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Purpose: Post-stroke depression (PSD) is one of the emotional disorders after the onset of 
stroke. Many studies have indicated that inflammatory processes can promote the occurrence 
and development of PSD. The purpose of our study was to explore the potential relationship 
between PSD and two inflammatory biomarkers: inducible nitric oxide synthase (iNOS) and 
macrophage inflammatory protein 1α (MIP-1α).
Methods: In total, 80 patients diagnosed with depression after the first-ever acute ischemic 
stroke were enrolled in PSD group consecutively. During the same period, 40 non-depressed 
patients following the first-ever acute ischemic stroke and 40 healthy control subjects were 
recruited as non-PSD group and normal group, respectively. All participants have performed 
serum iNOS and MIP-1α level examination with enzyme-linked immunosorbent assay 
(ELISA). The severity of depressive symptoms was evaluated by the 24-item Hamilton 
Depression Scale (HAMD-24).
Results: Serum iNOS and MIP-1α levels were significantly higher in PSD group than those 
in non-PSD and normal groups (P < 0.001). Serum iNOS and MIP-1α levels of PSD patients 
with varying degrees of depression were significantly different, serum iNOS and MIP-1α 
levels became higher as the depressive symptoms became more severe (P < 0.05). There was 
a positive correlation between the elevated levels of iNOS, MIP-1α and HAMD scores (r = 
0.262, 0.209, P < 0.05). Logistic regression analysis showed that both serum iNOS and MIP- 
1α levels were independently associated with PSD (OR = 2.790, 95% CI: 0.712–10.933, P < 
0.05 and OR = 1.922, 95% CI: 0.648–9.815, P < 0.05, respectively) after adjustment for 
possible relevant confounders.
Conclusion: High serum levels of iNOS and MIP-1α were found to be associated with the 
development of PSD and closely related to its severity.
Keywords: post-stroke depression, inducible nitric oxide synthase, macrophage 
inflammatory protein 1α, HAMD scores

Introduction
Stroke has become the third disabling and the second mortal disease around the 
world.1 In recent years, although great progress has been made in the prevention 
and treatment of stroke, it remains an urgent problem to be solved due to its high 
recurrence rate and serious complications.2,3 Stroke survivors tend to be left with 
different degrees of physical and psychiatric disabilities.4 In recent years, psychic 
syndrome after stroke has drawn increasing attention, such as post-stroke depres-
sion (PSD), more than one-third of stroke survivors experience varying degrees of 
depressive symptoms at any time during follow-up.5 The main clinical symptoms of 
PSD include somnipathy, depression, anxiety and even suicide.6 The etiology and 
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pathogenesis of PSD are multifactorial and have not been 
fully understood.7 Therefore, it is of great significance to 
reveal more detailed pathophysiological mechanisms and 
find more convincing biological markers about PSD.

Previous studies have found that the L-arginine-NO- 
cyclic guanosine monophosphate (cGMP) signaling path-
way participates in the pathogenesis of mood disorders 
including depression.8 As a signal molecule, nitric oxide 
(NO) can be synthesized by three isoforms of nitric oxide 
synthases (NOSs) and can regulate behavioral, cognitive 
and emotional processes under normal conditions.9 Of the 
three isoforms of NOSs, inducible nitric oxide synthase 
(iNOS) is mainly involved in the production of NO under 
inflammatory conditions and particularly relevant to neu-
ropsychiatric disorders.9 Some studies have suggested that 
iNOS can induce the occurrence and development of 
depression through neuroinflammatory signaling 
pathways.10 In addition, some investigations have con-
firmed that the expression of iNOS was increased in 
depressed patients.11,12 Moreover, a study suggested that 
injecting iNOS inhibitor aminoguanidine into one side of 
the hippocampus significantly inhibited depression-like 
behaviors induced by chronic unpredictable mild stress 
(CUMS).13 Another study found that after antidepressant 
treatment in a vivo model of depression, the production of 
NO was decreased by inhibiting the expression of iNOS.14 

