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Abstract 

This mini-review describes at first the ontopathogenic model based on the concept of 

developmental origins of health and disease (DOHaD) and thereafter explains the possible roles 

of glucocorticoids (GC) and stress in age-related tendencies to sarcopenia, osteoporosis, and 

obesity. The interactions between GC, stress and pro-inflammatory cytokines in these disorders 

are also considered. It is concluded that excessive exposure to stress and/or exogenous GC 

should be adequately prevented or controlled from the very beginning of human life. 
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Abbreviations: DOHaD: developmental origins of health and disease; GC: glucocorticoids; IL: interleukins; HPA: 

hypothalamic-pituitary-adrenal; 11β-HSD: 11beta-hydroxysteroid dehydrogenase 

 

 

Introduction 

At present, the problems of the skeletal–muscular system attract, especially, directed attention in gerontology and 

geriatrics, as related also to endocrinology. This is associated, first of all, with a clear-cut tendency in advanced age 

categories to decrease in muscle mass and higher fragility of bone tissues that are designated as sarcopenia and 

osteoporosis respectively. Unfortunately, such alterations result frequently in partial or complete loss of mobility and 

therefore, of an independent lifestyle, forcing the elderly to a much greater extent of sedentarism [1], and in some, 

more serious cases in higher mortality, especially as referred to femoral hip fracture. 

Surprisingly enough, the causal factors of such adverse scenarios are based, at least in a certain part of the human 

population, already in the very early stages of ontogeny, including prenatal ones. The article presented analyzes age-

related mechanisms of sarcopenia and osteoporosis on the basis of modeling the ontopathogeny, i.e., etiopathogeny 

that proceeds along the whole ontogeny (or at least its major part), beginning from pre-and postnatal development till 
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adult state and continuing in the intermediate age groups and in senescence, focusing the principal attention on the 

role of glucocorticoids (GC) and stress. 

Role of Glucocorticoids and Stress in the Ontopathogenic Model 

At present, the concept of developmental origins of health and disease (DOHaD) can be considered sufficiently 

elaborated [2]. This concept describes the phenomena of biological programming/imprinting and embedding that 

occur in perinatal and early postnatal development, mainly on the basis of stress and similar adverse processes 

(malnutrition, infections, etc.) that provoke higher levels of endogenous GC in pregnant women and her fetus, as well 

as in offspring, first of all newborn. In practice, it has already been proved that intrauterine growth restriction (IUGR) 

is caused by stress or excess GC and as a consequence, lower birth weight (< 2.5 kg) serves as a predictor of elevated 

risk of various disorders in subsequent ontogeny, especially in senescence, first of all in those cases when there occurs 

compensatory catch-up somatic growth in the same persons (with low birth weight) during childhood and adolescence. 

Why does this happen and how does this reflect changes in the skeletal-muscular system? 

It appears that during the aforementioned compensatory growth, there occurs a predominant increase in adipose tissue 

fraction, along with a decrease in lean mass fraction, including the skeletal-muscular system [3, 4]. As a result of this 

situation, the bases are founded for subsequent sedentary lifestyles because of relative weakness or insufficient 

development of skeletal muscles, including those participating in respiration [5]. Unfortunately, this tendency is 

supported in major part by the modern, digitized civilization that literally “ties” children, adolescents, and adults to 

computers, tablets, and cellular phones [6], not only for electronic games but also for communication, education, and 

work activities. What happens then in subsequent ontogeny? 

Problems of Skeletal-Muscular System in Aging 

To the present moment, it is already quite clear that the decrease in body weight below a certain critical value serves 

as a very serious indicator of subsequent mortality. In fact, the loss of more than 40% of body mass results frequently 

in irreversible alterations, up to the fatal outcome [7]. However, the loss of even 5–10% of body mass can provoke 

serious consequences for the health and well-being of elderly persons [1]. How GC and stress are involved in the 

mechanisms of such alterations? 

It appears that GC have important physiologic functions of providing pools of amino acids and glucose in the blood 

due to their capacity to diminish protein synthesis and augment proteolysis, i.e., protein destruction in skeletal muscles, 

and gluconeogenesis, i.e., the biochemical transformation of amino acids to glucose. It is interesting that in the liver, 

GC have frequently inverse influence, which is necessary for the synthesis of serum albumin and acute phase proteins. 

It means that GC have two-sided activities: these hormones are essential for maintaining the body functions during 

stress, but in the cases of their excess, especially in long term, cumulative GC action can provoke adverse 

consequences, including sarcopenia [8]. It means that chronic stress may be involved in the age-related disruption of 

skeletal muscle function. How do GC and stress affect bone tissue? 

