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Abstract
Introduction. Ischemic stroke (IS) has a tendency towards younger age of onset among working-age adults, with an increasing role of obesity in
IS development. New prognostic markers affecting stroke severity and early outcomes are being sought.
Aim: to investigate etiology and risk factors of cryptogenic IS in working-age patients (18-50 years) and evaluate the significance of metabolic
markers of obesity and hemostasis in predicting immediate disease outcomes.
Materials and methods. We retrospectively analyzed 343 medical records of acute stroke patients aged 18-50 years using clinical, laboratory, and
imaging findings and calculated risk levels.
Results. Obesity was observed in more than half (51.3%) of the patients. Early atherosclerotic changes in the vessel wall were detected in 62.26% of the
cases. Worse immediate stroke outcomes were associated with all obesity parameters: body mass index (r=0.48), waist circumference (WC) (r=0.43),
waist-to-hip ratio (WHR) (r=0.52), levels of glucose (r=0.47), C-reactive protein (r=0.34), hematocrit (r=0.41), high-density lipoproteins (r=-0.32),
von Willebrand factor (r=0.58), fibrinogen (r=0.66), FVIII (r=0.50), D-dimer (r=0.50), and ADP-induced platelet aggregation (r=0.41). Stroke severity
was found to correlate with levels of triglycerides (r=0.57), low-density lipoproteins (r=0.35), von Willebrand factor (r=0.55), fibrinogen (r=0.46),
coagulation factor VIII (r=0.63), D-dimer (r=0.39), antithrombin Il (r=0.39), and WHR (r=0.53). Receiver operating characteristic curves revealed
triglyceride-glucose index to be a predictor of worse early outcome (area under the curve, 0.66; threshold, 4.7), including in terms of WC (0.68 and
497.6, respectively) or stroke severity (0.63 and 4.7, respectively).
Conclusion. IS in young adults is accompanied by impaired metabolism, affecting the disease outcome. Indices including glucose, triglycerides, and
the obesity status can play a role in predicting the stroke severity in young adults, among others.
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AnHoTaIug

Beedenue. Huwemuueckutl ucynibm umeem meHOeHYUI0 K OMONOKeHUIO Y Uy mpydocnoco6Ho20 803pacma, npu amom 603pacmaem poil OXU-
peHus, cnocobemeyrousezo peanusayuu MH. Bedémes nouck HogblxX NPOZHOCMUNECKUX MAPKeEPO8, 6NUSIOWUX HA MSXeCMb MeUeHus UHCYIbma u
paHHue Uucxodbl.

Llenv uccnedosanus: usyuums ImMUo02UI0 U (GaKmop! pucka UWeMUYECK020 UHCYTbMA HeYCMAHOBJEHHOL amuonozuu y nayuermog mpydo-
cnocobHozo eo3pacma (18-50 niem), oyeHumy NPOZHOCMUUECKYIO 3HAUUMOCMb MemaboauUeckux Mapkepos, OMPAXAUUX CMAMYC OXUPEHUS,
2eMocmasa Ha bnuxatiuue ucxodsl 3a0071e8aHUS.

Mamepuanst u memodot. [Tposedén pempocnexmueHblii aanua 343 ucmoputi 6onesHu nayuenmos 6 sopacme 18-50 nem 8 ocmpeliuiem nepu-
00e HapyuleHus M03208020 KPOBOOOPAWEHUS C UCNONIb30BAHUEM KIUHUKO-IA00PAMOPHBLY, UCMPYMEHMAbHbLX NOKA3ameret, ¢ GbluuUCIeHueM
YPOBHS PUCKA.

