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ENERGY EXCHANGE: HOW WE CAN PERSONALIZE OBESITY THERAPY
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Obesity is a consequence of chronic energy imbalance when energy intake constantly exceeds expenditure, which leads to
excess white adipose tissue accumulation. Effective treatment of obesity requires accurate measure of calories intake and
expenditure, as well as related behavior to understand how energy homeostasis is regulated and evaluate the effectiveness
of the measures taken. The greatest interest is to study features of energy metabolism in various forms of obesity. It is nec-
essary to create an evidence-based, personalized approach to diet therapy and to increase the effectiveness of weight loss
measures. Modern studies have shown that the use of indirect calorimetry in obesity treatment programs leads to greater
weight loss compared to traditional diet therapy planning based on calculated formulas.
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SHEPTETUYECKUN OBMEH YEJIOBEKA: KAK Mbl MOXXEM NEPCOHU®ULIMPOBATb TEPANUIO
OXXUPEHUA

© O.B. BactokoBa*, IN.J1. Okopokos, l0.B. KacbaHoBa, O.b. beanenkunHa

HaunoHanbHbIN MegNLMHCKUI NCCIegoBaTeNIbCKUIA LEHTP SHAOKPUHOoNorum, Mocksa, Poccua

OXunpeHue ABNAETCA CNIefCTBMEM XPOHUUYECKOTO SHepreTuyeckoro gucbanaHca, npy KoTopom noTpebnieHme sHeprm nocTo-
AHHO NPEBbILLAET PacXodbl, YTO MPUBOAUT K HAKOMJIEHUIO N3ObITOYHON SHEePrK B BUAE 6enon XnpoBon TkaHu. [na sdpdek-
TUBHOTO JIEUEHUNSA OXKUPEHNA HY>KHbl TOUHbIE M3MEPEHMS MOTPEGNIEHNS 1 pacxoa SHEPruK, a TakXKe M3yUeHne CBA3aHHOTO
C 3TM NOBEeAEHNA, YTOObI MOHATb, KaK PeryimpyeTca SHepPreTMuyecknin romeocTas 1 oueHuTb 3GpHEKTUBHOCTb NPOBOAN-
MbIX MeponpuAaTiA. HanbonbLmnin nHTepec Bbi3biBaeT U3yyeHre 0COOEHHOCTEN SHEPreTYeCKoro o6MeHa NPy PasfIMYHbIX
dopmMax oXKuMpeHus, UToO HeOOXOANMO ANs CO3AaHMA JOKa3aTeNbHOro, NePCOHaNM3NPOBAHHOIO NOAXOAA K AneToTepaniu
1 NoBbIWeHNS 3GPEKTUBHOCTY MEPONPUATUIA, HAaMPABNEHHbIX HA CHUXKeHMe Beca. CoBpeMeHHbIe UCCeJOBaHUA NOKasanu,
UTO MCMNOJIb30BaHMNE HEMPAMOW KanopyUMETPUU B MPOrpPamMmMax fleueHnst OXKUPEHNs NPUBOANT K GONbLUEMY CHUKEHUIO Beca

MO CPaBHEHWIO C TPAAULMOHHbBIM NIAHMPOBAHMEM JMeTOTepanuy Ha OCHOBE pacyeTHbIX Gopmy.

KJTKOYEBBIE CJIOBA: 3Hepzemudyeckuli 0bmMeH; 0CHOBHOU 0b6MeH; HenpsamMas Kaiopumempus; Memoo 080LUHOU MeueHOU 800bl; OXXUpeHUe.

Metabolism and energy exchange with the environment
are a constant process for every human being. Human body
regularly receives macro and micronutrients, water, and
oxygen and regularly eliminates the end products of me-
tabolism into the environment. Within cells, a continuous
process takes place whereby organic substances are bro-
ken down and nutrients necessary for the formation and
renewal of cellular components, tissues and organs are syn-
thesised. In these processes, energy is released, adsorbed
or stored in the form of macroergic compounds. Dynamic
balance of metabolism is underpinned by the interrela-
tionship of counterdirectional processes, i.e., anabolic ones
(constructive metabolism) and catabolic ones. This inter-
relationship plays out as a complex, multi-layer regulation.
Metabolism is heavily affected by the patient’s age, sex, ra-
cial group, health condition, nutrition status, daily physical
activity, and the environment.

