ORIGINAL ARTICLE

COPYRIGHT © 2014 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES INC.

Impact of Glucose Fluctuation on Acute
Cerebral Infarction in Type 2 Diabetes

Jinxin Huang, Xingguang Zhang, Juan Li, Liya Tang, Xiumin Jiao, Xiaofeng Lv

ABSTRACT: Objective: This study aimed to describe the frequency and temporal profile of acute cerebral infarction (ACI) using a
continuous glucose monitoring system (CGMS) in patients with and without type 2 diabetes mellitus (T2DM) and explore the impact
of blood glucose fluctuations on the short-term prognosis of ACI. Methods: The subjects were divided into four groups: T2DM with
acute cerebral infarction (DMCI, Group A, n=56); T2DM without acute cerebral infarction (DM-NCI, Group B, n=36); Acute cerebral
infarction patients without T2DM (NDM-CI, Group C, n=54); Healthy control group (NG, Group D, n=36). The National Institutes of
Health Stoke Scale (NIHSS) and modified Rankin scale (mRs) were collected in Group A and C. All subjects were monitored for 72
hours using the CGMS . Indices such as fasting blood glucose (FBG) and mean amplitude of glycemic excursions (MAGE) were
calculated. Glycemic excursions were compared between Group A, B, C and Group D, respectively. Multiple linear regression analysis
and logistic analysis was applied. Results: MAGE is related to NIHSS, homocysteine (HCY), HOMA-IR, FBG, CRP and IMT, while
NIHSS is related to CRP, HCY, HOMA-IR, IMT. The factors impacting the short-term prognosis of ACI were NIHSS, HBA1C and
MAGE. Conclusion: Larger glucose fluctuations are associated with more stroke risk factors and are associated with a poorer shortterm prognosis. More attention should be paid to glucose fluctuations in patients with ACI and a history of T2DM.
RÉSUMÉ: Impact des fluctuations de la glycémie sur l’infarctus cérébral aigu dans le diabète de type 2. Objectif : Le but de l’étude était de décrire
la fréquence et le profil temporel de l’infarctus cérébral aigu (ICA) au moyen d’un système de surveillance continue de la glycémie (SSCG) chez les
patients avec et sans diabète de type 2 (DT2) et d’examiner l’impact des fluctuations de la glycémie sur le pronostic à court terme de l’ICA.
Méthode : Les sujets ont été divisés en 4 groupes : DT2 avec ICA (groupe A, DIC ; n = 56) ; DT2 sans ICA (groupe B, DNIC ; n = 36) ; ICA sans DT2
(groupe C, ND-IC ; n = 54) ; groupe témoin en santé (groupe D, GN : n = 36). Nous avons recueilli le score au National Institutes of Health Stroke
Scale (NIHSS) et à l’échelle modifiée de Rankin chez les sujets des groupes A et C. Le système de surveillance continue du glucose a été laissé en place
pendant 72 heures chez tous les sujets. Le taux de glycémie à jeun (GJ) et l'amplitude moyenne des excursions glycémiques (AMEG) ont été calculés.
Les excursions glycémiques ont été comparées entre les groupes A, B, C et D respectivement. L’analyse de régression linéaire multiple et l’analyse
logistique ont été utilisées pour analyser les données. L’AMEG est liée au score du NIHSS, à l’homocystéine (HCY), au HOMA-IR, à la GJ, à la CRP
et à l’IMT, alors que le NIHSS est lié au CRP, à l’HCY, à l’HOMA-IR, à l’IMT. Les facteurs qui influencent le pronostic à court terme de l’ICA étaient
le NIHSS, l’HBA1C et l’AMEG. Conclusion : Des fluctuations glycémiques plus considérables sont associées à de plus nombreux facteurs de risque
de l’accident vasculaire cérébral et également au pronostic à court terme. Nous devrions porter plus d’attention aux fluctuations glycémiques qu’à
l’histoire de diabète chez les patients atteints d’un ICA.
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The incidence of type 2 diabetes mellitus (T2DM) is
increasing. In China, Yang et al reported that the prevalence of
diabetes in adults over 20 years-of-age was 9.7%, and the
prevalence of pre-diabetes (impaired fasting glycaemia and
impaired glucose tolerance) has reached 15.5%1. Diabetes is a
proven risk factor for stroke2-4, with a two-to-three fold
increased risk for diabetic patients compared with non-diabetic
patients. Numerous studies provide persuading evidence of the
deleterious effects of hyperglycemia on the injured brain in
stroke5-7. Besides increased cardiovascular complications,
immune-depression syndrome, altered cerebral perfusion or
secondary brain injury caused by inflammation and
hyperglycemia also may play an important role8,9. The
glycosylated hemoglobin (HbAIc) was established by studies
such as the diabetes control and complications trial (DCCT) and
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British prospective diabetes study (UKPDS) as predictors of
diabetic chronic complications. However, the same HbAlc level
did not reflect the same risk of complications10.
Unstable hyperglycemia or glucose fluctuations, put a
significant demand on the glands responsible for regulating
glucose levels. Several studies have reported that diabetes
complications increased more in proportion to post-meal glucose
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or peak glucose levels, rather than average blood glucose levels.
This was more evident in cardiovascular diseases that account
for the largest proportion of mortality in diabetes patients11-13.
We speculated that in addition to HbAIc, glucose fluctuations
may become another indicator of blood glucose control which
may affect the occurrence of blood vessel related complications.
Quagliaro et al determined that the blood vessel endothelium
was damaged more by blood glucose fluctuations than by
chronic persistent hyperglycemia14. Despite the increasing
awareness of the impact of hyperglycemia on stroke and the
detrimental effects upon stroke outcomes, few studies have
examined, in detail, glucose profiles through the use of dynamic
glucose monitoring and determined possible advantages of
dynamic glucose monitoring in determining the prognosis
following stroke.
The aim of our study was to explore the impact of glucose
fluctuation on the short-term prognosis of acute cerebral
infarction in T2DM patients. The National Institutes of Health
Stroke Scale (NIHSS)15 and the modified Rankin scale (mRs) are
documented parameters of stroke severity and short-term
outcome16. In our study, they were used to estimate the severity
and short-term prognosis of cerebrovascular and neurologic
impairment in T2DM patients and acute cerebral infarction
patients without T2DM.
PATIENTS AND METHODS
Subjects and grouping

