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Abstract 
Background: Two complementary viewpoints determine clinicians’ close attention to the phenomenon of metabolically

healthy obesity. Under the influence of additional risk factors, the studied obesity phenotype might become an intermediate
stage of transition to metabolic ill-health. If this assumption is true, such a phenotype is an object of search for triggers for
preventing the development of the disease. The research aims to assess changes in the structures of regulation of metabolic
processes in healthy volunteers differing in body weight and hormonal status under conditions of a standardized meal.

Methods: We conducted a cross-sectional examination of healthy volunteers aged 18-43 years. Using generally accepted
laboratory research methods, biochemical blood testing was done an hour after a standardized meal. In addition, the content of
insulin and cortisol in the blood plasma was determined. When assessing the response of metabolic status or health status, a
standardized meal was used as a stimulus. The meal allowed us to identify the maximum involvement of metabolic regulators
or the “tension” of the system.

Results: The analysis of the characteristics of the strength of the statistical relationship between the analyzed values clearly
demonstrated that increasing body weight and hyperinsulinemia gradually involve a “higher” level of regulation of metabolic
processes in healthy volunteers.

Conclusion:  With  metabolically  healthy  obesity  and  associated  hyperinsulinemia,  a  higher  neurohormonal  level  is
involved  in  metabolic  control,  significantly  complicating  regulation  and  increasing  the  risk  of  structural  disturbances  of
homeostasis up to its transition to a metabolically unfavorable status.
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Аннотация 
Ведение: Пристальное внимание клиницистов к феномену метаболически здорового ожирения определяется двумя

взаимодополняющими точками зрения. Под влиянием дополнительных факторов риска изучаемый фенотип ожирения
может стать промежуточной стадией перехода к  метаболическому нездоровью. Если это предположение верно,  то
такой фенотип является объектом поиска триггеров для предотвращения развития заболевания.

Цель  исследования –  оценить  изменения  в  структурах  регуляции  метаболических  процессов  у  здоровых
добровольцев, различающихся по массе тела и гормональному статусу, в условиях стандартизированного питания.

Методы:  Проведено  кросс-секционное  обследование  здоровых  добровольцев  в  возрасте  18-43  лет.  С
использованием общепринятых лабораторных методов исследования проводили биохимический анализ крови через
час после стандартизированного приема пищи. Кроме того, определяли содержание инсулина и кортизола в плазме
крови.  При  оценке  реакции  метаболического  статуса  или  состояния  здоровья  в  качестве  стимула  использовался
стандартизированный прием пищи. Прием пищи позволял определить максимальное участие регуляторов метаболизма
или «напряжение» системы.

Результаты: Анализ  характеристик  силы статистической  связи  между  анализируемыми величинами наглядно
продемонстрировал, что увеличение массы тела и гиперинсулинемия постепенно вовлекают «более высокий» уровень
регуляции метаболических процессов у здоровых добровольцев.
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Заключение: При  метаболически  здоровом  ожирении  и  сопутствующей  гиперинсулинемии  в  метаболический
контроль  вовлекается  более  высокий  нейрогормональный  уровень,  существенно  усложняющий  регуляцию  и
повышающий риск структурных нарушений гомеостаза вплоть до его перехода в метаболически неблагоприятный
статус.

Ключевые слова: ожирение, метаболически здоровое ожирение, избыточный вес, регуляция аппетита, инсулин. 

