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Acute hyperglycemia is a powerful indicator of the severity of acute ischemic stroke (AIS); however, the relationship between these two factors is not very clear in patients with diabetes. We aimed to retrospectively evaluate data from 335 consecutive patients who experienced AIS from November 2015 to November 2016 to investigate whether a comprehensive assessment of blood glucose levels is a more valuable indicator of the severity of AIS or the presence of acute hyperglycemia in patients with diabetes. We collected demographic data, clinical manifestation information, clinical scores, and laboratory data [including fasting blood glucose and glycated hemoglobin (HbA1c) levels]. We estimated prehospital mean blood glucose concentrations using the following formula [1.59 * HbA1c (%) – 2.59] to calculate the “Acute-to-Chronic Glycemic Ratio” (AC ratio). The AC ratio differed significantly among patients grouped according to the National Institutes of Health Stroke Scale/Score (NIHSS) at admission (admission NIHSS) (p = 0.006). Univariate regression analysis revealed a correlation between the AC ratio and admission NIHSS [standardized β-coefficient (Std. B) = 0.164, p = 0.004]. The adjusted linear regression analysis revealed a correlation between both HbA1c (Std. B = 0.368, p = 0.038) and the AC ratio (Std. B = 0.262, p = 0.022) and admission NIHSS. The AC ratio (Std. B = 0.161, p = 0.012) was related to admission NIHSS in the stepwise variable selection. For an admission NIHHS > 4, the AC ratio (Std. B = 0.186, p = 0.047) was related to admission NIHSS in the stepwise variable selection. The AC ratio (Std. B = 1.163, p = 0.006 and Std. B = 0.565, p = 0.021, respectively) were related to admission NIHSS in both large-artery atherosclerosis (LAA) and small-vessel occlusion (SVO) subgroups. Thus, the AC ratio is related to admission NIHSS in patients with diabetes who experienced AIS and may be a better indicator of severity than acute blood glucose levels.
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Introduction

Elevated levels of plasma glucose (acute hyperglycemia) are common in patients experiencing acute ischemic stroke (AIS), and acute hyperglycemia is an independent determinant of adverse outcomes (1–5) in patients with or without diabetes. Acute hyperglycemia promotes a state of thrombosis, drives inflammatory responses and oxidative stress, and results in cerebral dysfunction (3, 6–8); collectively, these changes can lead to greater infarct size and more severe neurological damage (3). For patients with diabetes, there is a weak correlation between mild blood sugar elevation and prognosis (5), and only when the blood glucose concentration is highly elevated, there exists a correlation between blood glucose levels and AIS (9). These findings suggest that acute hyperglycemia may not be directly related to the severity of AIS in patients with diabetes, as the pre-existing dysregulation of blood glucose levels may be a confounder. For example, the concentrations of hemoglobin A1c (HbA1c) were found a determinant of adverse consequences related to AIS (10, 11). In such patients, the presence of acute hyperglycemia might be a more potent indicator of illness severity if the effects driven by the previous dysregulation of blood glucose levels could be controlled.

Historically, fasting glucose levels have often been used to infer the degree of elevation of blood glucose concentrations. However, there have been some studies (12–16) that instead used the “Acute-to-Chronic Glycemic Ratio (AC ratio)”, as this factor correlated well with illness severity in patients with acute myocardial infarction and infection, and the use of this processed ratio appeared to be a better indicator of the “real” elevated blood glucose response. Thus, the purpose of our study was to investigate the possible relationship between the AC ratio and the severity of AIS in patients with diabetes.



Materials and methods


Patients

We included all consecutive patients with type 2 diabetes who developed and were treated for AIS from November 2015 to November 2016 in the Department of Neurology of Wuxi People's Hospital affiliated with Nanjing Medical University (n = 335). The inclusion criteria of patients with AIS were as follows: (1) occurrence of ischemic stroke symptoms within the 72 h prior to admission; and (2) a diagnosis of AIS based on magnetic resonance imaging (MRI) or computed tomography (CT). Patients meeting the following criteria were excluded: (1) patients experiencing definitive non-ischemic neurological deficits, such as hemorrhagic stroke; (2) patients experiencing transient ischemic attack; and (3) patients whose symptoms were attributed to causes, such as vasculitis, moyamoya disease, or tumor-related stroke. Stroke etiology was classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria after complete diagnostic profiling (17).



