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Abstract

Available data from observational studies on the association of admission hyperglycaemia 

(aHG) with outcomes of acute ischaemic stroke (AIS) patients treated with intravenous 

thrombolysis (IVT) are contradictory especially when stratified by diabetes mellitus (DM) 

history. We assessed the association of aHG (≥144 mg/dl) with outcomes stratified by DM 

history using propensity score matched (PSM) data from the SITS-ISTR. The primary safety 

outcome was symptomatic intracranial haemorrhage (SICH); three-month functional 

independence (FI;mRS scores 0-2) represented the primary efficacy outcome. Patients with and 

without aHG did not differ in baseline characteristics both in the non-diabetic (n=12,318) and 

diabetic (n=6,572) PSM subgroups. In the non-DM group, patients with aHG had lower 3-

month FI (53.3% vs. 57.9%,p<0.001) rates, higher 3-month mortality rates (19.2% vs. 

16.0%,p<0.001) and similar SICH rates (1.7% vs. 1.8%,p=0.563) compared to patients without 

aHG. Similarly, in the DM group, patients with aHG had lower rates of 3-month favourable 

functional outcome (mRS scores 0-1, 34.1% vs. 39.3%,p<0.001) and FI (48.2% vs. 

52.5%,p<0.001), higher 3-month mortality rates (23.7% vs. 19.9%,p<0.001) and similar SICH 

rates (2.2% vs. 2.7%,p=0.224) compared to patients without aHG. In conclusion, aHG was 

associated with unfavorable 3 month clinical outcomes in both diabetic and non-diabetic AIS 

patients treated with IVT. 
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Text

Introduction

More than a third of acute ischaemic stroke (AIS) patients present with increased 

plasma glucose on hospital admission (1, 2). Hyperglycaemia after AIS has been acknowledged 

as an independent predictor of poor outcome for more than 20 years (3), and more recently  

several observational studies suggested that increased plasma glucose on presentation is also 

an independent predictor for symptomatic intracerebral haemorrhage (SICH) and unfavourable 

clinical outcomes in AIS patients treated with intravenous thrombolysis (IVT) (4-7). 

Interestingly, this association of hyperglycaemia with poor clinical outcomes has also been 

reported in patients with successful recanalization following IVT (8).

However, when stratified by the history of diabetes mellitus (DM) data from 

observational studies on the association of hyperglycaemia with IVT outcomes yields 

contradictory findings. In the Canadian Alteplase for Stroke Effectiveness Study (CASES) 

admission hyperglycaemia (>144 mg/dl) was independently associated with poor outcomes 

following IVT administration in both diabetic and non-diabetic patients (9), while in the Safe 

Implementation of Treatments in Stroke International Stroke Thrombolysis Register (SITS-

ISTR) admission hyperglycaemia was only associated with a higher risk of SICH and mortality  

in patients without a history of diabetes mellitus, but not in diabetic patients (10).

In view of these discrepant findings we sought to assess the association of 

hyperglycaemia with early outcomes of AIS patients treated with IVT, stratified by the history 

of DM, using propensity score matched (PSM) data from the SITS-ISTR registry. 

Methods

We analyzed prospectively collected data from the SITS-ISTR registry from 

participating centers treating AIS patients with IVT using the IVT register platform, as 

previously described (11). We included all IVT-treated AIS patients registered in the SITS-

ISTR standard dataset between January 2010 and December 2017 if they had available data 

regarding: 1. the history of diabetes mellitus, 2. baseline plasma glucose values, 3. disability 
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prior to stroke onset [modified Rankin Scale (mRS) scores more than 1], 4. three-month 

functional outcome assessment using the mRS-score. Patients who have had endovascular 

treatment, alone or following administration of tissue plasminongen activator (tPA), were 

excluded from the present analysis. We also excluded patients enrolled in the SITS-ISTR 

register before January 2010, since data of these patients have been included in a previous 

studies investigating the association of admission hyperglycaemia with outcomes in AIS 

patients treated with IVT (10).

The primary safety outcome was the difference in SICH rates according to the SITS-

MOST definition (local or remote parenchymal haemorrhage type 2 on 22–36 hours post-IVT 

imaging scans combined with NIHSS-score increase ≥4 points or leading to death within 24 

hours) (12), while the primary efficacy outcome was the difference in functional independence 

(FI) rates at 3 months (defined as mRS scores 0-2) between patients with and without 

hyperglycaemia on hospital admission. Secondary outcome events of interest included:  1. 

mortality rates at 3 months, 2. favourable functional outcome (FFO) rates at 3 months (defined 

as mRS scores of 0 or 1), 3. SICH rates according to the ECASS II definition (any intracranial 

bleed with ≥4 points worsening on the NIHSS score) (13), 4. rates of any parenchymal 

haemorrhage (PH),  5. the distribution of the 3-month mRS scores (functional improvement) 

between patients with and without hyperglycaemia on hospital admission. All outcomes were 

evaluated separately for diabetic and non-diabetic patients, and all analyses were performed in 

both the unmatched and PSM populations.

Statistical analyses

After dichotomization according to the history of diabetes mellitus and the presence of 

admission hyperglycaemia (≥144 mg/dl) prior to tissue plasminogen activator (tPA) bolus (14), 

patients in the active group (presence of admission hyperglycaemia) were matched to control 

group patients (absence of admission hyperglycaemia) using a structured, iterative propensity 

score model with the primary objective to maximize the balance in the distribution of possible 
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confounders between the two aforementioned groups. The PSM was performed separately for 

diabetic and non-diabetic patients. In the PSM algorithm we included all baseline 

characteristics except for the history of diabetes mellitus and admission hyperglycaemia. The 

corresponding propensity score of the admission hyperglycaemia variable was then calculated 

for each subject and a nearest neighbor matching algorithm was then used to match patients 

with admission hyperglycaemia to patients in the control group (patients without admission 

hyperglycaemia) on a 1:1 ratio (with no replacement) within 0.2*SD of the logit of the 

propensity score. The process of PSM has been described in detail in similar analyses of SITS 

registry (15). To determine whether PSM achieved balance in all potential confounders, we 

compared all baseline characteristics of patients with admission hyperglycaemia to their PSM 

counterparts.

Statistical comparisons were performed between the aforementioned PSM groups 

using the χ2-test (or the Fisher’s exact test) and the unpaired t-test (or Mann-Whitney U-test), 

where appropriate. The distributions of the mRS-scores at three months between the PSM 

groups was compared using the Cochran Mantel-Haenszel test. The associations of admission 

hyperglycaemia and diabetes mellitus history with the outcomes of interest were also evaluated 

using univariable and multivariable binary logistic or ordinal logistic regression models. In 

univariable models of all baseline characteristics a threshold of p<0.1 was used to identify 

candidate variables for inclusion in the multivariate regression models that tested statistical 

significance hypothesis at a significance level of 0.05.

All statistical analyses were performed with RStudio: A Language and Environment 

for Statistical Computing (R Foundation for Statistical Computing, Vienna, Austria) (16), with 

the use of the “MatchIt” package (Matching software for causal inference) for matching patients 

across the two groups (17), and the Stata Statistical Software Release 13 (College Station, TX, 

StataCorp LP).

