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Values of serum LDL and PCT levels in evaluating the
condition and prognosis of acute cerebral infarction
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Abstract. Values of low density lipoprotein (LDL) and
procalcitonin (PCT) levels in evaluating the condition and
prognosis of patients with acute cerebral infarction (ACI) were
investigated. According to the volume of cerebral infarction,
150 patients with ACI (observation group) were divided into
the mild infarction group (n=50), moderate infarction group
(n=50), and severe infarction group (n=50). Besides, another
50 healthy subjects were enrolled during the same period
as the control group. The levels of serum LDL and PCT on
admission and at the 1st, 3rd, 7th and 10th day after treatment
were detected, which were compared with those in the control
group. Ten days after treatment, patients were divided into two
groups, the effective group and non-effective group, based on
the clinical efficacy. The differences in LDL and PCT levels
were compared between the two groups. After 1 month, the
clinical efficacy was evaluated again, and the correlations
of LDL and PCT levels with prognosis were analyzed. The
levels of serum LDL and PCT in the observation group 1 day
after admission were higher than those in the control group
(P<0.05), which reached the peak at the 3rd day and continu-
ously declined after the 7th day. The LDL and PCT levels
had statistically significant differences between the effective
group and non-effective group (P<0.05). Pearson's correlation
analysis showed that the serum LDL and PCT levels in acute
phase were negatively correlated with the National Institutes
of Health Stroke Scale (NIHSS) score after 1 month of treat-
ment (P<0.05). The dynamic monitoring of serum LDL and
PCT levels in ACI patients can help evaluate the condition and
prognosis of patients.
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Introduction

Cerebrovascular diseases have become major factors harming
the life and health of the middle-aged and elderly in China,
among which the acute cerebral infarction (ACI), character-
ized by high disability, mortality and recurrence rates, is the
most common type (1).

Scholars believe that the main pathogenesis of ACI is the
deposition of lipid, mainly low density lipoprotein (LDL), in
the cerebral arterial wall, arterial intimal thickening, luminal
stenosis, and blood supply disturbance in the corresponding
brain tissues, leading to ischemia-hypoxia necrosis (2).
Atherosclerosis can also be seen as a kind of chronic inflam-
matory injury involving adaptive immunity (3-5). Therefore,
the inflammatory response markers also play an important
role in ACI (6). Procalcitonin (PCT) is a more sensitive serum
inflammatory factor, which is associated with the risk of
ACI (7). The accurate judgement of condition and prediction of
development play key roles in the prevention and treatment of
ACI (8). Moreover, timely intervention and appropriate treat-
ment measures based on the correct judgement will greatly
improve the prognosis of patients (9).

Values of LDL and PCT levels in evaluating the condi-
tion and prognosis of patients with ACI were investigated.
Pearson's correlation analysis revealed that the serum LDL
and PCT levels in acute phase were negatively correlated with
the National Institutes of Health Stroke Scale (NIHSS) score
after 1 month of treatment (P<0.05). Thus, the dynamic moni-
toring of serum LDL and PCT levels in ACI patients can help
evaluate the condition and prognosis of patients.

Patients and methods

General data. One hundred and fifty patients diagnosed with
ACI in Binzhou City Center Hospital (Binzhou, China) from
February 2017 to August 2017 were selected as the observation
group, and another 50 healthy subjects were selected during the
same period as the control group. The differences in sex and age
were not statistically significant between the two groups (Table I).
According to the volume of cerebral infarction, the observation
group was divided into three groups: the mild infarction group
(n=50), the moderate infarction group (n=50) and the severe
infarction group (n=50). There were no statistically significant
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differences in the age and sex among the three groups (Table I1),
and the results were comparable. Inclusion criteria were: i) patients
aged 18-81 years of either sex; ii) patients meeting the diagnostic
criteria for ACI developed by the Fourth National Conference on
Cerebrovascular Disease with the time from onset to admission
of <3 days (10,11); iii) patients whose infarction location could
be clearly defined via head computed tomography (CT) or
magnetic resonance imaging (MRI) scan with a single lesion;
and iv) patients who agreed and signed the informed consent of
clinical trial. Exclusion criteria were: i) patients with a history
of cerebral infarction or coronary heart disease who received
recent thrombolytic therapy; ii) patients with brain metastasis
of malignant tumor; iii) patients with autoimmune diseases;
iv) patients complicated by severe disorders in other organs;
v) patients with infection or had received recent trauma surgery;
and vi) patients who had received recently immune or biological
agents. The study was approved by the Ethics Committee of
Binzhou City Center Hospital.

