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Abstract: There are few studies that explore the impact of post-stroke depression (PSD) on the rehospitalization. The
aim of the study was to investigate the relationship between PSD in lacunar stroke patients and rehospitalization at
1 year. A total of 526 lacunar stroke patients admitted to hospital were observed between Jul 2011 and Jul 2016.
The patients were divided into PSD group and non-PSD group according to DSM-IV criteria. All patients were followed
up for 12 months. The association between post-stroke depression in lacunar stroke patients and rehospitalization
was estimated. Among 526 lacunar stroke patients, 102 patients (19.3%) were PSD. After adjusting for possible
confounders, patients with PSD showed a significant increase in the risk of all-cause rehospitalization (OR = 2.18,
95% CI = 1.27-3.74), vascular rehospitalization (OR = 1.95, 95% CI = 1.09-3.50) and psychological rehospitalization
(OR = 2.61, 95% CI = 1.41-4.85) at 1 year compared with the patients without PSD. Post-stroke depression in lacunar stroke patients may be associated with a higher risk of all-cause rehospitalization, vascular rehospitalization
and psychological rehospitalization at 1 year.
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Introduction

Methods

Lacunar stroke is a small (≤1.5 cm) infarction
that accounts for approximately 25% of ischemic stroke, and 20% of all strokes [1]. Recent
evidence suggests the lacunar infarction (LI)
has been shown to promote depression [2].
Post-stroke depression (PSD) is one of the most
common complications of cerebral vascular
diseases, and its main symptoms include low
mood, decreased interests, despair, anxiety,
sleep disorders and somatic symptoms. Most
previous studies reported depression could
increase the risk of readmission in patients
with stroke and other medical diagnoses [3-4].
However, there are few studies that explore the
impact of PSD in lacunar stroke patients on
the rehospitalization. The aim of the study was
to investigate the relationship between PSD in
lacunar stroke patients and rehospitalization.
The study may have important implications for
clinicians for improving care and prevention of
PSD patients.

