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Editorial on the Research Topic
 Molecular and physiological aspects of sarcopenia in the older person: mechanisms, diagnostics and therapy




In the first article of our exploration of the most recent research findings in the Molecular and Physiological Aspects of Sarcopenia in the Older Person RT, we highlight a significant connection between sarcopenia and serum Follicle-Stimulating Hormone (Ke et al.). As we delve into the domain of sarcopenia-related research, our attention is drawn to a study that examines the use of Xanthine Oxidoreductase (XOR) inhibitors and their potential impact on sarcopenia among patients undergoing hemodialysis (HD). Sarcopenia is a prevalent concern in this population, and this second study delves into the role of XOR inhibitors in addressing this condition (Kurajoh et al.). Indeed, there is a concerted effort to identify novel biochemical markers associated with sarcopenic conditions (1), as early detection, facilitated by precise diagnoses, can enhance the efficacy of comprehensive treatment approaches (2).

In the current quest to uncover the complexities of sarcopenia, we turn our attention to a groundbreaking study that delves into the underlying mechanisms and immunological profiles related to this condition (Abdelrahman et al.). Continuing our exploration, we shift our focus to a captivating study conducted in the agricultural and pastoral regions of China. This research unraveling the relationship between plasma tumor necrosis factor-α, and their association with sarcopenia among community-dwelling older adults (Wumaer et al.). The inspection of the intricate relationship between aging, physical activity (PA), and inflammation continues with a study focusing on inflammaging in physically active older women. This research delves into how inflammaging relates to body composition and physical factors, shedding light on this complex interplay (Santos et al.). In detail, these lastthree studies serve as an invitation for readers to scrutinizing the molecular mechanisms that underpin the connection between inflammation and muscle health (3), as well as exploring potential interventions aimed at ameliorating the impact of inflammation on sarcopenia (4).

Regular PA and exercise are cornerstones of healthy aging, especially for those in long-term care facilities. In our pursuit of advancing the health and wellbeing of older individuals, we now turn our attention to a promising approach: exergame-based exercise. This innovative method has the potential to address muscle loss, muscle strength, cognition, and functional performance among older adults residing in rural long-term care facilities (Tuan et al.). Screening and early detection of sarcopenia is essential for timely intervention and improved outcomes. In this study, we delve into the prospective relationship between physical performance tests and the risk of developing sarcopenia in individuals aged 55 and over in Malaysia. The research focuses on determining suitable cut-off values for screening activities and highlights the importance of early detection (Megasari et al.).

In fact, the early diagnosis of sarcopenia among community-dwelling older individuals is of paramount importance (2). Through timely identification, healthcare providers can implement multimodal interventions that encompass dietary re-education, targeted supplementation, and structured exercise regimens (4, 5). This “gold standard” approach not only addresses the progression of sarcopenia, and reduce the risk of adverse outcomes such as hospitalization, institutionalization, and premature mortality (6–8).

Regarding to unlock the secrets of longevity and vitality in aging, we arrive at a crucial study that explores the remarkable effects of caloric restriction (CR) on age-related muscle atrophy. Sarcopenia has been a pressing concern in geriatric research, and understanding the mechanisms behind CR's influence is of paramount importance (Lv et al.). In the continuing exploration of sarcopenia and its clinical implications, we shift our focus to a novel and cost-effective tool for assessing muscle mass and its prognostic value in hospitalized patients. This meta-analysis delves into the relationship between the creatinine/cystatin C ratio and sarcopenia, providing valuable insights into the utility of this biomarker (Zheng et al.). These two studies collectively contribute to our knowledge of the mechanisms involved in sarcopenia and highlight the significance of proper nutrition in maintaining muscle health in the older population (9). They underscore the importance of early detection and interventions to improve the nutritional status and overall wellbeing of older individuals affected by sarcopenia.

The link between muscle health and coronary heart disease is a critical area of investigation, as it can have profound implications for the wellbeing of patients. This study that delves into circulatory biomarkers associated with low muscle mass in individuals with coronary heart disease. These findings provide insights into the mechanisms of muscle health in this specific population (James et al.). In our continuing, we now turn our attention to a study conducted in Brazil, which investigates the prevalence and interplay of obesity, sarcopenia, and metabolic syndrome. These conditions are of critical concern in the aging population, but understanding their prevalence and associations is essential for effective intervention (Pinheiro et al.). These insights are crucial to enhance cardiovascular health and wellbeing in aging individuals. Furthermore, this understanding is essential for addressing the sarcopenic obesity (10), where individuals experience the double burden of muscle loss and excess fat, putting them at higher risk for cardiovascular issues.

In summary, this RT provided a comprehensive and illuminating exploration of diverse facets of aging-related research. It has successfully elucidated critical links between aging, muscle health, and a myriad of related factors, ranging from molecular mechanisms to clinical interventions. The Research Topic of studies within this issue has shed light on the complex interplay of inflammation, exercise, nutrition, and biomarkers, offering valuable insights for the field of sarcopenia-related research.

As a contemporary reflection, this RT is not only a cornerstone in advancing our understanding of the aging process but also plays a central role in addressing the Sustainable Development Goals (SDGs) by United Nations (11). Through emphasizing the significance of early detection and intervention, it contributes significantly to SDG 3 (Good Health and Wellbeing) by promoting the health and wellbeing of older adults. In addition to the objectives of this RT, it's essential to highlight that the knowledge presented here is in harmony with the global commitment to attaining Sustainable Development Goal 4 (SDG 4)—Quality Education (12). The wealth of knowledge presented herein not only expands the horizons of geriatric and gerontology research but also paves the way for a brighter, healthier future for our aging population, aligning with SDG 10 (Reduced Inequalities) by focusing on the specific needs of older individuals and ensuring inclusivity. Additionally, this research supports SDG 17 (Partnerships for the Goals) by fostering collaboration among researchers, healthcare providers, and policymakers to collectively address the challenges of aging and promote healthier aging globally.
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Background: Sarcopenia is a geriatric syndrome characterized by progressive loss of muscle mass, function and quality and associated with a range of adverse health outcomes including disability. Despite a negative correlation between muscle mass and follicle-stimulating hormone (FSH) levels in postmenopausal women, it is unclear if FSH is associated with sarcopenia and its poor outcomes, especially in older men.

Methods: We used cross-sectional data from 360 men aged over 80 who participated in health check-ups to investigate correlations between serum FSH and sarcopenia, individual sarcopenia components, low physical performance (gait speed ≤ 0.8 m/s) and instrumental activities of daily living (IADL) disability. Sarcopenia and severe sarcopenia were diagnosed according to the revised definition of the European Working Group on Sarcopenia in Old People (EWGSOP2).

Results: The prevalence of sarcopenia was 17.8% in this population. In binary logistic regression analysis, compared with higher FSH group, lower FSH group showed a significant reduction in the risk of low calf circumference (a surrogate for muscle mass; OR 0.308, 95% CI 0.109–0.868, P = 0.026) after adjusting potential confounders including age, waist circumference, education, exercise, associated biochemical parameters, other sex hormones and high-sensitivity C-reactive protein. The correlation between FSH and low handgrip strength was marginally significant (OR 0.390, 95% CI 0.151–1.005, P = 0.051). No associations were observed between FSH and sarcopenia, severe sarcopenia, and disability in adjusted models.

Conclusion: In older men, circulating FSH was not associated with sarcopenia, sarcopenia severity, the majority of its components and adverse health outcome (IADL disability), with the exception of low calf circumference. Further work is needed to better elucidate the association of FSH and low muscle quantity by adopting more accurate measurement method of appendicular skeletal muscle mass such as DXA, CT or MRI.

Keywords: follicle-stimulating hormone, sarcopenia, physical performance, disability, older men


INTRODUCTION

Sarcopenia has been defined as a geriatric syndrome characterized by progressive loss of muscle mass, muscle strength and physical performance that is associated with a range of adverse health outcomes including frailty, disability, falls and mortality (1). In addition to common risk factors such as advanced age, inactivity and poor nutritional condition (1), reproductive hormones, which also change with aging (2), have been associated with sarcopenia (3). Among reproductive hormones, the effects of androgens and estrogens on skeletal muscle anabolism and homeostasis are well-established, particularly combined with resistance exercise training (4, 5), although caution should be taken regarding side-effects when sex steroids supplementation is applied in clinical practice (6).

Progress and updates have been made in the association of reproductive hormones and sarcopenia since extragonadal actions of follicle-stimulating hormone (FSH) were described in animals and humans. FSH has the potential to induce lipid storage, redistribution, and ectopic deposition (7–9), all factors that have been linked to chronic low-grade inflammatory state which has been recognized as a cause of age-related sarcopenia (10). For example, high-sensitivity C-reactive protein (hs-CRP), a biomarker of systemic inflammation, was found to be independently associated with sarcopenia component in a recent meta-analysis (11). Accordingly, the potential regulation of FSH on skeletal muscle mass has been proposed in the past decade, in which lean mass (mainly muscle) is negatively correlated with FSH levels in both young and old postmenopausal women (12–15). Most recently, observations from Park et al. that a reduction in appendicular lean mass across menopausal stages was associated with higher FSH levels supplied further evidence for the potential unfavorable effect of FSH on skeletal mass loss (16). However, these studies were all conducted in postmenopausal or perimenopausal women as rapid elevation of FSH level during perimenopausal transition and remain high after menopause. Research focusing on older males, a subpopulation with a high prevalence of sarcopenia and associated adverse outcomes such as disability, is still insufficient, although a gradual and constant increase in circulating FSH also exists in men as aging (2) and the upregulation of FSH in males receiving androgen deprivation therapy promotes the development of several metabolic diseases such as metabolic syndrome, atherosclerotic cardiovascular disease, and insulin resistance (17). At present, current research has not investigated the link between FSH and muscle strength, a key component for defining sarcopenia, in both males and females. Thus, there is a need to investigate the effects of FSH in sarcopenia and associated muscle function in older individuals, especially in older males.

In this cross-sectional study based on males aged over 80 years old, we first determined the level of FSH in individuals with or without sarcopenia. Next, we assessed the associations between serum FSH level and sarcopenia, physical performance and disability after controlling for potential confounders including age, obesity, exercise, education level, lipid profiles, nutrition status, systemic inflammation, and other hormones.



MATERIALS AND METHODS


Study Design

The cross-sectional baseline data used in the present study were from a single-center, prospective observational study which initiated to assess FSH, metabolic risks, and aging in elderly subjects underwent annual health examination in the Department of Geriatrics of the Shanghai Jiaotong University Affiliated Sixth People's Hospital (ChiCTR1800018015; www.chictr.org.cn). The baseline data were collected from January 2019 to December 2019.



Eligibility Criteria and Sample Selection

The recruitment criteria of the original prospective study were as follows: (i) 80 years of age or older; (ii) no problems of communication; (iii) no acute or end-stage illness; (iv) without taking any sex hormonal replacement therapy or with diseases involving in the hypothalamo-pituitary-gonadal/thyroid/adrenal axis. At baseline, 618 volunteers, of which 502 were men and 116 were women, were recruited via advertisement in the hospital. In order to investigate the cross-sectional association of FSH and sarcopenia in old men in the present analysis, subjects who had the following conditions at baseline were excluded from the study: (i) those with missing values for FSH (n = 23), handgrip strength (n = 33) or calf circumference (n = 36); (ii) females (n = 116); (iii) with any condition that affected detection for handgrip strength and calf circumferences, such as upper limb arthritis and edema of lower limbs (n = 50). Finally, 360 males aged 80–98 years were included in the study (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart for participants enrolled in this study.




Outcome Measures

Data collection of all variables was organized by the principal investigator and was performed by a well-trained research team. Data on demographics, smoking, exercise, comorbidities, anthropometric and circulating biochemical measurements were collected. Among the above indicators, only those which had shown statistical differences (P < 0.05) between sarcopenia sub-groups in the comparison analysis were treated as covariates in the subsequent binary logistic regression analysis. As such, age, waist circumference, education, exercise, luteinizing hormone (LH), estradiol (E2), total testosterone (TT), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), 25-hydroxyvitamin D [25(OH)D], albumin, free triiodothyronine (FT3) and hsCRP were selected as co-variables, all introduced in the adjusted regression models.


Assessment of Sarcopenia

For the diagnosis of sarcopenia, calf circumference, handgrip strength and 4-meter gait speed were assessed. Calf circumference was measured with the elderly participant in standing position, at the greatest circumference of the lower right leg, recorded in centimeters. The handgrip strength of the dominant hand was the maximum value evaluated three times using CAMRY hydraulic hand dynamometer (EH101; Camry, China). At least 1-min rest was required between each test. 4-meter gait speed test is performed twice to obtain the gait speed in which the participants walk 4 meters at their usual pace. The gait speed was calculated by dividing the distance (meter) by walking time (second). The European Working Group on Sarcopenia in Older People updated the consensus definition of sarcopenia in 2018 (EWGSOP2) (18) as the following criteria: (1) low muscle strength, (2) low muscle quantity or quality and (3) low physical performance. Probable sarcopenia is identified by criterion one, while the diagnosis is confirmed by additional documentation of criterion two. Severe sarcopenia is considered if all criteria are met. In the present study, handgrip strength <27 kg was considered low handgrip strength and calf circumference <31 cm was considered low muscle quantity (low calf circumference), according to EWGSOP2 recommended cutoffs. Low physical performance was defined as a 4-meter gait speed ≤ 0.8 m/s.



Assessment of Disability

Physical disability was assessed by instrumental activities of daily living (IADL) (19, 20). In brief, the IADL index includes eight tasks—shopping, preparing meals, using the telephone, housekeeping, laundry, transportation, taking medications, and managing money. Each IADL item was scored 0 to 1 according to the ability of participants to perform each task and total score was eight. Scores ranged from 0 to 8 with a lower score denoting the need for assistance with IADLs. A score ≤ 7 was defined as IADL disability.



Laboratory Measurements

After an overnight fast, venous blood samples were collected from all individuals and the samples were used to measure fasting blood glucose (FPG), hemoglobin A1c (HbA1c), TG, total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), hsCRP, albumin, 25(OH)D and hormones. Plasma fasting glucose was measured using the glucose oxidase method (detection range: 0.078–55.51 mmol/L). HbA1c was measured by high-performance liquid chromatography (Bio-Rad Laboratories) (detection range: 3.5–20%). Serum lipids were measured by standard enzymatic methods using a Hitachi 747 analyzer (Castle Hill) (detection range of TC: 0.05–12.90 mmol/L, TG: 0.01–22.58 mmol/L, LDL-C:0.05–10.20 mmol/L, HDL-C: 0.10–2.59 mmol/L). hsCRP was detected by particle-enhanced immunoturbidimetry (Dade Behring Inc.) (detection range: 0.175–500 mg/L). Serum albumin was measured by the bromocresol green method (Shanghai Kehua Bio-Engineering Co, Ltd) (detection range: 10.0–60.0 g/L). Hormones including serum 25(OH)D (detection range: 3.0–70.0 ng/ml), FT3 (detection range: 0.4–50.0 pmol/L), free thyroxine (FT4, detection range: 0.3–100.0 pmol/L) and thyroid-stimulating hormone (TSH, detection range: 0.06–99 mIU/L) were quantified by an electrochemiluminescence immunoassay method (Roche Diagnostics GmbH) on a Cobas e601 analyzer.

Reproductive hormones TT (detection range: 0.087–52.000 nmol/L), E2 (detection range: 18.35–15781.00 pmol/L), FSH (detection range: 0.5–160.0 IU/L), and LH (detection range: 0.1–200.0 IU/L) were detected by chemiluminescence (Abbott GmbH & Co. KG) with inter- and intra-assay coefficients of variations of <5%. The normal range was 6.68–25.7 nM for TT, 41.4–159 pM for E2, 1.5–12.4 IU/L for FSH, and 1.7–8.6 IU/L for LH.



Other Covariates

Waist circumference was measured at the middle point between the lower edge of the rib cage and iliac crests. Education was dichotomized with a cutoff for college graduation vs. no college graduation due to the high proportion of subjects with college graduation (80.6 %). Subjects with at least a college graduation were regarded as having high education. Living alone was defined based on living without a partner. We designated routine exercises with moderate to strenuous intensity, three times a week or more frequently. Non-smoker were defined as those who had never smoked or had smoked fewer than 100 cigarettes in the past. Comorbidities included type two diabetes (T2DM), coronary heart disease (CHD), hypertension, chronic obstructive pulmonary disease (COPD), arrhythmia, chronic kidney disease (CKD), osteoporosis, history of fracture, osteoarthritis, and neoplasms. And the number of comorbidities in every participant was calculated.




Statistical Analysis

Data were tested for normality using the Shapiro-Wilk test, and continuous variables are presented as mean ± standard deviation for normally distributed variables or median (25th percentile to 75th percentile) for skewed variables, whereas categorical variables are expressed as numbers with percentages. Differences between two groups (non-sarcopenia and sarcopenia) were compared by the Student's t-test for data with a normal distribution or the Mann-Whitney U test for data with a skewed distribution. For categorical variables, intergroup comparisons were analyzed using the chi-square test. The association between FSH (categorical variables) and sarcopenia, severe sarcopenia, two components for sarcopenia diagnosis, lower physical performance, and IADL disability was assessed using a binary logistic regression model, organized in crude and adjusted models, and results are expressed as odds ratios (OR) with a 95% confidence interval (CI). All statistical analyses were performed using SPSS 26.0 (SPSS Inc., Chicago, IL). A two-sided P < 0.05 was considered statistically significant.




RESULTS

Overall, we enrolled 360 old men (with a mean age of 86.2 ± 4.4 years). The mean number of comorbidities was 3.8 ± 1.7 per volunteer. Of the total number of participants, 64 (17.8%) had sarcopenia according to the EWGSOP2 definition. Table 1 summarized the general demographic and laboratory characteristics of these subjects according to their sarcopenia status. As expected, those with sarcopenia had a higher hsCRP but a lower 25(OH)D (both P < 0.05), FT3 and proportion of high education (both P < 0.01), than those without sarcopenia. In addition, sarcopenic individuals had a decreased proportion of routine exercises when compared to those of non-sarcopenic individuals (P < 0.01). Poorer nutritional status indicated as lower TG, LDL-C (both P < 0.05), albumin and waist circumference (both P < 0.01) was also detected in sarcopenic participants compared to non-sarcopenic ones. Moreover, men with sarcopenia were older (P < 0.01), coupled with higher circulating FSH and LH levels (both P < 0.05), whereas no differences in TT and E2 were found between the two groups.


Table 1. Characteristics of study population according to sarcopenia status.
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We next stratified participants into two groups: lower FSH and higher FSH groups, according to the median FSH value measured in our assays (20.42 IU/L). As shown in Table 2, compared with the lower FSH group, men with a higher FSH had decreased handgrip strength and calf circumference (both P < 0.05). There was no difference in 4-meter gait speed between two groups.


Table 2. Sarcopenia associated components in older males stratified by the follicle-stimulating hormone (FSH) median value.
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Table 3 shows the association of FSH with sarcopenia, its defining components and measures of physical function in aged men analyzed by multinomial logistic regressions. We calculated the ORs in models with and without adjustment for potential confounders. In the crude analysis, higher FSH group had increased ORs for sarcopenia (0.575, 95% CI 0.331–0.999, P = 0.049), low calf circumference (0.522, 95% CI 0.307–0.887, P = 0.016), and low handgrip strength (0.386, 95% CI 0.235–0.636, P < 0.001). Adjusted Model was adjusted for age, waist circumference, education, exercise, LH, E2, TT, TG, LDL-C, 25(OH)D, albumin, FT3, and hsCRP. There were no significant associations observed between FSH and sarcopenia (OR 0.511, 95% CI 0.178–1.467, P = 0.212) or severe sarcopenia (OR 0.400, 95% CI 0.136–1.175, P = 0.096) after controlling above confounders, although the prevalence of sarcopenia was significant different between two groups (P < 0.05). For sarcopenia components, lower FSH men had decreased ORs for low calf circumference (OR 0.308, 95% CI 0.109–0.868, P = 0.026) compared with higher FSH men. The correlation between FSH and low handgrip strength was marginally significant (OR 0.390, 95% CI 0.151–1.005, P = 0.051). No significant association was observed between FSH and low physical performance between two groups (P = 0.446).


Table 3. Multivariate-adjusted logistic regression analyses of associations between follicle-stimulating hormone (FSH) levels and sarcopenia, severe sarcopenia, and individual sarcopenia components.
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As sarcopenia was found to be an independent risk factor for several adverse health outcomes including disability (21), we next assessed the association between physical disability defined as an IADL score ≤ 7 and FSH levels (Table 4). No relationship of FSH and disability was observed in adjusted model although the significant association was observed in the crude model (P < 0.001) and the apparent difference in the proportion of IADL disability between two groups (P < 0.01).


Table 4. Multivariate-adjusted logistic regression analyses of associations between follicle-stimulating hormone (FSH) levels and IADL disability.
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DISCUSSION

Here, we provide a comprehensive examination of the cross-sectional associations between FSH levels and sarcopenia and associated poor outcomes in men over 80 years of age after adjusting for potential confounders of clinical significance. To our knowledge, although there are a limited number of studies showing associations between FSH and muscle mass in females (12–15), there is currently no human study that has explored the relationship between FSH and sarcopenia in men. Hence, this is the first study that has assessed the link between serum FSH and sarcopenia and sarcopenia-associated functional outcomes including physical disability in males. After adjusting for potential variables involved in sarcopenia, we found that higher FSH concentrations may correlate with reduced skeletal muscle mass indicated as low calf circumference, but not sarcopenia, sarcopenia severity, low muscle strength and IADL disability.

Our study is consistent with previous observational studies conducted in young and old postmenopausal females, in which high FSH levels were associated with lean (mainly muscle) mass (12–15, 22). In men, there is only one study (AGES-Reykjavik study) that has examined this association, showing no correlation (14). There are three possible explanations for differences between the AGES-Reykjavik study and ours. One possibility is that our older Chinese men were exposed to higher circulating concentrations of FSH than that of older men in Iceland (mean FSH: 28 IU/L vs. 19 IU/L, both detected by ELISA), which could surpass the threshold level of FSH to affect muscle mass. Furthermore, we adjusted for potential covariates including age, waist circumference, education, exercise, LH, E2, TT, TG, LDL-C, 25(OH)D, albumin, FT3, and hsCRP, while the AGES-Reykjavik study only adjusted for age, subgroup, E2, and TT. Hence, the results of our study were more rigorous than those of the AGES-Reykjavik study. Third, the number of analytic samples in the present study (n = 360) is larger than those of the AGES-Reykjavik study (n = 245), which could lead to higher statistical power.

We found a possible association between skeletal muscle mass and FSH, but not between muscle strength and FSH after adjusting for all the covariates although muscle quantity is the basis for muscle strength. This suggests that the effect of FSH on muscle strength is small. In fact, other reproductive hormones such as androgens also presented a similar characteristic of inducing a greater promotion in muscle mass than muscle strength (23, 24). Thus, hormonal regulation of FSH in association with resistance exercise training may be a promising new strategy to manage sarcopenia since exercise remains a valid countermeasure against muscle atrophy and androgen treatment is not recommended due to intolerable adverse events in older men (6, 25). Notably, the genotype of FSH receptors may affect the role of circulating FSH on target tissues. A recent study reported that men with the GG genotype of the FSH receptor rs6166 SNP have lower levels of blood glucose than those with the AA genotype and their FSH concentrations were inversely correlated with insulin and insulin resistance. Meanwhile, the FSH receptor rs6166 A/G genotype did not affect glucose metabolism in healthy men (26). Thus, genotype-specific effects of FSH receptors on muscle mass, muscle strength and function should be explored in the future study.

Sarcopenia is associated with an increased likelihood of several adverse health outcomes including disability (21). We did not observe any association between FSH and gait speed or disability in the present study. A prospective study of Japanese community-dwelling older adults found that there were no increased risks of incident disability for participants with only one sarcopenia component (21). Another prospective study with 9.1 years follow-up revealed that gait speed was a powerful predictor of disability, in men, compared with sarcopenia components (27). Thus, it is reasonable for the loss of association between FSH and gait speed and disability in our study. In addition, functional disability in older men has multiple causes, of which muscle weakness is only one. Other risk factors such as dietary pattern and anemia, may also play important roles in the presence of disability among older adults, which were not analyzed in the present study (28, 29).

We acknowledge some limitations to the present study. First, although a possible association between FSH and skeletal muscle mass was observed, as a cross-sectional study, the causality of this relationship cannot be established. Second, in the current study, calf circumference was not as accurate as bioelectrical impedance analysis or dual-energy X-ray absorptiometry for evaluating muscle mass especially in individuals with a high percentage of body fat, as it can equally predict lean and fat mass. However, calf circumference, as a validated surrogate measure of skeletal muscle mass, was suggested by EWGSOP2 as it is easy to perform in clinical and population settings. Finally, the participants were from a population receiving regular medical examination as opposed to a community or a general population, so our results might not be generalizable.



CONCLUSION

In our cross-sectional study of elderly Chinese men aged over 80, FSH was not associated with sarcopenia, sarcopenia severity, the majority of its components and sarcopenia-associated adverse outcome (IADL disability). Interestingly, FSH seems to be a independent risk factor for low skeletal muscle mass indicated as low calf circumference although calf circumference is not a gold standard method to evaluate muscle mass. Further study is needed to confirm the association of FSH and low muscle quantity by adopting more accurate measurement method of appendicular skeletal muscle mass such as DXA, CT or MRI.
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Background: Xanthine oxidoreductase (XOR) inhibition reduces reactive oxygen species (ROS) production and enhances adenosine triphosphate (ATP) synthesis. We investigated the protective effects of XOR inhibitor treatment on sarcopenia, frequently observed in patients undergoing hemodialysis (HD), in which increased ROS and ATP shortage are known to be involved.

Methods: This retrospective cross-sectional study included 296 HD patient (203 males, 93 females). Muscle mass, physical performance, and muscle strength were assessed using dual-energy X-ray absorptiometry, five-time chair stand testing, and handgrip strength, respectively. The Asian Working Group for Sarcopenia 2019 criteria were used to define low muscle mass, low physical performance, and low muscle strength, as well as sarcopenia and severe sarcopenia.

Results: Sarcopenia and severe sarcopenia prevalence rates were 42.2 and 20.9%, respectively. XOR inhibitor users (n = 119) showed a significantly (p < 0.05) lower prevalence of sarcopenia and severe sarcopenia, as well as reduced muscle mass, physical performance, and muscle strength than non-users (n = 177). Multivariate logistic regression analyses also revealed XOR inhibitor use to be significantly associated with low muscle mass [odds ratio (OR), 0.384; 95% confidence interval (CI), 0.183–0.806; p = 0.011] and low physical performance (OR, 0.286; 95% CI, 0.142–0.578; p < 0.001), while significance with low muscle strength was borderline. Furthermore, XOR inhibitor use was significantly associated with sarcopenia (OR, 0.462; 95% CI, 0.226–0.947; p = 0.035) and severe sarcopenia (OR, 0.236; 95% CI, 0.091–0.614; p = 0.003).

Conclusions: XOR inhibitor use was significantly associated with reduced risk of sarcopenia/severe sarcopenia in HD patients, suggesting that XOR inhibitor treatment has protective effects on sarcopenia in HD patients.

Keywords: XOR inhibitor, hemodialysis, sarcopenia, prevalence, AWGS 2019


INTRODUCTION

Sarcopenia is characterized as a decline in skeletal muscle mass and function (1), and frequently observed in patients undergoing hemodialysis (HD) (2, 3), which is termed uremic sarcopenia. Furthermore, HD patients have increased mortality (4–6), which has been shown to occur a higher rate in those with as compared to without sarcopenia (3, 7), thus emphasizing the need for prevention and treatment of this conditions in patients undergoing that therapy.

Xanthine oxidoreductase (XOR) is an enzyme that generates reactive oxygen species (ROS), and also catalyzes oxidation from hypoxanthine to xanthine and then xanthine to uric acid in the purine degradation pathway (8). Thus, inhibition of XOR reduces ROS production, while it also enhances adenosine triphosphate (ATP) synthesis along with an increase in the purine salvage pathway by use of hypoxanthine (9–12). Since increased ROS and ATP shortage in skeletal muscle are known to be involved in sarcopenia, especially uremic sarcopenia cases (13–15), we speculated that XOR inhibitor treatment has effects to protect against sarcopenia through preservation of skeletal muscle mass and function by decreased ROS production and ATP enhancement in HD patient skeletal muscle tissues.

However, to the best of our knowledge, no report showing the effects of XOR inhibitor treatment on sarcopenia has been presented. To evaluate possible protective effects on sarcopenia, the present study was conducted to examine the association of XOR inhibitor use with sarcopenia in HD patients based on the Asian Working Group for Sarcopenia (AWGS) 2019 criteria (16).



MATERIALS AND METHODS


Study Design

This was a retrospective cross-sectional observational study conducted at Inoue Hospital (Osaka, Japan), where HD treatment was generally performed three times per week for about 4 h each time. As part of routine clinical care at that institution, muscle mass, physical performance, and muscle strength in HD patients are generally measured at the start of the first HD session that occurs during the week of their birthday. The association of XOR inhibitor use with sarcopenia and its components was investigated.



Study Participants

The study participants were enrolled based on the following criteria. Inclusion criteria: (1) patient undergoing HD, and (2) measurements of muscle mass, physical performance, and muscle strength performed between January 2018 and December 2018, and (3) age ≥20 years. Exclusion criteria: (1) HD therapy period <6 months, (2) presence of debilitating disease, such as liver cirrhosis, malignancy, infection, or acute illness, and (3) treated with corticosteroids.

The need/requirement for informed consent was waived by The Inoue Hospital Ethics Committee (approval no. 236) owing to the retrospective nature of the investigation. Following approval of the study protocol, all data subjected to analysis were collected from relevant patient medical records. This study was conducted in full accordance with the Declaration of Helsinki.



XOR Inhibitor User

An XOR inhibitor user was defined as a patient treated with allopurinol, febuxostat, or topiroxostat, each of which have been approved for therapeutic use as an XOR inhibitor in Japan.



Determination of Muscle Mass

Muscle mass was assessed using whole body dual-energy X-ray absorptiometry (Horizon A; Hologic, Massachusetts, USA) (17). Extremity fat-free mass minus bone mineral contents was considered to be appendicular skeletal muscle, and height-adjusted muscle mass was calculated as appendicular skeletal muscle divided by height in meters squared (kg/m2) (3). Low muscle mass was defined as height-adjusted muscle mass <7.0 kg/m2 for males and <5.4 kg/m2 for females (16).



Measurement of Physical Performance

Physical performance was assessed using a five-time chair stand test. Patients were asked to stand and sit as fast as possible five times from a sitting position on a chair with a seat 40 cm high and straight back without arm rests, with their arms crossed on the chest and hands on their shoulders, as previously reported in the CHAIR [change hemodialysis patients' activity and impaired functions by chair stand exercise] study (18). They initiated performance of the test when an experienced research staff member spoke the word “start” and the time (seconds) until the end of the fifth repetition was recorded (19, 20). Low physical performance was defined as a test time ≥12 s (16).



Measurement of Muscle Strength

Muscle strength was assessed by determining handgrip strength using a Smedley type hand dynamometer (T.K.K.5101; Takei, Niigata, Japan), performed by an experienced research staff member (21, 22). Patients were instructed to hold the grip in an upright position with maximum force and with their arm extended. Measurements were repeated two times with each hand and the highest value (kg) was recorded. Low muscle strength was defined as handgrip strength <28 kg for males and <18 kg for females (16).



Diagnosis of Sarcopenia and Severe Sarcopenia

The AWGS 2019 criteria were used for diagnosis of sarcopenia and severe sarcopenia (16). Briefly, sarcopenia was defined as low muscle mass, plus low physical performance or low muscle strength, while severe sarcopenia was defined as low muscle mass, plus low physical performance, and low muscle strength.



Other Variables

Information regarding medication that may affect sarcopenia, including insulin, growth or sex hormones, and angiotensin converting enzyme (ACE) inhibitor/angiotensin II receptor blocker (ARB), as well as vitamin D use was obtained. The diagnosis of diabetes mellitus was based on a history of diabetes mellitus or the American Diabetes Association criteria (23). Past history of cerebrovascular disease was defined as prior occurrence of ischemic stroke, transient ischemic attack, intracerebral hemorrhage, and/or subarachnoid hemorrhage. Blood samples were collected from each patient before the start of the first HD session of the week, with standard laboratory parameters including serum albumin, C-reactive protein (CRP), and uric acid levels analyzed using a routine laboratory method at the hospital (24).



Statistical Analysis

To compare variables between groups, Mann–Whitney's U-test (continuous variables) and a chi-squared test (categorical variables) were used. Serum CRP level was logarithmically transformed (log) to follow a normal distribution, before submitting to multivariate logistic regression analysis. Multivariate logistic regression analyses were performed to determine whether XOR inhibitor administration was independently associated with the presence of sarcopenia or severe sarcopenia in addition to that of low muscle mass, low physical performance, or low muscle strength, following adjustments based on various factors, including age, gender, degree of obesity, duration of hemodialysis, cerebrovascular disease, diabetes mellitus, vitamin D, nutritional status, inflammation, and uric acid, each of which are known to be associated with sarcopenia in HD patients (3, 7, 13, 25–28). The consistency of the associations between XOR inhibitor administration and presence of sarcopenia or severe sarcopenia was also examined in relationship to age (≤ />68 years), gender, body mass index (BMI) (≤ />22.6 kg/m2), duration of hemodialysis (≤ />6.5 years), cerebrovascular disease (presence/absence), diabetes mellitus (presence/absence), use of oral and/or intravenous vitamin D (presence/absence), serum albumin (≤ />3.6 g/dL), CRP (≤ />0.1 mg/dL), uric acid level (≤ />6.8 mg/dL), diabetic nephropathy (presence/absence), and chronic glomerulonephritis (presence/absence). All statistical analyses were performed using the Statistical Package for the Social Sciences software (PASW Statistics, version 22.0). All reported p-values are two-tailed and were considered to be statistically significant at < 0.05.




RESULTS


Study Population

Of 305 HD patients 20 years or older who underwent measurements of muscle mass, physical performance, and muscle strength during the study period, those who had been receiving HD therapy for <6 months were excluded (n = 3). Furthermore, those with liver cirrhosis, malignancy, infection, or acute illness were also excluded from analysis (n = 6). None of the patients were receiving corticosteroid treatment. As a result, 296 HD patients (203 males, 93 females) were retrospectively analyzed. The cause of renal failure was diabetic nephropathy in 87 (29.4%), chronic glomerulonephritis in 80 (27.0%), nephrosclerosis in 25 (8.4%), polycystic kidney disease in 19 (6.4%), graft loss in 16 (5.4%), congenital anomaly in the kidneys or urinary tract in 4 (1.4%), unclassifiable nephritis in 4 (1.4%), kidney or urinary tract tumor in 3 (1.0%), malignant hypertension in 3 (1.0%), pregnancy-induced hypertension in 3 (1.0%), autoimmune nephritis in 1 (0.3%), chronic pyelonephritis in 1 (0.3%), kidney disease-related gout in 1 (0.3%), urinary tract obstruction in 1 (0.3%), other disease in 4 (1.4%), and unknown etiology in 44 (14.9%).



Clinical Characteristics of Subjects, and Comparisons Between XOR Inhibitor Users and Non-users

Subject characteristics (n = 296) are shown in Table 1. The prevalence of sarcopenia and severe sarcopenia in the entire cohort were 42.2% (n = 125) and 20.9% (n = 62), respectively. Among XOR inhibitor users (n = 119; allopurinol: 58, febuxostat, 61), height-adjusted muscle mass and handgrip strength were significantly (p < 0.01) higher, and the five-time chair stand test time was significantly lower as compared to the non-users (n = 177; Table 1). In addition, the prevalence of low muscle mass (47.1 vs. 65.0%), low physical performance (25.2 vs. 44.1%), and low muscle strength (47.1 vs. 64.4%) was significantly (p < 0.01) lower in XOR inhibitor users than in non-users. Finally, the prevalence rates for sarcopenia (33.6 vs. 48.0%) and severe sarcopenia (12.6 vs. 26.6%) were significantly (p < 0.05) reduced in the XOR inhibitor users.


Table 1. Clinical characteristics of subjects (n = 296), and comparisons between XOR inhibitor users and non-users.
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Associations of XOR Inhibitor Use With Low Muscle Mass, Low Physical Performance, and Low Muscle Strength

To examine whether use of an XOR inhibitor is independently associated with low muscle mass, low physical performance, and/or low muscle strength, multivariate logistic regression analyses were performed (Table 2). XOR inhibitor use was shown to be significantly associated with low muscle mass [odds ratio (OR), 0.384; 95% confidence interval (CI), 0.183–0.806; p = 0.011] and low physical performance (OR, 0.286; 95% CI, 0.142–0.578; p < 0.001), while a borderline significance with low muscle strength was also noted (OR, 0.500; 95% CI, 0.248–1.006; p = 0.052). Additionally, serum uric acid level demonstrated a significant association with low physical performance (OR, 0.710; 95% CI, 0.560–0.899; p = 0.005). Furthermore, gender, BMI, and log CRP were significantly associated with low muscle mass, while age, cerebrovascular disease, use of vitamin D, and log CRP were significantly associated with low physical performance, and age, duration of hemodialysis, cerebrovascular disease, and diabetes mellitus were significantly associated with low muscle strength. On the other hand, serum albumin level was not significantly associated with low muscle mass, low physical performance, or low muscle strength (Table 2).


Table 2. Multivariate logistic regression analysis of possible factors associated with low muscle mass, low physical performance, and low muscle strength.
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Associations of XOR Inhibitor Use With Sarcopenia and Severe Sarcopenia

To further examine whether XOR inhibitor use is independently associated with sarcopenia or severe sarcopenia, multivariate logistic regression analyses were again performed (Table 3). These results showed that use of an XOR inhibitor was significantly associated with sarcopenia (OR, 0.462; 95% CI, 0.226–0.947; p = 0.035) and severe sarcopenia (OR, 0.236; 95% CI, 0.091–0.614; p = 0.003). Notably, there was no remarkable inconsistency observed among the results for the series of subgroups (Figures 1A,B). Age, gender, BMI, and history of cerebrovascular diseases were significantly associated with both sarcopenia and severe sarcopenia, while serum uric acid as well as CRP level were significantly associated with severe sarcopenia (OR, 0.715; 95% CI, 0.524–0.977; p = 0.035; Table 3). In contrast, serum albumin level, duration of hemodialysis, diabetes mellitus, and vitamin D use were not significantly associated with sarcopenia or severe sarcopenia (Table 3). When presence of XOR inhibitor was replaced by type and presence of XOR inhibitor, use of allopurinol and febuxostat (ref. absence of XOR inhibitor) was similarly associated with sarcopenia (OR 0.435, 95% CI 0.185–1.027, p = 0.058; OR 0.509, 95% CI 0.182–1.425, p = 0.198, respectively) and severe sarcopenia (OR 0.298, 95% CI 0.099–0.892, p = 0.030; OR 0.163, 95% CI 0.042–0.634, p = 0.009, respectively), suggesting that differences among types of XOR inhibitors have little effect on sarcopenia/severe sarcopenia. When use of insulin or ACE inhibitors/ARBs was added to the multivariate logistic regression model, use of XOR inhibitors remained significantly associated with sarcopenia (OR 0.467, 95% CI 0.228–0.957, p = 0.038; OR 0.463, 95% CI 0.226–0.948, p = 0.035, respectively) and severe sarcopenia (OR 0.238, 95% CI 0.091–0.620, p = 0.003; OR, 0.236, 95% CI 0.091–0.614, p = 0.003, respectively).


Table 3. Multivariate logistic regression analysis of possible factors associated with sarcopenia and severe sarcopenia.
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FIGURE 1. Subgroup analysis of association of XOR inhibitor use with sarcopenia (A) and severe sarcopenia (B). Forrest plots showing OR (95% CI) in squares and lines for each category are presented. The 95% CI values shown were calculated within each category and p-values for subgroup analyses represent tests for interaction. The higher and lower groups were defined as greater and less than or equal to the median, respectively. BMI, body mass index; CRP, C-reactive protein; XOR, xanthine oxidoreductase; OR, odds ratio; CI, confidence interval.





DISCUSSION

In this first known study to investigate the association of XOR inhibitor treatment with sarcopenia in HD patients, the following primary findings were obtained. First, the rates of prevalence of sarcopenia and severe sarcopenia, determined based on the AWGS 2019 criteria, were 42.2 and 20.9%, respectively (Table 1). Furthermore, XOR inhibitor use was shown to be significantly associated with reduced risk of low muscle mass and low physical performance, while a borderline significance with low muscle strength was also found (Table 2). Finally, XOR inhibitor use was significantly associated with reduced risk of both sarcopenia and severe sarcopenia (Table 3). Together, the present results suggest that treatment with an XOR inhibitor exerts protective effects to reduce the risk of sarcopenia and severe sarcopenia, which are frequently observed in HD patients.

A diagnostic algorithm for sarcopenia has been proposed by several different western groups, including the Foundation for the National Institutes of Health Sarcopenia Project (29), European Working Group on Sarcopenia in Older People (30, 31), and International working group on sarcopenia (32). However, because of anthropometric as well as cultural and/or lifestyle-related differences in Asia as compared with Western populations, the AWGS proposed a diagnostic algorithm for sarcopenia based on Asian data in 2014 (33), which was updated in 2019 (16). Previous studies including ours have reported the prevalence of sarcopenia in HD patients based on the AWGS 2014 criteria as ranging from 33.7 to 40% (2, 3), though no studies reporting that prevalence in HD patients based on the AWGS 2019 criteria have been presented prior to the present report (Table 1).

Previous clinical studies that examined Tour de France cyclists and professional soccer players have found that administration of an XOR inhibitor protects against skeletal muscle damage caused by exhaustive exercise (34, 35). Furthermore, other studies have noted that XOR inhibitor administration protects against skeletal muscle atrophy caused by immobilization following an ankle sprain in male subjects (36) and improved functional outcomes after rehabilitation in older patients (37), suggesting that XOR inhibitor administration contributes to protect against sarcopenia. However, to the best of our knowledge, no investigation of the association of XOR inhibitor treatment with sarcopenia has been presented. The present results are the first to demonstrate associations of XOR inhibitor use with reduced levels of sarcopenia and severe sarcopenia (Table 3), as well as its protection against low levels of muscle mass, physical performance, and muscle strength (Table 2).

Although it remains unclear why XOR inhibitor use has been found to be associated with those factors, decreased ROS production could be a potential reason. XOR is involved in production of ROS and uric acid, and expressed in the vascular endothelium of skeletal muscle (38), as well as in the liver and intestines (39, 40). Previous studies have shown that administration of an XOR inhibitor protected against skeletal muscle atrophy caused by unloading in mice and rats by inhibiting activation of the ubiquitin-proteasome pathway via decreased ROS production in skeletal muscle (36, 41). In addition, XOR inhibitor administration was reported to increase maximal isometric force in aged mice by decreasing ROS production in skeletal muscle (42). Therefore, treatment with an XOR inhibitor may contribute to preservation of skeletal muscle mass and improvement of skeletal muscle function by reducing ROS production in skeletal muscle. On the other hand, increased uric acid level was found to be significantly associated with a reduced risk of low physical performance (Table 2) and severe sarcopenia (Table 3). Uric acid has been shown to gain antioxidant properties by scavenging ROS in a hydrophilic condition, such as by circulating in blood (43), and when present in the circulation is thought to have a protective effect against sarcopenia (44–46). Since renal excretion of uric acid is reduced in HD patients, administration of an XOR inhibitor may exert a protective effect against sarcopenia by increasing the level of uric acid level relative to XOR activity in circulating blood.

Another possibility that can potentially explain the protective effects of XOR inhibitor treatment is its effect to conserve the intracellular level of ATP, thus providing energy necessary for muscle contractions (47). In skeletal muscle, ATP production has shown to be decreased under a uremic condition (48) and ATP levels have been shown to be significantly lower in uremic patients as compared to control subjects (15, 49). Of importance, administration of an XOR inhibitor enhances the intracellular ATP level by increasing the purine salvage pathway through use of hypoxanthine and decreasing energy expenditure by reducing de novo purine synthesis (9–12). Taken together, these findings indicate that XOR inhibitor treatment might exert protective effects on sarcopenia in HD patients through preservation of skeletal muscle mass and improvement of skeletal muscle function by ATP enhancement in skeletal muscle.

Previous studies have found associations of age, gender, degree of obesity, duration of hemodialysis, cerebrovascular disease, diabetes mellitus, vitamin D use, inflammation, and uric acid with sarcopenia or its components in HD patients (3, 7, 13, 25–27). In the present investigation as well, age, gender, BMI, duration of hemodialysis, history of cerebrovascular disease, presence of diabetes mellitus, use of oral and/or intravenous vitamin D, CRP, and uric acid level were shown to be significantly associated with some or all of the factors low muscle mass, low physical performance, low muscle strength, sarcopenia, and severe sarcopenia. On the other hand, while nutritional status has also been reported to be associated with sarcopenia in HD patients (28), serum albumin level showed no significant association with low muscle mass, low physical performance, low muscle strength, sarcopenia, or severe sarcopenia in our study (Tables 2, 3). Although serum albumin level is considered to be an indicator of nutritional status, that level may not adequately reflect nutritional status in HD patients, since it did not show a significant association with sarcopenia or related components. In addition, nutritional intake has been reported to be associated with sarcopenia in older subjects (50), though unfortunately information regarding nutritional intake in the present subjects was not obtained. In future investigations of the relationship between XOR inhibitors and sarcopenia, it will be necessary to include accurate information regarding nutritional intake and status in the analysis.