The study was approved and registered by our hospital Ethics
Committee in August 2012. The Ethics committee of Beijing
Military General Hospital approved relating screening, treatment
and data collection of these patients.Written informed consent
was obtained from each patient for the use of their blood sample
and clinical information. All work was undertaken following the
provisions of the Declaration of Helsinki.
A total of 110 patients with acute cerebral infarction (ACI)
were recruited from the cardiovascular outpatient unit of our
hospital. The inclusion criteria of these ACI patients were: 1)
having symptoms of onset of ACI within 24 hours (h) preceding
admission; 2) diagnosed by magnetic resonance imaging (MRI)
or computed tomogram (CT) according to 1995 acute cerebral
infarction diagnosis standards promulgated by the Fourth
National Cerebrovascular Disease Conference17; 3) The TOAST
classification of Large-Artery Atherosclerosis (LAA) was used
to define cerebral infarction.
Acute cerebral infarction patients were excluded if they had:
1) Neurological deficit proved to be of non-ischemic origin, such
as hemorrhagic stroke; 2) Transient ischemic attack; 3) Cerebral
tumor and cerebral infarction onset time was unknown; All the
recruited ACI patients were then divided into two groups:
patients with T2DM (Group A) and patients without T2DM
(Group C).
Besides the ACI patients, T2DM patients without ACI were
recruited as Group B. The diagnosis of T2DM patients were
followed the (World Health Organization) WHO diagnostic
criteria of type two diabetes mellitus in 199918. Healthy
individuals without diabetes mellitus and coronary artery disease
were recruited from volunteer of community inhabitants in
Beijing (matched in age), they were set as normal control group
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(Group D). Recruited subjects of Group D did not receive any
medication two weeks before they were recruited; Patients from
Group A, B and C did not change any anti-coagulant, antidiabetic drugs, anti-hypertensive or lipid-lowering therapy
before they were recruited.
All the subjects were excluded if they possessed the
following characteristics: 4) Severe infection; 5) Known
cardiovascular artery disease; 6) Symptomatic heart failure; 7)
Objective inability to perform treadmill exercise; 8) Known or
active malignancy, advanced renal failure (clearance < 25
ml/mi/1.73m2); 9) liver cirrhosis (child Pugh III); 10) In
treatment for other diseases requiring glucocorticoid treatment;
11) and patients with other diseases affecting the metabolism of
glucose and therapy measures (such as infusion of glucose
liquid).
Treatment and demographic data