First studies in human energy metabolism were made
in the 1780s as Antoine Lavoisier and Pierre de Laplace
measured human oxygen intake and carbon dioxide
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output. They found that both values go up after eating and
during physical exercises, though body temperature stays
unchanged [1]. Lavoisier and de Laplace designed a small
calorimeter for guinea pigs and showed a direct correla-
tion between the amount of heat emitted by animals and
their respiratory system. Those nascent experiments were
further improved by Wilbur Atwater et al. who created
a calorimeter suitable for investigations in humans and
demonstrated that the most important law of thermody-
namics - that of energy conservation — applies to human
body. Thus, the amount of heat produced by a human body
equals that emitted in the process of oxidising the food it
intakes [2].

Thus, energy balance (the so-called zero energy balance)
is achieved when the intake of energy useful for metabolism
purposes matches the energy expenditure. Accordingly,
non-zero energy balance means a unidirectional change
of metabolism and body weight which then changes the en-
ergy expenditure. Thus, a positive energy balance causes
the basal metabolic rate to increase as the body weight
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EDITORIAL

increases due to the increase of muscle mass required
to maintain the spent depot fat, and vice versa: a negative
energy balance reduces the body weight thus decreasing
the basal metabolic rate. Assuming that the rate of energy
spending stays unchanged after the initial intervention, one
may expect that energy requirement will match energy con-
sumption and the body weight will stabilise on a new given
level [3].

However, those earlier axioms were challenged by re-
search over recent decades. Obesity that has spread all over
world is caused by chronic energy imbalance when energy
intake continuously outweighs energy expenditure thus re-
sulting in excess energy accumulation in the form of white
adipose tissue. A seemingly simple solution is to recom-
mend reducing the intake of calories (by abstaining from
certain foods) and boosting energy expenditure (by increas-
ing physical activity). However, contemporary studies show
that these tactics are highly inefficient and suggest that
obesity is much more complex a problem than it may seem
at the first glance.

In addition, one has to admit that, on the one hand, recent
fundamental studies using animal models and cell cultures
have generated new knowledge in the domain of molecular
pathogenesis which accounts for metabolic disorders and
chronicity of the disease, but, on the other, they have not
yielded any practical understanding as to the overweight
management strategy, nor have they enabled medical sci-
ence to develop efficient clinical measures to curb the obe-
sity epidemic.

We are yet to fathom the sophisticated interrelation-
ship between genetics, physiology and cognitive behaviour
which jointly regulate the energy homeostasis.

At present, neither genetics nor biochemistry may be
considered reliable predictors of body weight trend or disci-
plines facilitating accurate assessment of treatment efficien-
cy. Given this, studies in energy metabolism as a sum total
of various factors at work in an individual patient’s body
have emerged as a rapidly growing area of obesity treat-
ment personalisation.

Daily energy expenditure (DEE) in humans is comprised
of three main components: basal metabolic rate, diet in-
duced thermogenesis and energy expenditure for physical
activity.

Basal Metabolic Rate or Resting Metabolic Rate
(RMR) accounts for 55% to 70% of the body’s daily energy
expenditure and represents the energy required to main-
tain the body’s essential functions, such as breathing, ex-
cretion, blood circulation, etc. [4]. RMR includes the body’s
energy expenditure while at sleep and the energy required
to keep the body functioning while awake without physical
activity (the latter accounts for about 5% of RMR with slight
variances depending on the patient’s racial group, sex, and
weight). Lean body mass accounts for the better part of RMR
(up to 70%).

Diet induced thermogenesis accounts for no more
than 5% to 7% of the body’s daily energy expenditure
and is the increase in daily energy expenditure above
RMR caused by the body’s need to absorb and utilise
the food it receives. Diet induced thermogenesis depends
on the food component structure: diets high in protein
are the most thermogenic, while those high in fat are
the least so.
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Energy expenditure for physical activity accounts for
25% to 30% of the body’s daily energy expenditure and repre-
sents the energy required to support both structured physical
activity (such as sports and fitness) and daily physical activity.

