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Association between physical activity, physical fitness and
stress with bone mineral density of elderly: a narrative review
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ABSTRACT

Introduction: Aging is a physiological process that decreases muscle, skeletal and autonomic capacity, which increases the likelihood
of developing chronic diseases. In addition to these losses, stress can be an aggravating factor to senescence and may be indirectly
identified by increased cortisol. Researches indicates that a good amount of daily physical activity and adequate levels of physical fitness
can minimize age-related losses and minimize the impact on bone mineral density (BMD). Objective: to present how the level of physical
activity, physical fitness and stress are associated with elderly people’s BMD. Methods: Pubmed and Medline databases were searched
for scientific articles in Portuguese and English. The descriptors were: Stress, Physical Activity, Physical Fitness, Elderly and Bone Mineral
Density. The research and the study of the scientific articles were carried out from October to December 2018. Conclusion: The level
of moderate physical activity improves physical fitness and increases BMD. While high levels of cortisol contribute to decreased BMD.
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INTRODUCTION
Population aging is a global reality(1). It is estimated that
currently 605 million people across the globe are over 60 years
old, and these figures will be much higher in the future (2).
In Brazil, researches indicates that in 2020 there will be about
32 million elderly people(3,4), equivalent to 13.8% of the entire
Brazilian population(5).
All this increase in life expectancy is especially related to
the treatment and control of infectious diseases and the high
prevalence of chronic noncommunicable diseases (CNCD) in
the elderly population(4). Among the CNCDs are degenerative
musculoskeletal diseases, which generate serious functional
limitations (4-6-7), being denominated in the literature as
fragility(8-11).
It is important to point out that the degeneration of
the musculoskeletal system occurs gradually through the
physiological process of aging, involving neuromuscular factors
(eg, reduced nerve conduction velocity, decreased muscle
activation, changes in posture such as increased thoracic
kyphosis and knee semi-flexion, and amplitude limitation
of movement) and musculoskeletal conditions, such as
sarcopenia and osteopenia(12). These factors are directly related
to the decrease in physical activity levels of the elderly(12,13).

In addition to these losses, the hormonal changes inherent
to the advancement of age are characterized by a decrease in
estrogen levels, testosterone levels and an increase in cortisol
levels, by modifying bone resorption and by decreasing bone
mineral density (BMD)(7-14) and muscular strength(7-14-15).
The literature demonstrates that stress measured by
increased production of cortisol(16) may lead to a reduction in
the number of osteoblasts, thereby reducing the formation of
bone matrix(17), favoring the development of osteoporosis(16).
On the other hand, studies demonstrate that physical activity
plays a rehabilitative role with regard to physical fitness in any
population(18-19) and present satisfactory results, including bone
remodeling(20), favoring the increase of BMD due to stimulus
osteogenic due to increased mechanical stress in the bone(21).
However, information regarding the benefits of regular
physical activity, the temporal fitness condition and the role of
stress on elderly people’s BMD are mostly available in isolated
studies, not allowing the understanding in a single document
of these three aspects (i.e, physical activity, physical fitness
and stress) and its relationship with BMD, which motivated
this review to present how physical activity, physical fitness
and stress levels are associated with BMD of the elderly.
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according to the mechanical demands on the bone, and is
continuously to replace the aged bone with a new one(23).
BMD is the result of this dynamic process of formation of
bone tissue, and is characterized by tissue concentration in a
given volume of bone(22). The greater the BMD, the stronger
and more resistant the bones and consequently the less fragile
and brittle.
Some factors may interfere with BMD, such as advancing
age in combination with intrinsic factors (e.g. peak bone mass
accumulated in youth, genetics, hormonal, biochemical and
vascular factors) and extrinsic factors (eg nutrition, physical
activity, conditions clinics and drugs) that combined can
accelerate the decline of bone mass(22), hence the importance
of balancing these factors throughout life.
Regarding the hormonal factors that influence BMD,
we highlight hyperparathyroidism (i.e. clinical condition
characterized by excessive production of parathyroid
hormone), deficiency of vitamin D uptake, reduction in
estrogen levels, testosterone, increased insulin, and levels of
cortisol which acts by inhibiting bone formation through its
action on osteoblasts(22,23).
Studies have shown that inhibition of bone formation
occurs gradually as the person ages, and that osteopenia
(i.e., preclinical condition suggesting gradual loss of bone
mass) is the first official mark of this event(12). It is noteworthy
that high levels of cortisol inhibit calcium reabsorption in
the renal tubule and calcium absorption in the intestine by

