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Annotation. Low resting energy expenditure is considered a risk factor for weight gain leading 

to obesity. Many studies have shown that aging is associated with a decrease in basal metabo-

lism. We examined the association between age and changes in basal metabolism in men and 

women, and the causes of this change. Linking these causes at the subcellular/cellular level to 

organs and tissues and then to body size and shape provides a comprehensive understanding of 

individual changes in basal metabolism in old age, which is a current topic of interest in obesity 

research and clinical practice. 
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Introduction. Many studies show that in 

adulthood people, who live in different coun-

tries, have lowered total energy expenditure. It 

is due to the lowered resting energy expenditure 

(REE), physical activity and, possibly,  

decreased thermogenesis [1]. Pontzer et al [2] 

revealed that total expenditure increases  

depending on the fat-free mass (FFM), even at 

various life stages. Expenditure that was  

corrected into FFM increases rapidly in new-

born and exceed indices of an adult man by 

~50% at the age of ~1 year, then gradually  

reduces to the adult level at the age of ~20 

years, remains stable at the adult age (20-60 

years) even during pregnancy, then reduces 

among the elderly. However, an obesity  

pandemic among older population [3] should 

have led to the increased REE due to increased 

number of energy tissues. Taking analysis of 

the problem field, data of the modern scientific 

literature and requests from sports physicians, 

physiologists and dietitians into account, we 

have made a study’s objective.  

The objective: to examine factors influenc-

ing basal metabolism reduction in the elderly. 

Methods and organization. The study 

took place in the Russian University of Sport 

“GTSOLIFK” (Moscow). For the review, we 

searched and analyzed scientific publications. 

Following databases were used: PubMed, Em-

base, Research Gate and Cochrane Library. 

Results and discussion. Organ and tissue 

level. In 1907, the English scientist Joseph  

Barcroft started reporting on a series of studies 

about catheterization aimed towards evaluation 

of the specific metabolic rate (Ki) of main  

organs and tissues [4]. In 1950, Drabkin and 

Jean [5] noted about assessment of basal oxy-

gen consumption by the brain, heart, liver, 

kidneys and skeletal muscles, and by 1992, the 

gathered data led to the point that Elia [6] sug-

gested Ki values for most main organs and 

tissues. Merge of these calculated values with 

corresponding masses of organs and tissues 

contributed to a measure, with the help of which 

one could calculate REE as a sum of REE of the 

main organs and tissues (table). According to 

this approach, REE of an organ/tissue is the 

product of their calculated Ki value and mass 

[7]. Despite the great progress achieved in the 

last century, the ability to measure REE at this 

level still remains limited [1]. Firstly, there is a 

dire need in methods allowing a quantitative  

assessment of Ki values in vivo in most organs 

and tissues (as a result modern physiological 

models include assessed Ki values for some 

main organs/tissues, but they are not recognized 

for such components as the digestive tract and 

lungs. Instead, the tissues, for which there is no 

Ki value, are frequently united into a big  

“residual” component, which then takes the  

assessed Ki value, although it adds a mistake in 

the REE evaluation). 



RUSSIAN JOURNAL OF  

SPORTS SCIENCE 

2023, Vol. 2 (3) 

         

Table 

Mass specific metabolic rates (Ki values) of separate organs and tissues 

Organ Mass, kg Ki, 

kcal/kg/day 

Energy expenditure, kcal/day 

Male Female Male Female 

Brain  1.6 1.43 240 384 343 

Kidneys 0.3 0.27 440 132 119 

Heart  0.33 0.28 440 145 123 

Liver 1.68 1.5 200 336 300 

Skeletal muscles 30.6 21.3 13 398 277 

Fat tissue 19.3 29.6 4.5 87 133 

A second limitation is that volumes of 

whole organs assessed through magnetic reso-

nance imaging (MRI) cannot consider  

non-metabolic active components such as 

blood, connective tissue and fat, which can be 

contained in different amounts in the skeletal 

muscles, liver and other organs. This difference 

can affect the organ’s density, as well as the 

value that is now considered as constant when 

transforming volumes measured with MRI into 

mass. Thirdly, the published Ki values may  

inaccurately point out regional differences in 

oxygen consumption, which occur in some  

organs/tissues, such as the brain [9]. The same 

thing is possibly attributed to the fat tissue, a 

very diverse tissue located in different parts of 

the whole body. 