Over the last 20 years, significant progress has been
made in the assessment of human body’s energy expend-
iture; new methods and devices have been developed.
Among the best known methods are direct calorimetry
(heat emission measurements) and indirect calorimetry.
The latter method is based on measuring the oxygen intake
and carbon dioxide output, which also enables to measure
the ratio of carbohydrates and lipids oxidised in the body.

The golden standard of total energy expenditure meas-
urement is the method of double labelled water (DLW), first
applied to humans in the 1980s [5-8]. The subject is adminis-
tered water labelled with heavy but not radioactive isotopes
of hydrogen (deuterium) and oxygen which then gradually
leaves the body throughout the day (through kidneys, sweat,
and exhaled air). This method is considered safe and is used
in all age groups, including infants. Biofluid samples (blood,
saliva or urine) are taken prior to and after the isotope ad-
ministration and then once again at the end of the exami-
nation (one to three weeks after the start). The aforesaid hy-
drogen and oxygen isotopes content in the water obtained
from such samples is then measured with a spectrometer.
Since deuterium is eliminated from the body with water only
whereas 0 is eliminated with both water and exhaled air,
the rate of deuterium elimination is a measure of the body’s
loss of fluid. The difference in the turnover rates of oxygen
and hydrogen is a measure of the body’s energy expendi-
ture. This method is quite labour-intensive and too complex
to be used in routine clinical practice.

Findings of the largest DLW study conducted to date over
a population were published in Science in August 2021 [9].
H. Pontzer at al. obtained unique data by analysing energy
expenditure data in over 6,400 healthy male and female
subjects residing in 29 different countries. The subjects’ age
varied from 8 days to 95 years. It was found that metabolism
level changes as human body grows, develops and ages.
The basal metabolic rate was adjusted for fat-free mass so
as to take into account the specifics of body composition,
gender-specific properties and changes in metabolism sta-
tus across the life span. As expected, total energy expend-
iture was found to increase with fat-free mass. The authors
discovered four key periods in which substantial changes
take place in human energy metabolism. The first period
lasts from birth to 12 months of age. The infants’ metabo-
lism (DEE and RMR) at first equals that of adults but then rap-
idly accelerates to almost double the adult level, reaching
the peak at the age of 7 months. Following that, metabolism
gradually slows down by the age of 20 years (no puberty-re-
lated metabolism acceleration was found in children aged
10 to 15) and stays at a plateau in adulthood (20 to 60 years)
without any changes even in pregnancy and postpartum
periods. With multivariate regression, male subjects aged
1 to 20 had higher metabolism levels than females. In old-
er adult groups, sex was not found to have any substantial
impact on the rate of DEE decrease with age. Finally, energy
metabolism gradually declines in senior age even if the ra-
tio of adipose tissue in the body remains unchanged. In ad-
dition, the frequency of chronic diseases was found to in-
crease in that period (see Figure 1).
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Figure 1. Metabolism across the life span [9]

In recent years, evidence has emerged that mitochon-
drial changes, nutrient supply and energy expenditure are
interrelated, thus suggesting some kind of cell-level bio-
energy adaptation. To overcome energy starvation, cell’s
mitochondria increase the ratio of adenosine triphosphate
(ATP) expressed per unit of nutrients received, whereas cells
experiencing a surplus of nutrients increase energy waste
in the form of heat emission through extrusion of protons
from mitochondria [10]. In other words, human body adapts
to changes in its energy balance by adjusting the efficien-
cy of ATP synthesis. However, prolonged disorders (such as
chronic positive energy balance with obesity) may cause mi-
tochondrial dysfunction typical for metabolic diseases [11].

P. Balasubramanian et al. studied molecular aspects
of the ageing process in animals; they concluded that reduc-
ing the diet’s caloric value helps curb various ageing-related
processes in humans. First and foremost, this concerns sev-
eral non-infectious diseases, such as cardiovascular disor-
ders, tumours, sugar diabetes, dementia, osteoporosis, and
sarcopenia [12].

Analysis of age-specific properties of metabolic status
is important for personalising diet and physical activity rec-
ommendations, pharmacological correction and eventually,
given H. Pontzer’s study which suggests that metabolic age-
ing probably does not begin until the age of 60, the search
for predictors which may prolong the “metabolic youth”
period.

