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MY2KCKOTO I0JIa C Pa3JINYHBIMU OMOPUTMOJIOTUYECKUMU
npopuiamMmu

b.b. ITuaxacos" 2, M.10. Copokun?, H.A. Kouaakoa?, B.I'. CenaTuiikasa?

'@I'BEOY BO «Hogocubupckuil 2ocydapcmeeHbiil MeduyuHcekuil yrusepcumem» Munadpasa Poccuu, Hogocubupck,
Poccus

2@I'BHY ®edepanvHblil uccae0o08amenvckull yeHmp GyHoameHmarbHol U mpaHcAayuoHHoU meouyurst, Hogocubupck,
Poccus

AHHOTAITHA

BBepgeHue. Ilpucymas KOHKpeTHOMY YeJIOBeKY crenuduKa IUPKaJHON OpraHu3anuy Gu3noIoru4eckix OTIpaB-
JleHn#, 0603HaYaeMast TEPMHUHOM «XPOHOTHIT», 0OYCIOBJIMBAETCS HE TOJIBKO UYEPeIOBAHUEM IIEPUO/IOB OT/IbIXa U aKTHB-
HOCTH, HO ¥ 0COOEHHOCTSIMHU ITHIIEBOTO TOBEZIeHUs. BMecTe ¢ TeM HeIOCTaTOYHO M3YUEHHBIMU OCTAIOTCS ACIIEKTHI, Kaca-
IOIIECs KOPPEeJANUA MKy OMOPUTMOJIOTHYECKUM IPOMIIIEM U THUIIEBBIMU NPEATIOYTEHUSIMU, 06EMOM U COCTAaBOM
panyoHa y B3pOCJIBIX, B YACTHOCTH — KAKUM 00pa30M XPOHOTHII COIPSI?KEH C MeXaHU3MaMH, 00€eCIIeYNBaIOIIIMU [T0CTO-
SHCTBO ITO/IZIePKaHKs YPOBHA IVIIOKO3bI B OPTaHU3Me.

IT e 1 b . AHaynu3 mapameTpoB BaprabesbHOCTU ITHKeMUH (BI') y My»KUMH ¢ pa3HBIMHU XPOHOTUIIAMH B YCIOBUAX COXpa-
HEHUS IPUBBIYHOTO /I HUX PEXKUMA TUTAHUA.

MaTepuaabs U MEeTOJBbl . B HcolenoBaHHe BKIIOYEHBI 43 T0OPOBOJIBIIA MYKCKOTO IIOJIa B BO3pPAacTe
25—65 set. [IJ1s1 onpeiesieHus GHOPUTMOJIOTHYECKOTO IaTTepHA (XpOHOTHUIIA) IPUMEHIN OIpocHUK XopHa — OcTbepra.
XapakTep OTKJIOHEHHH B rumieBoM oBesieHuu (ITIT) u cTeneHp UX BBIPAXKEHHOCTH YCTAHABIMBAIH ITIOCPEICTBOM OIIPOC-
Hrka DEBQ. BeIipaKeHHOCTh TPEBOKHO-IEITPECCUBHON CIMIITTOMATHUKH OIEHUBAJIN C MOIIbI0 ['OCIIUTAIBHOM IIIKAJIBI TPE-
Boru u genpeccun HADS. B TeueHue 5—6 cyT IPOBOJUIN HENPEPHIBHYIO PETHCTPAINIO YPOBHSA IVIIOKO3BI, IIPUYEM JIJIA
WHTepIIpeTanuy Opayu JaHHBIE 32 JBOE ITOJIHBIX CYTOK, HA MPOTS’KEHUU KOTOPHIX UCIBITYEMBIN IPUEPIKUBAJICA CBOETO
OOBIYHOTO PAITUOHA.

PesyunbTartbl . PacupesneneHrue XpOHOTUIIOB B IIpeziesiax ¢HOPMUPOBAHHOM BBIOOPKU OBLIIO CIIEAYIOIIUM: YTPEH-
HUU XPOHOTHII IMATHOCTUPOBAH ¥ 51,2 % y4aCTHUKOB, IPOMEKYTOUHBIN — y 25,6 %, BeUepHUH — y 23,3 %. Y MyX4HH C
BEeYEPHUM XPOHOTHUIIOM ITOKa3aTesu SMoIoreHHoro 1111 6pIH CTaTUCTHYEeCKH 3HAUNMO BHIIIIE, YeM B IPYIIIAX ¢ yTPeH-
HUM U IPOMEKYTOUYHBIM XPOHOTHIIAMU. B TO ke BpeMs BEIPayKeHHOCTb 3KcTepHaIbHOro I1I1 y Ul ¢ BeuepHUM XPOHOTH-
IIOM OKazasach 3HAaUYMMO HUKE II0 CPAaBHEHUIO C JABYM: JpyruMu rpynmnamMu. CpaBHHUTeJIbHAA OIlEHKA [1apaMeTPOB H
WH/IEKCOB, OTpakaronux BI' B IHEBHbIE U HOYHBIE YaChl, I0KA3aJ1a, YTO MY>KUNHBI C yTPEHHUM U BeYEPHUM XPOHOTHUIIAMH
II0 LIeJIOMY PsA/ly KDUTEPHEB IOCTOBEPHO OTJIMYAIICH OT HOCUTEJIEN IIPOMEKYTOUHOTI0 XPOHOTHIIA. B wacTHOCTH, /114 TIPO-
MEKYTOYHOT'O XPOHOTHIIA OBUIN CBOMCTBEHHBI CTATHCTUYECKH 3HAYMMO MEHBIIINE BEJIMYHUHBI CPeHEH KOHIIEHTPAIlUH
TJIIOKO3bI, CTAH/IAPTHOTO OTKJIOHeHUs rinkeMud, nHjekca CONGA u J-unzekca. Benyunsl mapaMeTpoB, XapaKTepusyio-
mux BI' B HOuHBIE Yackl, TakKe IOKA3JIM CYIIeCTBEHHBIEe PA3INYUs MeKJy I'PYIIION IIPOMEXKYTOYHOTO XPOHOTHUIIA U
rpylnIaMu yTPEHHEro M BeUepHEro XpOHOTHUIIOB.

3aknmoueHHUe. [lepcoOHAIBHBII XPOHOTHUII BBICTYIIA€T B KayecTBe OJHOTO U3 (PAKTOPOB, /I€TEPMUHHUPYIOIIIX
cnenuUKy PETyIATOPHBIX MEXaHU3MOB YIJIEBOJAHOTO MeTabosm3ma. CieroBaTesbHO, TAHHBINA NMPU3HAK HEOOXOIUMO
IIPUHUMATh BO BHUMAaHUe IIpU cTpaTHGUKAUN pUCKa MaHHdecTauy caxapHoro fuabera 2 THUIIA, KOTOPHIH, COIVIACHO
IIOJIy4eHHBIM B HACTOAIIEN paboTe JaHHBIM, BO3PACTAET B CJIEAYIOIIEH II0C/Ie[0BATEIBHOCTH XPOHOTHIIOB: IIPOMEXKYTOU-
HBIA — YTPEHHUH — BEUEepHUH.

Knaoueswle caoea: BapnabebHOCTD IVIMKEMUH, OKUPEHNE, IIUPKATHBIA PUTM, XPOHOTHII.
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Features of diurnal glycemic dynamics in male patients
with different chronotypes
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ABSTRACT

Introduction. The specific arrangement of circadian rhythms of physiological functions inherent to a given
individual, referred to as chronotype, is determined not only by the alternation of cycles of rest and activity but also by the
characteristics of eating behavior. However, aspects concerning the correlations between chronotype and food preferences,
diet volume and contents in adults remain insufficiently studied, in particular, how chronotype is linked to the mechanisms
that maintain glucose levels in the body.

A im . Analysis of glycemic variability (GV) parameters in men with different chronotypes while maintaining their regu-
lar diet.

Materials and methods. The study included 43 male volunteers aged 25—65 years. The Horne and
Ostberg Morningness-Eveningness Questionnaire was used to determine the chronotype. The nature and severity of eating
behavior (EB) disorders were assessed using the Dutch Eating Behavior Questionnaire (DEBQ). The severity of anxiety and
depressive symptoms was assessed using the Hospital Anxiety and Depression Scale (HADS). Glucose levels were continu-
ously monitored for 5—6 days, with data from two full days, during which the research subjects maintained their regular
diet, were used for interpretation.

R e s ults . Thedistribution of chronotypes within the sample was as follows: 51,2% of participants had morning chro-
notype, 25,6% — intermediate chronotype, and 23,3% — evening chronotype. Men with evening chronotype had statistically
significantly higher emotional EB scores than those with morning and intermediate chronotypes. Meanwhile, the severity
of external EB in those with evening chronotype was significantly lower than in the other two groups. A comparative assess-
ment of the parameters and indices reflecting GV during the day and night hours showed that men with the morning and
evening chronotypes differed significantly from those with intermediate chronotype across a number of criteria. Specifi-
cally, intermediate chronotype was characterized by statistically significantly lower values of the mean glucose concentra-
tion, standard deviation of glycemia, CONGA, and J-index. The values of the parameters of GV characterizing GV during
the night hours also showed significant differences between the intermediate chronotype group and the morning and eve-
ning chronotype groups.

