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Pestome. Menstrual dysfunction remains a pressing problem of modern medicine. Along with many adverse factors affecting
the health of girls who should be considered as future mothers, the impact of traumatic events occupies one of the leading
places. Stress is a complex adaptive reaction that requires additional energy expenditure. Under its influence, the functioning of
both the hypothalamic-pituitary-adrenal axis (HPAA) and insulin (In) secretion changes. The aim of the study was to determine
the characteristics of the stress response in girls with oligomenorrhea (OM) in a frontline city. Material and methods. To assess
the adaptive capabilities, the serum levels of cortisol (C) and In and their ratio were studied in 116 girls with OM. All patients
were divided into groups depending on the duration of OM. The 1-st group included 20 girls who sought medical help in the
first year after menarche. The 2-nd group included 28 adolescents with the disease for up to 2 years, the 3-rd group consisted
of 39 patients with OM for up to 3 years, and the 4-th group included 39 patients with OM for more than 3 years. Results.
The function of the adrenal glands and the pancreas in terms of C and In synthesis was preserved in half of the girls with OM,
as evidenced by the (/In ratio, which fluctuated within the normal range. A decrease in this index was noted in more than
thirds, and from 3 to 10% of girls had an increase in the stress index. It was established that when OM occurs in the first year
of menstruation, high numbers of the stress index (C/In) are not noted, which indicate a decrease in the reserves of the body's
compensatory capabilities and a disruption in the energy supply of adaptive processes. With the extension of the OM duration,
signs of exhaustion already appear, that is an inadequate response of the body to the chronicity of the process. Conclusions.
As a result of the conducted research and analysis of the identified violations, it was found that 39.7% of patients with OM
have adaptation disorders. These deviations emphasize the need to identify adaptive resources to address the issue of their
correction in order to increase the body's ability to tolerate stress and strengthen adaptive capabilities.

Keywords: adolescent girls, cortisol, insulin, adaptive-compensatory capabilities, oligomenorrhea, voltage coefficient — C/In
ratio.
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Life in modern society, especially Ukrainian, has
been full of unpredictable events for 10 years. More
than a decade ago, UNICEF attributed wars (along
with hunger and AIDS) to the factors that deprive
more than half of children on the globe of their
childhood, and every year this threat is becoming
more and more serious. Ukraine, unfortunately, has
also faced all the manifestations of full-scale war.
The stay of a person in an emergency zone, migra-
tion, as scientists’ studies indicate, affect somatic,
mental, and psychological health, which can be
considered as the consequences of psycho-emotion-
al tension and stress [1-3].

Stress is a complex adaptive response that re-
quires additional energy expenditure. An increase
of glucose in the blood of patients — hyperglyce-
mia — is an important component of stress [4]. The
HPAA is the main mediator of stress, and C is the
main adaptive signaling regulator of stress. It in-
creases the availability of glucose by increasing its
production by the liver through transcriptional and
posttranscriptional activation of gluconeogenic en-
zymes. In an acute response to a stressful event, the
secretion of C, as a hormone that responds to dan-
ger, promotes rapid metabolic adaptation, while the
prolonged action of C gradually leads to In resist-
ance and, ultimately, to cardiometabolic disorders.
It is believed that C is a powerful activator of In
resistance and an inhibitor of In secretion [5, 6].
Cand In play aleading role in the implementation of
nonspecific reactions that ensure the development
of the body’s resistance to stress [7]. Recognizing
differences between different levels of C concentra-
tion in the body is crucial, since it is the main glu-
cocorticoid biomarker in the homeostatic response
of the body to stress. The vago-insular system also
plays an important role in regulating balance in the
body. The close functional relationship between C
and In, aimed at enhancing physiological effects, al-
lows us to consider these systems as leading links of
single regulatory mechanisms [8].

The aim of the study was to clarify the features
of the stress response in girls with OM in a front-
line city.

