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Abstract

Background One-third of acute ischaemic stroke (AIS) occurs in patients with an abnormal glucose
metabolism, but little is known the differences in glycemic variations (GV) between stroke patients with
and without abnormal glucose metabolism. The objective of this study was to observe the differences in
GV between AIS patients with T2D and without T2D using continuous glucose monitoring (CGM).

Methods This was a multi-center, prospective, observational study performed between March 2018 and
September 2018 in 5 hospitals in China. After admission, all recruited patients were subjected to a
consecutive 4-day CGM. At the endpoint, patients were divided into two groups according to the T2D
status. The primary outcome was the differences in GV between AIS patients with and without T2D.

Results A total of 149 patients (63 patients with T2D and 86 patients without T2D) were recruited into
this study. AIS patients with T2D had a significant increase in the standard deviation of mean glucose,
the mean amplitude glycemic excursions, the mean lowest glucose, the incremental area over the curve of
hypoglycemia, the percentage of time spent in hypoglycemia, and the time in target range compared to
those AIS patients without T2D (p<0.05 for all).

Conclusions Our data demonstrates that AIS patients with T2D had a significant increase in GV
compared to those without T2D. Our results indicated that therapies aimed to improvement in GV may be
important to a better clinical outcome in patients with AIS after the onset of a stroke.

Background

One-third of acute ischaemic stroke (AIS) occur in patients with abnormal glucose metabolism, and the
two disorders often parallel. Controlled for demographic and other confounder risk factors, diabetes
independently contributed to more than two-fold increase in ischaemic stroke and worsens the outcomes
in patients with acute stoke '~4. Using continuous glucose monitoring (CGM) researchers documenting
that AIS patients with a duration of persist hyperglycemia for at least 88 hours. However, a transient
glucose decline was also observed®, highlighting the fact that poststroke patients may experience a
dynamic glucose change and a higher frequency of glucose monitoring is necessary for the identification
of glycemic variations (GV)°.

Studies based on single-point glucose level focused on the detrimental effects of hyperglycemia on
stroke outcomes revealed that indicates that the admission blood glucose (ABG) was a potential
predictor of poor outcome and increased mortality of AIS ®/. Study also observed that AIS patients with
diabetes mellitus, especially with higher glycosylated haemoglobin levels were at a significantly
increased risk for detrimental outcome compared to those with normal glucose metabolism®8. Which
indicates that increased glycemic variations in diabetic AIS patients may have a worsen clinical outcome
in patients with AIS.
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However, little is known the differences in glycemic variations (GV) between stroke patients with and
without abnormal glucose metabolism. CGM provide glucose concentrations every 5 min for at least 72
hours, a set of metrics using data collected from CGM were employed presenting as GV, e,g. the standard
deviation (SD), Coefficient of Variance (CV), the mean amplitude glycemic excursions (MAGE), the
incremental area under curve (AUC) of hyperglycemia (>10.0 mmol/L) and the incremental of area over
curve (AOC) of hypoglycemia (< 3.9 mmol/L), and percentage of time in range (TIR) (3.9-10.0 mmol/L),
and time spent in hyperglycemia.

We therefore performed a multi-center, prospective, observational study. In this study, we compared the
differences in 24 hrs glycemic variations using CGM in AIS patient with and without T2D.

Methods

This was a multi-center, prospective, observational study performed at Department of Neurology,
Yancheng No. 1 People's Hospital, the Fourth Affiliated Hospital of Nantong University, China; Department
of Neurology, Taizhou People's Hospital; Department of Endocrinology, Nanjing First Hospital, Nanjing
Medical University, China; Department of Neurology, Affiliated Hospital of Integrated Traditional Chinese
and Western Medicine, Nanjing University of Chinese Medicine, China; and Department of Neurology,
peopl€e's Hospital of Dezhou, China between March 2018 and September 2018. The inclusion criteria were
1) Inpatient with acute ischemic stroke (AIS) less than 6 hrs after AIS onset; 2) Patients aged between 18
and 80 years; 3) Patients with or without established T2D history. Patients were excluded if they had 1)
hemorrhagic stroke or other etiologic type of stroke; and 2) type 1 diabetes. The study was approved by
the ethics committee of Yancheng City No. 1 People's Hospital, the Fourth Affiliated Hospital of Nantong
University, China and was performed in accordance with the ethical standards of the 1964 Declaration of
Helsinki and its later amendments, including any relevant details. Written informed consent was obtained
from each research center.

