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Objectives: To determine whether high HbA1c levels are related to short-and long-term functional outcomes in patients with ischemic stroke (IS) and whether this association differs according to the IS subtype and the patient’s age.

Methods: The data of 7,380 IS patients admitted to 16 hospitals or regional stroke centers in South-Korea, between May 2017 and December 2019, were obtained from the Clinical Research Collaboration for Stroke-Korea-National Institute of Health database and retrospectively analyzed. Among these patients, 4,598 were followed-up for one-year. The HbA1c levels were classified into three groups (<5.7, 5.7 to <6.5%, ≥6.5%). Short-and long-term poor functional outcomes were defined using the modified Rankin Scale score of 2 to 6 at three-months and one-year, respectively. IS subtypes were categorized according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification.

Results: There was an association between higher HbA1c (≥6.5%) and poor functional outcomes at three-months in all patients (three-months; OR, 1.299, 95% CI 1.098, 1.535, one-year; OR, 1.181, 95% CI 0.952, 1.465). When grouped by age, the associations after both 3 months and 1 year observed in younger adult group (<65 years), but not in group aged 65 years and older (three-months; <65 years OR, 1.467, 95% CI 1.112, 1.936, ≥65 years OR, 1.220, 95% CI 0.987, 1.507, p for interaction = 0.038, one-year; <65 years OR, 1.622, 95% CI 1.101, 2.388, ≥65 years OR, 1.010, 95% CI 0.778, 1.312, p for interaction = 0.018). Among younger adult group, the higher HbA1c level was related to short-and long-term functional loss in patients with the small vessel occlusion subtype (three-months; OR, 2.337, 95%CI 1.334, 4.095, one-year; OR, 3.004, 95% CI 1.301, 6.938). However, in patients with other TOAST subtypes, a high HbA1c level did not increase the risk of poor outcomes, regardless of the age of onset.

Conclusion: High HbA1c levels increase the risk of short-and long-term poor functional outcomes after IS onset. However, this association differs according to stroke subtype and age. Thus, pre-stroke hyperglycemia, reflected by HbA1c, may be a significant predictor for a poor prognosis after ischemic stroke, particular in young- and middle-aged adults.
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Introduction

Stroke remains a serious global health problem (1–3) and is estimated to affect more than 101 million people worldwide (4). Although stroke mortality has decreased over the past two decades (5), the number of patients with stroke has been steadily increasing, resulting in an increased economic burden due to the rising need for stroke after-care (6). Diabetes mellitus (DM) is considered a prognostic factor as well as the risk factor for stroke. Stroke outcomes are exacerbated by DM, which increases mortality and disability (7, 8). HbA1c, a glucose indicators, is used as a reliable marker to diagnose DM and assess the effects of chronic hyperglycemia in patients with stroke (9). Although several studies (10–17) have used HbA1c markers to assess the association between high glucose levels and functional loss, few have investigated the effects of HbA1c levels on poor long-term functional outcomes.

According to stroke subtypes, denoted by the Trial of ORG10172 in Acute Stroke Treatment (TOAST) classification, the profiles for stroke risk (18), prognosis (19), and functional loss (20) differ. DM and hyperglycemia are independent risk factors for stroke (21), but not for all ischemic stroke (IS) subtypes. Previous studies have suggested that DM is a risk factor in Large Artery Atherosclerosis (LAA) and Small Vessel Occlusion (SVO), but not cardioembolism (CE) (22, 23). Moreover, since IS is a heterogeneous disease (12, 24), DM (25) and hyperglycemia (26–28) may have different associations with poor outcomes by stroke subtype. Aging is not only a risk factor for stroke (29) but also a prognostic factor for functional outcomes (30). However, it is difficult to distinguish between the direct effects of age and age-associated effects on functional loss such as ischemic heart disease, hypertension, DM, and altered cognitive capacity (30–33). There is a need to assess the association between hyperglycemia-poor outcomes and age because DM is an age-related disease (34).

In the present study, we investigated the association between HbA1c levels and short-term (three-months) and long-term (one-year) functional outcomes in IS patients. We also determined whether this association differs by IS subtype and age (<65 vs. ≥65 years).



