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Abstract

:

Ischemic stroke is a leading cause of mortality and disability. The relationships of heart rate variability (HRV) and stroke-related factors with mortality and functional outcome are complex and not fully understood. Understanding these relationships is crucial for providing better insights regarding ischemic stroke prognosis. The objective of this study is to examine the relationship between HRV, neurological function, and clinical factors with mortality and 3-month behavioral functional outcome in ischemic stroke. We prospectively collected the HRV data and monitored the behavioral functional outcome of patients with ischemic stroke. The behavioral functional outcome was represented by a modified Rankin Scale (mRS) score. This study population consisted of 58 ischemic stroke patients (56.9% male; mean age 70) with favorable (mRS score ≤ 2) and unfavorable (mRS score ≥ 3) outcome. The analysis indicated that the median of the mean RR interval (RR mean) showed no statistical difference between mortality groups. Conversely, the median of the RR mean had significant association with unfavorable outcome (OR = 0.989, p = 0.007). Lower hemoglobin levels had significant association with unfavorable outcome (OR = 0.411, p = 0.010). Higher National Institute of Health Stroke Scale (NIHSS) score at admission had significant association with unfavorable outcome (OR = 1.396, p = 0.002). In contrast, age, stroke history, NIHSS score at admission, and hemoglobin showed no significant association with mortality in ischemic stroke. These results imply that HRV, as indicated by the median of RR mean, alongside specific clinical factors and neurological function at admission (measured by NIHSS score), may serve as potential prognostic indicators for 3-month behavioral functional outcome in ischemic stroke.
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1. Introduction


Stroke is a neurologic disorder that is fast becoming the second leading cause of death and long-term disability worldwide. Ischemic stroke is the most common form of stroke, with approximately 87% of prevalence [1]. Between 1990 and 2019, ischemic stroke incidence and deaths increased > 60% [2]. The number of the disability-adjusted life years (DALYs) attributed to ischemic stroke increased by 56.72% [3]. Yet, disability and function loss commonly happen in stroke survivors and impact their quality of life, an element that is influenced by multiple factors [4]. Therefore, understanding the association between the ischemic stroke outcome-related factors with mortality and functional outcome is important for providing the basic evidence of stroke prognosis to support stroke treatment strategies and optimize stroke management.



Dysfunction of the autonomic nervous system (ANS) has been reported in ischemic stroke because the reduction in cerebrovascular blood flow (CBF) leads to subsequent neuronal dysfunction and potentially irreversible tissue damage. The ANS dysfunction also contributes to the risk in the pre-pathological state and determines clinical complications with poor outcome [5]. The non-invasive measurement of autonomic dysfunction has been established and used widely by measuring cardiac autonomic function using heart rate variability (HRV) [6].



HRV is the fluctuation in the time interval between consecutive heartbeats generated by heart–brain interactions and dynamic non-linear ANS. HRV can be used for ANS measurement by describing the HRV using linear frequency-domain, linear time-domain, or non-linear measurement. The previous studies showed the various results of the correlation between the HRV parameters and ischemic stroke functional outcome, including neurological, behavioral, cognitive, and emotional function. Most studies showed that lower HRV parameters of all domain types were correlated with higher severity, poor neurological function, and poor behavioral outcome in ischemic stroke [7]. In contrast, Hilz et al. found that a higher low-frequency (LF) and LF/high-frequency (HF) ratio were correlated with higher stroke severity [8]. Studies by Tang et al. and Tsai et al. showed no difference in HRV between the patients with poor and good behavioral functional outcome evaluated by using a modified Rankin Scale (mRS) score in regard to ischemic stroke [9,10]. The existing previous studies showed that the correlation between HRV with stroke severity and functional outcome is still inconsistent and complicated in regard to HRV complexity. Consequently, the purpose of this study is to assess how HRV parameters, neurological function, and clinical factors are associated with mortality and the behavioral functional outcome at 3 months.




2. Materials and Methods


2.1. Study Design and Population


The protocol was approved by the Institutional Review Board of Taipei Medical University to collect the data in this study. Conducted between April 2019 and May 2020, this study involved a two-step selection process. In the first step, patients admitted to the neuro intensive care unit (NCU) who agreed to participate were enrolled. Exclusion criteria at this stage included patients who declined participation, exhibited specific clinical conditions (such as wounds, unconsciousness, irritability, thin or irritated skin, restlessness, cognitive impairment, or drooling), were placed in an isolation room, or required medical equipment (including endotracheal tubes, tracheal tubes, ventilators, or neck collars). All enrolled patients provided informed consent to participate in this study. In the second step, only patients diagnosed with ischemic stroke and admitted to NCU within 24 h were selected for this study. They were monitored until discharge, with follow-up assessments being conducted at 3 months post-admission. We excluded patients who failed to undergo HRV analysis or were not diagnosed with ischemic stroke. Evidence of ischemic lesions was determined by neuroimaging studies, such as computerized tomography (CT) scans or magnetic resonance imaging (MRI). In this study, the information of ischemic stroke patients was collected, including demographics (age and gender), disease history, body mass index (BMI), length of stay, mortality status, and infarct side. The infarct side information was determined from the neuroimaging report.




