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Background

Sarcopenia can lead to significant personal, social, and economic burdens. The diagnosis of sarcopenia heavily relies on the identification of Low Skeletal Muscle Mass (LSMM), which is an independent predictor of frailty, disability, and increased risk of death among seniors. Women have physiologically lower levels of skeletal muscle mass than men, and female sarcopenia appears to be more influenced by menopause. They also tend to have higher body fat levels than man, which increases the risk of sarcopenia obesity. On another front, it’s also recognized that humans are largely prone to Helicobacter pylori (H. pylori) infection, with global prevalence rates often surpassing 50%. Nevertheless, the interconnection between H. pylori infection and LSMM remains relatively unexplored. Hence, our study specifically targeted women as the research population and sought to explore several risk factors for LSMM. Additionally, we delved into the potential correlation between LSMM and H. pylori infection in women, hoping to gain insights into potential preventative measures or treatment options that may enhance the quality of life for women affected by sarcopenia.





Methods

We conducted a cross-sectional study among women aged over 18 years undergoing physical examination. We performed 13C-urea breath test (UBT) for diagnosis of H. pylori infection and Bioelectrical impedance analysis (BIA) for the assessment of LSMM. Logistic regression models were used to analyze the associations of H. pylori infection with LSMM.





Results

This study enrolled 1984 Chinese women who were undergoing health check-ups. A univariate logistic regression analysis did not reveal a direct correlation between H. pylori infection and LSMM among this female population (OR=1.149, 95% CI 0.904-1.459, p=0.257). Yet, upon dividing the participants into age-based subgroups, an evident link was observed between H. pylori infection and LSMM in women aged 40 or above (OR=1.381, 95%CI 1.032-1.848, p= 0.030). After adjusting for variables including Age, BMI, TP, ALK, Cre, this relationship remained statistically relevant (OR=1.514, 95%CI 1.085-2.113, p= 0.015).





Conclusions

Women who are over 40 years old and currently infected with H. pylori have an increased risk of developing LSMM. Therefore, timely treatment for H. pylori eradication is recommended for this group of women to reduce the occurrence of LSMM.
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Introduction

Helicobacter pylori (H. pylori) is a gram-negative, curved bacillus that was discovered and identified by Marshall and Warren in 1983 from gastric mucosa (Marshall and Warren, 1984). Studies have confirmed that H. pylori has coexisted with humans for 58,000 years (Linz et al., 2007), and can be found in approximately half of the world’s population with infection levels reaching over 70% in developing countries (Bravo et al., 2018). And The analysis of 410,879 participants from 73 countries showed that the global prevalence of H. pylori infection in women was 42.7% (Zamani et al., 2018). The association between H. pylori and conditions such as gastric cancer, peptic ulcer, and gastric lymphoma has been widely acknowledged (Hunt et al., 2011). However, recent studies have revealed a growing correlation between H. pylori and various extra-gastric disorders (Franceschi and Gasbarrini, 2007). These include a positive association with non-alcoholic fatty liver and adults metabolic syndrome (Chen et al., 2015; Buzás, 2020), as well as an inverse association with asthma, reflux disease, and allergic disorders (Cover and Blaser, 2009).

