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INTRODUCTION
Although acute cerebral infarction (ACI) is one of the 
most common causes of permanent disability all over the 
world, our knowledge on the issue is still limited today (1). 
Immune cells could become active following a stroke and 
subsequently, they mediate the entry of peripheral immune 
cells into the brain parenchyma through the injured blood-
brain barrier, with high levels of pro-inflammatory cytokine 
release (2). Neuroinflammation induces further damage 
that results in cell death; however, it also has a beneficial 
function that boosts healing. This inflammatory response 
occurs in all subtypes of stroke, though it is more common 
in cardioembolic stroke (3).

Tumor necrosis factor-alpha (TNF-α) is the primary 
pleiotropic cytokine that induces stimulation under 
various pathological and physiological conditions and 
is associated with inflammation and other immune 

responses (4). It has pro-inflammatory properties that 
increase neural damage in cerebral ischemia (5). It has been 
underscored in recent findings that TNF-α has significant 
effects on cerebral ischemia (6). TNF-α is produced by 
both neurons and microglia in the brain following stroke 
and plays a key role in all stages of stroke-related brain 
damage (7). TNF-α can trigger ischemic injury in multiple 
directions; however, there are studies evaluating the level 
differently within hours and days after stroke (8). 

Dyslipidemia is an alterable risk factor and is associated 
with a 1.8 to 2.6-fold increased risk of stroke. Conventional 
lipid parameters, which are represented by increased 
triglycerides (TG), low-density lipoprotein cholesterol 
(LDL-C), total cholesterol (TC), and decreased high-density 
lipoprotein cholesterol (HDL-C) concentrations, have been 
identified as risk factors and predictors for cardiovascular 
disease and cerebral infarction (9). 
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Abstract
Aim: To investigate the interactions between tumor necrosis factor-alpha (TNF-α) and blood lipid levels in patients with acute 
cerebral infarction.
Materials and Methods: A total of 43 cerebral infarction patients who applied to the neurology and emergency department of our 
faculty were included in cross-sectional matched case-control study, and the results were compared with 41 controls who had 
similar age and comorbidities. In addition to fasting serum lipids, serum glucose, C-reactive protein and hemogram were analyzed 
as well. Classification of infarct was made. An enzyme-linked immunosorbent test was used to determine baseline plasma TNF-α 
levels at the time of first admission and potential correlations between the groups were analyzed.
Results: Compared to the control group, the cerebral ischemia group had a higher median TNF-α level (23.53; range, 21.74-43.29 
ng/L vs. 23.00; range, 20.62-37.34 ng/L); however, the difference was not significant (p > 0.05). Groups were similar regarding blood 
lipid values (p > 0.05). In the patient group, TNF-α level showed a negative correlation with triglyceride (TG) and TG / HDL cholesterol 
(HDL-C) (rho= -0.319 p= 0.037 and rho= -0.321 p= 0.036), whereas no significant correlation was determined in the control group (p 
> 0.05), on the other hand plasma level of TNF-α was positively correlated with the National Health Stroke Scale score (rho = 0.455 
p = 0.002).
Conclusions: Our cross-sectional study revealed an interaction between decreased TG and TG / HDL-C and a high concentration of 
TNF-α in cerebral infarction for the first time. The importance of our finding is that it provides useful preliminary information, which 
is necessary for further research in this field.
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In patients with hypercholesterolemia, increased plasma 
TNF-α levels were accompanied by increased LDL-C 
and TC concentrations. Besides, it has been found that 
in hyperlipidemic patients, TNF-α levels are positively 
correlated with TC and TG concentrations whereas 
it is negatively correlated with HDL-C concentration 
(10). Inflammatory mechanisms play a critical role 
in the atherosclerosis process. Previous studies 
have shown that TNF-α and some cytokines are 
increased in atherosclerosis (11). Increasing evidence 
suggests that TNF-α has an important function in the 
neuroimmunological development of stroke and has both 
toxic and protective roles in the damaged brain (3). Yet, 
there are few data related to the effects of TNF-α on lipid 
metabolism in stroke patients.