Pesynsmamet. Oxupenue ecmpeuaemcs Oonee uem y nonogusl (51,3%) nayuenmos. V 62,26% 6via6nenbl HauabHble amepockiepomuteckue
usMeHenus cmenku cocyoa. Xyowue Onusxatiuiue ucxodst uHCyIsma Obliu aCCOYUUPOBAHDL CO BCeMU NOKA3AMENIMU CMAMYCA OKUPEHUS: UH-
dexcom maccet mena (r = 0,48), 06sémom manuu (OT; r = 0,43), coomrowenuem OT u 0b6séma 6€dep (r = 0,52), yposusamu enuxemuu (r = 0,47),
C-peaxmugHozo benka (r = 0,34), 2emamokpuma (r = 0,41), aunonpomeudos gvicokoli naomxocmu (r = 0,32), paxmopom ¢on Busnebpanda
(r = 0,58), pubpurozerom (r = 0,66), FVIII (r = 0,50), D-dumepom (r = 0,50), azpezayueti mpomboyumos ¢ AZI® (r = 0,41). B omHowenuu msxecmu uH-
CY/IbMA BblABJIEHb! 3ABUCUMOCTLL OM YPOBHS mpu2uyepudos (r = 0,57), aunonpomeudos Huskoti niomrocmu (r = 0,35), pakmopa don Bunnebpanda
(r = 0,55), ubpurozena (r = 0,46), paxmopa ceépmeisarus VIII (r = 0,63), D-dumepa (r = 0,39), anmumpom6una Il (r = 0,39), coomHowenus OT
u obsema 6édep (r = 0,53). [To umozam nocmpoenus ROC-kpusvix mpuenuyepud-eniokoaubiii ukdexc (TIH) onpedené kax npedukmop xyduiezo
parrezo ucxoda (0ns TIH nnowjads nod kpusoii 0,66, nopoz — 4,7), 6 mom uucne ¢ yuémom OT (0,68 u 497,6 coomeememaeHHo) unu msxecmu
meuerus (0,63 u 4,7 coomeemcmaeHHo).

3axouenue. Hwemuveckue UHCYTbMbL Y JUY, M0100020 803pACA CONPOBOKOAOMCS HApyUleHUeM Memabouuecko2o 300p06bs, Komopoe 8-
fem Ha ucxod 3abonesanus. Mnoexcyl, kouawue 2ioko3y, mpueauyepudsl U Cmamyc OXUpeHus, MoZym umemb npeoukmusHyio poib npu
NPOZHO3UPOBAHUL MEUEHUS UHCYMIbIMOB, 8 MOM ULCJe y MONOObLX.

Knroueevte cnosa: UHCyomy mpydocnocoGHbtﬁ eo3pacm, 0xKupesue; npomp0M6026HHoe cocmosHue; MemabonuuecKue UHOeKCh!

druueckoe yTBepaenue. Vccieosanne mpoBOAKIOCk TPU JOOPOBOJIBHOM MHDOPMUPOBAHHOM COT/IACKH MAalKeHTOB. [IpoTo-
KOJI UCCJIeJI0BaHKst 0/J00peH 3THYeCKMM KoMUTeTOM HOBOCHOMPCKOro rocynapCTBEHHOrO MeAMLIMHCKOTO YHUBEpCUTETa (TIPo-
tokos N2 09/23 ot 04.09.2023).

Wcrounuk ¢uuaHcupoBanus. ABTOPBI 3asIBISIOT 00 OTCYTCTBUM BHELIHMX UCTOYHUKOB (DMHAHCHPOBAHMS TIPU MPOBELEHHH
UCCIIEIOBAHUSL.

KoHdmukT uHTEpecoB. ABTOpBI JEKNApUPYIOT OTCYTCTBUE SBHBIX M MOTEHIMANbHBIX KOH(IMKTOB WHTEPECOB, CBSI3aHHBIX
¢ nyO/MMKaleil HacTosmel cTaTby.
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Introduction

Stroke is one of the most critical medical and social issues to-
day, resulting in severe disability and mortality among work-
ing-age adults in most high-income countries [1]. There is a
current trend towards a decreasing number of cerebrovas-
cular accidents in persons aged 65 to 84 years (-28.5%) and
those aged 85 years or older (—22.1%); however, this trend
contrasts with an increasing number of strokes among people
aged 25 to 44 years (+43.8%) [1]. Statistically, adults aged 18
to 50 years account for 10% to 15% of all strokes worldwide.
The working-age population accounts for 10% to 20% of all
cases of ischemic stroke (IS) [2].

Rare diseases are usually linked to stroke in young adults;
however, differential diagnosis and diagnostic workup do not
always result in an identifiable cause. In such cases, thor-
ough assessment of traditional risk factors and an increased
alarm about risks they might pose are disregarded in favor of
searching for unique, rare causes of stroke.

