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BACKGROUND: Hyperglycemia in acute ischemic stroke reduces the efficacy of stroke thrombolysis and thrombectomy, with 
worse clinical outcomes. Insulin-based therapies are difficult to implement and may cause hypoglycemia. We investigated 
whether exenatide, a GLP-1 (glucagon-like peptide-1) receptor agonist, would improve stroke outcomes, and control 
poststroke hyperglycemia with minimal hypoglycemia.

METHODS: The TEXAIS trial (Treatment With Exenatide in Acute Ischemic Stroke) was an international, multicenter, phase 
2 prospective randomized clinical trial (PROBE [Prospective Randomized Open Blinded End-Point] design) enrolling 
adult patients with acute ischemic stroke ≤9 hours of stroke onset to receive exenatide (5 µg BID subcutaneous 
injection) or standard care for 5 days, or until hospital discharge (whichever sooner). The primary outcome (intention to 
treat) was the proportion of patients with ≥8-point improvement in National Institutes of Health Stroke Scale score (or 
National Institutes of Health Stroke Scale scores 0–1) at 7 days poststroke. Safety outcomes included death, episodes 
of hyperglycemia, hypoglycemia, and adverse event.

RESULTS: From April 2016 to June 2021, 350 patients were randomized (exenatide, n=177, standard care, n=173). Median 
age, 71 years (interquartile range, 62–79), median National Institutes of Health Stroke Scale score, 4 (interquartile range, 
2–8). Planned recruitment (n=528) was stopped early due to COVID-19 disruptions and funding constraints. The primary 
outcome was achieved in 97 of 171 (56.7%) in the standard care group versus 104 of 170 (61.2%) in the exenatide group 
(adjusted odds ratio, 1.22 [95% CI, 0.79–1.88]; P=0.38). No differences in secondary outcomes were observed. The per-
patient mean daily frequency of hyperglycemia was significantly less in the exenatide group across all quartiles. No episodes 
of hypoglycemia were recorded over the treatment period. Adverse events of mild nausea and vomiting occurred in 6 (3.5%) 
exenatide patients versus 0 (0%) standard care with no withdrawal.

CONCLUSIONS: Treatment with exenatide did not reduce neurological impairment at 7 days in patients with acute ischemic 
stroke. Exenatide did significantly reduce the frequency of hyperglycemic events, without hypoglycemia, and was safe to use. 
Larger acute stroke trials using GLP-1 agonists such as exenatide should be considered.

REGISTRATION: URL: www.australianclinicaltrials.gov.au; Unique identifier: ACTRN12617000409370. URL: https://www.
clinicaltrials.gov; Unique identifier: NCT03287076.
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GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Acute elevations in blood glucose are associated with 
adverse outcomes in many conditions, including 
myocardial infarction, critical illness, traumatic brain 

injury, and stroke. Hyperglycemia promotes cellular aci-
dosis and oxidative stress, endothelial dysfunction, and 
a procoagulation/proinflammatory state.2 Many of these 
effects are exacerbated by fluctuating raised glucose 
levels, rather than chronic hyperglycemia per se.2

Poststroke hyperglycemia (PSH) is reported in ≈30% 
to 40% of patients at admission, more in those with dia-
betes.3–6 The timing of PSH is also variable—up to 30% 
of patients with normal blood glucose on admission may 
go on to develop PSH within 48 hours (or later) of stroke 
onset. PSH can lead to accelerated brain infarction (pen-
umbra-into-infarction conversion) and is an independent 
risk factor for reduced tPA (tissue-type plasminogen 
activator) recanalization, with reduced plasma fibrino-
lytic activity, decreased reperfusion via collateral vessels, 
and increased risk of intracerebral hemorrhage after tPA 
thrombolysis.1,2,7–9

In patients with acute stroke, insulin-based trials to 
achieve tight control of glucose levels have not trans-
lated to any clinical benefits. The INSULINFARCT study 
reported intensive (intravenous) insulin therapy to be 
more effective than subcutaneous insulin therapy in con-
trolling glucose levels but with hypoglycemia in 5.7% of 
patients, no difference in clinical outcomes, and some 
worse magnetic resonance imaging outcomes.10 The 
multicenter GIST-UK trial (Glucose Insulin in Stroke) 
reported no significant benefits for mortality at 90 days 