The mechanism of immune activation after stroke is 
one of the subjects that continue to be investigated in 
ACI, where primary and secondary protection modalities 
are crucial. The aim of this study was to investigate the 
inflammatory properties of plasma TNF-α values and their 
potential effects on blood lipid values in patients with 
cerebral infarction as well as the potential interactions 
between them.

MATERIALS and METHODS 
Study design and participants
This research is a matched cross-sectional case-control 
study that includes patients with acute ischemic stroke 
who were admitted to the Neurology Department of a 
tertiary training hospital in the central Anatolian region. 
The ethical approval was obtained from the Ethics 
Committee; the informed consent form was signed 
by the patients and/or family members (2017-KAEK-
189_2021.03.10_06).

Throughout the study, 50 patients who were diagnosed 
with cerebrovascular disease were hospitalized. 43 
patients had a confirmed diagnosis of stroke, and they 
had complete imaging studies; 40 of the patients were 
discharged with full recovery, 1 of them underwent 
thrombolytic therapy and 3 patients died. The control 
group consisted of 41 age- and sex-matched subjects 
who had no known brain disease and had vascular risk 
factors similar to the patient group.

Demographic information, etiology, stroke location, 
laboratory and imaging results of the patients included in 
the study were recorded. Risk factors for ischemic stroke 
were recorded, including comorbidities of heart diseases, 
hypertension, carotid artery plaques, diabetes mellitus etc. 
National Institute of Health Stroke Scale (NIHSS) scores 
range between 0 and 42, and the scores are considered as 
follows; 0-1: normal, 2-4: mild neurological impairment, 
5-15: moderate neurological impairment, 16-20: severe 
neurological disorder, and 21-42: extremely severe 
neurological disorder. 

Individuals with clinically significant infections, 
inflammatory diseases, collagen vascular diseases, 
malignant or autoimmune diseases, severe head trauma 
or surgical intervention in the last 6 months, or severe 

heart, kidney, or liver failure, as well as individuals with 
mental illness were excluded from the study.

In our study, which was conducted in accordance with 
the subtypes of Framingham and TOAST (The Trial of Org 
10172 in Acute Stroke Treatment) criteria, the etiological 
assessment of ischemic stroke patients were performed via 
clinical findings, electrocardiography (ECG), transthoracic 
echocardiography (ECHO), magnetic resonance imaging 
(MRI), ultrasonography of extracranial veins (the lumen 
diameter at the largest stenosis point and then the normal 
part of the artery outside the carotid bulb, the percentage 
of stenosis, the ratio of these two measurements using 
the view that shows the largest stenosis) and MRA, if 
necessary. Among our patient group, atherothrombosis 
was considered as the etiology in 31 (72%) patients, 
based on the patients' medical history and other ischemic 
risk factors as well as based on the examinations. The 
etiology was decided to be cardioembolic in the remaining 
14 patients (28%), based on the medical history, ECG, and 
ECHO results.

Laboratory tests

Blood Lipids
Regarding the TC, LDL-C, TG and HDL-C levels, for both 
groups, the mean values were determined based on the 
laboratory reference values (TC < 200 mg/dl; HDL-C > 
45 mg/dl, LDL-C > 130, TG 0-200 mg/dl). The plasma 
atherogenic index (PAI) was calculated by taking the 
logarithm of the TG / HDL cholesterol ratio. 

Plasma TNF-α Levels
Blood samples for plasma TNF-α levels were collected 
via venipuncture at the first 24-hours of hospitalization. 
Within the first 30 minutes, the plasma was separated by 
centrifuging the samples for 5 minutes at 3000 rpm and the 
samples were stored at -800C by the Faculty of Medicine 
Physiology Department. TNF-α concentration in plasma 
was analyzed by an enzyme-linked immunosorbent assay 
(ELISA) technique in accordance with the protocol of the 
kit (Cat.no: E0082Hu, Shanghai China). 

