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Background: Progressive ischemic stroke is a common cerebrovascular disease with high morbidity. 
This study aimed to investigate the relationship between changes of Thromboxane B2 (TXB2), 6-keto-
prostaglandin Fla (6-k-PGFla), and blood glucose (BG) levels with progressive ischemic stroke. 
Methods: A total of 106 patients with progressive ischemic stroke admitted to our hospital from December 
2016 to December 2018 were recruited as the observation group, and 110 patients who received physical 
examination in our hospital during the same period were selected as the control group. The levels of TXB2, 
6-k-PGFla, and BG in different groups were compared, the related risk factors affecting the prognosis of 
patients with progressive ischemic stroke were analyzed, and the receiver operating characteristic (ROC) 
curve was drawn to evaluate the predictive value of TXB2, 6-k-PGFla, and BG for the prognostic mortality 
of patients with progressive ischemic stroke. 
Results: The levels of TXB2, 6-k-PGFla, and BG in the observation group were significantly higher than 
those in the control group (P<0.05). The prognostic mortality of participants with abnormally increased 
expression of TXB2, 6-k-PGFla, and BG was significantly higher than that of patients with normal 
expression of TXB2, 6-k-PGFla, and BG (P<0.05). Hypertension, diabetes, collateral circulatory disorders, 
hyperlipidemia, TXB2 (abnormal increase), 6-k-PGFla (abnormal increase), and BG (abnormal increase) 
were risk factors affecting the prognosis of patients with progressive ischemic stroke (P<0.05). The area 
under the curve (AUC) of the ROC curve showed that TXB2, 6-k-PGFla, BG, and the combination of them 
were 0.846, 0.893, 0.835, and 0.971, respectively, showing that the AUC of the combination of them was the 
largest. 
Conclusions: Hypertension, diabetes, collateral circulatory disorders, hyperlipidemia, TXB2 (abnormal 
increase), 6-k-PGFla (abnormal increase), and BG (abnormal increase) are risk factors affecting the prognosis 
of patients with progressive ischemic stroke. The combined detection of the 3 indicators showed high 
sensitivity and specificity in evaluating the prognostic mortality of patients with progressive ischemic stroke, 
indicating that clinicians might improve the early diagnosis rate of progressive ischemic stroke by combining 
the detection of TXB2, 6-k-PGFla, and BG to predict the prognosis of patients.
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Introduction

The occurrence of ischemic stroke could cause widespread 
neuronal death due to insufficient blood perfusion, lack of 
oxygen and glucose for brain tissue metabolism, insufficient 
energy production, and local accumulation of some toxic 
metabolites, such as excitotoxic products, acid metabolites, 
oxidative stress products, and inflammatory mediators (1).  
In recent years, the incidence of ischemic stroke has 
gradually increased, affected by factors such as poor lifestyle 
and eating habits. The disability and fatality rate of ischemic 
stroke is high, which seriously threatens the life of patients, 
and greatly increases the economic burden on their family 
and society (2). Progressive ischemic stroke has a relatively 
high incidence in ischemic cerebrovascular disease, which 
has gradually attracted the attention of many scholars and 
become a hot and challenging field in stroke research (3).

There are many studies on the relationship between the 
change of blood glucose (BG) level and progressive ischemic 
stroke (4,5). However, the correlation in thromboxane B2 
(TXB2), 6-keto-prostaglandin Fla (6-k-PGFla) levels, and 
progressive ischemic stroke in China and abroad has not 
been clearly reported yet. In this study, we focused on the 
relationship between TXB2, 6-k-PGFla, and BG levels and 
progressive ischemic stroke, and observed the predictive 
value of the 3 indicators in the occurrence of progressive 
ischemic stroke, in order to provide a theoretical basis 
for the improvement of clinical stroke diagnosis rate. We 
present the following article in accordance with the STARD 
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-774).

Methods

General information

Clinical data of patients with progressive ischemic stroke 
admitted to our hospital from December 2016 to December 
2018 were selected for collection and sorting. The inclusion 
criteria were as follows: (I) patients who were diagnosed as 
progressive ischemic stroke by computed tomography (CT) 
and medical resonance imaging (MRI) examinations (6)  
for the first time; (II) patients aged under 80 years old; (III) 
patients with no other malignant tumors; (IV) patients who 
had not used platelet inhibitors, anticoagulants, and drugs 
affecting the levels of TXB2, 6-k-PGFla, and BG within  
1 month before the study; (V) patients with balanced diet, 
reasonable supplement high carbohydrate, high fat, high 
protein; (VI) patients do reasonable exercise regularly. 

The exclusion criteria were as follows: (I) patients with 
incomplete clinical data; (II) patients with mental disorders, 
language disorders, or Alzheimer’s disease; (III) patients 
with inherited or acquired hemorrhage constitution; (IV) 
patients with diabetes mellitus.

