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Background: The impact of chronic glycemic control, measured by glycated hemoglobin (HbAlc), on functional outcomes after
endovascular thrombectomy (EVT) for acute large vessel occlusion (LVO) stroke remains to be fully elucidated.

Methods: We conducted a retrospective cohort study of 443 consecutive patients with anterior circulation LVO stroke who underwent
EVT. Patients were categorized by HbAlc levels: low (<6.0%), medium (6.0-7.0%), and high (>7.0%). The primary outcome was
a poor functional outcome (modified Rankin Scale score 3-6) at 3 months. The secondary outcome was symptomatic intracranial
hemorrhage (sICH).

Results: Among the 443 patients, 229 (51.7%) had a poor functional outcome. Higher HbAlc levels were significantly associated
with an increased risk of poor outcome after adjustment for confounders (P for trend = 0.013). When analyzed as a continuous
variable, HbAlc showed a nonlinear relationship with poor outcome; risk increased with rising HbAlc until a threshold of 7.1%, after
which the rate of increase attenuated. No significant association was found between HbAlc and sICH. Subgroup analysis revealed
a significant interaction between HbAlc and thrombolysis (t-PA) administration (P for interaction = 0.042), indicating that the
association between high HbAlc and poor outcome was more pronounced in patients who received t-PA.

Conclusion: Elevated HbAlc is independently associated with an increased risk of poor 3-month functional outcomes after EVT,
with a risk threshold observed at 7.1%. These findings underscore the importance of long-term glycemic control in stroke
management.
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Introduction

Acute ischemic stroke (AIS) resulting from large vessel occlusion (LVO) represents one of the most devastating
neurological emergencies, characterized by high morbidity and mortality rates." Endovascular thrombectomy (EVT)
has revolutionized the management of these patients, offering significant improvements in functional outcomes by
achieving rapid recanalization of occluded arteries.” ® Despite successful restoration of blood flow, a substantial propor-
tion of patients still experience poor functional recovery.

Hyperglycemia at admission is frequently observed in AIS patients and has been consistently associated with larger
infarct volumes, heightened risk of hemorrhagic transformation, and poorer functional recovery.” Stress-induced hypergly-
cemia, a physiological response to acute illness, may exacerbate ischemic injury through mechanisms such as increased
oxidative stress, blood-brain barrier disruption, and impaired collateral circulation. Several studies have highlighted the
detrimental effect of elevated blood glucose on stroke outcomes. For instance, hyperglycemia (defined as blood glucose
>8 mmol/L) at admission, post-procedurally, or under fasting conditions has been independently linked to unfavorable

outcomes.™® The triglyceride glucose index has also been proven to be related to the clinical prognosis of stroke patients.'”

https://doi.org/10.2147/CIA.S569850 Clinical Interventions in Aging 2026:21 569850 |
Received: 24 September 2025 © 2026 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 12 January 2026 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the

Published: 17 January 2026 work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al

Moreover, glycated hemoglobin (HbA1c) has been identified as a significant predictor of complications such as symptomatic
intracranial hemorrhage (sICH) and early neurological deterioration, particularly in non-diabetic patients.'""'* These findings
suggest that acute glycemic excursions, rather than hyperglycemia alone, may play a pivotal role in worsening outcomes.

HbAlc has also garnered attention for its potential influence on post-EVT prognosis. HbAlc reflects the average
blood glucose levels over the preceding two to three months and serves as a marker of long-term glucose regulation.
Elevated HbA lc levels have been associated with microvascular and macrovascular complications, which may impair the
brain’s capacity to recover from ischemic insult."® In a secondary analysis of the RESCUE BT trial, patients with HbAlc
>6.5% had significantly reduced likelihood of achieving good functional outcomes (modified Rankin Scale [mRS] 0-2)
at 90 days and faced higher mortality risks.'*

The relationship between HbAlc and outcomes may be further elucidated by considering the hemoglobin glycation
index (HGI), which quantifies the discrepancy between observed HbAlc and that predicted by fasting blood glucose.
Interestingly, this relationship appears to be U-shaped, with both low and high HGI values associated with increased risk
of poor outcomes and early neurological deterioration.'> This complexity suggests that the interplay between acute and
chronic glycemic control is multifaceted and may involve underlying physiological mechanisms such as insulin
resistance and inflammatory pathways.