The study protocol was approved by the Medical Ethical Review Board of the 7th Division
Hospital of Xinjiang Production and Construction Corps. Written informed consent was obtained from all participants. Between Jul 2011
and Jul 2016, consecutive 526 lacunar stroke
patients were enrolled.
Subjects
Inclusion criteria were: (1) Lacunar stroke was
defined as a clinical lacunar syndrome [5], with
an anatomically compatible lesion on MRI or CT
(≤15 mm in diameter). (2) Onset of stroke within
7 days. (3) Age 18 years or older. Exclusion criteria were: (1) Severe dementia, severe aphasia, disturbance of consciousness, or hearing
loss that can not cooperate with the examiner.
(2) Severe dysfunction of heart, lung, liver, or
kidney. (3) Severe mental disorder. (4) Stroke
history. (5) Cerebral hemorrhage, brain trauma,
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or intracranial tumor. (6) Depression or antidepressant drugs history. (7) Loss of follow-up.
Diagnosis of PSD
PSD was diagnosed by DSM-IV criteria within 1
month after stroke, with at least 1 core symptom of depressed state of mind, and at least
four of the following [6]: (1) Loss of interest in
or no pleasant feelings about activities, (2) The
loss of energy or fatigue, (3) Psychomotor retardation or agitation, (4) Feelings of worthlessness, (5) Diminished ability to think or concentrate, (6) Recurrent thoughts of death, (7) Sleep
disorders such as insomnia or sleeping too
much, and (8) Significant weight loss or weight
gain. The symptoms must have lasted for at
least 2 weeks and cannot be due to substances or organic mental disorder.
Clinical data collection
The general information was recorded for all
participants at admission: age, sex, smoking,
drinking, weight and height, and history of
hypertension, diabetes mellitus, cardiac disease and stroke. Within 24 hours after admission, stroke severity was assessed according
to the National Institutes of Health Stroke Scale (NIHSS). The next day an overnight fasting
venous blood sample was taken to determine
glucose and lipid levels. Locations of lacunar
infarcts were detected by brain MRI or CT.
Hypertension was diagnosed at least one of the
following: (1) History of Hypertension, (2) Using
anti-hypertension drugs, and (3) The mean of 3
measurements of systolic blood pressure (SBP)
> 140 mmHg or diastolic blood pressure (DBP)
> 90 mmHg. Diabetes mellitus was diagnosed
according to the criteria of the American Diabetes Association [7]. Hyperlipidemia was defined as history of hyperlipidemia or TC > 5.72
mmol/L and (or) TG > 1.7 mmol/L. Drug therapy
included intravenous thrombolysis, anti-coagulation, anti-platelet, anti-hypertension, lipid
lowering drug, anti-hyperglycemic drug and
anti-depressant drugs.
Follow-up data
All participants were followed up by telephone
or outpatient visit every three months. The follow-up period was 1 year. We considered rehospitalization to have occurred when a patient
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was readmitted to a medical unit within oneyear period following the admission to the
hospital for stroke. All-cause rehospitalization
was divided into vascular rehospitalization, psychological rehospitalization and other. Vascular rehospitalization was divided into vascular
events (vascular death, stroke recurrent, and
myocardial infract) and vascular ischemia (TIA,
vertebrobasilar insufficiency, angina). Vascular
ischemia was defined as ischemia of cerebral
vessels or coronary artery, and the examination
results showing no infarction or hemorrhage.
Statistic analysis
Categorical data are presented as numbers
(percentage), Chi-square analyses were used
for comparison. Continuous variables fitting
normal distribution were expressed as mean ±
standard deviation, t-test was used. Continuous variables not fitting normal distribution
were expressed as median (interquartile range),
Mann-Whitney U-test was used. Univariate Logistic regression analysis was used for the
assessment of the correlation between PSD
and rehospitalization. Multivariate logistic regression was used to estimate adjusted odds
ratios (ORs) and its 95% CI for associations of
PSD and rehospitalization. Associations were
adjusted for age and gender in Model 1. In
Model 2, we adjusted for age, gender, BMI,
smoking, drinking, hypertension, diabetes, cardiac disease, hyperlipidemia, NIHSS, anti-platelet, lower lipid drug, and anti-depressant drug.
Bilateral P<0.05 represented a significant difference. The statistical analyses were performed by the SPSS 17.0 software.
Results
A total of 526 patients were included in the
study after excluding those who were lost to
follow-up. Among a total of 526 patients, 102
patients (19.3%) were PSD. Baseline characteristics of PSD and Non-PSD are presented in
Table 1. There were significant differences between the two groups in gender and antidepressant drugs (p<0.05). The follow-up data
are presented in Table 2. There were significant differences between the two groups in allcause rehospitalization, vascular rehospitalization, psychological rehospitalization (p<0.05).
There were significant differences between the
two groups in vascular ischemia of vascular
rehospitalization (p<0.05).
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Table 1. Baseline characteristics of PSD and Non-PSD
Characteristics
PSD (n = 102) Non-PSD (n = 424)
1
Age, y, mean ± SD
66.73±6.28
67.49±6.41
Femal, n (%)2
42 (41.2)
130 (30.7)
BMI (kg/m2)1
24.35±3.21
23.78±3.05
Hypertension, n (%)2
65(63.7)
237 (55.9)
2
Diabetesmellitus n (%)
23 (25.0)
88 (20.8)
Cardiac disease, n (%)2
18 (13.7)
50 (11.8)
Smoking, n (%)2
34 (33.3)
139 (32.8)
Drinking, n (%)2
20 (19.6)
92 (21.7)
Hyperlipidemia, n (%)2
30 (29.4)
123 (29.0)
Lesion Location2
BG/IC
34 (33.3)
135 (31.8)
CR/centrum semiovale
26 (25.5)
113 (26.7
Thalamus
28 (27.5)
96 (22.6)
Brain trem/cerebellum
14 (13.8)
80 (19.5)
3
NIHSS
3 (2-4)
3 (2-4)
Intravenous thrombolysis2
3 (2.9)
10 (2.4)
Anti-platelet2
88 (86.3)
373 (88.0)
Anti-coagulation2
9 (8.8)
21 (5.0)
2
Anti-hypertension
51 (50.0)
190 (44.8)
Lower blood glucose drug2
20 (19.6)
79 (18.6)
Lower lipid drug2
90 (88.2)
377 (88.9)
Anti-depressant drugs2
12 (11.8)
8 (1.9)

P
0.19
0.04﹡
0.12
0.15
0.37
0.59
0.92
0.64
0.94
0.77
0.81
0.30
0.22
0.35
0.73
0.64
0.13
0.35
0.82
0.85
0.00﹡

Abbreviations: BG = basal ganglia; IC = internal capsule; CR = corona radiate;
1
t-Test; 2Chi-square; 3Mann-Whitney U test; ﹡P<0.05.

