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Background: Hemorrhagic transformation (HT) is a severe complication occurring in acute
ischemic stroke (AIS) patients. Stress hyperglycemia is frequent in patients with acute illness
such as stroke. We aimed to explore the association between stress hyperglycemia and HT in
AIS patients.

Methods: A total of 287 consecutive participants with HT and 285 age- and sex-matched
stroke patients without HT were enrolled in this study. Baseline glucose and glycated
hemoglobin (HbAlc) levels were collected to measure stress hyperglycemia. The stress
hyperglycemia ratio (SHR) was calculated by dividing the fasting plasma glucose at admis-
sion with HbAlc. HT was diagnosed by follow-up imaging assessment, and was radiologi-
cally classified as hemorrhagic infarction type (HI) 1 or 2 or parenchymal hematoma type
(PH) 1 or 2.

Results: Univariate analysis showed that SHR is significantly higher among patients with
HT than those without HT. Compared to the patients in the lower three quartiles of SHR, the
incidence of HT was significantly higher among patients with the highest quartile of SHR in
total population, diabetic and non-diabetic population. We also observed that patients with
the highest SHR quartile were associated with an increased risk of hemorrhagic transforma-
tion after adjusted for potential covariates (68.4% versus 39.1%; adjusted odds ratio, 2.320;
95% confidence interval, 1.207-4.459; P=0.012).

Conclusion: The stress hyperglycemia ratio, representing the state of stress hyperglycemia,
was significantly associated with an increased risk of hemorrhagic transformation in patients
with acute ischemic stroke.

Keywords: hyperglycemia, hemorrhagic transformation, acute ischemic stroke, stress
hyperglycemia

Introduction
Hemorrhagic transformation (HT) is a frequent complication that occurs after acute
ischemic stroke (AIS),' and can cause clinical deterioration with associated poor
outcomes, including high mortality and disability rates.'**° Considering that early
detection and diagnosis of HT can help clinicians to assess the risks, provide
appropriate treatment and predict the prognosis and reduce the occurrence of HT,
it is necessary for us to explore the risk factors for HT.

Previous studies have identified several risk factors for HT such as old age,” trial
fibrillation,® hypertension,” thrombolysis,'® interval between stroke onset and

thrombolytic treatment' and symptom severity.'""'* Actually, hyperglycemia has
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been established as a factor for HT which can increase the
risk of symptomatic intracerebral hemorrhage'' and poor
prognosis.'? The presence of persistent hyperglycemia was
related to worse outcomes of stroke according to previous
study and glucose management at early stage was shown
to be safe.'* As is known to us, hyperglycemia dysregu-
lates blood-brain barrier homeostasis by altering cerebral
endothelial cell function.'>™'” Given that disruption of
vascular endothelial cells plays a critical role in the devel-
opment of HT after cerebral ischemia,'® the presence of
hyperglycemia may act as a predictive marker of HT.

Stress hyperglycemia is a common response to physio-
logically stress when patients suffer from an acute stress,
and generally refers to transient hyperglycemia during
illness."”° No specific guidelines define stress hypergly-
cemia. Patients are usually classified into three groups as
known diabetes, newly diagnosed diabetes, and hospital-
related hyperglycemia according to a review written by the
Diabetes in Hospitals Writing Committee of the American
Diabetes Association (ADA).>' And absolutely hypergly-
cemia without previous evidence of diabetes was usually
the definition of stress hyperglycemia.'”?® Studies pre-
viously have shown that acute stress hyperglycemia
could act as a predictor of increased risks of in-hospital
mortality and poor outcome after ischemic stroke.'®*
However, the effect of stress hyperglycemia on the risk
of HT with considering the background glucose level of
patients is still unclear.

Glycated hemoglobin (HbAlc) is a well-founded mea-
sure of the average glucose concentration which can indi-
cate blood glucose levels over the preceding 2 to 3
months.”® Additionally, HbAlc is usually not easily influ-
enced by temporary changes in glycemia levels.”
Therefore, it can be postulated that glucose/HbAlc ratio
could reflect the state of stress hyperglycemia more accu-
rately with considering the background glucose level
before the occurrence of HT event.

Therefore, we hypothesized stress hyperglycemia ratio
(SHR), measured by glucose/HbAlc ratio, might be asso-
ciated with HT in patients with AIS.

Materials and Methods
Study Participants

In this retrospective study, consecutive patients between
October 2011 and March 2019 from the First Affiliated
Hospital of Wenzhou Medical University clinical database
of HT were sampled. This study was approved by the

Medical Ethics Committee of the First Affiliated Hospital
of Wenzhou Medical University. Given the retrospective
nature of this study, there was no requirement for informed
consent. The study protocol conforms to the ethical guide-
lines of the Declaration of Helsinki.

The inclusion criteria for the patients screened for
enrollment in this study included: (i) patients aged 18 to
90 years; (ii) patients admitted within 7 days after the
occurrence of stroke; (iii) patients undergoing magnetic
resonance imaging (MRI) or computerized tomography
(CT) to confirm the diagnosis of AIS after admission.
Patients were, however, excluded if they: (i) were identi-
fied with transient ischemic attack (TIA) or hemorrhagic
stroke; (ii) received intravenous thrombolytic therapy;
(iii) were unable to receive a repeated scan of CT or
MRI; or (iv) had severe renal or hepatic disease.
Ultimately, 287 participants with diagnosis of HT after
AIS were enrolled. Another 285 AIS patients with age-
gender matching yet without HT from the stroke unit of
our institution were also included using the same inclu-
sion and exclusion criteria. Patients were treated with
different level of care wards according to the severity of
illness. In severe cases, patients were moved to intensive
care unit while the other patients would receive normal
level of care.