or for secondary outcomes, with 16% requiring rescue 
intravenous dextrose for hypoglycemia.11 More recently, 
the (SHINE) Stroke Hyperglycemia Insulin Network 
Effort trial enrolled 1151 patients with hyperglycemia 
and acute ischemic stroke within 12 hours from stroke 
onset, comparing intensive insulin (continuous intrave-
nous-target blood glucose 4.4–7.2 mmol/L) versus stan-
dard insulin (subcutaneous sliding scale-target blood 
glucose 4.4–9.9 mmol/L) for up to 72 hours.6 Type 2 
diabetes was present in 80% of patients. Trial enroll-
ment in SHINE was ceased early following a prespeci-
fied futility analysis.6 Glucose control was tighter in the 
intensive group (mean, 6 versus 9 mmol/L) but with no 
significant difference in the primary outcome (modified 
Rankin Scale [mRS] score at 90 days), or for secondary 
outcomes, between the 2 groups. In 11.2% of patients 
in the intensive treatment group, and 3.2% in the stan-
dard treatment group, treatment was stopped early due 
to hypoglycemia or other adverse events.6 These trials 
showed that treatment with insulin leads to hypoglyce-
mia, may not improve outcomes, and necessitate alterna-
tive therapies to lower glucose in these high-risk patients.

An alternative to insulin-based therapies is glucagon-
like peptide-1 (GLP-1) receptor agonists that stimulate 
the release of insulin and suppress glucagon release.12,13 
Importantly, the actions of GLP-1R agonists are highly 
glucose dependent—as blood glucose levels decrease, 
the GLP-1 activity subsides, significantly reducing the 
likelihood of hypoglycemia.14,15 GLP-1 receptors are 
present throughout the body, including the brain. Exena-
tide is a rapid-onset (median 2.1 hours) GLP-1 receptor 
agonist, administered as a subcutaneous injection, which 
is lipophilic, readily crosses the blood-brain barrier, and 
limits glucose transport into the cerebral gray matter.12,13 
Animal studies indicate that exenatide attenuates oxida-
tive-induced cellular apoptosis, promotes antiapoptotic 
proteins, and reduces brain infarct volume.16 Importantly, 
this effect is independent of insulin and hence indepen-
dent of glucose levels.17 Exenatide is, therefore, poten-
tially protective against the major mechanisms of cellular 
injury following stroke, both directly (anti-inflammatory/
apoptosis) and indirectly (antihyperglycemia). The rapid 
onset of action of exenatide is favorable to target the 
time-critical ischemic penumbra.14,15

The aim of the TEXAIS randomized clinical trial (Treat-
ment With Exenatide in Acute Ischemic Stroke) was to 
determine if the early use of exenatide can improve 
neurological outcomes by reducing the occurrence of 
hyperglycemia (without causing hypoglycemia) in acute 
ischemic stroke.

Nonstandard Abbreviations and Acronyms

aOR adjusted odds ratio
cFPG capillary finger prick glucose
GIST-UK Glucose Insulin in Stroke trial
GLP-1  glucagon-like peptide-1
IQR interquartile range
mRS modified Rankin Scale
NIHSS  National Institutes of Health Stroke 

Scale
PSH poststroke hyperglycemia
SHINE  Stroke Hyperglycemia Insulin Network 

Effort
TEXAIS   Treatment With Exenatide in Acute 

 Ischemic Stroke
tPA tissue-type plasminogen activator
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METHODS
Study Design
TEXAIS was a phase 2, international, prospective, random-
ized, open label, and blinded end point (PROBE [Prospective 
Randomized Open Blinded End-Point]) trial comparing exena-
tide to standard of care. The trial was undertaken at 12 hospi-
tals across Australia, New Zealand, and Finland (Supplemental 
Material). The trial rationale, design, and methods have been 
published.18 The trial protocol was approved by the Human 
Research Ethics Committee at each participating site. The trial 
statistical analysis plan appears in the Supplemental Material. 
Data will be available upon reasonable request and subject to 
approval by the institutional ethics committee.

Participants
All participants were enrolled after providing written informed 
consent. Eligible participants were ≥18 years of age, present-
ing with a diagnosis of acute ischemic stroke (based on clinical 
examination and neuroimaging), within 9 hours of stroke onset, 
with a blood glucose level ≥4 mmol/L (72.07 mg/dL), and a 
prestroke mRS score of ≤2. Wake-up patients with ischemic 
stroke were included with stroke onset time taken as mid-point 
between going to bed and waking up. There were no restric-
tions based on the National Institutes of Health Stroke Scale 
(NIHSS) score, prior stroke, glucose level at presentation to the 
emergency department, or diabetes status. Participants were 
ineligible if they had known allergy/hypersensitivity to exena-
tide, or they were on other GLP-1 agonists, had a history of 
active pancreatitis, or had impaired renal function (creatinine 
clearance <30 mL/min). A full list of eligibility criteria appears 
in the Statistical Analysis Plan (Supplemental Material).

