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Purpose: Post-stroke depression (PSD) is a psychiatric complication after stroke that leads
to poorer stroke outcomes. Recent observational studies have indicated that lipid proﬁles
were associated with a higher risk of stroke and depression. This study aims to further
explore the possible relationship between serum lipid proﬁles and the development of PSD.
Methods: A total of 373 acute ischemic stroke patients were examined. Serum lipid proﬁles
including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides (TG), total cholesterol (TC), apolipoprotein A1 (Apo A1) and
apolipoprotein B (Apo B) were measured within 24 hrs of admission. Depression symptoms
were assessed by the 17-item Hamilton Depression Scale (HAMD-17) at the one-month
follow-up, and HAMD scores ≥7 indicated a diagnosis of PSD.
Results: A total of 114 patients were diagnosed with PSD at the one-month follow-up, for
a percentage of 30.6%. There were signiﬁcant differences in HDL-C levels (P<0.001), LDL-C
levels (P=0.002) and the LDL/HDL ratio (P<0.001) between the PSD and non-PSD groups, but no
differences were observed in TGs, TC, Apo A1 or Apo B. Low serum HDL-C levels (r = −0.157,
P<0.001) and elevated LDL-C levels (r =0.139, P=0.002) and the LDL/HDL ratio (r =0.227,
P<0.001) were associated with HAMD scores. After adjusting for the NIHSS score, BI score, mRS
score and alcohol consumption in the logistic analysis, low HDL-C levels and the highest quartile
(≥3.07) of the LDL/HDL ratio were independently associated with the development of PSD (OR
=0.250, 95% CI, 0.077–0.813, P=0.021 and OR =1.874, 95% CI, 1.050–3.347, P=0.034,
respectively).
Conclusion: Decreased levels of HDL-C and elevated levels of LDL/HDL ratio are
associated with PSD. HDL-C and the LDL/HDL ratio are independent predictors of PSD.
Keywords: lipid proﬁles, high-density lipoprotein cholesterol, LDL/HDL ratio, post-stroke
depression

Introduction
Stroke is one of the main causes of physical disability and has become a primary
global health issue globally.1 Post-stroke depression (PSD), a common psychiatric
complication of stroke, impacts almost 33% of stroke survivors, leading to
a marked decline in the activities of daily living and the social function of
patients.2–5 Female sex, major physical disabilities and previous history of depression were found to be risk factors for PSD.6–8 Despite extensive studies on PSD, its
etiology and pathophysiologic characteristics have not been reliably documented.
A study on post-stroke depression is indispensable.
Serum lipid proﬁles, which are composed of lipids, apolipoproteins lipoproteins
transporters, have consistently been linked to cardiovascular and cerebrovascular
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events.9,10 Overwhelming evidence revealed the associations of HDL and LDL with coronary heart disease and
ischemic stroke.11,12 High concentrations of HDL were
shown to protect against ischemic stroke,13,14 while high
concentrations of LDL increased the risk of stroke.15–17 In
addition, it was reported that the ratio of LDL/HDL was
associated with carotid atheroma.18 The increased ratio of
Apo B/Apo A1 (apolipoproteins B to apolipoproteins A1)
was considered to be an important indicator to predict the
onset of acute ischemic stroke.19 Furthermore, serum lipid
proﬁles correlate well with depression.20 Women with low
levels of HDL-C were found to have an increased prevalence and incident risk of clinical depression,21 and the
risk of long-term persistence of symptoms was doubled
when HDL-C levels decreased by 0.5 mmol/L in individuals with major depressive disorder (MDD).22 A large
cohort study indicated that depression characteristics were
independently related to lower HDL levels, while atypical
depression characteristics were associated with higher
levels of total cholesterol (TC) and higher levels of LDL
levels.23 A similar ﬁnding was reported in another study,
which showed that higher TC and LDL-C levels and lower
HDL-C levels were observed in both individuals with
bipolar disorder and those with MDD compared to the
levels of the healthy population.24 Furthermore, remission
from depression is associated with an improvement in the
LDL/HDL ratio,25 which shows the important correlation
between the LDL/HDL ratio and depression. Analogously,
MDD patients have been shown to be higher levels of Apo
B levels and lower levels of Apo A1.26
Serum lipid proﬁles are closely related to stroke and
depression. However, the association between serum lipid
proﬁles and post-stroke depression has not yet been
explored. Thus, this study aims to investigate whether
there are signiﬁcant differences between patients with
PSD and those without PSD in terms of serum lipid
proﬁles and to explore the correlation between serum
lipid proﬁles and the development of PSD.