Data Collection

A complete survey of all patients was performed using
a review of the medical records upon admission. Data on
patients’ baseline demographic and clinical characteristics
including age, gender and BMI were gathered. In addition,
we obtained the following vascular risk factors of each sub-
ject: previous history of atrial fibrillation, hypertension, dia-
betes mellitus, dyslipidemia, stroke, smoking status, and
alcohol consumption. Laboratory tests [White cell counts,
platelets, fibrinogen, creatinine, glucose levels (fasting
plasma glucose), HbA ¢, total cholesterol] and blood pres-
sure measurements were conducted during the first 24h of
hospital admission. Participants were diagnosed as diabetes
according to a prior history of diabetes or a HbAlc level of
>6.5%.2 Stroke etiology classification was assessed accord-
ing to the TOAST criteria.”® Moreover, we collected infor-
mation regarding anticoagulant, anti-platelet and lipid-
lowering treatments before HT for all patients. The
National Institutes of Health Stroke Scale (NIHSS) score?’
was evaluated by well-trained neurologists within 24h of
admission as well as on a daily basis. Ranging from 0 to
42, score on the NIHSS quantifies the extent of neurological
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deficits, and more severe neurological deficits were indicated
by higher scores.

Assessment of Stress Hyperglycemia

The fasting plasma glucose (FPG) within 2 days after hospi-
talization were drawn during the morning hours (range: 05:-
00-9:00) after an overnight fast (at least 8h) to measure FPG
and HbAlc. FPG level was measured by hexokinase (HK)
method while HbA 1¢ was tested using ion exchange chroma-
tography. The reference intervals based on the manufacturer’s
instructions for our laboratory were as follows: glucose levels,
3.9-6.1 mmol/L; HbAlc, 4.2-6.2%. All measurements were
conducted by laboratory personnel blinded to the study sub-
jects and baseline characteristics. SHR was defined as the
index of glucose/HbA ¢ ratio, which was calculated accord-
ing to the following formula: glucose/HbAlc ratio=FPG
(mmol/L)/HbAlc (%). Then, patients were divided into 4
groups based on the quartiles of SHR for further comparisons.
The index quantifies the extent of stress hyperglycemia with
consideration of the background glucose levels.

Definition of HT

In all patients, the diagnosis of HT was confirmed by ima-
ging examinations performed within 24h and 7 days (£2) of
stroke onset, which included a brain CT scan and MRI.
Furthermore, patients would undergo CT/MRI tests when-
ever the clinical condition of them appeared worsen to detect
the presence of HT promptly. A second CT/MRI test was
conducted to confirm that each patient we included under-
went HT. Two neurologists on the basis of imaging studies,
blinded to the clinical information, independently examined

the results of imaging to confirm the diagnosis and subtypes
of HT. HT was further classified radiologically according to
the recommendations of the European Cooperative Acute
Stroke Study as follows:*® (i) Hemorrhagic infarct type 1
(HI-1); (ii) hemorrhagic infarct type 2 (HI-2); (iii) parench-
ymal hematoma type 1 (PH-1); and (iv) parenchymal hema-
toma type 2 (PH-2).'%*%* Examples of HT subtypes are
shown in Figure 1.

Statistical Analysis

Continuous variables were exhibited as the mean + stan-
dard deviation or median (quartiles), while categorical
variables were shown as frequencies (percentage). The
normally distributed variables were compared using
Student’s #-test and analysis of variance (ANOVA), while
the Mann—Whitney U-test and the Kruskal-Wallis test was
used for the non-normally distributed variables.
Categorical variables were compared using the Chi-
square test or Fisher’s exact test. We also performed an
additional subgroup analysis regarding non-diabetic popu-
lation and diabetic population. Confounders associated
with HT identified in the univariate analysis were entered
into multivariate-adjusted binary logistic regression model
to determine whether stress hyperglycemia might be a risk
factor for HT. According to the quartiles of SHR, the
patients in the lower three quartiles (Q1-3) of SHR, treated
as the reference, were compared with the highest SHR
quartile (Q4) group. Diabetes was excluded in a set of
covariates when analyzing non-diabetic population cohort.
Two-tailed values of P < 0.05 were considered statistically
significant. The results were expressed as adjusted odds

Figure | Hemorrhagic infarction and parenchymal hemorrhage CT scan examples of hemorrhagic infarction (HI) and parenchymal hemorrhage (PH), according to the

European Cooperative Acute Stroke Study I classification®,
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ratios (ORs) with the corresponding 95% confidence inter-
vals (CIs). SPSS for Windows, version 19.0 (SPSS Inc.,
Chicago, IL, USA) and GraphPad Prism, version 8.0.2
were used for all the statistical analyses.

Results
Study Participants and Baseline

Characteristics

A total of 287 consecutive participants with HT and 285
age- and sex-matched stroke patients without HT were
enrolled in this study, among which 459 (80.2%) patients
had information of both FPG and HbAlc. In this study,
391 (68.4%) subjects were male and 181 (31.6%) were
female. The median age of the 572 included patients was
71.0 (range, 25-96). Among the patients diagnosed as
hemorrhagic transformation, hemorrhagic infarct type 1
(HI-1) occurred in 58 (21.8%) patients, hemorrhagic
infarct type 2 (HI-2) in 85 (32.0%), parenchymal hema-
toma type 1 (PH-1) in 62 (23.3%), and parenchymal
hematoma type 2 (PH-2) in 61 (22.9%). The subcategor-
ization was based on the imaging features.