Material and methods
The investigation was carried out at the State

Institution «Institute for Children and Adolescents
Health Care of the National Academy of Medical
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Sciences of Ukraine». Under surveillance, there
were 116 girls aged 12-17 years with impaired men-
strual function of the OM type. All patients were
divided into groups depending on the duration of
OM. The 1-st group included 20 girls who sought
medical attention in the first year after menarche.
The 2-nd group included 28 adolescents with the
disease for up to 2 years, the 3-rd group consisted of
39 patients with OM, that was observed for up to 3
years, and the 4-th group included 39 patients with
OM, that existed for more than 3 years.

The C concentration in blood serum was deter-
mined using an additional enzyme-linked immuno-
sorbent assay on the «Rayto RT 2100C» analyzer
(Germany) and kits from the company «Best-Di-
agnostic» (Ukraine). Reference values were con-
sidered as Lower quartile 318.0 nmol/L, Upper
quartile 673.0 nmol /L.

Tests for immunoreactive insulin (IRI) were
carried out using commercial reagent kits («<DRG
Instruments GmbH», Germany), and glucose us-
ing commercial kits («Genesis»). The normative
IRI fluctuations were considered Lower quartile
8.10 uU/mL, Upper quartile 15.95 pU/mL.

The In resistance index (HOMA) is based on

the formula:
G, % Ins,

22.5

de G, - fasting blood glucose, mmol /L;
Ins, — fasting In, pU/mL.

The presence of In resistance in patients was di-
agnosed at the level of HOMA, which was 3.5 years
CU. The severity of stress was determined not by
the absolute ratio of C and In, but by the magni-
tude of the coefficient of stress, which was distrib-
uted between C and In (C/In). The equal group
consisted of 35 girls of the same age with a normal
menstrual cycle, placed in the early foliculin phase
until the beginning of war. The value of the C/In
ratio fluctuated in a wide range and on average was
64.53+38.94 units (Lower quartile 32.29 units, Up-
per quartile 85.51 units). In 27.3% of girls, devia-
tions in the stress coeflicient were noted, mainly
due to a decrease in adaptive capabilities, and only
4.5% had an exhaustion of the body’s protective
mechanisms.

Statistical analysis was carried out using the
additional software package Statustica 5.5. To
compare the indicators, Student’s t-test, Wilcox-
on-Mann-Whitney, x> were used. All p values less

HOMA=
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than 0.05 were considered statistically significant.
The results were expressed as average + standard
deviation (SD) and a hundred percent difference.

The ethical principles set forth in the Declara-
tion of Helsinki of the World Medical Association
were adhered to throughout the research study.
The study was approved by the Bioethics and De-
ontology Committee at the State Institution «In-
stitute of Children’s Health and Children’s Health
of the National Academy of Medical Sciences of
Ukraines.

Results

Analysis of the serum C content revealed that in
the absolute majority of girls with OM it was with-
in physiological values (Table 1). Its reduced and
increased levels did not differ significantly. In acute
stressful conditions, the adrenocortical system is ac-
tivated, which leads to increased C secretion. How-
ever, exposure to chronic stress reduces C secretion,
which is the final hormonal effect of the HPAA, and
the so-called «adrenal fatigue» occurs. That is, under
conditions of prolonged stress, the effect of glucocor-
ticoids becomes maladaptive [9-12].

Table 1. Percentage of patients with OM and different levels of C and IRl

Indicator Percentage, %

Cortisol, nmol/L

normal 76,1

< 10 percentile 138

>75 percentile 10,1
IRI, pU/mL

normal 56,4

>75<90 percentile 24,8

>90 percentile 188

IRI fluctuations in the normal zone were record-
ed significantly less often than C (P<0.0000), and
elevated levels were significantly more frequent
(»<0.0000-0.005; Table 1).

