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Abstract. Numerous genetic polymorphisms and clinical 
laboratory parameters are associated with ischemic stroke 
(IS). However, the results of such studies have frequently 
been inconsistent. The aim of the present study was to 
evaluate associations between clinical laboratory parameters 
with genetic polymorphisms that influence the risk of IS 
in a Chinese Han population. Clinical laboratory param‑
eters were measured by an automatic biochemical analyzer. 
Genotype and allele frequencies of the polymorphisms 
angiotensin‑converting enzyme (ACE) D/I, methylene 
tetrahydrofolate reductase (MTHFR) C677T and β‑fibrinogen 
(β‑Fg) A/G, 455/148T/C were characterized by restriction 
fragment length polymorphism‑PCR. Furthermore, the gene 
polymorphisms plasminogen activator inhibitor (PAI)‑1-
4G/5G and apolipoprotein E (ApoE) ε2,3,4 were characterized 
by allele‑specific PCR. The associations of genotype and allele 
frequencies of the six risk genes in different groups with clinical 
laboratory parameters were analyzed by chi‑square tests. The 
distribution maps of the polymorphisms of the six genes and 
clinical laboratory parameters were compared between a 
control group of 336 healthy individuals and 762 patients with 
IS. Certain laboratory parameters were associated with ACE 
I/D, β‑Fg‑455 A/G and PAI‑1 4G/5G. The D allele of ACE 
I/D was associated with high levels of total cholesterol and 

low‑density lipoprotein cholesterol (LDL‑C). Furthermore, 
high levels of fasting blood glucose, triglyceride and LDL‑C 
were risk factors for IS. There were significant differences 
in the genotype frequencies of ACE I/D, β‑Fg‑455 A/G and 
β‑Fg‑148 T/C between the IS and the control group. In conclu‑
sion, clinical laboratory parameters were associated with 
the risk of polymorphisms of IS‑related genes. The present 
results support the determination of a range of control values 
of clinical laboratory parameters for common genotypes in 
patients with diabetes and hyperlipidemia as a strategy for the 
early prevention of IS.

Introduction

Stroke is an episode of neurological dysfunction caused by 
focal cerebral, spinal or retinal infarction, and has become the 
second leading cause of disability and death in adults world‑
wide (1,2). Ischemic stroke (IS) is the most common type of 
stroke. There are multiple risk factors for IS, which include age, 
sex, body mass index (BMI), hyperlipidemia, hypertension, 
diabetes, smoking and particulate matter 2.5 pollution (3,4).

Previous studies have examined the roles of polymor‑
phisms in numerous genes involved in the pathogenesis 
of IS, including C‑C motif chemokine 11, paraoxonase 1, 
angiotensin‑converting enzyme (ACE), and methylenetetra‑
hydrofolate reductase (MTHFR) (5‑7). It has been reported 
that the ACE I/D polymorphism is significantly associated 
with IS in different ethnic groups (8). However, other studies 
failed to observe this association  (9,10). Patients with the 
MTHFR 677TT genotype have vascular occlusion, infarct 
and increased levels of blood homocysteine, which form the 
basis for the association of this genetic polymorphism with 
hypertension (11). Polymorphism of MTHFR has important 
roles in hypertension and IS, both of which are caused by 
atherosclerotic vascular disease  (12). Numerous studies 
have been performed to investigate the potential association 
between polymorphisms of β fibrinogen (β‑Fg) and the risk 
of IS. However, the results of these studies were inconsistent, 
and the sample sizes of individual studies were inadequate to 
draw definite conclusions (13‑15). The 4G/5G polymorphism 
in the promoter of the plasminogen activator inhibitor‑1 gene 
(PAI‑1) is one of the most frequently studied (16). A single 
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4G allele is considered to be a risk factor for coronary artery 
disease and the 4G/4G genotype is thought to increase the risk 
of coronary artery disease (17,18). Several studies addressed 
the association between the 4G/5G polymorphism and stroke, 
but these results were inconsistent (19,20). Although PAI‑1 
may be an important factor in the occurrence of IS, the asso‑
ciation between PAI‑1 gene polymorphisms and the risk of 
IS has remained to be elucidated. Apolipoprotein E (ApoE) 
polymorphism involves a single amino substitution and results 
in three major alleles (ε2, ε3 and ε4) with six corresponding 
phenotypes (ε2/ε2, ε3/ε3, ε4/ε4, ε2/ε3, ε2/ε4 and ε3/ε4) (21). 
The relationship between ApoE genotype and stroke is unclear 
because of inconsistent study results. Certain reports indicated 
a positive association between ApoE4‑containing genotypes 
and stroke, but others indicated no relationships between ApoE 
isoforms and dyslipidemia or stroke (22,23). The influence of 
the gene polymorphisms on clinical laboratory parameters of 
IS has not been described in the Chinese Han population, to 
the best of our knowledge.

