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Abstract. Endothelial dysfunction (ED) is a key pathogenetic mechanism underlying microvascular complications of type 2
diabetes (T2D). Aim. To investigate the effect of war-related stress on the microvascular endothelial vasomotor function
(MEVF) in elderly people. Material and methodes. Eighty-six people aged 60-79 years who were permanently located within
the Kyiv region during the war were examined. For comparison, data from 48 people of the same age and 67 people aged
30-59 years, examined before the war, were used. MEVF was assessed by laser Doppler flowmetry using a post-occlusive reactive
hyperemia test. Plasma glucose concentration was determined by the glucose oxidase method, whereas cortisol and insulin
concentrations were measured using enzyme immunoassay method. Autonomic nervous system function was evaluated by
spectral analysis of heart rate variability (HRV). Perceived stress was assessed using the Perceived Stress Scale-10 (PSS-10).
Psychoemotional status was evaluated using the Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5), the Beck Depression
Inventory (BDI), and the State-Trait Anxiety Inventory (STAI). Results. During wartime, elderly people are likely to have higher
plasma cortisol concentrations and a higher percentage of the very-low-frequency (VLF) component of HRY, indicating that
they are under stress. The consequences of war stress were increased levels of situational anxiety and depression. During the
war, elderly people exhibited significantly higher plasma insulin concentrations and insulin resistance index, accompanied by
reduced MEVF indices in a reactive hyperemia test. Individuals with post-traumatic stress disorder (PTSD) showed higher levels
of perceived stress, depression, and anxiety than those without PTSD. However, no differences were observed between the
groups without and with PTSD regarding MEVF and carbohydrate metabolism parameters. Conclusions. In elderly civilians,
war-related stress resulted in the development of insulin resistance and decreased MEVF. However, these alterations were not
further aggravated by the presence of PTSD.

Keywords: war, stress, elderly civilians, cortisol, autonomic nervous system, microvascular endothelial vasomotor function,
insulin resistance.

Microangiopathy is a common complication of
T2D. Up to 60-70% of patients with a long-term
T2D develop at least one form of microvascular
damage [1]. The frequency of microcirculatory dis-
orders is also significant in individuals with newly
diagnosed T2D [2, 3].

ED represents a critically important mechanism
in the pathogenesis of diabetic microvascular com-
plications [4, 5]. Impaired endothelial vasomotor

© V.8 Shatylo, O.V. Bondarenko, G.V. Duzhak, A.V. Pysaruk, L.V. Mekhova, L.V. Zaiets

function is characterized by a shift in the balance
between the formation of vasodilators (nitric ox-
ide, prostacyclin), and vasoconstrictors (endothe-
lin-1 and thromboxane A,), in favor of the latter [5].
Age-related endothelial alterations, chronic low-
grade vascular inflammation, and oxidative stress
play important roles in the development of ED [6, 7].

Psychoemotional stress also adversely affects
endothelial function. Stress activates both the sym-

273

VERTE }



ISSN 1680-1466" EHIOKPUHOJIONA 2026, TOM 31, Ne 3

OpwuriHanbHi 0OCHIAKEHHA

pathoadrenal system and the hypothalamic—pitu-
itary—adrenal axis, leading to increased formation
of free radicals, pro-inflammatory cytokines, and
cellular adhesion molecules. At the same time, en-
dothelial nitric oxide synthase activity and nitric
oxide production are reduced, while endothelin-1
levels increase, resulting in a pro-inflammatory,
pro-atherogenic, and prothrombotic endothelial
phenotype [8-12].

The aim of the present study was to investigate
the effect of war-related stress on the MEVF in el-
derly people.

Material and methods

The study was conducted in accordance with
the laws of Ukraine and the principles of the Hel-
sinki Declaration of Human Rights. The study
protocol, patient information, and informed con-
sent form were approved by the Ethics Commit-
tee of the Clinical Department of State Institution
«D.F. Chebotarev Institute of Gerontology of the
NAMS of Ukraine» (Protocol No. 3, May 9, 2022).
All participants received detailed information re-
garding the study procedures.

Study Population. The inclusion criteria were:
written informed consent to participate in the
study; age 60-79 years (30-59 years in the control
group); permanent residence in Kyiv Region from
February 24, 2022; blood pressure below 140/
90 mmHg; fasting plasma glucose concentration be-
low 7 mmol/L; and body mass index (BMI) below
30 kg/m?.

