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Abstract
Background and Purpose: Chronic hyperglycemia contributes to cerebrovascular 
dysfunction by damaging blood vessels. Poor glucose control has been tied to im-
pairments in cerebral blood flow, which may be particularly detrimental for people 
recovering from major cerebrovascular events such as acute ischemic stroke. In this 
secondary analysis, we explore for the first time the connection between chronic hy-
perglycemia before acute stroke and the cerebrovascular response (CVR) to exercise 
3 and 6 month into the subacute recovery period.
Methods: We recorded middle cerebral artery velocity (MCAv) using transcranial 
Doppler ultrasound bilaterally at rest and during moderate-intensity exercise in 
stroke patients at 3 (n = 19) and 6 (n = 12) months post-stroke. We calculated CVR 
as the difference between MCAv during steady-state exercise and resting MCAv. 
We obtained hemoglobin A1c levels (HbA1c; a measure of blood glucose over the 
prior 3 months) from the electronic medical record (EMR) and divided participants by 
HbA1c greater or less than 7%.
Results: Participants with high HbA1c (>7%) at the time of acute stroke had signifi-
cantly lower CVR to exercise for both the stroke-affected (p = .009) and non-affected 
(p = .007) hemispheres at 3 months post-stroke. These differences remained signifi-
cant at 6 months post-stroke (stroke-affected, p = .008; non-affected, p = .016).
Conclusions: Patients with chronic hyperglycemia before acute ischemic stroke dem-
onstrated impaired cerebrovascular function during exercise months into the suba-
cute recovery period. These findings highlight the importance of maintaining tight 
glucose control to reduce morbidity and improve recovery post-stroke and could 
have implications for understanding cerebrovascular pathophysiology.
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1  | INTRODUC TION

Chronic hyperglycemia causes systemic vascular damage. 
(Duckworth et  al.,  2009; Hemmingsen et  al.,  2011; Patel 
et al., 2008) Therefore, the American College of Physicians (ACP) 
and American Diabetes Association (ADA) recommend long-term 
glucose control—specifically, a hemoglobin A1c (HbA1c) level 
below 7%—in order to minimize severity and frequency of vascu-
lar complications in diabetes mellitus (DM) (Qaseem et al., 2018; 
Targets, 2019). Without adequate control, chronic hyperglycemia 
increases the risk of stroke and negatively affects cerebrovascu-
lar function in other neurological disorders such as Alzheimer's 
disease and vascular cognitive impairment. (Ergul et  al.,  2012) 
Elevated blood glucose causes damage to both large and small ves-
sels with increasing evidence that stroke and vascular cognitive 
impairment are the result of a combination of pathology in both 
types of cerebral vessels. (Huber, 2008) Reduced middle cerebral 
artery velocity (MCAv), a surrogate measure of cerebral blood 
flow (CBF), has been reported in those with DM at rest and in 
response to stimuli (e.g., hypercapnia) when compared to control 
groups. (Cui et al., 2017; Jansen et al., 2016; Kadoi et al.,; Novak 
et al., 2006) Additionally, we previously reported that cognitively 
normal older adults with higher cardiovascular risk level, including 
those with DM, have lower MCAv at rest and in response to mod-
erate-intensity exercise. (Perdomo et al.,)

In people with stroke, DM is often a comorbid condition 
along with other traditional cardiovascular risk factors. (Kernan 
et  al.,  2014) Two recent reports have shown that people with 
stroke may have altered cerebrovascular function when compared 
to their peers. (Kempf & A., Lui, Y., 2019; Robertson et al., 2019) 
However, specific contributing factors to this cerebrovascular 
dysfunction, such as chronic hyperglycemia (HbA1c > 7%), have 
yet to be explored. Thus, it is unknown whether chronic hyper-
glycemia in the months prior to acute ischemic stroke affects 
resting and exercising MCAv during the subacute stage of stroke 
recovery.

To address this gap in the literature, the objective of this sec-
ondary analysis was to explore whether elevated HbA1C at the 
time of acute stroke was associated with impaired MCAv mea-
sures during rest and exercise at 3 and 6  months post-stroke. 
Specifically, we divided participants into those with chronically 
uncontrolled blood glucose (defined according to ADA and 
ACP guidelines as HbA1c  >  7%) or controlled blood glucose 
(HbA1c < 7%) at the time of acute stroke. We hypothesized that 
the group with elevated HbA1c would have: 1) lower resting 
MCAv, 2) reduced cerebrovascular response to exercise (CVR, de-
fined as exercising MCAv – resting MCAv), and 3) smaller percent 
change in MCAv (%ΔMCAv, calculated to control for resting base-
line values) from rest to exercise at 3 and 6 months post-stroke. 
As an exploratory aim, we evaluated the CVR in participants strat-
ified by Type 2 DM diagnosis with the hypothesis that the CVR 
would be significantly negatively correlated with HbA1c level for 
individuals with Type 2 DM.

