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Abstract

Obijective: Blood glucose is related to early neurological deterioration in acute ischemic stroke,
but multiple mechanisms are involved in early neurological deterioration, such as progressive
infarction. This study aimed to determine whether fasting blood glucose (FBG) is an independent
predictor of progressive infarction.

Methods: From April 2017 to December 2020, we retrospectively enrolled 477 patients with
acute ischemic stroke within 48 hours of onset. Demographic characteristics, clinical information,
neuroimaging characteristics, and laboratory data were collected after admission.

Results: We found that 147 (30.8%) patients had progressive infarction. Multiple regression
analysis showed that high FBG concentrations (>7.66 mmol/L) were independently associated
with progressive infarction. Sex subgroup analysis showed that high FBG concentrations were an
independent predictor of progressive infarction in male patients (odds ratio, 2.559; 95% confi-
dence interval, 1.279-5.121). In a receiver operating characteristic curve analysis, FBG concen-
trations were a predictor of progressive infarction in all cases, especially in male patients. The
cutoff value of FBG in all patients and men was 7.155 mmol/L.
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Conclusions: FBG is an independent predictor of progressive infarction in patients with acute
ischemic stroke within 48 hours of onset, especially in men. Patients with FBG concentrations
>7.155 mmol/L are more likely to develop progressive infarction.
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Introduction

Stroke is the main cause of death and dis-
ability, and the age when stroke occurs is
becoming younger.! In China, cerebrovas-
cular disease has become the leading cause
of death, and approximately 2 million
patients die of cerebrovascular disease
each year.” Ischemic stroke accounts for
approximately 80% of strokes. More than
one third of patients with ischemic stroke
will develop early neurological deteriora-
tion (END) within 24 to 72 hours of
onset.” END is frequently observed and
associated with a poor functional outcome
in patients with ischemic stroke.*

END is defined as an incremental
increase in the National Institute of
Health Stroke Scale (NTHSS) score by >1
point in motor power or >2 points in the
total score within 7 days after admission.’
In acute ischemic stroke (AIS), multiple
mechanisms contribute to early neurologi-
cal deterioration, including progressive
infarction representing extension of the
original infarction, increased intracranial
pressure, recurrent cerebral ischemia on
behalf of a new stroke, and secondary
parenchymal bleeding.®®

The mechanisms of END are complex.
Madsen et al reported that there were sex
differences in the occurrence of END in
patients with AIS.” In the acute phase of
cerebral infarction, hyperglycemia occurs

in approximately 40%® of patients and is
associated with poor clinical outcomes,’
including infarct volume enlargement'®
and hemorrhagic infarct conversion.'!
Higher admission blood glucose concentra-
tions are associated with a worse outcome
in patients with AIS at 3 months.?
Moreover, a study showed that fasting
blood glucose (FBG) was positively associ-
ated with the risk of stroke.'? However, to
the best of our knowledge, few studies have
focused on the association between FBG
and progressive infarction.'®

Therefore, this study aimed to assess
whether FBG is a predictor of progressive
infarction in patients with AIS and to deter-
mine whether patients differ by sex.

Methods

Patients

We retrospectively collected data from
patients with AIS who were hospitalized
in the Stroke Unit of the First Affiliated
Hospital of Nanchang University from
April 2017 to December 2020. This study
was approved by the Ethics Committee of
the First Affiliated Hospital of Nanchang
University (Medical Research Ethic Rapid
Review No. 3-004). Enrolled patients met
the following criteria: (1) the patient’s
admission to the hospital was within
48 hours of symptom onset; and (2) there
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was evidence of cerebral infarction on
diffusion-weighted imaging (DWI) consis-
tent with the clinical deficit. Patients were
excluded from this study if they (1) lacked
complete imaging, laboratory, or follow-up
data, or (2) had received intravenous
thrombolysis or endovascular therapy. We
have de-identified all patients’ details.
Informed consent of the patients was not
required because of the retrospective nature
of the study. The reporting of this study con-
forms to the STROBE guidelines.'*

Clinical characteristics and laboratory
parameters

Basic information of the enrolled patients
was collected, such as age, sex, a history
of hypertension and diabetes, the initial
NIHSS score, the discharge NIHSS score,
and the modified Rankin Scale (mRS) score
at 90 days. The mRS score was assessed
through face-to-face interviews or phone
calls. Laboratory data of patients were col-
lected within 24 hours of admission. These
data included the white blood cell count,
red blood cell count, platelet count, pro-
thrombin time, and concentrations of
hemoglobin, fibrinogen, D-dimer, blood
urea nitrogen, creatinine, uric acid, total
cholesterol, triglycerides, high-density lipo-
protein cholesterol, low-density lipoprotein
cholesterol, and FBG (fasting blood sam-
ples were collected within 24 hours of
admission).