The structure of human energy expenditure and the im-
pact of age, environment, heredity background and lifestyle
thereupon are still unclear. There are two hypotheses in this
regard. The “accumulation” model presupposes that human
body has some basic resting metabolic rate which increases
with physical activity. The “limitation” model, on the contra-
ry, postulates that the total expenditure level is fixed and
any physical activity merely changes the ratio of energy ex-
penditure associated with various needs of the body.

In 2019, H. Pontzer at al. studied the impact of physical ac-
tivity and infectious diseases on metabolism in children [13].
The authors assumed that the key properties of metabolism
are shaped during the body’s rapid growth. They examined
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44 Jivaroan children aged 5 to 12 (the entire Jivaro commu-
nity numbers around 300). That indigenous community’s
lifestyle is based on daily activities such as hunting and gar-
den cultivation. These Indians have almost no access to elec-
tricity, water pipelines or medicine whatsoever. The control
group was comprised of urban children from the USA and
the UK. It was found that Jivaroan children spent almost dou-
ble the time doing some physical activity compared to their
urban counterparts. However, Jivaroan children’s energy ex-
penditure for physical activity were almost two times lower.
On the other hand, their RMR measured through indirect
respiratory calorimetry was almost 20% higher. The authors
believe it was due to a higher immunoglobulin G level and
more formidable immune defence in the face of higher
risk of infection. No substantial difference in lean mass was
found between the two groups. Only a slight variance in to-
tal daily energy expenditure measured through double la-
belled water was found (p=0.258). Thus, the study confirmed
the second energetic model, i.e., that of limitation. These
data suggest that it is a change in the diet (the quality of en-
ergy supply) and not physical activity (energy expenditure)
that makes the key contribution to energy imbalance which
is the root of obesity prevalence. On the other hand, higher
physical and immune activity in developing countries may
deprive a child’s body of energy required for growth, even if
the energy balance is positive.

The number one focus area is concerned with spe-
cifics of energy metabolism in patients having various
forms of obesity. Such studies are needed to build an evi-
dence-based personalised approach to diet therapy and
to enhance the efficiency of weight reduction treatment.

Indirect respiratory calorimetry is recommended by
Academy of Nutrition and Dietetics (USA) and American
Academy of Paediatrics as a preferred method of resting
metabolic rate measurement when planning diet therapy for
children and adolescents with obesity [14, 15]. S. Massarini
et al. showed that the use of indirect calorimetry in obesity
treatment programmes leads to more efficient weight re-
duction vs. the traditional diet therapy planning that uses
formula-based resting metabolic rate calculation [16].
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Various forms of obesity have their own specifics of ener-
gy metabolism. As regards the most widespread child obe-
sity — exogenous - it ought to be said that normal RMR
values are observed in 63.4%, low RMR in 25.8%, and high
RMR in 10.8% of children [17]. Some authors believe that
lower RMR is an adverse factor that contributes to obesity
progress [18, 19]. According to the most widely held theory,
weight gains combined with insufficient increase of energy
metabolism at rest and at the time of physical activity cause
a positive energy balance even if no dietary disorders take
place; this, in turn, leads to obesity progress. Such disorders
may stem from hypothalamus and hormone dysregulation
and from congenital or acquired defects of mitochondrial
oxidation [20].

The literature offers contradicting views on the impact
of changes in energy metabolism on obesity progress
in children. G. Rodriguez et al. show that RMR adjusted for
lean mass is lower in children with obesity compared to their
peers with normal weight [21]. M. G. Hohenadel et al. pro-
vide data suggesting that RMR reduction in children under
10 is associated with subsequent obesity progress. However,
prospective studies with observation time of 2 to 7 years
have not confirmed any impact of RMR on chronicity of obe-
sity in children [23, 24]. Other studies have not found any
correlation between RMR and subsequent weight gain
in adults and children, whether having obesity or not having
it [25-27], which points to the need of further prospective
research to ascertain the impact of RMR value on subse-
guent obesity origin and course.

A widely held view was that RMR increase should be a fa-
vourable factor for obesity patients as it creates a negative
energy balance. However, J. D. Cameron et al. demonstrated
that in adolescents with obesity, RMR increase is associated
with higher intake of calories and weight gain [28]. Thus,
higher RMR cannot be deemed a favourable prognostic fac-
tor for obesity course in children and adolescents.