The capacity of prolonged pharmacotherapy with GC increases the risk of bone fractures is already well-known, 

especially in the elderly [9]. As for endogenous GC, it appears that these hormones are able to provoke a switch of 

progenitor cells in connective tissue from osteogenic differentiation to adipogenic one, i.e., the formation of adipose 

tissue [10]. Perhaps, exactly because of this peculiarity do elderly persons demonstrate simultaneously the tendencies 

to obesity and osteoporosis? 

Sarcopenia is associated with the results in the following outcome: alterations of body weight and so-called body mass 

index (BMI, equal to the ratio of body weight to height or stature squared, in kg/m2, widely used for evaluation of 

excessive body weight as a precursor of obesity) may be minimal, masking therefore both obesity and sarcopenia in 

aging [1]. 

However, only GC are not involved in the age-related disruption of the functions of the skeletal-muscular system. 
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Interactions of Glucocorticoids with Pro-Inflammatory Cytokines and Leptin 

As already mentioned by us earlier, the proper name “interleukins” (IL) has deviated the attention of researchers for 

a long time from the true pleiotropic (or multifaceted) spectrum of these cytokine functions. As a matter of fact, at 

least IL-1 takes an integral part of the hypothalamic-pituitary-adrenal (HPA) axis, actively interacting with GC [11]. 

In particular, pro-inflammatory cytokines enhance the activity of the whole HPA axis, first of all during the so-called 

immunologic stress, for example, during infectious diseases, whereas GC diminishes the production of such cytokines. 

However, pro-inflammatory cytokines are able to cause resistance to GC, resulting in the possibility of a parallel 

increase in the levels of both GC and IL-1 and other cytokines. On the other hand, these cytokines are also involved 

in the mechanisms of sarcopenia and osteoporosis [12] and moreover, their production is elevated in obesity, thus 

completing the picture of triple pathology including obesity, sarcopenia, and osteoporosis. 

What is the role of leptin in this scheme? Although there exist some data that catabolic GC action may be mediated 

by leptin [13], nevertheless, its role in age-related alteration of the skeletal-muscular system was not studied yet in 

sufficient mode. However, it is quite possible that in association with aging, there occurs the development of leptin 

resistance, similar to that taking place in relation to insulin resistance in diabetes mellitus type 2. Probably, this allows 

to explain the tendency to excessive weight and obesity in some elderly persons, although the proper adipose tissue 

produces leptin possessing anorectic action. 

It is without any doubt that hormonal regulation is extremely complex and deserves thoughtful mathematical modeling 

and computerized simulation, however, the main problem today consists of the necessity for the elaboration of 

theoretical apparatus for manifold interactions, e.g., between GC, pro-inflammatory cytokines, and leptin 

simultaneously. Nevertheless, not only endogenous, but also exogenous GC can contribute negatively to skeletal-

muscular problems. 

The Role of Corticosteroid Pharmacotherapy and Perspectives of Its Control 

Earlier, we discussed the importance of endogenous and exogenous GC in the phenomena of programming/imprinting 

and embedding, including those of pharmacotoxicologic nature [14]. This theme is quite complicated for polemic 

discussion since frequently the physicians don’t have any choice, to use or not to use these hormonal agents with anti-

inflammatory and immunosuppressive action, because in many cases they are vitally needed, especially for saving the 

patients, for example, in the epoch of the Covid-19 pandemic [15]. 

However, our aim in this situation is not to favor the so-called steroid phobia, but to find out the opportunities for 

effective control of adverse side effects of GC. Therefore, in our previous publications, we have already evaluated the 

possibilities to counteract GC and stress effects by means of using several anti-stress bioregulators [16–18]. It is 

interesting that the secretion of many of these agents diminishes in aging [19] and moreover, their partial usage as 

geroprotectors is actively discussed. 

Nevertheless, finally, we would like to attract attention to another possibility, and to do this, we ought to mention that 

both endogenous and some synthetic GC (such as prednisolone, but not dexamethasone) are subject to pre-receptor 

metabolism by means of two interrelated enzymes, types 1 and 2 of 11beta-hydroxysteroid dehydrogenase (11β-HSD) 

that cause GC activation and inactivation respectively [20]. The research performed in the last years has established 

that inhibitors of 11β-HSD type 1 can be quite useful for counteracting senescent alterations in various tissues. 

However, it is still preliminary to talk about definitive success, since both GC excess and insufficiency are quite 

dangerous (the last one is because of the increase in the levels of pro-inflammatory cytokines). 

What are the other possibilities besides pharmacotherapy? 
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The Role of Physical Exercise and a Healthy Lifestyle 

As usual, it is important to find out the “golden mean” in every such aspect. Indeed, both sedentarism and excessive 

physical activity can have adverse consequences, similar to cases of insufficient and excessive nutrition, etc. On the 

other hand, moderate physical exercise and partial undernutrition, in spite of increasing the levels of endogenous GC, 

may be quite useful, since they are turning on the hormetic mechanisms. On the contrary, allostasis phenomena can 

result in allostatic load and overload, provoking pre-disease and clinically manifested disorder respectively [21]. 

