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Introduction  
 

Stroke is currently the second leading cause of 
death in the world and is a common and frequent 
disease in neurological department (1). Post-
stroke depression (PSD) is an affective disorder 
characterized by indifference, depression, lack of 
interest, anxiety and somnipathy and even suicide 
after stroke. The incidence rate of PSD is as high 
as 39%-52% (2). Its occurrence mechanism has 
become a research focus, mainly including im-

mune factors, inflammatory response, nutritional 
cytokines and cytokines-neuro-endocrine-
immune network, etc. (3). In recent years, in-
flammatory cytokines, such as interleukin (IL), 
tumor necrosis factor (TNF), C-reactive protein 
(CRP), have become a research focus.  
In this study, we wanted to provide an effective 
solution for the diagnosis, treatment and preven-
tion of PSD by collecting a large number of sam-

Abstract 
Background: We aimed to investigate the correlations of the inflammatory response factors, interleukin-6 (IL-
6), tumor necrosis factor-α (TNF-α), high-sensitivity C-reactive protein (CRP), with patients with post-stroke 
depression (PSD), so as to provide a basis for the treatment and prevention of PSD for patients.  
Methods: The clinical laboratory data of 60 patients with PSD in The Second Affiliated Hospital of Qiqihar 
Medical University, Qiqihar, China from July 2016 to July 2017 and those of another 60 stroke patients with-
out PSD admitted in the same period were analyzed retrospectively. The expression levels of inflammatory 
response factors in the two groups of patients and in PSD patients with different levels of depression were 
compared and analyzed via statistical methods. Multiple Logistic regression analysis was used to determine 
whether inflammatory response factors were independent risk factors for PSD patients.  
Results: The expression levels of IL-6, TNF-α and CRP in patients with PSD were significantly increased 
compared with those in patients without PSD, and the differences were statistically significant (t=6.429, 
t=6.355, t=5.792, P<0.001). The levels of IL-6, TNF-α and CRP had statistically significant differences be-
tween any two groups of mild, moderate and severe PSD patients (P<0.05). Results of multiple Logistic re-
gression analysis revealed that the odds ratio (OR) values of inflammatory factors (IL-6, TNF-α and CRP) 
were 1.160, 1.099 and 1.248, respectively, and the corresponding p values were 0.020, 0.039 and 0.007 in pa-
tients of observation group, indicating the above three inflammatory response factors were independent risk 
factors for PSD.  
Conclusion: The clinic control on the expression levels of inflammatory response factors (IL-6, TNF-α and 
CRP) are extremely important for the treatment and prevention of PSD. 
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ples to statistically analyze the relationship be-
tween each indicator and PSD. 
 

Materials and Methods 
 

Clinical data 
A total of 120 patients with stroke admitted in 
the Neurological Department of The Second Af-
filiated Hospital of Qiqihar Medical University, 
Qiqihar, China from July 2016 to July 2017 were 
selected. All the included patients were in line 
with the diagnostic criteria raised by the Fourth 
National Academic Meeting for Cerebrovascular 
Disease in 1995. The past medical history (hyper-
tension history, diabetes history, smoking history, 
drinking history and stroke history) and general 
data (occupation and degree of education) of pa-
tients in the two groups were collected to con-
duct the statistical analysis. 
The study was approved by the Ethics Commit-
tee of the Second Affiliated Hospital of Qiqihar 
Medical University and written informed con-
sents were signed by the patients. 
Inclusion criteria: Patients with cerebral hemor-
rhage or cerebral infarction at first onset, patients 
without consciousness disorder, severe language 
dysfunction, cognitive disorder and who can an-
swer questions of clinician and fill in the form, 
patients with single acute responsible nidus and 
patients who did not conceal any personal emo-
tions or disease condition and who and whose 
families signed the informed consent. 
Exclusion criteria: Patients with severe neurologi-
cal deficit symptoms [the National Institutes of 
Health Stroke Scale (NIHSS) score>24 points] or 
accompanied by consciousness disorder, patients 
with severe language disorders, such as sensory 
aphasia, severe motor aphasia or apraxia, failing 
to cooperate to complete the Hamilton Depres-
sion Scale (HAMD) score, patients suffering 
from mental disorders, such as schizophrenia or 
depression in the past, patients with severe cogni-
tive disorder, patients with severe heart disease, 
lung disease, cancer, severe infections or organ 
dysfunction diseases, or patients with autoim-
mune diseases or long-term use of immunosup-
pressive agents. 