This study has several limitations. First is the cross-sectional design, thus even though relationships were explored in predictive terms, the results cannot be interpreted to show causal relationships. Second, while physical activity has been shown to influence XOR activity (51–53), no survey of physical activity was conducted in the present study. Furthermore, we were unable to fully investigate the association of dosage, duration, or indication of XOR inhibitor administration with sarcopenia. Third, because of the methods used, ROS, oxidative stress, and ATP levels in skeletal muscle and blood were not determined. Fourth, since muscle mass, physical performance, and muscle strength were examined as part of routine clinical care, patients unable to perform related tests due to reduced activities of daily living were not included in the present study. Fifth, there were few cases of severe sarcopenia, thus the 10 events per variable rule (54) could not be used when performing multivariate logistic regression for severe sarcopenia. A large-scale prospective interventional study that includes measurements of ROS, oxidative stress, and ATP levels in skeletal muscle and blood, as well as physical activity, and also includes analysis of dosage, duration, and XOR inhibitor indication in HD patients, including those with markedly reduced activities of daily living, is needed to clarify the role of XOR inhibitor treatment for prevention and treatment of sarcopenia in HD patients. Finally, the present study population consisted of nearly exclusively Japanese patients with HD, thus it is unclear whether the findings can generalized for other ethnic groups or non-HD subjects.

In conclusion, the present results showed that XOR inhibitor use in HD patients is significantly associated with reduced risk of sarcopenia and severe sarcopenia, as well as low muscle mass and low physical performance, based on the AWGS 2019 criteria.
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Background: Inflammatory reactions play a significant role in the occurrence and development of sarcopenia. Determining the association between specific cytokines and sarcopenia may reveal the disease’s pathophysiological mechanism(s). Accordingly, the present study aimed to investigate the association between sarcopenia and inflammatory cytokines among the elderly natural population in agricultural and pastoral areas of Xinjiang.

Methods: We conducted a cross-sectional epidemiological survey of the community-dwelling older people using a multi-stage random sampling method in Mulei County in northern Xinjiang and Luopu County in southern Xinjiang from September 2017 to May 2018. Of the 2,100 participants, the statistical analyses included 1,838 participants with complete data. Comparisons of living habits, disease status, biochemical indexes, and levels of interleukin (IL)-4, IL-6, IL-8, IL-10, and tumor necrosis factor (TNF)-α in sarcopenia and non-sarcopenia participants were made in this study.

Results: Our study revealed no significant differences (i.e., P > 0.05) in sex, age, ethnicity, smoking and drinking habits, serum renal function, total cholesterol, and diabetes in the elderly between the sarcopenia and non-sarcopenia groups in Xinjiang. However, triglyceride levels (P = 0.004), hypertension (P = 0.019), and abdominal obesity (P < 0.001) in the sarcopenia group were significantly higher than those in the non-sarcopenia group. Moreover, the levels of IL-10 (P < 0.001), IL-4 (P < 0.001), and TNF-α (P < 0.001) in the sarcopenia group were higher than those in the non-sarcopenia group after adjusting for sex, age, hypertension, blood lipid concentration, and obesity. Furthermore, after adjusting for sex, age, hypertension, obesity, and IL-10, IL-4, and IL-6 levels, an increased TNF-α level was also significantly associated with sarcopenia.

Conclusion: The results of the present study suggest that an increased plasma level of TNF-α is significantly associated with sarcopenia among elderly individuals residing in Xinjiang’s agricultural and pastoral areas. Further study is still needed to determine the physiological role of “immune aging” in the pathogenesis of sarcopenia.

KEYWORDS
elderly population, inflammatory cytokines, plasma tumor necrosis factor-α, sarcopenia, Xinjiang


Introduction

China has gradually witnessed the emergence of an aging population since 2000; accordingly, the incidence of various chronic diseases has been increasing (1). Sarcopenia has become a significant public health problem. Sarcopenia is a systemic condition involving muscle mass reduction and/or decline in muscle strength and function. It seriously endangers the health of elderly individuals and significantly reduces their quality of life. Individuals with sarcopenia have more difficulty with daily activities and are at a higher risk of infection, fall(s), disability, and/or death (2).

Sarcopenia is characterized by lower levels of exercise tolerance and decreased neuromuscular function. Its etiology includes the following: age-related hormonal changes, increased levels of pro-inflammatory cytokines, myocyte apoptosis, genetic factors, and low nutrient intake (3, 4). Previous studies have reported that the prevalence of sarcopenia in elderly individuals is approximately 10–20% and increases with age, with a prevalence of 5–13% in those 60–70 years of age and 50% in the elderly, i.e., in people > 80 years of age (5–7). In addition, due to the close relationship between sarcopenia and common diseases, the difficulty of treatment increases for patients with comorbid diseases, the period of hospitalization is prolonged, and the burden of social care and medical expenses increases significantly (8, 9).

Therefore, discovering the potential pathophysiological mechanisms of sarcopenia has become increasingly vital, gaining consensus. Recently, some studies have reported that the occurrence and development of sarcopenia and the subsequent deterioration of individuals with this disease are all accompanied by different degrees of inflammatory reactions (10–12). More specifically, a variety of cytokines, including tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-2, IL-4, IL-6, IL-8, and IL-10 play a role in the development of sarcopenia (13, 14). However, to our knowledge, the current literature on the relationship between sarcopenia and inflammatory cytokines remains unclear. Therefore, the present study explores the relationship between sarcopenia and IL-4, IL-6, IL-10, and TNF-α in the elderly population of agricultural and pastoral areas of Xinjiang, China, and is expected to lay a preliminary foundation for understanding its underlying mechanism.



Materials and methods


Study participants

The present investigation was a case-control study based on a cross-sectional epidemiological survey of sarcopenia in agricultural and pastoral areas of Xinjiang. The epidemiological survey was performed from September 2017 to May 2018 using a multi-stage random sampling method. In the first stage, two counties, Mulei County in Northern Xinjiang and Luopu County in southern Xinjiang, were selected; in the second stage, six towns were randomly selected from each county; in the third stage, five villages were randomly selected from each township; and, in the fourth stage, 35 elderly individuals were randomly selected using random number software from each village, which administrative village with household registration base books were provided by the relevant departments, followed by numbering the households in a particular order. A total of 2,100 subjects were included, of whom 1,838 completed the survey, corresponding to a response rate of 87.52%.

A total of 152 elderly individuals ≥ 60 years of age were randomly selected from a database established based on the above epidemiological survey using computer-generated balanced block randomization and randomized 1:1 to two groups: sarcopenia (n = 76) and non-sarcopenia (n = 76). All subjects provided informed consent to participate. The present study was reviewed and approved by the Medical Ethics Committee of Xinjiang Uygur Autonomous Region People’s Hospital. The selection procedures of our study are as follows (Figure 1).
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FIGURE 1
Selection procedure of the study participants.




Inclusion/exclusion criteria

Individuals fulfilling the following criteria were included in the study: age ≥ 60 years; permanent residents with local household registration; able to walk independently without using assistive devices; and informed consent. Individuals with severe cognitive impairment, mental illness, a history of major organ failure (such as respiratory failure, heart failure, renal failure, and liver failure), recent surgical history, and consumptive disease(s) such as malignant tumor and/or tuberculosis were excluded.



Questionnaire survey

All subjects provided informed consent to participate and completed the questionnaire under the guidance of investigators. The questionnaire addressed age, sex, disease, medication, family and menstrual histories, regular exercise patterns and amount of exercise, fall(s), alcohol consumption, dietary habits, and smoking history.



Physical examination

The following parameters were measured by trained and qualified professionals in accordance with standard methods: blood pressure, weight, height, waist circumference, hip circumference, and body mass index (BMI). BMI was calculated as weight (kg) divided by height (m) squared (i.e., kg/m2). Blood pressure levels were measured using an automatic blood pressure monitor. Readings were obtained after 5 min of seated rest. Three blood pressure measurements were obtained at 30-s intervals. The mean of all available measurements was used to define the systolic and diastolic blood pressure levels. In addition, the following indicators were measured.



Skeletal muscle strength

The grip strength test was performed using a handheld dynamometer (Jamar, Duluth, MN, United States), and the results reflected skeletal muscle strength. Before the test, the grip distance was adjusted to within the proper range. During the test, the subjects were seated, with the upper arm and forearm angled at 90°, and the test arm was slightly extended but not > 30°. The instrument was gripped with maximum force using the right and left hands twice. Maximum values were recorded, and in cases where the data difference between the two sides was small, statistical analysis was conducted with data gathered for the right hand.



Skeletal muscle quality

A body composition analyzer (InBody720, InBody Co., Ltd., Cerritos, CA, United States) was used to assess skeletal muscle quality in the subjects’ limbs. Subjects fasted for 2 h before measurement. During the test, the subjects were required to empty their bladders, rest for 1 h, and then stand still for 5 min. Subsequently, they removed their shoes and socks, and a small amount of alcohol was applied to the soles of their feet and fingers. Subjects stood on the foot electrodes of the test platform and were held by electrodes placed in the palms of both hands. Their arms were separated from the trunk by approximately 30°, and their bodies remained still during the test.



Skeletal muscle activity/function

Skeletal muscle activity was ascertained by measuring the maximum walking speed of the subjects. The colored tape was used to mark a 16-m straight line, with markings at the starting point, 3.00 m, 13.00 m, and the end. When subjects reached the 3.00-m point, the timing was started, and when they reached 13.00 m, the timing was ended. Three tests were conducted, and the fastest was included in the statistical analysis.



Collection of blood samples and laboratory testing

Blood was collected from all subjects using disposable blood collection equipment to extract 10 ml of sample (fasting at least 10 h). Sampling was performed in the morning, and all samples were centrifuged immediately to separate plasma (serum) and blood cells. Plasma and blood cells were stored at –80°C until use.

A biochemical analysis system (Hitachi 7600 Clinical Series Analyzer, Hitachi, Tokyo, Japan) was used to assess blood lipid and glucose levels and other biochemical indicators, including fasting blood glucose (FBG), serum creatinine and urea nitrogen, total cholesterol (TC), total triglyceride (TG), high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.



Inflammatory cytokines

The levels of IL-6, IL-4, IL-10, and TNF-α were determined using commercially available ELISA kits [MULTISCIENCES (LIANKE) BIOTECH, CO., LTD, Hangzhou, China] as per the manufacturer’s instructions.



Related diagnostic criteria


Sarcopenia

According to the diagnostic criteria for sarcopenia from the 2014 Asian Sarcopenia Working Group (AWG) (15), subjects meeting any two of the following criteria were considered sarcopenia patients: (i) decreased skeletal muscle mass (male < 7.0 kg/m2, female < 5.7 kg/m2); (ii) decreased grip strength (male < 26 kg, female < 18 kg); and (iii) decreased walking speed (<0.8 m/s).



Hypertension

Hypertension was diagnosed based on the Chinese Guidelines for the Prevention and Treatment of Hypertension (revised in 2018). For patients not using antihypertensive drugs, consultation room blood pressure was measured three times on different days, with systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 mmHg. Patients diagnosed with hypertension and taking antihypertensive drugs were also monitored.



Type II diabetes

According to the Chinese Guidelines for the Prevention and Treatment of Type II Diabetes Mellitus, 2017 Edition, patients with (i) typical diabetic symptoms (polydipsia, polyuria, overeating, unexplained weight loss) and random blood glucose ≥ 11.1 mmol/L; (ii) FBG ≥ 7.0 mmol/L; (iii) blood glucose at 2 h after glucose loading > 11.1 mmol/L; (iv) and patients diagnosed with type 2 diabetes and taking hypoglycemic drugs were monitored. Patients without typical symptoms of diabetes were re-examined on another day.



Abdominal obesity

According to the National Cholesterol Education Program (ATP-III), abdominal obesity was defined as waist circumference ≥ 102 cm (40 inches) for men and 88 cm (35 inches) for women.




Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, United States) was adopted for data processing. Measurement data are expressed as mean ± standard deviation, and count data are expressed as the number of cases or percentages. Comparison of clinical phenotypic measurement data between groups was performed using a t-test (between two groups), and that for the classification data was performed using a chi-squared test. Covariance analysis was used to explore the correlation between sarcopenia and inflammatory cytokines in the control and case groups after adjusting for sex, hypertension, blood lipids, and obesity. Binary logistics analysis was used to explore independent factors for sarcopenia in this population. To investigate the differences of four serum inflammatory cytokines between the sarcopenia group and the non-sarcopenia group, a partial least squares-discriminant analysis (PLS-DA) was initially performed using MetaboAnalyst (version 5.0).1 Data of serum inflammatory cytokines were abundances normalized by median, log-transformed, and auto-scaled before PLS-DA. Then, a variable selection approach named variable importance in projection (VIP) was used to detect the essential inflammatory cytokines associated with case patients. In addition, the classification models were performed. Statistical significance was identified using an area under the receiver operating characteristic curve (AUROC). The discriminant Q2 under the null hypothesis was calculated through a 1,000-repetition permutation test. Differences with P < 0.05 were statistically significant.




Results


Clinical characteristics

There were no statistically significant differences in sex, age, ethnicity, smoking, drinking, serum renal function, TC, and diabetes between the sarcopenia and non-sarcopenia groups (i.e., P > 0.05); however, there were significant differences in BMI, FBG, hypertension, TG levels, and abdominal obesity (all P < 0.05) (Table 1).


TABLE 1    Clinical data analysis of subjects.
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Analysis of inflammatory factors

There was no significant difference in IL-6 levels between the sarcopenia and non-sarcopenia groups (P = 0.983); however, the levels of IL-10, IL-4, and TNF-α in the overall sarcopenia group were significantly higher than those in the non-sarcopenia group (P < 0.001, P = 0.001, and P < 0.001, respectively).

Regarding Han ethnicity, there was no significant difference in the level of IL-6 between the control group and the case group (P = 0.806). The levels of IL-10, IL-4, and TNF-α in the case group were higher than those in the control group (P = 0.006, P = 0.016, and P < 0.001, respectively). Regarding Uygur subjects, there was no significant difference in the level of IL-6 between the control group and the case group (P = 0.807), while the levels of IL-10, IL-4, and TNF-α in the case group were significantly higher than those in the control group (P = 0.001, P = 0.013, and P < 0.001, respectively) (Table 2).


TABLE 2    Inflammatory cytokines levels in difference nationality between sarcopenia and non-sarcopenia group.
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After adjusting for sex, age, hypertension, blood lipid concentration, and obesity, the analysis of covariance revealed that the levels of IL-10, IL-4, and TNF-α in the case group were significantly higher than those in the control group (P < 0.001, P = 0.011, and P < 0.001, respectively) (Table 3).


TABLE 3    Analysis of inflammatory factors after adjusting for sex, age, hypertension, blood lipid concentration, and obesity.
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Analysis of correlation between sarcopenia and clinical factors

Logistic analysis revealed that after adjusting for sex, age, hypertension, obesity, as well as IL-10, IL-4, and IL-6, an increased plasma level of TNF-α was significantly associated with sarcopenia (P < 0.001) (Table 4).


TABLE 4    Logistic analysis after adjusting for sex, age, hypertension, obesity, and interleukin (IL)-10, IL-4, and IL-6 levels.
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Partial least squares-discriminant analysis model of serum inflammatory cytokines for sarcopenia

Inflammatory cytokines profiles of all individuals with and without sarcopenia were compared using MetaboAnalyst. The results indicated that four normalized inflammatory cytokines levels differed significantly between the two groups using Wilcoxon rank-sum testing (Figure 2). In addition, the 2D and 3D score plots from the PLS-DA models for inflammatory cytokines showed clear and robust separation between sarcopenia and non- sarcopenia individuals (Q2 value: 0.498, R2Y value: 0.526, confirming that they had acceptable validity), suggesting a strong correlation between sarcopenia and inflammatory cytokines (Figures 3A,B). The VIP results indicated that TNF-α contributed the most to sarcopenia classification (Figure 3C). Two inflammatory cytokines, including TNF-α and IL-4, were selected by PLS-DA to construct a model, which had an overall AUROC of 0.896 (95%CI 0.816–0.954) for sarcopenia (Figure 4).
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FIGURE 2
Comparison of the inflammatory cytokines of all individuals with and without sarcopenia.
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FIGURE 3
PLS-DA model of serum inflammatory cytokines for sarcopenia. (A) 2D clustering of sarcopenia vs. non-sarcopenia groups (n = 76 and n = 76, respectively) on PLS-DA; (B) 3D clustering of sarcopenia vs. non-sarcopenia groups (n = 76 and n = 76, respectively) on PLS-DA; (C) VIP scores of inflammatory cytokines between sarcopenia vs. non-sarcopenia groups.
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FIGURE 4
The area under the receiver operating characteristic curve performance for sarcopenia.





Discussion

We found that the plasma levels of IL-10, IL-4, and TNF-α in the case group were higher than in the control group. After adjusting for sex, age, hypertension, blood lipid concentration, and obesity, the level of TNF-α in the case group was higher than that in the control group, following that of IL-10 and IL-4, which indicated that an increased plasma level of TNF-α was significantly associated with sarcopenia.

Recently, exploring the potential role of inflammatory cytokines in sarcopenia has been a topic of great interest. A study by Rong et al. found that the elderly population with sarcopenia in China was correlated with increased levels of inflammatory cytokine IL-10, IL-6, and IL-6/IL-10 ratios (16). Moreover, a cross-sectional study (17) indicated that higher plasma levels of TNF-α were significantly associated with a 7.6-fold increased risk of sarcopenia. However, levels of soluble receptors of tumor necrosis factor-alpha were lower for sarcopenic community-dwelling elderly women residents of Brazil (18). Taken together, these findings suggest a role of high-grade inflammation in developing sarcopenia.

Inflammatory cytokines are a type of “information material” produced by white blood cells and other cells (e.g., nerve cells and glial cells) in the body. An inflammatory cytokine is a protein or small molecular polypeptide with an immune regulation function. Inflammatory factors act on target cells via autocrine and paracrine pathways, causing extensive biological effects (19). Inflammatory cytokines can be divided into pro-inflammatory and anti-inflammatory factors. With an increase in age, cytokine imbalances in the elderly manifest as an increase in pro-inflammatory factors, a decrease in anti-inflammatory factors, and finally lead to a chronic low-level inflammatory state, also known as “immune aging” (20). Interleukins are multifunctional cytokines produced by many cells in vivo, such as inflammatory cells, vascular endothelial cells, fibroblasts, adipocytes, and muscle cells. IL-4, IL-10, and IL-6 are anti-inflammatory factors (21). The influence of inflammatory cytokines on the elderly is multifaceted and includes aspects such as bone quality, muscle metabolism, and nutrition balance. In addition, proinflammatory factors can also increase platelet brittleness and affect coagulation pathways by affecting the endothelium. All of these directly or indirectly lead to an increased risk for cardiovascular events in the elderly (22). Various cytokines involved in the pathogenesis of sarcopenia have been identified in foreign studies and include TNF-α, IL-1, IL-2, IL-4, IL-6, IL-8, and IL-10.

Wang et al. (23) found that the expression of the pro-inflammatory factors MCP-1, IL-8, and IL-6 increased significantly in young and older men after strenuous exercise, while the expression of the anti-inflammatory factors IL-4, IL-10, and IL-13 increased only slightly. Della Gatta et al. (24) found that elderly individuals with elevated serum IL-6 levels (> 5 pg/ml) were more likely to experience decreased muscle mass and muscle strength. They confirmed that the increase in the serum soluble IL-6 receptor was closely related to a decrease in muscle mass. However, in a study involving 4,252 elderly men aged 60–79 years, Conte et al. (25) came to a different conclusion: Their results revealed no correlation between IL-6 and arm muscle circumference and non-fat BMI. In the present study, there was no significant difference in plasma IL-6 concentration between the sarcopenia and control group, which may be related to the complex mechanism(s) of IL-6 and may be explained by the different populations investigated.

TNF-α is mainly produced by activated macrophages, natural killer cells, and T lymphocytes. It is vital in malignant consumptive disease, also known as “cachexia.” As a typical proinflammatory cytokine, TNF-α is associated with many chronic diseases such as wasting syndrome, chronic infection, and metabolic disorder syndrome. However, the mechanism of TNF-α in the pathogenesis of sarcopenia remains unclear (26).

Lin and Yue (27) studied changes in muscle mass and muscle strength in 2,177 elderly patients during a 5-year follow-up. The authors found that TNF-α was negatively correlated with the cross-sectional area of the thigh muscle and with grip strength, suggesting that TNF-α negatively influenced muscle mass and grip strength in the elderly. A 4-year observation of individuals ≥ 85 years of age and 5-year observations of 70–79-year-old individuals demonstrated that plasma TNF-α levels were a predictor of a significant decrease in muscle strength. Grip strength decreased by 1.2–1.3 kg for each standard deviation increase in the TNF-α level (28). Similarly, Schaap et al. (29) found that mice with TNF-α gene transposition produced a large amount of TNF-α and exhibited thigh muscle fiber atrophy and growth restriction. The present study demonstrated that the concentration of TNF-α in the sarcopenia group was significantly higher than in the control group. Logistic analysis revealed that after adjusting for sex, age, hypertension, obesity, IL-10, IL-4, and IL-6, an increased plasma level of TNF-α was significantly associated with sarcopenia, which was consistent with the results of previous studies, suggesting that TNF-α may play an essential role in the pathogenesis of sarcopenia.

IL-10 is an anti-inflammatory cytokine derived from T-helper 2 and other cells. It acts on macrophages, down-regulates the expression of major histocompatibility complex II, weakens anti-inflammatory presentation, and reduces inflammatory reaction(s) (30). Coletti et al. (30) found no significant difference in the concentration of IL-10 between patients with sarcopenia and the control group. Another study reported that the number of anti-inflammatory cytokines decreased with increases in adipose tissue (31). The present study investigated the relationship between the plasma pro-inflammatory factors TNF-α and IL-6 and the anti-inflammatory factors IL-4 and IL-10 in the elderly population and sarcopenia. The results showed that increases in the concentration of the plasma pro-inflammatory factor TNF-α and the anti-inflammatory factors IL-4 and IL-10 were related to sarcopenia, which was contradictory to the definition of “immune aging.” This may be explained by the chronically low level of inflammation in patients with sarcopenia. In response to stimulation of the proinflammatory factor TNF-α, the body secretes IL-4 and IL-10 to participate in the anti-inflammatory process. After further correction of plasma IL-10 and IL-4 levels, increased plasma TNF-α level remains associated with sarcopenia, suggesting that immune aging may be involved in the pathogenesis of sarcopenia.

Dysregulation of the cytokine network is deemed the major element speeding up the aging process and causing related illnesses (32). Cytokine interaction constitutes a cytokine network. It can be divided into two types: Pro-inflammatory cytokine network and anti-inflammatory cytokine network (33). Changes in inflammatory cytokine networks control the direction of inflammation. One of the main characteristics of aging is the chronic progressive increase of inflammatory response, which is called inflammatory aging and is closely related to immune aging. Increasing the level of serum inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in the elderly are considered risk factors for cardiovascular and degenerative diseases (34). Our study found that the tumor necrosis factor α level in patients with sarcopenia was higher than that of patients without sarcopenia, which concludes that inflammatory factor network disorder is associated with sarcopenia. Inflammatory cytokines network disorder is mainly a response to tissue damage, which results from the age-related reduction in hemoglobin levels and consequent lower tissue oxygenation (35). Thus, IGF, growth hormone, testosterone, and nutritional supplements may be plausible strategies to improve inflammation and increase muscle mass. In addition, the exercise effect on anabolic hormone production has been well studied. Therefore, the optimal combination to treat sarcopenia must include personalized multicomponent exercise and supplementation with proteins and micronutrients to prevent deficiencies in the elderly (36).

A major limitation of our study is a relatively small sample size, which leads to our findings remaining exploratory. However, we have clearly shown an increased plasma level of TNF-α in individuals with sarcopenia with a clear separation compared to a healthy control using PLS-DA plus logistic regression analysis. In addition, using a cross-sectional rather than a longitudinal survey prevented us from disease progression and dietary consideration. Neither the amount of physical activity nor nutritional patterns were quantified in the present study. The study’s strengths provide initial information on a unique inflammation profile in the elderly natural population with sarcopenia in a cross-sectional study in the agricultural and pastoral areas of Xinjiang of China. A large-scale, multicenter study will be indispensable for validating these findings and determining the role of inflammatory cytokines and whether the profile is altered before sarcopenia develops.



Conclusion

This study confirmed that an increased plasma level of TNF-α was associated with sarcopenia in elderly individuals residing in the agricultural and pastoral areas of Xinjiang, China. In the future, we intend to perform a cohort study to explore the causal relationship(s) between serum inflammatory markers and sarcopenia and the mechanism of sarcopenia development.
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Objective: Elderly individuals in long-term care facilities (LTCFs) have a higher prevalence of sarcopenia than those in the community. Exercise is the gold standard for preventing and treating sarcopenia. Regarding exercise, multicomponent exercises, including progressive resistance training (PRT), are beneficial. However, developing routine, structured exercise programs for the elderly in LTCFs is difficult because of a shortage of healthcare providers, particularly in rural regions. Exergame-based exercises can increase a player’s motivation and reduce staff time for an intervention. Nintendo Switch RingFit Adventure (RFA) is a novel exergame that combines resistance, aerobic, and balance exercises. In this study, we aim to investigate the clinical effectiveness of RFA on muscle and functional performance parameters among the elderly in LTCFs.

Methods: The EXPPLORE (using EXergame to Prevent and Postpone the LOss of muscle mass, muscle strength, and functional performance in Rural Elders) trial is a single-center randomized controlled trial involving elderly individuals (≥60 years) living in LTCFs in rural southern Taiwan. The participants will be equally randomized to the intervention group (exergame-based exercise plus standard care) or the control group (standard care alone). Both groups will receive standard care except that the intervention group will receive exergame-based exercises at the time previously scheduled for sedentary activities in the LTCFs. The exergame-based exercise will be performed using RFA in the sitting position with a specialized design, including arm fit skills and knee assist mode. Each session of the exercise lasts 30 mins and will be performed two times per week for 12 weeks. The primary outcomes will be the osteoporotic fracture index, appendicular skeletal muscle mass index, dominant handgrip strength, and gait speed. Meanwhile, the secondary outcomes will be the dexterity and agility, muscle strength and thickness, range of motion of the joints of the dominant upper extremity, Kihon checklist, Medical Outcomes Study 36-Item Short-Form Health Survey, and Brain Health Test.

Discussion: This trial will provide valuable knowledge on whether exergames using RFA can counteract physical decline and improve quality of life and cognition among the elderly in LTCFs.

Clinical trial registration: [www.ClinicalTrials.gov], identifier [NCT05360667].

KEYWORDS
exergame, sarcopenia, frailty, long term care, multicomponent training, RingFit Adventure


Background

Taiwan is now an aging society, and the population of elderly individuals aged ≥65 years constituted 15.95% of the total population in 2020. It is estimated that Taiwan will become a super-aged society as the number of individuals aged ≥65 years grow to be more than 20% of the total population by 2025 (1). Aging and inactivity are associated with declines in muscle mass, architecture, and strength (2, 3). The rate of muscle loss ranges from 1 to 2% per year for individuals more than 50 years old (4). Sarcopenia, defined as an age-related loss of skeletal muscle mass and a decline in muscle strength and physical performance (5), is thus emerging as an important issue in modern society. As reported by the Asian Working Group for Sarcopenia (AWGS), the prevalence of sarcopenia in community-dwelling older men and women in Taiwan was 9.3 and 4.1%, respectively (6). For mobility-impaired older adults, regular physical activity can prevent further disabilities and improve their overall health (7, 8), while physical inactivity is an important factor contributing to the development of sarcopenia (9). The prevalence of sarcopenia is much higher in individuals living in care facilities than those residing in the community, ranging between 17.7 and 73.3% in long-term nursing homes (10) and between 22 and 87.1% in daycare centers, because they are older and sicker and require more assistance with their activities of daily living (ADLs) after being admitted to care facilities (10–12).

The first-line strategies for preventing and treating sarcopenia focus on preserving skeletal muscle mass and maintaining muscle strength (13). A newly published network meta-analysis revealed that mixed exercises and physical activity with nutritional supplementation are the most effective interventions for sarcopenia (14). Resistance training (RT), particularly progressive RT (PRT) (15, 16), and multicomponent exercises have moderate- to high-quality evidence for their positive and significant effects on increasing muscle mass, muscle strength, and physical performance among elderly individuals with sarcopenia (17, 18). Moreover, some studies showed that low-intensity RT [≤50% 1 repetition maximum (RM)] is sufficient to induce strength gains (19, 20). However, the optimal exercise prescription, regarding intensity, type, frequency, duration, and progression, for preventing and treating sarcopenia among elderly individuals is still controversial (14, 17).

Taiwan is one of the fastest-aging countries in the world (21). The Taiwanese government established a long-term healthcare system in 2010, which was reformed into The Long-Term Care 2.0 Plan (LTC 2.0) in 2017 to guarantee suitable services in response to the fast-growing care needs of older individuals (21). The LTC 2.0 aims to provide aging-in-place values into practice by delivering integrated home- or community-based primary healthcare and preventive services (22). Based on the consensus of the AWGS in 2019, community-based care facilities are important places for integrated LTC services to prevent or delay disability, particularly for individuals who are physically inactive or at risk of sarcopenia (23). These settings are essential, particularly in rural regions in Taiwan, where the proportion of elderly individuals is higher than that in urban areas (24) and the healthcare resources are limited (25).

The principles of PRT and multicomponent exercise programs include regular, mass-practiced, mildly overwhelming engagement (26). To achieve these principles, the devotion of time, workforce, and money are critical. Staffing constraints and resource shortages have made it challenging to promote regular exercise programs in long-term care facilities (LTCFs) (27, 28). Exergames are defined as any type of video game that requires the movement of the player’s entire body, allowing real-time interaction (29). Exergames breakdown the barriers of repetitive and monotonous physical exercises since they contain attractive and multisensory game environments with an immersive environment in which the interaction occurs through whole-body movements (30). Moreover, the gamified approach and immersive scenarios motivate older individuals to acquire a greater commitment to the practice of physical and rehabilitative exercises (31). Therefore, playing exergames reduces staff time for intervention, encourages patients to perform relatively high-energy movements, and increases their motivation. Among community-dwelling older individuals with or without specific diseases (32), studies have proved the therapeutic application of exergames in improving lower limb strength (33), gait speed (34), balance (35), and cognitive function (34, 36). Few studies have evaluated the clinical effectiveness of exergames in LTCFs, and most outcomes of these studies pertained to health-related quality of life (HRQoL), cognition, and general functional status (37–39). Our team found that the handgrip strength (HGS) and walking speed of elderly individuals with sarcopenia living in care facilities improved significantly after 12 weeks of exergame-based progressive RT(40). However, it was a quasi-experimental study involving relatively few participants, and the platform to deliver exergames was difficult for older adults to use. Therefore, in this study, we will evaluate the feasibility and clinical application of a novel exergame-based multicomponent training program using Nintendo Switch® RingFit Adventure (RFA), which could deliver optimal exercise intensity for each player and perform fine-tuned upregulation and downregulation based on performance after each game, among elderly individuals living in rural care facilities.



Methods and analysis


Trial design and ethics

This randomized controlled trial (RCT) compares an exergame-based multicomponent exercise training (exergame-based exercise) to the standard care in older users of LTCFs in rural regions. The trial design adheres to the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines for RCT (41) and the Consolidation Standards of Reporting Trials guidelines (42). The flowchart of this study is shown in Figure 1. This study will be conducted according to the Declaration of Helsinki, was approved by the Institutional Review Board of a medical center in Taiwan (approval number: B-ER-111-058), and was registered at www.ClinicalTrials.gov (registration number: NCT05360667).


[image: image]

FIGURE 1
The flowchart of the participant inclusion and data collection process. aSee Table 1; bsequentially numbered, opaque, and sealed envelopes. ASMMI, appendicular skeletal muscle mass index; HGS, handgrip strength; SOF index, study of osteoporosis index; BBT, box and block test; ROM, range of motion; KC-T, Kihon checklist Taiwan version; SF-36, short form 36 questionnaire; BHT, brain health test.



TABLE 1    The flowchart of exergame-based multicomponent training program.
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Selection of participants

All individuals, who participate regularly in LTCFs, including daycare centers and nursing homes, in rural regions of Kaohsiung City, southern Taiwan, will be eligible for study participation. The inclusion criteria are as follows: individuals (a) aged ≥60 years, (b) those living or participating in LTCFs for at least 1 month, (c) those who can understand and speak Chinese or Taiwanese, (d) those with sufficient cognitive capacity (judged by the researchers) to give informed consent and participate in the exergame-based exercise and data collection, and (e) those who can sit for more than 50 min for training and can complete the measurement of gait speed. (a) Individuals who have significant cardiopulmonary diseases, (b) those who regularly receive oxygen supplementation, (c) those who have uncontrollable hypertension, and (d) those who had a recent infection or fracture or were diagnosed with other diseases that might prohibit them from participating in exercises according to the guidelines of the American College of Sports Medicine will be excluded from this study (43). Participants in the intervention group will receive standard care with the exergame-based exercise for 12 weeks, whereas those in the control group will receive standard care routinely applied in LTCFs as usual. We will replace the scheduled sedentary activities in the LTCFs, such as singing, table games, and gardening, with the exergame-based exercise in the intervention group. Meanwhile, participants in the control group will perform the aforementioned sedentary activities in the LTCFs as usual. Therefore, the time for activities in the two groups will be the same. In addition to the exergame-based exercise and standard care, all participants will perform the usual traditional rehabilitation provided by therapists at the LTCFs.



Randomization

We will use sequentially numbered, opaque, sealed envelopes containing a group assignment number created by a person who is not clinically involved and, therefore, could be blinded to this study. Participants who fulfilled the inclusion and exclusion criteria will be equally randomized to the intervention and control groups with an allocation ratio of 1:1.



Exergame-based multicomponent training program (intervention group)

The program consists of PRT and functional movement of the four extremities but mainly the upper limbs. We will use RFA to deliver the program. RFA is a Nintendo Switch®-based exergame. It requires one Nintendo Switch video game console, one Ring-Con (a Pilates ring that the user holds), one wireless controller Joy-Con (one should be placed on the Ring-Con and the other one should be affixed into a leg strap on the thigh of the player), and one display screen (Figure 2). The exergame-based exercise will be performed two times per week, at least 48 h apart from each training session, 50 min per session (10 min each for a warm-up and cool-down and 30 min for the main program), for 12 weeks, and will be supervised by a therapist.
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FIGURE 2
Components of Nintendo Switch. To play the RingFit Adventure, the player needs to use the Nintendo Switch, which includes the following devices: A. Ring-Con: A Pilates ring the user holds; B. Joy-Con: A wireless controller. One of the Joy-Con (B1) should be placed on the Ring-Con (A). The other Joy-Con (B2) should be affixed to a Leg Strap (C) on the thigh of the player.


RingFit Adventure is a fitness action role-playing game. The player advances the story while exercising as the movement of the player is linked to the main character on the screen. The movements of the player and battle actions are based on the performance of certain physical activities using the Ring-Con and leg strap (44). Ring-Con is a controller of the system with a built-in high-precision force and strain sensor that detects and digitizes the player’s movements, such as stretching and squeezing. Joy-Con is equipped with a motion infrared-ray camera and is used to monitor the heart rate of the player. RFA could estimate the optimal exercise intensity for each player and perform fine-tuned upregulation and downregulation based on this physiological feedback (45). Therefore, providing an appropriate amount of exercise for all generations, from children to the elderly, has become possible (46, 47).

Routinely, the player controls the character by jogging or squatting in the Adventure Mode. Each stage of the Adventure Mode consists of several battle scenes; in addition to aerobics training, the player must perform intensive RT and yoga exercises that exert stress on the muscles of the entire body to defeat the enemy and clear the stage. Players are rewarded based on the amount of exercise they perform and continue to advance while continuously improving their skills. Given that many individuals living in the LTCFs are becoming older and sicker and require more assistance with their ADLs, they have a higher potential risk of falls, and exergame-based exercise should be supervised to reduce unnecessary walking (40). Moreover, some individuals living in LTCFs use wheelchairs mainly for ambulation (28). Therefore, we will use the knee assist mode in RFA, which helps the player character jog and sprint when it is vital for level completion in the game. This means that traversal of the Adventure Mode is possible for players who only have reliable or pain-free use of their arms and trunk.

At the beginning of the game, we will enter the age, sex, and weight of each player, and they should stretch and squeeze the Ring-Con as hard as possible to measure their maximal intensity (this step could be considered the concept of 1 RM as in the traditional RT). Then, the Nintendo Switch sets the initial amount of exercise that must be performed in each stage and adjusts it progressively and automatically depending on the performance of the player. The ideal intensity of each session will set to be 13 (somewhat hard) on the Borg Rating of Perceived Exertion (RPE) scale (48). The higher the intensity, the more repetitions and the larger resistance of the Ring-Con to be stretched and squeezed. The supervisor could also adjust the intensity level manually based on the performance of the player; however, we will not adjust the intensity level manually in this study to ensure the consistency of the protocol. The Joy-Con on the Ring-Con could detect the heart rate of the player after the training session. RFA could provide a summary of the training results, such as exercising time, total calories burned, and total distance ran, after each training session. Warm-up and cool-down will last 10 min each for each training session. In addition to the data RFA records, we will measure the blood pressure, heart rate, heart rate reserve, and oxygen saturation using a pulse oximeter before and after each training session.

As for the skills required to complete the game, in addition to the regular stretching and squeezing that are mandatory for the character player to progress and earn rewards in the Adventure Mode, we have developed six fit skills that focus on training the upper extremities and trunk from the list provided by RFA, including overhead press, shoulder press, front press, bow pull, overhead arm spin, and triceps kickback. The player must choose three of the six aforementioned fit skills to defeat the monster in each beat mode. The flowchart of the exergame-based exercise and the corresponding trained muscle and joint movement is provided in Table 1.



Contents of standard care (control group)

The standard care in the control group will be applied as usual in our LTCFs, in the way of group activities, including calisthenics (that could be performed in the sitting position), horticultural therapy, and group static activities (e.g., tabletop games). The programs will be performed two times per week for approximately 30–60 min, depending on the activity, and will be led by a therapist.



Blinding

Because of the design of the study and the nature of the interventions, blinding the staff and participants of the LTCFs is impossible. The assessors, measuring the outcomes, and the interpreter, analyzing the data, will be blinded in this study.




Outcomes measured

All participants will be subjected to three evaluations. The first evaluation is at baseline (Time 0), which is before randomization. The second and third evaluations will be performed at the end of the 6th (Time 1) and 12th (Time 2) weeks after the intervention, respectively (Table 2).


TABLE 2    Instruments and measures to be implemented for data collection.
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Primary outcomes

The primary outcomes chosen for this study are the criteria for the diagnosis of sarcopenia proposed by the AWGS, including appendicular skeletal muscle mass index (ASMMI), dominant HGS, and usual gait speed. Moreover, the Study of Osteoporotic Fractures Index (SOF index), which indicates the frailty status, is also one of the primary outcomes.


Anthropometry and body composition: Appendicular skeletal muscle mass index

We will perform bioelectrical impedance analysis (BIA) to evaluate the participant’s appendicular skeletal muscle mass. Compared with other established methods for measuring body composition, including dual-energy X-ray absorptiometry, computed tomography, and magnetic resonance imaging, BIA has been widely used in clinical settings because it is relatively simple, quick, and non-invasive (49). BIA of the tetrapolar eight-point electrode type (InBody S10 for the supine measure, InBody Co., South Korea) will be used in this study given that some participants will be difficult to measure in the standing position. This BIA model enables multifrequency impedance measurement of the arms, trunk, and legs using eight electrodes positioned at each hand and foot. Impedance parameters are measured with alternating currents of 80 and 100 mA at frequencies of 1, 5, 50, 250, 500, and 1,000 kHz for InBody S10 (50). The participants will be placed in the lying position for approximately 10–15 min before the test so that body water may be dispersed evenly inside the body. The four extremities should be spread naturally to a 15° angle away from the trunk to ensure that the extremities do not touch the trunk part of the body (51). The device will be calibrated in the morning using a standard control circuit supplied by the manufacturer. The ASMMI is defined as the appendicular skeletal muscle mass (in kg) divided by the height squared (in m2) (52).



Dominant hand grip strength

The HGS will be measured using a JAMAR dynamometer (J A Preston Corporation, New York, NY, USA) using all five notches. A JAMAR dynamometer is a hydraulic instrument that measures isometric strength in kilograms. It has been proven to have good reliability in various older populations (53). The measurement will be performed under a standard position, and the instrument should be freely held. Each participant will be instructed to sit straight with their upper arm in a neutral position and their elbow flexed at 90°C, their forearm in a neutral position, and their wrist at 0–30°C extension (54). The measurement should be performed three times, and the highest of the three measurements will be recorded. The participants will be allowed to rest for 1 min between measurements. The minimal clinically important difference (MCID), defined as the minimal amount of change required to distinguish a true performance change due to variability in performance or measurement error, is also measured in this study. No available studies on the MCID of the HGS in older adults so far, whereas, in healthy individuals, the MCID of the HGS is 2.44–2.69 kg (55).



Gait speed

The participants will be instructed to walk at a normal speed on a 6-m-long corridor without a barrier, and the usual gait speed is calculated by measuring the time spent to reach the end of the corridor by a participant as suggested by the AWGS (52). The participants could walk with or without assistive devices during the measurement. The time will be initially recorded once the participants start walking and stop at the point when they reach a distance of 6 m. Gait speed should be measured two times, and the average of the two speeds will be recorded. The participants will be allowed to rest for 10 min between measurements. The MCID of gait speed across multiple patient groups is 0.10–0.20 m/s (56).



Study of osteoporotic fractures index

The SOF index consists of the following three components: (a) a weight loss of ≥5% during the preceding year (regardless of the intention to lose weight), (b) the inability to rise from a chair five times without using the arms, and (c) an answer of “no” to the question “Do you feel full of energy?” The participants will be identified to be frail if they have two or more of the aforementioned components; those with one disability are considered in pre-frailty status, and those with none of the aforementioned impairments are considered robust (57). The SOF index has been proven to be a valid tool to evaluate frailty, particularly for community-dwelling older adults in Taiwan (58).




Secondary outcomes


Manual dexterity

The box and block test (BBT) can be used to measure the unilateral gross manual dexterity in various populations with high test–retest reliability and validity (59). The setup of the BBT consists of a wooden box divided into two compartments, with 100 wooden blocks inside one compartment. The participants will be instructed to transfer the wooden blocks one by one from one compartment to the other in the sitting position. The score is based on the number of blocks the participants transferred in 60 s. Most studies on the MCID of the BBT have involved patients with stroke, and the MCID was 5.5 cubes/min for the most affected side and 7.8 cubes/min for the least affected side (60).



Biceps and triceps brachii muscle strength of the dominant side

We will use the microFET® 3 (Hoggan Health Industries, West Jordan, UT, USA) to measure the maximal voluntary isometric contraction (MVIC) of the biceps and triceps brachii of the dominant side. The microFET® 3 is an electronic handheld dynamometer that can detect 0–150 lb of force with high reliability and validity (61). The participants will be instructed to lie on the treatment table with their elbows forming a 90° angle to the horizontal such that the arm is perpendicular to the limb. The device will be placed on the ventral (for the biceps brachii) or dorsal (for the triceps brachii) side of the arm and aligned with the ulnar styloid. The participants will be encouraged to go against the force, which is exerted toward the device, with their maximum strength (62). The MVIC will be measured two times, and the average of the two measurements is recorded. The participants will be allowed to rest for 1 min between measurements.



Sonographic thickness of biceps and triceps brachii muscles

A single-experienced operator, who is not involved in any further data analysis and is blinded to clinical symptoms, will use a portable LOGIQ e-ultrasound (General Electric Company, USA, 2010) equipped with a 5–12-MHz linear array transducer to measure the muscle thickness under sonography. Measurements should be performed by gently applying the transducer onto the skin that is coated by a thin layer of water-soluble gel. The transducer should be held orthogonal to the skin surface to ensure precise depth analyses and avoid transmission parallax error. All participants will undergo measurements in the afternoon. All measurements will be performed once on each side and recorded, respectively. The position used to measure each muscle is as follows:


Biceps brachii muscle

The thickness of the brachial biceps will be obtained at two-third of the way between the acromion and the antecubital crease of the examined upper limb with the transducer placed perpendicular while exerting minimum pressure. The examined upper limb should be extended fully. The thickness is measured in the transverse plane (63).



Triceps brachii muscle

The thickness of the brachial triceps will be obtained at the proximal one-third of the way between the acromion and the olecranon of the examined upper limb with the transducer placed perpendicular while exerting minimum pressure. The examined upper limb should be overhead and extended fully. The thickness is measured in the transverse plane (64).




Measurement of the range of motion of the joints of the dominant upper extremity

The range of motions (ROMs) of the dominant upper extremity, including shoulder flexion, abduction, and external rotation; elbow flexion and extension; forearm supination and pronation; and wrist flexion and extension, will be measured. The ROMs will be measured using a goniometer under standard positions (65).



General function

We will use the Kihon checklist-Taiwan (KC-T) to indicate the ADLs of the participants in this study. The KC-T is a self-reported questionnaire consisting of 25 items divided into seven subcategories: general independence, physical strength, nutrition, oral function, level of social activities outside the home, cognitive function, and risk of depression. Each item is rated as a pass (0) or fail (1); therefore, a higher total score indicates a lower level of function (66). The KC-T is used by the Ministry of Health and Welfare in Taiwan as an outcome indicator for community-based programs that delay and prevent disability (67), and its usability in practice in real-world settings in Taiwan has been proven (68).