The demographic, clinical, and laboratory characteris-
tics of the patients included in this analysis are shown in
Table 1. Patients with the history of atrial fibrillation and
treatment of anticoagulation were more likely to undergo
HT, and patients with HT were less likely to receive
antiplatelet or lipid-lowering therapies compared to those
without HT. Higher baseline white cell counts, fibrinogen,
total cholesterol and higher initial NIHSS scores were
found in the HT group. In the total population, patients
in the HT group had significantly higher glucose levels,
while there were no significant differences in the HbAlc
levels, compared to those without HT.

The median glucose/HbA 1¢ ratio was 0.89 (range, 0.32—
2.83). The baseline demography and disease characteristics of
the patients by quartiles of glucose/HbA I¢ ratio are shown in
Table 2. In the total population, the glucose levels and the
HbAc levels were significantly higher in the SHR Q4 group
[5.0 (1.4) vs 8.2 (4.5), P <0.001; 5.9 (1.2) vs 6.5 (2.3), P =
0.001; respectively]. However, the glucose levels were higher
in the SHR Q4 group while no significant differences were
found in the HbA 1c levels between the SHR Q4 group and the
SHR Q1-3 group in the non-diabetic population [4.7 (0.9) vs
6.5 (0.8), P <0.001; 5.7 (0.6) vs 5.5 (0.7), P = 0.063; respec-
tively]. The same results were found in the diabetic population
[6.3 (1.7) vs 10.4 (4.0), P < 0.001; 7.5 (2.1) vs 7.5 (2.5), P =
0.918; respectively]. Compared to the SHR Q1-3 group, the

Table | Baseline Characteristics of the AIS Patients with and
without HT

Variables Non-HT (n HT (n= P-value
= 285) 287)

Demographic parameters
Age (years) 71.0 (17.0) 71.0 (17.0) 0.939
Male, n (%) 193 (67.7%) 198 (69.0%) 0.744
BMI (kg/m 2) 23.0 (4.0) 23.0 (3.7) 0.704

Vascular risk factors
History of stroke, n (%) 31 (11.0%) 42 (14.6%) 0.189
History of atrial fibrillation, n (%) 29 (10.3%) 108 (37.6%) 0.000*
History of hypertension, n (%) 197 (69.6%) 181 (63.1%) 0.098
Diabetes, n (%) 107 (37.8%) 88 (30.7%) 0.072
History of dyslipidemia, n (%) 17 (6.0%) 20 (7.0%) 0.633
Current smoking, n (%) 86 (30.2%) 92 (32.5%) 0.549
Current drinking, n (%) 71 (25.0%) 89 (31.4%) 0.088

Biochemistry and vital signs on

admission
Baseline SBP (mmHg) 157.0 (28.0) 148.0 (30.0) 0.000*
Baseline DBP (mmHg) 81.0 (19.0) 82.0 (17.0) 0.787
White cells counts (x109/L) 6.6 (2.2) 79 (3.7) 0.000%*
Platelets (x109/L) 205.0 (61.5) 189.0 (84.5) 0.002
Fibrinogen (g/L) 33(1.2) 39(1.7) 0.000*
Creatinine (umol/L) 72.0 (25.0) 67.0 (23.5) 0.002
Glucose levels (mmol/L) 5.1 (1.9) 57 (24) 0.002
HbAlc (%) 6.0 (1.7) 6.0 (1.3) 0313
Total cholesterol (mmol/L) 1.7 (2.1) 44 (1.5) 0.000*
SHR 0.87 (0.17) 0.94 (0.33) 0.000*
NIHSS on admission, median (IQR) 3.0 (4.0) 9.0 (8.0) 0.000%*

Stroke mechanisms 0.000*
Atherosclerotic, n (%) 214 (84.9%) 186 (66.7%)
Cardioembolic, n (%) 20 (7.9%) 89 (31.9%)
Lacunar, n (%) 3 (1.2%) 1 (0.4%)
Other causes, n (%) 15 (6.0%) 3 (1.1%)

Initial treatment in hospital
Antiplatelets, n (%) 256 (91.1%) 158 (55.1%) 0.000%*
Anticoagulants, n (%) 28 (9.9%) 87 (30.3%) 0.000*
Lipid-lowering agents, n (%) 261 (95.3%) 246 (86.6%) 0.000*

Note: *P < 0.001.

Abbreviations: AlS, acute ischemic stroke; HT, hemorrhagic transformation; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
NIHSS, National Institutes of Health Stroke Scale; SHR, stress hyperglycemia ratio.

SHR Q4 group had higher white cell counts as well as higher
total cholesterol and higher initial NIHSS scores in total popu-
lation group and two subgroups. Baseline characteristics of the
patients according to the subcategorized groups of HT in the
total Population and the diabetic population as well as non-
diabetic population were shown in Tables 3 and 4.