The aim of the present study was to evaluate potential 
associations between polymorphisms in six genes, namely 
ACE D/I, MTHFR C677T, β‑Fg A/G, 455/148T/C, PAI‑1, 
4G/5G and ApoE ε2,3,4, and clinical laboratory parameters 
of IS in the Chinese Han population. Such data may be used 
to provide a control range of laboratory parameters according 
to genotype for the early prevention of IS in patients with 
diabetes and hyperlipidemia.

Patients and methods

Patients. The medical records of all newly diagnosed 
patients with proven diabetes and hyperlipidemia who were 
admitted to Shanghai Tongji Hospital (Shanghai, China) from 
October 2016 to November 2018 were examined. The present 
study was approved by the ethics committee of Shanghai Tongji 
Hospital (Shanghai, China) and was conducted according to the 
Declaration of Helsinki. All participants provided informed 
consent in written form. For participants who were unable to 
communicate, written consent was obtained from their legal 
relatives.

Patients who met the following criteria were included: 
i) Fasting blood glucose (FBG) ≥7.0 mmol/l or 2‑h oral glucose 
tolerance test ≥11.1 mmol/l; ii) triglyceride (TG) ≥1.7 mmol/l 
orlow‑density lipoprotein cholesterol (LDL‑C) ≥3.37 mmol/l 
or total cholesterol (CHOL) ≥5.18 mmol/l; iii)  a diagnosis 
of IS meeting the standards of Chinese guidelines for the diag‑
nosis and treatment of acute ischemic stroke in 2014 (24), which 
were issued by Chinese Medical Association; and iv) Chinese 
Han population and unrelated to other participants in the study.

Patients with a diagnosis of any of the following conditions 
were excluded: i) Other types of cerebrovascular disease, 
including intracranial hemorrhage, subarachnoid hemor‑
rhage, cerebrovascular malformation or cerebral aneurysm; 
and ii)  severe systemic diseases, including cancer, severe 
inflammatory disease or serious chronic diseases (e.g. hepatic 
failure or renal failure).

The control group comprised 336 individuals without 
a history of cerebrovascular disease who were physical 
examined in the hospital during the same period. Age, sex, use 
of oral contraceptives and history of thrombotic events or drug 

abuse were recorded. The baseline characteristics of patients 
and controls are presented in Table SI.

Serum lipid, glucose and transaminase measurement. Blood 
samples (~3 ml fasting blood) were collected from each study 
participant and then separated by centrifugation at 840 x g 
for 10 min in a SPINCHRON™ DLX centrifuge (Beckman 
Coulter). Serum levels of FBG, CHOL, TG, LDL‑C, 
high‑density lipoprotein cholesterol (HDL‑C), alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) were analyzed by an automatic biochemical analyzer 
(DXC800; Beckman Coulter).