Conclusion. Personal chronotype is one of the factors determining the specific regulatory mechanisms of carbo-
hydrate metabolism. Therefore, this characteristic must be taken into account when stratifying the risk of type 2 diabetes,
which, according to the data obtained in this study, increases in the following sequence of chronotypes: intermediate
type — morning type — evening type.

Keywords: glycemic variability, obesity, circadian rhythm, chronotype.
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BBEJIEHUE INTRODUCTION

OpraHuamy 4YejOBeKa IMIPUCYI]A BSHAOTEHHAS
CHCTEMAa XPOHOMETPasKa, CIIOCOOCTBYIOIAsI €r0 IPHU-
CIIOCOOJIEHUI0 K 24-YaCOBOMY ITUKJIy UYepeIOBAHUS
CBETJIOTO ¥ TEMHOIO BPEMEHU CYTOK, UYTO MPUHATO
0003HAYaTh IMOHATHEM IUPKAJHOTO pUTMa [1, 2].
IleHTpa/IbHBINA T€HEPATOP AAHHOTO PUTMAa aHATOMHU-
YeCKH JIOKAJIM30BaH B CyMPaxUa3zMaTUUECKOM sipe
(CXA) runoranamuueckon obsactu [3]. MHTEHCHUB-
HOCTh OCBEI[EHUs] TPEJICTABJIAET COOOH TIJIaBHBIM
BHEIIHUI CHTHAJI, HACTpaWBaMOIIUH paboTy IeH-

The human body has an endogenous timekeeping
system that facilitates its adaptation to the 24-hour
cycle of alternating light and dark, commonly
referred to as the circadian rhythm [1, 2]. The central
generator of this rhythm is anatomically localized in
the suprachiasmatic nucleus (SCN) of the hypotha-
lamic region [3]. Light intensity is the main external
signal that regulates the functioning of the central
circadian clock. In turn, peripheral tissues, combin-
ing impulses from the SCN with environmental sig-
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TPaIbHBIX IUPKATHBIX 4acoB. B cBOIO 0uepe/b, TKaHU
nepudepun, KOMOUHUPYSI UMITYJIbChI, ITOCTYIIAIOIIIE
ot CX4, ¢ curHaslaMu OKpY?KaroIel cpesbl, 0coOeH-
HOCTSIMH ITOBEJIEHYECKUX AKTOB (PEXKHMMOM IIpHeMa
IIUINM, €€ KOJUYECTBOM U COCTABOM), a TaKXe co0-
CTBEHHBIMH aBTOHOMHBIMH KO0JIe0ATETbHBIMU IIPO-
meccaMu, O0ECIeUMBAIOT ITUPKAIHYIO YIIOPSAAOYEH-
HOCTh DHepreTHMyeckoro merabosmama. IlokaszaHo,
yTO abCOTIOTHOE OOJIBIIIMHCTBO KJIETOK OpPTaHH3Ma
SKCIIPECCUPYIOT MOJIEKY/IAPHbIE KOMIIOHEHTHI IHP-
KaIHOTO OCIMJISITOPA, IIPUYEM ITUKJT «TOJI0/] — HAChI-
IeHUEe» MPU3HAETCS OJTHUM U3 BEIyIIUX CHHXPOHH-
3UPYIOIINX CTUMYJIOB JIJIs TepU(PEePUIECKUX YaCOBBIX
MEeXaHU3MOB [4—7]. DKCIpeccus TeHOB, OTBEUAIOIIINX
3a paboTy mepudepruIecKrux 4acoB, OKa3bIBAET MOJIY-
JIIpYIoIIee BO3/elcTBrEe Ha 3P(PEKTUBHOCTD IHIIIE-
BapUTEJIBHBIX TIPOIIECCOB, AOCOPOITUI0 MUTATETHHBIX
cybcTpaToB, MeTaboIMUeCKre TIPeBpaIeHus HyTPH-
€HTOB, TOPMOHAJIBHYIO DPEryJISAIUI0, MOCTIEAYIOIIHI
MIpUEM IIHIIU, alIIETUT U CBSI3aHHbIE C HUM ITOBE/IEH-
YecKHe MaTTepHHI [6, 8].

[IupKagHBIN PUTM MOKHO OIIEHUTDH C IIOMOIIBIO
(pUBHOIOTUUECKNX MapKEPOB, TAKUX KaK MEJIATo-
HUH, KOPTH30JI, TeMIlepaTrypa Tesja u Ap. Haugano
CEeKpeIuy MeJIATOHUHA B YCJIOBHUSAX €1ab0T0 OCBele-
HUA ABJIsIeTCs Hanbosiee HaIesKHBIM METO/IOM U3Me-
peHus NIUPKAJHOTO PUTMAa y deyioBeka [9, 10].
OHAKO 3TO JIOBOJILHO CJIOKHBIN M JIOPOTOCTOSIIITAH
METOJ ccieoBanus. B aTol ¢Bsi3u Hanbosiee yacTto
HCIIOJIb3YIOT aHKETUPOBAaHUE, Kak 0ojiee IPoCTOl U
MeHee 3aTpaTHBIA CIOCOO OIEHKH IHPKAJTHOTO
putMa. OIPOCHUKH OIEHUBAIOT IOBEAEHUECKHE
MOJIEIA, HATIPUMED IHUKJI «COH — OOZ[PCTBOBAHUE»,
BpeMsi KOTOPOTO Pa3jIMYaeTcsl Y Pa3HbIX JIOAEH U
XapaKkTepu3yeT TOT WX WHOW XPOHOTHII: YTPEHHUH,
MIPOMEXKYTOYHBIH iu BeuepHuii [11—13]. [TokaszaHo,
YTO Yy JIMI[ C PA3HBIMU XPOHOTHUIIAMH, OIIPEIesIEH-
HBIMU IIyTEeM AaHKETUPOBAHUS, BPEMS CEKPEIUH
MeJIAaTOHHWHA 3HAYUMO Pa3Indaioch [14].

XpOHOTHI, WA IUPKAAHAA THUIIOJIOTHSA, SIBJIS-
eTcsl TeHEeTUYEeCKH OOYCIOBJIEHHBIM OTpaskeHHueM
CYTOUHBIX (PUBHOJIOTHYECKUX CIIOCOOHOCTEH Yesio-
BEKa, CBA3AHHBIX C PA3IMYHBIMHU OMOJIOTHUECKUME
U TICUXOJIOTUYECKUMU (QYHKI[USIMH, BKIOYAs COH U
0o/pcTBOBAaHWE, YMCTBEHHbIE U  (HU3UUYECKHE
HArpy3KHU U Ap. [13]. XpoHOTHI TaK:Ke CBA3BIBAIOT U
¢ 0coOeHHOCTAMHU peskuMa nuTauus. [lokazaHo, 4To
JIUIIA ¢ BEUEPHUM XPOHOTUIIOM HaWMeHee IPHUBep-
JKEHBbI 3/I0POBOMY IHTAHUIO [15], OHM dYacTto He
3aBTpaKAIOT [16], MeHbIlle TOTPEOIIAIOT GPYKTOB U
OBOIIEH [17] U TPOSBJISAIOT CKJIOHHOCTh K CJIaJIKOH
nuIie/HamuTkaM 1 ankoroutio [18]. Hepenko 6osiee
BBICOKOE MOTpeOIeHNe KaJTOpUi BO BPeMs y>KUHA U
CABUT BpEMEHU IpHieMa IMHIA Ha 0oJiee MO3/HHE

nals, behavioral patterns (dietary pattern, amount
and composition of food) and their own autonomous
oscillatory processes ensure circadian ordering of
energy metabolism. It has been shown that the vast
majority of cells in the body express molecular com-
ponents of the circadian oscillator, and the hunger-
satiety cycle is recognized as one of the leading syn-
chronizing stimuli for peripheral clock mechanisms
[4—7]. Expression of genes responsible for the func-
tioning of the peripheral clock has a modulating
effect on the efficiency of digestive processes, absorp-
tion of nutrient substrates, metabolic transforma-
tions of nutrients, hormonal regulation, subsequent
food intake, appetite and associated behavioral pat-
terns [6, 8].

The circadian rhythm can be assessed using phys-
iological markers such as the level of melatonin, cor-
tisol, body temperature, etc. The onset of melatonin
secretion under dim light conditions is the most reli-
able method for measuring the circadian rhythm in
humans [9, 10]. However, this is a rather complex
and expensive research method. In this regard, ques-
tionnaires are most often used as a simpler and less
expensive way to assess the circadian rhythm. Ques-
tionnaires assess behavioral patterns, such as the
sleep-wake cycle, the timing of which varies among
individuals and characterizes the particular chrono-
type: morning, intermediate, or evening [11—13]. It
has been shown that in individuals with different
chronotypes determined by questionnaires, the tim-
ing of melatonin secretion varied significantly [14].

Chronotype, or circadian typology, is the geneti-
cally determined reflection of person’s daily physio-
logical abilities associated with various biological
and psychological functions, including sleep and
wakefulness, mental and physical activity, etc. [13].
Chronotype is also associated with dietary patterns.
It has been shown that individuals with evening
chronotype are less committed to a healthy diet [15],
often skip breakfast [16], consume fewer fruits and
vegetables [17], and show a tendency toward sweet
foods/drinks and alcohol [18]. Often, consuming
higher caloric intake at dinner and a shift in meal-
times to later hours are associated with an increased
risk of obesity [19]. Frequent breakfast skipping in
individuals with evening chronotype affects post-
prandial insulin concentrations and compromises
long-term glucose homeostasis [20].