Statistical Analysis
The software of SPSS 18.0 was used for the statistical 
analysis. Descriptive statistics (mean, std. deviation, 
median, interquartile range etc.) were presented for 
numerical variables of the sample, which was divided into 
two groups as study and control groups. The conformity 
of continuous variables to distribution with normality 
properties were determined by the Shapiro-Wilk test. 
Independent Sample t-test and Mann-Whitney U (for 
non-parametric data) test were used for the comparisons 
between the two groups when the variables had a normal 
distribution. Categorical variables were expressed as the 
number of cases/percentages, and the χ2 test was used 
to compare the two groups. Spearman (nonparametric) 
and Pearson (parametric) tests were used to calculate 
the correlation coefficients. The results were considered 
statistically significant at p < 0,05.
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RESULTS
Forty-three patients who had been hospitalized on the first 
day of ischemic stroke were included in the study. Of these, 
22 patients were female, which accounted for 51% of all 
subjects. The median age and interquartile range values 
of the subjects and controls were 72 (64-78); 69 (50-
88), respectively, and the condition of similarity between 
groups was met. Besides, no significant difference was 
detected between the two groups regarding body mass 
index, gender, presence of hypertension, cerebrovascular 
disease, diabetes history, coronary artery disease, or 
comorbidities associated with these diseases (p > 0.05). 
In the patient group, 23 patients (53.5%) had small vessel 
stroke, 11 patients (25.6%) had a cardioembolic stroke, and 
9 patients (20.9%) had large vessel infarction. Moreover, 
the median and percentiles of the patients' NIHSS scores 
were 5 (3-10).

No significant difference was determined between the 
groups regarding the values of fasting glucose, LDL-C, 

HDL-C, TG, TC and CRP, and white blood cell and platelet 
values in hemogram. Compared to the control group, 
plasma TNF-α levels were higher in the patient group, 
but the difference was not significant (p = 0.560). Table 
1 shows the clinical and baseline laboratory values of the 
participants in the groups. Plasma TNF-α level was also 
measured at similar levels in our patient group who were 
classified according to TOAST (p = 0293). A significant 
positive correlation was determined between TNF-α and 
NIHSS score, as presented in (Table 2) (rho = 0.455, p = 
0.002).

Separate correlation analysis between TNF-α and blood 
lipids did not show significant correlations in all subjects 
but revealed a significant negative correlation between 
plasma TNF-α level and the scores of TG and PAI in the 
patient group (rho = -0.319, p = 0.037; r = -0.321, p = 
0.036). The correlations between TNF-α and blood lipids 
are presented in Table 2. 

Table 1. General demographic characteristics of participants and the distribution of serum lipids and plasma TNF-alpha levels

Variables Case (n = 43) Control (n = 41) Test statistics P
Age 72 (64-78) 69 (50-88) U: 849 0.514

Z: -653
Gender
     Male 21(49%) 19 (46%) X2: 0.052 0.819
     Female 22 (51%) 22 (53%)
BMI (kg/m2) 27.68 (26.03-29.64) 27.77 (26.12-30.46) U: 885.50 0.736

Z:-337
Vascular risk factors, n (%) X2: 8.169 0.417
     None 14 (33%) 17 (40%)
     HT 9 (21%) 12 (28%)
     DM 2 (5%) 1 (2%)
     HT-DM 11 (26%) 5 (12%)
     CAD 3 (7%) 2 (5%)
     HT-CAD 2 (5%) 1(2%)
     Prior stroke 0 2 (2%)
     HT- Prior stroke 2 (5%) 1 (2%)
     HT-DM-CAD 0 2 (%)
White-blood cell 8.09 (5.93-11.04) 7.34 (6.41-8.94) U:765.50 0.299