In accordance with the “Guide for cerebrovascular disease
prevention and treatment suggestion in China”; all ACI patients
were given corresponding active treatment to avoid receiving
intravenous fluids containing glucose. Insulin was given to ACI
patients when their blood glucose increased more than 11.1
mmoI/L, and their blood glucose was controlled under 8.3
mmoI/L. Oral glucose-lowering treatment was given to other
T2DM patients (with or without ACI).
Demographic and general clinical data such as the gender,
age, body mass index (BMI), systolic pressure (SBP), high
density lipoprotein cholesterol (HDL-c), low density lipoprotein
cholesterol (LDL-c), triglyceride (TG), total cholesterol (TC),
HbA1c, C reactive protein (CRP), carotid intima-media
thickness (CIMT), homocysteine (HCY), fibrinogen, of all
subjects were recorded. The NIHSS and mRs were collected in
patients from Group A and C at the time of admission and two
weeks after admission. Modified Rankin scores from 0 to 2 were
recorded as level 0 and mRs from 3 to 5 were recorded as
level 1.
Dynamic blood glucose fluctuation monitoring

The insulin resistance index (HOMA-IR) was calculated with
the homeostasis model assessment. HOMA-IR= fasting blood
glucose (FBG) × fasting insulin (FINS) /22.516.
Continuous glucose monitoring system (CGMS) was applied
on all the subjects for 72h. The glucose standard deviation (SD),
the average amplitude of glycemic excursions (MAGE), the
absolute means of daily differences (MODD) were recorded
separately. The MAGE was calculated by measuring the
arithmetic mean of the differences between consecutive peaks
and nadirs, provided that the differences were greater than one
SD of the mean glucose value. The MODD was calculated as the
mean of the absolute differences between glucose values at the
same time of two consecutive days.
Glycemic excursions were compared between Group A, B, C
and D. The key factors impacting on modified mRs were
analyzed in all subjects by logistic regression analysis. The
correlations between NIHSS and mRs at the time of admission
and two weeks after admission were analyzed.
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Table 1: Comparison of the indexes among the four groups
Group

DMCI (A)

DMNCI (B)

NDMCI (C)

Group (D)

Number

n=56

n=36

n=54

n=36

Sex (M/F)

30/26

18/18

36/18

18/18

Age (year)

65.04±11.51

64.67±11.47

63.63±12.17

63.80±12.02

History of hypertension (%)

44/56 (78.57%)#

△

32/36 (88.88%)

18/54 (33.33%)

0

History of hyperlipidemia (%)

44/56 (78.57%)#

△

24/36 (66.67%)

20/54 (37.03%)

0

History of stroke (%)

34/56 (60.71%)#

△

10/36 (27.77%)

18/54 (33.33%)

0

SBP (mmHg)

151.71±20.98*#

133.33±18.06*

145.15±18.48*

126.28±12.96

FBG (mmol/l)

9.28±3.23*

5.51±1.19

5.43±0.98

2hPG (mmol/l)