Scientific research over the last decade has
revealed significant relationships between circadian
rhythm disruption and the occurrence of a spectrum
of dysmetabolic conditions, accompanied by the
development of excess body weight, metabolic syn-
drome, and type 2 diabetes mellitus (T2DM) [21].
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Yachl CBSI3aHBI C MOBBIIIEHHOU BEPOSATHOCTHIO Pas3-
BUTHA OkUpeHus [19]. YacToe oTcyTcTBUE 3aBTpaKa
y JIMI] C BEUEDHUM XPOHOTHUIIOM BJIUSIET HA KOHIIEH-
TPalMIO WHCYJIMHA IIOCJIe IPHEMa IHUIU U CTAaBUT
IO/ yTPO3Y B JIOJITOCPOYHOH IEPCIIEKTHBE TOMEO-
cTa3 IJII0KO3bI [20].

Hayunple ucciieoBaHUs TOCTIEAHETO JIECATHIIE-
THUS BBIABJIAIOT 3HAUMMBbIE B3aMOCBI3U MEXK/TY pac-
CTPOHCTBOM ITUPKAJHOU PUTMHUKH U BO3HUKHOBE-
HUEM I[€JIOTO CIIEKTPA AUCMETAO0THIECKUX COCTOSI-
HUH, COITPOBOXK/IAIOIIUXCS PA3BUTHEM U30BITOUHOU
Macchl Tejia, MeTaboJTMYeCKOro CHHAPOMA U caxXap-
Horo auabeta 2 Tuna (C/12) [21]. JlecHHXpOHO3 UpP-
Ka/THOTO PUTMa YIJIEBOJHOTO MeTabom3Ma CBA3BI-
BaeTcsa C JUCPYHKIIHEH KIIOUEBBIX PETYJIATOPHBIX
CTHMYJIOB, HACTPAWBAIOIIUX OMOJIOTUYECKUE YACHI, a
MMEHHO: XapaKTepa OCBeIeHUs, BpeMeHH IIpueMa
MIHINH, PesKUMa TPYZa U OTAbIXA, YPOBHS IBUTATETb-
HOU aKTUBHOCTU U UHBIX HAKTOPOB. B 3TOM KOHTEK-
CTe OZTHUM U3 TIATOTeHEeTUUEeCKUX MeXaHN3MOB Hapy-
IIEHUs YTJIEBOJHOTO OajlaHca MOXKET CIIYKUTh pac-
COTJIACOBAHHE CYTOYHBIX PUTMOB JHEPTETUUECKOTO
roMeocTa3a B COBPEMEHHBIX YCJIOBUIX JKU3HU, CBS-
3aHHBIX C HCIIOJIb30BAaHUEM SIPKON (POHOBOU MOA-
CBETKM OKPAHOB IOPTATUBHBIX BJIEKTPOHHBIX
YCTPOWCTB B BeUepHee M HOUHOE BpeMs, U30BITKOM
HCKYCCTBEHHOTO OCBEIEHUS B YJIUYHOH U JIOMAIIl-
Hel oOcTaHOBKe 00, HAIIPOTHB, HEJOCTATOYHO-
CTBHIO UHCOJISIUY B CBETJIOE BpEMsI CYyTOK (0cOOeHHO
B B3UMHHH MEPUOJ), a TAaKKe OTCYTCTBUEM aJIeKBaT-
HOH (U3NYEeCKOW HArpy3Kd U HecoOJIIo/IeHreM
pexuMa nuTaHus [22, 23].

IToMuMO cKa3aHHOTO, COXPaHsIETCsI MHOTO Hepas-
PeIlIeHHBIX BOIIPOCOB OTHOCHUTEJIBHO COIPSKEHHO-
CTH XPOHOTHIIA ¢ OCOOEHHOCTAMU IHIIEBOTO MTOBe-
nmenwus (I111), KoTopoe B CyIlleCTBEHHOH Mepe Mpezo-
mpeziesisieT KOJUYECTBEHHO-KAUeCTBEHHBIH COCTaB
panpioHa 4esjoOBeKa, a 3HAYUT, U YPOBEHb B KPOBU
BaOKHEHUIIIETO MeTabosuTa SHEPreTHUYeCKOro
obMeHa — TJTIOKO3BI.

ITEJIb UCCJIEJIOBAHUSA

ITpoBecTH aHAJIN3 IapaMeTPOB BapuabeIbHOCTH
JINKEMHUU Y MYXXYHH C Pa3HbIMU XPOHOTHUIIAMH B
YCJIOBUSIX COXPAHEHWsS IIPUBBIYHOTO /IS HHX
peXuMa MUTaHUSA.

MATEPUAJIBI 1 METO/IbI

B ucciieioBanye BKJIIOYEHBI 43 MYKUYUHBI B BO3-
pacre ot 25 70 65 Jer. [IpOTOKOJ HCC/IeIOBAHUS
TTOJIyYHJT 0/To0peHue JJoKarbHOTO KoMuTera mo 61o-
MEIUIUHCKON dTHKe ®enepasbHOTO HCCIeI0Ba-
TEJIbCKOTO I[eHTpa PyHAaMEeHTATbHON U TPAHCIIAIU-
onHout MemuiuHbl (HoBocubupck) (BbIMHCKA

Desynchronization of the circadian rhythm of carbo-
hydrate metabolism is associated with dysfunction of
key regulatory stimuli that set the biological clock,
namely: the nature of lighting, meal time, work and
rest pattern, level of physical activity, and other fac-
tors. In this context, one of the pathogenetic mecha-
nisms of carbohydrate balance disorders may be a
desynchronization of the circadian rhythms of energy
homeostasis in modern living conditions associated
with the use of bright background lighting on porta-
ble electronic devices in the evening and at night,
excess artificial lighting outdoors and at home, or,
conversely, insufficient insolation during daylight
hours (especially in winter), as well as lack of ade-
quate physical activity and non-compliance with a
healthy diet [22, 23].

In addition to the above, many unresolved ques-
tions remain regarding the relationship between
chronotype and eating behavior (EB) characteristics,
which largely determine the quantitative and quali-
tative composition of a person’s diet, and therefore,
the blood level of the most important product of
energy metabolism — glucose.

AIM OF THE RESEARCH

To analyze the parameters of glycemic variability
in men with different chronotypes while maintaining
their regular diet.

MATERIALS AND METHODS

A study included 43 men aged 25 to 65 years. The
study protocol was approved by the local Biomedical
Ethics Committee of the Federal Research Center for
Fundamental and Translational Medicine (Novosi-
birsk) (Abstract No. 23/1 dated December 9, 2021).
Each potential participant was informed of the
study’s goals and objectives and then signed a volun-
tary informed consent form.

Selection criteria. Inclusion criteria: male sub-
jects with normal, overweight or obese body weight,
aged 25—-65 years, who confirmed their intention to
exclude alcohol for the entire study period.

Exclusion criteria: secondary forms of obesity,
previously diagnosed type 1 or 2 diabetes mellitus,
concomitant endocrine diseases, use of hypoglyce-
mic or hormonal agents, shift work.

Settings and design. The study was performed
at the Federal Research Center for Fundamental and
Translational Medicine clinic from September 2021
to May 2022. Design: a single-center, interventional,
cross-sectional study on a single population. All par-
ticipants underwent anthropometric examination.

Definition of chronotypes. Individual chro-
notypes were determined using the Horne and Ost-

Journal homepage: http://jsms.ngmu.ru

47



Iunxacoe B.b. u dp. / Journal of Siberian Medical Sciences T. 10, N° 3 (2026)

Ne 23/1 ot 09.12.2021). Kaxk1oMy OTeHIIATIEHOMY
YUACTHUKY Pa3bACHSIINCH LIeJIU U 3a7[a4¥ UCCIIEN0-
BaHUsA, IOCJIE Yero MOIUCHIBATIOCHh T0OPOBOJIbHOE
WHGOPMHUPOBAHHOE COTJIACHE HA YIACTHE B HEM.

Kpurepuu or6opa. Kpurepuu BKIIOUEHUS:
JIMIA MY?KCKOTO I10JIa ¢ HOPMaJIbHOM MaccoH Tesia,
ee N30BITKOM WJIN OKUPEHUEM, BO3pacT 25—65 JIET,
IIOJITBEP/IUBIIIIE HAMEPEHUE UCKIIIOYUTH AJKOTOJIb
Ha BeCh IePUO/I UCCIIeIOBAHUS.

Kpurepuu wuCKIOUeHUs: BTOPUYHBIE (POPMBI
O’KUpEHUs, PaHee YCTAHOBJIEHHBIN caxapHBIN JTha-
6erT 1 WK 2 TUIA, COMYTCTBYIOIINE DHIOKPUHHBIE
3a00J1eBaHNsA, TPUEM CAXaPOCHIKAIONIUX WA TOP-
MOHAJIPHBIX CPEJICTB, PAOOTa [0 CMEHHOMY Ir'PadUKY.