On day 0 of admission, the patient's demographic data were collected by specially trained nurses.
Modified Rankin scale (mRS) was assessed by a physician®. In addition, diabetic status, such as
admission venous plasma glucose levels, the duration of diabetes, and patients receiving glucose-
lowering agents, et al. were also recorded. On day 1 of admission, fasting serum samples were collected
for HbA, glucose, and C-peptide concentrations determination. HbA,. was measured by a DiaSTAT
HbA, . analyzer (Bio-Rad, Hercules, CA). C-peptide and glucose levels were analyzed at each research
center. All recruited patients were subjected a retrospective CGM (Sof-sensor, CGMS-Gold, Medtronic
Incorporated, Northridge, USA) from day 0 of admission to day 4 of admission for consecutive 4-day, as
described previously'%'". The CGM sensor was subcutaneously embedded and continually wear the
sensor until the sensor functional expired. Four additional capillary finger-pricks for glucose
measurements per day were made, with one measurement taken in the interval of no more than 8 hrs, for
calibration purposes during CGM period. After 4 days of CGM, subjects had the sensors removed, the
CGM data were collected and analyzed by the investigators, as described previously'®~12. During the
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CGM period, all subjects were instructed to maintain moderate physical activity and three meals per day
consisting of a total daily caloric intake of 25 kcal/kg/day were served at 0700, 1100 and 1700 by
research nurses, respectively, if patients were not in coma. Patients in a coma received Fatemulsion,
Aminoacids (17) glucose (11) Injection infusions (Kabiveil PI, Sino-Swed Pharmaceutical Corp. Ltd, Wuxi,
China) containing macronutrient, dextrose, and short-acting insulin, which was administered at a rate of
110 mL/h as previously prescribed’3. Hypoglycemia, glucose level less than 3.9 mmol/L, was treated
using IV glucose.

The 24-hr mean glucose (MG), the SDMG, the MAGE, the CV%, the mean highest glucose (MHG), the
mean lowest glucose (MLG), the incremental AUC of hyperglycemia (> 10.0 mmol/L) and the incremental
AOC of hypoglycemia (< 3.9 mmol/L), the percentage of time spent in hyperglycemia and hypoglycemia,
the TIR, and glucose readings were analyzed, as previously described’. In addition, the times of
hypoglycemia in each patient were also recorded.

To observe the differences in GV between diabetic AIS patients with or without parental nutrition (PN)
therapy, a stratified analysis was performed comparing the MG, the SDMG, the MAGE, the CV%, the MHG,
the MLG, the incremental AUC of hyperglycemia and the incremental AOC of hypoglycemia, the
percentage of time spent in hyperglycemia and hypoglycemia and the TIR between the two groups.

The primary outcome was the differences in MAGE between AIS patients with and without T2D.
Secondary endpoints were the differences in SD, CV%, MG, MHG, MLG, the incremental AUC of
hyperglycemia and the incremental AOC of hypoglycemia, the percentage of time spent in hyperglycemia
and hypoglycemia and the TIR in the two groups. In addition, the differences in GV in AIS patients with
T2D receiving or not receiving PN were also compared.

Statistical analysis

Statistical analysis was performed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL). All data
were presented as the mean + SD. Shapiro-Wilk test was used to verify the distribution of data. A Chi-
squared test was performed compare the ratio differences between two groups. The mixed ANOVA model
(2 x 2) test was used to compare differences between groups. All repeated data were analyzed by a two-
way ANOVA between groups, followed by Bonferroni-Dunn post hoc test. P values were two-tailed with a
significance level of 5%.

Results
Demographic characteristics of the enrolled subjects

A total of 160 stroke patients were screened for eligibility between March 2018 and September 2018.
Eleven patients were excluded: 5 with capillary glucose concentrations above 22.2 mmol/L, 3 patients
who did not meet the inclusion criteria, and another 3 patients had discontinuous CGM data. The data of
149 patients (63 patients with T2D and 86 patients without T2D), who finished the study and had CGM
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data missing less than 10% were analyzed at the endpoint. Of the 149 enrolled patients, 113 (75.8%) had
functional independence (MRS 0-2), and 36 (24.2%) had no or minimal disability (mRS 0-1).