Material and methods
Clinical subjects
A total of 373 patients with ﬁrst-ever or recurrent acute
ischemic stroke who were hospitalized in the Stroke Unit of
the First Afﬁliated Hospital of Wenzhou Medical University
between October 2013 and June 2015 were consecutively
screened for study entry. The inclusion criteria were as follows: (1) age between 18 and 80 years; (2) onset of acute
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stroke events within 7 days; and (3) stroke was conﬁrmed by
computerized tomography (CT) or magnetic resonance imaging (MRI) upon admission. The exclusion criteria included
the following: (1) transient ischemic attack (TIA) or cerebral
hemorrhage; (2) history of any central nervous system disease
such as dementia, Parkinson’s disease, tumor, trauma or
hydrocephalus; (3) a previous history of psychiatric disorders,
such as depression; (4) severe apoplexy, aphasia or dysarthria
that led to failure of the assessment; (5) patients with a severe
acute infection or severe liver disease; and (6) patients who
were fasting or had difﬁculty eating upon admission.
The study protocol was approved by the Medical Ethics
Committee of the First Afﬁliated Hospital of Wenzhou
Medical University. This study was carried out in accordance
with the principles of the Declaration of Helsinki. All
patients or their relatives signed written informed consent.

Baseline information collection
Demographic characteristics (age, sex, body mass index
[BMI, kg/m2]), years of education and marital status) and
vascular risk factors (hypertension, diabetes mellitus, coronary artery disease (CAD), smoking and alcohol consumption habits) were recorded through a structured
interview. All clinical data were collected by neurologists
who were blinded to the patients’ laboratory results.
Cranial CT and MRI were performed on patients within
24 hrs and 72 hrs after admission, respectively. The lesion
locations of acute ischemic stroke were recorded according to the results of the CT or MRI images.

Assessment
In our study, stroke severity was assessed by experienced
neurologists using the National Institutes of Health Stroke
Scale (NIHSS) upon admission. The NIHSS is often used
to assess neurological deﬁcits in patients. The higher the
NIHSS score, the more severe the neurological deﬁcits.27
The functional outcome of stroke was evaluated by the
Barthel Index (BI) at discharge, and the modiﬁed Rankin
Scale (mRS) at the one-month follow-up. BI is used to
evaluate the ability of independent living, especially for
elderly patients with neurological diseases.28 The mRS is
used to assess the prognosis of neurological function, and
a higher rank of the mRS indicates a poor outcome.29

Diagnosis of PSD
Depressive symptoms were screened by the 17-item
Hamilton Depression Scale (HAMD-17) at the one-month
follow-up.30,31 The assessments of clinical depression were
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performed by trained neurologists who were blinded to the
laboratory results of the patients. A HAMD score ≥7 indicated a diagnosis of PSD according to the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-V)
criteria.

Lipid proﬁles measurements
Blood samples were drawn from fasting patients within 24 hrs
after admission. HDL-C, LDL-C, TC, TGs, Apo A1 and Apo
B levels were measured by an automatic biochemical analyzer
(Beckman Olympus AU2700, USA) at our hospital’s laboratory. The concentrations were analyzed enzymatically by spectrophotometry using commercial reagents. The LDL/HDL
ratio was divided into four quartiles (≤1.88, 1.88–2.47,
2.47–3.07 and ≥3.07). The number of patients in each quartile
was recorded.

