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hysical activity and nutritional factors, such as calcium and vitamin D intake, have been shown in numerous studies to be beneficial
to musculoskeletal health at different points in the lifecourse. However, the evidence that physical activity and nutrition may
act synergistically for benefit is far more sparce; the best data come from studies that consider calcium, vitamin D or creatine
supplementation in combination with physical activity interventions to promote better musculoskeletal health. Some observational data also
suggest that a ‘healthier’ lifestyle, characterised by a more ‘prudent’ diet and higher reported levels of physical activity is also associated with
better musculoskeletal health in late adulthood. Given the public health burden of osteoporosis and sarcopenia in our aging population, well
designed randomised controlled trials are now timely and much needed.
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As the population ages, the need to promote good musculoskeletal health throughout the
lifecourse increases. Physical activity and adequate nutrition are known to be beneficial to
bone and muscle at all ages; individually the benefits of physical activity and inadequate or
excessive nutrition on bone and muscle have been extensively researched. It is well recognised
that physical activity and nutrition in childhood and adolescence contribute to bone and muscle
development.1 These factors may have a direct influence or act indirectly through effects
on linear growth and body composition. A study of 4-year-olds enrolled in the Southampton
Women’s Survey, mean daily time in moderate–vigorous physical activity and daily calcium
intake at 3 years were positively related to hip bone size and density.2 At the opposite end of the
lifecourse, preventive measures, including nutritional optimisation, food supplements and regular
resistance-training physical exercise, are widely recommended in elderly subjects and may
improve musculoskeletal heath by reducing or delaying the development of muscle wasting and
subsequent sarcopenia.3 A particular point of interest to clinicians and researchers is whether
there may be interaction between nutrition and physical activity with regard to musculoskeletal
health. Multiple dietary components may affect osteocyte function and therefore may have a
synergistic effect on bone health when combined with a regime of physical activity,4 while the
topic of possible interaction between nutrition and physical activity on muscle health was also
the focus of a recent systematic review.5
A ‘prudent’ dietary pattern during adulthood is characterised by greater intake of low-fat milk
and yogurts, whole-grain bread and breakfast cereals, fruits, and vegetables, and lower intake of
sugars, sweets, processed foods and animal fats.6 Such a diet has been shown to be associated
with better bone health in women, though no association has been found in men.6 Specifically,
calcium intake has been extensively linked to bone health throughout the lifecourse, with evidence
of benefit of adequate intakes throughout life, with other vitamins (K and E) also implicated for
bone health.7 A healthier diet in later life has similarly been associated with lower risk of decline
in physical performance in older adults.8 In a cohort of older UK adults, higher diet quality at age
60–64 was associated with faster chair rise speed and with longer balance time.8
With regard to physical activity, peak bone mass achieved in youth is the strongest predictor of later
life osteoporosis risk.9 Sedentary behaviour has been shown to have a negative impact on bone
health but the frequency of osteogenic activities rather than volume of physical activity appears
most important.10 High-impact sporting activities are associated with higher levels of bone turnover
in females.11 Cortical bone appears to be more sensitive to physical activity than cancellous bone
in the peripheral skeleton.12,13 The detrimental effect of sedentary behaviour on bone health could
derive from lack of muscle activation and unloading of bone structures. Type and intensity of
physical activity appear important; vertical accelerations and moderate–vigorous physical activity
independently predict bone properties, especially at weight-bearing sites such as the tibia in older
men and women.14 The importance of physical activity in promoting muscle health throughout
the lifecourse seems intuitive; resistance exercise training is more effective in increasing muscle
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mass and strength, whereas endurance exercise training is superior for
maintaining and improving maximum aerobic power.15
From a public health intervention standpoint, possible interaction
between physical activity and nutrition is of particular interest.
Researchers have demonstrated associations between levels of
circulating 25-hydroxyvitamin D and moderate–vigorous physical
activity,4 while another study has shown significant improvement in the
Timed Up and Go test when vitamin D supplementation was added to
the exercise programme.16 By contrast, supplementation with green tea,
magnesium oxide, milk fat globule membrane, soy isoflavones, dairy and
fruit products enhanced with vitamins and minerals, and tea catechin
provided no added benefit in respect to their effect on muscle mass and/
or strength in other studies.17,18 Observational data from cohort studies
suggest that lifestyle factors, such as physical activity and prudent diet
score, may impact bone health.19 In the Hertfordshire Cohort Study, in
a cross-sectional study of 498 men and 498 women aged 59–72 years,
information on physical activity, diet quality, history of prior fracture,
family history of fracture and cigarette and alcohol consumption were
obtained through a questionnaire.18 In women, a graded association
between the number of risk factors and bone density at the lumbar spine
and total femur was seen, with the strongest association seen in those
with three or more risk factors. Furthermore, among women, strong
graded relationships were seen between the number of risk factors and
incident fracture.
Clearly, randomised controlled trials will be required to remove the
possibility of confounding variables. A recent systematic review that
considered the interaction between physical activity and nutrition
showed that physical exercise has a positive impact on muscle mass
and muscle function in people over 65 years old, but benefits of dietary
supplementation appeared to be limited.5 The most positive finding
was creatine supplementation, which was found to be beneficial in
improving muscle mass and muscle strength and had an interactive
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effect on physical performance in one of five studies. A notable feature
of this systematic review, which comprised 37 randomised controlled
trials, was the heterogeneity with regard to physical exercise and
dietary supplementation. Eighty percent of studies showed benefits on
muscle mass with exercise training, and in the majority of cases where
no benefit was observed these studies were undertaken in frail, elderly
patients, possibly reflecting lower levels of activity in this group. With
regard to possible synergy with protein supplementation in this study,
the results follow a previous meta-analysis that showed a positive effect
of protein supplementation on muscle mass gains during prolonged,
resistance-type exercise training in older subjects.20
In conclusion, the subject of possible synergy between nutrition and
physical activity in promoting musculoskeletal health throughout
the lifecourse is an attractive one, but perhaps not a new concept.
A previous excellent review by Daly and colleagues highlighted that
although exercise and nutrition have contrasting influences on the
tissue-level processes responsible for bone health, both can influence
various circulating hormones, growth factors and inflammatory
cytokines, which have been implicated in the pathophysiology of bone
and muscle loss.19 To date, while the evidence for a beneficial effect of
physical exercise on muscle mass, strength or physical performance is a
compelling one, far fewer data are available to support a role for dietary
supplementation for additional benefit. This most likely reflects the
heterogenous nature of the study groups in the trials performed to date, and
highlights a need for further well-designed studies that carefully document
subjects’ baseline exercise level and nutritional status. It is striking how
little our knowledge base has increased since Daly’s review in 2014, which
focused on the benefits of combining physical activity and calcium intake
on bone mass,19 with some evidence found for the interaction of protein
intake and exercise for muscle mass. The question of a threshold effect
for physical activity and the possibility of other nutritional factors that may
be key is a tantalising one that requires well-designed clinical trials to
inform clinical practice. q
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