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Abstract. The consequences of post-traumatic stress associated with war are not only mental disorders, but also
various unfavorable changes in physical functioning, in particular, metabolic disorders. Previous studies have
shown an association between posttraumatic stress disorder (PTSD) and obesity, metabolic syndrome, and type
2 diabetes in military veterans. It has also been established that PTSD accelerates the rate of biological aging at
the cellular level. However, the impact of PTSD on the frequency and manifestations of metabolic disorders in
civilian women remains poorly understood. Aim. To determine the impact of PTSD on the state of carbohydrate
and lipid metabolism, metabolic age (MA), and rate of metabolic aging (RMA) in women during the war. Subjects
and methods. During the war, 120 civilian women aged 30-79 years without clinically significant diseases were
examined, including 26 with PTSD and 94 without it. Data of 79 women of the same age examined before the
war were used for comparison. The examination included analysis of PCL-5 questionnaire, enzyme immunoassay
methods for determining cortisol and insulin in blood plasma, biochemical methods for determining glucose and
lipids in blood, calculation of MA and RMA. Results. During the war, women without PTSD, compared with women
examined before the war, had higher plasma insulin concentrations and an insulin resistance index, but plasma
glucose levels were not yet changed. Women with PTSD, in addition to higher insulin concentrations and an insulin
resistance index, had a statistically significantly higher fasting plasma glucose level during the war. In all age groups
of women with PTSD during the war, the proportion of people with prediabetes was higher than before the war.
Dyslipidemia was more common in young women with PTSD than before the war. In women with PTSD during the
war, the RMA increases. Conclusions. During wartime in women with PTSD develop insulin resistance, which leads
to prediabetes disorders of carbohydrate metabolism. In women with PTSD, the frequency of dyslipidemia is higher,
the MA increases, and the RMA accelerates compared to the before the war level.
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PTSD, which during war is a consequence of
the impact on the body of strong or extreme stress
factors, has not only a devastating effect on men-
tal health, but can also provoke adverse changes in
physical functioning. Among them are disorders of
carbohydrate and lipid metabolism, metabolic syn-
drome, obesity [1-4], which are endogenous fac-
tors of cardiovascular risk. Pathological changes in
metabolism accompanying PTSD lead first to the
development of prediabetes, and then to DM2 [5,
6], which, in turn, significantly increase the risk of
cardiovascular diseases and their complications [7].

Recently, considerable attention has been paid to
the study of the impact of PTSD on aging process-
es [8, 9]. Studies on the determination of biological
age of DNA methylation have shown a higher rate
of aging in veterans with PTSD than in veterans
without PTSD [10]. War veterans also experience
shortening of telomere length compared to men
without prior military experience [11, 12]. Thus,
intense stress influences accelerate the processes of
cellular aging. Accelerated aging, in turn, increases
the risk of cardiometabolic diseases, which are the
leading cause of death [7, 13].

Previous studies have shown that during war-
time, civilian women have an increased MA com-
pared to women examined before the war [14].
However, the impact of PTSD on MA and RMA
during wartime has not been examined.

The aim of the work was to determine the im-
pact of PTSD on the state of carbohydrate and lipid
metabolism, MA, and RMA of civilian women dur-
ing the Russian-Ukrainian war.

Material and methods

The study was conducted at the clinic of the
State Institution «D.F. Chebotaryov Institute of
Gerontology of the NAMS of Ukraine» in accord-
ance with the laws of Ukraine and the principles
of the Helsinki Declaration of Human Rights. The
examination program, information for the patient,
and the informed consent form were approved by
the ethics committee of the clinical department of
the State Institution «D.F. Chebotaryov Institute
of Gerontology of the NAMS of Ukraine» (protocol
No. 3 dated May 9, 2022). All subjects received de-
tailed information about the study procedures.

For inclusion in the study the informed consent
was signed before the start of the examination, the
absence of a significant disease in the anamnesis

40

and at the time of inclusion in the study. Patients
with exacerbation or decompensated conditions of
chronic diseases of the cardiovascular, digestive,
respiratory systems, with type 1 and type 2 diabe-
tes, and with oncological diseases were not includ-
ed in the examination.

