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Summary: Depression is an important post-stroke sequela with negative impact on mortality, functional 
outcome and quality of life. Changes in cytokines have been hypothesized to be associated with the eti-
ology of post-stroke depression (PSD). The altere dhypothalamic-pituitary-adrenal (HPA) functioning is 
associated with the onset of depression. The activity of HPA could induce the fluctuations of cortisol 
levels. In this study, we prospectively checked interleukin 6 (IL-6) and cortisol levels in patients with 
early ischemic stroke. It was hypothesized that early serum IL-6 and cortisol fluctuations in stroke pa-
tients were the predictions of PSD. Totally, 100 participants were selected from stroke inpatients con-
secutively admitted to the Department of Neurology, Tongji Hospital from July 2014 to December 2015. 
Fifty health people served as the controls. The serum of all the patients was collected at 8:00 am and 
4:00 pm respectively one week after stroke. The serum of controls was collected only at 8:00 am. The 
levels of IL-6 were analyzed by enzyme-linked immunosorbent assay kit, and those of cortisol were de-
tected by chemiluminescence immunoassay. On the 3rd week after stroke, the patients were enrolled to 
the PSD group and non-PSD group based on the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-Ⅳ) and The Hamilton Depression Rating Scale (HAMD-21, score>7). The IL-6 level 
(13.24±2.89 ng/L) was elevated significantly in PSD groups as  compared with that in non-PSD group 
and control group respectively (P<0.05 for both), but there was no significant difference in the IL-6 
level between non-PSD group and control group. The patients in both PSD group and non-PSD group 
had significantly elevated morning cortisol levels in comparison with those in the control group (P<0.05; 
for PSD, non-PSD and control: 508.86±119.51, 420.83±70.04 and 340.40±76.30 nmol/L respectively). 
Moreover, afternoon cortisol levels in PSD group were significantly higher than those in non-PSD group, 
and the morning baseline cortisol levels in these two groups were similar (P>0.05). It was suggested that 
PSD generally runs a chronic course and is related to a variety of adverse health outcomes including in-
creased disability, morbidity and mortality. This study will help the screening of potential PSD in the 
early stage. 
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 Depression is an important post-stroke sequela with 

negative impact on mortality, functional outcome and 
quality of life[1]. At least one third of stroke patients dis-
play mood symptoms at some time after the insult[2, 3]. 
Despite the high proportion of stroke patients developing 
mood symptoms, the biological underpinnings of PSD 
are still not clear. A bulk of interests have recently been 
addressed to the interaction between the immune system 
and major depression[4]. Changes in cytokines have been 
hypothesized to be associated with the etiology of PSD[5]. 
The altered hypothalamic-pituitary-adrenal (HPA) func-
tioning is associated with the onset of depression[6, 7]. 
Persistent HPA axis dysregulation occurs in up to 40% 
stroke patients[8]. The activity of HPA could induce the 
fluctuations of cortisol levels. In this study, we prospec-
tively checked the IL-6 and cortisol levels in patients 
with early ischemic stroke. The purpose of this study was 
to evaluate a cohort of patients with ischemia stroke and 
compare the IL-6 and cortisol fluctuations between pa-
tients with and without PSD during the study period. Our 
hypotheses were that early serum IL-6 and cortisol fluc-
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tuations in stroke patients were the predictions of the 
PSD. 
 
1 MATERIALS AND METHODS 
 
1.1 Participants  

Participants were selected from 130 stroke inpa-
tients consecutively admitted to the Department of Neu-
rology, Tongji Hospital from July 2014 to December 
2015. The inclusions were a first-ever stroke confirmed 
by MRI or CT scan and age between 18–80 years old. 
Exclusion criteria were: (1) transient ischemic attack; (2) 
impairment of communication or cognitive function 
[Mini-mental Status Examination (MMSE) score <15]; 
(3) history of depression, psychosis, severe substance 
abuse; (4) complicating with severe medical disorders; (5) 
taking antidepressants or immunosuppressant  at least 6 
months prior to the stroke. Fifty health people served as 
the controls. The serum of all the patients was collected 
at 8:00 am and 4:00 pm respectively one week after 
stroke. The serum of controls was collected only at 8:00 
am. The HAMD-21 was assessed on patients 3 weeks 
after stroke. Thirty patients dropped out. Therefore, 100 
patients finished the whole investigation. This study pro-
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tocol was approved by the Ethics Committee of Tongji 
Hospital.  
1.2 Determination of IL-6 and Cortisol 

Psychiatric interview and HAMD-21 were used to 
assess the depression at the 3rd week after stroke. De-
pression diagnosis was determined based on the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-
Ⅳ). Patients were enrolled to the PSD group and non-
PSD group according to DSM-Ⅳ and HAMD score (>7). 
The raters were well trained and had good interrater reli-
ability.   