Z:-1.709
Hemoglobine 13.22±2.03 14.20±1.74 t: -2.367 0.020
Platelet 219.23±73.41 228.46±56.42 t: -0.644 0.521
Glucose  (mg/dL) 111.60 (96.30-160.80) 107.50 (93.70-122)
Total cholesterol (mg/dL 173.40±30.37 172.92±35.19 t: 0.063 0.950
Triglycerides (mM) (mg/dL) 113.80 (81-167) 140 (90.85-184.25) U: 538.00 0.326
LDL (mg/dL) 106.47±29.12 101.84±32.27 t:0.633 0.529
HDL (mg/dL) 40.83±8.80 43.36±9.35 t: -1.167 0.247
PAI 0.48±0.24 0.51±0.27 t: -0.553 0.582
CRP (mg/L) 4.12 (2.17-11.09) 3.15 (1.76-6.40) U: 658.00 0.185
TNF 23.53 (21.74-43.29) 23.00 (20.62-37.34) U: 857.00 0.560

Z: -0.583
NIHSS 5 (3-10)

BMI, Body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein, TNF-a, tumor necrosis factor-alpha; PAI, Plasma atherogenic 
index. Data are mean ± SEM.pvalues were calculated using Fisher’s exact test or Student’s t test, as appropriate
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DISCUSSION
This study showed a significant negative correlation 
between TNF-α and TG / atherogenic index in the patient 
group, while there was no significant correlation between 
blood lipid profile and TNF-α level in the control group. 
Moreover, in the patient group, TNF-α showed a significant 
positive relationship with the NIHSS score. Dyslipidemia, 
which is observed in patients with ACI, and its impact on 
death risk have been described in previous studies and 
dyslipidemia has been demonstrated as a correctable 
risk factor. It has been suggested in the literature that 
TNF-α, which is known as the proinflammatory cytokine, 
provides modulation by participating in a complex 
neuroinflammatory course, which is characterized by 
neuroprotective and neurotoxic features and plays a 
central role in cerebral infarction (7). 

Hyperlipidemia, oxidative stress and inflammation lead 
to the initiation and development of atherosclerosis (12). 
Previous reports have revealed that atherosclerosis is 
associated with high serum concentrations of TG, TC and 
LDL-C (13). Other reports have suggested that excess 
LDL-C could be oxidized, and foam cells may induce 
the formation of atherosclerotic plaques (12). Abnormal 
lipid metabolism can lead to various problems in signal 
transduction and inflammation process (14). Besides, 
pro-inflammatory mediators circulating in peripheral 
blood vessels could induce atherosclerosis or de-stabilize 
atherosclerotic plaque, hence increasing the odds of 
ischemic stroke (15).

It has also been found that TNF-α, which is a pleiotropic 
cytokine, plays a crucial role in promoting and accelerating 
the progression of atherosclerosis (10). For example, they 
may not only contribute to the endothelial dysfunction 
and coagulation process, but also indirectly contribute 
to the process of vascular diseases (16). The potential 
correlation between TNF-α and hyperlipidemia in various 
disease groups has been investigated. Espinoza et al. 
observed a positive association between TNF-α and 
plasma triglycerides in patients receiving peritoneal 
dialysis (17). On the other hand, Stepanova et al. did not 
determine a significant correlation between TG level and 
TNF-α concentration in relatively few patients receiving 

peritoneal dialysis (18). There are limited studies in the 
literature regarding the interactions between blood lipids 
and TNF-α in patients with ACI. In our study, no significant 
difference was found between the groups in terms of 
TNF-α levels. Furthermore, TNF-α showed a negative 
correlation with TG in the patient group. 

In addition, another study revealed that TNF-α released 
from the brain can increase apoptosis by the ischemic 
process (19). The impact of ischemia-induced cerebral 
tissue inflammation on serum levels of cytokines has been 
examined by Emsley et al (20). It has been underscored 
that TNF-α is associated with early worsening of stroke 
and poor prognosis. Consistent with this information, 
similarly, a positive correlation was shown between 
TNF-α and NIHSS in our study. It has been discussed that 
the cytokine level, which does not make any difference 
initially, could reach a significant level after a few days 
to a few months in acute stroke patients. The reason for 
the lack of difference in TNF-α levels in our study may be 
due to the short plasma half-life of cytokines, low serum 
concentration responses, and methodological features 
(21).