2.2. Neurological and Behavioral Function Assessment


We did two outcome-related assessments, including neurological function and behavioral function. Neurological function was evaluated by using the National Institutes of Health Stroke Scale (NHISS) for evaluating stroke severity. The NIHSS scores were collected upon admission and discharge. Behavioral function, as the functional outcome in this study, was scored using the mRS score. The mRS is widely recognized and the standard tool for assessing functional outcome in stroke patients due to its simplicity and reliability in measuring disability levels. It is categorized into seven levels, with 0 indicating no symptoms, 3 representing moderate disability, 5 indicating severe disability, and 6 indicating death [11].



In this study, the functional outcome of the patients were categorized into two groups based on their mRS scores, consisting of favorable outcome (mRS score 0–2) and unfavorable outcome (mRS score 3–6) [9]. Previous studies reported stroke functional outcome across multiple function domains, including cognitive, emotional, and behavioral [7]. However, for the purpose of this study, we specifically defined the functional outcome within the behavioral function domain as the behavioral functional outcome. Additionally, the statistical analysis of the functional outcome only included the long-term behavioral functional outcome, which were determined by mRS scores at 3 months.




2.3. HRV Measurement


ECG Signal Acquisition and Processing. The ECG signal acquisition and processing followed the previous publication from Kuo et al. [12]. The ECG signal was collected directly from the ischemic stroke patient as soon as possible after the patient was admitted to the neuro ICU. The ECG signals were extracted and digitized at a sampling rate of 125 Hz and saved on a computer. The digitized ECG signal was processed to extract the RR interval before further HRV analysis. The RR interval was defined as the interval between two time points of each heartbeat (R point) of each valid QRS complex.



HRV Analysis. We performed frequency-domain analysis using the nonparametric method of Fourier transform (FFT). The detailed steps of analysis were also previously published. The analyzed frequency-domain HRV parameters included TP, LF, HF, LF/HF ratio, and LF%. The powers in each HRV range category in ms2 were defined as LF and HF. On the other hand, we also normalized LF by the percentage of total power, excluding VLF (total power—VLF), into LF power in normalized units (LF%). Additionally, we examined a time-domain HRV parameter, the RR mean, which is defined as the average RR interval [12]. In this study, the analysis of the relationship between HRV and behavioral functional outcome also only focused on the 3-month mRS score.




2.4. Statistical Analysis


The LF, HF, and LF/HF were logarithmically transformed, as referred to in the previous study [12]. Then, all HRV parameters in this study were expressed as the median. Statistical analysis in this study was performed by IBM SPSS software version 19 (IBM Corporation, Armonk, NY, USA). We performed an independent t-test, Mann–Whitney U test, and chi-square χ2 test to compare the demographic, BMI, risk factor, NIHSS at admission, HRV parameter, and infarct side for the functional outcome group and mortality status. Logistic regression analyses were performed for the significant variables in comparison analysis (p < 0.05) by calculating the crude odds ratio and adjusted odds ratio with a 95% confident interval. The potential prognostic indicator was assigned by p-value < 0.05 in multivariable logistic regression analyses.





3. Results


A total of 337 consecutive patients who were admitted to the NCU, Shuang Ho Hospital, agreed to participate in this study. We excluded 279 patients who were not diagnosed with ischemic stroke. Fifty-eight selected patients underwent the HRV analysis after admission and evaluation of NHISS at admission and discharge.



3.1. Baseline Characteristic


A total of 58 ischemic stroke patients were included in the analysis (33 male, mean age 70 years). The obese patient proportion (53.4%) in this study is higher than non-obese patients. At admission, 27 patients (46.6%) had a moderate stroke, 20 patients (34.5%) had a severe stroke, and 11 patients had a mild stroke (18.9%). At discharge, the number of patients with mild stroke increased to 25 (43%). Also, among the 58 ischemic stroke patients, 45 patients (77.6%) survived. The detailed characteristics of all included patients can be seen in Table 1.




3.2. Association of HRV Parameter, Neurological Function, Clinical Factors with Mortality


In Table 2, no significant differences were identified in both HRV parameters (time-domain and frequency-domain parameters) between the survival and death groups (all p-values > 0.05). The NIHSS scores at admission were significantly lower (mean score of 11) in the survival group than in the death group (p-value = 0.003). In Table 3, the stroke survivors were significantly younger (mean age 68 years) compared to those who did not survive at 3 months (p-value = 0.029), while a history of stroke was significantly more prevalent in the death group than in the survival group (p-value = 0.004). Hemoglobin (Hb) concentration also showed a significant difference between the survival and death groups (p-value = 0.044). In contrast, no significant differences were observed in the comparison of the infarct side and BMI in regard to mortality status (all p-values > 0.05).