Methods


Study design and data collection

The study population was derived from the Clinical Research Collaboration for Stroke in Korea (CRCS-K)-National Institute of Health (NIH) database. The CRCS-K-NIH is a prospective, multicenter, web-based cohort study for ischemia stroke patients supported by a grant of the Korea Disease Control and prevention Agency. The data from patients diagnosed with acute stroke and transient ischemic attack (TIA) who were admitted to 16 hospitals or regional stroke centers in South-Korea, between May 2017 and December 2019, were obtained and retrospectively analyzed. The institutional review boards approved this study. Written, informed consent was obtained from patients and caregivers. The participants also recorded mRS score and CVD events at three-months and one-year after the stroke index (Supplementary Figure S1). The CRCS-K-NIH is a follow-up study from the previous CRCS-K study that was a prospective, nationwide, multicenter, web-based acute stroke registry of consecutive patients with acute IS admitted to 16 hospitals in South-Korea since April 2008 (35, 36). The CRCS-K study forms part of the multinational Assessment of Real-World Evidence in Stroke/TIA program and complements the SOCRATES (Acute Stroke or Transient Ischemic Attack Treated with Aspirin or Ticagrelor and Patient Outcomes) trial (37). Information on baseline demographics, medical history, risk factors, laboratory findings, stroke characteristics, prescribed medications, and post-stroke cardiovascular events was obtained from the CRCS-K database (38). CVD events during hospitalization and up to one-year after the index stroke were captured by medical record review and telephone interviews by experienced stroke coordinators in each center (38, 39).



Study participants

Among the 15,118 patients registered in the CRCS-K-NIH study, between May 2017 and December 2019, we identified the final IS patients following the criteria. Patients with transient symptoms with positive MRI were classified as stroke patients. Patients with posterior circulation presented symptoms of headache, dizziness, nausea, or trunk ataxia was included. We excluded the following patients: aged <19 years (n = 8), patients with hemorrhagic stroke or TIA (n = 1,753), patients with history of stroke (n = 2,709) or TIA (n = 143) at admission, and recurrence of stroke (n = 107) or TIA (n = 13) within followed-up period, hospitalization for more than 24 h from onset (n = 2,381), missing data on modified Rankin Scale (mRS) score at three-months (n = 94), and follow-up loss at three-months (n = 102). We also excluded missing data on other covariates (n = 428). Finally, we used data from 7,380 patients to assess an association between HbA1c levels and poor outcomes at three-months (short-term). When we assessed HbA1c effect for long-term (one-year) outcomes, we additionally excluded follow-up loss at one-year (n = 47) and no data on the mRS score at one-year (n = 2,735). Finally, the data of 4,598 patients were used to assess the association between hyperglycemia and long-term functional outcomes among IS patients, not include TIA and hemorrhagic stroke (Figure 1). With an approval from the Ethics Committee, clinical data were obtained from the selected participants from the CRCS-K-NIH study.
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FIGURE 1
 A flow chart representing the study population.




Clinical assessment and study outcome

Hypertension, dyslipidemia, and atrial fibrillation (AF) were diagnosed on the basis of the history of each disease. DM was defined as; (1) a history of DM, (2) take antidiabetic drugs. Smoking was defined as “Yes” or “No” and those who answered, “Smoking status = Yes” also responded about “current smoker,” “Smoking cessation more than 5 years” or “Smoking cessation within 5 years.” The HbA1c levels were categorized by the criteria of the American Diabetes Association (40) and the Korean Diabetes Association (41) as follows: low (HbA1c < 5.7%), middle (5.7% ≤ HbA1c < 6.5%) and high (6.5% ≤ HbA1c). We classified IS into LAA, SVO, CE, other determined etiologies, and undetermined etiologies using the Trial of Org 10,172 in Acute Stroke Treatment (TOAST) criteria (42) in the present study. The mRS, modified Rankin disability scale is a clinician reported measure of global disability (43). The mRS score was measured face-to-face and telephone surveys by trained operator (44, 45). The mean data collection windows were 3 months±6 days, 1 year ±15 days. The mRS was used to evaluate short-and long-term functional outcomes at three-months and one-year, respectively. Considering the ability to perform outdoor activities, a poor outcome was defined as an mRS score of 2–6, and a favorable outcome as an mRS score of 0 or 1 (46, 47).