During the russian-ukrainian war, 122 civilian
women aged 30-79 years without clinically signif-
icant diseases were examined, including the groups
of 30-44 years (27 people), 45-59 years (48 people)
and 60-79 years (47 people). During active hos-
tilities in February and March 2022, they were in
Kyiv or the Kyiv region. Some of those examined
were under occupation for a long time. Others were
strongly affected by such factors of war as rocket
and artillery shelling, staying in bomb shelters or
other shelters from May 2022 to July 2024. For
comparison, data from 79 civilian women aged 30-
79 were used, including 14 people in the age group
of 30-44, 30 people aged 45-59, and 35 people aged
60-79, who were examined before the full-scale in-
vasion of the russian federation into Ukraine (con-
trol group).

As basic therapy, patients in both groups could
take ACE inhibitors, statins, and a prophylactic
dose of acetylsalicylic acid, provided that they were
used in a constant dose for at least a month before
inclusion in the study and throughout the study.

Screening of the subjects for PTSD symptoms
was performed using the PCL-5 questionnaire,
which consists of 20 questions, each of which is
scored from 0 to 4 points depending on the severity
of the manifestation [15]. The total score was cal-
culated by adding up the number of points for each
answer. The minimum score is 0, the maximum is
80. For the diagnosis of PTSD, it was mandatory
exposure to a traumatic event, and the total score
on the PCL-5 questionnaire must be 33 or higher.

The subjects were measured for fasting plasma
glucose concentration and after a 2-hour standard
glucose tolerance test (GTT), serum lipid concen-
tration, blood plasma cortisol and insulin, and the
insulin resistance index (HOMA-IR), MA, and
metabolic aging rate as the difference between met-
abolic and chronological age (CA) were calculated.

Glucose in blood plasma was determined by
the glucose oxidase method on a semi-automat-
ic biochemical analyzer BTS-330 («BioSystems»,
Spain), using the «Glucose» reagents of the «BIO-
LA-TEST» («Erba Diagnostics», Germany). To de-
tect prediabetic disorders of carbohydrate metabo-
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lism, a standard oral GTT was performed [16]. At a
fasting plasma glucose level of 6.1 to 6.9 mmol /L,
impaired fasting glycemia was diagnosed. At a plas-
ma glucose level after 2-hours standard GTT of
7.8 to 11.0 mmol /L, impaired glucose tolerance was
diagnosed. Both disorders or their combination
were designated as «prediabetes».

To assess the state of lipid metabolism, the lev-
els of cholesterol (C), high-density lipoprotein C
(HDL-C) and low-density lipoprotein C (LDL-C),
and triglycerides (TG) in blood serum were deter-
mined using standard biochemical methods by an
biochemical analyzer «BM Autolab PM 4000/3»
(«Boehringer Mannheim», Germany). The levels
of C and TG were investigated by the enzymatic
colorimetric method, and HDL-C — by the pre-
cipitation method with phosphoric-tungstic acid
using BIO SYSTEMS reagents. The LDL-C level
was calculated using accepted mathematical for-
mulas. Dyslipidemia was diagnosed if two of the
following criteria were present: C >6.2 mmol/L,
LDL-C >4.1 mmol/L, HDL-C <1.3 mmol/L, and
TG >1.7 mmol/L[17].

The concentration of insulin and cortisol in
blood plasma was determined by enzyme-linked
immunosorbent assay using DRG Insulin ELISA
and DRG Cortisol ELISA kits (DRG Instruments
GmbH, Germany). Insulin resistance index (Ho-
meostasis Model Assessment for Insulin Resistance,
HOMA-IR) was calculated using the formula [18]:

HOMA-IR = fasting plasma glucose x fasting
plasma insulin / 22.5

MA was determined by the formula that we ob-
tained from the data of 180 healthy people aged 20
to 80 examined before the war:

MA = (0.588xX1 + 2.838xX2 + 5.946xX3 + 1.53x X4+
+0.60xX5 — 49.2

where:
X1 — ratio of waist circumference to height
squared, cmxm?;
X2 — blood plasma glucose concentration after 2
hours of GTT, mmol /L;
X3 — fasting blood plasma glucose concentra-
tion, mmol/L;

X4 — urea concentration in blood serum,

mmolxL,

X5 - CA.

The RMA of the body is the difference between
the determined MA and CA.

