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Background: This study investigated the correlation between the expression of asymmetric dimethylarginine (ADMA) in plasma
and early neurological deterioration (END) as well as early recurrence of acute cerebral infarction (ACI).
Methods: A total of 160 ACI cases were divided into the following five groups based on the occurrence of END and early re-
currence: Group A (n = 48, had END at first admission), group B (n = 112, without END at first admission), group C (n = 32,
with early recurrence 3 months after discharge), group D (n = 128, without early recurrence 3 months after discharge), group E
(n = 17, patients in group A with early recurrence 3 months after discharge). Fifty healthy people during the same period were
selected as controls. Participants’ blood glucose, blood pressure, hemoglobin and urine protein were measured biochemically,
and ADMA levels in their plasma were measured by ELISA (enzyme linked immunosorbent assay). Further, the correlation of
ADMA expression in the plasma of ACI patients with biochemical parameters, NIHSS (national institutes of health stroke scale)
score, early recurrence and cerebral infarction area was performed using the Pearson’s method.
Results: The results showed that compared with healthy people, the expression of ADMA was significantly higher in the blood
of ACI patients and even higher in ACI patients with END. Logistic regression analysis indicated that ADMA level was a risk
factor for END and early recurrence in ACI patients. Besides, ADMA levels were positively correlated with NIHSS score, early
recurrence of ACI and cerebral infarction.
Conclusions: These findings indicated ADMA as a potential diagnostic marker for END and early recurrence of ACI.
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Introduction

As one of the leading causes of death worldwide [1],
stroke can be divided into ischemic and hemorrhagic. Is-
chemic stroke can lead to acute cerebral infarction (ACI) if
local blood flow is not recovered in a short time [2]. ACI is
a series of neurological dysfunction symptoms arising due
to ischemia and hypoxia of local brain tissue. ACI accounts
for 87% of all strokes, and notably, the incidence of cerebral
infarction among young people is increasing due to stress
and unhealthy lifestyles [3]. The incidence of cerebral in-
farction in the Chinese population ranks among the highest
in the world, and cerebrovascular disease has become the
leading cause of death in China [4]. Approximately 10% of
patients with mild stroke suffer from recurrence within the
first week.

Early neurological deterioration (END) is a common
event in acute stroke [5], with an incidence of 20% to 40%
and associated with the deterioration of clinical outcomes
[6]. Recurrent infarction is also a potential contributor to

neurological deterioration after stroke. Previous findings
showed that ACI could lead to severe sequelae such as dis-
ability or even death unless timely treated [7]. These find-
ings highlight the importance of early diagnosis of ACI to
improve treatment outcomes and reduce the potential risk
of sequelae and death. Currently, the diagnosis of ACI re-
lies mainly on traditional neuroimaging methods, which in-
clude computed tomography (CT) and magnetic resonance
imaging (MRI). Although imaging techniques are signifi-
cant in ruling out hemorrhagic stroke, CT fails to display
ischemic foci clearly in the early stage of infarction. At the
same time,MRI is problematic for patients withmetal stents
[8]. Given such limitations, the examination of circulating
biomarkers is now being applied for diagnosing diseases or
assessing clinical findings, which is rapid and inexpensive.
Though the diagnostic value of C-reactive protein (CRP)
and interleukin-6 for ACI has been considered, their clini-
cal use is relatively limited due to their low specificity [9].
Therefore, identifying sensitive biomarkers is vital for the
accurate diagnosis and prognostic assessment of ACI.
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Asymmetric dimethylarginine (ADMA) is a naturally
occurring toxic amino acid. It is an analog of L-arginine
and can act as an endogenous competitive inhibitor of nitric
oxide (NO) synthase [10]. In healthy individuals, the en-
zyme dimethylarginine dimethylaminohydrolase (DDAH)
converts the toxic ADMA to l-citrulline and dimethylamine
[11]. DDAH is expressed in many tissues and cells, in-
cluding the kidney, pancreas, brain, liver, lung, endothelial
cells, and cardiomyocytes. According to previous studies,
accumulation of ADMA could result in impaired endothe-
lial function of forearm resistance arteries, increased sys-
temic vascular resistance and arterial blood pressure, and
decreased cardiac output. At first, ADMA in urine was only
proved to be associated with uremia but later confirmed that
ADMA is a toxic non-protein amino acid in human dis-
eases [12]. Recent clinical and experimental evidence has
suggested that ADMA is also involved in pathophysiolog-
ical disorders of vascular endothelial function, atheroscle-
rosis, inflammation, apoptosis, and impaired immune func-
tion [13]; The predictive values of ADMA for cardiovascu-
lar events have also been reported.