Four significant variables identified through comparison analysis (Table 2 and Table 3) were included in the univariate and multivariable logistic regression analysis (Table 4), including NIHSS score at admission, age, stroke history, and hemoglobin. These variables showed consistent effects based on the odds ratio in both logistic regression analyses (NIHSS score at admission: univariate OR = 1.134, adjusted OR = 1.109; age: univariate OR = 1.068, adjusted OR = 1.024; stroke history: univariate OR = 0.743, adjusted OR = 0.267; Hb: univariate OR = 0.111, adjusted OR = 0.835). However, in the multivariable logistic regression analysis, none of these variables were found to be significantly associated with mortality in ischemic stroke patients, as all p-values were greater than 0.05 (NIHSS score at admission: adjusted OR = 1.109, 95% CI = 0.988–1.244, p-value = 0.079; age: adjusted OR = 1.024, 95% CI = 0.944-1.111, p-value = 0.570; stroke history: adjusted OR = 0.267, 95% CI = 0.041–1.736, p-value = 0.167; hemoglobin concentration: adjusted OR = 0.835, 95% CI = 0.565–1.235, p-value = 0.366).




3.3. Association of HRV Parameters, Neurological Function, and Clinical Factors with Behavior Functional Outcome


At the 3-month follow-ups, only the median of the RR mean was found to be significantly different in terms of HRV parameters when compared with behavioral functional outcome (p-value = 0.049, Table 5). Specifically, the median of the RR mean in the favorable group was significantly higher than in the unfavorable group. Conversely, there were no differences observed in the frequency-domain HRV parameters between the favorable and unfavorable groups (all p-values > 0.05, Table 5). Additionally, the NIHSS score at admission was significantly lower in the favorable group than the unfavorable group (p-value ≤ 0.0001, Table 5). The proportion of stroke patients with a history of stroke was significantly lower in the favorable group (3.6%, Table 6) compared to the unfavorable group (p-value = 0.015, Table 6). Furthermore, Hb concentration and eGFR at admission were significantly higher in the favorable group than in the unfavorable group (p-value of Hb = 0.018 and p-value of eGFR = 0.022). For further comparisons of clinical factors, refer to Table 6.



In the univariate and multivariable logistic regression analysis (Table 7), we included six significant variables identified through comparison analysis, including age, gender, median of RR mean, NIHSS score at admission, eGFR, and hemoglobin. The gender, median of the RR mean, NIHSS score at admission, and eGFR showed consistent effects based on the odds ratios in both logistic regression analyses (gender: univariate OR = 0.306, adjusted OR = 0.166; median of RR mean: univariate OR = 0.997, adjusted OR = 0.989; eGFR: univariate OR = 0.985, adjusted OR = 0.981; Hb: univariate OR = 0.738, adjusted OR = 0.411). In the multivariable regression analysis, we found that the median of the RR mean (adjusted OR = 0.989, 95% CI = 0.982-0.997, p-value = 0.007), NIHSS score at admission (adjusted OR = 1.396, 95% CI = 1.135–1.717, p-value = 0.002), and hemoglobin concentration (adjusted OR = 0.411, 95% CI = 0.208–0.810, p-value = 0.010) were significantly associated with the 3-month behavioral functional outcome in ischemic stroke, and they were also considered as prognostic indicators.





4. Discussion


The present study explored the relationship of HRV, neurologic function, and clinical factors with mortality and the 3-month behavioral functional in ischemic stroke. There were six major findings in our study. First, age was significantly lower in stroke survivors compared to the patients would did not survive. Second, female gender predominance was shown in patients with unfavorable outcome compared to favorable outcome. Third, NIHSS scores were significantly lower in stroke survivors compared to the patients who did not survive as well as in favorable outcome compared to unfavorable outcome. Fourth, hemoglobin levels were significantly correlated with behavioral functional outcome. Fifth, the median of the RR mean in patients with unfavorable outcome was significantly lower compared to in patients with favorable outcome. Sixth, the median of the RR mean was a potential prognostic indicator of 3-month behavioral functional outcome in ischemic stroke together with the NIHSS score at admission and hemoglobin levels.



