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Associations of plasma LP(a), Hcy and D-D levels
with the subtype of ischemic cerebrovascular
disease
Yong Tang, MSa,b, Deqin Geng, MDa,∗

Abstract
The relevance of LP(a), Hcy, and D-D in ischemic cerebrovascular disease remains undefined. This study aimed to assess the
associations of plasma LP(a), Hcy and D-D levels with the subtype of ischemic cerebrovascular disease.
Patients with ischemic cerebrovascular disease admitted to the Taixing People’s Hospital were retrospectively enrolled from

November 2017 to July 2018. Immunoturbidimetry was used to assess 119 LAA, 107 SAO, and 112 TIA patients for plasma LP(a),
Hcy, and D-D levels.
Plasma LP(a), Hcy, and D-D levels in the large artery atherosclerosis (LAA) group were significantly lower than those of the transient

ischemic attack (TIA) group (all P< .05). LP(a), Hcy, and D-D levels were significantly reduced in the SAO group compared with the
TIA group (both P< .05). The LAA and SAO groups showed comparable values for all the above parameters (P> .05).
LP(a), Hcy, and D-D levels differ according to the subtype of ischemic cerebrovascular disease.

Abbreviations: D-D = D-dimer, Fg = fibrinogen, GHb = gamma-hydroxybutyric acid, Hcy = homocysteine, LAA = large artery
atherosclerosis, LDL = low-density lipoprotein, LP(a) = lipoprotein (a), SAO = small artery occlusion, TC = total cholesterol, TG =
triglycerides, TIA = transient ischemic attack, UA = uric acid, VLDLC = very-low-density lipoprotein cholesterol.
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1. Introduction

Ischemic cerebrovascular disease is a common ailment that
seriously threatens the physical and mental health of elderly
people, accounting for 75% to 85% of all stroke cases.[1] In
China, 2.5 million new stroke cases are diagnosed yearly, with a
total of 7.5 million stroke survivors.[2] The high morbidity,
mortality and disability rates of this devastating disease impose
a heavy burden on the patients, families, and the society at
large.[3]

Ischemic cerebrovascular disease is a general term used for an
ailment that involves a variety of pathological and risk factors,
which can result in different clinical types, severity, and clinical
outcomes.[4] Transient ischemic attack (TIA), large artery
atherosclerosis (LAA), and small artery occlusion (SAO) cerebral
infarction in the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification are the most common subtypes.[5–7]

According to the above classification, TIA represents a short
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duration dysfunction in a specific brain region; LAA cases show
paraclinical brain imaging findings of either significant (>50%)
stenosis or occlusion of large arteries or their major branches,
which is likely associated with atherosclerosis; SAO, or lacunar
stroke, is characterized by one of the traditional clinical lacunar
syndromes with HR-MRI findings unremarkable or showing a
relevant lesion with a diameter below 1.5cm.
In recent years, many studies have shown that Hcy is closely

related to the occurrence and development of stroke; in addition,
high Hcy levels in serum is one of the independent risk factors for
stroke.[8,9] Meanwhile, D-D, a specific degradation product
formed after hydrolysis of cross-linked fibrin protease, is a
promising biomarker for the identification of venous thrombo-
embolism in stroke cases.[10] Another factor implicated in stroke
is LP(a), a low density lipoprotein strongly inducing thrombo-
sis.[11] Despite the available wealth of knowledge regarding the
associations of LP(a), Hcy and D-D with stroke in China and
other countries,[8–11] few studies have assessed the associations of
these factors with stroke subtype. Therefore, the purpose of the
current study was to assess the associations of plasma LP(a), Hcy,
and D-D levels with ischemic cerebrovascular disease subtypes,
including TIA, LAA, and SAO.
2. Methods

2.1. Patients

Patients with ischemic cerebrovascular disease (TIA, LAA, and
SAO) admitted to the Taixing People’s Hospital were retrospec-
tively enrolled from November 2017 to July 2018. The diagnosis
of TIA was based on the updated Chinese expert consensus on
transient ischemic attack in 2011.[12] LAA and SAO were
diagnosed according to the revised diagnostic criteria of the 4th
National Conference on Cerebrovascular Diseases.[13] Cerebral
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infarction cases were classified according to the TOAST
criteria.[7]

Inclusion criteria were:
1.
2.
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acute onset, with disease course less than 14 days;
CT/MR diagnosis of acute cerebral infarction, with no history

of cerebrovascular disease or trauma within 6 months.