REVIEW
In order to meet the objective of presenting how the level
of physical activity, physical fitness and stress are associated
with elderly BMD, we have chosen to present the most relevant
information extracted from the selected articles on each
influencing aspect of BMD and their respective association.
For the development of this narrative review, the databases
Pubmed, Medline and Scielo were searched for scientific
articles in Portuguese and / or English. The keywords searched
were: stress AND elderly, physical activity AND elderly, physical
fitness AND elderly and bone mineral density (BMD) and
elderly (BMD AND elderly). The research and analysis of the
scientific articles were carried out from October to December
2018. This study reviewed articles that dealt with the
relationship between physical activity and physical fitness with
BMD and cortisol with BMD. The following criteria were used:
1. To be research with human beings;
2. The sample should be composed of the elderly;
3. Have been peer reviewed and written in English or
Portuguese

In accordance with established criteria, the selected studies
are characterized in Figure 1.
Bone is a type of tissue that is in constant renewal, which
consists of a balanced work between cells of osteoblasts
and osteoclasts, that perform the remodeling of this tissue
(i.e. bone matrix)(22). This process is physiological, in order to
maintain the bone resistance the bone remodeling happens

Figure 1 – Demonstrative of select papers
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an independent mechanism of vitamin D, which decreases
the transcellular active transport and the normal uptake
of calcium and, consequently, decreases the synthesis of
calcium binding proteins. Thus, the production of osteoblastic
cells is compromised, the apoptosis of mature osteoblasts
and osteocytes occurs, it decreases the mature osteoblasts
compromising the bone mining(24).
In addition to the aforementioned situation, a high cortisol
concentration may cause myopathies that result in muscle
weakness and may contribute to a decrease in bone mass, by
decreasing the force produced in the bone by the contraction
of the muscle, and consequent diminution of the individual’s
mobility(25). For these reasons, stress should be controlled
among the elderly because exposure to this situation raises
cortisol levels(4).
Stress acts in the biological system, and is related to
environmental and / or psychological events. The same can occur
in an acute, chronic or intermittent way(26), generating incapacity
and decreased functional performance. Physiologically, stress
is signaled by changes in the hypothalamic-pituitary-adrenal
axis (HPA), resulting in release of cortisol(27), a glucocorticoid
responsible for metabolic rate regulation, protein synthesis,
bone mineralization, and other functions(28). Increased cortisol
secretion produces metabolic and physiological imbalances,
aggravating the diseases that have arisen during the aging
process(29). These diseases include allergies and viral infections
due to imbalance of immunological functions(30), depression,
and cardiovascular diseases (hypertension), diabetes,
osteoporosis and respiratory infections(31).
In addition to cortisol, testosterone may also contribute
to the bone remodeling process and maintenance of muscle
mass. Testosterone directly influences skeletal growth,
maintenance and maturation(32). When any damage or change
in bone structure occurs as a decrease in mineralization,
osteocytes signal to osteoblasts and osteoclasts that there is a
need to initiate bone remodeling. Testosterone then stimulates
calcium retention in the bone matrix and osteoblast activity,
in addition to regulating the apoptosis of osteoclasts and
osteoblasts(33).
It is known that testosterone assists in protein synthesis and
in the reduction of muscle protein degradation(33), however,
with aging, there is a decrease in free testosterone levels and
a reduction in the synthesis of muscle proteins(34). Therefore,
the reduction of muscle mass and consequently reduction of
the mechanical force generated by the long-term loads exerted
by muscle contraction, compromising bone remodeling(34).
The cortisol / testosterone (C / T) ratio has been used
as a stress biomarker because testosterone and cortisol are
derived from the same biochemical precursor, so if high cortisol
synthesis occurs it will correspond to a decline in testosterone
synthesis(35).
In addition to hormones, which are constantly highlighted
in the literature because of their influence on BMD, the