After being selected according to the inclusion and 
exclusion criteria, a total of 106 patients who met the 
criteria were finally included in this study as the observation 
group. In addition, 110 patients who received physical 
examination in our hospital during the same period were 
recruited as the control group. In the observation group, 
there were 63 males and 43 females; aged 61–77 years old, 
with an average age of 58.32±2.49 years; weighed 45–66 kg,  
with an average weight of 52.75±2.28 kg. In the control 
group, there were 62 males and 48 females; aged 62–79 years,  
with an average age of 58.45±2.54 years; weighed  
44–63 kg, with an average weight of 52.68±2.25 kg. 
There was no statistically significant difference in general 
information between the two groups of participants 
(P>0.05). This study was approved by the Second People’s 
Hospital of People of Deyang, Deyang (DEYL-2021-01). 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The informed consent was 
taken from all the patients.

Detection methods

The participants with progressive ischemic stroke had 
blood taken on an empty stomach the next morning after 
admission, and the blood of control group participants was 
taken on an empty stomach during physical examination. 
The fasting venous blood sample (5 mL per person) was 
collected in a heparinized blood collection tube, the samples 
were stored at 0 ℃, and sent for analysis in a mixture of ice 
and water. Before detection, the samples were immediately 
centrifuged at 3,000 r/min for 10 minutes, the supernatant 
was collected for anticoagulation treatment, and stored 
in a refrigerator at −4 ℃ until testing. The BG level was 
measured by the automatic biochemical analyzer (Olympus, 
Tokyo, Japan). The TXB2 level was measured by enzyme-
linked immunoassay double antibody sandwich method 
with a detection kit (Thermo Fishier, MIT, USA). The 
6-k-PGFla level was measured by enzyme-linked immune 
competitive suppression method with a kit provided by 
Jingkang Biological Engineering Company (Shanghai, 
China). All the tests were strictly performed according to 
the manufacturer instructions.
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Observation indicators

The general information of participants in the two groups 
were collected, including gender, name, age, and history 
of combined underlying diseases. The expression levels 
of TXB2, 6-k-PGFla, and BG in the two groups were 
compared. The reference range of fasting BG level was as 
follows (7): <6.1 mmol/L was normal, and ≥6.1 mmol/L  
was regarded as an abnormal increase; The reference range 
of fasting TXB2 reference range (8): <45.6 pg/mL was 
normal, and ≥45.6 pg/mL was regarded as an abnormal 
increase; The reference range of fasting 6-k-PGFla (9): 
<35.8 pg/mL was normal, and ≥35.8 pg/mL was regarded 
as an abnormal increase. Participants in the observation 
group were followed up for 2 years to clarify their prognosis 
through telephone follow-up or outpatient review. The 
follow-up deadline was December 2020, or the follow-up 
time ended when the patient died. The prognostic mortality 
of patients with progressive ischemic stroke with different 
TXB2, 6-k-PGFla, and BG expressions was compared. 
Multivariate logistic regression was used to analyze the 
related risk factors that affected the prognosis and survival 
of patients with progressive ischemic stroke. The receiver 
operating characteristic (ROC) curve was drawn, and the 
area under the curve (AUC) was calculated to analyze the 
predictive value of TXB2, 6-k-PGFla, and BG levels on the 
poor prognosis of patients with progressive ischemic stroke.

Statistical methods

Statistical analysis was performed using SPSS 22.0 software 
(IBM Corp., Armonk, NY, USA). The count data were 
expressed as n (%), analyzed by t-test. Measurement data 
were described as (x±s), and analyzed by χ2 test. Multiple 
logistic regression analysis was conducted to analyze the risk 
factors affecting the prognosis of patients with progressive 
ischemic stroke. The ROC curve was drawn to analyze the 
predictive value of TXB2, 6-k-PGFla, and BG levels on 

the prognosis of patients with progressive ischemic stroke. 
Results with P<0.05 were considered statistically significant.

Results

TXB2, 6-k-PGFla and BG expression in the two groups

The expression levels of TXB2, 6-k-PGFla, and BG in the 
observation group were significantly higher than those in 
the control group (P<0.05, Table 1).

The prognosis of patients with progressive ischemic stroke

Among participants with progressive ischemic stroke, the 
prognostic mortality of those with abnormally increased 
levels of TXB2, 6-k-PGFla, and BG was significantly 
higher than that of those with normal expression of TXB2, 
6-k-PGFla, and BG (P<0.05, Table 2).

Research on related factors affecting the prognosis of 
patients with progressive ischemic stroke

Age and gender were not related risk factors that affected 
the prognosis of patients with progressive ischemic stroke 
(P>0.05). However, factors such as hypertension, diabetes, 
collateral circulatory disorders, hyperlipidemia, early 
hemorrhagic transformation, TXB2 (abnormal increase), 
6-k-PGFla (abnormal increase), and BG (abnormal increase) 
were related risk factors affecting the prognosis of patients 
with progressive ischemic stroke (P<0.05, Table 3).