11.11±3.94*

12.1(10.37, 13.72)

*# △

*#△

MAGE (mmol/l)

8.69±3.62

SDBG(mmol/l)

2.90±0.73*#

MODD (mmol/l)

2.88±0.70*

△

*#△

HBA1C (%)

8.62±1.75

TC (mmol/l)

4.74(4.07, 5.55)*

TG (mmol/l)

2.74±1.12

LDL(mmol/l)

3.13±0.98*

CRP (mg/l)

8.78±1.36

Fibrinogen (g/l)

2.93±0.62*#

Homocysteine (umol/l)

16.51±12.21*

Fasting insulin (mIU/l)

13.59±9.95

HOMA-IR

6.10±4.94*

△

1.53±0.46
0.60±0.20

2.80±1.26*

△

1.67±0.75*

0.49±0.27

5.9±0.61

5.82±0.57

*△

4.66(4.05, 5.78)*
*

4.11(3.34, 5.10)

1.01±0.41

3.06±1.02*

2.76±1.05*

2.07±0.47

*

4.54±2.59*

1.86±0.53

2.70±0.57

2.86±0.53

25.21±14.79*

11.71±2.69

9.40±6.46

8.31±4.71

3.01±1.61*

2.07±1.02

1.38±0.79

△

15.16±6.11*

△

29.98±15.38
13.62±3.82*

*△

*Compared with Group D, p<0.05; #compared with Group B, p<0.05; Dcompared with Group C, p<0.05.

Statistical analysis

If the data were normal distribution data, t-test was used for
comparison between two groups and single factor analysis of
variance was used in comparison in four groups. If the data were
non-normal distribution data, rank sum test was used for
comparison between two groups and Kruskal-Wallis analysis
was used for comparison of four groups. Chi-square test was
used for qualitative data testing; with all the variables
investigated (continuous variables and the binary classification
variables) as a relevant variable, mRs score as the dependent
variable for Logistic regression to analyze the short-term
prognosis of cerebral infarction risk factors. All analyses were
488

4.11(3.07, 5.31)

*

3.25±0.64*

*#

4.75±1.91

6.95(6.0, 7.4)

*

1.89±0.81*

4.85±2.83

△

7.0(6.1, 8.1)

△

2.98±1.75

*#△

*△

△

2.78±1.21*

9.89±2.53

*

△

15.1(11.86, 16.53)*
6.96±2.96

△

△

performed using SPSS software program version 16.0 for
Windows (SPSS Institute Inc.). P<0.05 was considered as
statistically significant.

RESULTS

The age, gender and other demographic data are shown in
Table 1. There is no significant difference between age
distribution and gender among all the groups.

Comparison of the indexes among the four groups

Table 1 shows the detailed data of the four groups. Compared
with Group D (healthy control), patients from Group C had
significantly higher SBP (145.15±18.48 versus (vs) 126.28±
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Table 2: The Linear correlation analysis between
MAGE/NIHSS and relative factors in Group A and C
Group

DMCI

N

56

NDMCI

NIHSS (0 day)

15.32±4.07

NIHSS (14 day)

10.32±3.23**

mRS (0/1)

*p<0.05, **p<0.01

14/42

Linear correlation analysis between MAGE/NIHSS and
relative factors in Group A and C

54
*

**

hyperlipidemia rate, acute cerebral infarction history rate, 2h
PG, MAGE, SDBG, MODD, HbA1C, CRP, SBP, but lower
fasting insulin (13.59±9.95 vs 29.98±15.38, mIU/l) value
(P<0.05).