The possible mechanism is that inhibiting iNOS signaling 
pathway may alleviate depressive symptoms by exerting 
anti-inflammatory and neuroprotective effects.15

Macrophage inflammatory protein 1α (MIP-1α) belongs 
to a member of the CC subfamily of chemokines and its 
release is considered a crucial process in the recruitment of 
inflammatory cells during initiation and subsequent mainte-
nance of inflammatory responses.16 It has been suggested 
that MIP-1α may be involved in the development of depres-
sive symptoms through the recruitment of inflammatory 
cells.17 Besides, iNOS can regulate the production of MIP- 
1α. After inducing the production of NO in the wild-type 
mice, the levels of MIP-1α was increased, but for the iNOS 
gene knockout mice, the release of MIP-1α was not 
affected.18 Moreover, the expression of MIP-1α was signifi-
cantly inhibited by NOS inhibitor.19 Based on the above 
evidence, iNOS and MIP-1α may jointly lead to the occur-
rence of depressive symptoms. Nevertheless, the specific 
mechanism of the influence of iNOS and MIP-1α on PSD 
is still unclear.

Therefore, the main aim of our study was to explore 
whether the elevated levels of iNOS and MIP-1α can 

promote the development of PSD in Chinese subjects so as 
to provide a specific basis for the future research of PSD.

Methods
Study Subjects
From October 2017 to January 2019, 80 patients diag-
nosed with depression following the first-ever acute 
ischemic stroke in the basal ganglia were enrolled in this 
study. During the same period, 40 non-depressed patients 
after the first-ever acute ischemic stroke in the basal gang-
lia and 40 healthy control subjects were screened consecu-
tively. This study was performed in the Affiliated Hospital 
of Hebei University. Inclusion criteria: (1) age 36–70 
years; (2) evidence of cerebrovascular disease was present 
before or at the time of the first onset of depressive 
symptoms and patients were admitted to hospital within 
3 days; (3) acute ischemic stroke was diagnosed with 
a cranial computed tomography (CT) or magnetic reso-
nance imaging (MRI) examination on admission; (4) 
patients had clear consciousness, cooperative physical 
examination, no mental retardation and aphasia. 
Exclusion criteria: (1) significant neurological illnesses 
other than stroke; (2) a previous history of psychiatric 
disorders or psychiatric treatment; (3) severe infection or 
organ damage such as heart, liver or kidney failure; (4) 
unable to cooperate with related examination due to var-
ious reasons. This is an observational clinical study 
approved by the Ethics Committee of the Affiliated 
Hospital of Hebei University (approved number: 
201722). Our study was performed in accordance with 
the ethical guidelines of the 1975 Declaration of 
Helsinki. All subjects provided written informed consent.

Baseline Information Collection
Demographic characteristics (sex, age, smoking and drink-
ing status, hypertension, type II diabetes, arrhythmia, cer-
ebral arteriosclerosis and lipid metabolism disorder) of all 
participants were recorded. The neurological function of 
all patients with acute ischemic stroke was assessed by the 
National Institutes of Health Stroke Scale (NIHSS) on 
admission.20

Assessment of Depression
The 24-item Hamilton Depression Scale (HAMD-24) was 
used to evaluate depression of all subjects. Patients with 
a HAMD score > 7 were diagnosed with PSD according to 
the Diagnostic and Statistical Manual of Mental Disorders 
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(5th edition) (DSM-V).21 The 80 patients diagnosed with 
depression after the first-ever acute ischemic stroke were 
enrolled in PSD group. The PSD group was divided into 
mild PSD group (8–16), moderate PSD group (17–23) and 
severe PSD group (≥ 24) according to HAMD scores.22 

During the same period, 40 non-depressed patients after 
the first-ever acute ischemic stroke and 40 healthy control 
subjects were recruited as non-PSD group and normal 
group, respectively.