Association of Stress Hyperglycemia with

Hemorrhagic Transformation
The proportions of subjects diagnosed with HT were
higher in the SHR Q4 group in total population cohort
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Table 2 Baseline Characteristics of the Patients by Quartile of the Stress Hyperglycemia Ratio

Variables Total Population(n=572) Diabetic Population (n=195) Non-Diabetic Population(n=375)
SHR QI-3 SHR Q4 P-value SHR QI-3 SHR Q4 P-value SHR QI-3 SHR Q4 P-value
(n=345) (n=114) (n=106) (n=67) (n=237) (n=47)
Demographic parameters
Age (years) 71.0 (17.0) 71.0 (18.0) 0.997 70.0 (19.0) 67.0 (14.0) 0.260 71.0 (17.0) 75.0 (19.0) 0.033
Male, n (%) 246 (71.3%) 71 (62.3%) 0.071 72 (67.9%) 39 (58.2%) 0.194 172 (72.6%) 32 (68.1%) 0.532
BMI (kg/m 2) 23.0 (3.3) 23.0 (3.6) 0.687 23.0 3.1) 23.6 34) 0.613 23.0 (3.1) 22.0 (23) 0.534
Vascular risk factors
History of stroke, n (%) 49 (14.3%) 4 (12.3%) 0.591 19 (17.9%) 8 (11.9%) 0.291 30 (12.7%) 6 (12.8%) 0.984
History of atrial fibrillation, n (%) 69 (20.2%) 37 (32.5%) 0.008 15 (14.4%) 23 (34.3%) 0.002 54 (23.0%) 14 (29.8%) 0.319
History of hypertension, n (%) 227 (66.2%) 86 (75.4%) 0.065 81 (76.4%) 52 (77.6%) 0.856 146 (61.6%) 34 (72.3%) 0.163
Diabetes, n (%) 106 (30.9%) 67 (58 8%) 0.000* - - - - -
History of dyslipidemia, n (%) 22 (6.4%) 1 (9.7%) 0.237 11 (10.4%) 7 (10.6%) 0.962 | (4.6%) 4 (8.5%) 0.285
Current smoking, n (%) 118 (34.4%) 27 (23.9%) 0.037 34 (32.7%) 17 (25.8%) 0.336 84 (35.4%) 10 (21.3%) 0.059
Current drinking, n (%) 100 (29.2%) 28 (24.8%) 0.361 29 (27.9%) 22 (33.3%) 0.450 71 (30.1%) 6 (12.8%) 0.015
Biochemistry and vital signs on
admission
Baseline SBP (mmHg) 152.0 (30.0) 155.0 (27.0) 0.501 150.5 (33.0) 159.5 (27.0) 0.245 152.0 (29.0) 148.5 (27.0) 0.383
Baseline DBP (mmHg) 80.0 (18.0) 84.0 (17.0) 0.228 80.0 (16.0) 83.0 (18.0) 0.131 80.0 (19.0) 85.0 (18.0) 0.673
White cells counts (X109/L) 6.7 (2.6) 8.1 (34) 0.000* 6.9 (2.6) 7.8 (3.5) 0.001 6.6 (2.5) 85 (3.2) 0.000*
Platelets (% 109/L) 201.0 (70.0) 191.0 (80.8) 0.053 208.5 (74.5) 191.0 (86.0) 0.049 198.0 (67.5) 191.0 (78.0) 0.245
Fibrinogen (g/L) 34 (1.3) 8 (1.7) 0.065 3.6 (1.3) 3.7 (1.6) 0.527 4 (1.4) 0 (1.9) 0.077
Creatinine (umol/L) 71.0 (23.8) 66.5 (27 0) 0.044 69.5 (23.5) 65.0 (27.0) 0.043 71.0 (23 0) 72.0 (23 0) 0.945
Glucose levels (mmol/L) 5.0 (1.4) 2 (4.5) 0.000* 6.3 (1.7) 10.4 (4.0) 0.000%* 7 (0.9) 5(0.8) 0.000%*
HbAlc (%) 5.9 (1.2) 5(23) 0.001 7.5 (2.1) 7.5 (2.5) 0918 7 (0.6) 5(0.7) 0.063
Total cholesterol (mmol/L) 3.0 (3.1) 9 (24) 0.000%* 32 @3.0) 3.8 (2.5) 0.008 0(3.2) 3 (1.7) 0.000*
SHR 0.85 (0.17) 1.18 (0.29) 0.000* 0.86 (0.19) 1.22 (0.44) 0.000%* 0.85 (0.14) 1.15 (0.17) 0.000%*
NIHSS on admission, median (IQR) 4.0 (6.0) 9.0 (10.0) 0.000* 3.0 (4.0) 5.5 (10.0) 0.000%* 0 (7.0) 12.0 (9.0) 0.000*
HT, n (%) 135 (39.1%) 78 (68.4%) 0.000%* 34 (32.1%) 43 (64.2%) 0.000%* 101 (42.6%) 35 (74.5%) 0.000*
Stroke mechanisms 0.038 0.005 0.519
Atherosclerotic, n (%) 250 (78.9%) 71 (66.4%) 88 (87.1%) 42 (66.7%) 160 (74.8%) 29 (65.9%)
Cardioembolic, n (%) 54 (17.0%) 31 (29.0%) 10 (9.9%) 18 (28.6%) 44 (20.6%) 13 (29.5%)
Lacunar, n (%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.9%) 0 (0.0%)
Other causes, n (%) 1 (3.5%) 5 (4.7%) 3 (3.0%) 3 (4.8%) 8 (3.7%) 2 (4.5%)
Initial treatment in hospital
Antiplatelets, n (%) 263 (76.9%) 69 (61.1%) 0.001 89 (84.8%) 40 (59.7%) 0.000%* 173 (73.6%) 29 (63.0%) 0.145
Anticoagulants, n (%) 61 (17.8%) 28 (24.6%) 0.117 12 (11.4%) 16 (23.9%) 0.031 49 (20.9%) 12 (25.5%) 0.477
Lipid-lowering agents, n (%) 315 (94.3%) 97 (85.8%) 0.004 93 (93.9%) 58 (86.6%) 0.104 220 (94.4%) 39 (84.8%) 0.030

Notes: *P < 0.001. Quartiles of glucose/HbA Ic ratio, Q1<0.797, 0.797<Q2<0.889, 0.889<Q3<1.039, Q4>1.039.
Abbreviations: HT, hemorrhagic transformation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health

Stroke Scale; SHR, stress hyperglycemia ratio.