Results
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Out of a total 109,324 consecutive AIS patients treated with IVT between January 1, 

2010 and December 30, 2017 we identified 54,206 eligible patients (Figure 1). In the unmatched 

cohort, non-diabetic patients with admission hyperglycaemia were older (p<0.001), more likely 

to be female (p<0.001), with greater neurological severity on admission (p<0.001), a higher 

prevalence of hypertension (p<0.001), hyperlipidemia (p=0.012), atrial fibrillation (p<0.001) 

and congestive heart failure (p<0.001), a lower prevalence of current smoking (p<0.001) and 

previous stroke (p<0.001), higher rates of disability prior to the index event (p=0.006), higher 

systolic blood pressure on admission and longer onset-to-treatment times (p<0.001) compared 

to non-diabetic patients without admission hyperglycaemia. Non-diabetic patients with 

admission hyperglycaemia had lower rates of 3-month FFO (39.3% vs. 46.9%, p<0.001) and 

FI (51.9% vs. 61.3%, p<0.001), higher rates of any PH (5.6% vs. 4.5%, p<0.001) and SICH 

according to the ECASS II definition (5.5% vs. 3.8%, p<0.001), higher 3-month mortality rates 

(2.1% vs. 1.4%, p<0.001) and higher mRS scores at 3-months [2 (1-5) vs. 2 (0-4), p<0.001] 

compared to non-diabetic patients without admission hyperglycaemia. No difference in the 

SITS-MOST SICH rates was detected between the two groups (1.9% vs. 1.6%, p=0.083; eTable 

1, appendix).

In the unmatched cohort of diabetic patients, individuals with admission 

hyperglycaemia were younger (p<0.001), with a lower prevalence of hyperlipidaemia 

(p<0.001) and higher systolic and diastolic blood pressure on admission (p<0.001) compared 

to diabetic patients without admission hyperglycaemia (eTable 1, appendix). Diabetic patients 

with admission hyperglycaemia had lower rates of 3-month FFO (32.7% vs. 37.7%, p<0.001) 

and FI (46.3% vs. 50.6%, p<0.001), higher rates of any PH (7.5% vs. 6.1%, p=0.008) and SICH 

according to the ECASS II definition (7.3% vs. 6.2%, p=0.039), higher 3-month mortality rates 

(2.6% vs. 2.1%, p<0.001) and higher mRS scores at 3-months [3 (1-6) vs. 2 (1-5), p<0.001]. 

There was no difference in the SITS-MOST SICH rates (2.8% vs. 2.3%, p=0.130) between the 

two groups (diabetic patients with and without admission hyperglycaemia).

PSM in non-diabetic patients resulted in two groups of 6,159 patients each (Figure 1), 

balanced for all baseline characteristics (Table 1). Distributions of propensity scores before and 
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after matching are presented in eFigure 1, appendix. Non-diabetic patients with admission 

hyperglycaemia (68% treated within 3 hours from symptom onset) had lower rates of 3-month 

FFO (40.6% vs. 44.2%, p<0.001), lower rates of 3-month FI (53.3% vs. 57.9%, p<0.001) and 

higher rates of 3-month mortality (19.2% vs. 16.0%, p<0.001), as compared to non-diabetic 

patients without admission hyperglycemia. (Figure 2A). We detected no difference in the rates 

of any PH (5.1% vs. 4.6%, p=0.176) and SICH between the two groups according to SITS 

MOST (1.7% vs. 1.8%, p=0.563) and ECASS II definitions (5.0% vs. 4.6%, p=0.307).

Likewise, PSM in diabetic patients resulted in two groups of 3,286 patients each 

(Figure 1), balanced for all baseline characteristics (Table 2). Distributions of propensity scores 

before and after matching are presented in eFigure 2, appendix. Diabetic patients with 

admission hyperglycaemia (65% treated within 3 hours from symptom onset) had lower rates 

of 3-month FFO (34.1% vs. 39.3%, p<0.001), lower rates of 3-month FI (48.2% vs. 52.5%, 

p<0.001) and higher rates of 3-month mortality (23.7% vs. 19.9%, p<0.001), as compared to 

diabetic patients without admission hyperglycemia. (Figure 2B). There was no difference in the 

rates of any PH (6.4% vs. 6.1%, p=0.551) and SICH according to SITS-MOST (2.2% vs. 2.7%, 

p=0.224) and ECASS II definitions (6.9% vs. 5.8%, p=0.084) between the two groups. 

Both history of diabetes mellitus and admission hyperglycaemia were independently 

(p<0.05) associated with a lower likelihood of 3-month FFO and 3-month FI, higher risk of 3-

month mortality and worse 3-month functional outcomes (shift analysis) on multivariable 

logistic regression analyses of the unmatched cohort after adjustment for potential confounders 

(Table 2 & eTables 2-6, appendix). The risk of SICH was associated with a history of diabetes 

mellitus (OR=1.41, 95%CI: 1.16-1.72, p=0.001) but not with admission hyperglycaemia 

(OR=1.10, 95%CI: 0.92-1.32, p=0.292) in unmatched AIS patients treated with IVT (Table 2 

& eTable 2, appendix). There was no interaction (p>0.1) of the history of diabetes mellitus on 

the association of admission hyperglycaemia with SICH according to the SITS MOST 

definition, 3-month FI, 3-month mortality and 3-month functional improvement in the 

unmatched cohort of AIS patients treated with IVT (eFigure 3, appendix). We detected a 

significant interaction (p=0.032) of the history of diabetes mellitus on the association of 
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admission hyperglycaemia with 3-month FFO (eFigure 3, appendix). More specifically, 

admission hyperglycaemia had a more pronounced adverse impact on FFO in diabetic 

(OR=0.72, 95%CI: 0.65-0.82) than in non-diabetic (OR=0.84, 95%CI: 0.79-0.90) patients.

Finally, increasing admission plasma glucose levels were linearly associated with 

lower odds of 3-month FI (unadjusted analyses, Figure 3A) and of 3-month FFO (unadjusted 

analyses, eFigure 4, appendix) both in diabetic and non-diabetic patients. We also documented 

a linear relationship of increasing admission plasma glucose levels with higher likelihood of 3-

month mortality both in diabetic and non-diabetic patients (Figure 3B). The associations of 

admission plasma glucose levels with outcomes of interest on multivariable logistic regression 

analyses of the unmatched cohort after adjustment for potential confounders are presented in 

eTable 7. Increasing admission plasma glucose levels were associated with higher adjusted 

odds of 3-month mortality, while they were negatively related to the likelihood of 3-month 

FFO, FI and functional improvement. No independent association of admission plasma glucose 

with SICH according to the SITS MOST definition was found.

Discussion

Our study showed that admission hyperglycaemia is associated with unfavourable 

clinical outcomes, including 3-month FFO, FI and functional improvement, in both diabetic 

and non-diabetic AIS patients. These associations were documented both in the unmatched 

cohort following adjustment for potential confounders and in the PSM cohorts of diabetics and 

non-diabetics AIS patients. We documented no relationship of admission hyperglycaemia with 

the risk of SICH in either diabetic or non-diabetic AIS patients. 