Serum Sample Collection, Storage, and 
Measurements
For all participants, 4 mL fasting blood samples were 
drawn, let them stand for 30 minutes at room temperature 
and then centrifuged (3000 rpm, 10 min). The serum was 
separated and stored at −80°C immediately before the 
assays, avoid repeated freezing and thawing. The serum 
iNOS, MIP-1α concentrations were measured using 
a commercially available enzyme-linked immunosorbent 
assay (ELISA) (Bio-Techne China Co., Ltd. and Abcam, 
Trading Co., Ltd, Shanghai, China, respectively). The 
steps were carried out strictly in accordance with 
instructions.

Statistical Methods
Statistical analysis was performed with SPSS version 19.0 
software (SPSS Inc., Chicago, IL, USA). Continuous nor-
mal distribution measurement data were expressed as 
mean±standard deviation (SD), enumeration data were 
expressed as cases (n) or percentage (%). The Chi-square 
(x2) test was used for the comparison of enumeration data, 
t-test or analysis of variance was used for the comparison 

of measurement data. The correlation between HAMD 
scores and the levels of serum iNOS and MIP-1α was 
analyzed by the Pearson correlation coefficient analysis. 
After adjustment for potential confounders, stepwise bin-
ary logistic regression was used to identify predictors of 
occurrence of PSD, potential confounding factors were 
selected based on previously identified risk factors. P < 
0.05 was regarded as statistically significant in two-tailed 
tests.

Results
Baseline Characteristics
In this study, 80 PSD patients with an average age of 54.7 
±11.36 years and 40 non-depressed patients after stroke 
with an average age of 53.8±10.93 years constituted the 
PSD group and non-PSD group, respectively. The general 
clinical situations of all patients with acute ischemic stroke 
are shown in Table 1. No significant differences were 
found between depressed patients and non-depressed 
patients after acute ischemic stroke with regard to sex, 
age, NIHSS scores, smoking and drinking status, hyper-
tension, type II diabetes, arrhythmia, cerebral arterio-
sclerosis and lipid metabolism disorder (all P > 0.05).

Relationship Between Serum iNOS and 
MIP-1α Levels and PSD
Our study investigated the difference in serum iNOS and 
MIP-1α levels among PSD group, non-PSD group and 
normal group. Serum iNOS and MIP-1α levels were sig-
nificantly higher in PSD group than those in non-PSD 
group (F = 289.41, 62.49, P < 0.001). Compared with 
the normal group, serum iNOS and MIP-1α levels of the 

Table 1 Clinical Baseline Characteristics of PSD and Non-PSD Patients

Variables Non-PSD Group 
(N = 40)

PSD Group 
(N = 80)

x2/t P-value

Sex (male/female) 23/17 46/44 0.454 0.501

Age (years, mean±SD) 54.7±11.36 53.8±10.93 1.061 0.125
Smokers (yes/no) 17/23 31/49 0.156 0.963

Alcohol consumers (yes/no) 12/28 28/52 0.300 0.584

NIHSS score (> 5/≤ 5) 16/24 30/50 0.079 0.791
Hypertension (yes/no) 29/11 53/27 0.481 0.488

Type II diabetes (yes/no) 16/24 19/61 3.408 0.065

Arrhythmia (yes/no) 8/32 10/70 1.176 0.278
Cerebral arteriosclerosis (yes/no) 14/26 27/53 0.019 0.892

Lipid metabolism disorder (yes/no) 12/28 29/51 0.463 0.496

Notes: Measurement data were expressed as mean±SD, enumeration data were expressed as cases (n). P < 0.05 indicated statistical significance. 
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; PSD, post-stroke depression.
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non-PSD group were higher, but there was no statistical 
significance (P > 0.05). As shown in Table 2.

