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Abstract

:

Treatment options for sarcopenia are currently limited, and primarily rely on two main therapeutic approaches: resistance-based physical activity and dietary interventions. However, details about specific nutrients in the diet or supplementation are unclear. We aim to investigate the relationship between nutrient intake and lean mass, function, and strength. Data were derived from the Gothenburg H70 birth cohort study in Sweden, including 719,70-year-olds born in 1944 (54.1% females). For independent variables, the diet history method (face-to-face interviews) was used to estimate habitual food intake during the preceding three months. Dependent variables were gait speed (muscle performance), hand grip strength (muscle strength), and the appendicular lean soft tissue index (ALSTI). Linear regression analyses were performed to analyze the relationship between the dependent variables and each of the covariates. Several nutrients were positively associated with ALSTI, such as polyunsaturated fatty acids (DHA, EPA), selenium, zinc, riboflavin, niacin equivalent, vitamin B12, vitamin D, iron, and protein. After correction for multiple comparisons, there were no remaining correlations with handgrip and gait speed. Findings of positive correlations for some nutrients with lean mass suggest a role for these nutrients in maintaining muscle volume. These results can be used to inform clinical trials to expand the preventive strategies and treatment options for individuals at risk of muscle loss and sarcopenia.
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1. Introduction


Aging is intricately associated with the progressive decline in muscle mass and strength along with physical function; a phenomenon commonly referred to as sarcopenia [1]. This deterioration tends to intensify with age and is exacerbated by factors such as a sedentary lifestyle, weight loss, and physical illnesses. Importantly, the repercussions of muscle mass loss and sarcopenia extend beyond mere physiological changes and are linked to a spectrum of adverse health outcomes among older adults, including an elevated risk of falls, increased mortality, cognitive decline, and heightened vulnerability to disability [2,3]. Sarcopenia is one of several conditions that accompany the aging process, some of which are not fully described or comprehended, given that population aging is a relatively recent phenomenon in clinical medicine. These conditions typically interact with each other, elevating the individual risk of each and, more significantly, amplifying the likelihood of adverse outcomes [4]. Among these conditions are cognitive decline, frailty, late-life depressive symptoms, and malnutrition, to name a few.



Notably, sarcopenia has emerged as a precise prognostic biomarker for various chronic conditions, spanning from liver cirrhosis, diabetes, osteoporosis, chronic obstructive pulmonary disease, and kidney failure to cancer, as well as acute events such as stroke and trauma [5]. The prevalence of sarcopenia has been observed to rise with age, with recent reports indicating an impact on 10% to 16% of the global older adult population. Interestingly, its prevalence is notably higher among older adults with chronic diseases compared to the general population, ranging from 18% in individuals with diabetes to a staggering 66% in those diagnosed with cancer [6].



Risk factors for sarcopenia include aging, a sedentary lifestyle, chronic diseases, hormonal changes, and inadequate nutrition. The etiopathology involves a complex interplay of factors such as inflammation, oxidative stress, and hormonal imbalances, culminating in the dysregulation of muscle protein synthesis and breakdown [6]. Diagnosing sarcopenia often relies on criteria combining measurements of muscle mass, strength, and physical performance. Various assessment tools, including dual-energy X-ray absorptiometry (DXA) and bioelectrical impedance analysis (BIA), aid in determining muscle mass. Grip strength and gait speed are commonly used indicators of muscle strength and physical performance [1], respectively.



Treatment strategies encompass exercise, particularly resistance training, and adequate nutritional support, with an emphasis on protein intake [7]. Rehabilitation programs aim to improve mobility and functionality. Despite the evident health benefits, sarcopenia poses substantial economic challenges to countries, with increased healthcare costs for diagnosis, treatment, and rehabilitation. Moreover, the societal burden is exacerbated by indirect costs associated with disability, loss of productivity, and the need for long-term care, underlining the importance of preventive measures and early intervention to mitigate the financial impact of sarcopenia [8].



While physical exercise and elevated protein intake have demonstrated effectiveness in reducing sarcopenia, there is insufficient evidence to support the effectiveness of alternative treatment options, such as medical foods or nutritional interventions. Therefore, specific dietary recommendations cannot be made [9]. Certain nutrients, including vitamin D, calcium, magnesium, selenium, iron, zinc, and omega-3 fatty acids (or their combination), may have a positive impact on muscle maintenance and strength [10,11], with larger increases being reported in muscle quality and function for women compared to men for nutrients like long-chain n-3 polyunsaturated fatty acids (PUFAs) [12]. However, the study of dietary patterns based on real-world data needs to be augmented to better understand their association with sarcopenia at a structural and functional level.



Therefore, it is crucial to develop a comprehensive understanding of the interplay between dietary components and their correlation with appendicular and total lean mass, gait speed (a marker of muscle performance), and hand grip strength (indicative of muscle strength). The present study aims to delve into the relationship between dietary components and various aspects of muscle health to provide valuable insights that could guide future interventions. The overarching hypothesis propelling this investigation is that a higher consumption of specific dietary elements may be linked to increased appendicular and total lean mass, faster gait speed, and stronger hand grip among older adults residing in the community.




2. Materials and Methods


2.1. Design, Settings, and Participants


Cross-sectional data were derived from the Swedish population-based Gothenburg H70 Birth Cohort Study (H70 study) on 70-year-olds born in 1944 and examined between 2014 and 2016 (n = 1203). The response rate was 72% [13,14]. See a detailed sample description in Supplementary Materials Figure S1.