Grouping 
PSD group (observation group): There were 60 
patients with the HAMD score≥7 points in ob-
servation group, including 25 males and 35 fe-
males with an average age of (56.23±13.17) years 
old. According to the severity of depression and 
HAMD score, the PSD group was divided into 
mild (n=24, 8 points≤ HAMD score≤ 16 points), 
moderate (n=26, 17 points≤ HAMD score≤ 24 
points) and severe group (n=10, HAMD score≥ 
24 points). 
Stroke without depression group (control group): 
A total of 60 stroke patients without depression 
admitted into The Second Affiliated Hospital of 
Qiqihar Medical University in the same period 
were selected as control group, including 28 
males and 32 females with an average age of 
(54.38±11.20) years old. 
 
Test methods 
IL-6, TNF-α and CRP detection methods: Ante-
cubital venous blood were drawn from all sub-
jects within 24 hours after admission, placed in 
the anticoagulant tube and sent to the laboratory 
in The Second Affiliated Hospital of Qiqihar 
Medical University. Blood samples were placed 
under low temperature and centrifuged to be 
tested. The main measurement method was ELI-
SA.  
All the included patients were assessed according 
to the HAMD under the instructions of psychia-
trists with rich experience in the hospital, and 
they were all in accordance with the diagnostic 
criteria of depression raised by the American 
Manual of Mental Disorders: HAMD≤7 points 
for no depression, 8 points≤ HAMD score≤ 16 
points for mild depression, 17 points≤ HAMD 
score≤ 24 points for moderate depression, and 
HAMD≥ 24 points for severe depression. 
 
Statistical processing  
The data of this study were all processed with 
Statistical Product and Service Solutions (SPSS) 
22.0 (Chicago, IL, USA). The comparisons of 
enumeration data were based on the chi-square 
test statistical method, and the measurement data 
were described as mean ± standard deviation 
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(x±s). The measurement data of the two groups 
were compared via independent-samples t test. 
Multiple Logistic regression analysis was applied 
to predict the risk factors. P<0.05 suggested that 
the difference was statistically significant. 
 

Results 
 
Comparisons of clinical data between the two 
groups of patients 
There were no statistically significant differences 
between observation group and control group in 
gender, age, occupation, educational level, alco-
hol and tobacco history, history of hypertension, 
history of coronary heart disease and stroke type 
(P=0.581, 0.835, 1.00, 0.577, 0.831, 0.468, 0.707, 
0.433, 0.680). The difference was statistically sig-
nificant in the history of stroke complicated with 
diabetes (P=0.030, Table 1). 
 

Comparisons of changes in expression levels 
of serum inflammatory response factors in 
the patients of two groups 
The differences between observation group and 
control group in the inflammatory response fac-
tors (IL-6, TNF-α and CRP) were statistically 
significant (P<0.05, Table 2). 
 

Comparisons of expression levels of serum in-
flammatory response factors in patients with dif-
ferent depression degrees in observation group  
The pairwise comparisons of IL-6, TNF-α and 
CRP in patients with different depression degrees 
in observation group showed statistically signifi-
cant differences (P<0.05, Table 3). 
 

Logistic regression analysis 
In observation group, IL-6, TNF-α and CRP and 
other indicators were analyzed through multiple 
Logistic regression analysis (Table 4).  