It has been revealed by Zhao et al. that the cytokine, 
which has multifaceted interactions, increases the flow of 
adipocyte cholesterol when administered in a certain dose 
range, but reduces the efflux at higher concentrations 
(22). On the other hand, contradictory results have been 
observed on the lipid profile in some diseases for which 
anti-TNF therapy is implemented. Some studies have 
shown that anti-TNF therapy is significantly associated 
with an increase in HDL levels and not with changes in 
other lipid parameters (LDL, TG, TC) (23, 24). On the 
contrary, some data suggested that anti-TNF therapy was 
significantly associated with an increase in TG levels (25, 
26). We consider that the association of TNF-α with blood 
lipids in terms of both neuroprotection and neurotoxicity 
may be crucial for patients with ACI.

Cumulative data suggest that TNF-α may impair the 
regulation of energy metabolism and lipid metabolism 
in some pathological conditions (27). Therefore, TNF-α 
may be a treatment target for some diseases. Although 
treatment with agents that block TNF-α actions in acute 

Table 2. Correlations between plasma lipids and TNF alpha in our groups

r/rho coefficient p r/rho coefficient p
Glucose (mg/dL) -0.067 0.669 -0.152 0.382
Total cholesterol (mg/dL) 0.052 0.742 0.119 0.546
Triglycerides (mM) (mg/dL) -0.319 0.037 0.266 0.164
LDL (mg/dL) 0.008 0.962 0.036 0.857
HDL (mg/dL) 0.015 0.922 -0.029 0.883
PAI -0.321 0.036 0.237 0.216
NIHSS 0.455 0.002 - -

PAI: Plasma atherogenic index, NIHSS: National Institute of Health Stroke Scale
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inflammatory conditions such as sepsis has been proven 
to exacerbate the disease, this therapy has been found 
to be very useful in the case of chronic inflammation 
(28). In addition, plasma cholesterol concentration has 
been shown to be consistently suppressed in all acute 
situations associated with elevated TNF-α levels (28). In 
experimental observations, anti-TNF agents successfully 
treat experimental stroke, and this offers a positive 
approach to successful treatment options (29). Eventually, 
multifaceted interactions between TNF-α, blood lipids, 
and ischemic stroke could provide us with crucial data 
which can guide us in treatment.

In our correlation analysis, TNF-α levels show a negative 
correlation with TG and PAI. Albeit TNF-α induced 
hyperlipidemia is well known as cytokines-induced 
hyperlipidemia, genetic variations in TNF-α may have an 
impact on the type of these dyslipidemic changes (30). 
Normally, TNF-α administered exogenously may lead to 
hyperlipidemia in the healthy population, yet the negative 
correlation of TNF-α in patients with ACI might also have 
occurred due to early assessment of the data.

LIMITATIONS
The main limitation of this study is the small number 
of study participants. For the reliability of the results, it 
is considerably important to provide a data set on large 
sample groups and by eliminating vascular risk factors. 
In addition to that, cytokine levels were measured only 
once. Repeated measurements could contribute to the 
analysis of results from different perspectives. As a third 
limitation, we did not assess the CSF concentrations of 
cytokines. Lastly, no correlational analysis was conducted 
and provided regarding the long-term follow-up of the 
patients. Ischemic stroke is a complex disease. In this 
study, we did not put forward a definitive impact of the 
correlation between TNF-α and dyslipidemia in patients 
with ACI, considering that the patient series was generated 
by removing serious infections particularly during the 
period of pandemic and the study had a cross-sectional 
design. However, we are of the opinion that it has provided 
remarkable information for further studies on this subject.

CONCLUSION
In conclusion, our cross-sectional study showed that in a 
close interaction range between high TG and atherogenic 
index with cerebral infarction and low TNF-α levels; this 
may be an indication for different studies on the importance 
of TNF-α in cerebral infarction. In addition, we consider 
our work to provide useful preliminary information that is 
essential for further research in this field and forms the 
basis for large-scale research.
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