Statistical analysis
The results of the categorical variables are shown as percentages. Continuous variables are expressed as the median and
interquartile range (IQR) or the mean ± standard deviation
(SD) depending on the distribution of the variables. The
clinical variables and levels of lipid proﬁles of all subjects
were compared using the Chi-square test, Fisher’s exact test,
Student’s t-test or the Mann–Whitney U test as appropriate.
Spearman correlation analysis was used to determine the
correlation between the Hamilton Depression Scale scores
and each variable. The quartile of the ranked set of data
values was used to divide the LDL/HDL ratio into four

638 patients with stroke at baseline

437 patients at discharge included in our study

equal groups to better compare the differences in each
group between the PSD and non-PSD patients. Binary logistic regression included all potential confounders with
a P-value<0.05 in the univariate analysis to determine the
potential inﬂuence of lipid proﬁles in the development of
PSD. The results are presented with adjusted odds ratios
(ORs) with the corresponding 95% conﬁdence intervals
(CIs). Model 1 shows the unadjusted OR of each variable,
and Model 2 shows the adjusted ORs after taking the incidence of PSD as the dependent variable and both quartile 2
and quartile 3 as reference, adjusting for all potential confounders. All statistical tests were performed with SPSS for
Windows (Release 17.0; SPSS, Chicago, IL, USA). The
graph was drawn using Prism 7 (GraphPad Software, San
Diego, CA, USA). P<0.05 was considered to be statistically
signiﬁcant in all tests.

Results
Characteristics of the study population
A total of 638 acute stroke patients were registered, and 373
stroke patients were included in the study (Figure 1). There
was no signiﬁcant difference between patients who were
excluded from our study and those who enrolled in terms of
age (62.46±10.78 vs 61.14±10.39 years, P=0.102), sex (M/F,
238/135 vs 158/107, P=0.305), serum HDL-C and LDL-C
concentrations or the LDL/HDL ratio (1.14±0.27 vs 1.02
±0.34, P=0.467; 2.77±0.90 vs 2.91±0.90, P=0.237; 2.48
(1.89–3.07) vs 2.45 (1.90–3.18), P=0.984, respectively). Of
the included patients, 114 (66 male and 48 female) patients

Exclude:
1. Transient ischemic attack or cerebral
hemorrhage: 46
2. History of any central nervous system disease: 9
3. History of depression: 3
4. Severe aphasia or dysarthria: 99
5. Severe acute infection or severe liver disease: 8
6. Fasting or have difficulty in eating: 2
7. Decline: 34

64 patients without complete 1-month follow-up data
2 due to early death
62 due to missing data
373 patients with complete follow-up
114 patients with PSD at 1 month
259 patients without PSD at 1 month
Figure 1 Study recruitment proﬁle.
Abbreviation: PSD, post-stroke depression.
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were diagnosed with PSD, for a percentage of 30.6%.
Compared with the non-PSD patients, the PSD patients had
a higher likelihood of current alcohol consumption, a higher
NIHSS score upon admission (P<0.001), a lower BI score at
discharge (P<0.001) and a higher rank of the mRS at the onemonth follow-up (P<0.001). There were no signiﬁcant differences between the PSD and non-PSD groups in the other
baseline demographic characteristics, such as age, sex and
BMI (Table 1).

Serum levels of lipids and PSD
Among all lipid proﬁles analyzed in our study, the average
serum HDL-C levels of the PSD patients were signiﬁcantly lower than those of the non-PSD patients (1.04
±0.24 vs 1.15±0.27, P<0.001, Figure 2A). Serum LDL-C
levels (2.94±0.88 vs 2.64±0.87, P=0.002, Figure 2B) and
the LDL/HDL ratio (2.77 (2.26–3.56) vs 2.32 (1.75–2.87),
P<0.001, Figure 2C) were signiﬁcantly higher in the PSD
patients than in the non-PSD patients. However, there
were no signiﬁcant differences in the levels of TGs, TC,
Apo A1, Apo B or the Apo B/Apo A1 ratio (Table 1).