The predictive value of TXB2, 6-k-PGFla, BG, and the 
combined detection of the 3 indexes on the prognostic 
mortality of patients with progressive ischemic stroke

The ROC curve was used to analyze the predictive value of 
TXB2, 6-k-PGFla, BG, and the combined detection of the 
3 on the prognostic mortality of patients with progressive 

Table 1 TXB2, 6-k-PGFla, and BG expression in the two groups (x±s)

Index Observation group Control group t P value

Cases 106 110 – –

TXB2 (pg/mL) 134.65±38.56 24.56±5.14 29.674 <0.001

6-k-PGFla (pg/mL) 55.41±9.65 19.03±3.64 36.911 <0.001

BG (mmol/L) 7.55±3.25 5.14±0.88 7.498 <0.001

TXB2, thromboxane B2; 6-k-PGFla, 6-keto-prostaglandin Fla; BG, blood glucose.
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ischemic stroke. Results showed that the AUC of TXB2, 
6-k-PGFla, BG, and the 3 combined detections were 0.846, 
0.893, 0.835, and 0.971, respectively, and the AUC of the 3 
combined detections was the largest (Table 4 and Figure 1).

Discussion

Progressive ischemic stroke is a common cerebrovascular 
disease in clinical practice, with a high morbidity and 
extremely high rate of fatality and disability. Progressive 
ischemic stroke is a serious threat to the health and life 
of those affected, and is a prominent disabling and fatal 
disease (10). For patients with acute ischemic stroke, it is 
essential to optimize the treatment effect and reduce the 
rates of disability and fatality via timely diagnosis and the 

formulation of targeted treatment programs.
Previous studies have highlighted (11) that a high level 

of BG is an independent risk factor for prognostic mortality 
in patients with progressive stroke, and the complication 
of diabetes will double the risk of disease progression in 
stroke patients. In this study, the BG level of participants 
with progressive ischemic stroke was significantly higher 
than that of healthy people, and the prognostic mortality 
of patients with high BG was as high as 82.05%, further 
confirming the above view. An explanation of why high 
expression of BG affects the prognosis of progressive 
ischemic stroke patients might be that a long-term increase 
of BG level in their body will cause microvascular disease 
and circulatory disorders. Concurrently, it will also 
significantly increase the incidence of arteriosclerosis of 

Table 2 The prognosis of patients with progressive ischemic stroke

Index Expression level Survival (n=67), n (%) Death (n=39), n (%) χ2 P value

TXB2 Abnormal increase 28 (41.79) 29 (74.36) 10.519 <0.001

Normal expression 39 (58.21) 10 (25.64)

6-k-PGFla Abnormal increase 33 (49.25) 27 (69.23) 4.005 0.045

Normal expression 34 (50.75) 12 (30.77)

BG Abnormal increase 41 (61.19) 32 (82.05) 5.002 0.025

Normal expression 26 (38.81) 7 (17.95)

TXB2, thromboxane B2; 6-k-PGFla, 6-keto-prostaglandin Fla; BG, blood glucose.

Table 3 Related factors affecting the prognosis of patients with progressive ischemic stroke

Index
Single factor analysis Multiple-factor analysis

OR 95% CI P value OR 95% CI P value

Age (≥65 vs. <65) 1.524 0.524–1.534 0.660 – – –

Gender (male vs. female) 1.487 0.546–1.547 0.714 – – –

Hypertension (yes vs. no) 1.578 1.385–1.756 0.030 1.368 1.231–1.992 0.011

Diabetes (yes vs. no) 1.624 1.527–1.857 0.022 1.436 1.347–1.887 0.023

Collateral circulatory disorders (yes vs. no) 1.354 1.235–1.778 0.017 1.654 1.524–1.882 0.031

Hyperlipidemia (yes vs. no) 1.254 1.112–1.857 0.031 1.545 1.125–1.889 0.015

Early hemorrhagic transformation 1.354 1.154–1.665 0.021 1.374 1.254–1.754 0.013

TXB2 (abnormal increase vs. normal expression) 1.354 1.235–1.456 0.019 1.354 1.372–1.698 0.025

6-k-PGFla (abnormal increase vs. normal 
expression)

1.475 1.342–1.568 0.004 1.647 1.247–1.654 <0.001

BG (abnormal increase vs. normal expression) 1.524 1.458–1.687 0.012 1.221 1.247–1.657 <0.001

OR, odds ratio; CI, confidence interval; TXB2, thromboxane B2; 6-k-PGFla, 6-keto-prostaglandin Fla; BG, blood glucose.
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the aorta and coronary arteries, leading to local arterial 
stenosis and occlusion, hypoperfusion of tissues and 
organs, increased blood viscosity, stasis of blood flow in 
the microcirculation, and finally progression of disease. 
The high expression of BG in stroke patients will increase 
the anaerobic glycolysis of ischemic stroke, aggravate the 
accumulation of lactic acid, and eventually lead to stroke 
metabolic disorders (12,13).