Increased plasma ADMA concentration is directly re-
lated to coronary artery disease, occlusive peripheral ar-
terial disease, and diabetes [14]. Zhang et al. [15]
have reported that ADMA and homocysteine (Hcy) are the
causative factors for the development of ACI in the Chi-
nese population, and plasma concentrations of ADMA and
Hcy were positively correlated with other risk factors (age,
systolic pressure, diastolic pressure, and total cholesterol).
Thus, ADMA may be associated with the occurrence of
ACI. However, so far, the specific link between them re-
mains unknown.

In this study, we intended to elucidate the relationship
between ADMA and ACI through clinical trials to provide
experimental data for finding predictors of END and early
recurrence of ACI and targets for intervention therapy.

Materials and Methods

Study Subjects
The patients were divided into two groups based on

with or without END (referring to an increase of National
Institute of Health (NIH) Stroke Scale score≥2within three
days at first admission, named as event a): Group A (n
= 48, with event a), group B (n = 112, without event a).
Also, patients were divided into two groups based on with
or without early recurrence (occurring three months after
discharge, named event b): Group C (n = 32, with event
b), group D (n = 128, without event b). Additionally, pa-
tients in group A who also had event b were categorized as
group E (n = 17). Fifty healthy people who underwent phys-
ical examinations during the same period were recruited
as the control group. All patients were followed up for
six months after the initial treatment, and the incidence of
adverse events/complications, including postoperative re-

currence and death, was recorded during follow-up. The
study protocol was performed following the Declaration of
Helsinki. The screening process of patients is shown in
Fig. 1.

We assessed the data of 160 patients diagnosed with
ACI in our hospital from March 2019 to September 2020.
The inclusion criteria of the study were: (1) ACI confirmed
by imaging (brain CT), (2) aged 18 to 80 years old, (3) vis-
ited the hospital within 24 h of onset, and (4) who provided
signed informed consent to participate. The exclusion crite-
ria include: (1) Simultaneously diagnosedwith other malig-
nant tumors or organ dysfunction in addition to ACI, (2) the
presence of severe systemic infection in addition to ACI, (3)
developed hemorrhagic transformation, (4) who underwent
thrombolytic therapy (arterial and venous), and (5) who had
a mental illness, severe cognitive impairment or language
problems.

Fig. 1. Flow chart of patients screening.

Blood Pressure Measurement
All patients’ blood pressure was measured before

and after treatment using a Yuwell sphygmomanometer
(PBA007002P). The frequency of blood pressure record-
ings was as follows: First 15 min/time for 1 h, then 30
min/time for 6 h, and finally 1 h/time until 72 h.

Biochemical Indicators Detection
Fasting (12 h) blood samples (3 mL) were collected

from the cubital vein of each patient. The blood sam-
ples were collected in lithium heparin anticoagulant tubes,
followed by centrifugation at 3000 r/min for 10 min.
The plasma collected was used to measure blood glu-
cose, hemoglobin, urine protein, fibrinogen, CRP, triglyc-
eride (TG), total cholesterol (TC), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) using an auto-
matic biochemical analyzer. PlasmaADMA concentrations
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Table 1. Clinical characteristics of ACI patients and the healthy controls.
Variables ACI patients (n = 160) Healthy controls (n = 50) p value