Health-related quality of life

We will use the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) to indicate the HRQoL of the participants in this study. The SF-36 is a self-assessment validated generic health survey containing 36 items divided into eight subscales: physical functioning, role limitation due to physical problems, bodily pain, general health, vitality, social functioning, role limitation due to emotional problems, and mental health. The first four subscales represent the physical function, and the subsequent four subscales represent the mental function. Responses to each question will be transformed into a scale ranging from 0 to 100. The higher the scores, the better the HRQoL (69). All subscales have high levels of validity and reliability. The SF-36 has an acceptable internal consistency (Cronbach’s α value ranged from 0.74 to 0.95) among the Taiwanese population (70). We will record the scores of the entire questionnaire, physical function, and mental function in this study.



Cognitive level

We will use the Brain Health Test (BHT)–brief cognitive test (BHT-Cog) to measure the cognitive level of the participants in this study. The BHT, developed by the Taiwan Dementia Society, is a simple dementia screening tool with high validity that can help primary care physicians identify patients with cognitive impairment among subjects with memory complaints or those at a high risk of dementia. It consists of risk factors and a brief cognitive test. The BHT-Cog includes orientation to time, immediate and delayed recall of five items, a categorical verbal fluency test (listing four-legged animals in 1 min), and the Clock Drawing Test (10:10) (71). The Ministry of Health and Welfare also uses the BHT in Taiwan as an outcome indicator for community-based programs that delay and prevent disability (67).




Statistical analysis


Sample size calculation

Since a high-quality study evaluating the effects of a similar intervention on muscle strength, physical activity, and function was unavailable when we wrote our protocol, we used previous results from one study using augmented reality (AR)-based exercise for one of our primary outcome measures (ASMMI) (72) for this power calculation. The effect size of a similar study for the AR-based intervention is high (0.71). Based on G*Power (version 3.1.9.2, for Windows), at least 18 observations in each group should be recruited by detecting a difference of 2 standard deviations (SD) of the ASMMI between the groups with a power of 80% and alpha of 5%, and the effect size is determined to be high (F-test family, 0.4) (73). To account for an expected dropout rate of 40%, given that most participants in the LTCFs have comorbidities, we decided to increase this number to a group size of 26. Thus, the aim will be to include at least 52 patients in the study.



Quantitative data

We will use Statistical Package for the Social Sciences for Windows (version 19.0; Released 2010; IBM Corp., Armonk, NY, USA) for all statistical analyses. Continuous data are expressed as means with SDs, and categorical variables are presented as absolute numbers or percentages. The normality and homoscedasticity of the data will be checked before each analysis. For comparisons of demographic data between the experimental and control groups, the chi-square test, independent t-test, and Mann–Whitney U-test will be used as appropriate depending on the features of distributions of the data. As for the training effects on outcomes, a mixed analysis of variance, with time as a within-subject factor and intervention as a between-subject factor, will be performed. Post hoc analysis will be performed using the Bonferroni test. P-values < 0.05 will be used to indicate statistical significance. If both the data and the residuals are not normally distributed for ANOVA, we will use bootstrapping to get confidence intervals and use those to determine whether effects are statistically significant, rather than using p-values directly.




Anticipated results and discussion

This study protocol describes the design of an RCT that evaluates the clinical effect of the exergame-based exercise delivered via RFA among older adults in LTCFs. Individuals around the world live longer nowadays, and many countries will become a super-aged society soon. Preventing and delaying the loss of intrinsic capacity and functional ability of older adults and helping them age successfully are crucial for us (74). Elderly individuals living in LTCFs are more prone to geriatric syndromes, such as frailty and sarcopenia, than those living in the community. Moreover, many LTCFs lack healthcare professionals, particularly those in rural regions. This project aims to study whether we can use exergame-based exercise as an alternative to previous manpower-consuming therapies in LTCFs. Given that the concepts of frailty and sarcopenia are multifactorial and their definitions vary, this study focuses on the parameters of muscle and functional performance.

This project is unique as the exergame-based exercise is delivered via RFA. Similar to other exergames, RFA uses a gamified approach and immersive scenarios to motivate the player by role-playing (31). It could provide both visual feedback from the screen and sensory feedback from the Ring-Con. Apart from other exergames, with its featured Ring-Con, RFA could be considered a multicomponent exercise, combining PRT and aerobic exercises for strength, balance, and muscle stretching. Studies have evaluated the effectiveness of PRT among community-dwelling older adults and proven that it is easily available at a low cost and effective in improving physical function and strength (10, 75). Therefore, we are looking forward to the clinical effectiveness in improving the muscle parameters after this study.

Another feature of using RFA to deliver exergames is that it could set up the initial amount of exercise that must be performed in each stage and adjust it progressively and automatically depending on the performance of the player. Therefore, the progression for the exercise prescription might be individualized, and it is time- and manpower-saving given that it could be modified by the machine. The ACSM suggests increasing intensity over time to maintain the intensity of the exercises at moderate levels (41–60% of 1 RM for resistance exercise and Borg RPE 12–14 for aerobic exercise) (76). Therefore, the study protocol sets the target intensity of the exergame-based exercise at Borg RPE 13 and leaves the weight intensity to Nintendo Switch itself. Although it is practical to do so in real-world settings, and it is safer for the elderly to perform PRT by squeezing or stretching the Ring-Con, one limitation is that we cannot confirm whether the weight intensity given by the Ring-Con is sufficient at moderate levels.

Given that many elderly individuals in LTCFs use a wheelchair for community ambulation because of poor muscle endurance even though they can walk for a short distance to complete gait measurements (40), the exergame-based exercise of this project focuses on training the upper extremities and trunk. By doing so, the participants could be trained in the sitting position to avoid the potential risk of falls. Therefore, most outcomes of this project, including the HGS, MVIC, sonographic thickness of the biceps and triceps brachii muscles, ROMs of the joints of the dominant upper extremity, and BBT, are measured to evaluate the training effects. A study has proven that aging can attenuate the hypertrophic response of muscle groups to RT (77). Contrary to the findings from healthy young adults, in whom neural factors account for a larger proportion of the initial strength increment and muscle hypertrophy becomes the dominant factor after the first 3–5 weeks (78), the effect of muscle training may entirely depend on the neuromuscular adaptation among older adults after an 8-week training course (79). Given the results from the classical studies by Moritani and deVries and considering that the project lasted only 3 months, we measured not only the MVIC but also the sonographic thickness to see whether some early morphological changes in the trained muscles could be detected earlier.

The primary outcomes in this protocol are the criteria to diagnose frailty and sarcopenia. Therefore, this project will measure the gait speed through the exergame-based exercise, which focuses on the upper extremities and trunk only. Walking is a complex movement that requires several functional tasks, such as ROMs, velocity, position, and trained muscles (80). The participants must balance in different positions, such as leaning forward, forward reaching, side shuffle, and lateral shifting, to use the RFA. Those movements might occur at the trunk/hips/knees, although the protocol does not allow the performance of PRT on the lower extremities. Granacher et al. demonstrated that the ability of older adults to rise from a chair, ambulate, and make turns improves after 9 weeks of core muscle strength training (81). Park et al. observed that walking speed increased after a sitting boxing program focusing on upper extremity stretching and strengthening for 6 weeks (82). Both studies have proven that strengthening programs can also induce adaptive processes, particularly in the neuromuscular system, thereby enhancing balance performance and functional mobility. Moreover, interlimb and intralimb segment coordination are important for bipedal human gait. Arm swing in the human gait cycle plays an active role in maintaining body posture. The gait speed increases when the amplitude of the arm and leg is increased (83). Given the aforementioned three main reasons, the exergame-based exercise in this study might increase gait speed.

By presenting with heterogeneity, one recent systematic review with the recruitment of 15 eligible RCTs found that exercise not only has a positive effect on physical outcomes but also improves QoL and ADLs in elderly individuals (84). Therefore, in addition to measuring the clinical effects of the exergame-based exercise on parameters of muscle and functional performance, this protocol also includes the QoL and ADL as secondary outcomes. The SF-36 is used to indicate the HRQoL because it is a validated self-assessment generic health survey with a reliable intraclass correlation coefficient (70). KC-T will be used to indicate the ADL since its usability in practice in real-world settings in Taiwan has been proven (68), and it is widely used in LTCFs. Moreover, both the SF-36 and Kihon checklist have Taiwanese versions, which are important when measuring the QoL and ADL because the values toward QoL and ADL vary from culture to culture.

No cutoff value of available cognitive measurements allows us to screen who is suitable for exergames. Most studies on exergames in the elderly recruited participants with sufficient cognition levels to understand the orders and procedures required in the game (36). Many older adults in LTCFs have some cognitive deficits, though the degree varies in Taiwan (68). Exergames have therapeutic effects on cognition among older adults (34, 36). Although the manner of play varies among exergames, there are some commonly shared concepts. Exergame environments provide an extra spatial feature. Players confront challenging tasks with visual and auditory stimuli, cues, and feedback. Immersion into a virtual environment also redirects the player’s experiences to improve attention restoration, reduce stress, and promote cognitive rehabilitation. Furthermore, exergames require players to make decisions during the game. Exergames delivered via RFA provide all aforementioned features, and we expect that the cognitive level of the elderly in LTCFs improves after the training.

Supervised exercise is safe for frail older adults (85). Only one well-trained assistant will be required to supervise the entire exergame-based exercise procedure in this project. Many participants can play the game simultaneously if the number of Nintendo Switch and RFA is sufficient, which is time- and manpower-consuming. However, this study protocol has some limitations. First, this study used the convenience sampling method because recruiting older adults who regularly participate in LTCFs publicly is difficult and impractical. This project might be less representative, even though the minimum estimated sample size can be met. The results of this study should be applied with caution and could only be generalizable to similar populations. Second, the exergame-based exercise and outcome measures only lasted 3 months. This duration might be insufficient to observe an increase in the muscle mass of older patients. However, given that an intervention period of more than 3 months might lead to a higher attrition rate of the participants, particularly for those in LTCFs with several comorbidities, we will also measure muscle morphology using sonography to detect any earlier change in muscle parameters, and we still suggest a 3-month protocol. Third, to our knowledge, this project is the first study to evaluate the effectiveness of using RFA among elderly individuals living in LTCFs. No established protocol for training with RFA could be followed. Although the entire exercise prescription is based on the guidelines for older adults by the ACSM, we cannot ensure that the protocol for the current exergame-based exercise is ideal. Fourth, individualized setting and progression of the exercises automatically are the features of using RFA to train elderly individuals. However, this project can only measure the exercise intensity by RPE. The investigators cannot confirm the exact resistance provided by the Ring-Con during each training session.

If the findings of this study show that the exergame-based exercise via RFA could improve the parameters of muscle and functional performance, the training method should be implemented as a treatment option for all older individuals living in LTCFs, particularly for those in rural regions with lesser healthcare resources. A successful exergame-based exercise would provide benefits beyond muscle strength, muscle mass, and ADLs of the elderly because it would also enhance the HRQoL or even help the elderly age gracefully. We expect that the protocol will be useful and practical to implement in real-world settings. With the positive results of this protocol, further larger studies could be conducted to examine whether the exergame-based exercise via RFA could be a treatment alternative to time- and manpower-consuming therapies currently applied in LTCFs.
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Introduction: Calorie restriction (CR) is an important direction for the delay of sarcopenia in elderly individuals. However, the specific mechanisms of CR against aging are still unclear.

Methods: In this study, we used a CR model of elderly mice with muscle-specific 11β-hydroxysteroid dehydrogenase 1 (11β-HSD1) knockout mice and 11β-HSD1 overexpression mice to confirm that CR can delay muscle aging by inhibiting 11β-HSD1 which can transform inactive GC(cortisone) into active GC(cortisol). The ability of self-proliferation and differentiation into muscle fibers of these mouse muscle stem cells (MuSCs) was observed in vitro. Additionally, the mitochondrial function and mitochondrial ATP production capacity of MuSCs were measured by mitochondrial oxygen consumption.

Results: It was found that the 11β-HSD1 expression level was increased in age-related muscle atrophy. Overexpression of 11β-HSD1 led to muscle atrophy in young mice, and 11β-HSD1 knockout rescued age-related muscle atrophy. Moreover, CR in aged mice reduced the local effective concentration of glucocorticoid (GC) through 11β-HSD1, thereby promoting the mitochondrial function and differentiation ability of MuSCs.

Conclusions: Together, our findings highlight promising sarcopenia protection with 40% CR in older ages. Furthermore, we speculated that targeting an 11β-HSD1-dependent metabolic pathway may represent a novel strategy for developing therapeutics against age-related muscle atrophy.
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Highlights


-11β-HSD1 expression levels were increased in age-related muscle atrophy.

-Overexpression of 11β-HSD1 led to muscle atrophy in young mice, and muscle-specific 11β-HSD1 knockout rescued age-related muscle atrophy.

-CR in aged mice reduced the local effective concentration of glucocorticoid (GC) through 11β-HSD1, thereby promoting the mitochondrial function and differentiation ability of MuSCs.

-Our findings highlight promising sarcopenia protection with 40% CR in older ages.

-We speculated that targeting an 11β-HSD1-dependent metabolic pathway may represent a novel strategy for developing therapeutics against age-related muscle atrophy.





1. Introduction

Progressive age-related loss of skeletal muscle mass and function is known as sarcopenia and increases an adult’s individual’s susceptibility to adverse clinical outcomes (1). Currently, there is no effective treatment for sarcopenia, and the treatment is limited to improving nutrition and strengthening exercise. It is well known that muscle stem cells (MuSCs) are mainly responsible for skeletal muscle regeneration (2). With increasing age, the proliferation and differentiation abilities of MuSCs decrease significantly, resulting in impaired muscle regeneration in senescent individuals (3). Thus, improving the function of MuSCs is an effective way to delay sarcopenia.

It is well established that calorie restriction (CR) cannot only reduce fat accumulation and improve insulin resistance but can also maintain organ function and has anti-aging effects (4). Recently, Sharples et al. also found that CR is an effective intervention method to reduce progressive muscle loss in elderly individuals, which is of great significance to prolong life and promote healthy aging (5). Yang et al. found that CR maintained muscle homeostasis and improved muscle protein quality by enhancing autophagy and reducing inflammation, indicating that CR is an important regulator of sarcopenia (6). In addition, studies have found that CR cannot only increase the expression of Pax7, a specific gene of muscle stem cells, but can also increase the number of mitochondria, oxidative respiratory chain enzymes, and aerobic utilization in stem cells (7). Thus, CR is an important direction for the delay of sarcopenia in elderly individuals. However, the specific mechanisms of CR against aging are still unclear.

Numerous studies have shown that long-term stress accelerates aging (8, 9). In fact, glucocorticoid (GC) is a stress hormone, and endogenous GC levels increase by 20–50% with aging (10). The GC activity is mainly regulated by 11β-hydroxylated steroid dehydrogenase1 (11β-HSD1) which can transform inactive GC(cortisone) into active GC(cortisol). So 11β-HSD1 is known as the local amplifier of GC and plays a key role in regulating organ aging (11). Some studies have found that the expression of 11β-HSD1 increases with aging in brain, skin, and muscle tissues, which is closely related to impaired memory, skin aging and decreased muscle strength (12–14). It has been confirmed that CR can affect the expression level of 11β-HSD1 in fat, liver, muscle, and other organs of mice and pigs (15). Therefore, there may be a potential relationship between 11β-HSD1, CR and skeletal muscle aging. The study of 11β-HSD1 is helpful to clarify the mechanism of the anti-aging action of CR.

Thus, we used a CR model of elderly mice, combined with muscle-specific 11β-HSD1 knockout mice and 11β-HSD1 overexpression mice, to confirm that CR can delay muscle aging by inhibiting 11β-HSD1. Moreover, the proliferation and differentiation ability of MuSCs from these mice were observed in vitro. Together, we aimed to propose an effective regimen to improve the function of MuSCs that may be promising in sarcopenia protection during aging.



2. Materials and methods


2.1. Human samples

Circulating blood samples were taken from 440 people aged from 23 to 94 years. We collected blood samples from participants who had fasted overnight, centrifuged the samples at 4.0°C for 10 min at 1,000 rpm, and then analyzed the samples. Muscle biopsies from 20 adults aged 15 to 65 years were obtained from the vastus lateralis under general anesthesia during fracture surgery. The exclusion criteria were as follows: (1) Adults with musculoskeletal disorders, autoimmune disorders, thyroid dysfunction, other endocrine disorders (e.g., pituitary, adrenal, and parathyroid disorders), and other disorders; and (2) patients who took gonadal hormone, glucocorticoids, thyroid hormones, anti-seizure medication, anti-depressants or other drugs that affect muscle metabolism. All subjects and samples in this study were collected in accordance with the protocol approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University (No. 2019-SR-481). Informed consent of all subjects was obtained.



2.2. Muscle mass and function assessment

A dual-energy X-ray absorptiometry scanner (Hologic, Bedford, Massachusetts, USA) was used to measure total skeletal muscle mass as well as local muscle mass, such as that of the arms and legs. All scans were obtained by the same certified technician. The instrument used in this study has stable long-term performance (coefficient of variation <0.5%) and high-confidence in vivo precision.

The electronic grasping force instrument measures grip strength of the mice:mice were placed in the laboratory for 20 min to acclimate. Remove the mice from the cage and grasp the middle part of the mouse’s tail with the thumb and forefinger. After the mice forelimb grasps the sensing rod of the instrument, drag the mouse tail parallel to the rear until the forelimb is released. The instrument automatically records the maximum grip during the process. This process was repeated three times and the maximum grip value was recorded.



2.3. Animal model


2.3.1. Calorie restricted (CR) mice

19-month-old C57BL/6J male mice (Model Animal Research Center of Nanjing University) were reared on a 12-hour light/dark cycle. They were housed individually in cages and fed ad libitum with standard laboratory chow for 4 days. Mean intakes were estimated as 4-day daily food intakes. Then, they were randomly divided into two groups: normal diet (ND) and calorie restricted (CR). For the next 12 weeks, ND mice were maintained on an ad libitum diet. Gradually increase the degree of CR, starting with a 10% restriction in the first week, increasing to 25% in the second week and 40% in the remaining 10 weeks. Both groups had unlimited access to water. Food intake was monitored daily, and the animals were weighed weekly.



2.3.2. 11β-HSD1 knock-in mice

The strategy we chose recommended to select Transcript Hsd11b1-201 (NM_017080) for presentation. The Hsd11b1-201 gene had six exons, the ATG start codon is in exon 1, and the exon 6 contains the TAG stop codon. We generated H11-CAG-Hsd11b1-flag-PolyA knock-in mice by the CRISPR/Cas9 system. Co-inject Cas9 mRNA, sgRNA, and donor into fertilized eggs. The sgRNA directs Cas9 endonuclease to cut at the H11 locus and creates a DSB (double-strand break). This breaks were repaired and leads to the insertion of in CAG-Hsd11b1-flag-PolyA into the H11 locus.



2.3.3. 11β-HSD1 knockout mice

The strategy we chose recommended to select Transcript Hsd11b1-001 for presentation. Approximately 0.7 kb of the genomic region was removed via Cre/LoxP excision. The absence of exon 3 caused a frame shift that ultimately disrupted the protein domain that followed. Approximately 29 N-terminal residues remained intact.



2.3.4. MyoD-cre 11β-HSD1 knockout mice

11β-HSD1flox/flox mice were crossed with MyoD-Cre mice obtained from Shanghai Institute of Biochemistry and Cell Biology. Offspring were intercrossed to generate MyoD-cre 11β-HSD1–/– mice. 11β-HSD1flox/flox littermates were used as controls.

All experimental protocols for animals in this study were reviewed and approved by the Animal Care Committee of the Model Animal Research Center of Nanjing University and in compliance with the Institutional Animal Care and Use Committee guidelines.




2.4. Muscle satellite cell isolation and differentiation

Mouse muscle stem cells (MuSCs) were isolated by a preliminary research protocol (16). Briefly, All hindlimb muscles of mice were dissected and scratched to pieces. Muscles were digested in wash medium (Ham’s F10 with 10% horse serum) containing collagenase II (800 units/ml) for 60 min at 37°C. Digested muscles were washed in washing medium, then collagenase II (80 units/ml) and dispase (1 unit/ml) were added for further digestion for 30 min. The resulting suspensions were pipetted 15 times with a 20G needle of a syringe and then filtered with a 40-μm cell strainer. FACS analysis was performed, and cells with Sca1-/CD11-/CD31-/CD45-/VCAM1 + signals represent the population of MuSCs. All antibodies used in FACS analysis were used at a dilution of 1:75. MuSC sorting was performed by using the BD Influx cell sorter (BD Biosciences). MuSCs were cultured on collagen-coated dishes in Ham’s F-10 Nutrient Mixture (Gibco) [20% FBS, 2.5 ng/ml bFGF (Invitrogen)] and T-cell conditioned medium (F10 medium with 20% FBS:T-cell medium = 50:50). Cultures were passaged when they reached 60–70% confluence.

The medium was replaced to differentiation medium (DMEM) containing 2% horse serum to induce cells differentiation. Cells could be maintained in differentiation medium for 72 h. BVT.2733 is a 11β-HSD1 selective inhibitor synthesized by China Pharmaceutical University based on patent information.



2.5. MTT assay

The Cell vaccination in 96-well plates (with equal number of cells in each well), and the cell viability was measured by MTT assay daily for consecutive 5 days. Briefly, add 20 μl MTT working solution (5 mg/ml) to each well, and incubate the plates at 37°C for 4 h. Then, remove the supernatants, and the resultant MTT formazan was dissolved in 100 μl of DMSO. Absorbance measurements at 595 and 630 nm wavelengths.



2.6. Myofiber diameter and cross-sectional area measurement

Using Adobe Acrobat 9 pro software (Adobe) to measure the myofiber diameter. Three independent visual fields were randomly selected in each sample. Each treatment measured 300 fibers from each field of view. Measure the myofiber cross-sectional area by ImageJ software (NIH). Three independent visual fields in each sample were chosen randomly. Three hundred myofibers from each visual field were measured for analysis. The person who performed the measurement was blinded to the identity of the sample.



2.7. Gene expression analysis

Total RNA was isolated using RNeasy kits (Qiagen). 1 μg of total RNA per sample was reverse transcribed to cDNA by MuLV transcriptase (NEB) and oligo dT primers following the manufacturer’s instructions. Briefly, RNA was denatured at 85°C for 3 min. MuLV reverse transcriptase was subsequently added to the mixture and incubation under 42°C for 1 h. Three replicate quantitative PCR (qPCR) reactions were performed in a Bio-Rad thermocycler system (Bio-Rad) by using SYBR Green PCR master mix (DBI). Data were analyzed with iQ5 optical system software (Bio-Rad).



2.8. Western blot method

Four mice were decapitated with 1% sodium pentobarbital and muscle was immediately collected. Tissues and cells were homogenized in a lysis buffer containing a protease inhibitor mixture, centrifuged at 12,000 × g for 15 min, and supernatant was collected. The proteins were isolated using SDS-PAGE gel (10% separation gel) and transferred to NC membranes. The membranes were blocked at room temperature with 5% degreased emulsion for 1 h and incubated with the respective master antibody at 4°C overnight:11β-HSD1 (ab169785, 1:1000, Abcam, Cambridge, United Kingdom), MuRF1 [MuRF1 (C-11): sc-398608, 1:200; SANTA CRUZ BIOTECHNOLOGY, INC.], Atrogin1 [MAFbx (F-9): SC-166806, 1:200; SANTA CRUZ BIOTECHNOLOGY, INC.], and GAPDH (MC4, #RM2002, 1:10000; Ray Antibody Biotech). After three washes with TBST, Horseradish peroxidase (HRP) is combined with goat anti-rabbit Antibody (#RM3002, 1:10000, Ray Antibody Biotech) or goat anti-mouse antibody (#RM3001, 1:10000, Ray Antibody Biotech). The protein was detected by ECL (Bio-Rad) method.



2.9. Immunofluorescent staining

Cells or sections were fixed with 4% paraformaldehyde and then permeabilized with cold methanol, along with anti-MYHC (Merck Millipore, clone 05-716, 1:1000) and anti-lamnin (Abcam, clone B00648, 1:1000) antibodies as primary antibodies. Cells and sections were subsequently stained with Alexa 488-, 561- or 647-labeled anti-mouse or -rabbit antibodies (Invitrogen). All images were obtained by confocal microscopy (Leica).



2.10. Measurement of oxygen consumption

Differentiated cell’s oxygen consumption rates (OCRs) were measured using an XF24 respirometer (Seahorse Bioscience, Santa Clara, California, USA). Basal oxygen consumption as well as oxygen consumption in the presence of drugs that disrupt the mitochondrial respiratory chain were measured: oligomycin (OL, ATP synthase inhibitor, 1 mM) and carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone (FCCP, uncoupler, 1 mM). Finally, mitochondrial respiration was blocked with rotenone (Rot, 1 mM) (Sigma–Aldrich).



2.11. Statistical analysis

All data are expressed as the mean ± SEM. Comparisons between groups were analyzed using an unpaired Student’s t-test by GraphPad Prism. One-way ANOVA with Tukey post-hoc analysis was used for comparisons between multiple groups. The results of the analysis and statistical significance are presented in the Figures and Figure Legends. A P-value < 0.05 was considered significant. Every experiment was repeated independently.




3. Results


3.1. The 11β-HSD1 expression level is up-regulated in human muscles with age-related atrophy

Total and regional lean mass (arms and legs) were obtained from the DXA measurement. Pearson correlation analysis showed that total lean mass was negatively correlated with age (r = −0.328, P < 0.0001) (Figure 1A). In addition, as shown in Figure 1B, the decline rate of sarcopenia caused by aging in all regions of the body was not consistent. With aging, the muscles of the lower limbs declined faster than those of the upper limbs (legs: r = −0.411, P < 0.0001; arms: r = −0.345, P < 0.0001) (Figure 1B). The muscle fiber size was also examined. Muscle fiber size seemly was reduced in a 79-year-old man compared with a 30-year-old man, suggesting the possible occurrence of muscle atrophy (Figure 1C). Consistently, the expression levels of atrogin-1 were increased in the vastus lateralis muscles of older people compared with young people, as indicated by RT–qPCR (Figure 1D). Numerous studies have shown that long-term stress accelerates aging. Cortisol is a stress hormone, and the plasma cortisol level increased with aging (Figure 1E). As an enzyme that locally activates glucocorticoids, the mRNA level of 11β-HSD1 in vastus lateralis muscles was positively correlated with age (r = 0453, p = 0.039) (Figure 1F).
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FIGURE 1
11β-HSD1 expression is up-regulated in human muscles with age-related atrophy. (A) Total and regional lean mass (arms and legs) were obtained from the DXA measurement. Total lean mass was negatively correlated with age (r = –0.328, P < 0.0001). (B) With aging, the muscles of the lower limbs decline faster than those of the upper limbs (legs: r = –0.411, P < 0.0001; arms: r = –0.345, P < 0.0001). (C) Representative HE staining images of muscle fibers in a 79-year-old man and a 30-year-old man. Scale bars, 50 μm. (D) RT–PCR assays were performed with vastus lateralis muscles obtained from young (aged < 30 years, n = 7) or old people (aged > 60 years, n = 8), and the results were normalized to GAPDH. **p < 0.01. (E) Plasma cortisol levels were examined by ELISA in blood samples taken from recruited people (n = 440). (F) The mRNA level of 11β-HSD1 in vastus lateralis muscles was positively correlated with age (r = 0453, p = 0.039) (n = 20).




3.2. CR may improve muscle atrophy and muscle function in aged mice by reducing 11β-HSD1

To explore the function of CR in sarcopenia, we analyzed mice under CR initiated at 19 months of age and continued for 3 months to 22 months of age (Figure 2A). Then, we found that body weight was decreased in CR mice compared to normal diet (ND) mice (Figure 2B). Furthermore, we studied muscle strength and function in both the ND and CR groups of mice. We noticed that grip strength/body weight increased in CR mice compared with ND mice (Figure 2C). High-energy muscle contains a large number of mitochondria. Fat deposition will mostly produce toxic lipid intermediates through anaerobic metabolic pathways, which will eventually lead to mitochondrial dysfunction, increased endoplasmic reticulum pressure, and even cell death. Using electron microscopy, we found that CR could reduce lipid droplets in muscle; however, an increased number of droplets could be found in ND aged mice, suggesting that CR reduced mitochondrial damage (Figure 2D). Based on previous observations, the mRNA expression levels of the senescence marker gene p16ink4a and the inflammation gene TNFα were low in aged CR mice (Figures 2E, F).
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FIGURE 2
Calorie restriction (CR) improves muscle atrophy and muscle function in aged mice by reducing 11β-HSD1. (A) CR was initiated in mice at 19 months of age and continued for 3 months to 22 months of age. (B) Body weight of CR mice and normal diet (ND) mice (n = 5 mice per group). (C) Muscle strength of CR mice and ND mice (n = 5 mice per group). (D) Representative images using electron microscopy for vastus lateralis muscles from ND and CR mice. Scale bars, 2 μm. (E,F) mRNA quantification of the senescence marker gene p16ink4a and the inflammation gene TNFα. (G) Muscle weight/body weight in CR and ND mice (n = 5 mice per group). (H) Representative HE staining images of muscle cross sections derived from CR and ND mice. Scale bars, 50 μm. Percentage distribution of muscle fiber cross-sectional area derived from muscles (n = 5 mice per group). (I,J) mRNA levels of the muscle atrophy factors atrogin-1 and MuRF-1 in both TA and GAS (n = 5 mice per group). (K) mRNA quantification of the 11β-HSD1 genes in both TA and GAS (n = 5 mice per group). *p < 0.05, **p < 0.01, ***p < 0.001.


In response to CR, we noticed that muscle weight/body weight increased in CR mice compared with ND mice (Figure 2G). The size of the muscle fiber in CR mice was larger than that in ND mice (Figure 2H). Moreover, the mRNA levels of the muscle atrophy factors atrogin-1 and MuRF-1 were down-regulated in both TA and GAS (Figures 2I, J). To determine whether CR plays a role in delaying muscle atrophy through 11β-HSD1, we examined 11β-HSD1 expression levels in muscles. The expression level of 11β-HSD1 was markedly decreased in both the TA and GAS of CR mice compared with ND mice (Figure 2K). The western blot results of Atrogin1, MuRF1, and 11β-HSD1 were included in Supplementary Figure 1. These results revealed the correlation between the down-regulation of 11β-HSD1 in muscle and CR, suggesting that 11β-HSD1 may be the target of CR.



3.3. Overexpression of 11β-HSD1 leads to muscle atrophy in young mice

Considering that 11β-HSD1 may cause muscle atrophy, we constructed an 11β-HSD1-overexpressing mouse model. The identification of overexpressed mice is included in the Supplementary Figure 2. No differences of body weight, fat mass and lean mass were observed between 11β-HSD1-overexpressing mice and control mice (Figures 3A, C, D); however, grip strength decreased in 11β-HSD1-overexpressing mice compared with control mice (Figure 3B). To further explore whether the elevated 11β-HSD1 level could induce muscle atrophy in vivo, we examined lean mass and fiber size and found decreased lean mass and smaller muscle fiber size in 11β-HSD1-overexpressing mice (Figure 3E). Consistent with the morphological changes, the expression levels of atrogin-1 and MuRF1 were significantly increased in overexpression mice, as indicated by RT–qPCR and western blot (Figures 3F, G). These results suggested that 11β-HSD1 can induce atrophy in young mice.
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FIGURE 3
Overexpression of 11β-HSD1 leads to muscle atrophy in young mice. (A) Body weight of 11β-HSD1 KI mice and control mice (n = 6 mice per group) at 2 months of age. (B) Muscle strength of 11β-HSD1 KI mice and control mice (n = 6 mice per group). (C) Fat mass of 11β-HSD1 KI mice and control mice (n = 6 mice per group). (D) Lean mass of 11β-HSD1 KI mice and control mice (n = 6 mice per group). (E) Representative HE staining images of muscle cross sections derived from 11β-HSD1 KI mice and control mice. Scale bars, 50 μm. Percentage distribution of muscle fiber cross-sectional area derived from muscles. (F,G) mRNA and protein levels of the muscle atrophy factors atrogin-1 and MuRF-1 in both TA and GAS (n = 6 mice per group). TA, Tibialis anterior muscle; GAS, gastrocnemius. *p < 0.05, **p < 0.01, ***p < 0.001.




3.4. Muscle-specific 11β-HSD1 knockout rescued age-related muscle atrophy in aged mice

To investigate whether reducing the 11β-HSD1 expression level could rescue muscle atrophy in old mice, we generated muscle-specific 11β-HSD1 knockout mice (MyoD-Cre11β-HSD1–/–) by crossing MyoD-cre mice with 11β-HSD1 flox/flox mice (Supplementary Figure 2). 11β-HSD1flox/flox littermates were used as controls. Mice at 22 months of age were healthy. No tumors, obesity, injury, or other diseases were detected. Although the body weight and fat mass of the mice were not different between the control and MyoD-cre 11β-HSD1–/– mice (Figures 4A, B), both the lean mass and muscle strength were increased in muscle-specific 11β-HSD1 knockout mice (Figures 4C, D). Figure 4E shows representative HE staining images of muscle cross sections, and muscle-specific 11β-HSD1 knockout delayed muscle atrophy in 20-month-old mice (Figure 4E). We further found that the gene and protein expression levels of the muscle atrophy factors atrogin-1 and MuRF1 were down-regulated upon muscle-specific 11β-HSD1 knockout (Figures 4F, G). Additionally, the mRNA level of the senescence marker gene p16ink4a in muscles was decreased (Figure 4H). Considering that MyoD is one of the main markers of muscle stem cells (MuSCs), these data demonstrated that 11β-HSD1 may rescue age-related muscle atrophy by maintaining the function of MuSCs.
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FIGURE 4
Muscle-specific 11β-HSD1 knockout rescued age-related muscle atrophy in aged mice. (A) Body weight of MyoD-cre 11β-HSD1 KO mice (n = 6) and control mice (n = 8) at 22 months of age. (B) Muscle strength of MyoD-cre 11β-HSD1 KO mice (n = 6) and control mice (n = 6). (C) Lean mass of MyoD-cre 11β-HSD1 KO mice (n = 6) and control mice (n = 6). (D) Fat mass of MyoD-cre 11β-HSD1 KO mice (n = 6) and control mice (n = 7). (E) Representative HE staining images of muscle cross sections derived from muscle-specific 11β-HSD1 knockout mice and control mice. Scale bars, 50 μm. Percentage distribution of muscle fiber cross-sectional area derived from muscles. (F,G) mRNA and protein levels of the muscle atrophy factors atrogin-1 and MuRF-1 in muscles (n = 6 mice per group). (H) mRNA quantification of the senescence marker gene p16ink4a in muscles (n = 6 mice per group). *p < 0.05, **p < 0.01.




3.5. The differentiation ability of MuSCs in 11β-HSD1 KO mice and CR mice was improved

To further confirm that 11β-HSD1 plays essential roles in maintaining the function and homeostasis of MuSCs, we first isolated MuSCs from CR and 11β-HSD1–/– mice and checked the effects of 11β-HSD1 on MuSCs (Figure 5A). As expected, 11β-HSD1 expression was significantly decreased in the MuSCs of both 11β-HSD1 knockout and CR mice (Figure 5B). Notably, there was no obvious difference in the proliferation rates of MuSCs sorted from 22-month-old CR and 11β-HSD1–/– mice and their wild-type counterparts detected by MTT assay (Figure 5C). However, we observed that muscle-specific 11β-HSD1 knockout mice and CR mice displayed better differentiation ability, as indicated by larger myofibers (Figure 5A). In addition, both 11β-HSD1 knockout mice and CR mice showed increased expression levels of MyHC and MyOG during the differentiation of MuSCs (Figure 5D). Consistent with the results of gene, both 11β-HSD1 knockout and CR mice showed increased immunofluorescence staining of MyHC (Figure 5E). Taken together, these data demonstrated that inhibition of 11β-HSD1 expression promoted myoblast differentiation. CR may promote MuSC differentiation and delay muscle atrophy by down-regulating 11β-HSD1 in MuSCs.
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FIGURE 5
The differentiation ability of mouse muscle stem cells (MuSCs) in MyoD-cre 11β-HSD1 KO and CR mice was improved. (A) MuSCs were isolated from CR and MyoD-cre 11β-HSD1–/– and control mice at 22 months of age. Muscle-specific 11β-HSD1 knockout mice and CR mice displayed better differentiation ability, as indicated by their larger myofibers. Scale bars, 200 μm. (B) Gene and protein expression levels of 11β-HSD1 in MuSCs of CR and MyoD-cre 11β-HSD1–/– and control mice. (C) The proliferation rates of MuSCs sorted from 22-month-old CR and 11β-HSD1–/– mice and their wild-type counterparts were detected by MTT assay. (D) Gene expression levels of MyHC and MyOG in 11β-HSD1–/– mice and CR mice during the differentiation of MuSCs. *p < 0.05, **p < 0.01; #p < 0.01, ###p < 0.001. *CR mice compared with CON; #MyoD-cre 11β-HSD1–/– mice compared with CON. (E) Representative immunofluorescent staining images of cultured MuSCs at 3 days of differentiation from CR and MyoD-cre 11β-HSD1–/– and control mice at 22 months of age. Red indicates MyHC staining; DAPI indicates nuclei. Scale bars, 200 μm.




3.6. 11β- HSD1 inhibitor BVT.2733 improved mitochondrial function in MuSCs

Mitochondria are an important production unit of skeletal muscle and an important production site of oxidative phosphorylation and ATP synthesis, known as the “power house” (17). Consistent with our previous results, 11β-HSD1-overexpressing mice displayed impaired myoblast fusion and myotube formation in MuSCs. As shown in Figure 6A, we labeled MyHC with fluorescent staining to detect myogenic conditions and found 11β-HSD1-overexpressing mice displayed impaired myoblast fusion and myotube formation in MuSCs, suggesting that the myogenic process was inhibited by 11β-HSD1 during differentiation. After treatment with the 11β-HSD1 inhibitor BVT.2733, myotube formation increased. Furthermore, the MuSCs were collected, and the levels of mitochondrial fusion and cleavage genes were detected by RT–PCR. We observed that the fusion gene Opa1 was decreased and the cleavage gene Fis-1 was increased in 11β-HSD1-overexpressing mice, and treatment with the inhibitor BVT.2733 reversed this change (Figures 6B, C). Importantly, overexpression of 11β-HSD1 led to a marked decrease in mitochondrial oxygen consumption under basal conditions and after stimulation with FCCP, as measured by OCR (Figure 6D), which was consistent with the reduction in mitochondrial ATP compatibility levels. Additionally, the 11β-HSD1 inhibitor BVT.2733 increased ATP synthesis in MuSCs (Figure 6E). Collectively, these results suggest that inhibition of 11β-HSD1 in MuSCs may improve mitochondrial function.
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FIGURE 6
11β-HSD1 inhibitor BVT.2733 improved mitochondrial function in mouse muscle stem cells (MuSCs). (A) Representative immunofluorescent staining images of cultured MuSCs at 3 days of differentiation from 11β-HSD1 KI mice and 11β-HSD1 inhibitor BVT.2733-treated KI mice and control mice at 2 months of age. Red indicates MyHC staining; DAPI indicates nuclei. Scale bars, 200 μm. (B) mRNA levels of the mitochondrial fusion gene Opa1 in MuSCs from 11β-HSD1 KI mice and 11β-HSD1 inhibitor BVT.2733-treated KI mice and control mice. (C) mRNA levels of the mitochondrial cleavage gene Fis-1 in MuSCs. (D) Oxygen consumption rate measurement during the differentiation of MuSCs from 2-month-old mice. (E) ATP synthesis rate measurement during the differentiation of MuSCs from 2-month-old mice. *p < 0.05, **p < 0.01; #p < 0.01, ##p < 0.01. *KI mice compared with control; #KI + BVT compared with control.





4. Discussion

In the present study, we showed that 11β-HSD1 expression levels were increased in age-related muscle atrophy. CR may improve muscle atrophy and muscle function in aged mice by reducing 11β-HSD1 (Figure 7). So far, CR is the only known method considered to extend lifespan and reduce the age-related diseases (18). A study in 2010 at the University of Wisconsin Primate Center showed that CR significantly reduced age-related mortality in monkeys compared with control animals (19). In addition, the CR group also had significantly lower rates of sarcopenia, type 2 diabetes, cancer, and cardiovascular disease (20). Currently, there are few studies on CR in sarcopenia and they have conflicting results (21). Although most studies suggested that CR is beneficial to muscle metabolism, it has also been reported that CR may promote age-related muscle loss, lower body mass index, and increase the risk of disability and mortality in the elderly (18). It is worth noting that different levels of nutrition, age at initiation of CR, duration of caloric restriction and changes in dietary macronutrient content are all potentially important factors in CR (22, 23). Thus, we speculated that CR improves sarcopenia in elderly individuals with good nutritional status. In our study, 40% CR did not cause malnutrition in older mice. Additionally, we compared our CR diet with the micronutrient standards set by the National Research Council for Laboratory Mice and found that our young CR mice continued to meet the micronutrient standards. Therefore, our findings demonstrated promising sarcopenia protection with 40% CR in older mice.
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FIGURE 7
Schematic diagram 1.11β-HSD1 expression level was increased in age-related muscle atrophy. 2. Muscle-specific 11β-HSD1 knockout rescued age-related muscle atrophy. 3. CR promoted the mitochondrial function and differentiation ability of MuSCs by reducing 11β-HSD1, thereby delaying muscle atrophy in aged mice.


The mechanism of CR delaying sarcopenia is unclear. Current studies generally study the regulation of mitochondrial function, inflammation, oxidative stress, apoptosis and autophagy (24). Glucocorticoid (GC) is a stress hormone, and studies have shown that 24-hour urine GC output in elderly individuals is related to DNA damage (25). A follow-up study of nearly 3,000 adults conducted by Dutch researchers showed that GC levels are related to shortening of telomere length in peripheral white blood cells, which can aggravate aging (26). Some studies have found that GCs can directly inhibit the function of muscle stem cells and lead to muscular atrophy by up-regulating myostatin (27). Thus, the reduction in GC secretion may be a way to improve sarcopenia. As the local amplifier of GC, 11β-HSD1 is expressed in muscle, fat, heart, brain, skin, and other tissues (11). Some studies have found that brain 11β-HSD1 can increase the local GC level in brain tissue, thereby promoting brain aging and damaging memory function in mice (12). The expression level and activity of the 11β-HSD1 gene are also significantly increased in elderly skin, promoting skin aging (13). Increased expression of 11β-HSD1 in muscle tissue of elderly individuals is significantly correlated with decreased muscle strength (14). In our study, we first found that 11β-HSD1 plays a key role in the relationship between CR and sarcopenia and further found that muscle-specific knockout of 11β-HSD1 could delay muscle atrophy and improve muscle function in aged mice. Thus, confirmation of 11β-HSD1 as a key regulator of aging-related muscle atrophy has important therapeutic significance for sarcopenia.

Another novel finding was that CR can promote the differentiation of MuSCs by down-regulating 11β-HSD1. As the largest organ in the body, skeletal muscle accounts for approximately 40–50% of the adult male’s total weight (28). Sarcopenia caused by aging is a multilayered and complex process involving many factors (29, 30). Changing one factor alone cannot prevent or cure sarcopenia. MuSCs are responsible for skeletal muscle regeneration. When the muscle is damaged, resting MuSCs are activated and differentiate and fuse to form muscle tubes, which are arranged in order and fuse to form muscle fibers. Currently, MuSCs are the most ideal seed cells for cell therapy (2). The fusion of MuSCs is the most important contributor to and participant in muscle regeneration (31). Here, we used 11β-HSD1-overexpressing and knockout mice and CR mice for primary MuSC culture. The differentiation ability of MuSCs in 11β-HSD1 KO mice and CR mice was significantly improved. In contrast, the differentiation ability in overexpression mice was significantly reduced. CR can improve the function of MuSCs and delay muscle aging, which is an important direction for the prevention of sarcopenia in elderly individuals.

The life activities of cells depend on mitochondria to provide energy and participate in various activities in the body (32). A previous study found that mitochondria play an important role in maintaining the pluripotency of stem cells and inducing differentiation, and with differentiation, mitochondrial aerobic metabolism gradually becomes dominant (33). In recent years, mitochondrial dysfunction has been proposed as a biomarker of muscle stem cell senescence (34). The cell energy metabolizer is programmed to control the addition of drugs to the culture medium at a specific time to measure the increase in the rate of oxygen consumption under different conditions. FCCP is the uncoupling agent of mitochondrial oxidized phosphoric acid that causes the mitochondrial membrane to depolarize and form proton leakage, increasing the oxygen consumption of mitochondria to reach the maximum respiration rate (35). Here, we assessed mitochondrial function by measuring mitochondrial oxygen consumption and calculated mitochondrial ATP production capacity. Overexpression of 11β-HSD1 led to a marked decrease in mitochondrial oxygen consumption under basal conditions and after stimulation with FCCP, which was consistent with the reduction in mitochondrial ATP compatibility levels. Additionally, mitochondrial function is closely related to structure. When mitochondrial fusion lysis activity in the cell is impaired, it leads to cellular functional defects (36, 37). We observed that the fusion gene Opa1 was decreased and the cleavage gene Fis-1 was increased in 11β-HSD1-overexpressing mice, and treatment with the inhibitor BVT.2733 reversed this change. It will be interesting to determine the specific mechanisms by which 11β-HSD1 regulates mitochondrial function in skeletal muscle during aging in the future.

There were certain limitations to this study. For example, since nutrition and physical activity are two important factors affecting sarcopenia, we believe that being able to add physical activity of mice is more complete for the whole study. Secondly, western blot or fluorescent immunohistochemistry data should be added for Opa1 and Fis-1 and Inflammatory factors TNFα and aging gene p16. Thirdly, considering the level of GC is closely associated with 11β-HSD1, we should not only focus on the expression level of 11β-HSD, but also the expression level of GC. Moreover, muscle weight, body weight and muscle strength have complicated relationships, and it is meaningful to study the relationship between them. Also, in order to avoid selection bias, we should try to expand the sample size especially MyoD-Cre 11β-HSD1 knockout mice. These shortcomings merit further study.

