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INFLAMMATORY BIOMARKERS AND INSULIN RESISTANCE IN ACUTE ISCHEMIC
STROKE OF DIFFERENT ETIOLOGIES

d http://dx.doi.org/10.5281/zenodo.17352420

ABSTRACT
This study explores differences in inflammatory biomarkers in the acute period of ischemic
stroke according to different etiologies and emphasizes the role of insulin resistance (IR) as a
contributing metabolic factor. Serum levels of ICAM-1, hs-CRP, SII, and NLR were compared
between stroke subtypes, and associations with IR were analyzed. Findings suggest that
cardioembolic strokes exhibit higher inflammatory activity, whereas lacunar subtypes show lower
biomarker levels. Moreover, IR was frequent among patients and correlated with elevated
inflammatory markers, suggesting a synergistic role in worsening vascular damage.
Key words: acute ischemic stroke, insulin resistance, inflammation biomarkers, TOAST,
cardioembolic stroke.

LA6aypaxmonosa KyTinouka, >Paxumbaesa I'yibHopa

TamkeHTCKUI rocy1apCTBEHHBIN METUIIMHCKUNA YHUBEPCUTET, TalkeHT, Y30ekucTan
https://orcid.org/0009-0006-2415-8218

2https://orcid.org/0000-0002-5547-7610

BOCHAJIMTEJIBHBIE BUOMAPKEPBI 1 MTHCYJIMHOPE3UCTEHTHOCTD ITPU
OCTPOM MIIEMHUYECKOM UHCYJbTE PA3HOM THOJIOT1U

AHHOTALIUA
DTO WUCCIENOBAHME TOCBSIIEHO M3YUYEHUIO pPa3IMUMid B YPOBHSX BOCHAIUTEIbHBIX
OMOMapKepoB B OCTPOM IMEPHOJIE HIIEMUYECKOTO WHCYJIbTa B 3aBHUCHUMOCTH OT €ro pazlIUYHBIX
STHOJOTUH W  MOAYEpPKUBaeT poib uHCynuHopesucteHTHoctn (MP) kak  3Haummoro
Mmerabosundeckoro ¢akropa. B pabore cpaBauBaiichk ceiBoporodnsie yposuu ICAM-1, hs-CRP, SlI
n NLR Mexay noarunamMy MHCYJIbTA, @ TAKXKE aHATU3UPOBaIuch ux accounanuu ¢ MP. Pezynprartsl
MOKa3aau, 4YTO TpH KapAuodMOOIMYECKOM UHCYIbTE HaOmogaeTcss 0Oosee  BbIpaKeHHas
BOCHIAIUTEIbHAS aKTHBHOCTH, TOT/Ia KAaK MPHU JIAKYHAPHOM MOATUIE YPOBHH OMOMAapKepoB OBLIN
Huwxke. Kpome Toro, y nauueHToB yacto BeisiBisuiack VP, koTopas koppennpoBasia ¢ HOBBIIIEHHBIMU
BOCHAIUTEIBHBIMA MapKepaMH, YTO YKa3blBaeT Ha €€ CHHEPTrHYeCKyl0 poOJib B YCYTryOJIeHUH
COCYIMCTOTO MOBPEXKACHUS.
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KiroueBble cjoBa: OCTpbIi  MINEMUYECKMM  HHCYJIBT, HWHCYJINHOPE3UCTEHTHOCTD,
BocnanurenbHbie Onomapkepsl, TOAST, kapano3MO0IU4eCKUuil HHCYIIBT.

LA6aypaxmonosa Kyrimouka, “Paxumbaesa I'ynnopa
TowmkeHT faBnaT THOOUET yHUBEepcHTeTH, TomKeHT, Y36eKuCTOR
https://orcid.org/0009-0006-2415-8218
2https://orcid.org/0000-0002-5547-7610

