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Abstract
Purpose of Review The purpose of this review is to discuss clinical trials involving glycemic control in hospitalized stroke 
patients and to review oral medications used in glycemic control. GLP-1 agonists, which have some preliminary studies in 
ischemic stroke, will also be reviewed.
Recent Findings Until recently, glycemic control targets in hospitalized stroke patients remained unclear. The SHINE (Stroke 
Hyperglycemia Insulin Network Effort) trial demonstrated no significant difference between aggressive versus standard of 
care glycemic control in the acute ischemic stroke patient.
Summary Although SHINE demonstrated a lack of statistical difference in glycemic control targets, many questions remain 
including glycemic control in patients with other stroke types (SAH, ICH). The role of non–insulin-based medications in 
glycemic control for hospitalized stroke patients remains unclear and presents an opportunity for further research. Finally, 
GLP-1 agonists present an interesting area of research for acute ischemic stroke.
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Introduction

Stroke is a leading cause of mortality and morbidity in the 
USA [1]. Recent advances in endovascular therapy have 
significantly improved functional outcome in patients with 
large vessel occlusion. Further optimization of general medi-
cal care, specifically glycemic control in the hospitalized 
stroke patient, may lead to better outcomes.

Hyperglycemia is prevalent in up to 50% of acute stroke 
patients on admission and has been associated with poor 
outcome independent of age, stroke severity, and subtype. 
Moreover, hyperglycemia is known to worsen outcomes 
in patients with recanalization through TPA [1, 2]. Ani-
mal studies suggest that hyperglycemia is most harmful to 
reperfused tissue through delivery of glucose to ischemic 

tissue [1, 3]. Hyperglycemia worsens intracellular acidosis, 
accumulation of extracellular glutamate, worsening of brain 
edema, and an increased tendency for hemorrhagic transfor-
mation [1, 4].

Conversely, hypoglycemia is a common and frequent 
complicating factor. Studies estimate that 49–68% of patients 
undergoing continuous glycemic monitoring develop hypo-
glycemia (blood glucose < 60 mg/dL). In addition, hypogly-
cemia, both prolonged and repeated, has been linked to fac-
tors altering thrombosis and hemostasis [5]. Hypoglycemia 
can also exacerbate cerebral ischemia as cerebral tissue is 
heavily reliant on glucose metabolism.

Data-guided management of glycemic control in hospi-
talized stroke patients has been limited primarily to acute 
ischemic stroke patients. It is unknown if these data-driven 
studies apply to other stroke types including intracerebral 
hemorrhage (ICH) and aneurysmal subarachnoid hemor-
rhage (aSAH). General surgical and critical care trials likely 
included a small percentage of such patients, but would not 
necessarily be generalizable to the variety of hospitalized 
stroke patients.

Of the 800,000 stroke patients/year in the USA, 87% are 
acute ischemic stroke, 10% ICH, and 3% aSAH; as such, this 
review will focus primarily on hospitalized acute ischemic 
stroke patients.
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Glycemic Control in Acute Ischemic Stroke Patients

Historically, several trials have been completed in the 
management of glycemic control in the hospitalized stroke 
patient and in the general critical care setting. We will 
review some of the key studies in the management of gly-
cemic control in the acute ischemic stroke patient.

Post-stroke hyperglycemia is prevalent in up to 20–50% 
of acute stroke patients. This represents a combination 
of patients with diabetes (known and new diagnosis) and 
those with stress-induced hyperglycemia [1, 6]. There is 
strong evidence that persistent post-stroke hyperglycemia 
is independently associated with infarct expansion and 
worse clinical outcome. MR spectroscopy has correlated 
hyperglycemia and increased lactate production in penum-
bral tissue, thereby increasing infarct volume [1, 7].

Based on observational studies that hyperglycemia 
worsens clinical outcome and infarct volume in the acute 
setting for ischemic stroke, investigators have examined 
aggressive glycemic control (IV insulin drip) versus stand-
ard of care (bolus insulin with corrective sliding scale). 
There have been a few randomized controlled trials of 
continuous insulin versus placebo and standard of care, 
with general target range for aggressive control considered 
blood glucose levels 80–130 mg/dL and standard of care 
blood glucose levels < 180 mg/dL.