Research design

The included patients were admitted to the ward within 24 h, and clinical biochemical examinations were subsequently conducted. Admission glucose is defined as the first blood glucose test result before admission to the ward. On the first day of the stay in the ward, fasting glucose, glycated hemoglobin, urea nitrogen, C-reactive protein (CRP), albumin, serum creatinine, and cholesterol levels, among other factors, were recorded. The age, sex, and history of diseases were also recorded for each patient. Demographic, clinical, and biochemical data were measured within 24 h after admission.

Type 2 diabetes was confirmed in each case when the hospital medical records indicated a disease diagnosis or if the patient had undergone treatment with antidiabetic agents (including oral medications or insulin). According to published guidelines, an attending physician initiated standard medical treatment for each patient. During admission, no antidiabetic medication was administered to all patients with diabetes, and the target range of blood glucose levels was 8–10 mmol/L. The prehospital average glucose level was estimated by HbA1c according to the following formula as previously described (18):

Estimated prehospital average glucose level (mmol) = 1.59*HbA1c (%) - 2.59.

Subsequently, the AC ratio was calculated as follows:

AC ratio = fasting blood glucose level / estimated prehospital average glucose level.

In each patient, the National Institutes of Health Stroke Scale/Score NIHSS (19) was calculated at admission and before discharge.



Ethics and consent

All research documents and procedures were approved by the Ethics Committee of Wuxi People's Hospital affiliated with Nanjing Medical University. All patients or their designated relatives provided written informed consent before participation in the study. No patient who participated in the study experienced a delay in treatment.



Statistical analysis

One-way analysis of variance (ANOVA) was used to compare the differences between groups for continuous variables with a normal distribution. The nonparametric Kruskal-Wallis rank-sum test was used to compare the differences between groups for continuous variables with the nonnormal distribution. For categorical variables, a chi-square test was used for group comparisons. Subsequently, the relationship between the AC ratio and admission NIHSS was evaluated by regression analysis. Single-factor linear regression analysis, multi-factor linear regression analysis, and stepwise regression analysis were conducted to study the relationship between independent variables and admission NIHSS. All tests were two-tailed, and p<0.05 indicated statistical significance. All analyses were performed using Statistical Package for the Social Sciences (SPSS) Statistics version 19 software (IBM Corp., Armonk, NY, USA).




Results

A total of 355 consecutive patients with AIS (mean age: 68.2 ± 11.1 years) were included in the study; of whom, 207 were male. All included patients had been diagnosed with diabetes. Overall, the mean fasting blood glucose concentration was 8.20 ± 2.99 mmol/L, the mean admission glucose concentration was 10.77 ± 5.11 mmol/L, the mean HbA1c level was 8.00 ± 1.95%, and the mean AC ratio was 0.84 ± 0.25.

Table 1 shows the baseline characteristics of the different patient groups classified according to admission NIHSS. The different groups comprised patients of similar ages and similar percentages of patients with hypertension, coronary heart disease, stroke, and smoking history. There were also no differences in fasting blood glucose, admission glucose, and HbA1c levels (p = 0.786, p = 0.315, and p = 0.143, respectively). Patients with higher admission NIHSS values had higher AC ratios than patients with lower admission NIHSS values (p = 0.006).


TABLE 1 Baseline characteristics of different groups separated according to admission NIHSS.
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Table 2 shows the results of the regression analysis based on admission NIHSS. The univariate analysis revealed that the AC ratio [standardized β-coefficient (Std. B) = 0.164, p = 0.004] was related to the admission NIHSS, but not to fasting blood glucose or HbA1c levels. HbA1c (Std. B = 0.368, p = 0.038) and the AC ratio (Std. B = 0.262, p = 0.022) were related to admission NIHSS after adjusting for major clinical confounding factors (age, sex, previous stroke history, CRP, and admission glucose levels). The linear regression analysis model showed that sex (Std. B = −0179, p = 0.005), history of stroke (Std. B = 0.143, p = 0.027), and the AC ratio (Std. B = 0.161, p = 0.012) were related to admission NIHSS in the stepwise variable selection process.


TABLE 2 Regression analysis of admission NIHSS.
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Table 3 shows the results of the regression analysis based on layered admission NIHSS values. At the admission NIHHS of ≤ 4 level, no variables exhibited a statistically significant relationship (including HbA1c and AC ratio) in the regression analysis. At the admission NIHHS of >4 level, a history of stroke was related to admission NIHSS in the adjusted regression analysis. The linear regression analysis model revealed that a history of stroke (Std. B = 0.216, p = 0.021) and the AC ratio (Std. B = 0.186, p = 0.047) were related to admission NIHSS in the stepwise variable selection process.


