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The impact of stress on pathogenetic mechanisms
of obesity (Systematic review)

V.l. Tkachenko, T.O. Bagro
Shupyk National Medical Academy of Postgraduate Education, Kiev

Obesity is reaching the scale of a pandemic and is growing progressively every year. Taking into account the introduction of quarantine
in many countries of the world associated with COVID-19, a large number of patients are in a state of constant stress, hypodynamics,
hypoxemia, which contributes to the prevalence of this nosology. Under such conditions, there is a need for a detailed analysis of the impact
of stress and other factors on the pathogenetic links in the development of obesity, determines the relevance of our study and the need to
find more effective preventive measures in the practice of family medicine.

The objective: is to analyse the pathogenetic mechanisms of obesity under the influence of stress and other factors using systematic analysis
of literature data.

Materials and methods. A systematic review of literature sources in the field of obesity and its pathogenetic aspects was conducted by
keywords: pathogenesis of obesity, overveight, stress, hypothalamic-pituitary-adrenal system, orexin, serotonin for the period 2015-2020.
The search was carried out mainly in PubMed and Cochrane databases. The bibliosemantic method and the method of systematic analysis
were used.

Results. According to the results of searches in the PubMed and Cochrane databases, 58131 sources were found by keywords, from which
29 most relevant research goals were selected, including: 16 systematic reviews, 2 meta-analyzes, 3 multicenter data and 8 cohort studies.
It is established that despite the diversity of pathogenetic aspects of obesity, adipose tissue is an endocrine-active organ that changes the
functional state of many organs and systems, leads to metabolic and hormonal changes, led primarily by disbalance of the hypothalamic
region, which is responsible for somatoform and hormonal disorders, and for the body’s protective reactions on exposition of many
orexogenic factors.

Conclusion. A crucial point in the practice of a family doctor, which will help to effectively prevent the development of obesity and its non-
infectious and infectious complications, is to study all possible risk factors, their complex interaction at all levels of pathogenetic changes.
Taking into account the influence of stress factors on the hypothalamic region, which is one of the key links in the pathogenesis of metabolic
and somatoform changes, will help to find more effective approaches to the correction of overweight.

Keywords: obesity, pathogenesis, stress, hypothalamic-pituitary-adrenal system, orexin, seretonin.

Bnnue cTpecy Ha naToreHeTU4YHi MexaHi3amMu Po3BUTKY OXUPIHHA (CucTeMaTu4yHuii ornag)
B.l. Tka4eHko, T.0O. Barpo

OsKUpiHHS I0csATaE MACIITAbiB MAH/IEMiT i IOPIYHO MTPOTPECHBHO 3pocTae. BpaxoByioun BBeICHHS KAPAHTHHHUX YMOB Y GaraTbox KpaiHax CBiTY,
noB’sizannx 3 COVID-19, nocuth Besnka KiJbKicTh TAli€HTiB nepeGyBaoTh y CTaHi MoCTiiiHOro crpecy, rinoguHaMmii, rinokcemii, 1o crnpusie
POCTY TOMHUPEHOCTI AHOT HO30JIOTIT. 3a TaKMX YMOB BUHHKAE HEOOXIHICTH /IETAli30BAHOTO aHAJ3Y BIUIMBY CTpeCy Ta iHIIMX YHHHUKIB Ha
MaTOreHETUYHI JIAHKU PO3BUTKY OKUPIHHS, 1110 0OYMOBIIIOE aKTYaJIbHICTh AAHOTO JOCJI/DKEHHsS i HeoOXifHicTh moryKy Gibin eeKTHBHIX
podiTaKTHYHNX 3aXO0/[iB y TIPAKTHIL CiMEIHOTO JIiKaps.

Mema docnioxcenns: BUBYNTH IATOTEHETHYHI MEXaHI3MU PO3BUTKY OKUPIHHS 111/l BILIKBOM CTPECY Ta iHINNX YUHHUKIB 32 JIOOMOTOI0 CHCTEM-
HOTO aHaJIi3y JaHUX JiTepaTypu.