Correlation analysis revealed that there are neg-
ative relationships between C, IRI and the NOMA
index in OM, which does not exceed 2 years. Thus,
C has a negative relationship with IRI (r=-0.61;
p<0.05) and the HOMA ratio (r=-0.66; p<0.03)
in the first year of OM existence, as well as in the
second year of the disease — C and IRI (r=-0.51;
p<0.01), C and HOMA (r=-0.51; p<0.01). With the
extension of the term of OM existence, these rela-

tionships disappear.

Reference values of IRI were recorded in more
than half of girls with OM regardless of the C lev-
el. An increase in IRI concentration was most often
observed at low C values (p<0.02) (Table 2).

It is known that C can affect In secretion and, at
high levels, provoke the development of In resist-
ance [6]. At all C levels, an increase in IRI above 90
percent was accompanied by In resistance.

Table 2. Comparison of percentage of girls with OM and different levels of
IRl at different C indicators

IRI
Cortisol, nmol/ L >75<90
normal . >90 percentile
percentile
normal 56,2 25,7 18,1
>75 percentile 50 385 11,5
<10 percentile 52,6 26,3 21,1

An important role in the formation of the body’s
response to stress is played by hormones such as
C and In. They play a leading role in the imple-
mentation of nonspecific reactions that ensure the
development of the body’s resistance to internal
and external loads. It is assumed that the possible
effects of hormones are determined by the balance
between interdependent hormones [11, 13]. Taking
into account that the level of hormones varies in
different ways, it is not very informative to analyze
the levels of C and In separately, the C/In ratio was
determined to quantitatively assess the severity of
the stress state. This ratio is one of the objective
criteria for the severity of the stress effect and the
activity of compensatory and adaptive processes
developing in the body.

The average values of the C/In index in all
groups are given in Table 3.

Table 3. Average values of the C/In index in patients with OM depending
on the duration of the disease, M£SD (n)

Groups C/In, unit

All 34,82+26,51 (116) *
\ 37,37+22,23 (20) *
[ 31,05+25,33 (28) **
1l 37,78+36,77 (29) *
Y 34,11+20,492 (39) *
Comparison 64,53+38,94 (35)

Note.* — p<0.001 and ** —
rison»

p<0.01 in comparison with group «Compa-
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In girls with OM, regardless of the disease du-
ration, the stress coeflicient was significantly lower
than in the comparison group, which may indicate
the instability of protective mechanisms. Individu-
al analysis revealed that in 48-68% of adolescents,
the C/In ratio was within the normative values
(Table 4). Finding this ratio in the intermediate
zone may indicate a compensated state. A decrease
in this coefficient was recorded in 30—40% of pa-
tients. That is, more than a third of patients have
instability of protective mechanisms, or even ex-
haustion. No significant difference was found de-
pending on the group.

Table 4. Percentage of different values of the C/IRI ratio in girls with OM
taking into account the duration of the disease

Groups
C/IRI, unit
I I M1l v
normal 68,4 57,2 483 66,7
>75 percentile 0 74 10,3 2,6
< 10 percentile 316 35,7 414 30,7

Increase in C/In ratio was registered in a small
percentage of patients. Moreover, in girls of group
1, increase in C/In ratio was not observed at all. Tts
high values appear as the duration of OM increases.

Discussion

The impact of traumatic events can lead to men-
tal, behavioral, emotional problems, which cannot
but affect the general state of health.

This problem is especially acute for girls during
puberty, the most vulnerable, even in terms of its
physiological course. The lack of menstrual func-
tion is also a psychological trauma that occurs as
a result of an imbalance between the requirements
(to have menstruation like everyone else) and the
body’s resources (coordinated work of all links in
the regulation of the menstrual cycle).