TABLE 3 Regression analysis of admission NIHSS at different levels.
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Table 4 shows the results of the regression analysis in different etiology subgroups. In the LAA subgroup, HbA1c (Std. B = 1.092, p = 0.006) and the AC ratio (Std. B = 1.163, p = 0.006) were related to admission NIHSS after adjusting for major clinical confounding factors (age, sex, previous stroke history, CRP, and admission glucose levels). In the SVO subgroup, the AC ratio (Std. B = 0.565, p = 0.021) was related to admission NIHSS after adjusting for major clinical confounding factors. In the SUE subgroup, no indicators show the correlation.


TABLE 4 Regression analysis of admission NIHSS in different etiology subgroups.
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Discussion

The main finding of this study is that the AC ratio can be used to assess the AIS status of patients with diabetes and may be a better indicator than fasting blood glucose and HbA1c levels when evaluating illness severity in patients with AIS.

Acute hyperglycemia is frequently observed in the early phase of AIS (3, 20), irrespective of the concomitant presence of diabetes, and it has been consistently shown to be associated with a poor outcome and larger infarct size (3, 6, 8). Some studies (21, 22) found that hyperglycemia could aggravate cerebral edema and increase the risk of early neurological deterioration. Changes in the levels of stress hormones (23), such as cortisol (24) and catecholamines (25), worsening of the state of thrombosis (7, 26), increased inflammatory responses, and oxidative stress might be involved in the hyperglycemia phenomenon. A variety of inflammatory factors including interleukin-6 (IL-6), matrix metalloproteinase-9 (MMP-9), tumor necrosis factor α (TNF-α), and hypersensitive C-reactive protein (hs-CRP), increased among patients with AIS (27). These changes may activate thioredoxin interacting protein(TXNIP), NF-κB pathway, etc., and damage the neurons (28, 29).

The impact of acute hyperglycemia is more pronounced in patients without diabetes than in those with the disease (4, 5, 30). Clinical observations (1, 4, 9, 30) have shown that in patients with diabetes experiencing AIS, the blood glucose level was related to illness severity only when it was significantly higher than that of patients without diabetes. This difference suggested that the magnitude of the increase above chronic levels in acute hyperglycemia, rather than the absolute admission glycemic level per se, can be detrimental. Therefore, we hypothesized that the ratio of the acute and chronic blood glucose levels would be better than the absolute fasting blood glucose value measured at the time of hospital admission for identifying true stress-induced hyperglycemia. To estimate the average degree of chronic glycemia, we chose to measure the HbA1c level, which reflected the blood glucose situation over the previous 8–12 weeks, and we employed the formula proposed by Nathan et al. (18).

To the best of our knowledge, this is one of the first studies (14, 31–33) to explore the role of the AC ratio in patients with AIS. While the prognostic impact of glycemia has been widely evaluated in those with AIS, the clinical relevance of the AC glycemic ratio has not been fully investigated. A very recent study by Chen et al. (33) analyzed the association between the AC ratio (defined in their study as the stress hyperglycemia ratio) and clinical outcomes at 3 months in 160 patients undergoing mechanical thrombectomy to treat proximal acute occlusion in the anterior circulation, showing that an increased AC ratio was strongly correlated with a poor outcome. However, contrary to our study, they did not distinguish between patients with or without diabetes in their population, and only 18.1% of participants were diabetic. Another study by Yang et al. (31)investigated whether HbA1c-based adjusted glycemic variables were associated with unfavorable outcomes among patients admitted to the hospital for AIS. However, their ratio was directly related to the HbA1c level, which was used as a denominator in their formula. In our study, we used the formula proposed by Nathan et al. (18) to calculate the estimated prehospital average glucose level, which was then used to calculate the AC ratio.