Introduction 
Recently, much attention has been paid to the concept of metabolically healthy obesity (MHO), which is understood as the

presence  of  excess  body weight  in  a  person  without  any  significant  metabolic  disorders  (dyslipidemia,  impaired  insulin
resistance, etc.) [1]. A number of prospective studies have demonstrated that in 30% to 40% of cases, MHO may progress to a
metabolically unhealthy obesity within 6 years [2]. These data suggest that MHO might be a transient condition leading to a
metabolically unhealthy status in the presence of other risk factors [3]. Of great interest is metabolic regulation in people with
MHO. Under normal conditions, metabolism is self-regulating and completely self-sufficient. The hierarchy of regulation of
metabolic  processes  is  carried  out  at  several  interconnected  levels.  Cellular  metabolism is  implemented  through various
compounds that are secreted into the intercellular space and interact with receptors of either nearby cells or the same cell. The
next level is formed by systems that, under normal conditions, ensure the constancy of biochemical parameters of cells and
organs.  The  organism level  maintains  the  constancy  of  the  internal  environment  of  the  organism through  neurohumoral
regulation and metabolism [4]. Each subsequent level coordinates the work at the previous levels, coming into action when the
external environment changes. A regular meal that covers a person’s basic needs is an example of a change in the external
environment. Regulation of metabolism ensures the stability of homeostasis due to the balance of the influx of substances and
energy  into  the  cell,  their  storage  or  removal  of  decay  products.  Does  the  hierarchy  of  metabolic  regulation  change  in
individuals with MHO? It  is  a  question that  may underlie this phenomenon and, accordingly,  methods for  preventing its
transition to a metabolically unfavorable status. The research work aimed to evaluate changes in the regulation structures of
metabolic processes in healthy volunteers with different body weights and hormonal status under a standardized meal.

Research methods and principles 
A single-center, interventional, cross-sectional study was carried out in the clinic of the Goldberg Research Institute of

Pharmacology and Regenerative Medicine of Tomsk National Research Medical Center (TNIMC) of the Russian Academy of
Sciences, Tomsk, Russia. The study included 34 healthy volunteers aged 18 to 43 years, including 19 men and 15 women.

Inclusion Criteria:  healthy Caucasian male and female volunteers;  non-smokers  (last  smoking episode was 6 months
before  the  study);  with  the  verified  diagnosis   “healthy”  according  to  medical  history,  standard  clinical,  laboratory  and
instrumental examination; not obese, i.e. body mass index (BMI) within the range of 18.5 to 30.0 kg/m2.

Exclusion Criteria: the need for or use of medications; the subject’s decision to withdraw from the study or the subject’s
refusal to cooperate with the research team; the subject’s failure to comply with the prescribed study regimen and restrictions; a
positive pregnancy test in female subjects.

All volunteers underwent a metabolic activity study and hormonal status assessment one hour after the standardized meal
intake.

The  examination  included  an  analysis  of  complaints,  medical  history  and  clinical  examination.  During  the  physical
examination, a general examination was performed with measurement of height (m), body weight (kg); BMI was calculated
using the formula: body weight (kg)/height (m)2. Using standard laboratory methods, biochemical blood testing was done one
hour after the standardized meal of 500 kcal. In blood plasma, insulin and cortisol levels were determined using commercial
enzyme immunoassay kits. All analysis procedures were carried out according to the instructions included with the kits, using a
Stat Fax 2100 microplate reader (AWARENESS TECHNOLOGY Inc., USA). The insulin level was measured by the ELISA
method using a standard reagent kit from DRG International, Inc. (Germany). Insulin and cortisol contents were expressed in
μU/ml and μg/dl, respectively.

Variation statistics methods were used to process the results. Statistical  analysis was carried out using Statistica 13.0
(TibCo, USA). Quantitative indicators were expressed as mean ± standard error of the mean. To compare the correlation
coefficient for parametric data, we used the Pearson correlation coefficient (R) with the Yates correction and the likelihood
correction. For nonparametric data, Spearman’s rank correlation coefficient was used (ρ). The analysis took into account only
connections with a correlation coefficient R>0.6, characterizing a measure of strong linear dependence between characteristics
and reflecting the rigidity of the relationship between the analyzed parameters.