The exclusion criteria were: history of myocar-
dial infarction or cerebrovascular accident; hyper-
tension with target organ damage and grade 2-3 ar-
terial hypertension; chronic ischemic heart disease,
heart failure; diabetes mellitus, endocrine disor-
ders; chronic obstructive pulmonary disease, bron-
chial asthma; malignant neoplasms, anemia; acute
and chronic infectious diseases; acute and chronic
kidney and liver diseases; use of antidepressants,
anxiolytics, hypnotics, arginine preparations, anti-
oxidants, and anti-inflammatory drugs; and chang-
es in medication dosage within two weeks prior to
examination.

A total of 86 civilians exposed to war-related
stressors (Group 3), including missile and artil-
lery attacks and prolonged stays in shelters, were
examined. Some participants had experienced oc-
cupation during March 2022. For comparison, data
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obtained before the war from civilians aged 60—79
years (Group 2, n=48) and 30-59 years (Group 1,
n=67) were used.

Assessment of MEVF. MEVF was evaluated by
laser Doppler flowmetry during a post-occlusive re-
active hyperemia test [13] using a BLF-21D Laser
Doppler flowmeter (Transonic Systems Inc., USA).
Basal skin blood flow (SBF, ) was initially meas-
ured at the distal third of the volar surface of the
forearm. Subsequently, the brachial vessels were
occluded for 3 min using a cuff inflated to a pressure
exceeding systolic blood pressure by 50 mmHg.
Following cuff release and restoration of blood flow,
the reactive hyperemia phase was assessed. During
this phase, maximum SBF (SBF, ), time to reach
maximum skin blood flow (¢, ), and recovery time
of SBF to the basal level (t, ) were determined.

An integral index of MEVF was calculated as the
area under the curve of SBF changes during reactive
hyperemia according to the following formula:

Integral index of MEVF = (SBF, —SBF, )X
X trcact/l20+(SBFmaX_SBFbasal)Xtrcc/120

Higher values of SBF,_ , t , and integral index
of MEVF indicate better functional status of the
microvascular endothelium.

Hormonal and Glucose Measurements. Venous
blood samples were collected in the morning after
12-14 hour overnight fasting. Plasma samples were
stored at —70°C until hormone analysis. Plasma
cortisol and insulin concentrations were deter-
mined using enzyme-linked immunosorbent assay
kits (DRG Cortisol ELISA and DRG Insulin ELI-
SA; DRG Instruments GmbH, Germany).

Plasma glucose concentration was measured
by the glucose oxidase method using a BTS-330
biochemical analyzer and Bio-LA-TEST reagents
(Erba Lachema, Czech Republic).

The Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) was calculated as follows:

HOMA-IR = fasting glucose (mmol /L)xfasting
insulin (uIU/mL)/22.5

HRYV Analysis. R—R intervals for HRV analysis
were recorded using a Dia Card recorder (Solvaig,
Ukraine) for 5 min following a 10-min rest period in
the supine position. Spectral analysis of HRV was
performed according to established standards [14]
using Dia Card software version 1.0.0.73 (Solvaig,
Ukraine). The following parameters were assessed:
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o Total Power: spectral power within the frequen-
cy range <0.40 Hz, reflecting the overall influ-
ence of the autonomic nervous system on cardi-
ac activity;

e VLF Power (0.003-0.040 Hz): predominantly
reflecting sympathetic autonomic activity;

e Low Frequency Power (LE 0.040-0.150 Hz):
reflecting the interaction between sympathetic
and parasympathetic branches of the autonomic
nervous system,

e High Frequency Power (HF, 0.150—0.400 Hz):
reflecting parasympathetic activity;

e % VLF, % LF, and % HF: relative contributions
of VLF, LF, and HF components to total spectral
power.

Psychological Assessment. The PTSD Checklist
for DSM-5 (PCL-5) was used to identify partici-
pants with PTSD. PTSD was defined by exposure
to a traumatic event and a total PCL-5 score of 33
points or higher [15]

Perceived stress was assessed using the Per-
ceived Stress Scale-10 (PSS-10) [16]. State and
trait anxiety levels were evaluated using the State—
Trait Anxiety Inventory (STAI), whereas depres-
sive symptoms were assessed using the Beck De-
pression Inventory (BDI) [17].