 

Table 1: Comparisons of age, gender, past medical history and general data of the two groups of patients (Each 
n=60) 

 

General data Observation group 
n(%) 

Control group n(%) x² P 

Gender (male) 25 (47.8) 28 (52.2) 0.304 0.581 

Age (>45 yr old)） 44 (49.4) 45 (50.6) 0.043 0.835 

Occupation (with) 19 (50.0) 19 (50.0) 0.000 1.000 
Degree of education (above high school) 26 (53.1) 23 (46.9) 0.310 0.577 
Smoking history ( Yes ) 14 (48.3) 15 (51.7) 0.045 0.831 
Drinking history ( Yes ) 18 (54.5) 15 (45.5) 0.527 0.468 
Hypertension history (Yes ) 38 (51.4) 36 (48.6) 0.141 0.707 
Diabetes history ( Yes ) 24 (64.9) 13 (35.1) 4.728 0.030* 
History of coronary heart disease ( Yes ) 13 (56.5) 10 (43.5) 0.616 0.433 
Cerebral ischemic stroke (Yes) 43 (48.9) 45 (51.1) 0.170 0.680 

Notes: There is no statistical significance between the two groups in terms of age, gender, smoking and drinking history, histo-
ry of hypertension, history of coronary heart disease and stroke type (P>0.05). In observation group, the number of patients 
complicated with diabetes is significantly larger than that in control group, and the difference is statistically significant * P<0.05  

 

Table 2: Comparisons of changes in expression levels of serum inflammatory response factors in the patients of two 
groups 

 

Variable Observation group 
(n=60) 

Control group 
(n=60) 

t P 

CRP (mg/L) 13.45±4.46 9.25±3.40 5.792 <0.001 
IL-6 (pg/L) 16.83±6.51 10.50±3.81 6.492 <0.001 
TNF-α (pg/L) 25.65±9.24 17.29±4.27 6.355 <0.001 

Notes: The levels of IL-6, TNF-α and CRP in observation group and control group have statistically significant differ-
ences (P<0.05) 
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Table 3: Comparisons of serum inflammatory response factor expression levels in patients with different depression 
degrees in observation group 

 

Variable IL-6 (pg/L) TNF-α (pg/L) CRP (mg/L) 
Mild depression 11.79±3.84 16.87±4.93 10.19±2.46 
Moderate depression 17.81±2.80 29.45±4.66 14.78±4.19 
t 6.359 9.256 4.661 
P <0.001 <0.001 <0.001 

Mild depression 11.79±3.84 16.87±4.93 10.19±2.46 
Severe depression 27.11±4.33 37.56±3.41 17.81±3.39 
t 10.200 12.054 7.399 
P <0.001 <0.001 <0.001 
Moderate depression 17.81±2.80 29.45±4.66 14.78±4.19 
Severe depression 27.11±4.33 37.56±3.41 17.81±3.39 
t 7.625 4.985 2.236 
P <0.001 <0.001 0.037 

Notes: The pairwise comparisons of inflammatory response factors in patients with different degrees of PSD show 
statistically significant differences. The higher the degree of depression is, the higher levels of inflammatory response 
factors will be 
 

Table 4: Multiple Logistic analysis of indicators (IL-6, TNF-α and CRP) in observation group 
 

Variable B S. E Wald OR P 95% CI 

IL-6 (pg/L) 0.128 0.058 4.915 1.160 0.020 1.015-1.273 
TNF-α (pg/L) 0.097 0.041 5.642 1.099 0.039 1.017-1.194 
CRP (mg/L) 0.144 0.070 4.229 1.248 0.007 1.007-1.326 

Notes: Indicators, such as IL-6, TNF-α and CRP, are important risk factors for PSD patients 

  

Discussion 
 
PSD is an affective disorder that occurs after 
stroke. The main clinical manifestations include 
depression, sleep disorder, sense of worthless-
ness, self-blame and even suicide. It mainly oc-
curs within 1-2 months after stroke, whose path-
ogenesis is not yet fully understood at present. 
However, with the development of medicine and 
clinical understanding and research on PSD, 
more and more studies have proposed that PSD 
patients are accompanied by changes of inflam-
mation cytokines (IL-6, TNF-α and CRP) and 
that the above inflammation cytokines participate 
in or mediate the formation of depression. This 
paper aims to further discuss the pathogenesis 
and treatment of PSD by retrospective compara-
tive analysis of differences of the IL-6, TNF-α, 
CRP and other indicators in the stroke patients 
and PSD patients through statistical methods (4). 