(39.1% vs 68.4%, chi-square test P < 0.001; Table 2),
suggesting that stress hyperglycemia might be asso-
ciated with hemorrhagic transformation. A similar pat-
tern was noted in the non-diabetic population and
diabetic population (42.6% vs 74.5%, chi-square test
P < 0.001; 32.1% vs 64.2%, chi-square test P < 0.001;
respectively, Table 2). As for the radiological status of
HT, significant difference (H= 24.497, P < 0.001) was
found in SHR among the 3 subcategorized groups in

the total population cohort using Kruskal-Wallis Test
(Table 3), and the SHR was significantly higher in HI
group and PH group compared to that in non-HT group
after the Bonferroni modification [0.93 (0.82—1.10) vs
0.87 (0.78-0.95), P = 0.003; 1.00 (0.81-1.19) vs 0.87
(0.78-0.95), P < 0.001;
Similar results were found in the non-diabetic popula-

respectively, Figure 2A].

tion cohort (Figure 2B) and diabetic population (Figure
2C). After Kruskal-Wallis Test, significant difference
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Table 3 Baseline Characteristics of the Patients According to the Subcategorized Groups of HT in Total Population

Variables Non-HT (n=285) HI (n=143) PH (n=123) P-value
Demographic parameters
Age (years) 71.0 (17.0) 72.0 (17.0) 71.0 (19.0) 0.730
Male, n (%) 193 (67.7%) 98 (68.5%) 84 (68.3%) 0.984
BMI (kg/m 2) 23.0 (4.0) 23.0 3.3) 229 (5.5) 0.952
Vascular risk factors
History of stroke, n (%) 31 (11.0%) 24 (16.8%) 14 (11.4%) 0.208
History of atrial fibrillation, n (%) 29 (10.3%) 46 (32.2%) 58 (47.2%) 0.000%*
History of hypertension, n (%) 197 (69.6%) 97 (67.8%) 71 (57.7%) 0.061
Diabetes, n (%) 107 (37.8%) 42 (29.4%) 38 (30.9%) 0.156
History of dyslipidemia, n (%) 17 (6.0%) 14 (9.8%) 5 (4.1%) 0.151
Current smoking, n (%) 86 (30.2%) 46 (32.6%) 38 (31.4%) 0.873
Current drinking, n (%) 71 (25.0%) 44 (31.2%) 34 (28.1%) 0.391
Biochemistry and vital signs on admission
Baseline SBP (mmHg) 157.0 (28.0) 150.0 (28.0) 145.0 (31.0) 0.000%*
Baseline DBP (mmHg) 81.0 (19.0) 82.0 (15.0) 81.0 (17.0) 0.773
White cells counts (% 109/L) 6.6 (2.2) 7.5 (3.9) 8.6 (3.4) 0.000%*
Platelets (x109/L) 205.0 (61.5) 195.0 (75.0) 177.0 (90.0) 0.004
Fibrinogen (g/L) 33 (1.2) 3.9 (1.5) 3.8 (1.9 0.000%*
Creatinine (umol/L) 72.0 (25.0) 65.0 (21.0) 70.0 (23.0) 0.006
Glucose levels (mmol/L) 5.1 (1.9) 5.8 (1.9) 5.6 (2.5) 0.004
HbAlc (%) 6.0 (1.7) 6.0 (1.5) 6.0 (1.3) 0.464
Total cholesterol (mmol/L) 1.7 (2.1) 4.2 (1.6) 4.5 (1.3) 0.000%*
SHR 0.87 (0.17) 0.93 (0.28) 1.00 (0.38) 0.000%*
NIHSS on admission, median (IQR) 3.0 (4.0 7.5 (9.0) 11.0 (8.0) 0.000%*
Stroke mechanisms 0.000*
Atherosclerotic, n (%) 214 (84.9%) 107 (78.1%) 64 (52.5%)
Cardioembolic, n (%) 20 (7.9%) 28 (20.4%) 56 (45.9%)
Lacunar, n (%) 3 (1.2%) 1 (0.7%) 0 (0.0%)
Other causes, n (%) 15 (6.0%) 1 (0.7%) 2 (1.6%)
Initial treatment in hospital
Antiplatelets, n (%) 256 (91.1%) 81 (56.6%) 67 (54.5%) 0.000%*
Anticoagulants, n (%) 28 (9.9%) 38 (26.6%) 45 (36.6%) 0.000%*
Lipid-lowering agents, n (%) 261 (95.3%) 125 (88.7%) 103 (84.4%) 0.001

Note: *P < 0.001.

Abbreviations: HT, hemorrhagic transformation; HI, hemorrhagic infarct; PH, parenchymal hematoma; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; NIHSS, National Institutes of Health Stroke Scale; SHR, stress hyperglycemia ratio.

(H= 15.361, P < 0.001; H= 22.740, P < 0.001; respec-
tively) was found in SHR among the 3 subcategorized
groups (Table 4). Patients in the HI group have higher
SHR than those in non-HT group [0.92 (0.79—-1.04) vs
0.86 (0.79-0.93), P <0.001 after the Bonferroni mod-
ification] in non-diabetic population (Figure 2B). And
the SHR in diabetic population was significantly higher
in PH group compared to that in non-HT group and HI
group after Bonferroni modification [1.17 (0.80-1.53)
vs 0.91 (0.76-1.05), P <0.001; 1.17 (0.80-1.53) vs 0.95
(0.73-1.17), P = 0.007; respectively, Figure 2C].