14.54±6.42
7.54±3.60
34/20

12.96, mmHg), TG (1.38±0.79 vs 1.01±0.41, mmol/l), LDL-c
(2.76±1.05 vs 2.07±0.47, mmol/l), MAGE (4.75±1.91 vs
1.53±0.46, mmol/l ), SDBG (1.89±0.81 vs 0.60±0.20, mmol/l),
MODD (1.67±0.75 vs 0.49±0.27, mmol/l), CIMT (1.0 vs 0.7,
mm), CRP (4.54±2.59 vs 1.86±0.53, mg/l), HCY (25.21±14.79
vs 11.71±2.69, umol/l), HOMA-IR value (3.01±1.61 vs
2.07±1.02) (P>0.05). Although Group B and C have the same
trends compared with Group D, Group B had higher FBG, 2h
PG, HbA1C, CIMT, fasting insulin, fibrinogen and TC value
when compared with Group C (P<0.05). Compared with patients
from Group C, patients from Group A had significantly higher
hypertension rate (78.57% vs 33.33%), hyperlipidemia rate
(78.57% vs 37.03%), stroke history rate (60.71% vs 33.33%), 2h
PG (12.1 vs 7.0, mmol/l), MAGE (8.69±3.62 vs 4.75±1.91,
mmol/l), SDBG (2.90±0.73 vs 1.89±0.81, mmol/l), MODD
(2.88±0.70 vs 1.67±0.75, mmol/l), HbA1C (8.62±1.75 vs
5.9±0.61,%), CRP (8.78±1.36 vs 4.54±2.59, mg/l), HCY
(16.51±12.21 vs 25.21±14.79, umol/l), and HOMA-IR value
(6.10±4.94 vs 3.01±1.61) (P<0.05). Compared with Group B,
Group A had the higher parameters in hypertension rate,

Multiple linear regression analysis showed MAGE were
significantly correlated with NIHSS, HCY, HOMA-IR, FBG,
CRP, (r=0.596, 0.179, -0.183, 0.495, 0.239, P<0.05). While
NIHSS were correlated with CRP, HCY, HOMA-IR, (r=0.343,
0.292, -0.203, P<0.05). Fourteen days after admission, NIHSS
and mRs scores in Group A were higher than Group C (P<0.05)
(Table 2).

Clinical baseline comparison of different levels of MAGE in
ACI patients

All ACI patients included were divided into two groups
according to the fluctuation of blood MAGE levels (3.9 mmol/l
was used as the point of tangency). The high level of MAGE
group (3.9 or higher tendency) in patients with ACI (high MAGE
- ACI group) had a higher hypertension rate, hyperlipidemia rate,
acute cerebral infarction history rate compared with the low
MAGE level group (< 3.9 tendency) in patients with ACI (low
MAGE - ACI group) (p<0.01); the high MAGE - ACI group had
significantly higher FBG, HbA1C, NIHSS score, fasting insulin,
HOMA-IR and HCY level than low MAGE - ACI group; 14
days after admission, mRS score of high MAGE - ACI group
were higher than the low MAGE - ACI group; The differences
are statistically significant. (p<0.01) (Table 3).

Clinical baseline comparison of different levels of MAGE in
ACI patients

All ACI patients were divided into two groups according to
whether had a history of diabetes mellitus (DM). Each group was

Table 3: Clinical baseline comparison of different levels of MAGE in ACI patients
History of hypertension

History of stroke

MAGE

SDBG

MODD

HBA1C

NIHSS

(Y/N)

(Y/N)

(mmol/l)

(mmol/l)

(mmol/l)

(%)

(score)

High MAGE-ACI

56/26

46/36

6.83±2.50

2.58±0.71

2.44±0.75

7.68±1.90

10.63±4.77

Low MAGE-ACI

6/22

6/22

2.52±0.95

1.16±0.55

1.43±0.73

5.80±0.96

7.29±2.81

T/X2

9.31

5.03

6.25

6.76

4.37

3.38

2.47

P

0.00

0.02

0.00

0.00

0.00

0.00

0.01

Group

History of hyperlipidemia

mRs

FBG

CRP

Homocysteine

Fasting insulin

Group

HOMA-IR

(Y/N)

(0/1)

(mmol/l)

(mg/l)

(µmol/l)

(mIU/l)