The traditional risk factors for cerebrovascular diseases,
such as hypertension, atherosclerosis, dyslipidemia, and
type 2 diabetes, are characteristic of patients older than
65 years. Nevertheless, recent studies demonstrated that
these risk factors and their combinations tended to con-
tribute to younger age at onset and premature age-related
diseases in young adults [3]. Findings of C.A. Stack et al.
show that in young patients, the most prevalent risk fac-
tors are hyperlipidemia (60%), smoking (44%), and hyper-
tension (39%) [2].

Type 2 diabetes, hypertension, and dyslipidemia were found
to be one of the most common comorbidities (82.7%) among
IS patients younger than 50 years, with dyslipidemia being a
potentially progressive risk factor [4, 5].

Risk factors for cardiovascular diseases become more com-
mon with each decade of life and are significantly associated
with stroke risk by the third decade [6]. Traditional modifi-
able vascular risk factors can become even more significant
due to young people’s lifestyle [7].

The increasing percentage of obesity and overweight as
confounding risk factors for cardiovascular diseases, mostly
among young adults, is concerning. Over the past decades,
obesity has risen to epidemic levels worldwide (3, 8, 9].

Total and visceral obesity were shown to be independent risk
factors for cerebrovascular diseases after adjustment for hy-
pertension, dyslipidemia, and hyperglycemia [10]; however,
there are few studies highlighting relationships between obe-
sity and IS in young persons [10, 11].

Both body mass index (BMI) and anthropometric measures,
indicating central obesity, were found to be risk factors for
stroke [12]. Waist circumference (WC), hip circumference
(HC), and waist-to-hip ratio (WHR) are more strongly asso-
ciated with stroke [10]. WC as a marker was found to have
a significant association with a 28%-78% increase in the IS
risk [13, 14]. The INTERSTROKE study revealed that elevated
WHR increases the risk of all stroke types, including IS and
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hemorrhagic stroke, in young adults [15, 16]. The validity of
WHR calculation has been shown in a group of patients with
chronic cerebrovascular diseases compared with a control
group with no history of these diseases [17].

The triglyceride-glucose index (TyG index) and combined
TyG-related parameters (TyG-BMI and TyG-WC) have been
suggested as simple and clinically useful surrogate markers
for insulin resistance and metabolic health [18, 19, 20].

Combined with obesity indices, the TyG index becomes more
informative for assessment of cerebrovascular accident risks
and outcomes [21, 22]. The obesity impact on atherosclerosis
is mediated by chronic inflammation, hyperlipidemia, and en-
dothelial dysfunction [23]. In obese individuals, procoagulant
and hypofibrinolytic factors were observed to predominate
in the plasma [24], thus contributing to IS development. In-
creased prothrombotic state can remain latent for quite a
long time and compensated due to the athrombogenic prop-
erties of the vessel wall [25].

Along with endothelial dysfunction, platelet activation and
hypercoagulability are key processes in the development of a
thrombotic cerebrovascular event [26].

Therefore, we hypothesized that obesity aggravates the de-
velopment, severity, and immediate outcomes of IS, especial-
ly in cryptogenic cases.

The aim of the study was to investigate the etiology and
risk factors of cryptogenic IS in working-age patients
(18-50 years) and evaluate the prognostic significance of
markers reflecting the status of obesity, hemostasis and insu-
lin resistance indices on immediate disease outcomes.

Materials and Methods

We retrospectively analyzed 343 medical records of pa-
tients aged 18-50 (42.18 £5.20) years (of them, 180 men
and 171 women) with acute IS (IS/transient ischemic at-
tack) treated at the Regional Vascular Center No. 2 in
2021-2024 (Fig. 1).

Inclusion criteria for medical record analysis:

* age at admission (18-50 years);

o established and confirmed IS by clinical data, computed
tomography (CT) and/or CT angiography and/or magnetic
resonance imaging of the brain (163.0-164.9).

Exclusion criteria:

* established and confirmed intracranial hemorrhages of
any etiology;

e venous thrombosis;

* age at onset over 50 years;

* established etiology of IS according to TOAST or
SSS-TOAST classification.