Evaluation of neuroimaging information

All patients underwent magnetic resonance
imaging (MRI) with a 3.0-Tesla scanner
(MAGNETOM Trio; Siemens, Erlangen,
Germany) within 48 hours of onset. MRI
was immediately performed if there was
an increase of >1 point in motor power or
>2 points in the total NIHSS score within
7 days after admission. The protocol includ-
ed Tl-weighted imaging, T2-weighted

imaging, fluid-attenuated inversion recov-
ery, and DWI. The following parameters
were used: repetition time/echo time: 3100/
91ms; field of view: 230 x 230mm?; 19
slices with a slice thickness of 5mm; voxel
size: 1.2 x 1.2 x 5mm?; 2b values of 0 and
1000 s/mm?; and scan time: 1.16 minutes.
The protocol also included three-
dimensional time-of-flight MRA with the fol-
lowing parameters: repetition time/echo time:
22/3.86ms; field of view: 235 x 235mm?
voxel size: 0.9x0.6x0.6mm> 2b values
of 0 and 1000s/mm? and scan time:
3.12 minutes. All images were read and eval-
uated by two trained neurologists who
were blind to the patients’ information.
Leukoaraiosis was analyzed with a score of
4, as suggested by Fazekas et al.'> Ischemic
stroke was subtyped using the Trial of Org
10172 In Acute Stroke Treatment criteria.'®

Definition of progressive infarction

Progressive infarction was defined as an
incremental increase in the NIHSS score
by >1 point in motor power or >2 points
in the total score within 7 days after admis-
sion.” Extension of the original infarction
was further confirmed by DWI.

Statistical analysis

Demographic characteristics were com-
pared using Student’s t test or the Mann—
Whitney U test for continuous variables,
and the chi-square test or Fisher’s exact
test for categorical variables. Categorical
data are shown as frequencies and percen-
tages. Continuous data are expressed as the
mean + standard deviation (SD). Variables
that were not normally distributed are
expressed as the median (interquartile
range). A multivariate logistic regression
analysis was performed to analyze indepen-
dent factors of progressive infarction, and
the lowest quartile was used as the refer-
ence. All patients were divided into
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quartiles on the basis of FBG concentra-
tions (QI, <4.895mmol/L; Q2, 4.895-
5.84 mmol/L; Q3, 5.85-7.66 mmol/L; and
Q4, >7.66 mmol/L). In addition, logistic
regression models were used to analyze the
association between FBG concentrations
and progressive infarction in male and
female subgroups. In the male subgroup,
the patients were divided into quartiles on
the basis of FGB concentrations (QI,
<4.79 mmol/L; Q2, 4.79-5.695 mmol/L;
Q3, 5.696-7.54mmol/L; and Q4, >7.54
mmol/L). In the female subgroup, the
patients were divided into quartiles based
on FGB concentrations (Q1, <5.13 mmol/L;
Q2, 5.13-6.3mmol/L; Q3, 6.4-7.96 mmol/L;
and Q4, >7.96 mmol/L). A receiver operat-
ing characteristic curve was constructed for
FBG, and the area under the curve and
Youden’s index were calculated to

determine critical values. The patients were
divided into two groups according to the
cutoff value, and the frequencies between
the two groups were compared using the
chi-square test. All statistical assessments
were set at a P <0.05 level of significance
for two-tailed tests. Statistical analysis was
performed using IBM SPSS version 26.0
(IBM Corp., Armonk, NY, USA).

Results

From April 2017 to December 2020, 3373
patients with AIS who were admitted
within 48 hours of onset were screened
according to the inclusion and exclusion cri-
teria (Figure 1). We enrolled 477 eligible
patients. The mean age of the patients
was 63.68 = 11.9 years. Table 1 shows the
demographic, clinical, laboratory, and

between April 2017 and December 2020 (n=3373)

Patients with acute 1schemuc stroke admutted within 48 hours onset

Excluded

= Patients without complete imaging, laboratory, follow-up data

= Patients with intravenous thrombolysis (n=756) or endovascular

(n=1458)

therapy (n = 578)

Y

Patients enrolled for assessing END (n= 581)

+ END due to parenchymal hemorrhage (n = 24)
Excluded
P+ END due to new mnfarction (n=35)
END without confirmation by DWI (n=45)
Yes v No
h 4 r
PI Non-PI
(n=147) (n=1330)

Figure 1. Selection of the study participants.