Serum lipid proﬁles were associated with
HAMD scores at the one-month
follow-up
In the bivariate correlation analysis, serum HDL-C levels
were negatively associated with HAMD scores (r = −0.157,
P<0.001), while both LDL-C (r =0.139, P=0.002) and the
LDL/HDL ratio (r =0.227, P<0.001) showed a positive
correlation with HAMD scores (Table 2).

Serum lipid proﬁles and the risk of PSD at
one-month follow-up
When the LDL/HDL ratio was further divided into four
quartiles, compared with the non-PSD group, the PSD
group had a lower proportion of patients in quartile 1
(≤1.88) (P=0.001), while the proportion of the PSD
patients in quartile 4 (≥3.07) was signiﬁcantly higher
(P<0.001) (Table 3). The HAMD scores were signiﬁcantly
different among the four quartiles (Table 4).
Moreover, considering the incidence of PSD as the
dependent variable and both quartile 2 and quartile 3 as
references, after adjusting for NIHSS score, BI score, mRS
score and alcohol consumption in the logistic analysis,
quartile 4 was independently associated with the development of PSD (OR 1.874, 95% CI, 1.050–3.347, P=0.034).
Moreover, HDL-C was also independently associated with
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the development of PSD, with an adjusted OR of 0.250
(95% CI, 0.077–0.813, P=0.021). LDL-C was not signiﬁcantly related to PSD incidence (Table 5).

Discussion
To the best of our knowledge, our study was the ﬁrst to
explore the association between various lipid proﬁles and
PSD. This study indicated that low HDL-C levels and
a high LDL/HDL ratio were associated with the development of PSD.
Post-stroke depression can lead to poorer stroke outcomes and an increased the risk of disability and
mortality.32,33 In our study, 30.6% of patients were diagnosed
with PSD, which was consistent with the previous ﬁndings.34
Nonetheless, the mechanism of PSD has not been thoroughly
studied. Changes in lipid proﬁles may be one of the possible
factors involved in the development of PSD.
In recent years, the independent roles of lipids and apolipoproteins in the pathophysiology of stroke have been
clariﬁed. Patients with depression after stroke had a lower
level of HDL-C upon admission in our study, which was in
line with the ﬁndings of previous studies.35,36 Our results
showed that TGs, TC, Apo A1 and Apo B levels and their
ratio had no relationship with PSD, although they have been
known to be risk factors for stroke.37
The difference in HDL-C between the depression
patients and healthy controls was statistically signiﬁcant.38
Our results also conﬁrmed previous observations that low
levels of HDL-C were associated with the risk of depression. Interestingly, a high LDL/HDL ratio remained independently associated with the development of PSD even
after adjusting for HDL and LDL and other potential variables in our study, which indicated that the LDL/HDL ratio
could also serve as a valuable and predictive marker for
PSD. Several studies suggested that there were lower HDLC levels and a higher ratio of LDL/HDL in female MDD
patients than in individuals in the healthy control group.39
Bush et al (1988) discovered that serum HDL-C levels and
the ratio of LDL/HDL could be markers for anxiety or
depression.40 These ﬁndings suggested that depression was
accompanied by impaired or reversed cholesterol
transport.41 However, an inverse association was observed
in several studies. A nonsigniﬁcant association was
observed between LDL and depression and high HDL
levels were related to higher levels of depression, especially
in women.42 Another meta-analysis modeling serum LDL
as a continuous measure demonstrated overall signiﬁcantly
lower serum LDL in depression.43 The discordant ﬁndings
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Table 1 Clinical and demographic characteristics of the patients

Sex; M/F
Age (years), mean ± SD
Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 3.228.21.204 on 12-Jul-2020
For personal use only.