We found that in patients with different admission NIHSS levels, there were no statistically significant differences in fasting glucose, admission glucose, or HbA1c levels, although the AC ratio was significantly different. The single-variable linear regression analysis led to similar conclusions, with only the AC ratio showing a correlation with admission NIHSS. After adjusting for certain confounding factors, the fasting glucose and HbA1c levels showed a statistical correlation with admission NIHSS. These findings are similar to those of previous research (1–5). Blood glucose and HbA1c levels, the AC ratio, and other potential independent variables were evaluated by linear regression using the stepwise method of analysis to identify those with a significant impact on admission NIHSS, with the goal of constructing the optimal regression equation. The results showed that, relative to the glycemic index, the AC ratio might be a better indicator of admission NIHSS-related outcomes.

We evaluated whether the AC ratio had a better performance as an indicator at certain NIHSS levels. In the case of NIHSS of ≤ 4, no statistical significance was observed for any of the potential independent variables. For an admission NIHSS of >4, the results of the linear regression analysis showed no statistically significant relationship for the HbA1c level or the AC ratio; however, after employing the gradual stepwise analysis method, the AC ratio did exhibit a statistically significant relationship. We speculate that in patients with relatively mild diseases (i.e., those with an NIHSS of ≤ 4), various factors could slightly affect their clinical condition. However, to evaluate the effects of inflammatory indicators, blood glucose and glycated hemoglobin levels, and other influencing factors, it may be necessary to increase the number of subjects included in the analysis to ensure sufficient statistical power to observe a significant effect. However, for patients with more severe illness (NIHSS of >4), a potential correlation with the AC ratio is more likely, as a trend toward significance was observed (p = 0.082). Finally, statistical significance was observed for the AC ratio in the stepwise regression analysis in which the ratio competed with other potential indicators.

For other blood glucose-related indicators, such as glycated hemoglobin, the full NIHSS regression analysis revealed statistical correlations. For example, the standardized regression coefficient was slightly higher for HbA1c than for the AC ratio (Std. B = 0.368 and 0.262, respectively), indicating that HbA1c is also a relatively good indicator. In the subsequent stepwise method of variable selection, however, HbA1c was not selected, which suggested that the AC ratio may be a better indicator than HbA1c.

We have observed that among patients with relatively mild illness, HbA1c and the AC ratio are not significantly related. Among patients with relatively serious illnesses, HbA1c was eliminated during the stepwise regression process. We speculate that there were several possibilities that could explain this result. The first possibility is that HbA1c is a long-term indicator of chronic conditions, whereas the AC ratio may better reflect the manifestation of acute changes related to certain diseases (34). The second is that HbA1c is also a necessary factor, and overall, a decrease in the number of patients with a relatively severe clinical condition may lead to differences in statistical significance. Third, in the multiple linear regression analysis, HbA1c (p = 0.17) was higher than that of the AC ratio (p = 0.082), a result that may be related to the greater competitiveness of the AC ratio in the subsequent stepwise regression analysis.

We also observed the AC ratio in different Toast subgroups. Our research eliminated AIS patients with a determined etiology, so there was no patient in the SOE group. For the CE group, because there were only 12 patients, we mainly focused on the three groups of LAA, SVO, and SUE. We found that in the LAA and SVO groups, the AC ratio can perform the correlation, but the SUE group does not show the correlation. This result prompted that there may be other potential factors for patients with AIS with undetermined etiology, which may need a larger sample volume to explore this phenomenon.

Our research has some limitations. The first limitation is that this is a cross-sectional study without a follow-up period, making it difficult to assess the relationship between the AC ratio and patient prognosis over time. Also, the number of patients included in the study was small, and the subgroups were smaller still after categorizing the patients according to admission NIHSS. Finally, despite taking into account the history of cerebral infarction, we could not completely rule out its effect on the current condition of the patient.



Conclusion

Our study may have some clinical significance. The AC ratio can be used to identify “real” acute hyperglycemia, it can assess the condition of patients with diabetes who have experienced AIS, and it may be a better indicator of the severity of AIS than fasting blood glucose and glycated hemoglobin levels.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Wuxi People's Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

LX and G-jX conceived, designed, and coordinated the experiments. CL and X-pZ carried out the research, collected and sorted out data, and drafted and wrote the manuscript. X-wZ and Y-mJ revised the manuscript. All authors have read and agreed to the published version of the manuscript.