Evaluation criteria. i) Evaluation of infarction volume using
Coniglobus formula (11): Cerebral infarction volume V (cm?) =
ax b x ¢ x w/6, where a, long diameter of infarction focus (cm);
b, short diameter of infarction focus (cm); c, layer spacing of
infarction focus (cm). ii) Evaluation of clinical efficacy. The
clinical efficacy was divided into five grades according to the
NIHSS score (Table III). The patients with progress, remarkable
progress and basic recovery were classified as effective group,
while those with other grades were classified as the non-effective
group. NIHSS scores were measured 10 days after treatment.

Research methods. Fasting elbow venous blood (3 ml) was
drawn from patients in the observation group at approximately
6 a.m. at the Ist, 3rd, 7th and 10th days after admission,
while 3 ml fasting elbow venous blood was drawn from
patients in control group in the early morning on the day
of physical examination. The serum PCT and LDL were
detected via enzyme-linked immunosorbent assay (ELISA).
The normal reference ranges are as follows: PCT <0.5 ng/ml
and LDL <3.36 mmol/l. After 10 days, patients were divided
into the effective group and non-effective group based on
the clinical efficacy. After 1 month, the clinical efficacy was
evaluated again, and the correlations of LDL and PCT levels
with NIHSS score 1 month after treatment were analyzed.

Statistical analysis. Statistical analysis was performed using
Statistical Product and Service Solutions (SPSS) 21.0 software
(Cabit Information Technology Co., Ltd., Shanghai, China).
The measurement data in normal distribution were presented as
mean + standard deviation. The t-test was used for the compar-
ison of data with homogeneous variance, and one-way analysis
of variance (ANOVA) was used for the comparison among
groups. The Mann-Whitney U test was used for the comparison
of data in abnormal distribution or with heterogeneous vari-
ance. The Kruskal Wallis H test was used for the comparison
among groups, and the repeated measures ANOVA used for
the comparison at different time-points within the group. RxC
Chi-square test was used for the comparison of enumeration
data.The correlations of LDL and PCT with treatment time were
analyzed using linear correlation analysis. P<0.05 was conside
red to indicate a statistically significant difference.
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Table I. Comparison of general data between the two groups.

General Observation Control
data group group x> P-value
n 150 50
Sex (%)
Male 88 (58.67%) 28 (56.00%) 3.06 0.36
Female 62 (41.33%) 22 (44.00%) 3.06 0.36
Age (years) 0.29
<50 20 (13.33%) 8 (16.00%) 3.12 0.38
50-70 98 (65.33%) 33 (66.00%) 3.02 0.39
>70 32(21.33%) 9 (18.00%) 2.79 0.28
BMI (kg/m?) 25.05+3.24 2477298 =1.012 0.59

BMI, body mass index.

Results

Comparison of PCT and LDL levels 1 day after admission
between the observation group and control group. The levels
of serum PCT and LDL in the observation group at the 1st day
after admission were significantly higher than those in the
control group, and the differences were statistically significant
(P<0.05) (Table IV).

Levels of serum LDL and PCT in observation group at the Ist,
3rd, 7th and 10th day after admission. The levels of serum LDL
and PCT in observation group at the 1st day after admission were
6.98+0.61 ng/ml and 1.28+0.52 mmol/l respectively, reached the
peak at the 3rd day, continuously declined after the 7th day and
got close to the normal ranges at the 10th day (Fig. 1). The levels in
each group were compared with those at the previous time-point,
and the differences were statistically significant (P<0.05).

Dynamic changes in LDL and PCT levels in the observation
group. The levels of serum LDL and PCT at the 1st day after
admission in the three groups of ACI patients were signifi-
cantly higher than those in the control group (P<0.05), which
reached the peak at the 3rd day and declined at the 7th day,
but they were still higher than those in the control group
(P<0.05). The levels in each group were compared with those
at the previous time-point, and the differences were statisti-
cally significant (P<0.05). The serum LDL and PCT levels in
the three groups showed increasing trends with the increase
of infarction volume, and the differences were statistically
significant (P<0.05) (Table V), suggesting that LDL and PCT
levels are related to the severity of disease.