In conclusion, our findings highlight that increased 11β-HSD1 is a hallmark of aged muscles. Furthermore, CR in aged mice reduced the local effective concentration of GC through 11β-HSD1, thereby promoting mitochondrial function and the differentiation ability of MuSCs (Figure 7). Together, we speculate that targeting an 11β-HSD1-dependent metabolic pathway may represent a novel strategy for developing therapeutics against age-related muscle atrophy.
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Objective: Sarcopenia is a syndrome of decreased muscle mass and deficits in muscle strength and physical function. We aimed to investigate the relationship between creatinine/cystatin C ratio (CCR) and sarcopenia and the prognostic value of CCR in hospitalized patients.

Materials and methods: We searched for relevant studies in PubMed, EMBASE, and the Cochrane Database up to August 25, 2022. Meta-analyses were performed to evaluate the relationship between CCR and skeletal muscle [computed tomography-assessed skeletal muscle (CTASM), muscle strength, and physical performance], prognosis and important clinical outcomes in hospitalized adults. The pooled correlation coefficient, the area under the receiver operating characteristic (ROC) curves, and hazard ratio (HR) together with their 95% confidence intervals (CIs) were calculated. We also conducted subgroup analyses to explore the sources of heterogeneity.

Results: A total of 38 studies with 20,362 patients were eligible. These studies were of moderate to high quality. Our results showed that CCR was significant correlations with all CTASM types (Fisher’s Z ranged from 0.35 to 0.5; P values ranged from < 0.01 to 0.01), handgrip strength (Fisher’s Z = 0.39; 95% CI, 0.32–0.45; P < 0.001) and gait speed (Fisher’s Z = 0.25; 95% CI, 0.21–0.30; P < 0.001). The ROC curves suggested that CCR had good diagnostic efficacy (0.689; 95% CI, 0.632–0.746; P < 0.01) for sarcopenia. CCR can reliably predict mortality in hospitalized patients, which was confirmed by regression analysis of CCR as both continuous (HR 0.78; 95% CI, 0.72–0.84; P < 0.01) and categorical variables (HR 2.05; 95% CI, 1.58–2.66; P < 0.0001). In addition, less evidence showed that higher CCR was independently associated with a shorter duration of mechanical ventilation, reduced length of stay in the intensive care unit and hospital, less nutritional risk, and decreased complications in hospitalized patients.

Conclusion: CCR could be a simple, economical, and effective screening tool for sarcopenia in hospitalized patients, and it is a helpful prognostic factor for mortality and other important clinical outcomes.

Systematic review registration: https://inplasy.com/inplasy-2022-9-0097/, identifier INPLASY202290097.
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Introduction

Sarcopenia is traditionally been considered a syndrome characterized by reduced muscle mass, deficiencies in muscle strength, and impairments physical function (1). It has been thought that sarcopenia is more prevalent in old patients, especially those over 65 (2, 3). Sarcopenia, however, is common in hospitalized patients of all ages and is associated with various adverse outcomes, including impaired organ functions, infectious complications, prolonged length of stay (LOS) in intensive care unit (ICU) or hospital, and even increased mortality rates (4–7). Therefore, adequate body muscle reserve is crucial for hospitalized patients’ recovery and survival.

Previous indicators used to evaluate muscle reserve, such as anthropometrics, lab tests, subjective judgment, and body mass index (BMI), fail to reflect the patient’s body composition accurately (8). Clinicians may now directly measure muscle mass thanks to advances in imaging and software technologies (9, 10). In particular, computed tomography (CT), has been recognized as the gold standard for identifying skeletal muscle because it can accurately distinguish skeletal muscle and fat mass using a single cross-sectional slice at multiple body levels (11). However, high cost, radiological damage, and equipment unavailability limit the widespread use of these techniques (10, 11). In addition, these techniques are not conducive to continuous monitoring of muscle mass changes. As a result, there is an urgent need for other simple and inexpensive biomarkers to diagnose and monitor sarcopenia.

Serum creatinine and cystatin C are widely used in clinical practice to assess renal function. And the ratio of the two markers (serum creatinine/serum cystatin C) x100, known as CCR, has recently attracted interest. In 2016, Kashani et al. validated the correlation between muscle mass and CCR, which they defined as the “sarcopenia index” (12). Moreover, the authors found that CCR could predict hospital and 90-day mortality in patients who did not have acute renal damage. Since then, CCR has been increasingly used for critically ill patients (13, 14), the elderly (6, 7), organ transplant recipients (15, 16), and type 2 diabetic patients (17). However, substantial variation in study design, sample size, demographics, and muscle assessment among these studies lead to inconsistent results (6, 7, 12, 13, 18). Furthermore, there are no meta-analyses to examine the values of CCR on muscle mass measurement and prognosis in these patient populations.

Several studies on CCR in hospitalized patients have been published recently (14, 19–24). Therefore, with the power of meta-analysis, we aimed to perform a systematic review and meta-analysis of available published articles about hospitalization patients to investigate (1) whether CCR is a better and more accurate index of muscle mass, muscle strength, and gait speed; (2) the applicability of using CCR as a screening method for sarcopenia; and (3) the association of CCR with clinical outcomes (i.e., mortality, duration of mechanical ventilation, length of stay in ICU or hospital, and complications).



Materials and methods

The systematic review was already registered in the International Platform of Registered Systematic Review and Meta-analysis Protocols database, and it is now available in its entirety on inplasy.com.1 It was carried out in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (25; Supplementary file 1).


Search strategy

We conducted a systematic search of relevant studies in PubMed, EMBASE, and the Cochrane Library from their establishment to August 25, 2022 (The last search date). Using a combination of MeSH and keywords, search terms included “creatinine,” “cystatin C,” “creatinine/cystatin C ratio,” “creatinine to cystatin C ratio,” “creatinine over cystatin C ratio,” “creatinine-to-cystatin C ratio,” and “sarcopenia index.” We restricted the language to English. Two authors (W-HZ and YY) independently imported the papers into Endnote X7 to exclude duplicate research and screen the literature (titles, abstracts, and full texts). We read meta-analyses, reviews, and comments to find more potential articles. The reference lists of the included full-text papers were also examined. We included the most recent published or reported data for republished studies. Disagreements were resolved through discussions between the two authors.



Inclusion and exclusion criteria

We included articles investigating the correlation between CCR and CT-assessed skeletal muscle and the predictive prognosis value of CCR in hospitalized patients. The particular inclusion criteria were as follows, based on the PICOS (population, intervention, comparison, outcome, design) principle:


(1)adult (> 18 years old) hospitalized patients.

(2)evaluation of skeletal muscle amount (area) or quality (density) as determined by CT using any clear and objective methods.

(3)studies should report the correlation between CCR and CTASM or patient survival information.

(4)eligible studies had a cohort, case-control, or randomized controlled study design.



We excluded the studies that reported data without predefined outcomes and focused on animals or pregnant women. Studies available only in abstract form or meeting reports were also excluded.



Data extraction

Two authors (W-HZ and YY) independently extracted data from included studies on the following items: first author, publication year, geographic location, study design, research period, population, sample size, demographic characteristics, disease severity, details on CT technique (muscle measured, CT-scan level), sarcopenia criteria and prevalence, outcomes of interest and methodological quality.



Quality assessment

Two authors (W-HZ and YY) independently assessed the quality of each included study using the Newcastle-Ottawa Scale (NOS) for cohort studies (26). The NOS is divided into three domains depending on the cohort’s selection, the comparability of the groups, and the quality of the results. The included research was granted a maximum of one point for each item in the selection and outcome domains, and a maximum of two points for the comparability domain. The scale ratings ranged from 0 to 9, with 8 or 9 being categorized as good quality, 6 or 7 as moderate quality, and 5 or less as low quality. Disagreements were recognized and addressed through discussion.



Statistical analysis

The primary outcome of the current meta-analysis was to investigate the suitability of CCR as a predictive mortality tool in hospitalized patients. To minimize potential interference factors, we only pooled the regression analysis findings of the included studies to investigate the link between CCR and mortality at the longest follow-up available. The HR in related studies were converted to their natural logarithms, and standard error (SE) values were determined using these logarithms and their respective 95% CI.

Secondary outcomes included associations between CCR and CTASM evaluation, muscle strength, gait speed, nutrition screening tool, or other clinical outcomes (i.e., duration of mechanical ventilation, length of stay in ICU or hospital, and complications). As to these outcomes, we conducted related meta-analyses individually for the various data reporting types as follows among the included studies. (1) For the studies that provided the correlation coefficient between CCR and predefined outcomes (i.e., CTASM, handgrip strength [HGS], gait speed [GS], and nutrition screening tool), we performed a meta-analysis by quantitatively summarizing the correlation coefficient statistic (r) estimates. Fisher’s Z and its SE were calculated using r and sample size (N) as follows: Zr = (1/2) [loge (1 + r) − loge (1 − r)], SEzr = 1/sqrt[N−3] (27). After appropriate transformation, we used the inverse variance-weighted approach to determine effect sizes and the associated 95% confidence intervals (CI). (2) For the studies reporting the diagnostic value of CCR for detecting sarcopenia, we pooled Area under the curve (AUC) values using the mean and standard error SE values and weighted them using the inverse-variance method (28). (3) We collected and pooled OR with 95% CI via the generalized inverse-variance method for studies that showed an association between CCR and sarcopenia using regression analysis. Unless otherwise noted in the above meta-analyses, we preferred the adjusted analysis results.

We used the I2 statistic to quantify heterogeneity (I2 < 50 and > 50% were classified as low and high heterogeneity, respectively) (29). When there was significant heterogeneity, a random-effects model was used; otherwise, a fixed-effects model was utilized (30). We then performed sensitivity analyses, removing one study at a time to demonstrate the impact of that study on the pooled effect estimates. Visually inspecting funnel plots for asymmetry was used to determine publication bias. Meta-analysis was conducted when data from at least 3 studies were available. P values of less than 0.05 were regarded as statistically significant. We utilized R version 3.6.2 for all statistical analyses in the current meta-analysis.

Subgroup analyses were performed to find the potential sources of heterogeneity on the following properties:


(1)Geographic location: Asian and other countries;

(2)Patient population: critical illness, cancer, medical, and surgery patients; and

(3)Gender (i.e., male and female).






Results


Study selection

The comprehensive literature search yielded 213 studies. Following evaluation of the title, abstract, and full text, 38 papers involving 20,362 participants fulfilled the criteria for inclusion in the current systematic review (5–7, 12–24, 31–52). Figure 1 shows how the search strategy flows and the selection process.


[image: image]

FIGURE 1
Flow chart of literature selection.




Study characteristics and methodological quality

Table 1 and Supplementary file 2 present the characteristics of the eligible studies. All these observational studies were published between 2016 and 2022 in six countries (China n = 16, Japan n = 9, Korea n = 6, USA n = 4, Argentina n = 2, and France n = 1). These studies focused on patients with critical illnesses, cancer, medical and surgical departments, and unselected hospitalized patients. The participants’ mean age ranged from 47 to 88 years old, and their BMI was from 20.7 to 28 kg/m2. The included studies have a mean mortality rate of 13% (ranging from 8.7 to 43.2%). The criteria and cut-offs for evaluating the sarcopenia varied among the studies. Twenty studies used regression analyses to investigate the relationship between CCR and mortality (5–7, 12, 14, 15, 18, 19, 23, 24, 31, 32, 37–40, 46, 49, 51). Regarding the relationship between CCR and muscle evaluation, 21 studies provided Pearson correlation coefficient (r) levels between CCR and CTASM, 12 evaluated the diagnostic value of CCR in sarcopenia, and six used adjusted HR/OR to predict sarcopenia.


TABLE 1    Characteristics of included studies in the current meta-analysis.
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The study quality ranged from moderate to high, according to the specifics of the quality evaluation in Supplementary Table 2 (Scores range from 6 to 9). Overall, 24 studies were judged to be of good quality, while 14 study was considered to be of moderate quality (Table 1).



Findings from meta-analysis


Prediction of mortality by CCR

Twenty studies with 13,560 patients investigated the impact of CCR on mortality in hospitalized patients using HR (5–7, 12, 14, 15, 18, 19, 23, 24, 31, 32, 37–40, 46, 49, 51). Among these studies, 13 studies with 11,355 patients reported the CCR treated as a continuous variable, and the pooled results showed a higher CCR was independently associated with a lower risk of mortality (HR 0.78; 95% CI, 0.72–0.84; I2 = 94%; P < 0.01, Figure 2A; 5–7, 12, 19, 23, 24, 31, 32, 37, 38, 40, 49). A total of 10 studies including 9,164 patients reported the risk estimation according to CCR categories (6, 7, 13, 14, 18, 19, 37–39, 46). When pooled, there was a significant prognostic role for the CCR category on patients’ mortality (HR 2.05; 95% CI, 1.58–2.66; I2 = 93%; P < 0.0001). That is, patients with low values of CCR were less likely to survive than patients with high values (Figure 2B). A graph shaped symmetrical inverted funnel indicates there is no publication bias (Supplementary Figure 1).
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FIGURE 2
The forest plot in assessing the impact of creatinine/cystatin C ratio (CCR) on mortality in hospitalized patients by hazard ratio (HR) using regression analysis as continuous (A) and categorical variables (B).


Supplementary Figures 2–7 shows the detailed information of subgroup analyses by CCR categories and CCR treated as a continuous variable. Significant associations between CCR and all-cause mortality were also confirmed in most subgroups (Supplementary Figures 2–7).



The relationship between CCR and CTASM

There were 25 studies with 7,868 patients evaluated the correlation between CCR and CTASM from hospitalized patients using the correlation coefficient. As to the CTASM types, skeletal muscle area (SMA) was the most reported (n = 12), followed by the skeletal muscle index (SMI, defined as SMA divided by BSA, n = 11), appendicular skeletal muscle (n = 3), and appendicular skeletal muscle index (n = 3). The pooled results showed positive and significant correlations between CCR and all the four types of CTASM (Fisher’s Z ranged from 0.35 to 0.5; P values ranged from < 0.01 to 0.01) with the heterogeneity from 61 to 82% (Figure 3).


[image: image]

FIGURE 3
The pooled estimate of the relationship between serum creatinine/cystatin C ratio and computed tomography-assessed skeletal muscle.




The diagnostic value of CCR for detecting sarcopenia

Twelve articles presented the AUC value for CCR in the diagnosis of sarcopenia (7, 21, 24, 34, 40–42, 45–47, 49, 50). Among them, two studies only reported AUC values [male/female: 0.813/0.613 (50); 0.752/0.754 (24)], and the other 10 provided the mean AUC and SE values. When pooled, the AUC value of CCR to predict sarcopenia was 0.689 (95% CI, 0.632–0.746; I2 = 82%; P < 0.01) (Supplementary Figure 8).



The relationship between CCR and HGS

There were 13 studies with 5,771 patients evaluated the correlation between CCR and HGS (6, 7, 21, 22, 24, 34–36, 41, 42, 46, 47, 49). There were positive and significant correlations between CCR and all the CTASM types (Fisher’s Z = 0.39; 95% CI, 0.32–0.45; I2 = 82%; P < 0.001) (Figure 4).
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FIGURE 4
The pooled estimate of the relationship between serum creatinine/cystatin C ratio and handgrip strength.




The relationship between CCR and GS

There were 5 studies with 1,661 patients assessed the correlation between CCR and GS (7, 21, 24, 42, 46). There were positive and significant correlations between CCR and all the GS (Fisher’s Z = 0.25; 95% CI, 0.21–0.30; I2 = 0%; P < 0.001) (Figure 5).
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FIGURE 5
The pooled estimate of the relationship between serum creatinine/cystatin C ratio and gait speed.




The relationship between CCR and nutrition risk

Only four studies described the relationship between CCR and nutrition risk (6, 13, 16, 45). In the study by Abe et al. (45), the authors found that CCR was positively correlated with Mini Nutritional Assessment Short Form scores (r = 0.138, P = 0.03). Barreto et al. reported that CCR was a fair predictor of malnutrition as defined by the modified-NUTRIC score (AUC = 0.61) and with > 90% sensitivity and > 90% specificity (13). After adjusting for potential confounders, the CCR remained independently predictive of malnutrition [OR per 10-unit decrease in CCR, 1.15 (1.05, 1.26); P = 0.002]. Similar results were also seen in the study by Ren and coauthors, which showed that lower CCR was independently associated with nutritional risk/malnutrition whether or not CCR was treated as a continuous or category variable (6). In contrast, one study focused on cancer patients found no differences in the incidence of nutrition risk screening 2002 score ≥ 3 between the low and high CCR groups (P = 0.172) (16).



The relationship between CCR and other clinical outcomes

Three studies (12, 13, 51) provided data on the relationship between the CCR and the duration of MV, of which the study by Wang et al. suggested that CCR at admission significantly correlated with MV (r = 0.138, P = 0.001) (51). As to the other studies that provided specific data on this topic, one reported an increase in the CCR significantly predicted ventilator liberation [aHR 1.07 (0.97, 1.19); P = 0.18] (5), and the other suggested the duration of MV was significantly lower for those with a higher CCR [−1 day for each 10 units of CCR (95% CI, −1.4 to −0.2; P = 0.006)] (12).

Intensive care unit (ICU) and hospital LOS were available in three studies (5, 37, 51), of which the study by Wang et al. suggested that CCR at admission significantly correlated with ICU LOS (r = 0.161, P < 0.001) (51). Jung et al. found significant trends toward shorter ICU (P = 0.002) and hospital LOS (P < 0.001) in the higher CCR quartiles (37). Similarly, Barreto et al. suggested that an increase in the CCR significantly predicted more rapid discharge from the ICU [aHR, 1.06 (0.99, 1.14); P = 0.003] and hospital [aHR, 1.10 (1.03, 1.18) P = 0.007] (5).

Seven studies focused on the predictive value of CCR on the overall complications. The pooled findings from five studies that provided specific data on this topic showed that a decreased CCR was independently associated with a higher mortality risk (HR 1.66; 95% CI, 1.17–2.36; I2 = 83%; P < 0.01) (7, 16, 24, 38, 39; Supplementary Figure 9). In the remaining two studies, one reported that CCR was significantly lower in patients with cardiovascular disease (P = 0.008) and lower extremity arterial disease (P = 0.004) (33), and the other found no associations between CCR and adverse reactions (31).





Discussion

We conducted the current meta-analysis of 38 studies to assess the value of CCR in hospitalized patients. Our results showed that CCR had a significant correlation with CTASM, GS and HGS, and the ROC curves suggested that CCR had good diagnostic efficacy for sarcopenia, indicating that CCR is an ideal alternative biomarker to screen sarcopenia. CCR, on the other hand, can reliably predict mortality in hospitalized patients, which was confirmed by regression analysis of CCR as both continuous and categorical variables. In addition, less evidence showed that higher CCR was independently associated with a shorten MV duration, reduced ICU and hospital LOS, less nutritional risk, and decreased complications in patients.


CCR as a muscle mass evaluating tool in hospitalized patients

Recent findings suggest CCR is associated with disease-related catabolism because it reflects altered muscle mass (12). Serum creatinine is mainly produced by creatine phosphate during skeletal muscle metabolism (53). Therefore, patients with reduced muscle mass have lower creatinine levels. Also, cystatin C is a low molecular weight protein produced continuously by all nucleated cells and is readily filtered, absorbed, and broken down in the proximal renal tubules. It is not influenced by muscle metabolism (54). As a result, among patients with stable kidney function, one of the key factors of the difference between these two measures, skeletal muscle mass, is one of the primary determinants of the difference between these two markers. The effect of muscle mass on creatinine can be estimated by the ratio to cystatin C, which provides an easily accessible and reproducible assessment of muscle in patients at high risk for catabolism (12, 13).

Our results suggest that the CCR is an inexpensive, valid, objective, and reproducible tool for muscle mass assessment. We validated that CCR can screen for sarcopenia in three domains. CCR was significantly correlated not only with SAM/SMI, but also with GS and HGS. This supports the current sarcopenia definition in guidelines, that is, sarcopenia is assessed by skeletal muscle mass, muscle strength, and physical performance (55). Also, subgroup analyses suggested that medical, surgical, cancer, trauma, and ICU patients maintained consistently high correlations, meaning that CCR can be applied in various conditions (Figure 3).

In addition, the included studies used different definitions of sarcopenia. For example, most authors used diagnostic thresholds reported in previous studies to define sarcopenia or based on arbitrary thresholds from diverse populations (e.g., lowest 25th quartile, 33rd quartile, or median). These definitions were another source of heterogeneity in our results. Based on different sarcopenia definitions, we found that sarcopenia remained robustly correlated with CCR for all. On the other hand, different definitions have prevented obtaining a uniform CCR cut-off value for the diagnosis of sarcopenia in the current manuscript. Therefore, given the differences in disease, body size, dietary structure, and nutritional interventions among the included inpatients, there is still a need to establish appropriate CCR thresholds based on the local sarcopenic population in the future clinical application of CCR.



CCR as a nutritional screening tool in hospitalized patients

Several studies included in our meta-analysis demonstrate that CCR can be utilized as a surrogate indication for a variety of nutritional screening techniques (6, 13, 16, 45). These studies found that CCR remained an independent predictor of nutrition risk/malnutrition in patients after adjusting for age, gender, Acute Physiology and Chronic Health Evaluation (APACHE) III score, Sequential Organ Failure Assessment (SOFA) score, and BMI (6, 13, 16, 45). Low CCR values generally indicate reduced muscle tissue, which is associated with malnutrition. In contrast, high CCR values indicate a complete muscle tissue mass and functional status and can identify malnutrition at the initial stage.

Furthermore, some studies suggest that CCR is superior to some traditional nutritional risk indicators (e.g., NUTRIC score), which are established and validated only for nutritional status and not as a surrogate for muscle mass (53). Thus, the independence from the subjective provision of information, weight data, and complex calculations, as well as the simplicity and repeatability, make CCR a favorable choice for clinical decision support of busy bedside clinicians compared to previous, more sophisticated tools. Although the studies we included involved a wide range of inpatient populations such as ICU, geriatric patients, and medical patients, given the number of studies, further confirmation in a larger sample is needed in the future.



CCR as a prognostic indicator in hospitalized patients

We provide evidence for the association of sarcopenia with inpatient prognosis by evaluating CCR. A possible explanation for the association of CCR with mortality is that CCR may reflect muscle mass (12), the latter has been demonstrated to influence outcomes in various patient populations. Current literature suggests that sarcopenia is related to reduced protein synthesis and enhanced degradation induced by wasting, physical restraints, infection, prolonged mechanical ventilation and sedation, and muscle relaxants in various hospitalized settings (56). Especially in ICU patients with multiple organ dysfunction syndromes, the cross-sectional area of muscle fibers decreases at a rate of 3 to 4% per day, resulting in skeletal muscle atrophy, which affects vital physiological functions (4). As a result, muscle is also considered one of the failing organs of multiple organ dysfunction syndrome and has received widespread attention.

Although the pathophysiological relationship between muscle loss and patients’ prognosis is not fully understood, several studies have suggested it may be associated with a high catabolic state, cytokine impairment, and insulin signaling, leading to glucose intolerance (57). Sarcopenia also decreases the body’s ability to respond adequately to inflammatory stimuli and delays the implementation of rehabilitation (4, 57). Under these conditions, patient immune function may be reduced, leading to a high CCR, i.e., high risk of sarcopenia, associated with various complications, prolonged ICU or hospital stay, prolonged mechanical ventilation, and ultimately increased risk of patient death, as shown by our findings.



Strengths and limitations of the study

To the best of our knowledge, this is the first meta-analysis to assess the value of CCR on muscle evaluation and prognosis in hospitalized patients. We included 38 studies with more than 20,000 patients with sufficient statistical power to conduct subgroup analysis based on potential influencing factors. The vast majority were based on multiple regression analyses of the included studies. Most of these included studies adjusted for a variety of possible confounders, including demographic variables (e.g., age and sex), anthropometric measures (e.g., BMI), nutritional status (e.g., subjective global assessment, NUTRIC score, disease severity (e.g., SOFA, APACHE-II score), disease-specific (e.g., tumor type, stage, and type of treatment), and physical fitness status as a prognostic factor. Thus, our findings somewhat control these confounding factors when evaluating muscle, prognosis, and other clinical outcome-related CCR measures.

Our meta-analysis has several limitations. (1) The observational design of all included studies excluded any causal inference. Also, patients included only in CCR tests in retrospective studies were prone to selection bias. (2) The small sample may be subject to false-positive bias; the small number of included studies in some subgroup analyses interpreted the results with caution. (3) The mean age of the included patients varied widely (47–88 years), but there was insufficient data to further explore the effect of age on mortality. (4) The uneven distribution of underlying disease in the study population may also have a different prognostic value. (5) CCR is unlikely to be at a steady state under AKI conditions, making the application of muscle mass ratios less desirable than in other clinical situations. Of note, cystatin C is a cathepsins inhibitor, and its levels increased in hyperthyroidism, obesity, metabolic syndrome, diabetes mellitus type 2, and different types of inflammation, albeit in different degrees (58, 59). However, most included studies did not exclude these confounding factors. (6) Patients’ medications or other interventions may affect the results of our study. Therefore, to reduce the effect of the intervention, we used the longest follow-up time of each included study. (7) The vast majority of the included studies were from Asian countries, so more data from other ethnicities are needed for confirmation.




Conclusion

The results of our study indicated significant correlations between CCR and skeletal muscle evaluation and a prognostic role of CCR that higher circulating CCR levels were positively associated with the less risk of all-cause mortality in hospitalized patients. Thus, we recommended using CCR as a new prognostic biomarker to provide better information not only in decision correlations for muscle mass assessment but also in the prediction of survival and other associated clinical outcome.
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Background: Low muscle mass disproportionately affects people with coronary heart disease compared to healthy controls but is under-researched and insufficiently treated. Inflammation, poor nutrition, and neural decline might contribute to low muscle mass. This study aimed to assess circulatory biomarkers related to these mechanisms [albumin, transthyretin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and C-terminal agrin fragment] and their relationship with muscle mass in people with coronary heart disease. Our findings could be beneficial to indicate mechanisms of sarcopenia, detect sarcopenia, and evaluate treatment.

Methods: Serum blood samples from people with coronary heart disease were analysed for biomarker concentrations using enzyme-linked immunosorbent assays. Skeletal muscle mass was estimated using dual X-ray absorptiometry derived appendicular lean mass and reported as skeletal muscle index (SMI; kg m−2), and as a proportion of total body mass [appendicular skeletal mass (ASM%)]. Low muscle mass was defined as a SMI <7.0 and <6.0 kg m−2, or ASM% <25.72 and <19.43% for men and women, respectively. Associations between biomarkers and lean mass were adjusted for age and inflammation.

Results: Sixty-four people were assessed; 14 (21.9%) had low muscle mass. People with low muscle mass had lower transthyretin (effect size 0.34, p = 0.007), ALT (effect size 0.34, p = 0.008), and AST (effect size 0.26, p = 0.037) concentrations, compared to those with normal muscle mass. SMI was associated with inflammation-corrected ALT (r = 0.261, p = 0.039) and with inflammation- and age-adjusted AST/ALT ratio (r = −0.257, p = 0.044). Albumin and C-terminal agrin fragment were not associated with muscle mass indices.

Conclusion: Circulatory transthyretin, ALT and AST were associated with low muscle mass in people with coronary heart disease. Low concentrations of these biomarkers might indicate that low muscle mass is partially explained by poor nutrition and high inflammation in this cohort. Targeted treatments to address these factors could be considered for people with coronary heart disease.

KEYWORDS
 agrin, albumin, aminotransferases, biomarkers, coronary heart disease, muscle, sarcopenia, transthyretin


1. Introduction

Between 1990 and 2019, coronary heart disease (CHD)-related mortality declined at a greater rate (61%) than CHD incidence (37%) (1). In the era of modern medical management, people with a CHD diagnosis live for longer and many will require increased support to manage their long-term health. An important component of healthy ageing is maintaining skeletal muscle mass (SMM) (2, 3). This is particularly relevant in people with CHD where there is a higher incidence of low SMM in people with CHD compared to age- and sex -matched adults (4). Emerging research in people with CHD shows that low SMM increases the risk of all-cause mortality, fatal or non-fatal major adverse cardiovascular events, lower fitness (peak oxygen uptake; V̇O2peak) and poorer quality of life (4–8). However, factors that influence loss of SMM in CHD are poorly defined. The delivery of successful interventions to improve SMM, and subsequently long-term health, in these people requires that we have: (1) the ability to identify those at risk of low SMM early, and (2) a thorough understanding of the factors influencing low SMM. For this purpose, circulatory biomarkers might be useful to complement traditional measures of SMM and strength.

Maladaptive processes and behaviours that contribute to loss of SMM and/ or function are complex. There is compelling evidence that these include neural maladaptation (9, 10), inflammation (11, 12), and sub-optimal nutrition (13, 14). Biomarkers which appear to have a central role in these systems need investigating. C-terminal agrin fragment (CAF) is a circulatory by-product of agrin cleavage by synaptic protease neurotrypsin (15), a process which can lead to neuromuscular junction breakdown (16). In healthy older adults (17, 18) and people with heart failure (19), CAF levels are elevated in those with low, compared to with normal, SMM. Thus, declining neural function might contribute to low SMM. However, it is unclear whether these findings exist in older people with CHD. Albumin and transthyretin are acute-phase response proteins which might indicate inflammation-related nutrition risk (20). In hospitalised people with CHD, albumin and transthyretin levels are lower in the presence of sarcopenia (as defined by the Asian Working Group for Sarcopenia) compared to those defined as non-sarcopenic (21). Whether albumin and transthyretin are associated with low SMM using European cut-off points (22), in people with CHD, requires clarification. Finally, alanine (ALT) and aspartate (AST) aminotransferases are liver/skeletal muscle enzymes (23). Circulatory levels of ALT are elevated in people with type 2 diabetes (24) and metabolic syndrome (25), but lower in the presence of age-related syndromes often characterised by under-nutrition, including sarcopenia (26). The AST/ALT ratio is proposed to be higher in those with sarcopenia compared to those without, although few studies have investigated this to date (27, 28).

Associations between SMM and serum CAF (17–19), albumin, transthyretin (21), ALT and AST (26–28) were reported in healthy older adults and people with chronic health conditions. The present study aimed to investigate the association between estimated SMM, and serum CAF, albumin, transthyretin, ALT and AST, in people with recently diagnosed stable CHD. We hypothesised that people with CHD and low SMM will have higher CAF levels and AST/ALT ratio and lower albumin and transthyretin levels, compared to people with CHD and preserved SMM.



2. Materials and methods


2.1. Study design and participants

Baseline serum blood samples and demographic characteristics used in this cross-sectional study were collected as part of the Cardiovascular and cardiorespiratory Adaptations to Routine Exercise-based Cardiac Rehabilitation (CARE CR) study (29). The CARE CR study protocol was published in detail elsewhere (29). Briefly, clinically stable people with a primary diagnosis of CHD (aged 30–85 years) were referred to the research team by nursing staff, within 2 weeks of a cardiac event or procedure. Participants provided their written informed consent to participate in the study. The CARE CR study was granted ethical approval by the Humber Bridge NHS Research Ethics Committee-Yorkshire and the Humber (12/YH/0278). Ethical approval for assay analysis of serum samples for biomarkers related to sarcopenia was provided by the Northumbria University Health and Life Sciences Ethics Committee (20933). The main findings from the CARE CR study on patient rehabilitation and cardiorespiratory fitness are published elsewhere (4, 30).



2.2. Body composition

Body mass index (BMI; kg m−2) was calculated using mass (kg) and stature (m). Waist and hip circumferences (cm) were measured at 1 cm above the iliac crest and at the widest aspect of the hips, respectively. Appendicular lean mass (ALM), defined as total lean mass in both arms and legs (kg), was measured using dual X-ray absorptiometry (DXA; Lunar iDXA GE Healthcare Buckinghamshire, United Kingdom), as a proxy for SMM assessment. ALM is expressed as skeletal muscle index (SMI; kg m−2) and as a percentage of total body mass (appendicular skeletal mass; ASM%). Age-adjusted SMI and ASM% were moderately correlated (r = 0.507, p < 0.001). We defined low SMI as <7.0 and <6.0 kg m−2 (22) and low ASM% as <25.72 and <19.43% (31) for men and women, respectively.



2.3. Maximal cardiopulmonary exercise test

Cardiopulmonary exercise testing was performed using the modified Bruce treadmill protocol (32), as previously described (4, 29). A 12-lead Electrocardiogram (ECG), ECG-gated automated blood pressure, heart rate, and rate of perceived exertion were monitored throughout. Breath-by-breath metabolic gas exchange data were collected using an Oxycon Pro metabolic cart (Jaeger, Hoechburg, Germany). We report V̇O2peak (ml), defined as the mean V̇O2 over the last 30 s of the test; V̇O2peak was adjusted for body mass (ml kg−1 min−1) (4).



2.4. Blood sampling and analysis

Participants abstained from strenuous exercise 24-h prior to attending their baseline study visit. Resting blood samples were drawn by venepuncture and placed in a refrigerated (4°C) centrifuge at 3,000 revolutions per minute, for 15 min. Albumin, aminotransferases and N-terminal pro-brain natriuretic peptide (NT-proBNP) were analysed at the Hull Royal Infirmary in an accredited biochemistry laboratory, as a single measurement on the day of each blood draw. Calibration and quality controls were conducted in accordance with manufacturer’s guidelines. The ABX Pentra 400 biochemistry auto analyser (Horiba, Montpellier, France) was used to analyse high sensitivity C-reactive protein (hs-CRP) in duplicate, in accordance with the manufacturer’s quality control guidance (4). Remaining plasma and serum samples were stored at −80°C until analysis.

We analysed serum samples in duplicate using commercial enzyme-linked immunosorbent assay (ELISA) for CAF (Abcam #ab216945) and transthyretin (Abcam #ab108895) and followed their standard instructions for serum analysis. Concentrations of transthyretin and CAF were assessed in duplicate and the average of the two measures reported. We re-analysed samples with a coefficient of variation (CV) >40% and when biomarker concentrations were not within the limits of the standard curve. The CV for the assay analyses of transthyretin and CAF were 7.9 and 5.1%, respectively. Routine health-related serum biomarkers evaluated as part of the CARE CR study are reported elsewhere, including NT-proBNP, hs-CRP, glucose, white cell count, total cholesterol, low-density and high-density lipoprotein cholesterol, estimated glomerular filtration rate and triglycerides (4, 30).

Normal adult reference values for circulatory markers of interest are:

• Albumin: 35–50 g/L (33).

• Transthyretin: 30–33 and 25–27 mg/dl in males and females, respectively (34).

• ALT: 9.0–59.0 and 7.8–41.0 U/L in males and females, respectively (35).

• AST: 11.0–34.0 U/L (35)

• CAF: 0.86–4.66 ng/ml (17).



2.5. Statistical analysis

Statistical analyses were performed by a single researcher using commercially available software (SPSS version 28, IBM, New York, NY, United States). Distribution of the data was assessed using visual inspection of histograms, QQ-plots and using the Kolmogorov Smirnov test. Categorical variables are reported as frequency with percentage. Continuous normally distributed variables are reported as mean ± standard deviation. Continuous non-normally distributed variables are reported as median with interquartile range, or median with range where the sample size is ≤3 people. Demographic characteristics are reported for the whole cohort and separately for people with normal or low SMM (defined as low SMI or low ASM%). Differences in demographic characteristics between the two groups were assessed using the Fisher’s exact test (categorical variables), a Student’s t-test (continuous normally distributed), or Mann–Whitney U test (continuous non-normally distributed). Two-group comparison of blood biomarkers between people with normal or low SMM were evaluated using Mann–Whitney U tests and reported as U statistics, p-values, and effect sizes, calculated using the following equation (36):

[image: image]

Absolute r values of 0.2, 0.5, and 0.8 are considered small, moderate and large effect sizes, respectively (37). The relationship between serum biomarker concentrations, SMI and ASM% were calculated using Spearman’s rank correlations. It is well-established that age and inflammation influence SMM and some serum biomarkers; people with CHD and low SMM are significantly older than those with normal SMM (38), whilst albumin and transthyretin concentrations decrease in the presence of inflammation (39). Accordingly, we also report non-parametric partial correlations adjusted for age and circulatory hs-CRP concentrations, both separately and together. An r value of <0.3, 0.3–0.5, 0.6–0.8, and >0.8 indicated a poor, fair, moderately strong and very strong associations, respectively (40). Scatterplots of associations between SMI and circulatory markers were plotted with linear regression lines. Where a marker was associated with SMI or ASM% or had a significant effect size for low and normal SMM groups, receiver operating characteristic (ROC) curves were used to investigate the sensitivity and specificity of predicting low SMM as the dichotomous ‘state variable’. We report the area under the curve (AUC) with 95% confidence interval (CI) and p-values. The AUC value was interpreted as follows: perfect (1.0), excellent (0.9–0.99), good (0.8–0.89), fair (0.7–0.79), poor (0.51–0.69), and no value (0.5) (41). The biomarker concentration cut-off points for prediction of low SMM were selected based on the highest combination of sensitivity and specificity values. We plotted ROC curves and determined biomarker cut-off points for the whole cohort and then separately for men only. Due to a small sample, ROC curves could not be plotted for women only. Statistical significance was set at p < 0.05.




3. Results

Sixty-four people were included (63.4 ± 9.8 years; 12.5% female). Participant characteristics, presenting diagnosis, comorbidities, and medications, are reported in Table 1. Low ASM% and low SMI were identified in 14.1% (n = 9) and 12.5% (n = 8) of people, respectively. Three people had both low ASM% and low SMI (4.7%) and 14 had either low ASM% or low SMI (21.9%).



TABLE 1 Patient baseline characteristics.
[image: Table1]

Circulatory biomarker concentrations are reported in Table 2. The distribution of biomarker concentrations compared to normal reference values (section 2.4) were as follows: albumin, 92.2% (n = 59) within, 6.3% (n = 4) lower than and 1.6% (n = 1) higher than the normal range; transthyretin, 6.3% (n = 4) within, 34.4% (n = 22) lower than and 59.4% (n = 38) higher than the normal range; ALT, 90.6% (n = 58) within and 9.4% (n = 6) higher than the normal range; AST, 78.1% (n = 50) within and 21.9% (n = 14) higher than the normal range; and CAF, 78.1% (n = 50) within and 21.9% (n = 14) higher than the normal range. There were small to moderate effect sizes for lower serum transthyretin (effect size 0.34; 29.66 mg/dl versus 37.87 mg/dl, p = 0.007), ALT (effect size 0.34; 20.00 U/L versus 31.00 U/L, p = 0.008) and AST (effect size 0.26; 22.25 U/L versus 27.00 U/L, p = 0.037) levels in people with low SMM compared to those with normal SMM.



TABLE 2 Circulatory biomarker concentrations in people with coronary heart disease with low or normal skeletal muscle mass (SMM).
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Correlations between circulatory biomarkers, SMI and ASM% are reported in Table 3. Figure 1 shows correlations between SMI and circulatory biomarkers. SMI was associated with hs-CRP -corrected serum ALT levels (r = 0.261, p = 0.039) and with hs-CRP and age -corrected AST/ALT ratio (r = −0.257, p = 0.044). In men, after correction for hs-CRP levels and age, SMI was associated with AST (r = −0.279, p = 0.041) and the AST/ALT ratio (r = −0.281, p = 0.040). In women, after correction for hs-CRP levels and age, transthyretin was negatively associated with ASM% (r = −0.889, p = 0.018).



TABLE 3 Correlations between SMI, ASM%, and serum biomarkers.
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FIGURE 1
 Correlations between skeletal muscle index and circulatory (A) albumin, (B) transthyretin, (C) AST/ALT ratio, (D) ALT, (E) AST, and (F) C-terminal agrin fragment, in people with coronary heart disease (n = 64). ALT, alanine aminotransferase; AST, aspartate aminotransferase.



3.1. ROC curve analysis

The prognostic value of transthyretin, ALT, AST, and the AST/ALT ratio for identification of low SMM was assessed using ROC curve analysis. Including all participants, transthyretin (AUC 0.739, 95% CI 0.601, 0.876, p = 0.007) and ALT (AUC 0.731, 95% CI 0.576, 0.887, p = 0.009) had the greatest predictive capacity to identify low SMM. The AUC for AST level was 0.684 (95% CI 0.516, 0.851, p = 0.037) and non-significant for the AST/ALT ratio (AUC 0.636, 95% CI 0.482, 0.790, p = 0.123). The optimal cut-off points to indicate risk of low SMM were: a transthyretin value of ≤37.7654 mg/dl (sensitivity 0.857, specificity 0.520), an ALT value of ≤25.00 U/L (sensitivity 0.857, specificity 0.620), and an AST value of ≤24.50 U/L (sensitivity 0.714, specificity 0.620).

Including men only, ROC curve analyses showed the predictive capacity of transthyretin (AUC 0.773, 95% CI 0.603, 0.943, p = 0.002), ALT (AUC 0.699, 95% CI 0.509, 0.888, p = 0.040) and the AST/ALT ratio (AUC 0.693, 95% CI 0.538, 0.847, p = 0.014). The AUC for AST level was non-significant (AUC 0.560, 95% CI 0.357, 0.764, p = 0.562). In men, the optimal cut-off points to indicate risk of low SMM where: a transthyretin value of ≤30.3284 mg/dl (sensitivity 0.778, specificity 0.723), an ALT value of ≤25.00 U/L (sensitivity 0.889, specificity 0.660), and an AST/ALT ratio of ≥0.9347 (sensitivity 0.778, specificity 0.553).




4. Discussion

This study aimed to report the association between DXA-estimated SMM and serum albumin, transthyretin, ALT, AST, and CAF in people with CHD. People with low SMM had lower serum transthyretin, AST and ALT levels compared to those with normal SMM, with small to moderate effect sizes. SMI was positively associated with ALT level and negatively associated with the AST/ALT ratio. We found no associations between albumin or CAF levels with any SMM index.

More than one-fifth of people had low SMM. Similarly, others report a prevalence of 25–30% for low SMM in people with CHD (5, 7, 42). Comparatively fewer (12%) apparently healthy, community-dwelling, older adults have low SMM (43). In the current study, presence of comorbidities associated with SMM loss, such as cancer (44) and COPD (45), likely contributed to the higher prevalence of low SMM. Importantly, in a previous CARE CR publication, ASM% was inversely associated with estimated all-cause mortality risk (r = −0.365, p = 0.006) in people with CHD (4). Thus, interventions to prevent or reverse low SMM should be offered to these people. To support the design and implementation of successful interventions, accurate and readily available methods to assess or monitor changes in SMM are needed.


4.1. Albumin

Albumin is a marker of inflammation-related nutritional risk (20). In agreement with previous studies involving people with liver cirrhosis (46), end-stage renal disease (47) and heart failure (48), we found no association between albumin levels and SMM indices in people with CHD. Interestingly, others report both lower (49–51) and or higher (52) albumin concentrations in older adults with low SMM, compared to those with preserved SMM. The use of albumin levels to infer protein energy malnutrition was previously commonplace in clinical practise (53). Given that lean mass reflects the somatic protein store, the assumption followed that albumin might be useful as a marker of lean mass. However, the use of albumin as a biomarker of malnutrition or body composition has not been without criticism (20, 54). The literature lacks consensus on the existence and/ or direction of the association between albumin and SMM-related variables (46–49, 51, 52), likely due to the role of albumin as an acute-phase response protein.

The inflammation-induced reduction in albumin concentration is underpinned by: decreased albumin synthesis during stress response to prioritise synthesis of essential proteins, increased capillary permeability prompting a shift of albumin from the intravascular to the interstitial space, and a shortened albumin half-life resulting from tissue catabolism (20). In older adults, serum albumin is inversely associated with common inflammatory cytokine, CRP (55). We found no difference in hs-CRP between people with normal or low SMM (Table 2). This could explain the similar albumin levels between groups. Additionally, Chen et al. (56) speculated that sex-specific hormones levels might also impact the association between SMM and albumin levels, after finding these variables to be positively associated in men and negatively associated in women. However, our study included a small sample of women, and we were unable to investigate this hypothesis.



4.2. Transthyretin

Transthyretin levels were significantly lower in people with low versus normal SMM. Similar to albumin, transthyretin is a marker of inflammation-related nutritional risk (20), a key component of malnutrition related to acute or chronic disease (57). Amino acid availability, from dietary protein intake, was proposed to mediate the relationship between transthyretin and lean mass (34). This is because amino acid ingestion promotes lean tissue accretion (58) and also modulates transthyretin synthesis in the liver (59). A strong, positive association (r = 0.58) between transthyretin levels and SMI was previously reported in people at a geriatric outpatient hospital (51). Around 40% of people in the study by Sergi et al. (51) were underweight (BMI <20 kg m−2). Poorer nutritional status likely contributed to a more pronounced inflammatory environment and lean mass loss in this study (51), potentially explaining the strong association between transthyretin and SMI, compared to a non-significant association in the present study (r = 0.246, p = 0.05). Nevertheless, our detection of significantly lower transthyretin levels in people with low compared to normal SMM is a promising finding, as it become increasingly apparent that transthyretin assessment might have clinical utility as part of a comprehensive medical evaluation (60).