Stroke events and risk can be influenced by several modifiable and nonmodifiable risk factors, e.g., age, gender, and stroke-related disease history. In our study, the ischemic stroke patients were elderly and had a mean age of 70.9 years. This finding supports previous findings that stroke prevalence and mortality increase with the increasing of age. The increasing stroke risk factors and the impact on the cardiovascular system naturally happen in the elderly because of aging, which can increase the risk of ischemic stroke and mortality in ischemic stroke. A male predominance (56.9%) was indicated in our ischemic stroke cohort, which matches other studies from Jordan (56%), Egypt (54%), and Germany (58%) [13,14,15,16,17]. The higher risk of stroke in men could be explained by hormonal factors, higher smoking rates, and stress factors. Despite the male gender having a higher risk of stroke, the female gender was associated with unfavorable outcome in our study, which is concordant with several previous studies [18,19]. Some risk factors may contribute to this condition, such as atrial fibrillation and hypertension, which are common in women [8]. In our study, the one that may explain this situation is age. A previous study found that age caused the functional outcome to be worse [20].



In our study, the NIHSS score at admission was significantly associated with behavioral functional outcome. This finding is consistent with previous research, indicating that an early NIHSS is a strong prognostic factor for long-term functional outcome [21]. Additionally, NIHSS scores are widely recognized as universal predictors of functional outcome in ischemic stroke [22,23]. A previous study by Muir et al. showed the NIHSS score as being the best predictor for 3-month stroke outcome prediction, showing a positive association between NIHSS and mRS scores, highlighting the importance of stroke severity in functional outcome prediction [24]. NIHSS scores reflect the neurological function affected by brain infarction and are associated with the presence and location of vessel occlusion [25]. Higher NIHSS scores indicate more severe neurological deficits, which may reflect cerebral dysfunction. Therefore, early NIHSS scores may be used as a strong prognostic indicator for long-term functional outcome. However, NIHSS scores at admission were not significantly associated with mortality because of fewer deaths occurring in our study.



The other clinical factor that is significantly associated and becomes a potential prognostic indicator of long-term outcome is Hb in the present study. Similarly, Park et al. showed that a lower Hb range is related to poor outcome in acute ischemic stroke [26]. Moreover, low Hb has been linked to infarct volume expansion and infarct growth velocity acceleration [27,28]. However, several previous studies found low or high Hb to be associated with poor stroke outcome, mortality, and stroke recurrence [29,30,31]. Still, the association between Hb with stroke outcome and mortality faces uncertainty.



We also found that the eGFR was significantly different between the favorable and unfavorable groups, where the lower eGFR might indicate an unfavorable outcome. A previous study showed that low eGFR is associated with in-hospital death and at-discharge death or disability in ischemic stroke patients [32]. Patients with low eGFR indicated a reduced renal function, which increases the risk of development of cardiovascular diseases, including stroke. Renal function, represented by eGFR, also appeared as a significant independent prognostic indicator for long-term mortality over 10 years [33]. The eGFR cutoffs were found to have an association with poor outcome depending on the equation used to estimate GFR [34]. In contrast, Yang et al. showed no significant association between eGFR, mortality, and stroke outcome [35]. Those divulging results are complicated due to small sample sizes and not being population-based studies.



A common complication of stroke is autonomic dysfunction, which impairs the functional outcome and increases mortality [36]. Autonomic dysfunction in stroke is caused by the damage to the central autonomic network (CAN). The CAN consists of brain areas that play a critical role in emotional function, cognitive, and behavioral outcome, which are described as functional outcome in regard to stroke. The functional outcome of stroke was reported to have a correlation with ANS dysfunction and was measured by heart rate variability (HRV) [7]. In the present study, one of the HRV parameters showed statistically significant differences between the patients with poor behavioral functional outcome and good behavioral functional outcome, while patients with poor outcome had the lower median of RR mean. The median of RR mean at admission also was significantly associated with long-term functional outcome. These findings can be explained by ANS disruption in ischemic stroke. However, the RR mean association remains uncertain, because previous studies showed no significant association between the RR mean and stroke outcome [9,37]. Also, the TP, LF, HF, and LF/HF ratio in this study were lower in the unfavorable group than in the favorable group, but the difference was not statistically significant. In parallel, Tsai et al. also found the frequency-domain HRV parameter to showing less sensitivity to change and no significant correlation [10]. Yet, divergent results were found in several previous studies that explored the association between HRV parameters and behavioral functional outcome [7].



This study has several limitations. First, our study used a small cohort of Taiwanese ischemic stroke patients in a single hospital, which may cause selection bias and limit the generalization of our results to other stroke populations. The presence of diabetic patients, patients with atrial fibrillation, or medications also may have influenced the activity of the ANS. Second, we did not include a control group, preventing us from comparing the HRV as a prognostic factor in regard to ischemic stroke and healthy participants. Third, we focused only on specific HRV parameters, including the RR mean, TP, HF, LF, LF/HF, and LF%, thus limiting our ability to explore potential prognostic indicators from other HRV parameters, such as non-linear parameters. Fourth, only 58 patients were included in this study from among the 337 enrolled patients, which is a very small number, although one HRV parameter that was statistically significant was associated with long-term behavioral functional outcome. A study using large-scale data is still needed to explore and verify the association between HRV parameters and long-term functional outcome in ischemic stroke. Fifth, the functional outcome were measured only based on mRS scores. While the mRS score is a valid scale for representing the functional outcome in ischemic stroke, we acknowledge that using only the mRS score might not fully encompass all dimensions of functional status. Therefore, the suggested future research should enhance the comprehensiveness of evaluations by integrating additional assessment tools alongside the mRS.