Statistical Analysis. Statistical analyses were
performed using Statistica software (StatSoft Inc.,
USA), version 7.0. The normality of quantitative
variable distributions was assessed using the Sha-
piro-Wilk test, which confirmed normal data dis-
tribution. Data are presented as mean + standard
error of the mean (SEM). Statistical significance
was determined using Student’s ¢-test. Differences
were considered statistically significant at p<0.05.
Pearson correlation analysis was also performed,
with correlations considered significant at p<0.05.

Results and discussion

Before the war, participants in the elderly group
exhibited non-significantly higher plasma concen-
trations of cortisol, insulin, and glucose, as well
as a higher insulin resistance index than those in
the younger group (Table 1). Elderly people also
demonstrated a higher percentage of VLF pow-
er (% VLF) and a lower percentage of HF power
(% HF), although these age-related differences did
not reach statistical significance. These findings in-
dicate a slight increase in hypothalamic—pituitary—
adrenal axis activity and sympathetic autonomic

activity, reduced parasympathetic influence, and
the absence of substantial alterations in carbohy-
drate metabolism in older individuals before the
war compared with the younger group.

Table 1. Plasma hormone and glucose concentrations and HRV spectral
parameters in civilians before and during the war (mean+SEM)

Parameters Group 1 Group 2 Group 3
(n=67) (n=48) (n=86)
Age, years 46.4+09 68.4+1.0 67.6%0.7
Cortisol, nmolxL" 357447 420+59 797+105%
Insulin, plUxmL! 97415 113+£18 16.5£1.7%
Glucose, mmolxL™ 5344008 542+009  568+0.12
Insulin resistance index 2284037  275+045  4.18+0.44*
(HOMA-IR)
9% VLF 331418 397429 52.242.4%%
% LF 347417 30.1+29 274+26
9% HF 314423 259426 204424

Note. * — p<0.05 and ** — p<0.01 versus Group 2.

The presence of stress among elderly people
during the war was confirmed by an almost two-
fold increase in plasma cortisol concentration com-
pared with the pre-war level (Table 1). During the
war, sympathetic autonomic activity increased, as
evidenced by a higher percentage of VLF power
(p<0.01), whereas parasympathetic influence tend-
ed to decrease, as reflected by a lower percentage
of HF power (p=0.06). Additional consequences of
war-related stress included significantly increased
plasma insulin concentrations and insulin resist-
ance index values, along with a tendency toward
higher glycemic levels. Furthermore, elderly people
examined during the war demonstrated perceived
stress, anxiety, and depression scores substantially
exceeding normative values (Table 2).

Table 2. Psychoemotional status indicators in elderly civilians during the
war (mean=SEM)

Parameters Normal Range Group 3
(n=86)
Perceived stress score <14116] 212411
Depression score <10[17] 11.2+0.7
State anxiety score <31[17] 40.6+14
Trait anxiety score <31[17] 459413

Before the war, MEVF was impaired in individ-
uals aged 60—79 years compared with those aged
30-59 years (Table 3).
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Table 3. Skin microvascular blood flow parameters during the post-occlu-
sive reactive hyperemia test (mean+SEM)

Parameters Group 1 Group 2 Group 3
(n=67) (n=48) (n=86)

SBF__, mbxmin” 1.09+0.03  1.03+0.03  0.99+0.03

per 100 g tissue

SBF_, mLxmin’! 5924021 5524029 5.06+0.19

per 100 g tissue

TS 111405 11.9+0.6 10.9+0.6

oS 1383+48  113.6£55% 91.5+2.8%

Integral index of MEVF, 6.06+0.34  494+044" 353+0.22%

conventional units

Note.” - p<0.05 and * — p<0.01 versus Group 1, * — p<0.05 versus Group 2.

During the war, elderly people demonstrated
significantly shorter t _and a lower integral index
of MEVF than before the war. These findings indi-
cate that war-related stress exacerbated the age-as-
sociated decline in MEVE

According to the PCL-5 questionnaire, PTSD
criteria were identified in 12 of 86 participants
(14%). These individuals were younger than par-
ticipants without PTSD (Table 4). Subjects with
PTSD exhibited significantly higher depression and
state anxiety scores. However, no significant differ-
ences in integral index of MEVF were observed be-
tween the two groups. These findings suggest that
PTSD did not further aggravate microvascular ED
in older adults who had already been exposed to pro-
longed war-related emotional stress. Likewise, plas-
ma concentrations of cortisol, insulin, glucose, and
the insulin resistance index did not differ significant-
ly between participants with and without PTSD.