Identified as a muscular disorder in the International Classification of Disease (ICD-10: M62) (Lj and Mo, 2017), sarcopenia is typically distinguished by decreased muscle mass, reduced muscular strength, and impaired physical functioning (Chen et al., 2021). The diminished presence of skeletal muscle tissue is a vital element in the identification of sarcopenia, associated with numerous contributors like reduced physical exertion, ongoing inflammation, age-related hormonal alterations, genetic influences, and more (Sk, 2020). Furthermore, Low Skeletal Muscle Mass (LSMM) was considered an autonomous predictor of decreased overall survival in multiple diseases (Walowski et al., 2020). Asia is a rapidly aging region with a large population, and therefore the estimated impact of sarcopenia on this region is substantial. However, due to the lack of standard diagnosis criteria and different target populations used in studies, the prevalence of LSMM varies greatly between studies (Fielding et al., 2011; Chen et al., 2014; Petermann-Rocha et al., 2022). The prevalence of sarcopenia varies between 10% and 27% when using different classifications and cutoff points. According to the European Working Group on Sarcopenia 2 (EWGSOP2) definition, the prevalence of sarcopenia is higher in men (11% vs. 2%). Conversely, as defined by the International Sarcopenia Working Group, the prevalence of sarcopenia is higher in women (17% vs. 12%) (Petermann-Rocha et al., 2022). Analyzing 41 studies and a total of 34,955 participants, another systematic review and meta-analysis showed that among community-dwelling individuals, the prevalence of sarcopenia was 11% in men and 9% in women (Papadopoulou et al., 2020). However, according to several studies, women have physiologically lower levels of skeletal muscle mass than men (Churchward-Venne et al., 2014; Zhang et al., 2021). A cross-sectional study reported that positive serum H. pylori infectious markers are correlated with sarcopenia and low muscle quantity (Wu and Chen, 2021). Another study involving 1061 women reported that the risk of low skeletal muscle mass is reduced in older adults women aged 60 and over who receive Helicobacter pylori eradication therapy (Baeg et al., 2015). Skeletal muscle mass begins to decline as early as age 40 and decreases by approximately 30%–50% between ages 40 and 80 (Faulkner et al., 2007). What’s more, LSMM was sex-specific, especially women LSMM appears to be strongly associated with menopause (Yang et al., 2019; Geraci et al., 2021). Therefore, further exploration of the relationship between menopause and low skeletal muscle mass holds significant meaning. In spite of the existing knowledge, comprehensive investigations probing the connection between H. pylori and low skeletal muscle mass (LSMM) are scarce. In light of this, this investigation is centered around the female demographic. And the purpose of our study is to determine whether there is a correlation between H. pylori infection and LSMM, specifically within a demographic of adult Chinese women. This information could potentially shed light on the interactions between these factors and contribute to a broader understanding of the disease progression and make it possible to take proactive steps to intervene early in order to halt or slow the progression of the disease.





Methods




Setting and study population

This research, characterized as a retrospective cohort study, received formal approval from the Ethics Committee associated with the First Affiliated Hospital of Wenzhou Medical University. Furthermore, all research activities and methodologies strictly adhere to the principles outlined in the Declaration of Helsinki. The study encompassed 1984 adult women aged 18 and above who satisfied certain eligibility conditions. To qualify for inclusion, the participants had to be female adults who had undergone a health check at the First Affiliated Hospital of Wenzhou Medical University from April 2016 through August 2017. Additionally, these individuals had to have completed a 13C-urea breath test and bioelectrical impedance analysis (BIA). Our research used the following exclusion criteria: (1) Those under the age of 18 were excluded from the study. (2) had a history of gastrectomy, heart failure, liver cirrhosis, cerebrovascular accident, thyroid disease, end-stage renal disease, or malignancy. (3) physical disability or injuries of hand/wrist/leg/foot in the last three months. (4) using antibiotics and traditional Chinese medicines with antibacterial effects within a month, or proton pump inhibitors (PPI), sucralfate, bismuth, etc within 2 weeks. (5) participants with deficiencies of information such as skeletal muscle mass index, H. pylori results, and serum biomarkers.





Data collection

We collected participants’ basic information, such as age, smoking and drinking status, comorbidities, and past medical history, using pre-designed questionnaires. Smoking was classified as either a current or non-current smoker (someone who has never smoked or used to smoke). Alcohol use was categorized as either a heavy drinker (someone who drinks alcohol at 1 time ≥40 g or 5 drinks, twice or more per week) or not a heavy drinker (someone who drinks less than twice per week). Blood measurements were collected after fasting for 12-16 hours and avoiding alcohol, high-protein, and high-fat foods the day before.