END, early neurological deterioration; DWI, diffusion-weighted imaging; Pl, progressive infarction.
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Table |I. Comparison of baseline characteristics between the progressive infarction and non-progressive

infarction groups.

Progressive infarction

Non-progressive infarction

Variables group (n=147) group (n=330) P
Demographic characteristics
Age (years), mean £ SD 6379+ 11.75 63.63£11.99 0.895
Male, n (%) 90 (61.2) 220 (66.7) 0.250
Clinical data
Hypertension, n (%) 93 (63.3) 172 (52.1) 0.028
Diabetes, n (%) 44 (29.9) 75 (22.7) 0.109
Initial NIHSS score, median (IQR) 3.0 (2, 6) 2.5 (1, 6) 0.011
Discharge NIHSS score, median (IQR) 5.0 (2, 8) 1.0 (0, 3.25) <0.001
3-month mRS score, n (%) <0.001
0 21 (14.3) 152 (46.1)
| 31 (21.0) 78 (23.6)
2 12 (8.2% 33 (10.0)
3 25 (17.0) 27 (8.2)
4 40 (27.2) 35 (10.6)
5 12 (8.2) 2 (0.6)
6 6 (4.1) 3 (0.9)
Laboratory data
WABCs (10 x 9/L), median (IQR) 7.13 (5.92, 8.88) 7.02 (5.79, 8.68) 0.398
RBCs (g/L), median (IQR) 4.43 (4.01, 4.78) 4.4 (4.04, 4.77) 0.860
HGB (g/L), median (IQR) 133.0 (119, 145) 133.0 (122, 145) 0.384
PLTs (10 x 9/L), median (IQR) 209.0 (162, 249) 205.0 (167, 252) 0.610
PT (s), median (IQR) 1.1 (10.6, 11.5) 11.3 (108, 11.9) 0.001
Fibrinogen (g/L), median (IQR) 3.0 (2.4, 3.51) 3.04 (2.47, 3.6) 0.550
D-dimer (mg/L), median (IQR) 0.42 (0.22, 1.0) 0.54 (0.28, 1.28) 0.050
BUN (mmol/L), median (IQR) 5.1 (3.8, 6.4) 4.9 (3.9, 6.53) 0.622
Cr (umol/L), median (IQR) 65.1 (53.7,79.9) 68.6 (58.1, 83.83) 0.041
Uric acid (mmol/L), median (IQR) 308.0 (235, 391.9) 318.5 (264, 392) 0.124
Total cholesterol (mmol/L), median (IQR) 4.38 (3.65, 5.08) 4.38 (3.59, 4.97) 0.611
Triglyceride (mmol/L), median (IQR) 1.48 (0.99, 1.98) 1.37 (0.92, 1.79) 0.056
HDL-cholesterol (mmol/L), median (IQR) 1.14 (0.93, 1.36) 1.14 (0.93, 1.37) 0911
LDL-cholesterol (mmol/L), median (IQR) 2.7 (2.05, 3.28) 2.67 (2.07, 3.15) 0.478
FBG (mmol/L), median (IQR) 6.39 (5.28, 8.37) 5.67 (4.80,7.11) 0.001
Imaging data, n (%)
TOAST 0.664
LAA 76 (51.7) 151 (45.8)
SVO 40 (27.2) 112 (33.9)
CE 12 (8.2) 29 (8.8)
UE 8 (54) 16 (4.8)
OE Il (7.5) 22 (14.9)
Leukoaraiosis 0.595
0 22 (14.9) 54 (16.4)
| 65 (44.2) 150 (45.5)
2 35 (23.8) 6l (18.5)
3 25 (17.0) 64 (19.4)

SD, standard deviation; NIHSS, National Institute of Health Stroke Scale; IQR, interquartile range; mRS, modified Rankin
Scale; WBCs, white blood cells; RBC, red blood cells; HGB, hemoglobin; PLTs, blood platelets; PT, prothrombin time;

BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FBG,
fasting blood glucose; TOAST, Trial of Org 10172 In Acute Stroke Treatment; LAA, large artery atherosclerosis; SVO, small
vessel occlusion; CE, cardioembolism; UE, undetermined etiology; OE, other etiology.
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imaging characteristics of the patients.
A total of 310 (90 with progressive infarc-
tion and 220 with non-progressive infarc-
tion) patients were men. A total of 147
(30.8%) patients were diagnosed with pro-
gressive infarction, and 330 (69.2%)
patients did not have progressive infarction
(non-progressive infarction). The rate of
hypertension and initial NIHSS and dis-
charge NIHSS scores were higher, the pro-
thrombin time and creatinine concentrations
were lower, and FBG concentrations
were higher in patients with progressive
infarction than in those with non-
progressive infarction (all P <0.05). The
mRS scores at 3 months after onset were
also significantly different between the
groups of patients (P <0.001).