Level of the whole body. Body mass (BM) 

is a sum of all heat-emitting components at the 

level of cells and organs/tissues and a relatively 

small amount of a metabolically stable sub-

stance, such as hair, tendon and extracellular 

connective tissues. Connection between REE 

and body mass is a definitive sign of mammals, 

including man, which was formed by the 

Kleiber law, REE=BM*0.75 [10]. Therefore, 

BM is a main REE variable and predictor at the 

whole body level and is a key component of 

modern prediction equations [11]. Human body 

consists of 78 organs and 11 systems, which 

have relatively stable proportions among adults 

with normal BM. It is one of the reasons why 

men and women with reference features have 

the same corresponding REE values [12] and Ki 

for the whole body (i.e. REE/BM) – 24.3 and 

23.6 kcal/kg/day, and why REE strongly  

correlates with BM in adults [7]. Essentially, all 

adult people are built the same, which is why 

BM accounts for more than two-thirds of indi-

vidual differences in REE.    

Excess BM and obesity are serious dis-

eases, the incidence of which among old 

Europeans amounts to 60% and 20% accord-

ingly [13] and in 50% in general around the 

world [14]. Obesity is characterized with exces-

sive fat accumulation, which usually occurs 

during aging [15]. It mostly happens in people 

aged 45-70, the peak BM is registered in middle 

age, i.e. 50-65 years [16]. Most studies con-

cluded that REE is significantly higher in obese 

people (by 360 kcal/day), average values of 

REE amounted from 90 kcal/day (I degree obe-

sity compared to people without it) to 826 

kcal/day (morbid obesity compared to people 

without it) [17].  The reason for it is that obesity 

is described not only with an excess of fat and 

muscle mass, but also with increased mass of 

other “accompanying” organs (liver, kidneys, 

heart) and tissues (skin) and related metabolic 

processes [18]. These data are difficult to  

correlate with the results found by Pontzer et al 

[2], since they found that total energy  

expenditure remains stable in adult age (20-60 

years) then reduces in old age. There are two 

possible explanations for this. First of all, old 

people might have much lower REE for 1 unit 

of cell mass for separate organs/tissues  

(specific metabolic rate) than young people. 

Cells of organs/tissues may be different in 

young and old people, since histological 

changes, which show relative loss of these cells  

and expansion of extracellular compartments 

(e.g. connective tissue), occur in the liver and 

other tissues [19-20]. It is possible that adaptive 

changes in women take place in middle age 

(∼47 years), while in men – in ∼54 years [21]. 
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However, working out stabilize gene expres-

sion and protein content in complexes of the 

electron transport chain [22], which demon-

strates full preservation of active muscle cells, 

which can support relatively high REE in old 

age. Secondly, it is also well-known that rela-

tively high REE correlated with higher levels of 

thyroid hormones [23], which gives a possibil-

ity to assume that reduced thyroid activity 

would reduce REE as well in old age. 

Thyroid in old age. Main factors defining a 

need in energy include REE, physical pro-

cesses, BM and diet frequency [24]. REE, being 

an important parameter of energy need, is  

significantly connected with thyroid hormones. 

Many studies revealed that the level of thyroid 

hormones increases in old age (>80 years)  

[25-28]. In terms of connection between obe-

sity, age and thyroid hormones, a current study 

made by Masoumi and Pishva [29] shows that 

the thyroid hormone level (T3, T4 and thyroid 

stimulating hormone) remained within the 

norm in all obese people (women aged 30-50). 

Work by Ozcelik et al [30] demonstrated that at 

late stages of obesity, the increased level of  

thyroid hormones contributes to a raise of en-

ergy consumption by increasing resting  

energy need and giving the body an alternative  

option to “save” itself from obesity. Such case  

 

is an adaptive and preventive contribution  

similar to the leptin effect that correlates with 

an amount of fat tissue in case of obesity, inhib-

its diet, making an effect on the satiation center.   