The golden mean in these cases is perhaps the balance between occupancy of corticosteroid receptors of type 1 and 2, 

or mineralocorticoid and GC receptors in the hippocampus, i.e., the brain region partially responsible for negative 

feedback in the HPA axis [22]. The serious problem is however the following: excessive action of stress or GC on the 

hippocampus, beginning from the very early stages of ontogeny, by means of cumulative exposure can provoke 

neurotoxic degeneration, thus disrupting the whole HPA axis function, especially during the acute and chronic stress, 

what may result in the formation of vicious circle, with a cascade-like increase in the levels of endogenous GC, 

provoking age-related disorders: cardiometabolic, neuropsychiatric and probably, also skeletal-muscular. 

Conclusion 

Therefore, it is extremely important to control stress and action of exogenous GC from the very early stages of 

ontogeny. Here we should outline the essential role of health professionals and psychologists in organizing and 

executing educational campaigns, also discussing the dangers of auto medication with GC out of adequate medical 

control. 

Funding 

This work has not received financial support from any source. 

Conflicts of Interest 

The author affirms that conflict of interest does not exist. 

References 

1. Thomas DR. Loss of skeletal muscle mass in aging: examining the relationship of starvation, sarcopenia and 

cachexia. Clin Nutr. 2007;26(4):389-99. 

 

2. Goudochnikov VI, Prokhorov LY. Важный вклад перинатального питания и гормонального 

импринтинга/программирования в патогенез зависимых от возраста заболеваний. Проблемы 

старения и долголетия. 2016;25(1):50-58. 

 

3. Eriksson JG, Forsén T, Tuomilehto J, et al. Early growth and coronary heart disease in later life: longitudinal 

study. BMJ. 2001;322(7292):949-53. 

 

4. Weiler HA, Kovacs H, Murdock C, et al. Leptin predicts bone and fat mass after accounting for the effects 

of diet and glucocorticoid treatment in piglets. Exp Biol Med (Maywood). 2002;227(8):639-44. 

 

5. Siebel AL, Carey AL, Kingwell BA. Can exercise training rescue the adverse cardiometabolic effects of low 

birth weight and prematurity? Clin Exp Pharmacol Physiol. 2012;39(11):944-57. 

 

6. Erikssen G. Physical fitness and changes in mortality: the survival of the fittest. Sports Med. 2001;31(8):571-

76. 

https://seriesscience.com/journal-diabetes/
https://doi.org/10.1016/j.clnu.2007.03.008
https://doi.org/10.1016/j.clnu.2007.03.008
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=PSD_2016_25_1_7
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=PSD_2016_25_1_7
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=PSD_2016_25_1_7
https://doi.org/10.1136/bmj.322.7292.949
https://doi.org/10.1136/bmj.322.7292.949
https://doi.org/10.1177/153537020222700813
https://doi.org/10.1177/153537020222700813
https://doi.org/10.1111/j.1440-1681.2012.05732.x
https://doi.org/10.1111/j.1440-1681.2012.05732.x
https://doi.org/10.2165/00007256-200131080-00001
https://doi.org/10.2165/00007256-200131080-00001


Series of Endocrinology, Diabetes and Metabolism 2023 | Vol 5 | Iss 1 

 

11 
 
 

7. Roubenoff R. Hormones, cytokines and body composition: can lessons from illness be applied to aging? J 

Nutr. 1993;123(2 Suppl):469-73. 

 

8. Seene T, Kaasik P. Role of exercise therapy in prevention of decline in aging muscle function: glucocorticoid 

myopathy and unloading. J Aging Res. 2012;2012:172492. 

 

9. Van Staa TP, Leufkens HG, Abenhaim L, et al. Use of oral corticosteroids in the United Kingdom. QJM. 

2000;93(2):105-11. 

 

10. Ayroldi E, Riccardi C. Glucocorticoid-induced leucine zipper (GILZ): a new important mediator of 

glucocorticoid action. FASEB J. 2009;23(11):3649-658. 

 

11. Goudochnikov VI. Contribution of stress and its mediators to ontopathogeny of infections: focus on 

interactions of cytokines and glucocorticoids. Adv Gerontol. 2016;29(4):536-40. 

 

12. Ryall JG, Schertzer JD, Lynch GS. Cellular and molecular mechanisms underlying age-related skeletal 

muscle wasting and weakness. Biogerontology. 2008;9(4):213-28. 

 

13. Goudochnikov VI. Contribuição Possível da Leptina, em Combinação com Outros Hormônios, para 

Influência Catabólica de Glicocorticóides. Revista Contexto & Saúde. 2013;3(5):9-15. 