We analyzed the following risk factors:
 smoking;

* regular alcohol consumption;

* elevated BMI,

* comorbidities: type 2 diabetes, hypertension.
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Patients aged 18-50 years
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Patients aged 18-50 years
»( with transient ischemic attack
v and venous stroke (n=69)
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with IS
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Patients aged 18-50 years
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Patients aged 18-50 years
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(n=262)
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»|  Wwith IS of an established
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\
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(n=106)

Fig. 1. Study design.

We studied biochemical analytes:
fasting blood glucose;
C-reactive protein;

uric acid;

total cholesterol;

low-density lipoproteins;
high-density lipoproteins;
triglycerides;

hemostasis (fibrinogen, ADP-induced platelet aggregation);
D-dimer;

Factor VIII

von Willebrand factor;
Antithrombin III activity.

Doppler ultrasonography of brachiocephalic arteries was used
to assess signs of atherosclerosis of the common and internal
carotid arteries or hemodynamically significant stenosis.

Early outcomes were determined using the modified Rankin
Scale (mRS) at discharge or 14 days after the disease onset.
The National Institutes of Health Stroke Scale (NIHSS) was
used to assess and group patients with neurologic deficits on
admission: mild stroke (NIHSS < 4) and moderate-to-severe
stroke (NIHSS > 4).

Body weight, height, WC, and HC were measured without
shoes and with light clothing.

BMI was calculated as follows:

BMI=weight (kg)/height (m)*

Data were interpreted according to World Health Organiza-
tion recommendations:

o BMI > 25, overweight;

o BMI > 30, obesity [16].

Metabolic indices were calculated using the formulas:

TyG index=Ln [(TG (mmol/L)x
88.495575xFPG (mmol/L)* 18.018018)]/2;

where FPG is fasting plasma glucose;
TyG index-BMI=TyG index x BM;
TyG index-WC=TyG indexxWC.

Statistical analysis was conducted using Prism v. 10 (Graph-
Pad). Data are presented as mean (M) and standard deviation
(SD). The Pearson test was used for normally distributed data,
and the Spearman rank correlation coefficient was calculated
for not normally distributed data. To assess the diagnostic ac-
curacy of the model, a receiver operating characteristic curve
(ROC curve) was drawn; the area under the curve (AUC) and
standard deviation (SD) were calculated. The likelihood ratio
(LR) test values for each point on the curve were also given.
The optimal cutoff point (threshold) was selected based on
the LR parameter. Additionally, the Youden index (] statistic)
was used to validate a threshold.

Results

As per the aim of the study, we analyzed data from the pa-
tients with cryptogenic IS in terms of traditional vascular risk
factors and obesity status (Table 1, Fig. 2).

More than half of the patients had obesity (74.4%) (including
obesity in 51.3%); 41.5% of the participants had hyperten-
sion. Behavioral factors, such as smoking (16.0%) and alcohol
consumption (8.5%), were less common. The proportion of
patients with type 2 diabetes was 5.7%.

We correlated the obesity status, blood analytes, and acute
stroke severity in the acute period (NIHSS, scores) and early
outcome (mRS) by the end of acute IS in the studied group of
the patients (Fig. 2). The severity of early functional impair-
ment (mRS) significantly and directly correlated with the le-
vels of glucose (r=0.47), C-reactive protein (r=0.34), hemato-
crit (r=0.41), whereas an inverse relationship was found with
the level of high-density lipoproteins (r=-0.32). Correlations
between the IS severity (assessed using NIHSS) and the level
of triglycerides (r=0.57), low-density lipoproteins (r=0.35)
were revealed (Fig. 2).

Atherosclerotic changes in the vessel wall were detected in
the majority of patients (62.26%); atherosclerotic plaques in
the internal carotid artery ipsilateral to the lesion focus were
found in 17.9% of the cases (Table 2).