Our results are in agreement with the findings of the CASES study (9), confirming 

hyperglycaemia as an independent risk factor for unfavourable outcomes in AIS patients 

receiving IVT treatment, while they are not in accordance to the findings of the previous SITS 

report (10) suggesting potential disparities in the association of admission hyperglycaemia with 

early functional outcomes according to the history of diabetes mellitus. However, it should be 

noted that the difference in findings may be attributed to differences in sample sizes (16.049 
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AIS patients in the previous study (10) vs. 54.206 AIS patients in the current report) and 

statistical analysis plan (PSM vs. multivariable analyses adjusting for confounders). Despite 

the strong association of hyperglycaemia in AIS outcomes, also evident in cases of large vessel 

occlusion treated with mechanical thrombectomy (18, 19), there is currently evidence of 

improved outcomes in AIS with hyperglycaemia and tight glycaemic control in the acute phase, 

in patients treated conservatively (20, 21) or with IVT (22). Moreover, the recently presented 

results from a multicenter, phase III randomized,-controlled clinical trial [The Stroke 

Hyperglycemia Insulin Network Effort (SHINE) Trial] suggest that intensive glucose control 

(between 80mg/dL and 130 mg/dL) with IV insulin administration in AIS not only fails to 

improve functional outcomes but is on the contrary associated with a substantially higher risk 

for hypoglycaemia (23). In accordance to the aforementioned findings, both guidelines from 

the European Stroke Organization (ESO) and American Heart Association/ American Stroke 

Association (AHA/ASA) recommend against the tight treatment of hyperglycaemia in AIS and 

suggest moderate glycemic control in the range of 140-180 mg/dl (24, 25). In the latest 

guideline of the American Diabetes Association for inhospital management for critically ill 

patients it is advised that iv or sc insulin should be used to manage persistent hyperglycemia 

starting at a cut-off point of 180 mg/dL (10.0 mmol/L). The recommended target glucose range 

for the majority of critically ill patients should be 140–180 mg/dL (7.8–10.0 mmol/L) (26).

Hyperglycaemia during the acute phase of stroke may indicate patients with abnormal 

glucose metabolism, who are known to have an increased risk for adverse cardiovascular 

outcomes (27). Hyperglycaemia is also known to enhance glucose and energy delivery to the 

ischaemic tissue at the cost of exacerbation of cell injury through multiple mechanisms, 

including lactic acidosis and oxidative stress (28). Experimental models suggest that 

hyperglycaemia following ischaemia results in blood-brain barrier dysfunction through an 

increase in oxidative stress and matrix metalloproteinase-9 activity (29). Post-ischaemic 

hyperglycaemia has also been associated with exacerbation of ischaemic neuronal damage 

mediated by transporter signalling (30, 31), in both normal animals and animals with metabolic 

syndrome (32), and with ineffective collateral circulation due to impaired cerebrovascular 
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reactivity (33). Interestingly, in a small cohort increased blood glucose was associated with 

greater acute-subacute lactate production and reduced salvage of brain tissue only in AIS 

patients with perfusion-diffusion mismatch, and not in AIS patients without evidence of viable 

penumbra on neuroimaging (34).

Baseline plasma glucose prior to IVT administration has been incorporated in the 

available prediction scores for post-IVT SICH, namely the SITS SICH score (35), the 

haemorrhage after thrombolysis (HAT) score (36), the SEDAN score (37) and the STARTING-

SICH score (38). However, in a retrospective cohort study of 1,112 IVT-treated consecutive 

AIS patients not only baseline plasma glucose, but also glycated hemoglobin (HbA1c) was 

highlighted as an important predictor of SICH risk following IVT administration, suggesting 

that the association between increased plasma glucose and sICH risk may be a consequence of 

long-term vascular injury attributed to diabetes mellitus rather than the sole result of acute 

hyperglycaemia (39).

Compared to previous reports our study included significantly higher numbers of both 

diabetic and non-diabetic patients, incorporating also AIS patients more than 80 years of age 

and with IVT administration beyond 3 hours. Additionally, we are the first to provide PSM 

analyses on the association of baseline plasma glucose with outcomes separately for diabetic 

and non-diabetic patients. Despite these strengths, some limitations of the current report also 

need to be acknowledged. First, selection and reporting biases cannot be excluded in this 

retrospective analysis of prospectively collected data from a multinational registry with self-

reported safety and effectiveness outcomes and no central adjudication of imaging and clinical 

outcomes. It should also be noted that the history of diabetes mellitus was recorded according 

to the relevant information provided in the registry, while glycated hemoglobin (HbA1c) values 

were not available. Therefore, the possibility that some patients with either undiagnosed 

diabetes or with unrecorded (in the charts) history of diabetes being falsely allocated to the 

group of non-diabetic subjects cannot be excluded. Secondly, although PSM groups were 

balanced for all available baseline characteristics potential imbalances in unmeasured 

confounders cannot be excluded. More specifically, in diabetic patients we were not able to 
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assess potential drug-class effects of antidiabetic medications on stroke outcomes following 

IVT (40-42). Additionally, information on antidiabetic treatment duration, adherence and long-

term control of diabetes were not available. Likewise, information on the causes of death events 

is unavailable and thus the relative risk of SICH-related mortality between the two groups 

cannot be assessed. However, it should be noted that cerebral edema represents a substantial 

cause of 3-month mortality in SITS registry ranging from 18% to 65% according to cerebral 

edema type (43). Third, it should be noted that the cut-off value of 144 mg/dl (8 mmol/L) in 

admission glucose for the definition of hyperglycemia was used for comparability to other 

studies (3, 8, 9, 14). Thus, the optimal threshold for the definition of clinically relevant 

hypeglycemia in AIS patients eligible for IVT treatment remains unknown. Finally, missing 

three month follow-up in a third of total patients and unavailable outcomes of interest in nearly 

half of the whole patient population included in the present registry (Figure 1) may have 

introduced additional bias on the reported associations.

In conclusion, our findings indicate that admission hyperglycaemia is associated with 

unfavourable clinical outcomes in both diabetic and non-diabetic tPA-treated AIS patients in 

adjusted and PSM analyses. We found no significant increase in the risk of SICH in 

hyperglycaemic AIS patients treated with IVT. Future randomized-controlled clinical trials on 

the potential utility of moderate glycaemic control in the population of AIS patients treated with 

IVT that present with hyperglycaemia before tPA-bolus appear to be warranted.

Acknowledgements

GT: drafted the manuscript, performed statistical analysis and results interpretation, 

contributed to study concept and design, AHK: drafted the manuscript, performed 

statistical analysis and results interpretation, contributed to study concept and design, 

DM: performed statistical analysis and results interpretation, performed critical revision 

of the manuscript, VL: performed critical revision of the manuscript, CR: performed 

critical revision of the manuscript, MJM: performed critical revision of the manuscript, 

Page 12 of 37Diabetes



PS: performed critical revision of the manuscript, MC: performed critical revision of 

the manuscript, MN: performed critical revision of the manuscript, DT: performed 

critical revision of the manuscript, NA: performed critical revision of the manuscript, 

supervised the study. Dr. Georgios Tsivgoulis is the guarantor of this work and, as such, 

had full access to all the data in the study and takes responsibility for the integrity of 

the data and the accuracy of the data analysis.