Randomization
Eligible patients were randomized using a centralized com-
puter-generated assignment procedure allowing for conceal-
ment of the random allocation sequence to receive either 
exenatide (plus standard) or standard stroke care alone in a 
ratio of 1:1. Randomization was stratified by the presence or 
absence of reperfusion therapy and baseline stroke severity 
according to NIHSS strata: mild, 0 to 6; moderate, 7 to 14; and 
severe, 15 to 42.

Procedures
Patients randomized into the treatment arm received exena-
tide 5 µg subcutaneously twice daily with the initial dose given 
within 9 hours of stroke symptom onset. Exenatide treatment 
was given for 5 days or until hospital discharge (whichever 
came first). Antiemetic therapy (metoclopramide 10 mg intra-
venous TID or ondansetron 4–8 mg orally or intravenous BID) 
was commenced with the first dose of exenatide and contin-
ued for 48 hours and then given only as needed. In patients 
receiving reperfusion therapy, for example, tPA or mechanical 
thrombectomy, exenatide was given as soon as possible fol-
lowing treatment. Patients with diabetes already on oral agents 
(other than GLP-1 agonists) or insulin could continue these 
medications in addition to exenatide. Patients randomized to 
standard care received stroke unit care as per local hospital 
protocols.

Hypoglycemia was capillary finger prick glucose (cFPG) 
defined as <4 mmol/L (<72.07 mg/dL), hyperglycemia as >7 
mmol/L (>126.13 mg/dL), and abnormal HbA1c (glycated 
hemoglobin) as ≥6.5%. Admission glucose was measured as 
soon as possible after stroke onset in both groups by cFPG 
performed in the ambulance and emergency department. cFPG 
tests were taken from all participants up to 4× daily until day 
7 or discharge, whichever was earlier. For patient with diabe-
tes, hyperglycemia or hypoglycemia, any additional investiga-
tions and treatment were recommended as per guidelines.19,20 
In addition to cFPG testing, whenever possible, a continuous 
glucose monitoring device was inserted (Medtronic iPro2 
Professional Continuous Glucose Monitor) with a continuous 
glucose monitoring data recorded for the first 5 days after 
admission (or until discharge, if sooner) in both patient groups. 
Clinical care was guided by the cFPG level—the continuous 
glucose monitoring data were for research purposes only.

Outcomes
The primary efficacy outcome was the proportion of patients 
with major neurological improvement at 7 days poststroke or at 
the time of discharge from acute care, whichever was earliest.21 
Major neurological improvement is defined as ≥8-point improve-
ment in NIHSS or achieving NIHSS scores 0 to 1.21 Outcome 
assessment was made at 7 days (or time of hospital discharge), 
and at follow-up at 90 days, by outcome assessors certified in 
NIHSS and mRS and blinded to treatment allocation. Secondary 
outcomes included the proportion of patients with mRS scores 
0 to 2 at 90 days, NIHSS score at 90 days, and the difference in 
NIHSS score between baseline and 90 days poststroke.

The key safety outcomes were proportion of participants 
with death due to any cause at 90 days, and the proportion of 
participants with serious adverse events other than death at 
90 days. Glucose safety outcomes focused on the treatment 
period (5 days or until hospital discharge or death, whichever 
is earlier):

• Mean daily within-patient frequency of hyperglycemia 
(cFPG BSL>7.0; >126.13 mg/dL)

• Mean daily within-patient frequency of hypoglycemia 
(cFPG BSL<4.0; <72.07 mg/dL)

• Mean daily within-patient frequency of severe hypo-
glycemia (cFPG BSL<3.0; <54.05 mg/dL)

Statistical Analysis
Sample size estimation was based on previous stroke trials and 
pooled outcome data indicating that maintenance of normogly-
cemia in the first 48 hours was independently associated with 
improved outcomes.5 We hypothesized that achieving normogly-
cemia increases the proportion of major neurological improve-
ment from 35% in the control group to 48% in the treatment 
group with an absolute improvement of 13%, which was con-
sidered a clinically relevant treatment effect.5 Recruiting 528 
patients would yield 80% power to observe the hypothesized 
treatment effect at 2-sided level of α=0.05