2.2. Anthropometry


We assessed body weight and height using a calibrated electronic scale and a stadiometer, respectively. Body composition analysis was conducted through DXA scanning using the Lunar Prodigy scanner. The Appendicular Lean Soft Tissue Index (ALSTI) was employed to estimate lean mass, calculated by dividing the sum of lean soft tissue in the arms and legs by the square of body height.




2.3. Muscle Strength and Performance


The physical performance tests encompassed self-selected and maximum gait speed assessments, quantified in meters per second across a 30-m indoor distance, and initiated from a standing position [15,16].



Additionally, the distance covered in a six-minute indoor walking test was recorded in meters. Grip strength was assessed using both a Martin Vigorimeter and, for a subset of participants, a JAMAR dynamometer, with careful attention to maintaining the shoulder joint in a neutral position. This evaluation was performed three times for each hand, and the highest recorded value from the dominant hand was taken as the conclusive result [14]. These grip strength tools have been extensively validated and demonstrated reliability in the geriatric population [17]. Results are reported in kPa as provided by the study and as previously reported by Wallengren et al. [18].



Patients were divided into probable, confirmed, and severe sarcopenia based on the 2019 European consensus [1]. Low muscle strength defines sarcopenia as probable, and this with low muscle quantity or quality defines sarcopenia as confirmed. A diagnosis of severe sarcopenia is based on a confirmed disease with a low physical performance.




2.4. Dietary Examination


The previously validated diet history method (DH) was used to estimate the dietary intake [19]. The dietary history DH employed in this study involved a semi-structured face-to-face interview conducted by a registered dietitian, aiming to estimate the habitual dietary intake over the preceding three months. The interview protocol included a meal-pattern interview, supplemented by a food list with inquiries about the typical frequencies and portion sizes of consumed foods. The diet history interview comprises 34 questions. Notably, each inquiry related to food groups (e.g., fish/meat/vegetables) encompasses multiple options, allowing participants to specify the exact type of milk product, bread, fish, etc., consumed, along with detailed information on portion sizes and cooking methods. The database from The Swedish Food Agency, with access to over 2400 distinct foods, was provided, including specific varieties of bread, meat, vegetables, and more. This extensive database enables a meticulous and comprehensive analysis of the detailed dietary information provided by participants. The recorded dietary intake was expressed as grams of food items typically consumed per day, week, or month using the nutritional calculation computer program Dietist Net Pro, which incorporates the SFA’s nutrient database from 2015. The estimated mean daily energy and nutrient intake were derived from the results obtained through the DH interview. It is important to note that dietary supplements were not considered in this study [19].




2.5. Dietary Components Included


Mean daily energy, alcohol, and nutrient intakes were estimated based on results from the DH interview. In this study, we included data on energy (mean kcal intake/day), protein, carbohydrates, dietary fiber, total fat, saturated fatty acids, monounsaturated fatty acids, PUFAs, eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and alcohol intake, all measured in mean gram intakes/day. Nutrients included were vitamins C (mean mg intake/day), D (mean µg intake/day), E (mean mg intake/day), thiamine (B1) (mean mg intake/day), riboflavin (B2) (mean mg intake/day), niacin equivalents (mean mg intake/day), B6 (mean mg intake/day), B12 (mean µg intake/day), folate (B9) (mean µg intake/day), and retinol equivalents (mean µg intake/day), as well as iron (mean mg intake/day), calcium (mean mg intake/day), phosphorus (mean mg intake/day), magnesium (mean mg intake/day), potassium (mean mg intake/day), zinc (mean mg intake/day), and selenium (mean µg intake/day) [19].




2.6. Statistical Analysis


First, a description of the included variables was provided, estimating percentages for categorical variables and averages, as well as standard deviations for numerical variables. Subsequently, differences between men and women were assessed by applying a Pearson’s chi-square test for categorical variables and Student’s t-test for numerical variables. Finally, linear regression models were used to analyze the relationship between the dependent variables (i.e., ALSTI, handgrip strength, and gait speed) and each of the covariates while controlling for sex, mean energy intake (kcal/day), and the interaction between the exposure variable and sex. The estimated coefficients (Est), standard errors (SE), and p-values for each exposure variable were reported.



To measure the size of the effect of the studied associations, we utilized the Spearman’s Rho coefficient, assuming the following cutoff points: at least 0.8 (very strong), 0.6 up to 0.8 (moderately strong), 0.3–0.5 (fair), and <0.3 (poor) [20,21].



In addition, correlation graphs were constructed to visualize the association between the ALSTI and the statistically significant covariates. The statistical significance level was set at 0.05, and the Benjamini and Hochberg method was used to adjust for multiple comparisons [22]. The analyses were performed using R version 4.2.1 and STATA 17.0 software.




2.7. Ethical Considerations


Participants provided informed consent, and the study was approved by the Regional Ethical Review Board in Gothenburg with the number 869-13.





3. Results


3.1. Descriptive Results


A total of 719 individuals were included (56.7% females). Muscle measurements were significantly higher in men: ALSTI (kg/m2) mean for men and women were 7.83 ± 0.77 and 6.21 ± 0.64 (p < 0.001), respectively. Sarcopenia, confirmed, and Sarcopenia, severe, were more prevalent in men (Table 1).



Men had a predominantly higher nutrient intake, except for vitamin C (mg) and E (mg). No participants had an intake below the average requirement level (Table 2).