Conclusion. Obesity is considered as a risk 

factor of metabolic and chronic diseases.  

Reduced REE in old age may increase the risk 

of obesity. Analysis and accumulation of litera-

ture on this topic reflects a number of patterns. 

The first one implies an old person with normal 

BM, who leads a sedentary lifestyle. In this case 

REE will possibly decrease as result of losing 

cell fracture of organs with high Ki. Second  

pattern includes an old person with obesity, 

who leads a sedentary lifestyle. In this case 

REE will possibly increase as a result of  

increased mass of muscles, fat and organs with 

high Ki, as well as the increased thyroid hor-

mone level. The third one implies an old person 

with normal BM, who leads an active lifestyle. 

In this case, a stable or increased REE is possi-

ble as a result of preserved or increased mass of 

skeletal muscles accordingly. This is the reason 

why enlightenment for the elderly on physical 

culture and sports is necessary, since physical 

activity contributes to preservation of metabol-

ically active muscle cells that may support a 

relatively high REE in old age. Additional  

randomized research in this field is necessary. 

 

Conflict of interest. The authors declare no conflicts of interest. 

 
REFERENCES 

1. Elia M., Ritz P., Stubbs R.J. Total energy ex-

penditure in the elderly. Eur J Clin Nutr, 2000, no. 

54, pp. 92-103.  DOI: 10.1038/sj.ejcn.1601030. 

2. Pontzer H. Yamada Y., Sagayama H. Daily en-

ergy expenditure through the human life course. 

Science, 2021, no. 373(6556), pp. 808-812. DOI: 

10.1126/science.abe5017. 

3. Malandrino N., Bhat S.Z., Alfaraidhy M. Grewal 

R.S., Kalyani R.R. Obesity and Aging. Endocrinol 

Metab Clin North Am, 2023, no. 52(2), pp. 317-339. 

DOI: 10.1016/j.ecl.2022.10.001. 

4. Barcroft J., Dixon W.E. The gaseous metabolism 

of the mammalian heart: Part I. J Physiol, 1907,  

no. 25;35(3), pp. 182-204. DOI: 10.1113/jphys-

iol.1907.sp001189. 

5. Drabkin D.L., Jean R. The distribution of the 

chromoproteins, hemoglobin, myoglobin, and cyto-

chrome c, in the tissues of different species, and the 

relationship of the total content of each chromopro-

tein to body mass. J Biol Chem, 1950, no. 182, pp. 

317-334.  

6. Elia M. Organ and tissue contribution to meta-

bolic rate. In: Kinney J.M., Tucker H.N., eds. 

Energy Metabolism: Tissue Determinants and Cel-

lular Corollaries. New York: Raven Press, 1992. рр. 

61-79. 

7. Heymsfield S.B., Smith B., Dahle J., Kennedy S, 

Fearnbach N, Thomas D.M., Bosy-Westphal A, 

Müller M.J. Resting Energy Expenditure: From 

Cellular to Whole-Body Level, a Mechanistic His-

torical Perspective. Obesity (Silver Spring), 2021, 

no. 29(3), pp. 500-511. DOI: 10.1002/oby.23090. 

8. Sinha J., Duffull S.B., Green B., Al-Sallami H.S. 

Evaluating the Relationship Between Lean Liver 

Volume and Fat-Free Mass. Clin Pharmacokinet, 

2020, no. 59(4), pp. 475-483. DOI: 

10.1007/s40262-019-00824-7. 



RUSSIAN JOURNAL OF  

SPORTS SCIENCE 

2023, Vol. 2 (3) 

         
9. Geisler C., Hübers M., Granert O., Müller M.J. 

Contribution of structural brain phenotypes to the 

variance in resting energy expenditure in healthy 

Caucasian subjects. J Appl Physiol, (1985) 2018, 

no. 125(2), pp. 320-327. DOI: 10.1152/japplphys-

iol.00690.2017. 

10. Kleiber M. Body size and metabolism. Hilgar-

dia, 1932, no. 6, pp. 315-351. 

