doi: 10.1016/j.clnu.2020.08.029

 12. Reinders I, Murphy RA, Koster A, Brouwer IA, Visser M, Garcia ME, et al. Muscle quality and muscle fat infiltration in relation to incident mobility disability and gait speed decline: the age, gene/environment susceptibility-Reykjavik study. J Gerontol A Biol Sci Med Sci. (2015) 70:1030–6. doi: 10.1093/gerona/glv016

 13. Amini B, Boyle SP, Boutin RD, Lenchik L. Approaches to assessment of muscle mass and myosteatosis on computed tomography: a systematic review. J Gerontol A Biol Sci Med Sci. (2019) 74:1671–8. doi: 10.1093/gerona/glz034

 14. Chen C, Lim JT, Chia NC, Wang L, Tysinger B, Zissimopoulos J, et al. The long-term impact of functional disability on hospitalization spending in Singapore. J Econ Ageing. (2019) 14:100193. doi: 10.1016/j.jeoa.2019.02.002

 15. Hemmila MR, Napolitano LM. Severe respiratory failure: advanced treatment options. Crit Care Med. (2006) 34(9 Suppl):S278–90. doi: 10.1097/01.Ccm.0000233788.96388.D8

 16. Mahoney FI, Barthel DW. Functional evaluation: the Barthel index. Md State Med J. (1965) 14:61–5. 

 17. Jia W, Wang S, Han K, Liu M, Yang S, Cao W, et al. Association of anemia with activities of daily living in Chinese female centenarians. J Nutr Heal Aging. (2020) 24:346–51. doi: 10.1007/s12603-020-1326-3

 18. Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE, et al. 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) 33:997–1006. doi: 10.1139/h08-075

 19. 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. (2014) 210:489–97. doi: 10.1111/apha.12224

 20. Kim EH, Kim KW, Shin Y, Lee J, Ko Y, Kim Y-J, et al. Reference data and t-scores of lumbar skeletal muscle area and its skeletal muscle indices measured by ct scan in a healthy korean population. J Gerontol A Biol Sci Med Sci. (2020) 76:265–71. doi: 10.1093/gerona/glaa065

 21. Montano-Loza AJ, Angulo P, Meza-Junco J, Prado CMM, Sawyer MB, Beaumont C, et al. Sarcopenic obesity and myosteatosis are associated with higher mortality in patients with cirrhosis. J Cachexia Sarcopenia Muscle. (2016) 7:126–35. doi: 10.1002/jcsm.12039

 22. Bhullar AS, Anoveros-Barrera A, Dunichand-Hoedl A, Martins K, Bigam D, Khadaroo RG, et al. Lipid is heterogeneously distributed in muscle and associates with low radiodensity in cancer patients. J Cachexia Sarcopenia Muscle. (2020) 11:735–47. doi: 10.1002/jcsm.12533

 23. 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) 10:111–22. doi: 10.1002/jcsm.12357

 24. Kim H-K, Kim KW, Kim EH, Lee MJ, Bae S-J, Ko Y, et al. Age-related changes in muscle quality and development of diagnostic cutoff points for myosteatosis in lumbar skeletal muscles measured by CT scan. Clin Nutr. (2021) 40:4022–8. doi: 10.1016/j.clnu.2021.04.017

 25. Lee MJ, Kim H-K, Kim EH, Bae SJ, Kim KW, Kim M-J, et al. Association between muscle quality measured by abdominal computed tomography and subclinical coronary atherosclerosis. Arterioscl Thromb Vasc Biol. (2020). 41:e128–40. doi: 10.1161/atvbaha.120.315054

 26. Souza NC, Gonzalez MC, Martucci RB, Rodrigues VD, de Pinho NB, de Leon AP, et al. Frailty is associated with myosteatosis in obese patients with colorectal cancer. Clin Nutr. (2019) 39:484–91. doi: 10.1016/j.clnu.2019.02.026