The GLIAS study group (Glycemia in Acute Stroke, 
2009), a multicenter prospective observational study, 
reported hyperglycemia (blood glucose > 155 mg/dL) dur-
ing any time during the first 48 h is associated with poor 
outcome, independent of stroke severity, infarct volume, 
presence of diabetes, or age. This level was associated 
with a 2.7-fold increase in the odds of poor outcome and 
threefold risk of death at 3 months [1, 6].

The GIST-UK (Glucose Insulin in Stroke—UK, 2007) 
trial enrolled 933 patients. This was a prospective multi-
center randomized controlled trial that found no benefit in 
mortality at 90 days (primary outcome) or clinical benefit 
in the treatment group, despite lowering blood glucose, 
10 mg/dL on average. However, the authors admit that 
the trial was stopped short of its goal enrollment of 2355 
patients secondary to slow recruitment. This may have 
underpowered the study to detect a significant difference 
in clinical outcome [1, 8].

The Treatment of Hyperglycemia in Ischemic Stroke 
(THIS, 2007) trial was a prospective multicenter rand-
omized controlled blinded trial which was a safety and 
feasibility trial to examine aggressive control of hyper-
glycemia (treatment to maintain blood glucose less than 
130 mg/dL) versus standard insulin sliding scale (treat-
ment to maintain blood glucose less than 200 mg/dL). A 
total of 46 patients were enrolled; this study demonstrated 

that the intravenous insulin protocol corrected hypergly-
cemia significantly better, 133 vs. 190 mg/dL. Only the 
continuous insulin group had documented hypoglycemia 
(< 60 mg/dL) in 11 of the 31 patients; 1 with reversible 
neurologic deficits. Although the study was not powered to 
assess for improvement in clinical outcomes, the aggres-
sive treatment group did have slightly better modified 
Rankin scale at 3 months, but not statistically significant 
in comparison to the standard treatment group [1, 9]. The 
modified Rankin scale (mRS) is a commonly used neu-
rological disability scale from 0 to 6 with 0 considered 
asymptomatic and 6 death, and generally mRS > 4 is con-
sidered as severe disability.

The Glucose Regulation In Acute Stroke Patients 
(GRASP) trial, a prospective multicenter three-armed trial, 
included 74 patients who were randomized to receive insulin 
infusion to tight glucose control (target range 70–110 mg/
dL), loose glucose control (70–200 mg/dL), and standard 
therapy (insulin sliding scale to maintain range 70–300 mg/
dL). The tight group had a 30% rate of asymptomatic hypo-
glycemia (blood glucose < 55 mg/dL), while the other two 
groups had a 4% rate. There was one case of symptomatic 
hypoglycemia in the loose group. Glucose values were con-
trolled 97% of the time with the infusion protocols (111 
and 151 mg/dL, respectively, for the tight and loose groups) 
and only 88% with standard of care (151 mg/dL). Using 
an infusion to maintain a blood glucose in the 70–200 mg/
dL change does not appear to differ from the control group 
with sliding scale, and in fact can be more burdensome 
and increase the risk of hypoglycemia without necessar-
ily achieving a clinical target. Although the study was not 
powered to assess for clinical benefit, exploratory efficacy 
analysis did not reveal any statistically significant clinical 
benefit between groups [1, 10].

Understanding the SHINE Trial

The recently completed SHINE (Stroke Hyperglycemia 
Insulin Network Effort, 2019) helped to clarify conflict-
ing smaller studies. SHINE was a large prospective mul-
ticentered NIH-sponsored randomized controlled double-
blinded trial enrolling 1151 patients with acute ischemic 
stroke within the first 12 h of symptom onset. A total of 581 
patients were enrolled in the intensive arm (blood glucose 
target 80–130 mg/dL) with continuous infusion of insulin 
with target range controlled via a computerized patient-
specific learning algorithm. A total of 570 patients were 
enrolled in the control arm using sliding scale insulin treat-
ment every 6 h, but checked every 3 h (blood glucose target 
80–179 mg/dL). Patients were enrolled within 12 h of symp-
tom onset and maintained at either goal for the first 72 h of 
hospital admission [11].
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The trial was halted at 1151 patients due to hypoglycemia 
and adverse events in the intensive group (11.2% vs. 3.2% in 
the control group). Both groups remained remarkably well 
within their randomized groups in terms of glycemic target: 
the intensive group had an average of 118 mg/dL (95% CI 
115–121), while the standard group had an average blood glu-
cose of 179 mg/dL (85% CI 175–182). The average difference 
between the intensive and control groups was 61 mg/dL [11].