GT reports no disclosures, AHK reports no disclosures, DM reports no disclosures, VL 

reports no disclosures, CR reports no disclosures, MJM reports no disclosures, PS 

reports no disclosures, MC reports no disclosures, MN reports no disclosures, DT 

reports no disclosures, NA reports no disclosures.

We thank all SITS-ISTR investigators and their centers for their participation. We also 

pass on our thanks to all patients who participated in SITS-ISTR. The current SITS 

registry is developed, maintained and upgraded by Zitelab, Copenhagen, Denmark, in 

close collaboration with SITS. SITS (Safe Implementation of Treatment in Stroke) is 

financed directly and indirectly by grants from Karolinska Institute, Stockholm County 

Council, the Swedish Heart-Lung Foundation, the Swedish Order of St. John, Friends 

of Karolinska Institute, and private donors, as well as from an unrestricted sponsorship 

from Boehringer-Ingelheim. SITS has previously received grants from the European 

Union Framework 7, the European Union Public Health Authority and Ferrer 

International. SITS is currently conducting studies supported by Boehringer-Ingelheim 

and EVER Pharma, as well as in collaboration with Karolinska Institute, supported by 

Stryker, Covidien and Phenox. N Ahmed is supported by grants provided by the 

Stockholm County Council and the Swedish Heart-Lung Foundation. No funding 

sources had part in the design and conduct of the study; collection, management, 

Page 13 of 37 Diabetes



analysis, and interpretation of the data; or preparation, review, or approval of the 

manuscript; or the decision to submit the manuscript for publication.

Data and Resource Availability

The datasets generated during and/or analyzed during the current study are available 

from the corresponding author upon reasonable request.

References

1. Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet. 2009;373:1798-

807.

2. Allport L, Baird T, Butcher K, et al. Frequency and temporal profile of poststroke 

hyperglycemia using continuous glucose monitoring. Diabetes Care. 2006;29:1839-44.

3. Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia an independent predictor of 

poor outcome after acute stroke? Results of a long-term follow up study. BMJ. 1997;314:1303-

6.

4. Mundiyanapurath S, Hees K, Ahmed N, et al. Predictors of symptomatic intracranial 

haemorrhage in off-label thrombolysis: an analysis of the Safe Implementation of Treatments 

in Stroke registry. Eur J Neurol. 2018;25:340-e11.

5. Wahlgren N, Ahmed N, Eriksson N, et al. Multivariable analysis of outcome predictors and 

adjustment of main outcome results to baseline data profile in randomized controlled trials: 

Safe Implementation of Thrombolysis in Stroke-MOnitoring STudy (SITS-MOST). Stroke. 

2008;39:3316-22.

6. Masrur S, Cox M, Bhatt DL, Smith EE, Ellrodt G, Fonarow GC, Schwamm L. Association 

of Acute and Chronic Hyperglycemia With Acute Ischemic Stroke Outcomes Post-

Thrombolysis: Findings From Get With The Guidelines-Stroke. J Am Heart Assoc. 

2015;4:e002193. 

Page 14 of 37Diabetes



7. Lin SF, Chao AC, Hu HH, et al. Hyperglycemia predicts unfavorable outcomes in acute 

ischemic stroke patients treated with intravenous thrombolysis among a Chinese population: A 

prospective cohort study. J Neurol Sci. 2018;388:195-202.

8. Alvarez-Sabín J, Molina CA, Montaner J, et al. Effects of admission hyperglycemia on stroke 

outcome in reperfused tissue plasminogen activator--treated patients. Stroke. 2003;34:1235-41.

9. Poppe AY, Majumdar SR, Jeerakathil T, et al. Admission hyperglycemia predicts a worse 

outcome in stroke patients treated with intravenous thrombolysis. Diabetes Care. 2009;32:617-

22.

10. Ahmed N, Dávalos A, Eriksson N, et al. Association of admission blood glucose and 

outcome in patients treated with intravenous thrombolysis: results from the Safe 

Implementation of Treatments in Stroke International Stroke Thrombolysis Register (SITS-

ISTR). Arch Neurol. 2010;67:1123-30.

11. Wahlgren N, Ahmed N, Dávalos A, et al; SITS-MOST investigators. Thrombolysis with 

alteplase for acute ischaemic stroke in the Safe Implementation of Thrombolysis in Stroke-

Monitoring Study (SITS-MOST): an observational study. Lancet. 2007;369:275-282.

12. Mazya M, Egido JA, Ford GA, et al. Predicting the risk of symptomatic intracerebral 

hemorrhage in ischemic stroke treated with intravenous alteplase: safe Implementation of 

Treatments in Stroke (SITS) symptomatic intracerebral hemorrhage risk score. Stroke. 

2012;43:1524-1531.

13. Hacke W, Kaste M, Fieschi C, et al. Randomised double blind placebo-controlled trial of 

thrombolytic therapy with intravenous alteplase in acute ischaemic stroke (ECASS II). Second 

European-Australasian Acute Stroke Study Investigators. Lancet 1998; 352:1245–1251.

14. Martini SR, Hill MD, Alexandrov AV, Molina CA, Kent TA. Outcome in hyperglycemic 

stroke with ultrasound-augmented thrombolytic therapy. Neurology. 2006;67:700-2.

15. Tsivgoulis G, Katsanos AH, Mavridis D, Gdovinova Z, Karliński M, Macleod MJ,

Strbian D, Ahmed N. Intravenous Thrombolysis for Ischemic Stroke Patients on Dual

Antiplatelets. Ann Neurol. 2018;84:89-97.

Page 15 of 37 Diabetes



16. RStudio Team (2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA 

URL http://www.rstudio.com/

17. Ho D, Imai K, King G, Stuart E. Matching as Nonparametric Preprocessing for Reducing 

Model Dependence in Parametric Causal Inference. Political Analysis 2007;15:199-236.

18. Goyal N, Tsivgoulis G, Pandhi A, et al. Admission hyperglycemia and outcomes in large 

vessel occlusion strokes treated with mechanical thrombectomy. J Neurointerv Surg. 

2018;10:112-117.

19. Lu GD, Ren ZQ, Zhang JX, Zu QQ, Shi HB. Effects of Diabetes Mellitus and Admission 

Glucose in Patients Receiving Mechanical Thrombectomy: A Systematic Review and Meta-

analysis. Neurocrit Care. 2018;29:426-434.

20. Lindsberg PJ, Roine RO. Hyperglycemia in acute stroke. Stroke 2004;35:363–364

21. Gray CS, Hildreth AJ, Sandercock PA, et al; GIST Trialists Collaboration. Glucose-

potassium-insulin infusions in the management of post-stroke hyperglycaemia: the UK Glucose 

Insulin in Stroke Trial (GIST-UK). Lancet Neurol 2007;6:397–406.