3.2. Association between Nutrients and ALSTI


Several nutrients were positively associated with ALSTI, maintaining statistical significance after multiple comparison adjustments. The strongest associations were found for the PUFAs (Est 0.0171 SE 0.0072, p adjusted = 0.034, Spearman’s Rho = 0.190), EPA (Est 0.5892 SE 0.1968, p adjusted = 0.008, Spearman’s Rho = 0.117), DHA (Est 0.2978 SE 0.0875, p adjusted = 0.003, Spearman’s Rho = 0.125), selenium (Est 0.0109 SE 0.0024, p adjusted < 0.001, Spearman’s Rho =0.227), zinc (Est 0.0604 SE 0.0172, p adjusted = 0.003, Spearman’s Rho = 0.302), riboflavin (Est 0.2068 SE 0.0838, p adjusted = 0.029, Spearman’s Rho = 0.229), niacin equivalent (Est 0.0176 SE 0.0049, p adjusted = 0.003, Spearman’s Rho = 0.367), vitamin B12 (Est 0.0397 SE 0.0104, p adjusted = 0.001, Spearman’s Rho = 0.231), vitamin D (Est 0.0292 SE 0.0089, p adjusted = 0.004, Spearman’s Rho = 0.219), iron (Est 0.0439 SE 0.0137, p adjusted = 0.005, Spearman’s Rho = 0.240), and protein (Est 0.017 SE 0.0023, p adjusted < 0.001, Spearman’s Rho =0.330) (Supplementary Materials Table S1). Correlation graphs are displayed in Figure 1.




3.3. Association between Nutrients and Handgrip Strength (kPa)


Fibers, iron, vitamin E, and B6 were significantly related to handgrip strength. However, after multiple comparisons, none of them remained significant (Supplementary Materials Table S1).




3.4. Association between Nutrients and Gait Speed 30 m (m/s)


Gait speed correlated with the consumption of calcium and riboflavin; however, after multiple comparison adjustments, no variables remained significantly correlated (Supplementary Materials Table S1).





4. Discussion


The results of this study indicate that there are several nutrients associated with ALSTI; specifically, positive associations were identified for the intake of protein, PUFAs such as DHA and EPA, iron, vitamin D, riboflavin, niacin equivalents, vitamin B12, zinc and selenium. These nutrients are essential in supporting correct body functioning and contributing significantly to overall health and well-being [10,23]. Enhancing muscle health by increasing the consumption of these nutrients can potentially lead to benefits such as muscle mass growth, improved strength and function and enhanced overall health. Nutrient intake in relation to sarcopenia has been previously studied. The most widely studied association has been that inadequate protein intake is associated with a higher prevalence of sarcopenia, low muscle mass, and low muscle strength. Such findings have led to strong recommendations for adequate protein intake in older adults to prevent and treat sarcopenia [24,25].



Our findings highlight that some nutrients, e.g., vitamin D, correlate with a higher lean mass. Vitamin D can suppress the activity of atrophy-related transcription factors and may also stimulate protein synthesis [26]. A recent report by Yang et al. demonstrated that a combination of physical inactivity and low serum vitamin D levels can exacerbate muscle atrophy in older individuals [27]. However, the consensus does not recommend vitamin D supplementation in older adults with sarcopenia, as there is insufficient evidence to support its effectiveness [28,29,30].



There is growing interest in exploring the effects of dietary antioxidants such as vitamins E, C, CoQ10, and anthocyanins on age-related muscle loss and dysfunction. Antioxidants may positively affect muscle growth in the younger population [31]. For older adults, antioxidants have mainly been studied for cognitive effects, with conflicting results [32]. Several other micronutrients have been linked to sarcopenia. For example, there is evidence that low vitamin B12 (necessary to produce red blood cells and maintain nerve sheaths) is associated with muscle weakness and decreased physical function [33]. In our study, the intake of vitamin B12 was significantly associated with ALSTI. Of note, no participants in this cohort had an intake below the average requirement levels. Among older adults, vitamin B12 deficiency is usually not related to insufficient intake but rather to decreased uptake, due to atrophic gastritis or metformin intake, which are conditions that require vitamin B12 supplementation [34]. In addition, other minerals were significantly related to muscle mass in our sample. For example, selenium may be important for sarcopenia prevention [10]. It has been reported that selenium may play a role in preventing sarcopenia by reducing oxidative stress and inflammation, factors that likely contribute to the age-related loss of muscle mass [35].



Omega-3 fatty acids have anti-inflammatory properties and may help prevent muscle loss and maintain muscle function in older adults. Omega-3 PUFAs directly reduce the synthesis of cytokines that have pro-inflammatory functions [36]. In addition, omega-3 PUFAs, particularly DHA, are key components of the phospholipids that form cell membranes and preserve the integrity and function of the cells [24,36]. Smith et al. found that supplementation with DHA and EPA increased the muscle strength in older women [37]. It was also observed that supplementation with DHA and EPA in older adults increased muscle protein synthesis [38]. However, despite the growing evidence on this topic, additional research is needed to determine the precise dosage, frequency, and application of sarcopenia treatment and prevention [39].



Nutrients like EPA, DHA, Vitamin B12, and selenium have also been assessed to prevent cognitive decline in older adults [40]. It is proposed that a combination of nutrients might be required to synergistically increase brain levels of phosphatide molecules that comprise the bulk of brain synaptic membranes [41]. This might also have a role in the neuromuscular junction. In a pilot trial, at 12 weeks, significant improvement was noted in the delayed verbal recall task in the treatment group compared with the control [40].



