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ABSTRACT

Background Depression, one of the most frequent
complications after stroke, increases the disease’s burden
and physical disability. Poststroke depression (PSD) is a
multifactorial disease with genetic, environmental and
biological factors involved in its occurrence. Genetic
studies on PSD to date have mainly focused on the
monoamine system and brain-derived neurotrophic
factors. However, understanding is still limited about the
influence of the single nucleotide polymorphism (SNP) of
other neurotrophic factors on PSD.

Aims The present study aimed to investigate the
relationship between seven vascular endothelial growth
factor (VEGF) family gene variants that occur with PSD.
Methods A multicentre candidate gene study from

five hospitals in Jiangsu Province from June 2013 to
December 2014 involved 121 patients with PSD and 131
patients with non-PSD. Demographic characteristics and
neuropsychological assessments were collected. The x2
test was used to evaluate categorical variables, while the
independent t-test was applied to continuous variables.
SNPs in seven genes (VEGFA, VEGFB, KDR, FLT-1, IGF-

1, IGF-1R and PIGF) were genotyped. Single-marker
association for PSD was analysed by XZ tests and logistic
regression using SPSS and PLINK software.

Results Patients with PSD included more women and
those with lower education levels, lower body mass
indexes, lower Mini-Mental State Examination scores,
and higher scores on the 17-item Hamilton Depression
Rating Scale than non-PSD patients. Ninety-two SNPs with
seven genes were genotyped and passed quality control.
The rs7692791 CC genotypes, the C allele of KDR and

the rs9282715 T allele of /GF-1R increased the risk for
PSD (x2=7.881, p=0.019; %*=4.259, p=0.039; x°=4.222,
p=0.040, respectively). In addition, the SNP rs7692791 of
KDR was significantly associated with PSD by the logistic
regression of an additive model (p=0.015, 0R=9.584,
95% Cl: 1.549 t0 59.31).

Conclusions Patients with rs7692791 C allele carriers or
the CC genotype of KDR and the rs9282715 T allele of IGF-
1R may have PSD susceptibility. Findings such as these
may help clinicians to identify the high-risk population for
PSD earlier and, thus, enable them to provide more timely
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Genetic studies on poststroke depression (PSD)
have mainly focused on the monoamine system and
brain-derived neurotrophic factors. However, the
influence of the single nucleotide polymorphism of
other neurotrophic factors on PSD remains unclear.

WHAT THIS STUDY ADDS

= The present study suggests that PSD is more com-
mon among women and individuals with lower ed-
ucation levels, lower body mass indexes and lower
Mini-Mental State Examination scores. In addition,
patients with KDR C allele carriers or the CC geno-
type have a higher risk for PSD.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings such as these may help clinicians to identi-
fy the high-risk population for PSD earlier and, thus,
enable them to provide more timely interventions.

INTRODUCTION
Depression is one of the most frequent
complications after a stroke. Previous studies
found that the cumulative incidence rate of
poststroke depression (PSD) is higher than
30% within the first year after a stroke.'
It increases the disease’s burden, physical
disability and, more seriously, mortality, thus,
posing significant challenges to psychiatrists
and neurologists.” Although many scholars
have researched the pathogenesis of PSD in
biology, psychology and sociology, the aeti-
ological mechanisms remain uncertain.’
The relatively high heritability of stroke and
depression—approximately 37%—would
indicate that genetic factors play a pivotal
role in the pathogenesis of PSD.*®

Previous studies focused on the rela-
tionship between PSD and the mono-
amine  system polymorphisms,
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number of tandem repeats of serotonin transporter
gene intron 2, serotonin receptor-o.” and catechol-
O-methyltransferase.® Furthermore, a meta-analysis
including four studies found that the SS genotype of
5-HTTLPR may be a risk factor for PSD.? In addition
to the monoamine hypothesis, the neurotrophic factor
hypothesis also suggests a means for understanding
depression and PSD; the brain-derived neurotrophic
factor (BDNF) is the core molecule of this hypothesis.
The polymorphism rs6265 of BDNIF (Val66Met) and two
single nucleotide polymorphisms (SNPs) (rs1778929,
rs1187323) of its receptor-neurotrophic tyrosine kinase
receptor B have been associated with PSD.'’ Moreover,
gene—gene interactions with the P11 (S100A10)—tissue
plasminogen activator-BDNF pathways also play a
central role in regulating the underlying mechanism
of PSD in Chinese samples.'' However, another meta-
analysis recruiting 272 cases and 503 controls from
five studies found no relationship between the BDNF
Val66Met polymorphism and the risk of PSD.'* In addi-
tion, other factors such as the cytokine gene,l?’ Nb,
N10-methylenetetrahydrofolate reductase,'* oestrogen
receptor,” the cyclic AMP response element-binding
protein and the membrane transporting organic anion
polypeptide 1C1 were associated with PSD.'®