During stress, the HPAA is activated, causing
an increase in plasma cortisol. This is a physiolog-
ical reaction, on a global scale, glucocorticoids are
presented as «run and fight> hormones, and in this
sense catabolic hormones are necessary for the mo-
bilization of reserves to provide the body with ener-
gy. However, hyperactivity of the HPAA can lead to
significant deviations in mental health (depression,
anxiety) [14, 15]. Stress also affects In secretion.
The concentration of the blood In levels, in addi-
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tion to glucose, directly depends on the C content
and is inhibited at high levels [6].

Assessing disorders of menstrual function as a
response to stress, one of the biological responses of
which is the activation of the HPAA and the insular
apparatus, one can draw conclusions about the na-
ture of the endocrine reaction of the body and the
tension state of compensatory systems based on the
C/In ratio. Determining of the C and In effects on
the adaptive capabilities of adolescent girls with
OM revealed that their ratio is the most inform-
ative as a marker of a nonspecific stress response.
The function of the adrenal glands and the pancre-
as in terms of the C and In synthesis in half of the
girls with OM was preserved, as evidenced by C/
In ratio, which fluctuated within the normal range.
That is, these girls have an adequate hormonal re-
sponse to changes in the parameters of the internal
and external environment. A decrease in this index
was observed in more than a thirds (30.4%) mainly
due to an increase in In at normal C values. There
are some reports where adaptation disorders may
be associated with the formation of hyperinsuline-
mia [16-18]. A decrease in this ratio may indicate a
possible depletion of the adaptive capabilities of a
girl with menstrual disorders.

From 3 to 10% of girls had an increase in the
stress index. An increase in the C/In coeflicient
indicates a low level of reserves, or their depletion
and disruption of the energy supply of adaptive
processes. The higher the stress coefficient, the
smaller the reserve of the body’s compensatory ca-
pabilities and the more threatening the prognosis
for compensation of the function in a state of stress
becomes. It has been established that when OM
occurs in the first year of menstruation, high num-
bers of the stress index (C/In), which indicate a de-
crease in the reserves of the body’s compensatory
capabilities, are not observed. With the extension
of the OM term, signs of exhaustion already appear,
that is, an inadequate reaction of the body to the
chronicity of the process.

Thus, as a result of the study and analysis of
the identified disorders, adaptation disorders in
patients with OM have been identified. The iden-
tified changes in hormonal interaction deepen the
understanding of the pathogenetic mechanisms of
OM formation, make it possible to assess the state
of adaptive-compensatory capabilities in girls with
OM depending on the duration of its existence and
outline a plan for therapeutic intervention. In addi-
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tion to the main treatment of menstrual disorders,
medical and psychological support, both through
pharmacological drugs and psychotherapy should
be included in programs of such intervention.

Conclusions

1. Tt was found that the stress coeflicient varied in
a wide range, which indicates different types of
adaptive reactions in patients with OM. Three
options for responding to stressful events were
identified. The stress coefficient within physio-
logical values indicates that stress hormones are
in relative balance. The other two (increased
and decreased stress coeflicient) indicate mala-
daptive disorders.

2. All options indicate mechanisms by which the
body reaches a state of resistance. In patients
with an increased stress coefficient, the type of
response indicates that the body is functioning
at the limit of its adaptive capabilities and can
quickly enter the exhaustion phase. A decrease
in the C/In ratio indicates the tension of com-
pensatory mechanisms, these girls cannot mas-
ter the stress level and this can end with a transi-
tion to the exhaustion phase or a state of chronic
stress.
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HOMA - insulin resistance index
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In — insulin

IRI —immunoreactive insulin

OM - oligomenorrhea

[na3moBi piBHI KOPTU30MY Ta IHCYNIHY AK
biomapkepy Hanpyru B fiB4at 3 ONiIrOMEHOPEEH
B npuchpoHTOBOMY MicTi XapKis, YkpaiHa

B.O. AuHHIiK', 0.0. AnHHik? O.l. BepxowaHoBa’,

C.B.HoBoxaTcbKa'

' [IY «IHCTUTYT OXOPOHY 300POB'A AiTel Ta NigNiTKiB HauioHanbHOT akagemil
MEAVNYHUX HayK YKpaiHu»