During assessment of anthropometric measures and
hemorheology and hemostasis parameters in the study
sample, we found significant correlations between BMI
and such parameters as the level of von Willebrand fac-
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Table 1. General characteristics of the patients with cryp-
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Table 2. Characteristics of laboratory and imaging

togenic IS
Parameter

Mean age, years (M+SD)
Sex:

male, nn (%)

female, n (%)
Weight, kg (M+SD) (min—-max)
BMI, kg/m? (M+ SD) (min—max)
Normal weight, n (%)
Overweight, n (%)
Class 1-3 obesity, n (%)
WC, cm (M+SD)
WHR (M+SD)
TyG index, M+SD
TyG index-BMI, M+ SD
TyG index-WC, M+SD

NIHSS score <4 (minor stroke), n (%)

NIHSS score > 4 (moderate or severe

stroke), n (%)

Presence of arterial hypertension, n (%)

Value

42.18+5.20

69 (65.09%)
37 (34.9%)
89.8:21.6 (53-180)
30.19+6.3 (19.00-53.17)
27 (25.6%)

25 (23.1%)

54 (51.3%)
103.8+19.51
1.011£0.11
4.76+0.26
140.8+34.72
492.7+108.2
41 (38.7%)

65 (61.3%)

44 (41.5%)

findings

Analyte Value

Glucose, mmol/L (M+SD) 6.4+2.0
C-reactive protein, mg/L (M+SD) 74+23
Uric acid, mmol/L (M+SD) 338.2+110.8
Cholesterol, mmol/L (M+SD) 6.2+1.4
I(_n(;vi-gg;lsity lipoprotein cholesterol, mmol/L 3.70+1.14
I(-Iniﬂg:gg;sity lipoprotein cholesterol, mmol/L 118+0.50
Triglycerides, mmol/L (M+SD) 1.5+0.6
Hematocrit, % (M+SD) 41.0+£4.9
Fibrinogen, g/L (M+SD) 416.5+117.7
,(A/'Ijzgrbd)uced platelet aggregation, % 827437
D-dimer, ng/mL (M+SD) 262.8+112.5
Factor VIII, % (M= SD) 114.8+51.6
von Willebrand factor, % (M+SD) 159.40+£20.54
Antithrombin Il activity, % (M= SD) 99.3+8.3

Atherosclerosis, primary changes in the vessel
wall, % (n)

Atherosclerosis, <50% brachiocephalic artery

62.3% (n=66)

Type 2 diabetes mellitus, n (% 6 (5.7% ; 9% (n=
yp (%) (5.7%) s, 7 () 17.9% (n=19)
Tobacco smoking, n (%) 17 (16.0%)
Alcohol abuse, n (%) 9 (8.5%)
. 1.0
10.5
10
Cholesterol Triglycerides LDL HDL Glucose CRP Uric acid Hematocrit
+{-0.5
mRS -0.09 -0.06 0.25 -0.32* 0.47* 0.34* 0.12 0.41*
':L'lff 018 057+ 0.35* 047 ~0.08 014 033 025 L] 10

Fig. 2. Correlation between clinical and laboratory parameters.
*p<0.05.

tor (r=0.51) and fibrinogen (r=0.71). WC has a significant
correlation with fibrinogen levels (r=0.65). WHR was di-
rectly correlated with the levels of factor VIII (r=0.35),
von Willebrand factor (r=0.36), fibrinogen (r=20.58), and
antithrombin III (r=0.44) (Fig. 3).

We found significant correlations between the stroke
severity (NIHSS score) and the levels of factor VIII, von
Willebrand factor, fibrinogen, antithrombin III, and D-dimer
(Fig. 3). The mRS results were in direct and statistically
significant correlation with the levels of factor VIII,
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von Willebrand factor, fibrinogen, D-dimer, and ADP-
induced platelet aggregation.

The results of early functional impairment were in direct cor-
relation with BMI, WC, and WHR (Fig. 3). Significant correla-
tions of the IS severity were found only with WHR.