DNA extraction and genetic analysis. Genomic DNA was 
extracted from peripheral blood leukocytes using a TIANamp 
Genomic DNA kit (Tiangen Biotech) following the protocol 
of the manufacturer. Polymorphisms were genotyped using 
allele‑specific PCR and restriction fragment length poly‑
morphism analysis described in Data S1. PCR primers were 
synthesized by Sangon Biotech Co., Ltd.; the sequences 
are listed in Table SII. Amplified PCR products of intron 
16 of ACE were separated on a 2% agarose gel (Bio‑Rad 
Laboratories, Inc.) (Fig. 1). The presence of 191‑bp fragments 
indicated the D allele, 480‑bp fragments represented the 
I  allele and 191‑ and 480‑bp fragments represented the 
D/I allele. Amplification products of β‑Fg‑455 were digested 
by HaeIII (FD0154; Thermo Fisher Scientific, Inc.) and then 
separated on a 2% agarose gel (Fig. 1). The presence of 343‑, 
383‑ and 575‑bp fragments represented the GG allele; 343‑ 
and 958‑bp fragments represented the AA allele, and 343‑, 
383‑, 575‑ and 958‑bp fragments represented the G/A allele. 
Amplification products of β‑Fg‑148 were digested by HindIII 
(FD0505; Thermo Fisher Scientific, Inc.) (Fig. 1). The pres‑
ence of 100‑ and 200‑bp fragments represented the CC 
allele, the presence of 300‑bp fragments represented the TT 
allele and the presence of 100‑, 200‑ and 300‑bp fragments 
represented the T/C allele. Amplification products of MTHFR 
were digested by Hinf Ⅰ (FD0804; Thermo Fisher Scientific, 
Inc.) (Fig. 1). The presence of 100‑ and 200‑bp fragments 
represented the TT allele, 300‑bp fragments represented the 
CC allele and 100‑, 200‑ and 300‑bp fragments represented 
the T/C allele. Amplification products of PAI‑1and ApoE ε2,3,4 
gene alleles were separated on a 2% agarose gel and subjected 
to first‑generation sequencing by Genewiz, Inc..

Statistical analysis. SPSS statistical software version 21.0 (IBM 
Corp.) was used for statistical analysis. Pearson's chi‑squared test 
or Fisher's exact test were used for statistical comparisons of count 
data. Continuous variables are expressed as the mean ± standard 
deviation. Receiver operating characteristic (ROC) curve analysis 
was used to analyze laboratory parameters related to IS. Logistic 
regression was used to analyze the models 1 and 2. P<0.05 was 
considered to indicate statistical significance.

Results

Relationships between laboratory parameters and genotype 
and allele frequencies. Table  I indicates the associations 
between laboratory parameters and the ACE I/D, β‑Fg‑455 
A/G and PAI‑1 4G/5G gene polymorphisms. The D allele of 
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Table I. Association of laboratory parameters with genotype frequencies of ACE I/D, MTHFR C677T, β‑Fg‑455A/G, β‑Fg‑148T/C, 
PAI‑1 4G/5G and ApoE ε2‑4.

	 FBG (mmol/l)	 TC (mmol/l)	 TG (mmol/l)	 LDL‑C (mmol/l)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Item	 ≥7.00	 <7.00	 ≥5.18	 <5.18	 ≥1.70	 <1.70	 >3.37	 ≤3.37