2 XapKiBCbKWIA HaLiOHanbH MefUUHUIA yHIBEpCHTET

Pestome. [opyleHHA MeHCTPYanbHOT GyHKUIT 3anMwalTbca aKTy-

anbHo npobnemoto cyyacHoi MeguumnHu. Mopapn i3 6aratbma He-

CNPUATANBMMM GaKTOpamK, IO BNAMBAOTL Ha 3A0P0B'A [1iBYAT, AKKX
CNiA PO3rNALATY AK MabyTHIX MaTepis, BNANB TPAaBMATUUYHMX NOAIN
3aIMa€e ofHe 3 NPoBiAHMX Miclb. CTpec € KOMMNNEKCHO aaanTye-

HOI peakLielo, Wo noTpebye [OAATKOBUX eHeprosaTpart. [lig oro

BMIMBOM 3MIHIOETbCA GYHKLIOHYBAHHA AK rinotanamo-rinogizapHo-

afpeHanoBol Oci, TaK i cexkpeuid iHCyniHy. MeTol Haworo 4ochi-
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IPKEHHA CTano 3'ACyBaHHA OCOONMBOCTEl peaKLii Hanpyrv B fiByart 3
oniromeropeeto (OM) 8 npudpoHToBomy micTi. MaTepian i meTogu.
[InA OuUiHKX aganTauinHYX MOXIMBOCTEN OYNO BUBYEHO BMICT Y CUPO-
BaTLi Kposi KopTtmsony (K) i iHcyniHy (IH) Ta ix cnissigHowWweHHA B 116
XBOPUX [liBYaT 3 oniromeHopeeto. Yci xgopi Oynn posnopineHi Ha rpy-
MW B 3aNeXHOCTI Bif TepMiHy icHyBaHHA OM. Y nepuuy rpyny ysiiwnm
20 OiBUMHOK, AKI 3BEPHYANCA MO MeaWYHy AONOMOrY B MepWi pik
nicna meHapxe. lo apyroi rpynu 6yno skaoueHo 28 nignitkis 3 icHy-
BaHHAM 3aXBOPIOBAHHA O 2 POKIB, TPETIO rpyny CTaHoBWAM 39 nauyi-
€HTOK, y AKnx OM cnocTepiranaca 40 3 pokiB i B ueTsepty rpyny byno
BiHeceHo 39 xBopux, y AKMx OM icHyBana noHap 3 poku. Pesynbratu.
DyHKUIA HAOHWPHYIKIB | NiALWNYHKOBOT 331031 Wofo cnHtesy KilHy
nonosvHK figdat 3 OM 6yna 36epexeHa, Npo WO CBiAYMTL CMiBBIA-
HOLEHHA K/IH, AKe KONMBaNoCh y MeXax HOPMAaTVBHUX 3Ha4eHb. 3HK-
KEHHA LbOro iHAEKCY BifMidanoca 6inbl HixX y TpeTuHW i Bia 3 fo 10%
[iBYaT Manw NiABULLEHHA IHAEKCY Hanpyr. BCTaHOBNEHO, WO Npw BU-
HUKHeHHI OM B nepLumni pik iCHyBaHHA MeHCTPYaLliit He BigMiYaeTbcA
BMCOKUX UMP iHAeKkcy Hanpyrn (K/IH), AKi CBIAYaTb MPO 3HMMKEHHS
pe3epBiB KOMMEHCAaTOPHMX MOXIMBOCTEN OPraHi3My Ta NOpPYLIeHHA
eHeprozabe3nedyeHHs aganTaliiiHX NPOLUECiB. 3 NOAOBXEHHAM Tep-
MiHy icHyBaHHA OM Bxe 3'ABNAIOTLCA 03HAKM BUCHAKEHHS, TOBTO He-
A[eKBATHOI peakuii opraHiaMy Ha XpoHi3auio npouecy. BucHoBKM.
Y pesynbTaTi npoBefeHOro AOCAIAMKEHHA | aHani3y BUABNEHVX NOPY-
WeHb BCTAaHOBMEHO, WO B 39,7% xBopux 3 OM MatoTb Miclie po3naam
ananTauii. laHi BigxmuneHHs nigkpecnionTs HeOOXiAHICTb BU3HAYeHHS
afanTauiiHMX pecypcis Ana BUPIWEHHA NUTaHHA WOJO iX Kopekuii 3
MEeTOI0 MIABUWEHHA MOXIIMBOCTEN OpraHiaMy nepeHocuTn CTpec Ta
NOCUNEHHA afanTaLiiHMX CNPOMOXHOCTEN.