Correlations of LDL and PCT levels with curative effect. After
10 days of treatment, there were 121 out of 150 ACI patients
(80.67%) in the effective group and 29 patients (19.33%) in the
non-effective group (Table VI). The LDL and PCT levels in
the effective group were lower than those in the non-effective
group, and there were statistically significant differences
(P<0.05), suggesting that the lower the LDL and PCT levels
are, the better the curative effect may be.
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Table II. Comparison of general data among the three groups in the observation group.
General data Mild infarction group Moderate infarction group Severe infarction group . P-value
n 50 50 50
Sex (%)
Male 28 (56.00%) 24 (48.00%) 27 (54.00%) 301 0.44
Female 22 (44.00%) 26 (52.00%) 23 (46.00%) 301 044
Age (years)
<50 6 (12.00%) 8 (16.00%) 9 (18.00%) 2.68 0.35
50-70 38 (76.00%) 35 (70.00%) 31 (62.00%) 2.88 0.37
>70 6 (12.00%) 7 (14.00%) 10 (20.00%) 2.57 0.31
BMI (kg/m?) 28.12+3.22 23.29+4 .46 25.47+2.29 1=1.001 0.96
BMI, body mass index.
Table III. NIHSS score.
Item Progress Remarkable progress Basic recovery No change Aggravation

NIHSS score Reduced by 18-45% Reduced by 46-89%

Reduced by 90-100%  Fluctuation of <18%

Increase of =18%

NIHSS, National Institutes of Health Stroke Scale.

Table I'V. Comparison of PCT (ng/ml) and LDL levels (mmol/l)
at 1 day after admission between the observation group and
control group.

Observation  Control
Items group group tvalue P-value
PCT (ng/ml) 1.28+0.52  0.24+0.11 0.014 0.02
LDL (mmol/l)  6.98+0.61  3.35£0.77 0.020 0.04

PCT, procalcitonin; LDL, low density lipoprotein.

Correlation of LDL and PCT levels with prognosis. As seen in
Table VII the linear correlation analysis showed that the PCT
levels were negatively correlated with NIHSS score (r=-1.38,
P<0.05); LDL was negatively correlated with NIHSS score
(r=-0.61, P<0.05) (Figs. 1 and 2).

Discussion

ACTI has a high incidence rate in the elderly in China. If there
is no timely and effective treatment, the prognosis will be poor
and the patients' life, health and life quality later will also be
seriously threatened. Its incidence is closely related to the lipid
deposition and inflammatory response (12).

In recent years, many studies (13,14) have pointed out that the
inflammatory response has an extremely close correlation with
atherosclerosis, and they interact with each other, exacerbating
brain damage. First, the inflammatory response, as a starting link,
can cause changes in the brain arterial plaque and thrombosis.

PCT (mmol/l)

0 10 20 30 40 50
NIHSS

Figure 1. Correlation analysis between PCT and treatment time. PCT level
was negatively correlated with NIHSS score by linear correlation analysis.
(r=-0.61, P<0.05). PCT, procalcitonin; NIHSS, National Institutes of Health
Stroke Scale.

Then, when plaque rupture occurs in ACI patients, a large
number of inflammatory cells are released, which aggravates the
cerebral ischemic injury, although the inflammatory response is
inhibited and the damaged tissue repair is promoted. Therefore,
the changes in serum inflammatory indexes are important in
evaluating the development and prognosis of disease.

PCT is an inflammatory index with a high sensitivity and
specificity (15,16), whose content can gradually increase and
reach the peak 2-3 h after inflammatory response, so it has a high
value in early diagnosis (17). The increasing trend is associated
with the severity of disease, suggesting that PCT may be involved
in the pathogenesis as the inflammatory mediator (18). This is
also consistent with the results in this study. It was found that
the PCT level in ACI patients was significantly higher than that
in the normal control group, and it was increased along with the
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Table V. Dynamic changes in LDL and PCT levels in observation group.