Statistical analysis

The clinical and demographic differences at baseline were showed by HbA1c group using the t-test and [image: image] test. Multivariate-adjusted ORs and 95% CIs for poor outcomes (mRS score = 2–6) were analyzed by logistic regression analysis. We adjusted for the following variables for poor outcome at three-months: age, sex, National Institutes of Health Stroke Scale (NIHSS) score, IS subtype (TOAST classification), systolic blood pressure (SBP), dyslipidemia, AF, body mass index (BMI), glucose level, hypertension, low-density lipoprotein (LDL) -cholesterol, and triglycerides.

We added stroke recurrence at three-months to assess HbA1c effect for one-year poor outcomes. Subgroup analysis for age (<65 or ≥ 65 years) and TOAST classification (LAA, SVO, CE, other determined and undetermined) was conducted. Statistical significance was set at p-value <0.05 SAS software (version 9.4; SAS Institute Inc., Cary, NC, United States) was used for all statistical analyses.




Results


Baseline characteristics of participants

The baseline characteristics of the total patients are presented in Supplementary Table S1. The mean age was 68.02 years, and the proportion of male patients (59.02%) was higher than the proportion of female patients (40.98%). Among patients with IS stroke, LAA was the most common subtype (31.73%), followed by undetermined (22.76%), CE (21.91%) and SVO (19.86%).

Table 1 shows the clinical and demographic characteristics of the patients according to their HbA1c levels. Among the 7,380 patients, 1,840 (24.93%) had high HbA1c at baseline. The mean age was highest in the middle HbA1c level group (low; 66.57, mid; 69.85, high; 67.75 years, value of p <0.0001). SBP, triglyceride levels and BMI were higher in patients with high HbA1c levels. The history of hypertension and dyslipidemia was high in the patients with high HbA1c levels. The proportion of patients with poor functional outcomes (mRS score = 2–6) was higher in the high HbA1c group at three-months and one-year, respectively (Supplementary Figure S2).



TABLE 1 Clinical characteristics according to HbA1c levels at baseline.
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Elevated HbA1c associated with poor functional outcomes

In Table 2, a high HbA1c level related to short-term poor outcomes among entire IS patients, but not to long-term poor outcomes (three-months: OR 1.299, 95% CI 1.098, 1.535, one-year: OR 1.181, 95% CI 0.952, 1.465). We investigated the association between HbA1c-poor outcomes by age groups to assess to age associated effect. In Table 3, the risk of poor outcome was significantly increase in <65 aged group (three-months: OR 1.467, 95% CI 1.112, 1.936, one-year: OR 1.622, 95% CI 1.101, 2.388). However there was no significant association in the ≥65 aged group. There was an interaction effect between age and HbA1c level for the short and long term poor functional outcomes (three-months: p = 0.038, one-year: p = 0.018, Table 3).



TABLE 2 Odds Ratios (95% CIs) for poor functional outcomes according to HbA1c levels.
[image: Table2]



TABLE 3 Odds Ratios (95% CIs) for poor functional outcomes according to HbA1c levels, stratified by age group.
[image: Table3]



Elevated HbA1c associated with poor functional outcomes by stroke subtypes and age

We also assessed the association between HbA1c-poor outcomes by TOAST classification and age. In all age patients, the association was noted for short-and long-term in SVO subtype (SVO, three-months: OR 1.652, 95% CI 1.138, 2.397, one-year: OR 1.814, 95% CI 1.091, 3.015; Supplementary Table S2). In patients with other TOAST subtypes, a high HbA1c level did not increase the risk of poor outcomes. In patients aged <65 years, HbA1c had an increasing risk of short-and long-term poor outcomes in SVO (SVO, three-months: OR 2.337, 95% CI 1.334, 4.095, one-year: OR 3.004, 95%CI 1.301, 6.938; Table 4). However, there was no significant effect in the older adult patients with SVO (Supplementary Table S3).