The present study aims to contribute to this body of knowledge by examining the association between HbAlc levels
and 3-month functional outcomes in patients receiving EVT for acute LVO stroke. By elucidating the role of chronic
glycemic control in post-EVT recovery, this research may inform future clinical strategies aimed at optimizing metabolic
management and improving overall prognosis in this vulnerable population.

Methods
Study Population and Setting

Between July 2017 and December 2024, consecutive patients who underwent MT for acute LVO were enrolled in this
study in the Second Affiliated Hospital of Soochow University. The inclusion criteria for patients are as follows: Patients
with acute AIS due to LVO in the anterior circulation confirmed by computed tomography angiography (CTA) or digital
subtraction angiography (DSA), and those with a previous stroke score of no more than 1 point on the modified Rankin
score (0—6 points). The exclusion criteria are as follows: (1) with acute vertebrobasilar artery occlusion, (2) patients
without data of HbAlc, (3) a disability before the ischemic stroke; and severe concomitant diseases, (4) intracranial
hemorrhage or arteriovenous malformations were confirmed by CT, (5) the ASPECT score obtained by preoperative CT
is less than 6 points or (6) 3-month follow-up data is missing. Each MT therapy in this study was performed by a well-
trained and experienced neurologist in accordance with the guidelines of the American Heart Association/American
Stroke Association.'® All methods were carried out in accordance with relevant guidelines and regulations. Ninety-seven
patients with acute vertebrobasilar artery occlusion were excluded, 67 patients without data of HbAlc and 3 patients lost
to follow-up were excluded. Finally, 443 patients were entered into the final analysis of this study (Figure 1).

Baseline Demographic and Clinical Information

Baseline characteristics, including demographics, stroke risk factors, admission National Institutes of Health Stroke Scale
(NIHSS) scores, and Alberta Stroke Program Early Computed Tomography Score (ASPECTS). Laboratory parameters,
including admission glucose and HbAlc levels, were also recorded. High HbAlc levels were defined as plasma levels
exceeding 7.0%. Medium HbAlc levels was defined as plasma levels from 6.0% to 7.0%. Low HbAlc levels were
defined as plasma levels below 6.0%. Additional laboratory data were documented according to previously established
protocols. The procedure-related time was recorded.

Outcome Assessment

Follow-up was conducted by the trained neurologists who were blinded to the baseline information of patients by
telephone or face-to-face visit. The primary outcome events were as follows: (1) poor functional outcome at 3-month
(mRS > 3 points), (2) symptomatic intracranial hemorrhage (sICH) occurred 24 hours after EVT.
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Figure | Flow diagram showing the patient selection process.

Statistical Analysis

Continuous variables were appropriately expressed as means with standard deviation (SD) or medians with interquartile
range (IQR) and were analyzed by 1-way ANOVA or Kruskal-Wallis test according to their normality of distribution.
Categorical variables were presented as proportions and analyzed by the y2 or Fisher exact tests. Binary logistic
regression was used to estimate the risk of outcome events. After adopting stepwise regression to select the model
combination with the smallest AIC, age, sex and admission SBP were included in the multivariate regression model in
model 2.

Binary logistic regression was used to estimate the risk of poor prognosis and sICH. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated for each group. In model 1, we adjusted age and sex. We adopt stepwise
regression to select the model combination with the smallest AIC. After eliminating the variables, the final variable we
need to adjust is age, sex and admission systolic blood pressure (SBP) in model 2.

Two-sided P values of 0.05 were considered statistically significant. All statistics were conducted with SAS 9.4
software (SAS Institute Inc., Cary, NC). Figures were drawn by R software (R Development Core Team 2014, www.

r-project.org).

Results

A total of 443 LVO patients were finally included with the mean age was 65+13 years old. Two hundred and fourteen
patients had a good functional outcome and 229 patients had a poor functional outcome (Figure 2). The median baseline
NIHSS score was 17.0 (13.0-20.0). Patients with low HbA1c were more likely to be young, male, lower median SBP and
DBP, lower rate of diabetes mellitus, lower rate of hyperlipidemia, lower rate of atrial fibrillation, lower admission blood
glucose level, good functional outcome and lower rate of SICH. Comparison of data of all patients is shown in Table 1.