High MAGE-ACI

54/28

26/56

8.08±3.20

9.79±7.62

23.91±14.99

13.16±9.24

5.06±3.25

Low MAGE-ACI

10/18

22/6

5.52±1.61

2.01±1.07

11.65±3.86

6.75±3.42

2.04±1.12

T/X2

3.89

9.31

2.85

2.12

3.00

2.52

2.12

P

0.04

0.00

0.01

0.03

0.00

0.01

0.03
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Table 4: Different MAGE level and outcomes comparison in ACI patients with and without
diabetes mellitus
Group

MAGE (mmol/l)

!2

P

High MAGE (mRS (0/1))

Low MAGE (mRS (0/1))

With DM (n=56)

8/38

6/4

3.97

0.04

Without DM (n=54)

18/18

16/2

3.89

0.04

Table 5: The multi-factor Logistic regression analysis of short-term prognosis in patients
with ACI
Step

B

SE

Wald

95% CI for EXP (B)
95%

CI

-11.767

3.761

9.788

0.002

-

-

-

NIHSS

1.137

0.391

8.470

0.004

3.116

1.449

6.701

HBA1C

0.795

0.365

4.738

0.029

2.213

1.082

4.626

MAGE

0.395

0.214

3.212

0.048

1.461

0.965

2.248

The risk of acute cerebral infarction mortality in type 2
diabetic patients is more than two-fold higher compared with
that in age-matched subjects. Approximately 30-40% of ACI
patients present with admission hyperglycemia either as a result
of diabetes or acute stress response6,19. Type 2 diabetes, holds a
2-6 fold increased risk for cerebrovascular disease and
stroke19,20. Naber21 found that regardless of diabetes mellitus
history, ACI patients admitted to hospital had higher mortality
490

Exp (B)

Constant

divided into two subgroups again on the basis of MAGE level. In
DM-ACI group, mRS scores of the subgroup with high MAGE
level were higher than in the low MAGE level subgroup. The
two subgroups were statistically different; in the non-DM ACI
group, mRS score of patients with high levels of MAGE were
significantly higher than in the low MAGE level subgroup
(p<0.05)) (Table 4).
The multi-factor Logistic regression analysis of short-term
prognosis in patients with ACI Single factor logistic regression
analysis shows that NIHSS score, HbA1C, MAGE, TC, LDL-c,
FBG, 2 hPG, CRP, fasting insulin, HOMA-IR, history of
hypertension, hyperlipidemia, diabetes, were factors affecting
the short-term prognosis of acute cerebral infarction (mRS score,
p < 0.05). Multivariate Logistic regression analysis showed that
NIHSS score, HbA1C, and MAGE were the risk factors
influencing the short-term prognosis in patients with ACI
(p<0.05), but history of hypertension, hyperlipidemia and
diabetes history, were of no statistical difference with mRS in
acute cerebral infarction patients (Table 5).