Several blood-based metrics were meticulously evaluated, including counts of white and red blood cells, hemoglobin levels, glucose concentration, glycosylated hemoglobin content, and levels of total protein and albumin. Additionally, measurements of enzymes, Examples of these enzymes include, but are not limited to, alanine aminotransferase and aspartate aminotransferase, in addition to alkaline phosphatase, along with γ-glutamyl transferase, were performed, as were assessments of creatinine, uric acid, total cholesterol, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol levels. Furthermore, anthropometric parameters were scrupulously recorded by well-trained nursing professionals utilizing uniform and standardized equipment to ensure accuracy and reliability. Blood pressure measurements, presented in millimeters of mercury (mmHg), were conducted in the morning under tranquil and relaxed conditions to minimize external influences. Body weight and height were determined, with weights reported in kilograms and heights noted in centimeters. The formula for calculating BMI (Body Mass Index) is: weight (in kilograms) divided by height squared (in meters).





Diagnosis of H. pylori infection

The 13C-urea breath test (UBT) stands out as a leading non-invasive approach for the identification of H. pylori infection. It has straightforward procedural steps and high sensitivity and specificity. The combination of these factors underscores why the 13C-UBT is often the method of choice in clinical settings for the diagnosis of H. pylori infection (Nocon et al., 2009; Gisbert and Calvet, 2013; Malfertheiner et al., 2017). After oral administration of nuclide 13C-labeled urea, the urease present in the living Helicobacter pylori can break down the nuclide-labeled urea into nuclide-labeled CO2. It is necessary to collect and detect the exhaled breath at two time points before taking the medicine and 30 minutes after taking the medicine (Chen et al., 2003; Ricci et al., 2007; Di Rienzo et al., 2013). H. pylori infection can be judged by the change in the concentration ratio of 13CO2/12CO2 in the breath sample before and after taking the medicine. Generally, Delta Over Baseline (DOB)=4 is used as the cut-off value for H. pylori infection, DOB value ≥ 4 means H. pylori positive, DOB value < 4 means H. pylori negative (Logan, 1998; Gisbert and Pajares, 2004). In this study, H. pylori infection status was detected by a 13C-UBT, with an empty stomach or fasting for at least two hours. Participants were required to stop using all kinds of antibiotics and traditional Chinese medicines with antibacterial effects for at least 4 weeks, proton pump inhibitors (PPI), bismuth, sucralfate, etc. for 2 weeks before test.





Measures and definition of LSMM

Bioelectrical impedance analysis (BIA), an approach doesn’t require invasive procedures that assesses body composition, is recognized by international guidelines as a valid alternative to whole-body dual-energy DXA. In our study, we employed a BIA device (InBody770, produced by InBody Korean Inc.) This method allows for the assessment of appendicular skeletal muscle mass (ASM). Once the ASM was established, we further computed the skeletal muscle index (SMI). This evaluation was performed by taking the previously acquired value for appendicular skeletal muscle mass and dividing it by the participant’s height squared, with the height being measured in square meters (m2). To define LSMM, we adhered to the unified recommendations put forth by the Asian Working Group for Sarcopenia (AWGS) in 2019. According to these guidelines, the thresholds of LSMM were an SMI below 7.0 kg/m2 for men and below 5.7 kg/m2 for women. These cutoff values are widely accepted and used in sarcopenia research, enabling the identification of individuals at risk or already affected by the condition (Chen et al., 2020).





Statistical analyses

All our statistical computations were performed employing a two-tailed approach and were conducted with a 5% significance level, utilizing SPSS statistical software (version 23.0 provided by IBM Corp). The normality of the continuous variables within our dataset was validated using the Kolmogorov-Smirnov test. For those variables adhering to a normal distribution, they were presented as means ± standard deviations. To discern any disparities between the two groups, we implemented the Student’s t-test. For the continuous variables that didn’t follow a normal distribution, we presented them as medians, alongside their interquartile ranges. To compare differences between these two groups, we utilized the Mann-Whitney U test. When it came to categorical variables, we expressed them as frequencies and percentages. To identify the differences between the two groups in this context, we applied the chi-square test or, when necessary, the exact method proposed by Fisher. For evaluating the ORs and their associated 95% CIs across various groups, both univariate and multivariate-adjusted calculations were made, deploying logistic regression analysis.