There were no significant differences in the primary 
outcome prespecified as functional outcome at 90 days as 
measured by the mRS based on admission NIH Stroke Scale 
(NIHSS). Additional functional outcome scores including 
90-day NIHSS, Barthel Index, or Stroke Specific Quality 
of Life score did not demonstrate a benefit to the intensive 
arm. These data do not support the use of intensive glu-
cose control in acute ischemic stroke patients due to lack 
of improvement in functional outcome and a significantly 
higher rate of adverse events including hypoglycemia [11]. 
Although a 90-day functional outcome assessment may seem 
prolonged for a short-term glycemic target, it is a relatively 
standard timeline for functional outcomes in the neurosci-
ence literature.

Limitations of the trial include that 42% of the patients 
were enrolled at six centers, potentially creating a bias in 
the overall results. Patients with type 1 diabetes or known 
insulin dependence were excluded from the trial for study 
and safety reasons for concern that randomization to the con-
trol arm, which only included insulin sliding scale, would 
result in higher blood sugars and potentially have a higher 
risk for requiring insulin infusion. Another limitation is the 
potential for confounding treatment variables: although the 
study’s aim was to assess a specific range of glycemic con-
trol, the modes of insulin delivery varied, insulin infusion 
versus subcutaneous sliding scale insulin. Moreover, many 
hospitals do not have computer program–based insulin infu-
sions that are able to learn individual patient sensitivity and 
adjust, as opposed to standard insulin infusions [11].

Strengths of the SHINE trial include the excellent patient 
enrollment and a large sample size, and the difference between 
glycemic target ranges that was achieved, on average 61 mg/
dL. Previous smaller trials had not achieved that degree of 
difference between intervention and control arms [11].

The SHINE trial raises some additional areas for research. 
As 80% of patients in the SHINE trial had type 2 diabe-
tes, the anticipated difference in outcome between patients 
presenting with stress-induced hyperglycemia versus hyper-
glycemia from diabetes may be negligible, but does merit 
further investigation. Management of glycemic control in 
patients undergoing postoperative cardiothoracic surgery 
have benefited from tight glycemic control in the postop-
erative period; it is unknown if similar stress-induced hyper-
glycemia in the acute ischemic stroke setting may benefit in 
a similar fashion.

Additional areas of ongoing research in glycemic con-
trol in hospitalized stroke patients need to be initiated in 
other stroke diseases: to date, most glycemic control tri-
als have focused on ischemic stroke patients. However, 
hyperglycemia is quite common in patients with aneurys-
mal SAH as well as intra-parenchymal hemorrhages. It is 
unknown if data and conclusions from glycemic control 
in ischemic stroke patients can be extrapolated to include 
other stroke types. A current AHA/ASA recommendation 
for acute ischemic stroke patients is to target blood glucose 
140–180 mg/dL [12].

Non–Insulin‑Based Drugs in Glycemic Control

Many patients with acute ischemic stroke are often admit-
ted to Critical Care Units; the natural tendency to aggres-
sively manage blood sugars in the ICU setting generally 
leads to insulin drip infusions to target blood glucose lev-
els < 180 mg/dL. Bolus insulin dosing with correction is also 
commonly used in patients who take oral medications at 
home, but are unable to continue those in the hospital. There 
is a paucity of data regarding the use of non–insulin-based 
antihyperglycemic agents in the hospitalized stroke patient. 
The often longer half-lives, unfamiliarity with safety pro-
files, concern for deteriorating mental status and dysphagia, 
and lack of literature have left many neurologists hesitant to 
initiate these medications in the hospital.

Recent promising studies in cardiovascular outcome tri-
als have demonstrated a benefit in reduction of non-fatal 
stroke [13, 14]. In addition, there is emerging basic sci-
ence research on potential benefits of GLP-1 agonists in the 
blood–brain barrier in patients with acute ischemic stroke 
[15].

In this section, we review non-insulin agents in the man-
agement of glycemic control and potential for use in the hos-
pitalized stroke patient. It should, however, be noted that cur-
rent guidelines from the ADA recommend insulin as first-line 
therapy for the management of hyperglycemia for both criti-
cally ill and non-critically ill hospitalized patients [16, 17].