DISCUSSION

Sig

with higher blood glucose level than that of the normal glucose,
with a significant short-term deteriorated prognosis even in the
case of reperfusion. Williams22 also found that hyperglycemia
after acute cerebral infarction will increase the mortality within
30 days, one year or six years. Although a number of studies
have found that glucose level was associated with poor prognosis
in ACI patients, the relationship between glucose excursion and
short-term prognosis was not described. To determine the shortterm prognosis of acute cerebral infarction, mRs as an index of
functional disability level has a good reliability and
authenticity23.
Glucose metabolic disorder in vascular pathological changes
in DM is not only characterized by increased glucose levels, as
blood glucose fluctuations between peaks and valleys is more
important. HbA1c did not show any single correlation with AG,
SD, AUC >180, glycoalbumin may reflect not only short-term
average glucose but also fluctuations of glucose24. Krinsley25
found that SDBG of intensive care unit patients is an
independent predictor of mortality in critically ill patients. The
MAGE, which has higher accuracy compared with SDBG, is
considered to be golden standard representing blood glucose
fluctuations; and its change does not only depend on the overall
level of blood glucose, but reflects discrete trends. This study
showed glucose fluctuations increased significantly in patients
with ACI, when blood glucose increased, in transiently elevated
glucose patients or diabetes mellitus patients. They all showed
significant fluctuations in glucose. By measuring indexes
reflecting daytime fluctuation: MODD SDBG and MAGE the
fluctuations were more obvious in ACI patients with DM.
Meanwhile, 2h PG as well as HbA1c level in ACI patients with
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DM were obviously increased compared with levels in patients
without DM, which indicated that, in addition to the body's stress
response causing glucose fluctuation, the development of the
continuing role of hyperglycemia on cerebral infarction may
have had an effect that cannot be ignored.
This study also found that ACI patients with DM had more
severe dyslipidemia, which suggests that in patients with longterm hyperglycemia may have multiple metabolic disorders.
Levels of HCY, HOMA- IA, FBG and CRP were significantly
higher in patients with diabetes mellitus than in the other three
groups, grouped according to the MAGE level. Previous
studies26 demonstrated that high HCY levels increased the
incidence of people suffering from stroke, while in these
patients, CRP levels increased significantly and could last for a
long time. Another study of diabetic patients found a
pathogenetic relationship between cerebrovascular disease and
their blood glucose levels on admission to hospital27. Correlation
analysis of ACI patients with diabetes mellitus demonstrated that
the degree of neurologic impairment, increased HCY levels,
insulin resistance, and FBG were closely related with daytime
blood glucose swings. The more serious the neurologic
impairment, the higher CRP, HCY levels, and insulin resistance.
Clotting mechanism became disorder; hospital early cerebral
ischemic hypoxia is more serious. Even in the normal range of
FBG, there is a significant association between more severe
strokes and higher FBG one week after the stroke28. The ACI
patients with diabetes mellitus had higher NIHSS score than
those without DM and, 14 days after treatment, NIHSS and mRs
scores were still higher than patients without a history of
diabetes, which indicated that a combination of long-term
hyperglycemia or glucose metabolic disorders in ACI patients
would lead to a poor prognosis. Studies have shown that glucose
fluctuations had considerably more risk than sustained
hyperglycemia. Goto-Kakizaki rats fed twice daily showed
markedly higher number of monocytes adherent to the
endothelium than those fed ad libitum, together with increased
arterial intimal thickening29. Glucose levels have a greater
adverse effect on neuronal cell energy regulation mechanisms
than either sustained high or low glucose levels. Most of the
glucose stress-modulated genes were components of the
intrinsic/mitochondrial apoptotic pathway including Bcl-2,
caspases and apoptosis executors30. The degree of
phosphorylation and acetylation of FOXO transcription factors
were different between SHG and IHG, which might be one
mechanism of increased INS-1 cell apoptosis in IHG31. In
Logistic regression analysis, the factors influencing the shortterm prognosis were HbA1C, NIHSS score and MAGE level,
which suggests that the history of DM was not significant for the
short-term prognosis. The influence of ACI may depend on the
extent of blood glucose fluctuations, rather than the average
glucose levels. The adverse impact HbA1C levels and glucose
fluctuations had on the prognosis of ACI patients may be larger
than the influence of DM history. Blood glucose fluctuation may
be an important risk factor for mRS. Other factors, such as blood
pressure, age and HbA1c cannot be completely ruled out as
factors influencing patients’ prognosis. Group A patients have
higher age and anti-hypertension drug usage rate; the blood
pressure of 85% of these patients is below or near the critical
range of 140/90 mm Hg.
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CONCLUSIONS

Blood glucose fluctuations increase in ACI patients admitted
to hospital, especially within the first three days in ACI patients
with T2DM. Glucose metabolism in T2DM patients with ACI
have the characteristics of larger fluctuations with longer
duration. Blood glucose fluctuations may have a significant
influence on neurologic impairment and large cerebrovascular
lesions, resulting in a poorer prognosis.
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