11. Martinho D.V., Naughton R.J., Faria A. Rebelo 

A., Sarmento H. Predicting resting energy expendi-

ture among athletes: a systematic review. Biol 

Sport, 2023, no. 40(3), pp. 787-804. DOI: 

10.5114/biolsport.2023.119986. 

12. Jagim A.R., Camic C.L., Askow A., Luedke J., 

Erickson J., Kerksick C.M., Jones M.T., Oliver J.M. 

Sex Differences in Resting Metabolic Rate Among 

Athletes. J Strength Cond Res, 2019, no. 33(11), pp. 

3008-3014. DOI: 10.1519/JSC.00000000000028 

13. 

13. Peralta M., Ramos M., Lipert A., Martins J, 

Marques A. Prevalence and trends of overweight 

and obesity in older adults from 10 European coun-

tries from 2005 to 2013. Scand J Public Health, 

2018, no. 46(5), pp. 522-529. DOI: 10.1177/1403 

494818764810. 

14. Colleluori G. Villareal D.T. Weight strategy in 

older adults with obesity: calorie restriction or not? 

Curr Opin Clin Nutr Metab Care, 2023, no. 26(1), 

pp. 17-22. DOI: 10.1097/MCO.00000000000 

00879. 

15. Liu C., Wong P.Y., Chung Y.L. Chow SK, 

Cheung W.H., Law S.W., Chan J.C.N., Wong 

R.M.Y. Deciphering the “obesity paradox” in the  

elderly: A systematic review and meta-analysis of 

sarcopenic obesity. Obes Rev, 2023, no. 24(2), pp. 

e13534. DOI: 10.1111/obr.13534. 

16. Eglseer D., Traxler M., Embacher S. Reiter L, 

Schoufour J.D., Weijs P.J.M., Voortman T., Boirie 

Y., Cruz-Jentoft A., Bauer S.; SO-NUTS consor-

tium.. Nutrition and Exercise Interventions to 

Improve Body Composition for Persons with Over-

weight or Obesity Near Retirement Age: A 

Systematic Review and Network Meta-Analysis of 

Randomized Controlled Trials. Adv Nutr, 2023,  

no. 14(3), pp. 516-538. DOI: 10.1016/j.advnut. 

2023.04.001. 

17. Carneiro I.P., Elliott S.A., Siervo M. Padwal R, 

Bertoli S, Battezzati A., Prado C.M. Is Obesity  

Associated with Altered Energy Expenditure?  

Adv Nutr, 2016, no. 7(3), pp. 476-487. DOI: 

10.3945/an.115.008755. 

18. Hwaung P., Bosy-Westphal A., Muller M.J. 

Geisler C, Heo M, Thomas D.M., Kennedy S., 

Heymsfield S.B. Obesity Tissue: Composition,  

Energy Expenditure, and Energy Content in Adult 

Humans. Obesity (Silver Spring), 2019, no. 27(9), 

pp. 1472-1481. DOI: 10.1002/oby.22557. 

19. Gallagher D., Allen A., Wang Z., Heymsfield 

S.B., Krasnow N. Smaller organ tissue mass in the 

elderly fails to explain lower resting metabolic rate. 

Ann N Y Acad Sci, 2000, no. 904, pp. 449-455. DOI: 

10.1111/j.1749-6632.2000.tb06499.x. 

20. Wang Z., Heshka S., Heymsfield S.B., Shen W, 

Gallagher D. A cellular-level approach to predicting 

resting energy expenditure across the adult years. 

Am J Clin Nutr, 2005, no. 81(4), pp. 799-806. DOI: 

10.1093/ajcn/81.4.799. 

21. Siervo M., Oggioni C., Lara J., Celis-Morales C, 

Mathers J.C., Battezzati A., Leone A., Tagliabue A., 

Spadafranca A., Bertoli S. Age-related changes in 

resting energy expenditure in normal weight, over-

weight and obese men and women. Maturitas, 2015, 

no. 80(4), pp. 406-413. DOI: 10.1016/j.maturi-

tas.2014.12.023. 