Metformin

Metformin historically has been first-line therapy for non-
insulin agents for type 2 diabetes. Its postulated mechanism 
of action is decreasing gluconeogenesis and glycogenoly-
sis in the liver, increasing anaerobic glucose metabolism 
in the intestine, and increasing insulin-mediated glucose 
uptake in the skeletal muscle. An additional benefit is the 
lack of associated hypoglycemia. The use of metformin in 
hospitalized patients has been associated with lactic acidosis 
and contrast-induced nephropathy (CIN) after receiving IV 
iodinated contrast [18]. Patients with acute ischemic stroke 
often undergo CT angiograms of the head and neck to assess 
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for large vessel occlusion as well as CT perfusion imaging 
to assess for potential reperfusion therapy. Some of these 
patients then require additional intra-arterial contrast for cer-
ebral angiography. However, newer contrast agents are less 
often associated with CIN, and many patients tolerate CIN 
with a transient increase in Cr [19]. Generally, metformin 
is held for at least 48 h before/after the procedures and tests 
requiring contrast media for patients taking metformin. 
However, a meta-analysis that included 347 trials showed 
no fatal lactic acidosis (4.3 cases in the metformin per 
100,000 patients years vs. 5.4 cases per 100,000 in the non-
metformin group) [20]. Studies show that metformin may 
decrease insulin requirement in the outpatient setting, but 
there are little data to suggest similar data for the hospital-
ized patient. Another study has shown that adding metformin 
to standard care (long acting insulin + SSI) in the hospital-
ized patient reduced the total insulin requirement to maintain 
euglycemia (0.58 ± 0.28 vs. 0.28 ± 0.13 U/kg, p < 0.01) and 
lower bolus insulin doses (0.26 ± 0.18 vs. 0.11 ± 0.0.8 U/kg, 
p < 0.01) [21]. These patients were admitted to the hospital 
for 14 days for this specific study.

Patients included in this study were healthy without an 
active disease process. However, in the critically ill stroke 
patient, metformin should be held since there are no proven 
benefits of treating hyperglycemia with metformin.

Sulfonylureas

The sulfonylureas (glyburide, glimepiride, glipizide) are 
popular second-line oral agents. They stimulate insulin 
release from the beta cells of the pancreas, thereby ulti-
mately increasing the risk of hypoglycemia. Additional side 
effects include significant drug-to-drug interactions, most 
often with anti-fungal agents with “azole” rings, as well as 
non-selective beta blockers. An increased risk of cardiovas-
cular events was also reported; 19% of hospitalized patients 
who took sulfonylureas have developed at least one episode 
of hypoglycemia, especially with glyburide [22]. Our current 
practice is to not continue home sulfonylureas for hospital-
ized stroke patients secondary to unpredictable PO intake 
secondary to dysphagia and tolerance of TFs.

Thiazolidinediones

Thiazolidinediones (pioglitazone, rosiglitazone) activate 
the PPAR-gamma pathway and increase insulin sensitivity 
in the liver, adipose tissues, and skeletal muscles. It also 
has the added benefit of decreasing triglycerides and plasma 
fatty acid levels and increasing HDL levels. The known side 
effects include peripheral edema and worsening heart failure. 
These drugs tend to have effects lasting for a few weeks; 
as such, discontinuation in a hospitalized patient should 
have minimal effect on glycemic control. Our practice is 

not continuing these agents for the acute ischemic stroke 
hospitalized patient.

SGLT2 Inhibitors

Sodium-glucose cotransporter (SGLT2) inhibitors (canagli-
fiozin, dapaglifozin, and empaglifozin) are newer oral agent 
medications for control of diabetes and hyperglycemia. As 
a result, there are currently little data to determine the risks 
and benefits of continuing SGLT2 inhibitors in the hospital-
ized or critically ill stroke patient. The mechanism of action 
of SGLT2 inhibitors is blocking glucose reabsorption in the 
proximal collecting duct of the kidney. The common side 
effects include increased risk of urinary and genital tract 
infection. These drugs tend to have low risk to develop hypo-
glycemia unless the patient is also being treated with insulin, 
canaglifozin (RR 1.49; 95% CI 1.14–1.95; p = 0.004), and 
dapaglifozin (RR 1.16; 95% CI 1.05–1.29; p = 0.005) [23]. 
In the EMPA-REG trial, empaglifozin and insulin did not 
cause significant hypoglycemic events; however, the percent-
age of insulin use reduction was not reported in this study 
[24]. In addition, diabetic ketoacidosis has been reported as 
a potential side effect for patients taking SLGT2 inhibitors. 
A plausible explanation is reduction of renal excretion of 
ketones [25] and an increase in ketone production [26]. A 
previous meta-analysis [27] reported no significant DKA 
events in the hospital setting for patients with type 2 dia-
betes; however, a more recent study showed an increased 
risk of DKA (38% vs. 2%, OR 37.4; 95% CI 8.0–175.9; 
p < 0.0001) [28]. The authors in the study have identified 
risk factors to develop SGLT2-associated DKA such as 
surgery and fasting. A recent meta-analysis of three rand-
omized controlled trials along with smaller trials of SGLT2 
inhibitors on cardiovascular events in patients with type 2 
diabetes did not demonstrate a reduction in risk of ischemic 
stroke [29]. We do not recommend that these medications 
be continued in the inpatient acute ischemic stroke setting.

