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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 methods. 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 HRV, 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.
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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 

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 A2), 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‑
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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/m2. 

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 

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 (SBFbasal) 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 (SBFmax), time to reach 
maximum skin blood flow (treact), and recovery time 
of SBF to the basal level (trec) 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  = (SBFmax−SBFbasal)× 
× treact/120+(SBFmax−SBFbasal)×trec/120

Higher values of SBFmax, trec, 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)×fasting 
insulin (μIU/mL)/22.5

HRV 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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•	 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;

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

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

•	 High Frequency Power (HF, 0.150–0.400 Hz): 
reflecting parasympathetic activity;

•	 % 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 t-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
(n=67)

Group 2
(n=48)

Group 3
(n=86)

Age, years 46.4±0.9 68.4±1.0 67.6±0.7

Cortisol, nmol×L-1 357±47 420±59 797±105*

Insulin, μIU×mL-1 9.7±1.5 11.3±1.8 16.5±1.7*

Glucose, mmol×L-1 5.34±0.08 5.42±0.09 5.68±0.12

Insulin resistance index 
(HOMA-IR)

2.28±0.37 2.75±0.45 4.18±0.44*

% VLF 33.1±1.8 39.7±2.9 52.2±2.4**

% LF 34.7±1.7 30.1±2.9 27.4±2.6

% HF 31.4±2.3 25.9±2.6 20.4±2.4

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 <14 [16] 21.2±1.1

Depression score <10 [17] 11.2±0.7

State anxiety score <31 [17] 40.6±1.4

Trait anxiety score <31 [17] 45.9±1.3

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
(n=67)

Group 2
(n=48)

Group 3
(n=86)

SBF
basal

, mL×min-1  
per 100 g tissue

1.09±0.03 1.03±0.03 0.99±0.03

SBF
max

, mL×min-1  
per 100 g tissue

5.92±0.21 5.52±0.29 5.06±0.19

t
react

, s 11.1±0.5 11.9±0.6 10.9±0.6

t
rec

, s 138.3±4.8 113.6±5.5## 91.5±2.8*

Integral index of MEVF, 
conventional units

6.06±0.34 4.94±0.44# 3.53±0.22*

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 trec 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 MEVF.

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
(n=74)

With PTSD
(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,  
conventional units

3.63±0.21 3.25±0.24

Cortisol, nmol×L-1 764±87 841±95

Glucose, mmol×L-1 5.64±0.09 5.88±0.12

Insulin, μIU×mL-1 16.4±1.3 19.7±2.4

Insulin resistance index (HOMA-IR) 4.07±0.34 5.10±0.41

Note. * – p<0.05, ** – p<0.01, and *** – p<0.001 versus participants 
without PTSD.

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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ФУНКЦІОНАЛЬНИЙ СТАН ЕНДОТЕЛІЮ 
МІКРОСУДИН У ЛЮДЕЙ ЛІТНЬОГО ВІКУ ПІД 
ЧАС ВІЙНИ
В.Б. Шатило, О.В. Бондаренко, Г.В. Дужак,  
А.В. Писарук, Л.В. Мєхова, І.В. Заєць
ДУ «Інститут геронтології ім. Д.Ф. Чеботарьова Національної академії 
медичних наук України»

Резюме. Ендотеліальна дисфункція (ЕД) є важливою ланкою па-
тогенезу мікросудинних ускладнень цукрового діабету 2-го типу 
(ЦД2). Мета роботи: з’ясувати вплив стресу, пов’язаного з війною, 
на вазомоторну функцію ендотелію мікросудин (ВФЕМ) у людей 
літнього віку. Матеріал і методи. Обстежено 86 осіб вікової гру-
пи 60-79 років, які під час війни постійно перебували в межах Ки-
ївської області. Для порівняння використано дані 48 осіб такого ж 
віку та 67 осіб віком 30-59 років, обстежених до війни. Стан ВФЕМ 
шкіри досліджували методом лазерної доплерівської флоуметрії 
при пробі з постоклюзійною реактивною гіперемією. Концентра-
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цію в плазмі крові глюкози визначали глюкозоксидазним методом, 
кортизолу й інсуліну – імуноферментним методом, стан автоном-
ної нервової системи (АНС) – методом спектрального аналізу 
варіабельності серцевого ритму (ВСР). Рівень сприйнятого стре-
су оцінювали за допомогою опитувальника рівня суб’єктивного 
стресу (Perceived Stress Scale-10, PSS-10), психоемоційний стан 
– за допомогою шкали самооцінки проявів посттравматичного 
стресового розладу (ПТСР) (Post-traumatic Stress Disorder Checklist 
for Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, 
PCL-5), шкали депресії Бека (Beck Depression Inventory) і шкали 
тривожності Спілбергера (State Trait Anxiety Inventory). Результа-
ти. У людей літнього віку під час війни вірогідно вищі концентра-
ція кортизолу в плазмі крові та відсоток потужності VLF компонен-
ти ВСР, що свідчить про перебування в стані стресу. Наслідками 
воєнного стресу були підвищені рівні ситуативної тривожності та 
депресії. Під час війни в людей літнього віку значно вищий рівень 
інсуліну в плазмі крові та індекс інсулінорезистентності, водночас 
у них менші показники ВФЕМ при пробі з реактивною гіперемією. 
У осіб із ПТСР рівні сприйнятого стресу, депресії та тривожності 
вищі, ніж в осіб без ПТСР. Показники ВФЕМ і вуглеводного обміну 
не відрізнялись між групами без ПТСР і з ПТСР. Висновки. У ци-
вільних людей літнього віку стрес, пов’язаний із війною, призвів 
до розвитку інсулінорезистентності та зниження ВФЕМ, проте ці 
зміни не посилювались за наявності ПТСР.
Ключові слова: війна, стрес, цивільні люди літнього віку, кор-
тизол, автономна нервова система, вазомоторна функція ендо-
телію мікросудин, інсулінорезистентність.
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