As shown in Table 2, using the lowest
quartile as the reference value, the odds
ratios (ORs) for progressive infarction
increased with increasing FBG quartiles in
all models. A multivariate logistic regres-
sion model adjusted for age and sex
(model 1) showed that FBG concentrations
(>7.66 mmol/L) were independently associ-
ated with progressive infarction (P =0.002;
OR, 2.383; 95% CI, 1.361-4.173). After
adjusting for significant factors, namely
hypertension, the initial NIHSS score, cre-
atinine, and the prothrombin time (model
2), FBG concentrations (>7.66 mmol/L)
were also independently associated with
progressive infarction (P=0.01; OR,
2.122; 95% CI, 1.198-3.760). Finally, after
adjusting for multiple related confounders,
namely hypertension, the initial NIHSS
score, creatinine, the prothrombin time tri-
glycerides, and D-dimer (model 3), FBG
concentrations (>7.66 mmol/L) remained
significantly associated with progressive
infarction (P=0.023; OR, 1.959; 95% CI,
1.097-3.501).

The male and female subgroup analysis
results are shown in Table 3. In male
patients, a multivariate logistic regression
model adjusted for D-dimer and the

Table 2. Evaluation of the effect of FBG on pro-
gressive infarction using multivariate logistic
regression models.

OR 95% ClI P

Adjusted model |
FBG QI (reference)

Q2 .318 0.738-2.355 0.351
Q3 1.215 0.675-2.187 0.516
Q4 2383 1.361-4.173 0.002
Adjusted model 2
FBG QI (reference)
Q2 1.317 0.733-2.366 0.356
Q3 I.161 0.641-2.10  0.622
Q4 2122 1.198-3.760 0.010
Adjusted model 3
FBG QI (reference)
Q2 [.319 0.733-2.374 0.356
Q3 1.099 0.604-2.00 0.758
Q4 1.959  1.097-3.501  0.023

Model | was adjusted for age and male sex.

Model 2 was adjusted for hypertension, the initial NIHSS
score, creatinine, and the prothrombin time.

Model 3 was adjusted for hypertension, the initial NIHSS
score, creatinine, the prothrombin time, triglycerides, and
D-dimer.

OR, odds ratio; Cl, confidence interval; FBG, fasting blood
glucose; Q, quartile; NIHSS, National Institute of Health
Stroke Scale.

prothrombin time showed that FBG concen-
trations (>7.54 mmol/L) were independently
associated with progressive infarction
(P=0.008), but this association was not
found in female patients.

The receiver operating characteristic
curve analysis showed that FBG concentra-
tions were a predictor of progressive infarc-
tion in all patients (sensitivity, 41.5%;
specificity, 75.5%) and in male patients
(sensitivity, 44.4%; specificity, 79.1%),
with a cutoff value of 7.155mmol/L. All
patients and male patients were divided
into two groups according to the cutoff
values. In all patients, the frequency of pro-
gressive infarction was 25.7% in patients
with FBG concentrations <7.155mmol/L
and 43.0% in patients with FBG
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Table 3. Evaluation of the effect of FBG on
progressive infarction in sex subgroups using
multivariate logistic regression models.

OR  95% CI P
Male sex (n=310)
Adjusted model®
FBG QI (reference)
Q2 1.018 0.487-2.125 0.963
Q3 0.935 0.445-1.963 0.858
Q4 2.559 1.279-5.121 0.008
Female sex (n=167)
Adjusted model®
FBG QI (reference)
Q2 1.171 0.447-3.070 0.748
Q3 1.339 0.517-3.464 0.547
Q4 1.801 0.684-4.740 0.234

*The model was adjusted for D-dimer and the pro-
thrombin time.

®The model was adjusted for the initial National Institute
of Health Stroke Scale score and uric acid.

OR, odds ratio; Cl, confidence interval; FBG, fasting blood
glucose; Q, quartile.

concentrations >7.155 mmol/L (P <0.001).
Among male patients, the frequency of pro-
gressive infarction was 22.3% in patients
with FBG concentrations <7.155 mmol/L
and 46.5% in patients with FBG concentra-
tions >7.155 (P < 0.001).