Although our study provides valuable insights into the relationship between the muscle volume and dietary intake of several nutrients, it is important to acknowledge the limitations of this study. The study sample consisted of older individuals from a specific geographic area who also fulfilled average nutrient requirement levels, limiting the generalizability of the findings to other populations. Moreover, the study design was cross-sectional, making it challenging to establish the causality or determine the temporal sequence of events. Additionally, relying on self-reported data may introduce social desirability bias, memory recall bias, and other cognitive biases. However, this sample was relatively young and cognitively healthy, and the objective of this paper mainly focused on physical measures. Finally, the results of this paper were through diet history registry rather than blood nutrient levels.



Our analysis was conducted by separately examining two key aspects: muscle mass and muscle function. Muscle mass serves as a direct indicator linked to nutritional status, while the amalgamation of muscle mass and muscle function defines the condition known as sarcopenia. Analyzing these variables individually, owing to their linear nature, facilitates a more robust and dependable statistical approach. Notwithstanding, the intricate challenge of extrapolating the individual contribution of each nutrient to the muscle mass/strength is noteworthy. Many of these nutrients serve as cofactors/activators in various metabolic processes, with zinc being a prominent example. Caution is essential when drawing conclusions based on findings, given the multifaceted roles these nutrients play.



In the context of omega-3, which involves a more intricate metabolic process, these nutrients could enhance the metabolism of PUFAs to benefit muscle, particularly in males. Significant differences between males and females raise some questions [12]: could the estrogen stimulation of enzymes in this pathway explain the observed lower omega-3 levels in women over 70? Additionally, the decrease in circulating estrogen in postmenopausal women may impact the processing/synthesis of these nutrients, leading to suboptimal outcomes. These aspects warrant further investigation to enhance the depth of understanding regarding the observed patterns [42].



This study has several strengths. The substantial sample size enhances the statistical power for detecting associations. Additionally, the population-based cohort ensures a representation of the region’s population, supported by comprehensive clinical assessments. The utilization of DXA to measure the lean mass is a notable strength, considering it is widely recognized as a reference method.



Moreover, in contrast to previous studies that examined a broader age range [24], this study exclusively focuses on 70-year-old adults leading relatively healthy lives within the community. The age of 70 represents a critical stage where individuals may either embark on a trajectory of healthy aging by taking proactive measures to prevent diseases or, conversely, experience the onset, acquisition, or exacerbation of chronic conditions leading to disability. In addition, nutrient intake was not assessed through a questionnaire but via a more detailed, in-person interview conducted by a certified dietitian. Consequently, our methods enhance the reliability and homogenization of the results, contributing to a more nuanced understanding of the specific demographic under investigation [43].



It is important to note that our study not only considers muscle mass but also incorporates an assessment of muscle function. Additionally, our research presents a broader examination of nutrients compared to most available studies, which tend to focus on a single nutrient, e.g., protein, vitamin D, or fatty acids [44].



The results may be important with the potential to improve the management alternatives for sarcopenia. However, due to controversies and insufficient evidence in certain areas, such as vitamin D or omega-3 supplementation, further research is needed to determine the optimal dosage, frequency, and application of nutritional interventions for sarcopenia treatment and prevention.




5. Conclusions


Our analysis found that various nutrients, including fatty acids, zinc, and iron, were associated with higher muscle mass in cross-sectional examinations. These findings contribute significantly to the expanding body of knowledge concerning the role of specific nutrients in geriatric conditions. They underscore the potential for targeted interventions and strategies to promote healthy aging and preserve muscle health. Consequently, incorporating these nutrients into one’s diet or considering an appropriate supplementation emerges as a promising approach for addressing sarcopenia and fostering healthy aging among older adults. Furthermore, these results offer a foundation for the development of clinical trials designed to broaden treatment options for individuals at risk of or already experiencing sarcopenia. Such initiatives promise to improve health outcomes and enhance the quality of life for the growing aging population.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu16040568/s1, Figure S1: Population selection; Table S1: Linear association models.





Author Contributions


Conceptualization, M.G.B., M.U.P.-Z. and J.S.; methodology, M.G.B., M.U.P.-Z. and J.P.B.; validation, M.G.B., M.U.P.-Z., J.P.B., J.S., G.E.B., T.C., A.Z., S.K., L.R., M.G.-L., S.S.-L., G.D., I.S. and D.A.; formal analysis, J.P.B.; investigation, M.G.B., M.U.P.-Z., J.P.B., J.S. and G.E.B.; resources I.S. and D.A.; data curation, J.P.B., A.Z. and I.S.; writing—original draft preparation, G.E.B., M.U.P.-Z. and J.S.; writing—review and editing, M.G.B., M.U.P.-Z., J.P.B., J.S., G.E.B., T.C., A.Z., S.K., L.R., M.G.-L., S.S.-L., G.D., I.S. and D.A.; visualization, M.G.B., M.U.P.-Z. and J.P.B.; supervision, M.U.P.-Z., G.D., T.C., I.S. and D.A.; project administration, D.A. and I.S.; funding acquisition, D.A. and I.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by: The Alzheimerfonden (AF-842471, AF-737641, AF-929959, AF-939825); the Swedish Research Council (2019-02075), Stiftelsen Psykiatriska Forskningsfonden, Stiftelsen Demensfonden, Stiftelsen Hjalmar Svenssons Forskningsfond, Stiftelsen Wilhelm och Martina Lundgrens vetenskapsfond. SK was financed by grants from the Swedish state under the agreement between the Swedish government and the county councils, the ALF-agreement (ALFGBG-965923, ALFGBG-81392, ALFGBG-771071). In addition, this paper represents independent research supported by the Norwegian government through the hospital owner Helse Vest (Western Norway Regional Health Authority) (F-12511). It was also funded by the National Institute for Health Research (NIHR) Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King’s College London. The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR, or the Department of Health and Social Care. LW is supported by a Canadian Institutes of Health Research Banting Postdoctoral Fellowship award.