4.3. Aminotransferases

Assessment of liver enzymes ALT and AST is routine in clinical practise (61). As a catalyst in the alanine-glucose cycle, ALT converts pyruvate to amino acid alanine in skeletal muscle and converts alanine back to pyruvate (for glucose production) in the liver (62, 63). A similar cycle is catalysed by AST, where the amino acid and product are aspartate and oxaloacetate, respectively (63). Circulatory levels of ALT and AST are elevated in Type 2 diabetes (24) and metabolic syndrome (25), conditions characterised by insulin resistance and hepatic steatosis. We, and others, demonstrate that ALT levels appear to be lower in the presence of low SMM (26, 50). Contrastingly, in a cross-section of >12,000 adults without liver-related disorders, ALT levels were elevated in those with low SMM compared to normal SMM (64). The direction of the relationship between AST and SMM is similarly contested. We found lower AST concentrations in people with low SMM compared to normal SMM. Others report that low SMM coincided with higher AST concentrations in people with (65, 66) and without (64) liver disease.

Multiple factors likely influence the inconsistency in these findings. First, damaged liver cells release ALT and AST into circulation, explaining their higher serum concentrations in people with liver disorders (67). Secondly, participants with low SMM in the study by Yoo et al. (64) were more often obese with higher fasting blood glucose and insulin levels compared to the normal SMM group, consistent with the theory that aminotransferase levels are elevated in the presence of higher metabolic risk. In the present study, people with reduced SMM had higher average body fat and comparable BMI to people with normal SMM. It could be speculated that differences in intra-abdominal and intra-hepatic steatosis, together with diet quality/alcohol consumption might have influenced aminotransferase concentrations.

Additionally, both ALT and AST require vitamin B6 as a cofactor, meaning that vitamin B6 deficiency might contribute to low circulatory ALT and AST (68). Furthermore, vitamin B6 is mostly stored in striated muscle (69); thus, where lean mass is reduced a smaller pool of vitamin B6 is available to act as a cofactor for AST and ALT. An estimated 31 and 24% of community-dwelling men and women (≥65 years) are at risk of inadequate vitamin B6 dietary intake (70). Although not assessed in this study, addressing any dietary deficiencies in people with CHD and low SMM should be prioritised.



4.4. C-terminal agrin fragment

Studies involving older adults (17, 71, 72), people with lung disease (72, 73) and with heart failure (19, 73) have reported an association between high circulatory CAF levels and low SMM. This association is proposed to originate from degeneration of the neuromuscular junction with ageing. Agrin is cleaved by neurotrypsin during normal neural development (15). Excessive agrin cleavage from over-expression of neurotrypsin causes agrin to become deactivated and the neuromuscular junction to break down (16). The product of this breakdown, CAF, is released into the circulation (74). However, the effect of degeneration and remodelling of the neuromuscular junction on SMM loss is debated, with polarising studies arguing that this process contributes to (75) or is protective against (76) muscle atrophy.

We found no association between CAF levels and SMM indices in people with CHD. Others have reported similar non-significant findings when assessing possible associations between CAF and presence of frailty in people with CHD, although an assessment of SMM was not included in their definition of frailty (77). Sánchez-Castellano et al. (78) found no difference in CAF levels between low and normal SMM groups with hip fracture and suggested that elevated CAF levels in both groups indicated neuromuscular degeneration was present in both. In contrast, median CAF values in the low and normal SMM groups were within the normal limits in the present study (0.86–4.66 ng/ml; 17), suggesting that circulatory CAF has limited utility as biomarker for low SMM in this cohort.



4.5. Strengths and limitations

We assessed, in a secondary analysis, multiple proposed biomarkers for low SMM in people with CHD, contributing to our understanding of the factors influencing this complex and under-researched pathology. We included assessment of four biomarkers which are already commonly assessed in clinical practise (albumin, transthyretin, ALT, and AST), aiding the potential transition of our findings into practise.

This study is potentially limited by our use of DXA-derived lean mass to estimate SMM. DXA assessment is the current reference standard, but is limited by the production of variability related to different devices and software versions (79) and the absence of a universally agreed cut-off point for low SMM (80). Furthermore, DXA derived lean mass can be interpreted in several ways (i.e., corrected for stature, body mass or body fat percentage), which often produce conflicting findings when analysed in relation to circulatory biomarkers. This might limit the comparability of our findings with other, similar research. Finally, we included a small sample of women and there was no assessment of muscle strength or function.



4.6. Future research

Future research should evaluate the association between albumin, transthyretin, aminotransferases, CAF and measures of muscular strength alongside SMM. Whether these markers change with targeted lifestyle interventions also requires investigation. Additionally, there appears to be sex differences in median biomarker concentrations and their correlations with SMM indices, although our small sample of women limits the certainty of this finding. Future research might further investigate sex differences in SMM biomarkers in people with CHD.




5. Conclusion

This study aimed to identify associations between SMM indices and circulatory biomarkers in people with CHD. Lower levels of serum transthyretin, AST and ALT were present in people with CHD and low SMM, compared to those with normal SMM. To assist with practical application, we also identified the cut-off points below which transthyretin, ALT and AST indicate high likelihood of low SMM. We found no association between albumin, CAF and SMM indices, suggesting that these markers have limited utility as markers for low SMM in this cohort.
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Introduction: Sarcopenia is a progressive deterioration of skeletal muscle mass strength and function.

Methods: To uncover the underlying cellular and biological mechanisms, we studied the association between sarcopenia's three stages and the patient's ethnicity, identified a gene regulatory network based on motif enrichment in the upregulated gene set of sarcopenia, and compared the immunological landscape among sarcopenia stages.

Results: We found that sarcopenia (S) was associated with GnRH, neurotrophin, Rap1, Ras, and p53 signaling pathways. Low muscle mass (LMM) patients showed activated pathways of VEGF signaling, B-cell receptor signaling, ErbB signaling, and T-cell receptor signaling. Low muscle mass and physical performance (LMM_LP) patients showed lower enrichment scores in B-cell receptor signaling, apoptosis, HIF-1 signaling, and the adaptive immune response pathways. Five common genes among DEGs and the elastic net regression model, TTC39DP, SLURP1, LCE1C, PTCD2P1, and OR7E109P, were expressed between S patients and healthy controls. SLURP1 and LCE1C showed the highest expression levels among sarcopenic Chinese descent than Caucasians and Afro-Caribbeans. Gene regulatory analysis of top upregulated genes in S patients yielded a top-scoring regulon containing GATA1, GATA2, and GATA3 as master regulators and nine predicted direct target genes. Two genes were associated with locomotion: POSTN and SLURP1. TTC39DP upregulation was associated with a better prognosis and stronger immune profile in S patients. The upregulation of SLURP1 and LCE1C was associated with a worse prognosis and weaker immune profile.

Conclusion: This study provides new insight into sarcopenia's cellular and immunological prospects and evaluates the age and sarcopenia-related modifications of skeletal muscle.

KEYWORDS
sarcopenia, low muscle mass, low physical performance, immunology, pathway analysis, bioinformatics, machine learning


1. Introduction

Sarcopenia is a syndrome characterized by a progressive deterioration of the skeletal muscle mass strength and function with a risk of developing adverse outcomes, such as motor disability and death (1). The study of sarcopenia and the development of preventive or therapeutic approaches represent public health priorities. The European Working Group on Sarcopenia in Older People (EWGSOP) recommends categorizing sarcopenia into three groups, namely pre-sarcopenia, sarcopenia, and severe sarcopenia (1). They proposed that the pre-sarcopenia stage is characterized by low muscle mass with no impact on muscle strength or physical performance, whereas the sarcopenia stage is characterized by low muscle mass with low muscle strength or low physical performance, and severe sarcopenia is characterized by the presence of all three criteria (1). Low physical performance is defined as a gait speed of <0.8 m/s, while low muscle strength is defined by handgrip strength of <30 kg for men and <20 kg for women (1). Low muscle mass is measured by a skeletal muscle mass index from 7.23 to 8.87 kg/m2 in men and from 5.45 to 6.42 kg/m2 in women (2). The pathophysiology of sarcopenia stages is still complex and partially characterized. There is an inadequate understanding of the underlying cellular and biological mechanisms driving the development of this disease. Till today, the current understanding of the regulation of muscle mass is mainly derived from animal studies data, with limited knowledge of the key regulatory processes in human muscle or blood. Animal studies suggested that the PI3k-Akt pathway is strongly linked to muscle synthesis (3). Most studies on sarcopenia in humans have suggested that a reduced synthetic response primarily drives the loss of muscle mass termed as anabolic resistance (4, 5).

The decline in immune function with age, known as immunosenescence, has been well-documented (6, 7). Immunosenescence includes inflammaging, which is the presence of a chronic proinflammatory state with age (8). Inflammaging is characterized by increased levels of proinflammatory cytokines, such as interleukin 1β (IL1β), interleukin 6 (IL6), tissue necrosis factor-alpha (TNFα), C-reactive protein (CRP), and a reduced level of anti-inflammatory cytokines, such as interleukin 10 (IL10) (8). Investigation of the immune system's role in different sarcopenia stages shows that the immune system's dysregulation may play a role in disease progression (8).

The current knowledge on the available sarcopenia biomarkers, such as functional, biological, or imaging-related biomarkers, that could be utilized in clinical trials remains inadequate. This study aimed to uncover the underlying cellular and biological mechanisms driving the development of sarcopenia and identify novel pathways and biomarkers that differentiate between different sarcopenia stages using unsupervised and supervised machine learning methods. Then, we studied the association of sarcopenia's three stages with the patient's ethnicity. In addition, we identified gene regulatory network mapping based on motif enrichment in the upregulated gene set of sarcopenia and identified the gene modules of coexpressed genes among the three sarcopenia stages. Finally, we compared the immunological landscape among sarcopenia stages based on their gene expression profiles. This study aimed to provide new insight into sarcopenia's cellular and immunological prospects, which is considered reliable and promising to evaluate the age and sarcopenia-related modifications of skeletal muscle.



2. Methods


2.1. Datasets

We downloaded the RNA-Seq gene expression in human muscle biopsies of 119 older adults (GSE111017) from the Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/). This dataset includes three individual datasets: Hertfordshire Sarcopenia, Jamaica Sarcopenia, and Singapore Sarcopenia. Hertfordshire's Caucasian dataset includes four sarcopenia patients with low muscle strength and physical performance, five with low muscle mass strength, three with low physical performance, and 28 healthy individuals (aged 68–77 years). The inclusion criteria of the Hertfordshire Caucasian dataset were the availability of birth records detailing birth weight, and men were excluded if they had heart disease, myositis, neuromuscular conditions, or diabetes. The diagnosis of sarcopenia among Caucasians was based on the EWGSOP algorithm (1, 9). Jamaica's Afro-Caribbean dataset includes nine sarcopenia patients with low muscle strength and physical performance, five with low muscle mass strength, 11 with low physical performance, and 14 healthy individuals, and all participants were of at least three grandparents of African origin (aged 63–89 years) (9). The diagnosis of sarcopenia among Afro-Caribbeans was also based on the EWGSOP definition (1). Singapore's Chinese dataset includes 20 sarcopenia patients and 20 healthy individuals without information on low muscle mass strength and the physical performance of older adults (aged 65–79 years). Each Chinese participant gave written self-reported ethnicity, and the diagnosis of sarcopenia was based on the AWGSOP definition (10). Lean mass was measured using DXA scanning (9). We merged the three datasets using the “merge” function in the R package “base”, performed batch effects adjustment, and normalized the combined data for further analyses.



2.2. Quantification of the enrichment levels of immune signatures

We used the single-sample gene-set enrichment analysis (ssGSEA) score (11) to evaluate the enrichment level of an immune signature in older adults based on the expression profiles of its marker genes. The ssGSEA score represents the enrichment score of a gene set in a sample based on the degree to which the gene set is coordinately upregulated/downregulated in the sample. We analyzed 30 immune signatures, including anti-inflammatory cytokines, B cells, CD4+ Regulatory T cells, CD8+ T cells, central memory T cells, cytolytic activity, cytolytic protein perforin, dendritic cells, effector memory T cell, effector T cell, effector Treg T cells, exhausted T cell, granulocyte, IGF1, immune-modulatory molecules, macrophages, MHC Class I, myokines, naive T cell, NK antimicrobial protein granulysin, NK encoded activating receptors, NK encoded inhibitory receptors, proinflammatory cytokines, resident memory T cell, resting Treg T cells, senescence-associated secretory phenotype (SASP), Th1 cells, Th2 cells, Type I IFN response, and Type II IFN response. The gene sets representing these immune signatures are listed in Supplementary material S1.



2.3. Pathway analysis

We identified differentially expressed genes (DEGs) between sarcopenia (S) and non-sarcopenia, low muscle mass (LMM)/non, and low physical performance (LMM_LP)/non using Student's t-test with a threshold of adjusted P-value [false discovery rate (FDR)] of <0.05 and fold change (FC) of mean expression levels of >1.3. Based on the DEGs, we identified KEGG (12) and GO (13) pathways differentially enriched between the identified groups using the “pathfindR” R package (14), with a threshold of FDR <0.05. The FDR was calculated by using the Bonferroni method (15).



2.4. Class prediction

We predicted sarcopenia (S) patients vs. non-sarcopenia control individuals based on the combined gene expression profiles. We performed 3-fold cross-validation (CV) in 33 sarcopenia patients and 86 control individuals. We trained the elastic net regression model classifier and predicted sarcopenia patients vs. non-sarcopenia control individuals. We used the CV to select the best λ with a fixed α parameter of 0.5. We reported the prediction performance (accuracy, specificity, balanced accuracy, and the Kappa statistic) in the 3-fold CV. We carried out the class prediction algorithm in the “caret” R package (16).



2.5. Gene regulatory and weighted correlation networks

We used iRegulon software (17) to directly enable gene regulatory network mapping based on motif enrichment in the upregulated gene set of S patients. The library of motifs used was 10K [9,713 position weight matrices (PWMs)], track collection of 1,120 ChiP-seq tracks, the putative regulatory region of 20 kb centered around transcription start site (TSS), motif ranking database 20 kb centered around TSS (seven species), and track ranking database of 20 kb centered around TSS (ChiP-seq-derived). In addition, we used an enrichment score threshold of 3.0, a ROC threshold for AUC calculation of 0.03, and a rank threshold of 5,000. For transcription factor (TF) prediction, the maximum FDR on the motif similarity threshold was 0.001. The weighted gene coexpression network analysis (WGCNA) was used to identify the gene modules of coexpressed genes among the three sarcopenia stages (LMM, LMM_LP, and S). Based on the expression correlations between the hub genes in gene modules, we identified the enriched GO pathways that have significant correlations with specific traits. We analyzed the WGCNA using the R package “WGCNA” (18).



2.6. Statistical analysis

We used Student's t-tests (two-tailed) to compare two classes of samples. In comparisons among three classes of samples, we used ANOVA tests (two-tailed). In evaluating correlations between gene expression levels and immune signatures' enrichment levels and between expression correlations between two genes, we used Pearson's correlation coefficients (R). We employed FDR to adjust P-values in multiple tests. The FDR was calculated using the Benjamini–Hochberg methods. We used abbreviations of S, LMM, and LMM_LP to represent sarcopenia, low muscle mass, and low muscle mass with low physical performance but without sarcopenia, respectively.




3. Results


3.1. Comparison of blood transcriptomes between sarcopenia, low muscle strength, and low physical performance patients with healthy individuals

We first identified the transcriptional signature of S patients compared to healthy individuals. This analysis revealed significant expression differences in sarcopenia patients in 459 unique protein-coding transcripts (419 upregulated and 40 downregulated genes, Supplementary material S1). In LMM patients, we found 74 unique protein-coding transcripts (60 upregulated and 14 downregulated genes, Supplementary material S1). In LMM_LP patients, we found 27 unique protein-coding transcripts (20 upregulated and seven downregulated genes, Supplementary material S1). There were five common genes among the three sets of DEGs, including AC092184.1 (uncategorized gene); FAM239B (family with sequence similarity 239 member B pseudogene); HSFX2 (heat shock transcription factor family, X-linked 2); PTCD2P1 (pentatricopeptide repeat domain 2 pseudogene 1); and SLURP1 (secreted LY6/PLAUR domain containing 1).

We analyzed pathway enrichment on significant genes to identify activated or repressed pathways in a given sample or group. We calculated the agglomerated z-score of each enriched pathway per sample, followed by unsupervised hierarchical clustering of the most significant KEGG and GO pathways between the pre-defined groups. We found that sarcopenia was associated with increased expression of genes related to the GnRH, neurotrophin, Rap1, Ras, and p53 signaling pathways (Figure 1A). In addition, we found that sarcopenia patients showed significant enrichment in RNA polymerase II-specific DNA-binding transcription factor binding and negative regulation of cyclin-dependent protein serine/threonine kinase activity pathways (Figure 1B). Furthermore, the significantly activated pathways in LMM patients included the VEGF, B-cell receptor, ErbB, and T-cell receptor signaling pathways (Figures 1C, D). Interestingly, LMM_LP patients showed lower enrichment scores in the B-cell receptor signaling, apoptosis, HIF-1 signaling, and the adaptive immune response pathways than LMM patients (Figures 1E, F). These results indicate that immune responses and biological and metabolic dysregulation occurred simultaneously with the patient's muscle mass and function deterioration.
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FIGURE 1
 Pathway enrichment analysis for sarcopenia (S), low muscle mass (LMM), and low muscle mass with physical performance (LMM_LP) by unsupervised hierarchical clustering. (A) KEGG and (B) GO pathways enrichment analysis for sarcopenia (S) vs. healthy controls. (C) KEGG and (D) GO pathways enrichment analysis for low muscle mass (LMM) vs. healthy controls. (E) KEGG and (F) GO pathways enrichment analysis for low muscle mass with physical performance (LMM_LP) vs. healthy controls. The enrichment agglomerated z-score was calculated for each enriched term per sample.




3.2. Application of elastic net regression model with feature selection to discriminate sarcopenia from healthy states

To identify the fewest transcripts as diagnostic biomarkers for S patients, we used the elastic net regression to derive a discriminating model in the transcriptomic data from S patients and healthy controls. We trained this model on multiple random samples of the transcriptomic data using CV and ranked all the genes based on their regression coefficients (Figure 2A). Among deferentially expressed genes (DEGs) and the elastic net regression model, we found five common genes (TTC39DP, SLURP1, LCE1C, PTCD2P1, and OR7E109P) that discriminated between sarcopenia patients and healthy controls with a different range (Figure 2A). The relative expressions of these genes were generally upregulated or downregulated in sarcopenia patients than in healthy controls (Figure 2B). To alleviate sampling error, we performed 3-fold CV train/test sequences to obtain an average accuracy of 0.97, 95% CI of 0.8871 and 0.9995, kappa of 0.95, a sensitivity of 0.97, a specificity of 1.00, and a balanced accuracy of 0.98. Among these top-ranked genes, we found that SLURP1 and LCE1C were upregulated in S patients, while TTC39DP, OR7E109P, and PTCD2P1 were downregulated in them (Figure 2B). TTC39DP (tetratricopeptide repeat domain 39D, pseudogene) was the highest ranked among the five genes and discriminated between S patients and healthy controls with a regression coefficient of 95.99. SLURP1 and LCE1C discriminated between S patients and healthy controls with regression coefficients of 62.45 and 34.54, respectively (Figure 2A).
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FIGURE 2
 Discrimination of sarcopenia from healthy states using elastic net regression model and the association of the novel biomarkers with patient's ethnicity. (A) The elastic regression model discriminates sarcopenia from a healthy control based on gene expression profile. Model importance was identified as regression coefficients. (B) Comparison of the expression levels of the top-ranked genes between sarcopenia and the healthy controls between differentially expressed gene analysis and the elastic net regression model (t-test, p-values are shown. *p < 0.5, **p < 0.01, and ***p < 0.001). (C) Comparison of the expression levels of SLURP1, LCE1C, and TTC39DP among the S, LMM, and LMM_LP groups (ANOVA test, p-values are shown. *p < 0.5, **p < 0.01, and ***p < 0.00).


We further analyzed the expression differences of TTC39DP, SLURP1, and LCE1C in S, LMM, and LMM_LP among Caucasian, Afro-Caribbean, and Chinese descents (Figure 2C). SLURP1 and LCE1C showed the highest expression levels in sarcopenic Chinese descent. In addition, SLURP1 expression levels were higher in the S group of Caucasian descent than in the LMM and LMM_LP groups. SLURP1 expression levels were higher in the LMM_LP group of Afro-Caribbean descent than in the S and LMM groups. TTC39DP showed the maximum expression levels among the LMM_LP group of Caucasian and Afro-Caribbean descent. These results indicate that different expression levels of TTC39DP, SLURP1, and LCE1C among the pre-defined groups depend on the patient's ethnicity.



3.3. Gene regulatory and weighted correlation networks of sarcopenia, low muscle mass, and low physical performance patients

We analyzed 96 significantly upregulated genes under S status using iRegulon software. The analysis yields a top-scoring regulon containing GATA1, GATA2, and GATA3 as master regulators and nine predicted direct target genes, namely EHF, SLURP1, MYEOV, SERPINB2, SERPINA12, ARHGAP40, PCDH15, SULT2B1, and POSTN (Figure 3A). The predicted GATA1, GATA2, and GATA3 targets are likely functional targets associated with the different pathways, including signaling, response to stimulus, regulation of the biological process, multicellular organismal process, metabolic process, locomotion, localization, growth, developmental process, cellular process, biological regulation, and biological adhesion behavior (Figure 3B). Interestingly, two genes were associated with locomotion: POSTN and SLURP1. POSTN has been associated with metastatic outgrowth in melanoma (19), while the association of SLURP1 with locomotion remains limited.
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FIGURE 3
 Gene regulatory, weighted correlation networks, and pathophysiological mechanisms of different sarcopenia stages, low muscle mass, and low physical performance patients. (A) Gene regulatory network of the top upregulated genes under sarcopenia using iRegulon software. Results show GATA1, 2, and 3 as top regulators and their relationship with the nine predicted direct targets. (B) Heatmap-like functional classification depicts the linkages of predicted genes and biological concepts (e.g., GO terms or KEGG pathways). (C) Comparison of the pathophysiological mechanisms between the S, LMM, and LMM_LP groups (ANOVA test, p-values are shown. *p < 0.5, **p < 0.01, and ***p < 0.00). (D) Significant gene modules and their representative gene ontology differentially enriched between sarcopenia (S), low muscle mass (LMM), and low muscle mass with physical performance (LMM_LP), which were identified by WGCNA. The P-values are shown in parentheses.


Furthermore, we conducted further analysis to investigate biomarkers of different sarcopenia stages, according to different pathophysiologic mechanisms. These mechanisms include the neuromuscular junction, endocrine system, growth factor, muscle protein turnover, behavior-mediated pathways, inflammation-mediated pathways, and redox-related factors (20). However, due to the small sample size, significant results were found only in muscle protein turnover and neuromuscular junction pathways (Figure 3C). As expected, muscle protein turnover and neuromuscular junction pathways were higher and lower with severe sarcopenic patients than with LMM and LMM_LP, respectively. These results indicate the association of sarcopenia with the impairment of neurophysiological functions, alteration in the transduction of the action potentials of muscle, and structural alterations of the muscles.

In addition, WGCNA identified 34 significant gene modules differentially enriched between the S, LMM, and LMM_LP groups (Figure 3D). The 34 representative colors of these modules are indicated in salmon2, maroon, orangered1, sienna4, lightpink4, yellowgreen, paleturquoise, steelblue, lavenderblush2, lightslateblue, skyblue4, thistle1, mediumorchid, red, violet, coral3, mediumpurple3, yellow4, indianred4, plum, antiquewhite2, mediumpurple4, salmon4, mediumpurple2, lightcoral, brown2, saddle brown, lightgreen, darkmagenta, lightcyan, darkgreen, grey60, greenyellow, and lightsteelblue. The representative GO terms for these gene modules were olfactory receptor activity, response to ketamine, galanin receptor activity, galanin-activated signaling pathway, intrinsic component of nuclear outer membrane, cardiac left ventricular formation, chemokine (C-C motif) ligand 4 production, keratin filament, dihydrofolate reductase activity, regulation of endothelial cell activation, myoblast development, spermatogenesis exchange of chromosomal protein, negative regulation of high-density lipoprotein particle clearance, RISC complex, ATP:ADP antiporter activity, positive regulation of interleukin-17 secretion, CCR3 chemokine receptor binding, extrinsic component of synaptic vesicle membrane, intermediate filament, phytanate-CoA ligase activity, oxidative phosphorylation uncoupler activity, negative regulation of heart induction by canonical Wnt signaling, otic vesicle formation, regulation of transcription from RNA polymerase II promoter involved in forebrain neuron fate commitment, cornification, epidermal cell differentiation, neuron fate commitment, sensory perception, photoreceptor outer segment membrane, detection of chemical stimulus involved in sensory perception, keratinocyte differentiation, formation of quadruple SL/U4/U5/U6 snRNP, dynein complex, and positive regulation of cell growth, respectively.

The S group was associated with enriched pathways of intrinsic component of the nuclear outer membrane, cardiac left ventricle formation, chemokine (C-C motif) ligand 4 production, keratin filament, dihydrofolate reductase activity, regulation of endothelial cell activation, intermediate filament, phytanate-CoA ligase activity, oxidative phosphorylation uncoupler activity, negative regulation of heart induction by canonical Wnt signaling, otic vesicle formation, regulation of transcription from RNA polymerase II promoter involved in forebrain neuron fate commitment, cornification, epidermal cell differentiation, sensory perception, photoreceptor outer segment membrane, detection of chemical stimulus involved in sensory perception, formation of quadruple SL/U4/U5/U6 snRNP, dynein complex, and positive regulation of cell growth (Figure 3D). In contrast, the red RISC complex module was negatively associated with the S group. Moreover, the LMM and LMM_LP groups shared two common pathways with the S group, namely epidermal cell differentiation and the RISC complex. The RISC complex pathway was highly enriched in the LMM and LMM_LP groups, while the S group observed the opposite. Interfering RNAs (siRNAs) and microRNAs (miRNAs) act via RNA-induced silencing complexes (RISC) and can regulate gene transcripts negatively (21). RISC involves many biological processes, such as brain aging (21). It has been proven that the dysregulation of miRNA expression has been associated with reduced muscle plasticity (22), as observed in our results, and, as a consequence, will impair skeletal muscle adaptations to exercise (22).



3.4. The immune profile of sarcopenia, low muscle mass, and low physical performance patients

We analyzed the association of different immune signatures with patients' muscle mass and function deterioration. First, we conducted a t-test analysis to identify the immune signatures (30 immune signatures) differentiating sarcopenia from healthy individuals. A total of 14 immune signatures significantly differentiated sarcopenia from healthy individuals (Figure 4A). Only proinflammatory cytokines were significantly upregulated in sarcopenia than in healthy controls. In contrast, Th1&Th2 cells, resident memory T cells, NK activating receptor, NK antimicrobial protein granulysin, granulocytes, exhausted T cells, effector memory T cells, cytolytic protein perforin, cytolytic activity, CD4+ T cells, B cells, and anti-inflammatory cytokines were less enriched in sarcopenia patients than in healthy controls. Second, we used the ANOVA test to compare immune signatures' expression levels among the S, LMM, and LMM_LP groups. In total, nine immune signatures significantly differentiate the three groups (Figure 4B). Type I IFN response and dendritic cells were higher in sarcopenia patients than in the other two groups. However, signatures of Th1&Th2 cells, resident memory T cells, granulocytes, CD4+ T cells, B cells, and anti-inflammatory cytokines declined with worsening muscle function and disease progression. These results strongly correlate immune system dysregulation with disease progression and muscle function deterioration.
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FIGURE 4
 Immunological landscape of the S, LMM, and LMM_LP groups. (A) Comparison of 30 immune signature expression levels between sarcopenia and healthy controls (t-test, p-values are shown. *p < 0.5, **p < 0.01, and ***p < 0.00). (B) Comparison of 30 immune signature expression levels between the S, LMM, and LMM_LP groups (ANOVA test, p-values are shown. *p < 0.5, **p < 0.01, and ***p < 0.00). (C) The elastic regression model discriminates sarcopenia from a healthy control based on 30 immune signature expression profiles. Model importance was identified as regression coefficients.


Furthermore, we used the elastic net regression to derive a discriminating model of the 30 immune signatures based on patients with and without sarcopenia after training this model on multiple random samples of the immune signatures using CV. We ranked all the immune signatures based on their regression coefficients. We found that Th2 cells and granulocytes could discriminate between sarcopenia and healthy individuals with a regression coefficient of 100 and 77.9, respectively (Figure 4C). Figures 4A, B show that the Th2 cells were significantly downregulated in sarcopenia patients relative to healthy controls, LMM, and LMM_LP. These results indicate that sarcopenia patients have weaker immune responses than other pre-defined groups.



3.5. Association of TTC39DP, SLURP1, and LCE1C expression levels with immune signatures

In addition, we analyzed the association of various immune signatures with the pre-defined top-ranked genes (TTC39DP, SLURP1, and LCE1C) that discriminated sarcopenia from healthy individuals. TTC39DP has shown a significant positive correlation with 11 immune signatures and one negative correlation with proinflammatory cytokines (Figure 5A). The highest positive correlations were observed in granulocytes and B cells. In contrast, SLURP1 and LCE1C significantly negatively correlated with immunomodulatory molecules and exhausted T cells (Figures 5B–E). Interestingly, TTC39DP expression levels were much lower in sarcopenia patients than in healthy controls, and its upregulation correlated with a better prognosis and stronger immune profile in older people. In contrast, SLURP1 and LCE1C expression levels were much higher in sarcopenia patients and associated with a worse prognosis and weaker immune profile.
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FIGURE 5
 Association between SLURP1, LCE1C, and TTC39DP expression levels and immune signatures. (A) Significant correlation between TTC39DP expression levels and 12 immune signatures. (B) Significant correlation between SLURP1 expression levels with immunomodulatory molecules and (C) exhausted T cell. (D) Significant correlation between LCE1C expression levels with an exhausted T cell. (E) Immunomodulatory molecules. Pearson's correlation coefficients (R) and P-values are shown.




3.6. Gene coexpression networks of TTC39DP, SLURP1, and LCE1C

We identified 103, 57, and 66 genes with strong positive expression correlations with TTC39DP, SLURP1, and LCE1C, respectively (R > 0.5). Interestingly, SLURP1 and LCE1C showed a strong positive expression correlation (R = 0.9, p < 0.001, Figure 6A). In contrast, no significant correlations existed between SLURP1 and LCE1C with TTC39DP (Figures 6B, C). Pathway enrichment analysis identified several significant KEGG pathways associated with SLURP1 and LCE1C expression, including Renin secretion, Ras signaling pathway, Rap1 signaling pathway, Parkinson's disease, inflammatory mediator regulation of TRP channels, GnRH signaling pathway, gastric acid secretion, cGMP-PKG signaling pathway, cAMP signaling pathway, calcium signaling pathway, p53 signaling pathway, neurotrophin signaling pathway, and C-type lectin receptor signaling pathway. These pathways were associated with the 57 and 66 genes strongly correlated with SLURP1 and LCE1C, respectively (Figures 6D, E, FDR < 0.05). However, pathway enrichment analysis with 103 correlated genes with TTC39DP did not show significantly enriched pathways.
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FIGURE 6
 Correlation and pathways associated with LCE1C, SLURP1, and TTC39DP expression levels. (A) Correlation between LCE1C and SLURP1 expression levels. (B) Correlation between TTC39DP with SLURP1 and (C) LCE1C expression levels. Pearson's correlation coefficients (R) and P-values are shown. (D) The KEGG pathways enriched with LCE1C and (E) SLURP1 highly correlated genes (R > 0.5) were identified by GSEA (53).





4. Discussion and conclusion

Sarcopenia is a progressive and generalized skeletal muscle disorder, including the accelerated loss of muscle mass function (23). However, identifying biomarkers that reflect the central pathogenic processes of sarcopenia has remained lacking. The main problem in the diagnosis of sarcopenia is its complex genesis. The pathophysiology of sarcopenia includes inflammatory conditions, endocrine dysfunctions, and glycogen, glucose, and lipid metabolism dysregulation (24). Similarly, muscle-related cytokines and myokines show endocrine actions between muscle and tissues. In addition, many factors related to chronic diseases and lifestyles, such as obesity and low physical activity, may define the development of sarcopenia (25). Regardless of hopeful advances in assessing muscle mass and strength, various mechanisms of sarcopenia have not been fully distinguished, although several biomarkers may be found in both blood and tissue samples (26). Even though histology is the primary standard for recognizing the pathological mechanisms of different sarcopenic stages, biopsy samples are often a complicated process and not acceptable to older adult patients, especially during the follow-up of sarcopenic patients. Therefore, the emerging importance is identifying potential biomarkers for sarcopenia. In this study, we attempted to provide promising biomarkers and pathways that can detect sarcopenia at its early stages.

We found that sarcopenia is associated with increased expression levels of genes related to the neurotrophin, Rap1, Ras, and p53 signaling pathways. Neurotrophin signaling is involved in synaptic plasticity, memory, and neuronal health (27). In addition to sarcopenia and neurotrophin signaling during aging, the accumulation of proinflammatory cytokines generates neurotrophin resistance, increasing cognitive decline and dementia risk (27). In vivo studies showed that mice deficient for the tissue-specific Ras signaling, RasGrf1, mainly expressed within the pancreatic islets and the hippocampus and hypothalamus regions of the brain, were long-lasting and exhibited better motor coordination in elder animals than in their control (28). In addition, human studies showed that Ras signaling activation is associated with premature aging, including osteoporosis and osteopenia (28). p53 signaling has also been shown to contribute to aging. Preclinical studies showed that naturally aged mice had longevity linked with diminished p53 function, and p53 activation or dysregulation can accelerate aging (29).

In addition, we found that LMM_LP patients showed lower enrichment scores in B-cell receptor signaling, apoptosis, HIF-1 signaling, and adaptive immune response pathways than LMM patients, indicating that immune response and metabolic and biological dysregulation occurred simultaneously with the patient's muscle mass and function deterioration. B cells are involved in the immunosuppressive regulatory process, and during aging, the depletion of the secretion of IL7 and IGF1 causes alterations in the number and function of B cells. Dysfunctional B cells were correlated with the dysregulation of immune aging, affecting the regeneration and strength of the skeletal muscle. It has been suggested that B-cell accumulation in tissues plays a role in sarcopenia obesity, which is related to skeletal muscle inflammation (30). HIF-1 is vital as a mediator in adaptation to hypoxia, which increases oxygen delivery and glucose transporters expression during hypoxia. During sarcopenia, HIF-1 impairs oxidative metabolism and mitochondrial biogenesis, causing muscle mass function deterioration (31).

Furthermore, we found five common genes, TTC39DP, SLURP1, LCE1C, PTCD2P1, and OR7E109P, that can differentiate between sarcopenia patients and healthy controls. SLURP1 and LCE1C show the highest expression levels among sarcopenic Chinese descent than Caucasian and Afro-Caribbean. TTC39DP was the highest in LMM_LP than SLURP1 and LCE1C in Afro-Caribbean and Caucasian descents. SLURP1 is an immunomodulatory protein that promotes corneal immune and angiogenic processes (32). It is expressed in tissues such as skin, palms, soles, and oral and bronchial cells (32). SLURP1 suppresses TNFα production from T cells and IL1β, IL6, IFNγ, and IL8 secretion, which mimic the anti-inflammatory effect (33). Although we found that proinflammatory cytokines were higher in sarcopenia patients than in healthy control, this could trigger SLURP1 activation. SLURP1 was also identified as an epidermal neuromodulator essential for epidermal homeostasis, which indicates this gene's crucial role in aging (34). LCE1C and TTC39DP's role in aging and sarcopenia development remains lacking, even though reports have identified LCE1C as essential in epithelial development (35) and the identification of the skin (36). Although the results report a strong correlation between LCE1C and aging, the correlation of this gene with sarcopenia and muscle function deterioration is still needed.

Gene regulatory analysis yields a top-scoring regulon containing GATA1, GATA2, and GATA3 as master regulators and nine predicted direct target genes, and these predicted targets were associated with different pathways. Among these nine targeted genes, POSTN and SLURP1 showed strong associations with locomotion. POSTN (periostin) is an extracellular matrix protein crucial in myocardial fibrosis and heart inflammatory processes (37). Periostin was associated with heart aging, and excessive periostin expression contributed to cardiomyocyte senescent (37). In addition, periostin was found to have a maintenance role in muscle mass during muscle regeneration (38). Furthermore, upregulation and secretion of periostin increase muscular dystrophy in mice, and deletion of periostin led to the improvement in skeletal muscle structure and function, suggesting its importance in muscle strength and function (39). However, although our results showed an association of SLURP1 with locomotion and disease progression, supporting data regarding the role of this gene in muscle function and sarcopenia remain lacking, and further studies are recommended.

As mentioned, sarcopenia is a disease of muscle constrictive dysfunction, metabolic abnormalities, and systemic inflammation (40). Thus, sarcopenia is a disease of more complex networks involving different pathophysiologic mechanisms from dysfunction of neuromuscular junctions, a decline of the endocrine system, imbalance of growth enhancer and suppressor factors, structural alteration of protein synthesis, behavior-mediated pathways (e.g., physical activity and obesity), and inflammation (20). Neuromuscular junction dysfunction could gradually alter muscle action potentials during exercise and be associated with neuromuscular weakness, as shown in Figure 3C (41). In addition, one of the earlier signs of sarcopenic damage would be the early structural alterations of the muscle protein. The essential biomarkers in the evaluation of muscle mass are serum sarcomeric proteins, such as actin, troponin, creatinine, and extracellular matrix proteins (42); in addition, type VI collagen (IC6), MMP-generated degradation fragment of collagen 6 (C6M) (43), the N-terminal peptide (P3NP) (44), and 3-methylhistidine (3MH) (45) are also associated with the pathophysiology of sarcopenia.

In addition, WGCNA analysis revealed that sarcopenia was associated with multiple enriched pathways and was negatively associated with the RISC complex. We also found that the LMM and LMM_LP groups shared two common pathways with the S group, epidermal cell differentiation, and the RISC complex. As observed in sarcopenia, the RISC complex pathway was associated with muscle mass deterioration and function. The RISC pathway involves many biological processes, such as brain aging (21). It has been proven that the dysregulation of miRNA expression (act via RISC complex) has been associated with reduced muscle plasticity (22) and will impair skeletal muscle adaptations to exercise (22).

From the immunological perspective, we found that proinflammatory cytokines, type I IFN response, and dendritic cells were significantly upregulated in sarcopenia patients. These cytokines are known to play a critical role in sarcopenia development by causing destructive effects on the skeletal muscle, declined physical performance and muscle strength, and disability in older adults (46). Similarly, inflammatory cytokines such as IL-1 can block the differentiation of myoblasts in the presence of overexpressed activin, and this synergic activity was confirmed in models related to sarcopenia (47). In addition, proinflammatory cytokines highlight the complexity of the inflammaging process. It was shown that patients suffering from obesity who develop sarcopenic obesity in older age show elevated levels of proinflammatory cytokines, indicating the strong association between endocrine, metabolic, and inflammaging (48).

In contrast, Th1&Th2 cells, resident memory T cells, NK activating receptor, NK antimicrobial protein granulysin, granulocytes, exhausted T cells, effector memory T cells, cytolytic protein perforin, cytolytic activity, CD4+ T cells, B cells, and anti-inflammatory cytokines were lower in sarcopenia patients than healthy controls, indicating the strong association of immune system dysregulation with disease progression (49). During immune aging, the reservoir of NK cells in the thymus is nearly depleted, and depleted NK cells were found to be associated with muscle loss in sarcopenia and mortality (50). Furthermore, dendritic cells are related to immune cells' maturation and differentiation, such as Th1 and Th2 cells, and develop an inflammatory environment during immune aging, affecting skeletal muscle regeneration (51). However, there is still a lack of knowledge on the particular role of each immune cell subtype in sarcopenia, but their whole function may work in the skeletal muscle environment modification and affect the physiological homeostasis of skeletal muscle (52).

This study has several limitations. First, because sarcopenia is a complex disease, obtaining biopsy samples is not usually acceptable to older adult patients, which is why patients' samples are relatively small. Second, we obtained the results by bioinformatics analyses without experimental justification, so further experimental and clinical investigations are required to assess these biomarkers' activity and beneficial effects. In conclusion, this study identified the association between immune responses and biological dysregulation with the patient's muscle mass and function deterioration. Three biomarkers were identified, TTC39DP, SLURP1, and LCE1C, and their expression levels depend on the patient's ethnicity and immune profile. TTC39DP was correlated with a better prognosis and stronger immune profile, while SLURP1 and LCE1C were associated with a bad prognosis and weaker immune profile. In addition, a strong association between immune system dysregulation with disease progression and muscle function deterioration was observed. This study provides new insight into sarcopenia's cellular and immunological prospects, which is considered reliable and promising to evaluate the age and sarcopenia-related modifications of skeletal muscle.
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Background: Inflammaging is a phenomenon that has been associated with the development and progression of sarcopenia and frailty syndrome. According to the literature, on the one side, the increase in body fat is associated with a systemic pro-inflammatory status, which consequently favors inflammaging, and on the other side, the regular practice of physical exercise can mitigate the development of this scenario. Therefore, here, we aimed to evaluate the association between inflammaging and physical factors, both body and functional, in a group of physically active older women.

Methods: Seventy older women (mean age 72.66 ± 6.17 years) participated in this observational cross-sectional and were separated into the eutrophic, overweight, and obese groups. It was assessed: by bioimpedance—body fat percentage (Fat%) and total (Fat kg), skeletal muscle mass (muscle), and free fat mass both in percentage (FFM%) and total (FFMkg); by the International Physical Activity Questionnaire (IPAQ)—the time of moderate-intensity physical activity per week; by physical tests—handgrip (HG), sit-up-stand-on-the-chair in 5 repetitions (Sit-up) and vertical squat jump test (SJ); in addition to the determination of serum cytokine concentration (IL-6, TNF-α, IL-10, and IL-8), and also body mass index (BMI) and calf circumference (Calf).

Results: Higher FFM% and lower body fat (both kg and %) were found in the eutrophic group than in the other groups. The eutrophic group also performed more weekly physical activity, jumped higher, and presented not only higher serum IL-6 concentration but also an increased ratio of IL-10/IL-6, IL-10/TNF-α, IL-10/IL-8 as compared to the values found in the overweight group. The obese group presented higher body fat (kg and %) and lower FFM% than the other groups and also higher serum IL-6 concentration than the overweight group. Interestingly, several significant negative and positive correlations between body composition, physical tests, and serum cytokine concentrations were found in the eutrophic and obese groups.

Conclusion: While the eutrophic older women group showed a remarkable regulation of the systemic inflammatory status with positive associations in the physical parameters assessed, the overweight and obese groups presented impairment regulations of the inflammaging, which could be related to less weekly physical activity and higher body fat.

KEYWORDS
aging, inflammaging, physical activity, body composition, functional tests, cytokine profile


Introduction

According to the United Nations (UN) and the World Health Organization (WHO), the decade of 2021–2030 will be committed to improving older adults' quality of life since it had been estimated that, between 2015 and 2050, the proportion of the population aged over 60 would almost double from 12 to 22% (1). The development of Collaborative Healthy Aging was based on it, but the COVID-19 pandemic imposed a new worldwide challenge, particularly to the older adult population, which was one of the populations most suffering from SARS-CoV-2 infection (2–4).

It is known that aging is a natural and heterogeneous process that, in a general way, is associated with a gradual decrease in several body system actions (5, 6). In this respect, it has been described that aged people can significantly lose their functional abilities, whether muscular, mobility, cognitive, psychological, or sensory (7). Of note, it has been highlighted that disablement in older adults can be closely related to the presence of a phenomenon called “inflammaging”, which is characterized by chronic, sterile, systemic, and subclinical low-grade inflammation, in which there is an increase in several inflammatory cytokines, such as interleukin (IL)-1, IL-6, and tumor necrosis factor-alpha (TNF-α), in addition to significant alterations in innate and acquired immunity (8, 9). In agreement with the literature, the development of inflammaging is associated with a physiological response to antigenic stress throughout life and can represent an efficient defense mechanism, especially against pathogens already known, as long as it is under control (10). Nonetheless, at the same time, the inflammaging can also be associated with a remarkable impairment in the induction of an effective defense against new antigenic challenges, which leads to this population presenting a reduction of their immune response, a well-known phenomenon observed in older adults named immunosenescence (11, 12). These phenomena, when combined, can favor the development of severe clinical situations, diseases, and syndromes common in the aged population, most notably dementia syndromes, diabetes, cardiovascular disease, cancer, osteoporosis, sarcopenia, and frailty syndrome (13–17).

Among some factors that can contribute to the inflammaging is body fat since alterations in body fat distribution and composition, specifically related to the increase in adipose tissue, a common aspect observed in older adults, promote elevation in the systemic inflammation status as a result of increased production of pro-inflammatory cytokines by infiltrated macrophages in the adipose tissues (18, 19). Raised systemic inflammation is closely associated with insulin resistance in skeletal muscle and liver, which compromises metabolic functions and increases cardiovascular risk by increasing not only circulating fatty acid levels but also lipid oxidation, which, consequently, drives an atherogenic profile (20). Beyond these aspects, it was reported that obese aged people are more vulnerable to developing sarcopenia (21) and also that a systemic pro-inflammatory status can enhance both the development and progression of this clinical condition (22, 23). In relation to sarcopenia, the European Working Group on Sarcopenia in Older People (EWGSOP), in 2019, established that sarcopenia is a muscle disease (muscle failure) characterized by reduced muscle strength, measured by using a hand dynamometer, in which values lower than 16 and 27 kg of force are considered as the cutoff for women and men, respectively, or through the sit-up-stand-of-chair test in five repetitions, in which values above 15 s are considered the cutoff. Furthermore, the EWGSOP also considered low appendicular skeletal muscle mass quantity in the diagnosis of sarcopenia, and the cutoff points with values below 15 and 20 kg, for women and men, respectively, are associated with sarcopenia occurrence (15).