2

PSD (114)

Non-PSD (259)

P-value

66/48

172/87

0.116

62.07±11.40

63.23±9.80

0.320

BMI (kg/m ), mean ± SD

24.19±4.40

24.51±8.14

0.709

Years of education, median (IQR)

4.5 (0–6)

4 (0–7)

0.610

Marital status, married, n (%)

101 (88.6)

231 (89.2)

0.809

Frontal lobe

14 (12.3)

35 (13.5)

0.745

Parietal lobe

11 (9.6)

20 (7.7)

0.535

Temporal lobe

6 (5.3)

10 (3.9)

0.538

Occipital lobe

7 (6.1)

16 (6.2)

0.989

Basal ganglia

56 (49.1)

116 (44.8)

0.439

Brainstem

5 (4.4)

13 (5.0)

0.793

Cerebellum

3 (2.6)

8 (3.1)

0.810

Other

12 (10.5)

21 (8.1)

0.449

Hypertension

81 (71.1)

185 (71.4)

0.941

Diabetes mellitus

28 (24.6)

55 (21.2)

0.477

CAD

5 (4.40)

21 (8. 10)

0.193

Current smoking

31 (27.2)

77 (29.7)

0.619

Current alcohol consumption

32 (28.1)

105 (40.5)

0.021

Lesion location, n (%)

Vascular risk factors, n (%)

Neuropsychological function
NIHSS score at baseline, median (IQR)

3 (2–6)

2 (1–3)

<0.001

BI at discharge, median (IQR)

95 (75–100)

100 (100–100)

<0.001

mRS at 1 month, median (IQR)

2 (1–3)

1 (1–2)

<0.001

HDL-C (mmol/L), mean ± SD

1.04±0.24

1.15±0.27

<0.001

LDL-C (mmol/L), mean ± SD

2.94±0.88

2.64±0.87

0.002

LDL/HDL ratio, median (IQR)

2.77 (2.26–3.56)

2.32 (1.75–2.87)

<0.001

TC (mmol/L), mean ± SD

4.81±1.08

4.60±1.05

0.081

TGs (mmol/L), mean ± SD

1.77±1.05

1.72±1.07

0.639

Apo A1 (g/L), median (IQR)

1.10 (1.00–1.38)

1.20 (1.00–1.40)

0.449

Apo B (g/L), median (IQR)
Apo B/Apo A1, median (IQR)

0.90 (0.70–1.10)
0.72 (0.61–0.96)

0.90 (0.70–1.10)
0.72 (0.57–0.85)

0.965
0.566

Laboratory ﬁndings

Notes: Values are shown as number (percentage) or as medians (IQR) and mean (SD). Values of P<0.05 were considered to be statistically signiﬁcant.
Abbreviations: PSD, post-stroke depression; BMI, body mass index; CAD, coronary artery disease; NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index;
mRS, modiﬁed Rankin Scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; Apo A1,
apolipoproteins A1; Apo B, apolipoproteins B; SD, standard deviation; IQR, interquartile range.

observed in these studies may lie in the lack of consensus in
the selection of the cut-off point at which to distinguish
between low and high serum LDL levels when modeling
serum LDL as a categorical measure. Thus, our study may

Neuropsychiatric Disease and Treatment 2019:15

provide additional supportive evidence for the association
between lipid metabolic dysregulation and depression, as
low levels of HDL and a high LDL/HDL ratio may both be
risk factors for PSD.
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2

1

0
PSD

6

4
2

4
2

0

non-PSD

***

8

6

0
PSD

PSD

non-PSD

non-PSD

Figure 2 Comparisons of HDL-C, LDL-C and LDL/HDL ratios in patients with and without PSD. (A) HDL-C levels, (B) LDL-C levels, (C) LDL/HDL ratio. In the box-andwhisker plots, the horizontal line in the middle of each box indicates the median value; the lower and upper ends of the box represent the 25th and 75th percentiles, and the
peripheral lines extending to the outer fences represent minimum to maximum, respectively. (A), (B) used two-tailed unpaired t-test; (C) used Mann–Whitney U-test.
**P<0.01, ***P<0.001.
Abbreviations: PSD, post-stroke depression; HDL-C, high-density lipoprotein cholesterol, LDL-C, low-density lipoprotein cholesterol.