22. Litke R, Moulin S, Cordonnier C, Fontaine P, Leys D. Influence of glycaemic control on 

the outcomes of patients treated by intravenous thrombolysis for cerebral ischaemia. J Neurol. 

2015;262:2504-12.'

23. The Stroke Hyperglycemia Insulin Network Effort (SHINE) Trial. 

https://clinicaltrials.gov/ct2/show/NCT01369069

24. Fuentes B, Ntaios G, Putaala J, Thomas B, Turc G, Díez-Tejedor E. European Stroke 

Organisation (ESO) guidelines on glycaemia management in acute stroke. European Stroke 

Journal 2018; 3: 5–21. 

25. Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 Guidelines for the Early Management 

of Patients With Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the 

American Heart Association/American Stroke Association. Stroke. 2018;49:e46-e110.

26. American Diabetes Association. 15. Diabetes Care in the Hospital: Standards of Medical 

Care in Diabetes-2019. Diabetes Care. 2019;42:S173-S181.

Page 16 of 37Diabetes



27. Vancheri F, Curcio M, Burgio A, et al. Impaired glucose metabolism in patients with acute 

stroke and no previous diagnosis of diabetes mellitus. QJM. 2005;98:871-8.

28. Robbins NM, Swanson RA. Opposing effects of glucose on stroke and reperfusion injury: 

acidosis, oxidative stress, and energy metabolism. Stroke. 2014;45:1881-6.

29. Kamada H, Yu F, Nito C, Chan PH. Influence of hyperglycemia on oxidative stress and 

matrix metalloproteinase-9 activation after focal cerebral ischemia/reperfusion in rats: relation 

to blood-brain barrier dysfunction. Stroke. 2007;38:1044-9.

30. Yamazaki Y, Harada S, Tokuyama S. Post-ischemic hyperglycemia exacerbates the 

development of cerebral ischemic neuronal damage through the cerebral sodium-glucose 

transporter.Brain Res. 2012;1489:113-20. Neuroscience. 2015;310:674-85.

31. Yamazaki Y, Ogihara S, Harada S, Tokuyama S. Activation of cerebral sodium-glucose 

transporter type 1 function mediated by post-ischemic hyperglycemia exacerbates the 

development of cerebral ischemia.

32. Tarr D, Graham D, Roy LA, et al. Hyperglycemia accelerates apparent diffusion coefficient-

defined lesion growth after focal cerebral ischemia in rats with and without features of 

metabolic syndrome. J Cereb Blood Flow Metab. 2013;33:1556-63. 

33. Kruyt ND, Biessels GJ, Devries JH, Roos YB. Hyperglycemia in acute ischemic stroke: 

pathophysiology and clinical management. Nat Rev Neurol. 2010;6:145-55.

34. Parsons MW, Barber PA, Desmond PM,et al. Acute hyperglycemia adversely affects stroke 

outcome: a magnetic resonance imaging and spectroscopy study. Ann Neurol. 2002;52:20-8.

35. Mazya M, Egido JA, Ford GA, et al. Predicting the risk of symptomatic intracerebral 

hemorrhage in ischemic stroke treated with intravenous alteplase: safe Implementation of 

Treatments in Stroke (SITS) symptomatic intracerebral hemorrhage risk score. Stroke. 

2012;43:1524-1531.

36. Lou M, Safdar A, Mehdiratta M, et al. The HAT Score: a simple grading scale for predicting 

hemorrhage after thrombolysis. Neurology. 2008;71:1417-23.

37. Strbian D, Engelter S, Michel P, et al. Symptomatic intracranial hemorrhage after stroke 

thrombolysis: the SEDAN score. Ann Neurol. 2012;71:634-41.

Page 17 of 37 Diabetes



38. Cappellari M, Turcato G, Forlivesi S, et al. STARTING-SICH Nomogram to Predict 

Symptomatic Intracerebral Hemorrhage After Intravenous Thrombolysis for Stroke. Stroke. 

2018;49:397-404.

39. Rocco A, Heuschmann PU, Schellinger PD, et al. Glycosylated hemoglobin A1 predicts 

risk for symptomatic hemorrhage after thrombolysis for acute stroke. Stroke. 2013;44:2134-8.

40. Chiazza F, Tammen H, Pintana H, et al. The effect of DPP-4 inhibition to improve 

functional outcome after stroke is mediated by the SDF-1α/CXCR4 pathway. Cardiovasc 

Diabetol. 2018;17:60.

41. Jia J, Cheng J, Ni J, Zhen X. Neuropharmacological Actions of Metformin in Stroke. Curr 

Neuropharmacol. 2015;13:389-94.

42. Darsalia V, Nathanson D, Nyström T, Klein T, Sjöholm Å, Patrone C. GLP-1R activation 

for the treatment of stroke: updating and future perspectives. Rev Endocr Metab Disord. 

2014;15:233-42.

43. Thorén M, Azevedo E, Dawson J, et al. Predictors for Cerebral Edema in Acute Ischemic 

Stroke Treated With Intravenous Thrombolysis. Stroke. 2017;48:2464-71.

Page 18 of 37Diabetes



Table 1. Baseline characteristics and outcomes of matched groups

Variable No Diabetes Mellitus history (n=12,318) Diabetes Mellitus history (n=6,572)
HG+ (n=6,159) HG- (n=6,159) p-value HG+ (n=3,286) HG- (n=3,286) p-value

Age (mean±SD), years 71.5±13.0 71.3±13.2 0.396 72.4±10.3 72.9±10.3 0.097
Males (%) 51.8 52.6 0.387 57.0 56.9 0.980
Admission NIHSS (median, 
IQR)

11 (6-17) 11 (6-17) 0.937 10 (6-16) 10 (6-16) 0.193

Hypertension (%) 67.9 68.5 0.486 85.0 85.5 0.531
Hyperlipidemia (%) 26.5 26.4 0.935 48.3 50.0 0.175
Current smoking (%) 14.8 15.3 0.421 13.0 13.1 0.826
Atrial fibrillation (%) 21.4 21.7 0.661 22.3 22.0 0.744
Congestive heart failure (%) 8.3 8.3 0.974 13.2 13.4 0.856
History of previous stroke* 
(%)

9.9 9.6 0.585 15.7 15.9 0.787

Pre-stroke disability 
(mRS>1, %)

12.3 11.8 0.423 17.4 18.2 0.439

Statin pretreatment (%) 24.8 24.8 0.983 47.0 46.8 0.863
Antiplatelet pretreatment (%) 34.6 34.4 0.865 52.9 53.1 0.902
Anticoagulant pretreatment 
(%)