Mamepianu ma memoodu. 31ilicHEHO CUCTEMATUYHUIT OIS JITEPATYPHUX JPKepes y MpobieMaTHIl OKUPIHHS MO0 HOTro MaToreHeTHIHuX
acIekTiB 3a KoyoBuMu cioBamu: pathogenesis of obesity, overveight, stress, hypothalamic-pituitary-adrenal system, orexin, serotonin 3a nepios
2015-2020 pp. ITounyk saificuiosanu 3aebinbuoro B 6azax ganux PubMed ta Cochrane. /lais ananisy 3actocoByBasin GibrioceManTuuHMiT METOL
Ta METOJl CUCTEMHOI'0 aHaJli3y.

Pesyavmamu. 3a pesynbratamu nomyky B 6azax ganux PubMed ta Cochrane 6yso suaiizeno sa kmodosumu ciosamu 58 131 mkeped, 3 axux
Biftibpano 29, mo Haitbiiblle BiAIOBIiAAIN MeTi JOCa/KeHHS, cepeal akuX: 16 cucTeMHUX OIIsIiB, 2 MeTa-aHati3u, 3 GaraToleHTPOBHX i 8 KO-
FOPTHUX JIOCJI/PKeHDb. BeTaHoBIIeHO, 1110 HE3BaKAI04YM HA OAraTOrpaHHiCTh IIATOTeHETHYHIX ACIIEKTIB OXKMPiHHST, JKUPOBA TKAHMHA € €HJIOKPUHHO
AKTUBHUM OPraHOM, SIKHUii 3MiHIO€ (DYHKIOHAMBHUN cTaH GaraThboX OPraHiB i cHcTeM, NPU3BOAUTD A0 METAOOIIYHUX | TOPMOHAILHUX 3MiH, Ha
YOJIi IKMX CTOITh HacaMIepes AucOaIaHe TinoTaaMivHOl IITHKY, sIKa Bi/INOBIZAa€ K 32 coMaTto(hOPMHI i TOPMOHAJIbHI PO3JIaJIM, TAK i 32 3aXUCHI
peakilii oprauismy mpu jiii Ge3J1i4 OPEeKCOreHHUX YMHHUKIB.

3axatouennsn. BupimaibHuM MOMEHTOM y MPAKTHUIl CiIMEHHOTO JiKaps, 1o A0MoMosKe eeKTUBHO 3/AilcHIOBATH TTPODiTaKTUKY PO3-
BUTKY OKUPiHHA i iforo HeindeKIifHNX Ta iHdeKIiilHNX YCKIaHEeHDb, € BUBYCHHS BCiX MOKJINBUX YNHHUKIB PU3UKY, iX KOMIIJIEKCHOT
B3a€MO/[ii Ha BCi JJaHKM 1TATOTEHETUYHUX 3MiH. Y paXyBaHHS BIINBY CTpecoBUX (haKTOPiB HA rinmorajsaMiuHy JiJSHKY, dKa € O/HIi€0
3 KJIOYOBUX JIAHOK TatoreHe3y MeTaboJiuHuX i coMaToGOPMHUX 3MiH, CIIPUATUME TOIMYKY Oinbil eEeKTUBHUX TIAXOAIB KOPEKIi
HaAMipHOI Macu Tina.

Kmouosi cnosa: oxcupinus, namozenes, cmpec, 2inomaiamo-2inoQisapHo-HaoHUpHUKo8a CUCMEMA, OPEKCUH, CEPOTOHIH.