Relationship Between Serum iNOS and 
MIP-1α Levels and HAMD Scores
The 80 patients in PSD group comprised 34 with symptoms 
of mild depression (42.5%), 27 with moderate depression 
(33.75%), and 19 with severe depression (23.75%). The 
HAMD scores of PSD patients were ranged from 8 to 35 
and the average score was 21.05±2.59. Serum iNOS and 
MIP-1α concentrations of PSD patients with varying degrees 
of depression were significantly different (F = 43.27, 4.91, 
P < 0.05). The severe PSD group had significantly higher 
levels of iNOS and MIP-1α than the moderate and mild PSD 
groups (P < 0.05). Compared with the mild PSD group, 
serum iNOS and MIP-1α levels of the moderate PSD 
group were higher (P < 0.05). As shown in Table 3.

We further investigated whether there was a correlation 
between serum iNOS and MIP-1α levels and the severity of 
depression. Pearson correlation coefficient analysis 

confirmed that HAMD scores were positively related to 
serum iNOS and MIP-1α levels (r = 0.262, 0.209, P < 0.05).

A Logistic Regression Analysis for 
Depression in Stroke Patients
After adjustment for the sex, age, current smoking and 
drinking status, NHISS scores, hypertension, type II dia-
betes, arrhythmia, cerebral arteriosclerosis and lipid meta-
bolism disorder, logistic regression analysis showed that 
iNOS was an independent predictor of PSD with an 
adjusted OR of 2.790 (95% CI: 0.712–10.933, 
P < 0.05). In addition, MIP-1α, was also taken as 
a continuous variable, can independently predict the 
development of depression after acute ischemic stroke 
with an adjusted OR of 1.922 (95% CI: 0.648–9.815, 
P < 0.05). As shown in Table 4.

Discussion
There were some important findings of our study. First, 
compared with subjects without depression, serum iNOS 
and MIP-1α levels were increased significantly in the 
PSD patients. Second, serum iNOS and MIP-1α levels 
differed significantly between PSD patients with different 
degrees of depression, the levels of iNOS and MIP-1α 
became higher as the depressive symptoms became more 
severe. Third, a positive association was found between 
serum iNOS, MIP-1α levels and HAMD scores. Finally, 
the levels of iNOS and MIP-1α were independently asso-
ciated with PSD. Overall, this study indicated that ele-
vated iNOS and MIP-1α levels were associated with the 
development of PSD, measuring serum iNOS and MIP- 
1α levels maybe have a promising evaluation value 
for PSD.

PSD is one of the emotional disorders after the onset of 
stroke and predicts poor outcomes of stroke.23 In recent 
years, many studies have shown that inflammation 
responses play a crucial role in the pathophysiology of 
PSD, the expression of inflammatory markers was 
increased in the depressive disorders after stroke.24 It has 
been found that both iNOS and MIP-1α play a vital role in 
the occurrence of depressive disorders and the levels of 
them were increased.25,26 However, there is no direct 
evidence to confirm the association between iNOS and 
MIP-1α levels and depression after acute stroke. Our 
study filled this gap and found PSD patients had higher 
iNOS and MIP-1α levels than non-PSD patients as well as 
normal controls.

Table 2 Comparison of the Serum iNOS and MIP-1α Levels of 
PSD Group, Non-PSD Group and Normal Group

Groups iNOS (U/mL) MIP-1α (ng/L)

Normal group (N = 40) 5.54±0.86 10.02±1.55

Non-PSD group (N = 40) 16.79±2.70a 24.75±7.72a

PSD group (N = 80) 21.65±2.93ab 29.44±9.70ab

F value 289.41 62.49
P value < 0.001 < 0.001

Notes: Measurement data were expressed as mean±SD. aReflects the comparison with 
normal group, P < 0.05 and b reflects the comparison with non-PSD group, P < 0.05. 
Abbreviations: PSD, post-stroke depression; iNOS, inducible nitric oxide 
synthase; MIP-1α, macrophage inflammatory protein 1α.