2  | METHODS

2.1 | Participants

This is a secondary analysis from an observational study character-
izing MCAv dynamic response to an acute bout of exercise at 3 and 
6  months post-stroke. (Billinger et  al.,  2005.20100883.) Inclusion 
and exclusion criteria were covered in detail previously. (Billinger 
et  al.,  2005.20100883.) The University of Kansas Medical Center 
Human Subjects Committee approved all experimental procedures 
in compliance with the Declaration of Helsinki. Written informed 
consent was obtained prior to commencement of study procedures. 
We obtained HbA1c levels from the electronic medical record (EMR) 
(Epic Systems Corporation, Verona, WI) collected during the acute 
hospital stay no later than 72 hr after admission to the acute stroke 
unit at the University of Kansas Health System.

2.2 | Experimental procedures

The following protocol was performed for Visit 1 (3 months post-
stroke) and Visit 2 (6  months post-stroke) for each participant 
and has been described in detail previously. (Billinger et  al.,  2017; 
Billinger et  al.,  2005.20100883.; Kaufman et  al.,  2019; Kempf & 
A., Lui, Y., 2019; Ward et  al.,  2018) The study team obtained the 
participant's height and weight and calculated body mass index 
(BMI). (Eknoyan,  2008) A five-lead electrocardiogram (Cardiocard, 
Nasiff Associates, Central Square, NY) continuously monitored HR. 
Beat-to-beat blood pressure (BP) was acquired from the left mid-
dle finger (Finometer PRO; Finapres Medical Systems, Amsterdam, 
The Netherlands). (Billinger et al., 2017; Fisher et al., 1985; Kaufman 
et  al.,  2019; Kempf & A., Lui, Y., 2019; Ward et  al.,  2018) A nasal 
cannula connected to a capnograph (BCI Bapnocheck 9,004) con-
tinuously recorded end-tidal carbon dioxide (PETCO2). The sonog-
rapher was blinded to side of stroke. Ultrasonic gel was applied to 
the 2-MHz transcranial Doppler ultrasound (Multigon Industries, 
Yonkers, NY) probes and placed over the cranial temporal bone win-
dow using established practice standards in positioning and orient-
ing the probe to insonate the MCA. (Alexandrov et al., 2007, 2012) 
The probes were fixed in place on an adjustable headband.

Each experimental exercise bout consisted of a continuous 7.5-
min recording. We first acquired 90 s of resting data, and then the 
participant began exercising. Maximum HR (HRmax) was determined 
by using either: (Brawner et al., 2004).

HRmax = 220 – age, for participants not taking a beta-blocker, or
HRmax = 164 – (0.72*age), for participants taking a beta-blocker.
Moderate-intensity exercise was defined as 45% to 55% of the 

participant's heart rate reserve. The HR range for moderate-intensity 
exercise was determined using the Karvonen formula. (Ferguson,)

HR range = [% exercise intensity*(HRmax – resting HR)] + rest-
ing HR.

The participant exercised at moderate-intensity for 6 min. After 
the recording ended, the participant sat quietly until HR returned 
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to resting level and then repeated the 7.5-min experimental bout 
(90 s of rest and 6 min of exercise), as our previous work showed 
improved signal-to-noise ratio when data acquired from multiple ex-
ercise bouts are averaged. (Billinger et al., 2017).