Table 2 Correlation coefﬁcients evaluating the relationship of
Hamilton Depression Scale scores and lipid proﬁles and other
potential confounding variables

Table 3 LDL/HDL ratios across quartiles of patients
PSD
(n=114)

Non-PSD
(n=259)

χ2

P-value

HAMD scores

r

P-value

Quartile 1

15 (13.2)

77 (29.7)

11.699

0.001

Age

0.010

0.842

Quartile 2

21 (18.4)

71 (27.4)

3.445

0.063

BMI
Education

0.030
−0.043

0.570
0.412

Quartile 3
Quartile 4

33 (28.9)
45 (39.5)

63 (24.3)
48 (18.6)

0.347
18.546

0.347
<0.001

Neuropsychological function
NIHSS score

0.225

<0.001

−0.335
0.247

<0.001
<0.001

BI score
mRS
Laboratory ﬁndings
HDL-C

−0.157

<0.001

LDL-C

0.139

0.002

LDL/HDL
TC

0.227
0.083

TGs

0.030

<0.001
0.110
0.558

Apo A1
Apo B

–0.221
0.060

0.096
0.657

Apo B/Apo A1

0.151

0.258

Note: Values of P<0.05 were considered to be statistically signiﬁcant.
Abbreviations: PSD, post-stroke depression; HAMD, Hamilton Depression Rating
Scale 17-item, BMI, body mass index; NIHSS, National Institutes of Health Stroke
Scale; BI, Barthel Index; mRS, modiﬁed Rankin Scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC,
total cholesterol; Apo A1, apolipoproteins A1; Apo B, apolipoproteins B.

The effects of lipids on PSD have some possible mechanisms. Cholesterol is an essential component of cell membranes, is a major component of myelin and plays an
important role in maintaining the ﬂuidity of the plasma
membrane and synapses function.44,45 It has been shown
that reducing the binding afﬁnity of a serotonin 5-HT1A
receptor agonist, altering G-protein coupling of the receptor
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Notes: Values are shown as number (percentage). Four quartiles (≤1.88, 1.88–2.47,
2.47–3.07 and ≥3.07). Values of P<0.05 were considered to be statistically signiﬁcant.
Abbreviation: PSD, post-stroke depression.

and decreasing activity of the 5-hydroxytryptamine transporter occurred as a result of decreasing the cholesterol content
of cell membranes experimentally.46,47 In this way, low
levels of serum cholesterol metabolism may directly inﬂuence the levels of brain lipids and the cell membrane ﬂuidity,
which in turn affect serotonergic neurotransmission.48,49
Post-stroke depression may have similar pathophysiological
processes. In addition, serum HDL-C was found to be signiﬁcantly associated with inﬂammatory markers, such as
serum zinc and albumin.50 Lower HDL-C levels have been
thought to be partly a result of low-grade inﬂammation,
which is mediated by interleukin 6 and has been observed
in depression.51 Studies also indicated that HDL-C is correlated with immunological markers such as CD4+/CD8+
T-cell ratio.52 Therefore, lower levels of serum HDL-C may
be related to the inﬂammation and immune response in poststroke depression. Moreover, HDL also has antioxidative
properties; it can protect LDL from the oxidative damage
caused by free radicals and can remove oxidized lipids from
oxidized LDL, which are subsequently inactivated to inhibit
intracellular generation of reactive oxygen species. HDL-C
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Table 4 Clinical and demographic characteristics of patients in each quartile
Quartile 3 (n=96)

Quartile 4

Quartile 2

(n=92）

(n=92)

Sex; M/F

55/37

64/28

58/38

61/32

Age (years), mean ± SD

64.20±10.17

63.70±10.16

62.63±9.66

61.02±11.12

0.166

BMI (kg/m2), mean ± SD
NIHSS score at baseline, median (IQR)

23.91±3.21
2 (1–3)

24.90±13.00
2 (1–3)

24.01±3.90
3 (1–4)

24.90±3.57
3 (1.5–5)