3.8 4.0 0.578 5.2 4.8 0.461

Admission SBP baseline 
(mean±SD), mmHg

153.2±24.3 152.8±23.7 0.364 157.2±24.2 156.3±24.1 0.115

Admission DBP (mean±SD), 
mmHg

83.0±14.9 83.1±14.8 0.853 82.9±14.8 82.4±14.5 0.212

Admission plasma glucose 
(mean±SD), mg/dL

180.5±40.4 107.9±17.3 <0.001 211.7±62.1 111.9±19.5 <0.001

Onset-to-treatment time 
(mean±SD), min

163.7±65.0 163.3±65.8 0.750 165.6±64.1 166.1±64.8 0.735

SICH (%) – SITS MOST 1.7 1.8 0.563 2.2 2.7 0.224
SICH – ECASS II (%) 5.0 4.6 0.307 6.9 5.8 0.084
Any PH 5.1 4.6 0.176 6.4 6.1 0.551
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FFO (%) 40.6 44.2 <0.001 34.1 39.3 <0.001
FI (%) 53.3 57.9 <0.001 48.2 52.5 <0.001
Mortality at 3-months (%) 19.2 16.0 <0.001 23.7 19.9 <0.001
3-month mRS (median, IQR) 2 (1-4) 2 (1-4) <0.001 3 (1-5) 2 (1-5) <0.001

HG: hyperglycaemia, SD: standard deviation, NIHSS: National Institutes of Health Stroke Scale, IQR: interquartile range, mRS: modified Rankin Scale, SBP: 

systolic blood pressure, DBP: diastolic blood pressure, SICH: symptomatic intracranial haemorrhage, FFO: favorable functional outcome, FI: functional 

independence, PH: parenchymal hemorrhage
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Table 2. Overview of the adjusted analyses on the association of admission hyperglycaemia 

and diabetes mellitus history with outcomes of interest in the unmatched cohort.

OR: odds ratio, cOR: common OR, SICH: symptomatic intracranial haemorrhage, FFO: 

favorable functional outcome, FI: functional independence

Admission hyperglycaemia Diabetes Mellitus
Outcome OR/cOR 

(95%CI)
p-value OR/cOR 

(95%CI)
p-value

SICH (SITS-MOST) 1.10 (0.92, 1.32) 0.292 1.41 (1.16, 1.72) 0.001

3-month FFO 0.82 (0.77, 0.86) <0.001 0.73 (0.68, 0.78) <0.001

3-month FI 0.79 (0.74, 0.83) <0.001 0.71 (0.66, 0.75) <0.001

3-month mortality 1.36 (1.27, 1.46) <0.001 1.52 (1.41, 1.64) <0.001

3-month functional 
improvement

0.82 (0.79, 0.85) <0.001 0.71 (0.68, 0.75) <0.001

Page 21 of 37 Diabetes



FIGURES

Figure 1. Flowchart presenting the selection of eligible and propensity score matched patients.

Figure 2. Distribution of the modified Rankin Scale scores at three months between (A) 

non-diabetic and (B) diabetic acute ischaemic stroke patients with and without 

hyperglycaemia prior to the administration of intravenous thrombolysis.

Figure 3. Modeled probability of (A) functional independence and (B) mortality at 3-months 

following intravenous thrombolysis treatment by admission blood glucose (unadjusted 

analyses).
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Figure 2. Distribution of the modified Rankin Scale scores at three months between (A) non-diabetic and (B) 
diabetic acute ischaemic stroke patients with and without hyperglycaemia prior to the administration of 

intravenous thrombolysis. 
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Figure 3. Modeled probability of (A) functional independence and (B) mortality at 3-months following 
intravenous thrombolysis treatment by admission blood glucose (unadjusted analyses). 
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Online Supplemental Materials

eTable 1. Baseline characteristics and outcomes of unmatched groups

Variable No Diabetes Mellitus history (n=43,307) Diabetes Mellitus history (n=10,899)
HG+ (n=9,210) HG- (n=34,097) p-value HG+ (n=5,876) HG- (n=5,023) p-value

Baseline Characteristics
Age (mean±SD), years 71.3±12.8 69.1±14.0 <0.001 72.02±10.4 72.8±10.3 <0.001
Males (%) 51.8 54.7 <0.001 57.0 56.2 0.398
Admission NIHSS (median, 
IQR)

11 (6-17) 10 (6-16) <0.001 10 (6-17) 10 (6-17) 0.374

Hypertension (%) 68.0 62.2 <0.001 86.0 85.7 0.728
Hyperlipidemia (%) 27.0 25.7 0.012 47.7 51.2 <0.001
Current smoking (%) 15.6 18.6 <0.001 13.6 13.9 0.622
Atrial fibrillation (%) 22.3 19.8 <0.001 23.2 22.8 0.581
Congestive heart failure (%) 8.2 7.7 <0.001 13.3 13.5 0.771
History of previous stroke* 
(%)

10.5 11.7 <0.001 15.5 16.5 0.170

Pre-stroke disability 
(mRS>1, %)

12.2 11.2 0.006 17.3 18.3 0.169

Statin pretreatment (%) 24.8 24.7 0.867 46.0 46.3 0.742
Antiplatelet pretreatment (%) 35.2 35.3 0.834 51.4 53.2 0.062
Anticoagulant pretreatment 
(%)

3.9 3.6 0.216 5.6 4.9 0.106

Admission SBP baseline 
(mean±SD), mmHg

153.2±24.0 152.0±23.7 <0.001 158.3±25.1 156.3±24.3 <0.001

Admission DBP (mean±SD), 
mmHg

83.2±14.7 83.0±14.3 0.344 83.6±15.1 82.4±14.5 <0.001

Admission plasma glucose 
(mean±SD), mg/dL

180.1±41.1 107.7±17.3 <0.001 213.0±63.7 111.8±19.6 <0.001

Onset-to-treatment time 
(mean±SD), min

162.7±64.9 158.5±63.2 <0.001 164.8±66.1 163.6±64.8 0.348

Outcomes
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SICH-SITS MOST (%) 1.9 1.6 0.083 2.8 2.3 0.130
SICH-ECASS II (%) 5.5 3.8 <0.001 7.5 6.1 0.008
Any PH 5.6 4.5 <0.001 7.3 6.2 0.039
FFO (%) 39.3 46.9 <0.001 32.7 37.7 <0.001
FI (%) 51.9 61.3 <0.001 46.3 50.6 <0.001
Mortality at 3-months (%) 2.1 1.4 <0.001 2.6 2.1 <0.001
3-month mRS (median, IQR) 2 (1-5) 2 (0-4) <0.001 3 (1-6) 2 (1-5) <0.001

HG: hyperglycaemia, SD: standard deviation, NIHSS: National Institutes of Health Stroke Scale, IQR: interquartile range, mRS: modified Rankin Scale, SBP: 

systolic blood pressure, DBP: diastolic blood pressure, SICH: symptomatic intracranial haemorrhage, FFO: favorable functional outcome, FI: functional 

independence, PH: parenchymal hemorrhage
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eTable 2. Univariable and multivariable logistic regression analyses on the probability of 

symptomatic intracranial haemorrhage according to the SITS MOST definition.