Results




Characteristics of participants

Table 1 provides a snapshot of the primary characteristics of our study subjects, divided based on their H. pylori infection condition as identified via the 13C-urea breath test. The study included a total of 1984 fitting participants, with their average age being 46.67 ± 10.70 years. Among the study population, the mean ages of the Helicobacter pylori-negative and Helicobacter pylori-positive group were 47.03 ± 10.89, 46.29 ± 10.48. No significant age differences were observed between the two groups under study (t=1.529, p=0.127). The total incidence of H. pylori infection was found to be 48.0% (953 out of 1984 participants). The distribution of this infection did not present notable statistical disparities when comparing the group with LSMM and the group without LSMM (15.2% vs 17.1%, p=0.256). Thus, the prevalence of H. pylori infection does not seem to be biased towards one group over the other, indicating a balanced sample for our investigation. Most parameters, such as smoking status, alcohol status, age, BMI, SBP, DBP, RBC, Hb, TP, GLU, ALT, AST, ALK, UA, TC, TG, HDL-C, LDL-C showed no notable statistical disparities between individuals with H. pylori infection and those without. Nonetheless, variables such as WBC (P <0.001), Ghb (p= 0.043), ALB (p= 0.003), Cre (p= 0.040), did present statistical differences (p<0.05).


Table 1 | Initial attributes of the study participants based on their H. pylori infection condition.







Logistic regression analyses for different markers and LSMM

The univariate logistic regression analysis results revealed notable correlations between LSMM and various factors. These include Alcohol Consumption (OR=0.456, 95% CI 0.282-0.766, p=0.003), BMI (OR=0.566, 95% CI 0.527-0.607, p<0.001), SBP (OR=0.991, 95% CI 0.984-0.997, p=0.005), WBC (OR=0.919, 95% CI 0.847-0.998, p=0.044), RBC (OR=0.649, 95% CI 0.458-0.918, p=0.015), Glu (OR=0.770, 95% CI 0.659-0.900, p<0.001), Ghb (OR=0.749 95% CI 0.608-0.926, p=0.007), ALB (OR=1.038, 95% CI 0.996-1,082, p=0.079), ALK (OR=1.004, 95% CI 1.001-1,008, p=0.011), Cre (OR=0.975, 95% CI 0.960-0.990, p=0.001), UA (OR=0.995, 95% CI 0.993-0.998, p<0.001), TG (OR=0.805, 95% CI 0.683-0.949, p=0.010), and HDL-C (OR=1.743, 95% CI 1.273-2.387, p=0.001).

As displayed in Table 2, no significant relationship was found between H. pylori infection status and LSMM, corroborated by univariate analyses (p=0.257). Additionally, we conducted multivariate analyses including variables that were clinically relevant and had a P value < 0.1 in univariate analysis, such as Drink, BMI, SBP, WBC, RBC, Glu, Ghb, ALB, ALK, Cre, UA, TG and HDL-C. Our results indicated a significant association between LSMM and age (OR=1.020, 95% CI 1.004-1.037, p<0.001), BMI (OR=0.522, 95% CI 0.480-0.576, p<0.001), TP (OR=1.056, 95% CI 1.011-1.012, p=0.014), ALK (OR=1.009, 95% CI 1.004-1.015, p<0.001) and Cre (OR=0.965, 95% CI 0.947-0.984, p<0.001). To enhance the understanding of these associations, we have also visualized these findings in a forest plot (Figure 1).




Figure 1 | Forest plots of multivariate analysis with 95% CI representing pooled estimates for the association between different markers and LSMM.




Table 2 | Logistic regression analyses of various markers in relation to LSMM.







The relationship between LSMM and H. pylori infection in different age group

There was not a significant disparity in the presence of LSMM when comparing the group with H. pylori infection and the group without. Nevertheless, when we dissected the data based on age brackets (as depicted in Table 3), a compelling link was found between H. pylori infection status and LSMM among females aged 40 years or older (OR=1.381, 95%CI 1.032-1.848, p = 0.030). This correlation persisted, remaining statistically significant (OR=1.514, 95%CI 1.085-2.113, p = 0.015), even after adjustments were made for several variables (Age, BMI, TP, ALK, Cre). More specifically, our analysis indicated that women aged 40 or older with H. pylori infection displayed an elevated occurrence of LSMM. Conversely, no statistical divergence was observed in relation to H. pylori infection status and LSMM in women younger than 40 years.