The trial design included a preplanned blinded adaptive 
sample size reestimation procedure to be conducted at the 
interim analysis based on the primary outcome of 320 recruited 
patients as per the promising zone methodology of Mehta and 
Pocock.22 The conditional power was to be evaluated to allow 
for an increase in sample size to a predetermined upper limit 
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of 650 patients. However, following disruptions to recruit-
ment due to COVID-19, and funding constraints, the TEXAIS 
Executive Management Committee made a unanimous deci-
sion to finish recruitment in July 2021 with the final sample 
size of 350 patients and no adaptive sample size reestimation 
was performed.

The statistical analysis plan prespecifying all the analy-
ses was formulated and finalized before the study data lock. 
The analyses were conducted using Stata ICv16 (StataCorp, 
College Station, TX) and R Statistical Software (v4. 1.2; R Core 
Team 2021). The trial is reported according to CONSORT 
(Consolidated Standards of Reporting Trials) guidelines. Primary 
and all secondary efficacy and safety outcomes analyses were 
conducted on a modified intention-to-treat and per-protocol 
basis. The modified intention-to-treat data set included all par-
ticipants randomized into the study irrespective of adherence to 
interventions, excluding patients who withdrew consent before 
the primary outcome collection point. The per-protocol data 
set included all randomized participants who started treatment, 
did not have eligibility criteria violation, had a final diagnosis of 
ischemic stroke, received sufficient dose of the interventional 
drug, and had a 7-day primary outcome recorded. Receiving a 
sufficient dose of trial drug was defined as receiving at least 
75% of the prescribed dose of exenatide up to either 5 days or 
discharge from acute care, or withdrawal of care/death, which-
ever occurred earlier.

The prespecified primary analysis compared with the 
proportion of patients with major neurological improvement 
between the 2 treatment groups using binary logistic regres-
sion adjusted for baseline NIHSS (as a continuous variable) 
and the presence or absence of reperfusion therapy as covari-
ates. The treatment effect is presented as adjusted odds ratio 
(aOR) with respective 95% CI.

Relevant safety outcomes are presented as within-patient 
mean daily frequencies and described at the group level as 
median (50th), 25th, and 75th percentiles. Logistic regres-
sion was used for binary outcomes and quantile regression 
for continuous outcomes. Appropriate covariate adjustments 
were made for primary, secondary, and safety outcomes 
(Statistical Analysis Plan; Supplemental Material). Treatment 
effects are presented as aOR with 95% CI between-group 
differences in median (50th), 25th, and 75th percentiles with 
95% CI.

Differences in end points between the 2 arms of the study 
were tested independently at the 2-tailed 0.05 level of sig-
nificance with estimates of treatment effects presented with 
respective 95% CIs. No formal adjustments were undertaken 
to constrain the overall type I error associated with the second-
ary and exploratory analyses. Their purpose is to supplement 
evidence from the primary analysis to characterize the treat-
ment effect more fully. Results from the secondary and explor-
atory analyses are interpreted in this context.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) chart: enrollment, randomization, and follow-up. 
ITT indicates intention to treat; and mRS, modified Rankin scale.
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The independent Data Safety Monitoring Safety Board 
regularly reviewed unblinded data after each 100 partici-
pants completed their 7-day assessment. A recommenda-
tion of early termination due to safety reasons was to be 
considered by the board if the corresponding Haybittle-
Peto boundary (Z=3) at a given interim analysis was to be 
crossed. No formal interim analyses for efficacy or futility 
were planned. The board was notified about the decision by 

TEXAIS Executive Management Committee to terminate the 
trial in July 2021.

RESULTS
Between April 2016 and June 2021, 350 patients were 
randomized (median age, 71 years [IQR, 62–79]; median 
NIHSS score 4 [IQR, 2–8]). This represented 66% of 
the planned initial recruitment of 528 patients. Patient 
follow-up was completed in October 2021. Four patients 
withdrew consent and data before day 7 resulting in 346 
patients in the modified intention-to-treat analysis. Five 
patients missed to record the primary outcome (7 days) 
largely because of COVID restrictions. Further exclu-
sions (largely because of incomplete exenatide dosing) 
resulted in 311 patients in the per-protocol analysis 
(CONSORT chart; Figure 1).