BnunsHue cTpecca Ha naTtoreHeTu4Yeckue MexaHu3mMbl pasBuUTuS oxupeHus (Cuctemarmnueckuii o063op)
B.U. Tka4yeHko, T.A. Barpo

OsKkUpeHre I0CTUTAET MACIITA00B AHAEMIH U €5KETO/IHO IPOTPECCHBHO PACTET. Y UNTHIBAsI BBEIEHIE KADAHTHHHBIX YCJIOBHUII BO MHOTHX CTPaHaX
mupa, cBszanubix ¢ COVID-19, noctatouno 60Jbiioe KOJINYECTBO MAIMEHTOB HAXOMSATCS B COCTOSIHUU MOCTOSIHHOTO CTPECCa, THIIOMHAMUY,
THIIOKCEMUH, YTO CIIOCOGCTBYET POCTY PACIPOCTPAHEHHOCTH JaHHON HO30710THH. [IPH TaKUX YCJIOBHSX BO3HMKAET HEOOXOAMMOCTD AETATbHOTO
AHAJIN3A BJMSHIS CTPECCA U APYTUX (DAKTOPOB HA MATOTEHETHYECKUE 3BEHbSI PA3BUTHSI OKUPEHNUST, 00y CIOBINBACT aKTYaIBHOCTD HAIIETO HCCIe-
JIOBaHUS 1 HEOOXOANMOCTD TToMCcKa Gostee 3 heKTUBHBIX TPODUIAKTHYECKIX MEPOTIPHUSTHIL B IPAKTHKE CEMEIHOTO Bpaya.

Ilenv uccnedoganus: N3yunth MATOTCHETHICCKHE MEXAaHU3MBI PA3BUTHsI OKUPEHUST 110/l BAMSHUEM CTPECcca U APYTUX (hakTOPOB ¢ TIOMOMLIBIO
CHCTEMHOTO aHaJIN3a JAHHbIX JINTEPaTyPhl.
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Mamepuanvt u memodvr. OCyIecTBIEH CUCTEMATHYECKIIT 0630p JINTEPATYPHBIX HCTOYHIKOB IO IIPOOIEMATHKe OKUPEHIISI, €70 MaTOreHeTHYe-
CKHX aCIIeKTOB, M0 KJII0YeBbIM coBam: pathogenesis of obesity, overveight, stress, hypothalamic-pituitary-adrenal system, orexin, serotonin 3a me-
puox 2015-2020 rr. TTovck ocyiiecTsisii B ocHOBHOM B 6azax sanubix PubMed u Cochrane. [lis ananisa npuMensiiin 6161MoceMaHTUYeCKIi
METO/I 1 METO/I CHCTEMHOTO aHAJIN3a.

Pesyavmamot. 110 pesybraTam noucka B 6azax ganusix PubMed u Cochrane 6b110 Haiizeno 1o kioueBbiM cioBam 58 131 HeTOUHUKOB, 13 KOTO-
pbix 0T06pano 29 Hanboee COOTBETCTBYIONIMX TN UCCIC0BAHNA, CPEAH KOTOPBIX: 16 crcTeMHbIX 0030pOB, 2 MeTa-aHaIn3a, 3 MHOTOIIEHTPOBDIX
1 8 KOTOPTHBIX UCCJIEOBAHMIL. Y CTAHOBJICHO, YTO HECMOTPSI HA MHOTOTPAHHOCTD TIATOr€HETHYECKHUX ACIIEKTOB OKHPEHNS, JKUPOBASI TKAHD SIBJISIET-
€51 9HJIOKPUHHO AKTUBHBIM OPTAaHOM, KOTOPBIiT M3MeHsieT (DYHKI[MOHATBHOE COCTOSIHIE MHOTHX OPraHOB U CHCTEM, IPUBOAUT K META00IMIECKUM
7 TOPMOHATIBHBIM M3MEHEHNSIM, BO IJIaBE KOTOPBIX CTOHT, IIPEKE BCETO, AUCOANAHC THIIOTATAMIYECKOIT 00IaCTH, KOTOPAsi OTBEYaeT KakK 3a CO-
MaToGOPMHBIE 1 TOPMOHAIBHBIE PACCTPONCTBA, TAK U 32 3AIUTHBIE PEAKIIMH OPraHi3Ma IPU BO3/EHCTBUI MHOKECTBA OPEKCOTeHHBIX (DaKTOPOB.
3axnouenue. Pemaiomnm MOMEHTOM B IIPAKTHKe CeMEITHOro Bpaya, KOTOPLI HoMOKeT 3 HEKTUBHO OCYIIECTBISATD MPODIIAKTHKY 0KHPEHUST
1 ero HeMH(EKIMOHHBIX 1 MH(MEKIIMOHHBIX OCJIOKHEHUT, SBJISETCS N3ydyeHne BCeX BO3MOKHbBIX (DAKTOPOB PUCKA, MX KOMILJIEKCHOTO B3aMMO/1€Hi-
CTBHSI Ha BCE 3BEHbST TATOTEHETHYECKNX N3MEHEHMI. YUeT BIIMSIHISI CTPECCOBBIX (DAaKTOPOB HA THIIOTATAMITIECKYIO 00IACTh, KOTOPASI SIBJISIETCS
OJIHVM U3 KJIIOYEBBIX 3BEHbEB TTATOreHe3a MeTab0IMIEeCKNX U cCOMATO(GOPMHDIX U3MEHEHUIT, OyeT crocobCTBOBATL MOUCKY GoJtee aheKTUBHDBIX