 27. Wang JY, Tsai AC. The short-form mini-nutritional assessment is as effective as the full-mini nutritional assessment in predicting follow-up 4-year mortality in elderly Taiwanese. J Nutr Health Aging. (2013) 17:594–8. doi: 10.1007/s12603-013-0048-1

 28. Lenchik L, Lenoir KM, Tan J, Boutin RD, Callahan KE, Kritchevsky SB, et al. Opportunistic measurement of skeletal muscle size and muscle attenuation on computed tomography predicts 1-year mortality in medicare patients. J Gerontol A Biol Sci Med Sci. (2018) 74:1063–9. doi: 10.1093/gerona/gly183

 29. Vugt JLv, Levolger S, Gharbharan A, Koek M, Niessen WJ, Burger JW, et al. A comparative study of software programmes for cross-sectional skeletal muscle and adipose tissue measurements on abdominal computed tomography scans of rectal cancer patients. J Cachexia Sarcopenia Muscle. (2017) 8:285–97. doi: 10.1002/jcsm.12158

 30. Hicks GE, Simonsick EM, Harris TB, Newman AB, Weiner DK, Nevitt MA, et al. Trunk muscle composition as a predictor of reduced functional capacity in the health, aging and body composition study: the moderating role of back pain. J Gerontol A Biol Sci Med Sci. (2005) 60:1420–4. doi: 10.1093/gerona/60.11.1420

 31. Hicks GE, Simonsick EM, Harris TB, Newman AB, Weiner DK, Nevitt MA, et al. Cross-sectional associations between trunk muscle composition, back pain, and physical function in the health, aging and body composition study. J Gerontol A Biol Sci Med Sci. (2005) 60:882–7. doi: 10.1093/gerona/60.7.882

 32. Matsushita T, Nishioka S, Taguchi S, Yamanouchi A. Sarcopenia as a predictor of activities of daily living capability in stroke patients undergoing rehabilitation. Geriatr Gerontol Int. (2019) 19:1124–8. doi: 10.1111/ggi.13780

 33. Hirani V, Blyth F, Naganathan V, Couteur DGL, Seibel MJ, Waite LM, et al. Sarcopenia is associated with incident disability, institutionalization, and mortality in community-dwelling older men: the concord health and ageing in men project. J Am Med Dir Assoc. (2015) 16:607–13. doi: 10.1016/j.jamda.2015.02.006

 34. Tanimoto Y, Watanabe M, Sun W, Tanimoto K, Shishikura K, Sugiura Y, et al. Association of sarcopenia with functional decline in community-dwelling elderly subjects in Japan. Geriatr Gerontol Int. (2013) 13:958–63. doi: 10.1111/ggi.12037

 35. Wang L, Yin L, Zhao Y, Su Y, Sun W, Chen S, et al. Muscle density, but not size, correlates well with muscle strength and physical performance. J Am Med Dir Assoc. (2020). doi: 10.1016/j.jamda.2020.06.052

 36. Perez-Sousa MA, Venegas-Sanabria LC, Chavarro-Carvajal DA, Cano-Gutierrez CA, Izquierdo M, Correa-Bautista JE, et al. Gait speed as a mediator of the effect of sarcopenia on dependency in activities of daily living. J Cachexia Sarcopenia Muscle. (2019) 10:1009–15. doi: 10.1002/jcsm.12444

 37. Ahn H, Kim DW, Ko Y, Ha J, Shin YB, Lee J, et al. Updated systematic review and meta-analysis on diagnostic issues and the prognostic impact of myosteatosis: a new paradigm beyond sarcopenia. Ageing Res Rev. (2021) 70:101398. doi: 10.1016/j.arr.2021.101398

 38. Miljkovic I, Kuipers AL, Cvejkus R, Bunker CH, Patrick AL, Gordon CL, et al. Myosteatosis increases with aging and is associated with incident diabetes in African ancestry men. Obesity. (2016) 24:476–82. doi: 10.1002/oby.21328