The treatment groups were well balanced for base-
line demographics and clinical characteristics, glucose 
level, diabetes status, HbA1c, stroke severity, and treat-
ment with reperfusion therapies (Table 1). Overall, 25% 
of patients had a history of diabetes (4 type 1 and 81 
type 2), 22% had lacunar strokes, and 68% of patients 
had mild stroke (NIHSS scores, 0–6). Reperfusion thera-
pies were given in 57% of patients (tPA and mechani-
cal thrombectomy). On admission, the baseline median 
glucose level was 6.70 mmol/L (120.72 mg/dL; IQR, 
5.70–8.50), and 42% of patients were documented with 
hyperglycemia (>7 mmol/L; >126.13 mg/dL).

The median time from stroke onset to the first dose 
of exenatide was 405 minutes (IQR, 249.0–514.7) and 
from randomization to treatment initiation 32 minutes 
(IQR, 14.7–63.0; Table S1).

The primary efficacy outcome in the modified inten-
tion-to-treat population of ≥8-point improvement in 
NIHSS score (or achieving NIHSS score 0–1) at 7 days 
poststroke (or time of discharge, whichever earliest) was 
achieved in 97 of 171 patients (56.7%) in the Standard 
treatment group and in 104 of 170 patients (61.2%) 
in the exenatide treatment group (aOR, 1.22 [95% CI 
0.79–1.88]; P=0.38; Table 2). The per-protocol analysis 
yielded similar results (Table S2). Prespecified subgroup 
analyses of the primary outcome did not demonstrate 
a material effect of NIHSS severity, diabetes status, or 
reperfusion therapy on the primary outcome (Figure 2).

For the secondary efficacy outcomes, no significant 
differences between treatment groups were identified 
(Table 2). No significant difference between treatment 
groups in the distribution of mRS scores at 90 days was 
observed (Figure 3).

Safety and Adverse Events
There were no episodes of symptomatic hypoglyce-
mia or hyperglycemia (serious adverse events) in either 
group that required intervention or stopping treatment. 

Table 1. Baseline Patient Characteristics

 
Standard care 
(n=172) 

Exenatide 
(n=174) 

Patient age, y median (IQR) 71 (63–78) 72 (61–80)

Sex (male), n (%) 117 (68.0%) 124 (71.3%)

Ischemic stroke, n (%) 172 (100%) 174 (100%)

  Cortical 77 (45.03%) 76 (43.43%)

  Subcortical, n (%) 39 (22.81%) 42 (24%)

  Both (cortical/subcortical) 39 (22.81% 36 (20.57%)

  Brainstem or cerebellum, n (%) 16 (9.3%) 21 (12%)

  Not identified, n (%) 1 (0.6%) 2 (1.2%)

Stroke etiology (TOAST criteria)

  Large artery, n (%) 40 (23.3%) 32 (18.4%)

  Cardioembolism, n (%) 51 (29.6%) 57 (32.8%)

  Small vessel occlusion, n (%) 37 (21.5%) 36 (20.7%)

  Other/undetermined, n (%) 52 (30.2%) 39 (22.4%)

Use of reperfusion therapies (tPA, MT)

  No reperfusion therapy, n (%) 73 (42.4%) 76 (43.7%)

  Any kind of reperfusion therapy, 
n (%)

99 (57.6%) 98 (56.3%)

Medical history

  Hypertension, n (%) 108/171 (63.2%) 99/174 (56.9%)

  Type 1 diabetes, n (%) 1/172 (0.6%) 3/174 (1.7%)

  Type 2 diabetes, n (%) 43/172 (25.0%) 38/174 (21.8%)

  Hyperlipidemia, n (%) 79/171 (46.2%) 80/173 (46.2%)

  IHD, n (%) 15/172 (8.7%) 19/174 (10.9%)

  Atrial fibrillation, n (%) 45/172 (26.2%) 44/174 (25.3%)

  Previous stroke, n (%) 28/172 (16.3%) 22/174 (12.7%)

  Large vessel atherosclerosis, 
n (%)

3/172 (1.7%) 0/174 (0%)

Blood glucose level on admission 
(mmol/L), median (IQR), mg/dL

6.60 (5.70–8.20), 
118.8  
(102.6–147.6)*

6.70 (5.60–8.95), 
120.6  
(100.8–161.1)*

HbA1c% level on admission 5.63 (5.35–6.36) 5.54 (5.26–6.13)

Baseline NIHSS, median (IQR) 4 (2–8) 4 (2–9)

Stroke category

  NIHSS mild scores 0–6, n (%) 117 (68.0%) 118 (67.8%)

  NIHSS moderate scores 7–14, 
n (%)

38 (22.1%) 38 (21.8%)

  NIHSS severe scores 15–42, 
n (%)

17 (9.9%) 18 (10.3%)

HbA1c indicates glycated hemoglobin; IHD, ischemic heart disease; IQR, 
interquartile range; MT, mechanical thrombectomy; NIHSS, National Institutes of 
Health Stroke Scale; TOAST, Trial of ORG 10 172 in Acute Stroke Treatment; and 
tPA, tissue-type plasminogen activator.