TYPJIHU 3THOJOTI' UAJIN HITEMUK UHCYJIBTAA AJIVINT JIAHUII
BUOMAPKEPJIAPU BA UHCYJIUH PE3UCTEHTJIMT'A

AHHOTALIUA
Ymly TagKuKOT Typid STHOJOTUSIN WIIEMHK WHCYJIBTHUHT YTKUDP AaBpUa SULTHFIAHHIIT
Ouomapkepiapu aapaxacumaru ¢apkiapHd ypraHaad xamjaa HHCYJIMH pesucteHTauruHu (IR)
MyXUM MeTa0OJMK OMHJ cudartuaard posmuu O0axomanau. Taakukoraa ICAM-1, hs-CRP, SII Ba
NLR k¥pcaTkuuiapy MHCYJIbTHUHT TYpJIM TUIUIApU YpTacuaa TaKKOcIaHau Ba yinapHHUHT IR Ounan
OOFNIMKJIUTH TaxXJIWI KWIMHIW. HaTwkanmap ImyHH KYpcaTOWKH, KapAuOodMOOIUK HHCYIbTIApa
SJUTHFTIAHUII  (PAOJIIMTH  IOKOPUPOK OYnub, JakyHap HHCYJIbTIApa OuOMapKepiap Iapakacu
nacTpoK KysaTtwigu. bynpman Ttamkapu, Oemopiapaa IR Te3-te3  yupal, sUMFIAHUII
MapKepJapyuHUHT OIIMINK OWwiaH OOFJIMK OSKaHW aHWKJIAHIUM, Oy 95ca YHUHT TOMHD
IIMKACTJIAHUILIWHU Ky4YalTUPHIILIA CHHEPIe€THK POJIb YITHAIIMHYI KypcaTau.
Kaaur cy3nap: JTkUp HIIEMHK WHCYJIbT, HWHCYJIMHIAa PE3UCTEHTIUK, SIUIMFIAHUII
ouomapkepnapu, TOAST, kapan0dMOOTUK UHCYIIBT.

Background. In developed countries, stroke ranks as the third most common cause of death
and is the leading contributor to long-term disability. Ischemic stroke, which constitutes about 87%
of all strokes [5], is the predominant type. Acute stroke treatment, where feasible, involves
reopening the blocked artery, typically through intravenous administration of recombinant tissue
plasminogen activator (tPA). In cases of large intracranial vessel occlusion, this approach is
supplemented with endovascular mechanical thrombectomy [17].

The TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification system [1] is
commonly used to categorize ischemic stroke causes. This system identifies large artery
atherosclerosis (20%), cardioembolism (20%), small vessel occlusion (20%), other determined
causes (5%, such as dissections or genetic disorders), and a cryptogenic category (30%) for strokes
of unknown origin [3]. Identifying the cause of the stroke is crucial for initiating targeted secondary
prevention strategies that effectively reduce the risk of recurrence. However, the presence of
multiple potential causes in a single patient can create diagnostic uncertainty and complicate
treatment prioritization. Biomarkers hold promise for assisting in determining the underlying cause.

Since the causes of stroke subtypes vary (e.g., atherosclerosis versus cardiac embolism), it is
hypothesized that specific serum protein expression profiles could be associated with different
stroke etiologies. While no biological marker has et been identified that can definitively determine
stroke cause [16], blood-based biomarkers may help improve classification of ischemic stroke
mechanisms, enabling more precise therapeutic interventions. A better understanding of ischemic
stroke pathophysiology could lead to enhanced prevention strategies as well as advances in
diagnosis and treatment. Therefore, this study aims to explore potential links between different
etiological stroke subtypes.

Growing evidence indicates that systemic inflammation and metabolic dysfunction,
particularly insulin resistance (IR), are central to the pathophysiology of ischemic stroke. IR
contributes to endothelial dysfunction, accelerates atherosclerosis, promotes platelet activation, and
enhances pro-inflammatory cytokine release. Clinical studies demonstrate that IR not only increases
the risk of first-ever ischemic stroke but also worsens outcomes and elevates the likelihood of
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recurrence. Despite this, IR is rarely considered in biomarker-based stratification of ischemic stroke
patients.

Purpose of the study. To compare the concentration of inflammatory biomarkers (ICAM-1,
hs-CRP, SlI, NLR) between different ischemic stroke subtypes and to evaluate the contribution of
insulin resistance to biomarker changes and stroke outcomes.