Statistical data processing was performed using
the Statistica 7 program (Statistica 7, USA). The
significance of differences in mean values of indi-
cators in groups was determined by the Student’s
t-test. Differences were considered significant at
p<0.05.

Results and discussion

Stress in general is an adaptive reaction of the
body, which helps it adapt to new conditions of
functioning. At the same time, prolonged stress
leads to disruption of adaptive reactions and a de-
crease in the functional capabilities of the body.
The consequence of the long-term effect of strong
or extreme stress factors during war is PTSD. At
the same time, as studies show, PTSD did not de-
velop in all people who have been exposed to the
stress factors of war. That is, most people are re-
sistant to the development of PTSD. Only 20% of
those who have experienced post-traumatic stress
subsequently have serious psychological problems,
while the majority use their self-control abilities,
which allow them to successfully adapt and readapt
after a traumatic experience. In regions where ci-
vilians have been exposed to prolonged and intense
stress, the incidence of PTSD may be higher than
in the military. For example, according to [19], the
incidence of PTSD among displaced persons who
were in a combat zone was 23.5%.

In our study, screening for PTSD in civilian
women was conducted according to generally ac-
cepted recommendations [15]. The number of de-
tected cases of PTSD was different in the three age
groups — in 11 of 27 people at the 30-44 age group,
in 10 of 48 people at the 45-59 age group, and in
only 5 of 47 people at the 60-79 age group. That
is, the frequency of detection of PTSD during war
is the highest in young women and lowest in older
women (respectively, 40.7% and 10.6%, p<0.05).

According to the results of the analysis of the
PCL-5 questionnaire, PTSD manifestations were
detected mainly in young and middle-aged women.
That is why the effect of PTSD on carbohydrate
and lipid metabolism, MA and metabolic aging rate
was studied in women aged 30-59 years.

Women with PTSD, compared with women
without PTSD, had a significantly higher total
score of the PCL-5 questionnaire, 40.3+1.8 and
16.5£1.2 points (p<0.01), respectively.
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The results of the study showed that the plas-
ma cortisol concentration was statistically signifi-
cantly (p<<0.05) higher in the group of women with
PTSD (536+82 mmol/L) than in women examined
before the war (34520 mmol/L). This indicates a
more pronounced stress strain of the pituitary-ad-
renal system in women with PTSD during the war.

Women without PTSD during the war, com-
pared to women before the war, have significantly
higher insulin concentrations and insulin resistance
index, but their blood plasma glucose levels are the
same as those of women before the war (Table 1).

Table 1. Indicators of carbohydrate and lipid metabolism in group of
women aged 30-59 before and during the war (M+m)

Table 2. Frequency of detection of prediabetes disorders and dyslipidem-

ias in civilian women of different ages before and during the war, %

During the During
Before ith h
Indicators the war war, without t ‘e war,
nota) PTSD with PTSD
- (n=55) (n=20)
Fasting plasma glucose, 5 3,58 5374009 5.58+0.12*
mmol/L
Plasma glucose after
120 min of GIT, 5864021  648+0.24 6.25+0.39
mmol/L
Fasting plasmainsulin, g4, 15.441.1% 14.6+12%
uum/L
HOMA-IR insulin 1994025  3.58+0.27* 36140.29*
resistance index
C, mmol/L 5594017  596+0.15 5.59+0.28
HDL-C, mmol/L 1634003 1644005 157+0.05
LDL-C, mmol/L 3454016  3.80+0.16 346+026
TG, mmol/L 1144008 1.18+008 125+0.19
Atherogenicindex, 41010 2774015 259+0.18

conv.un.

Note. * p<0.05 compared to the before the war.

Women with PTSD, along with higher insulin
concentrations and a higher insulin resistance index,
also had higher blood plasma glucose level. In addi-
tion, during the war, all age groups of women with
PTSD had a higher proportion of individuals with
prediabetes disorders than in the corresponding age
groups of women examined before the war (Table 2).

Dyslipidemia was more frequently detected in
young women with PTSD during the war than in
those examined before the war.