Although genetic studies of PSD have yielded some
evidence, each of these identified genes or loci has
been supported by limited research and only explains
a small proportion of the genetic variation in PSD.
Therefore, common single-site or single-gene genetic
variations might offer a different means for exploring
the vulnerability for or resilience to developing compli-
cated psychiatric illnesses. Recent high-throughput
sequencing technological advances provide an oppor-
tunity to sequence multiple genetic regions and
better explain the mechanisms of complex polygenic
disease. Zhao and her colleagues'’ conducted a two-
stage candidate gene study by targeted sequencing.
They identified two novel genes, 5-hydroxytryptamine
receptor 3D (HTR3D, rsb5674402) and neurogenin3
(rs144643855), associated with PSD. They also iden-
tified three risk SNPs (rs17406271, 1rs2271419,
rs2271420) in one risk gene B-isoform in the class II
phosphoinositide 3-kinase associated with non-PSD in
Chinese populations. HTR3D and neurogenin3 were
involved in serotonergic synapse function, central
nervous system development and neural plasticity in
the hippocampus. These findings support the hypoth-
eses that monoamine neurotransmitters and neuro-
trophic factors are important aetiological mechanisms
of PSD.

According to the neurotrophic factor hypothesis, a
group of trophic and growth factors also contribute to
protecting the nervous system and alleviating psycholog-
ical stresses: BDNF, vascular endothelial growth factor
(VEGF), vascular endothelial growth factor receptor
(VEGFR), insulin-like growth factor 1 (IGF-1), insulin-like
growth factor receptor 1 (IGF-1R) and placental growth

factor (PIGF). VEGFR1 and VEGFR2 were the main
VEGFs’ signalling activity, also known as Fms-like-tyrosine
kinase (FLI-1) and kinase insert domain-containing
receptor (KDR). Multifunctional trophic factors, such as
VEGF and IGF, possessing both neurotrophic and angio-
genic actions, are significant due to their ability to restore
plasticity and repair structural deficits in vasculature and
neurons.'® Expanding insight regarding the gene polymor-
phism and molecular actions of multifunctional trophic
factors can expedite further understanding of PSD. More-
over, our previous study demonstrated that the levels of
VEGFR2 and PIGF proteins in the PSD group were signifi-
cantly different from the control group.'” However, the
SNP of these neurotrophic factors in the pathogenesis of
PSD remains unclear. Therefore, the present study aimed
to investigate the relationship between seven VEGF family
gene variants of neurotrophic factors, including vascular
endothelial growth factor A (VEGFA), vascular endothe-
lial growth factor B (VEGFB), KDR, FL1"1, IGI-1, IGF-1R
and PIGF, with the occurrence of PSD.

METHODS

Study design and study samples

This is a part of a multicentre study, ‘The standardisa-
tion strategy of diagnosis and treatment of post-stroke
depression’. The present candidate gene study recruited
260 inpatients with ischaemic stroke from five hospitals
(ZhongDa Hospital, affiliated with Southeast University;
The Affiliated First Hospital of Soochow University; The
Affiliated Hospital of Xuzhou Medical University; The
Third People’s Hospital of Huai'an and Jiangsu Province
Hospital) in Jiangsu Province, China, from June 2013
to December 2014. We conducted consistency training
before the research. All recruited patients were screened
and interviewed by qualified psychiatrists who received
training to ensure standard PSD diagnosis. The patients
were screened for depression in structured interviews
with psychiatrists according to the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition (DSM-
5). Ultimately, 121 patients with PSD and 131 non-PSD
patients participated in our study. All subjects were ethni-
cally Han Chinese and gave written informed consent at
recruitment. The stroke diagnosis for patients was verified
by computed tomography (CT) or magnetic resonance
imaging (MRI) reports, along with some persistent post-
stroke somatic impairments. The eligibility criteria for
patients with PSD were as follows: (1) willingness to partic-
ipate in the study, (2) history of stroke or stroke sequela
as determined by CT or MRI, followed by depressive
symptoms, (3) fulfilled PSD diagnostic criteria proposed
by Yuan et a’ who put forward the idea that general PSD
should include PSD symptom disorder and PSD disorder
according to ZhongDa Diagnostic Criteria, First Edition
(ZD-1) (see box 1) and also fulfilled the DSM-5 criteria
for depression; (4) aged 35-85 years; (5) no other major
psychiatric disorders or psychiatric history. The eligibility
criteria for patients with non-PSD were as follows: (1)
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Box 1
Edition)

PSDSD diagnostic criteria from ZhongDa (First

A. Three (or more) of the following symptoms have been present
during the same 1-week period and represent a change from pre-
vious functioning:

1. Decreased speech (eg, does not want to speak) most of the day,
daily or most of the week.

2. Fatigue or loss of energy daily or most of the week.

3. Depressed mood persisting through the day, daily or most of the
week, as indicated by either self-report or observation made by
others (eg, feels sad, easily cries).