DPP4 Inhibitors

Dipeptidyl peptidase-4 (DPP4) inhibitors (sitagliptin, lina-
gliptin) are enzymes used to break down endogenous GLP-1. 
It is a second-line agent and does not cause weight gain or 
hypoglycemia.

A large prospective trial of sitagliptin and alogliptin did 
not show an increased risk of acute or chronic pancreatitis 
[30, 31]. It does, however, show a small increase in infec-
tion risk, such as urinary tract infection and nasopharyngitis 
[32]. There are not many studies that have evaluated the 
safety profile of using DPP4 in the critical care setting or 
hospitalized stroke patient. In the SITA-HOSPITAL trial, it 
is reported that the sitagliptin-treated group did not show a 
significant difference in the rate of hypoglycemia, treatment 
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failures, hospital length of stay, or complications compared 
with the insulin group. Nevertheless, the total daily insulin 
requirement was reduced (24.1 U vs. 34.0 U; p < 0.0001) 
[33]. Glucose variability was not reported in this study. 
Studies that have examined cardiovascular outcomes in 
DPP4 inhibitors have not demonstrated a clinical benefit for 
ischemic stroke reduction [33].

Overall, non–insulin-based medications, as discussed 
above, have shown minimal benefits of lowering insulin 
requirements or decreasing serum glucose variability in the 
hospitalized/critically ill patient. There are very little data 
on hospitalized stroke patients. In fact, many studies have 
shown conflicting results. Nevertheless, they have the poten-
tial to worsen heart failure, acidosis, and hypoglycemia, 
particularly in the setting of renal failure. It is reasonable 
to hold home non–insulin-based medications and achieve 
glycemic control with insulin in hospitalized stroke patients 
until further experience and data-driven studies provide 
more insight.

GLP‑1 Agonists

In recent years, there has been a growing interest in using 
incretin-based medications. Glucagon-like peptide agonists/
GLP-1 (exenatide, liraglutide, albiglutide, semaglutide, dula-
glutide) are often a second-line add-on medication after 
metformin has been initiated. These drugs have the benefit 
of weight loss, increased satiety, and favorable metabolic 
changes including a decrease in triglycerides and an increase 
in HDL. As a convenience factor, some are injected once a 
week. The main effect of GLP-1 is to promote insulin secre-
tion from pancreatic beta cells, decreased glucagon secre-
tion, and glucose production in the liver, increased glucose 
uptake in the muscle, and decreased appetite and deceased 
gastric emptying. Overall, the incidence of hypoglycemia 
has remained low in the outpatient setting.

There is a growing interest of using GLP-1 agonists in the 
inpatient setting. These drugs carry a low risk of develop-
ing hypoglycemia and augment glucose dependent insulin 
secretion while a patient is receiving insulin therapy, thereby 
potentially decreasing overall insulin requirement. Intrave-
nous GLP-1 is used with a fixed dose except for patients 
who are in renal failure who need a reduction in dosing. 
One study in the surgical ICU setting has demonstrated 
that GLP-1 is a safe and effective way to reduce the serum 
glucose variability (glucose coefficient of variation 18% in 
GLP-1 group vs. 30% in saline group, p = 0.01) [34]. In stud-
ies with patients undergoing CABG, there was a 45% less 
insulin requirement to achieve the same glycemic control 
[35]. One study included 40 patients with an initial glu-
cose of 140 ~ 400 mg/dL admitted to cardiac ICU. Patients 
reached their target range (100 ~ 140 mg/dL) quicker with 
median time to steady state (2 h; 95% CI 1.5 ~ 5) in the 

exenatide group (12 h; 95% CI 7 ~ 15). No episode of severe 
hypoglycemia (< 50 mg/dL) was reported [36].