ACE I/D								      
  II	 23 (51.1)	 142 (48.5)	 14 (32.6)	 151 (51.2)	 21 (42.0)	 144 (50.0)	 15 (31.3)	 150 (51.7)
  I/D	 17 (37.8)	 108 (36.8)	 20 (46.5)	 105 (35.6)	 19 (38.0)	 106 (36.8)	 24 (50.0)	 101 (34.8)
  DD	 5 (11.1)	 43 (14.7)	 9 (20.9)	 39 (13.2)	 10 (20.0)	 38 (13.2)	 9 (18.8)	 39 (13.4)
  χ2/P‑value	 0.414/0.813	 5.448/0.066	 1.964/0.374	 6.915/0.032
MTHFR C677T								      
  CC	 15 (33.3)	 96 (32.8)	 12 (27.9)	 99 (33.5)	 19 (38.0)	 92 (31.9)	 15 (31.3)	 96 (33.1)
  T/C	 25 (55.6)	 144 (49.1)	 21 (48.8)	 148 (50.2)	 21 (42.0)	 148 (51.4)	 23 (47.9)	 146 (50.3)
  TT	 5 (11.1)	 53 (18.1)	 10 (23.3)	 48 (16.3)	 10 (20.0)	 48 (16.7)	 10 (20.8)	 48 (16.6)
  χ2/P‑value	 1.431/0.489	 1.445/0.485	 1.503/0.472	 0.532/0.767	
β‑Fg‑455A/G								      
  GG	 22 (48.9)	 187 (63.8)	 22 (51.2)	 187 (63.4)	 30 (60.0)	 179 (62.2)	 25 (52.1)	 184 (63.4)
  G/A	 21 (46.7)	 95 (32.4)	 21 (48.8)	 95 (32.2)	 17 (34.0)	 99 (34.4)	 23 (47.9)	 93 (32.1)
  AA	 2 (4.4)	 11 (3.8)	 0 (0.0)	 13 (4.4)	 3 (6.0)	 10 (3.5)	 0 (0.0)	 13 (4.5)
  χ2/P‑value	 3.761/0.152	 5.828/0.054	 0.741/0.690	 6.026/0.049	
β‑Fg‑148T/C								      
  CC	 26 (57.8)	 166 (56.7)	 23 (53.5)	 169 (57.3)	 29 (58.0)	 163 (56.6)	 26 (54.2)	 166 (57.2)
  T/C	 17 (37.8)	 106 (36.2)	 19 (44.2)	 104 (35.3)	 18 (36.0)	 105 (36.5)	 21 (43.8)	 102 (35.2)
  TT	 2 (4.4)	 21 (7.2)	 1 (2.3)	 22 (7.5)	 3 (6.0)	 20 (6.9)	 1 (2.1)	 22 (7.6)
  χ2/P‑value	 0.461/0.794	 2.371/0.306	 0.073/0.964	 2.734/0.255	
PAI‑1 4G/5G								      
  4G4G	 14 (31.1)	 92 (31.4)	 14 (32.6)	 92 (31.2)	 17 (34.0)	 89 (30.9)	 15 (31.3)	 91 (31.4)
  4G/5G	 23 (51.1)	 144 (49.1)	 22 (51.2)	 145 (49.2)	 17 (34.0)	 150 (52.1)	 26 (54.2)	 141 (48.6)
  5G5G	 8 (17.8)	 57 (19.5)	 7 (16.2)	 58 (19.7)	 16 (32.0)	 49 (17.0)	 7 (14.5)	 58 (20.0)
  χ2/P‑value	 0.088/0.957	 0.276/0.871	 7.925/0.019	 0.885/0.642	
ApoE ε2‑4								      
  E2/2	 0 (0.0)	 5 (1.7)	 1 (2.3)	 4 (1.4)	 1 (2.0)	 4 (1.4)	 1 (2.1)	 4 (1.4)
  E2/3	 7 (15.6)	 44 (15.0)	 5 (11.6)	 46 (15.6)	 10 (20.0)	 41 (14.2)	 5 (10.4)	 46 (15.9)
  E2/4	 0 (0.0)	 5 (1.7)	 1 (2.3)	 4 (1.4)	 1 (2.0)	 4 (1.4)	 1 (2.1)	 4 (1.4)
  E3/3	 33 (73.3)	 195 (66.6)	 29 (67.5)	 199 (67.5)	 31 (62.0)	 197 (68.4)	 32 (66.7)	 196 (67.6)
  E3/4	 5 (11.1)	 43 (14.7)	 7 (16.3)	 41 (13.9)	 6 (12.0)	 42 (14.6)	 9 (18.7)	 39 (13.4)
  E4/4	 0 (0.0)	 1 (0.3)	 0 (0.0)	 1 (0.3)	 1 (2.0)	 0 (0.0)	 0 (0.0)	 1 (0.3)
  χ2/P‑value	 1.471/0.965	 2.631/0.708	 6.470/0.229	 3.307/0.622	

Values are expressed as n (%). FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL‑C, low‑density lipoprotein cholesterol; 
ACE, angiotensin‑converting enzyme; MTHFR, methylene tetrahydrofolate reductase; β‑Fg, β‑fibrinogen; PAI, plasminogen activator 
inhibitor; ApoE, apolipoprotein E.