*mg/dl.
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Seven patients (4 standard care groups and 3 exenatide 
groups) had reported adverse events of hyperglycemia 
treated with subcutaneous insulin (6/7 were diabetic). 
Deaths occurred in 10 patients (5.8%) in the exenatide 
treatment group and in 8 patients (4.7%) in the standard 
care treatment group (aOR, 1.21 [95% CI, 0.56–1.66]; 
P=0.71). One or more episodes of nausea/vomiting dur-
ing the treatment period only occurred in the exenatide 
group (6 patients [3.5%]), but these were mild and short-
lived (aOR, 0.034 [95% CI, 0.01–0.06]; P=0.03; Table 2).

There were no episodes of hypoglycemia (cFPG<4.0 
mmol/L; <72.07 mg/dL) or severe hypoglycemia (cFPG 
<3.0 mmol/L; <54.05 mg/dL) in either treatment group 
(Table 2). The mean daily frequency of episodes of hyper-
glycemia (cFPG>7.0 mmol/L; >126.13 mg/dL) for each 
individual patient over the treatment period was signifi-
cantly less in those receiving exenatide compared with 
the standard care group. This is expressed as a group 
median: 0.60 (IQR, 0.20–1.60) versus 0.90 (IQR, 0.33–
2.00; Table 2).

Table 2. Modified Intention to Treat: Efficacy and Safety Outcomes and Adverse Events

 
Standard care 
(n=171) 

Exenatide 
(n=140) Effect size (95% CI) P value 

Primary efficacy outcome

  ≥8-point improvement in NIHSS stroke score (or NIHSS scores 0–1) at 7 
d poststroke or time of discharge from acute care  whichever earliest, n (%)

97 (56.7%) 104 (61.2%) 1.22 (0.79–1.88)* 0.38

Secondary efficacy outcomes

  Participants with mRS scores 0–2 at 90 d, n (%) 127 (74.7%) 125 (74.0%) 0.96 (0.56–1.66)† 0.89

  NIHSS score at 90 d, median (IQR) 1 (0–2) 0 (0–2) 50th: −0.14 (−0.39 to 0.10)‡ 0.26

25th: – …

75th: 0.05 (−0.71 to 0.80)‡ 0.90

  Difference in NIHSS score between baseline and 90 d, median (IQR) 3 (1–5) 3 (1–5) 50th: 0.14 (−0.10 to 0.39)§ 0.26

25th: −0.05 (−0.83 to 0.73)§ 0.91

75th: 0 (0–0)§ 0.99

Safety (and adverse events)

  Participants with death: any cause at 90 d, n (%) 8 (4.7%) 10 (5.8%) 1.21 (0.43–3.38)† 0.71

  Participants with SAEs other than death at 90 d, n (%) 21 (12.2%) 16 (9.2%) 0.99  
(0.93–1.06)†

0.78

  Within-participant mean daily frequency of hyperglycemia episodes 
(cFPG>7.0) [126.0]¶ over treatment period#

 median (IQR) [min–max]

0.90 (0.33–2.00) 
[0.00–5.60]

0.60 (0.20–1.60) 
[0.00–6]

50th: −0.20 (−0.40 to 0)‖ 0.050

25th: −0.20 (−0.36 to −0.04)‖ 0.02

75th: 0.40 (−0.65 to −0.15)‖ 0.002

Within-participant mean daily frequency of hypoglycemia episodes 
(cFPG<4.0) [72.0]¶ over treatment period,#
median (IQR) [min–max]

0 (0–0) [0–0.75] 0 (0, 0) [0–1] 50th: NA‖ …

25th: NA‖ …

75th: NA‖ …

Within-participant mean daily frequency of hypoglycemia episodes 
(cFPG<3.0) [54.0]¶ over treatment period,#
median (IQR) [min–max]

