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Abstract
As the global population ages, maintaining musculoskeletal health becomes increasingly important to preserve mobility, independence and 
overall quality of life among older adults. While individual macronutrients and micronutrients have been extensively studied for their roles 
in musculoskeletal health, emerging evidence suggests that nutrient synergy, the combined impact of multiple nutrients, may exert greater 
benefits than isolated nutrient supplementation. This review explores the concept of nutrient synergy in the context of musculoskeletal health in 
gerontology, focusing on the interplay between macronutrients (protein, carbohydrates and fats) and micronutrients (vitamins and minerals). Key 
topics covered include the synergistic effects of nutrients on bone density, muscle mass, strength and physical function in aging populations. 
Additionally, the role of nutrient interactions, bioavailability and dietary patterns in optimizing musculoskeletal health outcomes will be discussed. 
By synthesizing current research findings, this review aims to provide insights into the potential benefits of nutrient synergy for promoting 
musculoskeletal health in older adults and inform future research and clinical practice in gerontology.
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Introduction
Aging is associated with changes in body composition, metabolism 

and musculoskeletal function, leading to an increased risk of sarcopenia, 
osteoporosis and frailty among older adults. Maintaining musculoskeletal 
health is crucial for preserving mobility, independence and overall quality of 
life in gerontology. While individual macronutrients (protein, carbohydrates 
and fats) and micronutrients (vitamins and minerals) have been recognized for 
their roles in musculoskeletal health, there is growing interest in the concept of 
nutrient synergy-the combined impact of multiple nutrients working together to 
produce greater health benefits than isolated nutrient supplementation. Nutrient 
synergy encompasses various aspects of nutrition, including interactions 
between macronutrients and micronutrients, nutrient bioavailability and the 
synergistic effects of dietary patterns on musculoskeletal health outcomes. 
For example, protein intake has been shown to synergize with vitamin D 
and calcium to optimize bone density and reduce the risk of osteoporosis. 
Similarly, omega-3 fatty acids may enhance the anabolic effects of protein 
on muscle protein synthesis, leading to improvements in muscle mass and 
strength in older adults [1].

Moreover, emerging research suggests that dietary patterns rich in 
nutrient-dense foods, such as fruits, vegetables, whole grains and lean protein 
sources, may confer greater musculoskeletal health benefits than individual 
nutrient supplementation alone. The Mediterranean diet, characterized by 
high consumption of plant-based foods, fish, olive oil and moderate intake 
of dairy products and red meat, has been associated with lower rates of 
sarcopenia, osteoporosis and functional decline in older adults. By exploring 
the concept of nutrient synergy in the context of musculoskeletal health in 
gerontology, this review aims to shed light on the complex interactions 
between macronutrients and micronutrients and their combined impact on 
aging-related musculoskeletal outcomes. Understanding the role of nutrient 
synergy may have implications for optimizing dietary interventions and 

developing personalized nutrition strategies to promote musculoskeletal 
health and functional independence in older adults [2].

Literature Review
Numerous studies have investigated the individual roles of macronutrients 

and micronutrients in musculoskeletal health, highlighting their importance in 
maintaining bone density, muscle mass, strength and physical function in 
older adults. Protein, in particular, has been extensively studied for its role in 
preserving muscle mass and function, with higher protein intake associated 
with improved muscle protein synthesis rates, muscle mass and physical 
performance in aging populations. Moreover, adequate protein intake has 
been shown to synergize with other nutrients, such as vitamin D and calcium, 
to optimize bone health and reduce the risk of osteoporosis. Micronutrients 
such as vitamin D, calcium and magnesium play crucial roles in bone 
metabolism, with deficiencies linked to impaired bone mineralization and 
increased fracture risk in older adults. Vitamin D, in conjunction with calcium, 
regulates calcium absorption and bone mineralization, while magnesium is 
involved in bone formation and maintenance. Additionally, vitamin K plays a 
critical role in bone health by facilitating the carboxylation of osteocalcin, a 
protein involved in bone mineralization [3].

In addition to individual nutrients, emerging research has focused 
on the synergistic effects of dietary patterns and nutrient interactions on 
musculoskeletal health outcomes in gerontology. The Mediterranean diet, 
characterized by its high consumption of fruits, vegetables, whole grains, 
fish and olive oil, has been associated with reduced rates of sarcopenia, 
osteoporosis and functional decline in older adults. The combination of 
nutrient-dense foods in the Mediterranean diet provides a synergistic effect 
on musculoskeletal health, potentially through mechanisms such as anti-
inflammatory properties, antioxidant effects and modulation of gut microbiota. 
Furthermore, nutrient synergy extends beyond dietary patterns to include 
interactions between specific nutrients within the diet. For example, omega-3 
fatty acids have been shown to enhance the anabolic effects of protein 
on muscle protein synthesis, leading to improvements in muscle mass 
and strength in older adults. Similarly, vitamin C and vitamin E may work 
synergistically to reduce oxidative stress and inflammation, thereby protecting 
against age-related muscle loss and functional decline [4].

Discussion
The findings from the literature review underscore the importance of 

considering nutrient synergy in the promotion of musculoskeletal health in 
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gerontology. While individual macronutrients and micronutrients play essential 
roles in bone and muscle health, their combined effects may be greater than 
the sum of their parts. Synergistic interactions between nutrients within the 
diet, as well as between dietary patterns and nutrient metabolism, contribute 
to the overall effectiveness of nutrition interventions in preventing age-
related musculoskeletal decline. Moreover, the concept of nutrient synergy 
highlights the importance of adopting a holistic approach to nutrition in older 
adults, focusing not only on individual nutrients but also on dietary patterns 
and lifestyle factors that may influence musculoskeletal health outcomes. 
By promoting balanced diets rich in nutrient-dense foods and encouraging 
healthy eating patterns, healthcare providers and nutrition professionals 
can optimize musculoskeletal health and functional independence in aging 
populations. Additionally, future research should focus on elucidating the 
specific mechanisms underlying nutrient synergy in musculoskeletal health and 
identifying optimal dietary patterns and nutrient combinations for promoting 
bone and muscle health in older adults. Longitudinal studies examining the 
effects of dietary interventions on musculoskeletal outcomes, as well as 
randomized controlled trials investigating the synergistic effects of nutrient 
combinations, are needed to provide evidence-based recommendations for 
nutrition interventions in gerontology [5,6].

Conclusion
In conclusion, nutrient synergy plays a crucial role in promoting 

musculoskeletal health in gerontology, with interactions between 
macronutrients, micronutrients and dietary patterns influencing bone density, 
muscle mass, strength and physical function in older adults. By considering 
the combined effects of nutrients within the diet and adopting a holistic 
approach to nutrition, healthcare providers and nutrition professionals can 
optimize musculoskeletal health outcomes and improve quality of life in 
aging populations. Further research is needed to elucidate the mechanisms 
of nutrient synergy and identify optimal dietary strategies for promoting 
musculoskeletal health in older adults.
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