Funding

This work was supported by the Major Project of Wuxi Health Planning Commission, China (Z201807) and the General project of Wuxi Science and Technology Bureau, China (N20202006).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Yong M, Kaste M. Dynamic of hyperglycemia as a predictor of stroke outcome in the ECASS-II trial. Stroke. (2008) 39:2749–55. doi: 10.1161/STROKEAHA.108.514307

 2. Poppe AY, Majumdar SR, Jeerakathil T, Ghali W, Buchan AM, Hill MD. Admission hyperglycemia predicts a worse outcome in stroke patients treated with intravenous thrombolysis. Diabetes Care. (2009) 32:617–22. doi: 10.2337/dc08-1754

 3. Kruyt ND, Biessels GJ, DeVries JH, Roos YB. Hyperglycemia in acute ischemic stroke: pathophysiology and clinical management. Nat Rev Neurol. (2010) 6:145–55. doi: 10.1038/nrneurol.2009.231

 4. Elgebaly MM, Ogbi S, Li W, Mezzetti EM, Prakash R, Johnson MH, et al. Neurovascular injury in acute hyperglycemia and diabetes: a comparative analysis in experimental stroke. Transl Stroke Res. (2011) 2:391–8. doi: 10.1007/s12975-011-0083-3

 5. Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyperglycemia and prognosis of stroke in nondiabetic and diabetic patients. Stroke. (2001) 32:2426–32. doi: 10.1161/hs1001.096194

 6. Parsons MW, Barber PA, Desmond PM, Baird TA, Darby DG, Byrnes G, et al. Acute hyperglycemia adversely affects stroke outcome: a magnetic resonance imaging and spectroscopy study. Ann Neurol. (2002) 52:20–8. doi: 10.1002/ana.10241

 7. Lemkes Ba Hermanides J, Devries Jh Holleman F, Meijers Jcm Hoekstra Jbl. Hyperglycemia: a prothrombotic factor? J Thromb Haemost. (2010) 8:1663–9. doi: 10.1111/j.1538-7836.2010.03910.x

 8. Bevers MB, Vaishnav NH, Pham L, Battey TW, Kimberly WT. Hyperglycemia is associated with more severe cytotoxic injury after stroke. J Cereb Blood Flow Metab. (2017) 37:2577–83. doi: 10.1177/0271678X16671730

 9. Snarska KK, Bachórzewska-Gajewska H, Kapica-Topczewska K, Drozdowski W, Chorazy M, Kułakowska A, et al. Hyperglycemia and diabetes have different impacts on outcome of ischemic and hemorrhagic stroke. Arch Med Sci. (2017) 1:100–8. doi: 10.5114/aoms.2016.61009

 10. Rocco A, Heuschmann PU, Schellinger PD, Köhrmann M, Diedler J, Sykora M, et al. Glycosylated hemoglobin A1 predicts risk for symptomatic hemorrhage after thrombolysis for acute stroke. Stroke. (2013) 44:2134–8. doi: 10.1161/STROKEAHA.111.675918

 11. Lattanzi S, Bartolini M, Provinciali L, Silvestrini M. Glycosylated hemoglobin and functional outcome after acute ischemic stroke. J Stroke Cerebrovasc Dis. (2016) 25:1786–91. doi: 10.1016/j.jstrokecerebrovasdis.2016.03.018

 12. Marenzi G, Cosentino N, Milazzo V, De Metrio M, Rubino M, Campodonico J, et al. Acute kidney injury in diabetic patients with acute myocardial infarction: role of acute and chronic glycemia. J Am Heart Assoc. (2018) 7:e008122. doi: 10.1161/JAHA.117.008122

 13. Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O'Dea H, Stranks SN, et al. Relative hyperglycemia, a marker of critical illness: introducing the stress hyperglycemia ratio. J Clin Endocrinol Metab. (2015) 100:4490–7. doi: 10.1210/jc.2015-2660

 14. Yang Y, Kim T-H, Yoon K-H, Chung WS, Ahn Y, Jeong M-H, et al. The stress hyperglycemia ratio, an index of relative hyperglycemia, as a predictor of clinical outcomes after percutaneous coronary intervention. Int J Cardiol. (2017) 241:57–63. doi: 10.1016/j.ijcard.2017.02.065

 15. Liao W, Sheu WH, Chang W, Hsu C, Chen Y, Tsai S. An elevated gap between admission and A1C-derived average glucose levels is associated with adverse outcomes in diabetic patients with pyogenic liver abscess. PLoS ONE. (2013) 8:e64476. doi: 10.1371/journal.pone.0064476

 16. Marenzi G, Cosentino N, Milazzo V, De Metrio M, Cecere M, Mosca S, et al. Prognostic value of the acute-to-chronic glycemic ratio at admission in acute myocardial infarction: a prospective study. Diabetes Care. (2018) 41:847–53. doi: 10.2337/dc17-1732