4. Insomnia, waking up early or hypersomnia daily or most of the
week.

5. Feelings of decreased capability and worthlessness most of the
day, daily or most of the week.

6. Recurrent thoughts of death (not just fear of dying), recurrent
suicidal ideation without a specific plan, a suicide attempt or a
specific suicide plan.

7. Feeling of hopelessness or despair (especially feeling recovery
from the disease is difficult) most of the day, daily or most of
the week.

8. More irritable than usual, daily or most of the week.

B. The symptoms cause clinically significant distress or impairment in
social interaction, occupation or other important areas of functioning.

C. The occurrence, development and duration of these symptoms are
closely related to cerebrovascular disease.

D. The occurrence of the major depressive episode could not be bet-
ter explained by adjustment disorder with depressed mood, schi-
zoaffective disorder, schizophrenia, schizophreniform disorder,
delusional disorder or other specified and unspecified schizophrenia
spectrum and other psychotic disorders.

E. No manic or hypomanic episode is reported.

PSDSD, poststroke depression symptom disorder.

willingness to participate in the study, (2) history of isch-
aemic stroke as determined by CT or MRI, (3) aged 35-85
years, (4) did not fulfil PSD diagnostic criteria and (5)
no other major psychiatric disorders or psychiatric history
(figure 1).

Demographic characteristics and neuropsychological
assessment

Data regarding age, gender, educational level, body
mass index (BMI) and vascular risk factors—including
hypertension, coronary heart disease, diabetes mellitus,
hypercholesterolaemia, active smoking and alcohol
consumption—were collected from all participants.
Depression severity and cognitive function were evaluated
by the 17-item Hamilton Depression Rating scale (HDRS)
and the Mini-Mental State Examination (MMSE). The
neurological function was assessed by the National Insti-
tutes of Health Stroke Scale (NIHSS), the modified
Rankin Scale (mRS) and the Barthel Index (BI).

Blood collection

Venous blood samples were drawn from the antecu-
bital veins to ethylenediamine tetraacetic acid (EDTA)-
anticoagulant tubes of all participants. Blood samples
captured in anticoagulant were isolated and stored at
—-80°C until examined.

Gene array and genotyping

The sequencing was conducted by Illumina HiSeq2500
(Illumina, San Diego, California, USA). Then the vari-
ants calling and genotyping and the clustering of study
sample genotypes were performed using Illumina’s
GenTrain (V.1.0) clustering algorithm in Genome Studio
(V.2011.1). The following factors were referred to when
screening genes and polymorphic loci: (1) meaningful
genes or SNPs identified in previous candidate gene
association studies or genome-wide association studies
and (2) the pathophysiological mechanisms involved in
the development of depression or PSD. Finally, 92 poly-
morphic loci of seven genes related to neurotrophic and
vascular regeneration were sequenced. Association anal-
ysis was restricted to SNPs via a sequencing strategy.

Quality controls
Gene polymorphisms were excluded for further measure-
ment if they met the following criteria: (1) call rate

PSDSD and DSM-5 for PSDD.

260 inpatients with ischemic stroke were recruited from 5 hospitals (ZhongDa Hospital affiliated with Southeast
University, The Affiliated First Hospital of Soochow University, The Affiliated Hospital of Xuzhou Medical University, The
Third People's Hospital of Huai'an and Jiangsu Province Hospital) in Jiangsu Province from June 2013 to

December 2014 and screened for study participation using the ZhongDa Diagnostic Criteria, First Edition (ZD-1) for

|

|

126 patients met the screening criteria for PSD,
including PSDSD and PSDD

134 patients did not meet the screening criteria for
PSD (non-PSD)

5 exclusions:
— 2 comorbid anxiety disorder e—]
— 3 with history of depression

¥

3 exclusions:
—> — 2 aged less than 35 years
— 1 with history of depression

121 patients met eligibility criteria for PSD and were
enrolled in the study

131 patients met eligibility criteria for non-PSD and
were enrolled in the study

Figure 1

Flowchart of study enrolment. PSD, poststroke depression; PSDSD, PSD symptom disorder; PSDD, PSD disorder.
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<90% or a read depth <10x, (2) minor allele frequency
(MAF) <0.05 and (3) significant deviation from Hardy-
Weinberg equilibrium (HWE) in the controls (p<0.05).

Statistical analyses

The demographic characteristics and psychological assess-
ment between the two groups were analysed by indepen-
dent t-tests for continuous variables and Pearson’s % tests
for categorical variables using SPSS 26.0 (SSPS, Chicago,
Illinois, USA), PLINK 2.0 (https://www.cog-genomics.
org/plink/2.0/) and Haploview 4.1 (https://source-
forge.net/projects/haploview). Single-marker associa-
tion analyses were performed to test for PSD associated
with SNP by logistic regression of an additive model and
a dominant model. A p value of 0.05 was set as the signif-
icant level.