Age 62.88 ± 11.63 61.56 ± 10.32 0.473
Gender (male/female) 88/72 26/24 0.710
BMI 23.81 ± 3.17 23.39 ± 2.78 0.400
Signs and symptoms, n (%)

Headache 76 (47.5)
Dizziness 74 (46.3)
Hemidysesthesia 65 (40.6)
Quadriplegia, dysarthria 33 (20.6)
Disturbance of consciousness 15 (9.4)

Area of cerebral infarction (cm) 2.49 ± 1.58
Onset time ≤24 h
NIHSS when admitted (score) 6.00 ± 1.98
Smoking, n (%) 78 (48.8) 16 (32.0) 0.038
Alcoholics, n (%) 66 (41.3) 12 (24.0) 0.028
History of hypertension, n (%) 90 (56.3) 14 (28.0) 0.000
History of diabetes, n (%) 82 (51.3) 15 (30.0) 0.009
History of coronary heart disease, n (%) 46 (28.8) 10 (20.0) 0.222
History of hyperlipidemia, n (%) 63 (39.4) 13 (26.0) 0.086
Creatinine (μmol/L) 89.18 ± 11.95 90.40 ± 11.72 0.528
ALT (U/L) 21.89 ± 8.20 23.03 ± 7.07 0.380
TG (mmol/L) 1.53 ± 0.54 1.35 ± 0.47 0.029
LDL (mmol/L) 3.78 ± 0.87 3.00 ± 0.78 0.020
HDL (mmol/L) 1.00 ± 0.34 1.23 ± 0.39 0.000
HbA1c (%) 5.97 ± 1.49 5.28 ± 1.69 0.006
Folic acid (μg/L) 11.77 ± 3.16 13.82 ± 6.22 0.029
CRP (mg/L) 2.72 ± 0.81 2.16 ± 0.72 0.000
Hcy (μmol/L) 15.51 ± 3.67 11.91 ± 3.59 0.000
ADMA (μmol/L) 0.91 ± 0.31 0.32 ± 0.09 0.000
BMI, body mass index; ALT, alanine aminotransaminase; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; HbA1c, glycosylated hemoglobin; CRP, C-reactive protein; Hcy, homocysteine; ADMA, asymmetric dimethylargi-
nine.

were determined with commercially available enzyme-
linked immunosorbent assay kits (Elabscience Biotechnol-
ogy Co., Ltd., E-EL-0042c, Wuhan, China).

Statistical Analysis
We used SPSS 24.0 software (IBM SPSS statistics,

Chicago, IL, USA) for data analysis. The data are expressed
as mean ± standard deviation (SD), and a t-test was used
to compare between two groups. Enumeration data are ex-
pressed as frequency (n) and rate (%), which were analyzed
by χ2 test. Multivariate logistic regression analysis was
used to predict the influencing factors of ACI, and Pearson’s
test was used to analyze the correlation between ADMA
levels and different factors. p< 0.05 was considered statis-
tically significant.

Results

Baseline Characteristics of the Study Participants
There were no significant differences in age, gen-

der, and body mass index between the ACI patients and
healthy controls. ACI patients mostly had symptoms such
as headache (47.5%), dizziness (46.3%), and hemidyses-
thesia (40.6%). The onset time of all patients was ≤24
h each time. The NIH Stroke Scale (NIHSS) score on
admission was 6.00 ± 1.98. Compared with the con-
trols, the ACI group had more patients with a smoking
and drinking history and a history of hypertension and di-
abetes. Regarding blood parameters, TG, LDL, glycosy-
lated hemoglobin, CRP, Hcy, and ADMA were signifi-
cantly up-regulated, while folic acid and HDL were signif-
icantly down-regulated in ACI patients (Table 1).
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Table 2. Comparison of follow-up after treatment between groups A and B.
Variables Group A (n = 48 [%]) Group B (n = 112 [%]) p value

Recurrence rate after treatment
1st month 8 (16.7) 4 (3.6) 0.000
3rd month 16 (33.3) 8 (7.1) 0.000
6th month 20 (41.7) 12 (10.7) 0.000