0.704
0.002

(n=93)
0.465

BI at discharge, median (IQR)

100 (100–100)

100 (100–100)

100 (90–100)

100 (90–100)

0.012

mRS at 1 month, median (IQR)
HAMD score at 1 month, median (IQR)

1 (1–2)
4 (1–6)

1 (1–2)
3 (2–6)

1 (1–2)
4 (2–8)

1 (1–3)
6 (3–10)

0.017
<0.001

HDL-C (mmol/L), mean ± SD
LDL-C (mmol/L), mean ± SD

1.25±0.35
1.76±0.58

1.15±0.22
2.52±0.46

1.11±0.21
3.02±0.56

0.96±0.17
3.60±0.67

<0.001
<0.001

TC (mmol/L), mean ± SD

1.40±1.02

1.68±0.93

1.95±1.38

1.90±0.72

0.001

TGs (mmol/L), mean ± SD
Apo A1 (g/L), median (IQR)

3.74±0.91
1.30 (1.00–1.60)

4.46±0.74
0.80 (0.70–0.85)

5.00±0.90
0.96 (0.90–1.10)

5.44±0.86
1.10 (1.08–1.33)

<0.001
<0.001

Apo B (g/L), median (IQR)

0.60 (0.50–0.80)

1.30 (1.05–1.05)

1.20 (1.00–1.30)

1.20 (1.00–1.30)

0.370

Apo B/Apo A1, median (IQR)

0.55 (0.45–0.57)

0.63 (0.57–0.66)

0.77 (0.69–0.85)

1.08 (0.83–1.20)

<0.001

Notes: Values are shown as number (percentage) or as medians (IQR) and mean (SD). Values of P<0.05 were considered to be statistically signiﬁcant.
Abbreviations: BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index; mRS, modiﬁed Rankin Scale; HAMD, Hamilton Depression
Rating Scale 17-item, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; Apo A1,
apolipoproteins A1; Apo B, apolipoproteins B; SD, standard deviation; IQR, interquartile range.

Table 5 Multivariate logistic model of the clinical determinants of PSD
Model1a

Model 2b

OR (95% CI)

P-value

OR (95% CI)

P-value

NIHSS score
BI score

1.224 (1.126–1.331)
0.980 (0.963–0.996)

<0.001
<0.001

0.955 (0.937–0.973)

0.072
<0.001

mRS

1.841 (1.477–2.293)

<0.001

Current alcohol consumption
HDL-C

0.572 (0.355–0.923)
0.139 (0.049–0.392)

0.022
<0.001

LDL-C

1.490 (1.151–1.929)

0.002

0.207

LDL/HDL
Quartile 1

1.952 (1.506–2.530)
0.483 (0.256–0.914)

<0.001
0.025

0.009

Quartile 4

2.326 (1.390–2.893)
a

0.001

0.058
0.559 (0.329–0.950)
0.250 (0.077–0.813)

0.032
0.021

1.874 (1.050–3.347)

0.034

b

Notes: Values of P<0.05 were considered to be statistically signiﬁcant. Model 1: unadjusted; Model 2: considering the incidence of PSD as the dependent variable and both
quartile 2 and quartile 3 as the reference, adjusted for NIHSS score, BI score, mRS and current alcohol consumption.
Abbreviations: PSD, post-stroke depression; OR, odds ratio; CI, conﬁdence interval; NIHSS, National Institutes of Health Stroke Scale; BI, modiﬁed Barthel Index; mRS,
modiﬁed Rankin Scale; HDL-C, high-density lipoprotein cholesterol, LDL-C, low-density lipoprotein cholesterol.

levels may express the antioxidative activities of HDL.53 It
has been well accepted that oxidative stress, which is related
to stroke,54 also plays a vital role in the pathophysiology of
depression.55 Abnormal changes in lipids (fatty acids, triglycerides, etc.) in the context of oxidative stress can cause
neurotoxicity and neurodegeneration,56 which have been
reported in post-stroke depression. Derangement of the oxidant-antioxidant balance systems during acute ischemic
stroke was found to further lead to further alterations of the
monoaminergic response, such as decreasing the concentrations of dopamine and serotonin. This cyclic oxidant insult
may lead to post-stroke depression.57