Compared with the subjects in the SHRQ1-3 group,
those in the SHR Q4 group had an OR (Figure 3) of 3.370
without adjustment. After initial adjustment for age and
gender, it was found that the highest quartile (Q4) of the
SHR was independently associated with HT (Model 1: OR
=3.370; Figure 3). After fully adjusted for potential cov-
ariates (Model 2; Figure 3), patients with the highest
quartile of SHR had 2.320-fold of risk of hemorrhagic
transformation compared with those patients in the
SHRQI1-3 group. Similar results were found after further
adjusted for glucose levels (Model 3: OR =2.320; Figure
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Table 4 Baseline Characteristics of the Patients According to the Subcategorized Groups of HT in Non-Diabetic Population and

Diabetic Population

Variables Non-Diabetic Population (n=375) Diabetic Population (n=195)
Non-HT (n=176) | HI (n=101) PH (n=85) P-value | Non-HT (n=107) HI (n=42) PH (n=38) P-value
Demographic parameters
Age (years) 72.0 (17.0) 73.0 (20.0) 73.0 (19.0) 0.713 68.0 (19.0) 70.0 (11.0) 66.5 (18.0) 0.901
Male, n (%) 122 (69.3%) 70 (69.3%) 62 (72.9%) 0.815 69 (64.5%) 28 (66.7%) 22 (57.9%) 0.683
BMI (kg/m 2) 23.0 (5.0) 22.1 (3.1) 20.2 (4.8) 0.180 23.0 (3.1) 247 (4.6) 24.6 (1.1) 0.050
Vascular risk factors
History of stroke, n (%) 17 (9.7%) 14 (13.9%) 9 (10.6%) 0.555 14 (13.1%) 10 (23.8%) 5 (13.2%) 0.241
History of atrial fibrillation, n (%) 23 (13.2%) 32 31.7%) 34 (40.0%) 0.000%* 6 (5.7%) 14 (33.3%) 24 (63.2%) 0.000%*
History of hypertension, n (%) 116 (65.9%) 61 (60.4%) 44 (51.8%) 0.089 81 (75.7%) 36 (85.7%) 27 (71.1%) 0.264
History of dyslipidemia, n (%) 6 (3.4%) 8 (7.9%) 4 (4.7%) 0.452 11 (10.3%) 6 (14.3%) 1 (2.7%) 0.208
Current smoking, n (%) 55 (31.3%) 31 (30.7%) 31 (36.9%) 0.601 31 (29.0%) 15 (37.5%) 7 (18.9%) 0.198
Current drinking, n (%) 43 (24.6%) 32 31.7%) 22 (26.2%) 0432 28 (26.2%) 12 (30.0%) 12 (32.4%) 0.738
Biochemistry and vital signs on admission
Baseline SBP (mmHg) 157.0 (27.0) 148.0 (28.0) 144.0 (33.0) 0.000* 157.5 (29.0) 159.5 (31.0) 149.0 (29.0) 0.019
Baseline DBP (mmHg) 80.0 (19.0) 84.0 (17.0) 82.0 (18.0) 0.765 81.5 (18.0) 81.0 (14.0) 80.0 (18.0) 0.958
White cells counts (x109/L) 6.4 (1.9) 74 (42) 8.5 (3.1) 0.000%* 6.8 (2.5) 75 (3.2) 9.2 (44) 0.000*
Platelets (x109/L) 204.0 (61.0) 189.0 (70.0) 180.0 (93.5) 0.018 209.0 (71.0) 215.5 (80.5) 174.0 (93.3) 0.009
Fibrinogen (g/L) 33 (1.2) 38(1.7) 3.9 (1.9) 0.000* 34 (1.2) 3.9 (L.1) 37 (23) 0.012
Creatinine (umol/L) 75.0 (22.0) 66.0 (22.5) 71.0 (21.3) 0.007 68.0 (26.0) 64.0 (24.0) 67.5 (26.8) 0.404
Glucose levels (mmol/L) 4.8 (1.0) 5.3 (14) 5.2 (1.6) 0.000%* 7.1 (2.5) 8.2 (4.9) 9.2 (4.9) 0.002
HbAlc (%) 5.7 (0.5) 5.6 (0.6) 5.6 (0.6) 0.642 77 (2.0 7.6 (2.0) 6.8 (2.2) 0.107
Total cholesterol (mmol/L) 1.5 (1.8) 4.1 (1.6) 45 (1.2) 0.000* 20 (22) 4.6 (1.8) 4.5 (1.7) 0.000*
SHR 0.86 (0.14) 0.92 (0.25) 0.90 (0.26) 0.000%* 0.91 (0.29) 0.95 (0.44) 1.17 (0.73) 0.000*
NIHSS on admission, median (IQR) 3.0 (4.0) 9.0 (8.0) 11.0 (7.0) 0.000%* 3.0 (4.0) 4.0 (6.0 10.0 (11.0) 0.000*
Stroke mechanisms 0.000%* 0.000*
Atherosclerotic, n (%) 126 (82.4%) 71 (74.0%) 48 (57.1%) 86 (88.7%) 36 (87.8%) 16 (42.1%)
Cardioembolic, n (%) 15 (9.8%) 24 (25.0%) 34 (40.5%) 5 (5.2%) 4 (9.8%) 22 (57.9%)
Lacunar, n (%) 3 (2.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.4%) 0 (0.0%)
Other causes, n (%) 9 (5.9%) I (1.0%) 2 (2.4%) 6 (6.2%) 0 (0.0%) 0 (0.0%)
Initial treatment in hospital
Antiplatelets, n (%) 155 (89.6%) 56 (55.4%) 51 (60.0%) 0.000%* 100 (94.3%) 25 (59.5%) 16 (42.1%) 0.000*
Anticoagulants, n (%) 19 (10.9%) 31 (30.7%) 31 (36.5%) 0.000%* 9 (8.5%) 7 (16.7%) 14 (36.8%) 0.000*
Lipid-lowering agents, n (%) 165 (95.4%) 85 (85.9%) 75 (88.2%) 0.018 94 (94.9%) 40 (95.2%) 28 (75.7%) 0.003