RESULTS
Demographic characteristics and psychological assessment
of participants

Looking at demographic characteristics, gender
(x2=5.841, p=0.016), education level (t=3.391, p=0.001),
BMI (t=2.650, p=0.009), MMSE score (t=1.993,

p=0.047), hypertension rate (x°=3.976, p=0.046) and
HDRS score (t=-24.555, p<0.001) all had statistically
significant differences. The patient group with PSD
included more women and overall had lower education
levels, BMI, MMSE scores and hypertension rates but
higher HDRS scores than patients with non-PSD. There
were no significant differences in age, neurological

function (NTHSS, mRS and BI scores) or vascular risk
factors, except hypertension between the two groups
(all p>0.05; see table 1).

Gene characteristics of SNPs in VEGFA, VEGFB, KDR, FLT-1,
IGF, IGF-1R and PIGF genes

Table 2 illustrates the quality control process. Ultimately,
92 SNPs of seven genes were detected and passed quality
control. All of the SNPs were in HWE (p>0.05 in all
subjects), and all MAF levels were more than 0.05. The
gene information and the results of the linkage disequi-
librium analyses of SNPs within each gene are listed in the
online supplemental material.

Genotypes and allele distributions of the VEGF family genes by
+? tests

The SNP rs7692791 of the KDR gene showed a signif-
icant difference in patients with PSD compared with
patients with non-PSD (x2=7.881, p=0.019) (see table 3).
The CC genotypes of the rs7692791 polymorphism were
the risk factors for PSD. The allele frequencies of the
KDR gene (rs7692791) and the IGF-1R gene (rs9282715)
were significantly different between patients with PSD
and those with non-PSD (x°=4.259, p=0.039; x°=4.222,
p=0.040, respectively) (see table 3). The C allele of
the rs7692791 polymorphism and the T allele of the
rs9282715 polymorphism increase the risk of PSD.
However, we did not find any differences in genotypes
and allele distributions in VEGFA, VEGFB, FL1-1, IGF-1
and PIGF genes.

Table 1 Clinical and demographic characteristics between patients with PSD and those with non-PSD
Variable PSD group(n=121) Non-PSD group(n=131) Statistics value P value
Age (years) 64.54 (9.86) 65.53 (9.32) 0.819 0.413*
Gender (male/female) 49/72 73/58 5.841 0.016t
Education level (years) 5.82 (4.79) 7.82 (4.60) 3.391 0.001*
BMI 23.23 (3.13) 24.21 (2.78) 2.650 0.009*
HDRS 21.79 (6.37) 5.31 (3.90) —-24.555 <0.001*
MMSE 23.88 (5.01) 25.11 (4.79) 1.993 0.047*
Vascular risk factors (%)
Hypertension 55 (45.45) 76 (58.02) 3.976 0.0461
Coronary heart disease 6 (4.96) 6 (4.58) 0.020 0.88871
Diabetes mellitus 23 (19.01) 37 (28.24) 2.958 0.0851
Hypercholesterolaemia 6 (4.96) 7 (5.34) 0.019 0.890t
Active smokers 34 (28.10) 46 (35.11) 1.429 0.2321
Alcohol consumption 28 (23.14) 29 (22.14) 0.036 0.849t
Neurological function
NIHSS 4.70 (4.48) 4.02 3.72) -1.305 0.193*
mRS 2.03 (1.34) 2.05 (1.59) -0.103 0.918*
BI 71.40 (27.75) 75.84 (25.34) 1.326 0.186*

Data reported as mean (SD) and ratio.

*Two-independent sample t-test.
1y test.

Bl, Barthel Index; BMI, body mass index; HDRS, Hamilton Depression Rating Scale; MMSE, Mini-Mental State Examination; mRS, modified Rankin Scale; NIHSS, National Institutes of

Health Stroke Scale; non-PSD, non-poststroke depression; PSD, poststroke depression.
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Table 2 Quality control process of the genes

Valid
Gene SNP Detection rate <90% MAF <0.05 HWE <0.05 SNP
VEGFA 28 5) 0 0 23
VEGFB 7 0 1 1 (repeat with detection rate <90%, 6
rs199850719)
KDR 20 4 2 (1 repeat with detection rate 2 13
<90%, rs199850719 )
FLT-1 20 0 8 0 17
IGF-1 13 1 0 0 12
IGF-1R 32 2 8 4 (1 repeat with detection rate <90%, 19
rs2715415)
PIGF 4 1 1 1 (repeat with detection rate <90%, 2

rs4953402 )

FLT-1, Fms-like-tyrosine kinase; HWE, Hardy-Weinberg equilibrium; IGF-1, insulin-like growth factor 1; IGF-1R, insulin-like growth factor receptor 1; KDR, kinase
insert domain-containing receptor; MAF, minor allele frequency; PIGF, placental growth factor; SNP, single nucleotide polymorphism; VEGFA, vascular endothelial

growth factor A; VEGFB, vascular endothelial growth factor B.