Neuropsychiatric Disease and Treatment 2019:15

These ﬁndings should be interpreted with some caution.
First, patients with severe somatic disease, aphasia and dysarthria were excluded, which may affect our judgment of the
actual incidence of PSD. Second, the short follow-up period
prevented us from investigating the actual effects of lipid
proﬁles on PSD; thus, a longer follow-up is necessary. Third,
we only collected data on serum lipid levels within the 24 hrs
after the admission of the patients, and it may be necessary to
conduct a further longitudinal study to evaluate the predictive
value of serum lipid levels measured at multiple time points
after stroke for PSD. Fourth, the diet of the patients was not
recorded, which may affect subsequent lipid levels after stroke.
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Conclusion

Disclosure

Despite these limitations, our results are inspiring. Our
study indicated that metabolic dysregulation of lipid proﬁles had a signiﬁcant inﬂuence on the development of
PSD. Both HDL-C and the LDL/HDL ratio were independently associated with a greater likelihood of developing
PSD. Additionally, the LDL/HDL ratio may provide additional predictive value for PSD, independent of HDL-C
levels. Our ﬁndings should be considered preliminary, and
further study is needed to compare the levels of HDL-C
and the LDL/HDL ratio among stroke patients, the normal
controls and depression patients who did not experience
stroke.

The authors report no conﬂicts of interest in this work.

Abbreviation list
PSD, post-stroke depression; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
TG, triglycerides; TC, total cholesterol; Apo A1, apolipoproteins A1; Apo B, apolipoproteins B; BMI, body mass index;
CAD, coronary artery disease; MDD, major depressive disorder; HAMD, Hamilton Depression Scale; NIHSS, National
Institutes of Health Stroke Scale; BI, Barthel Index; mRS,
modiﬁed Rankin Scale; IQR, interquartile range; SD, standard deviation; OR, odds ratio; CI, conﬁdence intervals.
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Table S1 Clinical and demographic characteristics of the excluded and included samples
Included (373)

Excluded (265)

P-value

Age (years), mean ±SD
Sex; M/F

62.46±10.78
238/135

61.14±10.39
158/107

0.102
0.305

BMI (kg/m2), mean ±SD
Education Years, median (IQR)

24.41±7.24
4 (0–6)

23.42±4.38
4 (0–6)

0.280
0.150

Marital states, married, n (%)

332 (89.0)

237 (89.4)

0.864

HDL-C (mmol/L), mean ±SD
LDL-C (mmol/L), mean ±SD

1.14±0.27
2.77±0.90

1.02±0.34
2.91±0.90

0.467
0.237

TC (mmol/L), mean ±SD

4.67±1.06

4.76±1.16

0.414

TG (mmol/L), mean ±SD
Apo A1 (g/L), median (IQR)

1.74±1.06
1.20 (1.00–1.40)

1.71±1.11
1.30 (1.20–1.30)

0.852
0.485

Apo B (g/L), median (IQR)

0.90 (0.70–1.10)

1.10 (0.80–1.30)

0.318

Apo B/Apo A1, median (IQR)
NIHSS score at baseline, median (IQR)

0.72 (0.57–0.85)
2 (1–4)

0.75 (0.62–1.00)
3 (1–4)

0.735
0.576

BI at discharge, median (IQR)

100 (95–100)

100 (95–100)

0.068

mRS at 1month, median (IQR)

1 (1–2)

1 (1–2)

0.533

Notes: Values are shown as number (percentage) or as medians (IQR) and mean (SD). Values of P<0.05 were considered to be statistically signiﬁcant.
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol;
Apo A1, apolipoproteins A1; Apo B, apolipoproteins B; NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index; mRS, modiﬁed Rankin Scale; SD, standard
deviation; IQR, interquartile range.
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