5. Conclusions


Our study identified significant differences in age, NIHSS score at admission, hemoglobin, and stroke history between the survival and death groups. However, these variables did not show a significant correlation with mortality in this analysis. In contrast, variables such as age, gender, NIHSS score at admission, eGFR, hemoglobin, and the median of the RR mean varied significantly between the favorable and unfavorable outcome groups. Of these, the NIHSS score at admission, the median of the RR mean, and hemoglobin demonstrated a significant association with the 3-month functional outcome in ischemic stroke, suggesting their potential as useful prognostic indicators for long-term functional outcome. Meanwhile, frequency-domain HRV parameters did not show a significant relationship and were less sensitive in patients with poor outcome. Further clinical studies with larger datasets are necessary to explore the implications of HRV, neurological function, and clinical factors on mortality and behavioral functional outcome in ischemic stroke.







Author Contributions


Investigation and validation, M.-J.W., S.R.K.D., W.-T.H., S.-F.L., L.C. and M.-C.L.; data curation, M.-J.W., W.-T.H. and T.-Y.H.; writing—original draft preparation, M.-J.W. and S.R.K.D.; writing—review and editing, S.R.K.D., T.-Y.H. and S.-F.L.; supervision, L.C. and M.-C.L.; funding acquisition, M.-J.W. and M.-C.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Science and Technology Council, Taiwan (grant number 112-2314-B-038-112) to M.-C.L.




Institutional Review Board Statement


The study was evaluated and approved by the Taipei Medical University Joint Institutional Review Board (IRB) of Human Research according to the Declaration of Helsinki (IRB No: N20210750).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not available due to privacy and ethical reason.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kuriakose, D.; Xiao, Z. Pathophysiology and treatment of stroke: Present status and future perspectives. Int. J. Mol. Sci. 2020, 21, 7609. [Google Scholar] [CrossRef] [PubMed]

	



Fan, J.; Li, X.; Yu, X.; Liu, Z.; Jiang, Y.; Fang, Y.; Zong, M.; Suo, C.; Man, Q.; Xiong, L. Global Burden, Risk Factor Analysis, and Prediction Study of Ischemic Stroke, 1990–2030. Neurology 2023, 101, E137–E150. [Google Scholar] [CrossRef]

	



Zhang, X.; Lv, H.; Chen, X.; Li, M.; Zhou, X.; Jia, X. Analysis of ischemic stroke burden in Asia from 1990 to 2019: Based on the global burden of disease 2019 data. Front. Neurol. 2023, 14, 1309931. [Google Scholar] [CrossRef] [PubMed]

	



Nichols-Larsen, D.S.; Clark, P.C.; Zeringue, A.; Greenspan, A.; Blanton, S. Factors influencing stroke survivors’ quality of life during subacute recovery. Stroke 2005, 36, 1480–1484. [Google Scholar] [CrossRef] [PubMed]

	



Micieli, G.; Cavallini, A. The autonomic nervous system and ischemic stroke: A reciprocal interdependence. Clin. Auton. Res. 2008, 18, 308–317. [Google Scholar] [CrossRef] [PubMed]

	



Aftyka, J.; Staszewski, J.; Dębiec, A.; Pogoda-Wesołowska, A.; Żebrowski, J. Heart rate variability as a predictor of stroke course, functional outcome, and medical complications: A systematic review. Front. Physiol. 2023, 14, 1115164. [Google Scholar] [CrossRef] [PubMed]

	



Lee, Y.; Walsh, R.J.; Fong, M.W.M.; Sykora, M.; Doering, M.M.; Wong, A.W.K. Heart rate variability as a biomarker of functional outcomes in persons with acquired brain injury: Systematic review and meta-analysis. Neurosci. Biobehav. Rev. 2021, 131, 737–754. [Google Scholar] [CrossRef]

	



Hilz, M.J.; Moeller, S.; Akhundova, A.; Marthol, H.; Pauli, E.; De Fina, P.; Schwab, S. High NIHSS values predict impairment of cardiovascular autonomic control. Stroke 2011, 42, 1528–1533. [Google Scholar] [CrossRef]

	