Complications
Death 3 (6.3) 2 (1.8)
Cerebral hemorrhage 5 (10.4) 3 (2.7)
Vascular stenosis 4 (8.3) 3 (2.7)
Pulmonary stenosis 8 (16.7) 8 (7.1)
Lower extremity deep venous thrombosis 6 (12.5) 10 (8.9)
Total 13 (27.1) 15 (13.4) 0.037

Table 3. Multivariate logistics regression analysis of early neurological deterioration in ACI patients.
Risk factors Odds ratio 95% confidence interval p value

Age 1.10 0.52–1.95 0.392
Gender 1.03 0.084
Cerebral infarction area 2.12 1.35–5.14 0.002
NIHSS 1.93 1.23–4.59 0.000
History of smoking 1.19 0.63–2.96 0.192
Alcoholics 1.23 0.92–2.93 0.074
History of hypertension 2.01 0.83–4.23 0.223
History of diabetes 1.18 0.86–1.70 0.063
History of coronary heart disease 1.48 0.85–3.95 0.088
History of hyperlipidemia 1.22 0.79–2.23 0.493
Creatinine 1.16 0.87–2.29 0.092
TG 1.32 0.95–3.02 0.335
LDL 1.29 0.93–2.55 0.293
HDL 0.83 0.58–2.34 0.834
HbA1c 1.24 1.08–3.94 0.025
Folic acid 0.94 0.65–1.23 0.079
CRP 1.37 1.02–2.32 0.015
Hcy 2.31 1.18–7.52 0.000
ADMA 2.45 1.16–6.94 0.000

Comparison of Recurrence Rate and Complications
during Follow-Up between Different Groups

We have compared the recurrence rate and compli-
cations between different groups in the 1st, 3rd, and 6th
months after treatment. The results showed that the recur-
rence rates in the 1st (16.7%), 3rd (33.3%), and 6th months
(41.7%) in group A were significantly higher compared to
group B. When compared to group B (13.4%), thirteen pa-
tients in group A (27.1%) had complications, which include
three deaths (6.3%), five cerebral hemorrhages (10.4%),
four vascular stenoses (8.3%), eight pulmonary infections
(16.7%) and six lower extremity deep venous thrombosis
(12.5%) (Table 2). These findings indicated that ACI pa-
tients with END had a higher recurrence rate and poorer
prognosis.

Logistic Regression Analysis of the Influencing
Factors of Early Neurological Deterioration and
Recurrence in Patients with Acute Cerebral
Infarction

Multivariate logistic regression was performed to an-
alyze factors influencing the onset of END and early re-
currence of ACI. Cerebral infarction area (OR (odds ra-
tio) = 2.12, 95% Cl (confidence interval): 1.35–5.14),
NIHSS score (OR = 1.93, 95% Cl: 1.23–4.59), glycosy-
lated hemoglobin (OR = 1.24, 95% Cl: 1.08–3.94), CRP
(OR = 1.37, 95% Cl: 1.02–2.32), Hcy (OR = 2.31, 95%
Cl: 1.18–7.52) and ADMA expression (OR = 2.45, 95%
Cl: 1.16–6.94) were found to be risk factors affecting END
in patients with ACI (Table 3). Age (OR = 1.35, 95% Cl:
1.05–2.94), cerebral infarction area (OR = 2.33, 95% Cl:
1.09–3.88), NIHSS score (OR = 2.26, 95% Cl: 1.13–4.95),
history of hypertension (OR = 1.65, 95% Cl: 1.12–4.93),
history of diabetes (OR = 1.49, 95% Cl: 1.09–3.80), his-
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Table 4. Multivariate logistics regression analysis of early recurrence in ACI patients.
Risk factors Odds ratio 95% confidence interval p value