Table 2. Comparison of rehospitalization between PSD and
Non-PSD
Characteristics
All-cause rehospitalization
Vascular rehospitalization
Psychological rehospitalization
Vascular rehospitalization
Vascular events
Vascular ischemia

PSD
(n = 102)
47 (46.1)
20 (19.6)
22 (21.6)

Non-PSD
(n = 424)
114 (26.9)
51 (12.0)
48 (11.3)

0.00﹡
0.04﹡
0.01﹡

7 (6.9)
13 (12.7)

22 (5.2)
29 (6.8)

0.51
0.05﹡

﹡P<0.05.

The results from the logistic regression analyses are presented in Table 3. After adjustment
for age, gender, BMI, smoking, drinking, hypertension, diabetes, cardiac disease, hyperlipidemia, NIHSS, anti-platelet, lower lipid drug and
anti-depressant drug, multivariate regression
analysis showed that patients with PSD had a
significant increase in the risk of all-cause
rehospitalization (OR = 2.18, 95% CI = 1.273.74), vascular rehospitalization (OR = 1.95,
95% CI = 1.09-3.50), and psychological rehospitalization (OR = 2.61, 95% CI = 1.41-4.85) at
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P

1 year compared with patients
without PSD.
Discussion
Factors causing depressive symptoms in cerebral small vessel
disease remain uncertain. A biological mechanism has proposed
that disruption of cortical-subcortical circuits can result in depression [8]. Recent studies have
shown more than one-third of
stroke survivors in the aftermath
of an ischemic stroke experience
depressive symptoms, but the
prevalence of depression in the
lacunar stroke patients is unclear
[9]. In our study of 526 patients
with lacunar infarcts, 19.3% of
the participants were diagnosed
PSD by DSM-IV criteria in a month. The lower incidence of PSD
may be due to the selection of
patients with mild stroke. Prior
studies have revealed that the
patients with more severe neurological impairment were more
likely to be depressed [10]. Comparison of baseline characteristics of PSD and Non-PSD, the two
groups were similar except that
the PSD group had a significantly higher proportion of female and anti-depressant drugs.
The results were consistent with
other studies that have shown
that female patients were more
prone to develop post-stroke depression [11].

In this study the rehospitalization
rate was 46.1% in PSD, significantly higher than the non-PSD group of 26.9%
at 1 year. PSD was associated with a higher risk
of rehospitalization. Our study results were consistent with other studies that have shown that
depression can increase rehospitalizations in
patients with stroke [12]. Even in other diseases, depression can also increase the readmission rate [13, 14]. When the causes of rehospitalization were distinguished, vascular and
psychological factors accounted for the main
reasons. We found that the odds of vascular
rehospitalization at 1 year were 1.95 times
Int J Clin Exp Med 2018;11(4):4126-4131
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Table 3. Univariate and multivariates regression analysis for rehospitalization to PSD
P
Unadjusted
Model 1
Model 2
All-cause rehospitalization
2.30 (1.47-3.58) 0.000 2.23 (1.43-3.48) 0.000 2.18 (1.27-3.74) 0.001
Vascular rehospitalization
1.90 (1.08-3.33) 0.035 1.87 (1.06-3.29) 0.037 1.95 (1.09-3.50) 0.032
Psychological rehospitalization 2.44 (1.38-3.30) 0.002 2.37 (1.33-4.16) 0.003 2.61 (1.41-4.85) 0.002
Vascular rehospitalization
Vascular events
1.35 (0.60-3.24) 0.507 1.35 (0.56-3.27) 0.505 1.22 (0.48-3.07) 0.675
Vascular ischemia
1.99 (0.99-3.98) 0.056 1.89 (0.94-3.80) 0.070 1.96 (0.96-3.99) 0.068
Characteristics