reduction in the level of physical activity among the elderly
has been highlighted(36,37). Especially because reducing the
mechanical load on bone will result in a decrease in osteoblast
activity(22-34).
According to Cadore et al.(21), the higher the level of physical
activity of the individuals, the greater the amount of muscular
contraction exerted, generating a greater mechanical effect on
the bones, which will positively impact the BMD.
Physical activity can have a significant effect on muscle and
bone stimuli. Bone adapts its morphology and strength to the
long-term loads exerted by muscle contraction resulting from
physical activity (e.g. daily life activities), systemized exercises
and gravitational forces, which contribute to maintaining
higher levels of BMD(34).
It is clear that regular physical exercise performed on
a day-to-day basis will cause the elderly to have greater
functional capacity and autonomy for the activities of daily
living, reflecting gait, balance, mobility, strength and muscle
power(36-37) for healthier aging(37).
In general, the elderly, regardless of the type of dwelling,
should move around, walk, walk, run, climb stairs, paddle,
lift weight and perform jumping exercises (38), but always
accompanied and if possible guided by a professional
movement(39).
It should be noted that during the increase in chronological
age, there is a decline in physical fitness, resulting in a decrease
in physical abilities such as muscle strength (MS), flexibility,
balance, walking speed and cardiopulmonary fitness (7,15).
Physical fitness along with the psychological changes that
occur in aging (e.g. feeling of old age, stress, depression), can
be determining factors for the decrease of physical activity
that, along with the appearance of chronic diseases, further
accelerates the aging process(7).
In addition to the physical fitness issues, another important
component is the changes in body composition that occur
throughout the aging process, characterized by a decrease
in lean mass and an increase in body fat that can occur due
to: genetic, endocrine, in the diet and in the level of physical
activity, or the sum of two or more factors(40).
The loss of muscle mass and consequently muscular
strength may be the main cause of deterioration of the mobility
and functional capacity of the aging individual(41), which will
directly impact BMD. The practice of physical activity can
minimize muscle loss during aging(39-42). Exercise programs
in the elderly with a combination of resistance training and
aerobic training showed an improvement in physical fitness(43).
The stimulation of muscle mass on bone mass is positively
related to BMD of the upper limb and it’s muscular area is
associated with the cortical area of the bone(34).
One of the ways used to measure muscle mass capacity
is through muscle strength measured by dynamometry
(i.e. measured by dynamometer). The positive relationship
between manual grip strength and bone mineral density is
3
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well established and can therefore be considered a screening
tool for osteoporosis(44).
Another tool widely used to assess functional mobility,
overall fitness, health decline, and inability to perform daily
activities is the “Time Up Go” (TUG) test, which is a simple,
quick, and practical test(45,46), which, when demonstrating the
speed that an elderly person travels a distance (i.e. six meters)
together with specific actions (ie raising a chair to the signal,
walk to a marking distance of three meters, return the chair
and sit), risk of falls(47). It has recently been reported that the
TUG performance time may be a predictor of fragility(48) as
well as sarcopenia(46-49).
All this search for understanding about possible relations
with BMD occurs because osteoporosis, a disease characteristic
of the aging process that mainly affects postmenopausal
women(15), generates many disorders and premature losses.
It is estimated that 8.9 million of the fractures that occur in
Brazil come from osteoporosis, in addition to the accompanying
consequences that lead to a decrease in physical function and
a condition of social relation, which in turn greatly interferes
with people’s quality of life(50).
Regarding the social factors related to aging, the issue
related to the institutionalization of the elderly and their
relation to the decline of BMD has been described in the
literature(51). This is due to the functional impairment caused
by gait dysfunction and / or mobility limitations. In addition
to cognitive decline, the elderly need long-term care, which is
why many elderly people are institutionalized(51).
Furtado et al.(7) reinforces that institutionalized elderly have
greater physical inactivity compared to non‑institutionalized
elderly people due to the limitation of the activities practiced
in the institution, consequently they present functional fitness
decline.
The choice of physical activity for older adults who
are institutionalized is more complex, different types of
interventions may be necessary(36). It involves factors such
as: sedentary lifestyle, loss of physical fitness, presence of
osteopenia and/or osteoporosis, joint instability, arterial
hypertension, among other factors(4). However, even with
several limitations, it is recommended to practice regular
exercises, with the combination of strength, balance and
aerobic exercises(37).
Considering what has been found in the studies, it can
be affirmed that the practice of physical activity has shown
positive effects on BMD and that the level of moderate
physical activity offers more stimulus to the bone remodeling
determining greater BMD. It is also known that regular practice
of moderate physical activity improves physical fitness, and
that this improvement in physical fitness increases BMD,
because the greater the mobility of the individual, the greater
the muscle contraction, the greater the bone stimuli.
On the other hand, the low level of physical activity, the
loss of physical fitness and the high level of cortisol due to the

stress that interferes in the production of osteoblastic cells,
leads to a decrease in BMD.
CONCLUSIONS
At the end of this review we pointed out that the level
of physical activity, physical fitness and stress have a close
association with the BMD of the elderly, and it is suggested to
professionals working with this population, attention to these
factors (ie the level of physical activity, physical fitness and
stress) so that the elderly have better BMD and consequent
quality of life and health.
AUTHOR’S CONTIBUTIONS:

IOS, GFM: contributions to conception and design of the study; RMCC, IOS,
GFM: made the selection of articles; RMCC, IOS, GFM: critical review of the
manuscript. All authors read and approved the final manuscript.
CONFLICT OF INTEREST:

Nothing to declare.
AUTHORS DETAILS
1
Universidade Católica de Brasília (UCB), Brasília, Brazil.

REFERENCES
1. Ilmarinen J. The ageing Workforce challenges for occupational health.
Occupational Medicine Phisiology. 2016: 362-364.
2. Ghasemi M, Rezaeidehaghani A, Mehrabi T. Investigating the effect of
education based on need to prevent falling during activities of daily living
among the elderlies referring to health centers of Isfahan. Iran J Nurs
Midwifery Res. 2016; 21(4): 430–435.
3. Brasil ministério da saúde. Envelhecimento e saúde da pessoa idosa. Série
As Normas e Manuais Técnicos. Caderno de Atenção Básica. 2007;19.
Brasília.
4. Vaz F C, Molina G E, Porto L G G, Port A L et al. Cortisol e Atividade Física:
será o estresse um indicador do nível de atividade física espontânea e
capacidade física em idosos? Brasília Med. 2013; 50(2): 143-152.
5. Instituto Brasileiro de Geografia e Estatística – IBGE, Estudos e Pesquisas
– Síntese de Indicadores Sociais. 2013; 32.
6. Ko Y, Ha H, Bae Y H, Lee W. Effect of space balance 3D treaining using
visual feedback on balance and mobility in acute stroke patients. J. Phys.
Ther. Sci, 2015; 27: 1593–1596.
7. Furtado G E, Uba-chupel M, Carvalho H M, Souza N R, Ferreira J P, Teixeira
A M et al. Effects of a chair - yoga exercises on stress hormone levels, daily
life activities falls end physical fitness in institutionalized older adults.
Complementary therapies in Clinical Practice. 2016; 24: 123-129.
8. Fried L P, Tangen C M, Walston J, Newman A B, Hirsch C, Gottdiener J et al.
Frailty in Older Adults: Evidence for a Phenotype Journal of Gerontology:
Medical Sciences. 2001; 56A(3): M146–M156.
9. Xue Qian-li. The Frailty Syndrome: Definition and Natural History. Clin
Geriatr Med. 2011; 27(1): 1–15.
10. Costa T B, Neri A L. Medidas de Atividade Física e Fragilidade em Idosos:
dados do FIBRA Campinas, São Paulo, Brasil. Cad. Saúde Pública. 2077;
27(8): 1537-1550.
11. Bibas L, Levi M, Bendayan M, Mullie L, Forman D E, Afilalo J. Therapeutic
Interventions for Frail Elderly Patients: Part I. Published Randomized Trials.
Progressin Cardiovascular Disease. 2014; S57: 134-143.

4

Cabral RMC et al.

MTP&RehabJournal 2019, 17: 709

12. Foong Y C, Chherawala N, Aitken D, Scott D, Winzenberg T, Jones G.
Acelerometer determined physical activity muscle mass, and leg strength
in community- dwelling older adults. Jornal of Cachexia, Sarcopenia and
Muscle. 2016; 7: 25-283.

Young Men Own Experience and a Review of Literature. Advances in
Sexual Medicine. 2013; 3: 19-33.
34. Ferrucci L, Baroni M, Ranchelli A, Lauretani F, Maggio M, Mecocci P,
Ruggiero C. Interaction Between Bone and Muscle in Older Persons with
Mobility Limitations, Curr Pharm Des. 2014; 20(19): 3178–3197.

13. Baker L D, Frank L L, Foster-schubert K, Green P S, Wilkinson C W,
Mctiernan A et al. Effects of Aerobic Exercise on Mild Cognitive
Impairment: A Controlled Trial. 2010.