Relationship between PSD and SNP of VEGF family genes by
logistic analysis

The SNP 157692791 of the KDR gene was significantly
associated with PSD by the logistic regression of an addi-
tive model with the covariants of gender, education level
and BMI (p=0.015, OR=9.584, 95% CI: 1.549 to 59.31).
Two SNPs of the KDR gene and four SNPs of the IGF-1R
gene were significantly associated with PSD by a corrected
logistic regression of the dominant model (all p<0.05)
(see table 4). However, we did not find any significant
relationship between PSD and VEGFA, VEGIB, FLI-1,
IGI~-1 and PIGF genes.

DISCUSSION

Main findings

In the present study, the KDR CC genotypes, the C allele
of 1s7692791 polymorphism and the IGF-IR T allele of
1s9282715 polymorphism were the risk factors for PSD.
The SNP 157692791 of the KDR gene was significantly
associated with PSD by the logistic regression of an addi-
tive model.

VEGFRs, receptors of VEGEF, were cell surface receptor
tyrosine kinases. VEGF signalling activity depends on
its three known specific membrane receptors: VEGFRI,
VEGFR2 and VEGRF3. VEGFR2 is one primary member
of the VEGFR family, expressed on vascular and lymphatic
endothelial cells and is encoded by the KDR gene.”
A previous study showed that five SNPs (rs7692791,
rs2305948, 1513109660, rs6838752, rs2034965) in the
VEGFR2 gene were associated with clinical outcomes,
and particularly the rs7692791 TT genotype was related
to both reduced overall survival and disease-free survival
(DFS) of hepatocellular carcinoma.”” However, the TT
genotype of rs7692791 was positively associated with
longer DFS in patients with advanced gastric cancer.”
Another study also found that the distribution of the KDR
polymorphisms rs18770377 and rs7667298 differs signifi-
cantly in patients with a recurrent depressive disorder
compared with healthy subjects.** They illustrated that
the +271 G/A polymorphism is related to mRNA expres-
sion, as the AA genotype is associated with a higher
VEGFR2 mRNA level. VEGF or VEGF-FIk-1 signalling is

Table 3 X2 tests of genotype and allele frequencies for the VEGF gene family

Gene/SNP N Genotype, n (%) 2 value P value Alleles, n (%) 2 value P value
KDR rs7692791 CC TC TT C T
PSD 121 21 57 43 7.881 0.019 99 143 4.259 0.039
(17.36) (47.11) (35.54) (40.91) (59.09)
Non-PSD 131 8 68 55 84 178
6.11) (51.91) (41.98) (32.06) (67.94)
IGF-1R rs9282715 cC TC T C T
PSD 121 0 7 114 4.131 0.127 7 235 4.222 0.040
) (5.79) (94.21) (2.89) (97.11)
Non-PSD 131 1 16 114 18 244
(0.76) (12.21) (87.02) (6.87) (93.13)

IGF-1R, insulin-like growth factor receptor 1; KDR, kinase insert domain-containing receptor; non-PSD, non-poststroke depression; PSD, poststroke depression;

SNP, single nucleotide polymorphism; VEGF, vascular endothelial growth factor.
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Table 4 Association results of VEGF family genes through logistic regression

Corrected P

Gene Variants ID Chr BP Function Allele Model value OR (95%Cl )
KDR rs7692791 4 55980239 Intronic C/T Additive 0.015 9.584 (1.549 to 59.31)
Dominant 0.008 30.85 (2.404 to 396.0)
rs7667298 4 55991731 UTR5 T/C Dominant 0.040 0.1258 (0.0173 to 0.9138)
IGF-1R rs1815009 15 99504671 UTR3 C/T Dominant 0.026 15.75 (1.400 to 177.3)
rs3743249 15 99505423 UTR3 G/T Dominant 0.026 15.70 (1.393 to 176.8)
rs3743250 15 99505316 UTR3 (672) Dominant 0.026 15.49 (1.398 to 171.7)
rs3743251 15 99504129 UTR3 G/A Dominant 0.034 14.86 (1.219 to 181.2)

BP, base-pair position; Chr, chromosome; Cl, confidence interval; IGF-1R, insulin-like growth factor receptor 1; KDR, kinase insert domain-containing

receptor; OR, odds ratio; VEGF, vascular endothelial growth factor.

also required for antidepressant-induced cell prolifera-
tion and sufficient for behavioural responses in chronic
and subchronic antidepressant models.”” A study of
patients with schizophrenia demonstrated that VEGFR2
was significantly lower in C carriers than in TT genotypes
of 1$7692791 in the prefrontal cortex and was inversely
correlated with the positive symptom subscale of the Diag-
nostic Instrument for Brain Studies, showing that VEGF is
potentially related to schizophrenia.” It is consistent with
our study that high frequency of C allele or CC genotypes
of the 157692791 polymorphism and decreased protein of
VEGFR participate in the occurrence of PSD."