MOJIXO/I0B KOPPEKINN U30BITOYHON MacChl TeJa.

Kmouesvie cnosa: ojcupenue, namoeenes, cmpecc, zunomaﬂaMO—zunod)uaapﬂo—Haanoueuﬂuxoeaﬂ cucmema, Opekcut, Cepomonuna.

he term “obesity” according to ICD-11 is defined as «xABCD»

(adiposity-based chronic disease), which more clearly
outlines the problem than before [1, 2, 3]. Every year, 2.8 million
people die from obesity in the world [4].

Obesity, like nosology, is spreading at a significant rate.
More and more people lead a hypodynamic lifestyle, do not
follow the principles of healthy eating. Taking into account
the recent events in the world related to quarantine conditions
in result of COVID-19 in many countries, a large number of
patients are in a constant stress, hypodynamia, hypoxemia, which
contributes to the prevalence of this nosology. Long-term neglect
of such a nosological unit leads to a significant increase of non-
communicable diseases in the world. In addition, in condition
when the significant number of countries is in quarantine
associated with the COVID-19 pandemic, obesity becomes an
additional risk factor for severe COVID-19. It is a well-known fact
that overweight patients have impaired mechanical ventilation,
furthermore, obesity is a chronic inflammatory disease in which
increased production of cytokines, altered reactivity of natural
killers occur [5]. According to statistics, obese patients have more
severe course of COVID-19, are much more likely to be admitted
to inpatient treatment and intensive care units, requiring oxygen
therapy [6]. In most countries that analyzed the situation of
hospitalized young patients with COVID-19, it was found that
half of the patients had a BMI >25 kg/m2 (US=48.3%, UK=72%,
France=50%) [4, 6, 7, 8, 9, 10]. The lack of attention paid in
recent years to this category of patients is largely revealed today,
not only in our country.

Itisinteresting thatin all protocols, national recommendations,
guidelines and any scientific and practical publications, the main
point of treatment is a change in lifestyle (mainly a change in eating

behavior), but the cause of such behavior as well as methabolic and
hormonal problems are almost not considered. It is difficult for a
patient to change his behavior «by force of will», especially if the
hormonal background <«interferes», which leads to a fairly common
phenomenon of «yo-yo», especially when all the factors influencing
the development of this disease are not taken into account. Under
such conditions, there is a need for a detailed analysis of the effects
of stress and other factors on the pathogenetic links of obesity,
which determines the relevance of our study and the need to find
more effective preventive measures in the general practice.

The objective: is to analyse the pathogenetic mechanisms
of obesity under the influence of stress and other factors using
systematic analysis of literature data.