The benefits of GLP-1 agonists appear to be independent 
of a history of diabetes. In a smaller study of acute myo-
cardial infarction (MI) patients in a cardiac ICU, left ven-
tricular dysfunction improved in the GLP-1 agonist group 
(LVEF 29 ± 2% to 39 ± 2%, p < 0.01) whereas there was no 
improvement in the control group after a continuous 72-h 
infusion (1.5 pmol/kg/min) [37]. This may provide addi-
tional benefit when stress-induced cardiomyopathy is also 
present in patients with stroke, particularly in the critical 
care setting.

The authors are not aware of any specific prospective tri-
als involving GLP-1 agonists in hospitalized acute ischemic 
stroke patients. However, some cardiovascular outcome 
trials do suggest a benefit for ischemic stroke reduction. 
All of these trials were randomized, placebo-controlled, 
double-blinded trials with the primary end points being 
either mortality from cardiovascular causes, MI, or stroke 
versus non-fatal MI, non-fatal stroke, and death from car-
diovascular causes. Specifically, semaglutide was found to 
have significantly fewer (1.6% vs. 2.7%) non-fatal strokes 
in the clinical trial SUSTAIN-6 (2016) that enrolled 3297 
patients. Albiglutide was studied in the Harmony outcomes 
trial (2018), enrolling 9463 patients; this trial demonstrated 
a significant combined reduction in mortality from cardio-
vascular causes, MI, and stroke (7% vs. 9%). Dulaglutide 
was studied in the REWIND trial (2019), enrolling 9901 
patients. The trial demonstrated a significant reduction in 
non-fatal stroke (2.7% vs. 3.5%, p = 0.017) [38].

Overall, a meta-analysis study evaluating cardiovascular 
outcomes in patients using GLP-1 agonists found that there 
was a significant reduction in MI and ischemic stroke risk 
[39].

The most common side effects of GLP-1 agonists are nau-
sea and vomiting. This may be potentially problematic in 
stroke patients in the Neuroscience Critical Care Unit with 
elevated intracranial pressure. It has been reported that GLP-1 
agonists delay gastric emptying in over 50% of critically ill 
patients without prior history [40]. However, it does not appear 
to worsen gastroparesis if it is already a chronic pre-existing 
complication [41]. A meta-analysis concluded that the inci-
dence of hypoglycemia was not significant (7.4% in the GLP-1 
group and 6.8.% in the standard group; p = 0.94) [42].

Many studies have shown the benefits of using intrave-
nous GLP-1 as an adjunct to the standard insulin treatment. 
It has been effective in treating stress hyperglycemia whether 
the patient is receiving parenteral or enteral feeding. The 
beneficial profile of GLT-1 agonists lowers serum glucose 
to the target faster and less glucose variability and insulin 
requirement. Besides nausea and vomiting, it carries a safe 
side effect profile and does not significantly affect hemody-
namic stability. The potential neuroprotective benefits and 
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favorable glycemic control profile without significant hypo-
glycemia suggest further areas of research for this class of 
drugs, particularly for the hospitalized stroke patient.

Conclusion

Glycemic control in hospitalized stroke patients has made 
significant progress in the last few years. The SHINE trial 
was a prospective randomized controlled trial that helped 
to define targets for management of glycemic control in the 
acute ischemic stroke patient. We now know that intensive 
regimens for glycemic control in the acute stroke patient do 
not provide a clear long-term functional outcome benefit in 
a population with a large percentage of those with diabetes, 
and poses an increased risk of hypoglycemia. Many neuro-
hospitalists in clinical practice pragmatically tend to pre-
scribe insulin for management of glycemic control in stroke 
patients as opposed to the many of the oral agents. The 
GLP-1 agonists appear to be a promising target for stroke 
patients based on outpatient outcomes; their utilization in the 
hospitalized stroke patient remains to be studied.

Declarations 

Ethics Statement All reported studies/experiments with human or 
animal subjects performed by the authors have been previously pub-
lished and complied with all applicable ethical standards, including 
the Helsinki declaration and its amendments, institutional/national 
research committee standards, and international/national/institutional 
guidelines.

References

 1. DeGeorgia M, Patel V. Critical care management in acute 
ischemic stroke. J NeuroIntervent Surg. 2011;3(1):34–8.

 2. Fuentes B, Diez-Tejedor E. General care in stroke: relevance 
of glycemia and blood pressure levels. Cerebrovasc Dis. 
2007;24(suppl 1):134–42.