Morbid severe obesity is a special form of the disease
which is particularly difficult to treat through lifestyle
changes and diet therapy. A study in the specifics of ener-
gy metabolism in children showed that patients with mor-
bid obesity have higher RMR values vs. the “non-morbid”
obesity groups, regardless of the patients’ sex or lean body
mass [29]. It ought to be noted that the use of calculation
formulas leads to significant overstatement of RMR level
in patients with manifest obesity, which may cause exces-
sive food intake and low weigh loss efficiency; this is why
the use of indirect calorimetry is preferred in such cases [17].

Hypothalamic obesity is a rare form of the disease.
It occurs due to hypothalamic and brain axis tumours and
their treatment, radiotherapy of brain tumours and hae-
matological cancer, skull injuries or stroke. The main cause
of hypothalamic obesity is a damage to the of parts hypo-
thalamus which are involved in dietary behaviour regula-
tion. Dysfunction of autonomic nervous system expressed
as a reduction of sympathetic nervous system’s tonus is
considered to be an important contributor to hypotha-
lamic obesity origin, since sympathetic nervous system
is directly involved in the regulation of the body’s energy
metabolism [30]. Multiple studies have demonstrated that
RMR reduction is one of the mechanisms which account
for excessive weight gains in children with hypothalamic
obesity [31-35]. |. Bomer et al. observed a significant RMR
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reduction (1,297 vs. 1,721 kcal; p<0.01) in a group of children
who had craniopharyngioma surgically removed as com-
pared to the control group of 43 children with exogenous
constitutional obesity, where the control group’s sex, age
and obesity degree parameters were commensurate with
those of the target group [31]. Likewise, M. G. Shaikh et al.
observed a RMR reduction in a group of 18 children with
hypothalamic obesity [32]. The authors noted a reduction
of locomotor activity in that group while no polyphagia was
observed; they suggested that RMR and locomotor activity
reduction are more significant factors causing weight gain
in patients with hypothalamic obesity than the quantity
of food they take. Average RMR reduction in patients with
hypothalamic obesity has been found to be in the range be-
tween 13% and 17%; however, it may be as high as 33.4%
in individual patients [32, 33].

Syndrome forms of obesity in children occur due to chro-
mosomal disorders, parental imprinting diseases or other
genetic syndromes. The most frequent chromosomal pa-
thology associated with obesity is Prader-Willi syndrome.
The impact of energy metabolism disorders on obesity
pathogeny in patients with Prader-Willi syndrome is widely
discussed in the literature [36]. Most of the relevant stud-
ies find a significant RMR reduction (up to 37%) in patients
with Prader-Willi syndrome vs. groups with simple (exoge-
nous constitutional) obesity; at present, this difference is
attributed to the lower lean body mass values in the former
group [36-39]. Since Prader-Willi syndrome is also associ-
ated with hypopituitarism and hypogonadotropic hypog-
onadism, these factors also contribute to reduction of lean
body mass and may intensify already existing energy me-
tabolism disorders.

Thus, various forms of obesity are associated with their
specific features of energy metabolism, and they are impor-
tant factors to consider when developing personalised obe-
sity treatment programmes.

CONCLUSION

Human energy metabolism is a key factor affecting both
the body’s daily dietary requirements and the body’s energy
expenditure for various forms of activity. Analysis of the fac-
tors which determine the body’s energy expenditure is a high-
ly complex task since the body’s composition, weigh, height
and physical activity change through the life span.

Obesity is a disease caused by chronic energy imbalance.
It has a heterogeneous structure: various forms of obesity
differ by the impact of genetic, hormonal, metabolic or ex-
ternal factors. In addition, various forms of obesity are asso-
ciated with their specific features of energy metabolism.

Efficient treatment of obesity requires accurate measure-
ments of daily energy supply and expenditure and inquiries
into the related behaviour to understand how energy home-
ostasis is regulated and to evaluate the efficiency of chosen
tactics.

To date, several methods have been developed to meas-
ure various aspects of energy metabolism; each one has
its advantages and disadvantages. Contemporary studies
have shown that the use of indirect calorimetry in obesity
treatment programmes leads to more efficient weight re-
duction vs. the traditional diet therapy planning that uses
formula-based calculations.
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