MATERIALS AND METHODS

A systematic review of literature sources in the field of
obesity and its pathogenetic aspects was conducted by keywords:
pathogenesis of obesity, overveight, stress, hypothalamic-
pituitary-adrenal system, orexin, serotonin for the period
2015-2020. The search was carried out mainly in PubMed and
Cochrane databases. The bibliosemantic method and the method
of systematic analysis were used.

RESULTS AND DISCUSSION

According to the results of searches in the PubMed and
Cochrane databases, 58 131 sources were found by keywords, of
which 29 were selected for analysis that best met the purpose of
the study, including: 16 systematic reviews, 2 meta-analyzes, 3
multicenter data and 8 cohort studies.

It was established that despite the multifaceted pathogenetic
aspects of “obesity”, adipose tissue is considered as an endocrine

Biologically active substances involved in the pathogenesis of obesity

Orexigenic

Anorexigenic

— Orexin A and B (hypocretins)
— Melanin-concentrating peptide
— Norepinephrine (a2-receptors)

— Neuropeptide Y
— B-endorphin
— Agut-related peptide
— Galanin
— Somatoliberin
— Cortisol
— Thyroxine

— Serotonin
— Cocaine and amphetamine-regulating transcriber
— Norepinephrine (a1 and B2 receptors)
— a-melanocytostimulating hormone
— Corticoliberin
— Tyroliberin
— Leptin
— Vasopressin
— Neurotensin
— Oxytocin
— Urocortin «Ghrelin»
— Insulin
— Cholecystokinin
- GABA
— Dopamine
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organ that causes changes of the functional state of all organs,
that is why it is often the part of work of endocrinologists.
Today, the term “endocrine obesity” is more used in diagnoses
of hypothyroidism, syndromes of hypogonadism, hypercorticism,
hyperandrogenemia, hypercorticism, polycystic ovary syndrome
[1]. But the hormone-active role of alimentary obesity is
underestimated in general practice.

The pathogenesis of obesity can be traced from electrolyte
changes to phenotypic traits, which are presented in the
literature, in particular, there was a significant difference in
the level of potassium, calcium, phosphate (p<0.005) in obese
patients compared to normal weight patients, while as the
level of magnesium in obese patients is significantly lower than
in patients with BMI <25 kg/m? (p<0.001) [11, 12, 13]. The
negative effect of abdominal obesity on the “metabolic health”
of the body by hyperproduction of leptin and proinflammatory
cytokines by adipocytes has been studied [14, 15]. Conditionally,
the entire pathogenesis can be divided into variable and invariant
components. Today, only genetic and partially hormonal
determinants cannot be changed, but this aspect are studied by
genetic engineering.

For a more detailed understanding of the pathogenetic
mechanisms of obesity, all biologically active substances (amines
and neuropeptides) involved in its formation can be divided
into two components, the disbalance of which leads to the
accumulation of adipose tissue — see table [16].

The central link in the pathogenesis of obesity is the
hypothalamus, whose functions largely reveal the causes and
aspects of overweight correction. Hypothalamus — the main
organ that shapes eating behavior, as it contains the centers
of hunger, satiety; thermoregulation; sleep / vitality; stress
reactions; fertility [17, 18]. Quite often these functions are
interconnected. Biological agents such as orexins (hypocretins)
are produced by the lateral hypothalamus and serotonin — by
the anterior part (suprachiasmatic nucleus). A large number of
works have been devoted to its study or the most effective drugs
that affect them (for example, sibutramine, orlistat) have been
identified, although they have certain shortcomings [16, 19]. The
pathogenetic link between weight gain and production of the
above substances is associated primarily with stressful situations,
the number of which increases given the presence of pandemics,
anti-terrorist acts, economic crisis, and so on. Stress increases
orexin production, which causes hyperphagia, hypertension and
obesity [17, 20].