Exclusion criteria were:

1. use within 1 month of drugs which may affect plasma Hcy,

including antiepileptic drugs (carbamazepine, phenytoin),
folic acid, folic acid antagonists (methotrexate), vitamin B6,
vitamin B12;
history of infection, such as respiratory and urinary system
2.

infections, within 2 weeks;
comorbidity of autoimmune diseases, hematological diseases,
3.

or malignant tumors;
serious heart, liver and/or kidney diseases;
4.

5.
 use of other drugs, such as aspirin, clopidogrel, anticoagulant

drugs, immunosuppressants, anti-inflammatory drugs, and
hormones, within 1 month before admission;
diagnosis of cardioembolism (one of the TOAST types).
6.
The study had approval from the ethics committee of the
Taixing People’s Hospital (No. TPH201707).

2.2. Clinical data collection

History of hypertension, diabetes mellitus, smoking and
drinking, blood biochemistry and coagulation function data,
and cranial CT and/or magnetic resonance imaging (MRI),
ultrasound cardiogram, electrocardiogram, carotid artery ultra-
sound, and transcranial Doppler (TCD) findings were collected.

2.3. Blood sample collection and laboratory examination
methods

The subjects were examined at 7:30 AM, and 3 to 4 ml of fasting
venous blood was collected; high protein or high fat diet was
prohibited before blood collection. After 2hours at room
able 1
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le (n, %) 61 (18.0%)
tory of smoking (n, %) 5 (1.5%)
tory of drinking (n, %) 15 (4.4%)
tory of hypertension (n, %) 102 (30.2%)
tory of diabetes (n, %) 23 (6.8%)
tory of cerebral stroke (n, %) 25 (7.4%)
(mmol/L, mean±SD) 4.72±0.93
LC (mmol/L, mean±SD) 0.68±0.41
(mmol/L, mean±SD) 2.67±0.81
(mmol/L, mean±SD) 1.05±0.46
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ximum atherosclerotic plaque diameter, (mm, mean±SD) 9.64±4.12
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emic attack, UA=uric acid, VLDLC= very-low-density lipoprotein cholesterol.
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temperature, blood samples were centrifuged for 10 minutes at
2000 r/minutes for plasma preparation. Then, the plasma levels
of LP(a), Hcy, and D-D in the TIA, LAA, and SAO groups were
measured by immunoturbidimetry within 2hours.
Hcy and LP(a) were assessed on a biochemical analyzer

(Beckmann Kurt AU5800) with specific kits (Ningbo Meikang
Biotechnology Co., Ltd). Hcy amounts ≥ 15mmol/L were
considered to be elevated. LP(a) levels ≥300mg/L were
considered to be elevated.
D-Dwas quantitated on an ACL-TOP-700 automated coagula-

tion analyzer with a specific kit (Instrumentation Laboratory,
USA), and amounts ≥500mg/L were considered to be elevated.
2.4. Statistical analysis

SPSS23.0 (SPSS, USA) was used for all statistical analyses.
Continuous variables with normal distribution were analyzed by
one-way analysis of variance (ANOVA) and post hoc test.
Continuous variables with skewed distribution were assessed by
the Kruskal–Wallis test. Classification variables were expressed
as frequency and percentage, and compared by the Chi-Square
test. P< .05 was considered statistically significant.
3. Results

3.1. Patient baseline characteristics

A total of 338 patients with cerebral infarction were assessed.
There were 112 (33.1%) TIA cases, of whom 61 (18.0%) and 84
(24.9%) were male and older than 60 years, respectively; there
were 119 (35.2%) LAA cases, with 67 (19.8%) males, and 93
(27.5%) individuals older than 60; the remaining 107 (31.7%)
cases had SAO, and included 59 (17.5%) males and 75(22.2%)
patients above 60 years old. There were no significant differences
in age and gender distributions. Among the baseline character-
istics assessed, only a few showed differences among the 3 groups
(Table 1). For example, TG levels were markedly elevated in the
LAA group, while maximum atherosclerotic plaque diameter was
significantly reduced, compared with the TIA group; meanwhile,
disease in 338 patients (n, %).