The blood of all the participants was collected at 
8:00 am. For the analysis of the cortisol fluctuations, 
blood was also collected at 4:00 pm on the same day. The 
IL-6 levels were determined by quantitative assays with 
standard capture enzyme-linked immunosorbent assay 
kits from Jingmei Biological Engineering Co., Ltd. 
(China). The cortisol level was detected using standard 
chemiluminescence immunoassay by SIEMENS Labora-
tory Diagnostics Co., Ltd. (China). Blood obtained from 
the antecubital vein was collected in anticoagulant–free 
tubes after an overnight fasting in the early morning. 
Assays were performed according to the manufacturer’s 
directions. The results were expressed as concentrations 
of IL-6 (ng/L)  and cortisol (nmol/L) in serum.  

 
 

1.3 Statistical Analysis 
The statistical package for the Social Science 

(SPSS22.0) for Windows was used to analyse data. Stan-
dard statistics included means, medians, standard devia-
tions and percentages for frequency counts. Differences 
between groups were analyzed by Analysis of variance 
(ANOVA). P values under 0.05 were accepted to indicate 
significance.  
 
2 RESULTS 

 
100 patients with stroke met the inclusion criteria 

and completed the follow-up period. The demographic 
data are shown in table 1. At the end of the study, 34 pa-
tients suffered from PSD based on the diagnostic criteria 
of DSM-Ⅳ, including19 males, and 15 females. Cerebral 
infarction occurred in 18 cases, and cerebral haemor-
rhage in 14 cases. The mean ages of the patients in PSD 
group were 62.4±6.2 years old. There were 66 patients in 
the non-PSD group with 35 males and 31 females. Cere-
bral infarction occurred in 39 cases, and cerebral haem-
orrhage in 27 cases. The mean ages were 64.1±5.1. In the 
control group, there were 30 males and 20 females with 
mean age of 63.3±5.2 years old. No significant differ-
ences were observed in age and gender across the three 
groups. The types of stroke showed no significant differ-
ence between PSD group and non-PSD group.  

 
Table 1 Baseline data of the subjects 

PSD Non-PSD Control  
Indexes (n=34) (n=66) (n=50) 
Gender (male/female) 19/15 35/31 30/20 
Age (year) 62.4±6.2 64.1±5.1 63.3±5.2 
Stroke type (cerebral infarction /cerebral haemorrhage) 18/14 39/27 - 

 
 
The level of IL-6 (13.24±2.89 ng/L) was elevated 

significantly in PSD group as compared with non-PSD 
group and control group (P<0.05 for both). There was no 
significant difference in the level of IL-6 between non-
PSD group and control group (table 2). Furthermore, the 
cortisol levels in all the patients at 8:00 in the morning 
were also analyzed. Patients in both the PSD group and 
non-PSD group had significantly elevated morning corti-
sol levels in comparison with those in the control group 
(P<0.05; PSD: 508.86±119.51 nmol/L; non-PSD: 
420.83±70.04 nmol/L; control: 340.40±76.30 nmol/L). 
Moreover, patients in the PSD group had higher after-
noon cortisol levels than in the non-PSD group, while the 
morning baseline cortisol levels in those two groups 
were similar (P>0.05), which suggested there existed the 
alteration of cortisol circadian rhythm in the PSD group 
(table 3).  
 

Table 2 Comparison of IL-6 levels between groups 
Groups  IL-6 (ng/L) 
PSD (n=34) 13.24±2.89 
Non-PSD (n=66) 4.56±0.91* 
Control (n=50)                        4.13±0.84* 

*P<0.05 vs. PSD group            
 
 
 

Table 3 Cortisol level and circadian rhythm 
Cortisol (nmol/L) Groups 

8:00 16:00 
PSD (n=34) 508.89±119.51Δ 460.66±131.11 
Non-PSD (n=66) 420.83±70.04Δ 247.17±79.20* 
Control (n=50)            340.40±76.30 - 

*P<0.05 vs. PSD group; ΔP<0.05 vs. control group   
   
3 DISCUSSION 

 
PSD generally runs a chronic course and is related 

to a variety of adverse health outcomes including in-
creased disability, morbidity and mortality[9, 10]. Common 
mood symptoms after stroke include anxiety and feelings 
of despair as well as anhedonia[10, 11]. The overall occur-
rence of PSD was around 20%–50%. In our study, 34 of 
100 acute stroke patients met the diagnosis criteria of  
depression, which was consistent with previous report[12]. 
This study focused on immune and steroid changes in 
stroke patients with depression.  In the present study, we 
investigated the changes in IL-6 and cortisol levels one 
week after stroke. The results indicated that there were 
significant elevations of IL-6 in patients with PSD and 
proved the hypothesis the PSD was associated with in-
creased inflammation. On the other hand, patients in 
PSD group had significantly higher morning cortisol 
levels than in control subjects and higher afternoon corti-
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sol levels than in non-PSD group. Cortisol circadian 
rhythm disappeared in the PSD group. Although the ex-
act pathophysiology underlying elevated cortisol in PSD 
remains unclear, it is generally thought that this abnor-
mality is linked to reduced feedback inhibition of HPA 
axis activity[13]. 