2.3 | Data acquisition

Raw data acquisition occurred through an analog-to-digital unit 
(NI-USB-6212, National Instruments) and custom written software 
operating in MATLAB (v2014a, The Mathworks Inc. Natick, MA). 
Sampling of all variables was at 500 Hz and then interpolated to 
2.0 Hz. As in our previous work, three-second averages were calcu-
lated and smoothed using a 9-s sliding window average. (Alwatban 
et al., 2020; Billinger et al., 2017; Kaufman et al., 2019; Kempf & A., 
Lui, Y., 2019; Ward et  al.,  2018) We used R version 3.2.4 (R Core 
team, Vienna, Austria) with the “nls” function package to model the 
response. Data with RR intervals > 5 Hz or changes in peak blood 
flow velocity of > 10 cm/s in a single cardiac cycle were considered 
artifact and censored. If an acquisition consisted of > 15% censored 
cardiac cycles, the entire sample was discarded. The cerebrovascu-
lar response (CVR) was calculated as the difference between the 
mean MCAv sampled between minute 3 and 4.5 during steady-state 
exercise and the resting MCAv (mean MCAv over the first 90 s of 
the 8-min recording). (Kaufman et  al.,  2019; Kempf & A., Lui, Y., 
2019; Sisante et al., 2019) The percent change in MCAv from rest 
to exercise (%ΔMCAv) was calculated as the CVR divided by resting 
MCAv multiplied by 100. The CVR and %ΔMCAv were calculated 
separately for the stroke-affected and non-affected sides in each 
participant.

2.4 | Statistical analysis

All statistical analyses were performed using SPSS Statistics (IBM). 
Participants were divided into two groups based on HbA1c value 
at the time of acute stroke (<7% or >7%). Between-group differ-
ences were assessed using independent t tests, Mann–Whitney U 
tests, or Fisher's exact tests, as appropriate. Data are presented 
as mean ± standard deviation unless otherwise indicated. We also 
ran a Pearson's product–moment correlation to characterize the 
relationship between HbA1c level and CVR for participants diag-
nosed with Type 2 DM. We set α = 0.05 to protect against type I 
error.

3  | RESULTS

Twenty-six participants with ischemic stroke were enrolled into 
the parent study. For this secondary analysis, only those data that 
successfully modeled for bilateral MCAv CVR were used (n = 19) 
at Visit 1 (3-months post-stroke). Six participants were lost to 

follow up, and data for Visit 2 (6-months post-stroke) included 12 
participants.

3.1 | Visit 1 (3 months post-stroke)

Participant demographics and laboratory physiological measure-
ments for Visit 1 are presented in Table 1. Thirteen participants 
(68%) had HbA1c <7% at the time of acute stroke. There were 
no between-group differences for those with low HbA1c (<7%, 
n = 13) and high HbA1c (>7%, n = 6) for demographic factors in-
cluding sex, age, race, BMI, smoking history or hypertension diag-
nosis. No between-group differences were found for PETCO2 and 
MAP at rest or during exercise, which is important as both meas-
ures can influence MCAv. Contrary to our hypothesis, there were 
no significant differences in resting MCAv between high and low 
HbA1c groups on the stroke-affected (U = 53, z = 1.228, p = .244) 
or non-affected (U  =  56, z  =  1.491, p  =  .152) side. However, 
stroke-affected CVR was lower for the high HbA1c group (mean 
rank  =  5.17) than the low HbA1c group (mean rank  =  12.23) 
(U = 10, z=−2.543, p =  .009). Likewise, non-stroke-affected CVR 
demonstrated a lower value for the high HbA1c group (mean 
rank = 5.00) than the low HbA1c group (mean rank = 12.31) (U = 9, 
z = −2.631, p =  .007). The %ΔMCAv was attenuated for the high 
HbA1c group for the stroke-affected (U = 10, z = −2.543, p = .009) 
and the non-affected (U = 6, z = −2.894, p = .002) vessels. Table 1 
includes data from Visit 1 (3-months post-stroke) presented as 
mean ± standard deviation unless otherwise indicated.

Figure 1 shows the relationship between HbA1c and the CVR 
at 3 months post-stroke for participants with (n = 10) and without 
(n = 9) Type 2 DM, defined as a diagnosis of Type 2 DM present in 
the electronic medical record at the time of stroke. For participants 
with Type 2 DM, preliminary analysis showed the relationship be-
tween HbA1c and CVR to be linear for both the stroke-affected and 
non-affected hemispheres. Pearson's product–moment correlation 
showed a strong negative correlation between HbA1c and CVR on 
the stroke-affected (r = −0.690, p =  .027) and approached signifi-
cance for the non-affected (r = −0.600, p = .067) side.