Age 1.35 1.05–2.94 0.023
Gender 1.02 0.93–2.38 0.452
Cerebral infarction area 2.33 1.09–3.88 0.000
NIHSS 2.26 1.13–4.95 0.000
History of smoking 1.23 0.87–2.85 0.193
Alcoholics 1.30 0.95–2.03 0.075
History of hypertension 1.65 1.12–4.93 0.032
History of diabetes 1.49 1.09–3.80 0.024
History of coronary heart disease 1.23 0.96–1.93 0.390
History of hyperlipidemia 1.83 1.03–2.74 0.042
Creatinine 1.02 0.88–3.24 0.653
TG 1.35 0.89–2.09 0.294
LDL 1.65 1.02–3.96 0.049
HDL 0.79 0.43–0.92 0.018
HbA1c 1.44 0.95–3.05 0.083
Folic acid 1.22 0.92–2.80 0.057
CRP 1.35 0.98–2.93 0.084
Hcy 2.60 1.19–5.93 0.000
ADMA 2.25 1.24–6.39 0.000

tory of hyperlipidemia (OR = 1.83, 95% Cl: 1.09–3.80),
LDL (OR = 1.65, 95% Cl: 1.02–3.96), HDL (OR = 0.79,
95% Cl: 0.43–0.92), Hcy (OR = 2.60, 95% Cl: 1.19–5.93)
and ADMA expression (OR = 2.25, 95% Cl: 1.24–6.39)
were found to be the risk factors for early recurrence in
ACI patients (Table 4). These results suggested that plasma
ADMA level, cerebral infarction area, NIHSS score, and
some biochemical parameters (HbA1c, CRP and Hcy) re-
lated to cerebral infarction have an important role in indi-
cating END and early recurrence in patients with ACI.

Comparison of Plasma ADMA Levels
We examined the levels of ADMA in different groups

of patients. At first admission, the expression level of
plasma ADMA between groups A and B was significantly
higher compared to the healthy control group. The expres-
sion level in group A was higher than in group B. Three
months after discharge, the expression level of ADMA in
groups C and D was increased compared to the control
group. The expression level in group C was even higher.
The expression level of ADMA in group Ewas significantly
increased compared to the control group (Table 5). Overall,
ACI patients with END or early recurrence were associated
with higher levels of plasma ADMA. In comparison, those
who suffered from both END and early relapse had higher
levels of ADMA.

Correlation between Plasma ADMA Expression and
the Parameters Related to Cerebral Infarction in
Patients with Acute Cerebral Infarction

Pearson’s method was employed to analyze the corre-
lation between plasma ADMA expression and biochemical

Table 5. Comparison of plasma ADMA levels in different
groups of patients.

Group n ADMA (µmol/L)

A 48 1.12 ± 0.33∗∗∗###

B 112 0.82 ± 0.25∗∗∗

C 32 1.10 ± 0.26∗∗∗&&&

D 128 0.86 ± 0.30∗∗∗

E 17 1.24 ± 0.20∗∗∗

Control group 50 0.32 ± 0.09
Note: ∗∗∗p< 0.001 vs. Control group; ###p< 0.001 vs. Group
B; &&&p < 0.001 vs. Group D.

parameters, NIHSS score, early recurrence, and cerebral in-
farction area in patients with ACI. The results indicated that
ADMA expression was positively correlated with NIHSS
score, cerebral infarction area, and early recurrence. Also,
ADMA level was positively correlated with HbA1c, TG,
LDL, CRP, and Hcy levels but negatively correlated with
folic acid and HDL levels (Table 6).

Discussion

Cardiovascular and cerebrovascular diseases have be-
come the prevailing health problems and are affecting an
increasing number of people. Cerebral infarction has a high
rate of recurrence, disability, and mortality. END, indicat-
ing a poor prognosis, attacks about one-third of patients di-
agnosed with ACI within 3 to 7 days after admission [16].
The disability/mortality rate of patients with cerebral infarc-
tion is 34.5 to 37.1% after three months and 33.4 to 44.6%
after one year of onset [17] . The annual and within five
years recurrence rate is as high as 17.7% and 40%, respec-
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Table 6. Correlation between plasma ADMA expression and
parameters related to cerebral infarction.