Association of HbAIc with Outcomes

As shown in Table 2, taking HbAlc as an example, all patients were equally divided into three groups according to the
level of HbAlc index, that is, HbAlc was used as a categorical variable to explore the association. In the logistic model,
HbA 1c was significantly associated poor functional outcome (P for trend = 0.002). After adjusting for age and sex, we
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could observe higher HbAlc increase the risk of poor outcome in model 1 (P for trend = 0.002). We adopt stepwise

regression to select the model combination with the smallest AIC. After eliminating the variables, the final variable we

need to adjust is age, sex and admission SBP in model 2. We could find higher HbAlc remain increasing the risk of poor
functional outcome (P for trend = 0.013). When we explore the association between HbAlc and sICH, the risk of sSICH
increased with HbAlc increased. However, the association did not reach statistical significance in model 1 or model 2.

Taking HbAlc as a continuous variable, through the non-restrictive cubic spline model, we found that HbA1lc shows

a nonlinear association with patient prognosis. The association is similar to an “inverted U shape”. The break point of

HbAlc was 7.1% (Figure 3).

Table | Baseline Characteristics of Mechanical Thrombectomy Treated Acute Ischemic Stroke Patients

Characteristic HbAIc p-value
Overall Low (< 6%) Medium (= 7%) High (6-7%)
N = 443 N =270 N =74 N =99
Age, y, Mean = SD 65+ 13 66 + 14 62+ 14 67 £ 13 0.032
Female sex, n (%) 179 (40.4%) 105 (38.9%) 29 (39.2%) 45 (45.5%) 0.509
Admission SBP, Median (IQR) 146 (132, 163) 143 (129, 157) 155 (138, 175) 149 (138, 164) <0.001
Admission DBF, Median (IQR) 84 (75, 97) 82 (75, 94) 89 (78, 101) 86 (77, 98) <0.001
History of hypertension, n (%) 300 (67.7%) 174 (64.4%) 56 (75.7%) 70 (70.7%) 0.144
History of diabetes mellitus, n (%) 94 (21.2%) 11 (4.1%) 59 (79.7%) 24 (24.2%) <0.001
Hyperlipidemia, n (%) 109 (24.6%) 51 (18.9%) 29 (39.2%) 29 (29.3%) <0.001
History of atrial fibrillation, n (%) 189 (42.7%) 105 (38.9%) 30 (40.5%) 54 (54.5%) 0.024
History of coronary heart disease, n (%) 73 (16.5%) 37 (13.7%) 14 (18.9%) 22 (22.2%) 0.122
History of prior stroke, n (%) 69 (15.6%) 37 (13.7%) 10 (13.5%) 22 (22.2%) 0.117
Current smoking, n (%) 156 (35.2%) 103 (38.1%) 24 (32.4%) 29 (29.3%) 0.248
Current drinking, n (%) 114 (25.7%) 79 (29.3%) 16 (21.6%) 19 (19.2%) 0.099
Admission glucose level, median, Median (IQR) 740 (6.21, 8.88) 6.80 (5.88, 7.56) 11.90 (9.21, 13.90) 7.45 (6.50, 8.88) <0.001
Admission NIHSS score, Median (IQR) 17.0 (13.0, 20.0) 16.5 (12.0, 20.0) 16.0 (12.0, 20.0) 17.0 (14.0, 21.0) 0.117
Admission ASPECTS, Median (IQR) 7(7-8) 7(7-8) 7 (7-8) 7 (7-8) 0.130
Door to puncture time, Median (IQR) 103 (60, 162) 106 (60, 170) 98 (55, 155) 100 (58, 131) 0.173
Onset to reperfusion time, Median (IQR) 368 (288, 510) 366 (295, 512) 356 (278, 574) 377 (28I, 455) 0613
tPA administered, n (%) 146 (33.0%) 88 (32.6%) 25 (33.8%) 33 (33.3%) 0.978
Location, n (%) 0414
Isolated MCA or ACA 288 (65.0%) 181 (67.0%) 48 (64.9%) 59 (59.6%)
ICA with or without MCA/ACA 155 (35.0%) 89 (33.0%) 26 (35.1%) 40 (40.4%)
mTICI 2b/3, n (%) 404 (91.4%) 248 (92.2%) 67 (90.5%) 89 (89.9%) 0.752
Poor functional ouctome, n (%) 229 (61.7%) 121 (53.8%) 44 (68.8%) 64 (78.0%) <0.001
sICH, n (%) 102 (23.1%) 53 (19.7%) 20 (27.0%) 29 (29.3%) 0.104