KniouoBi cnoBa: iBuata-nignitki, KOPTV30A, IHCYNIH, aganTaliiHo-
KOMMEHCATOPHI MOXNUBOCTI, oniromeHopes, KoedilieHT Hanpyry —
cnigBigHoWeHHA K/IH.
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xaTcbka CB. Tna3moBi piBHi KOpTW30My Ta iHCYNiHY AK Giomapkepy
Hanpyru B AiBYat 3 ONiroMeHopeElo B MPUGPOHTOBOMY MICTi Xapkis,
YkpaiHa. EHgokpuronoria. 2025;30(1):45-50. DOI: 10.31793/1680-
1466.2025.30-1.45.
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nisuat Y «lHCTUTYT OXOpOHM 300pOB'A fAiten Ta nignitkis HAMH
Ykpainu, ORCID: 0000-0003-1623-973X.

Oco6uctnin BHecok: [lHHik B.O. — BMBUEHHA niTepaTypn, aHani3
NITEPATYPHUX OXEepesn, KOHUenuia Ta AM3aiH LOCNIAXKEHHA, Ha-
MUCaHHA TeKCTYy, pefaryBaHHA YKPalHOMOBHOrO BapiaHTa CTaTTi;
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IvHnik O.0. — BUBYEHHA NiTepaTypu, aHani3 nitepaTypHUX Axepen,
HanWcaHHA TEeKCTY, pefaryBaHHsa aHrOMOBHOMO BapiaHTa CTaTTi, 06-
rOBOPEHHA OTPUMaHWX pe3ynbratis; Bepxowarosa O.. — BUBUEHHA
niTepaTypu, aHani3 nitepatypHux axepen, 36ip i 06pobka matepiany,
Komn'toTepHa MOpdOMETPIf, HanMcaHHA TekcTy; HoBoxaTtcbka C.B. —
BVBUEHHA NiTepaTypu, aHani3 nitepaTypHux gxepen, 36ip i 0bpobka
matepiany, CTaTUCTUUYHUIA aHani3 AaHWX, HANUCaHHA TEKCTY.
QiHaHcyBaHHA: poO0OTa BMKOHaHA B pamMKax OI0>KETHOTO diHaHCy-
BaHHA HAMH YkpaiHu 3a nnaHom HaykoBo-focnifHol poboTun «[o-
cninnTV 0cobnnBOCTI Nepebiry XPOoHiUHNUX HEIHOEKLINHMX 3axBOpIo-
BaHb Yy MiANITKIB B yMOBaX BillHW | MTOBOEHHOMO Yacy Ta YAOCKOHaNMUTH
cucTeMy IXHbOT MefuKo-ncuxonoriuHoi peabinitayii» IHCTUTYTY oxo-
POHV 340P0B'A fiTel Ta nignitkis HAMH Ykpainu (N gepxasHoi pee-
cTpauii: 0123U103127).

Jeknapauia 3 eTuKW: aBTOpY 3ajeKknapysany BiACYTHICTb KOH-
GnikTy iHTEpECi8 | diHaHCOBYMX 3060B'A3aHb.
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