3.2 | Visit 2 (6 months post-stroke)

Data for the 12 participants who completed Visit 2 at 6 months post-
stroke were in line with findings from Visit 1. Specifically, there re-
mained no significant between-group differences for those with low 
HbA1c (<7%, n = 8) and high HbA1c (>7%, n = 4) in resting MCAv 
on the stroke-affected (p =  .683) or non-affected (p = 1.000) side. 
Additionally, CVR to moderate-intensity exercise remained signifi-
cantly lower for the high HbA1c group than the low HbA1c group on 
both the stroke-affected (p = .008) and non-affected (p = .016) sides. 
Likewise, %ΔMCAv was significantly lower for the high HbA1c group 
than the low HbA1c group on both the stroke-affected (p = .016) and 
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non-affected (p =  .004) sides at 6 months post-stroke. These data 
mirror Visit 1 results.

The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

4  | DISCUSSION

The major finding of this study was participants with high HbA1c 
(>7%) at the time of acute stroke demonstrated an impaired bilateral 
CVR to moderate-intensity exercise 3 months later. For those who 
returned at 6  months post-stroke, these same group differences 
remained. This suggests chronic hyperglycemia in the months prior 
to acute stroke, indicated by HbA1c >  7%, predicts impaired cer-
ebral hemodynamics in the subacute and chronic phases of stroke 
recovery.

The ADA and ACP guidelines advise clinicians to target 
HbA1c < 7% in patients with DM because this has been shown to 
reduce vascular complications of the disease. (Qaseem et al., 2018; 
Targets,  2019) For individuals who do not achieve this level of 

glucose control, chronic hyperglycemia has been shown to cause 
systemic impairments in vascular function, (Qaseem et  al.,  2018; 
Targets,  2019) which likely explains the cerebrovascular dysfunc-
tion observed during exercise in the high HbA1c group in the cur-
rent study. This vascular dysfunction can occur through a variety 
of mechanisms, the majority of which involve insults to endothelial 
cells. (Hadi & Suwaidi,  2007) For example, chronic hyperglycemia 
increases reactive oxygen species which damage endothelial cells 
over time. (Christen et al., 2010; Popov, 2010) Additionally, elevated 
blood glucose has been shown to alter endothelial cell phenotype 
by disrupting transcription which results in a variety of biochemical 
outcomes, including reduced bioavailability of nitric oxide, a mole-
cule that normally promotes vasodilation and increases blood flow. 
(Addabbo et  al.,  2009; Hirose et  al.,  2010; Laughlin et  al.,  2008; 
Popov, 2010) Individuals with chronic hyperglycemia have impaired 
endothelium-dependent vasodilation, as evidenced by a negative 
association between HbA1c and blood flow response to acetylcho-
line administration in the forearm. (Makimattila et al., 1996) This im-
paired vascular function caused by chronic hyperglycemia that has 
been observed peripherally extends to the cerebral vasculature. (Cui 

HbA1c < 7% (n = 13) HbA1c > 7% (n = 6) p-value

Sex, n male [% male] 8 [62%] 4 [67%] 1.000

Age 59.2 ± 12.3 years 69.8 ± 17.4 years 0.144

Caucasian, n [%] 10 [77%] 4 [67%] 1.000

African American, n [%] 2 [15%] 3 [50%] 0.262

Native American, n [%] 0 [0%] 1 [17%] 0.316

Asian, n [%] 1 [8%] 0 [0%] 1.000

Body Mass Index 30.6 ± 6.2 kg/m2 27.1 ± 2.0 kg/m2 0.085

Current or Past Smoker, 
n [%]

5 [38%] 1 [17%] 0.605

Hypertension 10 [77%] 6 [100%] 0.517

Stroke-affected resting 
MCAv

51.1 ± 15.5 cm/sec 59.5 ± 16.1 cm/sec 0.244

Stroke-affected CVR to 
exercise

6.8 ± 5.0 cm/sec 0.9 ± 3.7 cm/sec 0.009*

Stroke-affected %ΔMCAv 13.8 ± 10% 1.7 ± 5.7% 0.009*

Non-affected resting 
MCAv

56.1 ± 15.0 cm/sec 75.3 ± 34.4 cm/sec 0.152

Non-affected CVR to 
exercise

7.7 ± 5.7 cm/sec 0.1 ± 3.8 cm/sec 0.007*

Non-affected %ΔMCAv 13.9 ± 11.0% 1.2 ± 4.4% 0.002*

Resting PETCO2 35.2 ± 5.0 mmHg 33.4 ± 2.5 mmHg 0.451

Exercising PETCO2 39.4 ± 5.3 mmHg 37.3 ± 1.5 mmHg 0.203

Resting MAP 78.5 ± 21.2 mmHg 83.7 ± 8.8 mmHg 0.289

Exercising MAP 97.9 ± 21.3 mmHg 98.1 ± 16.6 mmHg 0.984

Note: Abbreviations: %ΔMCAv, percent change in MCAv from rest to exercise; cm/sec, centimeters 
per second; CVR, cerebrovascular response to exercise; MAP, average mean arterial pressure; 
MCAv, middle cerebral artery velocity; PETCO2, average End-Tidal Carbon dioxide.
Values are mean ± standard deviation unless otherwise indicated. One individual selected multiple 
race categories.
*significant (p < .05). 