IGF-1R, characterised by a heterodimer of o- and
B-chains, is a transmembrane tyrosine kinase receptor
activated by its ligand IGF. IGF is a neurotrophic factor
that the immune system may regulate; activation of IGF-1R
is associated with improved growth, proliferation, angio-
genesis, tissue remodelling and neuroprotection.27 The
study of IGF-1R polymorphisms found that the rs3743251
A/A genotype was negatively associated with hepatitis
B virus-related hepatocellular carcinoma and the A/G
genotype decreased the risk of portal vein thrombosis.”
In addition, the rs1815009 inside 3’ untranslated regions
(UTR) of IGF-1R presented significant genotype distri-
bution in patients with prostate cancer and hyperten-
sion.” Five SNPs discovered in this study were all inside
3’ UTR and have not been reported in mental disorders.
According to its mechanism in other diseases, it is specu-
lated that rs1815009 in the IGI-IR gene may participate
in these disorders by regulating the level of microRNAs.”

LIMITATIONS

This research has some limitations. First, our sample was
relatively small, limiting further gene—gene interaction and
stratification analyses. Second, patients who had a stroke
were in different stages of the disease, including acute,
subacute and chronic. We should pay attention to the stages
of stroke on the results in future studies. Third, sample vari-
ables, including gender, educational level and BMI, were not
matched for the two groups. Thus, gender, educational level
and BMI were adjusted as covariates by logistic analysis to
reduce the impact on statistical results.

IMPLICATIONS

PSD is one of the most prevalent and potentially fatal stroke
complications. However, at present, there are few genetic
mechanisms to explore subjects at high risk for PSD. The
present study suggests PSD is more prevalent among women
and those with low education levels, BMIs and MMSE scores.
Patients with KDR C allele carriers or the CC genotype have a
high risk for PSD. Findings such as these may help clinicians
to identify the population at high risk for PSD earlier and
enable more timely interventions.

CONCLUSIONS

In conclusion, our findings suggest that KDR and IGI*IR
genetic polymorphisms are significantly associated with
PSD. The 157692791 CC genotypes or C allele may play
important modulating roles in the genetic effects of KDR on
PSD susceptibility. Moreover, five SNPs of the IGI-IR gene
were also associated with PSD. Therefore, the molecular and
pathway mechanisms behind genetic polymorphisms can be
further explored.

Author affiliations

"Department of Psychosomatics and Psychiatry, ZhongDa Hospital, Southeast
University, Nanjing, China

2Department of Psychiatry, Suzhou High-Tech Development District Yangshan
Community Hospital, Suzhou, China

®Department of Neurology, The First Affiliated Hospital of Nanjing Medical University,
Nanjing, China

“Department of Neurology, Nanjing First Hospital, Nangjing, China

SDepartment of Neurology, The Third People's Hospital of Huai'an, Huai'an, China
%Department of Neurology, People's Hospital of Gaochun County, Nanjing, China
"Department of Neurology, The Affiliated Nanjing Jiangning Hospital of Nanjing
Medical Hospital, Nanjing, China

8Department of Neurology, The Second People's Hospital of Lianyungang,
Lianyungang, China

°Department of Neurology, The Affiliated Hospital of Xuzhou Medical University,
Xuzhou, China

10Department of Psychosomatics, The Affiliated First Hospital of Soochow University,
Soochow, China

Acknowledgements We wish to thank all the participants and their institutions
in this study.

Contributors YYue: Data curation, formal analysis, writing and revision of the
original draft. LY, FZ, KZ, YS, HT, JL, SL, JC, DG, AW: Data curation and clinical

6

Yue Y, et al. General Psychiatry 2023;36:6100928. doi:10.1136/gpsych-2022-100928



8 General Psychiatry

assessments. YYua: Study design, methodology, formal analysis and quality control.
YG is responsible for the overall content as guarantor.

Funding This work was supported by the National Natural Science Foundation
of China-Youth Foundation Projects (grant no: 81901375) and the Natural Science
Foundation of Jiangsu Province (grant no: BK20180370).

Competing interests None declared.