TABLE 4 Odds Ratios (95% CIs) for functional outcomes according to HbA1c levels by TOAST classification among young patients.
[image: Table4]




Discussion

To the best of our knowledge this study is the first to investigate the association between high HbA1c levels with short-and long-term functional outcomes according to the TOAST classification and age. There was the association between higher HbA1c (≥6.5%) and poor functional outcome at three-months and one-year among younger adult patients (<65 years). In the subgroup analysis, higher HbA1c was associated with short-and long-term functional loss in the SVO subtype among the <65 age group.

We showed that high admission HbA1c level (≥6.5%) is associated with poor functional outcomes after three-months in all patients with IS. When grouped by age, the associations after both 3 months and 1 year were particularly evident in patients with IS who were younger than 65 years but not in patients who were older than 65 years. Interactions between hyperglycemia and age were observed for short-and long functional outcomes. The association between hyperglycemia and functional outcomes may be affected by patient age, which is explained by the potential ceiling effect on the functional outcomes of chronic hyperglycemia in older adults (48). Because older age is a critical predictor of poor outcome factors in ischemic and hemorrhagic stroke (49, 50), the association between HbA1c levels and poor outcomes is not sufficiently challenging for older age. Therefore, a worsening prognosis due to elevated HbA1c levels after stroke may not be observed in older adults with high HbA1c levels. Our findings are consistent with previous results on the interaction between age and DM and functional outcomes (48, 51).

Stratified by the TOAST classification, the association between elevated HbA1c levels and short-and long-term functional outcomes was observed only in patients with SVO. Although some studies reposted no association between stress hyperglycemia, defined as fasting glucose levels at admission, and poor functional outcomes in the SVO subtype (52, 53), other studies analyzing chronic hyperglycemia, define as HbA1c level at admission, were consistent with our results (12, 54). A Chinese hospital-based study (12) showed an HbA1c-functional outcome association among patients with small artery occlusion and those with a mean age of 61.7 years. This study reported that higher HbA1c levels at admission increased poor functional loss at three-months after stroke onset, which is consistent with our data. Moreover, in the present study, when grouped by age, an association was observed in those aged <65 years but not in those aged ≥65 years.

The mechanism of an association between hyperglycemia at admission and poor functional outcome after stroke onset is still unclear (10, 12). Hyperglycemia can aggravate ischemic damage by disrupting recanalization and increasing reperfusion injury, which may be associated with poor functional outcome (55). In particular, diabetes and elevated HbA1c levels are associated with the number of lacunar infarcts, also known as SVO, less than 7 mm in diameter (56). Elevated HbA1c levels can increase blood viscosity (57, 58), and elevated blood viscosity could impair microvascular tissue perfusion (59), which may be associated with poor functional outcomes in patients with SVO.

Our study has the following strengths. First, we used data from a large sized multicenter cohort study. The large-sample size provided sufficient statistical power to examine the association between hyperglycemia and functional outcomes according to stroke subtype and age. Second, the participants were followed-up for a one-year period and we used the mRS score at one-year to assess long-term poor outcomes. To the best of our knowledge this is the first study to assess the association between high HbA1c levels and the risk of poor long-term functional outcomes in Korea.

However, despite our strengths our study has several limitations. First, we did not consider management of glucose levels using antidiabetic drugs or other treatments during hospitalization. However, we adjusted for the glucose levels at admission when an HbA1c-poor outcome association was found. Second, there may have been selection bias because we excluded data on missing HbA1c levels and other covariate variables at admission. In addition, a high number of one-year follow-up losses occurred due to patients simply not reaching one-year of follow-up owing to study closing. Third, we adjusted for confounders in our study but several confounding factors such as alcohol consumption and physical activity were not considered because this information was not included in our data. Fourth, our study includes only Korean ethnic population and results may not be generalizable to other ethnic groups. Fifth, choosing a different reasonable mRS cut-off point of favorable and poor functional outcome could have produced a different result.



Conclusion

In this study, the high HbA1c level, especially HbA1c ≥6.5%, increased the risk of short-and long- term poor functional outcomes after stroke onset. This association was observed in patients with the SVO subtype in aged <65 years. Thus, elevated HbA1c may be a significant predictor for a poor prognosis after ischemic stroke, particular in young- and middle-aged adults.
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