Institutional Review Board Statement


The research adhered to the principles outlined in the Declaration of Helsinki and received approval from the Regional Ethical Review Board in Gothenburg (Approval Numbers: 869-13, T076-14, T166-14, 976-13, 127-14, T936-15, 006-14, T703-14, 006-14, T201-17, T915-14, 959-15, T139-15).




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the principal investigator.




Acknowledgments


We extend our heartfelt gratitude to all the participants, researchers, and technical staff whose invaluable contributions have made the H70 study possible.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [Google Scholar] [CrossRef]

	



Yeung, S.S.Y.; Reijnierse, E.M.; Pham, V.K.; Trappenburg, M.C.; Lim, W.K.; Meskers, C.G.M.; Maier, A.B. Sarcopenia and its association with falls and fractures in older adults: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2019, 10, 485–500. [Google Scholar] [CrossRef]

	



Cipolli, G.C.; Aprahamian, I.; Borim, F.S.A.; Falcão, D.V.S.; Cachioni, M.; Melo, R.C.; Batistoni, S.S.T.; Neri, A.L.; Yassuda, M.S. Probable sarcopenia is associated with cognitive impairment among community-dwelling older adults: Results from the FIBRA study. Arq. Neuropsiquiatr. 2021, 79, 376–383. [Google Scholar] [CrossRef]

	



Inouye, S.K.; Studenski, S.; Tinetti, M.E.; Kuchel, G.A. Geriatric syndromes: Clinical, research, and policy implications of a core geriatric concept. J. Am. Geriatr. Soc. 2007, 55, 780–791. [Google Scholar] [CrossRef]

	



Rosenberg, I.H. Sarcopenia: Origins and clinical relevance. J. Nutr. 1997, 127 (Suppl. S5), 990s–991s. [Google Scholar] [CrossRef]

	



Yuan, S.; Larsson, S.C. Epidemiology of sarcopenia: Prevalence, risk factors, and consequences. Metabolism 2023, 144, 155533. [Google Scholar] [CrossRef]

	



Herrera-Martínez, A.D.; Muñoz Jiménez, C.; López Aguilera, J.; Crespin04910sal, M.C.; Manzano García, G.; Gálvez Moreno, M.; Calañas Continente, A.; Molina Puerta, M.J. Mediterranean Diet, Vitamin D, and Hypercaloric, Hyperproteic Oral Supplements for Treating Sarcopenia in Patients with Heart Failure-A Randomized Clinical Trial. Nutrients 2024, 16, 110. [Google Scholar] [CrossRef] [PubMed]

	



Kakehi, S.; Wakabayashi, H.; Inuma, H.; Inose, T.; Shioya, M.; Aoyama, Y.; Hara, T.; Uchimura, K.; Tomita, K.; Okamoto, M.; et al. Rehabilitation Nutrition and Exercise Therapy for Sarcopenia. World J. Mens Health 2022, 40, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Morley, J.E. Treatment of sarcopenia: The road to the future. J. Cachexia Sarcopenia Muscle 2018, 9, 1196–1199. [Google Scholar] [CrossRef] [PubMed]

	



van Dronkelaar, C.; van Velzen, A.; Abdelrazek, M.; van der Steen, A.; Weijs, P.J.M.; Tieland, M. Minerals and Sarcopenia; The Role of Calcium, Iron, Magnesium, Phosphorus, Potassium, Selenium, Sodium, and Zinc on Muscle Mass, Muscle Strength, and Physical Performance in Older Adults: A Systematic Review. J. Am. Med. Dir. Assoc. 2018, 19, 6–11.e13. [Google Scholar] [CrossRef]

	



Robinson, S.; Granic, A.; Sayer, A.A. Nutrition and Muscle Strength, As the Key Component of Sarcopenia: An Overview of Current Evidence. Nutrients 2019, 11, 2942. [Google Scholar] [CrossRef]

	



Da Boit, M.; Sibson, R.; Sivasubramaniam, S.; Meakin, J.R.; Greig, C.A.; Aspden, R.M.; Thies, F.; Jeromson, S.; Hamilton, D.L.; Speakman, J.R.; et al. Sex differences in the effect of fish-oil supplementation on the adaptive response to resistance exercise training in older people: A randomized controlled trial. Am. J. Clin. Nutr. 2017, 105, 151–158. [Google Scholar] [CrossRef]

	



Wetterberg, H.; Rydén, L.; Ahlner, F.; Falk Erhag, H.; Gudmundsson, P.; Guo, X.; Joas, E.; Johansson, L.; Kern, S.; Mellqvist Fässberg, M.; et al. Representativeness in population-based studies of older adults: Five waves of cross-sectional examinations in the Gothenburg H70 Birth Cohort Study. BMJ Open 2022, 12, e068165. [Google Scholar] [CrossRef]

	



Rydberg Sterner, T.; Ahlner, F.; Blennow, K.; Dahlin-Ivanoff, S.; Falk, H.; Havstam Johansson, L.; Hoff, M.; Holm, M.; Hörder, H.; Jacobsson, T.; et al. The Gothenburg H70 Birth cohort study 2014–16: Design, methods and study population. Eur. J. Epidemiol. 2019, 34, 191–209. [Google Scholar] [CrossRef]

	