Tang, S.; Xiong, L.; Fan, Y.; Mok, V.C.T.; Wong, K.S.; Leung, T.W. Stroke Outcome Prediction by Blood Pressure Variability, Heart Rate Variability, and Baroreflex Sensitivity. Stroke 2020, 51, 1317–1320. [Google Scholar] [CrossRef]

	



Tsai, W.C.; Lin, H.C.; Lai, Y.R.; Hsu, C.W.; Huang, C.C.; Wang, H.C.; Su, C.M.; Su, Y.J.; Lin, W.C.; Cheng, B.C.; et al. The Effect of Stroke Subtypes on Baroreceptor Sensitivity, a Predict for Acute Stroke Outcome. BioMed Res. Int. 2019, 2019, 7614828. [Google Scholar] [CrossRef]

	



Kasner, S.E. Clinical interpretation and use of stroke scales. Lancet Neurol. 2006, 5, 603–612. [Google Scholar] [CrossRef] [PubMed]

	



Kuo, T.B.J.; Lin, T.; Yang, C.C.H.; Li, C.L.; Chen, C.F.; Chou, P. Effect of aging on gender differences in neural control of heart rate. Am. J. Physiol.-Heart Circ. Physiol. 1999, 277, 2233–2239. [Google Scholar] [CrossRef] [PubMed]

	



Alawneh, K.Z.; Qawasmeh MAl Raffee, L.A.; Al-Mistarehi, A.H. Ischemic stroke demographics, clinical features and scales and their correlations: An exploratory study from Jordan. Futur. Sci. OA 2022, 8, FSO809. [Google Scholar] [CrossRef] [PubMed]

	



El Tallawy, H.N.; Farghaly, W.M.; Badry, R.; Hamdy, N.A.; Shehata, G.A.; Rageh, T.A.; Metwally, N.A.; Hassan, E.M.; Elsayed, S.S.; Yehia, M.A.; et al. Epidemiology and clinical presentation of stroke in upper egypt (Desert area). Neuropsychiatr. Dis. Treat. 2015, 11, 2177–2183. [Google Scholar] [PubMed]

	



Yousufuddin, M.; Young, N. Aging ang Stroke. Aging 2019, 11, 2542–2544. [Google Scholar] [CrossRef] [PubMed]

	



Soliman, R.H.; Oraby, M.I.; Fathy, M.; Essam, A.M. Risk factors of acute ischemic stroke in patients presented to Beni-Suef University Hospital: Prevalence and relation to stroke severity at presentation. Egypt. J. Neurol. Psychiatry Neurosurg. 2018, 54, 8. [Google Scholar] [CrossRef] [PubMed]

	



Grau, A.J.; Weimar, C.; Buggle, F.; Heinrich, A.; Goertler, M.; Neumaier, S.; Glahn, J.; Brandt, T.; Hacke, W.; Diener, H.C. Risk factors, outcome, and treatment in subtypes of ischemic stroke: The German stroke data bank. Stroke 2001, 32, 2559–2566. [Google Scholar] [CrossRef] [PubMed]

	



Appelros, P.; Stegmayr, B.; Terent, A. Sex differences in stroke epidemiology: A systematic review. Stroke 2009, 40, 1082–1090. [Google Scholar] [CrossRef]

	



Caso, V.; Paciaroni, M.; Agnelli, G.; Corea, F.; Ageno, W.; Alberti, A.; Lanari, A.; Micheli, S.; Bertolani, L.; Venti, M.; et al. Gender Differences in Patients with Acute Ischemic Stroke. Women’s Health 2010, 6, 51–57. [Google Scholar] [CrossRef] [PubMed]

	



Ohya, Y.; Matsuo, R.; Sato, N.; Irie, F.; Wakisaka, Y.; Ago, T.; Kamouchi, M.; Kitazono, T. Modification of the effects of age on clinical outcomes through management of lifestyle-related factors in patients with acute ischemic stroke. J. Neurol. Sci. 2023, 446, 120589. [Google Scholar] [CrossRef]

	



Chalos, V.; van der Ende, N.A.; Lingsma, H.F.; Mulder, M.J.; Venema, E.; Dijkland, S.A.; Berkhemer, O.A.; Yoo, A.J.; Broderick, J.P.; Palesch, Y.Y.; et al. National Institutes of Health Stroke Scale: An Alternative Primary Outcome Measure for Trials of Acute Treatment for Ischemic Stroke. Stroke 2020, 51, 282–290. [Google Scholar] [CrossRef] [PubMed]

	



Phan, T.G.; Clissold, B.B.; Ma, H.; Van Ly, J.; Srikanth, V. Predicting disability after ischemic stroke based on comorbidity index and stroke severity-from the virtual international stroke trials archive-acute collaboration. Front. Neurol. 2017, 8, 192. [Google Scholar] [CrossRef] [PubMed]

	