Table 4. Indicators of mental state, MEVF and carbohydrate metabolism in
elderly people without PTSD and with PTSD manifestations (mean+SEM)

Parameters Without PTSD ~ With PTSD
(n=74) (n=12)
Age, years 68.1+0.7 64.3+£1.3*%
Total PCL-5 score 13.4+0.8 39.3+1.5%%
Depression score 10.6+0.5 16.5+2.5%
State anxiety score 39.9+1.2 47.8+2.2%%
Integral index of MEVF, 3.63+0.21 3.25+0.24
conventional units
Cortisol, nmolxL" 764+87 841495
Glucose, mmolxL" 5.64+0.09 5.88+0.12
Insulin, plUxmL™ 164+1.3 19.7£24
Insulin resistance index (HOMA-IR) 4074034 5.10+£0.41

Note. * — p<0.05, ** — p<0.01, and ***
without PTSD.

— p<0.001 versus participants
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Thus, comparison of the two age groups exam-
ined before the war revealed impaired MEVF in
elderly people. These findings are consistent with
previous reports demonstrating reduced nitric ox-
ide bioavailability and diminished endothelium-de-
pendent vasodilation during aging [6, 18].

Our results are in agreement with experimen-
tal and clinical studies showing that stress induc-
es ED [9, 10], which is recognized as a risk factor
for cardiovascular disease and diabetes mellitus [7,
8]. During the war, elderly people experienced an
additional deterioration of MEVF, likely mediat-
ed by activation of the sympatho-adrenal and hy-
pothalamic-pituitary-adrenal systems, increased
oxidative stress and inflammation, suppression of
endothelial nitric oxide synthase activity, and re-
duced nitric oxide production [12].

In a previous study, a direct association between
high anxiety levels and ED was demonstrated in
elderly men [18]. In our study, no additional im-
pairment of MEVF was observed in elderly people
with PTSD compared with those without PTSD.
A possible explanation is that all participants had
been exposed to prolonged and severe war-related
stress. Consequently, even individuals who did not
meet diagnostic criteria for PTSD had already de-
veloped substantial neuroendocrine and vascular
alterations. In addition, the relatively small num-
ber of participants with PTSD may have affected
the statistical power of the analysis.

Several limitations of this study should be ac-
knowledged. First, the cross-sectional design does
not allow definitive conclusions regarding caus-
al relationships. Second, biochemical markers of
oxidative stress, inflammation, and ED were not
assessed, which could have provided additional
insights into the mechanisms underlying the ob-
served changes.

Overall, war-related stress in elderly civilians is
associated with the development of microvascular
ED. These findings underscore the importance of
early detection and the development of preventive
and rehabilitation strategies aimed at improving
endothelial function in individuals exposed to pro-
longed psycho-emotional stress.

Conclusions

1. Aging is associated with impaired vasomotor
function of the microvascular endothelium.
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2. Compared with the pre-war period, elderly
people examined during the war exhibited higher
plasma cortisol concentrations and increased sym-
pathetic autonomic activity, indicating a chronic
stress state.

3. Prolonged war-related stress exacerbates the
age-associated decline in microvascular endothelial
vasomotor function and contributes to the develop-
ment of insulin resistance.
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ED - endothelial dysfunction

HF - high-frequency component of heart rate variability
HRYV - heart rate variability

LF — low-frequency component of heart rate variability
MEVF - microvascular endothelial vasomotor function
PTSD - post-traumatic stress disorder

SBF - skin blood flow

SBF,, ,, — basal skin blood flow
SBF___— maximum skin blood flow
t _ — time to reach maximum skin blood flow

react

t  —recovery time of skin blood flow to the basal level

rec

T2D - type 2 diabetes
VLF - very-low-frequency component of heart rate variability
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OYHKLIOHANBHINA CTAH EHIOTENIO
MIKPOCYAWH Y JIOAEWN NITHLOM0 BIKY NIA
YAC BINHN

B.b. llatuno, O.B. bonpgapeHko, I'.B. lyxak,
A.B. lMucapyk, J1.B. MexoBa, |.B. 3a€upb

LY «HctuTyT reponTonorii im. .0. YeboTapboBa HalioHanbHOT akagemil
MEAVNYHNX HayK YKpaiHu»