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; tPA, tissue plasminogen

activator; MCA, middle cerebral artery; ACA, anterior cerebral artery; mTICl, modified Thrombolysis in Cerebral Infarction score.
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Table 2 The Association Between Groups and Endpoint Event (Poor Outcome and sICH) in MT-Treated Acute Ischemic Stroke
Patients

Group N Events, n(%) Unadjusted Model | Model 2
OR (95% CI) P P for trend OR (95% CI) P P for trend OR (95% CI) P P for trend
value value value
Poor outcome | 443 229 (61.7) 0.002 0.002 0.013
Low 270 121 (53.8) Reference Reference Reference
Medium 74 44 (68.8) 3.05 (1.70-5.48) | 0.009 2.92 (1.62-5.28) | 0.015 2.61 (1.43-4.75) | 0.025
High 99 64 (78.0) 1.89 (1.05-3.41) | 0.798 1.91 (1.05-3.48) | 0.721 1.68 (0.90-3.16) | 0.893
sICH 443 102 (23.1) 0.076 0.095 0.188
Low 270 53 (19.7) Reference Reference Reference
Medium 74 20 (27.0) 1.69 (0.99-2.86) | 0.235 1.68 (0.99-2.86) | 0.221 1.60 (0.93-2.75) | 0.242
High 99 29 (29.3) 1.50 (0.83-2.73) | 0.610 1.46 (0.80-2.66) | 0.689 1.34 (0.72-2.51) | 0.842

Notes: Model |: Adjusted for age, sex; Model 2: Adjusted age, sex, Admission SBP.

Subgroup Analysis for the Primary Outcome

In t-PA administered patients, HbAlc was associated with poor functional outcome (P = 0.009). However, we did not
find significant association between HbAlc and poor functional outcome in non-t-PA administered patients. There is
evidence that HbAlc and use of thrombolytic drugs have an interactive effect on poor functional outcome (P for
interaction = 0.042). In patients without atrial fibrillation, HbAlc was associated with poor functional outcome (P =
0.024). This association has not been found in patients with atrial fibrillation. There is no evidence that HbAlc and
history of atrial fibrillation have an interactive effect on poor functional outcome (P for interaction = 0.429). The above

results could be seen from Figure 4.

Discussion

This study provides a comprehensive analysis of the relationship between HbAlc index and clinical outcomes in patients
with LVO stroke following EVT. Our findings indicate that when HbAlc is treated as a categorical variable, there is
a significant trend towards increased risk of poor functional outcome at 3 months with rising HbAlc levels. More
intriguingly, when analyzed as a continuous variable, HbAlc demonstrates a nonlinear, inverted U-shaped association
with poor functional outcome, with a break point identified at 7.1%. However, we found no significant association
between HbA1c levels and sICH. The interaction between HbA1c and intravenous thrombolysis (t-PA) is another pivotal
observation: the adverse impact of elevated HbAlc on outcomes was exclusively pronounced in t-PA recipients.