Baseline characteristic Univariable analysis Multivariable analysis

OR (95%CI) p-value OR (95%CI) p-value

Age 1.04 (1.03, 1.04) <0.001 1.03 (1.02, 1.04) <0.001

Males 1.12 (0.98, 1.29) 0.103 - -

Admission NIHSS 1.04 (1.03, 1.05) <0.001 1.04 (1.03, 1.05) <0.001

Hypertension 1.63 (1.39, 1.91) <0.001 0.98 (0.80, 1.21) 0.881

Diabetes mellitus 1.56 (1.34, 1.82) <0.001 1.41 (1.16, 1.72) 0.001

Hyperlipidemia 1.20 (1.04, 1.38) 0.014 0.84 (0.68, 1.05) 0.123

Current smoking 0.52 (0.41, 0.65) <0.001 0.78 (0.58, 1.05) 0.105

Atrial fibrillation 2.25 (2.14, 2.37) <0.001 1.20 (0.98, 1.46) 0.073

Congestive heart failure 1.33 (1.07, 1.67) <0.001 0.86 (0.65, 1.14) 0.292

History of previous stroke 1.54 (1.29, 1.85) <0.001 1.20 (0.95, 1.51) 0.132

Pre-stroke disability 1.23 (1.01, 1.49) 0.035 0.80 (0.62, 1.00) 0.053

Statin pretreatment 1.42 (1.23, 1.66) <0.001 1.27 (1.02, 1.58) 0.032

Antiplatelet pretreatment 1.89 (1.65, 2.17) <0.001 1.38 (1.15, 1.67) 0.001

Anticoagulant pretreatment 1.33 (0.95, 1.85) 0.098 1.18 (0.79, 1.76) 0.418

Admission SBP baseline 1.11 (1.08, 1.14) <0.001 1.07 (1.02, 1.11) 0.002

Admission DBP 1.08 (1.03, 1.13) 0.002 1.04 (0.97, 1.11) 0.248

Hypeglycaemia on admission* 1.33 (1.15, 1.53) <0.001 1.10 (0.92, 1.32) 0.292

Onset-to-treatment time 1.02 (1.01, 1.03) <0.001 1.02 (1.00, 1.03) 0.008

OR: odds ratio, 95%CI: 95% confidence intervals, NIHSS: National Institutes of Health 

Stroke Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure

*≥144 mg/dl vs. <144mg/dl
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eTable 3. Univariable and multivariable logistic regression analyses on the probability of 3-

month favorable functional outcome (mRS-scores of 0-1)

Baseline characteristic Univariable analysis Multivariable analysis

OR (95%CI) p-value OR (95%CI) p-value

Age 0.96 (0.96, 0.96) <0.001 0.97 (0.97, 0.97) <0.001

Males 1.32 (1.28, 1.37) <0.001 1.01 (0.96, 1.07) 0.601

Admission NIHSS 0.85 (0.84, 0.85) <0.001 0.85 (0.84, 0.85) <0.001

Hypertension 0.63 (0.61, 0.66) <0.001 0.91 (0.86, 0.96) 0.001

Diabetes mellitus 0.65 (0.62, 0.68) <0.001 0.73 (0.68, 0.78) <0.001

Hyperlipidemia 0.96 (0.93, 1.00) 0.059 1.19 (1.11, 1.27) <0.001

Current smoking 1.47 (1.41, 1.54) <0.001 0.88 (0.82, 0.94) <0.001

Atrial fibrillation 0.49 (0.47, 0.52) <0.001 0.86 (0.80, 0.92) <0.001

Congestive heart failure 0.49 (0.46, 0.53) <0.001 0.85 (0.77, 0.94) 0.001

History of previous stroke 0.66 (0.62, 0.69) <0.001 0.80 (0.73, 0.86) <0.001

Pre-stroke disability 0.15 (0.14, 0.16) <0.001 0.19 (0.18, 0.22) <0.001

Statin pretreatment 0.87 (0.83, 0.90) <0.001 1.01 (0.94, 1.09) 0.735

Antiplatelet pretreatment 0.70 (0.68, 0.73) <0.001 1.08 (1.02, 1.14) 0.015

Anticoagulant pretreatment 0.58 (0.52, 0.64) <0.001 0.98 (0.85, 1.13) 0.799

Admission SBP baseline 0.96 (0.96, 0.97) <0.001 0.96 (0.95, 0.97) <0.001

Admission DBP 1.01 (1.00, 1.03) <0.001 0.97 (0.96, 0.99) 0.022

Hypeglycaemia on admission* 0.69 (0.66, 0.71) <0.001 0.82 (0.77, 0.86) <0.001

Onset-to-treatment time 0.99 (0.99, 0.99) <0.001 0.98 (0.98, 0.99) <0.001

OR: odds ratio, 95%CI: 95% confidence intervals, NIHSS: National Institutes of Health 

Stroke Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure

*≥144 mg/dl vs. <144mg/dl
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eTable 4. Univariable and multivariable logistic regression analyses on the probability of 3-

month functional independence (mRS-scores of 0-2)

Baseline characteristic Univariable analysis Multivariable analysis

OR (95%CI) p-value OR (95%CI) p-value

Age 0.95 (0.95, 0.95) <0.001 0.96 (0.96, 0.97) <0.001

Males 1.39 (1.34, 1.44) <0.001 1.03 (0.98, 1.09) 0.229

Admission NIHSS 0.84 (0.84, 0.84) <0.001 0.84 (0.84, 0.85) <0.001

Hypertension 0.62 (0.60, 0.64) <0.001 0.95 (0.90, 1.01) 0.091

Diabetes mellitus 0.64 (0.61, 0.67) <0.001 0.71 (0.66, 0.75) <0.001

Hyperlipidemia 0.98 (0.95, 1.02) 0.406 - -

Current smoking 1.67 (1.59, 1.75) <0.001 0.95 (0.88, 1.02) 0.155

Atrial fibrillation 0.48 (0.46, 0.50) <0.001 0.90 (0.84, 0.96) 0.001

Congestive heart failure 0.47 (0.45, 0.51) <0.001 0.82 (0.75, 0.90) <0.001

History of previous stroke 0.73 (0.69, 0.77) <0.001 0.90 (0.83, 0.97) 0.010

Pre-stroke disability 0.22 (0.21, 0.23) <0.001 0.31 (0.28, 0.33) <0.001

Statin pretreatment 0.89 (0.86, 0.93) <0.001 1.16 (1.10, 1.24) <0.001

Antiplatelet pretreatment 0.69 (0.67, 0.71) <0.001 1.05 (0.99, 1.11) 0.121

Anticoagulant pretreatment 0.59 (0.54, 0.65) <0.001 0.98 (0.85, 1.12) 0.750

Admission SBP baseline 0.97 (0.96, 0.97) <0.001 0.97 (0.96, 0.97) <0.001

Admission DBP 1.01 (1.01, 1.01) <0.001 0.99 (0.99, 0.99) 0.027

Hypeglycaemia on admission* 0.66 (0.64, 0.69) <0.001 0.79 (0.74, 0.83) <0.001

Onset-to-treatment time 1.00 (0.99, 1.01) 0.202 - -

OR: odds ratio, 95%CI: 95% confidence intervals, NIHSS: National Institutes of Health 

Stroke Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure

*≥144 mg/dl vs. <144mg/dl
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eTable 5. Univariable and multivariable logistic regression analyses on the probability of 3-

month mortality.