Note: *P < 0.001.

Abbreviations: HT, hemorrhagic transformation; HI, hemorrhagic infarct; PH, parenchymal hematoma; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; NIHSS, National Institutes of Health Stroke Scale; SHR, stress hyperglycemia ratio.

3). This result is similar to that obtained for patients with
the highest quartile of SHR and HI (Unadjusted: OR =
3.000; Model 1: OR = 3.000; Model 2: OR = 2.267; Model
3: OR = 2.267; Figure 3). However, the highest quartile
(Q4) of the SHR was not a significant and independent
predictor of the PH after adjusting for the same potential
confounders analyzed above (Unadjusted: OR = 3.818;
Model 1: OR = 3.818; Model 2: P = 0.230; Model 3:
P = 0.230; Figure 3). When the same analysis was per-
formed in the non-diabetic population and diabetic cohort,
the difference in the risk of HT was not significant
between the SHR Q4 and Q1-3 groups (data not shown).

Discussion
In this study, our results indicated that the stress hypergly-
cemia ratio on admission was correlated with an increased
risk of hemorrhagic transformation in patients with AIS.
Independent of absolute hyperglycemia on admission, this
association was significant after adjusting confounders. To
our knowledge, there were few studies discussing the
relationship between stress hyperglycemia and hemorrha-
gic transformation in patients with AIS.

Stress hyperglycemia is frequent in patients who
underwent acute severe events, such as stroke and myo-

cardial infarction. Ranging from 8% to 63%, the
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Figure 2 (A) The level of SHR in the subcategorized groups of HT in total population; (B) The level of SHR in the subcategorized groups of HT in non-diabetic population;
(C) The level of SHR in the subcategorized groups of HT in diabetic population.
Abbreviations: HI, hemorrhagic infarct; PH, parenchymal hematoma; SHR, stress hyperglycemia ratio. **P < 0.001, **P < 0.01.

prevalence rate of stress hyperglycemia in non-diabetic  hyperglycemia without preexisting diabetes mellitus or
patients with acute stroke is heterogenetic according to  deterioration of premorbid glycemic control in previous
carlier studies.'® The difference of these conclusions may  diabetes mellitus patients was usually used to measure
result from the heterogeneous study population and the stress hyperglycemia.'®?° However, this definition failed
definition  of  stress  hyperglycemia. =~ Absolute to consider the background glucose level, and was unable

HT P value OR (95% CI)

Model 3¢ 0.012
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]
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]
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]
]
]
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— )
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Figure 3 Multivariate adjusted odds ratios for the association between the highest quartile of SHR and the subcategorized groups of HT (including HT, HI and PH
respectively). *Reference OR (1.000) is the SHR QI-3 group. "Model I: adjusted for age, sex. “Model 2: adjusted for covariates from Model | and further adjusted for
vascular risk factors (history of hypertension, atrial fibrillation, diabetes, dyslipidemia, current smoking and current alcohol drinking) and systolic blood pressure, stroke
mechanism, baseline NIHSS score, baseline white cells counts, platelets, fibrinogen, creatinine and the therapy of anticoagulant, antiplatelet and lipid-lowering. 9Model 3:
adjusted for covariates from Model 2 and further adjusted for glucose levels.

Abbreviations: OR, odds ratio; Cl, confidence level; HI, hemorrhagic infarct; PH, parenchymal hematoma; SHR, stress hyperglycemia ratio.
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to differentiate stress hyperglycemia from previously
unknown diabetes mellitus or newly diagnosed diabetes
mellitus. Therefore, a novel index of relative hyperglyce-
mia is necessary to be suggested to represent a quantitative
measurement of the relatively increasing glucose concen-
tration with consideration of background glucose status.
Relative measurements controlling for background glyce-
mia have been considered to be better indices than abso-
lute hyperglycemia according to previous study,”” such as
the stress hyperglycemia ratio based on HbA1c** 3 or
estimated average glucose derived from HbAlc*? or
based on glycated albumin (GA).>* Glucose/HbA lc ratio,
defined as the admission glucose divided by the HbAlc, is
chosen to assess stress hyperglycemia in our study. On the
one hand, HbAlc level reflects mean glycemia over 2 to 3
months, which can identify and quantify the status of
stress hyperglycemia more accurately by adjusting the
background glucose level. On the other hand, it is more
practical to collect baseline date of HbAlc level to reflect
the chronic glycemic status because HbAlc level on
admission will be assessed in almost all patients who get
AIS. No additional blood tests or cost is needed. Also, it is
easy to compute, without the use of complicated formula.
Consistent with earlier studies, patients with HT tended to
have a history of atrial fibrillation, greater stroke severity,
and higher inflammatory indices such as fibrinogen levels
when compared with those without HT in our study.
Previous studies have indicated that metabolic condi-
tions of the patients on admission are related to the dete-
rioration of AIS.**37 Persistent hyperglycemia is an
independent risk factor of infarct expansion®® and induces
early neurological deterioration as well as impairment of
cerebral collateral flow.>>>° And patients with dyslipide-
mia may have an increased risk of incident stroke and
recurrent ischemic events, which can worsen the condition
of AIS.***? Several studies have investigated acute hyper-
glycemia predicts increased risk of in-hospital mortality
and long-term prognosis after ischemic stroke in non-
diabetic patients.'”** Also, there was previous study
showed stress hyperglycemia did not appear to be directly
associated with the outcome of acute ischemic stroke when
fasting serum glucose levels on admission were used as
the index to assess stress hyperglycemia.** More studies
are needed to validate their findings. Recent study showed
that stress hyperglycemia ratio is a useful predictive mar-
ker of major adverse cardiovascular and cerebrovascular
events after percutaneous coronary intervention, especially
in non-diabetic patients with ST-elevation myocardial