Bohannon, R.W. Comfortable and maximum walking speed of adults aged 20–79 years: Reference values and determinants. Age Ageing 1997, 26, 15–19. [Google Scholar] [CrossRef]

	



Skillbäck, T.; Blennow, K.; Zetterberg, H.; Skoog, J.; Rydén, L.; Wetterberg, H.; Guo, X.; Sacuiu, S.; Mielke, M.M.; Zettergren, A.; et al. Slowing gait speed precedes cognitive decline by several years. Alzheimers Dement. 2022, 18, 1667–1676. [Google Scholar] [CrossRef]

	



Sipers, W.M.; Verdijk, L.B.; Sipers, S.J.; Schols, J.M.; van Loon, L.J. The Martin Vigorimeter Represents a Reliable and More Practical Tool Than the Jamar Dynamometer to Assess Handgrip Strength in the Geriatric Patient. J. Am. Med. Dir. Assoc. 2016, 17, e461–e467. [Google Scholar] [CrossRef] [PubMed]

	



Wallengren, O.; Bosaeus, I.; Frändin, K.; Lissner, L.; Falk Erhag, H.; Wetterberg, H.; Rydberg Sterner, T.; Rydén, L.; Rothenberg, E.; Skoog, I. Comparison of the 2010 and 2019 diagnostic criteria for sarcopenia by the European Working Group on Sarcopenia in Older People (EWGSOP) in two cohorts of Swedish older adults. BMC Geriatr. 2021, 21, 600. [Google Scholar] [CrossRef] [PubMed]

	



Samuelsson, J.; Rothenberg, E.; Lissner, L.; Eiben, G.; Zettergren, A.; Skoog, I. Time trends in nutrient intake and dietary patterns among five birth cohorts of 70-year-olds examined 1971-2016: Results from the Gothenburg H70 birth cohort studies, Sweden. Nutr. J. 2019, 18, 66. [Google Scholar] [CrossRef] [PubMed]

	



Chan, Y.H. Biostatistics 104: Correlational analysis. Singap. Med. J. 2003, 44, 614–619. [Google Scholar]

	



Dancey, C.P.; Reidy, J. Statistics without Maths for Psychology; Pearson Education: Upper Saddle River, NJ, USA, 2007. [Google Scholar]

	



Haynes, W. Benjamini–Hochberg Method. In Encyclopedia of Systems Biology; Dubitzky, W., Wolkenhauer, O., Cho, K.-H., Yokota, H., Eds.; Springer: New York, NY, USA, 2013; p. 78. [Google Scholar]

	



Muscaritoli, M. The Impact of Nutrients on Mental Health and Well-Being: Insights From the Literature. Front. Nutr. 2021, 8, 656290. [Google Scholar] [CrossRef]

	



Bagheri, A.; Hashemi, R.; Heshmat, R.; Motlagh, A.D.; Esmaillzadeh, A. Patterns of Nutrient Intake in Relation to Sarcopenia and Its Components. Front. Nutr. 2021, 8, 645072. [Google Scholar] [CrossRef] [PubMed]

	



Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.; Stehle, P.; Teta, D.; et al. Evidence-Based Recommendations for Optimal Dietary Protein Intake in Older People: A Position Paper From the PROT-AGE Study Group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [Google Scholar] [CrossRef] [PubMed]

	



Yang, A.; Lv, Q.; Chen, F.; Wang, Y.; Liu, Y.; Shi, W.; Wang, D. The effect of vitamin D on sarcopenia depends on the level of physical activity in older adults. J. Cachexia Sarcopenia Muscle 2020, 11, 678–689. [Google Scholar] [CrossRef]

	



Uchitomi, R.; Oyabu, M.; Kamei, Y. Vitamin D and Sarcopenia: Potential of Vitamin D Supplementation in Sarcopenia Prevention and Treatment. Nutrients 2020, 12, 3189. [Google Scholar] [CrossRef]

	



Dent, E.; Morley, J.E.; Cruz-Jentoft, A.J.; Arai, H.; Kritchevsky, S.B.; Guralnik, J.; Bauer, J.M.; Pahor, M.; Clark, B.C.; Cesari, M.; et al. International Clinical Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management. J. Nutr. Health Aging 2018, 22, 1148–1161. [Google Scholar] [CrossRef]

	



Remelli, F.; Vitali, A.; Zurlo, A.; Volpato, S. Vitamin D Deficiency and Sarcopenia in Older Persons. Nutrients 2019, 11, 2861. [Google Scholar] [CrossRef] [PubMed]

	



Gkekas, N.K.; Anagnostis, P.; Paraschou, V.; Stamiris, D.; Dellis, S.; Kenanidis, E.; Potoupnis, M.; Tsiridis, E.; Goulis, D.G. The effect of vitamin D plus protein supplementation on sarcopenia: A systematic review and meta-analysis of randomized controlled trials. Maturitas 2021, 145, 56–63. [Google Scholar] [CrossRef]

	



Taherkhani, S.; Valaei, K.; Arazi, H.; Suzuki, K. An Overview of Physical Exercise and Antioxidant Supplementation Influences on Skeletal Muscle Oxidative Stress. Antioxidants 2021, 10, 1528. [Google Scholar] [CrossRef]

	



Pritam, P.; Deka, R.; Bhardwaj, A.; Srivastava, R.; Kumar, D.; Jha, A.K.; Jha, N.K.; Villa, C.; Jha, S.K. Antioxidants in Alzheimer’s Disease: Current Therapeutic Significance and Future Prospects. Biology 2022, 11, 212. [Google Scholar] [CrossRef]