Table 3 | The correlation between LSMM and H. pylori infection across diverse age categories.







The relationship between different age group and markers

We stratified the study population according to age and further analyzed the baseline characteristics, such as metabolic syndrome related indicators (triglycerides, HDL-C, blood pressure, hyperglycaemia). As delineated in Table 4, significant variances were observed in several markers such as smoking habits, age, BMI, blood pressure, glucose levels, white blood cell count, hemoglobin, liver function tests (ALT, AST, ALK, and GGT), creatinine levels, uric acid levels, and lipid profiles (TC, TG, HDL-C, and LDL-C) across different age groups.


Table 4 | Initial Attributes of the Patients Across Various Age Categories.








Discussion

In summary, our study has shed light on several critical risk factors associated with LSMM. Through rigorous univariate and multivariate logistic regression analysis, we had identified age, BMI, TP, ALK and Cre as significant risk factors that are closely linked to this disease. These results represent significant additions and provide further insights into the study of risk factors in LSMM. Nonetheless, the crux of this study reveals a meaningful association between H. pylori infection and LSMM in Chinese women aged over 40 years. This implies that women within this demographic who are infected with H. pylori could have an elevated likelihood of LSMM development. The potential mechanisms explaining the harmful effects of H. pylori infection on LSMM could be as follows. Numerous studies had suggested that inflammation response might play vital role in loss of skeletal muscle (Ryall et al., 2008; Londhe and Guttridge, 2015; Dhillon and Hasni, 2017; Howard et al., 2020). For instance, research examining the relationship between older adults sarcopenia and inflammatory factors revealed that patients with sarcopenia had significantly increased circulating concentrations of IL-6 and TNFα (Bian et al., 2017). Additional research has suggested that TNF-α and IL-6 play a significant role in the inflammatory response of skeletal muscle, with elevated levels of IL-6 being associated with reductions in both muscle mass and strength (Wang et al., 2017). The release of the Vacuolating cytotoxin A (VacA) protein plays a crucial role in H. pylori infection, as it initiates the generation of multiple proinflammatory cytokines. These include macrophage-inflammatory protein-1α, TNF-α, along with interleukins such as IL-1β, IL-6, IL-10, and IL-13 (Watanabe et al., 2010; Figueiredo et al., 2014). Additionally, the impact of early environment on growth and development may have long-term effects on humans. A prospective cohort study strongly pointed out that H. pylori infection may hinder linear growth in preschool children (Bravo et al., 2003), leading to reduced absorption of important nutrients and slow growth in children, ultimately resulting in low skeletal muscle mass in older adults individuals (Franceschi et al., 2014). What’s more, ghrelin and leptin may also be factors contributing to the association between H. pylori and LSMM, as H. pylori has been shown to affect their secretion (Meng et al., 2016). Leptin, a hormone secreted by adipose tissue, performs a pivotal function in various physiological processes. These include inflammation regulation, insulin sensitivity, appetite regulation, and the deposition of fat (Lin et al., 2018), while ghrelin can increase muscle mass through stimulating appetite, increasing food intake, promoting myocyte differentiation and fusion, among other ways (Baeg et al., 2015). And several studies showed decreased levels of ghrelin and leptin in patients with LSMM (Kohara et al., 2011; Serra-Prat et al., 2015).