Ethics approval This study involves human participants and was approved by the
Medical Ethics Committee for Clinical Research of Zhongda Hospital affiliated to
Southeast University (2013ZDSYLLO11.0). Participants gave informed consent to
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Yonggui Yuan http://orcid.org/0000-0001-6496-3998

REFERENCES

1 Hackett ML, Pickles K. Part I: frequency of depression after stroke:
an updated systematic review and meta-analysis of observational
studies. Int J Stroke 2014;9:1017-25.

2 Ayerbe L, Ayis S, Crichton SL, et al. Explanatory factors for the
increased mortality of stroke patients with depression. Neurology
2014;83:2007-12.

3 Robinson RG, Jorge RE. Post-stroke depression: a review. Am J
Psychiatry 2016;173:221-31.

4 Bevan S, Traylor M, Adib-Samii P, et al. Genetic heritability of
ischemic stroke and the contribution of previously reported
candidate gene and genomewide associations. Stroke
2012;43:3161-7.

5 Sullivan PF, Daly MJ, O'Donovan M. Genetic architectures of
psychiatric disorders: the emerging picture and its implications. Nat
Rev Genet 2012;13:537-51.

6 Guo WY, Zhang ZH, Mu JL, et al. Relationship between 5-HTTLPR
polymorphism and post-stroke depression. Genet Mol Res 2016;15.
doi:10.4238/gmr.15017460. [Epub ahead of print: 19 Feb 2016].

7 Tang WK, Tang N, Liao CD, et al. Serotonin receptor 2C gene
polymorphism associated with post-stroke depression in Chinese
patients. Genet Mol Res 2013;12:1546-53.

8 Cai WW, Zhao LX, Liu ZH, et al. Polymorphisms of catechol-O-
methyl transferase gene and dopamine transporter gene in dopamine
metabolism system of patients with post-stroke depression. Chin J
Neuromed 2011;10:351-5.

9

20

21

22

23

24

25

26

27

28

29

30

Mak KK, Kong WY, Mak A, et al. Polymorphisms of the serotonin
transporter gene and post-stroke depression: a meta-analysis. J
Neurol Neurosurg Psychiatry 2013;84:322-8.

Zhou ZM, Ding XH, Yang Q, et al. Association between single-
nucleotide polymorphisms of the tyrosine kinase receptor B (TrkB)
and post-stroke depression in China. PLoS One 2015;10:e0144301.
Liang JF, Yue YY, Jiang HT, et al. Genetic variations in the p11/tPA/
BDNF pathway are associated with post stroke depression. J Affect
Disord 2018;226:313-25.

Bao M-H, Zhu S-Z, Gao X-Z, et al. Meta-analysis on the association
between brain-derived neurotrophic factor polymorphism rs6265 and
ischemic stroke, poststroke depression. J Stroke Cerebrovasc Dis
2018;27:1599-608.

Kim J-M, Stewart R, Kim S-W, et al. Associations of cytokine gene
polymorphisms with post-stroke depression. World J Biol Psychiatry
2012;13:579-87.

Cao LL, Liu ZH, Zhao LX. Association of the plasma homocysteine
(Hcey), HTHFR gene polymorphism and post stork depression.
Guangdong Med J 2010;31:2946-9.

Huang L, Li XH, Zhong ZY. Association of estrogen receptor o

gene polymorphism and post stroke depression. J Clin Neurol
2012;25:416-7.

Taroza S, Rastenyte D, Burkauskas J, et al. Deiodinases, organic
anion transporter polypeptide polymorphisms and symptoms of
anxiety and depression after ischemic stroke. J Stroke Cerebrovasc
Dis 2020;29:105040.

Zhao FY, Yue YY, Zhang SN, et al. Novel susceptibility genes

were found in a targeted sequencing of stroke patients with or
without depression in the Chinese Han population. J Affect Disord
2019;255:1-9.

Newton SS, Fournier NM, Duman RS. Vascular growth factors in
neuropsychiatry. Cell Mol Life Sci 2013;70:1739-52.

Yue YY, Jiang HT, Liu R, et al. Towards a multi protein and mRNA
expression of biological predictive and distinguish model for post
stroke depression. Oncotarget 2016;7:54329-38.

Yue YY, Liu R, Cao Y, et al. New opinion on the subtypes of
poststroke depression in Chinese stroke survivors. Neuropsychiatr
Dis Treat 2017;13:707-13.

Holmes K, Roberts OL, Thomas AM, et al. Vascular endothelial
growth factor receptor-2: structure, function, intracellular signalling
and therapeutic inhibition. Cell Signal 2007;19:2003-12.

Wang W-J, Ma X-P, Shi Z, et al. Epidermal growth factor receptor
pathway polymorphisms and the prognosis of hepatocellular
carcinoma. Am J Cancer Res 2015;5:396-410.

Zhuo Y-J, Shi 'Y, Wu T. NRP-1 and KDR polymorphisms are
associated with survival time in patients with advanced gastric
cancer. Oncol Lett 2019;18:4629-38.