The demographic characteristics of the enrolled subjects were described in detail between the two groups
(Table 1). There were no differences in age, body weight, height, body mass index (BMI), admission blood
glucose, and fasting blood glucose between AIS patients with or without T2D (p > 0.05 for all
parameters). As expected, patients in T2D group had significant increase in HbA, levels (p <0.01) and
decrease in C peptide level (p < 0.05).

Table 1
Demographic characteristics in subjects between the groups at baseline

AIS Group (n =86) AIS + Diabetes Group (n = 63) p value
Sex (male) 71.0% 69.3% 0.88
Age (years) 66.4+10.6 63.8+11.3 0.36
Body weight (Kg) 65.2+7.3 63.2+7.4 0.76
Height (cm) 165.7+ 5.7 163.9+5.6 0.65
BMI (kg/m?) 245+ 3.6 23.8+2.6 0.84
Course (years) - 52+3.6 0.00
HbA, ; (%) 57124 8.7+2.1 0.00
ABG (mmol/L) 89127 9.8+3.8 0.31
F C-peptide (ng/mL) 3712 1.5+0.8 0.02
Data were presented as mean + SD. BMI: Body mass index, Course: Course of diabetes, FBG: Fasting
blood Glucose level, F C-peptide: Fasting C-Peptide concentration.

Glucose-lowering agent Profiles

All recruited subjects received glucose-lowering agents or/and combined with subcutaneous insulin
administration in accordance with current stroke glucose management guidelines if they had glucose
levels delivered by capillary above 10 mmol/L '>18. The diabetic duration in AIS patients with T2D was
5.2+3.6 years. All diabetic patients received glucose-lowering agents, with 5 patients (7.9%) receiving
metformin alone therapy, 36 patients with insulin therapy (57.1%), 12 patients (19.0%) receiving
metformin combination with insulin therapy, and 10 patients (15.9%) with other glucose-lowering agents.
In addition, 24 patients (27.9%) without diabetic history received insulin therapy at least 20 units per day.

CGM profiles
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Because CGM has a six hrs infiltration phage at the beginning of monitoring period and a sensor expire
phage at the end of monitoring period, the measurements delivered from the two periods might not be
reliable according to the manufacture’s instruction. We therefore analyzed CGM data from the day 1 to
day 3, and the day 0 and day 4 CGM date were not used in this study. In detail, all patients subjected CGM
at 6-10 hrs after stroke onset and lasting for a median of 72 hrs, yielding 746180 glucose readings per
patient.

Our CGM data showed that there were no differences in the MG, the MHG, the incremental AUC of
hyperglycemia, and the percentage of time spent in hyperglycemia between the two groups (p>0.05 for
all). However, AIS patients with T2D had significant increase in the SDMG, the MAGE, the MLG, the
incremental AOC of hypoglycemia, the percentage of time spent in hypoglycemia, and the TIR compared
to those AIS patients without T2D (p<0.05 for all) (Table 2).

AIS Group (n=86)  AIS +Diabetes Group (n=63) P value
MG 8.613.7 9.5t1.6 0.07
SDMG 2.2+1.1 4.311.2 0.03
MAGE 4.5+2.8 6.4+3.5 0.01
MHG 10.2+1.9 15.5+3.1 0.02
MLG 5.6+1.7 5.2+1.4 0.88
Ccv 22.0+11.8 25.3121.1 0.72
AUC>10  0.8+0.7 0.9+0.9 0.88
AO0C<3.9 0.0+0.0 0.1£0.0 0.04
TIR 66.3+20.0 61.4+24.1 0.03
>10% 33.0+£21.2 37.9123.9 0.66
<3.9% 0.0+0.8 0.9+1.0 0.03

Data were presented as means + SD. MG: mean glucose concentration (mmol/L), SDMG: standard
deviation of MG (mmol/L), MAGE: mean amplitude of glycemic excursions (mmol/L), MHG: the mean
highest glucose (mmol/L), MLG: the mean lowest glucose (mmol/L), CV: coefficient of variation (%),
AUC>10: the incremental area under curve of glucose concentrations above 10 mmol/L (mmol/L per day),
AO0C<3.9: the incremental area over curve of glucose concentrations less than 3.9 mmol/L (mmol/L per
day), TIR: time in the target range (%), >10%: time spent in hyperglycemia (>10 mmol/L) (%), <3.9%: time
spent in hypoglycemia (<3.9 mmol/L) (%).
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Table 2. Glycemic profiles between the groups in study subjects at the endpoint

No hypoglycemic episode was observed in AIS patients without T2D. However, our CGM data
demonstrated that 9 patients (14%) experienced hypoglycemia episode (defined as glucose reading <3.9
mmol/L), with 4 patients experienced glucose levels less than 2.8 mmol/L, with severe hypoglycemia
duration ranging from 15 min to 80 min. We therefore analyzed the times and duration of hypoglycemia
in patients who had increase in incidences of hypoglycemia. We observed a total 105 times of
hypoglycemia, and the total hypoglycemic duration was 220 min during the 3-day analyzed CGM period
among all the recruited AIS patients.