Figure 1. Genotypic determination of the polymorphisms of ACE I/D, β‑Fg‑455 A/G, β‑Fg‑148 T/C and MTHFR C677T. Agarose gel electrophoresis of PCR 
products. ACE, angiotensin‑converting enzyme; MTHFR, methylene tetrahydrofolate reductase; β‑Fg, β‑fibrinogen.
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ACE I/D was associated with high levels of TC and LDL‑C, 
as presented in Table II. Furthermore, a significant association 
between the β‑Fg‑455 A/G polymorphism and LDL‑C levels 
and an association between PAI‑1 4G/5G and TG were 
observed (Table  I). The frequency of the 4G/5G genotype 
of PAI‑1 4G/5G was highest in the TG <1.70 mmol/l group 
and the frequency of the 4G/5G genotype was equal to that of 
the 4G4G genotype in the TG ≥1.70 mmol/l group. However, 
there were no significant differences in genotype frequency 
distributions of the MTHFR C677T, β‑Fg‑148T/C and 
ApoE ε2‑4 polymorphisms for the parameters of FBG, TC, 
TG and LDL‑C (Table I).

Table SIII indicates the association between the BMI, 
ACE I/D, β‑Fg‑455A/G and PAI‑1 4G/5G gene poly‑
morphisms. The frequency of the ACE genotype DD in 
obese (BMI≥28.00  kg/m2) and overweight (28.00>BMI 
≥24.00 kg/m2) subjects was higher than that in normal subjects 
(24.00>BMI≥18.5 kg/m2). As presented in Table SIV, the 
D allele of the ACE gene was associated with a high BMI. 

Furthermore, a significant association between β‑Fg‑455 
gene polymorphisms and the BMI was observed (Table SIII). 
The relationship between the PAI‑1 gene and the BMI is 
presented in Table SIII. The frequency of the AA genotype 
of the β‑Fg‑455 gene in obese subjects was ~8% higher than 
that in normal subjects, while that in overweight subjects 
was ~6% higher (P<0.05). Furthermore, the frequency of the 
PAI‑1 5G5G genotype in obese and overweight subjects was 
significantly higher than that in normal subjects (P<0.05). 
However, there was no significant difference in the MTHFR 
C677T, β‑Fg‑148T/C and ApoE ε2‑4 genotypes between 
groups of high/low HDL‑C, ALT and AST (Table SIII).

Predictive value of clinical laboratory parameters for IS. As 
presented in Table III, high levels of FBG, TG and LDL‑C 
were risk factors for IS. The results suggested that the risk 
of IS increased by 6.47‑, 4.64‑ and 7.62‑fold along with each 
1‑mmol/l increment of FBG, TG and LDL‑C, respectively. 
Age and sex were included for adjusting in model 2 and these 

Table II. Association of laboratory parameters with allele frequencies of ACE I/D, MTHFR C677T, β‑Fg‑455A/G, β‑Fg‑148T/C, 
PAI‑1 4G/5G and ApoE ε2‑4.

	 FBG  (mmol/l)	 TC  (mmol/l)	 TG  (mmol/l)	 LDL‑C  (mmol/l)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Item	 ≥7.00	 <7.00	 ≥5.18	 <5.18	 ≥1.70	 <1.70	 >3.37	 ≤3.37