35. Lee JM, Colangelo L A, Schwartz J E, Yano Y, Siscovick D S, Seeman T et al.
Associations of cortisol/testosterone and cortisol/sex hormone-binding
globulin ratios with atherosclerosis in middle-age women Atherosclerosis.
2016; 248: 203e209.

14. Jerez-roig J, Medeiros J F, Fidélis K N M, Lima Filho B F, Oliveira N P D,
Andrade F L J P et al. Activity Limitations in Brazilian Institutionalized
Older Adults. J Geriatr Phys Ther. 2016; 00: 1-9.

36. Giné-Garriga M, Roqué-fíguls M, Coll-planas L, Sitjà-robert M, Salva
A. Physical Exercise Interventions for Improving Performance-Based
Measures of Physical Function in Community-Dwelling, Frail Older Adults:
A Systematic Review and Meta-Analysis. Archives of Physical Medicine
and Rehabilitation. 2014; 95: 753-69.

15. Lee I, Ha C, Kang H. Association of sarcopenia and physical activity
with femur bone mineral density in elderly women. J Exerc Nutrition
Biochem.2016; 20(1): 023-028.
16. Minetto, M, Reimondo G, Osella G, Ventura M, Angeli A, Terzolo M.
Bone loss is more severe in primary adrenal than in pituitary-dependent
Cushing’s syndrome Osteoporos Int. 2004; 15: 855.

37. Labra C, Guimarães-pinheiro C, Maseda A, Lorenzo T, Millián-calenti J C.
Effects of physical exercise interventions in frail older adults: a systematic
review of randomized controlled trials. BMC Geriatrics, 2015; 15: 154-160.

17. Chiodini I, Vainicher, C E, Morelli, V, Palmieri S, Cairoli E, Salcuni A S et al.
Endogenous subclinical hypercortisolism and bone: a clinical review
European Journal of Endocrinology. 2016; 175: R265–R82.

38. American College of Sports Medicine. Med Sci Sports Exerc. 2004; 36(3):
533-53.

18. Moraes H, Deslandes A, Cevada T, Souza A C F M, Laks J. O efeito do
exercício físico nos níveis de cortisol em idosos: uma revisão sistemática.
Rev Bras Ativ Fis e Saúde. 2012; 17(4): 314-320.

39. Oliveira-Silva I, Gonçalves H R, Venâncio P E M, Tolentino G P, Lima W A.
Influence of resistance training in quality of life, body composition, and
physical performance of community-dwelling elderly women. Manual
Therapy, Posturology & Rehabilitation Journal. 2017;15: 1-5.

19. Reynolds R M, Dennison E M, Walker B R, Syddall H E, Wood P J, Andrew
R et al. Cortisol secretion and rate of bone loss in a population – based
cohort of elderly men and women. Calcif Tissue Int. 2005; 77: 134-138.

40. Matsudo S M, Matsudo V K R, Barros Neto T L. Impacto do envelhecimento
nas variáveis antropométricas, neuromotoras e metabólicas da aptidão
física. Rev. Bras. Ciên. e Mov. 2000; 8(4): 21-32.

20. Elefiteriou F, Campbell P, Ma Y. Control of bone remodeling by the
peripheral sympathetic nervous system, Calcif Tissue Int. 2014; 94(1):
140-51.

41. Virtuoso J F, Balbé G P, Hermes J M, Amorim Junior E E, Fortunato A R, Mazo
G Z. Força de preensão manual e aptidões físicas: um estudo preditivo
com idosos ativos. Rev. Bras. Geriatr. Gerontol, 2014; 17(4): 775-784.

21. Cadore E L, Brentano M A, Lhullier F L R, Kruel L. F. M. Efeitos da atividade
física na densidade mineral óssea e na remodelação do tecido ósseo. Rev
Bras Med Esporte. 2005; 11(6): 373-379.

42. Rantanen T, Guralnik J N, Rantala RS, Leveille S, Simonsick E M, Ling S et al.
Disability, Physical Activity, and Muscle Strength in Older Women: The
Women’s Health and Aging Study Arch Phys Med Rehabil. 1999; 80: 130-5.

22. Demontiero O, Vidal C, Duque G. Aging and bone loss: new insights for
the clinician. Ther Adv Musculoskel Dis. 2012; 4(2): 61–76.