22. Joanisse S., Ashcroft S., Wilkinson D.J., Pol-

lock R.D., O'Brien K.A., Phillips B.E., Smith K., 

Lazarus N.R., Harridge S.D.R., Atherton P.J., Philp 

A. High Levels of Physical Activity in Later Life 

Are Associated With Enhanced Markers of  

Mitochondrial Metabolism. J Gerontol A Biol Sci 

Med Sci, 2020, no. 75(8), pp. 1481-1487. DOI: 

10.1093/gerona/glaa005. 

23. Hu S., Zhang X., Stamatiou M., Hambly C, 

Huang Y., Ma J., Li Y., Speakman J.R. Higher than 

predicted resting energy expenditure and lower 

physical activity in healthy underweight Chinese 

adults. Cell Metab, 2022, no. 34(10), pp. 1413-

1415. DOI: 10.1016/j.cmet.2022.05.012. 

24. Plucker A., Thomas D.M., Broskey N., Martin 

C.K., Schoeller D., Shook R., Heymsfield S.B., 

Levine J.A., Redman L.A. Adult energy require-

ments predicted from doubly labeled water. Int J 

Obes (Lond), 2018, no. 42(8), pp. 1515-1523. DOI: 

10.1038/s41366-018-0168-0. 

25. Boucai L. Surks M.I. Reference limits of serum 

TSH and free T4 are significantly influenced by race 

and age in an urban outpatient medical practice. 

Clin Endocrinol (Oxf), 2009, no. 70(5), pp. 788-

793. DOI: 10.1111/j.1365-2265.2008.03390.x. 

26. Boucai L. Hollowell J.G., Surks M.I. An ap-

proach for development of age-, gender-, and 

ethnicity-specific thyrotropin reference limits.  Thy-

roid, 2011, no. 21(1), pp. 5-11. DOI: 

10.1089/thy.2010.0092. 

27. Ehrenkranz J., Bach P.R., Snow G.L., Schneider 

A., Lee J.L., Ilstrup S., Bennett S.T., Benvenga S. 

Circadian and Circannual Rhythms in Thyroid Hor-

mones: Determining the TSH and Free T4 



RUSSIAN JOURNAL OF  

SPORTS SCIENCE 

2023, Vol. 2 (3) 

         
Reference Intervals Based Upon Time of Day, Age, 

and Sex. Thyroid, 2015, no. 25(8), pp. 954-961. 

DOI: 10.1089/thy.2014.0589. 

28. Martínez Brito D., Botrè F., Romanelli F., de la 

Torre X. Thyroid metabolism and supplementation:  

A review framed in sports environment.  Drug Test 

Anal, 2022, no. 14(7), pp. 1176-1186. DOI: 

10.1002/dta.3257. 

29. Masoumi Z.T., Pishva H. Does diet and activity 

lead to difference in resting energy expenditure in 

obese women? BMC Womens Health, 2023, no. 

23(1), p. 335. DOI 10.1186/s12905-023-02480-3. 

30. Ozcelik F., Dastan A., Pence H., Ciraci M. 

Adaptive contribution of thyroid hormones in obe-

sity. International Journal of Negative Results, 

2019, no. 9;1(2), pp. 1-1. DOI: 10.14302/issn.2641-

9181.ijnr-18-2530.

 

INFORMATION ABOUT THE AUTHORS:  

Aleksandr Borisovich Miroshnikov – Doctor of Biological Sciences, Associate Professor, Professor of 

the Department of Sports Medicine, Russian University of Sport “GTSOLIFK”, Moscow, e-mail: ben-

edikt116@mail.ru, ORCID: 0000-0002-4030-0302. 

Polina Denisovna Rybakova – Analyst, Department of Sports Nutritionology, Center for Sports Innova-

tive Technologies and National Team Training, Moscow Department of Sport, Moscow, e-mail: 

rybakova.poly@yandex.ru, ORCID: 0000-0003-1165-6518. 

 

For citation: Miroshnikov A.B., Rybakova P.D. Does metabolism decline with age? Russian Journal of 

Sports Science: Medicine, Physiology, Training, 2023, vol. 2, no. 3. DOI: 10.24412/2782-6570-

2023_02_03_2 

 

 