0 (0, 0) [0–0] 0 (0, 0) [0–0.20] 50th: NE‖ NE

25th: NE‖ NE

75th: NE‖ NE

Participants with at least 1 episode of symptomatic hyperglycemia over 
treatment period, n (%)

0 (0%) 0 (0%) NE NE

Participants with at least 1 episode of nausea and vomiting over treatment 
period, n (%)

0 (0%) 6 (3.5%) 0.034 (0.01–0.06)** 0.03**

Participants with at least 1 AE over treatment period, n (%) 45 (26.2%) 63 (36.2%) 1.60 (1.01–2.54)††1.62 
(1.01–2.58)†

0.05, 
0.04

Treatment period: 5 d or until discharge/death if earlier. AE indicates adverse event; aOR, adjusted odds ratio; cFPG, capillary finger prick glucose; IQR, interquartile 
range; max, maximum; min, minimum; mRS, modified Rankin scale; NA, not applicable; NE, not examinable; NIHSS, National Institutes of Health Stroke Scale; and SAE, 
serious adverse event.

*aOR for baseline NIHSS and reperfusion therapy.
† aOR for baseline NIHSS, age, and reperfusion therapy.
‡Difference in key quantiles adjusted for baseline NIHSS.
§Difference in key quantiles adjusted for baseline NIHSS and reperfusion therapy.
‖Difference in key quantiles adjusted for diabetes.
¶Blood glucose values given in mmol/L (mg/dL).
#The within-participant mean daily frequencies over treatment period are summarized at the group level as median (50th), 25th, and 75th percentiles, followed by 

min and max.
**Risk difference, Fishers exact P value.
††Odds ratio.
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The cFPG levels over the 5 days of treatment were 
consistently lower in the exenatide group for each 
24-hour time period (Figure 4; Table 3). Data from 
patients’ continuous glucose monitors similarly indicated 
significantly lower within-participant glucose levels in 
the exenatide group over the first 24, 48, and 72 hours 
(Table S3).

DISCUSSION
TEXAIS is the first phase 2 multicenter randomized 
clinical trial investigating the use of the GLP-1 receptor 
agonist exenatide, administered within 9 hours of stroke 
onset, in patients with acute ischemic stroke, regardless 
of the presence or absence of diabetes, or admission 
blood glucose level (cFPG). No significant differences 
were observed between the exenatide and standard 
care groups in the primary efficacy end point of early 

neurological improvement, mortality, or secondary effi-
cacy end points of functional recovery at 90 days. The 
presence of diabetes, or admission glucose level, did not 
affect the primary outcome.

Importantly, the safety profile of exenatide was highly 
favorable with no episodes of hypoglycemia. No dextrose 
rescue therapy was required, despite being used in a 
diverse patient population in which a significant propor-
tion were normoglycemic. The use of exenatide resulted 
in consistently lower daily glucose readings, and signifi-
cantly fewer recorded episodes of hyperglycemia across 
all IQRs. Some patients (3.5%) treated with exenatide 
experienced nausea (and occasional vomiting), a well-
described side effect of GLP-1 agonists. However, these 
events were mild, short-lived, and easily treated.

The detection, timing, and subsequent treatment of 
PSH are highly variable. In TEXAIS, the time window of 9 
hours was focused on early treatment, while the ischemic 

Figure 2. Primary efficacy outcome: 
prespecified subgroup analyses 
(forest plot).
P values for interaction: National Institutes 
of Health Stroke Scale (NIHSS) severity, 
P=0.19; diabetes, P=0.14; and reperfusion 
therapy, P=0.81.

Figure 3. Bar chart showing proportion of patients in each modified Rankin Scale score by treatment arm (90 d).

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044568
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penumbra is susceptible to the impact of hyperglyce-
mia.23 The median time from stroke onset to first dose 
was 6.7 hours, indicating that treatment was initiated 
early enough to achieve this. Studies using continuous 

glucose monitoring have identified 2 phases of PSH: an 
early phase within the first 8 hours and a later phase at 
about 66 hours poststroke.4 Studies have demonstrated 
that persistent hyperglycemia on serial glucose monitor-
ing is an independent predictor of stroke infarct expan-
sion as measured by magnetic resonance imaging and is 
associated with increased short- and long-term mortality 
and worse functional outcome.24,25 Interestingly, for both 
ischemic and hemorrhagic stroke, the serial profile of 
glycemic status (ie, the dynamic change over time) was 
a more robust indicator of stroke evolution and clinical 
outcome than an isolated measure of glucose on admis-
sion to hospital.25,26