At the molecular level orexin A (OX-A) promotes the
biosynthesis of the endocannabioid 2-arachinoidglycerol
(2AG), which stimulates appetite and inhibits a-melanocyte-
stimulating hormone (a-MSH), which in turn activates
the saturation center [21]. In addition, this neuropeptide
is responsible for the formulation of motivational behavior,
dependence and emotions, as it occupies a central place in
the mesolimbic and mesocortical pathways. The hypocretins
support the process of wakefulness (vitality) of the body.
On the other hand, the literature notes a direct relationship
between body weight and sleep disorders [22]. Serotonin, the
so-called hormone of “happiness”, which is produced by 95% in
the intestine from L-tryptophan and is contained in the neurons
of the suprachiasmatic nucleus of the hypothalamus (1-2%),
is activat by light stimuli, but its secretion greatly reduced
by stress that leads to depression. Serotonin is converted to

melatonin in the pineal gland by N-acetyltransferase, which
controls the circadian rhythm [23]. Melatonin, in turn in
combination with insulin, is able to increase leptin secretion
in adipocytes at night, which explains the decrease in appetite
during sleep. Melatonin is an antagonist of cortisol, its synthesis
is disrupted due to hypercortisolemia in chronic stress that lead
to disturbance of the circadian rhythm, insomnia, decrease
leptin secretion and increase of appetite [24].

Leptin secretion and activation of GABA-receptor mediated
signaling due to the suppression of neuropeptide Y, leads to
decreased appetite and reduced food intake [25]. For its part,
GABA when administered orally reduces glycemia and glucose
tolerance in obese patients [26, 27].

In recent years, more and more publications have emerged
indicating the relationship between adipose tissue and the
hypothalamic-pituitary-adrenal system. The aspect of the effect
of adipocyte on steroid secretion and regulation of metabolic
processes by hormones of the hypothalamic-pituitary-adrenal
system is covered. Patients with obesity in response to stress have
more cortisol secretion than people with normal body weight.
Glucocorticosteroids promote the differentiation of preadipocyte
into adipocyte, as well as increase the accumulation of lipids
in the depot, turning brown adipose tissue into white, increase
the number of proinflammatory cytokines (IL-6, TNF-alpha,
monocytic chemotoxic protein) 28].

Adipocytes express aromatase, an enzyme that converts
testosterone to estrogen. As a result, overweight men suppress the
gonadotropic function of the pituitary gland. A very important
pathogenetic aspect is the mutual conversion of cortisol
into cortisone, which is carried out by 11B-hydroxysteroid
dehydrogenase, an enzyme which is more represented in adipose
tissue by the isoform — 11B-hydroxysteroid dehydrogenase 1,
which increases the activity of intracellular cortisol. A correlation
was established between the number of 118-GSD1 receptors,
mineralocorticoid mRNA and BMI [28].

It has been hypothesized that the release of adipocyte-oxidized
linolenic acid derivatives, as well as ERK1 and ERK2 proteins,
which are able to stimulate adrenal steroidogenesis, causes
aldosterone activation. The mechanism of adipocyte aldosterone
secretion has been confirmed by both in vitro and in vivo studies
[28], which is associated with activation of the renin-angionensin-
aldosterone system and the development of hypertension.

In parallel, by examining the pathogenesis of stress, one can
clearly identify its relationship to obesity. The primary link of
stress is a stress factor, for each person it will be its own, which
activates the nuclei of the brain stem, with the ascending pathways
release of vasopressin and corticotropin from the paraventricular
nuclei of the hypothalamus, which in turn control the secretion of
adrenocorticotropin in the anterior lobe.

CONCLUSION

A crucial point in the practice of a family doctor, which
will help to effectively prevent the development of obesity and
its non-infectious and infectious complications, is to study all
possible risk factors, their complex interaction at all levels of
pathogenetic changes. Taking into account the influence of
stress factors on the hypothalamic region, which is one of the key
links in the pathogenesis of metabolic and somatoform changes,
will help to find more effective approaches to the correction of
overweight.

CeeneHus 06 aBTOpax
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