	



Chae, S.A.; Kim, H.S.; Lee, J.H.; Yun, D.H.; Chon, J.; Yoo, M.C.; Yun, Y.; Yoo, S.D.; Kim, D.H.; Lee, S.A.; et al. Impact of Vitamin B12 Insufficiency on Sarcopenia in Community-Dwelling Older Korean Adults. Int. J. Environ. Res. Public Health 2021, 18, 12433. [Google Scholar] [CrossRef]

	



Marchi, G.; Busti, F.; Zidanes, A.L.; Vianello, A.; Girelli, D. Cobalamin Deficiency in the Elderly. Mediterr. J. Hematol. Infect. Dis. 2020, 12, e2020043. [Google Scholar] [CrossRef] [PubMed]

	



Polidori, M.C.; Mecocci, P. Plasma susceptibility to free radical-induced antioxidant consumption and lipid peroxidation is increased in very old subjects with Alzheimer disease. J. Alzheimers Dis. 2002, 4, 517–522. [Google Scholar] [CrossRef] [PubMed]

	



Jeromson, S.; Gallagher, I.J.; Galloway, S.D.; Hamilton, D.L. Omega-3 Fatty Acids and Skeletal Muscle Health. Mar. Drugs 2015, 13, 6977–7004. [Google Scholar] [CrossRef]

	



Smith, G.I.; Julliand, S.; Reeds, D.N.; Sinacore, D.R.; Klein, S.; Mittendorfer, B. Fish oil-derived n-3 PUFA therapy increases muscle mass and function in healthy older adults. Am. J. Clin. Nutr. 2015, 102, 115–122. [Google Scholar] [CrossRef] [PubMed]

	



Smith, G.I.; Atherton, P.; Reeds, D.N.; Mohammed, B.S.; Rankin, D.; Rennie, M.J.; Mittendorfer, B. Dietary omega-3 fatty acid supplementation increases the rate of muscle protein synthesis in older adults: A randomized controlled trial. Am. J. Clin. Nutr. 2011, 93, 402–412. [Google Scholar] [CrossRef]

	



Dupont, J.; Dedeyne, L.; Dalle, S.; Koppo, K.; Gielen, E. The role of omega-3 in the prevention and treatment of sarcopenia. Aging Clin. Exp. Res. 2019, 31, 825–836. [Google Scholar] [CrossRef]

	



Soininen, H.; Solomon, A.; Visser, P.J.; Hendrix, S.B.; Blennow, K.; Kivipelto, M.; Hartmann, T. 36-month LipiDiDiet multinutrient clinical trial in prodromal Alzheimer’s disease. Alzheimers Dement. 2021, 17, 29–40. [Google Scholar] [CrossRef]

	



Wurtman, R.J. A Nutrient Combination that Can Affect Synapse Formation. Nutrients 2014, 6, 1701–1710. [Google Scholar] [CrossRef]

	



Rossato, L.T.; Schoenfeld, B.J.; de Oliveira, E.P. Is there sufficient evidence to supplement omega-3 fatty acids to increase muscle mass and strength in young and older adults? Clin. Nutr. 2020, 39, 23–32. [Google Scholar] [CrossRef]

	



Houston, D.K.; Nicklas, B.J.; Ding, J.; Harris, T.B.; Tylavsky, F.A.; Newman, A.B.; Lee, J.S.; Sahyoun, N.R.; Visser, M.; Kritchevsky, S.B. Dietary protein intake is associated with lean mass change in older, community-dwelling adults: The Health, Aging, and Body Composition (Health ABC) Study. Am. J. Clin. Nutr. 2008, 87, 150–155. [Google Scholar] [CrossRef]

	



Ni Lochlainn, M.; Bowyer, R.C.E.; Welch, A.A.; Whelan, K.; Steves, C.J. Higher dietary protein intake is associated with sarcopenia in older British twins. Age Ageing 2023, 52, afad018. [Google Scholar] [CrossRef]








[image: Nutrients 16 00568 g001] 





Figure 1. Correlation graphs between nutrients and ALSTI by sex. Fitted values with confidence intervals show the association. The deviation of the trend lines shows differences between men and women. Appendicular lean soft tissue index = ALSTI, Eicosapentaenoic acid = EPA, and Docosahexaenoic acid = DHA. 
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Table 1. Population’s characteristics.
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Characteristic *

	
Males

	
Females

	
Overall

	
p-Value **




	
(n = 311)

	
(n = 408)

	
(n = 719)






	
Age

	
70.54 (0.26)

	
70.54 (0.25)

	
70.54 (0.26)

	
0.812




	
BMI (kg/m2)

	
26.3 (3.9)

	
25.9 (4.7)

	
26.1 (4.4)

	
0.257




	
BMI class

	

	

	

	




	
   Less than 18.5

	
1 (0.3%)

	
9 (2.2%)

	
10 (1.4%)

	
0.001




	
   18.5–25

	
121 (39%)

	
195 (48%)

	
316 (44%)

	




	
   25–30

	
144 (46%)

	
136 (33%)

	
280 (39%)

	




	
   30 and above

	
45 (14%)

	
68 (17%)

	
113 (16%)

	




	
Handgrip strength (kPa)

	
87 (15)

	
74 (14)

	
80 (16)

	
<0.001




	
Handgrip strength (kPa) class

	

	

	

	




	
   Low

	
281 (90%)

	
366 (90%)

	
647 (90%)

	
0.774




	
   Normal

	
30 (9.6%)

	
42 (10%)