MecTo nipoBefeHusA U au3aiiH. Vccienosa-
HUe IPOBOAMIOCH Ha 6a3e kiuHUKHU DesrepasbHOTO
HCCJIEIOBATENIBCKOTO IIeHTpa (yHJaMEHTaJIbHOU U
TPAHCIAIIMOHHOW MEIUIIMHBI B TIEPUOJL C CEHTAOPS
2021 mo madl 2022 1. /[u3aliH: OHOIEHTPOBOE,
WHTEPBEHIIMOHHOE, OJTHOMOMEHTHOE (II0TIEPEYHOE)
HcC/IeTOBaHUe Ha OJHOU IOMyJsaiuu. BeeM ydacrt-
HUKaM IIPOBOJIMJIOCH AHTPOIIOMETpUUYECKoe obcJie-
JIOBaHHUE.

OmnpeneseHre XpOHOTUNOB. VHIUBUIyaTh-
Hble OMOPUTMOJIOTUYECKUE IMATTEPHBI OIEHUBAIHI
o orpocHuKy JI:x. XopHa u O. Ocr6epra [13]. Cymma
6aJIOB MO3BOJISITIAa OTHECTU PECIIOH/IEHTA K OJHOMY
13 TPeX XPOHOTUIIOB:

e MeHee 20 0aJUIOB — >KAaBOPOHOK (yTpeHHUH

XPOHOTHIIL);

e 21-27 6awioB — royy6h (IIPOMEKYTOUHBIN
XPOHOTHII);

e Oosiee 28 6ayyIOB — coBa (BeYEPHUI XPOHO-
THII).

CooTBeTCcTBEHHO C(POPMHUPOBAIIN TPU TPYIIIbIL:
1-f1 — C yTPEHHUM XPOHOTHUIIOM (1 = 22), 2-1 — € IIPO-
MEKYTOUHBIM (11 = 11), 3-51 — ¢ BeuepHUM (n = 10).

Ounenka I1II1 1 ICUX03MOIMOHAJIBHOTO CTA-
tyca. Tun mHapymenuii I1I1 1 ero BeIpaKeHHOCTDb B
b6autax ompenesstuck o Dutch Eating Behavior
Questionnaire (DEBQ), m03BOJIAIOIIEMY BBIJIEJIUTH
SMOIIMOTEHHBIN, KOMITYJIbCUBHBIH, SKCTEPHAIbHBIN
u orpanuuuTtenbHbId THOE [ [23]. YpoBeHs Tpe-
BOTH | JIETIPECCUU OIIEHUBAJICA C ITOMOIbI0 ['ocru-
TaJIbHOU IIKaIbl TpeBoru u nenpeccuu (Hospital
Anxiety and Depression Scale — HADS) [24].

MoHuTOpHpOBaHUE IJIIOKO3bI. HemnpepbiB-
HBIH MOHUTOPUHT Tutoko3bl (HMI') mpoBomuics c
HCITOJIb30BAaHUEM CHCTEMbI iPro2 ¢ mporpaMMHBIM
obecrieuenuem CareLink® iPro (Medtronic, CIIIA).
JITUTeTbHOCTh PETUCTPAIlAU COCTaBJsIA 5—6 CYT,
TIpUYeM JIJIsl aHAJIU3a BapuabesIbHOCTH IJIUKEMUU B
VCJIOBUSIX TPUBBIYHOTO PAIMOHA HCIIOJIH30BAJIMChH
JTaHHbIE, TOJIyUeHHbIE Ha BTOPBbIE U TPETHU CYTKHU.

berg Morningness-Eveningness Questionnaire [13].
The total score allowed the respondent to be classi-
fied into one of three chronotypes:

e less than 20 points — early bird (morning

chronotype);

e 21-27 points — intermediate chronotype;

« more than 28 points — night owl (evening

chronotype).

Accordingly, three groups were formed: 1% — men
with morning chronotype (n = 22), 2 — with inter-
mediate chronotype (n = 11), 3* — with evening chro-
notype (n = 10).

Assessment of EB and psycho-emotional
status. The type of EB disorders and their severity
in points were determined using the Dutch Eating
Behavior Questionnaire (DEBQ), which allows for
the identification of emotional, compulsive, external,
and restrained types of EB [23]. The level of anxiety
and depression was assessed using the Hospital Anx-
iety and Depression Scale (HADS) [24].

Glucose monitoring. Continuous glucose
monitoring (CGM) was conducted using the iPro2
system with CareLink® iPro software (Medtronic,
USA). Recordings lasted 5—-6 days, with data col-
lected on the second and third days used to analyze
glycemic variability under habitual dietary condi-
tions. Diet, physical activity, and work schedules
were unchanged during the study days. Participants
received instructions on sensor calibration, which
was performed using OneTouch Verio® Pro+ glu-
cometers and corresponding test strips.

Glycemic parameters calculated. Based on
the CGM data, we calculated:

e Mean glucose level;

o Standard Deviation (SD);

o Coefficient of Variation (CV);

e Mean Amplitude of Glycemic Excursions

(MAGE);

« 2-hour Continuous Overall Net Glycemic
Action (CONGA);

« Lability Index (LI);

« J-index;

e Mean Absolute Glucose Rate of Change
(MAG);

o M-value;

« High Blood Glucose Index (HBGI);

o Low Blood Glucose Index (LBGI).

SD and CV reflect the range of values, MAGE —
the amplitude of fluctuations, MAG — the rate of glu-
cose change, LBGI and HBGI — the risks of hypo- and
hyperglycemia, respectively. CONGA, J-index, LI
and M-value are integral indicators of the quality of
glycemic control. The calculation was performed
using an EasyGV v.9.0 calculator (Hill et al. [25]). All
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B nHM ucceoBaHUA pexxuM NUTaHuA, GU3nuecKon
AKTUBHOCTH U PaOOTHI He MEHsUICA. YUIACTHUKH IOJIY-
YaJId UHCTPYKIIMH 110 KaTUOPOBKE IaTYNKA, KOTOPas
BBITIOJTHSJIACH C TIOMOIIBIO TITIoKoMeTpoB OneTouch
Verio® Pro+ 1 COOTBETCTBYIOIIHX TECT-IIOJIOCOK.

PaccuurbiBaemMble IapamMeTpbl TJIMKEMUH.
Ha ocuoBe manabix HMI' Berumcsiin:

e CpegHUH YPOBEHD TJIFOKO3HI;

e  CTaHJAPTHOE OTKJIOHEHHE
Deviation, SD);

+ koadoumuent Bapuabenproctu (Coefficient
of Variation, CV)

e  CpPEIHIOI aMIUIUTYAY KoJieOaHUH TJIMKEMUH
(Mean Amplitude of Glycemic Excursions,
MAGE);

e 2-YacOBOW WHJIEKC /JINTEJIBHOTO IIOBBIIIE-
Husa rankemun (Continuous Overall Net
Glycemic Action, CONGA);

« wuHjekc JabmwibHOcTH (Lability Index, LI);

e J-HHJIEKC;

e CpeIHIOI abCOJIIOTHYIO CKOPOCTh M3MeHEHUsI
riaoko3bl (Mean Absolute Glucose rate of
change, MAG);

o M-value;

» wmHnekc pucka runepriaukemun (High Blood
Glucose Index, HBGI);

« wuHnekc pucka runormukemuu (Low Blood
Glucose Index, LBGI).

SD u CV orpaxkarot pazbpoc 3nauenuii, MAGE —
aMITuTyy Kosiebanuii, MAG — CKOpOCTh U3MeHe-
Husa raoko3sl, LBGI u HBGI — pucku coorBert-
ctBeHHO runo- u runepriukemun. CONGA,
J-unpekc, LI u M-value ciy:kaT WHTerpaJibHBIMHU
[IOKA3aTeJISIMU KauyecTBa KOHTPOJIS Iinkemuu. Pac-
4eT BBINOJHEH B Kajibkyisatope EasyGV v.9.0
(N.R. Hill et al. [25]). Bce nokasareiu OIeHHBAJINCH
3a CyTKHU B II€JIOM, B JiHEeBHBIE (6:00—23:59) U HOU-
Hble (0:00—5:59) Yachl.

JIaGopaTopHBIHA aHATN3. B CHIBOPOTKE KPOBU
UMMYyHO(MEPMEHTHBIM METO/IOM C HCIIOJIb30BAHUEM
KOMMEpPUYeCKINX HabOpOB OIpeNessIi  YPOBEHb
MMMYHOpPeaKTUBHOTro uHcyauHa (MPI).

CraTucruueckast o6padorka. [IpoBoauiach

B nmporpamme STATISTICA 10 (StatSoft Inc., CIIIA).
HopmanpHOCTh pacipezie/ieHus IpOoBepsiiach KpH-
tepuem Kosmoroposa — CmupHOBa. BBuy He60J1b-
moro o0’beMa BBIOOPKHU pacrpesiesieHre OOJIbIIH-
CTBa MPU3HAKOB OTJIMYAJIOCh OT HOPMAJIbHOTO, I103-
TOMY NPUMEHSUINCh HemapaMeTPUYECKHUe MeTOMbI.
CpaBHeHNe HE3aBUCUMBIX T'DYII IIPOBOAUIOCH II0
kpuTepuio ManHa — YUTHU, BHYTPUTPYIIIIOBbIE pa3-
JIMYUsA ONPEAESIINCh 1I0 KPUTepUuio BuiikokcoHa.
HyseBas runoresa oTBeprajiach IIpy ypoBHE 3HAUU-
MOCTH p < 0,05.

(Standard

indicators were assessed for the whole day, during
daytime (6:00—23:59) and night (0:00—5:59) hours.