Pestome. EHpoTenianbHa avcoyHKuia (1) € Baxn1Bo naHkow na-
TOreHesy MIKPOCYAWMHHYVX YCKNaHeHb LyKpoBoro aiabety 2-ro Tuny
(UA2). MeTa po60oT1: 3'ACyBaTV BNMB CTPECY, NMOB'A3aHOrO 3 BiliHOI,
Ha Ba3OMOTOPHY yHKLUilo eHpoTenio mikpocyamr (BOEM) y niopei
niTHbOro Biky. MaTepian i meTogu. O6cTexxeHo 86 0Cib BiKOBOI rpy-
nn 60-79 pokiB, AKI Nif yac BiliHW NOCTIHO NepebyBany B Mexax Ku-
iBCbKOT 06nacTi. [1ns NOpIBHAHHA BUKOPWCTaHO faHi 48 ocib Takoro x
BiKy Ta 67 ocib Bikom 30-59 pokig, obcTexeHwx fo BitHW. CtaH BOEM
WKipW 4OCNiAXyBany MeTOAOM Na3epHol AonnepiBCbKOI GnoymeTpii
npu Npobi 3 NOCTOKMI3INHOK PeaKTVBHOW rinepemieio. KoHUEHTpa-
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Lito B MNa3mi KPOBI MIIOKO3W BM3HAYaNW rIOKO30KCHAA3HUM METOAOM,
KOPTM30AY 1 IHCYNIHY — IMyHODEPMEHTHIM METOLOM, CTaH aBTOHOM-
Hoi Hepsogoi cuctemn (AHC) — mMeTopom CneKkTpanbHOro aHanisy
BapiabenbHocTi cepuesoro putmy (BCP). PiseHb cnpuiiHaToro cTpe-
Cy OUiHIOBan¥ 3a AOMOMOrO OMUTYBanbHUKa PiBHA Cy6'EKTUBHOIO
cTpecy (Perceived Stress Scale-10, PSS-10), ncvxoemouiiiHuiA CTaH
— 33 [JOMOMOrOI0 WKaAM CaMOOLHKM NPOABIB MOCTTPaBMAaTUYHOIO
cTpecosoro posnagy (MTCP) (Post-traumatic Stress Disorder Checklist
for Diagnostic and Statistical Manual of Mental Disorders, 5 Edition,
PCL-5), wkanw genpecii beka (Beck Depression Inventory) i wkanu
TpusoxHocTi Cninbeprepa (State Trait Anxiety Inventory). Peaynbra-
TI. Y NIofen NiTHbOTO BiKy Mif Yac BiHK BIPOTIAHO BULLI KOHLEHTPa-
Ui KOPTW30J1y B N1a3Mi KPOBI Ta BIfCOTOK NOTYKHOCTI VLF KOMNOHeH-
1 BCP, wo cBigunte Npo nepebyBaHHA B CTaHi cTpecy. Hacnigkamu
BOEHHOrO CTpecy Oynu NiasuLieHi piBHI CUTYaTUBHOT TPUBOXHOCTI Ta
nenpecii. ig vac BiiHW B Ntofew NITHbOrO BiKy 3HAYHO BULLMIA PiBEHD
IHCYNiHY B NMNa3mi KPOBI Ta iHAEKC IHCYNIHOPE3UCTEHTHOCTI, BOAHOYAC
Y HUX MeHLWi nokasHuky BOEM npuw npobi 3 peakTrBHOIO rinepemieio.
Y oci6 i3 MTCP piBHi cnpuiiHATOro CTpecy, Aenpecii Ta TPUBOXHOCTI
BULL, HiX B 0Cib 6e3 MTCP. MokasHwrky BOEM i ByrneBoaHoro oomiHy
He BIAPI3HANUCH Mix rpynamm 6e3 MTCP i 3 [TTCP. BucHoBKW. Y LiK-
BiNlbHWX NIOAEN NITHLOrO BiKy CTPEC, NOB'A3aHWI i3 BIMHOW, NPU3BIB
[0 PO3BUTKY iHCYNIHOPE3NCTEHTHOCTI Ta 3HWxeHHA BOEM, npote ui
3MIHM He MOCKMIOBANMCh 3a HaasHOCTI [TCP.

KniouoBi cnosa: BiliHa, CTpec, LUMBINbHI NIOAM NITHBOTO BiKy, KOP-
TV30/1, aBTOHOMHA HePBOBa CUCTEMa, Ba3OMOTOPHa QyHKLA eHAo-
TeNio MIKPOCYANH, IHCYNIHOPE3NCTEHTHICTb.
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