 39. Correa-de-Araujo R, Addison O, Miljkovic I, Goodpaster BH, Bergman BC, Clark RV, et al. Myosteatosis in the context of skeletal muscle function deficit: an interdisciplinary workshop at the national institute on aging. Front Physiol. (2020) 11:963. doi: 10.3389/fphys.2020.00963

 40. Mets OM, Buckens CF, Zanen P, Isgum I, van Ginneken B, Prokop M, et al. Identification of chronic obstructive pulmonary disease in lung cancer screening computed tomographic scans. JAMA. (2011) 306:1775–81. doi: 10.1001/jama.2011.1531

 41. Buckens CF, van der Graaf Y, Verkooijen HM, Mali WP, Isgum I, Mol CP, et al. Osteoporosis markers on low-dose lung cancer screening chest computed tomography scans predict all-cause mortality. Eur Radiol. (2015) 25:132–9. doi: 10.1007/s00330-014-3361-0

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Jing, Tan, Fu, Yang and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-743698-t003.jpg
Total (n = 212) Men (n = 162) Women (n = 50)

OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
SMI, em?/m? 1.03 (0.97-1.09) 0.320 1.08 (0.97-1.10) 0312 0.98 (0.83-1.15) 0976
SMD, HU 094(0.88-0.99) 0,035 089/(0.83-0.96) 0002 1.01(0.87-1.18) 0916
IMAT, o2 1.11 (1.08-1.20) 0,007 1.16 (1.05-1.26) 0003 1.14(0.85-1.53) 0.387
IMAT%, % 1.09 (1.02-1.16) 0.005 1.10(1.05-1.17) 0.001 1.07 (0.91-1.26) 0.412

Cl, confidence interval; HU, Hounsfield unit; IMAT, intermuscular adipose tissue; IMAT%, percentage of IMAT; MNA-SF, mini nutritional assessment short form; OR, odds ratio; SMA,
skeletal muscle area; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index.

*These indicators were included in the multivariate logistic models independently, which adjusted for age, cardiovascular disease, diabetes, MNA-SF score, and albumin. I the whole
sample, these multivariate logistic models further adjusted for sex.





OPS/images/fmed-08-743698-t001.jpg
Men Women  P-value
(=162  (n="50

Age, years® 850(11.3) 81.0(108 0001
Weight, kg 60.5(10.1) 550(12.1) 0001
Height, cm* 167.0(0.0) 156.0(90) <0001
Body mass index, kg/m? 238(39) 222(76) 0187
Gomorbidties (%)
Hypertension 77(475)  24(480) 0954
Gardiovascular disease 53(327)  15(300) 0719
Any type of cancer 53(827)  11(22.0) 0149
Diabetes 95(686)  36(720)  0.089
Chronic obstructive pulmonary disease 16 (9.9) 8(160) 0282
Chronic kidney disease 23(142) 11220 0189
Acute infection 68(420)  13(260) 0042
MNA-SF score* 90(0) 9060 0971
Barthel Index score” 850(50.0) 80.0(413) 0698
Hemoglobin, g/L* 1195(31.0) 1170(320) 0219
Albumin, g/L 36363  393(6.1) <0.001
Body composition based on CT image
SMI, cm?/m? 27.9(7.0) 235(6.3) <0.001
SMD, HU* 33409 31.6(105) 0244
IMAT, cm?’ 62(63) 5060 0648
IMAT%, %* 81(7.6)  9.4(103) 0050

Data presented as n (percentage) or mean (stendard deviation) if ot specified. IMAT,
intermuscular adipose tissue; IMAT%, percentage of IMAT; MNA-SF: mini nutritional
assessment short form; SMA, skeletal muscle area; SMD, skeletal muscle radiodensity,
SMI, skeletal muscle index.

“Data presented as median and interquartile range.