 

14. Goudochnikov VI. Emerging Terms and Concepts of Pharmacotoxicologic Programming/Imprinting and 

Embedding, as Related to the Ontopathogeny of Respiratoryand Other Disorders. EC Pulmonol Respir Med. 

2018;7(6):413-15. 

 

15. Goudochnikov VI. Glucocorticoids and COVID-19: A multifaceted relationship. EC Pulmonol Respir Med. 

2021;10(1):50-52. 

 

16. Goudochnikov, V.I. Role of hormones in perinatal and early postnatal development: Possible contribution to 

programming/imprinting phenomena. Russ J Dev Biol. 2015;46(5):237-45. 

 

17. Goudochnikov VI, Prokhorov LY. Ontogenetic role of somatolactogens and related peptides as antistress 

hormones. Gerontologiya (Moscow). 2014;2:143-56. 

 

18. Prokhorov LY, Goudochnikov VI. Ontogenetic role of melatonin and neuroactive steroids as antistress 

hormones. Gerontologiya (Moscow). 2014;2:157-70. 

 

19. Goudochnikov VI. [Role of hormonal regulation and stress in the interaction of sleep and biorhythms in 

aging]. Adv Gerontol. 2014;27(1):44-49. 

 

20. Nobel S, Abrahmsen L, Oppermann U. Metabolic conversion as a pre-receptor control mechanism for 

lipophilic hormones. Eur J Biochem. 2001;268(15):4113-25. 

 

21. Goudochnikov VI. ГОРМЕЗИС ПРОТИВ АЛЛОСТАЗА: ЧТО ВАЖНЕЕ ДЛЯ ВЗАИМОДЕЙСТВИЯ 

СТАРЕНИЯ И СТРЕССА? ДОКЛАДЫ МОИП. 2018;65:129-36. 

 

22. De Kloet ER. Hormones, brain and stress. Endocr Regul. 2003;37(2):51-68. 

https://seriesscience.com/journal-diabetes/
https://doi.org/10.1093/jn/123.suppl_2.469
https://doi.org/10.1093/jn/123.suppl_2.469
https://doi.org/10.1155/2012/172492
https://doi.org/10.1155/2012/172492
https://doi.org/10.1093/qjmed/93.2.105
https://doi.org/10.1093/qjmed/93.2.105
https://doi.org/10.1096/fj.09-134684
https://doi.org/10.1096/fj.09-134684
https://pubmed.ncbi.nlm.nih.gov/28539009/
https://pubmed.ncbi.nlm.nih.gov/28539009/
https://doi.org/10.1007/s10522-008-9131-0
https://doi.org/10.1007/s10522-008-9131-0
https://doi.org/10.21527/2176-7114.2003.05.9-15
https://doi.org/10.21527/2176-7114.2003.05.9-15
https://www.academia.edu/39791941/Emerging_Terms_and_Concepts_of_Pharmacotoxicologic_Programming_Imprinting_and_Embedding_as_Related_to_the_Ontopathogeny_of_Respiratory_and_Other_Disorders
https://www.academia.edu/39791941/Emerging_Terms_and_Concepts_of_Pharmacotoxicologic_Programming_Imprinting_and_Embedding_as_Related_to_the_Ontopathogeny_of_Respiratory_and_Other_Disorders
https://www.academia.edu/39791941/Emerging_Terms_and_Concepts_of_Pharmacotoxicologic_Programming_Imprinting_and_Embedding_as_Related_to_the_Ontopathogeny_of_Respiratory_and_Other_Disorders
https://www.semanticscholar.org/paper/Glucocorticoids-and-COVID-19%3A-A-Multifaceted-Goudochnikov/83488abbfb4e153ca1c180590afa8d594265cc84
https://www.semanticscholar.org/paper/Glucocorticoids-and-COVID-19%3A-A-Multifaceted-Goudochnikov/83488abbfb4e153ca1c180590afa8d594265cc84
https://doi.org/10.1134/S1062360415050045
https://doi.org/10.1134/S1062360415050045
https://istina.msu.ru/publications/article/7037097/
https://istina.msu.ru/publications/article/7037097/
https://istina.msu.ru/publications/article/7037101/
https://istina.msu.ru/publications/article/7037101/
https://pubmed.ncbi.nlm.nih.gov/25051757/
https://pubmed.ncbi.nlm.nih.gov/25051757/
https://doi.org/10.1046/j.1432-1327.2001.02359.x
https://doi.org/10.1046/j.1432-1327.2001.02359.x
https://www.elibrary.ru/item.asp?id=41687465
https://www.elibrary.ru/item.asp?id=41687465
https://pubmed.ncbi.nlm.nih.gov/12932191/