43. Paoli A, Bianco A. What Is Fitness Training? Definitions and Implications:
A Systematic Review Article. Iran J Public Health. 2015; 44(5): 602-614.

23. Borba V Z C, Kulak, C A M, Castro M L. Controle Neuroendócrino da Massa
Óssea: Mito ou Verdade? Arq Bras Endocrinol Metab. 2003; 47(4): 453457.

44. Westropp N M M, Gill T K, Taylor A W, Bohannon R W, Hill C L. Hand Grip
Strength: age and gender stratified normative data in a population-based
study, BMC. 2011; 4:127.

24. Fonseca H, Gonçalves D M, Coriolano H J, Duarte J A. Bone quality: the
determinants of bone strength and fragility. Sports Med. 2014; 44(1):
37-53.

45. Huang W N W, Perera S, Vanswearingen J, Studenski S. Performance
measures predict onset of activity of daily living difficulty in communitydwelling older adults. J Am Geriatr Soc. 2010 58(5): 844–852, 2010.

25. Lukert B P, Raisz L G. Glucocorticoid-Induced Osteoporosis: Pathogenesis
and Management. Annals of Internal Medicine. 1990; 112: 352-364.

46. Zarzeczny R, Szołtysik A N, Polak A, Maliszewski J, Kiełtyka A, Matyja
B et al. Aging effect on the instrumented Timed-Up-and-Go test variables
in nursing home women aged 80–93 years. Biogerontology. 2017;18:
651–663.

26. Papathanasiou I V, Tsaras K, Neroliatsiou A, Roupa A. Stress: Concepts,
theoretical models and nursing interventions. American Journal of Nursing
Science. 2015; 4(2-1): 45-50.
27. Ancelin, M L, Scali J, Norton J, Ritchie K, Dupuy A M, Chaudieu I et al.
Heterogeneity in HPA axis dysregulation and serotonergic vulnerability
to depression. Psychoneuroendocrinology. 2017; 77: 90–94.

47. Beauchet O, Fantino B, Allali G, Muir SW, Odasso M M, Annweiler C. Timed
Up and Go test and risk of falls in older adults: a systematic review. J Nutr
Health Aging. 2011; 15: 933–938.

28. Farinatti P T V. Teorias Biológicas do envelhecimento: do genético ao
estocástico. Rev. Bras Med Esporte. 2002; 8(4): 129-138.

48. Savva G M, Donoghue O A, Horgan F, O’regan C, Cronin H, Kenny RA.
Using timed up-and-go to identify frail members of the older population.
J Gerontol A Biol Sci Med Sci. 2013; 68(4): 441–446.

29. Goncharova N D, Marenin V Y, Oganyan T E. Aging of the hypothalamic‐
pituitary‐adrenal axis in nonhuman primates with depression‐like and
aggressive behavior. AGING. 2010; 2(11): 854-866.

49. Martinez B P, Gomes I B, Oliveira C S, Ramos I R, Rocha M D M, Junior L A
F et al. Accuracy of the Timed Up and Go test for predicting sarcopenia
in elderly hospitalized patients. Clinics. 2015; 70(5): 369–372, 2015.

30. Souza M B C, Silva H P A, Coelho, N L G. Resposta ao estresse: I.
Homeostase e teoria da alostase. Estudos de Psicologia. 2015; 20(1): 2-11.

50. Ciubean A D, Ungur R A, Irsay L, Ciortea V M, Borda I M, Onac I et al.
Health-related quality of life in Romanian postmenopausal women with
osteoporosis and fragility fractures. Clinical Interventions in Aging. 2018;
13: 2465–2472, 2018.

31. Rodriguez J M, Alvarez M M, Henriquez S, Llanos M N, Troncoso R.
Glucocorticoid resistance in chronic diseases. Steroids. 2016; 115:
182–192.
32. Karsenty G. The mutual dependence between bone and gonads. Journal
of Endocrinology. 2012; 213: 107-114.

51. Varela S, Cancela J M, Martinez M S, Ayán C. Self-Paced Cycling Improves
Cognition on Institutionalized Older Adults Without Known Cognitive
Impairment: A 15-Month Randomized Controlled Trial, Journal of Aging
and Physical Activity. 2018; 1; 26(4): 614-23.

33. Funaro M, Bolyakov A, Gimenez E, Herman M, Paduch D A. Low
Testosterone an Important Predictor of Low Mineral Bone Density in

5