ACE I/D								      
  I	 63 (70.0)	 392 (66.9)	 48 (55.8)	 407 (69.0)	 61 (61.0)	 394 (68.4)	 54 (56.3)	 401 (69.1)
  D	 27 (30.0)	 194 (33.1)	 38 (44.2)	 183 (31.0)	 39 (39.0)	 182 (31.6)	 42 (43.7)	 179 (30.9)
  χ2/P‑value	 0.324/0.559	 5.916/0.015	 2.122/0.145	 6.217/0.013
MTHFR C677T								      
  C	 55 (61.1)	 336 (57.3)	 45 (52.3)	 346 (58.6)	 59 (59.0)	 332 (57.6)	 53 (55.2)	 338 (58.3)
  T	 35 (38.9)	 250 (42.7)	 41 (47.7)	 244 (41.4)	 41 (41.0)	 244 (42.4)	 43 (44.8)	 242 (41.7)
  χ2/P‑value	 0.456/0.500	 1.229/0.268	 0.065/0.799	 0.318/0.573
β‑Fg‑455A/G								      
  G	 65 (72.2)	 469 (80.0)	 65 (75.6)	 469 (79.5)	 77 (77.0)	 457 (79.3)	 73 (76.0)	 461 (79.5)
  A	 25 (27.8)	 117 (20.0)	 21 (24.4)	 121 (20.5)	 23 (23.0)	 119 (20.7)	 23 (24.0)	 119 (20.5)
  χ2/P‑value	 2.869/0.090	 0.692/0.406	 0.281/0.596	 0.588/0.443
β‑Fg‑148T/C								      
  C	 69 (76.7)	 438 (74.7)	 65 (75.6)	 442 (74.9)	 76 (76.0)	 431 (74.8)	 73 (76.0)	 434 (74.8)
  T	 21 (23.3)	 148 (25.3)	 21 (24.4)	 148 (25.1)	 24 (24.0)	 145 (25.2)	 23 (24.0)	 146 (25.2)
  χ2/P‑value	 0.154/0.695	 0.018/0.894	 0.063/0.802	 0.065/0.799
PAI‑1 4G/5G								      
  4G	 51 (56.7)	 328 (56.0)	 50 (58.1)	 329 (55.8)	 51 (51.0)	 328 (56.9)	 56 (58.3)	 323 (55.7)
  5G	 39 (43.3)	 258 (44.0)	 36 (41.9)	 261 (44.2)	 49 (49.0)	 248 (43.1)	 40 (41.7)	 257 (44.3)
  χ2/P‑value	 0.015/0.902	 0.172/0.678	 1.222/0.269	 0.234/0.629
ApoE ε2‑4								      
  E2	 7 (7.8)	 59 (10.1)	 8 (9.3)	 58 (9.8)	 13 (13.0)	 53 (9.2)	 8 (8.3)	 58 (10.0)
  E3	 78 (86.7)	 477 (81.4)	 70 (81.4)	 485 (82.2)	 78 (78.0)	 477 (82.8)	 78 (81.3)	 477 (82.2)
  E4	 5 (5.5)	 50 (8.5)	 8 (9.3)	 47 (8.0)	 9 (9.0)	 46 (8.0)	 10 (10.4)	 45 (7.8)
  χ2/P‑value	 1.533/0.465	 0.192/0.908	 1.607/0.448	 0.959/0.619

Values are expressed as n (%). FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL‑C, low‑density lipoprotein choles‑
terol; ACE, angiotensin‑converting enzyme; MTHFR, methylene tetrahydrofolate reductase; β‑Fg, β‑fibrinogen; PAI, plasminogen activator 
inhibitor; ApoE, apolipoprotein E.
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risk values increased to 5.38‑, 5.41‑ and 6.21‑fold for FGB, 
TG and LDL, respectively. The results in Table SV suggested 
that a high BMI is a risk factor for IS. It was indicated that 
with the increase of the BMI by 1 kg/m2, the risk increased 
by 2.26‑fold. When age and sex were included for adjusting 
in model 2, the risk increased by 2.35‑fold. HDL‑C was 
indicated to be a protective factor against IS. With the increase 
of HDL‑C by 1 mmol/l, the risk of disease was reduced to 27% 
and after adjustment for age and sex, it was 32%.

ROC curve analysis of laboratory parameters for IS. Area 
under the curve values at the 95% confidence interval 
(95% CI) for IS predicted by laboratory parameters were as 
follows: FBG, 0.828 (0.784‑0.867); TC, 0.595 (0.541‑0.648); 
TG, 0.702 (0.650‑0.751); LDL‑C, 0.638 (0.584‑0.689); and 
BMI, 0.735 (0.685‑0.786) (Tables  IV, SVI and Fig. S1). It 
was observed that FBG had better specificity (0.833) and 
sensitivity (0.694) for predicting IS compared to the other 
parameters. The optimal cut‑off point of FGB for predicting 
IS was 5.27 mmol/l. Among the five parameters, LDL‑C 
had the highest specificity (0.999) with an optimal cut‑off 
point for predicting IS of 3.36 mmol/l. The sensitivity values 
of TC, TG, LDL‑C and BMI for predicting IS were poor 
(0.265, 0.471, 0.284 and 0.591, respectively), although their 
specificity values were better.