LAA SAO P value

119 (35.2%) 107 (31.7%) –

93 (27.5%) 75 (22.2%) .378
67 (19.8%) 59 (17.5%) .960
17 (5.0%) 9 (2.7%) .034
11 (4.1%) 4 (1.5%) .042
99 (29.3%) 93 (27.5%) .206
28 (8.3%) 27 (8.0%) .704
21 (6.2%) 20 (5.9%) .647
4.61±0.85 4.36±0.70† .110
0.70±0.29 0.79±0.31 .199
2.88±0.86 2.75±0.77 .523
1.31±0.60

∗
1.25±0.43 .062

3.84±0.93‡ 3.42±0.69† .014
6.84±1.56 6.75±1.38 .504

2 326.08±47.37 314.20±46.87 .193
7.28±2.42

∗
6.98±2.42† .027

y lipoprotein, SAO= small artery occlusion, TC= total cholesterol, TG= triglycerides, TIA= transient



Table 2

Levels of 3 plasma biomarkers in different types of ischemic cerebrovascular disease.

Group TIA LAA SAO P value

Hcy (mmol/L) 17.05±5.36 14.39±5.22† 13.54±3.72∗∗∗ .000
D-dimer (ng/ml) 189.66±86.90 132.50±61.29† 142.19±71.80† .001
LP(a) (mg/L) 174.61±98.11 109.76±69.14† 120.52±68.44

∗
.007

∗
TIA vs LAA (P< .05).

† TIA vs SAO (P< .05).
Hcy=homocysteine, LAA= large artery atherosclerosis, LP(a)= lipoprotein (a), SAO= small artery occlusion, TIA= transient ischemic attack.
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more patients had a history of TC, and Fg levels and maximum
atherosclerotic plaque diameter were significantly reduced in the
SAO group compared with the TIA group. Although the LAA
and SAO groups had similar values for all parameters, Fg was
markedly reduced in the latter group (Table 1).
3.2. Plasma levels of Hcy, D-D, and LP(a) in various
subtypes of stroke

Plasma Hcy levels were 17.05±5.36, 14.39±5.22, and 13.54±
3.72 in the TIA, LAA, and SAO groups, respectively (P= .000)
Figure 1. Plasma levels of homocysteine, D-dimer and lipoprotein (a) in various
subtypes of stroke. A. homocysteine (Hcy); B. D-dimer (D-D); C. lipoprotein (a)
[LP(a)]. ∗P< .05.
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(Table 2 and Fig. 1A). In group pair analyses, Hcy levels in the
TIA group were significantly higher than those of the LAA group
(P= .002), and Hcy levels in the SAO group were significantly
lower than those of the TIA group (P= .000). No significant
difference was found between the LAA and SAO groups
(P= .337).
Plasma D-D levels were 189.66±86.90, 132.50±61.29, and

142.19±71.80 in the TIA, LAA, and SAO groups, respectively,
indicating statistically significant differences (P= .001) (Table 2
and Fig. 1B). Group pair analyses showed that plasma D-D levels
were significantly lower in the LAA (P= .001) and SAO (P= .003)
groups compared with the TIA group; there was no significant
difference in plasma D-D levels between the LAA and SAO
groups (P= .565).
Plasma LP(a) levels were 174.61±98.11, 109.76±69.14, and

120.52±68.44 in the TIA, LAA, and SAO groups, respectively
(P= .007), indicating statistically significant differences (Table 2
and Fig. 1C). Group pair analyses showed that plasma LP(a)
levels were significantly lower in the LAA (P= .003) and SAO
(P= .016) groups compared with the TIA group; there was no
significant difference in plasma LP(a) levels between the LAA and
SAO groups (P= .624).
4. Discussion

The current study demonstrated that LP(a), Hcy, and D-D levels
differed in various ischemic cerebrovascular disease subtypes,
with TIA clearly demarcated from the LAA and SAO subtypes.
Plasma LP(a), Hcy, and D-D levels are associated with

arteriosclerosis and cerebrovascular diseases;[8–11] however, their
correlations with ischemic cerebrovascular disease subtypes have
been seldom assessed. Therefore, this study evaluated plasma LP
(a), Hcy, and D-D levels in 338 patients with ischemic
cerebrovascular disease in order to further understand the roles
of these factors in different ischemic cerebrovascular disease
types.
As shown above, plasma D-D levels in the TIA group were