The inverted U-shaped relationship with a peak risk at approximately 7.1% represents a novel finding in the context
of thrombectomy outcomes. The identification of a 7.1% HbA1c threshold offers valuable clinical utility, particularly for
pre-EVT risk stratification. Patients with HbAlc levels approaching or exceeding this cutoff should be recognized as
high-risk candidates, warranting tailored management strategies. Preoperatively, this may include optimized glycemic
control (when feasible before EVT) and enhanced vascular risk factor monitoring; postoperatively, close neurological
surveillance and targeted metabolic interventions could help mitigate poor functional outcomes. This threshold is notably
close to the conventional diagnostic cutoff for diabetes (6.5%) and the upper limit of prediabetes (5.7-6.4%),"
suggesting that the transition from prediabetes to established diabetes may represent a critical juncture in cerebrovascular
pathophysiology. The increased risk observed at moderately elevated HbAlc levels (around 7.1%) rather than at extreme
hyperglycemia may reflect the dual nature of glucose’s effects on cerebral tissue. At moderate elevations, hyperglycemia
may exacerbate ischemic damage through multiple pathways including increased oxidative stress, inflammation, and
endothelial dysfunction without triggering sufficient compensatory mechanisms.'®'? The finding that extreme hypergly-
cemia did not correspond to the highest risk of poor outcome suggests that other factors, including possibly more
intensive glycemic management in known diabetic patients or alternative metabolic adaptations, might come into play at
higher HbAlc levels.
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Figure 3 HbAlc as a continuous variable and the odds ratio of poor functional outcome (mRS 3-6) at 90 days. The association between HbA ¢ levels and clinical outcome,
including the 95% Cl, was analyzed. Data were modeled using a multivariable regression model with a RCS incorporating three knots, adjusted for covariates. The HbAlc
level (7.1%) was used as the break point. The red solid line represents the adjusted odds ratio, while the red shaded area indicates the 95% Cl bands.

Hb1Ac
subgroups OR (95%Cl) P P for interaction
0.042
tPA administered  2.21(1.21-4.05) 0.009 | -
non-tPA 1.22(0.85-1.77) 0.271 -
0.429

atrial fibrillation 1.19(0.71-1.99) 0.517 .
no-atrial fibrillation  1.57(1.06-2.33) 0.024 |
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Figure 4 Subgroup analysis of HbAlc and poor functional outcome at 3-month. This figure illustrated the association between HbAlc and poor functional outcome at
3-month, analyzed across two patient subgroups: those who received tPA versus non-tPA, and those with atrial fibrillation versus those without atrial fibrillation.

A pivotal and novel aspect of our study is the significant interaction observed between HbAlc levels and intravenous
thrombolysis. The strong association between high HbAlc and poor outcome was exclusively evident in the t-PA
subgroup, suggesting that the presence of alteplase may potentiate the deleterious effects of chronic hyperglycemia. The
mechanism for this interaction is likely rooted in the compounding effects of both conditions on blood-brain barrier
integrity and the coagulation-fibrinolysis system. Chronic hyperglycemia induces endothelial inflammation and oxidative
stress, rendering the blood-brain barrier more vulnerable.?’ Intravenous thrombolytics like alteplase can further degrade
the basal lamina and tight junctions, increasing blood-brain barrier permeability. This synergistic disruption significantly

raises the risk of hemorrhagic transformation and severe cerebral edema, which are key drivers of neurological
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deterioration.”'** Furthermore, hyperglycemia is known to promote a pro-thrombotic state and can induce resistance to
thrombolytic agents, potentially leading to incomplete recanalization or early re-occlusion, thereby negating the benefits
of EVT.?*** This is corroborated by studies indicating that hyperglycemia modulates the efficacy and safety of
thrombolytics, with some evidence suggesting that lower-dose thrombolysis might be safer in hyperglycemic patients
due to reduced neuroinjury biomarker levels and hemorrhagic complications. Therefore, in patients receiving t-PA, the
pre-existing endothelial vulnerability from high HbAlc is catastrophically exposed by the pharmacologic action of the
thrombolytic drug, leading to markedly worse outcomes.