The Local Ethics Committee of the Goldberg Research Institute of Pharmacology and Regenerative Medicine of TNIMC
decided that this scientific work complies with the ethical standards of good clinical practice and can be carried out at the clinic
of the Goldberg Research Institute of Pharmacology and Regenerative Medicine, TNIMC (Minutes No12 dated December 28,
2022). In accordance with the Declaration of Helsinki of the World Medical Association, each participant signed an informed
consent for the examination approved by the Local Ethics Committee.

Main results 
This article includes the results of a cross-sectional study of healthy volunteers who were not obese. Biochemical and

hormonal parameters were studied an hour after a standardized meal of 500 kcal. It is believed that a pronounced increase in
insulin occurs at 10-15 minutes after a meal in healthy individuals. Insulin helps compensate for the resulting hyperglycemia.
However, normal glucose and insulin values are usually recorded 60 minutes later [5]. The obtained results did not meet our
expectations: 10 volunteers had elevated glucose levels, up to a maximum of 8.3 mmol/l; in 14 people, insulin levels ranged
from 25 to 85.5 µU/ml. It was not possible to use the data obtained to diagnose insulin resistance, since its assessment is
carried out using calculated indices based on the ratio of fasting (basal) values of immunoreactive insulin and fasting plasma
glucose. To understand the results obtained and analyze data, the volunteers were divided into 2 groups according to body mass
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index (BMI). Group 1 consisted of 13 people with normal body weight (BMI from 18.50 to 24.99 kg/m2). Group 2 included 21
volunteers with excess body weight (BMI > 25-29.99 kg/m2). Based on the results of the hormonal examination, we identified
another group of volunteers with excess body weight and deviations in insulin levels from the reference values (Table 1).

Table 1 - Results of examination of volunteers depending on body mass index and insulin level

DOI: https://doi.org/10.60797/IRJ.2024.150.36.1

Indicator
All volunteers
(n=34), (M±m)

Volunteers with a
BMI from 18.50
to 24.99 kg/m2

(n=13), (M±m)

Volunteers with a
BMI from 24.99
to 29.99 kg/m2

(n=21), (M±m)

Volunteers with a
BMI from 24.99
to 29.99 kg/m2

and insulin level
>25 µU/ml

(n=10), (M±m)

Age, years 30.76±6.5 29.24±6.6 33.42±5.62 34.17±3.87

Height, cm 172.61±8.37 170.86±7.02 175.67±9.92 178±10.33

Weight, kg 72.64±14.19 65±7.87 86.0±12.92 86.83±14.37

BMI, kg/m2 24.21±3.2 22.21±1.73 27.72±1.78 27.2±1.7

Insulin, µU/ml 27.48±19.51 24.66±17.16 32.4±23.02 50.62±18.74

Cortisol, mcg/dl 6.44±2.71 6.46±3.08 6.42±2.04 6.4±2.91

Glucose, mmol/l 5.72±1.02 5.63±0.89 5.86±1.26 6.53±1.53

Total cholesterol,
mmol/l

4.13±0.89 3.95±0.69 4.45±1.12 4.02±0.99

Triglycerides,
mmol/l

1.43±0.86 1.11±0.58 1.99±1.0 1.93±0.99

Aspartate
aminotransferase,

U/l
17.18±7.36 15.92±3.91 19.38±11.03 15.88±1.86

Alanine
aminotransferase,

U/l
15.84±9.2 14.11±7.76 18.86±11.01 15.87±6.46

Total protein, g/l 65.12±3.04 65.54±3.19 64.38±2.73 63.33±2.28

Total bilirubin,
µmol/l

9.56±6.22 10.6±6.97 7.74±4.31 8.65±5.82

Urea, mmol/l 3.55±0.69 3.43±0.73 3.75±0.61 3.63±0.76

Uric acid, µmol/l 268.48±58.85 252.67±49.18 296.17±66.07 280.67±43.01

Creatinine, µmol/l 67.55±11.11 65.29±10.67 71.5±11.2 75.33±8.59

Alkaline
phosphatase, U/l

55.21±20.4 53.66±23.79 57.93±12.98 60.52±13.4

GGTP, U/l 18.13±10.65 15.97±9.18 21.92±12.33 22.37±15.75

Potassium, mmol/l 4.39±0.31 4.43±0.34 4.33±0.25 4.27±0.19

Discussion 
In each of the three subgroups of healthy volunteers, data analysis was carried out to assess indicators characterizing the