Baseline characteristic Univariable analysis Multivariable analysis

OR (95%CI) p-value OR (95%CI) p-value

Age 1.07 (1.06, 1.07) <0.001 1.05 (1.05, 1.06) <0.001

Males 0.79 (0.76, 0.82) <0.001 1.25 (1.17, 1.34) <0.001

Admission NIHSS 1.16 (1.15, 1.16) <0.001 1.14 (1.14, 1.15) <0.001

Hypertension 1.72 (1.63, 1.81) <0.001 1.06 (0.98, 1.14) 0.145

Diabetes mellitus 1.68 (1.60, 1.77) <0.001 1.52 (1.41, 1.64) <0.001

Hyperlipidemia 0.99 (0.94, 1.04) 0.717 - -

Current smoking 0.47 (0.44, 0.51) <0.001 0.95 (0.85, 1.06) 0.365

Atrial fibrillation 2.25 (2.14, 2.37) <0.001 1.18 (1.09, 1.27) <0.001

Congestive heart failure 2.54 (2.38, 2.72) <0.001 1.54 (1.39, 1.69) <0.001

History of previous stroke 1.31 (1.23, 1.40) <0.001 1.03 (0.94, 1.14) 0.520

Pre-stroke disability 3.09 (2.92, 3.26) <0.001 1.62 (1.49, 1.76) <0.001

Statin pretreatment 1.11 (1.05, 1.16) <0.001 0.86 (0.80, 0.93) <0.001

Antiplatelet pretreatment 1.54 (1.47, 1.61) <0.001 1.01 (0.94, 1.09) 0.758

Anticoagulant pretreatment 1.96 (1.77, 2.18) <0.001 1.25 (1.08, 1.45) 0.003

Admission SBP 1.02 (1.02, 1.04) <0.001 1.01 (1.00, 1.03) 0.049

Admission DBP 1.00 (0.98, 1.01) 0.421 - -

Hypeglycaemia on admission* 1.68 (1.60, 1.76) <0.001 1.36 (1.27, 1.46) <0.001

Onset-to-treatment time 1.00 (0.99, 1.01) 0.386 - -

OR: odds ratio, 95%CI: 95% confidence intervals, NIHSS: National Institutes of Health 

Stroke Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure

*≥144 mg/dl vs. <144mg/dl
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eTable 6. Univariable and multivariable ordinal regression analyses on the probability of 3-

month functional improvement defined as 1-point decrease in 3-month mRS-scores over the 

entire range of score groupings (shift analysis).

Baseline characteristic Univariable analysis Multivariable analysis

cOR (95%CI) p-value cOR (95%CI) p-value

Age 0.95 (0.95, 0.96) <0.001 0.97 (0.97, 0.97) <0.001

Males 1.32 (1.28, 1.35) <0.001 0.96 (0.92, 0.99) 0.038

Admission NIHSS 0.85 (0.85, 0.85) <0.001 0.85 (0.85, 0.86) <0.001

Hypertension 0.62 (0.60, 0.64) <0.001 0.93 (0.90, 0.98) 0.003

Diabetes mellitus 0.63 (0.61, 0.66) <0.001 0.71 (0.68, 0.75) <0.001

Hyperlipidemia 0.96 (0.93, 0.99) 0.014 1.13 (1.07, 1.19) <0.001

Current smoking 1.56 (1.49, 1.61) <0.001 0.91 (0.86, 0.96) <0.001

Atrial fibrillation 0.47 (0.45, 0.49) <0.001 0.86 (0.82, 0.91) <0.001

Congestive heart failure 0.44 (0.42, 0.47) <0.001 0.76 (0.70, 0.81) <0.001

History of previous stroke 0.69 (0.66, 0.72) <0.001 0.83 (0.78, 0.88) <0.001

Pre-stroke disability 0.26 (0.25, 0.27) <0.001 0.39 (0.37, 0.41) <0.001

Statin pretreatment 0.87 (0.84, 0.90) <0.001 1.04 (0.99, 1.10) 0.117

Antiplatelet pretreatment 0.68 (0.66, 0.70) <0.001 1.04 (1.00, 1.10) 0.066

Anticoagulant pretreatment 0.55 (0.51, 0.60) <0.001 0.93 (0.84, 1.03) 0.184

Admission SBP 0.97 (0.96, 0.97) <0.001 0.98 (0.97, 0.99) <0.001

Admission DBP 1.02 (1.01, 1.03) <0.001 0.97 (0.95, 0.98) <0.001

Hypeglycaemia on admission* 0.66 (0.64, 0.68) <0.001 0.82 (0.79, 0.85) <0.001

Onset-to-treatment time 1.00 (1.00, 1.01) 0.052 0.99 (0.98, 0.99) <0.001

cOR: common odds ratio, 95%CI: 95% confidence intervals, NIHSS: National Institutes of 

Health Stroke Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure

*≥144 mg/dl vs. <144mg/dl
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eTable 7. Overview of the adjusted analyses on the association of admission plasma glucose 

levels and diabetes mellitus history with outcomes of interest in the unmatched cohort.

*per 10mg/dl increase

OR: odds ratio, cOR: common OR, SICH: symptomatic intracranial haemorrhage, FFO: 

favorable functional outcome, FI: functional independence

Admission plasma glucose* Diabetes Mellitus
Outcome OR/cOR 

(95%CI)
p-value OR/cOR 

(95%CI)
p-value

SICH (SITS-MOST) 1.01 (0.99, 1.03) 0.065 1.37 (1.12, 1.67) 0.002

3-month FFO 0.97 (0.96, 0.98) <0.001 0.77 (0.72, 0.82) <0.001

3-month FI 0.97 (0.96, 0.98) <0.001 0.75 (0.70, 0.80) <0.001

3-month mortality 1.03 (1.02, 1.04) <0.001 1.46 (1.35, 1.58) <0.001

3-month functional 
improvement

0.97 (0.96, 0.98) <0.001 0.81 (0.75, 0.88) <0.001
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eFigure 1. Distribution of propensity scores for diabetic patients before and after propensity 

score matching. 
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eFigure 2. Distribution of propensity scores for non-diabetic patients before and after 

propensity score matching. 

Raw Treated

Propensity Score

De
ns

ity

0.1 0.2 0.3 0.4

0
2

4
6

8

Matched Treated

Propensity Score

De
ns

ity

0.1 0.2 0.3 0.4

0
2

4
6

8

Raw Control

Propensity Score

De
ns

ity

0.1 0.2 0.3 0.4

0
2

4
6

8

Matched Control

Propensity Score

De
ns

ity

0.1 0.2 0.3 0.4

0
2

4
6

8

Distribution of Propensity Scores

Propensity Score

0.1 0.2 0.3 0.4 0.5

Unmatched Treatment Units

Matched Treatment Units

Matched Control Units

Unmatched Control Units

Page 35 of 37 Diabetes



eFigure 3. Interaction testing between admission hyperglycaemia and history of diabetes 

mellitus on the outcomes of interest.
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eFigure 4. Modeled probability of favorable functional outcome at 3-months following 

intravenous thrombolysis treatment by admission blood glucose (unadjusted analyses).
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