infarction.>? However, few studies focused on the relation-
ship between stress hyperglycemia and hemorrhagic trans-
formation. Our study may further provide the evidence
that there was association between stress hyperglycemia
and an increased risk of HT in patients with AIS. In this
study, we found that the SHR was significantly different
between the non-HT group and the HT group (0.87 vs
0.94, P < 0.001; Table 1), and patients with the highest
quartile of SHR were more likely to undergo HT in total
population and non-diabetic population as well as diabetic
population (39.1% vs 68.4%, P < 0.001; 42.6% vs 74.5%,
P <0.001; 32.1% vs 64.2%, P < 0.001; respectively, Table
2). However, there was no significant difference in SHR
between the HI and PH group in our study. Based on the
adjusted multivariate regression analysis summarized in
Figure 3, the highest quartile of SHR are strongly asso-
ciated with an increasing risk of HT and HI, but not for
PH. Therefore, we hope additional studies can be detected
to further confirm our results.

Although the mechanisms underlying the association
between stress hyperglycemia and HT are not fully under-
stood, several explanations may account for the observed
association. First, stress hyperglycemia is the relative
increase in glucose secondary to the inflammatory and
neuro-hormonal derangements that occur during a major
illness. The stress hyperglycemia may reflect that there is
a more severe illness stimulates a greater inflammatory and
neuro-hormonal response.”>° Such inflammatory and neu-
roendocrine derangements mediated by stress hyperglyce-
mia are much greater than those in chronic hyperglycemia
associated with diabetes.”>° And hyperglycemia is asso-
ciated with increasing inflammatory markers, enhanced
expression of cytotoxic T-cells, and reduced expression of
T-cells.*> Second, according to previous study, hyperglyce-
mia is a player driving the angiogenic response, which
increases neovascularization yet dysfunctional in the
cerebrovasculature.*® Stress hyperglycemia may directly
contribute to adverse outcomes through mechanisms such
as induction of endothelial apoptosis, endothelial dysfunc-
tion and oxidative stress.”’ Oxidative stress seems to per-
form a critical role in the stimulation of classic intracellular
that
hyperglycemia.”'**’ Therefore, increased oxidative stress

pathways induce chronic complications of
during acute hyperglycemia might be a reasonable mechan-
ism for adverse reactions of stress hyperglycemia. Third,
hyperglycemia was found to increase blood—brain barrier
disruption, oxidative stress, infarct size, and tPA-induced

brain hemorrhage after ischemia-reperfusion in an animal
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model in previous study.*® As we know, abnormal perme-
ability of the blood-brain barrier and dysfunction of the
vascular basal lamina are two key players in favoring HT
events.'***° Furthermore, glucose levels in diabetic patients
not only affect vascular reactivity, but also impact on platelet
aggregability. An acute glucose load is also associated with
an increase in platelet activation, which can induce
a deleterious effect on platelet function.’

There are several limitations in this study. First, the
results, though intriguing, could not prove cause and
effect as the study was single-center and retrospective
and lacked long-term follow-up data. Therefore, we
expect prospective and multicenter studies can further
confirm our results and establish causality. Second, we
did not analyze some parameters which might have
influenced the outcome, such as the glycemic variability
that patients may experience after HT. Third, the defini-
tion of stress hyperglycemia is not yet clear. As we
measured the ratio at admission based on glucose and
HbAlc, the cut-off level used to define hyperglycemia
might be different compared with other studies. In addi-
tion, patients enrolled in this study were admitted within
7 days of stroke onset. The results could be more accu-
rate if we included patients with earlier admission time.
Also, accurate timing of HT needs to be collected in the
future for further analysis. Finally, we excluded patients
with thrombolytic therapy owing to the limited sample
size of this study. Consequently, subgroup analyses of
patients with and without thrombolytic therapy were not
performed in this study. Therefore, the results of this
study require further investigation to eliminate the influ-
ence of thrombolytic therapy on the results in our study.

Conclusions

In conclusion, our results demonstrated that stress hyper-
glycemia, measured by glucose/HbAlc ratio, was asso-
ciated with an increased risk of HT in patients with AIS.

Abbreviations

AIS, acute ischemic stroke; HbAlc, glycated hemoglobin;
HT, hemorrhagic transformation; HI, hemorrhagic infarct;
PH, parenchymal hematoma; SHR, stress hyperglycemia
ratio.
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