strength of the statistical relationship between any two values.
In Group 1, 8 positive correlations were identified (R>0.6, Fig. 1). All relationships can be explained from the point of

view of normal physiology. The relationship between triglyceride levels and screening markers of liver function is clear. The
biological role of fats in the body – ensuring plastic and energy metabolism – is unthinkable without the metabolic function of
liver enzymes. Under normal physiological conditions, blood glucose concentrations are invariably related to insulin levels.
When food enters the body, there is a rise in blood glucose levels, which raises insulin secretion by the pancreatic β-cells. The
described correlations in this group of volunteers reflect precise targeted control. Processes in the internal environment of the
body trigger a strictly defined specific need for a certain physiological effect.
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Figure 1 - Correlations (R>0.6) between indicators in healthy volunteers with a BMI of 18.5-24.9 kg/m2

DOI: https://doi.org/10.60797/IRJ.2024.150.36.2

17 correlations were identified (R>0.6)  in  Group 2.  Among them, there were 3 negative correlations (Fig.  2).  When
considering the identified correlations between the metabolism of carbohydrates, proteins and fats, it becomes obvious that
these types of metabolism are closely related to each other. The basis for the relationship is the relationship between proteins,
carbohydrates  and  lipids  as  substrates  and  products  of  interconversion  with  a  common energy  supply  and  common end
products of metabolism [6]. At the same time, there is competition for energy sources between the processes of biosynthesis of
proteins,  lipids  and polysaccharides;  reactions of  various types of  metabolism have common precursors  and intermediate
products [7]. Some other relationships that can be explained by normal physiology appear. The concentration of uric acid in
blood correlates with weight. Uric acid is the main end product of purine metabolism. With an increase in BMI, increased
synthesis of fatty acids activates the pentose pathway of glucose oxidation, promoting the formation of ribose-5-phosphate,
from which the purine nucleus is synthesized [8]. The revealed negative correlation between plasma urea and triglycerides in
this group can be explained by the prevailing activity of hepatocytes in relation to fat metabolism over the synthetic function of
the liver. Urea, being the end product of protein catabolism, is synthesized in hepatocytes. This level clearly demonstrates the
central role of the liver in coordinating metabolic processes and maintaining homeostasis [9]. The liver, carrying out external
and internal secretion, receives metabolic information through the bloodstream and acts as a stabilizer of the amount of glucose
and  amino acids  in  the  body.  It  plays  a  critical  role  in  adapting  metabolic  processes  to  the  diet,  including  through the
redistribution of nutrient flows between different organs and tissues. The identified relationships between indicators of protein,
carbohydrate and fat metabolism and markers of the activity of catabolic processes reflect the tension of tissue mechanisms
aimed at meeting the energy needs of the body. Thus, fat catabolism includes lipolysis to glycerol and fatty acids for further
resynthesis of triglycerides or the inclusion of its  oxidation product in glycolysis or gluconeogenesis [10].  Therefore,  the
discovery of a negative correlation between blood glucose levels and total cholesterol concentration was unexpected. It is
likely that healthy volunteers with a BMI of 24.9-29.9 kg/m2 experience a longer, but still physiological, increase in glucose
levels after meals than a group of volunteers with a normal BMI. The mechanism of consumption of excess glucose by insulin-
dependent tissues is not impaired. The identified correlations in this group of volunteers are a manifestation of the growing
tension of local interactions and demonstrate a set of actions of the main control systems focused on the very implementation
of the action.
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Figure 2 - Correlations (R>0.6) between indicators in healthy volunteers with a BMI of 24.9-29.9 kg/m2
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We established 46 correlations (R>0.6) in the group of volunteers with a BMI of 25.0-29.9 kg/m2 and insulin level >25
µU/ml. There were 18 negative correlations among the established ones (Fig. 3). We identified a multiple relationship between
urea levels and metabolic processes,  reflecting the common final path of dissimilation for carbohydrate, lipid and protein
metabolism. Acetyl-CoA, formed during the catabolism of proteins, lipids and carbohydrates, enters the tricarboxylic acid
cycle, where it is oxidized to carbon dioxide. The resulting reducing equivalents in the form of NAD(P)H are used further in
the respiratory chain to produce ATP. Carbon dioxide can be used for the synthesis of fatty acids (via malonyl-CoA) and urea,
purines and pyrimidines. In urea, end products of protein, lipid and carbohydrate metabolism (carbon dioxide and ammonia)
are directly linked to each other.