Materials and methods. This observational study included 68 consecutive patients admitted
with acute ischemic stroke (AIS) to the Department of Neurology, Tashkent Medical Academy,
between January and June 2022. In addition, 32 age- and sex-matched healthy volunteers served as
the control group. Eligible patients were adults (>18 ears) presenting within 24 hours of the first-
ever ischemic stroke. AlIS was confirmed by clinical evaluation and neuroimaging (CT or MRI). At
admission, demographic and clinical data, vascular risk factors, and lifestyle habits were collected
through structured questionnaires and chart reviews. Stroke severity was assessed using the
National Institutes of Health Stroke Scale (NIHSS), and functional outcome during hospitalization
was determined using the modified Rankin Scale (mRS). Stroke subtype classification followed the
TOAST criteria, which divide ischemic strokes into large artery atherosclerosis (LAA),
cardioembolism, small vessel occlusion, other determined etiology, and cryptogenic stroke.
Peripheral venous blood was obtained within 24 hours of admission. Serum was separated by
centrifugation within 30 minutes and stored at —20 °C until analysis. High-sensitivity C-reactive
protein (hs-CRP) and intercellular adhesion molecule-1 (ICAM-1) concentrations were determined
using commercial ELISA kits (AO “Vector-Best,” Russia; BioVendor R&D, Czech Republic). The
systemic immune-inflammation index (SIlI) and neutrophil-to-lymphocyte ratio (NLR) were
calculated from routine complete blood counts. Fasting blood glucose and insulin were measured in
all AIS patients. Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was calculated.
HOMA-IR value >2.5 was considered evidence of insulin resistance.

Results. Overall, 68 patients suffering from acute ischemic stroke (AlS) with a mean age of
63.8 ears were included in the study. The mean systolic blood pressure (SBP) was 154.4 + 28.6
mmHg, and the mean diastolic pressure was 91.8 + 7.9 mmHg. Hypertension was present in all
patients (100%), while diabetes mellitus was observed in 8 (11.8%) and atrial fibrillation in 6
(8.8%). Coronary heart disease was found in 14 patients (20.6%).

Insulin resistance (IR), assessed by the HOMA-IR index, was detected in 28 patients
(41.2%). Importantly, a considerable proportion of patients with IR had no prior diagnosis of
diabetes, confirming the presence of subclinical metabolic dysfunction. The mean HOMA-IR across
the entire cohort was 2.8 £ 1.1, compared to 1.6 £ 0.5 in the control group (p < 0.01).

s LAA w=Lacunar = Cardioembolic Other etiology = Cryptogenic

Figure 1. Frequency of stroke subtypes
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When analyzed according to TOAST subtypes, cardioembolic strokes demonstrated the
highest inflammatory activity, with elevated ICAM-1 (328.47 £ 196.83 ng/ml), hs-CRP (4.75 £
2.26 mg/L), Sl (2006.33 £ 1769.41), and NLR (9.03 + 8.27). Lacunar strokes showed the lowest
biomarker concentrations across all parameters. Large artery atherosclerosis (LAA) and cryptogenic
strokes presented intermediate values (Table 1).

Insulin resistance was most frequent in LAA (50%) and cardioembolic (50%0) subtypes,
while only 23.7% of lacunar stroke patients demonstrated IR. The presence of IR was consistently
associated with higher biomarker levels: patients with IR had significantly higher ICAM-1 (p <
0.01), hs-CRP (p < 0.05), and NLR (p < 0.05) compared to non-IR patients within the same
subtype.

Table 1

Concentration of biomarkers and insulin resistance according to ischemic stroke subtypes
Biomarkers / . . Other . |Control
HOMA-IR LAA Cardioembolic ||lLacunar etiology Cryptogenic group
ICAM-1 210.13  +||328.47 1(151.64 #194.07 £|200.92 1765 %
(ng/ml) 167.8* 196.83* 47.94* 100.5* ||94.75* 17.55
hs-CRP 3.05 + - 2.3 12.98 + « 1098 +
(mg/L) 1.68* ATSE2.26% N qgx 1ayx 347 E204% g os
sl 1134.99 4]|2006.33 1(554.6  #|732.57 £|911.37 +257.7 £

1333.89* ||1769.41* 470.6* 695.3* |815.9* 45.66

4.98 + - 3.03 +3.55 + « 1172 %
NLR 5 8g* 9.03 +8.27 5 Eg* 5 7% 4.03+£3.35 0.43
HOMA-IR 3.1+12* |3.3+1.1* 21+08 |25+£0.9 |[26%1.0 1.6+£05
(mean)
250 ) prevalencels g, 50% 23.7%  |133.3%  [37.5% 9.3%

*p < 0.01 vs. control

Functionally, IR was linked to worse short-term outcomes: 67.9% of patients with IR had an
MRS > 3 at discharge compared to 38.1% of those without IR (p < 0.05). This highlights the
synergistic role of metabolic and inflammatory mechanisms in determining stroke severity.