Kong et al. (14) reported that TXB2 is expressed at a 
low level in blood in a normal state, but when platelets are 
activated, a large amount of TXB2 is released into blood, 
which has the effect of promoting platelet aggregation and 
vasoconstriction. The metabolite 6-k-PGFla is synthesized 
during the production of arachidonic acid in the blood 
vessel wall triggered by vascular cyclooxygenase. It plays 

a role in lowering blood pressure by inhibiting platelet 
aggregation and relaxing blood vessels (15). Under normal 
physiological conditions, the levels of TXB2 and 6-k-PGFla 
are always in a relatively balanced state, which is important 
for maintaining the blood patency. In this study, TXB2 and 
6-k-PGFla were both highly expressed in participants with 
progressive ischemic stroke, suggesting the formation of 
thrombus and tissue ischemia, or even bleeding tendency. 
A study has also pointed out (16) that in patients with 
progressive ischemic stroke, 6-k-PGFla is lowly expressed, 
which is biased with the results of this study. The bias 
may be due to the small ample size included in this study, 
and the varied time points of participant blood collection. 
After reviewing a large number of studies, we found that 
some researchers have reported that 6-k-PGFla is highly 
expressed in the early stage of thrombosis (17-19).

The results of this study showed that among the 
participants with progressive ischemic stroke, the prognostic 
mortality of those with abnormally increased expression of 
TXB2 and 6-k-PGFla was significantly higher than that of 
those with normal expression of TXB2 and 6-k-PGFla. Both 
TXB2 and 6-k-PGFla were both shown to be independent 
risk factors for the prognostic mortality in participants with 
progressive ischemic stroke in this study. As a factor released 
after platelet activation, TXB2 is shown to play an important 
role in the pathogenesis of cerebrovascular diseases (20). 
However, there are few studies on the relationship of 
TXB2 and progressive ischemic stroke. In this study, the 
ROC curve was drawn and the AUC was calculated. The 
results showed that the AUC of combined detection of 
the 3 indexes was 0.971, with a sensitivity of 0.924, and a 
specificity of 0.933, suggesting that the combined detection 
of the 3 indexes can be used as a sensitive indicator for 
predicting the prognostic mortality of patients with 
progressive ischemic stroke.

Table 4 The predictive value of TXB2, 6-k-PGFla, BG, and the combined detection of the 3 indexes on the prognostic mortality of patients with 
progressive ischemic stroke

Indexes Optimum critical value Sensitivity Specificity AUC of ROC 95% CI

TXB2 24.68 0.882 0.841 0.846 0.724–0.969

6-k-PGFla 25.31 0.856 0.899 0.893 0.795–0.991

BG 24.58 0.835 0.865 0.835 0.719–0.951

Combined detection of the 3 indexes 25.99 0.924 0.933 0.971 0.000–1.000

Predictive exponential model 1.254 0.825 0.869 0.825 0.758–0.895

TXB2, thromboxane B2; 6-k-PGFla, 6-keto-prostaglandin Fla; BG, blood glucose; AUC, area under the curve; ROC, receiver operating 
characteristic curve; CI, confidence interval.

Figure 1 Predictive value of TXB2, 6-K-PGFla, BG, and the 
combination of the 3 indexes on prognostic mortality in patients 
with progressive ischemic stroke. TXB2, thromboxane B2; 
6-k-PGFla, 6-keto-prostaglandin Fla; BG, blood glucose.
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In summary, there are significant differences in the 
expression levels of TXB2, 6-k-PGFla, and BG between 
patients with progressive ischemic stroke and healthy 
people. Hypertension, diabetes, collateral circulatory 
disorders, hyperlipidemia, levels of TXB2 (abnormal 
increase), 6-k-PGFla (abnormal increase), and BG 
(abnormal increase) are related risk factors that affect the 
prognosis of patients with progressive ischemic stroke. In 
addition, the sensitivity and specificity of the combined 
detection of the 3 indexes are relatively high for the 
prognosis of patients with progressive ischemic stroke. 
Therefore, for clinicians, early diagnostic rate of progressive 
ischemic stroke might be improved by combining the 
detection of the 3 indexes to ensure good patients prognosis. 
However, due to the small sample size of this study, the bias 
was inevitable, in the future, we will expand the sample size 
to further study the expression levels of TXB2, 6-k-PGFla, 
and BG at different times after the onset of progressive 
ischemic stroke in order to obtain more valuable research 
results.
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