 17. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh EE. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. (1993) 24:35–41. doi: 10.1161/01.STR.24.1.35

 18. Nathan DM, Kuenen J, Borg R, Zheng H, Schoenfeld D, Heine RJ. Translating the A1C assay into estimated average glucose values. Diabetes Care. (2008) 31:1473–8. doi: 10.2337/dc08-0545

 19. Fischer U, Arnold M, Nedeltchev K, Brekenfeld C, Ballinari P, Remonda L, et al. Score and arteriographic findings in acute ischemic stroke. Stroke. (2005) 36:2121–5. doi: 10.1161/01.STR.0000182099.04994.fc

 20. Lindsberg PJ, Roine RO. Hyperglycemia in acute stroke. Stroke. (2004) 35:363–4. doi: 10.1161/01.STR.0000115297.92132.84

 21. Huang Z-X, Huang Y, Zeng J, Hao H, Petroski GF, Lu H, et al. Admission glucose levels may increase the risk for early neurological deterioration in females with acute ischemic stroke. Front Neurol. (2020) 11:548892. doi: 10.3389/fneur.2020.548892

 22. Broocks G, Kemmling A, Aberle J, Kniep H, Bechstein M, Flottmann F, et al. Elevated blood glucose is associated with aggravated brain edema in acute stroke. J Neurol. (2020) 267:440–8. doi: 10.1007/s00415-019-09601-9

 23. McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglycemia. Crit Care Clin. (2001) 17:107–24. doi: 10.1016/S0749-0704(05)70154-8

 24. Cheung NW, Wong KYC, Kovoor P, McLean M. Stress hyperglycemia: a prospective study examining the relationship between glucose, cortisol and diabetes in myocardial infarction. J Diabetes Complic. (2019) 33:329–34. doi: 10.1016/j.jdiacomp.2018.12.015

 25. Marik PE, Bellomo R. Stress hyperglycemia. Crit Care Med. (2013) 41:e93–4. doi: 10.1097/CCM.0b013e318283d124

 26. Basili S, Raparelli V, Napoleone L, Talerico G, Corazza GR, Perticone F, et al. Platelet count does not predict bleeding in cirrhotic patients: results from the PRO-LIVER Study. Am J Gastroenterol. (2018) 113:368–75. doi: 10.1038/ajg.2017.457

 27. Cai Y, Zhang H, Li Q, Zhang P. Correlation between blood glucose variability and early therapeutic effects after intravenous thrombolysis with alteplase and levels of serum inflammatory factors in patients with acute ischemic stroke. Front Neurol. (2022) 13:806013. doi: 10.3389/fneur.2022.806013

 28. Yang X-L, Cao C-Z, Zhang Q-X. MiR-195 alleviates oxygen–glucose deprivation/reperfusion-induced cell apoptosis via inhibition of IKKα-mediated NF-κB pathway. Int J Neurosci. (2021) 131:755–64. doi: 10.1080/00207454.2020.1754212

 29. Ismael S, Nasoohi S, Yoo A, Ahmed HA, Ishrat T. Tissue plasminogen activator promotes TXNIP-NLRP3 inflammasome activation after hyperglycemic stroke in mice. Mol Neurobiol. (2020) 57:2495–508. doi: 10.1007/s12035-020-01893-7

 30. Zsuga J, Gesztelyi R, Kemeny-Beke A, Fekete K, Mihalka L, Adrienn SM, et al. Different effect of hyperglycemia on stroke outcome in non-diabetic and diabetic patients—a cohort study. Neurol Res. (2012) 34:72–9. doi: 10.1179/1743132811Y.0000000062

 31. Yang C, Liao W, Wang J, Tsai C-L, Lee J-T, Peng G, et al. Usefulness of glycated hemoglobin A1c-based adjusted glycemic variables in diabetic patients presenting with acute ischemic stroke. Am J Emerg Med. (2017) 35:1240–6. doi: 10.1016/j.ajem.2017.03.049

 32. Sung J, Chen C-I, Hsieh Y, Chen Y, Wu H, Chan L, et al. Comparison of admission random glucose, fasting glucose, and glycated hemoglobin in predicting the neurological outcome of acute ischemic stroke: a retrospective study. PeerJ. (2017) 5:e2948. doi: 10.7717/peerj.2948