Laboratory analysis. Serum immunoreactive
insulin (IRI) levels were determined using the
enzyme-linked immunosorbent assay (ELISA) and
commercial Kits.

Statistical analysis was performed using STA-
TISTICA 10 (StatSoft Inc., USA). The normal distri-
bution was verified using the Kolmogorov-Smirnov
test. Due to the small sample size, the distribution of
most variables was non-normal; therefore, non-
parametric methods were used. Comparison of inde-
pendent groups was performed using the Mann-
Whitney test, and differences between groups were
determined using the Wilcoxon test. The null hypoth-
esis was rejected at a significance level of p < 0,05.

RESULTS

In the examined sample, the distribution of chro-
notypes was as follows: morning chronotype was
recorded in 51,2% of men, intermediate chronotype —
in 25,6%, and evening chronotype — in 23,3%. A com-
parison of age and key anthropometric parameters
between the groups is presented in Table 1. I Statisti-
cally significant differences between groups for age or
most parameters reflecting fat accumulation were not
found. The exception was the waist-to-hip ratio which
characterizes fat distribution. The highest values for
this parameter were recorded in individuals with
morning chronotype.

An analysis of EB types in the study groups
(Table 2) showed that men with evening chronotype
demonstrated statistically significantly higher scores
on the emotional EB scale compared to men in the
EB group with morning and intermediate chrono-
types. Moreover, the severity of external EB in men
with evening chronotype was statistically signifi-
cantly lower than in men with morning and interme-
diate chronotypes. No statistically significant differ-
ences between groups were found when comparing
restrained and compulsive EB. Emotional EB in men
of the evening chronotype group was associated with
the highest level of anxiety-depressive disorders,
assessed using the Hospital Anxiety and Depression
Scale, with the main contribution coming from ele-
vated anxiety levels.

An assessment of key GV indices during daytime
and at night revealed that the largest number of sta-
tistically significant differences occurred when com-
paring the intermediate chronotype group with the
morning and evening chronotype groups (Table 3).
A significant difference between morning and eve-
ning chronotypes was found only for HBGI during
daytime hours.
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PE3YJ/IBTATDI

B o6csieoBaHHOM BRIOGOPKE pacIpeziesieHre Xpo-
HOTHIIOB OKA3JIOCh CJIEAYIOIINM: YTPEHHHUH THII
3adUKCUpPOBaH y 51,2 % My:K4YUH, IIPOMEXKYTOY-
HBIA — y 25,6 %, BeuepHUH — y 23,3 %. CpaBHEHHE
BO3pacTa U OCHOBHBIX AHTPOIIOMETPUUYECKHX Iapa-
METPOB MeKAy TPYIIIaMU IIPeICTaBIeHo B TabII. 1.
VceTaHOBJIEHO, UTO IO BO3PACTy U OOJIBIIUHCTBY
ToKasaTeJsiel, OTpaKaroIuX HAKOIUIEHHE KUPOBOU
TKaHU, CTATUCTUYECKU 3HAYMMBIX MEKTPYIIIOBBIX
pasnuuuil He BBIABIEHO. VCKiIIOUeHNe COCTaBUJIO
OTHOIIIEHUE OKPY)KHOCTU TAJIMH K OKPYKHOCTH
6enep (OT/OB), xapakTepuaylolee pacipeieieHne
s)kupa. Haubospiivie 3HaUeHUsI 3TOTO IOKa3aTesis
3a(pUKCUPOBAHBI Y JIUIL C YTPEHHUM XPOHOTHUIIOM.

Ananus tunos IIII B wucciaenyeMbIx rpymmax
(Tabs. 2) mMOKasaJl, UTO MY)KUHHBI C BEUEPHUM XPO-
HOTHIIOM JIEMOHCTPUPYIOT CTATUCTUYECKH 3HAUNMO
0oJiee BBICOKHE 0asUIbl IO IIKAJIe 3MOIMOTEHHOTO
tumna I1I1 oTHOCUTETBHO My»KUIUH U3 TPYIII C yTPEH-
HUM U MPOMEXYTOUYHBIM XpoHOoTUIaMu. [Ipu aToM
BBIPAXXEHHOCTh 3KcTepHaysbHOro tumna IIII y myx-
YUH C BEUePHUM XPOHOTHUIIOM ObLJIa CTATUCTHYECKU
3HAYMMO HIDKE, YeM Y MYXKUHH C YTPEHHUM U IIPO-
MEXXyTOUHBIM XpoHOoTHIaMu. [Tpu cpaBHeHUU orpa-
HUYUTEBHOTO U KOMILyIbcuBHOTO THIOB I1IT cTaTu-
CTHYECKU 3HAYUMBIX MEKTPYIIOBBIX Pa3JIMUUI
BBISIBJIEHO He Ob110. IMororeHHbIH Trm [111y Myx-

Overall, men with intermediate chronotype
showed lower daytime GV values than the other two
groups, namely: mean glucose level, SD, and
CONGA (reflecting the value of dispersion). They
also had the lowest J-index, which in normal condi-
tion ranges from 10 to 30; values above 30 are
interpreted as poor glycemic control, and values
above 40 as its loss. Regarding risk indices, men
with intermediate chronotype had statistically sig-
nificantly higher LBGI (risk of hypoglycemia), and
significantly lower HBGI (risk of hyperglycemia),
compared to the morning and evening chronotype
groups. No differences between groups were found
for LI, MAG, and M-value indices (usually used in
patients receiving insulin therapy); all were within
the reference ranges.

At night, significant differences were also found
between the intermediate chronotype and morning
and evening chronotypes: in terms of mean glucose
levels, SD, CV, LI, CONGA, J-index, as well as LBGI
and HBGI.

Thus, in men with intermediate chronotype, most
of GV parameters are within the reference range
throughout the day, although they have an increased
risk of hypoglycemia. Conversely, individuals with
morning and evening chronotypes exhibit more sig-
nificant deviations in GV parameters, as well as a
higher risk of hyperglycemia.

Ta61mua 1. CpaBHI/ITeJIbHaH XapaKTEePUCTUKA BO3PACTa U OCHOBHBIX daHTPOIIOMETPHUYIECKUX rnokasaTeJiel Yy My»KYUH

¢ pasHbIMU xpoHoTunamMy, Me [LQ-UQ]

Table 1. Comparative characteristics of age and main anthropometric parameters in men with different chronotypes,

Me [LQ-UQ]
I'pynna MmyK4uH I'pynmna My»K4uH ¢ Ipynna mysuns
C yTPEHHUM NPOMEKYTOYHBIM
C Be4epHUM
XPOHOTHIIOM, XPOHOTHUIIOM,
XPOHOTHIIOM,
Iloka3saTesb Group of men Group of men . p
- . o . Group of men with
Parameter with morning with intermediate -
evening chronotype,
chronotype, chronotype, n=10
n=22 n=11 -
1 2 3 1-2 1-3 2-3
Bospacr, sieT 40,0 [35,0-51,0] 50,0 [25,0-60,0] 33,0 [30,0-60,0] 0,927 0,108 0,398
Age, years
Macca Tena, Kr 90,0 [79,0-114,0] 98,0 [89,0-107,0] 104,5 [88,5-107,0] 0,568 0,695 0916
Body weight, kg
Wupekc maccel Tenta, kr/m? 31,2 [29,8-36,8] 31,6 [30,2-35,8] 31,6 [29,7-35,8] 0,854 0,938 0,972
Body mass index, kg/m?
06beM TaIMK, CM 101,0 [90,0-120,0] 104,5 [97,0-108,0] 99,5 [96,0-108,5] 0,740 0,681 0,833
Waist, cm
06beM Geaep, cM 109,0 [98,0-117,0] 114,0 [106,0-116,0] 109,3[104,0-116,0] 0,397 0,652 0,622
Hips, cm
06beM TauK / 06'beM 0,97 [0,94-1,0] 0,91 [0,85-0,94] 0,92 [0,89-0,94] 0,022 0,051 0,860
Gesiep, yCII. efl.
Waist/hips, arbitrary units
XKup, % / Fat, % 27,5 [17,5-34,0] 23,3 [22,0-26,5] 21,8 [21,0-26,5] 0,279 0,414 0,685
Kup, kr / Fat, kg 25,4 [12,8-37,4] 24,6 [20,9-27,1] 22,5[19,3-27,1] 0,637 0,565 0,862
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Ta61mua 2. CpaBHI/ITeJ'leaH XapaKTepUCTHKA THUIIOB IUIEBOro nNoBeJeHnd U ICUX03MOLIMOHA/JIbHOI'O COCTOAHUA

y MY>X4HH C pa3HbIMU XpoHOTHNAMU (6assl ), Me [LQ-UQ]

Table 2. Comparative characteristics of types of eating behavior and psycho-emotional state in men with different

chronotypes (points), Me [LQ-UQ]