To minimize the inflammaging development and progression, it has been demonstrated that the regular practice of physical exercises is a powerful tool due to its capacity to reduce body fat (24) and regulate the systemic inflammatory status, not only by the increase of the fat “burning” but also by the increase of anti-inflammatory cytokines levels, such as receptor antagonist IL-1 (IL-1ra), IL-10, and the soluble receptor of TNF-α (sTNF-R), produced during and after physical exercise performance (25–28). Another important cytokine is IL-8: This myokine is mainly produced by macrophages and endothelial cells and exerts, indistinctly, a marked chemotactic activity on leukocytes, being also an angiogenic factor (28). Therefore, analyzing the serum concentrations of these cytokines or the ratio between anti-inflammatory and pro-inflammatory ones helps to understand the adaptations of aged people in different scenarios of the aging process, especially even before becoming sarcopenic or frail (26, 29, 30). Interstingly, the literature pointed out that older adults who regularly practice physical exercises present higher numbers of naive T lymphocytes, lower circulating TNF-α levels, improvement of immune response to the influenza virus vaccination, higher muscle strength and power, and better results in physical functional tests than older adult who are non-practitioners or sedentary (30–32).

In this context, the assessment of strength, power, and balance performance provides information on the quality of the skeletal muscle and the physical conditioning of old people (6, 33, 34). In the aging process, changes occur in the quantity and quality of skeletal muscles, and physical tests can help identify vulnerabilities for the development of frailty and sarcopenia, in addition to being used in monitoring interventions aimed at improving the physical domain and the intrinsic capacity of the aged adults (35–37).

Although it is well-known that both body composition and regular practice of physical exercises can impact inflammaging development and progression (25, 26), there is still no consensus in the literature about the best model to illustrate the inflammaging repercussion within physiological senescence. Thus, in this study, we aimed to identify which factors related to body composition and physical performance could be associated with the inflammaging in physically active older eutrophic, overweight, and obese older women.



Materials and methods


Participants and design of the study

In this observational cross-sectional study, initially, 74 women aged ≥ 60 years were invited to participate voluntarily between March and April 2019. However, as shown in Figure 1, 70 volunteers were included in this study since they met the inclusion and exclusion criteria as described. All volunteers were recruited from the Primary Health Care Program belonging to the Discipline of Geriatrics and Gerontology at the Federal University of São Paulo (UNIFESP). It is worth mentioning that the same geriatric physician was responsible for the clinical and physical examinations. The participants were informed of the risks and benefits of the study before data collection and gave written informed consent for their participation. They signed the informed consent form previously approved by the Ethics Committee of the Federal University of São Paulo (approval number 3.623.247) and by the National Research Ethics Committee (number CAEE:218170619.3.0 000.5505). The study was performed not only in agreement with the Ethical Standards of Exercise Practice (38) but also complied with the Declaration of Helsinki guidelines for research with humans (39).
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FIGURE 1
 Flow diagram and study design.


The inclusion criteria were as follows: (i) the volunteer should regularly practice physical exercises under supervision or orientation, in the last 05 years; (ii) feel fit and have no contraindications for performing physical tests. The exclusion criteria were as follows: (i) weight change >4% in the last 12 months; (ii) use of anti-inflammatory drugs, multivitamins, protein supplements, and hormonal anabolic in the last 2 months; (iii) to present a high risk for fragility fracture in accordance to the Frax index® (40); (iv) being seropositive for HIV, having neoplasms, acute or chronic infections, neurological, cardiovascular, type I diabetes mellitus, and musculoskeletal diseases that prevent physical tests.

Regarding the number of older women volunteers enrolled in the present study, it is important to cite that it was established according to sample size calculation using the G*Power software program (41), considering Student's t-test with an effect size (0.30) at α-level (0.05), the statistical power of 0.95, and also a margin of 10% losses or refusal (35). Based on it, a minimum of 70 individuals would be necessary to perform this study.



Study design

According to the flow diagram (Figure 1), the study design was carried out in three stages. First, the volunteers previously invited to participate in this study were robust old women, without clinical alterations in the domains of intrinsic capacity (7), compensated chronic diseases, presented low nutritional risk (assessed by the Mini Nutritional Assessment—MNA) (42), adequate vision and hearing, no change in mood, preserved cognition, preserved strength, and mobility. All volunteers were submitted to clinical and physical examinations by the same geriatric physician, and four women were excluded from the study, by clinical issues.

In addition, it was also applied the International Physical Activity Questionnaire (IPAQ), the physical tests, and the familiarization with the jump test. On the same occasion, the volunteers enrolled were separated, based on BMI criteria presented by WHO (43), into three groups: eutrophic (n = 27, 18.5 ≤ BMI < 25 kg/m2), overweight (n = 30, 25 ≤ BMI < 30 kg/m2), and obese (n = 13, BMI ≥30 kg/m2). At the second meeting, it was assessed the body composition by bioimpedance and also blood sampling was carried out. After that, the third meeting was dedicated to the performance of the vertical jump test. Finally, 1 week after this last phase, all volunteers were contacted by telephone call not only to communicate the results obtained in the physical test evaluations but also to verify the occurrence of any discomfort or pain as a consequence of the performance of the vertical jump test.



Physical activity

The level of moderate-intensity physical activity level was assessed through the International Physical Activity Questionnaire (IPAQ), validated for the Brazilian population (44, 45). By IPAQ, it is possible to estimate weekly time spent (in minutes) on moderate-intensity physical activities in different contexts of daily life (which may be characterized, subjectively, by the moderate increase in effort): (i) by physical activities of everyday life (e.g., housework); (ii) unsupervised recreational activities (e.g., dancing, cycling, running, and playing sports); and (iii) guided and supervised physical exercises (aerobics, resisted, multi-component, pilates, swimming, and water aerobics).



Anthropometric characteristics and bioimpedance assessment

Data from body weight were carried out using a digital scale (Personal® scale, Filizzola, São Paulo, Brazil) used accurately to the nearest 0.1 kg. Body height was measured using a wall-mounted stadiometer, accurate to the nearest 0.1 cm. To perform these evaluations, the women wore light clothes and no footwear. Body mass index (BMI) was calculated by the equation: weight over height squared (kg/m2). The left calf circumference was determined by using a measuring tape to the nearest 0.1 cm with the volunteer seated, knees bent at 90 degrees, and feet supported. The body composition was determined using the BIOSCAN 920-2-S® bioimpedance equipment (Matron International Limited, UK), with the volunteer lying supine and resting (46). The bioimpedance assessment was performed in the morning with the volunteers fasting (8 h), with water allowed up to 2 h before the assessment. They were asked to empty their bladder 30 min beforehand. This evaluation was carried out in the morning with the volunteers fasting (8 h) and being allowed to drink water up to 2 h before the evaluation. Then, they were asked to empty their bladders 30 min beforehand. They were also asked not to perform physical exercises the day before, nor to drink coffee or caffeinated beverages (47). The results obtained in the bioimpedance evaluation were as follows: skeletal muscle mass (in kilograms—muscle mass kg), total body fat (in kilograms—Fat kg, and percentage—Fat %), and also fat-free mass (in kilograms—FFM kg, and percentage—FFM %).



Physical tests

The physical tests applied in the present study were the same used in traditional protocols described in the scientific literature for older adults (35, 48). It was assessed: the sit-to-up test in the chair for five repetitions (sit-up), in which the results were expressed in seconds (s); and the handgrip (HG), in which the results were expressed in kilograms of force (kgf). Regarding the HG test, it was considered the value obtained in best performance out of three attempts, with a 1-min interval, using the dominant hand and a digital dynamometer (Jamar Hydraulic Hand Digital Dynamometer®, Sammons Preston Rolyan, Bolingbrook, IL, USA) (49, 50).

Concerning the evaluation of the vertical jump test, this physical test was performed on a jumping platform (Elite Jump®, S2 Sports, São Paulo, Brazil) (51) after the familiarization carried out during the first meeting. The digital results were expressed in centimeters (cm), which represent the height of the jump, or in watts by body mass (W/kg), which represents the vertical force exerted during the takeoff phase of the jump. Each volunteer was instructed to walk for 5 min before performing the jump tests, in order to activate the muscles of the lower limbs that would be required in this test. The volunteers performed the squat jump (SJ) modality, in which they were oriented to remain static in a knee flexion position, at an angle close to ninety degrees, for 2 s before the jump, without any preparatory movement. Five jumps were performed, with intervals of 15 s between them (35).



Blood samples

Fasting blood samples were collected between 8 and 9 a.m. in a tube without anticoagulant compound to obtain sera aliquots. In brief, after blood coagulation, the tube was submitted to centrifugation (2,000 rpm, 4°C, 10 min), and a minimum of 500 mL of serum was added in Eppendorf's tubes that were stored at −80°C until the cytokines analyses. The volunteers were instructed not to perform physical activities of moderate or vigorous intensity in the 24 h prior to the collection.



Cytokine determination

Cytokine concentrations were determined in the serum samples using multiplex assay (LegendPlex, Biolegend, San Diego, CA, USA) following the manufacturer's instructions. The biomarkers assessed were the tumor necrosis factor-alpha (TNF-α) and the interleukins (IL): IL-6, IL-8, and IL-10. The concentration of these cytokines was calculated using appropriate standard curves (following the manufacturer's instructions). The linearity of multiplex analysis of all cytokines assessed here was, respectively, within the range of 0–10,000 pg/mL, which includes the range of sample determinations. All correlation coefficients of standard curves were in the range of 0.93–0.99, whereas intra-assay coefficients of variance were 2–4% and interassay coefficients of variance were 7–10%. We also calculated the ratio between pro- and anti-inflammatory cytokines to evaluate the systemic inflammatory status (52).



Statistical analysis

Initially, the data obtained in the volunteer groups were compared with the Gauss curve, and the normality of each one was determined using the Shapiro–Wilk test, followed by the evaluation of the homogeneity of variance performed through the Levene test. Parametric variables were presented as mean and standard deviation (X ± SD) and were statistically analyzed using the one-way ANOVA with Tukey's post-hoc test. Non-parametric variables were presented as a median and interquartile range, and it was statistically analyzed using the Kruskal–Wallis test with Dunn's post-hoc test. A multivariate regression analysis was used to determine the influence of body composition and physical performance variables on the systemic inflammatory status, assessed by serum concentration of both pro- and anti-inflammatory cytokines. Pearson's or Spearman's correlation coefficient analysis was used to assess the association between the parameters obtained in the volunteer groups. The significance level was set at 5% (p < 0.05).




Results

Table 1 presents the anthropometric and physical characteristics of the volunteers enrolled in the present study. Based on the one-way ANOVA with Tukey's post-hoc test, the statistical analysis of these characteristics in the eutrophic, overweight, and obese groups showed that (1) the group with overweight performed less minutes of moderate-intensity physical activity than the eutrophic group; (2) whereas the BMI, calf circumference, and body fat (both in absolute and relative values) values were lower, the FFM values (both in absolute and relative values) were higher in the eutrophic group than the values found in the other volunteer groups; and (3) overweight group presented lower BMI values and a higher percentage of body fat and FFM than the obese group, as well as a higher muscle mass values than the eutrophic group.


TABLE 1 Mean and standard deviation (X_SD) of age, physical activity time, anthropometric characteristics (BMI and CALF), and body composition (body fat kg, body fat%, muscle mass, FFM kg, and FMM%); as well as the results obtained in the statistical analysis between the volunteers separated into eutrophic, overweight, and obese groups, according to their BMI values.
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Table 2 shows the descriptive values of the physical tests observed in the volunteer groups. Using the one-way ANOVA analysis with Tukey's post-hoc test, it was found that higher values in the vertical jump test performance presented as the average of the height reached in the best jump (in centimeters), in the eutrophic group than the values observed in the overweight group. Interestingly, on average, the eutrophic group presented less strength (expressed in watts per kilogram of corporal mass) than the other volunteer groups (overweight and obese) to perform the vertical jump test. In addition, the obese group showed, on average, higher strength to perform this physical test than the values observed in the overweight group. No significant difference was found in the other physical tests assessed here. It is noteworthy to mention that, in accordance with the results obtained in the physical tests and muscle mass measure, none of the older women who participated in the present study presented sarcopenia, based on the criteria proposed by EWGSOP, formerly cited (15).


TABLE 2 Mean and standard deviation (X_SD) obtained in the physical tests (HG, Sit-Up, SJ cm, SJ W/kg). In addition, the significant differences obtained in these parameters in the volunteers were separated into eutrophic, overweight, and obese groups.
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Figure 2 shows not only the results obtained in the systemic cytokine analysis but also the value of the ratio between the pro- (IL-6, TNF-α, and IL-8) and anti-inflammatory cytokines (IL-10), presented in the median and interquartile range, in the volunteer groups (eutrophic, overweight, and obese). Lower systemic levels of IL-6 (Figure 2A) were found in the overweight group than the values observed in the eutrophic and obese groups. No other significant difference was found in TNF- α (Figure 2B), IL-10 (Figure 2C), and IL-8 (Figure 2D) values between the volunteer groups. Based on the ratio analysis, a significant reduction of the ratios was found between IL-10/IL-6 (Figure 2E), IL-10/TNF-α (Figure 2F), and IL-10/IL-8 (Figure 2G) in the overweight group as compared to the values observed in the eutrophic group. The values obtained in the analysis of the systemic cytokine concentrations in the volunteer groups are presented in Supplementary Table S1.
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FIGURE 2
 Results [median and interquartile range (X_25–75)] concerning of systemic cytokine concentration (A) IL-6, (B)TNF-α, (C) IL-10, (D) IL-8; and also the ratio between (E) IL-10/IL-6, (F) IL-10/TNF-α, (G) IL-10/IL-8. In addition, the data obtained when the volunteers were separated into eutrophic, overweight, and obese groups. IL, interleukin; BMI, body mass index; TNF-α, alpha tumor necrosis factor.


Table 3 shows the results of the multiple linear regression analysis with adjustment for the time of physical activity, anthropometric and body composition measurements, and physical tests, as well as the cytokine analyses in the volunteers who participated in this study, regardless of the BMI values. It was observed negative associations between the time of moderate-intensity physical activity in the week and IL-8 values, between the percentage of body fat and the IL-10/IL-6 ratio, between the free fat mass (in absolute values) and the IL-10/IL-8 ratio, and between vertical jump (cm) test and TNF-α. Conversely, positive associations were found between the time of moderate-intensity physical activity in the week and TNF-α values, between the percentage of fat-free mass and IL-10 values, between IL-6 and handgrip or vertical jump (cm) tests, and between IL-8 and vertical jump (cm) test.


TABLE 3 Significant results obtained in the multiple linear regression analysis between the parameters related to the physical activity time, anthropometric measurements, body composition measurements and the physical tests or the cytokine profile assessed in all volunteers enrolled in the study.
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Since significant associations were found in multiple linear regression analysis between anthropometric and body composition, as well as physical tests and the cytokines assessed here, we followed the correlation analysis between these data obtained in each volunteer group. Figures 3, 4 present the significant results found in this analysis in eutrophic and obese groups, respectively. There were no significant correlations in the overweight group.
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FIGURE 3
 Results of the Pearson's coefficient correlation analysis of anthropometric or body composition characteristics with cytokines or cytokine ratio in the eutrophic group. (A) BMI AND IL-10/IL-8; (B) FAT kg and IL-10/IL-8; (C) Muscle mass and IL-6; (D) FFM and IL-6; (E) SJ W/Kg and IL-8. IL, interleukin; BMI, body mass index; FFM, fat-free mass; SJ, squat jump.
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FIGURE 4
 Results of the Pearson's coefficient correlation analysis of anthropometric or body composition characteristics with cytokines or cytokine ratio in the obese group. (A) age and IL-10/IL-8; (B) muscle mass and IL-10/IL-6; (C) sit-up and IL-10/TNF-α; (D) SJ cm and IL-10/IL-8. IL, interleukin; Sit-Up, sit-up test in the chair for five repetitions; TNF-α, alpha tumor necrosis factor; SJ, squat jump.


In the eutrophic group (Figure 3), it was found negative correlations between the IL-10/IL-8 ratio and BMI (Figure 3A) or body fat (in kg, Figure 3B), as well as between IL-6 values and muscle mass (in kg, Figure 3C) or FFM (in kg, Figure 3D). Conversely, a positive correlation was found between the vertical jump test (W/kg) and IL-8 (Figure 3E). Concerning the results obtained in the obese group (Figure 4), negative associations were found between the values of age and the IL-10/IL-8 ratio (Figure 4A) and also between the values of the sit-up test and the IL-10/TNF-α ratio (Figure 4C). On the other hand, positive correlations were found between the muscle mass (in kg) and IL-10/IL-6 ratio (Figure 4B) and between the vertical jump test (in cm) and the IL-10/IL-8 ratio (Figure 4D). Supplementary Table S1 presents the correlations between the minutes by the week of moderate physical activities, assessed by IPAQ, and the values of systemic cytokine concentration or their ratios in the eutrophic, overweight, and obese groups. It was possible to observe that there were no significant associations between them.

Concerning the evaluation of the volunteers' physical safety in this study, falls and physical accidents during their performances were not verified. In addition, contact was made by telephone 1 week following the performance test, and we verified that there was no occurrence of discomfort or pain related to vertical jump tests.



Discussion

First of all, it is essential to highlight that the older women who participated in the present study performed on the time of moderate-intensity physical activity, expressed in minutes per week, above the minimum value recommended by the WHO (53), as well as that the clinical evaluations, in association with body composition and physical tests analysis, showed that none of the volunteers had sarcopenia, following the criteria proposed by the EWGSOP (15).

It is utmost of importance to point out that, until now, there are no references that allow classifying “normal” or “health” concentrations of systemic cytokines, particularly in the older adult population (25, 26). Thus, we opted to compare our results with the data available in the literature. For instance, compared with the data presented in the study performed by Lavin et al., which evaluated the serum concentrations of the cytokines in a group of eutrophic older adults who performed combined-exercise training (both aerobics and resistances exercises) and in a group with healthy non-exercisers older adults, the basal values (pg/mL) of IL-6 were 2.0 ± 0.2 and 3.9 ± 1.2, and the basal values of TNF-α were 1.7 ± 0.2 and 1.3 ± 0.2, respectively (54), which were different from the values found in the present study (Supplementary Table S1). Conversely, the serum IL-6 concentration (pg/mL) presented by a healthy population of British women over 50 years was 5.67 ± 2.02 (55), which is similar to the values observed in this study. Beyond these data found in healthy individuals, in studies that evaluated older adults with clinical conditions of evident inflammatory vulnerability, the values of systemic cytokines concentration were different from our findings. For instance, octogenarians admitted with a hip fracture at a hospital in Amsterdam presented 1.61 (1.08–2.42, pg/mL) of serum IL-8 concentration (56), whereas, in an Italian study, the serum mean values of IL-8 and IL-10 (pg/mL), in 18 seniors admitted in a hospital for elective surgeries, were 10.8 ± 4.4 and 5.3 ± 3.7, respectively (57). Moreover, Brazilian men aged 60–80 with systemic arterial hypertension and type 2 diabetes mellitus, both eutrophic and overweight, had serum IL-10 concentrations (pg/mL) with mean values of 90.13 ± 24.37 and 64.34 ± 23.81, TNF-α concentrations of 1.49 ± 0.378 and 3.01 ± 0.448, and IL-10/TNF-α ratios of 8.38 ± 3.06 and 32.49 ± 18.81, respectively (29). In another study, an adult Spanish women group with symptomatic fibromyalgia submitted to a physical exercise program showed, before the intervention, a serum IL-8 concentration of 157 ± 35 pg/mL (58), which were values similar to find in the present study. Hence, in conjunct, these pieces of information corroborate the previous mention that, until now, there are no reference values for the concentrations of the systemic cytokines, which allows us to define “normal” or healthy condition for the older adult population.

Regarding inflammaging development, this phenomenon is closely associated with body fat (12–14) and, interestingly, can be mitigated by regular practice of physical exercise (9, 10). Based on it, to better assess these aspects in an older women population, we grouped the volunteers into three subgroups, based on the WHO body mass index classification (43), and several clinical parameters related to anthropometry, body composition, and physical tests were evaluated. As expected, elevations in body fat values were found in the groups with higher BM, in contrast to the reductions in the FFM percentages when the BMI increases. Interestingly, the overweight group presented a higher muscle mass, in absolute values (kg), than the values found in the eutrophic group. Corroborating this finding, it was reported in the literature that people with raised body fat also showed an increased amount of skeletal muscle mass (59). In this respect, it had been suggested that this associative aspect is related to the fact that these people perform their simple day-to-day tasks, or daily physical activities in a similar way to strength training (60), but with infiltrated fat in their muscular architecture (61, 62).

Beyond these observations, we also observed that the calf circumference in the eutrophic group was lower than the values found in the other volunteer groups. Although calf circumference has been associated with skeletal muscle reserve (62, 63), our finding that the eutrophic group performed better in the vertical jump test, specifically the squat jump (SJ), reaching greater heights (in cm), in association with the lower values found in the power (W/kg) applied to perform this physical test, particularly in comparison with the overweight group, can putatively indicate that the increased time dedicated to the regular practice of physical exercise, observed in this group, could be useful to optimize their performance.

Another point that needs to be cited is related to the observation that the eutrophic group showed increased systemic IL-6 concentration as compared to the values found in the overweight group. Although we cannot affirm, this difference could be putatively associated with the higher time of moderate-intensity weekly physical activity reported by the eutrophic group (2-fold more) since it was reported that IL-6 can be acutely produced during exercise training and it can act as a molecule implicated in the energy metabolism regulation and indirectly mediate an anti-inflammatory effect by enhancing the IL-10 levels (64–66). Based on its prominent capacity to regulate energy metabolism, we can suggest that the higher IL-6 concentration in the eutrophic group could be useful to maintain their anthropometric and body composition since they presented less body fat values and a higher percentage of fat-free fraction as compared to the values found in the overweight group. Furthermore, this higher IL-6 concentration found in the eutrophic group allows us to also suggest that a systemic anti-inflammatory status was generated since this group showed an increased ratio between IL-10, a classical anti-inflammatory cytokine, and the IL-6, TNF-α, and IL-8, all classified as pro-inflammatory cytokines as compared to the values observed in the overweight group, as previously reported in the literature (25, 29).

Conversely, the elevated and chronic maintenance of systemic IL-6 concentration is closely implicated in several unhealthy endpoints, particularly favoring the development of diseases and comorbidities (25, 67, 68). According to the literature, one of the possible sites of IL-6 production is the adipose tissue, which is mainly associated with obesity development (10, 12, 69). These pieces of information can support our findings, in which the obese group presented increased systemic IL-6 concentration that could be derived from their higher mass fat (~40 and 25% in absolute and relative values, respectively) as compared to the values found in the overweight group. Beyond these differences, interestingly, we also observed that the average vertical jump values measured in terms of the ratio of the power (W) to body mass (kg) were higher in the obese group, demonstrating that they were able to generate greater vertical force in a fraction of a second in the takeoff of the squat jump (35, 70), even though they did not achieve the best performance, assessed by the jump height (in cm). Similarly, when comparing the overweight and eutrophic groups, the former exerted greater power and worse performance (at the height of the jump) in performing the vertical jump. Interestingly, the overweight women had a greater amount of muscle mass than the eutrophic women. These results can reinforce the importance of assessing muscle power in the older adult population, even though the fact that aged people with higher BMI presented a worse performance in the vertical jump height is not a novelty (35, 71). However, until now, it has been not reported that older women with overweight and who regularly practice physical exercises are able to generate greater vertical force and worse performance at jump height than eutrophic women. In this respect, the suggestive explanations for these data obtained in the overweight and obese group could be summarized in two points: (i) during physiological aging, these individuals showed an increase in fatty infiltration in the skeletal muscles, which accentuates the worse quality of muscle fiber contraction and the loss of muscle strength and power, resulting in a reduction in movement performance (61, 72, 73) (ii) and that this condition drives a chronic adaptation in which older adults with more body mass generate a greater amount of fast-twitch muscle fibers (type II fibers) that allowed them to exercise more strength and muscle power to perform their daily activities (60, 74).

Other remarkable findings reported here were obtained through the multiple linear regression analysis. Based on these data, it was possible to prove that the best adaptations to the inflammaging, assessed by the cytokine concentration, were associated with more weekly time dedicated to moderate-intensity physical activity, a lower percentage of body fat, a higher percentage of fat-free mass, and better performance in the physical tests, both handgrip and in the vertical jump test (maximum height in cm). Moreover, the result of a negative association between physical activity time in moderate intensity and IL-8, a pro-inflammatory cytokine, reinforces the literature, indicating that physical exercise is able to favor the generation of a systemic anti-inflammatory status (69, 75). It is also worth mentioning that, in agreement with the studies, elevations in the IL-8 during physical exercise performance can be involved not only in an inflammatory response elicited by muscle contraction (28, 76) but also can be related to angiogenic phenomena that can improve the circulation in the muscle tissue (77). Another negative association found was between the values of FFM (in kg) and the IL-10/IL-8 ratio, which could indicate that a rise in fat-free mass would be associated with an increase in IL-8 level, corroborating the idea that this interleukin is associated with the emergence of new capillary blood vessels in active skeletal muscle, however, remembering that this cytokine can depict a pro-inflammatory status too (76, 78).

Regarding the aging process, the scientific literature has suggested that the follow-up of adult athletes or even individuals who maintain a regular practice of physical exercises throughout life can be the best way to assess the physiological process of aging (26, 63, 78).

Based on it, the results obtained in the older adult population who participated in this study could be useful to demonstrate some significant aspects of aging, mainly associated with inflammaging. Particularly, the results obtained in the intragroup correlation analysis of the eutrophic group showed significant negative associations between systemic IL-6 concentration and muscle mass or FFM (absolute values in kg), as well as between the IL-10/IL-8 ratio and BMI or body fat (absolute values in kg), which together reveals that the better anthropometric and body composition was associated with a prominent regulation of the systemic inflammatory status. In addition, it was also observed another significant positive correlation between IL-8 and jump power, which can indicate that better performance in the vertical jump test is associated with this inflammatory molecule that can act as an important cytokine involved in the angio-protection of skeletal muscle, as formerly cited (28, 77).

In the obese group, it was observed that the lower weekly time dedicated to physical activity was associated with a higher percentage of body fat and a lower percentage of FFM. Furthermore, negative correlations between age and IL-10/IL-8 and also between the sit-up test (in seconds) and IL-10/TNF-α, as well as positive correlations between muscle mass (absolute values in kg) and IL-10/IL-6 and also between vertical jump and IL-10/IL-8 were found and together can indicate that a regulated systemic inflammatory status is essential to achieve a better performance in some physical tests and improve skeletal muscle mass. Even though the obese group had presented an increase in their systemic IL-6 concentration, which chronically can increase the vulnerability to unhealthy clinical outcomes related to inflammaging (13, 15), our data corroborate the expectation that among older women with obesity, the body fat loss should be desirable (8, 9, 25) and also that better control of inflammatory status can positively impact on physical activity performance.

It is paramount to point out that the absence of significant correlations in the intragroup analysis in the overweight group could be putatively attributed to the fact that this group is composed of older women with adaptive characteristics closer to eutrophic or obesity, which led us to obtain very discrepant results and no significant associations could be found.

In the same way, despite the multivariate analysis showing, in general, positive correlations between higher weekly time dedicated to performing moderate-intensity physical activity and better inflammatory adaptations, in an interesting way, the correlation analysis of volunteer groups did not show statistically significant values between the physical activity time in moderate intensity and the absolute cytokines values or cytokines ratio (Supplementary Table S2), which could be putatively associated with a possible heterogeneity of the results found in the volunteer groups.


Limitations of the study

In the present study, we can highlight as limitations of the study: (1) the lack of results concerning the abdominal circumference, which could be used to better characterize the volunteer groups; (2) the lack of a sedentary group, which could allow us to compare our results and improve our understanding about the inflammaging; (3) even though the IPAQ, used in this study, allowed us to measure the different ways of performing daily physical activities of moderate intensity performed by the volunteers, the use of more technological tools, such as the pedometer and global positioning system (GPS), could improve the measurement of physical activities and occupational factors that could impact on weekly energy expenditure; (4) similarly, despite the clinical evaluation and use of the MNA allowed us to rule out nutritional risk in the volunteers, a more assertive assessment of dietary habits could add relevant information about the nutritional profile of the older adults participating in this study.




Conclusion

Based on the results obtained in this study, we can suggest that (1) long-standing physical exercise performed by older women can favor the regulation of the systemic inflammatory status, which was associated with some positive effects in the anthropometric, body composition, and physical tests; (2) the eutrophic group presented the better physical parameters than overweight (more time of moderate-intensity physical activity, lower amount of body fat, and better performance in vertical jump height), which can be putatively associated with pivotal adaptations of inflammaging (expressed here in terms of pro- and anti-inflammatory cytokine associations); and (3) the obese group presented lower regulation of systemic inflammatory status compared to the overweight group, which can be associated with higher body fat. Further studies including older adult populations with different intrinsic capacities are necessary to improve our understanding of the inflammaging phenomenon.



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 Ethics Committee of the Federal University of Sáo Paulo (approval number 3.623.247) and by the National Research Ethics Committee (number CAEE:218170619.3.0 000.5505). The patients/participants provided their written informed consent to participate in this study.



Author contributions

CS is responsible for managing the study and writing of the article and he was the doctor responsible for the physical and clinical evaluations of the volunteers. GA was responsible for training and physical test familiarization. VP, EA, and JD contributed equally in the collection of blood samples and dosage of interleukins in the blood. FM and TR contributed equally in the evaluation of bioimpedance and performance of physical tests. YJ and NN contributed equally to article writing and literature review. MR and AA-S contributed equally to the statistical analyzes. RV contributed to the writing and revision of the English language. AB and AJ contributed equally to conception and design of the study. All authors contributed to the article and approved the submitted version.




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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1206989/full#supplementary-material



References

 1. WHO. Clinical Consortium on Healthy Ageing 2019. In: Proceedings of the Report of Consortium Meeting. Geneva. Available online at: https://www.who.int/PUBLICATIONS/I/ITEM/9789240009752 2019 (accessed March 12, 2023). 

 2. Levin AT, Hanage WP, Owusu-Boaitey N, Cochran KB, Walsh SP, Meyerowitz-Katz G. Assessing the age specificity of infection fatality rates for COVID-19: systematic review, meta-analysis, and public policy implications. Eur J Epidemiol. (2020) 35:1123–38. doi: 10.1007/s10654-020-00698-1

 3. Cezario K, Santos C, Filho CMA, Amirato GR, Paixao VD, Almeida EB, et al. Older women who practiced physical exercises before the COVID-19 pandemic present metabolic alterations and worsened functional physical capacity after one year of social isolation. Healthcare. (2022) 10:1939. doi: 10.3390/healthcare10091736

 4. WHO. Health Organization: WHO's Work on the UN Decade of Healthy Ageing (2021–2030). Available online at: https://www.who.int/initiatives/decade-of-healthy-ageing 2019 (accessed March 12, 2023). 

 5. Calcinotto A, Kohli J, Zagato E, Pellegrini L, Demaria M, Alimonti A. Cellular senescence: aging, cancer, and injury. Physiol Rev. (2019) 99:1047–78. doi: 10.1152/physrev.00020.2018

 6. Cavanaugh EJ, Richardson J, McCallum CA, Wilhelm M. The predictive validity of physical performance measures in determining markers of preclinical disability in community-dwelling middle-aged and older adults: a systematic review. Phys Ther. (2018) 98:1010–21. doi: 10.1093/ptj/pzy109

 7. Beard JR, Jotheeswaran AT, Cesari M, Araujo de Carvalho I. The structure and predictive value of intrinsic capacity in a longitudinal study of ageing. BMJ Open. (2019) 9:e026119. doi: 10.1136/bmjopen-2018-026119

 8. Franceschi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E, et al. Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci. (2000) 908:244–54. doi: 10.1111/j.1749-6632.2000.tb06651.x

 9. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, et al. Inflammaging and anti-inflammaging: a systemic perspective on aging and longevity emerged from studies in humans. Mech Ageing Dev. (2007) 128:92–105. doi: 10.1016/j.mad.2006.11.016

 10. Fulop T, Larbi A, Dupuis G, Le Page A, Frost EH, Cohen AA, et al. Immunosenescence and inflamm-aging as two sides of the same coin: friends or foes? Front Immunol. (2017) 8:1960. doi: 10.3389/fimmu.2017.01960

 11. Santoro A, Bientinesi E, Monti D. Immunosenescence and inflammaging in the aging process: age-related diseases or longevity? Ageing Res Rev. (2021) 71:101422. doi: 10.1016/j.arr.2021.101422

 12. Fulop T, Larbi A, Pawelec G, Khalil A, Cohen AA, Hirokawa K, et al. Immunology of aging: the birth of inflammaging. Clin Rev Allergy Immunol. (2023) 64:109–22. doi: 10.1007/s12016-021-08899-6

 13. Franceschi C, Campisi J. Chronic inflammation (inflammaging) and its potential contribution to age-associated diseases. J Gerontol A Biol Sci Med Sci. (2014) 69 Suppl 1:S4–9. doi: 10.1093/gerona/glu057

 14. Baylis D, Bartlett DB, Patel HP, Roberts HC. Understanding how we age: insights into inflammaging. Longev Healthspan. (2013) 2:8. doi: 10.1186/2046-2395-2-8

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

 16. Kirk B, Miller S, Zanker J, Duque G. A clinical guide to the pathophysiology, diagnosis and treatment of osteosarcopenia. Maturitas. (2020) 140:27–33. doi: 10.1016/j.maturitas.2020.05.012

 17. Chiles Shaffer N, Ferrucci L, Shardell M, Simonsick EM, Studenski S. Agreement and predictive validity using less-conservative foundation for the National Institutes of health sarcopenia project weakness cutpoints. J Am Geriatr Soc. (2017) 65:574–9. doi: 10.1111/jgs.14706

 18. Barchetta I, Cimini FA, Ciccarelli G, Baroni MG, Cavallo MG. Sick fat: the good and the bad of old and new circulating markers of adipose tissue inflammation. J Endocrinol Invest. (2019) 42:1257–72. doi: 10.1007/s40618-019-01052-3

 19. Priest C, Tontonoz P. Inter-organ cross-talk in metabolic syndrome. Nat Metab. (2019) 1:1177–88. doi: 10.1038/s42255-019-0145-5

 20. Tarkowski A, Bjersing J, Shestakov A, Bokarewa MI. Resistin competes with lipopolysaccharide for binding to toll-like receptor 4. J Cell Mol Med. (2010) 14:1419–31. doi: 10.1111/j.1582-4934.2009.00899.x

 21. da Silva Alexandre T, Scholes S, Ferreira Santos JL, de Oliveira Duarte YA, de Oliveira C. Dynapenic abdominal obesity increases mortality risk among english and brazilian older adults: a 10-year follow-up of the ELSA and SABE studies. J Nutr Health Aging. (2018) 22:138–44. doi: 10.1007/s12603-017-0966-4

 22. de Carvalho DHT, Scholes S, Santos JLF, de Oliveira C, Alexandre TDS. Does abdominal obesity accelerate muscle strength decline in older adults? Evidence from the English longitudinal study of ageing. J Gerontol A Biol Sci Med Sci. (2019) 74:1105–11. doi: 10.1093/gerona/gly178

 23. Maximo RO, de Oliveira DC, Ramirez PC, Luiz MM, de Souza AF, Delinocente MLB, et al. Combination of dynapenia and abdominal obesity affects long-term physical performance trajectories in older adults: sex differences. Am J Clin Nutr. (2022) 115:1290–9. doi: 10.1093/ajcn/nqac023

 24. Turcotte LP, Fisher JS. Skeletal muscle insulin resistance: roles of fatty acid metabolism and exercise. Phys Ther. (2008) 88:1279–96. doi: 10.2522/ptj.20080018

 25. Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The anti-inflammatory effects of exercise: mechanisms and implications for the prevention and treatment of disease. Nat Rev Immunol. (2011) 11:607–15. doi: 10.1038/nri3041

 26. Minuzzi LG, Chupel MU, Rama L, Rosado F, Munoz VR, Gaspar RC, et al. Lifelong exercise practice and immunosenescence: master athletes cytokine response to acute exercise. Cytokine. (2019) 115:1–7. doi: 10.1016/j.cyto.2018.12.006

 27. Fujio K, Okamura T, Yamamoto K. The Family of IL-10-secreting CD4+ T cells. Adv Immunol. (2010) 105:99–130. doi: 10.1016/S0065-2776(10)05004-2

 28. Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal muscle as a secretory organ. Nat Rev Endocrinol. (2012) 8:457–65. doi: 10.1038/nrendo.2012.49

 29. Goncalves CV, Ribeiro IS, Galantini MPL, Muniz IPR, Lima PHB, Santos GS, et al. Inflammaging and body composition: new insights in diabetic and hypertensive elderly men. Exp Gerontol. (2022) 170:112005. doi: 10.1016/j.exger.2022.112005

 30. Almeida EB, Santos JMB, Paixao V, Amaral JB, Foster R, Sperandio A, et al. L-glutamine supplementation improves the benefits of combined-exercise training on oral redox balance and inflammatory status in elderly individuals. Oxid Med Cell Longev. (2020) 2020:2852181. doi: 10.1155/2020/2852181

 31. Bachi AL, Suguri VM, Ramos LR, Mariano M, Vaisberg M, Lopes JD. Increased production of autoantibodies and specific antibodies in response to influenza virus vaccination in physically active older individuals. Results Immunol. (2013) 3:10–6. doi: 10.1016/j.rinim.2013.01.001

 32. Amirato GR, Borges JO, Marques DL, Santos JMB, Santos CAF, Andrade MS, et al. L-glutamine supplementation enhances strength and power of knee muscles and improves glycemia control and plasma redox balance in exercising elderly women. Nutrients. (2021) 13:1025. doi: 10.3390/nu13031025

 33. Santana MG, de Lira CA, Passos GS, Santos CA, Silva AH, Yoshida CH, et al. Is the six-minute walk test appropriate for detecting changes in cardiorespiratory fitness in healthy elderly men? J Sci Med Sport. (2012) 15:259–65. doi: 10.1016/j.jsams.2011.11.249

 34. Mijnarends DM, Meijers JM, Halfens RJ, ter Borg S, Luiking YC, Verlaan S, et al. Validity and reliability of tools to measure muscle mass, strength, and physical performance in community-dwelling older people: a systematic review. J Am Med Dir Assoc. (2013) 14:170–8. doi: 10.1016/j.jamda.2012.10.009

 35. Santos CAF, Amirato GR, Jacinto AF, Pedrosa AV, Caldo-Silva A, Sampaio AR, et al. Vertical jump tests: a safe instrument to improve the accuracy of the functional capacity assessment in robust older women. Healthcare. (2022) 10:323. doi: 10.3390/healthcare10020323

 36. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, et al. Age-associated changes in skeletal muscles and their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol (1985). (2003) 95:1851–60. doi: 10.1152/japplphysiol.00246.2003

 37. Bautmans I, Knoop V, Amuthavalli Thiyagarajan J, Maier AB, Beard JR, Freiberger E, et al. WHO working definition of vitality capacity for healthy longevity monitoring. Lancet Healthy Longev. (2022) 3:e789–e96. doi: 10.1016/S2666-7568(22)00200-8

 38. Shephard RJ. Ethics in exercise science research. Sports Med. (2002) 32:169–83. doi: 10.2165/00007256-200232030-00002

 39. Petrini C. Helsinki 50 years on. Clin Ter. (2014) 165:179–81. doi: 10.7417/ct.2014.1729

 40. Zerbini CA, Szejnfeld VL, Abergaria BH, McCloskey EV, Johansson H, Kanis JA. Incidence of hip fracture in Brazil and the development of a FRAX model. Arch Osteoporos. (2015) 10:224. doi: 10.1007/s11657-015-0224-5

 41. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav Res Methods. (2007) 39:175–91. doi: 10.3758/BF03193146

 42. Bauer JM, Kaiser MJ, Anthony P, Guigoz Y, Sieber CC. the mini nutritional assessment–its history, today's practice, and future perspectives. Nutr Clin Pract. (2008) 23:388–96. doi: 10.1177/0884533608321132

 43. World Health Organization. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation on Obesity. Geneva: WHO (1997). 

 44. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB

 45. Hallal PC, Victora CG. Reliability and validity of the International Physical Activity Questionnaire (IPAQ). Med Sci Sports Exerc. (2004) 36:556. doi: 10.1249/01.MSS.0000117161.66394.07

 46. Sipers W, de Blois W, Schols J, van Loon LJC, Verdijk LB. Sarcopenia is related to mortality in the acutely hospitalized geriatric patient. J Nutr Health Aging. (2019) 23:128–37. doi: 10.1007/s12603-018-1134-1

 47. Paixao V, Almeida EB, Amaral JB, Roseira T, Monteiro FR, Foster R, et al. Elderly subjects supplemented with L-glutamine shows an improvement of mucosal immunity in the upper airways in response to influenza virus vaccination. Vaccines. (2021) 9:107. doi: 10.3390/vaccines9020107

 48. Guralnik JM, Seeman TE, Tinetti ME, Nevitt MC, Berkman LF. Validation and use of performance measures of functioning in a non-disabled older population: MacArthur studies of successful aging. Aging. (1994) 6:410–9. doi: 10.1007/BF03324272

 49. Abizanda P, Navarro JL, Garcia-Tomas MI, Lopez-Jimenez E, Martinez-Sanchez E, Paterna G. Validity and usefulness of hand-held dynamometry for measuring muscle strength in community-dwelling older persons. Arch Gerontol Geriatr. (2012) 54:21–7. doi: 10.1016/j.archger.2011.02.006

 50. Alley DE, Shardell MD, Peters KW, McLean RR, Dam TT, Kenny AM, et al. Grip strength cutpoints for the identification of clinically relevant weakness. J Gerontol A Biol Sci Med Sci. (2014) 69:559–66. doi: 10.1093/gerona/glu011

 51. Loturco I, Pereira LA, Kobal R, Kitamura K, Cal Abad CC, Marques G, et al. Validity and usability of a new system for measuring and monitoring variations in vertical jump performance. J Strength Cond Res. (2017) 31:2579–85. doi: 10.1519/JSC.0000000000002086

 52. Goswami B, Rajappa M, Mallika V, Shukla DK, Kumar S. TNF-alpha/IL-10 ratio and C-reactive protein as markers of the inflammatory response in CAD-prone North Indian patients with acute myocardial infarction. Clin Chim Acta. (2009) 408:14–8. doi: 10.1016/j.cca.2009.06.029

 53. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. (2020) 54:1451–62. doi: 10.1136/bjsports-2020-102955

 54. Lavin KM, Perkins RK, Jemiolo B, Raue U, Trappe SW, Trappe TA. Effects of aging and lifelong aerobic exercise on basal and exercise-induced inflammation. J Appl Physiol (1985). (2020) 128:87–99. doi: 10.1152/japplphysiol.00495.2019

 55. Wei J, Xu H, Davies JL, Hemmings GP. Increase of plasma IL-6 concentration with age in healthy subjects. Life Sci. (1992) 51:1953–6. doi: 10.1016/0024-3205(92)90112-3

 56. van Munster BC, Bisschop PH, Zwinderman AH, Korevaar JC, Endert E, Wiersinga WJ, et al. Cortisol, interleukins and S100B in delirium in the elderly. Brain Cogn. (2010) 74:18–23. doi: 10.1016/j.bandc.2010.05.010

 57. CapriM, Yani SL, Chattat R, Fortuna D, Bucci L, Lanzarini C, et al. Pre-operative, high-IL-6 blood level is a risk factor of post-operative delirium onset in old patients. Front Endocrinol. (2014) 5:173. doi: 10.3389/fendo.2014.00173

 58. Ortega E, Garcia JJ, Bote ME, Martin-Cordero L, Escalante Y, Saavedra JM, et al. Exercise in fibromyalgia and related inflammatory disorders: known effects and unknown chances. Exerc Immunol Rev. (2009) 15:42–65.