Parameter IR (n=28) Non-IR (n=40) p-value
IMean ICAM-1 (ng/ml) |298.6 1724  [184.7 £95.2 |<0.01
Mean hs-CRP (mg/L) 4,12 +1.87 2.71+1.39 <0.05
Mean NLR 6.82 + 4.44 3.95+2.73 <0.05
HOMA-IR 3.3+1.0 19406 |<0.001
Poor outcome (MRS > 3 at discharge) 67.9% 38.1% <0.05

Explanation *-p<0.001
Point estimates presented in the following can be interpreted as the mean difference between

a specific etiology. Inflammatory biomarker’s levels were significantly higher in the cardioembolic
stroke subjects compared with the large vessel atherosclerotic subtype. Furthermore, inflammatory
biomarkers levels were significantly lower in the lacunar subtype.
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Discussion. The present study demonstrated significant variations in inflammatory
biomarker levels among ischemic stroke subtypes. Cardioembolic strokes were characterized by
markedly elevated concentrations of ICAM-1, hs-CRP, SlII, and NLR, whereas lacunar strokes
displayed the lowest values. These findings support previous reports that immune activation and
systemic inflammation differ according to stroke mechanisms, reflecting distinct underlying
pathophysiological processes [6,10,12,18].

A key addition in this study was the evaluation of insulin resistance (IR). We observed IR in
more than 40% of patients, including those without a history of diabetes mellitus. Importantly, IR
was associated with significantly higher levels of ICAM-1, hs-CRP, and NLR, irrespective of the
stroke subtype, and was linked to unfavorable functional outcomes at discharge. These observations
are in agreement with earlier research indicating that IR accelerates atherosclerosis, promotes
systemic inflammation, and contributes to plaque instability [7,21,23].

The biological plausibility of these findings is well supported. IR impairs endothelial insulin
signaling, leading to increased expression of adhesion molecules such as ICAM-1 and VCAM-1
[19]. In addition, IR enhances the release of pro-inflammatory cytokines (IL-6, TNF-a), which
elevate circulating CRP and promote leukocyte activation [8,22]. These mechanisms explain the
synergistic relationship between IR and elevated inflammatory biomarkers in acute ischemic stroke.

Our findings are consistent with studies showing that biomarkers like hs-CRP, NLR, and
ICAM-1 may differentiate between stroke etiologies [11,14,15]. Moreover, they extend prior work
by demonstrating that metabolic dysfunction, specifically IR, amplifies these inflammatory
processes and worsens short-term prognosis. Taken together, these results underscore the
importance of integrating metabolic and inflammatory markers into stroke risk assessment and
management.

Several limitations should be acknowledged. The sample size was relatively modest, and IR
was assessed only once in the acute phase, which may not capture temporal fluctuations. Moreover,
residual confounding by obesity, lipid abnormalities, or glycemic variability cannot be excluded.
Further large-scale, prospective studies are needed to confirm these findings and to evaluate the role
of therapeutic interventions targeting IR in ischemic stroke patients.

Conclusion. This study highlights that inflammatory biomarker profiles differ significantly
between ischemic stroke subtypes and that the coexistence of insulin resistance amplifies systemic
inflammation and worsens functional outcomes. Cardioembolic strokes exhibited the highest
biomarker levels, while lacunar strokes had the lowest, et the presence of IR was consistently
associated with increased inflammatory activity across all subtypes.

Our results suggest that routine assessment of IR (e.g., via HOMA-IR) in acute ischemic
stroke could serve as a simple and cost-effective tool to identify high-risk patients. Combining
inflammatory biomarkers with metabolic indicators may improve etiological classification,
prognostic accuracy, and guide more personalized prevention and treatment strategies.

In conclusion, insulin resistance represents an important metabolic factor in the
pathophysiology of ischemic stroke. Incorporating IR into biomarker-based models could enhance
patient stratification, optimize secondary prevention, and open new therapeutic opportunities
[7,19,21,23].
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