Previous studies had found there was a significant 
positive correlation between depression and the level of 
IL-6[14, 15]. Increasing evidence has suggested that cyto-
kines may play a role in the pathophysiology of depres-
sion[16]. The “cytokine theory of depression” proposes 
that proinflammatory cytokines acting as neuromodula-
tors may mediate the behavioural and neurochemical 
features of depression[4, 17, 18]. Moreover, in the depres-
sion by these cytokines, the symptoms disappear after the 
treatment is finished or after antidepressant therapy[19]. 
Cytokines reduce 5-HT levels by lowering the availabil-
ity of its precursor tryptophan (TRP) through activation 
of the TRP-metabolising enzyme indoleamine-2,-3-
dioxygenase (IDO)[4]. The central action of cytokines 
may also account for the HPA axis hyperactivity that is 
frequently observed in depressive disorders, as proin-
flammatory cytokines may cause HPA axis hyperactivity 
by disturbing the negative feedback inhibition of circu-
lating corticosteroids (CSs) on the HPA axis[4]. Proin-
flammatory cytokines are important in normal synaptic 
and neural plasticity; but, high levels may have an ad-
verse effect on cellular processes leading to neuronal loss 
and neuronal atrophy, affecting behavioural systems[20]. 

The common opinion in psychoneuroimmunologi-
cal studies is that just as there is an increase in proin-
flammatory cytokines levels as a response to encounter a 
pathogen or to tissue damage, psychosocial stressors also 
cause an increase in the cytokine levels and mediate the 
communication between the immune system and the 
brain. In the current study, biologically based changes in 
brain function or psychological factors secondary to 
losses caused by stroke have been the main mechanisms 
proposed to explain the development of PSD. In the 
monoamine theory of depression[21], stroke could induce 
anatomical or biological changes, which may disrupt the 
serotonergic input arising from the dorsal and caudal 
raphe nuclei to the hypothalamus, amygdala, hippocam-
pus, striatum, brain-stem and neocortex. All these areas 
are believed to mediate depression[22]. Inflammatory re-
sponse has been hypothesized to link the brain ischemic 
injury and depressed mood disorders[5]. Overexpression 
of proinflammatroy cytokines has been observed follow-
ing acute cerebral ischemia[23, 24]. Proinflammatory cyto-
kines also stimulate the secretion of corticotrophin-
releasing hormone, adrenocorticotropic hormone and 
cortisol in HPA[25, 26]. The dysregulation of the HPA has 
an important role in the depressive disorders[26, 27]. The 
increase in IL-6 might be the contributor to this phe-
nomenon in patients with ischemic stroke. 

Abnormalities of cortisol secretion had been re-
ported in patients with PSD[28, 29]. Consistent with these, 
increased cortisol levels were also found in PSD patients. 
IL-6 stimulates the HPA axis, which leads to increased 
levels of cortisol in the peripheral blood[30]. The elevated 
level of cortisol might contribute to the impairments in 
neuroplasticity and cellular resilience, and down-
regulation of the glucocorticoid receptor’s sensitivity[31, 

32]. Increased glucocorticoid levels may worsen ischae-

mic brain damage[33]. Furthermore, hyper-cortisolism has 
been reported to predict the later development of PSD[34]. 
Elevated levels of both IL-6 and cortisol have been cor-
related to functional outcome and/ or survival in less 
homogenous patient populations[35, 36]. 

There is the potential limitation to our study. Al-
though the patients were not in an infectious state when 
the sera samples were collected, we cannot consider 
other factors which confound the measurement of the IL-
6, such as environment, circadian rhythm or coeduca-
tions. The further study will be performed to help us un-
derstand this situation. 

In conclusion, the levels of both IL-6 and cortisol at  
8:00 am were increased in the sera of PSD patients as 
compared with those in the non-PSD patients. The altera-
tion of cortisol circadian rhythm was also found in the 
patients with PSD. All these will help the screening of 
potential PSD in the early stage. Neuroendocrine distur-
bances are common and often profound early after stroke. 
By interfering with the cytokine release, brain damage 
might be lessened and neuropsychiatric disturbances 
reduced.  
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