Study reporting that male diabetic patients had an increased incidence of hypoglycemia during glucose-
lowering therapy'4, so we therefore generated a stratified analysis comparing the incidence of
hypoglycemia among male and female patients. Our data showed that male patients exhibited
significant increase in hypoglycemic ratio compared to female patients (18% vs. 12%, p<0.05). In
addition, we observed an increase in severe hypoglycemia (glucose <2.8 mmol/L) incidences in male
patients compared to female patients (7.1% vs. 0, p<0.01). No differences in hypoglycemia times or
hypoglycemia duration were observed between male and female groups (p>0.05, respectively).

To address the reliability of the blood glucose concentrations monitored by CGM in our study, we
calculated the Mean Absolute Relative Difference (MARD) using software provided by Medtronic
Incorporated, USA, which was the commonly used parameter to assess the reliability of CGM glucose
readings according to instructions of Medtronic Incorporated, USA (if the venous blood glucose less than
5.6 mmol/L, the MARD should <18%, and if the venous blood glucose above 5.6 mmol/L, the MARD
should <28%). In this study, the mean MARD was 10.5+4.1%, which confirms that our data collected from
CGM using in this study was reliable.

It is known that patients receiving PN had a significantly higher incidence of malnutrition, in particular,
hyperglycemia'”. To support that notion, we next analyzed and compared the differences in the glycemic
profiles between AIS patients with T2D receiving or not receiving PN (20 vs. 43). Although the patients
had similar mean glucose levels between the two groups. We observed that patients in PN group had
significant increases in the SDMG, the MAGE, the CV%, the MHG, the MLG, the incremental AUC of
hyperglycemia, the incremental AOC of hypoglycemia, the percentage of time spent in hyperglycemia, the
percentage of time spent in hypoglycemia, and the TIR (p<0.05 for all) (Table 3).

Page 7/13



With PN (n=20)  Without PN (n=43) P value
MG 8.4+3.2 9.1£2.0 0.18
SDMG 5.1+3.4 2.243.0 0.04
MAGE 6.8+5.7 41+5.0 0.02
MHG 16.1£10.3 10.6+9.7 0.02
MLG 4.0+4.7 5.6+3.3 0.04
cVv 33.4+£19.6 23.8+20.2 0.02
AUC>10  0.9+0.2 0.7£0.5 0.04
A0C<3.9 0.1+0.0 0.0£0.0 0.04
TIR 45.7+42.3 60.3+29.2 0.03
>10% 39.2+28.4 30.7£20.6 0.04
<3.9% 0.840.8 0.241.0 0.03

Data were presented as means + SD. PN: parental nutrition, MG: mean glucose concentration (mmol/L),
SDMG: standard deviation of MG (mmol/L), MAGE: mean amplitude of glycemic excursions

(mmol/L), MHG: the mean highest glucose (mmol/L), MLG: the mean lowest glucose (mmol/L),

CV: coefficient of variation (%), AUC>10: the incremental area under curve of glucose concentrations
above 10 mmol/L (mmol/L per day), AOC<3.9: the incremental area over curve of glucose concentrations
less than 3.9 mmol/L (mmol/L per day), TIR: time in the target range (%), >10%: time spent in
hyperglycemia (>10 mmol/L) (%), <3.9%: time spent in hypoglycemia (<3.9 mmol/L) (%).

Table 3. Glycemic profiles between the groups in diabetic AIS patients receiving or not PN at the endpoint

Safety And Tolerance

No episodes of patient-reported hypoglycemia requiring medical assistance were reported and all
subjects were well tolerance with CGM during the study.