I'pynna My:K4uH

I'pynma My»K4MH

C yTPEeHHUM MPOME>KYTOYHBIM BV 7T

XPOHOTHUIIOM, XPOHOTHUIIOM, ;33:55::341“
OISR Group of men Group of men ] Group of men with p
Parameter with morning with intermediate -

evening chronotype,

chronotype, chronotype, n=10

n=22 n=11 B

1 2 3 1-2 1-3 2-3
IMonuoreHHoe I1I1 0,7 [0,4-1,6] 0,6 [0,1-1,3] 1,8[0,8-2,9] 0,377 0,049 0,032
Emotional EB
KomnysnbcusHoe I11 1,7 [0,9-2,0] 1,3[0,5-1,7] 1,8[0,7-2,0] 0,277 0,906 0,439
Compulsive EB
JxcrepHanbHoe [111 2,2[2,0-2,6] 1,8[1,1-2,2] 1,6 [1,6-1,8] 0,039 0,069 0,944
External EB
OrpaHuuuTtesnbHoe 111 1,7 [1,1-3,1] 1,7 [0,9-2,5] 2,310,9-2,5] 0,531 0,860 0,647
Restrained EB
TpeBora / Anxiety 8,0 [5,0-8,0] 3,0[1,0-7,0] 9,5[8,0-13,0] 0,045 0,044 0,007
Jlenpeccus / Depression 4,0 [2,0-6,0] 2,0 [2,0-7,0] 5,0 [2,0-8,0] 0,606 0,814 0,725
Ouenka o T'IIT/, 11,0 [10,0-13,0] 4,0 [3,0-14,0] 15,0 [13,0-19,0] 0,127 0,055 0,041
HADS score

IpumeudyaHnwue.
Abbreviations:

YUH B IPYIIIE C BEUEPHUM XPOHOTUIIOM OBbLT aCCOITU-
HUPOBaH ¢ Hanbosiee BBICOKUM YPOBHEM TPEBOXKHO-
JlelIpeCCUBHBIX HAPYIIeHUH, olleHeHHbIX 110 ['ocru-
TQJIBHOU IIIKaJie TPEBOTM U JIENPECCUH, IPUYEM
OCHOBHOHM BKJIQJ] NPUXOAWICA Ha IOBBIIIEHHBIN
YPOBEHb TPEBOXKHOCTH.

OreHKa KJII0YEBBIX MHJIEKCOB BI' B HEBHOE U
HOYHOE BPeMS BBISIBIJIA, UTO MAaKCUMAJIbHOE YHCIIO
CTATUCTUYECKU 3HAYMMBIX PA3IUIUN IPUXOIUTCS
Ha CpaBHEHUE IPYIIIIBI ¢ TPOMEXKYTOYHBIM XPOHOTH-
IIOM C TPYIIIAMU YTPEHHETO U BEUEPHETO THUIIOB
(Tabs. 3). Mexxny yrTpeHHUM U BE€YEPHUM XPOHOTH-
IIaMH JIOCTOBEpPHAsI pa3HuIla 0OHAPYKEHA TOTHKO IO
nHzekcy HBGI B jHeBHBIE UaChI.

B mesiom y My>KYMH ¢ ITPOMEKYTOUHBIM XPOHO-
TUTIOM TI0 CPAaBHEHHUIO C IByMs JIDYTUMU TPyIIIaMHU
B THEBHOE BPEMs PErUCTPUPYIOTCA OOJlee HU3KHUE
3HaueHus Mokasateyned BI, a mMeHHO: cpesHETO
ypoBHs r1oK03b1, SD u ungexca CONGA (otpaska-
IOIIEero BeJIUYUHY aucnepcuu). Takke y HUX Hau-
OoJiee HU30K J-UHJIEKC, KOTOPBI B HOPME COCTaB-
JIsieT 10—30; 3HAUeHHUs BBIIIE 30 TPAKTYIOTCH Kak
c1abBIF KOHTPOJIb TJTUKEMHUH,  BBIIIIE 40 — KaK €ro
yTpata. UTo KacaeTcs UHIEKCOB PUCKA, TO Y HOCHU-
Teylel mpoMexkyTouHoro xponorumna LBGI (puck
TUIIOTJIMKEMUH ) OKA3aJICSI CTATUCTUYECKU 3HATHNMO
Boiie, a HBGI (puck runepriukeMun) — 3HAUUMO
HIJKe, UeM B TPYIIax yTPEHHEro U BeUepHero Xpo-
"HotunoB. Ilo wuuzaekcam LI, MAG u M-value

1T - nuweBoe noBegenue; 'IIIT/| - TocnuTasbHas IKajJa TPEBOTH U A€NIPECCUH.
EB - eating behavior; HADS - Hospital Anxiety and Depression Scale.

Within each of the groups, the values of most of
GV indicators during daytime hours were statisti-
cally significantly higher than those at night
(Table 3).

The most significant GV disturbances in men with
evening chronotype were manifested by higher fast-
ing insulin levels in the morning. The blood serum
insulin concentration increased in the following
order: intermediate chronotype — morning chrono-
type — evening chronotype, amounting to 3,2 [1,6;
7,4], 5,7 [2,0; 9,8] and 8,5 [8,3; 21,7] mmol/1, respec-
tively. A statistically significant difference was
recorded between evening and intermediate chrono-
type groups (p < 0,026).

DISCUSSION

Our study showed that half of the men in the
examined population belonged to morning chrono-
type, while intermediate and evening chronotypes
each made up approximately one-quarter of the
cohort. This distribution does not meet the results of
most studies, which usually indicates different pro-
portions: morning chronotype — 13-15%, evening
chronotype — 20-25%, intermediate chronotype —
60—-65% [26, 27]. The frequency of chronotypes can
vary depending on age and geographic latitude of
residence [27], however, in our case, we attribute the
differences observed to the relatively small sample
size.
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Ta6mmua 3. [lokasaTe iy, XapaKTepy3yollie BapuabebHOCTD IVIIOKO3bl B TEYEHHE CYTOK B IPYIIAaX MyKUYHUH

¢ pa3HbIMu xpoHoTunamy, Me [LQ; UQ]

Table 3. Diurnal parameters of glucose variability in groups of men with different chronotypes, Me [LQ; UQ]

I'pynna MyK4YuH

I'pynna my:xumMH ¢ pynna MyK4YuH

C yTPEHHUM NMPOMEXKYTOYHBIM C B€YEPHUM

XPOHOTHUIIOM, XPOHOTHUIIOM, XPOHOTHIIOM,
Mokasartesn Group of men Group of men Group of men p
Parameter with morning with intermediate with evening

chronotype, chronotype, chronotype,

n=22 n=11 n=10

1 2 3 1-2 1-3 2-3

/lHesHble uacwl / Daytime hours
CpeiHUH YPOBEHbD IJIIOKO3bI, 6,0 [5,5; 6,5] 5,6 [5,3;6,0] 6,4 [5,9; 6,9] 0,077 0,131 0,010
MMOJIb /JT
Mean glucose level, mmol/]
SD, MMosib /21 (mmol/1) 0,7 [0,5; 1,1] 0,5[0,4;0,7] 1,1[0,4; 1,2] 0,060 0,706 0,005
MAGE, MmMosib/n1 (mmol/1) 1,6 [1,4; 2,3] 1,1[0,8; 1,6] 1,3 [1,0; 3,0] 0,077 0,572 0,425
CONGA, MmMosib /21 (mmol/1) 53 [5,1;5,8] 5,0 [4,9; 5,6] 5,6[52;6,7] 0,113 0,102 0,023
LI, (Mmosib/n)? /4 | (mmol/1)? /h 0,6 [0,3; 1,4] 0,4[0,3; 0,6] 1,4 [0,2; 2,0] 0,151 0,801 0,494
J-ungekc, (MMoJIb/01)? 15,2 [11,4; 19,1] 11,9 [10,5; 14,4] 17,2 [16,0; 20,1] 0,039 0,121 0,005
J-index, (mmol/1)?
LBGI, ycu1. ef. (arbitrary units) 1,0 [0,3; 1,5] 1,410,4; 1,7] 0,8[0,0; 1,1] 0,224 0,121 0,033
HBG]I, ycu. en. (arbitrary units) 0,6 [0,1; 1,3] 0,2 [0,0; 0,5] 1,7 [0,5; 2,4] 0,098 0,036 0,004
M-value, ycu. eg. (arbitrary units) 1,0 [0,5;1,6] 1,5[0,4; 2,1] 1,1[0,8; 1,5] 0,508 1,000 0,494
MAG, MMosib/n1/4 (mmol/1/h) 1,1[0,8; 1,6] 0,9 [0,6; 1,0] 1,3 [0,6; 1,6] 0,462 0,967 0,403
HouHvle uacwt / Nighttime hours

CpeHUH ypOBEeHb IVTIOKO3HI, 5,7 [5,6; 6,2]* 5,2 [5,0; 5,6]* 6.0 [5.2; 6.4]* 0,018 0,451 0,058
MMOJIb/JT
Mean glucose level, mmol/]
SD, mmosib /21 (mmol/1) 0,4 [0,3; 0,5]** 0,2 [0,2; 0,3]** 0,310,3; 0,5]** 0,030 0,867 0,040
MAGE, mmoJib /a1 (mmol/1) 0,8[0,5; 1,1]** 0,5[0,0; 1,0]** 0,6 [0,5; 0,8]** 0,146 0,675 0.305
CONGA, MmMouib/n1 (mmol/1) 531[5,1;5,7] 4,91[4,8; 55]# 54 [4,9; 6,1]* 0,047 0,476 0,224
LI, (Mmosb/m)? /4 | (mmol/1)? /h 0,2 [0,2; 0,6]** 0,1[0,0; 0,2]** 0,3[0,1;0,6]* 0,007 0,900 0,023
J-unpexc, (Mmosnb/n)? 12,7 [11,4; 14,51** 9,7 [8,7; 11,2]** 13.9[9,8; 14,3]* 0,009 0,645 0,040
J-index, (mmol/1)?
LBGI, yc1. eg. (arbitrary units) 0,7 [0,5; 1,2]* 1,6 [0,6; 2,3]* 0,4[0,1; 1,6] 0,131 0,335 0,081
HBGI, ycu. en. (arbitrary units) 0,08 [0,01-0,60]** 0,01[0,00-0,01]** 0,10 [0,02-0,47]* 0,009 0,706 0,011
M-value, yci. en. (arbitrary units) 0,8 [0,5; 1,8] 1,9[0,6; 2,8]* 1,0 [0,4; 2,2] 0,151 0,586 0,595
MAG, mmouib/s1/4 (mmol/1/h) 0,7 [0,45; 1,0]** 0,4 [0,3; 0,6]** 0,810,5; 1,2]* 0,045 0,737 0,058