However, there was no statistically significant variation observed among women of all ages. Further analysis conducted on subgroups revealed that LSMM was only linked to H. pylori infection in women aged 40 years and above. Maybe sex hormones were responsible for age-specific differences. Some researches had demonstrated the protective effect of certain steroids against H. pylori infection (Hosoda et al., 2011; Ohtani et al., 2011; Fong and Wang, 2021). For example, Kouichi Hosoda discovered that the growth of H. pylori could be inhibited by estradiol and progesterone. Among the two hormones, progesterone exhibited the strongest antimicrobial effect (Hosoda et al., 2011). In a study conducted by P Fong, the protective effect of oral contraceptives against H. pylori infection was investigated. The results indicated that women who were using oral contraceptives had a significantly reduced risk of acquiring H. pylori infection in comparison to those who did not use them (Fong and Wang, 2021). As women reach the age of 40, their levels of free estradiol decline significantly, which weakens the protective effect of hormones on them (Runolfsdottir et al., 2015).This may lead to a more vulnerable state in older women, resulting in greater muscle decline following H. pylori infection. Moreover, after analyzing the study population, we found that there were significant differences in metabolic syndrome related indicators, including BMI, blood pressure, TC, TG between different age groups. This may also explain why a significant link between H. pylori infection and LSMM was only observed in women aged 40 or older. Metabolic syndrome is also called syndrome X or insulin resistance syndrome, which is a cluster of metabolic abnormalities including abdominal obesity, dysglycemia, elevated blood pressure, low HDL cholesterol and high triglycerides (Saklayen, 2018; Lemieux and Després, 2020). Metabolic syndrome is a group of conditions that raise risk of serious health problems such as coronary heart disease, type 2 diabetes, stroke, and even all-cause mortality (Isomaa et al., 2001; Grundy, 2008). Many studies have linked sarcopenia to various metabolic disorders, such as high blood pressure, dyslipidemia, dysglycemia (Doğan et al., 2012; Baek et al., 2014; Nishikawa et al., 2021). Several previous studies have revealed a relationship between metabolic syndrome and sarcopenia. Metabolic syndrome may be associated with muscle loss through a complex interplay of multiple factors, including pro-inflammatory cytokines, insulin resistance, mitochondrial dysfunction and oxidative stress (Sanada et al., 2012; Moon, 2014; Rubio-Ruiz et al., 2019; Gonzalez et al., 2021).

Our results underscore the significance of incorporating these elements when investigating the link between H. pylori and LSMM across various age brackets. Future studies can utilize these findings as a foundation to delve deeper into the age-specific disparities associated with the influence of H. pylori infection on muscle deterioration, and to pinpoint potential preventive measures or treatments to alleviate its consequences.

Up until now, there has been scant investigation into the correlation between H. pylori infection and LSMM. That being said, in a study conducted with a sample size of 3453 American individuals aged 60 and over indicated an association between positive markers of H. pylori infection in serum and the presence of sarcopenia along with reduced muscle mass (Wu and Chen, 2021). Although this study had a larger number of participants, it only included American people aged ≥60 years. Our study included Asian populations, which are different from the ethnic groups they studied. What’s more, based on the available evidence, it is estimated that more than 1 in every 10 young adults from various ethnicities may have sarcopenia (Jung et al., 2023). Thus, it is imperative to associate sarcopenia not only with frail older patients but also with younger patients. So, we selected the physical examination population aged >18 years as the inclusion population.

Another study compared healthy, asymptomatic women who had received H. pylori eradication treatment with those who were HP IgG positive but had not undergone eradication therapy. This study found that older adults women who underwent H. pylori eradication had a reduced risk of LSMM (Baeg et al., 2015). It is worth mentioning that both of these studies utilized serological testing as the method for determining the status of H. pylori infection. While this method is commonly used, it requires validation for specific locations and may produce false results due to cross-reactivity. Additionally, serology antibody levels often persist for several years after therapy, which can make it difficult to accurately assess current infection status and disease outcomes (Katelaris et al., 2023). In contrast, our study utilized the 13C-urea breath test to diagnose active H. pylori infection, which is considered a reliable technique for detecting active infections (Huh and Kim, 2018). It is widely recognized that urea breath tests (UBTs) are more accurate than other non-invasive tests in patients who have not undergone gastrectomy (Katelaris et al., 2023).Furthermore, it is important to acknowledge that our research has some limitations. Firstly, due to its retrospective nature, there may have been some selection bias in the study population. Additionally, we did not collect data on certain critical factors related to LSMM, such as muscle strength and gait speed. And we also did not collect some important data such as sex hormone levels. Hence, future research endeavors should strive to incorporate a more extensive sample size and meticulous data collection in order to delve deeper into the association between H. pylori infection and LSMM. By doing so, we can gain a more complete understanding of this complex issue and develop better strategies for managing and preventing LSMM in particular individuals.