OPS/images/fmed-08-743698-t002.jpg
Age, years
Women
Body mass index, kg/m?
Comorbidiies
Hypertension
Cardiovascular disease
Any type of cancer
Diabetes
Chronic obstructive pulmonary disease
Ghronic kidney disease
Acute infection
MNA-SF score
Hemoglobin, g/L
Albumin, g/L
Body composition based on CT image
SMI, cm?/m?
SMD, HU
IMAT, cm?
IMAT%, %

Total (n = 212)

OR (95% Cl)

1,09 (1.05-1.14)
0.74 (0.37-1.48)
095 (0.88-1.03)

1.49 (0.84-2.65)
1.70 (0.98-3.10)
1.21(0.65-2.28)
1.71(0.98-8.14)
1,52 (0.64-3.63)
1.31(0.62-2.81)
1.46 (0.82-2.62)
0.72(0.65-0.81)
099 (0.98-1.00)
089 (0.84-0.94)

097 0.93-1.01)
091 (0.87-0.96)
1.08 (1.02-1.15)
1,05 (1.01-1.10)

P-value

<0.001
0.389
0.187

0.175
0.084
0.553
0.086
0.341
0.481
0.202
<0.001
0.202
<0.001

0.121
<0.001
0.009
0.026

Men (n = 162)

OR (95% Cl)

1.10 (1.05-1.16)

1.00 (091-1.10)

1.45 (0.76-2.78)
1.77 (0.90-3.48)
1.23 (0.62-2.44)
2.05 (1.03-4.07)
1,54 (0.54-4.39)
1.26 (051-3.12)
1.48 (0.77-2.84)
0.74 (0.65-0.84)
0.99 (0.98-1.01)
0.90 (0.84-0.96)

0.97 (0.92-1.01)
0.87 (0.81-0.92)
1.18 (1.05-1.22)
1.09 (1.03-1.16)

P-value

<0.001

0.945

0.264
0.101
0.555
0.040
0.419
0.620
0.243
<0.001
0.346
0.002

0.140
<0.001
0.001
0.005

Women (n = 50)
OR (95% Cl) P-value
1.07 (0.97-1.18) 0.158
086 (0.74-1.00) 0.051
167 (0.48-5.79) 0.422
1.44 (0.39-5.38) 0583
096 (0.21-4.27) 0951
0.96 (0.24-3.78) 0.955
1.69 (0.35-8.28) 0517
1.6 (0.40-6.88) 0.487
1.20(0.30-4.79) 0796
0.66 (0.50-0.86) 0.003
0.98 (0.95-1.01) 0.980
082 (0.71-0.96) 0013
0.94 (0.85-1.06) 0.269
1.06(0.96-1.18) 0.260
0.5 (0.84-1.09) 0.488
1.00(0.92-1.09) 0.990

HU, Hounsfield unit; IMAT, intermuscular adjpose tissue; IMAT%, percentage of IMAT; MNA-SF, mini nutritional assessment short form; SMA, skeletal muscle area; SMD, skeletal muscie

radiodensity, SMI, skeletal muscle index.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations of ADL Disability With Trunk Muscle Mass and Muscle Quality Indicators Measured by Opportunistic Chest Computed Tomography Imaging Among Older Inpatients



		Introduction



		Methods



		Study Design and Participants



		ADL Measurement



		Measurements of Muscle Mass and Muscle Quality Indicators



		Measurements of Covariates



		Statistical Analysis







		Results



		Patient Characteristics



		Associations of Muscle Mass and Muscle Quality Indicates With Age and BI Score



		Associations of Muscle Mass and Muscle Quality Indicates With ADL Disability







		Discussion



		Limitations



		Clinical Implications



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Associations of ADL Disability With
Trunk Muscle Mass and Muscle
Quality Indicators Measured by
Opportunistic Chest Computed

Tomography Imaging Among Older

Inpatients





OPS/images/fmed-08-743698-g001.gif
- on|
2 e

uy/.wff





OPS/images/fmed-08-743698-g002.gif
i 4

Ll










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