Gatecki P, Orzechowska A, Berent D, et al. Vascular endothelial
growth factor receptor 2 gene (KDR) polymorphisms and expression
levels in depressive disorder. J Affect Disord 2013;147:144-9.
Warner-Schmidt JL, Duman RS. Vegf is an essential mediator of the
neurogenic and behavioral actions of antidepressants. Proc Nat!
Acad Sci U S A 2007;104:4647-52.

Lin B, Sun J, Lou X, et al. Consensus on potential biomarkers
developed for use in clinical tests for schizophrenia. Gen Psychiatr
2022;35:2100685.

Szczesny E, Slusarczyk J, Gtombik K, et al. Possible contribution of
IGF-1 to depressive disorder. Pharmacol Rep 2013;65:1622-31.

Xie H-Y, Xing C-Y, Wei B-J, et al. Association of IGF1R
polymorphisms with the development of HBV-related hepatocellular
carcinoma. Tissue Antigens 2014;84:264-70.

Yao Y, Zhu L, Fang Z, et al. Insulin-like growth factor-1 and receptor
contribute genetic susceptibility to hypertension in a Han Chinese
population. Am J Hypertens 2018;31:422-30.

Guo ST, Jiang CC, Wang GP, et al. Microrna-497 targets insulin-like
growth factor 1 receptor and has a tumour suppressive role in human
colorectal cancer. Oncogene 2013;32:1910-20.

Yingying Yue obtained a doctor's degree from Southeast University, China in 2017.
Currently, she is an attending physician in the Department of Psychosomatics and
Psychiatry, Affiliated ZhongDa Hospital of Southeast University in China. Her main
research interests include the pathogenesis and efficacy mechanism of depression and the
diagnosis and treatment of post-stroke depression.

Yue Y, et al. General Psychiatry 2023;36:100928. doi:10.1136/gpsych-2022-100928


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6496-3998
http://dx.doi.org/10.1111/ijs.12357
http://dx.doi.org/10.1212/WNL.0000000000001029
http://dx.doi.org/10.1176/appi.ajp.2015.15030363
http://dx.doi.org/10.1176/appi.ajp.2015.15030363
http://dx.doi.org/10.1161/STROKEAHA.112.665760
http://dx.doi.org/10.1038/nrg3240
http://dx.doi.org/10.1038/nrg3240
http://dx.doi.org/10.4238/gmr.15017460
http://dx.doi.org/10.4238/2013.May.13.8
http://dx.doi.org/10.1136/jnnp-2012-303791
http://dx.doi.org/10.1136/jnnp-2012-303791
http://dx.doi.org/10.1371/journal.pone.0144301
http://dx.doi.org/10.1016/j.jad.2017.09.055
http://dx.doi.org/10.1016/j.jad.2017.09.055
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2018.01.010
http://dx.doi.org/10.3109/15622975.2011.588247
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105040
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105040
http://dx.doi.org/10.1016/j.jad.2019.05.023
http://dx.doi.org/10.1007/s00018-013-1281-9
http://dx.doi.org/10.18632/oncotarget.11105
http://dx.doi.org/10.2147/NDT.S128429
http://dx.doi.org/10.2147/NDT.S128429
http://dx.doi.org/10.1016/j.cellsig.2007.05.013
http://www.ncbi.nlm.nih.gov/pubmed/25628948
http://dx.doi.org/10.3892/ol.2019.10842
http://dx.doi.org/10.1016/j.jad.2012.10.025
http://dx.doi.org/10.1073/pnas.0610282104
http://dx.doi.org/10.1073/pnas.0610282104
http://dx.doi.org/10.1136/gpsych-2021-100685
http://dx.doi.org/10.1016/S1734-1140(13)71523-8
http://dx.doi.org/10.1111/tan.12360
http://dx.doi.org/10.1093/ajh/hpx195
http://dx.doi.org/10.1038/onc.2012.214

	Common susceptibility variants of ﻿KDR﻿ and ﻿IGF-­1R﻿ are associated with poststroke depression in the Chinese population
	Abstract
	Introduction﻿﻿
	Methods
	Study design and study samples
	Demographic characteristics and neuropsychological assessment
	Blood collection
	Gene array and genotyping
	Quality controls
	Statistical analyses

	Results
	Demographic characteristics and psychological assessment of participants
	Gene characteristics of SNPs in ﻿VEGFA﻿, ﻿VEGFB﻿, ﻿KDR﻿, ﻿FLT-1﻿, ﻿IGF﻿, ﻿IGF-1R﻿ and ﻿PlGF﻿ genes
	Genotypes and allele distributions of the VEGF family genes by χ﻿2﻿ tests
	Relationship between PSD and SNP of VEGF family genes by logistic analysis

	Discussion
	Main findings

	Limitations
	Implications
	Conclusions
	References