Treatment Mild infarction Moderate infarction Severe infarction
Items time (day) group (n=50) group (n=50) group (n=50) F-value P-value
LDL (ng/ml) 1 2.39+0.53 7.17x1.16 10.02+2.29 2.12 <0.05*
3 6.72+0.42 12.39+1.04 22.04+2.16 2.34 <0.05*
7 5.43+0.69 8.91x1.37 11.44+1.49 2.76 <0.05*
10 1.23+0.62 4.41+1.66 7.17+1.31 2.44 <0.05*
F-value 222 2.15 2.57
P-value <0.05° <0.05° <0.05°
PCT (mmol/l) 1 0.27+0.07 1.76+0.12 2.55+0.43 2.45 <0.05¢
3 3.47+0.53 4.92+1.28 8.38+1.95 2.53 <0.05¢
7 0.24+0.08 1.98+0.17 3.74+0.51 2.12 <0.05¢
10 0.13+0.05 1.06+0.09 2.01x0.11 2.34 <0.05¢
F-value
P-value <0.05¢ <0.05¢ <0.05¢

*The LDL level is increased in severe infarction group compared with that in moderate infarction group, and in moderate infarction group com-
pared with that in mild infarction group; the differences are statistically significant. *The LDL level is increased at the 3rd day compared with that
at the 1st day, at the 5th day compared with that at the 1st day, and at the 7th day compared with that at the 5th day. “The PCT level is increased in
severe infarction group compared with that in moderate infarction group, and in moderate infarction group compared with that in mild infarction
group; the differences are statistically significant. “The PCT level is increased at the 3rd day compared with that at the Ist day, at the 5th day
compared with that at the 1st day and at the 7th day compared with that at the 5th day. LDL, low density lipoprotein; PCT, procalcitonin.

Table VI. Correlation of LDL and PCT levels with curative
effect (mean =+ standard deviation).

Table VII. Correlation of LDL and PCT levels with prognosis
(mean =+ standard deviation).

Effective  Non-effective NIHSS score
Groups group group t/x>  P-value
Indexes r P-value
n (%) 121 (80.67) 29(19.33) 2.68 0.012
Age (years)  50.34+1347 67.39+1183 133 027 LDL
LDL (mmol/l) 504127 1332+¢3.13 284 001 ;:1 ‘i? fotgrttrre;:?nee‘r‘; 8'222 8'83515
PCT (ng/ml) 1.13+0.47 574£248 252  0.03 7th day after treatment 0278 0.144
LDL, low density lipoprotein; PCT, procalcitonin. 10th day after treatment 0.126 0.123
PCT
1st day after treatment 0472 0.004
3rd day after treatment 0.701 0.027
15, 7th day after treatment 0413 0.232
10th day after treatment 0.207 0.204
:__g 101 LDL, low density lipoprotein; PCT, procalcitonin; NIHSS, National
i: S Institutes of Health Stroke Scale.
= >
] ) 5 s = - 5 is the main carrier of cholesterol in the blood, which consists of
NIHSS approximately 1,500 cholesterol ester molecules. It was found

that the LDL level in ACI patients was increased, along with

Figure 2. Th lati lysis bet LDL and treatment time. LDL . . . .
aure o OT Ay e ane mreatment time the increased degree of infarction, suggesting that LDL and

was negatively correlated with NIHSS score by linear correlation analysis

(r=-1.38, P<0.05). LDL, low density lipoprotein; NIHSS, National Institutes
of Health Stroke Scale.

increased degree of infarction. Kumral e al (19) pointed out that
controlling the LDL level can effectively improve the prognosis
of ACI patients, which is also consistent with our findings. LDL

ACT are closely correlated. Therefore, the effective control of
the LDL level can improve the prognosis (20,21).

The linear correlation analysis was used to analyze the
correlations of LDL and PCT levels with prognosis, and the
results showed that the serum LDL and PCT levels were
negatively correlated with the NIHSS score, suggesting that
LDL and PCT levels can be used as a cure index for ACI, and
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can be used to monitor the recovery of patients. However, the
serum LDL and PCT levels had no significant correlations
with prognosis after the 7th day, possibly because the LDL and
PCT levels gradually returned to normal after treatment when
not in the acute phase. After 1 month, the clinical efficacy was
evaluated; the number of patients in effective group (n=121,
80.67%) was significantly larger than that in the non-effective
group (n=29, 19.33%), so the disease was slowly improved. The
overall LDL and PCT levels slowly returned to normal.

There were limitations in the experimental conditions, such
as the small sample base number, short experimental period and
lack of large data support. In order to achieve the best experi-
mental results, we will increase the base number of the research
object in the future, and carry out longer follow-up of the patients.

In conclusion, the serum LDL and PCT levels in ACI
patients are positively correlated with the disease degree and
negatively correlated with NIHSS scores. The dynamic moni-
toring is helpful in judging the condition and evaluating the
prognosis of the disease.
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