Table 3 Comparison of the Serum iNOS and MIP-1α Levels of 
PSD Patients with Different Severity of Depression

Groups iNOS (U/mL) MIP-1α (ng/L)

Mild PSD group (N = 34) 18.31±2.17 26.14±10.38

Moderate PSD group (N = 27) 22.98±3.24a 29.81±9.58a

Severe PSD group (N = 19) 25.73±3.60ab 34.82±8.51ab

F value 43.27 4.91

P value < 0.05 < 0.05

Notes: Measurement data were expressed as mean±SD. aReflects the comparison 
with mild PSD group, P < 0.05 and bReflects the comparison with moderate PSD 
group, P < 0.05. 
Abbreviations: iNOS, inducible nitric oxide synthase; MIP-1α, macrophage inflam-
matory protein 1α; PSD, post-stroke depression.
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The primary mechanism about increased iNOS levels 
affecting the occurrence and development of PSD is that 
iNOS can induce excess NO production which can pro-
duce neurotoxicity under the action of reactive oxygen 
species (ROS) and reactive nitrogen species (RNS).27,28 

Excess NO can further damage brain tissue and inactivate 
some enzymes in the brain, causing damage to DNA and 
mitochondria in cells, thereby blocking DNA replication 
and energy synthesis in cells. Besides, it can promote the 
inflammatory responses associated with depression and 
up-regulate the expression of inflammatory 
cytokines.29,30 Moreover, inflammatory cytokines can 
induce iNOS gene expression and the production of 
NO.31–33 On the other hand, under the condition of the 
low production of biogenic amines (such as serotonin and 
dopamine, both of them are associated with emotion reg-
ulation), iNOS can produce more ROS and RNS which 
can further aggravate the depressive symptoms.34

As a hippocampal neuromodulator, MIP-1α can regu-
late synaptic plasticity mechanisms involved in learning 
and memory functions. The concentration of MIP-1α in 
normal brain tissue is very low. Under the condition of 
ischemia and hypoxia, MIP-1α is increased and mainly 
comes from microglia cells which are the most significant 
number of white blood cells in brain tissue during 
ischemic brain injury.35,36 Stroke is a kind of ischemia 
and hypoxia disease, our study found that the MIP-1α 
levels of stroke patients without depression were also 
elevated compared with healthy subjects. Based on this 
result, we analyzed the association between MIP-1α and 
PSD. In addition to inducing cell migration, MIP-1α can 
induce the secretion of TNF-a, IL-1 and IL-6.17 Just like 
iNOS, MIP-1α may also interact with these inflammatory 
cytokines and influence depressive mood in stroke 
patients. With regard to clinical practice, several studies 
found that MIP-1α levels became higher as the depressive 
symptoms became more severe.37,38 Another research sug-
gested that the levels of MIP-1α were increased in 

depressed patients with cognitive disorders.26 Our results 
were compatible with those of the above report.

Logistic regression analysis showed that both serum 
iNOS and MIP-1α levels were a significant independent 
predictor of PSD after adjustment for underlying confound-
ing factors, this result further confirmed our speculation. So 
we can know that iNOS and MIP-1α may be another two 
potential biological markers except for BDNF, 5-HT, IL, 
TNF involved in the pathogenesis of PSD.39–42

This study had a few limitations. Firstly, the patients with 
disturbance of consciousness, mental retardation or other 
severe situations were not included after stroke, this might 
lead to some errors in our study results. Secondly, depression 
was evaluated only one method, so the assessment of depres-
sive symptoms may be partially limited. Finally, serum 
iNOS and MIP-1α were evaluated only once, so detecting 
the serum iNOS and MIP-1α levels by stages during the 
follow-up period, we could better observe the changes of 
inflammatory markers in PSD patients.

Conclusion
Overall, our study indicated that high serum levels of 
iNOS and MIP-1α were associated with PSD and closely 
related to the severity of depression after acute stroke, so 
stroke patients should be monitored for high iNOS and 
MIP-1α levels and followed up for appropriate interven-
tions. However, whether iNOS and MIP-1α can influence 
the occurrence and development of depression after stroke 
through their interaction with each other still needs further 
basic research and multicenter controlled study with 
expanded clinical samples, which may provide new ideas 
for the further study of PSD.
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β S.E. Wald P-value OR 95% CI
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