In this study, no significant correlations between 
PSD patients and stroke patients in terms of 
gender, age, education level, occupation, drinking 
history, smoking history, history of hypertension, 
history of coronary heart disease and stroke type 
were found. However, there was a certain corre-
lation in history of diabetes between them. At 
present, there is no consensus that to which kind 
of complicated disease history PSD is related in 
China and overseas. It is mostly thought that the 
more the complications are, the higher the risk of 
PSD will be (5). The reason may be that the cor-
relation between PSD and hyperglycemia is main-
ly related to insulin-like growth factor-1 (IGF-1), 
and blood glucose and immune factors can affect 
the level of IGF-1 in blood. Blood IGF-1 level in 
patients with diabetes and depression has signifi-
cant changes, which is consistent with the result 
of another study (6). Serum IGF-1 level in PSD 
patients at different degrees of depression is dif-
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ferent and the difference is statistically significant, 
which might be related to the fact that serum 
IGF-1 level could lead to PSD due to its impact 
on hypothalamus-pituitary-adrenal axis (7). How-
ever, its specific role in the pathogenesis of PSD 
still needs more discussion, so a certain correla-
tion between diabetes and PSD may be related to 
the influence on the serum IGF-1 level. 
We found that levels of IL-6, TNF-α and CRP 
and other inflammatory factors in observation 
group were significantly different from those in 
control group. The levels of IL 6, TNF-α and 
CRP in serum of patients with PSD at different 
levels were significantly different between any 
two groups in observation group. The injured 
brain tissues of PSD patients had degeneration, 
edema and necrosis and secreted a large number 
of inflammatory cytokines such as IL-6, TNF-α 
and CRP. The reasons why inflammatory cyto-
kines can cause depression may be related to the 
following aspects:  
a) Inflammatory factors affect the concentration, 
quantity, function, transport and update of mon-
oamine neurotransmitters in neuronal synapses 
by acting on monoamine neurotransmitters such 
as serotonin and norepinephrine, leading to the 
decrease in their quantity or function. Monoam-
ine neurotransmitters play an important role in 
the maintenance of nervous system excitability, 
so the decrease in their number or function will 
result in the occurrence of depression.  
b) Inflammatory factors affect the limbic system- 
hypothalamo-pituitary-adrenal (HPA) axis: The 
HPA axis promotes cortisol secretion in the body 
by activating the hypothalamus, pituitary and ad-
renal glands. Cortisol in the normal range inhibits 
the release of inflammatory cytokines, whereas 
excessive cortisol can damage nerve cells through 
cytotoxicity. The release of a large number of in-
flammatory cytokines activates the HPA axis, re-
sulting in its over-excitement that secretes large 
quantities of cortisol, leading to nerve cell dam-
age.  
Inflammatory factors may affect the generation 
of brain derived neurophic factor (BDNF) via 
some neural pathways. BDNF plays an important 
role in the structure and function of the brain 

regions which are responsible for the regulation 
of depression, and plays a crucial role in the pro-
liferation and differentiation of neural cells and 
the reduction in its amount affects the neuro 
plasticity (8). Peripheral inflammatory response 
can lead to depression, the inflammatory factors 
(IL-6, TNF-α and CRP) are mainly synthesized 
by monocytes and produce inflammatory re-
sponse and promote immune response (9-11). 
The above inflammatory factors lead to neuro-
transmitter secretion disorders in the body, thus 
resulting in depression (12). Inflammatory factors 
IL-6, TNF-α and CRP are important risk factors 
for PSD, suggesting that it is crucial to reduce the 
inflammatory response during the treatment for 
PSD patients (13). 
 

Conclusion 
 
There is a clear correlation of serum inflammato-
ry response factors with PSD patients. To some 
extent, the expression levels of the former reflect 
the severity of the disease in PSD patients and 
the active control of PSD patients with elevated 
levels of serum inflammatory response factors 
can reduce the incidence of PSD and improve life 
quality of patients. Therefore, the regulation of 
serum inflammatory response factors may be-
come a new way to prevent and treat PSD. 
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