 3. Gilmore R, Stead L. The role of hyperglycemia in acute ischemic 
stroke. Neurocritical Care. 2006;5:153–8.

 4. Kagansky N, Levy S, Knobler H. The role of hyperglycemia in 
acute stroke. Arch Neurol. 2001;58:1209–12.

 5. Smith L, et al. Exposure to hypoglycemia and risk of stroke. Ann 
N Y Acad Sci. 2018;143(1):25–34.

 6. Fuentes, et al. The prognostic value of capillary glucose levels 
in acute stroke: The Glycemia in Acute Stroke (GLIAS) Study. 
Stroke. 2009;40:562–8.

 7. Baird, et al. Persistent poststroke hyperglycemia is independently 
associated with infarct volume expansion and worse clinical out-
come. Stroke. 2003;34:2208–14.

 8. Gray C, et al. Glucose–potassium–insulin infusions in the man-
agement of post-stroke hyperglycemia: The UK Glucose Insulin 
in Stroke Trial (GIST-UK). Lancet Neurol. 2007;6:397–406.

 9. Bruno A, et al. Treatment of Hyperglycemia in Ischemic Stroke 
(THIS): a randomized pilot trial. Stroke. 2008;39:384–9.

 10. Johnston K, et al for GRASP Investigators. Glucose Regulation 
in Acute Stroke Patients (GRASP) trial. A randomized pilot 
trial. Stroke. 2009;40:3804–9.

 11. Johnston K, et al. for SHINE Investigators. Intensive vs stand-
ard of treatment of hyperglycemia and functional outcome in 
patients with acute ischemic stroke – the SHINE randomized 
clinical trial. JAMA. 2019;322:326–35.

 12. Powers, et al. Guidelines for the early management of patients 
with acute ischemic stroke. Stroke. 2019;50:e344–418.

 13. Marso S, et al. Semaglutide and cardiovascular outcomes in 
patients with type 2 diabetes. NEJM. 2016;375:1834–44.

 14. Husain M, et al. Oral semaglutide and cardiovascular outcomes 
in patients with type 2 diabetes. NEJM. 2019;381:841–51.

 15. Shan Y, et al. The glucagon-like peptide 1 receptor agonist 
reduced inflammation and blood–brain barrier breakdown in 
an astrocyte dependent manner in experimental stroke. J Neu-
roinflammation. 2019;16:242–62.

 16. ADA. Diabetes care in the hospital: standards of care in diabe-
tes. Diab Care. 2020;43(s1):S193–202.

 17. Umpierrez G. Management of hyperglycemia in the hospitalized 
patients in the non-critical care setting: an Endocrine Society 
Clinical Practice Guideline. JCEM. 2012;97:2011–98.

 18. Parra D, Legreid A, Beckey N, Reyes S. Metformin monitoring 
and change in serum creatinine levels in patients undergoing 
radiologic procedures involving administration of intravenous 
contrast media. Pharmacotherapy. 2004;24:987–93.

 19. Namazi M, et al. Is it necessary to discontinue metformin in 
diabetic patients with GFR > 60 ml/min per 1.73 m2 undergoing 
coronary angiography: a controversy still exists? Acta Biomed. 
2018;89:227–32.

 20. Salpeter SR, et al. Risk of fatal and nonfatal lactic acidosis with 
metformin use in type 2 diabetes mellitus. Cochrane Database 
Syst Rev. 2010;4:CD002967.

 21. Li F-F, et al. Metformin add-on continuous subcutaneous insulin 
infusion on precise insulin doses in patients with type 2 diabe-
tes. Sci Rep. 2018;8(1):9713.

 22. Deusenberry CM, et al. Hypoglycemia in hospitalized patients 
treated with sulfonylureas. Pharmacotherapy. 2012;32(7):613–7.

 23. Levine JA, Karam SL, Aleppo G. SGLT2-I in the hospital set-
ting: diabetic ketoacidosis and other benefits and concerns. Curr 
Diab Rep. 2017;17(7):54.

 24. Zinman B, et  al. Empaglif lozin, cardiovascular out-
comes, and mortality in type 2 diabetes. N Engl J Med. 
2015;373(22):2117–28.

 25. Taylor SI, Blau JE, Rother KI. SGLT2 inhibitors may predispose 
to ketoacidosis. J Clin Endocrinol Metab. 2015;100(8):2849–52.