The correlation between the stroke severity and early IS out-

comes with metabolic indices was assessed. The TyG index
as well as its combinations with anthropometric measures

Table 4. Characteristics of the ROC curve parameters

] mRS NIHSS score

TyG index TyG index-WC TyG index-BMI TyG index TyG index-WC TyG index-BMI
AUC 0.66 0.68 0.62 0.63 0.53 0.59
SD 0.075 0.06 0.095 0.065 0.095 0.09
95% Cl 0.5165-0.8110 0.5641-0.7959 0.4383-0.8117 0.5016-0.7568 0.3483-0.7214 0.4102-0.7628
Threshold 4.7 497.6 144.8 4.7 489.4 138.6
Sensitivity, % 73.9 68.75 62.5 50 50.0 53.1
Specificity, % 64.4 62.07 75.9 73.08 76.9 69.2
LR 2.079 2.589 2.589 1.857 2.167 1.727
Youden index 0.38 0.31 0.38 0.23 0.27 0.22
P 0.03 0.05 0.17 0.04 0.7 0.36
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(TyG index-BM], TyG index-WC) were found to be in a strong
direct correlation with early outcomes (Fig. 4). Thus, they can
be considered as a possible prognostic marker. In the case of
the indices’ impact on the IS severity, a direct relationship
with TyG index was shown; however, TyG index-BMI and TyG
index-WC did not have a strong correlation with the IS se-
verity (Fig. 4).

The ROC analysis was performed to evaluate the prognostic
role of the metabolic indices in relation to the stroke severity
and outcomes (Table 4, Fig. 5).

According to the ROC curve analysis, AUCs over 0.5 were
observed in relation to early neurological outcomes of IS (as-
sessed using mRS) for all 3 indices, but only TyG index and
TyG index-WC were statistically significant. TyG index >4.7
and TyG index-WC >4976 can be considered predictors of
more unfavorable outcomes in IS. TyG index-BMI with an
AUC <0.8 and nonsignificant P value indicates its failure as a
predictor of IS early outcomes. A predictor of more severe IS
(assessed using NIHSS) is a TyG index >4.7.

Discussion

Stroke in working-age young adults is a serious medical and
social issue.
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Fig. 5. ROC curves for TyG index, TyG index-WC, and TyG index-BMI as predictors of early outcomes (assessed using mRS) and IS severity

(assessed using NIHSS).

A — early outcomes assessed using mRS; B — severity assessed using NIHSS.

x axes, | — specificity; y axes, sensitivity.
1 — TyG index; 2 — TyG index-WC; 3 — TyG index-BML

In the context of age, obesity is associated with an increased
risk of stroke in all periods of life, but to the greatest extent
in young patients [26].

The concept of cerebral metabolic health, concerning the
unfavorable mutual influence of cerebrovascular disease
and symptoms of metabolic syndrome, lays the founda-
tion for consideration and differentiation of factors of
cerebrovascular disease progression to prevent and tar-
get them [26-32].

Central obesity combined with metabolic disorders are con-
sidered markers of metabolic disorders: elevated WC in addi-
tion to hypertension, dyslipidemia, and hyperglycemia [17].

Our study in working-age individuals with an unspecified
pathogenetic subtype of IS evidenced that more severe early
disease outcomes had a strong association with BMI, WC,
WHR, TyG index and its combinations with anthropometric
measures. Furthermore, high levels of glucose, C-reactive pro-
tein, high-density lipoprotein, and hematocrit were statisti-
cally significant factors influencing early outcomes.

Systemic inflammation, including the one associated with obe-
sity, triggers hemostasis system disorders: endothelial dysfunc-
tion and platelet hyperaggregation. Changes in the levels of

markers of platelet activity and endothelial function (ADP-in-
duced platelet aggregation, von Willebrand factor, factor VIII,
fibrinogen, D-dimer) lead to increased blood thrombogenicity,
aggravating cerebral ischemia, and consequently resulting in
a more severe stroke and disability of the young patient [33].

In our study, the study sample was not homogeneous in terms
of body weight and BMI. However, overweight and obesity in
>70% of the IS patients, the obesity status values and their
correlation with the hemostasis assessment results allow us
to draw a conclusion about the significance of metabolic dis-
orders associated with the adipose tissue accumulation in
working-age individuals, which may elucidate the prothrom-
botic state of the blood. In turn, endothelial dysfunction pre-
determines the occurrence of structural changes in cerebral
vessels and mediates the processes of atherogenesis: initial
changes in the vessel wall and the development of athero-
sclerotic plaques.

Conclusion

Studies of various aspects of cerebral metabolic health show
its significant contribution to changing the landscape of cer-
ebrovascular disease and its age of onset. Metabolic indices
can play a role in predicting the stroke severity in young
adults, among others.
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