Discussion

This study showed that FBG concentra-
tions were an independent predictor of pro-
gressive infarction within 48 hours after
AIS. In all patients, and especially in male
patients, patients with FBG concentrations
>7.155mmol/L were more likely to develop
progressive infarction. The sensitivity
and specificity for prediction were 41.5%
and 75.5% in all patients, and 44.4% and
79.1% in male patients, respectively.

In AIS, the occurrence of END is a
common event and is associated with a
poor prognosis.* There are many forms of
END, including progressive infarction, new
infarction, developing edema, elevated

intracranial pressure, seizures, hemorrhagic
transformation, and others.® Weimar et al
reported that 33.6% of patients showed
END due to progressive infarction, 27.3%
to increased intracranial pressure, 11.3% to
recurrent infarction, and 10.5% to hemor-
rhagic transformation.® Progressive infarc-
tion is the most common type of END.
There are various definitions of END
because of differences in the study design,
the method of neurological assessment, and
the source of subjects. In our study, END
was defined as an increase of >1 point in
motor power or >2 points in the total
NIHSS score within 7 days after admis-
sion.> However, we enrolled patients with
cerebral infarction within 48 hours of
onset, and END was attributed to progres-
sive infarction, which was confirmed by
MRI. This approach can distinguish pro-
gressive infarction from other mechanisms
of END and narrows the effect of interrater
variability.°

In AIS, hyperglycemia frequently
occurs.® Several clinical studies have
shown that blood glucose concentrations
on admission are associated with a poor
prognosis in patients with AIS.'"" The
GLycemia in Acute Stroke study suggested
that capillary blood glucose concentrations
>8.6 mmol/L within 48 hours of stroke are
associated with a poor prognosis, indepen-
dent of age, stroke severity, or stroke
types.!” Cao et al found that patients with
fasting blood glucose concentrations
>5.6mmol/L had a longer hospital stay
and increased rates of recurrence and mor-
tality.'® In our study, FBG concentrations
>7.155 mmol/L were more likely to lead to
progressive infarction in all patients and in
men. The mechanism by which hyperglyce-
mia causes progressive infarction is unclear,
but the potential mechanisms include endo-
thelial injury, increased oxidative stress,
lactate product accumulation, and blood—
brain barrier damage.'” * In addition to
hyperglycemia and hypoglycemia, blood
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glucose variability, a manifestation of blood
glucose dysfunction, was reported to be
associated with END, and the pathophysi-
ological mechanism may involve endotheli-
al dysfunction and oxidative stress.**
Future studies need to investigate the
pathophysiological mechanism of blood
glucose-induced END. Our study suggests
that fasting blood glucose concentrations
within 48 hours of the onset of acute ische-
mic infarction can predict progressive
infarction. Therefore, early aggressive con-
trol of fasting glucose concentrations may
reduce END in patients with AIS.

Multiple factors are involved in END
after AIS, including glucose concentrations,
blood pressure, the presence of atrial fibril-
lation, previous statin therapy, stroke sever-
ity, the type of acute therapy performed,
severe neurological complications, white
blood cell levels, and genetic factors.”
Madsen et al found that the association
between FBG concentrations and the ische-
mic stroke risk varied by sex and race.” Sui
et al found that fasting blood glucose con-
centrations were associated with a higher
risk of fatal, nonfatal, or total stroke
events in asymptomatic men.’® In our
study, there was no significant difference
in sex between the progressive infarction
and non-progressive infarction groups. In
a sex subgroup analysis, FBG concentra-
tions were an independent predictor of
infarct progression in AIS within 48 hours
of onset in male patients. This finding has
important clinical implications. In patients
with AIS within 48 hours of onset, especial-
ly in men, FBG concentrations should be
closely monitored to prevent progressive
infarction.

There are some limitations to our study.
First, this was a single-center study in
China, and the results are not representa-
tive of all populations. Although we found
that patients with FBG concentrations
>7.155mmol/L within 48 hours of AIS
were more prone to developing progressive

infarction, especially in men, this was an
observational study. Additionally, the
dose-response association between fasting
blood glucose concentrations and progres-
sive infarction is unclear. Further clinical
studies are required to confirm these
findings.

Conclusion

This study shows that FBG is an indepen-
dent predictor of progressive infarction in
patients with AIS within 48 hours of onset,
especially in men. Patients with FBG con-
centrations >7.155mmol/L are more likely
to develop progressive infarction.
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