OR (95% CI)

CI = confidence interval. OR = Odds Ratio. Model 1 was adjusted for age and gender. Model 2 was adjusted for age, gender,
BMI, smoking, Drinking, hypertension, diabetes, Cardiac disease, hyperlipidemia, NIHSS, anti-platelet, lower lipid drug, antidepressant drug.

greater in patients with PSD than those without
PSD. The underlying mechanism may be as follows: (1) One explanation for our findings could
be that anxiety and depression of PSD patients
may lead to unstability of blood pressure and
blood glucose, which could result in adverse
prognosis. (2) PSD patients often have sleep
disorders, which could lead to poor efficacy of
antihypertensive drugs. Poorly controlled hypertension further aggravates vascular damage.
(3) PSD patients may not adhere to cardio-cerebro vascular disease prevention and treatment
regimens [15]. (4) Depression may increase
platelet activation and inflammatory processes
[16]. (5) Autonomic nervous system dysregulation caused by depression may affect the cardiac system [17]. (6) The participants had cardiovascular and cerebrovascular risk factors.
The combination of depression and vascular
risk factors may contribute to higher risk of vascular rehospitalization.
Vascular rehospitalization was subdivided into
vascular ischemia and vascular events. Though
the PSD group had a marginally significantly
higher proportion of vascular ischemia of vascular rehospitalization, non obvious correlation
was found. PSD was not correlation with vascular events at 1 year. Recent studies have shown
patients with PSD have poor prognosis including reduced quality of life and increased mortality, and even higher risk of recurrent stroke [1820]. These studies were not partly consistent
with our study results. However, in contrast to
our choice of lacunar stroke, they selected all
types of stroke patients to observe. A research
has shown mood problems increase the risk
of mortality in patients with lacunar infarcts
during 6 years follow-up [21]. The other study
has not shown an obvious correlation between
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depression and stroke recurrent [22]. The differences may be due to preventive treatment,
as well as the number of cases and the time of
follow-up.
In the present study, we observed that poststroke depression in patients with lacunar stroke significantly increased the risk of psychological rehospitalization. After relevant examinations, new organic disease was not found in
these rehospitalized patients for psychological
reasons. However, through a number of psychological tests, anxiety, depression and other
emotional problems were found in these patients. Research reveals stroke itself may bring
about changes of neurotransmitters, which
lead to emotional changes [23]. The factors
including neurological impairment, fear of
stroke recurrence, unilateral cognition, anxiety
of therapeutic effects and so on may cause
psychological problems. Of the consecutive
526 patients with lacunar infarcts, the rate of
psychological rehospitalization was 13.3%. The
primary symptoms of psychological rehospitalization were suspected stoke recurrence, dizziness and headache, palpitate, chest tightness
and so on. Patients with psychological problems generally manifest physical discomfort,
which makes it hard to distinguish. Therefore, it
is not difficult to understand that PSD patients
are more likely to be rehospitalized because of
psychological problems.
Therefore, PSD patients should be given more
attention, more psychological guidance and
psychological intervention cooperating with the
family. Clinicians need to be alert to the risks
of rehospitalization for PSD patients, and need
to explore measures to prevent readmissions
[12]. Reducing avoidable hospital readmissions
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can help to reduce medical expenses and alleviate the burden of society and family.
In this study, we selected lacunar stroke patients and excluded patients with heavier cerebral infarction which may influence prognosis.
All participants were easy to follow up because
of their mild neurologic impairment. However,
the study had several limitations. This was a
single-center study, sample size was limited.
This study did not bring in the factors of intracranial and extracranial large artery stenosis or
occlusion, which could have an impact on the
results. The other factors such as economic
income, family support, medical insurance policy and so on could have impacts on the results.
Further research is needed to bring in more
factors to investigate. The clinical and follow-up
data were collected by self-reported questionnaires, which could lead to information bias.
The lacunar infarcts patients with PSD may
need additional psychological intervention,
which may helps to reduce rehospitalization.
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