Women examined before the war did not show
a significant excess of MA over CA (Table 3). That
is, they did not have accelerated metabolic aging.
Women who were not diagnosed with PTSD dur-
ing the war had a slight increase in the RMA by one
year compared to those examined before the war.
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Age Before the During the war, | During the war,

groups, war without PTSD with PTSD

years (n=44) (n=55) (n=20)
Prediabetes disorders

30-44 0 125 18.2*

45-59 10.3 30.8 444

60-74 303 429 60.0*

Dyslipidemias

30-44 14.3 25.0 545%

45-59 37.9 51.3 55.6

60-74 33.3 64.1 60.0

Note. * p<0.05 compared to the before the war.

Table 3. MA and RMA in civilian women before and during the war (M+m)

Before the During the war, During the war,
Indicators  war without PTSD with PTSD
(n=44) (n=55) (n=20)
CA, years 47.3%1.2 49.0+£1.0 459+1.6
MA, years 51.8+1.2 545413 544422
RMA, years  4.5+0.6 55409 8.5+1.8*

Note. * p<0.05 compared to the before the war.

Women with PTSD have a slightly lower CA
than women before the war. At the same time,
women with PTSD had a higher MA compared to
the group of women before the war. In women with
PTSD, the RMA is statistically significantly higher
than in women examined before the war. Moreover,
the RMA (8.5+1.8 years) indicates an accelerated
development of age-related changes in women with
PTSD manifestations.

During the war, civilians are constantly exposed
to many stress factors, which limits the body’s adap-
tive capabilities. This leads to various stress-associ-
ated disorders, mental and somatic diseases, disa-
bility, and premature death [7, 13, 20].

One of the mechanisms through which the neg-
ative impact of post-traumatic stress realizes on
human health is considered to be the accelerated
development of age-related changes in the body
[8]. The hypothesis of accelerated aging in people
with post-traumatic stress disorder [9], has been
supported in recent years by the results of stud-
ies on the determination of biological age by DNA
methylation [10, 13, 21]. In war veterans with
PTSD, DNA methylation changes characteristic of
accelerated aging have been found, which are am-
plified with an increase in the number and severi-
ty of stress disorder symptoms [10]. Other studies
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have shown that war veterans have a shortening of
telomere length compared to men without previous
military experience [11, 12]. The relationship be-
tween PTSD and accelerated aging has also been
found in civilian populations [22]. Thus, studies
have shown that patients with PTSD have accel-
erated cellular aging. However, the question of the
rate of metabolic aging in individuals with PTSD
has not been answered.

Our study is the first to show that civilian wom-
en with PTSD during wartime had a higher RMA
compared to a group of women examined before the
war. In women without PTSD during wartime, the
RMA was almost the same as before the war. The
results of the study complement the concept of ac-
celerated aging in people with PTSD.

Conclusions

1. The frequency of detection of PTSD according
to the PCL-5 questionnaire during the war is
significantly higher in young women, and it de-
creases almost 4 times in women over 60 years
of age.

2. During wartime, women with PTSD develop in-
sulin resistance, which leads to prediabetes disor-
ders of carbohydrate metabolism. Young women
with PTSD are more often diagnosed with lipid
metabolism disorders than before the war.

3. During the war, women with PTSD have an in-
creased MA and an accelerated rate of metabolic
aging compared to the pre-war level.
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Abbreviations

C — cholesterol

CA- chronological age

GTT - glucose tolerance test

HDL-C - high-density lipoprotein cholesterol
LDL-C - low-density lipoprotein cholesterol
MA — metabolic age

PTSD - posttraumatic stress disorder

RMA - rate of metabolic aging

TG — triglycerides

Bnnue noctTpaBmaTiyHoro CTpecoBoro posnany
Ha MOKa3HWKW BYTNEBOAHOr0 Ta NiNiAHOr 0
06MiHy, meTabonivHNi BIK UMBINbHNX KIHOK

nif vac BiiiHM

B.b. WaTuno, C.C. Hackanosa, E.O. AcaHoB,
A.B. Mucapyk, O.B. boHpapeHko

LY «lHcTuTyT reportonorii im. [1.0. Yebotapbosa
HaLioHanbHOT akagemii MenyHmx Hayk YKpaiHm»