 33. Chen X, Liu Z, Miao J, Zheng W, Yang Q, Ye X, et al. High stress hyperglycemia ratio predicts poor outcome after mechanical thrombectomy for ischemic stroke. J Stroke Cerebrovasc Dis. (2019) 28:1668–73. doi: 10.1016/j.jstrokecerebrovasdis.2019.02.022

 34. Williams LS, Ghose SS, Swindle RW. Depression and other mental health diagnoses increase mortality risk after ischemic stroke. Am J Psychiatry. (2004) 161:1090–5. doi: 10.1176/appi.ajp.161.6.1090





OPS/images/fneur-13-938612-t003.jpg
NIHSS<4 NIHSS>4

Adjusted Adjusted Stepwise Adjusted
B Std.B ? B std. B P B Std. B P

Agelyears) —0.007 ~0.069 0483 —0.027 —0.08 0415

Sex(compare to female) —0.013 ~0.005 0956 —0.983 ~0.141 0.143

History of Stroke 0.365 0133 0.164 1645 0223 0.027 1599 0216 0.021
CRP(mg/L) 0.005 0.093 0333 0017 0111 0253

Fasting glucose (mmol/L) 0239 0.627 0193 —0225 ~0.177 04

Admission glucose (mmol/L) 0.027 0,073 053 —0.1 ~0.145 029

HbALC (%) —0.293 —0.465 0263 0552 0.328 017

AC ratio 2279 —0.415 0233 4805 0.409 0.082 2184 0.186 0.047

utes of Health Stroke Scale; HbAlc, hemoglobin Alc; CRP, C-reactive prot
‘hronic Glycemic Ratio.

B, regression coefficient; Std. B, standardized regression coeffi






OPS/images/fneur-13-938612-t004.jpg
LAA sVOo SUE

B std.B P B std.B P B std.B P
Age (years) 0.025 0.077 0.455 —0.047 —0.126 0279 0.089 0.278 0.096
Sex (compare to female) —0.527 —0.075 0.48 —1.85 —0.253 0.02 —1.763 —0.169 0.287
History of Stroke 0.288 0.037 0.739 1.933 0.262 0.014 0.565 0.057 0.719
CRP(mg/L) 0.021 0.134 0.198 0.012 0.07 0.494 0.011 0.053 0.753
Fasting glucose (mmol/L) —1.46 —1.186 0.012 —0.635 —0.485 0.046 1.538 0.964 0.145
Admission glucose (mmol/L) 0.06 0.064 0.631 —0.029 —0.042 0.784 0.174 0.129 0.495
HbAlc (%) 2102 1.092 0.006 0.567 0.326 0.209 —1.162 —048 0.381
AC ratio 17.319 1.163 0.006 7.055 0.565 0.021 —8.641 —0.526 0.427

NIHSS, National Institutes of Health Stroke S n coeffi

0, small-

B, regres
Acute-to-Chronic Glycemic Ratio.

; Std. B, standardized regression coefficient; LAA, large-a

tery

atherosclerosi 1 occl

ion;






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The acute-to-chronic glycemic ratio correlates with the severity of illness at admission in patients with diabetes experiencing acute ischemic stroke



		Introduction



		Materials and methods



		Patients



		Research design



		Ethics and consent



		Statistical analysis







		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

The acute-to-chronic glycemic
ratio correlates with the severity
of illness at admission in patients