 26. Ferrannini E, et al. Renal handling of ketones in response to 
sodium-glucose cotransporter 2 inhibition in patients with type 
2 diabetes. Diabetes Care. 2017;40(6):771–6.

 27. Tang H, et al. Effect of sodium-glucose cotransporter 2 inhibi-
tors on diabetic ketoacidosis among patients with type 2 diabetes: 
a meta-analysis of randomized controlled trials. Diabetes Care. 
2016;39(8):e123–4.

 28. Hamblin PS, et al. SGLT2 inhibitors increase the risk of diabetic 
ketoacidosis developing in the community and during hospital 
admission. J Clin Endocrinol Metab. 2019;104(8):3077–87.

 29. Scheen A. Cardiovascular effects of new oral glucose-lowering 
agents. Circ Res. 2018;122:1439–59.

 30. Scirica BM, et  al. Saxagliptin and cardiovascular outcomes 
in patients with type 2 diabetes mellitus. N Engl J Med. 
2013;369(14):1317–26.

 31. White WB, et  al. Alogliptin after acute coronary syn-
drome in patients with type 2 diabetes. N Engl J Med. 
2013;369(14):1327–35.

48   Page 6 of 7 Current Diabetes Reports (2021) 21: 48



1 3

 32. Pasquel FJ, et al. Efficacy of sitagliptin for the hospital man-
agement of general medicine and surgery patients with type 2 
diabetes (Sita-Hospital): a multicentre, prospective, open-label, 
non-inferiority randomised trial. Lancet Diabetes Endocrinol. 
2017;5(2):125–33.

 33. Amori RE, Lau J, Pittas AG. Efficacy and safety of incretin 
therapy in type 2 diabetes: systematic review and meta-analysis. 
JAMA. 2007;298(2):194–206.

 34. Galiatsatos P, et al. The glucoregulatory benefits of glucagon-like 
peptide-1 (7–36) amide infusion during intensive insulin therapy 
in critically ill surgical patients: a pilot study. Crit Care Med. 
2014;42(3):638–45.

 35. Sokos GG, et  al. Effect of glucagon-like peptide-1 (GLP-1) 
on glycemic control and left ventricular function in patients 
undergoing coronary artery bypass grafting. Am J Cardiol. 
2007;100(5):824–9.

 36. Abuannadi M, et al. Management of hyperglycemia with the 
administration of intravenous exenatide to patients in the cardiac 
intensive care unit. Endocr Pract. 2013;19(1):81–90.

 37. Nikolaidis LA, et al. Effects of glucagon-like peptide-1 in patients 
with acute myocardial infarction and left ventricular dysfunction 
after successful reperfusion. Circulation. 2004;109(8):962–5.

 38. Sheahan K, Wahlberg E, Gilbert M. An overview of GLP-1 
agonists and recent cardiovascular outcomes trials. BMJ. 
2020;96:156–61.

 39. Sinha B, Ghosal S. Meta-analysis of the effects of DPP-4 inhibi-
tors, SLGT-2 inhibitors, and GLP-1 receptor analogues on cardio-
vascular death, myocardial infarction, stroke, and hospitalization 
for heart failure. Diabetes Res Clin Pract. 2019;50:8–16.

 40. Little TJ, et al. Effects of intravenous glucagon-like peptide-1 
on gastric emptying and intragastric distribution in healthy sub-
jects: relationships with postprandial glycemic and insulinemic 
responses. J Clin Endocrinol Metab. 2006;91(5):1916–23.

 41. Deane AM, et al. The effect of exogenous glucagon-like peptide-1 
on the glycaemic response to small intestinal nutrient in the criti-
cally ill: a randomized double-blind placebo-controlled cross over 
study. Crit Care. 2009;13(3):R67.

 42. Hulst AH, et al. Systematic review of incretin therapy during peri-
operative and intensive care. Crit Care. 2018;22(1):299.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Page 7 of 7    48Current Diabetes Reports (2021) 21: 48


	Glycemic Control in Hospitalized Stroke Patients: A Review
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Glycemic Control in Acute Ischemic Stroke Patients
	Understanding the SHINE Trial
	Non–Insulin-Based Drugs in Glycemic Control
	Metformin
	Sulfonylureas
	Thiazolidinediones
	SGLT2 Inhibitors
	DPP4 Inhibitors
	GLP-1 Agonists

	Conclusion
	References