	
72 (10%)

	




	
Gait speed 30 m (m/s)

	
1.32 (0.17)

	
1.30 (0.18)

	
1.31 (0.17)

	
0.101




	
Gait speed 30 m (m/s) class

	

	

	

	




	
   Low

	
5 (1.6%)

	
4 (1.0%)

	
9 (1.3%)

	
0.511




	
   Normal

	
306 (98%)

	
404 (99%)

	
710 (99%)

	




	
Appendicular Lean Soft Tissue (kg/m2)

	
7.83 (0.77)

	
6.21 (0.64)

	
6.91 (1.07)

	
<0.001




	
Muscle mass by Appendicular Lean Soft Tissue (kg/m2)

	

	

	

	




	
   Low

	
269 (86%)

	
362 (89%)

	
631 (88%)

	
0.366




	
   Normal

	
42 (14%)

	
46 (11%)

	
88 (12%)

	




	
Sarcopenia probable

	

	

	

	




	
   No

	
281 (90%)

	
366 (90%)

	
647 (90%)

	
0.774




	
   Yes

	
30 (9.6%)

	
42 (10%)

	
72 (10%)

	




	
Sarcopenia confirmed

	

	

	

	




	
   No

	
300 (96%)

	
403 (99%)

	
703 (98%)

	
0.037




	
   Yes

	
11 (3.5%)

	
5 (1.2%)

	
16 (2.2%)

	




	
Sarcopenia severe

	

	

	

	




	
   No

	
300 (96%)

	
403 (99%)

	
703 (98%)

	
0.037




	
   Yes

	
11 (3.5%)

	
5 (1.2%)

	
16 (2.2%)

	








* Mean (SD); n (%). ** Welch Two Sample t-test; Fisher’s exact test; Pearson’s Chi-squared test.













 





Table 2. Population’s nutrient intake.
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Characteristic *

	
Males

	
Females

	
Overall

	
p-Value **




	
(n = 311)

	
(n = 408)

	
(n = 719)






	
Energy kcal

	
2367 (510)

	
1986 (433)

	
2151 (504)

	
<0.001




	
Protein (g)

	
95 (22)

	
82 (20)

	
88 (21)

	
<0.001




	
Fat (g)

	
96 (27)

	
83 (26)

	
88 (27)

	
<0.001




	
Carbohydrates (g)

	
239 (66)

	
199 (55)

	
216 (64)

	
<0.001




	
Fibers (g)

	
27 (9)

	
25 (8)

	
26 (8)

	
<0.001




	
Vitamin C (mg)

	
149 (79)

	
151 (73)

	
150 (76)

	
0.759




	
Iron (mg)

	
13.1 (3.3)

	
11.5 (3.4)

	
12.2 (3.4)

	
<0.001




	
Calcium (mg)

	
1069 (417)

	
1016 (370)

	
1039 (392)

	
0.078




	
Retinol equivalent (µg)

	
1263 (787)

	
1048 (543)

	
1141 (668)

	
<0.001




	
Vitamin D (µg)

	
9.7 (4.6)

	
8.3 (3.6)

	
8.9 (4.1)

	
<0.001




	
Vitamin E (mg)

	
16 (12)

	
16 (15)

	
16 (14)

	
0.782




	
Thiamine (mg)

	
1.49 (0.38)

	
1.29 (0.35)

	
1.38 (0.38)

	
<0.001




	
Riboflavin (mg)

	
1.90 (0.57)

	
1.67 (0.50)

	
1.77 (0.54)

	
<0.001




	
Niacin equivalent (mg)

	
41 (9)

	
35 (8)

	
38 (9)

	
<0.001




	
Vitamin B6 (mg)

	
2.45 (0.82)

	
2.26 (0.90)

	
2.34 (0.87)

	
0.003




	
Vitamin B12 (µg)

	
7.84 (3.92)

	
6.45 (2.92)

	
7.05 (3.45)

	
<0.001




	
Phosphorus (mg)

	
1680 (413)

	
1482 (387)

	
1568 (410)

	
<0.001




	
Magnesium (mg)

	
419 (103)

	
374 (101)

	
394 (104)

	
<0.001




	
Potassium (mg)

	
3880 (962)

	
3513 (809)

	
3672 (897)

	
<0.001




	
Zinc (mg)

	
12.41 (2.98)

	
10.70 (2.76)

	
11.44 (2.98)

	
<0.001




	
Alcohol (g)

	
16 (16)

	
9 (10)

	
12 (14)

	
<0.001




	
Saturated fatty acids (g)

	
38 (13)

	
33 (13)

	
35 (13)

	
<0.001




	
Monounsaturated fatty acids (g)

	
35 (10)

	
30 (9)

	
32 (10)

	
<0.001




	
Polyunsaturated fatty acids (g)

	
14.9 (5.9)

	
13.2 (5.6)

	
13.9 (5.8)

	
<0.001




	
EPA (Fatty acid 20:5) (g)

	
0.26 (0.20)

	
0.22 (0.16)

	
0.24 (0.18)

	
0.014




	
DHA (Fatty acid 22:6) (g)

	
0.61 (0.45)

	
0.54 (0.37)

	
0.57 (0.41)

	
0.028




	
Folate (µg)

	
359 (108)

	
345 (107)

	
351 (107)

	
0.083




	
Selenium (µg)

	
57 (18)

	
52 (16)

	
54 (17)

	
<0.001








* Mean (SD); n (%). ** Welch Two Sample t-test; Fisher’s exact test; Pearson’s Chi-squared test.
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