Our findings align with and extend prior research, particularly the secondary analysis of the RESCUE BT trial."* That
study reported reduced good functional outcomes (mRS 0-2) at 90 days in patients with HbAlc >6.5%, consistent with
our observation of increased adverse outcomes with elevated HbAlc. However, our research advances this understanding
by identifying a specific 7.1% threshold and the nonlinear nature of the association, which was not previously elucidated.
Furthermore, the RESCUE BT trial did not explore interactions with t-PA administration, a gap addressed by our
subgroup analysis showing that the HbA 1c-outcome association is amplified in t-PA recipients. While some studies have
linked acute hyperglycemia to sICH, our focus on chronic glycemic control (via HbAlc) reveals no such association,
emphasizing the distinct impacts of acute versus chronic dysglycemia on stroke complications.>> This discrepancy may
be explained by the different temporal aspects of glycemic exposure—while acute hyperglycemia during the ischemic
insult and reperfusion phase might directly influence blood-brain barrier integrity and hemorrhagic risk, chronic
hyperglycemia as captured by HbAlc may exert its primary effects through different mechanisms, such as promoting
atherosclerosis and impairing collateral circulation.”®?’

The pathophysiological mechanisms underlying the observed association likely involve multiple interconnected
pathways. Chronic hyperglycemia contributes to endothelial dysfunction, increased oxidative stress, and
a proinflammatory state, all of which can exacerbate ischemic brain injury and impair recovery.?®*2° The microvascular
complications associated with prolonged hyperglycemia, including impaired cerebral autoregulation and reduced cere-
brovascular reserve capacity, may render the brain more vulnerable to the ischemia-reperfusion injury that occurs with
thrombectomy.”> Additionally, elevated HbA lc levels reflect not only chronic hyperglycemia but also increased protein
glycation, which can directly affect vascular compliance and cerebral hemodynamics. The identification of 7.1% as
a potential threshold is particularly interesting as it corresponds to a level where microvascular complications typically

begin to manifest in diabetic patients,®*’

suggesting shared mechanisms between diabetic microangiopathy and
vulnerability to ischemic brain injury.

When considering our findings in the context of previous literature, it appears that the relationship between glycemic
control and stroke outcomes may be influenced by multiple factors including stroke subtype, treatment modality, and
patient characteristics. Studies have shown that poor glycemic control is associated with various diabetes-related

3233 and our study extends this understanding to the specific context of thrombectomy for LVO stroke.

complications,
The lack of association between HbAlc and hemorrhagic transformation contrasts with findings related to acute
hyperglycemia but is consistent with the concept that different aspects of dysglycemia may have distinct effects on
various pathophysiological processes. This highlights the importance of considering both acute and chronic glycemic
metrics when assessing risk in stroke patients.

Several limitations of this study should be acknowledged. The retrospective design introduces potential for unmea-
sured confounding, despite our efforts to adjust for known prognostic factors. Subgroup analyses may be underpowered.
The sample size, while sufficient to detect the primary associations, may have limited power for subgroup analyses and
for detecting more modest effects on secondary outcomes such as hemorrhagic transformation. The single-timepoint
measurement of HbA1lc may not fully capture the longitudinal glycemic control patterns that could influence outcomes.
Additionally, we did not have detailed information on diabetes duration, specific treatments, or pre-stroke glycemic
management strategies, which might modify the relationship between HbAlc and outcomes. The generalizability of our
findings may be limited to populations with similar characteristics to our cohort, and validation in diverse populations is
warranted.

The clinical implications of our findings are substantial. The identification of 7.1% as a potential risk threshold
suggests that patients with HbAlc levels around this value may represent a high-risk group that could benefit from closer
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monitoring and possibly more aggressive management of vascular risk factors. The lack of association with hemorrhagic
transformation may provide reassurance regarding the safety of thrombectomy in patients with elevated HbAlc.
However, these implications should be considered tentative until confirmed by prospective studies. From a preventive
perspective, our results underscore the importance of optimal glycemic control in the primary and secondary prevention
of stroke, particularly in patients who might be candidates for thrombectomy should they experience an LVO stroke.

Conclusion

In conclusion, our study demonstrates that elevated HbAlc levels are associated with increased risk of poor functional
outcome after thrombectomy for LVO stroke, with a nonlinear relationship that peaks at approximately 7.1%. This
threshold may represent a critical point in the cerebrovascular complications of chronic hyperglycemia. In contrast,
HbAlc was not significantly associated with symptomatic intracranial hemorrhage transformation. These findings
enhance understanding of the complex relationship between chronic glycemic control and outcomes after thrombectomy
and may help identify patients at increased risk who could benefit from tailored management strategies. This will need to
be verified through multi-center prospective studies in the future.
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