 59. Vilaca KH, Carneiro JA, Ferriolli E, Lima NK, de Paula FJ, Moriguti JC. Body composition, physical performance and muscle quality of active elderly women. Arch Gerontol Geriatr. (2014) 59:44–8. doi: 10.1016/j.archger.2014.02.004

 60. Hickey MS, Carey JO, Azevedo JL, Houmard JA, Pories WJ, Israel RG, et al. Skeletal muscle fiber composition is related to adiposity and in vitro glucose transport rate in humans. Am J Physiol. (1995) 268:E453–7. doi: 10.1152/ajpendo.1995.268.3.E453

 61. Manini TM, Clark BC. Dynapenia and aging: an update. J Gerontol A Biol Sci Med Sci. (2012) 67:28–40. doi: 10.1093/gerona/glr010

 62. Reid KF, Fielding RA. Skeletal muscle power: a critical determinant of physical functioning in older adults. Exerc Sport Sci Rev. (2012) 40:4–12. doi: 10.1097/JES.0b013e31823b5f13

 63. Barbosa-Silva TG, Menezes AM, Bielemann RM, Malmstrom TK, Gonzalez MC, Grupo de Estudos em Composicao Corporal e N. Enhancing SARC-F: improving sarcopenia screening in the clinical practice. J Am Med Dir Assoc. (2016) 17:1136–41. doi: 10.1016/j.jamda.2016.08.004

 64. Wei J, Jiao J, Chen CL, Tao WY, Ying YJ, Zhang WW, et al. The association between low calf circumference and mortality: a systematic review and meta-analysis. Eur Geriatr Med. (2022) 13:597–609. doi: 10.1007/s41999-021-00603-3

 65. Chow LS, Gerszten RE, Taylor JM, Pedersen BK, van Praag H, Trappe S, et al. Exerkines in health, resilience and disease. Nat Rev Endocrinol. (2022) 18:273–89. doi: 10.1038/s41574-022-00641-2

 66. Wedell-Neergaard AS, Lang Lehrskov L, Christensen RH, Legaard GE, Dorph E, Larsen MK, et al. Exercise-induced changes in visceral adipose tissue mass are regulated by IL-6 signaling: a randomized controlled trial. Cell Metab. (2019) 29:844–55 e3. doi: 10.1016/j.cmet.2018.12.007

 67. Pedersen BK. Exercise-induced myokines and their role in chronic diseases. Brain Behav Immun. (2011) 25:811–6. doi: 10.1016/j.bbi.2011.02.010

 68. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: vascular intrinsic and extrinsic factors and potential role of IL-6. Nat Rev Cardiol. (2021) 18:58–68. doi: 10.1038/s41569-020-0431-7

 69. Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on muscle-derived interleukin-6. Physiol Rev. (2008) 88:1379–406. doi: 10.1152/physrev.90100.2007

 70. Loturco I, Pereira LA, Kobal R, Abad CCC, Komatsu W, Cunha R, et al. Functional screening tests: interrelationships and ability to predict vertical jump performance. Int J Sports Med. (2018) 39:189–97. doi: 10.1055/s-0043-122738

 71. Moore BA, Bemben DA, Lein DH, Bemben MG, Singh H. Fat mass is negatively associated with muscle strength and jump test performance. J Frailty Aging. (2020) 9:214–8. doi: 10.14283/jfa.2020.11

 72. Larsson L, Sjodin B, Karlsson J. Histochemical and biochemical changes in human skeletal muscle with age in sedentary males, age 22–65 years. Acta Physiol Scand. (1978) 103:31–9. doi: 10.1111/j.1748-1716.1978.tb06187.x

 73. Argaud S, Pairot de Fontenay B, Blache Y, Monteil K. Explosive movement in the older men: analysis and comparative study of vertical jump. Aging Clin Exp Res. (2017) 29:985–92. doi: 10.1007/s40520-016-0660-0

 74. Tanner CJ, Barakat HA, Dohm GL, Pories WJ, MacDonald KG, Cunningham PR, et al. Muscle fiber type is associated with obesity and weight loss. Am J Physiol Endocrinol Metab. (2002) 282:E1191–6. doi: 10.1152/ajpendo.00416.2001

 75. Severinsen MCK, Pedersen BK. Muscle-organ crosstalk: the emerging roles of myokines. Endocr Rev. (2020) 41:594–609. doi: 10.1210/endrev/bnaa016

 76. Keane MP, Arenberg DA, Lynch JP 3rd, Whyte RI, Iannettoni MD, Burdick MD, et al. The CXC chemokines, IL-8 and IP-10, regulate angiogenic activity in idiopathic pulmonary fibrosis. J Immunol. (1997) 159:1437–43. doi: 10.4049/jimmunol.159.3.1437

 77. Fousek K, Horn LA, Palena C. Interleukin-8: a chemokine at the intersection of cancer plasticity, angiogenesis, and immune suppression. Pharmacol Ther. (2021) 219:107692. doi: 10.1016/j.pharmthera.2020.107692

 78. Mikkelsen UR, Couppe C, Karlsen A, Grosset JF, Schjerling P, Mackey AL, et al. Life-long endurance exercise in humans: circulating levels of inflammatory markers and leg muscle size. Mech Ageing Dev. (2013) 134:531–40. doi: 10.1016/j.mad.2013.11.004









 


	
	
TYPE Original Research
PUBLISHED 08 September 2023
DOI 10.3389/fmed.2023.1206545






Prevalence of associations among sarcopenia, obesity, and metabolic syndrome in Brazilian older adults

Luiz Carlos Holanda Torres Pinheiro1, Marcelo Rossi1*, Carlos André Freitas dos Santos2,3, Luis Vicente Franco Oliveira4, Sergio Vencio5, Rodolfo de Paula Vieira4,6,7, Yara Juliano1, Jane Armond1, Carlos Hassel Mendes Silva4, Adriano Luís Fonseca4, Carolina Nunes França1 and André Luís Lacerda Bachi1


1Post-graduation Program in Health Science, Santo Amaro University (UNISA), São Paulo, Brazil

2Discipline of Geriatrics and Gerontology, Department of Medicine, Paulista School of Medicine, Federal University of São Paulo (UNIFESP), São Paulo, Brazil

3Postgraduate Program in Translational Medicine, Department of Medicine, Paulista School of Medicine, Federal University of São Paulo (UNIFESP), São Paulo, Brazil

4Human Movement and Rehabilitation Post Graduation Program, Evangelical University of Goiás (UniEVANGELICA), Anápolis, Brazil

5Institute of Pharmaceutical Sciences, Goiania, Brazil

6Brazilian Institute of Teaching and Research in Pulmonary and Exercise Immunology (IBEPIPE), São José dos Campos, Brazil

7Post-graduation Program in Science of Human and Rehabilitation, Federal University of São Paulo (UNIFESP), Santos, Brazil

[image: image2]

OPEN ACCESS

EDITED BY
 Guilherme Eustaquio Furtado, Polytechnical Institute of Coimbra, Portugal

REVIEWED BY
 Roberta Zupo, University of Bari Aldo Moro, Italy
 Tábatta Brito, Federal University of Alfenas, Brazil

*CORRESPONDENCE
 Marcelo Rossi, mrossi.biotec@gmail.com 

RECEIVED 15 April 2023
 ACCEPTED 21 August 2023
 PUBLISHED 08 September 2023

CITATION
 Pinheiro LCHT, Rossi M, dos Santos CAF, Oliveira LVF, Vencio S, de Paula Vieira R, Juliano Y, Armond J, Silva CHM, Fonseca AL, França CN and Bachi ALL (2023) Prevalence of associations among sarcopenia, obesity, and metabolic syndrome in Brazilian older adults. Front. Med. 10:1206545. doi: 10.3389/fmed.2023.1206545

COPYRIGHT
 © 2023 Pinheiro, Rossi, dos Santos, Oliveira, Vencio, de Paula Vieira, Juliano, Armond, Silva, Fonseca, França and Bachi. 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.
 

Background: Although aging is a process associated with the development of obesity, metabolic syndrome (MetS), and sarcopenia, the prevalence of these conditions in older adults from São Paulo, Brazil, is unclear.

Methods: Therefore, the current study aimed to investigate the prevalence of obesity, sarcopenia, and MetS, both separately and together, in a community-based sample of older adults from São Paulo, Brazil. Data from the medical records of 418 older adults of both genders, aged 60  years or older (mean age 69.3 ± 6.5  years), who were not physically active, were used to conduct this retrospective cross-sectional study. Anthropometric variables were used to determine both body mass index (BMI) and Conicity index (C index). Sarcopenia and MetS were defined according to the criteria of the European Working Group on Sarcopenia in Older People and by the Brazilian Society of Endocrinology and Metabolism, respectively.

Results: Based on BMI, the group of older men (n = 91) showed a predominance of adequate weight (n = 49) and the group of older women (n = 327) showed a predominance of obesity (n = 181). In association with obesity, while only the group of older women presented with sarcopenia (n = 5), 52 older women and 9 older men presented with MetS, and two older women presented with sarcopenia + MetS [prevalence ratio = 0.0385, 95% CI (0.007;0.1924)]. Based on the C index, 58 older women and 11 older men presented with MetS, while the occurrence of sarcopenia or MetS + sarcopenia was found in 32 and 5 older women, respectively [prevalence ratio = 0.0910, 95% CI (0.037;0.2241)].

Discussion: Our results suggest that obesity, as measured by BMI or the C Index, was more closely associated with the occurrence of MetS than sarcopenia, regardless of gender, and also that sarcopenic obesity was only found in the group of older women. Additionally, the prevalence ratio of obesity, sarcopenia, and MetS evidenced using the C index was 2.3 times higher than the values found using the BMI classification.

KEYWORDS
 metabolic syndrome, sarcopenia, sarcopenic obesity, Conicity index, body mass index, obesity prevalence, aging


1. Introduction

Population aging is one of the most impactful global changes in different societies. For instance, in 1991, the number of people aged 60 and over represented 7.3% of the total population, whereas in 2025, this group will represent 15%. According to global projections, the number of older adults could reach 2 billion individuals in 2050, representing 21.5% of the world’s population (1, 2).

Among several characteristics, it is widely accepted that aging or senescence is a natural, dynamic, progressive, and therefore inevitable phenomenon in which morphological, functional, biochemical, and psychological alterations can be observed, resulting from the interaction of a series of variables, such as genetics, lifestyle, and diseases (3). With regard to lifestyle, there is convincing evidence that physical inactivity can promote metabolic syndrome (MetS), which predisposes to increased risk factors for the development of chronic diseases and comorbidities associated with aging, such as metabolic syndrome (4).

According to the World Health Organization (WHO), MetS can be fundamentally defined by clinical and laboratory data, and its worldwide prevalence is approximately 25 to 35% (5, 6). The literature points out that one of the factors that may potentiate the occurrence of MetS in older adults is the development of obesity associated with aging (7). The excessive increase in body weight due to the accumulation of fat in adipose tissue, a fact that characterizes obesity, varies between 20 and 40% in the older adult population, depending on the evaluation model used. It has been emphasized that the increase in the manifestation of obesity in older adults is associated, among other factors, with a significant reduction in the level of daily physical activity, which can even lead individuals to become sedentary (8).

In particular, the decline in physical activity observed in the older adult population is closely associated with the progressive loss of skeletal muscle mass, which can vary between 10 and 40%. Corroborating this information, studies have reported a 30 to 50% decrease in muscle mass in individuals between the ages of 40 and 80. This reduction is linked to a significant loss of functional capacity of approximately 3% per year after the age of 60. According to the literature, the reduction in skeletal muscle mass and loss of muscle strength (defined as dynapenia) associated with reduced physical mobility characterize the occurrence of the geriatric syndrome called sarcopenia. Sarcopenia is related to clinical outcomes such as loss of mobility, increased risk of falls, frailty syndrome, cardiovascular disease, neurodegenerative disease, and osteoporosis, and is also a predictor of mortality in older adults (9).

Recent epidemiologic studies have highlighted the possible coexistence of a sarcopenic condition in older adults with obesity, a situation called sarcopenic obesity (OS), which occurs mainly in individuals over 55 years of age (10).

Since obesity is a prominent factor in both MetS and sarcopenia in older adults, it is very important to correctly define its occurrence. According to the WHO, obesity can be defined as abnormal or excessive fat accumulation that poses a health risk. In addition to the BMI index, central obesity, which is common in older adults, can be estimated by the conicity index (C index), proposed by Valdez (11) in the early 1990s, as an indicator of adiposity and body fat distribution, especially in older adults (12).

Although it is possible to find reports on MetS and sarcopenia in the older adult population, studies aimed at comparing different models of obesity assessment and their association with the occurrence of MetS and sarcopenia in this population are still scarce in the literature. Therefore, the aim of the current study was, first, to evaluate the presence of obesity using two different models and, second, to correlate the presence of obesity with the manifestations of MetS and sarcopenia, either alone or together, in older adults.



2. Methods


2.1. Study population

This study has a retrospective cross-sectional design, based on the medical records of older adults attending the “Centro de Referência do Idoso – Casa do Idoso,” an institution belonging to the Municipal Social Assistance Office in São José dos Campos City, São Paulo, Brazil. The sample consisted of 418 individuals of both genders, aged 60 years and older at the time of data collection, without a diagnosis of chronic degenerative disease, type 1 diabetes, neoplasm, respiratory, renal, or liver disease, autoimmune, infectious, and/or neurological disease, and who were not engaged in any exercise training program.

It is paramount to mention that we obtained data from the population aged 60 years and older because, according to the Brazilian Ministry of Health, these individuals are considered older adults. Moreover, in the present study, we did not include older adults who reported regular engagement in any exercise training program, since it is widely known that the regular practice of exercise training is beneficial for everybody, particularly the older adult population, and can improve several physiological, metabolic, and physical characteristics. In addition, the older adults who were physically active reported regular engagement in a wide range of exercise training programs, which included types, intensities, and modalities that did not allow us to adequately separate them into one or even two or three groups.

The primary endpoint was the diagnosis of MetS, and the secondary endpoint was sarcopenia. To assess the associations between MetS and sarcopenia, the BMI was measured at baseline, and the prevalence of the association between MetS and sarcopenia was determined for ranges of BMI. Figure 1 shows the analysis process performed.

[image: Figure 1]

FIGURE 1
 Flow diagram of the study design. BMI, Body Mass Index; C Index, Conicity Index; MetS, Metabolic Syndrome.




2.2. Anthropometric measurements

The older adult participants were clinically evaluated by the same geriatrician responsible for each “Centro de Referência do Idoso – Casa do Idoso.” Data on the age, gender, race, body weight (kg), height (cm), and waist circumference (cm) of each subject were recorded in the initial database. Body composition was assessed using body mass index (BMI), which represents a diagnostic criterion for obesity, and muscle mass, which was defined using Lee’s equation (13), as shown below.



2.3. Body mass index calculation

Older adults were categorized by BMI, according to the stratification developed by Adams et al. (14) as follows: underweight = BMI < 18.5 kg/m2; adequate weight = BMI between 18.5 and 24.9 kg/m2; overweight = BMI between 25 and 29.9 kg/m2; and obesity = BMI > 30 kg/m2.



2.4. Conicity index calculation

The Conicity index (C index) was used to assess the visceral fat adipose mass as a measure of central adiposity obesity. This index was chosen because of the ease of interpretation of the values obtained. For instance, a C index of 1.25 indicates that the individual has a waist circumference 25% greater than the circumference of a cylinder with the same height, weight, waist circumference, and human body density. This index also offers the highest level of discrimination between MetS and sarcopenia.

The cut-off points were C Index values >1.25 for men and C Index >1.18 for women (15).



2.5. Assessment of metabolic syndrome

To determine the manifestation of metabolic syndrome (MetS), the criteria proposed by the Brazilian Society of Endocrinology and Metabolism were adopted (16), as also discussed in Freitas et al. (4).



2.6. Assessment of sarcopenia

The assessment of the occurrence of sarcopenia followed the criteria recently presented by the European Working Group on Sarcopenia in Older People (EWGSOP) (9). Muscle strength was determined using the handgrip test, with values < 29 kg for men and < 17 kg for women indicating low muscle strength. Muscle mass was estimated using appendicular skeletal muscle mass (aSMM) according to Lee’s equation (13), as described below:

[image: image]

where body weight was measured in kilograms and height in meters; regarding gender, a value of 0 was used for women and 1 for men; regarding race, 0 was used for white people or Hispanics, 1.4 for African-Americans, and − 1.2 for Asian people. After applying the equation, the values obtained were divided by the square of the height (m2) of each subject to calculate the muscle mass index for each participant. The characterization of the presence of low muscle mass was defined when the values reached < 7 kg/m2 for men and < 5.5 kg/m2 for women.



2.7. Statistical analysis

Continuous variables were expressed as mean and standard deviation (X ± SD), and the number of subjects with MetS and sarcopenia was used to express prevalence data.

A McNemar’s test with continuity correction was used to test the hypothesis of an association between MetS and sarcopenia in the older adult population based on the BMI classification and C Index. In addition, both the BMI and C Index were used to compute the prevalence ratios (PR) for each group of participants (older women and older men), separated by their BMI and C Index values, showing an association with MetS and sarcopenia in comparison to those who did not show an association.

The statistical analysis was carried out using GraphPad Prism version 10.0 at a significance level of alpha = 5.0% (p < 0.05).




3. Results

Table 1 shows the anthropometric, physical, and clinical characteristics of the older adult participants in the present study, both pooled (total) and separated by gender.



TABLE 1 Anthropometric, body composition, and clinical characteristics data of the older adult participants in this study.
[image: Table1]

Table 2 shows the number of participants with or without MetS and sarcopenia, both pooled (total) and separated by gender, in addition to their prevalence ratio. It was demonstrated that most of the subjects did not present with MetS and/or sarcopenia. It is worth mentioning that the absolute number of older women with MetS was higher than the value found in the group of older men, and the proportional occurrence of this syndrome in the group of older women was almost 1:4 (19.3%), whereas in the group of older men it was 1:6 (13.3%). In addition, because none of the older men presented with sarcopenia, the concomitant occurrence of MetS and sarcopenia was observed only in the group of older women, with a percentage of 1.8%. Interestingly, a McNemar’s test performed on the pooled subjects (total group) showed a significant value of p, which suggests an association between the occurrence of sarcopenia and MetS.



TABLE 2 The absolute number (n) and the percentage (%), total and categorized by gender, of subjects with metabolic syndrome (MetS), sarcopenia, or both (MetS + sarcopenia).
[image: Table2]

Table 3 presents the classification of the participants according to their BMI values, both pooled (total) and separated by gender. According to the values found, it is possible to demonstrate that the majority of older men were classified as having adequate weight, while older women were classified as obese. The table also shows the prevalence of MetS and sarcopenia in the older adult subjects categorized as underweight, adequate weight, or obese according to their BMI values. Regarding the group of older men, it was found that the participants with adequate weight or obesity had MetS, and the number of older adults with obesity with MetS was almost two times higher than those with adequate weight. As previously noted, none of these subjects presented with sarcopenia. However, in relation to the older women group, the occurrence of MetS was verified in all groups when separated by their nutritional status. It is important to point out that the number of older women with MetS increased concomitantly with the increase in BMI values; thus, the obese subgroup showed the highest number of individuals with MetS. Specifically, regarding the occurrence of sarcopenia, the adequate weight subgroup had the highest incidence of this clinical condition, followed by the underweight group and the obese group. Interestingly, the number of older women with MetS and sarcopenia was similar between the subgroups. Finally, in addition to the significant p-values shown in McNemar’s analysis, except in the group of older men with adequate weight, the prevalence ratios observed in the group of older women with obesity were 17- and 6-fold lower than those found in the underweight and adequate weight groups, respectively.



TABLE 3 The absolute number (n) and the percentage (%) of subjects with or without metabolic syndrome (MetS), sarcopenia, or both (MetS + sarcopenia), separated by gender and categorized by the BMI classification into underweight (< 18.5 kg/m2), adequate weight (between 18.5 and 24.9 kg/m2), and obese (> 30 kg/m2).
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Table 4 shows the prevalence of MetS and sarcopenia in both groups classified as obese according to the C Index cut-off of 1.25 for men and 1.18 for women. It can be observed that only 11 older men presented with MetS, whereas 59 older women had been diagnosed with this syndrome. In addition, while 32 older women had sarcopenia, only five presented with both MetS and sarcopenia. Finally, the McNemar analysis showed significant associations between the outcomes in the two groups of subjects separated by the respective C Index cut-offs for men and women, and the prevalence ratio found in the group with older women was approximately 0.09.



TABLE 4 The absolute number (n) and percentage (%) of subjects, separated by gender, with C index values above the cut-offs of 1.25 for the older men group and above 1.18 for the older women group, and who also had or did not have metabolic syndrome (MetS), sarcopenia, or both (MetS + sarcopenia).
[image: Table4]

Figure 2 summarizes the main data found in the study.

[image: Figure 2]

FIGURE 2
 Summarized representation of the main results in this study. BMI, Body Mass Index; C Index, Conicity Index; MetS, Metabolic Syndrome.




4. Discussion

In the present study, we demonstrated that when MetS was the primary outcome, among a total of 76 older adults who presented with this syndrome (Table 2), 63 older women and 13 older men also presented with obesity based on their BMI classification (Table 3). In addition, when sarcopenia was the primary outcome, it was found that, among the total of 47 older adults who had this clinical condition (Table 2), only five also had obesity based on BMI classification (Table 3), and they were found exclusively in the group of older women. Finally, it was demonstrated that the concomitant occurrence of MetS and sarcopenia was only observed in six older women, of whom two were underweight, two were of adequate weight, and two were obese (Table 3). Beyond these results, we also showed that, among the total subjects with obesity (n = 347), according to the C index (Table 4), the majority of individuals who also presented with MetS were in the group of older women (n = 59) compared to that of older men (n = 11). Moreover, in the same population that presented with obesity, the occurrence of sarcopenia was detected in 32 older women, while the concomitant occurrence of MetS and sarcopenia was detected in five older women. It is worth highlighting that the values of the prevalence ratio (PR) found in the group of older women classified as obese by the C index, who also had concomitant MetS and sarcopenia were 2.3 times higher than the values found in the group of older women classified as obese by the BMI values who also had concomitant MetS and sarcopenia. In addition, the significant results obtained in the McNemar test suggest the existence of a remarkable association between the occurrence of MetS and sarcopenia in the older adult population of participants in this study.

According to the WHO, obesity is a disease in which the accumulation of excess fat in the body can significantly affect human health. In fact, the prevalence of obesity worldwide is so high that the WHO considers it to be the global epidemic of the 21st century. Whether or not urgent action is taken to prevent and treat obesity, it is predicted that more than 50% of the world’s population will be obese in 2025. In this respect, the WHO reports that the occurrence of obesity can be defined through the BMI, and this index can also be used to estimate the prevalence of obesity in a population (17). However, it should be noted that although there is a good correlation between BMI and body fat mass, this index does not consider the variation in body fat distribution and may not correspond to the same degree of obesity or associated risks in different individuals and populations. Therefore, the WHO itself advises that BMI values should be interpreted with caution (18, 19).

Particularly in the context of clinical practice aimed at older adults, the evaluation of abdominal obesity by measuring waist circumference may be putatively considered a more important anthropometric measure than BMI to assess the risk of mortality. In agreement with the literature, the presence of visceral obesity is closely associated with the occurrence of dyslipidemia, arterial hypertension, endothelial dysfunction, polycystic ovary syndrome, coronary heart disease, and cerebral vascular disease. In addition, visceral obesity is also directly related to the development of insulin resistance and leads to the development of metabolic syndrome and death (20). In this sense, the use of the C index, as elaborated by Valdez et al. (11), is configured as an effective assessment of visceral obesity since it considers the distribution of central fat. It is paramount to point out that the C index evaluation not only takes into account weight, height, and waist circumference but is also based on the proposition that the accumulation of fat around the waist similar to “cone figure” in the human body (11, 21).

Pereira et al. (22) demonstrated that the C index showed a better association with the presence of MetS in both older men and older women compared to the results obtained with the BMI (22).

As appealing as genetic predisposition may be in determining the higher accumulation of fat in the body in some individuals, it is well known that this accumulation can also occur regardless of the individual’s genetics, and, in these situations, a lifestyle with an evident excess of energy intake associated with reduced physical activity leads to fat accumulation, especially in the abdominal region (18).

Reduced levels of daily physical activity or physical inactivity not only increase the risk of obesity but also the risk of sarcopenia (8, 9). With regard to sarcopenia, epidemiologic studies conducted in Brazil showed a prevalence of 14 and 16% in older men and older women, respectively (23). Furthermore, sarcopenia is closely associated with several clinical outcomes, such as loss of mobility, an increased risk of falls, frailty syndrome, cardiovascular disease, neurodegenerative disease, and osteoporosis, and is also a relevant predictor of mortality (9).

Among the various biological processes that induce sarcopenia, we can highlight the decrease in protein synthesis and/or increase in protein degradation, loss of neuromuscular integrity, and increased intramuscular fat content. In fact, the remarkable reduction in muscle mass observed in sarcopenia can be attributed to some factors, such as reduced growth hormone release and physical inactivity, which can influence a lower expression of key proteins involved in protein synthesis and, consequently, an increase in protein degradation, leading to muscle atrophy (9, 24).

The data obtained regarding the presence of sarcopenia in the studied individuals, particularly when stratified by the BMI and C indexes, revealed interesting results. In this sense, it is important to note that: (1) the occurrence of sarcopenia was only detected in the group of older women; (2) most of the older women who presented with sarcopenia were classified in the group as having adequate weight compared to the obese group, according to the BMI; and (3) the number of older women with obesity, according to the C index, who presented with sarcopenia was higher than the amount of participants found in the group of older women with adequate weight and obesity, both classified according to their BMI. Furthermore, the prevalence ratio [PR = 0.0910 (95% CI 0.037, 0.2211)] observed in the group of older women with obesity, according to the C index, compared to the prevalence ratio [PR = 0.0385 (95% CI [0.0077, 0.1924)] observed in the group of older women with obesity classified based on BMI, allows us to putatively suggest that the C index was more effective in defining the presence of sarcopenia in the older adult population participating in the study.

Specifically in relation to the association between sarcopenia and obesity, the literature shows the occurrence of a phenotype known as sarcopenic obesity (SO), especially during aging (10).

It is widely accepted that the manifestation of SO is related to genetic, physiological, and environmental factors. However, studies have demonstrated that some molecular mechanisms associated with SO are dependent on a dynamic balance between positive and negative mediating substances for muscle growth and that this balance impacts the maintenance of mass and skeletal muscle functions (25). Thus, it has been proposed that the occurrence of an imbalance in the following factors may lead to sarcopenic obesity: (i) primary metabolic abnormalities leading to increased systemic and muscular oxidative stress, with increased inflammation and insulin resistance; (ii) a consequent decrease in the hormonal balance, which may putatively stimulate a cascade of negative events, such as an increase in muscle catabolic potential; (iii) ectopic lipid deposition, which compromises protein turnover; (iv) mitochondrial dysfunction, causing an increase in oxidative stress, a reduction in the production of ATP, low production of muscle strength, and resistance to the prolonged exercise; (v) functionally altered muscle stem cells that can differentiate from adipocytes with a concomitant increase in inflammation; and (vi) physical inactivity, which is directly related to the control of positive energy balance, muscle oxidation, and protein turnover (26, 27).

Since OS translates as a phenotype caused by an imbalance of several factors, it is worth noting that its occurrence has a deleterious effect on the life of the individual, as it favors both the increased incidence of non-communicable chronic diseases and the low quality of life in these individuals (28). Thus, our observation that the C index was more sensitive than BMI in detecting the occurrence of OS may guide further studies to better define its prevalence.

Based on this information, there is no doubt that the manifestation of sarcopenia and MetS has a negative impact on the quality of life of the older adult population. Therefore, the concomitant manifestation of MetS and sarcopenia in the older adult population with obesity leads to an increased risk of the occurrence of adverse health events when compared to individuals who do not have both of these conditions or even those who have only MetS or sarcopenia (29). In this sense, in the meta-analytic study by Zhang and collaborators (30), around 35% of the non-obese individuals who presented with sarcopenia also manifested MetS, whereas only approximately 22% of the population studied without sarcopenia presented with MetS. In addition, the same authors also reported the existence of a significantly positive odds ratio (OR) between MetS and sarcopenia in the population studied, particularly in those with adequate weight (30).

Even though the above information demonstrates that an association between MetS and sarcopenia can be found in different populations, which could provide important data for medical assistance, a recent study highlighted that heterogeneous aspects of individuals, related to social, biological, and clinical characteristics, in conjunction with other aspects, such as the location and conditions in which the evaluations are conducted, represent key points in the decisions regarding the variables to be used in epidemiological studies since they undoubtedly impact the results obtained in a real context, particularly in relation to clinical practice (31). For instance, in the epidemiological studies that have provided data on the risk factors associated with the occurrence of both sarcopenia and MetS, it is possible to observe a large number of different factors reported in association with a diversity of criteria used, which inevitably generates greater heterogeneity in the results, which in turn can preclude the attainment of consistent conclusions (31–33).

Considering the above, we can emphasize that this study has some strengths related to the sample size and the robust statistical analysis. However, some limitations should be pointed out, such as: (i) the lack of body composition assessment using Dual-energy X-ray Absorptiometry (DXA), which is considered the gold standard for this measure, or even bioelectrical impedance analysis (BIA), which is an alternative and low-cost method often used in a large population; (ii) the lack of comparison of the data obtained in this study with other older adult groups who regularly engage in physical exercise; (iii) the lack of a dietary assessment, which could provide us with relevant information regarding the dietary habits of the older adult participants in this study; and (iv) the cross-sectional nature of this study, which does not allow us to establish cause-and-effect relationships between the data evaluated.



5. Conclusion

Based on the results obtained in the present study, we were able to demonstrate that the occurrence of MetS is higher in older adults who present with obesity, regardless of their gender and the use of the BMI or C index, which agrees with the literature. In addition, we also showed interesting results regarding the presence of sarcopenia, not only because t it was found exclusively in the group of older women but also by the fact that the highest number of participants with this clinical condition belonged to the group with adequate weight and not to the group with obesity, specifically when BMI was used. Additionally, taking into account the data obtained in the analysis of the prevalence ratios, as far as we were able to establish, this is the first study to demonstrate that the C index was more effective than the BMI in identifying the prevalence estimates of the occurrence of obesity and the clinical conditions assessed here (MetS and sarcopenia), both individually and in combination, in an older adult population. Finally, further studies are needed, both to confirm the results presented here and to better understand the use of the C index in relation to the prevalence of obesity, MetS, and sarcopenia in the older adult population.
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Background: While the potential of physical performance tests as screening tools for sarcopenia is evident, limited information on relevant reference values for sarcopenia detection. In this study, we aimed to establish the prospective relationship between physical performance tests, including time up and go (TUG), functional reach (FR), gait speed (GS), and hand grip strength (HGS) with five-year sarcopenia risk and to determine suitable cut-off values for screening activities.

Method: This was a prospective study utilizing data from the Malaysian Elders Longitudinal Research (MELoR) study, which involved community-dwelling older adults aged 55 years and above at recruitment. Baseline (2013–2015) and wave 3 (2019) data were analyzed. Sarcopenia risk was determined using the strength, assistance walking, rising from a chair, climbing stairs, and falls (SARC-F) tool, with SARC-F ≥ 4 indicating sarcopenia. Baseline physical performance test scores were dichotomized using ROC-determined cut-offs.

Result: Data were available from 774 participants with mean age of 68.13 (SD = 7.13) years, 56.7% women. Cut-offs values for reduced GS, TUG, FR, and HGS were: <0.7 m/s (72.9% sensitivity and 53% specificity), >11.5 s (74.2%; 57.2%), <22.5 cm (73%; 54.2%) and HGS male <22 kg (70.0%; 26.7%) and female <17 kg (70.0%; 20.3%) respectively. Except for FR = 1.76 (1.01–3.06), GS = 2.29 (1.29–4.06), and TUG = 1.77 (1.00–3.13) were associated with increased sarcopenia risk after adjustments for baseline demographics and sarcopenia.

Conclusion: The defined cut-off values may be useful for the early detection of five-year sarcopenia risk in clinical and community settings. Despite HGS being a commonly used test to assess strength capacity in older adults, we advocate alternative strength measures, such as the sit-to-stand test, to be included in the assessment. Future studies should incorporate imaging modalities in the classification of sarcopenia to corroborate current study findings.
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1. Introduction

Sarcopenia has been reported in up to 29 percent of community-dwelling older persons worldwide, though prevalence varies according to definitions, study setting, and population selection (1). The prevalence of sarcopenia is higher among nursing home residents with a 33 percent prevalence previously reported (2, 3). Among older persons with disabilities or those who receive rehabilitation, the prevalence rises to 78 percent (4, 5). The highest prevalence of sarcopenia has been reported in low- and middle-income countries (LMICs) (6) with a 7 to 44 percent prevalence reported in Malaysia (7).

Sarcopenia negatively impacts afflicted older adults’ quality of life. The reduction in muscle quality and quantity leads to decreased mobility, and in the longer term, increased dependency. Moreover, sarcopenia has been recognized as an independent condition by the World Health Organization through its listing in the International Classification of Diseases ICD-10 suggesting the need for early prevention and management strategies (8). Loss of functional capacity in older adults manifests as greater difficulties in completing basic tasks such as walking at a regular pace, loss of muscle strength, and mobility impairments. Poor physical performance is associated with sarcopenia (9–11), frailty (12, 13), and cognitive impairment (14–16).

While sarcopenia is a common age-related issue with calls for opportunistic screening in the primary care setting (17), the availability of published cut-off scores for physical performance tests commonly used to predict sarcopenia remains limited. Further, healthcare practitioners currently lack the knowledge or training necessary to identify and manage physical capacity losses as people age (18). Previous studies have utilized short physical performance battery (SPPB), hand grip strength (HGS), and timed up-and-go TUG tests to predict the risk of sarcopenia (11, 19). Poor physical performance in older persons is also related to adverse outcomes in older persons such as falls (12, 20) disability (21) and poor quality of life (22).

In the Asian population, physical performance test cut-off values are largely determined from published studies conducted in the East Asian population (23). Further research from other parts of the continent is needed. In addition, previous studies have addressed cross-sectional detection of the presence of sarcopenia rather than prediction of future risk of sarcopenia. Thus, in this study, we sought to evaluate and establish the predictive ability of the prospective relationship between physical performance tests, including time up and go (TUG), functional reach (FR), gait speed (GS), and hand grip strength (HGS) with five-year sarcopenia for adults aged 55 years and over in Malaysia, using newly established cut-off values. We formulated a hypothesis that the physical performance tests (HGS, TUG, GS, and FR) could accurately predict the risk of sarcopenia after 5-years of follow-up.



2. Materials and methods


2.1. Study design and data source

This prospective observational study utilized baseline (2013 to 2015) and wave 3 follow-up (2019) data from the Malaysian Elders and Longitudinal Research (MELoR) study. The MELoR study is now the Transforming Cognitive Frailty to Later Life Self-sufficiency (AGELESS) study, which was funded by the Ministry of Higher Education Malaysia Long Term Research Grant Scheme (LR005-2019) LRGS/1/2019/UM//1/1.



2.2. Study population

The study population comprised community-dwelling individuals aged 55 years and above identified from the electoral rolls of three neighboring parliamentary constituencies using simple stratified sampling. Further details on recruitment strategies for the MELoR study have been published elsewhere (24). Baseline measurements of physical performance and potential influencing factors were utilized in this study. A total of 1,311 participants (n = 1,311) were initially collected for this study at the baseline. Following a 5-year follow-up period, 537 participants were lost to follow-up, declined or died. Out of the 774 data initially managed for follow-up, 21 were found to be incomplete. We collected a total of 747 complete data entries for analysis. Telephone follow-up was conducted in 2019 by trained interviewers. Sarcopenia outcomes were obtained from the telephone follow-up interviews (Figure 1).



2.3. Baseline assessments

Figure 1 depicts a flowchart of participants and recruitment. The socio-demographic data of age, gender, marital status, medical history, comorbidities, and anthropometric data were collected at baseline (n = 1,311). Weight was measured using a digital scale (TANITA type TBF-400). Height was measured using a calibrated standing stadiometer into the nearest centimeter. The body mass index (BMI) was then calculated by weight divided by the body weight in kilograms with the height in meters (kg/m2). Waist and hip circumference were obtained in the standing position using a measuring tape and the waist-to-hip ratio was calculated by dividing the waist measurements with the hip measurements. Older adults aged 55 years and above, residing in the community, demonstrated the ability to stand independently for at least 1 min without any support, walk 7 meters, and have the capability to get in and out of a chair with or without an assistive device were included in the study. However, older adults who were unable to comprehend and follow the instructions for the physical performance tests, those experiencing acute illnesses, and individuals taking medications that could potentially impact their balance during the assessment were excluded from the study.

[image: Figure 1]

FIGURE 1
 Flowchat of participant recruitment and follow-up.




2.4. Sarcopenia screening tools

In this study, Sarcopenia was determined during telephone follow-up using the SARC-F tool, which consists of the five questions: Strength (S), Assistance walking (A), Rising from a chair (R), Climbing stairs (C), and Falls (F), rated from “not at all” to “extremely difficult” on a scale of 0 to 2. The suggested cut-off for the presence of sarcopenia is four points out of the maximal total score of 10 (25, 26). SARC-F scores were determined both at baseline and at five-year follow-up for all participants. SARC-F at baseline involved the substitution of sex-specific lowest quintile for hand grip strength for strength, as the question was not available for the baseline questionnaire.



2.5. Physical performance tests


2.5.1. Gait speed

A 10-meter walking path (2-meter acceleration, 6-meter walk, and 2-meter deceleration) was used in this study. The participant was asked to walk using their casual walking speed. The stopwatch was started when the foot first crossed the marked acceleration point and stopped when the foot crossed the first marked deceleration point. The time taken was recorded in seconds. The test was then repeated and the mean of two trials was taken as the result (27).



2.5.2. Time up and go

To conduct the TUG test, a wooden solid chair with its seat at a height of 46 cm above the ground was used. The participant was given verbal instruction prior to the test. The stopwatch is started as soon as the participant’s bottom leaves the chair. Participants then walked three meters at their usual walking speed, turned around, and walked back to the chair and sat down. The stopwatch stopped when the participant’s bottom touched the chair once again. The average time (in seconds) of two performances was used as the result (28).



2.5.3. Functional reach

The functional reach test was performed in the standing position. The participant stood against the wall with one arm positioned at 90° of forward flexion with a measuring tape placed at shoulder height. Participant was instructed to maintain their base of support with legs shoulder width apart while trying to reach forward as far as they could. The difference in length between the initial position of the tip of the middle finger (in cm) and the furthest position was considered the FR (29).



2.5.4. Hand grip strength

To assess HGS, a Jamar™ hand dynamometer (Patterson Medical, United States) was used. Participants were seated with shoulders adducted, elbow flexed to 90 degrees, with the forearm and the wrist maintained in neutral position, while the hand gripping the dynamometer. The best result from the dominant hand was taken as the result for the present study (30).




2.6. Data analysis

Statistical analyses were conducted using the Statistical Package for Social Science for Windows, version 2,626 (IBM Corp., Armonk, N.Y., United States). The Independent t-test was used to generate descriptive characteristics for continuous variables while the Chi-squared test was used for categorical variables. The association between physical performance tests and the risk of sarcopenia was assessed using multiple logistic regressions. The physical performance test data were dichotomized based on the outcome value of the receiver operating characteristic curve (ROC) analysis. By categorizing participants as having or not having a risk of sarcopenia at 5 years, this approach creates a plot of sensitivity (true positive rate) vs. 1-specificity (false positive rate) at each test value. The test value with the highest sensitivity and specificity was then selected as a cut-off to classify whether the participant has the condition (31, 32). The SARC-F cumulative incidence was calculated by dividing new cases of SARC-F during the follow-up period by the number of participants at risk in the population at baseline. The incidence rate was obtained by dividing new cases of SARC-F by the total-person-time observed between the two assessments.




3. Results


3.1. Participants’ characteristics and incidence of SARC-F ≥ 4 in 5 years

Baseline and follow-up SARC-F scores were available for 747 participants. Participants’ baseline characteristics are presented in Table 1. Eighty-six (11.1%) fulfilled the SARC-F cut-off of four or more points and were classified as sarcopenic at baseline while 6.8% (n = 51) women from the total population were categorized as sarcopenia group, mean age (SD) 72.0 ± 6.98, p < 0.001. From the data analysis at follow-up, 632 (84.6%) participants were categorized as normal (SARC-F < 4), and 115 (15.4%) participants were in the sarcopenia category (SARC-F ≥ 4). The mean age for normal group participants was 67.5 ± 6.52 years, and 54.7% (n = 346) were women. The participant’s age range in the sarcopenic group was 70.8 ± 8.84 years, of which 67% (n = 77) were women. There were significant differences in body mass index (BMI), educational level, and presence of diabetes mellitus (DM) between groups (p < 0.001) (Table 1). The five-year incidence of possible sarcopenia according to SARC-F was 17 per 100 person-years.



TABLE 1 Characteristics of participants with SARC-F ≥ 4 and SARC-F < 4 at Baseline and 5 Years follow up (N = 747).
[image: Table1]



3.2. Physical performance among participants with and without SARC-F ≥ 4

Physical performance among participants with and without sarcopenia in the baseline and after five years of follow-up is summarized in Table 2. The TUG, GS, and FR were significantly correlated with the SARC-F scores (p < 0.001) at the baseline and follow-up. However, HGS in this study was not significant in predicting the risk of sarcopenia in both groups (Table 2; Figure 2).



TABLE 2 Physical Performance according to SARC-F.
[image: Table2]
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FIGURE 2
 Physical performance score in non-risk participants and with a SARC-F score of 4 and above. Graph figure of physical performance in participants with SARC-F ≥ 4. SARC-F: S=Strength, A = Assistance in walking, R = Rising from a chair, C=Climbing stairs, F = Falls history.




3.3. Cut off values for physical performance measures

The area under the ROC curve (AUC) was used to assess the performance of baseline GS, TUG, HGS, and FR in predicting probable sarcopenia in 5 years. The reference values set for GS were ≤ 0.7 m/s (72.9% sensitivity and 53% specificity). Meanwhile, ≥11.5 s was set for TUG (74.2% sensitivity and 57.2% specificity). We proposed a cut-off value of ≤22.5 cm for FR (73% sensitivity and 54.2% specificity). The cut-off values for male and female HGS proposed were < 22 kg and < 17 kg, respectively, (70% sensitivity for both genders, 26.7% specificity for male HGS, and 20.3% for female HGS) (Table 3).



TABLE 3 Rate ratio of SARC-F ≥ 4 at 5 years follow up among older people with poor physical performance measured using different type of test.
[image: Table3]



3.4. Physical performance and sarcopenia

The association was significant for TUG, GS, and FR even after adjustment for baseline sarcopenia except for HGS. The rate Ratio (RR) of sarcopenia at five years follow-up among older people with poor physical performance was measured by an unadjusted model, adjusted Model 1 (model adjusted for age, gender, marital status, and educational level), adjusted Model 2 [adjustment made in adjusted model 1 + comorbidities (chronic kidney disease (CKD), emphysema/chronic objective pulmonary disease (COPD), diabetes, hypertension, cholesterol, stroke)] and adjusted Model 3 (adjustment made in adjusted model 2 + baseline SARC-F) as depicted in Table 3. The unadjusted model of GS was 4.28 (2.85; 6.42); TUG was 3.83 (2.48; 5.93) meanwhile FR 3.24 (2.17;4.82) and HGS 1.71 (1.15; 2.56). The HGS was the only parameter that was not significant after being adjusted with models 1, 2, and 3: 1.21 (0.77;1.99), 1.07 (0.62;1.84), and 1.04 (0.60;1.81) consecutively (Table 3).




4. Discussion

Aging is associated with balance impairment, and it is estimated that 13% of older people ages 65–69 and 46% of older adults ages 85 and above self-report having balance deficits (33). Lack of balance, unsteadiness while walking, and weak muscles are the main internal factors that increase the risk of falling in older adults (34). Older individuals with sarcopenia often experience weakened muscles, which can significantly impact their balance while walking. Early detection of sarcopenia is crucial in mitigating the progression of muscle loss and maintaining better health outcomes for older individuals. Implementing straightforward physical performance assessments in clinical practice becomes imperative to effectively prevent the occurrence of sarcopenia. Knowing the cut-off value of physical performance will empower health practitioners to establish targeted sarcopenia prevention programs effectively. Research conducted by Pepera et al. in 2021 revealed compelling evidence regarding the efficacy of a two-month multicomponent exercise training (MCEP) program in enhancing mobility among older adults. This comprehensive exercise regimen encompasses a combination of balance and muscle-strengthening exercises, strategically designed to amplify both balance performance and gait ability. Sarcopenia notably exerted a significant impact on these aspects in older adults.

This study identified the cut-off values for physical performance tests to predict the risk of sarcopenia in 5-years among individuals aged 55 years and over in Malaysia. The proposed cut-off value of gait speed was at ≤0.7 m/s, ≤11.5 s for TUG, and < 22.5 cm for FR. The cut-off of sex-specific hand grip strength for men was <22 kg women was <17 kg. Several studies have been conducted to predict probable sarcopenia utilizing SARC-F but were focused mainly on studying prevalence (35–39) and were not focused on the physical performance’s cut off values to predict sarcopenia risk in the Southeast Asian population.

The ability of TUG to predict sarcopenia has been mentioned in one study (11) with the cut-off set at 10.85 s (sensitivity of 67% and specificity of 88.7%). This result was slightly different from the present study which set the cut-off at ≤11.5 s (sensitivity of 74.2% and specificity of 57.2%). As physical performance is correlated with physiological and anthropometric measurements such as height and limb length that vary according to ethnicity, body morphology differences between European and Asian populations probably play a role in the dissimilarity of step length and walking speed resulting in the majority of the older Asian population having slower TUG (40).

In terms of gait speed, the cut-off point set in this study ≤0.7 m/s (sensitivity 79.2% and specificity 53%) was lower than the value set by the Asian Working Group of Sarcopenia (AWGS) which is <0.8 m/s (41). However, this cut-off was within a range value presented by Cawthon in his study which set the cut-off points in walking speed of 0.60 m/s and 0.75 m/s discriminated older adults with mobility limitation related to sarcopenia (42). Another study by Kang et al. (43) denoted healthy older adult walking speed was 1.23 ± 0.26 m/s, which is 0.08 m/s faster compared to sarcopenic people (1.15 ± 0.25 m/s, value of p <0.001).

In this study, the specificity for HGS cut-offs was quite low. This cut-off value of HGS was the lowest among the cut-off set by other working definition sarcopenia such as AWGS (<26 kg for men and < 18 kg for women) and EWGSOP (<30 kg for men and < 20 kg for women). The lack of association between HGS and sarcopenia defined using SARC-F at 5-year follow-up may be attributed to the limitation of SARC-F. A previous study has, however, suggested that SARC-F showed a high level of overlap with established definitions of sarcopenia of up to 54% with the IWGS definition (36). In addition, in the more recent study, it was suggested that SARC-F is better suited to rule out sarcopenia in case-finding. Since HGS just measures upper body strength, its value in determining whole-body strength is probably limited (44). However, according to research conducted by Laudisio et al. (45), a correlation exists between muscle strength, as quantified through handgrip strength, and the overall physical and mental well-being of older adults. Furthermore, enhancing muscle performance has the potential to contribute to an improved quality of life for this population.