Discussion

This study revealed a novel observation that stroke patients with T2D had a significantly increased
glycemic variations with regarding MAGE, SD, and CV% compared to those not having T2D. Patients
receiving PN therapy may partially contribute to the increased GV. We further observed a significant
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increase in severe hypoglycemia incidences in male patients when compared to female patients. Our data
indicated that stroke patients with T2D should receive glucose-lowering therapies aimed at reducing the
larger glycemic variations and the increased ratio of hypoglycemia.

A single measurement of glucose at admission or serial measurements after stroke onset may not
necessarily reflect daily glycemic profiles during an AIS. CGM may be an optional tool describing the
whole 24-hr glycemic profile. Metrics derived from CGM were already employed to assess the GV in
diabetic patients'®~20. However, little is known about the GV profiles in stroke patients with regarding the
amplitude, the times and the duration of glucose ascending and descending after stroke onset. A
previous study using CGM indicated that most stroke patients with or without impaired glucose
metabolism experienced an ascending, a plateau, and a decreasing period in glucose levels lasting at
least 72 hrs after stroke®. In accordance with the previous study, our data showed that the 3-day mean
glucose concentrations monitored by CGM in patients with T2D were 9.5 £ 1.6 mmol/L, with the HMG
more than 15 mmol/L, regardless whether or not the patients receiving multiple glucose-lowering
therapies, which indicated patients enrolled into the pilot study were in the category of uncontrolled
glucose were classified according to the guidelines set by European and U.S. stroke associations for the
management of PSH'>16_ |n addition, we observed that stroke patients with T2D exhibited dramatically
increased in glucose ascending and descending excursions. Studies focused on pathophysiological
mechanisms demonstrated that acute glycemic variations, other than chronic hyperglycemia, exert a
potential detrimental effectiveness on microvascular and macrovascular complications, via oxidative

stress 2

1, suppression of NO production?223, inhibition of the fibrinolytic process?4, and an increase in
coagulation?®~27_ Qur results indicated that clinical researchers and clinicians should pay close attention
to abate acute blood glucose fluctuations in glycemic management during post stroke, which might be
important for an increased possibility of having an improvement of functional outcomes. Studies
focused on the relationships between the alleviated acute GV and the improved functional recovery or

independence are warranted.

Achieving euglycemic control in the early phage of stroke is difficult, the concerning for hypoglycemia
may be an important barrier for patients with diabetes to achieve better glucose control?. One fourth of
the patients receiving intensive insulin therapy experienced symptomless nocturnal hypoglycemia 22.
Studies further revealed that older diabetic patients had an significantly increased ratio of hypoglycemia
compared to those of younger subjects 230 In this study, the recruited patients were at mean 66 years
age, we previously reported that older male diabetic patients (> 60 years old) had an increased potential
incidence of nocturnal hypoglycemia. We expected that older male patients had a higher incidence of
hypoglycemia compared to those of female patients. In this study, a total of 9 out 63 patients had
hypoglycemia during the CGM period. A stratified analysis showed that men and women had similar
incidence of hypoglycemia. However, our data indicating that male patients may exhibit a higher ratio of
severe hypoglycemia, despite the fact that they received non-insulin glucose-lowering therapies. In this
study, men and women had the similar age, course of disease, BMI, waistline, waist-to-hip ratio, and
HbA1c values. It is unknown why the male patients had a higher incidence of severe hypoglycemia after a
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stroke while receiving glucose-lowering therapy. However, this highlights that more frequency of blood
glucose monitoring may be an optional way to prevent the incidence of hypoglycemia.

We also observed that AIS patients receiving PN had a significant increase in GV compared to those not
receiving PN therapy. The significantly increased hyperglycemia and hypoglycemia during PN period may
contribute to the increased GV in AIS patients receiving PN. Our results were in accordance with a
previous study reporting that T2D patients receiving insulin required more different patterns of insulin
doses during the PN period to maintain glycemic control, which may partially be the reason that the

absorption and release of insulin from PN bag has some variations®".

Our study has several limitations. Firstly, the study only observed patients from Jiangsu province in
China, so the situation might not be the same for other populations. Secondly, the recruited subjects
receiving various glucose-lowering therapies during the study period did not all respond in a similar
manner. Thirdly, this was an observational study for a short period.

Conclusions

In conclusion, our data demonstrates that AIS patients with T2D had significant increase in GV, especially
when PN therapy was needed. Our results indicated that more glucose measurements may be necessary
to prevent hyperglycemia and hypoglycemia after a stroke onset may be beneficial.
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