The impact of PSH (and its treatment) on stroke 
outcomes requires more research. Studies of routine 
clinical stroke care have noted that glucose levels are 
at times not well recorded, and even when higher lev-
els of PSH are detected (eg, glucose ≥11 mmol/l [198 
mg/dL]), it may be insufficiently managed.27 The difficul-
ties of implementing insulin-based therapy for PSH may 
well underpin this. A simple-to-use, rapid-onset GLP-1 
agonist, such as exenatide may, therefore, be a safe and 
effective alternative. Long-acting GLP-1 agonists have 
now become common place in the treatment of diabetes, 
with fewer vascular events (including stroke) in high-risk 

Figure 4. Blood glucose levels (capillary finger prick glucose [cFPG]) per 24 h during the treatment period (and associated 
Table 3). 
The box plots represent daily cFPG data for each treatment group. The box shows the interquartile range, with the bottom and top indicating the 
25th and 75th percentiles. The line inside the box indicates the median. The dots inside the box indicate the means.

Table 3. Blood Glucose Levels (cFPG) per 24 Hours During 
the Treatment Period

 
Standard care 
(n=172) Exenatide (n=174) 

Within-participant mean 
cFPG on day 1, median 
(IQR)

6.37 (5.55–7.5); 
114.7 (99.9–135.0)*

5.99 (5.25–7.37); 
107.8 (94.5–132.7)*

Within-participant mean 
cFPG on day 2, median 
(IQR)

6.45 (5.78–7.55); 
116.1 (104.0–135.9)*

5.95 (5.38–6.78); 
107.1 (96.8–122.0)*

Within-participant mean 
cFPG on day 3, median 
(IQR)

6.44 (5.82–7.84); 
115.9 (104.8–141.1)*

6.12 (5.47–7.08); 
110.2 (98.5–127.4)*

Within-participant mean 
cFPG on day 4, median 
(IQR)

6.35 (5.85–7.87); 
114.3 (105.3–141.7)*

6.13 (5.57–7.13); 
110.3 (100.3–128.3)*

Within-participant mean 
cFPG on day 5, median 
(IQR)

6.45 (5.71–7.53); 
116.1 (102.8–135.5)*

6.09 (5.60–7.07); 
109.6 (100.8–127.3)*

Blood glucose values given in mmol/L. cFPG indicates capillary finger prick 
glucose; and IQR, interquartile range.

*Blood glucose values given in mg/dL.
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patients on long-term follow-up.28,29 However, for some 
GLP-1 agonists, the glucose-lowering effects can take 
several days to eventuate, which would be less beneficial 
in the early treatment of acute PSH.

The TEXAIS trial has several limitations. First, the sam-
ple size was constrained due to the significant impact of 
COVID-19 on the timelines and conduct of the study. A 
decision was made to not to proceed with the planned 
sample size reestimation and conclude the study, pos-
sibly leading to a type II error.

Second, while there were no differences in NIHSS 
strata between the 2 groups, approximately two-thirds of 
patients had mild stroke (NIHSS scores 0–6) with over-
all median NIHSS score of 4. The favorable natural his-
tory in this patient population may have limited the ability 
to demonstrate any potential benefit from exenatide in 
achieving the primary end point (≥8-point improvement 
in NIHSS [or 0–1] at 7 days). Nevertheless, the primary 
outcome stratified by stroke severity did not support a 
differential treatment effect.

Third, reperfusion rates were higher than expected 
(>50% of patients) but were evenly matched across 
the 2 groups. TEXAIS did not record brain infarct size 
or vessel recanalization status (after tPA and mechanical 
thrombectomy), all factors which could potentially impact 
changes in NIHSS in the 2 treatment groups. However, 
reperfusion therapy had no differential effect on primary 
outcome (Figure 2).

Fourth, TEXAIS was a pragmatic study, and while all 
sites were encouraged to follow standard stroke treat-
ment guidelines, 60% of the patients were recruited by 
the top 3 sites, and local hospital practices may possibly 
have impacted generalizability of the results.

In conclusion, treatment with exenatide in routine 
patients with acute ischemic stroke significantly reduced 
the frequency of hyperglycemic events and was safe to 
use but did not result in a significant reduction in neu-
rological impairment at 7 days. The favorable profile of 
exenatide (and possibly other GLP-1 agonists) warrants 
further investigation in larger clinical trials.
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