significantly higher than those of the LAA and SAO groups, in
agreement with previous findings.[14] A significant increase of D-
D in TIA patients also implies an enhanced activity of fibrinolytic
enzyme or intravascular microthrombosis, indicating a pre-
thrombotic state.[15,16] Detection of D-D level is of great
significance for the assessment of thrombosis and thrombolytic
therapy.
In addition, plasma Hcy levels in the TIA group were

significantly higher than those of the LAA group and SAO
group, indicating that Hcy might play a more important role in
the occurrence and development of TIA. Previous studies
suggested that microembolism might be important in the
pathogenesis of TIA, and mainly results from unstable
atherosclerotic plaque shedding in atherosclerosis.[17,18] Free
radicals produced by Hcy oxidation are highly toxic to vascular

http://www.md-journal.com
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endothelial cells, which could promote the oxidation of LDL and
increase the synthesis of oxidized low density lipoprotein
(OxLDL).[19]This may induce inflammation, accelerating athero-
sclerosis progression, and plaque instability.[20] In a word,
hyperhomocysteinemia is closely related to occurrence of TIA.
Next, we found that LP(a) levels in TIA group were

significantly higher than those of LAA and SAO groups. It is
known that intima thickening of the internal carotid artery
induced by atherosclerotic plaques is prone to ulcer formation,
which promotes the adhesion of thrombin, fibrinogen, and
platelets, leading to thrombosis.[21] The shed small blood clots
form embolus in the brain, causing TIA.[22] Meanwhile, it was
proposed that LP(a) increase is not associated with all stroke
cases.[23] We believe that the determination of LP(a) levels in
patients with TIA has important clinical significance for early
intervention therapies and prevention of irreversible cerebral
ischemia.
Smoking is an independent risk factor for ischemic stroke,

increasing fibrin activation and altering thrombus configuration
in patients with aorta atherosclerotic stroke.[24] In addition, cases
of intracranial vasospasm caused by smoking have been
reported.[25] As shown in Table 1, smoking rates in the LAA
and SAO groups were higher than that of the TIA group,
confirming a potential role for smoking in LAA and SAO.
Meanwhile, we found that the rate of patients with drinking
history was higher in TIA patients compared with the other
subtypes. The role of drinking in stroke is well documented. For
example, the association of alcohol intake with the incidence of
ischemic stroke shows a J-shaped curve, with moderate drinkers
at lowest risk, while abstainers and heavy drinkers have the
highest risk.[26] Furthermore, the rate of hypercholesterolemia in
TIA patients was relatively high compared with the other
subtypes, corroborating the notion that it is closely related to
TIA.[27] TG is another parameter that was increased in patients
with TIA (Table 1). Meanwhile, fibrinogen levels differed in
various subtypes of cerebral infarction. The highest fibrinogen
levels were found in the LAA group. Elevated fibrinogen levels
not only increase blood viscosity, but also are closely related to
thrombosis, with the “bridging” effect of fibrinogen promoting
erythrocyte aggregation.[28] These findings clearly demonstrated
that various factors play different roles in the different subtypes
of stroke.
The limitations of this study should be mentioned. First it had a

retrospective nature, with inherent limitations, including poten-
tial selection bias. In addition, it was performed in a single center
with a relatively small patient size. Finally, we did not provide
mechanistic explanations of the differences observed. Therefore,
additional studies addressing these issues should be performed to
confirm our findings.
Overall, TIA patients had metabolic disorder of blood lipids,

abnormal blood coagulation function, and hyperhomocysteine-
mia, indicating that LP(a), Hcy, and D-D may play a more
important role in the pathogenesis of TIA compared with the
other stroke subtypes. For people with high levels of plasma LP
(a), Hcy, and D-D, they may be guided to better maintain their
health based on their actual situations, such as quitting smoking,
staying physically active, controlling weight, adjusting blood
lipids, blood pressure, blood sugar, and so on. Medical
intervention may be given when necessary, thereby helping to
prevent TIA. For patients with TIA, and with high levels of
plasma LP(a), Hcy, and D-D, especially, more attention should be
paid to the monitoring of above 3 indicators and should be
treated with aspirin, statins, vitamin B12, and so on. Early
4

management of these high-risk factors would delay and prevent
the onset of TIA. These findings have certain clinical significance
in preventing and/or delaying stroke occurrence.
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