[IpuMeduanue.SD- crangapTHoe oTkJIoHeHUue; MAGE - cpefusia ammuTyza Kosne6anuil rimmkeMun; CONGA - 2-4yacoBo#l MHZAEKC
JUIUTEJIbHOTO MOBbILIeHUs IIMKeMuY; LI - uHekc 1abunbHocTy; LBGI - nHAekc pucka runorinkeMun; HBGI - MHIeKC prcKa runepriukKeMuy;
MAG - cKOopoCTb U3MEeHEHHUH YPOBHS IVIIOKO3bI.

Abbreviations: SD-standard deviation; MAGE - mean amplitude of glycemic excursions; CONGA - 2-hour continuous overall
net glycemic action; LI - lability index; LBGI - low blood glucose index; HBGI - high blood glucose index; MAG - mean absolute glucose rate of

change.

#p < 0,08.

*p <0,05.

*p < 0,005.

(06BIYHO KCITOIB3YEMBIM Y MAIIMEHTOB HA WHCYJIH-
HOTEpAINluM) MEKTPYIIIOBBIX Pa3JIMYUi HE BBIAB-
JIEHO; BCe OHU HaxXOJIWJIUCh B IIpeJiesiax pedepeHc-
HBIX 3HAYEHUH.

B HOUHBIE "aCHl TAK)Ke YCTAHOBJIEHBI 3HAUNMBbIEe
pasInyrsa MeX/ly IPOMEKYTOUHBIM XPOHOTUIIOM U
YTPEHHUM U BeYepHUM XPOHOTHUIIAMU: 110 CPeIHEMY
ypoBHI0o 1i0ko3bl, SD, CV, nuaaekcam LI, CONGA,
J-unpekcy, a Tak:xke LBGI u HBGI.

Analyzing the characteristics of EB in men with
different chronotypes, it is worth noting that in men
with evening chronotype, the indicators of emotional
EB were a statistically significantly higher than in the
groups with morning and intermediate chronotypes.
At the same time, external EB in individuals with
evening chronotype was pronounced significantly
substantially lower compared to the other two
groups. These data are consistent with the results of
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Takum 06pa3oM, y MyKYHH C ITPOMEKYTOUHBIM
XPOHOTHUIIOM OOJIBIITMHCTBO IMapaMeTpoB BI' B Teue-
HHUE CyTOK HaXOJAATCA B pedepeHCHOM Juamnas3oHe,
XOTSl Y HHUX IIOBBIIIEH PHUCK TUIOTJIMKEMUYECKUX
cocTossHUU. HampoTus, y JIUI] ¢ yTPEHHUM U Beuep-
HUM XpOHOTHUIIAaMU HabJIr0/1at0Tcst 60sIee BhIpaXKeH-
HbIE OTKJIOHEHUs Tokasareser BI' or HOpwmEI, a
TaKKe BBICOKUH PUCK THIIEPTIIUKEMUH.

BHyTpU Ka)kI0H U3 TPYIII BETUIHUHBI OOJIBIITHH-
crBa nokasaresieli BI' B iHeBHBIE Yachl ObLJIM CTATH-
CTUYECKH 3HAYMMO BBIIle aHAJIOTMYHBIX B HOYHOE
BpeMs (cM. TabI1. 3).

Hawubosee BoiparkeHHble HapymeHus BI' y myx-
YUH C BEUEPHUM XPOHOTHIIOM IIPOSIBJISINCH OoJiee
BBICOKUM YPOBHEM UHCYJIMHA HATOIIAK B YTPEHHUE
4gacel. KOHIIeHTpanusa NHCYJINHA B CBIBOPOTKE KPOBHU
BO3pacrayia B pPAAY: IPOMEKYTOUHBIH XPOHOTHI —
YTPEHHUN — BEYEPHUH, COCTABJIAS COOTBETCTBEHHO
3,2[1,6;7,4],5,7[2,0;9,8]u 8,5[8,3; 21,7] MMoB/ 1.
CratucTuyecKku JIoCTOBepHasi pa3Huna 3apuKCupo-
BaHA MeXJy IpyHIlaMU BeuepHero U IpoMeKyTod-
HOT'0 XpOHOTHIIOB (P < 0,026).

OBCYXXJIEHHNE

B xo/ie HacTOAIIETO HCCIIeZIOBAHNS YCTAaHOBIIEHO,
YTO IOJIOBUHA MYXXUYUH O0O0CJIEJTOBAHHON BBIOOPKHU
OTHOCUJIACh K YTPEHHEMY XPOHOTHILY, TOT/Ia KaK Ha
IIPOMEXKYTOUHBIN U BeuepHUH THUIIBI IPHUIIIOCH IPU-
MEPHO I10 OJTHOU YeTBEPTHU. TO pacIpesiesieHre pac-
XOJIUTCA € pe3yJbraTaMu OOJIBIIMHCTBA paboT, B
KOTOPBIX OOBIYHO YKa3bIBAIOTCSA WHBIE IPOIOPIUN:
YTPeHHUH THIl — 13—15 %, BeuepHHU — 20—25 %,
MMPOMEXKYTOUHBIH — 60-65 % [26, 27]. Yacrora
BCTPEUAEMOCTH XPOHOTHUIIOB MOXKET MEHATHCA B
3aBUCHUMOCTH OT Bo3pacta H reorpaduueckoi
IIUPOTHI TPOKUBAHMUSA [27], 07]HAKO B HAIIIEM CJTydae
MBI CBSI3bIBAEM HAOJIIO/Ja€Mble OTJIMYHSA C OTHOCH-
TeJIbHO HEOOJIBIITUM 00'heMOM BBIOOPKH.

Ananmusupys ocoberHoctu I1I1 y Hocuresnen paz-
HBIX XPOHOTHUIIOB, CTOUT OTMETUTh, YTO Y MY:KUHH C
BEUEPHUM XPOHOTHUIIOM ITOKA3aTeI SMOIIMOTEHHOTO
[1I1 6pUTH CTATUCTUYECKH 3HAYMMO BBIIIIE, UEM B TPYTI-
I1ax ¢ yTPeHHUM U IIPOMEKyTOYHBIM XpOHOTHUIIaMU. B
TO >Xe BpeMs BBIPAKEHHOCTh 3KcTepHapHOTrO IIII y
JIUI] ¢ BEUYEPHUM XPOHOTHIIOM OKA3aJIach 3HAYUMO
HIDKe T10 CPAaBHEHMUIO € JIBYMsA JPYTUMHU IPYIIIaMu. ITH
JTAHHBIE COIVIACYIOTCS C PE3yJIbTaTaMU JPYTHX UCCIIe-
JIOBAaHUM, B KOTOPBIX Y JIUI] C BEUEPHUM XPOHOTHUIIOM
TaKKe YacTO BBIABJIUINCH CJIEyIOIIe HapylIeHUs
IIIT: ymotpebieHue GOJBIINX IOPIUN, YCHJIEHHAS
TATA K €7le, SMOLMOHAIIBHOE U CTPECCOBOE IIEpeesa-
Hue [28]. BersABIeHHAs CBA3b MEXK/Y SMOITMOTeHHBIM
[111 1 TOBBIIIIEHHOH TPEBOXKHOCTHIO JIABHO U3BECTHA 1
HaOJTIOAAeTCs KaK y MY»KUHH, TaK U Y MKEHIIUH C OXKHU-

other studies, in which the following EB disorders
were also frequently detected in individuals with
evening chronotype: consumption of a large amount
of food, increased food craving, emotional and stress-
related overeating [28]. The association between
emotional EB and increased anxiety has long been
known, and is observed in both men and women with
obesity [29, 30]. High-anxiety patients often use
simple carbohydrate-rich foods for reducing anxiety,
which can lead to weight gain: increased consump-
tion of simple carbohydrates is accompanied by an
increase in caloric intake, excessive appetite, and has
a significant impact on glucose homeostasis.

There is evidence in the literature indicating an
association between chronotype and biomarkers of
carbohydrate and lipid metabolism [31, 32]. During
an analysis of differences in lipid profile and glucose
homeostasis, Lazar et al. found that individuals with
evening chronotype had higher triglyceride concen-
trations and lower levels of high density lipoproteins
compared to those with morning chronotype [33]. In
addition, individuals with evening chronotype had
higher levels of fasting insulin and HOMA-IR than
those with morning chronotype. In our study, men
with evening chronotype also had the highest insulin
levels, which were statistically significantly higher
than those in the intermediate chronotype group,
where the insulin level was the lowest.