Wouters, A.; Nysten, C.; Thijs, V.; Lemmens, R. Prediction of outcome in patients with acute ischemic stroke based on initial severity and improvement in the first 24 h. Front. Neurol. 2018, 9, 308. [Google Scholar] [CrossRef] [PubMed]

	



Muir, K.; Weir, C.J.; Murray, G.D.; Povey, C.; Lees, K.R. Comparison of Neurological Scales and Scoring Systems for Acute Stroke Prognosis. Stroke 1996, 27, 1817–1820. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, U.; Arnold, M.; Nedeltchev, K.; Brekenfeld, C.; Ballinari, P.; Remonda, L.; Schroth, G.; Mattle, H.P. NIHSS score and arteriographic findings in acute ischemic stroke. Stroke 2005, 36, 2121–2125. [Google Scholar] [CrossRef] [PubMed]

	



Park, Y.H.; Kim, B.J.; Kim, J.S.; Yang, M.H.; Jang, M.S.; Kim, N.; Han, M.K.; Lee, J.S.; Lee, J.; Kim, S.; et al. Impact of both ends of the hemoglobin range on clinical outcomes in acute ischemic stroke. Stroke 2013, 44, 3220–3222. [Google Scholar] [CrossRef] [PubMed]

	



Kimberly, W.T.; Wu, O.; Arsava, E.M.; Garg, P.; Ji, R.; Vangel, M.; Singhal, A.B.; Ay, H.; Sorensen, A.G. Lower Hemoglobin Correlates with Larger Stroke Volumes in Acute Ischemic Stroke. Cerebrovasc. Dis. Extra 2011, 1, 44–53. [Google Scholar] [CrossRef] [PubMed]

	



Bellwald, S.; Balasubramaniam, R.; Nagler, M.; Burri, M.S.; Fischer, S.D.; Hakim, A.; Dobrocky, T.; Yu, Y.; Scalzo, F.; Heldner, M.R.; et al. Association of anemia and hemoglobin decrease during acute stroke treatment with infarct growth and clinical outcome. PLoS ONE 2018, 13, e0203535. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, R.; Xu, Q.; Wang, A.; Jiang, Y.; Meng, X.; Zhou, M.; Wang, Y.; Liu, G. Hemoglobin concentration and clinical outcomes after acute ischemic stroke or transient ischemic attack. J. Am. Heart Assoc. 2021, 10, e022547. [Google Scholar] [CrossRef]

	



Panwar, B.; Judd, S.E.; Warnock, D.G.; McClellan, W.M.; Booth, I.I.I.J.N.; Muntner, P.; Gutiérrez, O.M. Hemoglobin Concentration and Risk of Incident Stroke in Community-Living Adults. Stroke 2016, 47, 2017–2024. [Google Scholar] [CrossRef]

	



Chang, J.Y.; Lee, J.S.; Kim, B.J.; Kim, J.T.; Lee, J.; Cha, J.K.; Kim, D.H.; Cho, Y.J.; Hong, K.S.; Lee, S.J.; et al. Influence of Hemoglobin Concentration on Stroke Recurrence and Composite Vascular Events. Stroke 2020, 51, 1309–1312. [Google Scholar] [CrossRef] [PubMed]

	



Nugroho, A.W.; Arima, H.; Miyazawa, I.; Fujii, T.; Miyamatsu, N.; Sugimoto, Y.; Nagata, S.; Komori, M.; Takashima, N.; Kita, Y.; et al. The association between glomerular filtration rate estimated on admission and acute stroke outcome: The Shiga stroke registry. J. Atheroscler. Thromb. 2018, 25, 570–579. [Google Scholar] [CrossRef] [PubMed]

	



Tsagalis, G.; Akrivos, T.; Alevizaki, M.; Manios, E.; Stamatellopoulos, K.; Laggouranis, A.; Vemmos, K.N. Renal dysfunction in acute stroke: An independent predictor of long-term all combined vascular events and overall mortality. Nephrol. Dial. Transplant. 2009, 24, 194–200. [Google Scholar] [CrossRef] [PubMed]

	



Yahalom, G.; Schwartz, R.; Schwammenthal, Y.; Merzeliak, O.; Toashi, M.; Orion, D.; Sela, B.A.; Tanne, D. Chronic kidney disease and clinical outcome in patients with acute stroke. Stroke 2009, 40, 1296–1303. [Google Scholar] [CrossRef] [PubMed]

	



Yang, J.; Arima, H.; Zhou, J.; Zhao, Y.; Li, Q.; Wu, G.; Zhang, Y. Effects of low estimated glomerular filtration rate on outcomes after stroke: A hospital-based stroke registry in China. Eur. J. Neurol. 2014, 21, 1143–1145. [Google Scholar] [CrossRef] [PubMed]

	



Cha, K.H.; Kang, N.Y.; Huh, S.; Ko, S.H.; Shin, Y.I.; Min, J.H. The Effects of Autonomic Dysfunction on Functional Outcomes in Patients with Acute Stroke. Brain Sci. 2023, 13, 1694. [Google Scholar] [CrossRef]

	



Zhao, M.; Guan, L.; Collet, J.P.; Wang, Y. Relationship between ischemic stroke locations, etiology subtypes, neurological outcomes, and autonomic cardiac function. Neurol. Res. 2020, 42, 630–639. [Google Scholar] [CrossRef]








 





Table 1. Baseline characteristic of all included patients.