TA B L E  1   Demographics and 
physiological measurements taken at 
rest and during exercise at 3 months 
post-stroke in individuals grouped by 
Hemoglobin A1c (HbA1c) status at time of 
acute stroke
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et al., 2017; Kim et al., 2011; Last et al., 2007) For example, higher 
HbA1c is associated with an attenuated CBF response to hypercap-
nia, (Last et al., 2007) and people with DM have impaired cerebro-
vascular autoregulation. (Kim et al., 2011).

Contrary to our hypothesis, there was no significant difference 
in MCAv between individuals with high or low HbA1c at rest. This 
contrasts with some previous reports that have shown lower rest-
ing CBF in patients with DM (Last et al., 2007) and particularly in 
those with poor glycemic control. (Cui et  al.,  2017) This could be 
due to differences in methodology, as these studies utilized arterial 
spin-labeling magnetic resonance imaging to measure CBF, while the 
current study utilized TCD to assess MCAv as a surrogate of CBF. It 
also could reflect an adaptive mechanism unique to stroke recov-
ery occurring in our participants at rest or simply be due to small 
sample size. Importantly, a physiological challenge such as exercise 
can reveal group differences in cerebrovascular function that may 
not be observed in the static, resting condition. (Sisante et al., 2019) 
Thus, although there were no significant group differences observed 
at rest, perturbations in cerebrovascular function became apparent 
in individuals with chronic hyperglycemia with the moderate-inten-
sity exercise stimulus employed in our study. Specifically, individuals 
with chronic hyperglycemia demonstrated an impaired CVR to exer-
cise in both the stroke-affected and non-affected hemispheres at 3 
and 6 months post-stroke. Previous studies have shown the degree 
of chronic hyperglycemia at the time of acute stroke predicts lower 
functional outcomes 3 months into recovery. (Lattanzi et al., 2016; 
Megherbi et al., 2003; Wang et al., 2019) Additionally, chronic hy-
perglycemia in stroke patients has been shown to cause cerebral 
microvascular remodeling that impairs blood flow. (Hou et al., 2013) 
Our data suggest chronic hyperglycemia at the time of acute isch-
emic stroke may negatively affect cerebrovascular health months 

later, which could have implications for recovery and rehabilitation. 
(Billinger et  al.,  2014) Notably, this effect of chronic hyperglyce-
mia on cerebrovascular function may be apparent with or without 
ischemic stroke. We previously reported in a subset of older adults, 
those with diabetes had a significantly lower CVR during moder-
ate-intensity exercise than those without diabetes. (Perdomo et al.,) 
In the present study, participants with high HbA1c demonstrated an 
impaired CVR to exercise in both the non-affected and stroke-af-
fected hemispheres, suggesting the impact of chronic hyperglyce-
mia may not be specific to stroke pathology. Future studies should 
assess whether CVR is preferentially reduced in people with a diag-
nosis of DM and stroke when compared to individuals with DM and 
no stroke pathology.

To our knowledge, we are the first to characterize the con-
nection between chronic hyperglycemia at the time of acute 
stroke and cerebrovascular function during exercise months later. 
However, one previous study in physically active males showed 
individuals with DM had a lower MCAv response during a bout 
of high-intensity exercise compared to participants without DM. 
(Kim et al., 2015) The authors proposed that the reduced MCAv 
response may be due to impaired cerebral vasodilatory capacity 
associated with the presence of DM. (Kim et al., 2015) These may 
be potential mechanisms contributing to the observed lower CVR 
in the group with chronic hyperglycemia in the present study and 
require further exploration. Importantly, we found that for indi-
viduals with Type 2 DM (defined as a diagnosis of Type 2 DM in 
the electronic medical record made by a clinician prior to stroke), 
HbA1c was significantly negatively correlated with CVR on the 
stroke-affected side (Figure  1). These data suggest that degree 
of hyperglycemia is meaningful beyond a simple cutoff value of 
HbA1c greater or less than 7%. That is, individuals with very high 