According to several publications, individuals
with evening chronotype have a higher risk of obe-
sity, prediabetes, and T2DM [27]. Notably, individu-
als with the intermediate chronotype, due to their
better adaptation to the ambient time structure, are
considered less vulnerable [34]. Our study confirms
that chronotype is a significant factor in the regula-
tion of glucose homeostasis. The assessment of GV
indicators demonstrated that in individuals with
intermediate chronotype, even with obesity, param-
eters reflecting GV and, consequently, carbohydrate
metabolism regulation are within the reference
range.

There is a growing body of reports about an
increase in the number and severity of the factors
that disrupt the natural sleep-wake cycle. These
include: light pollution in large cities, shift work, late
meals, irregular physical activity, excessive use of
light-emitting devices in daytime and nighttime
hours, and a change one’s social niche. The impact of
these factors may not correspond to a person’s inter-
nal chronotype, which leads to a desynchronization
of internal and external rhythms and contribute to
the development of pathological conditions [35].

Thus, a deeper understanding of the chronotype
role in carbohydrate metabolism regulation is neces-
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penueM [29, 30]. Hepeako maiueHThI C BBICOKHM
YPOBHEM TPEBOTU HCIIOJIB3YIOT IHUIY, OOraTyio Ipo-
CTBIMU YTJIEBOJIAMU, B KAUECTBE CPEZCTBA JIJIST CHIKE-
HUSI TPEBOXKHOCTH, UTO YPEBATO YBEJIMIEHUEM MAaCChI
TeJa: TMOBHIIIEHHOE OTPebIIeHNEe ITPOCTHIX YIJIEBOZIOB
COIIPOBOXK/IAETCS. POCTOM KAJIOPUHHOCTH PAIlUOHA,
TIOBBIIIIEHUEM aIlIIETUTA U OKA3bIBAET CYIECTBEHHOE
BJIMSTHYE HAa TOMEOCTAa3 [IIOKO3bI.

B siutepaType UMeEIOTCs JaHHbIE, CBU/IETETHCTBY-
IOII[Ie O CBS3W XPOHOTHUIIA ¢ OHOMapKepamu yrie-
BOJTHO-)KUPOBOTO OoOMeHa [31, 32]. [Ipu ananmze
pasIuuuil IUIUAHOTO MPOGUIIS U TOMEOoCTasa IJIi0-
ko3bl  A.S. Lazar et al. oGHapyKWJIK, UTO Y JIUIL C
BeUEePHUM XPOHOTHUIIOM II0 CPaBHEHUIO C JIUIAMHU C
YTPEHHUM XPOHOTHIIOM HabJIo/1atoTcs Goiee BBICO-
KHe KOHIIEHTPAIUU TPUIJIUIEPUIOB U OoJiee HU3-
KHEe YPOBHHU JIUIOMPOTENUJIOB BBICOKOH ILJIOTHO-
ctu [33]. Kpome Toro, y JIUIl ¢ BEYEPHUM XPOHOTH-
moM 3a(UKCHPOBaHBI 0OJiee BBICOKHWE 3HAYEHUs
uHCyJIMHA HaTomlak u uHjekca HOMA-IR, uem y
HOCUTeJIell yTPeHHero XpoHoTuna. B Hamem uccre-
JIOBAaHUH Y MY>KUHH C BEeUEPHUM XPOHOTUIIOM TAKKe
OTMEYEeH CaMbli BBICOKHH YPOBEHD WHCYJIMHA, KOTO-
pBIfl CTATUCTUYECKH 3HAYHUMO IPEBBIIIAT MOKa3a-
TeJW B TPYIIE MPOMEKYTOUYHOTO XPOHOTHIIA, TJe
YPOBEHb MHCYINHA OBLJI HANMEHBIIIIM.

CorytacHO psy MyOJTUKAITU, JIFOJIU C BEYEPHUM
XPOHOTHUIIOM HMEIOT 00Jiee BBICOKYIO BEPOSITHOCTD
pasBuTHsA oxkupeHus, peauabera u C/12 [27]. [Ipu
STOM JIUIIA C TPOMEXKYTOUHBIM XPOHOTHUIIOM, 6J1aro-
Zlaps JIydIled afjanTalluy K BpeMeHHOU CTPYKType
Cpeibl, CYUTAIOTCA HauMeHee YA3BUMBIMH [34].
IIpoBeeHHOE HAMU HUCCIEAOBAHUE MTOATBEPIK/IAET,
YTO XPOHOTHII CJIY’KUT 3HAYUMBIM (PAKTOPOM PeETy-
JIIUY TOMeOCTas3a IIIoKo3bl. OIeHKa IoKa3areen
BI' mposieMoHCTpUPOBaa, YTO Y JIIOAEH C IPOMEKY-
TOYHBIM XPOHOTHIIOM, ZJa>Ke MPU HAJIMYUH OXKUPe-
HUA, IapaMmeTpsl, oTpaxkaromue BI' u, ciemosa-
TEJIbHO, PETYJISAIUI0 YIJIEBOZHOTO OOMeHa, Haxo-
IATCS B TPAHUIAX PedepPEeHCHOTO HHTEPBAJIA.

B suteparype Bce uamie coobiiaercsi 0 pocre
YKCIa U BBIPAKEHHOCTH (DAKTOPOB, HAPYIIAOIIUX
€CTeCTBEHHBIN INKJI «COH — 6o/ipcTBOBaHME» . Cpenu
HUX: «CBETOBOE 3arpsi3HEHNE» B KPYITHBIX TOPOAX,
cMeHHas paboTa, O3/IHUe TTPHUEMBI ITHUIIU, HEPETy-
JsipHas GusnYecKas aKTUBHOCTb, YpE3MEPHOE
HCIIOJIb30BAHHUE TAJ[PKETOB CO CBETOBBIM U3JIyde-
HHUEM B BeUepHHE U HOUHBIE Yachl, a TAKXKe CMeHa
COOCTBEHHOM «COIMAJIbHON Humu». BosaeiicTBue
[epeYnCIeHHBIX (aKTOPOB MOKET HE COOTBETCTBO-
BaTh BHYTPEHHEMY XPOHOTHILY YeJIOBEKa, UYTO BEJIET
K PacCorJIaCOBAaHUIO BHYTPEHHUX U BHEIIHUX PUT-
MOB U CHOCOOCTBYET Pa3BHUTHIO IATOJIOTHUYECKHX
cocTosTHuUM [35].

sary, especially in obese individuals with morning or
evening chronotype. It is possible that individuals
with carbohydrate metabolism disorders may have
significant potential for correcting glycemic abnor-
malities through lifestyle modification. Implement-
ing a tailored dietary regimen based on chronotype
could be a highly effective approach to the preven-
tion and treatment of obesity, diabetes, and dyslipi-
demia.

CONCLUSION

Personal chronotype is one of the factors deter-
mining specific regulatory mechanisms of carbohy-
drate metabolism. Therefore, this characteristic
should be taken into account when stratifying the
risk of T2DM, which, according to the data obtained
in this study, increases in the following sequence of
chronotypes: intermediate type — morning type —
evening type.
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Takum 06pa3oM, IIpeICTaBIIsIeTC HEOOXOIMMbBIM
yrIyOJieHHOe TTIOHUMAaHHE POJIM XPOHOTHUIIA B PeETy-
JIAIUY YTIIEBOTHOTO 0OMeHa, 0COOEHHO V JIHI] C O2KHU-
peHueM, UMEINUX YTPEHHUH WIN BeYEepHHUU
xpoHoTul. He uCKIIOUEHO, YTO y JII07iel ¢ Hapylile-
HUSIMH YTJIEBOJTHOTO OOMeHa CyIIeCTBYyeT 3HAUU-
TeJIbHBIM MOTEHITUAJ I KOPPEKIHUU TJINKeMUYe-
CKHX HapYIIeHUH IyTeM U3MeHeHus o0pasa JKU3HHU.
[Ton60p MHAWBUAYATU3UPOBAHHOTO PEKUMA ITHTA-
HUS C yYEeTOM XPOHOTHUIIA MOXKeT CTaTh KpaiiHe
3G GEKTUBHBIM OIX0/I0M B MPOMUIAKTHKE U Jieue-
HUHM OXKHUPEHW:, caxapHOro auabera W JUCIIUIIN-
JTEMUH.

3AK/IOYEHUE

ITepcoHayIbHBIN XPOHOTHUI BBICTYIIAET B KAUECTBE
OIHOTO U3 (aKTOPOB, JETEPMUHUPYIOMIUX CIEIU-
UKy PpEryJsITOPHBIX MEXaHU3MOB YIJIEBOTHOTO
Merabosnuama. CiieoBaTeNIbHO, JAHHBIH IPU3HAK
HMeeT CMBIC/I IPUHUMATh BO BHUMAaHUe IIPU CTPaTU-
¢urkanmmu pucka manudecrauu C/2, KOTOPBIH,
COIVIACHO NOJIydeHHBIM B HacTosAmed pabore /faH-
HBIM, BO3pacTaeT B CJIEAYIOIIEH IOCIe0BaTeIbHO-
CTU XPOHOTHUIIOB: MIPOMEKYTOUHBIH — YTPEHHUN —
BeUepHU.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(DJINKTA UHTEPECOB.
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