4.1. Strength and limitation

This study represents the first longitudinal investigation into the relationship between physical performance measures (PPMs) including GS, TUG, HGS, and FR, and adverse health namely Sarcopenia in older Malaysian adults. However, this study lacked objective measurements of body composition and imaging (i.e., dual-energy X-ray absorptiometry and magnetic resonance imaging) to classify sarcopenia, which may have led to inaccuracies. Various imaging techniques, encompassing both qualitative and quantitative approaches, are utilized for evaluating muscle mass and body composition. These methods include computed tomography (CT), nuclear magnetic resonance (MRI), dual-energy X-ray absorptiometry (DXA), bioelectrical impedance analysis (BIA), and muscle ultrasound. CT and MRI are regarded as the benchmark due to their ability to provide accurate assessments of distinct body tissues, but a consensus regarding the specific cutoff values for defining sarcopenia remains absent (46). Secondly, the MELoR study targeted Malaysian adults living in an urban area which will limit the generalization to those living in rural areas whose occupations and lifestyles may be different. Future studies should include older people living in rural areas and compare their performance to evaluate whether geographical factors may affect the results. Finally, no physical assessment was conducted during the follow-up visit. Hence, we were not able to evaluate the influence of changes in physical performance on sarcopenia. Nevertheless, this study revealed the temporal associations between physical performance tests on five-year sarcopenia risk in older adults in Malaysia.




5. Conclusion

This study proposed the cut-off values for physical performance tests that may be useful for early detection of sarcopenia risk within the older Malaysian population. Future studies should seek to confirm our findings using more accurate sarcopenia measurements which should ideally include imaging modalities. In addition, the value of screening for five-year sarcopenia risk using physical performance tests should also be evaluated.
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Coronary heart disease (yes, %)
Stoke (yes, %)
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Age, years

Male, n

BMI, kg/m?

Duration of hemodialysis, years
Diabetes melltus, n
Gerebrovascular disease, n
Vitamin D user, n

Insulin user, n

AGE inhibitor/ARB user, n
Albumin, /L

CRP, mg/dL.

Uric acid, mg/dL

Height-adjusted muscle mass, kg/m?
Five-time chair stand test, seconds
Handgrip strength, kg

Low muscle mass, n

Low physical performance, n

Low muscle strength, n
Sarcopenia, n

Severe sarcopenia, n

Total

68.0(57.0-74.0)
203 (68.6)
22.6(20.3-25.3)
65(3.0-16.8)
17167.8)
42 (14.2)
242 (81.8)
33(11.1)
121 (40.9)
36(3.4-3.8)
0.1(0.1-0.3)
68(5.8-75)
62(5.6-7.0)
10.0 (8.1-13.4)
24.1(18.2-20.6)
171(67.8)
108 (36.5)
170 (57.4)
125 (42.2)
62 (209)

XOR inhibitor users (n = 119)

66.0(54.0-71.0)
89(74.8)
22.9(20.7-26.0)
60(20-17.0

56 (47.1)

19 (16.0)

97 815)

1102)

52 (43.7)
36(3.4-3.8)
0.1(0.1-0.4)
6.0(4.9-7.2)
6.7 (68-75)
9.1(7.7-12.0)

265 (202-31.3)

56 (47.1)

30(25.2)

56 (47.1)

40 (33.6)

15 (12.6)

XOR inhibitor non-users (n = 177)

68.0(61.0-77.0)
114.(66.4)
225 (19.9-24.8)
7.0(3.0-16.0)
115 (65.0)
23(13.0)
145(81.9)
22(12.4)
69(39.0)
3.6(3.4-3.8)
0.1(0.1-02)
7.1 (63-7.7)
6.1(5.6-6.8)
10.9 (8.6-14.9)
225 (16.8-28.0)
115 (65.0)
78 (44.1)
114 (64.4)
85(48.0)
47 (26.6)

P

0.008
0.036
0.004
0.367
0.205
0.472
0279
0.393
0.419
0175
0.899
<0.001
<0.001
0.001
0.001
<0.001
0.005
0.008
0.003
0.013

Values are expressed as median (interquartile range) or number (%). P-values are shown for comparisons between XOR inhibitor users and non-users. BMI, body mass index; ACE,
angiotensin converting enzyme; ARB, angiotensin ll receptor blocker; CRE, C-reactive protein; XOR, xanthine oxidoreductase.
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Low muscle mass

Low physical performance

Low muscle strength

Variables OR (95% Cl) P OR (95% Cl) P OR (95% CI) P
Age 1.015 (0.985-1.045) 0.340 1.084 (1.049-1.120) <0.001 1.143 (1.101-1.187) <0.001
Gender (male/female = 1/0) 12700 (5.695-28.361) <0001  0.600(0.326-1.103) 0.100 1.142 (0.676-2.264) 0703
BMI 0.608 (0.534-0.693) <0.001 1.069 (0.993-1.150) 0076 1.038 (0.958-1.124) 0360
Duration of hemodialysis 0.996 (0.961-1.033) 0.837 1.026 (0.994-1.059) 0.107 1.089 (1.047-1.134) <0.001
Cerebrovascular disease (yes/no = 1/0) 2429 (0.773-7.636) 0.129 3.034 (1.348-6.830) 0.007 4.275 (1.334-13.700) 0014
Diabtes melitus (yes/no = 1/0) 1.715 (0.825-3.564) 0.148 1.062 (0.576-1.958) 0848 2,536 (1.266-5.083) 0009
Vitamin D (yes/no = 1/0) 1.902 (0.848-4.267) 0.119 0.443 (0.213-0.922) 0030 0518 (0.283-1.151) 0.107
Albumin 0.460 (0.145-1.462) 0.188 0.790 (0.285-2.187) 0649 0395 (0.127-1.235) 0111

Log CRP 6.429 (1.938-21.333) 0002 3001 (1.238-7.274) 0015 1.250 (0.455-3.434) 0665
Uric acid 0.925 (0.727-1.176) 0524 0.710 (0.560-0.899) 0,005 0816 (0.636-1.047) 0.110
XOR inhibitor (yes/no = 1/0) 0.384 (0.183-0.806) 0011 0,286 (0.142-0.578) <0001 0.500 (0.248-1.006) 0052

BMI, body mass index; CRP, C-reactive protein; XOR, xanthine oxidoreductase; OR, odds ratio; Cl, confidence interval.
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Variables

Age

Gender (male/ferale = 1/0)
8MI

Duration of hemodialysis
Cerebrovascular disease (yes/no = 1/0)
Diabetes melitus (yes/no = 1/0)
Vitarmin D (yes/no = 1/0)
Alournin

Log CRP

Uric acid

XOR inhibitor (yes/no = 1/0)

BMI, body mass index; CRP, C-reactive protein; XOR, xanthine oxidoreductase; OR, odds ratio; Cl, confidence interval.

Sarcopenia

OR (95% Cl)

1.090 (1.054-1.127)
8.746 (4.085-18.724)
0.799 (0.726-0.880)
1,029 (0.995-1.064)
3.649 (1.370-9.721)
1.769 (0.911-3.437)
0.713 (0.332-1.533)
0.421 (0.189-1.279)
1.421 (0.529-3.828)
0.836 (0.653-1.071)
0.462 (0.226-0.947)

P

<0.001
<0.001
<0.001
0.101
0.010
0.002
0.387
0.126
0.486
0.167
0.035

Severe sarcopenia

OR (95% Cl)

1.086 (1.041-1.133)
4.178 (1.768-9.874)
0.773 (0.684-0.874)
1.013 (0.975-1.052)
2.703 (1.106-6.608)
1.063 (0.493-2.289)
0.431 (0.178-1.039)
0,665 (0.187-2.372)
4.254(1.501-12.054)
0.715 (0.524-0.977)
0.236 (0.091-0.614)

<0.001
0.001
<0.001
0510
0.029
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0.061
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non-sarcopenia
(n =296)

85840
91293
743 (220)
84.8(251)

8:8(26)
55.1(163)
37+16

5.1(4.7-5.7)
6209
41+10
14£07
12£03
22£08

16.6 (12.2-24.5)
40284

1.00 (0.40-2.44)
41+06
164+23
32£25
18063
130 + 46

18.7 (12.1-38.3)

9.4 (6.8-19.0)

Sarcopenia
(n =64)

88.1%43
862+ 89
81.3(52)
67.2(43)
7.8(5)
2656 (17)
40+18
50 (4.7-5.4)
6412
38+09
09+05
1.3+04
20+07
16.0 (9.9-19.0)
378+ 47
1.53 (0.82-4.52)
8707
163+ 1.7
3330
143£77
142 £ 49
295 (14.8-37.0)
12.5 (9.6-23.9)

<0.001
<0.001
0.242
0.001
0.802
<0.001
0.120
0.387
0.145
0.071
0.038
0.111
0.036
0.038
<0.001
0.024
<0.001
0.702
0.968
0.137
0.061
0.038
0.033

Data are presented as means = standerd deviation (SD) for data with a normel distribution,
medians (interquartie range) for data with a skewed distibution, or as & number with
a proportion for categorical variables. The differences between non-sarcopenia and
sarcopenia were compared by the Student's t-test for data with a normal distribution
or the Mann-Whitney U test for data with a skewed distribution. For categorical variebles,

diferences were analyzed using the chi-squere test.

FPG, fasting blood glucose; HbATc, hemoglobin Alc; TC, serum total cholesterol; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; 25(0H)D, 25-hydroxyvitamin D; hsCRP. high-sensitivity C-reactive protein;
FT3, free triodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; TT, total
testosterone; Ez, estradiol: FSH, follicle-stimulating hormone; LH, luteinizing hormone.
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Groups Participants

q Total Men Women
Yancbles n =418 (100.0%) n=91(217%) 327 (78.3%)
Age (years) 693565 69964 69.1£66
Weight (kg) 689:137 77.0£166 669+12.1
Height (cm) 157£9.0 167£7.0 15416.0
Body Mass Index (BMI, kg/m?) 27947 274+46 28.1£48
Waist Size (cm) 9297+13.8 96.45£13.9 92.12+14.1
Conicity Index (CI) 1.2940.14 1.31£0.12 1.28+0.15
Appendicular Skeletal Muscle Mass (aSMM, kg/m*) 8.19£1.55 10.13£1.20 771121
Handgrip (kg) 23.6£9.1 B8NS 20858
Clinical Aspects 27.9+47 274446 281448
Type 2 Diabetes 98 (23.4%) 21(23.08%) 77 (23.5%)
Hypertension 268 (64.1%) 53 (58.24%) 215 (65.8%)
Altered Cholesterol 184 (44.2%) 31(34.06%) 153 (46.8%)

Values are presented as mean +standard deviation (SD), and the clinical variables represent the number of subjects presenting with each clinical aspect
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Variable Lower-FSH Higher-FSH P

(n=181) (=179

Handgrip strength (kg) 22970 21365 0.029
Calf circumference (o) 32.8+3.0 316+ 40 0,020
Gait speed (m/s) 0.78.+031 073027 0.111

Data are presented as means + standard deviation (SD).
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Groups Total n (%)
Clinical 418 (100.0)
manifestations NO YES
Sarcopenia 371 (88.8%) 47 (11.2%)
Mets 342 (81.8%) 76 (18.2%)
Met$ + Sarcopenia 412(98.6%) 6(1.4%)
McNemar’s value of p* p=02944 p=00116

The significant value of p was set at p<0.05.
“McNemar's test with continuity correction.

Older men n (%)

Older women n (%)

91 (100.0) 327(100.0)

NO YES [\[e] YES
91(100%) 0(0.0%) 280 (85.6%) 47 (14.4%)
78 (85.7%) 13(13.3%) 264(80.7%) 63(19.3%)
91(100%) 0(0.0%) 321 (98.1%) 6(1.8%)
P=0.3560 - p=0.5201 Pp=0.1527





OPS/images/fmed-08-724649/crossmark.jpg
©

2

i

|





OPS/images/fmed-08-724649/fmed-08-724649-g001.gif
b —

il s et T
e e






OPS/images/fmed-09-817578/crossmark.jpg
©

2

i

|





OPS/images/fmed-10-1206545/crossmark.jpg
(®) Check for updates






OPS/images/fmed-09-817578/fmed-09-817578-g001.gif
s _ B = o
= -l S B =1 o
E == ) — e o
we—— T = R
E— S T —— o
e S T ——— 1 ow
—— Se T ——1 o
o= S ¥ ——= o
= = B = o
= S e

De T ———— S

e e =






OPS/images/fmed-10-1206545/fmed-10-1206545-e001.jpg
aSMM =0.244 % body weight +7.8 % height
+6.6% gender ~0.098 x age + (race — 3.3)
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Prevalence
(%, n)

Sarcopenia
Higher-FSH ~ 21.8 (39)"
LowerFSH  13.8/(25)

Severe sarcopenia
Higher-FSH  19.6 (35)
Lower-FSH  12.7 (28)

Low calf circumference
Higher-FSH ~ 25.1 (45)"
LowerFSH  14.9(27)

Low handgrip strength
Higher-FSH  84.4 (151)"
LowerFSH  65.7 (119)

Low physical performance
Higher-FSH  59.8 (108)
Lower-FSH 58,0 (105)

Crude model

1.00

0575
(0.331-0.999)

1.00

0599
(0.338-1.062)

1.00

0522
(0.307-0.887)

1.00

0386
(0.235-0.636)

1.00

0930
(0.611-1.415)

P

0.049

0.079

0.016

<0.001

0.734

Adjusted
model®

1.00

0511
(0.178, 1.467)

1.00

0.400
(0.136-1.175)

1.00

0308
(0.109, 0.868)

1.00

0.3%0
(0.151,1.008)

1.00

0717
(0.305,1.685)

P

0212

0.006

0.026

0.061

0.446

Data were a proportion with a number for categorical variables and odds ratios (95%
confidence interval). Low calf circumference: calf circumference <31 cm; Low handgrip
strength: handarip strength <27 kg; Low physical performance: 4-meter gait speed <0.8
m/s. All models constructed by logistic regression analysis: a: adjusted for age, waist
circumference, education, exercise, LH, Ez, TT, TG, LDL-C, 25(OH)D, albumin, FT3, and
hsCRR *P < 0.05, **P < 0.01, Lower-FSH group vs. Higher-FSH group.
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Prevalence  Crude model P Adjusted P

(%, n) model®
1ADL disability
Higher-FSH 67,6 (121)" 100 1.00
LowerFSH  49.2 (89) 0464 <0001 0664 0311
(0:302-0.711) (0300, 1.467)

Data were a proportion with a number for IADL disabilty and odds ratio (95% confidence
interval). IADL disabilty: score 7. All models constructed by logistic regression analysis:
& adjusted for age, waist circumference, eclucation, exercise, LH, Ez, T, TG, LDL-C,
25(0H)D, albumin, FT3, and hsCRR. **P < 0.01, Lower-FSH group vs. Higher-FSH group.
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Study population (n = 418, 2 60 years)

Older women group (78.3%)
Older men group (21.7%)

(14.4%) Mets (19.3%) Sarcopenia + Mets.

(1.8%)

Sy e

‘ L 4
Obesity (55.35%) Obesity (86.85%)

‘Sarcopenia 0.0%)

[ wesison ]| Sarcopeniatiszn | [ wetsasm ]| Sarcopeniaeon |
Sarcopenia s Mets Sarcopenia s Mets
Ve 559 Viets (12141 panas e
= The prevalonce At of o-occurence of obesity, sarcopani, and Mets found using € Index|

‘was 2.3-fold higher than the values found using the BMI classification.
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Variable All women 18.5 <BMI < 25 (a) 25 < BMI < 30 (b)

n=70 n=27 n=q0
Age (year) 72.66 (+6.17) 7252 (£6.13) 73.30 (£5.68) 7146 (£7.56) ns
Physical activity time 578 (4583) 822 (£722)% 408 (£409) 439 (£412) $p=0019
(min/week*)
BMI (kg/m?) 26.46 (+4.18) 225 (£148)%° 27.17 (+1.48)" 33.00 (£2.75) $p <0001
#p <0001
p < 0.001
Calf circumference (cm ) 35.25 (£2.82) 33.72 (£241)% 36.11 (£2.47) 36.80 (&3.06) $p=0.009
“p=10.020
Fat (kg) 24.82 (+8.86) 17.15 (£3.50)8* 26.58 (£5.10)" 38.44 (£5.62) $p <0001
#p < 0.001
Tp < 0.001
Fat (%) 3924 (£8.25) 32.66 (£5.15)%° 40.8 (£5.33)" 50.84 (5.02) $p <0001
#p < 0.001
p < 0.001
Muscle mass (kg) 18.13 (£2.74) 17.36 (£2.67) 18.86 (£2.29) 18.12 (£3.61) $p=0030
FEM (kg) 37.01 (£5.84) 35.67 (&5.8) 38.56 (&5.6) 3634 (£6.0) ns.
FEM (%) 61.09 (£8.0) 67.41 (£5.07)8* 58.99 (£5.41)1 5031 (&5.56) $p < 0.001
“p=10.005
tp < 0.001

*These values were obtained by using IPAQ (International Physical Activity Questionnaire); BMI, body mass index; FEM, fat-free mass. Significances: $to a-b; *to a-c; Tto b-c; n.s, no significant.
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Variable All women 18.5 < BMI < 25 (a) 25 < BMI < 30 (b)

n=70 n=27 n = 30
HG (kgf) 22.16 (£4.6) 2179 (£3.28) 22.17 (£4.77) 22.88 (6.56) ns
Sit-up (s) 9.86 (2.73) 9.34 (£2.37) 10.13 (£3.05) 10.37 (£2.71) ns
SJ (em) 1161 (+4.14) 13.29 (£4.59)° 10.65 (£3.18) 10.33 (+4.22) $p=0.014
SJ (W/kg) 22.62 (£5.04) 20.52 (£5.9)% 23.15 (£3.66)" 25.75 (3.8) $p=0.048
p=0.007
fp=0042

t-up, sit-to-up test in the chair for five repetitions; SJ, squat jump. Significances: § to a-b; * to a-¢; ' to b-¢; n.s, no significant.
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Variables B-value 95% Cl P-value R?

Physical activity time*~TNF-o 0.009789 0.002813 to 0.01676 0.007 0.872
Physical activity time*-IL-8 —0.008502 —0.01541 to —0.001596 0.017 0.797
Fat %—IL-10/IL-6 —16.92 —31.95to —1.891 0.028 0.815
FFM kg—IL-10/IL-8 —29.47 —54.21 to —4.739 0.021 0.922
FFM%—IL-10 0.3489 0.05762 to 0.6401 0.020 0.990
HG—IL-6 0.03975 0.003141 to 0.07636 0.034 0915
§J em—IL-6 0.04248 0.009323 to 0.07564 0.013 0914
§J em—TNF-a —0.01333 —0.02553 to —0.00112 0.033 0.872
§J em—IL-8 0.01217 0.0001551 to 0.02419 0.047 0.802

*These values were obtained by using IPAQ (International Physical Activity Questionnaire); FFM, fat-free mass; HG, handgrips $J, squat jump; IL, interleukin, TNF-e, alpha tumor
necrosisfictor:
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Characteristic Baseline data Syears follow up p value

Normal With SARC: Normal With SARC-F > 4
(SARC-F <4) (SARC-F > 4) (SARC-F <4) (SARC-F>4)
n=661 n=86 n=632 n=115
Age, Year, Mean 5D 67522686 7200 £698 <0.001 67532652 7077 £8.84 0.001
Gender, Female, n (%) 372(56.3%) 51(59.3%) 0,595 346 (54.7%) 77 (67.0%) 0.015
BMI, Mean +SD 2462£4.18 26.18£5.00 0.002 24562415 261544.90 <0.001
Marital status, single or no. 140 (21.3%) 25(29.1%) 0.136 130 (20.6%) 35 (30.5%) 0.067

partoer, 1 (%)
Educational level, primary 113 (17.2%) 22(25.6%) 0.085 89 (14.2%) 46 (40%) <0.001

or below, n (%)

Comorbidities, n (%)

Hypertension 267 (52.9%) 43 (72.9%) 0.002 260 (54.4%) 50 (58.1%) 0520
Diabetes mellitus 147 (22.4%) 34 (40.5%) <0.001 138 (21.4%) 48 (40.7%) 0.001
Heart disease 46 (4.3%) 11(6.3%) 0225 30 (6.3%) 9(105%) 0.162
Stroke 7(1.1%) 0(0.0%) 0429 9(1.9%) 101.2%) 0256
CKD 14(2.1%) 3(3.6%) 0301 14(2.2%) 3(26%) 0.806
CoPD 2(03%) 1(1.2%) 0.303 2(03%) 1(0.9%) 0393
High cholesterol 349 (53.1%) 55 (65.5%) 0.021 333 (53.2%) 71(61.7) 0.091

Bold values of p-value <0.05 as indicated. CKD=Chronic Kidney Disease, COPD=Chronic obstructive pulmonary discase.
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Physical Baseline (Mean + SD) p-value After 5 years follow-up

performance (Mean + SD)
measures
With Normal With SARC-F >4

SARC-F>4
Gait speed, m/s 0.8420.19 0.66£0.16 <0.001 085018 067017 <0.001
Time up and go, sec 11424286 1513407 <0.001 11374265 1443459 <0.001
Hand grip strength, kg
Male 27194831 25304805 0.066 276548.65 25994789 0.263
Female 2183£7.10 2066+7.44 0.131 22124693 2059+7.93 0.089
Functional reach, cm 262847.29 23152752 <0.001 267427.17 21392686 <0001

Bold values of p-value <0.05 as indicated.
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Physical Cut-off  Sensitivity ~ Specificity SARC-F > 4, Rate Ratio, RR (95% CI)

Performance  value (%) (%) N - -

Unadjusted Age- Adjusted Adjusted Adjusted
model adjusted model 1 model 2 model 3
Gait Speed, m/s 070 792 530 428(285.642)  3.65(238-5.60) 2.69(1.64-4.11)  245(1L40-  2.29(1.29-4.06)
429)

Time Up and Go, 115 742 572 3.83(248;593)  333(213;521)  270(1.6%429)  197(1.083.25) 177 (1.00;3.13)

sec

Functional reach, 2s 72 542 324(217;482)  2.85(189429) 200(1.283.13)  176(1.023.05) 176 (1.01;3.06)

m

Hand grip M: <22 700 267 L71(L152.56)  172(L142.58)  121(077199) 107062 1849) 104 (0.60;1.81)

strength, kg E<17 700 203

Bold fonts indicate significant at p<0.05, Cl.= confidence interval.

Adjusted Model 1: Adjustment of age, Gender, Marital status, and Education level.

Adjusted Model 2: Adjustment made in Adjusted model 1+ Comorbidities (CKD, Emphysema/COPD, Diabetes, Hypertension, Cholesterol, Stroke).
Adjusted Model 3 Adjustment made in Adjusted model 2+ Bascline SARC-E.
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Groups

Clinical manifestations

Sarcopenia

Mets

MetS + Sarcopenia
None

McNemar’ value of p*
prevalence ratio

The si

ificant value of p was set at p <0.05.

“McNemar's test with continuity correction.

Older men n (%)

CIndex>1.25
n =68 (74.73)

0(0.0)
11(12.1)
0(0.0)
57 (626)

p=00026

Volunteers (n = 418)
Older women n (%)

CIndex>1.18
n =284 (86.85)

32(9.8)

59(18.0)
5(15)
193 (59.0)
p=00064

Py=0.0910 [95% CI (0.0¢

50.2011))
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Baseline

Five years follow-up

Wave 12014
Total screened (n=1311)

Lost to follow-up, declined,
or died.
(n=537)

Wave 3 2019
(n=774)

Incomplete data
(n=27)

Total participants included in
the study.
(n=747)
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Volunteers (n = 418)

Groups

Underweight n (%) Adequate weight n (%) Obesity n (%)
Clinical Oldermen  Olderwomen Oldermen  Olderwomen Oldermen  Older women
manifestations 4(44) 24 (7.34) 49 (53.85) 122 (37.31) 38 (41.76) 181 (55.35)
Sarcopenia 0(00) 16(49) 0(0.0) 26(7.9) 0(00) 5(1.53)
Mets 0000) 2(06) 1(4.4) 9(275) 9(99) 52(159)
MetS + Sarcopenia 0(00) 2(06) 000.0) 2(061) 0(00) 2006
None 4(100) 8(245) 45(49.45) 90(27.5) 29(31.8) 126(38.53)
McNemar value of p* - p=0.0022 P=0.1336 p=0.0058 p=00077 p=0.0001
Prevalence Ratio - Pi=15 - Py =02343 - P =00385
[95% CI [054:4.16) [0.060.86] 0.008:0.22)

The significant value of p was set at p<0.05.
“McNemar's test with continuity correction.
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Variable Mean+standard deviation or frequency (%)

All people (n=64) Low SMM (n=14) Normal SMM (n=50)

Age (years) 634598 67.6£106 622494
Female 8(125) 5(357)* 3(60)
Body mass index (kgm ) 289239 289255 289+33
Body fat content (%) 361469 419486 345554
Waist/ Hip circumferences ratio*” 0.97(093,1.02) 0.96 (086, 1.0) 0.97 (093, 1.0)
Appendicular lean mass (kg) 23846 189£3.2%% 252439
Skeletal muscle index (kgm ) 87517 69127 92¢14
Appendicular skeletal mass (%)* 28.7(262,308) 24.4(220,253)"" 29.1(27.9,31.0)
VOspes (mlkg ' min™) 239£60 20.1456% 246£58
Left ventricular ejection fraction (%) 55.1£7.0 53987 555565
N-terminal pro-brain natriuretic peptide (NT-proBNP; pgL-')** 1720 (647, 344.0) 357.0 (12,8, 998.0)* 138.0(55.8,273.5)
Presenting diagnosis
ST-elevation MI (STEMI) 14(21.9) 3(214) 11(22.0)
Non-ST-elevation MI (non-STEM) 21(328) 4(286) 17(34.0)
Elective percutaneous coronary intervention (PCI) 17(26.6) 3014 14(280)
Coronary artery bypass graft (CABG) 6(9.4) 2(143) 4(80)
Angina 6(9.4) 2(143) 4(80)
Comorbidities
Hypertension 30 (46.9) 8(57.1) 22(44.0)
Type 2 diabetes. 12(18.8) 3(21.4) 9(18.0)
Chronic abstructive pulmonary disease (COPD) 3(47) 2(143) 120)
Hyperlipidaemia 43(67.2) 9(643) 34 (68.0)
Previous PCI 13(20.3) 4(285) 9(18.0)
13(203) 2(14.2) 11220)
Previous CABG, 50.8) 2(143) 3(60)
Previous cardiac valve surgery 1(1.6) 0 1(20)
Previous transient ischemic attack 6(9.4) 3014 3(60)
Cancer 10(15.6) 5(357) 5(10.0)
Medications
Aspirin 62(96.9) 13(92.9) 49 (98.0)
Clopidogrel 19(29.7) 6(429) 13(26.0)
Ticagrelor 32(50.0) 4(286) 28(56.0)
Beta-blockers 57(89.1) 12(85.7) 45 (90.0)
Angiotensin converting enzyme (ACE)-inhibitors 38(59.4) 10(71.4) 28(56.0)
Stating 61(95.3) 14(100.0) 47 (94.0)
Diuretics. 7(10.9) 3(214) 4(80)
Nitrates (non-GTN) 15 (23.4) 2(143) 13(26.0)
GTN spray 58(90.6) 12(85.7) 46 (92.0)

CABG, coronnary artery bypass graft; GTN, glyceryl trinitrates MI, myocardial infarction. “p<0.05 or ** <0.01 compared to normal SMM group. “Values are median (interquartile range).
=63,
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Biomarker

Low Normal p-Value Low
SMM SMM SMM
(n=14) (n=50) (n=5)
Albumin (g/L) 3750(3600,  3850(3700, 28300 014 0274 3800 90003700, 17000 012 0352 37.00 37003600, 700 | 005 0877
39.25) 4100 (36.00, 41.00) (36.00, 38.00)
39.50) 40.00)
Transthyretin (mg/  29.66 (1836, 37.87(28.83, 18300 034 0.007+% 2864 3788887, 96.00 034 0.010* 3207 2434408, 700 | 005 0881
dy 3408) 53.63) arsi, 5455) (2223, 50.34)
34.96) 35.28)
Alanine 200001700, 3100(2175, 18800 034 0.008** 2000 32000200, 12750 025 0.061 17.00 2100(1900, | 300 | 047 0180
aminotransferase 24.00) 4125) (1950, 42.00) (1450, 2400)
() 2400) 28.00)
Aspartate 2225(1800,  27.00(2300, 22150 026 0,037+ 2400 2750(2300, 18600 008 0.569 18.00 2550 (2250, 000 | 079 0.025%
aminotransferase 20.13) 3475) (2225, 35.50) (7.25, 27.00)
(un) 31.50) 20.25)
AST/ALT 117093, 091 (069, 25500 019 0123 1200092, 0.86(0.68, 13000 025 0.069 L3076, 107 (106, 600 | 016 0655
125) 123) 131) 123) 124) 142)
C-terminal agrin 389 (3.10, 367 (311, 33500 003 0.808 415255, 363305, 20600 002 0902 374(37, 483402 100069 0053
fragment (ng/ml) 4.24) 4.48) 4.53) 4.36) 4.02) 5.25)
Hs C-reactive 251042, 119(0.50, 30300 000 0445 2620038, 118048, 16400 014 0289 187032, 296217, 400 | 037 0297
protein (mg/L)* 433) 341) 463) 3.41) 4.25) 8.86)

Bold values indicate staistical significance (p <0.05). *p<0.05 or **p<0.01 compared to normal SMM group. AST/ALT, alanine aminotransferase/aspartate aminotransferase ratio; ES, effect size; U, U statistic from Mann-Whitney Utest. Low SMM was skeletal muscle
index <7.0 and <6.0kg m, or appendicular skeletal muscle <25.72 and <19.43%, for men and women, respectively:. Values are median (range) where 11 =3. All other values are median (interquartle range).*Values from a subset of people included in the present study
were been reported elsewhere (4).
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All (n=64) Men (n=56) Women (n=8)

ASM% SMI ASM% SMI ASM%

Albumin

Spearmanscorr. (1) 0229 0179 0147 0.104 0593 0272
p-value 0.069 0.157 0.279 0447 0.121 0515
Partial corr. (r)* 0217 0.141 0.143 0.071 0.738 0.114
p-value 0087 0271 0297 0607 0058 0807
Partial corr. (r)* 0.082 0.151 -0.023 0.081 0.765* 0.198
p-value 0524 0.236 0.868 0557 0.045 0.671
Partial corr. (r)* 0072 0.116 -0.034 0.036 0.763 0.248
prvalue 0579 0369 0809 0795 0078 0636

Transthyretin

Spearmants corr. (1) 0.246 0.132 0.208 0.048 0048 0857+
prvalue 0.050 0.297 0124 0725 0911 0.007
Partial corr. (1) 0237 0.101 0.204 0.002 0030 ~0.839*
prvalue 0.061 0433 0135 0.987 0949 0.018
Partial corr. (r)" 0213 0.120 0.142 0.033 0075 -0.874
prvalue 0.094 0349 0302 0.808 0872 0.010¢
Partial cor. (r)° 0.206 0.090 0.134 0054 ~0.889"
prvalue 0.109 0.484 0335 0.901 0919 0.018
Alanine aminotransferase (ALT)

Spearmans corr. (1) 0271% 0.209 0.144 0.048 0.190 0.095
prvalue 0.030 0.098 0.289 0726 0651 0823
Partial corr. (r)" 0.261* 0.175 0.141 0.023 0200 0051
prvalue 0.039 0170 0304 0.868 05668 0913
Partial corr. (r)" 0.158 0.186 -0.032 0016 0.193 0.106
prvalue 0216 0.144 0819 0917 0678 0820
Partial corr. (1) 0.150 0.156 0040 ~0020 0277 0016
prvalue 0.245 0.226 0.776 0.886 059 0977
Aspartate aminotransferase (AST)

Spearmans corr. (1) 0,038 0.181 ~0.169 ~0001 0.238 0190
prvalue 0.766 0.152 0213 0993 0570 0.651
Partial corr. (r)* 0.034 0176 0471 0013 0.236 0339
prvalue 0791 0.168 0212 0927 0610 0457
Partial corr. (r)" 0017 0.168 ~0275% 0018 0277 0290
prvalue 0.897 0188 0.012 0895 0547 0528
Partial corr. (1)° 0019 0.165 -0.279% 0033 0279 0313
prvalue 0825 0.199 0.041 0812 0592 0546
AST/ALT ratio

Spearmans corr. (1) ~0.360"* 0089 ~0.386%* ~0031 0048 0.000
prvalue 0.003 0.484 0.003 0823 0911 100
Partial cor. (r)" ~0351%% 0043 ~0.384%% ~0.001 -on7 0361
prvalue 0.005 0736 0.004 0997 0.803 0427
Partial cor. (r)" -0.264% 0054 -0.285* 0002 -0.025 0135
prvalue 0.036 0,675 0.035 0.986 0958 0773
Partial corr. (1) -0257% ~0011 -0281% 0037 0139 0393
prvalue 0.044 0932 0.010 0792 0793 0441
Ceterminal agrin fragment

Spearmans corr. (r) 0042 0180 0008 0429 0.286
prvalue 0741 0154 0956 0235 0289 0493
Partial corr. (r)" 0029 ~0.146 -0.002 0133 0429 0303
prvalue 0823 0.253 0.988 0334 0337 0509
Partial cor. (r)" 0048 0182 0015 0163 0436 0311
prvalue 0.706 0152 0912 0234 0329 0497
Partial cor. (r)° 0038 ~0.148 ~0.008 -0.134 0476 0277
prvalue 0770 0.250 0955 0333 0340 0595

Bold values indicate statistical sgnificance (p <0.05). corr, correlation; ASM?%, appendicular skeletal muscle; SMI,skeletal muscle index (kg ). Non-parametric partial correlations are
corrected for (a) high-sensitivity C-reactive protein, (b) age, and (c) high-sensitivity C-reactive protein and age. *p<0.05; **p<0.01
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Country Design Population Sample | Age, |Male, % Follow- | Mean | Study

year up CCR | quality
Abe et al. (45) Japan R, SC Patients with CHF 248 77 49 224 In-hospital NA 7
Barreto et al. (5) USA P,MC ICU patients 171 63 61 26 90 days 84 8
Barreto etal. (13) USA R, SC ICU patients 398 65 58 28 90 days 69 8
Chenetal. (31) China R, SC Cancer 664 65 70 NA 28 months 76 8
Fujitaetal. (21) Japan CS, SC Patients with IPF 49 73 90 22.3 N/A 86 6
Fuetal. (34) China CS, SC Cancer 182 55 63 21.6 N/A 79 8
Huang et al. (22) China CS, SC AECOPD 104 67 100 20.6 N/A 96 6
Huang et al. (23) China R, SC CAP 769 79 62 215 In-hospital N/A 8
Lchikawa et al. (35) |Japan R, SC Chronic liver disease 303 66 50 23.8 NA 70 7
Jung et al. (14) Korea R, SC ICU patients with RRT 1,588 65 60 254 90 days 92 8
Jung et al. (37) Korea R, SC Cancer 3,060 61 54 23.6 1 year 82 8
Kashani etal. (15) |USA R, SC Lung transplant 28 58 54 259 1 year 106 6
patients
Kashanietal. (12) |USA R, SC ICU patients 226 68 46 28 90 days 50 8
Kim et al. (19) Korea R, SC Patients with CAD 1,928 65 71 24.9 3 years 110 8
Kim et al. (38) Korea R, SC Patients with CABG 605 72 72 239 30 days PO 87 8
Lee et al. (39) Korea R, MC Patients with CAD 1,086 72 63 24.6 3 years 105 8
Lchikawa et al. (36) |Japan R, SC Liver disease 313 65 48 23.6 NA 70 6
Linetal. (41) China CS, SC Non-d-CKD 272 66 57 26 N/A 100 8
Lin et al. (40) China R, SC Non-d-CKD 1,141 71 58 25.5 Until death 98 8
Lin et al. (42) China CS, SC CKD 297 69 57 26.3 N/A 51 8
Liuetal. (32) China R, SC AIS 217 68 64 NA 3 months 71 8
Mauro et al. (43) Argentina R, SC ALT 215 55 55 28.4 11.7 months 56 7
Nishiki et al. (20) Japan R, SC COPD 201 72 95 22.3 NA 86 6
Osaka et al. (17) Japan P, MC D2M 285 67 56 253 NA NA 9
Okubo et al. (44) Japan R, SC Patients with hip 130 88 22 20.7 In-hospital 66 6
fracture
Ren et al. (6) China P, SC Old patients 758 86 78 23 212 days 72 9
Romeo et al. (46) Argentina R, SC Patients undergoing 100 84 36 27.2 1 year 69 7
TAVR
Shin (47) Korea R, SC D2M 1,577 63 58 252 NA 84 8
Sun et al. (18) China R, SC Cancer 327 62 72 219 3 years 75 8
Tamai et al. (48) Japan R, SC Cancer 50 65 60 24.1 36.5 months 79 6
Tang et al. (49) China P, SC Cancer 579 59 65 232 Until death 73 9
Tang et al. (7) China R, SC Hospitalized older 248 81 81 225 3 years 74 8
patients
Ulmann et al. (50)  |France R, SC Cancer 44 65 68 24.4 NA 79 6
Wang etal. (51) China R, SC Neurocritically ill 538 57 63 229 In-NCU 70 8
patients
Yang et al. (16) China R, SC Postoperative cancer 417 58 60 233 30 days PO 61 6
patients or
in-hospital
Yang et al. (33) China R, SC D2M 193 55 59 26.1 In-hospital 73 8
Yanishi et al. (52) Japan P SC Kidney transplant 62 47 67 224 NA 104 7
recipients
Zheng et al. (24) China R, DB Cancer 989 67 80 22.7 7 months 65 8
AECOPD, acute exacerbation of chronic obstructive pulmonary disease; AIS, acute ischemic stroke; R, retrospective; ALT, awaiting liver transplantation; BMI, Body Mass Index; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; CAP, community-acquired pneumonia; CCR, creatinine/cystatin C ratio; CHF, chronic heart failure; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; CS, cross-sectional; DB, data base; D2M, type 2 diabetes; ICU, intensive care unit; IPF, idiopathic pulmonary fibrosis; MC, multi-
centers; NA, not available; N/A, not applicable; NCU, neurocritical care unit; P, prospective; PO, postoperative; RRT, renal replacement therapy; SC, single-center; TAVR, transcatheter

aortic valve replacement.
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Huang 2021
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Lchikawa 2019
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Romeo2021
Shin 2022
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Tang 2022
Tang 2020
Zheng 2022
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[0.20; 0.35]
[0.23; 0.35]
[0.24: 0.44]
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Weight Weight
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Timetrame Activity Activity description Mainly target muscles and joints

0-10 min Warm-up Flexibility exercise. Progressive static stretch of the neck, chest, arm,
thighs, and legs.
11-50 min Main training Ringfit Adventure with knee assist mode. The player Muscles: trapezius, triceps, pectoralis major and
controls the character in the Adventure Mode by minor, and core muscles.
squeezing and stretching the Ring-Con. Joints: shoulder horizontal adduction/abduction,
shoulder external/internal rotation, and elbow
flexion

To defeat the monsters in each stage, the players has to Not applicable
use the combination of the following six arm fit skills.

Overhead press: Hold the Ring-Con overhead and Muscles: deltoid, and biceps brachii
squeeze it. Joints: shoulder flexion, and elbow
flexion/extension

Shoulder press: Hold the Ring-Con on each side of the ~ Muscles: biceps/triceps brachii

shoulder and squeeze it. Joints: elbow flexion/extension
Front press: Hold the Ring-Con below umbilicus with Muscles: trapezius, triceps, pectoralis major and
anterior-tilting of the trunk slightly. minor, and core muscles.

Joints: shoulder horizontal adduction/abduction,
and elbow flexion

Bow pull: Put the Ring-Con in front of the chest and Muscles: biceps/triceps brachii, and latissimus dorsi
pull it like it is a bow. Joints: shoulder adduction/abduction, elbow
flexion/flexion, and wrist flexion/extension

Overhead arm spin: raise both arms straight up and Muscles: deltoid and shoulder girdles
twist the wrists. Joints: shoulder flexion, elbow
pronation/supination, and wrist flexion

Tricep kickback: With elbow locked, move the Muscles: triceps, and spinal erectors
Ring-Con up-and-down Joints: shoulder horizontal adduction/abduction,
and elbow flexion/extension

51-60 min Cool-down Flexibility exercise. Progressive static stretch of the neck, chest, arm,
thighs, and legs.
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Instrument or measure

Appendicular skeletal muscle mass index

Dominant handgrip strength

Gait speed

Study of osteoporotic fracture index

Box and block test

Biceps and triceps brachii muscle strength
of the dominant side

Sonographic thickness of biceps and
triceps brachii, quadriceps, and

gastrocnemius muscles

Range of motion of the joints of upper
extremity

Kihon checklist-Taiwan
Medical outcomes study 36-Item

short-form health survey

Brain health test brief cognitive test

Outcome

Diagnostic criterion of sarcopenia.

Primary outcome

Diagnostic criterion of sarcopenia.

Primary outcome

Diagnostic criterion of sarcopenia.
Primary outcome

ndicator of frailty. Primary outcome

ndicator of hand dexterity. Secondary

outcome

ndicator of muscle strength. Secondary
outcome

ndicator of muscle morphology.
Secondary outcome

ndicator of functional movement.
Secondary outcome

ndicator of general function. Secondary
outcome

ndicator of health-related quality of life.

Secondary outcome

outcome

ndicator of cognitive function. Secondary

Description

Measured by bioelectrical impedance analysis. Defined as the appendicular skeletal muscle mass
(Kg) divided by the height squared (m?)

Measured by JAMAR dynamometer under standard position.

The participants are asked to walk at a normal speed on a 6-m long corridor without a barrier
and the usual gait speed calculated by measuring the time spent by a participant.

Including three components: (a) a weight loss of > 5% during the preceding year, (b) an
inability to rise from a chair five times without using the arms, and (c) an answer of “no” to the
question “Do you feel full of energy?”

The number of blocks the participants transferred in 60 seconds from one compartment to the

other compartment of the wooden box.

Using the microFET® 3 to measure the maximal voluntary isometric contraction under
standard positions.

Using a portable LOGIQ e ultrasound, equipped with a 5-12 MHz linear array transducer, to
measure the muscle thickness under standard positions.

Using a goniometer under standard positions to measure shoulder flexion, abduction, and
external rotation; elbow flexion and extension; forearm supination and pronation and wrist
flexion and extension.

A self-reported questionnaire, consisting of 25 items divided into 7 sub-categories. Each item is
rated as pass (0) or fail (1). A higher total score indicates a lower level of function.

A self-assessment containing 36 items, divided into 8 subscales. Responses to each question were
transformed to a scale ranging from 0-100. The higher the scores, the better the quality of life.

A clinical assessment tool, including orientation to time, immediate and delayed recall of five
items, categorical verbal fluency test (listing four-legged animals in one minute), and the Clock
Drawing Test. The higher the scores, the better the cognitive function.

TO, baseline measurement; T1, the end of the 6" week after the exergame-based exercise; T2, the end of the 12t week after the exergame-based exercise.

Time point

References

(49, 52)

(54

(52)

(57)

(59)

(62)

(63,64)

(65)

(66)

(70)

(71)
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Inflammatory cytokines

IL-4
IL-6
IL-10

TNF-a

Groups

Non-sarcopenia
Sarcopenia
Non-sarcopenia
Sarcopenia
Non-sarcopenia
Sarcopenia
Non-sarcopenia

Sarcopenia

Mean

2.32
2.59
1.87
1.82
273
342
7.16
14.41

6.572

0.225

14.464

160.948

95% CI

2.18-2.46
2.45-2.73
1.73-2.00
1.68-1.95
2.50-2.97
3.18-3.66
6.40-7.91
13.66-15.16

0.011

0.636

<0.001

<0.001
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Age

Gender
Hypertension
Triglyceride
Abdominal obesity
IL-4

IL-6

IL-10

TNF-a

0.105
0.154
0.398
0.206
1.292
1.140
—0.304
0.554
0.981

0.098
0.768
0.824
0.503
0.955
0.630
0.704
0.420
0.203

1.111
1.166
1.488
1.228
3.641
3.127
0.738
1.741
2.667

95% CI

0.91-1.35
0.26-5.26
0.30-7.48
0.46-3.29
0.56-3.69
0.91-10.75
0.19-2.94
0.76-3.96
1.79-3.97

0.283
0.841
0.629
0.682
0.176
0.070
0.667
0.187
< 0.001
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Identify potential participants

among users of long-term care
Enrollment g g
facilities in rural Kaohsiung city

y

Eligible subjects (n=)

I

Obtain informed consent

v

-

b 4

Ineligible subjects (n=)
Reasons recorded

Baseline evaluation ?:
Measurement 1 ASMMI, HGS, gait speed, SOF index, BBT, muscle strength,
Baseline (Time 0) muscle thickness, ROM, KC-T, SF-36, BHT

v

Randomization with SNOSE ®

Experimental group (n=)

Intervention with Exergame-
based multicomponent
training program

I

Control group (n=)
Intervention with standard
care

I

Measurement 2

Midterm (Time 1)

Assessment at the end of the 6" week 2:
ASMMI, HGS, gait speed, SOF index, BBT, muscle strength,
muscle thickness, ROM, KC-T, SF-36, BHT

v

Experimental group (n=)

Loss to follow-up (n=)
Reasons recorded

v

v

Control group (n=)
Loss to follow-up (n=)
Reasons recorded

v

Assessment at the end of the 12" week ?:
Measuements ASMMI, HGS, gait speed, SOF index, BBT, muscle strength,
Post test (Time 2) muscle thickness, ROM, KC-T, SF-36, BHT

.

Experimental group (n=)

Loss to follow-up (n=)

Reasons recorded

!

Control group (n=)
Loss to follow-up (n=)
Reasons recorded
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