Pestome. Hacnigkamm NOCTTPaBMATUYHOrO CTPECY, MOB'A3AHOIO 3
BiIHOIO, € He TiflbKA PO3Maav MCUXIYHOrO 3[0POB'A, @ N PI3HOMAHITHI
HeCnpUATAMBI 3MiHW Gi3UUHOTO GYHKLIOHYBaHHS, 30KpemMa, MeTaboniuHi
nopyLLeHHs. NonepeaHi 4OCNIAXeHHA NOKa3any 38'A30K MiX NOCTTPaB-
MaTUUHKUM CTpecoBvM po3naaom (MTCP) i oXUpIHHAM, MeTaboniyHMM
CVHAPOMOM | fiiabeToM 2-ro TNy y BeTepaHis BilHI. Takox BCTaHOBNEHO,
wo MTCP npuwswaLwye bionoriyHe CTapiHHA Ha KNITMHHOMY pisHi. [poTe
Bname [MTCP Ha yacToTy Ta NposABK MeTaboniuHKX PO3NaaiB Y UMBINbHMX
KIHOK 3a/IMLLIAETbCA HEAOCTATHBO AOCiMKeHVM. MeTa. 3'AcyBaT BNvB
MTCP Ha cTaH ByrneBoAHoro Ta NinigHoro obmiHy, MeTaboniuHmii BiK i Temn
MeTaboniYHOro CTapiHHA XIHOK Nia yac BilHK. Matepian i meTogu. [lin
uac BilHW obcTexeHo 120 uMBinbHMX XIHOK BikoBOI rpynn 30-79 pokis
6e3 KNIHIYHO 3HauyLLMX 3axBOPIOBaHb, cepes AKkvx byno 94 ocobn 6e3
[TTCP 1a 26 i3 I1TCP. [1nA NOPIBHAHHA BMKOPUCTAHO AaHi 79 XiHOK Ta-
KOro K BiKy, 0bCTexeHUx A0 BilHWM. OOCTEXeHHA BKMOYANO aHani3
onuTysanbHukie PCL-5, iMyHODepMeHTHI MeToANW BM3HAUYeHHA B Mnasmi
KPOBI KOPTV30Ay Ta IHCyNiHy, GioXiMiuHi METOAV BU3HAUEHHA MMIOKO3M B
nnasmi Ta ninigis y cMpoBaTui KPoBi, PO3paxyHOK MeTaboniuHoro Biky i
Temny MeTaboniuHoro ctapiHHA. PesynbraTh. [1if yac BiiHM XiHKM 6e3
MTCP, nopiBHAHO 3 0O6CTEXEHUMI A0 BiiHW, Manu BULLY KOHLEHTPaLio
IHCYNIHY B Ma3mi Ta IHOEKC IHCYNIHOPE3WCTEHTHOCTI, MPOTE PIBEHb M0~
K031 B KPOBI Lie He 3MiHMBCA. MKiHKK i3 [TTCP, oKpim BULMX NOKa3HWKIB
KOHLIeHTPaLiT IHCyNiHY Ta iHAEKCY IHCYNIHOPE3UCTEHTHOCTI, NiA Yac BilHW
Mann CTaTUCTUYHO 3HAYMMO BULLMIA PiBEHb FiKeMil HaTLLe. Y BCiX BIKOBMX
rpynax »iHok i3 MTCP yacTka ocib i3 npegiabeTom BMLLa, HiX [0 BitHW. Y
Monoaux »iHok i3 MTCP aucninigemii BUABAANNCD YacTille, HiX A0 BiHN.
Y kiHOK i3 MTCP 36inbLwyeTbea Temn MeTaboniuHoro cTapiHHA. BUCHOBOK.
i yac BiMHW y XiHOK i3 [TTCP BYHMKaE IHCYNIHOPE3VCTEHTHICTb, AKa NPW-
3BOAMTL 10 PO3BUTKY NpediabeTnyH1X nopyLieHb ByrNeBOAHOrO 0OMiHY.
Y xiHoK i3 [TTCP, nopiBHAHO i3 JOBOEHHYIM piBHEM, 30iMbLLYETHCA YacToTa
BUABNEHHA ANCINIAEMIl, 3pocTae MeTabomiuHMIA BiK Ta MPULLBMALLYETHCA
Temn MeTaboNiuHOro CTapiHHA.

KntouyoBi cnoBa: nocTTpaBMaTUYHWIA CTPECOBUI PO3Maf, LMBIIbHI
IHKW, NpeiabeT, ancninigemis, MetaboniuHni Bik.
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