Conclusions

Our study did not conclusively show a connection between H. pylori infection and LSMM among all women. Interestingly, our findings indicated a potential link between H. pylori infection and LSMM in women aged over 40. It suggests that there is a certain correlation between menopause and low skeletal muscle mass in women. And this underscores the significance of early detection and remediation of H. pylori infection as a possible tactic for warding off LSMM in this demographic. A more profound exploration is required to decipher the mechanisms behind this association and how it fluctuates across distinct populations. The importance of pursuing this research topic lies in forming more potent approaches to managing and mitigating LSMM, especially in high-risk individuals due to factors like age or sex. In summary, while our study didn’t present definitive proof, it hinted at a possible association between H. pylori infection and LSMM in certain demographics. Future research should strive to delve deeper into this relationship, factoring in elements such as dietary habits, physical activity level and sex hormone levels, to achieve a holistic understanding of this concern.
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WBC (1079/L) 564 + 1.53 5.48 £ 1.39 581+ 165 <0.001
RBC (10A12/L) 446 £ 0.35 446 +0.34 445 £ 0.36 0313
Hb (g/L) 13120 = 29.87 131.05 + 11.85 13135 £ 41.30 0.823
GLU (mmol/L) 488 + 1.18 4.86 + 1.12 490 £ 1.24 0.467
Ghb (%) 550 +0.76 5.47 £ 0.68 554 +0.83 0.043
TP (g/L) 7443 + 4.61 74.57 + 4.64 7428 £ 4.57 0.159
ALB (g/L) 44.09 +2.92 44.27 291 43.89 +2.93 0.003
ALT (U/L) 16.00 (13.00,22.00) 16.00 (13.00,22.00) 17.00 (13.00,23.00) 0.247
AST (U/L) 2100 (18.00,25.00) 21.00 (18.00,25.00) 21.00 (18.00,26.00) 0.743
ALK (U/L) 65.00 (53.00,81.00) 65.00 (53.00,81.00) 64.00 (51.00,81.00) 0.262
GGT (U/L) 17.00 (14.00,25.00) 17.00 (13.00,24.00) 17.00 (14.00,26.00) 0.073
Cre (umol/L) 55.13 £ 8.08 5549 +8.17 54.74 +7.97 0.040
UA (umol/L) 281.06 + 62.15 280.33 + 61.24 281.86 + 63.15 0583
TC (mmol/L) 516 + 1.07 5.13 £ 1.03 520 + 1.10 0.119
TG (mmol/L) 1.39 + 100 1.39 + 094 1.39 + 1.06 0.971
HDL-C (mmol/L) 141+ 036 1414035 142 +0.37 0575
LDL-C (mmol/L) 3.04 + 0.86 3.01 +0.81 3.06 + 090 0.209

For clarity and ease of understanding, the following abbreviations have been employed throughout the text: LSMM stands for Low Skeletal Muscle Mass; BMI, an abbreviation for Body Mass
Index, or BMI, is determined by dividing a person’s weight, measured in kilograms, by their height in centimeters squared. Meanwhile, SBP stands for Systolic Blood Pressure and DBP signifies
Diastolic Blood Pressure. In terms of blood components, WBC and RBC are acronyms representing White Blood Cells and Red Blood Cells, respectively. Hb is short for Hemoglobin; GLU
signifies Glucose; Ghbis used for Glycosylated Hemoglobin; TP represents Total Protein; AL s the shorthand for Albumin; ALT and AST stand for Alanine Aminotransferase and Aspartate
Aminotransferase respectively; ALK is the abbreviation for Alkaline Phosphatase; GGT is used for y-glutamyl Transferase; Cre is the short form for Creatinine; UA denotes Uric Acid; TC is the
abbreviation for Total Cholesterol; TG refers to Triglycerides; HDL-C and LDL-C stand for High-Density Lipoprotein Cholesterol and Low-Density Lipoprotein Cholesterol respectively. For
your convenience, entries that are bolded indicate a p-value that is less than 0.05, thus signifying statistical significance in our analysis.