The relationships between IS and allele frequencies of 
ACE I/D, MTHFR C677T, β‑Fg‑455A/G, β‑Fg‑148T/C, PAI‑1 

4G/5G and ApoE ε2‑4 genes are presented in Table V and 
Fig. 2. Significant differences in the genotype frequencies 
of ACE I/D, β‑Fg‑455 A/G and β‑Fg‑148 T/C genes between 
patients with IS and the control group were present (Fig. 2). 
However, only the allele frequencies of ACE I/D and β‑Fg‑148 
T/C were significantly different between the two groups 
(Table V). More specifically, the frequencies of the D allele of 
ACE I/D and the C allele of β‑Fg‑148 T/C were higher in the 
IS group, whereas the frequencies of the I allele of ACE I/D 
and the T allele of β‑Fg‑148 T/C in the IS group were lower 
compared with those in the control group.

Discussion

Strokes are the second leading cause of death and the leading 
cause of permanent disability in adults worldwide (25), with 
IS accounting for 85% of the total number of strokes (26). 
IS is caused by the occlusion of major arteries or branches 
of the brain, which leads to vascular occlusion and depriva‑
tion of oxygen and energy. This is followed by the formation 
of reactive oxygen species, then the release of glutamate, the 
accumulation of intracellular calcium and the induction of 
inflammatory processes (27). Previous studies have reported 
that IS is closely related to certain genes, as well as blood 
glucose and blood lipid levels (28‑31). However, it is currently 
not possible to control or treat stroke at the genetic level. 
To explore this possibility, the relationships between IS and 

Table IV. ROC curve analysis of laboratory parameters for ischemic stroke.

	 95% CI
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Cut‑off point	 Specificity	 Sensitivity	 AUC	 Lower	 Upper

FBG (mmol/l)	 5.27	 0.833	 0.694	 0.828	 0.784	 0.867
TC (mmol/l)	 5.12	 0.994	 0.265	 0.595	 0.541	 0.648
TG (mmol/l)	 1.32	 0.833	 0.471	 0.702	 0.650	 0.751
LDL‑C (mmol/l)	 3.36	 0.999	 0.284	 0.638	 0.584	 0.689

ROC, receiver operating characteristic; AUC, area under the ROC curve; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; 
LDL‑C, low‑density lipoprotein cholesterol.

Table III. Prediction of ischemic stroke by laboratory parameters.

	 Model 1	 Model 2
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 95% CI	 95% CI
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 OR	 Lower	 Upper	 P‑value	 OR	 Lower	 Upper	 P‑value

FBG (mmol/l)	 6.47	 3.95 	 10.61	 <0.001	 5.38	 3.25	 8.91	 <0.001
TC (mmol/l)	 0.34	 0.10 	 1.13	 0.077	 0.44	 0.15	 1.28	 0.130
TG (mmol/l)	 4.64	 2.09 	 10.32	 <0.001	 5.41	 2.28	 12.81	 <0.001
LDL‑C (mmol/l)	 7.62	 1.60 	 36.40	 0.011	 6.21	 1.59	 24.16	 0.008

Model 1 is unadjusted and model 2 is adjusted for age and sex. OR, odds ratio; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyc‑
eride; LDL‑C, low‑density lipoprotein cholesterol.
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genetic and laboratory parameters (FBG, TC, TG, LDL‑C, 
HDL‑C, ALT, AST and BMI) were examined in the present 
study.

The results of the present study revealed correlations 
between IS and the ACE I/D, β‑Fg‑455A/G and β‑Fg‑148T/C 
polymorphisms. Frequencies of both the D allele of ACE 
I/D and the C allele of β‑Fg‑148T/C in the IS group were 
higher than those in the control group, suggesting that IS is 
closely related to the D allele of those two alleles, which is 
consistent with the studies performed by Zhao et al (32) and 
Wu et al (33).