Variables ADMA, r p value

NIHSS score 0.662 0.000
Cerebral infarction area 0.692 0.000
Early recurrence 0.323 0.000
Creatinine 0.137 0.085
HbA1c 0.283 0.000
ALT 0.097 0.224
TG 0.391 0.000
LDL 0.638 0.000
HDL –0.446 0.000
CRP 0.441 0.000
Hcy 0.483 0.000
Folic acid –0.351 0.000

tively, after treatment [18]. Although there are many treat-
ments for cerebral infarction, they often have little effect
and are costly. Suppose there is a feasible predictive and
therapy approach to END and recurrence of cerebral in-
farction. In that case, the mortality rate and poor prognosis
are bound to be improved with early prevention and treat-
ment. After 6-month follow-up in ACI patients, we found
that ACI patients with END were more vulnerable to recur-
rence and complication than those without END, indicating
a poor prognosis consistent with previous studies.

C-reactive protein (CRP) is an acute-phase protein
synthesized by hepatocytes when the body is stimulated by
inflammatory insults, including microbial invasion or tis-
sue injury [19]. CRP removes necrotic and apoptotic cells
and pathogens by activating the complement and mononu-
clear phagocytic systems upon binding to its ligands. As
many as three-quarters of patients with ACI have elevated
CRP in serum, suggesting that CRP can be used as a po-
tential prognostic biomarker for ACI [20]. In our study,
CRP levels were also significantly increased in ACI pa-
tients, recognized as a risk factor for developing END and
early recurrence in ACI patients. Logistics regression anal-
ysis showed that factors affecting END and early recurrence
in ACI patients encompassed smoking history, alcoholism,
ADMA expression, NIHSS score, and cerebral infarction
area, which has also been proven by some other studies [21].

Interestingly, this study found that ADMA levels in
plasma constitute a risk factor for END and early recur-
rence in ACI patients. Plasma ADMA expression was
significantly increased in patients with ACI compared to
healthy people, and its expression in patients with ENDwas
higher than those without END. ADMA is an endogenous
inhibitor of nitric oxide synthase (NOS). It binds nitric ox-
ide synthase competitively and inhibits its activity, thus re-
ducing nitric oxide production and triggering inflammatory
responses and endothelial dysfunction [22]. Studies have
confirmed that ADMA was associated with carotid intima-
media thickness [23–25]. Wanby et al. [26] found that

ADMA levels in the blood of the Swedish population can
be used as a risk marker for the development of stroke and
acute cerebrovascular disease. Scherbakov et al. [27] dis-
covered that ADMA levels in the blood could be used not
only as a diagnostic marker for stroke but also as a predic-
tive target for peripheral vascular endothelial dysfunction.

In this study, for the first time, we found that ADMA
levels were significantly higher in ACI patients three
months after discharge than in healthy people. Among these
patients, its expression was significantly higher in ACI pa-
tients who developed early recurrence than those who did
not and higher in patients with END and early recurrence
than healthy controls. Therefore, ADMA demonstrated po-
tential as a diagnostic marker in patients with ACI. In ad-
dition, we found that ADMA levels in plasma were posi-
tively correlated with creatinine, glycosylated hemoglobin,
TG, LDL, CRP, and serum Hcy levels and negatively cor-
related with folic acid and HDL levels. These observa-
tions coincided with the findings of Kołakowska et al. [28],
who reported a positive correlation between ADMA level
and the mean high-sensitivity CRP in hypertensive patients.
ADMA levels were also positively correlated with NIHSS
score, early recurrence of ACI, and cerebral infarction area,
implying that the expression level of ADMA in plasma
might predict END and early recurrence in ACI.

Conclusions

The results of this study indicate that increased plasma
ADMA levels were a risk factor for END and early recur-
rence in patients with ACI and were positively correlated
with END and early recurrence in patients with ACI. These
findings suggest that ADMA might be a good predictor of
END and early cerebral infarction recurrence and a possible
intervention therapy target. However, this study has some
limitations in its coverage, and a larger sample size is cer-
tainly warranted for further validation in the future.
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