F I G U R E  1  Relationship between HbA1c at the time of acute stroke and CVR to moderate-intensity exercise at 3 months post-stroke on 
the stroke-affected (a) and non-affected (b) side
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HbA1c seem to have even greater cerebrovascular dysfunction 
than those with values only marginally above target (7%). This sug-
gests individuals with DM can attenuate cerebrovascular dysfunc-
tion through tight, long-term glucose control in a dose-dependent 
manner, which could be important for stroke recovery.

Importantly, the exercise intensity utilized in this study requires 
similar effort to common activities such as brisk walking. (Ferguson,) 
Therefore, understanding the CVR at this intensity level could have 
day-to-day implications for brain health and inform future stud-
ies and physical activity recommendations for people post-stroke. 
(Billinger et al., 2014) For example, it has been proposed that aerobic 
exercise mechanistically promotes beneficial adaptations of vascula-
ture through shear stress of the vessel wall secondary to the acute 
increase in blood flow with exercise onset. (Lucas et al., 2015) This 
could suggest a blunted CVR predicts less robust improvements in 
cerebrovascular function with exercise if CVR reflects degree of 
shear stress. However, it is important to note that it remains unclear 
whether CVR has direct downstream clinical implications or whether 
it is simply an indication of poor cerebrovascular health. Overall, our 
results reinforce the importance of maintaining controlled chronic 
blood glucose level in adults, (Edelman,  1998; Valeri et  al.,  2004) 
as this may be beneficial for cerebrovascular health post-stroke. 
Additionally, our data suggest that HbA1c level, which is a simple 
metric included in the acute stroke hospital workup, could be used 
by clinicians to predict cerebrovascular function during exercise in 
patients for at least 6  months following stroke. Thus, this routine 
metric could guide clinical decisions months into the recovery period.

This study has several important considerations. First, we mea-
sured MCAv as a surrogate of CBF using TCD because it is cur-
rently the only practical method for indexing CBF during exercise. 
(Brassard et al., 2017) This method assumes constant MCA diame-
ter. It is unclear whether the MCA undergoes meaningful changes 
in diameter, (Brothers & Zhang, 2016; Hoiland et al., 2016) but al-
terations are likely negligible during the exercise stimulus used in 
this study. (Giller et  al.,  1993;32:737–741;; Schreiber et  al.,  2000; 
Serrador et  al.,  2000; Valdueza et  al.,  1997) Although non-signifi-
cant, differences in resting MCAv between HbA1c groups could im-
pact CVR. However, we attempted to control for this by assessing 
differences in %ΔMCAv, which accounts for resting MCAv, in addi-
tion to CVR. We found the group with chronic hyperglycemia had 
significantly smaller %ΔMCAv, suggesting an impaired CBF response 
to exercise in this group independent of baseline measures. This 
study was limited by small sample size which did not allow for multi-
variate analysis to include additional potential predictors of reduced 
CVR, such as age and other vascular risk factors (including smok-
ing, BMI, and hypertension). However, no significant differences 
in these factors (Table 1) between the high and low HbA1c groups 
were found. HbA1c percentage reflects average blood glucose lev-
els over the prior 3 months, (Targets, 2019) but it does not account 
for cyclical changes in glucose that may occur day-to-day. Finally, 
we did not measure hematocrit or cardiac output in the participants 
at the time of the experimental visits, which could have impacted 
hemodynamics.

In the present study, we showed individuals with chronic hyper-
glycemia in the months immediately prior to acute ischemic stroke 
(as evidenced by HbA1c >  7%) have a smaller bilateral CVR and 
%ΔMCAv from rest to exercise measured 3 and 6 months into the 
post-stroke recovery period. Additionally, we found HbA1c level at 
the time of acute stroke was particularly important for individuals 
who had a previous diagnosis of Type 2 DM, with a significant neg-
ative correlation between CVR and HbA1c for those participants. 
We propose this cerebrovascular dysfunction may be due to the 
damaging effects of chronic hyperglycemia on endothelial func-
tion, which could cause an impaired vasodilatory response during 
exercise. These findings highlight the importance of maintaining 
tight blood glucose control throughout the lifetime in order to re-
duce morbidity and improve cerebrovascular health.
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