Table 1. Baseline characteristic of all included patients.









	Variables
	Value





	Age, mean ± SD
	70.9 ± 13.31



	Gender: Female/Male, number (%)
	25 (43.1)/33 (56.9)



	BMI: Obese, number (%)
	31 (53.4)



	Stroke Severity at admission
	



	Mild (NIHSS score <5)
	11 (18.9)



	Moderate (NIHSS score >5, ≤15)
	27 (46.6)



	Severe (NIHSS score >15)
	20 (34.5)



	Stroke Severity at discharge
	



	Mild (NIHSS score <5)
	25 (43.1)



	Moderate (NIHSS score >5, ≤15)
	15 (25.9)



	Severe (NIHSS score >15)
	18 (31.0)



	Infarct Side
	



	Left, number (%)
	29 (50.0)



	Right, number (%)
	24 (41.4)



	Bilateral, number (%)
	5 (8.6)



	Received tPa treatment, number (%)
	28 (48.3)



	HRV
	



	RR mean, median (IQR)
	723.45 (265.83)



	TP, median (IQR)
	6.62 (2.66)



	HF, median (IQR)
	5.16 (2.77)



	LF, median (IQR)
	5.78 (2.55)



	LF/HF ratio, median (IQR)
	0.76 (0.93)



	LF%, median (IQR)
	71.42 (20.01)



	Length of stay in hospital, mean ± SD
	21.67 ± 18.15



	Mortality status
	



	Survive/Death, number (%)
	45 (77.6)/13 (22.4)



	3-Month Functional Outcome
	



	Favorable (mRS score 0–2)/Unfavorable (mRS score 3–6)
	28 (48.3)/30 (51.7)







The HRV parameters showed as median value. IQR is interquartile range. SD is standard deviation.













 





Table 2. Comparison of heart rate variability parameters and neurological function by mortality status in ischemic stroke.
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Variables

	
Mortality

	
p-Value




	
Survive

n = 50

	
Death

n = 8






	
HRV

	

	

	




	
RR mean, median (IQR)

	
715.93 (269.23)

	
784.03 (257.31)

	
0.755




	
TP, median (IQR)

	
6.62 (2.46)

	
6.71 (3.81)

	
0.638




	
HF, median (IQR)

	
5.08 (2.76)

	
5.76 (3.78)

	
0.343




	
LF, median (IQR)

	
5.66 (2.42)

	
5.95 (4.30)

	
0.603




	
LF/HF ratio, median (IQR)

	
0.78 (0.89)

	
0.62 (1.21)

	
0.387




	
LF%, median (IQR)

	
71.42 (18.27)

	
67.68 (29.57)

	
0.450




	
NIHSS score at admission, mean ± SD

	
11.54 ± 8.58

	
21.38 ± 6.97

	
0.003








The HRV parameters showed as median value. The t-test and Mann–Whitney u test were used when appropriate. The bold p-value indicates statistical significance at the 0.05 level (p-value < 0.05). IQR is interquartile range. SD is standard deviation. 













 





Table 3. Comparison of clinical factors by mortality status in ischemic stroke.
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Variables

	
Mortality

	
p-Value




	
Survive

n = 50

	
Death

n = 8






	
Age, mean ± SD

	
69.38 ± 12.73

	
80.38 ± 13.73

	
0.029




	
Female/Male, number (%)

	
21 (42.0%)/29 (58.0%)

	
4 (50.0%)/4 (50.0%)

	
0.671




	
BMI

	

	

	
0.330




	
Obese, number (%)

	
28 (56.0%)

	
3 (37.5%)

	




	
non-obese, number (%)

	
22 (44.0%)

	
5 (62.5%)

	




	
Infarct Side

	

	

	
0.570




	
Left, number (%)

	
24 (48.0%)

	
5 (62.5%)

	




	
Right, number (%)

	
21 (42.0%)

	
3 (37.5%)

	




	
Bilateral, number (%)

	
5 (10.0%)

	
0 (0.0%)

	




	
Diseases History

	

	

	




	
Hypertension/Other, number (%)

	
35 (70.0%)

	
7 (87.5%)

	
0.304




	
Drinking, number (%)

	
8 (16.0%)

	
0 (0.0%)

	
0.223




	
Smoking, number (%)