Figure 3 - Correlations (R>0.6) between indicators in healthy volunteers with a BMI of 24.9-29.9 kg/m2 and insulin levels >25
µU/ml

DOI: https://doi.org/10.60797/IRJ.2024.150.36.4

In  addition  to  those  previously  identified,  additional  multiple  connections  appear  between  metabolic  parameters  and
biochemical liver tests.  Taking into account that these volunteers have elevated insulin levels, which distinguishes them from
the volunteers of Group 1 and Group 2, it is worth focusing on the anabolic effect of insulin, which promotes the synthesis and
accumulation of glycogen and fat in tissues. Insulin affects carbohydrate metabolism by activating the transport of glucose
across the cell membrane, accelerating the oxidative breakdown of glucose. It accelerates glycogen synthesis in the liver and
muscles, inhibits glycogenolysis and gluconeogenesis. At the same time, insulin takes part in the regulation of fat metabolism,
accelerating lipogenesis from sugar breakdown products and slowing down lipolysis [11]. Moreover, insulin accelerates protein
synthesis from sugar breakdown products. All these processes ultimately lead to a decrease in plasma glucose concentration.
Normally, in the liver, insulin inhibits glycogen phosphorylase, which leads to increased glycogen synthesis and inhibition of
its breakdown. Insulin also activates glycolysis enzymes, accelerates the breakdown of glucose to acetyl-coenzyme A, which is
a substrate for the synthesis of fatty acids [12]. At the same time, gluconeogenesis enzymes are inactivated, thereby inhibiting
glucose synthesis. Insulin increases the activity of the fatty acid synthesis enzyme – acetyl-CoA carboxylase – stimulating the
formation of malonyl-CoA fatty acids. It blocks the activity of lipoprotein lipase, which breaks down triglycerides [13]. The
negative relationship between glucose levels, total cholesterol and indicators of liver enzymatic activity that appeared in this
group of volunteers may be explained by the development of insulin resistance in overweight. Insulin resistance is a condition,
when adipose tissue resists the antilipolytic action of insulin. Intensive lipolysis in visceral adipocytes leads to the release of
large amounts of free fatty acids into the portal circulation. Entering the liver, on the one hand, they become a substrate for the
formation of atherogenic lipoproteins; on the other hand, they prevent the binding of insulin to the hepatocyte, potentiating
insulin resistance, which leads to a decrease in glycogen synthesis, activation of glycogenolysis and gluconeogenesis.
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Conclusion 
Of  particular  interest  is  the  emerging  integration  of  cortisol  in  the  regulation  of  metabolic  processes.  Of  course,

maintaining  homeostasis  requires  a  complex  interaction  of  a  number  of  organs  and  systems of  the  body,  including  the
neuroendocrine [14]. The demonstrated manifestation of neurohormonal regulation characterizes its ability to simultaneously
influence a number of different types of cells in the body and reflects the degree of tension of the regulatory systems necessary
to maintain homeostasis, and determines the current functional state of the body with its physiological reactions focused on
long-term effects. 
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