In accordance with the results of a study by Lin et al (30), 
the present results indicated that FBG was an effective param‑
eter for predicting IS, suggesting that routine monitoring for 
FBG may effectively control and prevent the progression of IS. 
In a study performed by Anderson et al (34), hyperglycemia 
was indicated to affect mitochondrial function in the ischemic 
penumbra, resulting in cortical acidosis and cell death. 
Hyperglycemia also impaired cerebrovascular reactivity in the 
microvasculature, which may disturb reperfusion after recana‑
lization (35). Diabetes or hyperglycemia may alter blood‑brain 
barrier permeability and induce disruption of the blood‑brain 
barrier, which may aggravate the formation of brain edema 
and lead to hemorrhagic transformation (36). In addition, the 
results of the present study suggested that hyperlipidemia is 
a risk factor for IS. Lee et al (31) pointed out that a high TG 
level is a risk factor for IS and that the risk is 1.28‑fold higher 
than that of individuals with normal TG levels. Lee et al (31) 
also noted that the presence of LDL‑C ≥130  mg/dl may 

increase the risk of IS. Furthermore, Pawelczyk et al  (37) 
reported a significant increase in the plasma concentration 
of soluble P‑selectin (sP‑selectin) in patients with stroke and 
hyperlipidemia and hyperglycemia compared with normolip‑
idemic/normoglycemic patients with stroke. On the one hand, 
a strong positive correlation was observed between hypergly‑
cemia and sP‑selectin levels, which emphasizes the leading 
role of hyperglycemia in atherothrombosis progression. On 
the other hand, hyperlipidemia was also associated with 
an increase in the plasma sP‑selectin level (37). This glyco‑
protein has a role in stimulating the release of procoagulant 
microparticles, which induces a procoagulant state (38).

Methods to treat IS mainly comprise initial treatment 
with intra‑arterial thrombolysis, endovascular mechanical 
thrombectomy and antiplatelet treatment (39). However, such 
treatments rarely negate the possibility of recurrence of IS. 
Studying associations of stroke‑related genes with blood 
glucose and blood lipids may offer alternative approaches. 
The present results suggested that LDL‑C and TG were closely 
related to the ACE I/D, β‑Fg‑455 A/G and PAI‑1 4G/5G 
polymorphisms, consistent with the results of Li  (40) and 
Guney et al (41). The results of the present study also indicated 
that hyperlipidemia was correlated with the D allele of ACE 
I/D, which confirmed the results of Suzuki  et al  (42) and 
Lee and Tsai (43), who demonstrated positive associations of 
hyperlipidemia with the DD genotype and D allele frequency 
of ACE I/D.

There are certain limitations to the present study. First, the 
study enrolled patients with IS at a hospital rather than patients 

Figure 2. Association of ischemic stroke with genotype frequencies of (A) ACE I/D, (B) MTHFR C677T, (C) β‑Fg‑455 A/G, (D) β‑Fg‑148 T/C, (E) PAI‑1 
4G/5G and (F) ApoE ε2‑4. ACE, angiotensin‑converting enzyme; MTHFR, methylene tetrahydrofolate reductase; β‑Fg, β‑fibrinogen; PAI, plasminogen 
activator inhibitor; ApoE, apolipoprotein E.
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from a community‑based general population. Furthermore, the 
study comprised a single population with limited sample size; 
thus, the results require to be confirmed in multiple centers 
using larger sample sizes and in different ethnic populations. 
In addition, the study did not collect data on several other 
major risk parameters of IS (such as homocysteine, fibrinogen 
or prothrombin), which should also be examined in future 
research. Finally, dietary habits exhibited a marked variation 
among the participants making it is difficult to assess the 
impact of dietary habits on IS in the present study.

In summary, the present study indicated that the D 
allele of ACE I/D and the C allele of β‑Fg‑148 T/C were 
significantly associated with IS and that the frequency of the 
D allele of ACE I/D was significantly higher in individuals 
with hyperlipidemia. High levels of FGB, TG, LDL‑C 
and BMI were risk factors for IS, with optimal predictive 
cut‑off points of 5.27, 1.32 and 3.36 mmol/l and 23.12 kg/m2, 
respectively. The present results suggested that individuals 
with hyperlipidemia or a high frequency of the D allele of 
ACE I/D may be at risk of IS. By contrast, there were no 
significant differences in TC levels and the MTHFR C677T, 
PAI‑1 4G/5G and ApoE ε2‑4 gene polymorphisms between 
patients with IS and controls. Identifying the relation‑
ships among IS, stroke‑related genes and blood lipid and 
blood glucose levels may lead to a better understanding of 
the pathophysiology of IS in the Chinese Han population 
and may provide a reasonable control range of laboratory 
parameters for the prevention of IS in patients with diabetes 
and hyperlipidemia as early as possible.
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