with diabetes experiencing
acute ischemic stroke





OPS/images/fneur-13-938612-t001.jpg
Admission NIHSS P

0-2 3-4 5-6 7-8 9-10 >10
N 83 79 76 37 3 2
Age (years) 68.69 11.08 66.06 % 12.04 680911 69.46 % 1067 7054 1005 6846£1037 0413
Male, sex 55 (66.3%) 54(68.4%) 48(63.2%) 23(622%) 18 (52.9%) 9(34.6%) 0043
Hypertension 71 (85.5%) 71 (89.9%) 67 (88.2%) 33 (89.2%) 30 (88.2%) 23 (88.5%) 0977
Coronary heart disease 7 (8.4%) 9(11.4%) 5(6.6%) 2(5.4%) 2(5.9%) 1(38%) 0751
History of Stroke 17 (20.5%) 24 (30.4%) 19 (25%) 12 (32.4%) 8(23.5%) 12 (46.2%) 0.163
Atrial fibrillation 5(6%) 2(25%) 2(26%) 127%) 0.(0%) 20.7%) 0480
Smoking 14.(169%) 20 (25.3%) 13(17.1%) 6(16.2%) 4(11.8%) 1(3.8%) 0179
NIHSS at admission 11,2) 30,4 5(5,6) 8(7,8) 9.5(9,10) 14(11,16) <0.001
NIHSS on discharge 1(1,2) 32,3 46,9 6(55,7) 8(7,9) 1210, 15) <0.001
LAA 28 (33.7%) 28 (35.4%) 33 (43.4%) 15 (40.5%) 19 (55.9%) 5(19.2%) 0021
CE 5(6.0%) 2(25%) 2(26%) 127%) 0.(0%) 20.7%)
svo 33(39.8%) 37 (46.8%) 30/(39.5%) 17 (45.9%) 11 (324%) 7(269%)
SOE 0(0%) 0(0%) 0.(0%) 0(0%) 0.(0%) 0(0%)
SUE 17 (20.5%) 12 (15.2%) 11 (14.5%) 4(10.8%) 4(11.8%) 12 (46.2%)
Fasting glucose (mmol/L) 7984284 8284344 8£272 84743 828324 894251 0786
Admission glucose (mmol/L) 1158 +422 125341 13.36 4 5.02 12314548 14934753 12495488 0143
HbAlc (%) 7924197 7994183 8084184 7.87£145 867275 7434199 0315
Hemoglobin (g/L) 13286 £ 1684 13051 £ 17.08 13447 £ 1479 13097 1853 128,52 £ 1654 127842302 0411
AC ratio 0816 (0.685,0928)  0812(0.662,093) 0794 (0.685,0.922) 087 (0734, 1017)  0.801 (0.585,0957) 0983 (0.89, L.111)  0.006
CRP (mg/L) 6(45,9 6(4,145) 6(4,12) 5(4,103) 115(5,24.3) 1995295 0001
BUN (mmol/L) 54(46,6.75) 5.6(4.6,685) 5.6 (4.95,6.75) 6(48,675) 6.1(4.75,7.95) 62(43,114) 0672
Cr (mol/L) 64.35(55,85.18)  66.3(59.05,818)  72.1(59.5,859)  697(6235,80.1)  69(57.4,9115)  682(5645,966) 0943
Bilirubin (pmol/L) 163764 1594672 1619+ 4.92 1314439 1707 £9.11 1589646 0483
Albumin (g/L.) 42,09+ 347 43734 42394491 40.93 %562 1204£462 40894387 0323
TC (mol/L) 4214094 4324124 4374 1.06 4454105 4414128 5177 0.138
LDL-C (pmol/L) 253£08 26%1 2694096 2834092 2584089 318 0375
Fibrinogen (g/L) 3034086 3044073 3089 3184105 2874089 3284123 0632
Homocysteine (mol/L) 1636+ 653 1496:£7.35 15734654 15,644 604 17.74 £ 1048 1566418 0746

reactive protein; BUN, blood urea nitrogen;
cardioembolism; SVO, small-vess n; SOE,

total cholesterol; LDL-
UE, stroke of

, plasma creating

1 occlus

troke of other determined etiology:

undetermined etiology.





OPS/images/fneur-13-938612-t002.jpg
Unadjusted Adjusted Stepwise adjusted

B Std. B r B Std. B P B Std. B P
Age (years) 0019 0055 0312 001 0.028 0.673
Sex (compare to female) —1.257 —0.164 0.003 —1417 —0.176 0.007 —1.439 —0.179 0.005
History of Stroke 1154 0.138 0.011 1316 0.155 0.019 1213 0.143 0.027
CRP(mg/L) 003 0.186 0.003 002 0.115 0.073
Fasting glucose (mmol/L) 0.098 0079 0.159 —0414 —0292 0.106
Admission glucose (mmol/L) 0069 0.094 0.162 —0.028 —0.031 0718
HbAIC (%) ~0.003 ~0.001 0979 0751 0.368. 0.038
AC ratio 2.403 0.164 0.004 408 0.262 0.022 2418 0.161 0012

NIHSS, National Institutes of Health Stroke Scale; HbA1c, hemoglobin Ale; CRP, C-reactive prot
Acute-to-Chronic Glycemic Ratio.

B, regression coefficient; Std. B, standardized regression coefficient; AC










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





